
OFFICIAL USE ONLY

UNITED STATES

DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

APR 7 ? 1g8

U.S. REGjC1Pt .AL f jDipo '+

These data are preliminary and should
not be quoted without permission.

Prepared by the Geological
Survey for the U. S. Atomic

Energy Commission.

metadc957944
OFFICIAL USE ONLY



r " " t~ t _, { '2 &, . < - e . ,j r [4 . > ' . 'I , ; 1 , ,+ i 9 s .": ; 4 t t
74P ' ik:o k r+"ri' ,f , '>t , '. h - it' v . s 9 .ea .y" !- ,; Ta n: c

r l. J " / ,K' SF ', ' , - ~i 7 '~ .:i,,t ~ r '< F' ;": v t ' ,'>4

r', A'' tS..%4 A' 4r ... -' ""~t , v 'h A 5 F x' } : 4 v "

i t : r .',t A, rw A,*: t .. 4 
V .'..: , , .':...q..'L5 ' ': fr 'ir , r a .' 5 .-: , u .. ;

$,"a'A A)4 .~t! r..., -> iY ft^, A
'77A _1 s . - A - - s r,.- ">; .n.-4

P r..'fp: :_l .w" r4i

5,,~ ~ _.:> J,? 'a'7P 4: -"f -- .r-' - VA A4 .A9 A y',.. %"Qr
-. -''tN~ AAt -'1 "'!":".r'p ,;'! ,_,a'4i- v" 3, J

4-' -C

i t .. --.+. ,]- .f7 .t ' '' ', "- Re , ." " A vmi t , '<"F

-- -

4A ' :t : i . "i . , -, -" I A $ -c ]'" d -_ '' s " -A'

A -,;', ,"?A 'w '.A .tl ~ '. I - ,y -' -A' rsf '>.' -- :, ;p" , - , . aa ;y.T :r
4 

A * ' SqA ~ . "i. #: : t ; '+ + i ,d! .p si '4

A ' , .. .,,r] t . r . _ r 4- . . «':-:tit ..N A 7 A -'% . .xy e ~ y. 'i . , , s - 1 r . a . ' , 4 +., . , -i f ~ , 1 .

Al ". . .

Y4 t ' t 2 .. , 4 11 4 ~-
r ."tt t't7-2'-- ~ '~ C

f,",,;A 7A~ % ,,2 4.: L'4. % A. . '-,N'A . s?- :--: , r :lstk'r =,'' '4,4.4 L.s ;4< i' m ? ,

^': '- '4N ' AA-p- .'' ' - ', r -r' .« A' 4 4 ' A. * *.. C; .A.. '4. "P4%~i }.,-rNs~

A4d . ~ <- ' sA- "'A<A%9 .4A' ,"+ t +' "*,s .4A_, / ,- a, F -)" b .:''. r

-t . t ,~ aY , .;K .i'------ --------------- '-------.-,1"iA j.'-, 'A a.
.Bu".r 4 k ",- jv.' :\Eu.. '1 ''/a "A'... .. .. ... :: A

"M 
V., 

"'SA 'W o ys : t .r J

Azr . f 3FT . a- I . . -y; . ."c~ A ':> , i. A ;A.4 A. * 9 A .,,iF
.94'. :t$44A' 'A 3

I: .4.4. 4-- ",.:' .'9A ' rr,.tt.

I y , ,_- r. '. iA S-, -. fr 6,

Gs^:4 " + 9 " '' V1'.F 4' ,;p'l ..-- ')A:'K " r' 4 4 . i : ',] l - r [v 4 > A 4 N

3t .. J Y i '.+'^ ,. "A' ' "A~~ .4- A -~.fR * '4 'AC -,f *-xt ,{' Y tA4
- ' ..'., Ye!. ir .$ '"Y . y- .'C v :,, :x b + ': i

, tU q$tf . :)i'.r ' ' - ' ".w r' . 4': 5 ,:.., S - ' :.
', "" r"tl:. 'd. .' A) -A~ ) E'^ -S 1Y"1 rti.. f

4.4 .Y ,a Afr'.-.,, .+C
,nA i:'

5  
" . A ~4A -4-A

A '4< - .A.r.AAY f<,4. 4 4 AA-'4 < A4 .i'VAA2'~ C
4 "A.- 1 ]YA4  r SA r . ii'--.>- ?At NA& A_ A 7Y :"J:

.. yy .. ,"" r,,,f5 " '>'-- A-' .. -a " v " ri" : , 4.t '"!- * '%-" ',;.N
- 2t j4-YI<l:y~.j <~~, ~ ~ .r -w : < - r'' -

;t4 "'+ _ ^r }} f . ]' Y v1 '.',>-' '--'. - -4.Yj-A'A 4s .IJ;
4<
-: ,r , d" ;t



OFFICIAL USE ONLY

UNITED STATES
DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

Special Projects Branch

TECHNICAL LETTER: NTS-202

BOREHOLE GRAVITY METER OBSERVATIONS IN
DRILL HOLE TEST WELL-B, YUCCA FLAT,

NEVADA TEST SITE

By

D. L. Healey

October 6, 1967

These data are preliminary and should
not be quoted without permission.

Prepared by the Geological
Survey for the U.S. Atomic

Energy Commission.

OFFICIAL USE ONLY



UNITED STATES Special Projects Branch
DEPARTMENT OF THE INTERIOR Technical Letter

GEOLOGICAL SURVEY NTS-202
October 6, 1967

Federal Center, Denver, Colorado 80225

BOREHOLE GRAVITY METER OBSERVATIONS IN DRILL HOLE
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Abstract

Fifteen in situ interval densities were calculated from the borehole
gravity meter observations made in Test Well-B. The weighted average
density for all the rocks sampled by the gravity meter is 1.83 gm/cc.
The alluvium density ranges from 1.71 to 1.82 gm/cc and averages 1.76
gm/cc. The lake beds range from 1.91 to 1.93 gm/cc and average 1.92
gm/cc. The Rainier Mesa Member averages 1.83 gm/cc. The Tiva Canyon
Member averages 1.74 gm/cc and the upper 110 feet of Topopah Spring
Member has a density of 2.30 gm/cc.

Introduction

Drill hole Test Well-B was successfully logged with the U.S.

Geological Survey La Coste-Romberg gravity meter on July 8, 1967. The

purpose of this work was to provide information on the in situ density

of alluvium in south-central Yucca Flat because little was known about

the alluvium density at the Nevada Test Site. Recent borehole gravity

observations, made in drill hole Ue2y in northern Yucca Flat (Healey,

1967), provided reliable alluvium densities as well as a good check on

the accuracy of Birdwell density logs taken in dry, mud filled and/or

out-of-gage holes. The new data from Test Well-B, together with that

from Ue2y, provides new insight into the actual density of alluvium

at Yucca Flat.



Test Well-B is located in southern Yucca Flat at a point just north

of Yucca Playa at Nevada State coordinates (central zone) N. 812,500;

E. 693,010. The elevation of the ground surface at the well is 3,929

feet. The hole is cased with 10-3/4-inch steel casing to the total

depth of 1,675 feet.

Sixteen gravity observations were made down the hole at intervals

chosen to coincide with the lithologic breaks reported by Moore and

Garber (1962). The depth interval for each observation was measured

with a steel tape and marked on the logging cable beforehand. This

procedure made it possible to relocate the meter at desired observation

points with an accuracy of 0.1 foot. The lowest observation was taken

at a depth of 1,510 feet, just above the static water table which is at

1,511 feet. The observations were halted above the water table, because

the sonde had not been waterproofed. Fifteen interval densities were

calculated from the 16 gravity observations.

The borehole gravity meter and its supporting equipment was operated

by L. A. Beyer, J. E. Schoellhamer, and E. A. Barker of the U.S.

Geological Survey, Menlo Park, California. Mr. Beyer also made a

preliminary calculation (not presented) of the interval densities based

on observed data that was not corrected for the effects of the adjacent

terrain. A recomputation of the in situ interval densities using the

necessary terrain corrections resulted in interval densities that differ

from the noncorrected values by 0.02 gm/cc at the most.
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The design, operation, and support equipment requirements of the

U.S. Geological Survey La Coste-Romberg borehole gravity meter have

been reported in detail by McCulloh, LaCoste and others, 1967, and

McCulloh, Schoellhamer and others, 1967. The basic component of the

system is a standard La Coste-Romberg geodetic land meter (G-95) that

has been modified and is maintained at an internal temperature of 101*C.

Gravity meter (G-95) was calibrated at the factory and over the

Cloudcroft Calibration loop in New Mexico during the early summer of

1965. However, the calibration of this meter has not been checked

since it was placed in operation.

Data reduction

Numerous publications dealing with the reduction and interpretation

of borehole or any subsurface gravity data are present in the literature.

For the convenience of the reader, several such references are listed

below: Algermissen, 1961; Domzalski, 1954; Hammer, 1950; McCulloh,

1965; and Smith, 1950.

Gravity observations in a drill hole must be reduced in much the

same manner as surface gravity observations. The observed gravity

readings must be corrected for instrument drift, earth tides, free-air

and Bouguer effects, and the effect of adjacent topography (terrain

correction). If the hole is vertical there is no correction for

latitude.
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The correction for instrument drift is readily determined by

returning periodically to a surface base station and by repeated

observations at selected depths down the hole.

The terrain effects of the topography adjacent to the drill hole

was computed through Zone L (Hammer, 1939), a radial distance of about

9 miles. To sum the terrain effect of the material above the various

observation points in the hole it was necessary to use the extended

tables computed by C. H. Sandberg (1958).

The terrain correction at each observation point was taken as the

total effect of all material above a plane through the observation

point minus the attraction of a slab of material where the slab thick-

ness was equal to the observation depth. The attraction of this slab

(Bouguer effect) was computed from the relationship:

g = 217 dQrZ (1)

where e is the universal gravitational constant converted from centi-

meters to feet, 0' is the rock density in gm/cc, and Z is the interval

thickness.in feet.

Where the calculated terrain correction was larger than the slab

effect the resulting correction is positive (+) and where the slab

effect was greater the correction is negative (-).

The calculations necessary to determine the in situ interval

densities in Test Well-B are shown in table 1. The applied terrain

corrections are small because Test Well-B is located in the wide and

4



Table 1.--Calculated in situ interval densities in drill hole Test Well-B,
Yucca Flat, Nevada Test Site

Depth Relative Terrain ,dg Z AS/AZ -
(feet) observed correction (mgals) (feet) (mgal/foot) X 39.20 (gm/cc)

gravity (mgals)
(mgals)

180.35 8.607 -0.01 8.597 180.35 0.04767 1.869 1.818

360.05 9.005 +.06 9.065 179.70 .05045 1.978 1.709

547.70 9.304 +.02 9.324 187.65 .04969 1.948 1.739

658.45 5.002 +.01 5.012 110.75 .04526 1.774 1.913

769.33 4.976 -.01 4.966 110.88 .04479 1.756 1.931

837.11 3.063 -.01 3.053 67.78 .04504 1.766 1.921

921.11 4.346 .00 4.346 84.00 .05174 2.028 1.659

v' 1,004.02 3.909 -.01 3.899 82.91 .04703 1.844 1.843

1,059.71 2.522 .00 2.522 55.69 .04529 1.775 1.912

1,113.33 2.562 +.01 2.572 53.62 .04797 1.880 1.807

1,170.17 2.537 +.01 2.547 56.84 .04481 1.756 1.931

1,240.33 3.736 -.03 3.706 70.16 .05282 2.070 1.617

1,313.44 3.817 -.03 3.787 73.11 .05180 2.031 1.656

1,400.19 4.271 -.03 4.241 86.75 .04889 1.916 1.771

1,510.23 3.908 0.00 3.908 110.04 .03551 1.392 2.295

Weighted average (g) = 1.829



flat part of Yucca Flat; and the mountains bordering Yucca Flat are of

relatively low relief and occur in the outer edges of the terrain-

correction zone. The largest terrain correction (+0.06 mgal) occurs

in the interval between 180 and 360 feet. Applying this correction

lowers the interval density 0.014 gm/cc from the uncorrected value.

In computing both the terrain correction and the Bouguer effect

the alluvium and rocks of Test Well-B were assumed to average 2.0 gm/cc.

This average is believed applicable as the rocks are known to be near

this density from the preliminary calculations, and because relative

differences are dealt with, a highly accurate density value is not

critical to the calculations.

The interval densities (Q-) in column 8 were calculated from the

expression

d g = (F - 411dr) AZ + AT (2)

where Ag is the measured gravity value in mgals, F is the free-air

gradient assuming the "normal" value of 0.09406 mgal/foot, d is the

universal gravitational constant converted from centimeters to feet,

q is the density in gm/cc, Q Z is the interval thickness in feet,

and A T is the terrain correction in milligals. The term 417T/C~ is

twice the Bouguer effect required to account for the upward and downward

attraction of the material above and below the point of observation in

the subsurface (Hammer, 1950, p. 642).
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Equation (2) may be solved directly for density (r) giving

o- = F/49TI -(Ag -AT)/4144Z (3)

substitution of normal values into equation (3) reduces it to the

more useful form

a-= 3.687 - 39.20 (dg - AT)/ AZ (4)

where Q' is in gm/cc, dZ is in feet, 4g and AT are in milligals.

At Test Well-B there were no adjacent structures on which the

free-air gradient could be measured, therefore, the average value

0.09406 mg/ft was used to compute the first term in equation (4).

Results

The in situ interval densities determined in Test Well-B from the

gravity meter observations are plotted graphically on figure 1. The

lithologies of the rocks penetrated by the hole are from Moore and

Garber (1962); however, the stratigraphic nomenclature has been revised

to conform to more recent data (Orkild, 1965).

The three interval densities in the alluvium (surface to 548 feet)

range from 1.71 to 1.82 gm/cc and average 1.76 gm/cc. The two interval

densities in the lake beds range from 1.91 to 1.93 gm/cc and average

1.92 gm/cc.

Five interval densities were calculated within the Rainier Mesa

Member of the Timber Mountain Tuff. These densities range from 1.66

to 1.92 gm/cc and average 1.83 gm/cc. The Rainier Mesa Member is

composed of devitrified pumiceous tuff and partially welded to welded

tuff which accounts for the low density.
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The Tiva Canyon Member of the Paintbrush Tuff consists of zeolitized

and vitric pumiceous tuff and partially welded tuff and the four interval

densities within this unit range from 1.62 to 1.93 gm/cc and the weighted

average is 1.74 gm/cc.

Only the upper 110 feet of the Topopah Spring Member of the Paintbrush

Tuff was sampled by the borehole gravity measurements. The interval density

is 2.30 gm/cc. This value is not the true density of the partially to

densely welded tuff as it is lowered by the influence of the 11-foot bed

of devitrified pumiceous tuff at the top of the unit.

The weighted average density for all the rocks measured in Test Well-B

is 1.83 gm/cc (fig. 1 and table 1).

The saturated bulk densities determined from laboratory analysis of

core are also shown on figure 1. The agreement between the laboratory

values and the calculated interval densities is quite good. However, one

must keep in mind the fact that the laboratory data is taken on a

specific piece of core, whereas, the interval density is the average value

for a cylinder of rock whose radius is approximately equal to five times

the vertical distance between the two observation points (McCulloh, 1966,

p. 4).
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