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RECREATIONAL VEHICLE HOLDING TANK 
SENSOR PROBE 

BACKGROUND 

This disclosure relates to the measurement of the level of a 
conductive liquid in a recreational vehicle wastewater hold 
ing tank. 
Many recreational vehicles, such as campers, trailers, fifth 

wheelers, and motor homes, have one or more tanks for 
storing the effluent or wastewater originating in the toilet, 
sink, or shower. These tanks are also called black water or 
gray water tanks. The wastewater in these tanks is electrically 
conductive. Measuring the existence of a conductive path 
between sensor probes mounted at various levels in a recre 
ational vehicle holding tank is a simple and cost-effective way 
to determine the level of fluid in the tank. The principle is that 
there should only be conductance between pairs of probe tips 
that are Submerged in the wastewater. 

False conductance readings caused by leakage currents 
from probe tips not submerged in the wastewater are a prob 
lem with systems that use conductance to measure liquid 
level. These leakage currents travel through the conductive 
residue that can build up on every surface of the tank that is 
exposed to the effluent, typically traveling from the non 
submerged probe tip to the wall of the tank where the sensor 
probe is installed and then along the wall until they reach the 
conductive liquid. These leakage currents cause the liquid 
level measuring circuit to show that the tank has more waste 
water in it than it actually does. Thus, the recreational vehicle 
owner either drains the wastewater holding tanks too fre 
quently or ignores the readings from the level measuring 
circuit and runs the risk of a tank overflow. The same problem 
can occur in any moving wastewater tank, including but not 
limited to mobile environments such as boats, trains, buses, 
aircraft, or transportable lavatories. 

SUMMARY 

In one embodiment, the present disclosure provides a 
wastewater holding tank sensor probe for use in determining 
the presence of a conductive liquid held within a wastewater 
holding tank in a recreational vehicle. The probe is less sen 
sitive to the presence of conductive residue as a result of an 
improved geometry and/or choice of materials that reduce the 
leakage currents between the probe tip and the surface that 
sensor probe has been installed into, typically the wall of the 
tank. This reduction in sensitivity to conductive residue 
buildup can be measured by a geometrically determined 
resistivity factor between the probe tip and the mounting 
surface of the probe as defined herein. The reduction in sen 
sitivity can also be measured by the length of the path through 
the conductive residue between the probe tip and the mount 
ing Surface of the probe. A variety of geometries and material 
choices to reduce the sensitivity of electrical conductance 
based sensor probes to conductive residue are disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present disclosure is described in conjunction with the 
appended figures in which: 

FIG. 1 depicts a sensor probe mounted in a wastewater 
holding tank of a recreational vehicle; 

FIG. 2 shows a prior art sensor probe mounted in a waste 
water holding tank of a recreational vehicle: 

FIG. 3 illustrates a typical configuration for mounting sen 
sor probes into the wall of a wastewater tank; 
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2 
FIG. 4 diagrams a typical circuit for measuring liquid level 

in a recreational vehicle holding tank; 
FIG. 5 presents a sensor probe with a fully shielded probe 

tip mounted in a wastewater holding tank of a recreational 
vehicle: 

FIG. 6 displays a sensor probe with a partially shielded 
probe tip mounted in a wastewater holding tank of a recre 
ational vehicle: 

FIG. 7 shows an end view of the alternate sensor probe 
embodiment with a partially shielded probe tip as seen from 
inside the tank; 

FIG. 8 shows an end view of the alternate sensor probe 
embodiment with a partially shielded probe tip as seen from 
outside the tank; 

FIG. 9 shows a sensor probe with a cylindrical probe tip 
shield mounted in a wastewater holding tank of a recreational 
vehicle: 

FIG. 10 shows a sensor probe with a corkscrew configura 
tion mounted in a wastewater holding tank of a recreational 
vehicle: 

FIG. 11 shows a sensor probe with a disk-shaped tip shield 
mounted in a wastewater holding tank of a recreational 
vehicle; and 

FIG. 12 shows a detail of the o-ring seal used in the 
embodiments shown in FIG. 1, FIG. 5, FIG. 6, FIG. 7, and 
FIG. 10; and 

FIG. 13 shows a sensor probe with an insulating spacer 
mounted in a wastewater holding tank of a recreational 
vehicle. 

In the appended figures, similar components and/or fea 
tures may have the same reference label. Where the reference 
label is used in the specification, the description is applicable 
to any one of the similar components having the same refer 
ence label. 

DETAILED DESCRIPTION 

The ensuing description provides preferred exemplary 
embodiment(s) only, and is not intended to limit the Scope, 
applicability or configuration of the disclosure. Rather, 
the ensuing description of the preferred exemplary embodi 
ment(s) will provide those skilled in the art with an enabling 
description for implementing a preferred exemplary embodi 
ment. It should be understood that various changes could be 
made in the function and arrangement of elements without 
departing from the spirit and scope as set forth in the 
appended claims. 

Specific details are given in the following description to 
provide a thorough understanding of the embodiments. How 
ever, it will be understood by one of ordinary skill in the art 
that the embodiments may be practiced without these specific 
details. For example, circuits may be shown in block dia 
grams in order not to obscure the embodiments in unneces 
sary detail. In other instances, well-known circuits, pro 
cesses, algorithms, structures, and techniques may be shown 
without unnecessary detail in order to avoid obscuring the 
embodiments. 

In one embodiment, the present disclosure provides a sen 
Sor probe Suitable for use in a wastewater holding tank of a 
recreational vehicle. Wastewater holding tanks are typically 
located downstream of a toilet, sink, shower, or any other 
place where water is used to clean something or where water 
is combined with other fluids or solids. In addition to recre 
ational vehicles, moving wastewater holding tanks can be 
used in other transportable or moving applications such as 
boats, trains, buses, aircraft, or portable lavatories. The probe 
includes an electrical contact configured for wiring into a 
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level measuring circuit, a probe tip configured for contact 
with fluid within the tank during normal operation; an elec 
trical conductor that connects the probe tip with the electrical 
contact, and an electrical insulator that encapsulates at least 
part of the conductor. Probes of the type described in this 
disclosure can also be used in tanks that contain conductive 
fluids other than water. Probes of the type described in this 
disclosure can also be used in tanks that are not holding waste, 
Such a bioreactors. 
The present disclosure makes reference to one or more 

geometric configurations that increase the resistivity factor of 
the conductive residue path between a probe tip and the wall 
of a tank. For purposes of this disclosure, resistivity factor is 
defined as the ratio of the length of a conductive residue path 
divided by the width of that path. Since, in most cases the 
width of the conductance path is also a perimeter, we shall 
normally define this resistivity factor as length divided by 
perimeter. If the conductive residue path is circular in cross 
section, it can also be defined as the length divided by the 
circumference. The one objective of the present disclosure is 
to increase the electrical resistance between the probe tip and 
the attachment surface in the tank, typically the tank wall. For 
a material with uniform bulk resistance, the resistance of an 
electrical conductor can be calculated from the following 
formula: 

Where: 
S2=the resistance of the electrical conductor in ohms; 
p the bulk resistance measured in ohm inches (or ohm 

centimeters or ohm meters); 
L the length of the conductor measured in inches, centi 

meters, or meters; and 
A the cross-sectional area of the conductor measured in 

square inches, square centimeters or square meters. 
Often the cross sectional area (A) of the conductive residue 
path consists of a coating of an undetermined thickness (t) 
multiplied by the perimeter P. Thus the above equation can be 
rewritten as: 

Where p and t are determined by the bulk resistance and 
thickness of the conductive residue film and L and P are 
determined by the geometry of the probe. For a geometrical 
configuration with a constant perimeter along the entire 
length, we can define the resistivity factor (R) to be: 

For a geometrical configuration composed of discrete ele 
ments of varying size, we can define the resistivity factor (R) 
to be: 

For a geometrical configuration with a constantly varying 
perimeter (P) as a function of distance along a conductance 
path, we can define the resistivity factor (R) to be: 
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Where: 
L, the probe tip; and 
Li the tank wall 

The use of a resistivity factor will become clearer as we 
review various embodiments. 

Referring to FIG. 1, an embodiment of a sensor probe 
mounted in a wastewater holding tank of a recreational 
vehicle is shown at 30. The holding tank wall is shown at 2. 
The tank is filled with conductive liquid shown at 1. The probe 
30 is mounted through an aperture in the wall of the tank 2. If 
a sensor probe is mounted to the wall of a tank in a recre 
ational vehicle the mounting aperture is typically a 3/8-inch 
circular hole, but can be any other size or shape capable of 
being manufactured and capable of being understood by any 
one skilled in the art. The probe is shown mounted in a side 
wall. It is also possible for the probe to be mounted on a 
bottom wall or top wall of the tank or any other mounting 
Surfaces including a fixture that is attached to the tank in some 
way. Wastewater holding tank walls are typically made of 
either ABS (acrylonitrile butadiene styrene) or polyethylene, 
but can be made of any material that can service this function, 
is manufacturable, and is capable of being understood by 
someone skilled in the art. The tank wall does not necessarily 
need to be made of a non-conductive material. 

Also referring to FIG. 1, an electrical contact is shown at 
19a. The electrical contact 19a is intended to be located 
external to the tank when the probe 30 is installed in the tank 
wall 2. The electrical contact 19a allows the probe 30 to be 
connected to a level measuring circuit that measures current, 
voltage, or resistance between multiple probes or between 
one probe and some other electrical reference point using 
electrical circuits capable of being understood by anyone 
skilled in the art. The electrical contact 19a can be made of 
any electrically conductive material capable of being under 
stood by anyone skilled in the art. 

Also referring to FIG. 1, a probe tip is shown at 19b. The 
probe tip 19b is intended to be located within the tank and to 
make electrical contact with the liquid 1 when the liquid 
reaches a predetermined level. The probe tip 19b can be any 
shape or size and can be made of any material that conducts 
electricity. Among the materials that can be used for probe 
tips 19b are stainless steel, copper, silver, aluminum, gold, 
conductive ceramic, and any other electrically conductive 
material capable of being understood by someone skilled in 
the art. There is an electrical conductor between the probe tip 
19b and the electrical contact 19a that electrically couples the 
probe tip 19b and electrical contact 19a. In the embodiment 
illustrated in FIG. 1, the electrical conductor is made up of an 
electrically conductive wire, shown at 11 and an electrically 
conductive threaded rod shown at 13. In the embodiment 
shown in FIG. 1, the probe tip 19b and the wire 11 are 
monolithic (constituting a massive undifferentiated whole) 
and the threaded rod 13 and electrical contact 19a are also 
monolithic. The wire 11 and threaded rod 13 are electrically 
coupled at the point where they touch, which is accomplished 
in the embodiment shown in FIG. 1 by deforming the wire 11 
to beina ZigZag shape and pressing that into a cylindrical hole 
in the threaded rod 13. With the present invention, it is pos 
sible for the probe tip 19b, the electrical conductor (compris 
ing 11 and 13 in FIG. 1), and electrical contact 19a to be any 
combination of any number of distinct or monolithic ele 
ments that are electrically coupled to one another using any 
techniques capable of being understood by someone skilled 
in the art. 

Also referring to FIG. 1, an insulating tube is shown at 12, 
a threaded cap is shown at 15, and a fitting is shown at 14. The 
insulating tube 12, threaded cap 15, and fitting 14 are made of 
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electrically insulating materials. In one embodiment, the 
insulating tube 12 is made of polytetrafluoroethylene and the 
threaded cap 15 is made of acetal. In this embodiment, the 
insulating tube 12 fits over the electrically conductive wire 
11. Together, the insulating tube 12, threaded cap 15, and 
fitting 14 determine the length of the path from the probe tip 
19b to the holding tank wall 2. Conductive residue can coat 
the insulating tube 12, threaded cap 15, and fitting 14 creating 
a conductive residue path, shown at 3 from the probe tip 19b 
to the attachment surface of the probe, which in this case is the 
holding tank wall 2. One objective of the present invention is 
to make the conductive residue path 3 as long as possible, 
thereby increasing the total electrical resistance of the con 
ductive residue path3. Leakage currents through the conduc 
tive residue path 3 to the holding tank wall 2 and then along 
the conductive residue on the holding tank wall 2 until it 
touches the conductive liquid 1 can create false readings from 
sensor probes not submerged in the wastewater. These leak 
age currents are a problem with systems that use conductance 
to measure liquid level. In the embodiment shown in FIG. 1, 
the length of the conductive residue path 3 along the fitting 14 
is approximately 3/8 inch, the length of the conductive residue 
path 3 along the threaded cap 15 is approximately 3/8 inch, and 
the length of the conductive residue path 3 along the insulat 
ing tube 12 is approximately 34 inches giving a total length of 
the path from the probe tip along the exposed surface of the 
electrical insulators (insulating tube 12, threaded cap 15, and 
fitting 14) to the wall of the wastewater holding tank 2 of 
approximately 1/2 inches. It is possible for this total path 
length to be greater than 34 inches, greater than 1 inch, greater 
than 1/4 inches, greater than 1/2 inches greater than 1% 
inches greater than 2 inches, greater than 2/4 inches, greater 
than 2/2 inches, greater than 2% inches, and greater than 3 
inches. 

Also referring to FIG. 1, Ohms Law teaches us that the 
amount of leakage current through the conductive residue 
path 3 is inversely proportional to the resistance of the con 
ductive residue path 3. The resistance of the conductive resi 
due path 3 can be calculated as the sum of the resistances of 
individual slices of this conductive residue path 3 that are 
taken perpendicular to the current flow through the conduc 
tive residue path 3. By minimizing the perimeter of each of 
these slices of the conductive residue path 3, we can further 
increase the overall resistance of the residue conductive path 
3, thereby reducing the sensitivity of the probe 30 to false 
readings caused by conductive residue. In the embodiment 
shown in FIG. 1, the maximum diameter of the conductive 
residue pathis approximately 3/8 of an inch, giving a perimeter 
of the conductive residue path of approximately 1.2 inches 
(pix0.375 inches) over the 3/4 inch length of the fitting 14 and 
the threaded cap 15. One can calculate a resistivity factor, as 
previously defined, for this part of the conductance path of 
0.75 inches divided by 1.2 inches or approximately 0.6. For 
the insulating tube, the outside diameter is approximately 
0.05 inches and the length is approximately 0.75 inches giv 
ing a resistivity factor of 0.75/(0.05x3.14)=4.8. This gives a 
resistivity factor for this configuration of approximately 5.4. 
It is possible for the resistivity factor for this embodiment to 
be greater than 0.5, greater than 0.75, greater than 1.0, greater 
than 1.25, greater than 1.5, greater than 1.75, greater than 2.0, 
greater than 2.5, greater than 3.0, greater than 3.5, greater than 
4.0, greater than 4.5, greater than 5.0, greater than 5.5, or 
greater than 6.0. 

Also referring to the insulating tube 12 in FIG. 1, the above 
calculation of the resistivity factor, having a section of an 
electrical insulator, such as the insulating tube 12, that has a 
narrow outside diameter makes a very large difference in the 
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6 
resistivity factor and hence the overall capability of the con 
ductive residue path 3 to conduct electricity. A typical outside 
diameter of the insulating tube 12 is 0.05 inches. This outside 
diameter can be less than /16 inch, it can be less than%2 inch, 
it can be less than /8 inch, it can be less than 5/32 inch, it can be 
less than 3/16 inch, it can be less than 7/32 inch, it can be less 
than /4 inch, it can be less than%2 inch, it can be less than 5/16 
inch, it can be less than 1/32 inch, or it can be less than 3/8 inch. 
The resulting perimeter can be less than 0.2 inches, it can be 
less than 0.3 inches, it can be less than 0.4 inches, it can be less 
than 0.5 inches, it can be less than 0.6 inches, it can be less 
than 0.7 inches, it can be less than 0.8 inches, it can be less 
than 0.9 inches, or it can be less than 1 inch. The length of this 
narrow section of insulating tube 12 in the direction of current 
flow through the conductive residue path 3 can be a minimum 
of/8 inch, /4 inch, 3/8 inch, /2 inch, 5/8 inch, or 3/4 inch. 

Also referring to the conductive residue path 3 in FIG. 1, 
the thickness of the residue can be influenced by the proper 
ties of the insulating tube 12, the fitting 14, and the threaded 
cap 15. In particular, the use of a material or surface with 
non-wetting properties on one or more elements of the of the 
conductive residue path 3, Such as the insulating tube 12, the 
fitting 14, or the threaded cap 15 can further reduce the ability 
for the conductive residue path to conduct electricity. 

Also referring to FIG. 1, here are two main types of fittings 
14 that can be used with the sensor probe 30 disclosed in this 
invention. One type of fitting 14 is made of polyethylene and 
has ribs. This type of fitting is designed for probes 30 that are 
intended to be installed in attachment Surfaces such as tank 
walls 2 made of polyethylene using a spin welding process 
capable of being understood by anyone skilled in the art. For 
attachment surfaces or tanks not made of polyethylene, the 
most common type of fitting 14 is made of an elastic material, 
typically a material containing some kind of a rubber com 
pound, and the fitting 14 is compressed during the installation 
process to provide a good seal with the attachment Surface, 
depicted here as tank wall 2. In the embodiment shown in 
FIG. 1, compression occurs by rotating the threaded rod 13 
relative to the threaded cap 15. The materials and techniques 
used can be understood by anyone skilled in the art. 

Further referring to FIG. 1, fluid leakage between the 
threaded cap 15 and the insulating tube 12 is prevented 
through the use of an o-ring seal shown at 16. The o-ring seal 
16 is also used to seal the gap between the conductive wire 11 
and the insulating tube 12. When the threaded rod 13 is 
threaded all the way into the threaded cap 15, there is a good 
seal that prevents any leakage. The details of the implemen 
tation of this sealing method are capable of being understood 
by anyone skilled in the art. The embodiment shown in FIG. 
1 also includes a washer, shown at 17 and two nuts, shown at 
18 that help in the mounting of the sensor probe 30 into the 
tank wall 2 and the securing of wiring to the electrical contact 
19a using electrical connection means capable of being 
understood by someone skilled in the art. 

Referring to FIG. 2, a prior art sensor probe mounted in a 
wastewater holding tank of a recreational vehicle is shown at 
31. The prior art probe 31 is shown mounted in a holding tank 
wall shown at 2. The wastewater holding tank contains a 
conductive liquid shown at 1. The prior art probe 31 includes 
a probe tip shown at 19b, an electrical contact shown at 19a, 
and a conductive screw, shown at 21, all of which are mono 
lithic. The prior art probe 31 also includes a fitting shown at 
14, a washer shown at 17, and two nuts shown at 18. One 
major difference between the prior art sensor probe31 and the 
embodiment of the sensor probe shown as 30 in FIG. 1 is that 
the prior art residue conductive path, shown at 4, is short. This 
prior art conductive residue path 4 consists of the path from 
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the probe tip along the exposed surface of the fitting 14 to the 
holding tank wall 2, which is typically approximately 3/8 inch 
(about 0.4 inches). This makes for a low resistance connec 
tion between the probe tip 19b and the tank wall 2 when 
conductive residue is present. When a resistivity factor for 
this prior art conductive residue path 4 is calculated by divid 
ing the path length (approximately 0.375 inches) by the 
perimeter dimension (0.375 inches multiplied by pi) the 
resulting resistivity factor is approximately 0.3, which is con 
siderably less than the resistivity factor of 5.4 that was calcu 
lated for the sensor probe 30 depicted in FIG. 1. 

Referring to FIG.3, a tank with sensor probes is illustrated 
at 32. This is an end view of the sensor probes shown from 
outside the holding tank in a typical configuration. The hold 
ing tank wall is shown at 2 and four sensor probes are shown 
at 30a,30b, 30c, and 30d. A ground probe is shown at 30a and 
is typically located /3 of the way up from the floor of the tank. 
A/3 probe is shown at 30b and is also typically located /3 of 
the way up from the floor of the tank and at least 10 inches 
away from the ground probe 30a to minimize the leakage 
currents caused by conductive residue on the holding tank 
wall 2. A 2/3 probe is shown at 30c and is located 2/3 of the way 
up from the floor of the tank and at least 10 inches from the 
ground probe 30a. This minimizes leakage currents from the 
ground probe 30a to the 2/3 probe 30c. However the distance 
between the /3 probe 30b and the 2/3 probe 30c is often much 
less than 10 inches, which creates a high potential for leakage 
currents between these two points. A full probe is shown at 
30d and is located near the top of the tank and at least 10 
inches from the ground probe 30a. This full probe 30d is often 
much less than 10 inches from the /3 probe 30b and the 2/3 
probe 30c creating a high potential for leakage currents 
between these points. Because of the difficulty of accessing 
the tank and placing wires, there is a desire to keep the sensor 
probes (30a, 30b,30c, and 30d) close together. This is another 
reason why increasing the resistance between the probe tips 
(19b in FIG. 1) and the holding tank wall 2 is beneficial in 
making a simple and residue tolerantholding tank liquid level 
monitoring system. 

Referring to FIG. 4, a holding tank with sensor probes and 
a resistor block is shown at 33. The holding tank wall is shown 
at 2 and four sensor probes are shown at 30a, 30b, 30c, and 
30d. Resistances between pairs of sensor probes are shown as 
R1, R2, R3, R4, R5, and R6. In an ideal system that has no 
leakage currents between sensor probe pairs and where at 
least one probe in the pair is not submerged, the resistance 
between a pair of sensor probes should be infinite (i.e. an open 
circuit). In typical systems, the resistance between Sub 
merged sensor probes through the conductive liquid is on the 
order of 5 KS2 to 50 KS2. There can be a large variation in these 
resistances through the conductive liquid as a result of varia 
tions in the materials suspended in the wastewater. To sim 
plify and reduce the cost of wiring, the electrical contacts 
from the /3 probe 30b, the 24 probe 30c, and the full probe 30d 
are typically wired together through a resistor block shown at 
40. The resistances shown for this resistor block 40 are typi 
cal, but they can be any values that work effectively to create 
discrete bands of current for a particular Voltage as shown in 
the table on FIG. 4. The ground probe 30a is typically wired 
to ground. By using a resistor block 40 in this way, only one 
wire needs to go the liquid level measurement instrument, 
shown at 41. The measurement instrument 41 can be any 
electrical or electronic device that can measure the resistance 
between the electrical input point, shown at 42, and the elec 
trical ground, shown at 43. A typical approach used by those 
skilled in the art incorporates an 8 volt source, a circuit that 
measures the resulting current, and a circuit that turns onlight 
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8 
emitting diodes (LEDs) based on the amount of current 
between the 8 Volt source and electrical ground 43. 

Referring to FIG. 5, a sensor probe with a fully shielded 
probe tip is shown at 34. This embodiment of the present 
invention is mounted into the wall of a holding tank shown at 
2 that contains a conductive liquid shown at 1. The sensor 
probe with a fully shielded probe tip 34 includes a probe tip 
shown at 19b, an electrical contact shown at 19a. The tip 195 
and contact 19a are electrically connected through a conduc 
tive threaded rod, shown at 13 and an electrically conductive 
wire shown at 11. The fully shielded probe tip includes a 
fitting shown at 14, a washer shown at 17, and two nuts shown 
at 18. The sensor probe 34 shown in this figure includes an 
insulating tube, shown at 12, which covers the wire 11. One 
major difference between the embodiment shown in FIG. 1 
and the embodiment shown in FIG. 5 is that the sensor probe 
shown in FIG. 5 has a threaded cap with a full shield, shown 
at 22. This threaded cap with a full shield 22 is made of a 
non-conductive material. Such as acetal, polytetrafluoroeth 
ylene, or any other non-conductive material capable of being 
understood by anyone skilled in the art. If the cap 22 is made 
of a non-wetting material, the behavior of the system is better 
because less conductive residue will buildup on the surface of 
the cap 22. Fluid leakage between the threaded cap with a full 
shield 22 and the insulating tube 12 is prevented through the 
use of an o-ring seal shown at 16. The o-ring seal 16 is also 
used to seal the gap between the conductive wire 11 and the 
insulating tube 12. When the threaded rod 13 is threaded all 
the way into the threaded cap 15, there is a good seal that 
prevents any leakage. The details of the implementation of 
this sealing method are capable of being understood by any 
one skilled in the art. 

Further referring to FIG. 5, the full shield on the threaded 
cap 22 provides three benefits. Benefit 1: the full shield pre 
vents the deposition offibrous waste such as toilet paper from 
touching the wire. This is especially beneficial in black water 
tanks, which take toilet waste. Benefit 2: the full shield 
includes an edge shown at 23, which creates a 180-degree 
change in direction. Due to Surface tension affects, liquid 
tends not to accumulate on Such a edge, which means that 
conductive residue also tends not to accumulate. This creates 
an additional resistance barrier in the conductive residue path, 
shown at 3. The benefit of this edge 23 is sensitive to the 
thickness of the shield. It can be a maximum of/32 of an inch, 
a maximum of/16 of an inch, a maximum of 3/32 of an inch, a 
maximum of /s inch, or a maximum of 5/32 inch. The edge 23 
illustrated here is made of two 90-degree corners. Each of 
these corners can have a radius. Making these radii as Small as 
possible will improve the ability to shed droplets. The corners 
can have a maximum radius or 5/64 inch, /16 inch, 3/64 inch, /32 
inch, or /64 inch. The edge 23 does not need to be a total of a 
180 degree change of direction. It can also be a at least 170 
degrees, at least 160 degrees, at least 150 degrees, at least 140 
degrees, at least 130 degrees, at least 120 degrees, at least 110 
degrees, at least 100 degrees, at least 90 degrees, or at least 80 
degrees. The edge 23 does not need to be comprised of two 
corners. The edge 23 can be a single corner. The edge 23 can 
be more than two corners. The corners do not need to be an 
equal number of degrees. They can be any combination of 
angles that add up to the minimum number of degrees speci 
fied above. Benefit 3: the conductive residue path 3 between 
the probe tip and the holding tank wall 2 is lengthened and the 
resistivity factor is increased as a result of the additional 
distance that current must travel on its way between probe tip 
19b and the holding tank wall 2. This is visible in the gap or 
free space shown between the threaded cap with a full shield 
22 and the insulating tube 12. In a typical configuration the 
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full shield is about 1 inch in length. This increases the path 
length by 2 inches, one inch on the inside and one inch on the 
outside. Assuming all of the other dimensions are the same as 
for the embodiment shown in FIG. 1, the total length of the 
conductive residue path 3 between the probe tip 19b and the 
holding tank wall 2 for the sensor probe with a fully-shielded 
probe tip 34 would be approximately 3.5 inches. Assuming 
that all other dimensions are the same as the embodiment 
shown in FIG. 1 and assuming an outside diameter of 0.35 
inches an inside diameter of 0.3 inches and a length of 1 inch 
for the full shield, the additional resistivity factor for the 
sensor probe with a fully-shielded probe tip 34 would be 
approximately 1/(0.35x3.14)+1/(0.3x3.14) or approximately 
2.0 making a total resistivity factor for this configuration of 
approximately 7.4. 

Referring to FIG. 6, a sensor probe with a partially shielded 
probe tip is shown at 35. This embodiment of the present 
invention is mounted into the wall of a holding tank shown at 
2 that contains a conductive liquid shown at 1. The sensor 
probe with a partially shielded probe tip 35 includes a probe 
tip shown at 19b, an electrical contact shown at 19a, and many 
of the same components as the sensor probe with a fully 
shielded probe tip shown at 34 in FIG. 5 including an electri 
cally conductive wire 11, an insulating tube 12, a conductive 
threaded rod 13, a fitting 14, an o-ring seal 16, a washer 17, 
and two nuts 18. The difference between the embodiment 
shown as 34 in FIG. 5 and the embodiment shown as 35 in 
FIG. 6 is that the embodiment shown in FIG. 6 uses a threaded 
cap with a partial shield shown at 24 instead of the threaded 
cap with a full shield shown as 22 in FIG. 5. Thus, the length 
of the conductive residue path, shown as 3 in FIG. 6, will be 
approximately the same for a typical configuration as was 
calculated for the embodiment shown in FIG. 1 and the resis 
tivity factor will also be approximately the same as for the 
embodiment shown in FIG. 1. The sensor probe with a par 
tially shielded probe tip 35 does have one of the benefits of the 
sensor probe with a full-shielded probe tip shown as 34 in 
FIG. 5 in that partial shield prevents the deposition offibrous 
waste Such as toilet paper from touching the wire 11, insulat 
ing tube 12, and probe tip 19b, which is beneficial in tanks that 
may contain larger objects or fibrous waste such as the black 
water holding tanks of a recreational vehicle that may contain 
toilet waste. 

Referring to FIG. 7, an end view from inside the tank of a 
sensor probe with a partially shielded probe tip is shown at 35. 
This is the same sensor probe that was illustrated from a 
cutaway side view in FIG. 6. This embodiment of the present 
invention is mounted into the wall of a holding tank shown at 
2. The probe tip is shown at 19b, the insulating tube is shown 
at 12, and the threaded cap with a partial shield is shown at 24. 
This end view shows the orientation of the shield to encom 
pass the upper half to the assembly. In order to ensure that the 
probe is correctly oriented when this embodiment is used, 
there is an orientation feature placed on a surface visible from 
the outside of the probe. One example of how this can be done 
is by milling a flat on the bottom half of the conductive 
threaded rod. Such an orientation feature is shown at 27 in 
FIG. 6. This orientation feature or mark can be made in a 
variety of other ways capable of being understood by anyone 
skilled in the art. 

Referring to FIG. 8, an end view from outside the tank of a 
sensor probe with a partially shielded probe tip is shown at 35. 
This is the same sensor probe that was illustrated from a 
cutaway side view in FIG. 6. This embodiment of the present 
invention is mounted into the wall of a holding tank shown at 
2. The conductive threaded rod is shown at 13, the fitting is 
shown at 14, the washer is shown at 17, and a nut is shown at 
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18. To ensure that the probe is correctly oriented when this 
embodiment is used, there is an orientation feature, shown at 
27. One example of such an orientation feature 27 is by 
milling a flat on the bottom half of the conductive threaded 
rod 12. This orientation feature or mark can be made in a 
variety of other ways capable of being understood by anyone 
skilled in the art. 

Referring to FIG.9, a sensor probe with a cylindrical probe 
tip shield is shown at 36. This embodiment of the present 
invention is mounted into the wall of a holding tank shown at 
2 that contains a conductive liquid shown at 1. The sensor 
probe with a cylindrical probe tip shield 36 includes a probe 
tip shown at 19b, an electrical contact shown at 19a, and many 
of the same components as the prior art probe shown as 31 in 
FIG. 2 including a fitting shown at 14, a washer shown at 17, 
two nuts shown at 18, and a conductive screw shown at 21. 
The difference between the prior art illustrated in FIG. 2 and 
the embodiment shown as 36 in FIG. 9 is the addition of a 
cylindrical non-conductive shield shown as 25. This shield 
has the same three benefits described previously for the shield 
that is part of the embodiment shown at 34 in FIG. 5. In 
particular, the shield on the threaded cap 22 in FIG. 5 and the 
cylindrical non-conductive shield have the following three 
benefits. Benefit 1: the full shield prevents the deposition of 
fibrous waste Such as toilet paper from touching the probe tip 
19b. This is especially beneficial in black water tanks, which 
take toilet waste. Benefit 2: the shield includes an edge shown 
at 23. Due to surface tension affects, liquid tends not to 
accumulate on Such an edge 23, which means that conductive 
residue also tends not to accumulate. This creates an addi 
tional resistance barrier in the conductive residue path, shown 
at 3. The benefit of this edge 23 is sensitive to the thickness of 
the shield. It can be a maximum of/32 of an inch, a maximum 
of/16 of an inch, a maximum of 3/32 of an inch, a maximum of 
/8 inch, or a maximum of 5/32 inch. More details about the 
characteristics and options for this edge are described in the 
part of this disclosure that discusses FIG. 5. Benefit 3: the 
conductive residue path 3 between the probe tip and the is 
lengthened and the resistivity factor is increased as a result of 
the additional distance that current must travel on its way 
between probe tip 19b and the holding tank wall 2. In a typical 
configuration the full shield is about 1 inch in length. This 
increases the path length by 2 inches, one inch on the inside 
and one inch on the outside. Assuming all of the other dimen 
sions are the same as for the embodiment shown in FIG. 2, the 
total length of the conductive residue path 3 between the 
probe tip 19B and the holding tank wall 2 for the sensor probe 
with a cylindrical probe tip shield 36 would be approximately 
2% inches. Assuming that all other dimensions are the same 
as the embodiment shown in FIG. 2 and assuming an outside 
diameter of 0.35 inches an inside diameter of 0.3 inches and 
a length of 1 inch for the full shield, the additional resistivity 
factor for the sensor probe with a fully-shielded probe tip 34 
would be approximately 1/(0.35x3.14)+1/(0.3x3.14) or 
approximately 2.0 making a total resistivity factor for this 
configuration of approximately 2.3. 

Referring to FIG. 10, a sensor probe with a corkscrew 
configuration is shown at 37. This embodiment of the present 
invention is mounted into the wall of a holding tank shown at 
2 that contains a conductive liquid shown at 1. The sensor 
probe with a corkscrew configuration 37 includes a probe tip 
shown at 19b, an electrical contact shown at 19a, and many of 
the same components as the sensorprobe with a fully shielded 
probe tip shown as 30 in FIG. 1 including an electrically 
conductive wire 11, an insulating tube 12, a conductive 
threaded rod 13, a fitting 14, an insulated threaded cap 15, an 
o-ring seal 16, a washer 17, and two nuts 18. The difference 
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between the embodiment shown as 30 in FIG. 1 and the 
embodiment shown as 37 in FIG. 10 is that the embodiment 
shown in FIG. 10 further twists the wire 11 and insulating 
tube 12 into a helical configuration which increases the effec 
tive length of the conductive residue path 3 between the probe 
tip 19b and holding tank wall 2 and has a similar impact on the 
resistivity factor for a sensor probe of equal total length. For 
example, if this corkscrew configuration doubles the conduc 
tive residue path length along the insulating tube 12 from the 
34 inches of a typical configuration as illustrated in FIG. 1 and 
all other parameters were left the same, the total path length 
would increase from 1/2 inches to 2/4 inches and the resis 
tivity factor would increase from 5.4 to 10.2 for a sensor probe 
that that can fit into the same overall dimensions. The use of 
a bent conductor configuration of the type illustrated by the 
corkscrew configuration of the electrically conductive wire 
11 and insulating tube 12 is not restricted the use of a cork 
screw or helix configuration, the bent conductor configura 
tion could be in any of a variety of otherformats including but 
not limited to a Zig-Zag, a u-shape, or a spiral, any of which 
can create a total length of the conductive path between the 
electrical contact 19a and the probe tip 19b that is more than 
110%, 120%, 130%, 140%, or 150% of the length of a straight 
line between the contact 19a and the probe tip 19b. 

Referring to FIG. 11, a sensor probe with a disk-shaped tip 
shield is shown at 38. This embodiment of the present inven 
tion is mounted into the wall of a holding tank shown at 2 that 
contains a conductive liquid shown at 1. The sensor probe 
with a disk-shaped shield 38 includes a probe tip shown at 
19b, an electrical contact shown at 19a, and many of the same 
components as the prior art probe shown as 31 in FIG. 2 
including a fitting shown at 14, a washer shown at 17, two nuts 
shown at 18, and a conductive screw shown at 21. The differ 
ence between the prior art illustrated in FIG. 2 and the 
embodiment shown as 38 in FIG. 11 is the addition of a 
disk-shaped circular non-conductive shield shown as 26. This 
disk-shaped shield 26 has two of the three benefits as the 
shield that is part of the embodiment shown at 34 in FIG. 5. 
Benefit 1: the disk-shaped shield 26 includes an edge shown 
at 23. Due to surface tension affects, liquid tends not to 
accumulate on Such an edge 23, which means that conductive 
residue also tends not to accumulate. This creates an addi 
tional resistance barrier in the conductive residue path, shown 
at 3. The benefit of this edge 23 is sensitive to the thickness of 
the shield. It can be a maximum of/32 of an inch, a maximum 
of/16 of an inch, a maximum of 3/32 of an inch, a maximum of 
/8 inch, or a maximum of 5/32 inch. More details about the 
characteristics and options for this edge are described in the 
part of this disclosure that discusses FIG. 5. Benefit 2: the 
conductive residue path 3 between the probe tip and the is 
lengthened and the resistivity factor is increased as a result of 
the additional distance that current must travel on its way 
between probe tip 19b and the holding tank wall 2. In a typical 
configuration the disk-shaped shield 26 is about 1/8 inch in 
diameter. This increases the path length by 3/4 inches, 3/8 inch 
on each side of the disk-shaped shield 26. Assuming all of the 
other dimensions are the same as for the embodiment shown 
in FIG. 2, the total length of the conductive residue path 3 
between the probe tip 19b and the holding tank wall 2 for the 
sensor probe with a disk-shaped tip shield 38 would be 
approximately 1/s. Assuming that all other dimensions are 
the same as the embodiment shown in FIG. 2 and assuming a 
maximum diameter of 1.125 inches and a minimum diameter 
of 0.375 inches, the additional resistivity factor for the sensor 
probe with a disk-shaped tip shield 38 would be approxi 
mately 0.3 making a total resistivity factor for this configu 
ration of approximately 0.6. 
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12 
FIG. 12 illustrates the detail of the o-ring seal configuration 

used in the embodiments shown in FIG. 1, FIG. 5, FIG. 6, 
FIG. 7, and FIG. 10 by showing a larger view of the relation 
ship between the electrically conductive wire shown at 11, the 
insulating tube shown at 12, the electrically conductive 
threaded rod shown at 13, the threaded cap shown at 15, and 
the o-ring seal shown at 16. Note that the threaded cap 15 in 
this diagram is substituted by a threaded cap with a full shield 
22 in FIG. 5 and by a threaded cap with a partial shield 24 in 
FIG. 6 and FIG. 7, but that this does not change the overall 
configuration of the o-ring seal 16 relative to the other com 
ponents. Note also that the o-ring seal 16 is used to prevent 
leakage between the insulating tube 12 and the wire 11 as well 
as between the insulating tube 11 and the threaded cap 15. 
Further implementation details and variations can be under 
stood and made by anyone skilled in the art. 

Referring to FIG. 13, a sensor probe with an insulating 
spacer is shown at 39. This embodiment of the present inven 
tion is mounted into the wall of a holding tank shown at 2 that 
contains a conductive liquid shown at 1. The sensor probe 
with an insulating spacer shield 39 includes a probe tip shown 
at 19b, an electrical contact shown at 19a, and many of the 
same components as the prior art probe shown as 31 in FIG. 
2 including a fitting shown at 14, a washer shown at 17, two 
nuts shown at 18, and along narrow conductive screw shown 
at 27. One of the differences between the prior art illustrated 
in FIG. 2 and the embodiment shown as 38 in FIG. 13 is the 
addition of an insulating spacer shown at 28. This insulating 
spacer increases the length of the path from the probe tip 195 
to the holding tank wall 2. In the embodiment shown in FIG. 
13 the length of the insulating spacer 28 is 2 inches, which 
takes the path length from about 0.4 inches for the prior art 
probe 31 illustrated in FIG. 2 to over 2.4 inches for the sensor 
probe with insulating spacer 39 shown in FIG. 13. The actual 
path length is greater than the length of the insulating spacer 
28 because there has also been abaffle, shown at 29 included 
in the sensor probe with insulating spacer 39. This baffle 39 is 
optional. The change in direction of the baffle is 120-degrees 
or more in this embodiment, but other embodiments could 
have a change in direction of 100-, 150- or 180-degrees or 
more. The radius of the change in direction could be less than 
5/32, 5/64, /16, 3/64, /32, or /64 inch in various embodiments. 
There can also be multiple baffles 39, each of which can have 
an impact similar to a small version of the disk-shaped tip 
shield that was shown as 26 in FIG. 11. Note that the baffle 39 
also has an edge 23 with some of the same characteristics and 
benefits as the edges that were shown at 26 in FIG. 5, FIG.9 
and FIG. 11. It is further worth noting that the insulating 
spacer 28 also has a reduced cross section (or diameter, since 
the embodiment shown here is cylindrical). This reduced 
cross section was facilitated by replacing the conductive 
screw, shown at 21 in FIG.2, which typically has a 3/16 outside 
diameter (10-32 thread) with a smaller 4-40 thread that has an 
outside diameter of 0.112 inches for the long narrow conduc 
tive screw 27 and then using an insulating spacer 28 with a 
0.29 inch wall thickness to give a total diameter of the insu 
lating spacer 28 of 0.160 inches and a perimeter of approxi 
mately 0.5 inches. If this narrow cross section is maintained 
over 1.75 inches of the spacer, it creates an increase in resis 
tivity factor of approximately 1.75/0.5 or 3.5 over the prior art 
probe 31 illustrated in FIG. 2, making the total resistivity 
factor approximately 3.8, a more than 12-fold increase over 
the prior art that was illustrated in FIG. 2. The insulating 
spacer 28 could be made of a single component, such as the 
injection molded acetal part shown in FIG. 13. The insulating 
spacer 28 could also be made of multiple elements such as an 
insulating tube 11 in FIG. 1 plus a threaded cap 15 in FIG. 1. 
In this case, the threaded cap would be threaded all the way 
through and the insulating tube 11 would cover the threads of 
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the long narrow conductive screw shown at 27 in FIG. 13 
between the screw head and the threaded cap. 
A number of variations and modifications of the disclosed 

embodiments can also be used. The principles described here 
can also be used for in applications other than recreational 
vehicles such as bioreactors, etc. While the principles of the 
disclosure have been described above in connection with 
specific apparatuses and methods, it is to be clearly under 
stood that this description is made only by way of example 
and not as limitation on the scope of the disclosure. 

What is claimed is: 
1. A single-terminal moving wastewater holding tank sen 

Sorprobe for use in determining presence of conductive liquid 
within a wastewater holding tank, the single-terminal moving 
wastewater holding tank sensor probe comprising: 

an electrical terminal configured for wiring into a level 
measuring circuit, wherein: 
an electrical connection to the electrical terminal is con 

figured to pass a time-invariant electrical signal with a 
constant Voltage applied during normal operation 
while determining presence of conductive liquid 
within the wastewater holding tank, and 

the electrical terminal is configured for electrical con 
nection to other probes during normal operation that 
collectively measure a level of the conductive liquid 
in the wastewater holding tank; 

an electrical contact configured for wiring into a level 
measuring circuit; 

a probe tip configured for contact with fluid within the 
wastewater holding tank during normal operation; 

an electrical conductor for electrically coupling the elec 
trical terminal and the probe tip, 
whereby the electrical conductor is configured for instal 

lation through an aperture in the wastewater holding 
tank during normal operation, and 

wherein only one conductive element passes through the 
aperture; 

an electrical insulator at least partially encapsulating the 
electrical conductor, wherein: 
the electrical insulator comprises a non-conductive 

material having an exposed surface that is configured 
to be in contact with any fluid in the wastewater hold 
ing tank in the region between the aperture and the 
probe tip, wherein: 

the non-conductive material comprises a tubular portion 
aligned with an axis of the electrical conductor, and 

the tubular portion has a circular geometry with an out 
side diameter of less than a quarter inch, and 

a path from the probe tip and along the exposed Surface 
toward the aperture, during normal operation, 
wherein the path comprises a length-to-width ratio 
that exceeds 2.0, and wherein the lengthto-width ratio 
is a length of a conductive residue path on the exposed 
surface in a direction substantially parallel with the 
electrical conductor divided by the width of the con 
ductive residue path on the exposed surface in a direc 
tion perpendicular to the length; and 

a fitting Suitable for sealing the aperture, wherein the fitting 
is annularly configured around at least one of the elec 
trical terminal and the electrical conductor. 

2. The single-terminal moving wastewater holding tank 
sensor probe for use in determining presence of conductive 
liquid within the wastewater holding tank as recited in claim 
1, wherein: 

the electrical terminal is threaded; 
the probe is configured for mounting horizontally into the 

wall of the holding tank of a recreational vehicle: 
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14 
a path from the probe tip and along the exposed surface 
away from the probe tip to a most proximate point on a 
wall of the tank passes a distance that exceeds 34 inch; 
and 

the single terminal is configured for electrically connecting 
to other probes through a resistor block in a network 
capable of providing readings of multiple levels when 
connected to a constant current Source. 

3. The single-terminal moving wastewater holding tank 
sensor probe for use in determining presence of conductive 
liquid within the wastewater holding tank as recited in claim 
1, wherein the path has the length-to-width ratio that exceeds 
one of 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, and 6.0. 

4. The single-terminal moving wastewater holding tank 
sensor probe for use in determining presence of conductive 
liquid within the wastewater holding tank as recited in claim 
1, wherein at least two of the electrical terminal, the electrical 
conductor and the probe tip are monolithic. 

5. The single-terminal moving wastewater holding tank 
sensor probe for use in determining presence of conductive 
liquid within the wastewater holding tank as recited in claim 
1, wherein: 

at least part of the electrical insulator is non-wetting, and 
at least part of the insulator comprises polytetrafluroethyl 
CC. 

6. The single-terminal moving wastewater holding tank 
sensor probe for use in determining presence of conductive 
liquid within the wastewater holding tank as recited in claim 
1, wherein: 

at least one part of the electrical insulator has a cross 
section perpendicular to a line between the probe tip and 
the electrical terminal, 

the one part is at least one of /s inch, 4 inch, 3/8 inch, /2 
inch, 5/8 inch, and 3/4 inch long, and 

the cross-section is less than one of /16 inch, 3/32 inch, /s 
inch, 5/32 inch, /16 inch, 7/32 inch, 4 inch, /32 inch, and 
5/16 inch across. 

7. The single-terminal moving wastewater holding tank 
sensor probe for use in determining presence of conductive 
liquid within the wastewater holding tank as recited in claim 
1, further comprising an orientation mark fixed relative to the 
electrical conductor configured to be visible from outside 
from the wastewater holding tank. 

8. The single-terminal moving wastewater holding tank 
sensor probe for use in determining presence of conductive 
liquid within the wastewater holding tank as recited in claim 
1, further comprising a shield that can be positioned to pre 
vent the accumulation of debris on the probe tip. 

9. The single-terminal moving wastewater holding tank 
sensor probe for use in determining presence of conductive 
liquid within the wastewater holding tank as recited in claim 
1, wherein the fitting is elastic. 

10. The single-terminal moving wastewater holding tank 
sensor probe for use in determining presence of conductive 
liquid within the wastewater holding tank as recited in claim 
1, wherein the fitting is suitable for spin welding. 

11. A single-terminal holding tank sensor probe for use in 
determining presence of conductive liquid within a mobile 
wastewater holding tank, the holding tank sensor probe com 
prising: 

an electrical terminal, wherein: 
an electrical connection to the electrical terminal is con 

figured to pass a time-invariant electrical signal with a 
constant Voltage applied during normal operation 
while determining presence of conductive liquid 
within the mobile wastewater holding tank, and 

the electrical terminal is configured for electrical con 
nection to other probes during normal operation that 
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collectively measure a level of the conductive liquid 
in the mobile wastewater holding tank; 

a single probe tip suitable for conducting an electrical 
signal to the liquid; 

an electrical conductor for electrically coupling the elec 
trical terminal and the probe tip, whereby the electrical 
conductor is configured for installation: 
at least partially within the mobile wastewater holding 

tank during normal operation, and 
at least partially outside the wastewater holding tank; 
and 

an electrical insulator between the probe tip and the elec 
trical conductor, wherein: 
the electrical insulator has exposed surface, 
a path from the probe tip and along the exposed Surface 
away from the probe tip to a most proximate point on 
a wall of the tank passes a distance in excess of 0.75 
inch, and wherein: 

a perimeter of the path along the exposed Surface per 
pendicular to current flow has a maximum dimension 
less than the circumference of a circle having a diam 
eter of a quarter inch, and 

the path further comprises a length-to-width ratio that 
exceeds 2.0 and 

the length-to-perimeter ratio is: 
the path on the exposed Surface in a direction Substan 

tially parallel with the electrical conductor, divided 
by 

the perimeter of the path on the exposed surface of a 
cross section of the path in a direction perpendicu 
lar to the length. 

12. The holding tank sensor probe for use in determining 
presence of conductive liquid within the mobile wastewater 
holding tank as recited in claim 11, wherein the length-to 
width ratio exceeds at least one of 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 
5.5, and 6.0. 

13. The holding tank sensor probe for use in determining 
presence of conductive liquid within the mobile wastewater 
holding tank as recited in claim 11, wherein the distance 
exceeds one or more of 1.0 inch, 1.25 inches, 1.5 inches, 1.75 
inches, 2.0 inches, 2.25 inches, 2.5 inches, 2.75 inches, and 
3.0 inches. 

14. The holding tank sensor probe for use in determining 
presence of conductive liquid within the mobile wastewater 
holding tank as recited in claim 11, further comprising a cap 
proximate to the electrical conductor, wherein the cap com 
presses an o-ring to seal the electrical insulator. 

15. The holding tank sensor probe for use in determining 
presence of conductive liquid within the moving wastewater 
holding tank as recited in claim 11, wherein: 

the path includes a change in direction of 120 degrees or 
more, and 

the thickness of the insulator proximate to the change in 
direction is 5/32 inch or less. 

16. The holding tank sensor probe for use in determining 
presence of conductive liquid within the moving wastewater 
holding tank as recited in claim 11, wherein: 

the path includes a change in direction of 120 degrees or 
more, and 

the radius of the change in direction is 5/64 inch or less. 
17. The holding tank sensor probe for use in determining 

presence of conductive liquid within the mobile wastewater 
holding tank as recited in claim 11, wherein the electrical 
insulator, along a radius of a cross-section perpendicular to a 
line between the probe tip and the electrical terminal, has a 
first portion and a second portion, which are separated by free 
Space. 

18. The holding tank sensor probe for use in determining 
presence of conductive liquid within the mobile wastewater 
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16 
holding tank as recited in claim 11, further comprising a 
shield configured to prevent the accumulation of debris and 
an orientation mark fixed relative to the electrical conductor 
configured to be visible from outside from the mobile waste 
water holding tank. 

19. A holding tank sensor probe for use in determining 
presence of conductive liquid within a mobile wastewater 
holding tank, the holding tank sensor probe comprising: 

an electrical terminal wherein: 
an electrical connection to the electrical terminal is con 

figured to pass a time-invariant electrical signal with a 
constant Voltage applied during normal operation 
while determining presence of conductive liquid 
within the mobile wastewater holding tank, and 

the electrical terminal is configured for electrical con 
nection to other probes during normal operation that 
collectively measure a level of the conductive liquid 
in the mobile wastewater holding tank; 

a probe tip; 
an electrical conductor for electrically coupling the elec 

trical terminal and the probe tip, whereby the electrical 
conductor is configured for installation through an aper 
ture in the mobile wastewater holding tank during nor 
mal operation and wherein only one conductive element 
passes through the aperture; and 

an electrical insulator between the probe tip and the elec 
trical conductor, wherein: 
the electrical insulator has a cross section, and 
the cross section has a maximum dimension of 5/16 inch 

or less in at least one part, 
a conductive residue path passes from the probe tip and 

along the exposed Surface away from the probe tip to 
a most proximate point on a wall of the mobile waste 
water holding tank, 

a perimeter of the conductive residue path along the 
exposed surface perpendicular to current flow has a 
maximum dimension less than the circumference of a 
circle having a diameter of a quarter inch, and 

the conductive residue path further comprises a length 
to-width ratio that exceeds 2.0, and 

the length-to-width ratio is: 
a length of a conductive residue path on the exposed 

surface in a direction substantially parallel with the 
electrical conductor, divided by 

the width of the conductive residue path on the 
exposed surface in a direction perpendicular to the 
length. 

20. The holding tank sensor probe for use in determining 
presence of conductive liquid within the mobile wastewater 
holding tank as recited in claim 19, wherein the length-to 
width ratio exceeds one of 0.5,0.75, 1.0, 1.25, 1.5, 1.75, 2.0, 
2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, and 6.0. 

21. The holding tank sensor probe for use in determining 
presence of conductive liquid within the mobile wastewater 
holding tank as recited in claim 19, wherein the maximum 
dimension is at least one of /16 inch, 3/32 inch, /8 inch, 5/32 
inch, 3/16 inch, 7/32 inch, 4 inch, /32 inch, and 5/16. 

22. The holding tank sensor probe for use in determining 
presence of conductive liquid within the mobile wastewater 
holding tank as recited in claim 19, wherein the conductive 
residue path from the probe tip and along the exposed surface 
away from the probe tip to a most proximate point on a wall 
of the tank passes a distance that exceeds one of 0.75 inch, 1.0 
inch, 1.25 inches, 1.5 inches, 1.75 inches, 2.0 inches, 2.25 
inches, 2.5 inches, 2.75 inches, and 3.0 inches. 

23. The holding tank sensor probe for use in determining 
presence of conductive liquid within the mobile wastewater 
holding tank as recited in claim 19, further comprising a 
shield that can be positioned to prevent the accumulation of 
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debris on the probe tip and an orientation mark fixed relative 
to the electrical conductor configured to be visible from out 
side the mobile wastewater holding tank. 

24. The holding tank sensor probe for use in determining 
presence of conductive liquid within the mobile wastewater 
holding tank as recited in claim 19, wherein the electrical 
insulator, along a radius of a cross-section perpendicular to a 
line between the probe tip and the electrical terminal, has a 
first portion and a second portion, which are separated by free 
Space. 

25. The single-terminal moving wastewater holding tank 
sensor probe for use in determining presence of conductive 
liquid within the wastewater holding tank as recited in claim 
1, wherein at least two of the electrical terminal, the electrical 
conductor and the probe tip are separable. 
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