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This Electromagnetic Field (EMF) Technical Report was prepared by URS Corporation (URS) to
address the comments of the Law Offices of Stephen C Volker; to present background literature
information on EMF, public health, and power facilities; and to address the scientific principles
behind the Exhibits presented with Volker’s comments.

URS has addressed Volker’s comments, and specifically discussed the following points:

1. EMF levels are not expected to be above background levels outside the fenced in area of
the Project.

2. EMF will not interfere with airport operations.

3. EMF levels within the Project are expected to be below ICNIRP levels.

4. ICNIRP levels already have a safety factor built into the recommended levels for both
magnetic and electric fields.

URS has also addressed the Exhibits, and specifically discussed the following points:

1. All three Exhibits are from the same author, Samuel Milham.

2. Mr. Milham’s work has serious scientific deficiencies and is not accepted as sound work
by the scientific community.

URS has recommended that the Project conduct at least one of the following studies to verify
that EMF levels are within existing guidelines:

1. Prior to building the facility, a simulation of EMF levels within the vicinity of the
transmission lines and substation should be conducted.

2. Once the facility is built and operational, an EMF study of the area, including around
solar collection devices, transmission lines, and substations should be conducted.

1 Executive
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2.1 PURPOSE AND SCOPE

This Electromagnetic Field (EMF) Technical Report was prepared by URS Corporation (URS) to
addressing the comments and concerns raised by the Law Office of Stephan C Volker (Volker)
in their December 23, 2011 letter referencing “Amended and Expanded Comments of The
Protect Our Communities Foundation, Backcountry Against Dumps and Danny Robinson on the
Draft Environmental Impact Report for the Mount Signal and Calexico Solar Farm Projects.” It
is URS’ understanding that 8minuteenergy is planning to build the Mount Signal and Calexico
Solar Farm Projects (the Project), a solar power facility. This facility will include arrays of solar
panels for energy collection as well as power substations and transmission lines.

This report includes a brief review of EMFs, a summary of current literature research on the
subject of EMF exposure to human beings, and EMFs within context of the comments raised by
Volker. The objectives of the technical research included addressing Volker’s comments
regarding EMF issues associated with the solar farm projects. URS addresses the following
points:

1. Scientific literature findings on EMF, including the context behind the conclusions and a

comparison of reputable versus questionable published sources.

2. Regulatory status of EMF limits, especially concerning 60 Hz fields. This will include

federal, state, and international limits.

3. A scientific discussion of EMF with respect to distance. This discussion will address

population densities in the immediate vicinity as well as the potential interaction with the

nearby airport.

4. A discussion of the Exhibits presented in Volker’s letter from a scientific standpoint.

2.2 SITE LOCATION

The Project consists of 4,228 acres of land, encompassing a series of solar farms, electrical
substation(s), and 230 kilovolt (kV) off-site transmission line(s). The Project is located in
California, along the United States (US) and Mexico border, in the town of Calexico in Imperial
County. The entire project, once completed, would use 4.8 million photovoltaic panels, placed
approximately 15 feet off the ground, to generate 600 megawatts (“MW”) of power for a period
of at least 40 years.

2 Introduction



SECTIONTHREE EMF Regulations

3-1

3.1 LAWS, ORDINANCES, REGULATIONS, AND STANDARDS

3.1.1 State and National
Several organizations have developed guidelines for EMF exposure, including individual states,
the Federal Communications Commission (FCC), the Institute of Electrical and Electronics
Engineers (IEEE), and the American Conference of Governmental Industrial Hygienists
(ACGIH).

Neither the California government nor the United States government has regulations limiting
EMF exposure from power transmission lines. However, the California EMF Program has been
established by the California Public Utilities commission (CPUC) Decision 93-11-013. The goal
of the California EMF Program is “…to research and provide education and technical assistance
on the possible health effects of exposure to electric and magnetic fields from powerlines and
other uses of electricity” (CaEMF, 2012).

At the national level, the IEEE standard C95.6 outlines public and occupational exposure limits
for magnetic fields (B Field). The IEEE standard is outlined in Table 1 below (IEEE 2002), with
the areas for 60 Hz EMF highlighted in red text. Because electric power within the United States
is provided at 60 Hz, the EMF limits at 60 Hz are of most importance. (Note that harmonics of
60 Hz, such as 120 Hz, 180 Hz, may also have elevated EMF levels. However, the highest EMF
levels are expected at 60 Hz.) Note that the IEEE levels are recommendations only, not
regulations.

Table 1. IEEE Magnetic Field Exposure Levels for the General Public

Body Part Frequency Range (Hz) B Field (mG)

Head & Torso
20 – 759 9.04 x 103

759 – 3,000 6.87 x 106/f

Arms or Legs
< 10.7 3.53 x 106

10.7 – 3,000 3.79 x 107/f
60 Hz 632,000

Notes: /f = divide by the frequency, mG = milliGauss, Hz = hertz

The FCC standards are mandatory for occupational exposure to EMFs for FCC-licensees and
grantees and only cover the frequency range from 300 kHz to 100 GHz (FCC, 1999).

The ACGIH provides that occupational exposures should not exceed 10 Gauss (G) (10,000 mG),
which corresponds to 1 milliTesla (mT). ACGIH additionally recommends that workers with
pacemakers should not exceed 1,000 mG (0.1 T). The ACGIH 10,000 mG guideline level is
intended to prevent effects, such as induced currents in cells or nerve stimulation. However, the
ACGIH guidelines are for occupational exposure, not general public exposure (Patterson, 1998).

3.1.2 International
Internationally, many countries have developed their own EMF guidelines. Most of these
regulations are based on the International Commission on Non-Ionizing Radiation Protection
(ICNIRP) recommendations, including the European Union (EU).

3 Electromagnetic Fields
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The ICNIRP has made a series of recommendations for limiting EMF exposure to humans based
on the epidemiological data available from verifiable research studies (ICNIRP 1998). Based on
ICNIRP’s work, the EU has adopted these same standards for EMF exposure (Council
Recommendation 1999). These standards are summarized in Table 2. While the guidelines are
voluntary, the levels are designed to prevent undue health risks associated with EMF exposure.
The United States does not have any regulations on EMF exposure. Also note that the magnetic
fields associated with transmission lines are less than the ACGIH and ICNIRP limits.

Table 2. Summary of ICNIRP EMF Exposure Limits

FREQUENCY

ELECTRIC FIELD
STRENGTH

(V/M)

MAGNETIC
FIELD

(T)
Occupational: 0.025 to 0.82 kHz 500 / f 25 / f
Occupational: 60 Hz 8,333 416
Public: 0.025 to 0.82 kHz 250 / f 5 / f
Public: 60 Hz 4,167 200T or

2,000 mG

V/m = volts per meter, T = microTesla, f = frequency

In 2010, the ICNIRP updated their recommendations, as outlined in Table 3 below.

Table 3. Summary of 2010 ICNIRP Electric Field Exposure Limits

FREQUENCY

ELECTRIC FIELD
STRENGTH

(V/M)

MAGNETIC
FIELD

(T)
Occupational: 60 Hz 10,000 1
Public: 60 Hz 5,000 200

V/m = volts per meter, f = frequency in Hertz

Thus, the ICNIRP has increased the electric field limit for public exposure slightly over the 1998
levels.
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4.1 EMF HEALTH OVERVIEW
All EMFs have the potential to interact with the human body in three different ways, each of
which will be discussed in further detail below:

 Electric field interactions

 Magnetic field interactions

 Magnetic field energy transfer

4.1.1 Electric Field Interactions
Time-varying electric fields may cause ions (either positively or negatively charged molecules or
atoms within the human body) to flow, may cause the reorientation of polar molecules within the
body, and may cause the formation of polar molecules that would otherwise be non-polar. The
magnitude of the effects depends on the part of the body that is exposed (for example, the brain
and blood contain a large number of ions), the frequency of the EMFs, and the magnitude of the
electric field (ICNIRP 1998).

Certain chemical reactions within the body generate charged molecules, called free radicals,
which are susceptible to electric fields. The electric fields may affect how many free radicals are
generated, the orientation of the free radicals in space, or the orientation of the electrons within
the free radical. These phenomena may, in turn, affect the amount or type of biochemical that
result from a chemical reaction within the body (ICNIRP 1994).

4.1.2 Magnetic Field Interactions
Time-varying magnetic fields couple with the human body and result in induced electric fields,
which in turn result in electric currents within the body. The magnitude of the effect depends on
the strength of the magnetic field, the size of the person, and the type of tissue exposed (ICNIRP
1998).

Certain portions of the body are more susceptible to magnetic fields. Blood, for example, is made
up of many charged particles, called electrolytes, flowing through the body. These electrolytes
can interact with a magnetic field, thereby causing an electric current within the body as the
blood flows. The effect is compounded when human beings move within the magnetic fields,
which causes more variation of the magnetic field strength, which in turn causes variations of the
induced electric current (ICNIRP 1994). A review of recent research by the ICNIRP (2010) has
resulted in a shift in their recommendations regarding the biological effects of EMF. The new
ICNIRP recommendations for EMF exposure are based on induced internal electric fields, not on
induced current density. Previous recommendations were based on the current density, but
induced electric fields have been identified as the value that determines the biological effect.
Note that the strength of the induced electric field, and hence the strength of the time-varying
magnetic field, has to be relatively high in order to observe biological effects, on the order of
10,000 mG (several milliTesla) (ICNIRP 1998). Such high levels will not be present in the
transmission lines associated with this Project.

4 EMF Literature
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4.1.3 Magnetic Field Energy Transfer
When exposed to stationary magnetic fields (magnetic fields that do not vary with time), the
human body can absorb energy from the fields, causing an increase in body temperature. The
energy is absorbed as the ions within the human body attempt to align themselves with the
magnetic field, much as a compass needle attempts to orient itself with the Earth’s magnetic field
(ICNIRP 1994). However, this effect is only significant for EMFs with frequencies above
100 kHz (ICNIRP 1998). For this Project, EMF frequencies will be approximately 60 Hz, which
is substantially lower than the 100 kHz threshold required to increase body temperature.

4.2 HEALTH EFFECTS OF EMFS
Scholarly journals and the Internet are replete with studies reporting the health effects of EMFs.
URS has attempted to supply a representative, although not exhaustive, list of articles illustrating
the many research studies that have been published in the past 20 years. Because this research
was focusing on the ramifications of locating power facilities, transmission lines and substations,
the rest of the report will focus specifically on ELF EMF, which is the region of the EMF
spectrum that power lines and substations generate.

The publications can be classified in several different ways:

4.2.1 Based on Positive or Negative Impacts
Some research on ELF EMFs has concluded that negative health effects may be linked to
exposure to ELF EMFs (Genuis 2008; Hamza et al. 2005; Kheifets et al. 2006; Raz 2006;).
However, the research is not in agreement on what type(s) of negative health effects may result
from EMF exposure. In addition, the research has found a weak association between any health
effects and EMF exposure.

Several recent studies have focused on the potential medical treatment benefits of using EMFs
under controlled conditions (Zorzi et al. 2007; Selvam et al. 2007). These research papers claim
that localized use of specific EMFs can result in beneficial anti-inflammatory results, especially
post-surgery.

4.2.2 Based on Location/Country
Many studies have been conducted within the United States and are summarized by ICNIRP
(2001). The ICNIRP was very discriminating in their selection of published articles considered
for review. Namely, the ICNIRP accepted only those papers published in peer-reviewed,
scholarly articles with sufficiently large sample sizes to calculate an effect. The ICNIRP did not
accept anecdotal evidence, case studies, or research that had questionable controls or scientific
methods. Based on these criteria, the ICNIRP has concluded that a potential exists for adverse
health effects from both adult and childhood exposure to high level ELF EMFs. As a result, the
ICNIRP has set forth guidelines for EMF exposure, which were discussed previously in this
report. The ICNIRP focused on health effects that had a high correlation to incidence of disease,
such as leukemia and cardiovascular disease. Adult cancer, however, was not as thoroughly
discussed in the ICNIRP paper. Reasons cited for questioning EMF cancer studies include the
following:
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1. Cancer can manifest itself years after exposure, making cancer difficult to directly
correlate to EMF exposure.

2. Many other confounding variables within a person’s lifetime may increase the likelihood
for cancer (i.e., chemical exposure, smoking, or exposure to ionizing radiation).

3. Cancer has many forms. Usually, one variable (i.e., chemical exposure to benzene)
results in a specific, identifiable type of manifesting cancer. However, studies that
attempted to draw a link between EMF exposure and cancer were not consistent in the
type of cancer that EMF exposure allegedly increased.

Many studies have been conducted within Europe (Frija et al. 2006; San Segundo & Roig 2008;
Hamza et al. 2005; Ahlbom 2008), largely because the European Council has acknowledged a
weak association between childhood leukemia and exposure to ELF EMFs (CSTEE 2001;
Council Recommendation 1999). The basis for this decision was largely from research
concluding that ELF EMF exposure to children caused a statistically significant increased
incidence of childhood leukemia (CSTEE 2001). The result has been a Council Recommendation
(1999) that set EMF exposure limits for public exposure to all EMFs. The European Council’s
recommendations are based on the ICNIRP guidelines for EMF exposure. Note that in 2010, the
ICNIRP modified their recommendations for EMF exposure and stance on the link between
childhood leukemia and EMF. The ICNIRP (2010) states that the results that came out of the
research on childhood leukemia and EMF could be attributed to “a combination of selection bias,
some degree of confounding, and chance.” Note also that all EMF levels expected for this
Project are well below current ICNIRP exposure limits.

4.2.3 Residential Exposure
The largest portion of the published work on EMFs and human health are from studies of the
general public (CSTEE 2001; Genuis 2008; Kheifets et al. 2006; Raz 2006; SCENIHR 2008;
Singh 2008). These studies focused on the health implications to human beings living near high-
voltage transmission lines, from 115 kV and above. EMF sources of exposure, however, varied
in these studies, from power transmission lines to electric toothbrushes. The adverse health
effects reported in these studies varied as well, from headaches to insomnia to behavioral
disorders (Genuis 2008). One study published in the British Medical Journal (Draper et al. 2005)
studied the occurrence of childhood leukemia as a function of distance from power distribution
lines. The study concluded that children living within 600 meters (1,800 feet) were statistically
more likely to have leukemia than those living father away from the power lines. The study also
concluded that children living even closer (200 meters or 600 feet) were at an increased risk of
childhood leukemia. One study (Tenenbaum 2000) has postulated that the reason ELF EMF has
been implicated in various forms of cancer is because the EMF exposure can induce cancer in
cells within the body that have already been mutated by other means. These studies have been
called into question based on the scientific design and the magnitude of the statistical
significance.

A similar study to the Draper research that was conducted in Russia in 2003 (Tikhonova et al.
2003) found no statistically significant adverse health effects linked to living close to power
transmission lines. In addition, most EMF research investigating the potential effect of power
lines on human beings has been conducted outside the United States, either in Europe or Asia.
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Because this research is conducted in regions where 50 Hz power is used (versus 60 Hz power in
the US), these studies may not be applicable to the US. Very limited research has been conducted
within the United States on power line EMF and health effects.

4.2.4 Based on Type of Health Effects Studied
The literature and Internet contain myriad reports of adverse health effects of EMF exposure.
The casual reader can find reports claiming that EMF exposure can cause anything from rashes
to cancer, and everything in between. In order to make an informed decision, readers must be
aware of certain caveats when reading any literature relating to EMFs.

1. First, consider the source. Anyone can publish anything on the Internet. This makes
Internet sources suspect, unless the source is a reputable authority on the subject, such as
the World Health Organization (WHO) or the ICNIRP. Likewise, not all scientific
journals are of the same caliber. Some journals, such as the Journal of Physical
Chemistry, have stringent requirements for publication as well as a rigorous peer-review
system to ensure the validity and quality of the articles published. Other journals, such as
Electric Power Systems Research, have different standards.

2. Any research should be based on sound scientific principles, control for all variables, and
have an experimental design that includes a study and control group.

3. All reliable research is repeatable. If a study reports findings that cannot be verified by an
independent group, the results and conclusions are suspect.

4. A large sample size helps to ensure the applicability of the results. In other words, a small
sample size (20 people or less, for example) makes the results and conclusions of the
study difficult to generalize to the entire human population. Similarly, anecdotal evidence
from one person may be relevant to that one person only, and not to the entire human
population. On the other hand, the larger the sample size (300 or more people, for
example), the more applicable the results may be to a similar population.

Given these caveats, only reliable literature sources were consulted and sited in this report. Based
on a thorough review and evaluation of reliable scientific research, analyses, and reports, the
ICNIRP (2001) concluded that a weak association exists between childhood leukemia and
exposure to ELF EMF. The ICNIRP also evaluated the current research related to EMF exposure
and the following health effects (2001):

1. Childhood cancer

2. Adult leukemia

3. Brain tumors

4. Breast cancer

5. Cardiovascular disease

6. Neurological disorders (depression and suicide)

Based on their review, the ICNIRP (2001) concluded that insufficient reliable research exists to
determine if a link is possible between the adverse health effects above and long-term, elevated
EMF exposure. The ICNIRP stated that more research is necessary in these areas.
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Note that although case studies are not applicable to the entire population, the European Union
has acknowledged that a certain portion of the population may be susceptible to a disorder called
“EMF hypersensitivity” (WHO 2004). Such individuals appear to suffer adverse health effects
from exposure to much smaller EMF doses than the general population. There is much scrutiny
of this condition in general, with many scientists suggesting that the root cause of the problem is
not EMF, but something else. Because of this, EMF hypersensitivity is not acknowledged within
the US.

The U.S. National Institutes of Health tasked the National Institute of Environmental Health
Sciences (NIEHS) with studying and making recommendations on EMF and human health.
NIEHS has put out a series of reports outlining their interpretations and recommendations
(NIEHS 1998, 1999, 2002). The NIEHS concludes that for most health outcomes, there is no
evidence that EMF exposures have adverse health effects. The NIEHS calls for more studies and
continued education on ways of reducing exposures.

4.3 EMFS IN CONTEXT
Not all EMFs raise health concerns. In fact, the Earth has a natural magnetic field that human
beings are constantly exposed to. The strength of the Earth’s field ranges from less than 30 T
(0.3 Gauss) to over 60 T (0.6 Gauss). In Calexico, California, the total magnetic field is
approximately 0.47 Gauss (47 T), according to the National Geophysical Data Center (2012).

In a study that measured EMF exposure in 1,000 homes in the United States, 50% had average
EMF levels of 0.6 mG (0.06 T) or less, and 95% had average EMF levels below 3 mG (0.3 T)
(Connecticut 2008).

Many everyday electrical objects emit relatively high EMFs when turned on, but the ICNIRP has
determined that these items are not responsible for causing health problems (2001). Some of
these values exceed the ICNIRP standard, but the devices are still considered safe. Table 4
illustrates the magnitude that some common electrical devices are capable of outputting
(EMF-Link 2000).

Table 4. Example EMF Sources

SOURCE

MAGNETIC
FIELD

6 INCHES
AWAY

(µT)
Microwave Oven 30
Mixer 60
Hair Dryer 70
Vacuum Cleaner 70
Can Opener 150
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4.4 EMFS AND POWER GENERATION
Of particular relevance to this Project is a research study conducted in Arizona of the EMF
generated by two existing 69 kV power substations in the Phoenix area for the Salt River Project.
The study evaluated EMF levels within the substation as well as in adjacent residential areas.
The study (Ma et al. 2011) found that all EMF levels were below both IEEE and ICNIRP
recommended levels.

The Environmental Law Centre (Wu, 2005) compiled a relevant review and summary of
international precedents related to EMFs and power transmission lines. The document was meant
as a quick resource for attorneys; however the document is written in “plain English” and, as
such, provides a relatively thorough summary of all regulations around the world.

A study of the ELF EMF exposure in residential settings outside the ROW of power transmission
lines in Malaysia (Tukimin et al. 2007) documented that the ELF EMF strengths for both electric
and magnetic fields were well below ICNIRP recommendations: the maximum field strength that
the study observed was less than 60 percent of the ICNIRP standard. Similarly, Rahman et al.
(2009) documented low electric and magnetic fields at the edge of the ROW for a variety of pole
configurations in India.

Similarly, a study of EMF strength in power substations in Egypt (Hossum-Eldin 2010) found
that EMF values within the substation were generally at or below the public exposure limit,
except immediately around the transformers.

Additionally, a study in Kuwait attempted to simulate the ELF EMF experienced by a car
travelling near power transmission lines (Al-Sayegh & Qabazard, 2007). The study stated that
the EMF level for a car approximately 200 feet from a 260 MW power transmission line was
approximately 70 mG. This level was simulated at the lowest sag of the transmission lines. Note
that this level is well under the ICNIRP recommended limit. However, the study did note that
additional simulation and refinement of the model were needed.

No research on the EMF levels associated with solar power generation facilities could be found.
The technology is relatively new, so less information is available specifically about solar power.
However, scientifically speaking, EMFs are generated whenever electricity is involved,
regardless of the source. Thus, EMF values for a solar powered facility are expected to be similar
to EMF levels for a traditional power generation facility.
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5.1 EXPECTED EMF LEVELS
While no EMF studies or simulations of the Project have been conducted, the EMF levels
measured at other power generation facilities (see previous section) and other power
transmission lines indicate that the Project will not generate EMF levels exceeding ICNIRP
levels. However, URS does recommend that one or more of the following be conducted:

1. Prior to building the facility, a simulation of EMF levels within the vicinity of the
transmission lines and substation.

2. Once the facility is built and operational, an EMF study of the area, including around
solar collection devices, transmission lines, and substations.

5.2 VOLKER COMMENTS

In the comments dated December, 23, 2011, the Law Offices of Stephan C. Volker (Volker) raise
several concerns about EMF and the Project. Starting on Page 12 of the document under Section
3.D, Volker makes the comments outlined below. Each comment is followed by a discussion of
EMF and the Project relative to the comment.

Issue 1. Volker states that there are “sensitive uses in sufficiently close proximity to the
Project site to be harmed by EMF radiation.”

Response: First, “sensitive” is a specific, scientific term that refers to facilities
and/or people that have a scientific reason for requiring low EMF levels at their
locals. This includes, for example, medical facilities with MRI equipment, people
with pacemakers, police and fire stations with radio communications, and radio
and television transmission facilities. No sensitive receptors are known within the
vicinity of the Project. People with pacemakers who might inadvertently be
present in the vicinity of the Project can be precluded from approaching EMF
sources by administrative controls.

Second, “close proximity” does not take into account the EMF Inverse Square
Law (see Appendix A). Thus, the EMF strength at 2 feet is half the value
measured at 1 foot. Thus, at 200 feet away from any EMF-transmitting entity
within the Project, the EMF strength is expected to be below background EMF
levels (EMF levels from natural sources) based on previous research on EMF
strength at power generation facilities (see Section 4 above). Because the Project
will have a fence around the facility, the general public will be restricted from
entry and thus will not be exposed to potentially elevated EMF levels.

Issue 2. Volker states that the County is incorrect in their conclusion that “Because there
are not conclusive studies on EMF impacts it’s too speculative to evaluate further
in this EIR.”

Response: The County is correct that no conclusive studies on EMF and human
health exist, as evidenced by the ICNIRP studies referenced in Section 4 above,

5 EMFs and the
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the 2010 ICNIRP report being the most recent and comprehensive. This stance is
echoed by the National Cancer Institute (2012). In addition, EMF levels at the
Project are expected to be below ICNIRP guidelines, based on previous studies of
EMF levels at other power generation facilities and other transmission lines (See
Section 4 above).

Issue 3. Volker states that “…the Project would expose numerous agricultural workers,
pilots, airport employees and Project workers to EMF.”

Response: These people would potentially be exposed to EMF. However, the
likelihood that these people would be exposed to levels above ICNIRP limits is
low. The reason for this is two-fold:

 EMF levels themselves are not expected to be above ICNIRP limits,
based on previous studies of EMF levels at power generation facilities
and transmission lines (See Section 4 above).

 EMF levels follow the Inverse Square Law (See Appendix A). Thus, a
person working more than 200 feet from a power transmission line is
expected to experience only background EMF levels from natural
sources.

Issue 4. Volker states, “People and wildlife near the many inverter modules for the
Project’s photovoltaic panel arrays would be particularly susceptible to harm” and
cites several articles.

Response: There are several issues here.
 First, people working near the Project would likely be over 18 years old,

and thus adults. Previous research linking EMF to leukemia (ICNIRP,
2010) has found a link only with young children, not adults or teenagers.
Therefore, based on all reputable research, the scientists at the ICNIRP
have concluded that no link is proven between adult EMF exposure and
adverse health effects.

 Second, neither of Volker’s example citations addresses the risk of
adverse health effects to wildlife. While several studies have been
conducted on EMF exposure and wildlife (Lin, 2007; Usman, 2011;
Mendes, 2008), no EMF exposure limits for wildlife have been
established.

 The issues with the citations themselves are discussed in the next topic.

Issue 5. Volker suggested that the crop dusting airstrip, “located directly adjacent to the
Project site, just to the east of Weed Road, between Anza Road and California
Route 98,” would be exposed to elevated EMF levels.

Response: First, EMFs associated with the Project will be at 60 Hz and low-
frequency harmonics. The electrical equipment used for radiocommunications at
airfields are in the radiofrequency (RF) portion of the electromagnetic spectrum,
and have much higher frequencies than the 60 Hz expected at the Project. Thus,
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the Project will not interfere with normal airstrip operations. Second, because
EMF strength follows the Inverse Square Law (See Appendix A), the EMF of
people working at the airstrip is expected to be at or below background levels.

Issue 6. Volker states, “…as to whether the available science shows that EMF exposure is
harmful, the DEIR relies on outdated research,” and “The County impermissibly
ignores more recent EMF research, which shows significant EMF health impacts
with increasing consistency.” Volker goes on to cite a study conducted in 2006,
addressed below.

Response: The most current conclusion by the ICNIRP, the leading authority on
EMF, was issued in 2010 and stated the following: “… epidemiological studies
have consistently found that everyday chronic low-intensity (above 0.3– 0.4 T)
power frequency magnetic field exposure is associated with an increased risk of
childhood leukemia. IARC has classified such fields as possibly carcinogenic.
However, a causal relationship between magnetic fields and childhood leukemia
has not been established nor have any other long term effects been established.
The absence of established causality means that this effect cannot be addressed in
the basic restrictions.” The ICNIRP has not concluded that any other long-term,
chronic health effects exist with exposure to EMF. Also note that the magnetic
levels necessary for chronic exposure to cause childhood leukemia (above 0.3–
0.4 T ) are above the 2010 ICNIRP set limit of 200 T. Further note that these
levels are not expected at the Project based on the magnetic field levels measured
at other power facilities.

Issue 7. Volker states, “Furthermore, even though there remains some disagreement over
the impacts of EMF, many “authors suggest that [this] . . . should not be cause for
inaction. Instead, they argue that the precautionary principle should be applied in
order to prevent a recurrence of the ‘late lessons from early warnings’ scenario
that has been repeated throughout history.” Id.”

Response: Indeed, the principle of the ICNIRP has been to build in “safety
factors” to their published guidelines. For example, once the ICNIRP determined
the level of EMF strength necessary to observe an effect, such as induction of
internal currents, the ICNIRP then applied a reduction factor of 5 as a means of
arriving at a precautionary value for occupational exposure. The value was
reduced by an additional factor of 5 for public exposure, arriving at the extremely
cautious values for EMF restriction discussed in Section 3. Thus, the ICNIRP
values already have built-in precautionary levels (ICNIRP, 2010).

5.3 DISCUSSION OF EXHIBITS

All three of the exhibits provided in this commentary are by the same author, Samuel Milham.
Mr. Milham has been identified as an “alarmist,” conducting studies which lack scientific rigor
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and border on the unethical (EMF & Health, 2009). Mr. Milham has also served as a witness in
at least one lawsuit, but the circuit court struck his testimony, as it was determined that his
testimony was not based on scientific evidence (Kane v Motorola Inc, 2002).

5.3.1 Exhibit 4: Attention Deficit Hyperactivity Disorder and Dirty Electricity.

The paper does not follow sound scientific principles, as outlined in Section 4.2.4 above. To wit:

1. No “study” or “control” group was defined. The paper consists of anecdotal evidence
presented by the author without any comparison of how the intervention, or lack of
intervention, affected a control group. There is no way of knowing if the observed effects
are due to the EMF filter, or due to other factors. For example, no explanation was
provided as to why only one teacher was complaining of hyperactive children, and not
the entire school. Were the behavior problems entirely due to EMF, then logically, the
entire school would have been affected, which was not the case.

2. Control of variables was not provided. Therefore, logical conclusions at to whether the
effects observed are actually due to the intervention or due to other sources cannot be
drawn.

3. No statics, nor any empirical data were presented or collected in the study. The study
only reports on the teacher’s observations, which are qualitative and anecdotal in nature.
The study did not measure, for example, cognitive ability of the students, time on task, or
any other metric for determining hyperactivity. Determination as to whether the effects
observed are due to the intervention or random chance cannot be accomplished.

The paper then suggested that Amish children did not suffer from ADHD because of the lack of
EMF in their lives. Variables were not analyzed to determine if other aspects of the Amish way
of life, such as lack of preservatives in the diet, lack of processed foods, lack of food colorings,
or other environmental factors were relevant. All scientific conclusions must be based on facts,
not conjecture. The paper simply suggested that the lack of ADHD observed in the Amish is due
to EMF, and does not collect any data nor present any analysis of data that would lead a scientist
to conclude that EMF causes ADHD.

5.3.2 Exhibit 5: Historical Evidence that Electrification Caused the 20th Century
Epidemic of “Diseases of Civilization.”

The report is based on some faulty assumptions, namely:

1. The author’s understanding of “dirty energy” is confused.

a. “Dirty energy” is a misleading term given to the harmonics of 60 Hz energy, such
as 120 Hz or 180 Hz. These harmonic frequencies are normally filtered out in the
power distribution process using a band pass filter. Those higher frequencies that
may be generated and which human being are exposed to, however, are also
covered by the ICNIRP EMF exposure limits (see Table 2). Note that the
harmonics of 60 Hz will have substantially lower field strengths compared to the
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field strength at 60 Hz. This is because the primary frequency is at 60 Hz, and the
harmonics are like “echos,” which are lower energy. Therefore, EMF levels
expected from the harmonics of 60 Hz from this Project will be lower than the
strength at 60 Hz, and well below ICNIRP recommended levels.

b. The author states, “Among the many devices which generate the dirty electricity
are compact fluorescent light bulbs, halogen lamps, wireless routers, dimmer
switches, and other devices using switching power supplies. Any device which
interrupts current flow generates dirty electricity.” What the author has just
described is a resistor, which only slows the flow of electrons: resistors do not
alter the frequency at which electricity is delivered. The author may be referring
to the inductance fields that are created around a resistor, but these fields are very
low strength and would not be measurable more than 1 foot from the device in
question.

2. The author’s understanding of the electromagnetic (EM) spectrum is incorrect. The
author states, “With the exception of a small part of the electromagnetic spectrum from
infrared through visible light, ultraviolet light and cosmic rays, the rest of the spectrum is
man-made and foreign to human evolutionary experience.” In reality, infrared through
cosmic rays makes up the bulk of the EM spectrum, not a “small portion.” In addition,
natural sources of EM in the low frequency and extremely low frequency exist and have
always existed, including the Earth’s magnetic field, lightning strikes, static electricity,
and cosmic sources.

3. The design of the study is inherently flawed. The study compared the mortality rates of
people living in urban versus rural environments. The study concluded that people living
in urban environments had a higher rate of death than people living in rural
environments. This study concluded, however, that the cause of the higher death rate,
cancer rate, heart disease rate, and depression rate was due to increased exposure to EMF
in urban areas compared to rural areas. The many differences between urban and rural
populations, including air pollution, degree of physical activity, diet, amount of sleep,
and exposure to sunlight were not considered as variables and evaluated during the study.
Therefore, the conclusions of this study are not based on sound scientific principles.

5.3.3 Exhibit 6: A New Electromagnetic Exposure Metric: High Frequency Voltage
Transients Associated With Increased Cancer Incidence in Teachers in a California
School.

While this report could systematically address the lack of scientific rigor in this paper, other
experts have conveniently done this already. Dr. John W. Morgan, an epidemiologist with
Region 5 of the California Cancer Registry in Loma Linda, wrote a letter to the editor (2009) of
the very same journal that Exhibit 6 was published in, the American Journal of Industrial
Medicine, addressing the scientific problems with Exhibit 6. To summarize:

1. The number of cancers and types of cancers were not confirmed by the California Cancer
Registry.
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2. The data presented in the study was deficient and ambiguous.

3. The date of cancer onset sometimes pre-dated employment at the school district.

4. The number of cancers, types of cancers, and date of cancer onset were incorrect.

Thus, this Exhibit also does not have scientific validity and cannot be used as an authoritative
reference on EMF and health.
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6.1 CLOSING AND RECOMMENDATIONS

URS has addressed Volker’s comments, and specifically discussed the following points:

1. EMF levels are not expected to be above background levels outside the fenced in area of
the Project.

2. EMF will not interfere with airport operations.

3. EMF levels within the Project are expected to be below ICNIRP levels.

4. ICNIRP levels already have a safety factor built into the recommended levels for both
magnetic and electric fields.

URS has also addressed the Exhibits, and specifically discussed the following points:

1. All three Exhibits are from the same author, Samuel Milham.

2. Mr. Milham’s work has serious scientific deficiencies and is not accepted as sound work
by the scientific community.

URS has recommended that the Project conduct at least one of the following studies to verify
that EMF levels are within existing guidelines:

1. Prior to building the facility, a simulation of EMF levels within the vicinity of the
transmission lines and substation should be conducted.

2. Once the facility is built and operational, an EMF study of the area, including around
solar collection devices, transmission lines, and substations should be conducted.

We appreciate the opportunity to provide our services. Please contact the undersigned if you
have any questions regarding this report.

Sincerely,

Gayle Nicoll, PhD

URS CORPORATION

6 Closing
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The opinions and judgments expressed in this EMF Technical Report are based on URS’s
research and interpretations as detailed in Sections 1 through 6 of this report. The report is
limited by the amount and type of information provided to URS by 8minutenergy. These
conclusions and recommendations may be subject to change if other factors impact the facility.

7 Limitations
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9.1 ELECTRIC AND MAGNETIC FIELDS

9.1.1 EMF Basics
Electromagnetic (EM) radiation is a term given to a wide range of invisible waves, including
X-rays, ultraviolet light, visible light, radio waves, and microwaves. EM radiation is classified
based on either the wavelength, measured in meters, or the frequency (how fast the wave is
moving), measured in Hertz (also known as cycles per second).

While a familiar form of EM radiation is visible light, visible light is only one part of the entire
EM spectrum. Humans also use other forms within the spectrum (e.g., radio waves for
communication, infrared [IR] waves for night-vision goggles, and microwaves for cooking food).

For power transmission lines and substations, frequencies are around 60 Hz, primarily because
the alternating current (AC) is generated at 60 Hz. These extremely low frequencies (ELF) are
the specific region that this report focuses on. ELF spans from 3 Hz to 3,000 Hz (or 3 kHz).

The distinguishing characteristic of EM radiation is that all EM radiation has two components:
an electric field and a magnetic field. These components can be thought of as two separate but
related waves, which propagate at 90° to each other.

9.1.1.1 The Link Between Electricity and Magnetism
Electricity and magnetism are inherently linked through EM radiation. Electricity is the motion
of electrons. Whenever an electron moves, a magnetic field will also be produced. When
electrons move through a wire, the electrons generate both electric and magnetic waves. The
opposite is also true: electric fields can be generated by magnets. The electromagnet—making a
magnet out of a battery, a nail, and some wire—is an example of this principle.

The electric and magnetic fields are generated at right angles to one another. The electric field
and magnetic field generated are inclusively classified as electromagnetic fields (EMFs).
Extrapolating this concept out to the flow of electrons through a wire, as the electrons flow,
carrying the electricity through the wire, a wave of EMFs are generated in all directions that are

perpendicular to the flow of electrons. This results in
EMFs arranged concentrically around the wire and
emanating outward, as shown in Figure 1.

Note that the density of the circles illustrates the
strength of the field. The EMF waves emanate out in all
directions from the wire, dissipating as the EMF waves
move farther away from the wire. Note that the wire
itself does not move, although the electrons within the
wire do move. As a result, the EMFs associated with
the electric current extend the entire length of the wire.
The EMF field strength is highest closest to the wire
and drops off as a function of the inverse of the square
of the distance , called the Inverse Square Law, or 1/r2.
Thus, the EMF field strength at 2 feet away from the
wire is one-quarter of the strength at 1 foot away from
the wire.

9 EMF Background

Wire

EMF

Figure 1: As electrons flow through the
wire (out of the page), the EMFs are
generated perpendicular to the wire,
causing circular planes.
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(a)

(b)

Figure 2: Simplified repre-
sentation of EMF interactions. (a)
Two sinusoidal waves adding
together. (b) Two sinusoidal
waves cancelling each other out.

Note that this is a simplified case for one wire in space.
When multiple wires, or other EMF generating sources, are
involved, the EMFs generated from each source can
interact with each other. The interactions can be either
additive, creating larger EMFs, or subtractive, cancelling
each other out all or part of the way. Figure 2 illustrates
this principle with a simple example of two sinusoidal
waves. When the two waves are “in phase,” which means
that their peaks and troughs line up, the waves add
together, and the result is a larger wave. Conversely, when
the waves are “out of phase,” which means the peaks and
troughs are out of alignment, the waves cancel each other
out. In most cases, the waves do not exactly overlap as in
Figure 2, and the result is an EMF with a complex wave
function.

Since electricity and magnetism are inherently related, the
stronger the electrical current, the stronger the magnetic
field. The larger the amount of current, the larger the
magnitude of EMFs generated. EMF strength is also proportional to proximity: the closer to the
source of the EMFs, the stronger the EMF field.

9.2 MEASURING EMFS
EMFs can be measured in a variety of ways. For a given electric field of strength E, the electric
field exerts a force on an electric charge. This force is expressed in Volts per meter (V/m).
Likewise, magnetic fields can exert a force on a moving electric charge. The magnetic field can
be described in two ways: as a magnetic flux density, B (expressed in units of Tesla or Gauss), or
as a magnetic field strength, H (expressed in units of Amps per meter [A/m]).

TESLA
(T)

GAUSS
(G)

1 1 x 104

In most EMF studies, the magnetic flux density, B, is measured using a special type of detector,
called a Gauss meter. The Gauss meter works on the same principles just described, only
backwards: the magnetic field induces an electric current in the detector, which is directly
proportional to the strength of the field. The strength of the EMF can thus be calculated.
Measurements on the Gauss meter are reported in Gauss or Tesla. For conversion purposes,
1 Tesla (T) is equal to 1 x 104 Gauss (G). Typically, magnetic fields in the literature are reported
in either milliGauss (mG) or microTesla (T), where 1 G = 1 x 103 mG and 1 T = 1 x 106 T.

Within this context, many different instruments are available for measuring the magnetic field of
an EMF. These detectors usually have been calibrated for a specific set of frequencies.

Similarly, electric (E) fields are measured in Volts per meter (V/m). While there are a few
variations on how electric fields can be detected, the equipment usually consists of an antenna or
a series of antennae, which measure the strength of the electric field as a function of frequency.
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When the antenna is mounted on a tripod and connected to a detection device, the electric field
of an electromagnetic wave induces a voltage in the antenna, which is transferred through a cable
to the detector. The induced voltage depends on the electrical field and the conductor length.
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