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Abstract: The scanline mapping is a widely-used 1D field technique for fracture geometry observation. However, the 1D
orientation observations from this technique poorly represent the 3D probability distribution. In this work, a numerical method for
solving the 3D probability distribution of orientations is presented. It makes the assumption of observed dip direction-angle
independence and adopts a mathematical relationship between the 1D observations and the 3D distribution. This method follows a
two-step procedure that first using the relationship to solve the 3D cumulative, and then estimating the distribution type and
parameters over the probabilities by employing the Kolmogorov-Smirnov approximation. Two cases of fractures (bedding planes

and joints) illustrate that the presented method provides a smaller-error solution in comparison with the Fouché method. The
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minimum solution error of the presented method can be attained when the sample size is closely 150; if the sample size exceeds this

value, the solution error will not decrease significantly as sample size increases. Moreover, the effectiveness of the presented

method 1s investigated. The results show that the presented method performs effectively when applied to non-parallel fracture

individuals, e.g. joints, whereas with low effectiveness when applied to sub-parallel fracture individuals, e.g. bedding planes.

Key words: 3D probability distribution of orientation; Fouché method; sample size; fracture geometry; scanline mapping;

engineering geology.
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Table 1 3D-DFN modeling parameters
AL IX NEFH X £
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K (m) Fi(m) m(m) K (m) & (m) =5 (m) AR (%) AR S ()
7 30 30 30 20 20 20 0 45

o R B

R W) W) 242 (m) A A i
1 N(180, 10%) N(45, 10%) Exp(1.5) 50/100/150/200/300/500/1 000
11 N(180, 15%) N(45, 15° Exp(1.5) 50/100/150/200/300/500/1 000
111 N(180, 20%) N(45, 20%) Exp(1.5) 50/100/150/200/300/500/1 000
v InN(5.19, 0.06%) InN(3.78, 0.22%) Exp(1.5) 50/100/150/200/300/500/1 000
\% InN(5.19, 0.08%) InN(3.75, 0.32%) Exp(1.5) 50/100/150/200/300/500/1 000
VI InN(5.19, 0.11%) InN(3.72, 0.42%) Exp(1.5) 50/100/150/200/300/500/1 000
VII U (160, 200) U(25, 65) Exp(1.5) 50/100/150/200/300/500/1 000
VIII U(150, 210) U(15, 75) Exp(1.5) 50/100/150/200/300/500/1 000
X U(140, 220) U(5, 85) Exp(1.5) 50/100/150/200/300/500/1 000
X Exp(180) Exp(45) Exp(2.5) 50/100/150/200/300/500/1 000
XI Exp(185) Exp(50) Exp(2.5) 50/100/150/200/300/500/1 000
XII Exp(190) Exp(55) Exp(2.5) 50/100/150/200/300/500/1 000
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Table 2 Orientation independence output using the Pearson chi-square test
M-s IS M-s (RS M-s IS M-s (RS M-s IS M-s (RS
1-50 0.528 1I1-50 0.819 V-50 0.492 VII-50 0.512 1X-50 0.452 XI1-50 0.429
1-100 0.526 1I1-100 0.330 V-100 0.827 VII-100 0.987 IX-100 0.475 XI-100 0.863
1-150 0.497 I11-150 0.592 V-150 0.874 VII-150 0.835 IX-150 0.778 XI-150 0.537
1-200 0.259 I11-200 0.460 V-200 0.629 VII-200 0.926 1X-200 0.565 X1-200 0.292
[-300 0.636 I11-300 0.673 V-300 0.810 VII-300 0.562 1X-300 0.472 XI-300 0.415
1-500 0.773 111-500 0.550 V-500 0.754 VII-500 0.789 1X-500 0.969 XI1-500 0.217
1-1000 0.830 1I1-1000 0.543 V-1000 0.424 VII-1000 0.733 IX-1000 0.987 XI1-1000 0.246
11-50 0.297 1V-50 0.756 VI-50 0.396 VIII-50 0.954 X-50 0.992 XII-50 0.942
11-100 0.327 IV-100 0.344 VI-100 0.607 VIII-100 0.486 X-100 0.907 XII-100 0.859
11-150 0.316 IV-150 0.483 VI-150 0.256 VIII-150 0.518 X-150 0.704 XII-150 0.803
11-200 0.252 1V-200 0.301 VI-200 0.316 VIII-200 0.487 X-200 0.874 XII-200 0.925
11-300 0.593 1V-300 0.912 VI-300 0.313 VIII-300 0.981 X-300 0.838 XII-300 0.478
11-500 0.505 1V-500 0.568 VI-500 0.372 VIII-500 0.702 X-500 0.483 XII-500 0.938
1I-1000 0.524 IV-1000 0.089 VI-1000 0.552 VIII-1000 0.433 X-1000 0.209 XII-1000 0.260
TEFEA M-s i MUE BRI G5 5 s RFEA 200 I 5 PERE 32 48 A9 J2 XUR MK
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Table 3 3D probability distribution of orientations solved using the presented method
iy () i 75 () i () 7 ()
1-50 N(178.3, 8.0%) N(46.1, 8.1%) VII-50 U(160.3, 200.2) U(25.0, 64.9)
1-100 N(178.8, 8.5%) N(46.5, 8.9%) VII-100 U(160.4, 199.9) U(25.0, 64.9)
1-150 N(179.3, 8.5%) N(45.6, 9.4%) VII-150 U(160.3, 199.9) U(25.0, 64.9)
1-200 N(179.0, 9.2%) N(45.3, 9.0%) VII-200 U(160.3, 199.9) U(25.0, 64.9)
1-300 N(178.9, 9.4%) N(45.5, 9.4%) VII-300 U(160.1, 199.9) U(25.0, 65.0)
1-500 N(179.5, 10.1%) N(45.0, 10.1%) VII-500 U(160.1, 200.1) U(25.0, 65.0)
1-1000 N(179.7, 10.2%) N(45.0, 10.1%) VII-1000 U(160.0, 200.1) U(25.0, 65.0)
11-50 N(176.9, 13.7%) N(46.2, 11.6%) VIII-50 U(154.5, 217.6) U(13.0, 72.1)
11-100 N(177.6, 14.9%) N(45.9, 11.5%) VIII-100 U(153.5, 212.9) U(11.4, 71.7)
11-150 N(178.2, 15.1%) N(45.8, 12.7%) VIII-150 U(151.7, 211.8) U(12.9, 72.0)
11-200 N(178.6, 15.3%) N(45.2, 13.9%) VII1-200 U(152.2, 211.4) U(12.5, 71.2)
11-300 N(178.9, 15.3%) N(44.8, 14.1%) VIII-300 U(150.7, 209.9) U(13.6, 73.2)
11-500 N(178.8, 14.7%) N(45.2, 14.3%) VIII-500 U(150.8, 209.5) U(14.2, 74.1)
11-1000 N(179.4, 15.3%) N(45.4, 14.7%) VIII-1000 U(150.3, 210.2) U(15.2, 73.7)
111-50 N(185.2, 16.6%) N(43.5, 15.7%) I1X-50 U(145.9, 215.2) U(2.0, 82.0)
111-100 N(184.4, 18.9%) N(40.2, 18.2%) 1X-100 U(141.3, 218.9) U(1.4,78.5)
111-150 N(184.0, 19.9%) N(43.2, 19.8%) 1X-150 U(142.4, 219.5) U(2.7, 80.4)
111-200 N(182.5, 19.2%) N(43.2, 18.9%) 1X-200 U(142.4, 213.6) U(3.0, 80.6)
111-300 N(181.9, 18.6%) N(44.5, 18.0%) 1X-300 U(141.3, 219.0) U(3.8, 81.6)
111-500 N(180.9, 18.9%) N(43.1, 18.4%) 1X-500 U(142.8, 214.0) U(5.7, 82.7)
111-1000 N(180.2, 19.8%) N(44.5, 18.9%) 1X-1000 U(140.1, 218.8) U(6.2, 84.1)
IV-50 InN(5.203, 0.038%) InN(3.819, 0.166%) X-50 Exp (355.5) Exp (87.4)
1V-100 InN(5.198, 0.050%) InN(3.803, 0.197%) X-100 Exp (311.6) Exp (83.1)
IV-150 InN(5.200, 0.055%) InN(3.795, 0.222%) X-150 Exp (107.3) Exp (79.1)
1V-200 InN(5.199, 0.056) InN(3.797, 0.208) X-200 Exp (133.1) Exp (72.6)
1V-300 InN(5.198, 0.055" InN(3.796, 0.211%) X-300 Exp (102.6) Exp (82.5)
1V-500 InN(5.196, 0.057%) InN(3.796, 0.220%) X-500 Exp (104.5) Exp (81.7)
1V-1000 InN(5.194, 0.056%) InN(3.796, 0.216%) X-1000  Exp (109.0) Exp (82.2)
V-50 InN(5.210, 0.055%) InN(3.869, 0.242%) XI-50 Exp (81.7) Exp (71.7)
V-100 InN(5.199, 0.070%) InN(3.831, 0.256%) XI1-100 Exp (104.6) Exp (85.8)
V-150 InN(5.194, 0.077%) InN(3.752, 0.310%) XI-150 Exp (118.4) Exp (62.9)
V-200 InN(5.199, 0.075" InN(3.764, 0.295%) X1-200 Exp (110.9) Exp (61.9)
V-300 InN(5.197, 0.077%) InN(3.752, 0.306) X1-300 Exp (102.5) Exp (70.6)
V-500 InN(5.194, 0.077%) InN(3.757, 0.296%) XI1-500 Exp (99.9) Exp (73.2)
V-1000 InN(5.194, 0.078") InN(3.755, 0.302%) XI-1000  Exp (99.1) Exp (76.5)
VI-50 InN(5.210, 0.076%) InN(3.845, 0.349%) X11-50 Exp (116.3) Exp (69.5)
VI-100 InN(5.197, 0.088%) InN(3.801, 0.376%) X11-100 Exp (141.4) Exp (68.1)
VI-150 InN(5.196, 0.103%) InN(3.757, 0.394%) X11-150 Exp (114.6) Exp (66.7)
V1-200 InN(5.192, 0.101%) InN(3.768, 0.388%) XI1I-200 Exp (107.0) Exp (72.9)
VI-300 InN(5.192, 0.099%) InN(3.755, 0.398%) X11-300 Exp (117.6) Exp (71.7)
V1-500 InN(5.193, 0.098%) InN(3.759, 0.393%) XI1I-500 Exp (117.9) Exp (76.9)
VI1-1000 InN(5.191, 0.102%) InN(3.763, 0.391%) X11-1000 Exp (118.7) Exp (77.4)

(Q™) FR B AR (Qel+dl 4) IR (Qeol 4) 18
W HE AL Z (Qdel 4) b2 . 32 098 K1 #5252 0, X

NRJE LRG0 T HRB LT, 200
RO, = A BN IR R A =/ A TSR
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K4 MITiR2E—HEARRR
Fig.4 Root square error versus sample size
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Fig.5 Casel
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*®4 3D-DFNEEHHSH
Table 4 3D-DFN modeling partial parameters

T i o ALl X
. H%(m) PR 5 (mm) —
(m %) K(m) $E(m) & (m)
4 Exp(0.5)  Exp(1.2) 10 10 10

B T AR AR S 1 ST M AR 8, R DAl AR S
Tk

T 5E, 23 3R F Fouché J7 3 A AR SC 25 1R 521
— 2 AR B SR A = e A A SR i 4 R LA Se.
IEA 113 T 3D-DFN #E 5 % H At LA 22 3K = 4
SR ER IR 4

KRG , MHILMER =S HELT 24
3D-DFN AR (& 5d) , 4355l % R Fouché J5 ¥ 45 1 1)
FEMR AT A AR SOy 3545 B0 PR o AL S
S B I 2 5 A [R] 7 ) AR 1) AR ) 1 g 4L
T 2 %o 55 7 v i Sk ) S R AT I 4L OF HLiRE
FERFEAR S 5 LRI R AR R B — 5 T
T X A3 D Y R UL 2 B A R 8L B i L R
NI ASE A UL 5] Se.

5, R MFEA Kolmogorov—Smirnov i 5
IR A 5 S RE AR 3 A B 25 5 22 R R/D
J W ) 2 SR iR 1R 25 1 RIS H XU i 3 M AR RO
AR HAEAE O~1 Z [A] {H 8 R 25 F /N, AT R
fiff 15 25 AR AR KGR A5 B I 3.2 .

32 #R

Fouché Jy 1 45 21 1 i ) F1 00 Ff 8 35 ME HE R
Sk 0.739 F10.782. 7% 3C 7 1 45 B 9 51 1) 140 £ G
A R 4 B o4 0.913 #10.918, # & F Fouché Jf
e, R AR SO R il 1R 25 I

4 HEATTER = 1

4.1 ROIFRFS

I K MU T PG LR 78 VT 1 (299°34'30.0"N,
98°20'49.2"E). Ir e X 38k = %2t 8 2 K b )2 . — 2R 2
SERPEATRA (T 2) WK K BB 4 (6 A %
WA, o5 — KRR P R P b T4 (1,0) 5240 A 5K
gl MR AKRER 3SHEEMBR(Zm,
PR 1A BRAH 2) . A AR ) /AR Dy 243°/4°
4 I 2 T ] BE A AT 2R IR R I | B T L ) B A
JUART 2 B AT WL . AR SCA 5 BT BR2H 1, MR 40 24 B
FEOE R A ORLRE B2 TR I PR S R PR g Ty
PRZA 1, AT OR B 7 R A Sy [F] — A LB X T = 5

AR, B0 B 8, BT 2 A B R bR U A A D
& 6a. % FH Pearson - J5 K 56 X #F A A5 1] A1 £f1 1)
ST PSR AT I A 00 R, B R R 0.56,
T8 2 M KT 0.05, 2% BH S I RE A 3l e AR SO iR
S M ABRE AT AR AR SO iR AT SR i

520 153 B 20 B2, 43 3 R FH Fouche 7 1%
VAR SC 7 95 5% 77 RBHE 2F A7 SR i, 45 AL UL 8] 6b. A
L 7= R 00 K 95 UL & 6c, BORCHE BT 50, 100, 150,
200,300,500 F1 1 000 A~ A4 1 7 A BB AS R H]
X FE A Kolmogorov—Smirnov i % I 12 A U A< 55
STMFEAAE AT LAY 225 25 0Ly
42 H#R

R — AR EEMZL (K 7)) R, T
AT B REAR S B A F] 150 B, AT LASE Bl I 1Y
SRR R AR R BE HT 150 I, 3G AR AR 75 55
ANHE D 25 PR AR A 8 25 X A SR 25 SR B IE T fe i
FEARZS 5800 150 Al 56 45 51 . b abh, v i) S 35 1k Ak
SN b 4 3R AR S 1 SR i R 22 I8 F Fouche
ik

5 i

HH T 307 5, Fouche 75 ¥ A7 78 8 15 (3K fi
2%, J5 R ] fE & Terzaghi J7 B % % 75 4 > 11 4 (5]
H T LB AT R AR S LIRS R T
A S BRSBTS R R S g S
RAF S B B 2% Fouché )7 1 42 Terzaghi J7 #:
R J& AR S BOE B B DUAE A X R A AR 25
T A SCO7 191 WA R R U, RS FE2s R g
A XA R

AR SCT B e T HORE T (A £8) BLA% A O fi%
B, A DUAR G b3 FH 0 2 ok 40 15 1 Bl . AR T, RE R
3 5L S S B AT AS 1, B A B L s I
M BRI AR aeK A (D) (2) S B B i
B KT 0B, A SCor st ae 47 Jre 210 4l AL sl )
Rz

L T, = e SRR A GRS ) 55— 4 00
A3 A CRAFRE ) FA SN D T 78 28 ) 10 rp, 5
DX 50 B 2 (JEL 8) , IR I 2k 5 2 Bt e i1 5 22 f31) TAH L)
(1R 48.1°, BHI 1T 51.7°) . 3% Fh 22 5 A g
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Fig. 6 Casell
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Fig.7 Two-tailed significance versus sample size
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P8 — 2RO S A FAS SC 7 B8R Ak 9 =2k 53 A7 19 S50 L
Fig.8 Comparison of 1D observation distribution parameters and 3D distribution parameters solved using the proposed method
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