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by I.J" s.C"Utll,L°renz'cR_Send_aGo_l_stion=lLaherstoriu;
Hultivell Kzparinent (IiVZ) site tn northwestern
Colorado. _ vu 8 field laboratory cons£stiuqL of

Two hun_, _d thirtT-six (2)6) ft (71.9 n) of slant three ©losely spaced wo118 bstpd I:o char=tattle
core mid 115 fr (35.1 l) of horizontal core frm t_bo lov-pern=abilit 7 undst_mes, and to evaluate state-of- j
U.S. Depart=eric of =ner[y's Sl•no Hole Co•pieties Test the-arc and dovslopin$ cechnololy for production iveil ,(SIICT-1) in the P£com_e basin, Color.k,, 8hov stim,_atiou of rJ_se unconventional Su reservoirs.*
£rrasular, but resutrlutbly close, spacinp for 72 Over &200 ft (1280 u) of core wire taken from th_

natural fractures cored in undotom reservoirs of the three _slls durini 1981-1983. 4
_esmrdo Group. Over _200 ft (1280 a) of vertical
core (contsiniq 275 frsctu_es) fro_ _ho vertical The SHCT project ts deslsned to evaluate
Hultive11 Ezperis_nt veils at the some loc_tion directional end horizon_al _rilliu_ as sn alternative e
provide valuable inforltion su fracture orientation, devslopnent 8tretsS7 for the tisht, naturally
totulnation, and holKht, b_t cml_ 4s_s from the SW_-I fractured Hoss_mrdo ssndst_nos and coals. The SHCT-I
core alloy calculations of rolsti_ fracture s_scins, yell teethed total do_th in August 1990. _d_t 351 ft
Vithin the 162-ft (&9-1) _hick N of ov=rlappi_ (107 m) of stand=td core, an4 30 ft (9.1 l) of
core from the vertical and do_tatod _ellbores, only pressure core wore collected from this will. !
one fracture is present i_ vertical core uhoreas 52 _
fractures occur in the equivalent 8HCT-I core. The _iCT-I surface 1_cstion ts about 600 ft (185 ,

Iteasu_ed fracture 8psciu_ in the devoted core varies n) so_th of chs H_X si_. The yell va= dasLKnod such
from s0.1 ft _o 17 fr. (<0.03-5.2 n), and hsa • gsilmll Chat the deviated vsllbore azimuth tmu_d _rand as near
distribution that is stronsly skovod toward the closer as possible to perpeod_cular to the •pprozlnstsly

sp•cLumps. The relationship be_en bed thickness and vest-northwest strike of the denis•st subsurface
fract_ra 8pscln S is poor. The irregular distribution nst_r•l frsc_e set, vt_ch had been ms••urad in _

of reKiotml-type fractures la these hoterosonoous core t-s. The as-built vellbore azimuth trends B2Og-
reservoirs su•Keats _utt s_asuronents of "8v_rsSo N_°U throush the ©ored lntorv•ls. The yell yam
fracture spacing" sre of qua•tics•bis value 8= direct drilled to a depth of 6365 ft (1_0 l) before heiu4
i_put parameters into rees=voLt ensinoerIJ_ nodols, da_eted to 600. The veil was _on drilled at 60" for
Rather, d_vtetod core provides ds_t oa the relative 1406 ft (&29 n) before bolu_ kicked out to 85" (FiS.
desree of fracturlnj, and confine th•t cross I). The vollbore was never _3_11yhorizon_l, elthoul|h
frsc_e8 can be rare in t_be subsurface. _ho 85" portiou vu drilled down the stz_ct_rsl dip

_ _ is vtthln • f_ doKrcos of p_rallel to boddL=_, i

The four yells of this study mrs located in :

This study va• undor_tm= _n order to 6oc_mnt and Garfield Count/, Color•do, 8b_mt 9 nlles (1_ lm) vast
s=utlyzo th_ unique set of da_a on submn_face fract_tre of Uflo, in sect/on 34, T6S, _. The galls test !
characteristics, ospecilU_ nl_scin_, provided by the sandstone reservoir8 of rho Upper Cretaceous Nasmrd_

: U.S. Dopart_emt of _norj_'s $1snt Hole Co_plo_iou Test Group in the east-central part of the Piceance basin.
_11 (SHCT-1). The $8CT-1 veil Lo 1ocs_4 s_ _ The SHCT vellboro passes osnt of I_X-2 and NgZ-3, and 1

-- vest of J_X-1 (FtS. 1). Tns slant core vu taken t
throuKh rJ_e _ triad, and the lover, near-horizontal I

Lefersnco8 mi figures at eed of paper. I core was taken _bout 1200 fr (366 n) north of thec !, locetian. J

, IDI{_TPaBU'DON OF Tldl_ DOCUMENT IS UNL|M_E) I
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18atural fractures have boon proven to be au slant-bole section in cho paludal zo_o, and 115 ft
£mporr_ant prod_tiou smchanisn tn r_e lov-pernoabllity (35.1 n) recovered from cho Couette sandstone whore
_tesaverde reservoirs at the J_YX site x . The local ;rbe vollhore Le unar horixontal. Na_al fractures
reservoir matrlx-rock peruabilley J_ cyplcaUy 0.1 to are abundant in cho H_dstone reservoir int=rvals in
2.0 microdarclos iu restored-state laboratory hoth series, with 35 fractures rocordsd in paludal
mealurenents:, whereas _slervoir permoabllitiel izonoe 3 mud 6, and 37 fractures recorded tn the
calculat=d frm well tests are "two to three or4ors o_ (Flp. 3 and 6). ilo In the _ core, nsrr_al
maKrLtt_5o hlshor e_e to the influence of r_e frost, s fractures are net present in cho madstones, alrJ_mKh
system. Permeability /3 highly anlsotropic at this _arallol to subparaXlel cleat= occur in the coals.

Only 18 of the paludal-zono fractures occur in core
sit=, duo to rho 6omln_co of 8 sisals set of reslonal within the 8HCT-J_X overlap sou6. Unless fracture
fractures in the mabsurfsco, strands mere loon to be counoctad, all fractures tn
DATAREVIEWAND KE_ODS Cho core from the lncll_d SHCT-1 vellboro veto

as Ind£vld_1 fr_,cCuros rosardloss of hey _
Tw_es of Rasarvofr- closely toSorJ_or they occur.

Fracer, O=lent.tlon In-_C_-1-.............. " ' " _
%,,

Core was taken from the SECT-I wellbore ta three

different t_/pes of sandstone reeez_olrs. The 60" I The core from SHCTm net oriented with multiah_
interval was cored across a rippleoboddod, amorphous techniques. Kather, Le was oriented by usin B boddinK _!
splay deposit (paludal zone &) and a more struct_res and date from cho hole doytation survey,
heteropnoo_, cr_azhedded, lonticular d:_tnnal deposit The norJ_d requires cho core be fit toKether, with a
(paludal zone 3) about 350 ft (flOe) vide. These sutar oricntatiom line (NOL) marked across cho cop-
reservoirs occur within a coal-b_srlns lmmr del_ I dssd-center of cho core. k11 measurements are made
plain facl_s. The 85" interval ras cored within a relative to this line. In addition to fractures,
much lar_er, relatively honoKeneoua, shoreline to j beddir_ planes vera measured _n ovary continuous
shallow-marine blanket sandstone (the Cozzetto interval of core. SOft, aral dip In cho area is about
S_dsto_ _ber of the lies Formation). Ali of chose 2 to 3 desreos to the northeast (ineiKnificant
strata are part of the Upper Cretaceous J(es_verde relative co the hole inclinations of 60" to 8_'), and
Group In the Piceance basin. Ali reservoirs in this tA_ua, the apparent dip of boddln K Ln core is In _o

formation at this location are naturally fractured, as Senaral direction of the hole azimuth. EnowinK chatIndicated by the oxcenaive well trot= and core from the In situ beddinK Is co.only horizontal, and that
the _ proJoctX, iu deviated core it should there,.ore have an apparent

dip In Cho hole azlmuth direction, provides cho mu
Cored Intervals to orient Cho J4DL. glth Cho NeL oriented, ali of cho

fracture Itrihas can be corrected Co true orientation.
The intervals cored In rJ_e SHCT w011 were also The poles to e.he fractures _ore r_en plotted on a

cored In part in the N_rJ{ wells (FIE. 2). The storeonet and rotated hack to horizontal to _et the Ioverlappin_ Intervals allow for comparison of true fracture orientationa (FI K. $). The mean strike

frect_re frequency data Ka_herod from slant/horizontal and dlp of measured fracturel tn the upper cored
core with vertical core. The overlappln_ intervals interval are N8_'U and 89"S, respectively, and in the
are trlthin correlated ledlmentolo_lc _ntta, with core lower cored Interval are NBIOV, and 850S. These _i
Intervals correlated from r_o top of the unit rather average orientation_ mere _eed Co make Cho correct_ona
than depth relative to ees level. The slant co,re for fractuze spacing. "_

interval of 7305-7581 ft (2227-2310 m) measured deptJ't ........ ...,_; .
{7057-7194 ft (2151-2193 m) true vartical depth] has Fracture gideht

72 ft (22 m) of vertical overlap with core from lqTgx-2, iand 78 fc (2_ m) of verclc_l overlap with core from Ali natural fractures in the Hsamrde s_rata at
M_A-3. In the horizontal core interval of 8990-9108 this site are mineralized with quar_ _nd/or calcite.
ft (27_0-2776 m) measured depth [7938-7950 ft (2_20- Ocher, induced fractures are present in the core, buc *.
2_23 z) true vertical depth], there Is a 12 ft (3.7 m) these can be rocoKnixed as induced on Cho b_18 of
vertical overlap with core from N_Z-2. There Is norpholo[y and the absence of _tneralixationS,_. "

additional vertical Cozzett= core from l_dX-l, but the i "
core interval in this well started Just below the Nealured fracture widths, lncludin K
interval cored in SHCT-1. n_narallzstlon, tense from 0.25 mm Co _ mm, mra_lr_ "

about 1 mm In SliCT core. Xlnerelizatlon ccoonly
Fracture Data h_ " fills half to t_o-thirds of thio width, so that

remnant (open) apertures tense from 0 to 3 mn,
Two hundred and seventy-five near-vortical, avormKtn _ about 0.5 mm. The rennant apertures are

natural extension fractures were recorded In &200 ft lr¢oKular and have roush surfaces. Aperture m_y vary,
(1280 m) of vertica_, _-in (10-cs) diameter core r_ceu by _00_ over a distance of several contUmterl duo to
from the r_ree vortical _dZ volla._.s _ee fractures surface osperltles and patchy mineralization. T_m
have a dominant west-northwest lr.rib, and pro_Ldo a mineralized surfaces commonly display an anKulsr
data base for comparison with gr_t_ares in the r°uKhnees caused by crystals which may be up to
deviated wellbors. _t of _bo fractures are sinKle . j_rvoral millimeters in size. Where hiph_r percen_es
lsolace_ #racturss, but on echelon _racCuro8 and of cho fracture width are mineralized, crystals may
closely spaced, multiply stranded fractures were extend across the fracture, loavlns permeability
counted as el=Klo fractures. . . . pathways resemblin_ clenched teeth. Vertical N_[ core
SHCT Fracture Data Boa,. " " shove that mn individual fracture may ranks from :

,, completely minaralixod Co havtn_ a tom.mt aport_ze of

Core from Cho 811C_-I well includes 2_6 ft (81.1 m)! 1 ca alou 4 lt= lenKth. '

of s_dste_, mudsto_ m_t coal rocovered from _ SO'/
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Other Fractures fractures, a nora conplez Nonte Carlo method of
estimating intersection probability must be used 7.

hcausa tbe SHCT-I wellbore azlmath (zm•fly ewrth) Beaver, smsnlugful estimates of fracture spaclns •re
was directs_ specifically such thst Lt _ld _reud as difficult to derive from the ems-dimensional vertical
closely as possible tc _0" to the doulmmt fracture data provided from a conventionally drilled wellbor@0
trend, the number of eost-northwes_ fractures especially If (l) fractures with a different strike
intersected by the wellbore was maximized. Hovever, are present but cannot be distinguished in all cases
three anomalous fractures veto also encountered in the from _ho first set, or (2) if en echelon fractures are
core. Two of _hose fracture8 strike mordant and irregularly distributsd throughout the reservoir
occur within one foot (0.3 u) of each other in the !because of the influence of sedimentary
upper half of palm/al zone 4. The third fracture hetsropnsitias (u le commonly the case).
strikes no--st and occurs within the CozzstrJ. The Given enough vertical core, sane estlnatss of
first two are vertical extension fractures and are relative fracture donslcy can be made. At _ _X
probably related to a al_or population of northeast- site, for instance, where 275 vertical extension
striking fractures identified in NgZ core. The fract_LreS wore encountered in 4200 ft (1280 st) of
vertical, uor_n_et-striking fracture in the Cozzetts _ore, s ratio exists of spprozima_Jly ezra fracture for
is m risht-latsral shear fracture that In unlike any ,every IS ft (4.6 st) of core*, lio_ver, ali but three
fracture prevtotmly seen at this sits. _ercent of these fractures occur in sandstone (69t)or

, . Isilts_ (28t), _ high-modulus rocks that comprl,se
Because of the 80" angular relationship betveen lees than half of the section. The most complete da_A "_

the SHCT-1 vellbore ezimuth (Jl4og) and rJ_ moan strike met, which will be used for discussion here, comes _.

of _he paludal-zone fracture set (N84"V), the wollborel from the 2000-ft (610-n) thick section containing
hit about 98t of the fractures of _ dmLtnant set hstsrogenootw fltrvtal sandstones, where 219 fractures
that it would have intersected had the wollbore been _re found within the 900 ft (275 m) of sands_ and
normal to the fracture tren_ (sine 80" - 0.98) slltsto_ cored.Fracture heights of up to 6 ft (1.8 m)
Similarly, the wellbore iu •bout 70t efficient in were manured, but most of _ fractures are lass r_um

t
lntersectin K the northeast-trendin_ frac_es. If the 1 ft (0.$ m) high, even iu sandstone beds with gross
tvo fracture sets had an equal frequency, the expected thicknssses of more than 10 ft (3 m) (Fig. 6). The
ratio of west-northwest fractures to northeast tendency of slishtly-less-_han-vertical fractures to ._
fractures present In the core would be 0.98/0.70 or 4rift mat of the core is • contributin_ factor to the

1.4/1, nearly equal. In fact, the acyl manured prevalence of nuusll measured fracture heights , but
frequency ratio Is 70/2, or 35/1. This implies that this phenomena Is duo primarily to the internal

_the west-north_sst fractures ere about 25 tim_s more sedimentary hatsrogeu_lL-y of the reservoir sands_s.
rn_rous (35/1._ - 25) than the _rtheast frac_ares Fr•ctx•res are coa_mly contai_d within the __e8 ,_

(or that the nor_aast fractures comprise less than 4t of the numerous thinntr sedi_utsry/nochanical layers
of th_ total fracture population). In addition, this that comprise _ total reset'volt thickness.
8u_ests that _ cross fr•centres that are co_on in
equivalent outcrops are primarily a surficial feature. The importance of fracture height being
For comparison, the nor_heast.tremSln K fr•cLaire set in consistently less than beddln_ thickness is that it
the vortical N_X co_e comprises three of 62 (loss than renders the significance of later calculations of
5t) of the fractures that veto found in oriented =average fracture spacin K" amble. For example, In
core. *'s the population of 219 fractures In the fluvial zone,

each vith a top and botton tsnstna_lon, there are 438
Because they are rare, nano of these anomalous tsrnlns_:10_n. Of than, only 312 terninats within the

fractures were included in the ent_Jsatel of fracture core. (The rest aztsnd beyond rJao lateral limits oE .
spacir_ msd_ belay. Hoover, they nay be important in the core dna to the sub-parallel rslat_ouship betveen
providing local commmtcation betimes fractures of the fracture plane and core axis. ) Fort7-eisht percent of .!
dominant west-northwest set. the 312 known terminations are at the mudstor_ contact

• arkin_ _ boundary of 8 sandstone. This percentage ,
An isolated zone (4 ft [1.2 m] along cho length of ts reletively high because most of the fractures are

the core, or 3.4 ft [l.la] of true reservoir width) found in relatively thin asndstonss (Fig. 6). Thlrry-
in the upper half of paludal zone 3 contains _four percent terminate for no apparent reason within i
npprozim_tely 28 urminsralized, planar end on echelon, *the sandstone, and 181 terminate at an obvious
vertical, vest-northwest striking fractures. Study of sedimentary heteroger_lt_ (See Fig. 6 of bference 2).
rheas fractures ts contiouin_, but their position and Therefore, over half of the fractures tsrninar_
character is consistent with an lntsrpretstton that 8 sandstone bed, and over a third of those fractures
they are str_ds of a hydraulic fracture from o_ of terminate at mn obvious llthologic discontinuity
the NVX etl=similes experiments. They will not be within the bed.
considered further In this paper.

Thus, fract_ares are irregularly distributed iu the
FRACTURESPACINC vertical plans, and those fractures intersected by a '

horizontal transect (or wellbore) across the reservoir
Vertical _ Well.-_ will be indicative of a relative fracture f_equoncy, .

not tha absolute spacin_ of some fracture set that
Estimatin& vertlcal-fractaLrs spacins from vertical extends from t_o top to r3_ base of the reservoir.

core lm not a rewardin s ezercise. In the simplest For this reason, _ calculations of fracture spacin s t
case (vhere only one fracture set fs present, ut_re from deviated core that follow are relative

spacing is regular, and _here each fracture aztsuds nsasure_,enr_ of lateral fracture frequency ra_er than

the full thickness of the reservoir interval), the absolute fracture spacing. Thio caution holds for L
probability of encounterin K a fracture is the ratio of ali regional-type fractures In heterogeneous
the _rldth of _nvestiK_tion (core or wollhore dieter) reservoirs.

to the fracture spacing. For multiple sets of



The ratio of fractures to length of smmlst_ns core yield a true spacing of 8.4 ft T_o saas nstJ_5 vu
in the fluvial lntsrval in vertical _ core Is about applied to the 85" cored interval, but results In •

one fracture per 4 linear ft (1.2 n) _f core. _r, correction factor of only 0.98.
only _7 of the 219 fractmres (211) occur in ssnds_o_ss

The calculations ytsld average spacin S of 2.2 ft
that are sore than 10 ft (3 m) thick (al_r_ (0.67 m) In ths peludsl zo_n, and 3 ft (1 s) in thereservoir scale). Therefore, despite numerous
fractures soon in the IgdX core, nest of the reservoirs Couette. In both cuss, ths Ltnlmm spacin s is less
themselves would have boon considersd to be than 0.1 ft (0.03 m). The max/Jura spacin K is 6 ft

unfractured had only )0 or 60 ft of core boon acquired (3 m) in paludal core and 17.5 ft (5.3 m) in ths
from one or two ruorvoirs of intersst. To illustrate Cozzstte core (Fig. 7). Jost of the fract_rs spacings

this, consider that _ the confines of the paludal mrs less than 2 ft (0.61 m), The histograms sut_ost
zone 3, the paludal zone 4, and the Cosz,ltto that if a fract_are has been intersected by a vortical
reservoirs proper -- rasatwoLre vhsrs th_ deviated wsllboro, there Is a more than 60a chance that •
core shows extensive fracturing -- only one fracture parallsl fracturs lies loss than 2 ft (0.61 n) away.
was encountsrod in rho 162 ft (49 n) of vertical core _ Evsn for the more closely spaced fractures, ths
taken from sections in ths three NWX wells which 8pacit_ distribution is skewed (Fig. 8).
overlap ths SI/CT cored lntervel. Even if the entire

C_palativo probabllit 7 plots of the date (Fig. 9)
175 ft (53 n) of vortical core wTallable from these show an initially similar distribution of frac_arereservoirs proper Is examined, no sore fracturss are
observed. Fractures were nets co_on in the thin- specials within the paludal and Cozzotts reservoirs.

bedded sandstonss and itltstones underlying aud These plots also shay changes In slope within each
overlying these reservoirs, but the rsservoirs population plotted, suKsestin s that there nay be two
themselves were only inferred to be fracL_rod. This or sore sub-populstions of fract3Lros within each date _

lnforsnco was based on the presence of associated set: one with 8 spacinl_ of 1 ft (0.3 m) or less, and

fractures and from r_o indications of anomalously high another with a greeter-than-l-ft (0.3 n) _pacln s. The !
porsoabllttiss calculated during wsll testing, net sore closely spaced populations probably correspond to
from abundant fract_u:so cored in the reservoirs, those f_acturss occurring within the swarms apparent i

on Figures 3 and 4, whereas the larger spacings

There is no reliable way to turn the vertical correspond to the vaziabllity in spacin_ of isolated
fracture frequency described above into a lateral, fract_Lres and swarns of fract_arss.
fracture spacin K when r_e fract_re distribution is 8o :_
irregular. For the sake of argument, one could take Ths frac_es of ths widely spaced popu_ation fit
the average fracture spacin K of 2.2 ft (67 cn) from a gsibull distribution rather than a normal
the inclined paludal core (described nero fully distribution (Fig. 10), coz_lstent with other authors'
below), and the relationship that the probability of u_uurements of r_o distributions of ocher typos of _
intersectin K a fracture is the ratio of the digester fracture parmseters s. The overage spacing msuurod
of the circular area investigated to the fract_are for fract_are _arns Is about &.8 ft (1.5 n) and 6 ft __

spacing, and calculate thst the probability of hitting' (1.8 m) for the paludal and Cassette rsspectively,
a ftact_xo with vertical _-ln (lO-cn) die, tor core although there is considarabls variabllit 7 in these
would be about 15_. Bovever, rJ_ value of th_s number spacings u well, ranging from 2.5 ft (0.8 m) to
is anbi_uous where the fracture populetlon consists of 17.6 ft ($._ m) in both zones.
numerous fractures with heights of 5-25_ of r.he
reservoir thickness and whore fracturss are Fracture Snacine and Bod Thickn_ls

irregularly distributed (sos Figures 1 and 10 of
Reference 2). Joroo_or, the ootimats of 15_ cannot be A general oll-fisld rule o:_ thumb has been that
tested when only one 4-ft (l.3-n) high fracture vu fraceure opaclng is on _ho order of bed thickness.
encountered in the 90 ft (27 n) of resorvolr rock This rolatlonshlp is not apparent in data from
cored across ths two _$-30 Et (7,6-_.1 m) thick SHCT-I well. Even the relatively homogeneous Cozzette _

iS.sndatone, Which is 60 ft (18 m) thick at th_.s sits,
paludal sandstones. ".......... ..... _isplays an "avsrago fracture spsclng" of about 3 ft
Deviated SHCT _ I(1 m), nearly equivalsnt to spacing in the paludal

sandstones _hich ats only half u thick.
Desptts the questionable valus of sur_ a ember, a

ray "average fract_are spacing" Eor the dsviated SHCT Those fractures are not the result of flozurs of

core can bs obtained for co_varative ourooses by the s_rate: "structure" in _ area consists primarily
dividing the length of sandstone core rocoversd (minus of a 2" dip to the northsut and possibly a broad
the length above and below the first and last north-northwnst trending anticlinal nose. Rather, the
fractures in each reservoir, and terraced to true fracturss are rho result of dasp burial, high pore
horizontal disr_nce) by one loss than the number of prossurs, and horizontal tectonic compressionS0. ::.
fractures in each rssorvoir. Frac_re spacing is Spacing of such fractures apparsntly bears little
measured perpendicular to _ fract_xro plan_o, and in relationship to bed thicknesses. Other authors have
this study, corrections are required for both hole notsd that fracture spacing Is commonly only
inclination and hole direction relative to r_o erase iproportlonel to bed thickness for beds less than 4.6

£racturo planes. In the slant cars interval, the "ft (1.4 m) thick, _ and that fracture spacing _s
exact hole inclination was $8", and the measured relatively constant above thio bed thickness.
spacing is multiplied by the sins of 59" (the"

intersection angle of the hole with the average The truncation of tha upl_r end of the spacing
fracture dip) end by the cosine of 10" (_w cor_oction trend for the paludal cumulativs probabllit 7 plot
for the lnterssction of hole direction, I_'W, with (Fig. 9) m_y be a reaction of oithsr the s_aller bed

_ean fracL_aro strike, NaA'l/) in order to get true thickness or possibly r_be limited size of the paludal
horizontal spacing (a correction factor of 0.8_). ressrvoirs. Whereas the Cozzotto sandstone is
Therefore, a lO-ft spacing measured in core _ould effectively unlimited laterally (scale of miles) and



has no apparent limit to the maximum fracture spacing
(aC least on the scala of 115 ft (35.1 m) of core 6. Fracture spacing in the SHCT-1 core has a Weibull
available), the paludal reservoirs are generally less distribution that la strongly skewed toward closer
than 500 ft (152 m) wide m. spacings.

7. Measured fracture spacings in SHCT-1 core surest
Fracture Spacine in Outcron that multiple, closely spaced fractures are a

population separate from the more widely spaced
Fracture spacings were measured in outcrops of fractures, and may represent fracture swarms and

paludal and Cozzette smndstonea along the Grand the spacings of swarms respectively.
Hogback about 12 mi (20 km) distant from the MWX

site. a Although the strata as a whole have been 8. In the slant-hole core examined, average fracture
structurally deformed and now dip up to 90" in frequency is not related to bed thickness,
outcrop, mach of the deformation has apparently been although the widest observed fracture spacings
accommodated within the fnterbedded ductile mudstonea, occur in the thicker, sore homogeneous, and more
Average fracture spacing in the Cozzatte la about widespread sandstones.
3.4 ft (1.1 m), and has a cumulative probability

distribution remarkably similar to that derived from 9, Fractures of _he domir_nt west-northwest regional
subsurface data (Figs. 10, 11). Similar patterns of set at the MWX site are at least 25 times more

numerous than any other fractures encountered In
irregularly spaced regional fractures, commonly the subsurface.
occurring as swarms, have bean documented in outcrops

of lass deformed strata elsewhere in the Rocky _OW'LEDCEMENT$
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