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introduction

. The [LS.'Geological Survey working under Interagency Agreement DE-AIO8-

78ET44802, with the Department_vof Energy is- engaged in a broad program to

asseés‘and identify potential repositories for high level nuclear waste on the

Nevada Test Site (NTS), figures no. 1 and 2. The U.S._Geologic?l Survey’s

program'consists of integrated geologic, - hydrologic and”geophysical studies

that range in nature from regional to site specific. One site currently under
intensive investigation 1is called the Yucca Mtn. site, located in the east-

' central paft of‘Yucca Mountain Fig 2. Thevproposed emplacement medium.is one -

or more welded tﬁff members of Tertia;y age‘with,én‘emplacemeht depth.inbﬁhe
range of 1000 to 5000 ft. Inter-layered ash-fall tuffs or less welded units
paftially argillized and zeolitized (Spengler and 6thers, 1979)_areAexpected
to provide good adsorptive prdperties so és to éiye mulitple ﬁafriers~to radio
nuélide migration. - | |

The Yucca Mtn. site -under investigation covers about 6 square miles in

the east central part ‘of Yucca Mtn proper fig. 2 which 1s situated in the

southwestern part of the NTS and the adjacént Nellistir\Force Range'én-the

west.  The general geological setting at the Yucca Mtn site is a thick

sequence,of’asﬁ—fall and ash-flow tuffs presumably relatively undisturbed in:

the site aréé, and dipping about 9° to the east or southeast. The estimated

aggregate thigkﬁess of the tuffs is 7000 to 9000'ft. The generalized geologic

map adapted érom Lipman and-MéKay'(l965)?~and Chrispiansgn and Lipman (1965)
is éhown in plate A. . The proposedlsite is Bdunded on'tﬁevwesé byxa‘well
defined scissqrs faﬁlt and on.thé north by a major struﬁturai boundéry along
Yﬁcca Wash, whiéh is_ﬁot cléarly,understood. Thé eastern boundary 'is less

well defined_but probably limited by north-trending basin and range faulting

assoclated with the Fortymile Canyon'Pléte A. To the south increased faulting




in the volcanics identifies an approximate limit to the site.
A slingram survey in 1978 (V. Flanigan (persomal commun., 1980)
identified a number of conductive zones at shallow depth some of which were

clearly identified with known faults. The slingram data also located a

conductive zome in "Drill-Hole wash", plate A referred to as "The Wash" on-

piéte 2 in the  following Univ. of Utah work, and which was inferred to
represent a zone of Significant fracturing and faulting. As the Drill-Hole
wash is a major northwest trending linear feature bisecting the potential

repoéitory the presence of a major fracture zone under the wash could have

' séfious consequences for the acceptability of the SLte if it were open to

fluid flow. To’further assess the nature of faulting in the- site area and

particularly along'Drill—Hoie wash an ekpanded program of electrical studies
was 1initiated. Eleétfical ‘work within the "site area has consisted of
slingram, VLF, 1turam, Schlumberger vertical electrical SOundings> (VES),

magnetotelluric (MT) soundings, E-field ratio telluric tfaversés (30 sec

period), pole-dipole, dipqle—dipqlé induced polarization IP traverses,: and

hole to surface surveys. The most extensive surface work has been with the
dipole~-dipole IP traverses using dipole spacings of from 200 to 1000 ft. Our
primary emphasis was on the resistivity data as it was believed that

this would best characterize the 1lithologies, contacts and fault zones

présent. Induced polarizatibn data was acquired since it was hoped that it

might aésist inv separating lithologies, pérticularly in differentiating
zeolitized zones within the tuffs.

The generalized geologic section, fig. 3 sention A;A’ is adapned from
Spengler and others (1979) and e&ectric logsrfrom drill hole UE25A1 are shown
in fig. 4 from ﬁagstfum and-nthefs (1§80). Hole UE25A1 is in the'southwest

part of drill-hole wash and was drilled prior to acquis

discussed.'in this report to a depth of 2500 ft 'pringipa11y~ for geologic

.information on subsurface lithologies within the proposed site.

Elevation changes within the'site are about 1000 ft giﬁing significant

problems with hoth the acquisition and intérpretation of electrical data, Tt

~was also because of this that heavy emphasis was placed on the dipole-dipole
work for écquisitiOn of data throughout the site. Dipole—dipole data can be .

~acquired in rugged terrain and recent two-dimensional interpretive methods

which include the effect of topography are better_developed than for other

electrical methods., -

~In this report C. Smith and H. Ross of;the University of Utah Research:

.Institute (UURT) discuss théir 2-D. modeling of all the dipolefdipoie IP lines

which _were measured across Drill—Hnle Wash. 1In ordet to mke the. réport
clearer tobreadérs,not familian with the local gebiogy figufes 2, 3, and 4 and
plate A have bégn included in thgn intrnduction to supplement lthe‘ original
report;

H‘ Geologic Setting

- The Yucca Mountain area is located in the extreme southwest corner of the

Nevada Test Site (NTS). The genefalized‘geology'is‘shqwn in plate A;édapted‘

from Lipman and McKay (1965) and Christiansen and Lipman (1965). The oldest
rocks exposed»in the mapped area are Miocene rhyolites and tuffs. Principal

exposures in the survey area are various members of the Paintbrush tuff which

attains thickneéses over LOOO ft (305 meters). - ﬁere the Paintbrush tuff

éonsisté of four principal-ash-flow members; Tiva‘Canyon, Yucca mountain, Pah ‘
Canyon,vand tne:lowermnst Topopah Snfing nembef'separated by tnin:ash~fnll
tuff_beds. The approximate geologlc section'is shown in fig. 3 taken in part
| frnm 1ithologies'encountered in hole UEZSAlidrilled to 2500 ft in Drill—Hnle

wash, Spengler and others (1979). The Tiva Canyon and Topopah Spring'memberS’




comprise the bulk of the Paintbrush tuff and are composed of thick compound
cooling units. They contain zones of densefweldingAWhich'persists laterally

and vertically. The central part of the thick welded zones commonly contains

‘a zone of lithophysal cavities uncomnected or poorly connected and lined with

secondary minerals. . At the top of the Topopah Spring member is a vitric zone

13 ft (4 meters) thick which orovides a sharp rééisti%ity contrast with. the
overlying-ashfall layers. .

- Below:the Paintbrush afe the tuffs of Calico Hills apprOXimételyA47Q‘ft
(143 meters) thick in this-areé cooposed of_unweided ash-flow and bedded and
reworked ash-fall tuffs;‘ | |

»Undeflying‘these‘uoité are the‘Crater flat:toffs.v The uopér.unit is the
Prow Pass memBer here _about. 490 ft (iSOA m) Athi?k; composed of moderately

Vwelded éo unwelded phyolitic ash-flow tuffs moderately weldedA‘tol unwe lded.
Below thié is thé'Bullfroé member  of similér composition. The Bullfrog is
estimated at 500 ft thick (152 meters) in this afea. Underlying lithologies
are not. yét well vknowo below - this member' at the site.. The“principal

Vlithologio oﬂit being considered is a moderately to‘densély welded unit in or
belo& the Crater Flat. - |

- The princioal structural features are north-south trendiﬁg basin and
range‘faults glving rise to a series of narrow oorth—trending hills in ﬁhe
eastern part ofA the - region and\ an inferred graben élong .Fortymile Canyon}

These narrow hills are all capped by ‘the Tiva Canyon mémoer{ Yucca wash on

the north is a major structural boundary evident in plate A whose nature is

still in question. Yucca wash trends to the northwest and forms the northern

boundéry of thewpropoéed site. This northwest trend is seen also in mapped -

faults in the northern part of the site area and by three prominent uorthwest

trending valleys, the -largest beingiDtiiI;Hole wash.

-]

|

)

Alluvium and colluvium are thin in the valleys within the site area.

Drill hole information at five holes in Drill-Hole Washlgives the‘following

fesult: UE-25 Al 30 ft (9.1 meters), UE-25 A4 30 ft (9.1 meters), UE-25 A5 90."

ft (27 meters), UE-25 A6 20 ft (6 meters), UE-25 A-7 137 ft (42 meters)

(Spengler and others, 1979). The alluvium is generally expected to increase
towards the east to several hundred ft. At well J13 on the east side of

Fortymile Canyon the alluvium is 425 ft thick (Winograd and'Thordarsoo,,l975).

rren Bt
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INTRODUCTION
The Earth Science Labofatory, University of Utah Research Institute (ESL~

UURI) has responded to Purchase Order No. 83868 dated June 19, 1979 to provide

an interpretation_éf resistivity/IP_data_fbr the U.S. Geological Survey. The

purchasér order called' for = state-of-the-art - dipole-dipole _resistivity/IP
interpretatidn ofisgveral lines-of‘daté to be takeq at the Yucca Mountaln area
on the Nevada Test Site,'(Figure 1 and 2) and' additional lines és fundé
permitted.

Aﬁ interim interpretation was Sgbmitted on August 6 and séveral tests of
Valfernate models were submitted on'Sebtember 13, 1979 (letter ;éports to Don
Hoover by Christian Smith and Héward Ross) . This report completes the
"deliverable requirements fof »the Yucca MOuntain interpretations; a short
feport .describfhg‘_the “interpretation of _Wahmonie Line W-1 is submittéd

separately.

.More than 9.5 line-miles of detailed .dipole-dipole resistivity/IP data.

from the northéastern flank of Yucca Mouncaih,ANevada Test Site, havé been
interpreted tHrough a computer mbdeling process. The seven dipole-dipole
lines cross Yucca Mountain and a steep—sided wash which is its major drainage
ﬁo the southeast (Plate I). Depending on the location and lehgth of the
dipoles (200,.506,»or 1000 ft.), these t0pqgraphic‘featﬁres'create'moderate to
-sevefe distg;fions in the data. o

Tﬁé centers of all the dipoie-d;éle lines (designated by 0 on the lines

N\
- shown on Plate 1) are east of Yucca Mountain in a major wash that trends

'southeast toward Fortymile Canyon and western Jackass-Flats. For simplicity -

. Vo } .
- in the foliowing discussions this drainage is referred to as the ‘wash’. The

wash defines a line -of local geographic‘demarcation: west of the wash, the

ridges that project eastward from Yucca Mountain trend roughly east-west; east

of the ‘wash, the ridgés trend southeast.

‘_q___...

GEOLOGIC SETTING -

The Yucca Mountain area is located in the extreme southwest corner of the

Nevada Test Site.. The oldest rocks exposed in thg entire,qubpah Spring SW

IQUadrangle' are Miocene (?) rhyolites and tuffs (tipman' and McKay, 1965).

.North-south trending basin and range faults give rise to a series of narrow

north-trending hills capped by the Tiva Canyon  Tuff, a member of the Miocene

to Pliocene vitric, rhyolitic, ﬁelded_ to non-welded Paintbrush Tuff. The

-aggregate thickness of the numerous cooling units of the Paintbrush Tuff may

exceed 2000 feet. Alluvium and colluvium  generally thicken to the east and
probably exceed several hundred feet on the eastern portion of resistivity
lines (TR-3, TR-A) completed earlier (Ross and Lunbeck, 1978).
INTERPRETATION."
The dipole-dipole resistivity/IP data have been 1nterpré;ed ﬁﬁfough.an

interactive, iterative computer modeling process. ‘A two-dimensional géometry

- 1s assumed (infinite strike length perpendicular to the survey "line) and

intrinsic resiétivity/IP values are assigned for each body. The correspondiﬁg

apparent resistivity/PFE values are 'computed by a finite-element program

- initially developed by Luiz Rijo (1977) and subsequently modified by the Earth

‘Science Laboratory (Killpack and Hohmann, 1979). The pfogram»uses a fine mesh

near the electrodes (i.e., near thé. surface) where the current density is
large and botentials are rapidly changing. The mesh graduaily:becomes coarser
with .ingreased dLSténce from the. electrode 'positiéns, at dépth. -The
dimensions of the mesh are scaled in units 6£ ‘a’, ‘tﬁe fundaiental’}dipole

length, and are indicated in the program output.

The appatent resistivity values are computed for dipole separations n=l

. to 6, and then manually compared with the» observed data to determine -the

goodness of fit and the model changes neéded'to achieve a better fit. The




intefpretation rarely proceeds to a perfect match of observed and modelAdata
becauée of the time invblved, the - three-dimensional aspects 4of “the field‘
resistivity bdistributions, ‘and the agbiguities of position, intrihsic
tesistivity'aﬁd polarizability (PFE), and size éf ﬁody that cannot be uniquely
resolved. | |

bTﬁé ESL finite-element program computes '311 the resistivity/PFE data
values:for a standard dipole—dipéle spread of 7 transmitter electrodes. 'For

dbserved profiles with larger spreads or multiple spreads, it is necessary to

generate -several overlapping model geometries to simulate the observed data.

‘In the present study only Line E could be simulated by a single model.

'After several model iterétions (5 to 14 in~ tbe present stﬁdy),' the
inﬁerpreter obtains a satisfactory approximation to the observed data _and
througﬁ a compafiéon of the last several iferatiohs develops an awareness of
the sensitivity of the modei’to small changes, probable nonAtﬁo-dimensioﬁal
éspeéts of the field data, questionable field data values, and thé'degree of
ambiguity 'in the modél. [Some adjustment of the overlappiﬁg model géometries
aﬁd electrical properties is required to complete thé inversion for long
'prbfiles.] The overlapping:model geometries are adjusted to a single model
.which gives a satisfactory approximation to tﬁé obsetrved data for\ﬂeach
standard spread to complete the intetprefatioq of long profiles.

For this study, the apparent resistivity was identified asvﬁhe primary
model propérty and a match between observed and model PFE.values was gilven
secondary importanceI  PFE distributions ﬁhich cut across model resistivity
: boundaries or which disagrée with observed. data are qualitatively adjusted in
an interpretédtsection for each profile.

Af;er obtaining the simplev physical-property model for each 1line, the

models were compared 1in detail with geologic mapping (Lipman and McKay,

{
-

1965) . Annotations of significant geologic data were then added to thé

interpretative section.
- A final aspect of the interpretation was thevselegtioh of three key depth

intervals, 200 to 400 feet, 600-1000 feet, and 1500 to 2000 feet, to present

the .interpretation in a plan format for use.with'geologic‘of topographic maps.

Avdetailed description of the interpretative results could be'awkward and

lengthy. Mpst of the detailed information regarding geometries and electrical

properties is adequately presented in map or section form. A straightforward

1ine—by-1ing description wili bring out pointg of Speciai interest.

Most of the Yucca -Mountain observed resistivity data are .affécted‘ by
t0pograpﬁy. The effects até most extreme for the diagonals of the
pseudosection along a slﬁpe or across a change:in‘sldpe. Fox et al. k1978)
describe in detail the distorﬁibh of dipole-dipole data ﬁue tb"topogréphy.

All profiles which appeared to have a +10% amplification.in resistivity values

due to topography have been modeled with a topographic surface. The

topographic effect for all models 1is summarized in - Table 1, and all

topographic models are documented 1in Appendix A. Non-two-dimensional

topogrdphy is not fully accounted for in this study.

General

Plates II, III, and IV contain the interpreted resistivity/IP models and

/

the corresponding observed data for the 200, 500, and 1000 foot dipole lines, .

_réspectivély. The resistivity vélue5~1nterpreted for most lines increase in a

rggqlar stepwise sequence, indiéaﬁiﬁg:gradational changeé in the reéistivity
of the»tuffs. Values of PFE 6ften increase with ihcreasing resistivity.

| 'tines D’ and E .cut geologic cross;séction A-A’ of Lipman and McKay
(1965), and provide an opportunity to correlate the layeré.‘seen in the

interpreted resistivity sections with mapped lithologles (Table 1). These




‘correlations are extrapblated to the other 1lines, Table 2. (200 foot -dipole

lines) and Table 3 (500 foot dipole 1ines).:

" The Tiva Canyﬁn tuff - 1is ﬁodergtely .to highly resistive.  Lateral
variations in .its resistiyity" may indiéa;e, either’ faults or diffetehtial
weldiﬁg. Fractured zones, susceptible to zeolitization, have ‘been inferred

from areas of low: reSistiviEy 1within- the - Tiva ' Canyon tuff that extend to

" depth. The tuffs underlying the Tiva Canyon tuff display bimodal resistivity
~ values: high below the ridges, low below the wash. This indicates -that
'zeolitization_and/or clay alteration takes place within structurally disturbed

‘zones, i.e., mainly below the wash.

- ——— e B e e —— -

TABLE 1 o

Cross section A-A" = . ' .Resistivity section E
(Lipman and McKay, 1965) (Plate III)
- Unit ,  ThickneséA(ft.) . Thickness (ft.) Resistivity
' (ohm-m)
Tpc-Tiva 300 - 250 450
Canyon tuff :

Tpy+Tmp | 250 ’ 350 250
Tpp+Tpt 600 750+ 150

Tt - _— R 600

Resistivity section D’ (Plate III)
Tpc-Tmp | 450 450 © 450-1600

Tpp-Te . 500 - 750

- CORRELATION OF RESISIIVITY;LAYERS WITH MAPPED LITHOLOGIES - LINES D’ AND E-

" PFE(%)

1.6 .

0.5-0.7

1.0




TABLE 2

INFERRED CORRELATION BETWEEN LITHOLOGIES AND ELECTRICAL PROPERTIES-

Lithologic
Unit

Line

‘Tpc'

West,of”wash

In wash

East of wash

Tpy-Tpt(upper)

West of wash

In wash

East of wash

200 FOOT DIPOLE LINES

Thicknessvft.

200 -

200-

320(?)

200

" 400%

200

<200

Tgt(iower)+Tt(?l

West of wash
In wash

East of wash

B

200-
280

200+

320°

400%*

" 400

100-

200

*Excludes section in horét.on

Reéistivity

(ohm-m)
D A B D
-—~- 700~  350-. 3200-
2100 1600 4000
200 - 300~ 350-  225-
2100 675 - 800
©400(?) 875- 1200~ 1200-
‘ 2100 2400 2050
———  500%  550% ——-
- 100- 65~ 100~
210 -~ 675 800
— 700- 600~  225-
875 925 500+
—— 320-  900- e
700 1600
— 100-  200- -
500 . 1200
—— 210~ 200- = ---
875(?) 600
'6f Yucca Mountain.

PFE
(%)
A B
.8~ 0.85~
A 2.05

l.1- 1.3
1.2
1% 1.5,
0-3— 0-3-
1.2 1.5
0.8- 1.0-
1.1 1.2
"0.8- 1.8~
1.8  2.05
006" 006"
1.2 1.3
0.6- 0.6~
1.1¢(?) 1.0

— ~———-— -

TABLE -3

INFERRED CORRELATION BETWEEN LITHOLOGIES AND ELECTRICAL PROPERTIES-

Lithologic
Unit

Line

Upper Ipc—ng

,Weét of wésh

In wash -

East of wash

Middle Tpp+Tpt

West of wash
In waéh

East of wash

Lower Tt(?)

West of wash

In wash

East of wash.

Thickness ffm

<500
<500

300

700

10507

,D’

650

7507

‘700

500. FOOT DIPOLE LINES

750

650

750

7507 -

7507

Resistivity

(ohm~m)

c D’
175- 1000~
500 4000
175- 300~
300 600

- 1000- 300-
2000 1600
500~ 100-
1300 600
500~ 450~
750 600
300~ 200-
1000~ 750
— 10007-
— 4000?
— 750

150-
250

450~
1500

250-
1500

600~
900,

250~
900

150-

600

600-
900

‘1500

600

PFE
(%)

c

-~ 0
.

Lol =]
. e
N oo

7

-

2.0

1.0




Llnes A, B and D - 200 Foot: Dipoles

Plates 'II shows ‘the interpreted sections along the three 200 foot dipole

lines, Lines A, B, and D. FEach line spans the wash and the adjacent ridges.

Lines A and B trend N85CE down the dip slope 'of 'the Tiva Canyon tuff, are
parallel, and are less - than three dipole lengths apart- (Plate I). ‘Line D~

“trends approximatelyA N45°E, perpendicular to the local topography but

approximately :450 to the structure. .

The resistivity distribution along these lines suggest the correlatioms

-in Table 2. The sensitivity tests presented in Appendix B analyze the depth

of resolution for four numerical models of Lines A and B. These tests:

indicate that the models are sensitive to - resistivity .changes at depths of

three dipole units, 600 feet. .

- The salient ‘feature ,common' to all three 200 foot dipole. lines is ‘the
decrease in the. resistivitiesof the Tiva Canyon tui'f in the vicinity of the
wash. The abrupt lateral contrasts in. resistivities rarely coincide with the
tuff-alluvium 'houndary; the alluvinm'.itse'lf is- not the low resistivity body.-.

The interpreted section for Line A provides' an explanation for the

lowered resistivity of - the tuff in the wash. The numerous vertical and .

horizontal contrasts between adjacent resistive bodies suggest a broad zone of

faulting, fracturing, or brecciation: The wash may have developed along a

_heterogeneous, structurally deformed zone.

~Line A N85°E 200 Foot Dipoles

» o . ,
Lipman and McKay (1965) mapped two faults which are crossed by Lines A

and B; both can be inferred from the interpreted sections, (Plate II). The
contrasts in. resistivity at stations 20W and 22W (700—1600 ohm-m, 200-500 ohm-

m) suggest that the western mapped fault cuts Line A in this area. They

(Lipman and McKay) also indicate that this fault has a pronounced dip to the

10
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west. The eastern mapped fault is modeled as nearly vertical at station 18E.

A third fault cuts Line A near station  9W. It. drops" with_ simil.ar-

res,istivities down . to the east. Together .’with the western mapped fault

(between stations '2_ow and 22W), this fault bounds a horst on the east flank of

Yucca Mountain.

The two ash-flow Atuffsv that underlie, the Tiva -Canyon tuff, the Yucca -

Mountain and Topopah Spring tuffs, thin and dip to the east. They combine to
form a single electrical unit with bimodal resistivity/PFE values (Table 1).

Below the ridges at the east and west ends of Line A the resistivity of the

second layer is high (500—700 ohm-m) but within the horst block on the slope ‘

of Yucca Mountain and below the wash it is low (100-210 ohm-m).
Sensitivity tests (Appendix B) ‘have shown t‘hat‘ the third and _deepest
interpreted layer is well defined with high (700. ohm-m) resistivity on. the

west, below Yucca Mountain, - and low . (210 .ohm~m) on the east. . The lowered

resistivity may be related to. the east dip of -the . strata -or ,'to‘ the deep
© circulation of ground water east towards Jackass Flats-.

- Line B N85°E 200 Foot Dipoles ..

Flat-earth ~models were used to model ;the ‘nearly cYOnstant topographic
slope of the western. two-thirds of the line (Table 1).. -Ag.reement‘ with
observed data and between adJacent models is excellent, as shown below station
4E (Plate IT and Appendix C) | |

Large contrasts in resistivity occur near stations 24W and 9W (Plate

I11). Lipman__ and McKay (1965) show a. fault near station 24W but not near_ ‘

station 9W.  The complex distribution 'an'd.' range of ,resistivities, and-the

inferred ',displacements on the faults suggest a- s_tructurallyv disturbed horst

block.on the east flank of Yucca, Mountain.




The - resistivity values drop to as low as 65 ohm—m within the inferred Several of the mapped faults can be seen in the resistivity sections;

horst and below the ~Tiva Canyon tuff. Sensitivity tests (Appendix B) "additional faults are suggested.. At the scale seen with the 500 foot dipoles,

demonstrate that this low resistivity layer extends to depths of at least 3a_ only the area below the crest of Yucca Mountain has uniformly high

resistivities and few inferred structural complications.

(600 feet) and that the Topopah Spring tufF is not highly resistive along this
Line C S80°E 500 Foot Dipoles

part of Line B. A similar inferrence can be made about the area below the

Line C trends S80°E down the east flank of Yucca Mountain. The western

[ T

wash where low (65 ohm-m)_resistivities are also observed.

half of Line C was modeled as a uniform slope to account for the average 10°

~East of the wash, resistivities increase dramatically. The units below:

the Tivs5Canyon tuff thin to the east (Teble 2)' dip to the topography (Table 4). Stations 10W to 30W lie in a narrow canyon

Line D'N45°E 200 Foot Dipoles : A‘ .‘ | - E (Plate 1) where minor lateral topographic effects are probably present. for n=2

The topography along Line D creates severe .distortion of the observed to 6 separation. The resistivity model  indicates a general layering for much

data (Appendix A), making accurate matches with model data: difficult to of this part of the line, with 300‘500 ohm-n resistivities OCCurring 300'500

achieve. The interpreted section (Plate II) has less detail than those for feet deep (Table 3). These in turn are underlain by higher'(750—l300 ohm-m)

the two other 200 foot dipole 1ine§.IA resistivities to more than 1000 feet. Major vertical resistivity contrasts

InSUfficient data were collected to justify detailed modeling of the occur at stations 20W, 25W, and 35-38W. Most other lateral contrasts can

reasonably be explained by thinning of wunits or differential welding.

. western ridge crossed . by Line D. The interpreted model indicates three

possible faults near stations 9W, 9E, and 14E. The faults at stations 9W and Frequency effects are rather uniform at depth, ranging from 1.0-1.6 PFE.'

9E are buried by the alluvium of the wash and enclose an area with generally The ridge from station 10E to 35E appears as a. highly resistive (2000

low (100-350 ohm-m) resistivities; this may be the’northern'extension of the ohm-m) unit and mist correspond to a densely welded portion of the Tiva Canyon

tuff. Much of the line 1s underlain by 500 ohm-m resistivities with frequency

fractured zones inferred 'along Lines A and B. The abrnpt contrast in ;

resistivities at station 14E suggests a normal_fault with displacement dovn to : : effeCtS varying from 1.1 to 2.0 PFE. Localized zones of 1ower resistivities‘

the east. o S ' | A o . | o . ‘ ; ‘occur at stations 17-20E and 30-40E. Major lateral resistivity .contrasts

Lines C, D’ snd E - 500 Foot-Dipoles _ j | : ' _ ;A which may indicate'feulting are mapped - at stations 5E, 15E, 17.5E, ZOE, and
30E. "

Plate III shows the interpreted sections along the three 500 foot dipole

1ines. All three sections indicate the layering and eastward dip of - the An area of low resistivity between station 10W and 10E corresponds to the

intersection of two drainages. It seems 1likely that the drainages are

tuffs. - The ‘thicknesses of the resistivity ~ layers and ~of ‘the mapped

lithologies agreeIWell and'suggest the correlations assigned in Table 1 and- structurally controlled, probably by fractured zonmes. The downward seepage of

extrapolated in Table 3. ‘ground'water may have altered the rocks to zeolites and clays which retain a
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‘higher water content than adjacent unfractured rocks. At depths greater than

500 feet thé rocks appear to be'r@sisfive (500-1000 ohm-m).

Line D’ N459FE 500 Foot Dipoles

The west. haif of Line D’ -crosses Both Yucca Mountain and a nearly

pérpendicular spur at approximately 459. This rough terrain, near the head of

a canyon, and -the obliqué orientation of the line - violate the assumption . of

two~dimensionality . inherent in the model. The topographic distortion evident
in the west half of the line (Appendix A) may cause the disagreement among the
interpreted models for Line D’ and Lines C and TR-3 where they intersect

(Plate VI).

The east half of Line D’ is less AEEected by tdpography (Table 4). Near

station 40E, Line D’ cuts cross section A-A" of the geologic map (Lipman and

McKéy,‘1965). The' two layers present in the interpreted modei_can be related—

to the thickness ofvthe volcanic strata in the cross section (Table 3).

The -Tiva‘ Caﬁybn Tuff is- génerally resistive (1000-4000 ohm-m) 1in the
ridéés,and on fﬁéca Mountain (Table 3). .Féur loﬁ‘resistivityvbodies (ZOO.ohm-
‘m) at thenéurface may répresent fractured zones.-‘The thickness- of the second
1ayer‘is pooriy defined, especiglly below the wash. Faulting inferred from
‘resistivity contrasts appeérs to have dropped the area of the wash with

respect to the ridges on either side.

Y

_Liné E N45%E 500 Foot Dipoles

Line E cuts ﬁhe geologic cross seétion A-A’ of Lipman and MpKay (1965).
The thicknesées of.the fuffs 1n£erred from modeling'df Liné E corfeSpanS well
with those shown on the geologfc section A-A’ (Table 3). A resistive (600~
1500 ohm-m) layer that croéé! out between stations 0 nad 18E and east of
stétion 35E may be déﬁsely welded portiohs»of the Tiva Canyonituff. Two areas

with low (150-450 ohm?m) surface resistivities, west ofbstatibn 0 and between

1k

stations 18E and 35E, are probably more fraétufed, zeolitized, or éltered éhan
the reSisﬁiVé area they enclose. | |
Tﬁe underlying 'layet vis ,geﬁérally resistive (900 ohm-m), but between
st;tions'ZOE and 33E it is conductive (150 ohm-m) . 'The low resisti?i;y body
at depth (SOOfIOOO feet) lies below a conductive area at the surféce.
Theb.deepeSt interpreted layer  is resistive (Table 3).  Faults ére

indicated by modeled reist1v1t§ contrasts at stations ‘0, 10E, 20E, and 35E. A '

small graben may be present between,stations‘o and 10E.

Line B’ N85°E 1000 Foot Dipoles -

Two overlapping models simulate the topography traversed . by Line B’.
Topographic amplification is considerable, ranging from 63 to 128 percent

along the line. The west half of the line crosses the crest of Yucca Mountain

~where the tuffs are resistive (800 ohmfm). ‘Rather uniformly resistive rocks

(400-800 ohm-m) are present at depths of 1000?2500 feét along the west half of
the'ling. Important vertical.résistivity contrasts indicative of faulting are
present at statioms 8W, 7W, 4.5W, 1W énd 0.

A pronounced low resistivity (200 bﬁm-ﬁ) zone from 0 to 1E persisté to
depths greéter-than 1500 feet beneath fhe wash. Vertical discontinuities are
modeled at stations 4E and, coincident with a postulatéd fault, a£>6E.‘ A
thick alluvial £ill is indicated east of BE.

The line 1is nearly perpendicular to topography and structure with -the
exception of the wash'setweén stations IW and 1E. The fit to polarization
déta is excelleht for thé»west half of the line where-é ranée,of'l.Z to 2.5
PFE is 1indicated. Higher intrinsic PFE’s are 1indicated at dépth ‘between

stations 3W and 4E, perhaps as largé as 3.0 to 3.5 PFE.




Discuésion

The 200 foot diéole lines resolve the lateral and vertical variations in
-resistivity in ‘the wash and'the’adjaéeﬁt'ridgeérfér limitedvdepths. The 500
and 1000 fqot dipole lines indicaté the major structural énd lithologic
' variationé to much g}eater,depths. The interpreted sections for all fhfee
dipole lengths possess an interna}- consistency. Faults and :fracture zpﬁes
apparent on the 200 foot dipole lines.kPlate iI) persist to the'ﬁuch greater
depths seen in the SQO foot lines (Plate III) and the 1000 foot line (Plate
IV). Zones that have béen'interpreted to ﬁe altered of ;eolitizéd near the
surface extend to:depths greater fhan 1500 feet.:

The north-northwest trend of the ,ffactured zone Inferred from the 200
foot dipole liﬁes stands out in Plate V. This'zoﬁe contains severalvanomalous

low resistivity bodies that probably indicate areas wﬁere zeolitization or

clay alteration have occurred within the Tiva Canyonbtuff; This fractured

‘zone may continue to the SOutheast dowﬁ the'wash,,but it may also'éonnect wi;h
the ﬁapped faﬁlts,éhown iﬁ PiateVV. On the east flank of Yucca Mountain the
hofst block crossed'By_Lines,A and B»may:be a spur of thé main fracture zone. -

”Plate VI presénts: the correlgtions- in the interpreted resistivity

sections for the 500 and 1000 foot dipole lines, including those analyied by

Ross and Lunbeck (1978), at the 600-1000 .fodt depth interwval. With ‘the'

exception of Line TRfé, all the 1lines are'approximately perpendiculér.to ché
fegionai struétural trénd. vLine TR—3'follows the wash, an_inferr%d stfucéural
complexity and lower apparent reéistivity.:

The genéral north;northwest tréndrof structures in the Yucca Mountain

~area can cléarly be seen in Plates VI and VII. The low resistivity zones that

cut both Lines D’ and E converge along Line TR-3 and may join “the low

resistivity zone seen along-the wash. The low resistivity persists to depths

16

reater than 1500 feet (Plate IV), which argues against the wash as a site for
nuclear waste disposal.
A large area ﬁith uniformly high resistivity and few inferred faults

occurs along the western ends of the four northern dipole lines (Plates VI and

VII). The 600-1000 ohmfﬁ tuffs may be densely welded directly under the crest

of Yucca Mountain; high resistivities at depth occur east of the crest. These

relatively uniform high resistivities and the absence of inferred faults

appear to offer the most - favorable location for a possible nuclear waste

disposal site within the study area. \
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APPENDIX A
TOPOGRAPHIC MODELS |
Appendix A documents the models used to simulate the effects of
topography énd the computed éffectsifor a homogeneous earth with an lbb obm—ﬁ
intrinsic fésiétivity. it is a copy of the figu:es from the deliverablé dated -

August 6, 1979. Table 4 summarizes the topographic effects. -




 TABLE 4

SUMMARY OF TOPOGRAPHIC EFFECTS

~

MODEL RANGE OF TOPOGRAPHIC COMMENTS APPENDIX PAGE
EFFECT (%) :
A West A 56-152 ~ simple : A-1
A Center small : ’ simple ' o A-2.
A East 45-192 tractable ' . A-3
B West small -  uniform slope
B Center © small ' uniform slope
B East 65-121 : tractable . o A-4
B’ West 63-128 : ' tractable : o A-5
B’ East 74-118 tractable : A-6
C West small _ uniform slope
C East - 59-141 : - tractable A7
D West 47-153 " simple A-8
D East 30-244 .. tractable A A-9
D’ West 40-210 | 3D area A0
D’ East 31-192 ‘ tractable = A-11
E Center ©39-206 _ . complex | . A-12
Note: The numerical model output for all lines 1is annotated ﬁo’iindicate

correspondence of model geometry with observed data position. Layer
thicknesses for the model are indicated in units of a, the dipole

length. Intrinsic resistivities for the model bodies are read from

left to right, corresponding to body 1, 2, 3, etc.
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APPENDIX B
SENSITIVITY TESTS

Appendi){ ‘B is .a copy of ﬁhe deliverable dated Sefatember 13,

Photbcdpier reduction has changed the scales of the. figureé so that

documents the results of sensitivity tests .performed on models for Lines A, B,

they may bé bound into the report.
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Inte:g;etatioh

. The tests on Line B address the task of determihing whether the Topopah .

>Spring Member of the Paintbrush Tuff %s resistive (500-1600 ohm-m) at a depth

of 250 ft. (1.25a). Tests on Line A assess the fesponse’of'our algorithm to

.chaﬁges in resistivities ét depths .greater than 2a (400 ft).

The ;ests on line B’ examine the possibility that ‘the resistive (2000

ohm-m): Vitropﬁyre which crops out on the west side of Yucca Mountain dips east

.about 10°.. A generally poor fit to most:of the observed data argues against

this, unless the resistivity of the unit decreéses to 800-500 ohﬁ—ﬁ.
The Topopah Spring tuff is not always resistive :Q1,500 ohm~m) . On .
sevefal pléceé along Lines A and B the p;eferred models indicéte that it has
reSistivities less than 300 ohm-m, occasiohally as lqw~as 65 ohm-m.
Our tesfs include cases whére the algorithm is sensitive to changes in

resistivities at depths greater than 3a.

Line A west/3 N85°E'200 foot dipoles

Pfeferred Model, #8'figure B—i: While several diégonals are well uﬁtched to
ﬁé6, some of the computed values are 6h1y 50% of the observed values at
n=5,6. Béqause some 6f the model was improved by the higheeralues used
in the first senmsitivity test, a second test was conducted in an attémpt‘
fo create a better match. .

Sénsitivitbeest 1 figure B-2: At 1.15a (230 ft. depth), a 560 ohm-m body
replaced the 300 ohm-m Body-of the preferred model east of.station 6W. 1In
Ath;s area, a slight improvément in the match betwéen’obsérved and compﬁtéd

' résistivities occurfedfas shallow asln=3.' This impfovement gugggsts that
an even. higher resispivi;jv at Aa» gfeater dépth‘ may ‘further enhance the
météh (séé below). Replacing a 100 ohm-m body with a 500 -ohm-m body at

© 2.2a (440 ft.) east of station 14W ruined the good match obtained in the




preferred wmodel. West ‘of station 14W, a élighc  ﬁuproVement at n=3-6

resulted from substituting a 700 ohm-m body for a 200 ohm-m body at 2.2a
- (440 ftu)} These changes 1indicate that the model 1s sensitive t6

résistivity values at depths greater than 2.2a.

" Sensitivity Test 2 figure B3: A 1050 ohm-m body waé'ihserted below a depth of

2.74 (540 ft.). Matches in the areas that showed some improvement in Test

1 were somewhat improved by Test 23‘ The areas -where Test 1 ruined the
wmatch are again spoiled by the high: resistivity at depth.

Results: The two sensitivity tests show. that low,resistivity (100-200 ohm-m)

must extend to deﬁths below 2.7a (540 ft.) in-an area between stations 12

and 8W. -Changing the resistivity at depths below 2.7a (540 ft.) from 500

to 1050 ohm—mA has only a minor effect. The algorithm. is much morev

sensitive to a five-fold increase in resistivity than it 1is . to a.cwo-fold

“increase at depths below 2.7a.

Line A East/3 N85°E 200 dipoles

Preferred Model, #7 figure B4: Agreement between observed and computed values

‘are good at all ﬁ—Spacings.‘ Some diagondls are consistently high and
others low, but compﬁted values rérely differ by 20% from observed. Lack

of agreement at n=6 is governed by the trends of the diagbnals. The

' Obser?ed valde of 198 ohm-m at n=6 below station 8E is the lowest along

this part of Line A, 1s matched by the preferred model, and demands low
resistivities at dépth, |

Sensitivi;y-Test l:figufe B-5: The 16w resistivity bodies klOO, 210 oﬁm-m) at
depths greater than 2.1a wefe'changed to 700 ohm-m. The 875 ohm-miﬁody
was.allowéa to remain. No significant changes octurréd in the computed

- ‘b R .
values at n=1&2. At n=3 some changes are evident, while at n=4-6 the

computed values no longer match theAdbservedlvalues'satisfactorily. The

B-2

198 ohm-m value at n=6 1is ndt_matched.‘ This test demonstrates thét_the«

model is sensitive to resistivities below a depth .equal‘tb 2.1a (420
ft.). The strata at that depth are not’uniformly resistive.
Sensitivity Test 2 figure B6: 1In this test, the low resistivity bodies (100,

210 ohm-m) were changed to 700 ohm-m at depths greater: than 3.6a (720

ff.). Significant departures from the preferred model occur at n=5&6, but

n=4 1is unaffected. The algorithm is clearly sensitive to resistivity

‘contrasts at 3.6a (720 ft.). The resistivity of the body at the surface

west of station 22E was incréased'frdm 1400 ohm-m to 1600 oﬁm—m for this
Itestf The match along the diagonal improved.
Results; The unde1 in Line A East/3_is senéitivé fo changes in resistivity
:‘beiow 3.6a (720.ft.) ' This implies that>the.Tppofah Spring- Member of fhe
Paintbrush 'Tuff héé a low reéistivity along the east half of Line A,
excepﬁ.betﬁéén stations 12E and 165{ A |

Line B west/3 N859E200 foot dipoles

Preferred Model figure B-7: The preferred model produces a satisfactory match

of coﬁputed to observed resistivities at all.n spacings. The match is -

'quite good at N=l-4. Some diagonéls are. generally low (70%) others are
high (130%). The Topopah Spring Member of the Paintbrush Tuff is

predicted to lie at a depth of 250 ft. (1.25a). This depth is marked by

highly contrasting resistivities (100-1200 ohm-m). Resistive bodies (900-

1600 ohm-m) appear at. depths greater than 3a (600 ftf).
Sensifiyity fesf 1 figuré BS: Tﬁe éss1gned'task is to determine whether the
| Topopah Springs Mémber can be modeled by-a:resistiveklayer gt a depth of
250 ft. (1.25a). .ThisAtes; feplacediall ;esiétivities less'than 550 oﬁm—m
below dépths - greater than 1.5é- (360 ft.) with high -resistivities

interpreted to be at greater depthsiv :

B-3




9%

Results: It 1is ‘notl.possible to simulate ‘the Topopah Springs tuff with a

series ot high resistivity bodies at depths greater than 1.5a (300. ft.).
Severe distortion of the goed match obtained in.the preferred model occurs
as shallow as n=2. .The worst niatches_ in the prefer_red model are supremely
-better. than mdst of those in ‘the sensitivity -test. It mst be inferred

that the Topopah Springs tuff has a heterogeneeus electrical response.

Line B East/3 N85°E 200 foot dipoles

' 'Preferred Model figure B9: The match between the computed and they observed

r'esistivities 1s satisfactory and‘ shows that the volcanic strata can be
Successfully modeled with two layers of resisti‘v‘ity.' ‘Highly resistive'and
resistive (600-2400 ohm-m) strata overlie conductive (200-300 ohm-m) at
depths between la: and 1l.5a (200-300 ft.). This pattern has a gentle
eastward ‘dip but is interrupted between stations 14E and 18E. The Topopah
Spr'ings tuff appears to be generally conductive along the east third ot

Line B. |
Sensitivity Test 1 figure B10: A uniform 600 ohm—nl layer replaees 200 and 300
~ ohm-m -bodies at. depths below 1.5 to 2.0a (300-400 ft.). vBodies with

greater resistivities_ in the preferred model were allowed to remain.

Results: The Topopah Spring tuff is not a'uniformly resistive slab at 250 ft.

~depth. The» values computed i:'or the sensitivity test deviate from the
observed values at spacings as shallow‘-as n=2. The iny area where the
cemputed values remain true’to the observed at spacings as deep as n=4 is
between stations 14E and 18E, where the preferred model shows resistive

bodies (800-<925 ohm—m) between 1.0a and 2.0a (200—400 ft.).

B-4

Line B’ N859B 1000 foot dipoles

B’ W/2: The preferred model figure Bll shows a good overall fit to both
resistivity and PFE for the west half of Line B”. This successful model
shows a very resistive body (2000 ohm-m) cropping out just west of the
ridge on Yucca Mountain and a f-airly _uniform (400-800 ohm—m),, layered
resistivity structure _continuing to the east. The modeled resis‘tiv.ity
cqntrasts between 800 and 550 ohm—in b_ne_ed not indicate ‘a major structure,
but perhaps a gradual change in ‘volcanic. units. Resistivity changes
between 400, dOO and 2000 ohm—in‘ are. very significant' a'ndv should be

interpreted as high-angle structural discontinuities.

Sensitivity Test #1 fig B12: This alternate model tests the continuity of the

very resistive (vitrophyre) layer and models it as a layer 'of 2000 ohm-m

0.75a (750 feet) to l.5a (1500 feet) thick, dipping east atv approiimately
10°. The depth to this substituted layer varies from O. la to 2. Oa,
increasing to the east. This model results in a better fit to 12 data
points and a poorer fit to 39 points, with two fits about the sa.me. The
improved area includes the extreme western diagqnals, 7-8, 8-9, 9-10. The
fit to the rest of the line is mch poorer; Computed.resistivity changes
of 40% occur on the first' separation,. and up to 802 on n=5.
BE/2: The dipping‘ resistivebbody used as an alternate model for a
| sensitivity test of B’ W/2, was extended beneath the east halt of the
line. The depth of the resistive layer valries here from 0.6a to 2.0a
(2000 feet) near station 4E. ~ One vertical ‘conductive zonevis apparent
between stations 0 and 1E.
Sensitbivity Test 1 fig 13, l4: Resistive units previously modeled as 400,
500, 600 and 800 ohm-m were replaced with 2000 ohm-m for a thickness which

varies from 700 to 2000+ feet on the east (due to an input error between

B-5
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APPENDIX C

NUMERTCAL MODEL OUTPUT

Pageé Cl-15 document all final models. The body numbers, resistivities,
and'P.F.E.'é are indicated for éach model. =~ The body numbefs used for the
final models do not necessarily correspond to those in the interpreted

sections, Plates II-IV. because of the merging of overlapping models.

TABLE 5

SUMMARY OF INTERPRETATIVE 'MODELS

Plate Line Dipole,Length -»Models _ Iterations Appendix
(feet) _ » ' : N Pages
2 a4 200 W/3, center, E/3 8,7,7 1,2,3
2 B 200 W/3, center, E/3 7,7,6 , 4,5,6
4 B’ 1000  W/2, E/2 . 6,5 7,8
3 - 500 w/2, E/2 i 8,8 9,10
2 D 200 Ww/2, E/2 10,8 11,12
3 - p” 500 W/2, E/2 - 14,7 13,14
3 E 500 center | 7 15
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