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Abstract

L ility using a Hassler cell dustry however,
9 P friabl ps s difficult. gh an thy
tional surfa li has been for ility these devices
suffer from difficulties in optimal forces on the tip seal wh ith outcrop i inthe
field; outcrop weathering is alt Because areliable fiel is for outcrop studies, this
paper presents an for ility in situ. The design of a new small-drillhole
probe is as well as th d the size and shape

of the Inmmm’l averaging volume. Small dhm holes (1.8 cm) are drilled into an outcrop with a masonry
it drill, drillhole probe insertion, seal gas injection, and calculation of the
i3 intrinsic permeability through measurement of the injection pressure, gas flow rate, and knowledge of the
. system geometry. A ges of this app: are the of from
weathered outcrop surfaces, provision of a superior sealing the air and the
potential for ility iple depths below an outcrop surface. To date, data have been

collected from three diverse porous media: upper and lower shoreface sandstone (Escalante, Utah),
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soils (Clemson, South Carolina), and nonwelded tuff (Bishop, California). The probe has proved durable and 4 A 2% i © When in dimensionless terms using - z Permeability (mD) Permeability (mD) Permeability (mD) Permeability (mD)
robust, with a single probe being to make in a variety of 2 id ot P Do = (D m‘m‘(:‘.:)")-“ﬁ‘: is the formalism used by L =
Data quality supports the conclusion that the drillhole probe is a practical field instrument. kMo o thé siobe Ib s e Aoune Smnsnienn ?

pseudopotential, arrives simple
aconnection probe o an i SR e o , o, one at the and Other Recent Studies

Introduction the probe Bo{ro,z0), for the entire flow domain: © The small-drillnole minipermea-

farcel bed: ® Astatic pressure capillary extends the 3 2 meter probe produced
scale ,laminae, y foees A
th distance from the junction box at the = D) reasonable results when used

in pore are difficulties during enhanced oil recovery. proximalend of the prabe o th distal and, e s Lfitting ng from an Bp(ro.2p)= G in itic

Permeability Measurement - A Brief History to the medium at ce, ith the 0 sediments during separate field

® Traditi at 30-cm intervals and using a Hassler sleeve or cell some elevated injection pressure gas delivery tube ® Zones within the flow domain that are critical to the near Clemson,

(mmwmmnmn-euummmmmmw-ab.mmmmmpumm nstiiniotation permeability measurement are identified clearly by South Carolina (Drumm, 2000) .
.Imh S - 4 elevated values of the spatial weighting function » Racent h_““"" sg
y Method: at the scal the rfa ling mm'ﬂm!ﬂ\hmmm(ﬂmﬂ'ﬂﬂqm The ® Porous medium volumes in the inlet vicinity are proved w8
in ( gas flow); Data collection at much greater and statistically signifcant sampling wmmamnmumm that facilitates heavi with sub-vol :y.. | the feasibility of using the -
ly weighted, umes near the seal -
densities input of (such criteria and a shown to be Figure 9 mﬂdﬂho:mwmz o
The Conventional, Surface-sealing Minipermeameter (Figure 1 Tactorhat s aproprt ot o il e and robe geomty) and ot pSasine iy B
. ok L il bl (Figure 1) that enables data acquisition, pressure transducer calibration, permeability ® The integral of fu{r,20) over the entire flow domain 's unity. By numerically integrating Bo(ro,zo) over permeability of friable non- e G T R s G .
Release nitrogen gas into porous medium through a tip seal annulus mmmwm smaller volumes nurlhclnjnﬁon surface, the siz¢ and shape of the instrument averaging volume mo:h\&mkﬁﬂ(ﬁnun 17), Porendeu s o Pt
-mmnmmmmmn-odmwmmm Retrofitting static that link the new probe to the were by PBo(ro,z0) over cylindrical sub- from core plug S ot eesched]
of the ab e svsten B afomed 2 S T s o m,::.m,ym volmnumunnur-vlelnnydundnmm From sriallest to largest, the cylinders of influence are also difficuilt to obtain Figare 17
w,h.b“,"mm,w m‘m,,“w 'ABS plastic case containing: illustrated in Figure 9 account for 2%, 23%, 74%, 94'%, 97%, and 99% of the total weighting associated (Dinwiddie et al., 2002)
Pressure transducer (absolute reference format with a full scale of 0.34 MPa, and an with the small-drillhole minipermeameter probe in iis field
Sources of Uncertainty When Used in the Field accuracy of £0.1% of full scale) configuration; over 90% of the volume "sensed" by the
y is op must be used on the tip - Three flow meters (calibrated for measuring nitrogen flow rates of 0-50 cc/min, instrument is included within four drillhole radii of the
ull MMMMhmbmlwlmypan -:;.vrﬂh i Boe i ) drillhole apex
ﬂmmmmnmvnwlmhmhnlmmwwmnnhr ::: ol i o The Siiiare of tha psutanctentiar Siadient for s il wmmmmummmwmmﬂ«:ﬁ:m
the ility of exp 3 osoamsrbigsesd other re ntative of the small-drillhc’ i =
- 12V lead-acid-gel prese geometries sm c'e Figure 14
This Probe is forl v only Figure 1. After Hurst et al. (1995) ; : minipermeameter probe and sample domain are illustrated : work may invalve the design of a P"°"' method for consistently applying optimal seal pressures (e.g., a
Analytical T'c"mw' in Figure 10: () probe in a shallow drillhole; (b) pr:be with Reauris Muliepations torque limiter}), as well as Issues in the drilihole probe for
New method for outcrop studies: Multi flow 0y drillh e C i z athick seal; (c) probe that has not been fully inser'ed into oF ranges from 330 to over 5,500 mD |n the data collectioin at greater depths. Amlylh ofmml factor curves and measurement sensitivity
probe at depth the g rind (Molz et al., 2002) For mlnlpcnmmour flow, Darcy's ||w In u = o 89 cm the drilled hole. The contours illustrate the comple: three- poor to sorted, fine- to g d, oo 1 maps (i.e., spatial ) may suggest for future probe designs; e.g.,
dimensional size and shape of the measurement avaraging trough cross-bedded sandstone facies g ool { various probe: dimensions may be selected based on the regions of geometrical factor curves that exhibit
Sy el Wi ;f

Motivation 314 L volume, while streamlines illustrate the flow geomelry © An analysis of non-Darcy flow effects within the TX =i | ') i | :mlu lt:b‘l’ml:..;r hu;d;n n‘unl:muﬂrn rfml::ﬂ;:'g func:lnonhllsrum'l‘:l::hn-r m;.n:' seal. The ml:n

Permeability data were sought from the shallow-marine Upper Cretaceous Straight Ciiffs formati totheh P- P? transect indicates that of the 111 measurement g: ) i R

oil sands o:'ﬂn Temblor formation, c»:unn::alnmu- (cp:n:um 2000, m'n near mum :'II:: " "z aG, ( [/ I Field Stud locations, approximataly one-third were subject to = HH r/ in 8 variety of‘environments. The smail-driiihole minipsrmeameter probe has besn shown to be

the need to avoid obtained from gl eu; drill was selected to r*lwo plugs from which 2 Saso t:'Ilr= 10.6cm nauguri alrie uay Klinkenberg slippage effects during the measurement lpord ey ' v/ especially suiited for use in weakly cemented rock from which small core plugs (for laboratory measure-

permeability data could be collected in a laboratory environment on the distal and less weathered end. Because the fig =viscosity of N; gas at P; and Toes, known H=927cm | Locationand StratigraphicContext procsss, while less than one-tenth were subject to E JGGRE) N cFoult 1o Dbsaln: F""H"""' i e Uit tia proh.

sandstone outcrops were weakly cemented and friable the core drill sand or 4, =volumetric flow rate, measured 2| |t=810em ® The field site, an inertial effects configuration  works better in the field than the rfa i robe
plugs. Thus, samples for use in the lab was generally not feasible at this site. a=dillhole radius (0.89 cm) 5 analog to the Temblor ® Permeability ranges between 40 and 1700 mD in the - MGII‘TC drilliing pi asmooth, ' surface and the nofmul force In;:\plla:by th; ;nl to
G, = geometrical factor, from a numerical solution (9.49) — formation, Cralinga, moderately to well-sorted, very fine- to fine-grained, o™ the walls of thie drilled hole is more easily controlled by a mechanical torque wheel than through human
Drilling small, high quality holes in the sandstone outcrop, however, was found to be a simple task. The idea was P, = injection pressure, measured - California, is located facies; i=H means. Data quality and field experience support the conclusion that the small-drillhole
for a small field probe that would be inserted inside a the P, =atmospheric pressure, measured ““Outcrop Surface” o, PP y 13. within transect TD, in particular, there is little <[ probeisa eld
zone. Advantages of this in situ approach are: T, s = aMbient temperature, measured Figures km ";ﬁn:o.'::.:“v:no;ln variability over a scale of several meters (Figure 15c) =
e ISRl Sy ' - — Hotlow © The low degree of variation in permeability within the =l
i St o o , e ‘ O Secihavon ik, G 104 e rap [ R e olow faureld e tios o Kepretd o eing o = B e South e uthorwas 0. candt. Pt
® Provision of a sup: sealing around the air i Seal - The geometrical factor, Go, when calculated numerically 103 | H-Led17cn e (Flgure 11); It s fomiaganiEadon by masne i iokibation, aheress v The werk y (( 3 )
injection zone (with which it is a simple matter to consistently 2N : for a given sample and probs geometry accousts for the 3 iy | H=927em stratipraphicelly the higher degree of permeability variation in the undor Contract No. NRC02-02.012, Tese activites are documented in his paper on beal of the NRC Offic of Nuclear Material Safety and u-.u-nt.
pply he necessary foroe for a sedl, whils malnteining a i - - bt e i e 1 :z‘; Y] ! a=0.800m X N within the shall ine John Henry member of the cross-bedded facies is attributed to primary ol the NRC. mmmam-;nhmm.wwm»mmmrmJ Moz forteaming wih har to 2
geometrical factor that is independent of the operator) j b 2 m‘:‘:‘"" oﬂh &I:'hdo sy sosviam 5 e A T Upper Cretat eous Straight Cliffs formation, nonhrycuhm margin of heterogeneities associated with coarser grain size, T naclously weighting  Ehanated: i ey
) metry P"'b' £ o ‘academic guidance as mem
® The potential for measurements at multiple depths below the “ [ﬁ B (Figure 5). 08 — el the Kaiparow its Plateau, Utah :I“I‘:‘fn P:::": ::m and smaller percentages of e T airioton S, Aorai: areselumt of rameY ,,__“ "Joey Koon, RobertA. Brdges, Catin ._'c,,,.,. Nicole R. WcMahan,
S REERIeS | || SRR (Dinwiddie et al, msmm»mnanumu e ] e if = Shong L, and Cridepher W, Hapr e e
all-Dri Ly | |8 L+ Drill Hole probe as a f of varying flow ’ = \ nvironmenis of deposition include coas i . in the cross-bedded facies - b ghid :

Small-Drilihole Minipermeameter System o2 ﬂ lag fiede Sysiom timen :lom(l .e., drillhole depth, seal thickness, 05 e L o and which are to those of the S i ow = RS

 Operates by the same general principle as the conventional probe " /{ r{’/’( 2 and injection area or vertical headspace), and are b T T T B T ) o] Temblor fonr ation pathways are also visible due to the presence of post- W o W % W s % s 7o W % e n e mo e L wwhwmmwmwmwwumwm annual report,

© Suitable for field use because: e = s - ._';l,lhl!amdgnanmnl curves Drilhole Depth, Wy ao | swomncin | 2= || @ The Escalants location offers onsaining o e Cast syt sl ; John Henry Member, StraightCifs Formatin (Upper Cretaceous), Uah,

e ulorop Surface Figure 6 etwaap Fomaton Wweathered autcrops, and well-defined stratigraphy . 5 indicate that 0 o A ot LA o - Eonis U et )2, Pk 1 804 848 (15601
2 ypass = ' primary pores are larger and better-connected in the ) mc; Moliz, Ill, F.J., and Castle, JW.: "A New Small Drill Hole Probe for In Situ Permeability
ettt o7 T @ ——————— /T | | | __ O Tak Mo e © The study .Ih:. - m'd w:;)'uw .:\d upper * facies than in the facies; 2 (yu(w N‘\ fhil Fiuid Mechanic:s and Gou.n':'hi " Water Resour. Res. mm doi:10. |mmawmo1m
bodl W= 10.16 om 0 ras—— | Semmin EEEE sandetone in vl jure 12); the lowsr shoreface interval sample locations with the highest permeability values = i RS atah W sl e il W
Methodology 08\ —— H=9.27 cm o % | i o, bioturbated facies, while the upper shoreface exhibit the largest amount of porosity and the least el Al M J '; / S by et ““““,,‘f,’;‘:"".:',"""' P Do 010
drilih Pressure Flowrate 04 1\ a=0.89 cm A = E e interval is mpoudﬁ-mah cross-bedded facies; the ‘amount of matrix and cement e | \‘A‘J Operation, and Performance Characteristics,"” Ph.D. dissertation, Clemson U., Clemson, South Carolina, U.S A. (2001).
Z 0 OSSO 03 P il contact betw een the two intervals is laterally extensive, sharp, ,vmt«.#w A v Drumm, . Measurements in Soil with a New Drillhole Minipermeameter,” Engineering
follows: 1) \ 25 § == and locally s zoured ® Permeability variations and lithologic characteristics A i e R S Ay & Science, Clernson U., South Carolina, U.S.A., 2000.
Into the faceplat Figure2 o2 L 20 i D v can be correlated among vertical profiles: e.g., a high Locaton Numer *ﬁ"“"""c;:_“f_':w st ity i Thel ( las bl
contacts the conicalend o the dril hoe; z);':uqnmu - B :; =] s [ __: DataCollection :nmuw :nbmm occurs in each vertical profile — crom-ostua Botwod ™ — B TO :‘:J . i Eu.;.., nmuu})n s -
i = » 'mw walls of 'm(ﬂl"ﬂ- 3) pressurized o et L L 10 v e [ © Apparent gas permeability data were collected on 15-cm centers ""::'"I F “:'J""P" M’Oﬂ mﬁu:an_-au‘?w-'m"mumwm {ach
achieved, rd w--w finally, 5) o q e %0 20 30 40 50 60 70 80 90 100 . 10 20 30 40 60 60 7.0 80 9.0 10.0 11.0 e ™ [ (across-bed) profiles, which enabled the research team to © Permeability data, in ic analyses, de 5 S i i
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