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HEAD ASSEMBLY FOR MULTIPOSITION 
BOREHOLE EXTENSOMETER 

Background of the Invention 
5 The United States Government has rights in this invention 

pursuant to Contract W-7405-ENG-48 between the U.S. Department of 
Energy and the University of California Lawrence Livermore National 
Laboratory • 

. The invention relates to displacement measurement of earth 
10 formations and more particularly to borehole. extensometers for 

measuring ground subsidence. 
In-situ processing of underground deposits, e.g., underground 

coal ga~ificat~on or in~situ oil shale retorting, will allow the 
recovery of important energy resources in the future to partly offset 

15 ·the loss of conventional supplies. Large volumes of material will be 
' 

processed underground; the processing region will typically have 
dimensions up to several hundred feet. A serious environmental 
drawh~~k ~$sociated with in-situ processing is ground subsidence. 

B6rehole extensometers are instruments placed directly in a 
20 borehole in an earth formation to measure displacements in the earth 

formation. A requirement for a borehole extensometer useful for field 
tests of in-situ processes is the capability to measure large scale 
subsidence, i.e., at least several meters. The extensometer should 
also be of simplP, yP.t rugged desiqn and provide a continuous output, 

25 preferably an ·electrical signal. 
U.S. Patent No. 3,562,916, issued February 16, 1971 to Duckworth 

shows a retrievable borehole extensometer wherein a linear variable 
differential transformer is used to detect translation of a metering 
rod and associated anchor. 
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U.S. Patent No. 3,483,745, issued December 16, 1969 to Ublacker 
shows a·wire type extensometer having a tensioned wire and attached 
spring. for measuring displacements. 

U.S. Patent N6. 4,001,942, issued January 11, 1977 to Schuermann 
5 et al discloses a rod type extensometer and U.S. Patent No. 3,885,423 

issued May 27, 1975 to Schuermann et al discloses a method of measuring 
changes in an area surrounding a mining cavity using extensometers. 

It is an object of the invention to provide an improved borehole 
extensometer for measur1ng large-scale ground subsidence. 

10 It is another object of the invention to provide an extensometer 

15 

of simple but rugged design for field test operation. 
It is also an object of the invention to provide an extensometer 

having continuous electrical signal output. 

Summary of the Invention 
The invention is a head assembly for a multiposition borehole 

extensometer and an improved multiposition borehole extensometer 
including the head. assembly for measuring subsurface subsidence. The 
extensometer. comprises a conduit held in place by a plurality of 

20 inflatable anchors which provide discrete measurement points. A 
metering rod is fixed to each of the anchors which move with the earth, 

. thereby displacing the rod. The head assembly converts the linear 
displacement of the metering rod to rotary motion which is measured 
w~th an electrical potentiometer. The head a~sembly includes a 

25 sprocket wheel engaged by a chain which is connected at one end to the 
metering rod and at the other end to a counter weight. A second 
sprocket wheel which drives a potentiometer also engages the chain to 
provide an electrical output which is proportional to the displacement 

30 

of the metering rod. 

Brief De~cription of the Drawing~ 
Figure 1 is· a side view, partly in section, of the multiposition, 

borehole extensometer head assembly. 
Figure 2 is a side view, partly in section, of a segment of 

35 conduit with an anchor assembly which is connected to the 
multiposition, borehole extensometer head assembly. 
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Detailed Description of the Preferred Embodiment 
The head assembly 10, according to the invention, as shown in 

Figure l, comprises a substantially vertical hollow standpipe 12 
mounted to and extending through a plate 14 at the top of the borehole 
extensometer casing 16. A m~tering rod 18 extends vertically along the 
axis into hollow standpipe 12. Sprocket wheel 20 is rotatably mounted 
on bearing pin 24 mounted between a pair of spaced parallel flanges 22 
at the top of standpipe 12. A chain 26 engages and passes over the 
sprocket wheel 20. One end of the chain is connected to metering rod 

10 18 through connector 28. The other end of the chain 26 is connected to 
counter weight 30 which passes through a hole 50 in plate 14. An idler 
arm or swing arm 32 is also pivotably mounted to one of the flanges 22 
at pivot point 34 adjacent to sprocket wheel 20. A sprocket wheel 38 
is mounted on one end of the swing arm 32 on a shaft 42. A tension 

15 spring connecting the opposite end of the swing arm 32 to flange 22 
keeps the sprocket wheel 38 engaging the chain 26 which passes over 
sprocket wheel 20. The sprocket wheel 38 drives shaft 42 which drives 
a connected potentiometer 40. 

... . -- .. 

The standpipe 12 of the head assembly is partly enclosed in 
20 housing 44 mounted above the extensometer casing 16 and plate 14. An 

adjusting plate 46 through which the standpipe 12 passes is mounted 
near the top of the standpipe 12 above housing 44 but below the 
sprocket wheel assembly. The adjusting plate 46 is used to adjust the 

·standpipe 12 in a vertical position. A top 48 is placed over the head 
25 assembly above the adjusting plate 46. Elect~ical connections (not 

shown) pass through the top 48 to the potentiometer 40. 
The head assembly 10 forms a part of a borehole extensometer 

which is placed in and extends down a borehole shaft for measuring 
aro11nrl <\llbsidence. The casin~ 16 of the extensometer extends down into 

30 the shaft. A conduit 60, a section of which is shown in Figure 2, is 
attached to the lower end of the standpipe 12 and extends down the 
shaft below the casing 16 which is embedded in the borehole. At least 
one anchor 62 is mounted to the conduit 60. A multiposition 
extcnsometer will have a plurality of anchors. The anchor 62 comprises 

35 a sleeve 64 having inflatable bladders 66 which are inflated for 
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holding the anchor in place in the borehole. The sleeve 64 is 
supported by braces 68 attached to the conduit 60. The inflatable 
bladders 66 are inflated through lines (not shown}· which extend down 
through the conduit to the anchor 62. A metering rod 18 extends down 

5 through the conduit 60 to a metering rod connection plate 70 which 
attaches the rod 18 to the anchor 62. The other end of the metering 
,rod 18 is connected to the chain 26. 

In operation the anchor 62 is inflated and thereby held in place 
in the borehole. As ground subsidence occurs the anchor 62 remains 

10 fixed in the ground and is normally displaced downward. The metering 
rod 18 which is rigidly attached to the anchor at plate 70 is also 
displaced downward. The conduit is flexible and stretches. However, 
the metering rod 18 is rigid and the ground subsidence and movement of 
the anchor produces a downward displacement of the metering rod equal 

15 to the amount of ground displacement. The.downward displacement of the 
metering rod 18 pulls the attached· chain 26 over sprocket wheel 20 

against counter weight 26. As the chain moves it rotates sprocket 
wheel 38 which engages. the chain 26 through the action of swing arm 32 
and tension spring 36, thereby converting the linear translation of the 

20 metering rod 18 to rotary motion of sprocket wheel 38. The sprocket 
wheel 38 is mounted on shaft 42 which turns potentiometer 40, thereby 
producing a continuous electrical output proportional to the linear 
displacement of the metering rod 18. 

· One particular extensometer embodiment incorporating the head 
25 assembly according to the invention has six anchors to provide six 

' 
discrete subsidence measurement points. The conduit is .1-1/2 11 in 
diameter, and typically is a flexible metal band wound, interlocked, 
PVC coated conduit. The casing 16 extends about 40 feet underground 
and the first anchor position is about 50 feet underground with 

·30 successive anchor s~acings of 30 feet, 20 feet, 12 feet, 11 feet, and 8 
feet, respectively. The metering rods are 3/16 11 aluminum rods, with 
one attached to each anchor 62 through a connection plate 70, the 
remaining rods passing through holes in the connection plate 70 to 
their respective associated anchors. The head assembly comprises a 

35 cluster of six separate sprocket and chain assemblies, each having a 

. I 
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counter weight 30 and each driving a. potentiometer 40 to provide six 

continuous independent electrical outputs. The advantage of the 
extensometer utilizing the head assembly according to the invention is 
a simple design instrument for large-scale measurements that can be 

5 utilized in field tests. The head assembly allows the support sprocket 
wheel 20 to carry the weight of the metering rod and counter weight 

' which may be considerable, i .• e., 100 pounds, while the measuring 
sprocket wheel 38 provides the output measurement without carrying the 
load. Each of the potentiometers in the multiposition borehole 

10 extensometer head assembly provides an electrical signal of the 
subsidence at a known point underground. 

Changes and modifications in the specifically. described 
embodiments can be carried out without departing from the scope of the 
invention, which is intended to be limited only by the scope of the 

15 appended claims. 



Abstract 
A head assembly for a borehole extensometer and an improved 

extensometer for measuring subsurface subsidence. A plurality of 
inflatable anchors provide discrete measurement points~ A metering rod 
is fixed to each of the anchors which are displaced when subsidence 
occurs·, thereby translating the attached rod. The head assembly 
includes a sprocket wheel rotatably mounted on a standpipe and engaged 
by a chain which is connected at one end to the metering rod and at the 
other end to a counterweight.· A second sprocket wheel connected to the 
standpipe also engages the chain and drives a connected potentiometer. 
The head assembly converts the linear displacement of the metering rod 
to the rotary motion of the second sprocket wheel, which is measured by 
the potentiometer, producing a continuous electrical output. 
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