Open-File Report 2014-1023

USGS .

science for a changing world
U.S. Department of the Interior
U.S. Geological Survey U S w W T I 2

Original Logs and Fractures Mineralogy, Porosity, and Water Content Stratigraphy

)

>

<~/

'ES

(1) (2) (3) (4) (5) (6) (7)
20 CAL 60}1 DBC 3/60 DIEL 0 0 EFSPAR 1 PHIWDIEL O/t  PHIWENP 0 0 weLons 10 BOREHOLE USH HT-2, YUCCA MOUNTAIN, NEVADA
o
= 20 ____ BIT ____¢ S10] DBCBND _ 3'100 ENP 10000 ke 0 EQTZ 111 PHITDIEL 011 PHITENP 0 = 40 twwFRC O
T |0 TC 300{1 RHOG 31100 ENPBND _ 10000 « 10 ETRYCR 1}4 SWDIEL =111 SWENP -41= |0_T0PS 2| Compiled by Philip H. Nelson and Joyce E. Kibler
= . . . i
= 2 SHL B ol 10 RILD 10000 = 0 EGLASS 1 0 PHYSZONE 40 Geologic Description U.S. Geological Survey, Denver, Colorado
o 0 @ |0 ESMECT 1 0 ZEOLZONE 40| T _
e 0 TVNDAZ 400! ) 0 EZEOL 1 8 Borehole USW WT-2 was completed in July, 1983 to a total depth of 2060
— 360 ZERO =40 ¥ < feet. The hole was rotary drilled using air foam consisting of air,
0 ECAFE 1 detergent, and water (Muller and Kibler, 1985). Depth on the plot is
0 MINDEP 10 measured along hole, and has not been corrected for deviation. Hole
1 3 " .
! Alluvium (0-60 ft), predominantly compased of Tuff, deviation is 2 to 3.5 degrees, (Plate 18 in Nelson and others, 1991): at a
{ ash-flow, pale-brown, densely welded, devitrified; 1 to 2 ] )
’ percent phenacrysts (sanidine), (Tiva Canyon member) measured depth of 2000 feet, the computed true vertical depth is 1998.17
' feet, and the horizontal offset is 79.6 feet.
! —_—
| o1 ¢
B o 3 Original logs in columns 1-3, acquired on July 13 and 14, 1983, were
:D Mt 3 / \ Paintbrush Tuff; Tiva Canyon member described and presented by Nelson and others, 1991. USW WT-2 was drilled
: / Tuff (60-179 ft), ash-flow, Dal({_bm?n anddliQQt_$p0wn, 1320 for the purpose of monitoring water levels; the static water level is
pale-brown, moderately to densely welded, devitrified, a : : : :
| ) 2 percent phenocrysts® (sanidine, rare biotite); lithophysal indicated by a cyan bar in column 1 (Robison, 1984).
= o m] o — A zones identified from television camera log between 72 and
—o t 5 = e o 91 ft (22.0- 27.7 m) and between 107 and 114 ft (32.6- 34.8 ) . ) . _ _
© ) - O 5 o o / m: rubble zones identified from 129 to 133 ft (39.3- 40.5 Mineralogy in column 4 is derived from X-ray diffraction data by Bish
] ) m and 135 to 139 ft (41.2-42.4 m); base of unit identified ] ] ,
I L / on television camera log as a change in hole roughness and Chipera (1989) . Their data have been converted to volume percent,
m|
i j ity, in several places extrapolated to boundaries
! e o DE Tuff (179-200 ft), ash-flow, grayish-brown, densely welded, ?Ombmeu with porosity, and m_ 1p p
| o \ D / vitric (partly devitrified) (vitrophere); pumice, black and inserted where marked changes in log response occur.
— . m 0 % O - "/ grayish-brown, glassy (some devitrified); 1 percent
—n ' —'\, g 7 & phenocrysts [sanidineland niotiﬁe); bqsetof un%tbmegtifled
R o o 7 S / g euiai; sangea ng s m change: dm Sunei ot harensle Porosity and water content computed from the dielectric and density
! O / logs are shown in column 5 as phitdiel and phiwdiel, using a method
1L o Tuff (200-260 ft), ash-flow, light-brawn, partially welded described by Nelson, 1993. Porosity and water content computed from the the
1 o |O ()] to nonwelded, vitric, abundant dark- yellowish-orange and i . ) .
o " o = 4 = o black glass shards epithermal neutron and density logs are shown in column 6 as phitenp and
= . =) o D 7 . . . A
o &5 o / Bedded Tutf: Tuff (260-270 ft). ash-fall, very pale orange, phiwenp (Nelson, 1994) . ‘Gree.:n hatchlng.between the por.‘051ty and wate
= / dominated by very pale~?r‘ange vitric puTice; no bedding content curves denotes air-filled porosity. Red hatching appears where
1 identified on television camera lo . g o ; og s
| / BRSNSt e 0 water content exceeds porosity, often indicating the presence of zeolitic
' 1
| e // minerals.
no ] no
—3 o o 17
R S | \d ¥ < / Tooooah Soring member Saturation (swdiel in column 5, swenp in column 6) is computed as the
Ty 1 . . .
f . § HOp aring ratio of water content to porosity. It has been nulled in zones flagged as
< Tuff (270-281 ft), h-flow, moderate-reddish-brown, vitric ;
L © j g ngnwefdeg; ?gmm)ant?? cgmpgsed of mgéepateftpeddisn-bpown, zeolzone. The flags physzone and zeolzone (green and red bars in column 6)
and very pale orange vitric pumice fragments; some ; : .
= i pyroxene, and biotite; abundant pale-red rhyolitic lithic : : : : ;
S ; i S // fragments: base of unit identified on television camera log respectively. Their depth extent is taken from ?nspec’.clon of the green and
I = / red hatch areas in columns 5 and 6 and from consideration of other logs,
Tuff (281-285(?) ft), ash-flow, medium-light-gray, , . e .
! ' / moderately welded, devitrified, phenocryst poar, contains especially resistivity, rild.
! bronze biotite; interval contains moderate- reddish-brown
I o & = / vitrophyre presumably in lower 2 to 3 ft (0.6-0.9 m) of ' . '
o ; o 4 ; e S5 interval Stratigraphic tops and degree of welding, given in column 7, and the
o ogft 4 ! v <21 1 ... ; : g .
i DD . & yfetphtyl /. - // Tuff (285 (?13{590 {t), as(h—{lowh mo;jer?(tﬁ;;‘eddish—tbrown, geologic description, in the text column, are from R. Spengler, U.S.
o ' densely welded, glassy (vitrophyre): ?) percen . . : : :
{ . - / / I henochyats. (saniding, Diatite,  pyroxencl: 'eanpls (280-290 Geological Survey, written communication, 1995. The degree of welding
| : ft) (85.3-88.4 m) contains a mixture of this lithology and (weldng) increases to the right, in accordance with the geologic
¥ e / the overlying lithology 5 N
no escription.
—3 P = S ¥ 7. Tuff (290-303 ft), ash-flow, grayish-red, pale-reddish-
o : w o // brown, densely ﬁlded. devti]trified; tmcluiier‘aiée-red?(i)stg— ?gown
n pumice, dominantly vapor phase crystallization; 0 : il : o
| S percent phenacrysts of sanidine, bronze biotite, and Plots of individual fractures, column 1, observed on television
' pyroxene; base of unit identified on television camera log (tvndaz) logs are plotted to show the azimuth of the dip of each fracture.
| where large pumice clasts are abundant ] g
I - / The same data are plotted as fracture density (tvnfrc) in column 7.
w
1
“a ] - 3 "% 2 Tuff (303-396 ft), ash-flow, pale-brown, moderately welded,
o | \ g o / vapor phase; pumice, light-gray and pale- red, vapor phase
| @D crystallization dominant; 7 to 10 percent phenocrysts
o (sanidine and biotite); base of unit identified on EXPLANATION OF CURVES AND SYMBOLS
i / television camera lag
] |
e b i - /A Tuff (396-595 ft), ash-flow, light-gray to medium- Column 1
—< : B —! o 7 light-gray, and light-brown, dgnsely welded (upper , CAL Caliper in cm, black curve.
o I S o lithophysal zone), devitrified, pumice commonly very light . ) } )
o 8 gray, devitrified; 1 to 2 percent phenocrysts of sanidine BIT Bit size in cm, black dash line.
: o S and biotite; mottled appearance conspicuous from 510 to 590 . K
l ¢ ft (155.4-179.8 m), base of interval indicated on density SWL Static water level, vertical cyan bar.
| log and television camera log; possible fault zone from 513 , .
| pi / to 516 ft (156.4-157.3 m) sugges?ed Ey thelabrupt change in TC Gamma ray in API units, red curve.
a ]! -} ¢ o 7 BECENE 06 [FERUIINARS BOEEE 8 SRaECtns Rl TVNDAZ Dip azimuth of fractures, from television, red squares.
—n ; . TF e aa (@] 7 2 ; :
o I : (o ) I o / Undetermined azimuth is coded as 380 or 390 degrees.
I g ................. f /
| L ¢ oEmr
|y, B < 11 = [ 1 £ Ei | [FFerees } Column 2
I O = = lEa®omei by . .
l 0 o g B [ras iy ) // Tuff (595-717 ft), ash-flow, light-brown, moderately to DBC Density in g/cc, red curve.
—S o : ) i e i densely welded. devitrified, pumice, rare, very light gray, DBCBOUND  Density bound in g/cc, red dash curve.
S i [} o O B s ssmemss s &< = / devitrified; less than 1 percent phenocrysts (sanidine);
i o > — base of unit indicated on density log and television camera RHOG Grain density in g/cc, green curve.
o- & (o R - log; possible fault zone from 647 to 653 ft (197.2-199.0 m)
DI D% O &£ F 0 F 0 ke wmresaa s
Ly ° gl | [ 5 s a }( 7 / Column 3
» L U D N R & . ‘
fop) I g o 3 = - ey \ P o /A ENP Epithermal neutron in counts/sec, red curve.
3 Lo o {oo - —_—7 L 7 = 7 ENPBND Epithermal bound, red dash curve.
8 / RILD Induction resistivity in ohm-m, blue dot curve.
- E’D / DIEL Dielectric permittivity, ratio, green curve.
no /
[
— - — 0 = 7” Column 4  [shaded areas represent volume fractions]
a & = / P eft-hand edge
8 N Tuff (717-1015 ft), ash-flow, pale-brown to light- brown, EFSPAR Feldspar, blue dotted area to 1 and ge:
dﬁnsely wilded, devitrifi(fad;ylﬁgsbthan { percent s EQTZ Quartz, dark yellow area.
phenocrysts; appearance of 1lig POWD  POPOUS FOC . i . . i
p - fragments (vapgrlphase crystalliiation], dgmlsity log ETRYCR Tridymite + cristobalite + opal, light yellow.
N signature and television camera log suggest lower ;
. B sl /// lithophysal zone; base of unit indicated on density log and EGLASS Glass, blue gridded area.
-y o a1 // selevision cangra Lo ESMECT  Smectite + kaolinite, green slanted area.
= EZEOL Clinoptilolite + mordenite, red slant.
3 ECAFE Calcite + hematite, magenta hatch.
o / \ Porosity Unshaded area to the right-hand edge.
_g z e OOD 7 // E MINDEP Depth of x-ray diffraction samples, ticks.
{ N
= / Column 5 [fractional volume of whole rock, increasing to left]
‘E> PHIWDIEL  Water content, from DIEL and DBCBOUND logs, cyan curve.
% - // PHITDIEL  Porosity, from DIEL and DBCBOUND logs, red curve.
o E - /
_g 5 o o 7/ (green hatch where PHITDIEL > PHIWDIEL,
£ / red where PHITDIEL < PHIWDIEL ).
/ SWDIEL Saturation, ratio of PHIWDIEL to PHITDIEL.
¥ )
| © i __E L {e} //// Column 6 [fractional volume of whole rock, increasing to left]
o o . ()
o s % o /// PHIWENP Water content, from ENPBND and DBCBOUND logs, cyan curve.
;". o PHITENP Porosity, from ENPBND and DBCBOUND logs, red curve.
7 g (green hatch where PHITENP > PHIWENP,
f e % red where PHITENP < PHIWENP ).
—5 I EEn R 7 “ SWENP Water saturation, ratio of PHIWENP to PHITENP, green curve.
(@] * (&) o ; .
- = / J PHYSZONE Lithophysal zone, picked from logs, green bar.
s ZEOLZONE  Zeolitic zone, picked from logs, red bar.
o w
= <y o s
—S . N S // I Column 7
S o™ S /// N TOPS Stratigraphic boundaries, black ticks.
: o Tuff (1015-1179 ft), ash-flow, light-brown to grayish- ; . :
3, o / i Opange’)densely welded,f deviépmed; Veq Eare (1e55ftha"t1 WELDNG Degree of welding from core inspection, black slant.
£ percent) phenacrysts of sanidine and biotite; base of uni S
: identified on television camera log as an abrupt change in TVNFRC Number of fractures per 10 feet, from television, red.
b Lr\LJ) % tone and light reflectance
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o i Date of last computation: May 1996
\P ~' W E - / Plot Date: May 1996
L Ol oy / e
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o ) & o 7 Bish, D. L., and Chipera, S.J., 1989, Revised mineralogic summary of Yucca
: ntain, Nevada: i y o -MS, .
: e Mountain, Nevad Los Alamos National Laboratory Report LA-11497-MS, 68 p
' L Tuff (1179-1222 ft), ash-flow, medium-dark-gray to black
# s c{enseéy weldgdb_g%aisy (éitr‘oprf]yre).;t rage €h$nogrysts
sanidine and biotite); base of unit identified on . I . .
| = & e A television camera log as lighter borehols walls Muller, D. C., and Kibler, J. E., 1984, Preliminary analysis of geophysical
S B S V. logs from the WT series of drill holes, Yucca Mountain, Nye County, Nevada:
o 0\‘3 o / Tuff, (1222-1293 ft) ash-flow, light-brown, partially welded ) .
o to nonwelded, vitric; pumice, very pale orange, vitric; 1 U.S. Geological Open-File Report 86-46, p. 30.
percent phenocrysts (sanidine); abundant black and
P A 7 Balo-seaiian-brom Seloants TIGIE fradmsnier baeting plane
' -regagisn- v 1 itni i &5 3 3 s
gy o o " i é \dentifiad an television camera log At base of unit Nelson. P.H., Muller, D.C., Schimschal, U., Kibler, J.E., 1991, Geophysical
o o b e 78 g logs and core measurements from forty boreholes at Yucca Mountain, Nevada:
—MNY o ‘e o e b g ’
a1 p L a Bedded Tuff; Tuff, (1293-1303(?)) ash-fall(?) reworked, . : ; _
(= : 8 B / N o / light-brown, poorly consolidated, vitric; composed of a GeoDhySlcal InVEStlgatlonS Map GP-1001, 64 p., 40 plates.
T o - v/ / mixture of light-brown vitric pumice and colorless and black
RJ 0 / / glass shards and pale-red, aphanitic, rhyolitic 1lithic
; / ¢ / fragments; angular to subrounded; no bedding planes Nelson, P.H., 1993, Estimation of water-filled and air-filled porosity in
G w SO0 5 / identified but a slight tonal contrast noted on television . .
e © |- \ \ . / camera log at base of unit the unsaturated zone, Yucca Mountain, Nevada, in Proc. of 4th Annual
i m ..... '] cn . . :
— = == o w . . : ;
S N == 1 : S Rhyolite lava_and Tuff of Calico Hills International Conf. on High Level Radioactive Waste Management, vol 1, Am.
= = ! 4 o % L}ﬂ?lVldllE?)I Tuffaceous beds of Calico Hills Nuclear Soc., p. 949-954.
g / informal);
Iy ) ) % , Nelson, P.H., 1994, Saturation levels and trends in the unsaturated zone,
) =  Mecie b ( / Tuff, (1303 (?) -1520) ash-flow, very light gray, very pale _ i _ ‘
= . J il % orange, moderate-orange-pink, and grayish- orange, Yucca Mountain, Nevada, Proceedings of the Fifth Annual International Conf.
"’g = "R \ Eﬂj 7 nonwelded, vitric; pumice, very pale orange, vitric; 1 to 2 . . .
> ‘ O P L > / percent phenocrysts of sanidine, quartz, and biotite: on High Level Radioactive Waste Management, Las Vegas, v. 4, p. 2774-2781.
: o 7 O / abundant light-gray, pale-red, and pale-brown, aphanitic,
. < o 9) / rhyolitic, lithic fragments, devitrified; pumice appear
S Z e e ey e I SLETS Robison, J.H., 1984, Ground-water level data and preliminary
D €08 B ¢ et s { grained thr’oughout' interval; lithic fragment swarm 5 P H 2 68 B
ke o R o { . . - é TUenELTiEd O tE1EViSION Cansra lop tron 1346 Iy T potentiometric-surface maps, Yucca Mountain and vicinity, Nye County,
— e Q — \ o 4 (401.1-401.4 m); bedding planes identified at 1426 ft (434.6 Nevada: U.S. Geological Survey Water-Resources Investigations Report
o Y % o 7 m), from 1501 to 1503 ft (457.5-458.1 m), and at base of
S g o o o % E unit, based on television camera observations 84-4197, 8 p. ISSN 2331-1258 (online)
4 o hitp/dx.doi.org/10.3133/0fr20141023
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= <1 O - 4
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<o) 3 o
no
(e 0 O
o pd
o % Tuff, (1520-1594) reworked, ash-fall(?), grayish- yellow
8 / yellowish-gray, grayish-orange, and pale- greenish-yellow,
o moderately consolidated, zeolitic(?); rare phenocrysts of
N — E sanidine, biotite content increases below 1550 ft (472.4 m);
e ~J - e / abundant pale-red and grayish-red volcanic lithic fragments;
—O1 feaf®) dzpns oo 1 ot ol Vd light-olive-gray ash-fall, rich in minute subrounded lithic
o B R Eee ] ® a fragments and phenocrysts from 1560 to 1594 ft (475.5 m)
(=) N B Eoa o e =
D Isw s s s /
2 //
- ey s v Crater Flat Tuff; Prow Pass member
()]
= @ < / Tuff, (1594-1730) ash-flow, light-brownish-gray and very
o light gray, partially welded, devitrified (slightly
) zeolitic (?)); pumice very light gray to light-gray,
/ devitrified; 5 to 7 percent phenocrysts (quartz, sanidine,
&y ! / biotite); very minute biotite fragments scattered throughout
- O - / matrix below 1620 ft (493.8 m); moderate-red mudstone
_—° _.['\3 : o Vi lithic fragments and pyroxene pseudomorphs below 1700 ft
oL s 7 (518.2 m); large vapor-phase (?) pumice clasts visible on
[(e]
o o o / t;elevision camera log fram 1604 to 1645(?) ft (488.9-492.2
= / m
ol %
—
- | o = //
S = S 7/
o) o
o % E
/ Tuff, (1730-1780) ash-flow, moderate-orange-pink, and
ol grayish-orange-pink, moderately welded (?), devitrified;
W pumice, pale-yellowish-orange, devitrified; 5 to 7 percent
L W —F phenocrysts (quartz, sanidine, biotite); rare
ol " 7 moderate-reddish-orange mudstone 1lithic fragments
S & S /
o
Tuff, (1780-2020) ash-flow, light-brown, grayish- orange,
o / and grayish-orange-pink, non- to partially welded,
~ / zeolitic (?); pumice, moderate-orange-pink, very pale
_3 e ) g A orange, and pale-yellowish-brown, devitrified (partially
S . %’ 7 vitric); 10 percent (?) phenocrysts (sanidine, quartz,
o N oS / biotite); sparse moderate-reddish-brown mudstone lithic
g / fragments
o 22
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o / Tuff, (2020-2060 T.D.) ash-flow, pale-brown, moderately to
/ densely welded, devitrified; pumice, light-brown,
devitrified; 10 to 15 percent phenocrysts (quartz, sanidine,
[a)) bronze biotite, orthopyroxene pseudomorphs (?); sparse
o no n // moderate-reddish-brown mudstone lithic fragments and
O _'J> o - A medium-gray volcanic lithic fragments; bit cutting samples
a o o Vv from 2020 to 2050 ft (615.7-624.8 m) are extremely
\o = o contaminated with Paintbrush Tuff fragments; core collected
\ o from 2030 to 2060 ft (624.8-627.9 m), recovered 6.5 ft (2.0
m); density log indicates an abrupt increase in density at
2020 ft (615.7 m)
(=)
no g n
o . =
b= S &=
o

Petrophysical Properties, Mineralogy, Fractures, and Flow Tests in 25 Deep Boreholes at Yucca Mountain, Nevada
By Philip H. Nelson and Joyce E. Kibler



