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This invention relates to the measurement of the level 
of a liquid body. In one aspect, this invention relates 
to a method and apparatus for determining the location 
of an interface between two substantially immiscible 
?uids of different speci?c gravities and different speci?c 
electrical resistivities. In another of its aspects, this in 
vention relates to a method and apparatus for determin 
ing the location of an interface between two substantially 
immiscible ?uids of different speci?c gravities and dilfer 
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2, 
stored product in the storage cavern since the cavern con 
tains both the stored product and water and each of these 
?uids is immiscible in the other. Usually, the stored 
product and water are metered into and out of the cavern; 
however, the errors in metering add up to a very large 
error over a period of time so that this method of deter7 
mining the amount of‘stored product in the cavern is 
unreliable. In order to avoid making such large errors, 
it is desirable to check the amount of product in storage 
by‘determining the elevation of the interface between. 

1 the stored product and water in the cavern. In a mined 
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ent speci?c electrical resistivities in an underground stor- . 
age zone. In another of its aspects, this invention relates 
to an electrically-operated liquid level determining device. 
In another of its aspects, this invention relates to a meth 
od of placing and locating electrical elements in an under 
ground storage zone. 
vention relates to a method of removing the accumula~ 
tion of deposits on electrical elements located in an under 
ground storage zone without removing said elements from 
said zone. In still another of its aspects, this invention 
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In another of its aspects, this in- Y 
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relates to a method and apparatus for making electrical ~ 
connections between a zone of high ?uid pressure and a 
zone of low ?uid pressure without the leakage of pres 
sure between said zones. 1 

Constantly expanding production of ?uids for the in 
dustries of this country and elsewhere has created a de? 
nite problem in providing suitable storage facilities for 
these ?uids. In the petroleum industries, in particular, 
the problem of storage of lique?ed petroleum gas is 
presently an urgent one due to the cost of storage in sur 
face equipment, such as steel tanks, and due to the mas 
sive construction required to withstand the vapor pres 
sure of such liquids. Also adding to this problem of 
adequate storage facilities is the fact that many industries 
experience seasonal peak loads in the requirements for 
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storage cavern, this is relatively‘simple because a ?oat 
gauge can be installed in the storage cavern during its con 
struction. However, this is not usually practical in 
solution storage caverns because only a small drill hole 
communicates with the cavern and there is not su?icient 
space to provide a suitable ?oat gauge. Also, the extreme 
depth of some solution caverns makes the use of ?oat 
gauges impractical. Furthermore, the small size of the 
drill hole makes placing, supporting and locating elec 
trical devices in the underground cavern difficult. 
One object of this invention is to provide an accurate 

and reliable indication of the elevation of the interface 
between two substantially immiscible ?uids of different 
speci?c gravities and different speci?c electrical resis 
tivities in an underground storage zone. 

Another object of this invention is to provide an elec 
trical means for testing and indicating the resistivity of 
the ?uids in an underground storage zone at known ele 
vations in the underground storage zone. 
A further object of this invention is to provide a meth 

0d and apparatus for readily and accurately placing elec 
trical elements in an underground storage zone. 
A still further object of this invention is to provide 

a method and apparatus for rigidly supporting electrical 
elements in an underground zone at speci?c locations 
within said zone. . ‘ 

Another further object ofithis .invention is to provide 
a method of removing the accumulation of deposits from 
electrical elements located in an underground storage 

I zone without removing said electrical elements from said 
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their products and corresponding seasonal slack periods. These ?uctuations in requirements require large storage 

facilities and the advantages of underground storage of 
?uids have lately come to the attention of the industry. 

Underground storage caverns are generally formed in 
impermeable earth formations either by conventional min 
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ing methods or, in some cases, by dissolving out a solu 
ble material to create a storage space with aqueous sol 
vents in soluble formations, for example, in salt domes. 
The‘resulting caverns are less expensive to provide than 
would be an equal volume of orthodox surface storage 
space and have proven their value in the storage of LPG 
(liquid petroleum gas). In addition to LPG, other lique 
?ed gases can be stored underground, e.g., ammonia. 

In the operationof these underground storage caverns, 
it is often convenient and desirable to remove the stored 
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product from the cavern by displacing with water or A 
brine. The product to be stored is pumped in above the 
water with su?icient pressure to force the water to the 
surface through a central pipe, commonly called an 
eductor pipe, which is located concentrically within an 
outer casing and which reaches the bottom of the cavern. 
The product is removed from storage by adding water, 
vthus forcing the stored product out through the annulus 
between the eductor pipe and the outer casing. There is 
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something?of a problem ‘in determining the volume of 

underground storage zone. ‘ ' 

An additional object of this invention is to provide a 
method and apparatus for making an electrical connec 
tion of conductors located in a high pressure zone and 
a low pressure zone without the loss of pressure be 
tween said zones of different pressure. c 

‘Other aspects, objects, as well as the several advantages 
of the invention are apparent from a study of the dis 
closure, the drawings, and the appended claims. 
According to the present invention, there are provided 

a method and apparatus for ascertaining the elevation 
of the interface between two substantially immiscible 
?uids of different speci?c gravities and different speci?c 
electrical resistivities in an underground storage zone 
which comprises testing for the speci?c electrical resistivity 
of the ?uid existing at speci?c elevations in said under 
ground storage zone. 7 ' 

Further, according to the present invention, there are 
provided a method and apparatus for ascertaining the ele 
vation of the interface between two substantially im 
miscible ?uids of different speci?c gravities and differ 
ent speci?c electrical resistivities in an underground stor 
age zone which comprises locating a series of electrodes 
insulated from each other at different elevations in said 
underground zone, supplying said electrodes with electri 
cal energy,’ and determining by an indicating means which 
electrodes are located ina ?uid which provides a path 
of low electrical resistance through said ?uid and afcon 
ductor, for example, an eductor pipe as :a-‘return electrical 
conductor. ' ‘ t - ~ "- ' ~ '1" 
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As ‘an important feature of this invention, an electrical 

circuit is provided for ascertaining the elevation of said 
interface in said underground storage zone with accuracy 
and reliability, by maintaining the indicating means in 
an ‘inoperative condition until the current flow in the re 
sistivity testing ‘circuit reaches a value which greater 
than the maximum current flow permitted by the resist— 
ance of the electrical conductors of various'leng'ths. 

' Still further, according to the present'invention, there 
are provided a method and apparatus :for‘iplacing elec 
trical elements at spaced elevations in va'n'underground' 
storage zone, comprising attaching the electrical elements 
to an eductor pipe and lowering said "eductor pipe, with 
said electrical elements attached thereto, into said under 
vground storage ‘zone. ' ; ' ‘ ' 

Also, according to the present invention, there ‘are pro 
vided a 'm‘etho‘d‘and apparatus for removing the-accumu 
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iation of deposits frorn'relectrical elements located in an , 
underground storage zone comprising applying a direct 
current electrical potential of a particular polarity to said 
electrical elements. I ' 

In ‘addition, according to the present invention, ‘there 
‘are provided a method'and apparatus for ascertaining the 
elevation of the interface between two substantially im 
miscible-?uids of different speci?c gravities and different 
speci?c electrical resistivities‘ in an underground storage 
zone wherein an electric current transfer zone is provided 
comprising electrical conductors and a pressure retaining 
member arranged so as to permit the conductors to pass 
therethrough yet retaining the pressure existing in the 
storage zone, said electric current transfer zone being 
positioned at a point removed from the storage zone. 
Further, in event of leakage of fluid‘ pressure, there is 
provided a blanking means to shutéin the pressure of the 
underground storage system. Also, with this arrange 
ment, another blanking means is provided in the electric 
current transfer zone positioned at a point ‘removed from 
the storage zone to cut-off the high'pressure acting on 
the pressure retaining member and permit an inspection 
of ‘said pressure retaining member and the conductors 
passing therethrough. - . . 

The invention is further illustrated in the ‘accompany 
ing drawings. . - . . 

Figure 1, which is an elevation of a typicalunderground 
storage system formed by‘the solution method and "an 
electrical circuit in schematic form for te'stingand indi 
cating the electrical resistivity of ?uids at various levels, 
shows the location of two typical electrodes. in the storage 
‘zone with the electrical conductors of these electrodes 
attached to the eductor pipe and passed through the .in 
strument outlet assembly at the Well head ‘to the testing 
and indicating circuits. 
Figure 2 is a partial vertical view of a-portion of ‘the 

eductor pipe showing one method of attaching an elec 
trical conductor and electrode to the eductor pipe. _ 

Figure 3 is a partial cross-sectionof the instrument 
outlet assembly attached to the‘outericasin'g at the Well 
head above the surface of the ground and shows, in de 
tail, the method of making electrical connections through 
the pressure retaining member and the arrangement of 
the valve for shutting-in the pressure whenever leakage 
of ?uid occurs from around the electrical connections. 

Referring to Figure 1, storage zone 10, containing water 
layer 11 and stored product layer 12, is connected with 
the surface ‘through thetdrill ‘hole in which is set outer 
casing 413. Eductor pipe 14, having a diameter substan 
tially smaller than the internal diameter of casing 13, is 
mounted concentrically within casing '1'3-s'o as to form 
an annulus between the outer wall of eductor pipe-14 
‘and the-inner wall of casing 13. Eductor pipe 14uex 
tends into storage zone 10 at a point near the-bottom 
"surface of storage zone 10 but casing-~l'3ish-place'd to 
‘extend only a vshort distance into storage-"zone 10- At 
‘the well tori ~the;sur_face,~outlet I'conduit 15 carries 
‘s‘to‘fed'product ‘12 to the distribution system, not shown, 
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and conduit 16 provides an inlet for water into storage 
zone 10 through eductor pipe 14. Also, at the wellhead, 
instrumentation outlet assembly 17, which is described in 
detail in Figure 3, is attached to outer casing 13 and pro 
vides for passage of typical insulated conductors 20 and 
21 from storage zone 10 to ‘the resistivity testing and 
indicating means'without escape of ?uid ‘from within the 
underground storage .system. ’ Y , 

1 Asv shown int-Figure 1, electrodes1'8 and .19 areilocated 
in ‘storage zone 10 attached to eductor pipe 14 at different 
levels within storage zone 10. Although only two typical 
insulated conductors‘are shown in Figure 1,, any number 
of conductors c'anjbe used depending upon the number 
of locations Where‘ it is desirable to test‘the resistivity of 
the contained ?uids. Insulated conductors ‘2i? and 21, of 
electrodes 18 and ‘~19, respectively, are attached to eductor 
pipe '14 at spaced intervals along its length by tape 23, 
or other attaching means, with eductor pipe 14 serving 
as aisupport. The attachment of an insulated conductor 
to eductor pipe *14 and the arrangement of an electrode 
attached to eductor pipe 14 are shown in detail in 
Figure 2. - 

Insulated conductors 20 and zl'terminate at terminals 
‘ 24 and 25,.respectively, of selector switch 26 which in 
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eludes contactor '27 and other terminals 28, 29, and 30 
for connecting additional electrodes located in under 
ground storage zone 10. .Any number of electrodes may 
be located in the storage zone and the number of termi 
nals on selector switch ‘26 will ‘be determined by the 
number of electrodes employed. Conductor 31, solenoid 
coil 32 of solenoid switch 33, and conductors 34 ‘and 
'35 ‘complete the electrical path to the source of electrical 
energy. Thus, with one side of the source of electrical 
energy grounded‘by conductor 37, the complete path for 
the ?ow of electrons from the source of electrical energy 
to typical electrode 18 located in underground storage 
zone *10 is through conductors 34.and .35, solenoid coil 
32, conductor 31, con-tactor 27 and .terminal 214 of .selec 
tor switch 26, insulated conductor 20,.electro'de 18, water 
layer 11in storage zone 10, eductor pipe 14, and con 
ductor =3'6-which grounds eductor pipe 14 at the well head. 

!In Figure 2, typical insulated conductor 20is attached 
to eductor pipe ‘14 with insulating tape 23 and 43 which 
is wrapped around eductor pipe .14 and ‘conductor 20. 
The insulating tape used may be any of. the types well 
known in the art made of rubber, synthetic resins, plas 
tics, or the like and should be of a type which .is not 
soluble in the ?uids placed in the storage system. Con 
ductor-I20 is insulated along its complete length except for 
the lower portion from which the insulation has been re 
rnoved so as to form'electrode ‘18. Eductor pipel-4is 
wrapped with insulating tape '44 in order to prevent elec 
trode 18 from touching eductor pipe 14 and shorting the 
electrical circuit. Theelcctrical path is completed by the 
?ow of electrons from electrode 18 through water layer 
11 and eductor pipe '14. 

In Figure 3, the instrument outlet assembly is incor 
porated in the arrangement of weld outlet 45, weld necks 
46, 47, and 4S, pressure plate 49, valve 50, T-?tting 51, 
and junction box 52 to which is attached electrical con 
duit 53. The whole instrument outlet assembly is at 
tached to casing .13 by means of weld outlet 45 which is 
welded to casing 13 at circular opening 54 in casing 13. 
Weld neck 46 is ?xed to weld outlet 45., and pressure plate 
49 is mounted between weld necks 46 and 47. In ‘this 
embodiment, pressure plate v49'is shown as being bolted 
to weld necks 46 and 4.7 ‘so that it can be easily replaced 
when necessary. Pressure plate 49 is of su?icient thick 
ness to withstand the elevated pressures in the storage 
system andis provided with a number of holes 55 ‘which 

Although only two holes 
55 are. shown ‘drilled and tapped in pressure plate 49, 
there are ‘as Irnanysuch holes v‘as there ‘are ‘electrical ‘con 
Iduct‘ors'of-which conductors 20 and 21 are‘typical. Elec 
trical connector 1:56, "which is van "externally ‘threaded in~ 
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sulated bolt with a terminal at each end, is tightly screwed 
into pressure plate 49 so that there is no escape of ?uid 
pressure from within casing 13. The number of electrical 
connectors, of whichconnector 56 is typical, depends 
upon the number of holes-in pressure plate 49 since there 
is one connector for each hole. Conductor 20 is at 
tached to each end of typical connector 56 to make a 
?uid pressure-tight electrical connection through pressure 
plate 49. The off-set chamber 57, obtained by the loca 
tion of weld outlet 45 and weld neck 46 between casing 
13 and pressure plate 49, provides for the attachment of 
conductor 20 to connector 56 out of the path of ?ow of 
?uid from the storage zone so that connector 56 is not 
subjected to lateral forces which tend to loosen or erode 
connector 56 in pressure plate 49 and cause leakage. 
Also, by locating connector 56 in off-set chamber 57, there 
is no restriction to the ?ow of ?uid from the storage zone 
and, therefore, the pressure required to remove ?uid from 
the storage zone is kept to a Further, the cir 
cular welded joint between circular opening 54 in casing 
'13 and weld outlet providesv greater strength than other 
types of construction. . 

Valve 50 is mounted on Weld neck 48 lwhich is ?xed 
to weld neck 47. T-?tting 51 is attached to the other 
end of valve 50 and junction box 52 is connected to one 
arm of T-?tting 51. The other arm ‘of T-?tting 51 is 
connected to a short pipe 58 for detecting, either by sight 
or ~odor, the build-up of ?uid resulting from leakage past 
electrical connector 56 in pressure plate 49. If desired, 
other means, such as a sensitive pressure gauge, for de 
tecting a‘ build-up of pressure can be used and automatic 
apparatus for detecting leakage and closing valve 50‘ can 
be employed. The electrical conductors, of which con 
ductor 20 is a typical one, are housed within weld necks 
47 and 48, valve 50, and T-?tting 51 and pass from 
junction box 52, by conduit 53 to the resistivity and 
indicating means shown in Figure 1. Conduit 53 has 
a sealing ?tting (not shown) which is ?lled with a sealing 
compound which holds any escaped ?uid within the in 
strument outlet assembly and prevents the passage of 
such escaped ?uid from the vicinity of the well head 
through conduit 53. Whenever leakage is detected, valve 
50 is closed to effectively shut-in the pressure until the 
source of leakage can be repaired. The closing of valve 
50 may result in the cutting of the electrical conductors 
passing therethrough, in which case the resistivity, testing 
and indicating circuits are inoperable; however, valve 50 
may be of a type which will obtain a ?uid-tight closure 
without cutting the electrical conductors. For instance, 
the gate of the valve or the valve seat is arranged to 
accommodate the insulated conductors when the gate is 
closed against the seat without cuttting the conductors. 
In another construction, the insulated conductors are ar— 
ranged to pass through the packing of the valve without 
affecting the seal. Withsome types of insulated con 
ductors, a special valve is not necessary because the in 
sulation is su?iciently deformable to permit the valve gate 
to be closed without loss of pressure. Although this 
feature is not shown in the drawing, a valve may be 
located at the junction of weld outlet 45 and weld neck 
46 so that the pressure can be shut-in while pressure plate 
49 is removed from the assembly and leaks around the 
connectors repaired. Of course, the valve used for this 
purpose would also have to be of a type which would 
not result in a cutting of the electrical conductors when 
ever it is closed. Also, if this valve is used, valve 50 is 
not necessary since this valve can be used to shut-in the 
pressure in the storage zone as well as cut-o? the pressure 
acting on pressure plate 49. 

i In operation, electrical energy is applied to the various 
electrodes located in storage zone 10 as determined by 
the operation of selector switch 26. Each of these elec 
trodes is located in the storage zone at different elevations 
and the resistance of each of the electrical‘circuits con 
taining an electrode is primarily dependent upon the elec 
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trical resistance of the ?uid surrounding the electrode 
which acts as a barrier to the ?ow of electrons from the 
electrode to the eductor pipe 14. Ordinarily, the stored 
product will offer high resistance to the'?ow of electrons 
in comparison to the water layer which will provide a 
path of relatively low electrical resistance because of 
the presence of dissolved minerals, very often sodium 
chloride, present in the water layer. As the electrical 
energy is applied to each of these circuits by the opera 
tion of selector switch 26, the ?ow of electrical current 
in each circuit will be either large or small, depending 
upon the resistance of the ?uid surrounding each elec 
trode. A large volume of current ?ow through solenoid 
coil‘ 32 operates solenoid switch 33 to close contacts 39 
and complete the electrical circuit which applies elec 
trical energy to indicating light 41, causing it to burn 
brightly and indicate that the ?uid surrounding that par 
ticular electrode has very low electrical resistance. In 
comparison, a ‘small value of current ?ow does not affect 
operation of solenoid switch 33, so that contacts 39 re 
main open, and indicating light 41 remains unlighted. 
By this indication, the ?uid surrounding this electrode is 
known to have a high electrical resistance. The location 
of the interface between the ?uid layers in storage zone 
It} is determined by testing for the electrical resistance 
of the ?uid surrounding each electrode at each elevation 
in sequence and the locationof the elevation of the inter 
face is known when indicating light 41 ?rst lights or ?rst 
goes out, depending ‘on the direction in which the re‘ . 
sistivity is tested at the diiferent elevations. If desired, 
a voltmeter or other electromotive force measuring device 
can be used in place of indicating light 41 to indicate the 
resistivity of the ?uid at the various elevations in storage 
zone 10. Also, the source of electrical energy is not 
restricted to the use of 110 volts A.C. as shown in Figure 
l but electrical energy of other voltage levels can be 
used. In addition, under certain conditions, direct cur 
rent (D.C.) can be used in place of alternating current 
(A.C.). 
One important feature of‘ thisinvention is the use of 

solenoid switch 33 in the resistivity testing and indicating 
circuit shown in Figure 1. In'rnany underground storage 
installations, the difference in the lengths of the electrical 
conductors to each electrode located at di?erent eleva 
tions in the storage zone is sufficiently large to cause a 
substantial difference in current ?ow in each circuit. 
Even though this difference in current ?ow may not be 
su?icient to cause indicating light 41 to burn ‘brightly or 
to go out completely, when solenoid switch 33 isrei 
moved from the ‘circuit and indicating light 41 is con 
nected in‘ the circuit in series with the particular electrode 
and'the resistance of the ?uid surrounding: the electrode, 
it will often be 'su?icient to affect the brilliance of indi 
cating light 41 and give an unreliable and di?'icultly 
ascertainable indication of the resistivity of the ?uids in 
storage zone 10. Also, the stored product may have a 
relatively low electrical resistivity, because of either the 
particular nature of the material or the presence of 
aqueous solution in admixture with the stored product, 
and the resulting current ?ow would be su?icient to light 
indicating light 41 even though the electrode is not in 
the water layer. Thus, the use of solenoid switch 33 
prevents indicating light 41 from lighting until the cur- ' 
rent ?ow in the resistivity circuit reaches a certain mini 
mum value and then solenoid switch 33 closes the indi 
cating circuit and causes indicating light 41 to be lighted 
with a constant and regular degree of brilliance. ' 

Sometimes, in the practice of this invention using a 
direct current source of electrical energy, deposits de 
velop on the electrodes and the eductor pipe and 'coat 
these elements with a material which offers a high re 
sistance to the ?ow of electrons. This deposition of solid 
material is particularly prevalent on the electrodes and 
that part of the eductor pipe ordinarily locatedinthe 
water layer. Another feature of this invention is the 
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provision of a simple method for removing such deposits 
without removing the eductor pipe and attached elec 
trodes from‘ the underground cavern. This removal of 
depositsv is accomplished by ‘periodically reversing the 
polarity of the direct current source of electrical energy 
for ashort period of time when the ?uid surrounding the 
electrode on which there are deposits has a low speci?c 
resistivity. The duration of the period of reverse current 
?ow depends upon the severity of the deposition problem 
and may be as short as 30 seconds and as long as 5 min 
utes or even longer where the deposition of solid material 
is very severe. The ‘magnitude ‘of the voltage is ordi 
narily that used to test the resistivity of the ?uids in the 
storage zone or it can be of a greater or lesser magnitude. 

Another important feature of this invention is the 
method of placing electrodes at different elevations in an 
underground storage zone using the edu-ctor pipe as a 
support for these electrodes as well as the conductors 
connected thereto. It is di?icult to place and support 
electricalelements in chambers located, deep in the earth, 
and it is particularly di?icult when the only opening to 
the surface is a small drill hole, for example, of 12 
inches or less inZdiameter. However, by employing the 
method of this invention, electrical elements can be 
readily placed and accurately located in such under 
ground chambers. Thus, this feature ‘of the invention is 
of considerable utility in the construction of underground 
storage caverns by the solution method by which an un 
derground cavity is formed by drilling a hole into a strata 

‘ in the earth which is readily soluble in water, pumping 
water into said strata to dissolve the soluble portions, 
and removing the solution formed to leave a cavity suit 
able for the storage of valuable products. However, the 
method of placing and locating electrical elements in an 
underground storage cavern is not limited to use in'cav 
ems formed by thesolution method, but it can also be 
used in natural. underground caverns or underground 
caverns constructed by mechanical mining methods. 

In a speci?c embodiment of this invention, a storage 
cavern was constructed by ?rst drilling a hole ‘into the 
earth into a soluble salt-containing strata and then dis 
solving out the soluble material in the ‘strata by pumping 
water into the‘ well and removing the solution formed. 
The outer casing was set in the drill hole and the eductor 
tube was. mounted concentrically within the outer casing 
with the lower end extending close to the ?oor of the 
cavity. The instrument outlet assembly was constructed 
as shown in Figure 2 of the drawings. Pressure plate 49 
was welded to weld necks 46 and 47 and an ordinary 
gate valve‘was used toshut-in the ?uid pressurewhen- 7 
ever leakage should occur. The electrodes and their con 
necting insulatediconduct'ors were attached to the eductor 
pipe with insulating tape in the manner shown in Figure 
3. Anelectric lamp was used for the indicating means 
and was connected with a solenoid switch in the manner 
shown in Figure 1. A 110 volt A.C. electrical potential 
was used vas the source of electrical energy for applica 
tion ‘to the electrodes within‘ the storage zone and to the 
indicating lamp. Lique?ed petroleum gas was stored 
in the cavity over salt water and the locationof the inter 
face between these two layers was determined with ac 
curacy and reliability. 
Reasonable variation and modi?cation are possible 

within the scope of the ‘foregoing disclosure, drawings 
and the appended claims to the invention, the essence of 
which is ‘that there have been provided 'a method and 
apparatus for ascertaining the elevation of the interface 
between two ‘substantially immiscible fluids of different 
speci?c gravities-and different speci?c electrical resistiv 
ities'in an underground ‘storage zone by attaching elec 
trodm, $an'd the conductors connected thereto, to the 
eeduc'to'r pipe of'the underground storage system at vari 
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ousidistan‘ces‘from the lower end of said pipe, lowering _ 
thev assembly "of electrodes and conductors, attached to 
said-‘eductobpipe,‘into ‘said underground storage zone so 

Q. 

that said eductor pipe serves as a support for said elec 
trodes and conductors iii-said underground storage zone 
and said electrodes are located at different elevations in 
said underground storage zone, supplying said electrodes 
with electrical energy, and determining by an indicating 
means which electrodes arelocated .in a ?uid which pro 
vides a path of low electrical resistance through said ?uid 
and the eductor pipe to ground; one feature of the in-r 
vention providing an electrical connection between con 
ductors located in a zone of high pressure in the under 
ground storage system and in a zone of low pressure in 
an instrument outlet assembly which has a means to shut 
in the pressure in said underground storage system when 
ever there is leakage of ?uid from ‘around said electrical 
connectors; another feature of the invention providing 
a means of maintaining the indicating means in an in 
operative condition until the current flow in the resistivity 
testing circuit reaches a value which 'is greater than the 
maximum current flow permitted by either the resistance 
of the various electrical conductors of d-i?erent length or 
the speci?c resistance of the ?uid being stored; and still 
another feature of the invention providing for removing 
the accumulation ofdeposits from the electrodes, with 
out removing said electrodes from the underground stor 
age zone, by applying a direct current potential of a par 
ticular polarity to said‘ electrodes; all substantially as set 
forth and described herein. 
possession of this disclosure and its drawings will under 
stand that they have been set forth for disclosure pur~ 
poses only and that the underlying concepts can be em~ 
bodied in form and manner different from those already 
shown. ’ 

‘Iclaim: 
1. In an underground storage system having an outlet 

to the surface through a casing and wherein electric 
measurements are made on the surface from electric ele 
ments locatedin the storage Zone, the apparatus compris 
ing a branchpipe ?xed to the casing in opencommuni 
cation therewith; a fluid pressure retaining member 
attached to the branch pipe; a plurality of insulated elec 
trical connectors ?xed in the pressure retaining member 
in a manner to prevent pressure loss, each connector ex 
tending through the pressure retaining member and pro 
truding from each side thereof; a blanking means at 
tached to the pressure retaining member to shut-in the 
pressure whenever there is leakage from around the elec 
trical connectors; a conduit attached. to said blanking 
means and having plural outlets; a junction .box ?xed to 
one of the outlets; insulated-electrical conductors extend 
ing from the electric elements located in the storage zone 
to the terminals of the insulated electrical connectors lo 
cated, in the branch pipe; a plurality of insulated con 
ductors extending from the opposite terminalsof the in 
sulated electrical connectors through the blanking means, 
the conduit and one outlet of the conduit to the ter 
minals of the junction box; and'a plurality .of insulated 
conductors 'extending'from the terminals of the junction 
box to the indicating means. 

2. The apparatus of claim 1 wherein the blanking 
means is a valve. ' 
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