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SYSTEM AND METHOD FOR DETECTING A
SECTION OF LEAD PIPING IN A FIELD
SETTING

RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/675,723, filed on May 23, 2018.
The entire teachings of the above application are incorpo-
rated herein by reference.

BACKGROUND

[0002] Lead pipes present an important health concern that
has attracted national media attention in recent years. Iden-
tification of buried lead pipes without any excavation is of
utmost importance. Current systems and methods to identify
pipe material without excavation exist, but have significant
disadvantages.

[0003] For example, U.S. Pat. No. 7,125,482 (“the 482
patent”) relates to the material identification of a buried pipe
by measuring the electrochemical pipe-to-soil potentials at
different locations. The *482 patent describes electrifying the
soil and pipes through the groundbed and measuring elec-
trical potential with sensing electrodes. The advantage of
this technique is that it is contactless. At least one disad-
vantage is that it provides only a local measurement of the
pipe which is a function of the number and location of the
sensing probes. For this technique to be performed, it is
important to know the location of the pipe in the ground.
Further this technique does not account for the possible
interference of nearby utilities or other pipes.

[0004] Another method for identifying the material a pipe
consists of is Eddy Current Testing. This method relies on a
test coil being inserted in a section of pipe (e.g., a water
line), and measuring the changes in the impedance of a test
coil. AC current is applied to the test coil which creates a
magnetic field. This magnetic field induces an eddy current
in the surrounding pipe. The eddy current will create a
secondary magnetic field that changes the impedance of the
test field. The material of the pipe may be identified using
this method. However, this method requires inserting the test
coil into the pipe which creates issues as it is difficult to
navigate through sharp bends, turns, and any stop valves in
the pipe. Also, water service is required to be interrupted
during measurement.

SUMMARY

[0005] Embodiments of the present disclosure relate to
methods and systems for detecting the presence and/or
quantity of lead within a section of buried piping by mea-
suring electrical resistance or conductance of the section of
piping. Electrical resistivity and electrical conductivity are
reciprocals of each other, and one of skill in the art would
recognize that embodiments of the present disclosure may
be performed based on determining electrical resistance or
conductance of piping. For example, a lower conductance
value may indicate the presence of lead in the same manner
as a higher resistance value.

[0006] ILead has a significantly higher resistivity than
copper, and it is expected that the resistance of piping with
portions of lead will be much higher than if the piping were
entirely made of copper. The theoretical value for the
resistivity of copper is 1.71x107® ©/m, and the theoretical
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value for the resistivity of lead is 21.3x107® Q/m. Thus, the
ratio of the resistivity of lead to copper is 12.5.

[0007] However, in practice, the resistance of copper and
lead pipes buried underground may be different. For
example, copper and lead pipes removed from the field have
resistivity measured at 2.13x10™® Q/m for copper, and
14.3x107® Q/m for lead. While the resistivity of copper
increased over its theoretical value and the resistivity of lead
decreased from its theoretical value, the two resistivity
values are still different by a ratio of 7. This difference in the
resistivity values of copper and lead is enough to be able to
measure a significant difference of resistance when lead is
present in a buried section of piping.

[0008] In addition to identifying the difference between
the theoretical and actual resistivity values for copper and
lead piping, experimental testing demonstrated that the
conditions of the buried piping, such as oxide on the surface,
dirt, cracks, and holes, do not significantly affect the resis-
tance. The resistance measurement can also be reliably
performed with water inside the piping. Further, the sur-
rounding soil will not significantly affect the resistance
measurement either. Further still, the effect of a pipe cou-
pling, that may or may not be present in a section of piping,
such as a Copper-Copper (Cu—Cu) coupling or a Copper-
Lead (Cu—Pb) coupling, was also considered. A Cu—Cu
coupling does not change the value of the resistivity. In
contrast, a Cu—Pb coupling increases the measured resis-
tance. The amount of the increase depends on the type of
coupling. The values vary from an increase of 6.5 p€2 to
open.

[0009] Embodiments of the present disclosure include a
method and apparatus capable of determining significance of
electrical resistance of a section of piping, and how the value
of the electrical resistance relates to the presence and/or
quantity of lead in the section of piping. The term “piping”
is inclusive of pipe, and other parts or features of a pipe
system (e.g., a curb stop, a valve, a pipe coupling, a water
meter, a water spigot, etc.).

[0010] At least one embodiment of the present disclosure
comprises coupling source leads of wire to first separated
locations of a section of piping buried in a field setting, and
coupling sensor leads of wire to second separated locations
of the section of piping, wherein the second separated
locations of the section of piping are located between the
first separated locations. After the source leads and sensor
leads are coupled to the piping, electrical current flow may
be delivered to the section of piping via the source leads. The
voltage level between the sensor leads may be measured via
a voltmeter connected to the sensor leads. In some embodi-
ments, the distance between the sensor leads of wire (i.e., the
distance between the second separated locations) is mea-
sured. In some scenarios it may be prohibitively difficult to
measure the distance between the sensor leads, in such cases
the distance may be estimated. The resistance of the section
of piping, as a function of the electrical current flow and the
voltage level, is calculated to determine whether at least a
portion of the section of piping includes lead content as a
function of the calculated resistance and the measured
distance.

[0011] According to some embodiments, the determina-
tion of whether at least a portion of the section of piping
includes lead content may be a function of the calculated
resistance, measured distance (or estimated distance)
between the sensor leads, an inside diameter of the section
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of piping, and an outside diameter of the section piping.
Some embodiments further include using probability detec-
tion techniques to determine a probability that the determi-
nation of whether at least a portion of the section of piping
includes lead content is correct. Some embodiments further
include determining a length of the portion of the section of
piping that includes lead content, the length of the portion of
piping being calculated as a function of the calculated
resistance, the measured distance (or estimated distance)
between the sensor leads, an inside diameter of the section
of piping, an outside diameter of the section of piping. In
some embodiments, the determination of whether at least a
portion of the section of piping includes lead content is a
function of the calculated resistance, the measured distance,
resistivity of copper, and resistivity of lead.

[0012] According to some embodiments, the electrical
current flow delivered to the section of piping via the source
leads may be varied or adjusted depending on the amount of
resistance being measured. In some embodiments, varying
the electrical current flow delivered to the section of piping
via the source leads comprises delivering multiple different
amounts of electrical current. For example, the electrical
current flow delivered to the section of piping via the source
leads may be varied by delivering 10 amperes of electrical
current, and delivering 1 ampere of electrical current. In
some embodiments, varying the electrical current flow
delivered to the section of piping via the source leads
comprises delivering electrical current flow in a first direc-
tion, and delivering electrical current flow in a second
direction.

[0013] Some embodiments include a first source lead and
a second source lead, and a first sensor lead and a second
sensor lead. In some embodiments, the first source lead and
the first sensor lead are coupled to locations of the section of
piping that are separated by at least 1.5 times the cross-
sectional perimeter of piping, and the second source lead and
the second sensor lead are coupled to locations of the section
of piping that are separated by at least 1.5 times the
cross-sectional perimeter of the piping.

[0014] Some embodiments may include determining
whether at least a portion of the section of piping includes
lead content as a function of the measured voltage level
without explicitly calculating a resistance. For example, the
measured voltage may be compared to pre-calculated volt-
ages in a table for particular electrical currents and physical
characteristics of piping (e.g., lengths, inside diameters,
outside diameters) to determine whether at least a portion of
the section of piping includes lead content. Additionally, one
of skill in the art would understand that, equivalent to
calculating the resistance of the section of piping as a
function of the electrical current flow and the voltage level,
one could derive an equation to determine whether at least
a portion of the section of piping includes lead content as a
function of the measured voltage level instead of resistance
because voltage is equal to current times resistance. Thus,
the measured voltage for a particular current is mathemati-
cally interchangeable with the respective resistance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The foregoing will be apparent from the following
more particular description of example embodiments, as
illustrated in the accompanying drawings in which like
reference characters refer to the same parts throughout the
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different views. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating embodi-
ments.

[0016] FIG. 1 is a table of calculated values of the elec-
trical resistance of water lines with combinations of lengths
of copper and lead pipes.

[0017] FIG. 2 is a table of descriptions of various pipe
samples removed from the field for testing.

[0018] FIG. 3 is a table of the results of experimental
conductivity testing of the pipe samples.

[0019] FIG. 4 is a table of the results of experimental
conductivity testing of the pipe samples where the connec-
tion points for the leads were cleaned.

[0020] FIG. 5 is a table of the results of experimental
conductivity testing of the pipe samples with and without
water.

[0021] FIG. 6 is a table of the resistances of pipe cou-
plings.
[0022] FIG. 7 illustrates an embodiment of the present
disclosure for detecting presence of lead in piping in a field
setting.
[0023] FIG. 8 is a graph of the value of the resistance of

a section of pipe as a function of lead content.

[0024] FIG. 9 is a block flow diagram of an example
method for detecting a section of lead in piping in a field
setting.

[0025] FIG. 10 is a block flow diagram of example instruc-

tions executed by a lead detection module.

[0026] FIG. 11 is a diagram of the internal structure of a
computer.

DETAILED DESCRIPTION
[0027] A description of example embodiments follows.
[0028] Embodiments of the present disclosure provide for

detecting the presence and/or quantity of lead within a
section of buried piping without the drawbacks of prior art
as discussed above. Embodiments of the present disclosure
avoid the need to excavate a buried section of pipe unnec-
essarily by measuring the electrical resistance of the section
of piping to determine if a portion of the section of piping
is or contains lead.

[0029] One of skill in the art would understand that
embodiments of the present disclosure may be used to detect
the presence of lead in a section of piping in many different
applications. One example problem that embodiments of the
present disclosure is able to address, without the drawbacks
of the prior art, is where the material of a residential water
service line is unknown. A residential water service line is
the piping that connects a house to a water main that supplies
an area with water.

[0030] Typically, the water main is buried beneath a street
adjacent to the house. For each house that the water main
serves, a water service line stems from the water main and
runs beneath the residential property (e.g., under the front
yard) to each respective home at a point in the foundation.
Water service line pipe is typically %4 to 2 inches in diameter
and is buried at a depth determined by the local building
code, with colder climates requiring deeper burial.

[0031] Generally, the water utility company or the munici-
pality that supplies the water is responsible for the mainte-
nance of the water main, but the homeowner is responsible
for the water service line that runs beneath their property.
With each individual water service line being the responsi-
bility of the home owner, it is often unknown if the water
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service line pipe or piping serving a home is made of lead
or copper. Lead pipes present an important health concern,
and homeowners, as well as prospective home purchasers,
wish to know if the water service line to the home contains
any lead pipe. However, accessing the buried water service
line is costly and difficult, and current methods of material
identification of buried pipe have the drawbacks described
above.

[0032] To solve this issue without the drawbacks of the
prior art, a method and system for detecting a section of lead
pipe in a field setting by measuring the electrical resistance
of the section of piping was designed and developed.
Described below is experimental testing and development
that proved the effectiveness of this concept, and integrated
the concept into a practical application suitable for use in the
field.

Measurement Approach

[0033] The resistance of a water service line piping made
of lead and copper parts may be modeled by the following
formula:

Lpy

R=Rey+ Rpp = [PCuI;—:;]Cu + [PPbE]Pb

[0034] Where: R, is the resistance of the copper por-
tion of the water line,

[0035] Ry, is the resistance of the lead portion of the
water line,
[0036] p, and pj, are the resistivity of copper and

lead, respectively,
[0037] L., is the length of the copper portion of the
water line,
[0038] L., is the length of the lead portion of the
water line,
[0039] S, and S, are the surface area of the metal
for each material.
[0040] With S=0.25 n(OD*-ID?); OD: external diam-
eter, ID: internal diameter; and
[0041] Total length of the water line=L ., +L z.
[0042] This formula is an approximation as it does not
take into account an impact of a connection between the lead
and copper pipes. Examples of calculated values for water
line piping with a mix of copper and lead pipes are presented
in the table of FIG. 1.
[0043] FIG. 1 is a table of calculated values of the elec-
trical resistance of water lines with combinations of lengths
of copper and lead pipes. As shown in the table of FIG. 1,
the theoretical value of the resistance of a 100-meter water
pipe will be changed even if only 1 meter of lead is present.
The change in the resistance value is in the order of a Y10 of
a mat. This change can be measured with a micro-range
ohmmeter.

Laboratory Testing

[0044] Laboratory testing was performed to prove the
concept that the resistance of piping in the field can be used
to determine the presence of lead. Several samples of pipe
were removed from the field for evaluation. The pipe
samples are actual water service line pipes removed from
supply service for residential homes. These samples are
listed and described in the table of FIG. 2. Each of the
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samples was measured at least four times, and the measure-
ments were averaged together to determine the sample’s
dimensions. Overall, the averages obtained for each sample
showed that the pipes sampled had the following dimen-
sions:

Copper Pipe
OD (in) 0.88
ID (in) 0.78
Lead Pipe
OD (in) 1.07
ID (in) 0.84

The Measurements of Pipe Resistance

[0045] A Low Resistance Ohmmeter (LRO) was used to
measure the resistance of each sample pipe. The LRO
chosen uses four lead wires to perform a low resistance
measurement. Two leads are used for providing a current
(C1 and C2), also referred to herein as source leads, through
the sample pipe, and two other leads (P1 and P2), also
referred to herein as sensor leads, are used to measure the
potential (i.e., voltage) on the sample pipe. The potential
leads were placed on the inside between the current leads.
Before any resistance was measured, two points on each
sample pipe were chosen for where to apply the sensor leads.
The distance between those two points was then measured.

[0046] Leads were applied on each sample pipe with the
position of leads C1 and C2 on the outside, and leads P1 and
P2 placed in-between C1 and C2. A solid connection of both
leads was made simultaneously to create a full circuit. The
LRO was first set to provide 10 A of current, which, in this
case was the most sensitive setting. If the resistance was
undetectable because it was out of the range, the LRO was
then set to 1 A for a lower current. The resistance measure-
ment was repeated three times for accuracy purposes.

[0047] The conductivity of the samples from the field were
measured. The results obtained are shown in the table of
FIG. 3. No cleaning or other preparation was done on the
pipes prior to measuring the resistance. From the field
samples received for analysis, only one copper section was
long enough to measure the resistance (16-0209-Cu-1). The
conductivity for a copper pipe was found to be 47.5x10°
siemens per meter (S/m), with a resistivity of 2.11x107%
Q/m. Resistivity is a measure of the resisting power of a
material to the flow of an electric current. The SI unit of
electrical resistivity is the ohm-meter (€2-m). Conductivity is
the reciprocal of electrical resistivity, and represents a mate-
rial’s ability to conduct electric current. The SI unit of
electrical conductivity is siemens per meter (S/m).

[0048] Several samples were used to determine the con-
ductivity/resistivity of lead pipes. The average of the mea-
surements resulted in a conductivity of 7x10° S/m and a
resistivity of 14.3x107® Q/m for the lead pipes.

[0049] The results obtained for the lead pipes had some
dispersion. To test if this variability was due to a poor
connection of the leads to the pipes, the area where the leads
were applied was removed of oxides by cleaning with sand
paper, and the measurements were made again. The results
from retesting of the pipes with a clean connection are
shown in the table of FIG. 4.
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[0050] Conductivity values obtained with a clean connec-
tion (shown in the table of FIG. 4) are similar to those
obtained without cleaning the surface of the pipe (shown in
the table of FIG. 3). Thus, the removal of oxides on the
surface did not significantly affect the test results.

[0051] The data shows that the copper pipes have a lower
experimental conductivity (47.5x10° S/m) than theoretical
conductivity (58.5x10° S/m). In contrast, the lead pipes’
experimental conductivity values (7x10° S/m) are much
higher than what is expected based off the theoretical
conductivity value of 4.7x10° S/m. However, the conduc-
tivity of copper is still larger than the conductivity of lead by
a factor of nearly 7.

[0052] As described above, pipes removed from the field
were not cleaned prior to performing testing. Thus, dirt and
oxidation were present on the pipes. The cleanest sample
was 16-0209-Pb-1, and the dirtiest sample was 16-0209-CP-
2. There were no significant differences in the conductivity
value obtained between those two samples, as shown in the
table of FIG. 3. Also, sample 16-0209-CP-2 had several
holes and cracks. The conductivity value obtained for
16-0209-CP-2 (see the table of FIG. 3) shows that there is
no difference in the value compared to the results obtained
with the other sample lead pipes. Thus, the presence of pipe
defects, such as an irregular surface, holes or cracks have no
influence on the conductivity/resistivity measurement.
[0053] In the field, the pipe is buried in the soil and filled
with tap water. Thus, measurement of the resistance/con-
ductance of sample pipes filled with tap water was per-
formed. The comparative resistivity/conductivity measured
for the empty and filled sample pipe are shown in the table
of FIG. 5. The results in the table of FIG. 5 show that the
presence of water in the pipes does not interfere with the
conductivity measurements. Tap water has a much higher
conductivity than soil, so it should be more susceptible to
interfere with the measurement than soil. From the results
obtained with the pipe filled with water, it is concluded that
soil would also have minimal influence on the resistivity/
conductivity measurement.

[0054] Two coupling types were evaluated for the sample
pipes received from the field. First a Cu—Cu coupling, and
secondly, a Cu—Pb coupling. In the samples received, there
were three different configurations of Cu—Pb couplings.
Resistance was measured including the copper side, the
coupling and, the lead side to determine the contribution of
the Cu—Pb coupling. The resistance R measured can be
expressed as three contributions:

R=Re,+RpptRcy py

[0055]
[0056]
[0057

Pb.
[0058] The resistance of the coupling was calculated by
subtracting the portion of the resistance due to the copper
pipe and the lead pipe calculated from the resistivity of
copper and lead and the respective length of each pipe. The
results obtained are presented in the table of FIG. 6.
[0059] Based on these results, the connection between
copper and lead pipe will increase the resistance. In one type
of connection (16-0209-CP-1, Connection B), the resistance
was too high to be measured with a LRO. The lowest value
connection measured was a resistance of 6.5 pQ for
16-0209-CP-2.

Where R, is the resistance of the Cu pipe
Ry, is the resistance of the Pb pipe
R, pp 1s the resistance of the coupling Cu—

Nov. 28, 2019

[0060] For a Cu—Cu connection, the resistance of the
pipe with the connection was comparable to a similar length
copper pipe without the Cu—Cu connection. It may be
concluded that there is not significant contribution of the
Cu—Cu connection to the overall resistance of the pipe.

[0061] Based in part on the knowledge gained from the
laboratory testing, a lead detection technique was developed
to help assist in the interpretation of field measurements. In
a postulated field scenario, a resistance measurement would
be performed between the house (at copper piping inside
home or other accessible location) and the street water
shutoff. The lead detection device both performs the resis-
tance measurement between those two locations and aids in
its interpretation to determine the presence of lead.

[0062] One example scenario depicted in FIG. 7 is where
homeowners may wish to determine if the water service line
that supplies their home with water contains lead. One of
skill in the art would understand that FIG. 7 illustrates a
non-limiting example scenario, and that embodiments of the
present disclosure may be used to detect the presence of lead
in many different applications.

[0063] FIG. 7 illustrates an example embodiment for
detecting the presence of lead in a water service line piping
102 between a water main 101 and a home 103. In this
example scenario, a water main 101 (depicted as running
into the page and perpendicular to the water service line 102)
owned by a water utility company supplies water to a home
103 via a water service line 102.

[0064] Generally, the water utility company is responsible
for the water main 101 and the section of the water service
line piping 102 between the water main 101 and the street
water valve 150a. The homeowner is generally responsible
for water service line 102 after the street water valve 150a.
This may create a situation where the homeowner or a
prospective buyer does not know whether the section of the
water service line piping 102 running from the street shutoft
valve 150a, under the sidewalk 105 and front yard 106, to
the basement 108 of the home 103 contains any lead pipe or
other lead parts of a pipe system.

[0065] Further, while the example below is described from
the perspective of the home owner’s water service line 102,
one of skill in the art would recognize that embodiments of
the present disclosure would be applicable to other use cases
involving piping. For example, the embodiments describe
below are also capable of detecting the presence of lead in
the section of piping between the water main 101 and the
street shutoff valve 150a. Further still, one of skill in the art
would understand embodiments of the present invention
may be used on other products/materials besides piping to
determine the presence of lead.

[0066] An example embodiment of the present disclosure
is a lead detection device 100 that is capable of detecting the
presence of lead in the water service line 102 in part by
calculating the resistivity of the water service line piping
102. The lead detection device 100 takes advantage of the
important difference of resistivity between copper and lead.
Copper’s theoretical resistivity is 1.71x107% Q/m while
lead’s theoretical resistivity is 21.3x10™® Q/m, a ratio of
12.5. However, copper and lead pipes that are used as water
service lines are expected to have a resistivity of approxi-
mately 2.13x107® Q/m and 14.3x107® Q/m, respectively.
This difference is big enough that measurement of the
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resistance of pipes will be affected even by the presence of
a small amount of lead in a mostly copper water service line
piping.

[0067] The resistance of the water service line piping 102
will be below 1Q. Thus, a Low Resistance Ohmmeter or low
resistance measurement techniques will be needed to mea-
sure its resistivity. Low resistance measurement is used to
identify issues in a variety of components and industries.
[0068] The lead detection device 100 uses four lead wires
122a, 1226, 132a, and 1325 to perform the low resistance
measurement of a section of the water service line 102,
which includes a portion 102' composed of lead. Two source
lead wires 122a, 1224 are used to apply current, and two
sensor lead wires 1324, 1325 are used for potential mea-
surements. Before any resistance is measured, four points
(i.e., two separated sections) on the water service line piping
102 are chosen as locations at which to apply the leads. In
this example, the first source lead 1224 is coupled at location
120a, near to the street water shut off valve 1504, which is
accessed via an access box 107 under the sidewalk 105 in
front of the house 103. The second source lead 1224 is
coupled at location 1205, near the home water shut off valve
1505, which is accessed in the basement 108 of the house
103.

[0069] In other situations, the sensor lead wires and the
source lead wires may be coupled to a part of the pipe system
if the pipe itself is not as accessible as shown in the example
above. For example, the lead wires, on one or both ends of
the section of piping, may be coupled to a curb stop, a pipe
coupling, a water meter, or a water spigot that is part of the
section of piping. In such situations, the lead detection
device 100 operates in the same manner as if the leads were
attached to the pipe itself.

[0070] The potential (i.e., voltage) sensor leads 132a and
1324 are attached to the water service line 102 in separated
locations 130a and 13054, respectively, in-between the cur-
rent source leads locations 120a and 12056. In order to
measure the resistance of the section of the water service line
102 in-between the coupling locations 130a and 1305 of the
potential sensor leads, the lead detection device 100 may
utilize a constant current DC source 112 to provide a
constant current 160 through the section of water service
line 102. Further, the lead detection device 100 may utilize
a DC voltmeter 114 to measure the voltage of the section of
the water service line 102 between the coupling locations
130a, 1305 of the two potential sensor leads 132a, 1325.
[0071] The constant current DC source 112 and the DC
voltmeter 114 provide the current and the measured voltage,
respectively, to a lead detection module 110. According to
some embodiments, the lead detection module 110 calcu-
lates the resistance of the section of the water line 102 as a
function of the electrical current and the measured voltage
(i.e., Resistance=Voltage/Current). In some embodiments,
the lead detection module 110 may be implemented as a
computer system (e.g., the computer system 50 as shown in
FIG. 11 and described below) including a processor 84.
[0072] According to the example embodiment depicted in
FIG. 7, four lead wires are used to measure the resistance;
however, some embodiments may only use two lead wires.
The pairs of source and potential leads (i.e., 122a and 132q;
12256 and 132h) may be separated or incorporated into a
single lead each. If the pairs of leads are separated as shown
in FIG. 7, the distance between the coupling locations 120a
and 130q of the source lead 1224 and potential lead 132a,
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respectively, and the coupling locations 1206 and 1305 of
the source lead 1224 and potential lead 1324, respectively,
is preferred to be at least 1.5 times the cross-sectional
perimeter of the water service line piping 102 being mea-
sured. The potential leads 132a, 1325 are placed on the
inside of the source leads 122a, 1225b. The advantage of the
four lead wires is that no current flows into the potential
leads 132a, 1325, so the resistance of the potential leads
132a, 132b, as well as their contact resistance, are not
measured.

[0073] According to some embodiments, the lead detec-
tion module 100 lay be configured to eliminate errors
created by thermal EMF by causing the constant current DC
source 112 to reverse the direction of the current flow and
performing the resistance measurement in forward and
reverse polarity. In this embodiment, the DC voltmeter 114
provides the two resulting voltage measurements to the lead
detection module 110, and the lead detection module 110 is
configured to average the absolute value of the voltages
together, and use the average to determine the resistance of
the section of the water service line 102.

[0074] In some embodiments, the lead detection device
100 may be configured to perform the resistance measure-
ment numerous times to increase accuracy. The lead detec-
tion device 100 may be configured to calculate the resistance
numerous times and average the resistance values together.
Each time the resistance is calculated, the calculated resis-
tance may be based on different amounts of current and/or
separate voltage measurements.

[0075] According to some embodiments, the lead detec-
tion device 100 may be configured to adjust the amperage of
the current provided by the constant current DC source 112
depending on the amount of resistance being measured. For
example, in the micro-ohmmeter range, the constant current
DC source 112 may provide 10 A or more. In some embodi-
ments, the lead detection device 100 may be configured to
calculate resistance of a section of piping with different
amounts of current being provided between 10 A and 1 A
current, or in some cases currents less than 1 A. The different
amounts of electrical current applied may depend on the
length of lead present in the section of piping. For example,
if a section of piping consists of more than 7 ft of lead, a 1
A current or less may be needed to detect the resistance. One
of skill in the art would understand that the present disclo-
sure is not limited to any specific amount of current in order
to calculate resistance from the measured voltage level.
[0076] According to some embodiments, the lead detec-
tion device 100 may be configured to first provide a 10 A
current via the constant current DC source 112, the most
sensitive setting. If the resistance was undetectable because
it was out of the range, the lead detection device 100 may be
configured to then provide 1 A current via the constant
current DC source 112.

[0077] Some embodiments of the lead detection device
100 may incorporate other methods of low resistance mea-
surement known in the art. Further, the surface of the water
service line 102 where the leads 122a, 1225, 132a, and 1325
are attached is preferably prepped before the leads are
attached to ensure a good connection to the metal of the
water service line 102. Further, the leads 122a, 1225, 132a,
and 1326 may also be attached to the inside surface of the
piping.

[0078] Additionally, the locations 120a, 130a, 1205, 1305
that the source leads 122a, 1226 and potential leads 132a,
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1324 are attached to the water service line piping 102 may
vary depending on the application. In this example scenario,
the access box 107 in the sidewalk 105 and the basement 108
of the house were the most convenient and accessible.

[0079] According to some embodiments, the lead detec-
tion module 110 may be configured to receive a represen-
tation of a distance between the sensor leads 122a, 12254
(i.e., an estimated or measured length of piping between the
sensor leads) of the section of the water service line 102. In
some cases, it may not be practical to make an accurate
measurement of the distance between the sensor leads 122a,
122b, thus, the distance used by the lead detection module
110 may be an estimate.

[0080] Further, as shown above, the resistance of a portion
of piping is based on the surface area of the metal for each
material (i.e., lead and copper) comprising the piping; cal-
culated as S=0.25m(0D*-ID?). Again, in some cases, the
exact inner and outer diameter of the piping may not be
known or measurable. Thus, the inner and outer diameters
used by the lead detection module 110 may be an estimate.
In some embodiments, the lead detection module 110 may
store default values for inner and outer diameters based on
the application of the piping, and use these stored default
values to determine the presence of lead in the piping.

[0081] In some embodiments, the lead detection module
110 may be configured to determine whether at least a
portion of the section of the water service line 102 includes
lead content as a function of the measured resistance and
length of the section of the water service line 102.

[0082] FIG. 8 is a graph 200 of the value of the resistance
of'an example 15 ft section of piping with various lengths of
lead piping. Line 210 represents the resistance of the 15 ft
section of piping, if the entire section of piping were made
of copper. Line 220 represents the resistance of the 15 ft
section of piping as of function of its lead content. In other
words, line 220 is a graph of the resistances for all the
possible Cu—Pb combinations of the example 15 ft section
of pipe. Thus, once the resistance of the section of piping is
measured, the measured resistance may be used to determine
length of the lead piping (if any) in the section of piping. For
example, if the total length of the section of piping is 15 ft
(i.e., the distance between the sensor leads), and the calcu-
lated resistivity of the section of piping is just less than 2
micro ohms, then approximately 6 ft of the section of piping
is lead with the remaining 9 ft being copper.

[0083] The graph 200 comprises an upper section 204 in
which resistance would be measured with 1 A of current, and
lower section 202 in which resistance would be measured
with 10 A of current. A section of piping can be measured
with either a 10 A current or a 1 A current depending on the
length of lead present in the section of piping. If a section of
piping consists of more than 7 ft of lead, a 1 A current may
be needed to detect the resistance. This calculation demon-
strates that for such a length (15 feet) of piping, the presence
of lead will always be detectable. This will be the case for
a total piping length up to 100 feet. This demonstrates that
the method and system of the present disclosure is sensitive
enough to always detect lead.

[0084] One of skill in the art would understand graphs of
various lengths of section of pipe may be derived or calcu-
lated by the lead detection module 110, or similar graphs
may be derived by the lead detection module 110 based on
the received length of the section of the piping.
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[0085] In some embodiments, the lead detection module
may be configured to solve for the amount of lead in a
section of pipe of any length using the formula disclosed
above in paragraph [0033].

[0086] In some embodiments, the lead detection module
110 may also be configured to receive an inside diameter and
outside diameter of the piping and determine the surface
area of the piping based on the formula $=0.25 m(OD*-ID?),
as described above in paragraph [0033].

[0087] In other embodiments, the lead detection module
110 may be configured with a stored default value for the
inside diameter and outside diameter of the piping (e.g., the
values disclosed in paragraph [0036]) or a stored default
value for different types of piping (e.g., a residential water
service line) based on the average size of the respective type
of piping. The lead detection module 110 may be configured
to calculate the resistance of the section of piping and solve
for the R, and R, using the formula

R=Rcu+Rpp = [pC"g_Z]Cu * [prI;_:]Pb.

After solving for the R, and R,, the lead detection module
110 may be configured to solve for the L, and L. The lead
detection module 110 may then provide the length of the
portion of piping consisting of lead (L) to a user.

[0088] According to some embodiments, the lead detec-
tion module 110 is capable of determining the significance
of the electrical resistance of a section of piping using a
simulation-based probability of detection (POD) algorithm.
It is known from the state of the art of nondestructive testing
(NDT) that NDT techniques are useful for detection of
flaws. The purpose of the simulation-based POD algorithm
is to determine the probability that the result obtained is true.
The result obtained in this specific case will be the presence
and length of lead piping in an inspected water distribution
system. The simulation-based POD will take into account
parameters that can induce false or uncertain results. Such
parameters include, but are not limited to: pipe dimensions,
pipe material (if different from copper or lead), coupling
between two types of pipes, ground loops, or soil/structure
interactions.

[0089] In some embodiments, the lead detection module
110 is configured to determine the probability that the
determination of whether at least a portion of the section of
piping includes lead content is correct.

[0090] The lead detection module 110 is depicted in FIG.
7 as being located in the lead detection device 100. However,
this is only one example embodiment. One of skill in the art
would understand that the lead detection module 110 may be
located in a remote location. In some embodiments, the lead
detection module 110 may control the constant current DC
source 112, and receive voltage measurements from the DC
voltmeter 114 via a network connection. For example, the
lead detection module may be implemented in the cloud or
in a software as a service architecture.

[0091] The embodiments of the present disclosure
described above are capable of determining if lead present in
a section of piping by measuring the resistance of the piping.
The measurement will not be affected by the presence of
oxide or dirt on or inside the piping. The presence of pipe
defects, such as an irregular surface, holes or cracks will also
have no influence on the measurement. The presence of a
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Cu—Pb connection will have minimal influence on resis-
tance measured. The environment of the pipe, with water
inside and soil outside will have no influence on the value of
the resistance.

[0092] FIG. 9 is a block flow diagram of an example
embodiment method 300 for detecting a section of lead in
piping in a field setting. According to some embodiments,
the method 300 comprises coupling source leads of wire to
first separated locations of a section of piping buried in a
field setting 305, and coupling sensor leads of wire to second
separated locations of the section of piping, wherein the
second separated locations of the section of piping are
located between the first separated locations 310. After the
source leads and sensor leads are coupled to the piping,
delivering electrical current flow to the section of piping via
the source leads 315. The voltage level between the sensor
leads may be measured via a voltmeter connected to the
sensor leads 320. The resistance of the section of pipe, as a
function of the electrical current flow and the voltage level
325, is calculated to determine whether at least a portion of
the section of piping includes lead content as a function of
the measured resistance 330.

[0093] FIG.10is ablock flow diagram of example instruc-
tions 400 executed by a lead detection module 110. Accord-
ing to some embodiments, the lead detection module 110
may be configured to cause a current source to deliver
electrical current flow to a section of pipe via source leads
of wire coupled to the section of piping at first separated
locations 405. The lead detection module may be further
configured to receive a measured voltage level from a DC
voltmeter having sensor leads of wire coupled to second
separated locations of the section of piping, the second
separated locations coupled to the section of piping between
the first separated locations 410. The lead detection module
110 may be further configured to calculate resistance of the
section of piping as a function of the electrical current flow
and the voltage level 415 and determine whether at least a
portion of the section of piping includes lead content as a
function of the calculated resistance 420.

[0094] FIG. 11 is a diagram of the internal structure of a
computer (e.g., client processor/device 50) in which the lead
detection module 110 may be implemented. Each computer
50 contains system bus 79, where a bus is a set of hardware
lines used for data transfer among the components of a
computer or processing system. Bus 79 is essentially a
shared conduit that connects different elements of a com-
puter system (e.g., processor, disk storage, memory, input/
output ports, network ports, etc.) that enables the transfer of
information between the elements. Attached to system bus
79 is I/O device interface 82 for connecting various input
and output devices (e.g., constant current DC source 112,
DC voltmeter 114, keyboard, mouse, displays, printers,
speakers, etc.) to the computer 50 (e.g. lead detection
module 110). Network interface 86 allows the computer to
connect to various other devices attached to a network.
Memory 90 provides volatile storage for computer software
instructions 92 and data 94 used to implement an embodi-
ment of the present invention (e.g., supporting code to
perform methods 300 and 400, etc.). Disk storage 95 pro-
vides non-volatile storage for computer software instruc-
tions 92 and data 94 used to implement an embodiment of
the present invention (e.g., supporting code to perform
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methods 300 and 400, etc.). Central processor unit 84 is also
attached to system bus 79 and provides for the execution of
computer instructions.

[0095] In one embodiment, the processor routines 92 and
data 94 are a computer program product (generally refer-
enced 92), including a computer readable medium (e.g., a
removable storage medium such as one or more DVD-
ROM’s, CD-ROM’s, diskettes, tapes, etc.) that provides at
least a portion of the software instructions for the invention
system. Computer program product 92 can be installed by
any suitable software installation procedure, as is well
known in the art. In another embodiment, at least a portion
of the software instructions may also be downloaded over a
cable, communication and/or wireless connection. In other
embodiments, the invention programs are a computer pro-
gram propagated signal product embodied on a propagated
signal on a propagation medium (e.g., a radio wave, an
infrared wave, a laser wave, a sound wave, or an electrical
wave propagated over a global network such as the Internet,
or other network(s)). Such carrier medium or signals provide
at least a portion of the software instructions for the present
invention routines/program 92.

[0096] In alternative embodiments, the propagated signal
is an analog carrier wave or digital signal carried on the
propagated medium. For example, the propagated signal
may be a digitized signal propagated over a global network
(e.g., the Internet), a telecommunications network, or other
network. In one embodiment, the propagated signal is a
signal that is transmitted over the propagation medium over
a period of time, such as the instructions for a software
application sent in packets over a network over a period of
milliseconds, seconds, minutes, or longer. In another
embodiment, the computer readable medium of computer
program product 92 is a propagation medium that the
computer system 50 may receive and read, such as by
receiving the propagation medium and identifying a propa-
gated signal embodied in the propagation medium, as
described above for computer program propagated signal
product.

[0097] Generally speaking, the term “carrier medium” or
transient carrier encompasses the foregoing transient sig-
nals, propagated signals, propagated medium, storage
medium and the like.

[0098] The teachings of all patents, published applications
and references cited herein are incorporated by reference in
their entirety.

[0099] While example embodiments have been particu-
larly shown and described, it will be understood by those
skilled in the art that various changes in form and details
may be made therein without departing from the scope of the
embodiments encompassed by the appended claims.

What is claimed is:

1. A lead detection system comprising a non-transitory
computer-readable medium including computer code
instructions stored therein, the computer code instructions,
when executed by at least one processor, enable the lead
detection system to:

cause a current source to deliver electrical current flow to

a section of piping via source leads of wire coupled to
the section of piping at first separated locations;
receive a measured voltage level from a DC voltmeter
having sensor leads of wire coupled to second sepa-
rated locations of the section of piping, the second
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separated locations coupled to the section of piping
between the first separated locations;
calculate resistance of the section of piping as a function
of the electrical current flow and the voltage level; and

determine whether at least a portion of the section of
piping includes lead content as a function of the cal-
culated resistance.

2. The lead detection system of claim 1, wherein the
computer code instructions, when executed by at least one
processor, further enable the lead detection system to receive
a representation of a distance between the first separated
locations; and wherein the determination of whether at least
a portion of the section of piping includes lead content is a
function of the calculated resistance and the representation
of the distance.

3. The lead detection system of claim 2, wherein the
determination of whether at least a portion of the section of
piping includes lead content is a function of the calculated
resistance, the representation of the distance, an inside
diameter of the section of piping, and an outside diameter of
the section of piping.

4. The lead detection system of claim 2, wherein the
computer code instructions, when executed by at least one
processor, further cause the lead detection system to deter-
mine a length of the portion of the section of piping that
includes lead content, the length of the portion of piping
being calculated as a function of the calculated resistance,
the representation of the distance, an inside diameter of the
section of piping, an outside diameter of the section of
piping.

5. The lead detection system of claim 1, wherein the
computer code instructions, when executed by at least one
processor, further cause the lead detection system to cause
the current source to vary the electrical current flow deliv-
ered to the section of piping via the source leads.

6. The lead detection system of claim 5, wherein varying
the electrical current flow delivered to the section of piping
via the source leads comprises delivering different amounts
of electrical current depending on the amount of resistance
being measured.

7. The lead detection system of claim 5, wherein varying
the electrical current flow delivered to the section of piping
via the source leads comprises delivering electrical current
flow to the section of piping via the source leads in a first
direction, and delivering electrical current flow to the section
of piping via the source leads in a second direction.

8. The lead detection system of claim 1, wherein the
computer code instructions, when executed by at least one
processor, further cause the lead detection system to deter-
mine a probability that the determination of whether at least
a portion of the section of piping includes lead content is
correct.

9. The lead detection system of claim 1, wherein the
source leads include a first source lead and a second source
lead, the sensor leads include a first sensor lead and a second
sensor lead, and wherein the first source lead and the first
sensor lead are coupled to locations of the section of piping
that are separated by at least 1.5 times a cross-sectional
perimeter of the piping, and the second source lead and the
second sensor lead are coupled to locations of the section of
piping that are separated by at least 1.5 times the cross-
sectional perimeter of the piping.

10. A method for detecting a section of lead in piping in
a field setting, the method comprising:
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coupling source leads of wire to first separated locations
of a section of piping of interest in the field setting;

coupling sensor leads of wire to second separated loca-
tions of the section of piping of interest, the second
separated locations of the section of piping being
located between the first separated locations;

delivering electrical current flow to the section of piping
via the source leads;

measuring a voltage level between the sensor leads via a

voltmeter connected to the sensor leads;

calculating a resistance of the section of piping as a

function of the electrical current flow and the voltage
level; and

determining whether at least a portion of the section of

piping includes lead content as a function of the cal-
culated resistance.

11. The method of claim 10 further including measuring
or estimating a distance between the sensor leads; and
wherein the determination of whether at least a portion of the
section of piping includes lead content is a function of the
calculated resistance and the distance between the sensor
leads.

12. The method of claim 11 wherein the determination of
whether at least a portion of the section of piping includes
lead content is a function of the calculated resistance, the
distance between the sensor leads, an inside diameter of the
section of piping, and an outside diameter of the section
piping.

13. The method of claim 11 further including determining
a length of the portion of the section of piping that includes
lead content, the length of the portion of piping being
calculated as a function of the calculated resistance, the
distance between the sensor leads, an inside diameter of the
section of piping, an outside diameter of the section of
piping.

14. The method of claim 10 further including varying the
electrical current flow delivered to the section of piping via
the source leads.

15. The method of claim 14 wherein varying the electrical
current flow delivered to the section of piping via the source
leads comprises delivering different amounts of electrical
current depending on the amount of resistance being mea-
sured.

16. The method of claim 14 wherein varying the electrical
current flow delivered to the section of piping via the source
leads comprises delivering electrical current flow in a first
direction, and delivering electrical current flow in a second
direction.

17. The method of claim 16 wherein measuring the
voltage level between the sensor leads comprises measuring
the voltage level for the first direction of electrical current
flow and the second direction of electrical current flow, and
averaging resistance for each voltage level.

18. The method of claim 10 wherein determining whether
at least a portion of the section of piping includes lead
content is a function of the calculated resistance, the mea-
sured distance, resistivity of copper, and resistivity of lead.

19. The method of claim 10 further including determining
a probability that the determination of whether at least a
portion of the section of piping includes lead content is
correct.

20. The method of claim 10 wherein the source leads
include a first source lead and a second source lead, the
sensor leads include a first sensor lead and a second sensor
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lead, and further including coupling the first source lead and
the first sensor lead to locations of the section of piping that
are separated by at least 1.5 times a cross-sectional perimeter
of the piping, and coupling the second source lead and the
second sensor lead to locations of the section of piping that
are separated by at least 1.5 times the cross-sectional perim-
eter of the piping.
21. A method for detecting a section of lead in piping in
a field setting, the method comprising:
coupling source leads of wire to first separated locations
of a section of piping of interest in the field setting;
coupling sensor leads of wire to second separated loca-
tions of the section of piping of interest, the second
separated locations of the section of piping being
located between the first separated locations;
delivering electrical current flow to the section of piping
via the source leads;
measuring a voltage level between the sensor leads via a
voltmeter connected to the sensor leads; and
determining whether at least a portion of the section of
piping includes lead content as a function of the mea-
sured voltage level.
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