
FOR

APRIL, 1972

FACT SHEET
FOR THE SANGUINE SYSTEM

FINAL ENVIRONMENTAL IMPACT STATEMENT

RESEARCH, DEVELOPMENT, TEST AND EVALUATION 
(Validation And Full-Scale Development)



NOTICE

PB 199-732-F-l

PB 199-732-F-2

Copies can be obtained at a cost of $6.00 and $9.00, respectively, 
from:

Sanguine System Final Environmental Impact 
Statement for Research, Development, Test 
and Evaluation (Validation and Full-Scale 
Development) --  350 Pages
Sanguine System Final Environmental Impact 
Statement for Validation and Full-Scale 
Development; Technical Annexes --  685 Pages

National Technical Information Service 
Springfield, Virginia 22151

The Sanguine System Final Environmental Impact Statement for 
Research, Development, Test and Evaluation (Validation and 
Full-Scale Development) was prepared and submitted to the 
Council on Environmental Quality (CEQ) in April, 1972. The 
Final Environmental Impact Statement supersedes the Project 
Sanguine Draft Environmental Impact Statement prepared in 
March, 1971 and submitted to the CEQ in May, 1971.
This Fact Sheet was prepared as a convenient summary of the 
Final Environmental Impact Statement for those desiring a 
general overview of the environmental issues associated with 
Sanguine. Readers interested in studying the issues in detail 
can obtain copies of the Final Environmental Impact Statement 
through the National Technical Information Service by ordering



PURPOSE

1
1

No significant environmental impact has occurred during research 
and development efforts, nor is any expected during Validation and 
Full-Scale Development.

The purpose of the Environmental Impact Statement is to present 
the anticipated total environmental impact involved with the develop
ment of a proposed Extremely Low Frequency (ELF) communications system 
called Sanguine. A Sanguine System if fully developed and constructed 
would provide a survivable and reliable military communications system 
for U.S. Strategic Forces, particularly submarines.

The total environmental impact of Sanguine can only be anticipated 
at this time because an authorization has not yet been requested from 
the Congress to build and operate such a system, nor has a final system 
design or sice been selected. Several system concepts have been de
fined, and present plans are to proceed to the Validation phase of the 
project. This phase would include development of a preliminary system 
design with cost and schedule estimates, design tradeoffs, technical 
risk analyses and some equipment development. Following Validation, 
subject to further approval, the Full-Scale Development phase would 
commence in Fiscal Year 1974. Final system design would be completed 
and prototype portions would be built and tested. These phases are 
estimated to require four years, would be accomplished by industry and 
government laboratories, and would involve no major construction.

Most of the research required to develop the ELF communication 
concept has been completed, and no significant technical risk is asso
ciated with initiating the Validation phase of development. Sufficient 
study and research of the environmental issues has been completed for 
an initial evaluation of the environmental consequences of acquiring 
the system. Environmental research and studies will be continued 
during Validation and Full-Scale Development so that any remaining 
concerns, should there by any, can be investigated fully.
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CHARACTERIZATION OF THE STATEMENT

1.

2.

VALIDATION PHASE

Technical aspects of their individual designs

2.

Design, fabrication and test of key components3.

4.
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There is no significant environmental impact associated 
with Validation and Full-Scale Development phases of Sanguine.

Estimated(System cost, including life cycle costs, 
and schedule

Risk analysis of the system components and subsystems.
While small components are fabricated and tested in contractors’ plants, 
no major subsystems are constructed during Validation, nor is field 
site construction contemplated.

Project Sanguine activities to the present time have been author
ized by the Congress on a year-by-year basis from research and develop
ment funds. The Navy is just completing the. Concept Forumulation phase 
of the project, and is now proposing to commence the Validation phase 
in Fiscal Year 1973. Proceeding with the Validation phase is prepara
tory to the Full-Scale Development phase in later years.

Validation efforts include contracting with three major contractors 
to conduct parallel, competitive design efforts with early component 
development and testing. The objectives of the Validation phase are 
to verify by competition:

A final confident assessment of the total environmental 
impact of a Sanguine System will be obtained during the 
four-year Validation and Full-Scale Development phase of 
the project, before construction of an operational system 
is requested.

In the Sanguine System Draft Environmental Impact Statement of 
March 1971 the Navy did not recommend that Sanguine should proceed to 
the development phase, but only presented its analysis of likely en
vironmental impact. In the present instance, however, the Navy’s 
position is as follows:

The anticipated environmental impact of constructing a Sanguine System, based on present knowledge, would be 
the same as that associated with constructing a buried 
utility system.



FULL-SCALE DEVELOPMENT
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I

As required by the National Environmental Policy Act, the pro
posed action has been studied to determine the probable total impact 
on the environment. After having studied the basic concept of ELF 
communications and envisioned the kinds of work involved in the Vali
dation phase, the Navy concludes that no significant adverse environ
mental impact will be produced by the proposed research and development 
efforts during Validation.

It is concluded by the Navy that there will be no significant 
adverse environmental impact during the anticipated two-year Full- 
Scale Development phase of Sanguine. Prototype equipment developed 
during the 1975-76 period will be installed and tested at the existing 
Wisconsin Test Facility or other sites as appropriate. An opportunity 
will be provided during the Full-Scale Development phase for perfecting 
and demonstrating environmental protection techniques applicable to 
projected post-1976 activities associated with acquisition of a Sanguine 
System.

Since prototype electronic equipment and subsystems will be built 
and tested during the Full-Scale Development phase (the 1975-76 time 
period), it is now necessary to project the expected future environ
mental impact of this later developmental activity. However, the 
final plan for Full-Scale Development will not be available until the 
Validation phase is completed. The transmitter will consist of many 
components which will be fabricated and tested individually. Then it 
may be necessary to assemble the components at some government or 
contractor's site for testing as a subsystem and for system testing 
as a complete module (e.g., power source, transmitter and antenna). 
In addition, some testing will be required to certify that the inte
grated assembly satisfies survivability specifications. One method 
for testing survivability is simulation (mechanical vibration or elec
tromagnetic analogs can be used to test equipment stability and hard
ness). Certification also can be determined analytically. Neither 
simulation testing nor analytical certification are activities involving 
significant environmental impact.



EXPECTED FUTURE ACTION

Provide a final assessment of the environmental impact1. expected during Sanguine Validation (1973-74)
2.

a.

b.

3.

a final system deployment site has not been selected,a.
b.
c.
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a final system size and design is not yet available, 
environmental research and planning'are continuing.

Provide a final assessment of the environmental impact 
expected during Sanguine Full-Scale Development (1974-76) 
on condition, these conditions being

that the Validation phase proceeds with and encompasses those activities reasonably expected 
at this time.
that a revised environmental impact statement will 
be prepared if substantial departures from expected 
Full-Scale Development plans and activities occur.

The long-term plans for Project Sanguine anticipate a production 
decision for system acquisition in Fiscal Year 1977. It is this acti
vity, which is at least four years hence, which requires the greatest 
study and planning to ensure environmental protection. It has been 
established, therefore, that the Final Impact Statement for Validation 
and Full-Scale Development should serve the following purposes:

The final evaluation of total environmental impact during con
struction and operation of a Sanguine System will be updated in a sub
sequent environmental impact statement prior to requesting authoriza
tion for construction of an operational Sanguine System.

Provide as complete a description of environmental impact 
anticipated from construction and operation of a Sanguine 
System (post-1976) as is possible at this time. The present limitations on describing the total environmental 
impact derive from these factors:



THE ELECTROMAGNETIC ENVIRONMENT
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sections
Sanguine

The
level, nonionizing electromagnetic field.

Sanguine would produce electromagnetic fields in the Extremely 
Low Frequency (ELF) region of the frequency spectrum. This is the 
same region of the spectrum occupied by commercial power systems. All 
power systems do not operate exclusively at 60 Hz; 50 Hz also is used 
throughout the world for the transmission and distribution of power. 
Power lines are not functional radiators, but they nevertheless do 
radiate some electromagnetic energy. Sanguine would radiate very long 
waves when compared with commercial broadcast systems or radar, which 
radiate relatively short waves.

Commercial television broadcasts are made in the UHF and VHF 
ranges of the frequency spectrum. The television transmitting antenna 
produces an electromagnetic field in air, but unlike a Sanguine System 
does not produce a significant electromagnetic field in soil (except 
possibly near the station ground points).

There is an extensive library of scientific literature which 
clearly shows that certain types and magnitudes of electromagnetic 
fields can produce biological effects. It is important to recognize 
the different types of fields which radiators produce when assessing 
the electromagnetic impact of Sanguine.

Electromagnetic energy, such as that produced by radar sets and 
X-ray machines is extremely short wavelength energy. The centimetric 
and millimetric microwaves produce biological stresses at high energy 
levels. The most apparent effect is thermal. If the intensity is 
great enough, the energy can be converted to heat in lossy materials 
such as tissues. This is the principle of the microwave oven. The 
bodies of humans, plant and animals present very low absorption cross- 

at ELF, and therefore are poor collectors and absorbers of 
electromagnetic energy.
energy radiated by a Sanguine antenna would produce a low- 

The field can be described 
by two components - a magnetic field and an electric field. The elec
tromagnetic field is produced in air, and since the antenna is 
grounded at each end, earth return currents are developed, and the 
electric and magnetic fields also occur in earth. In this sense the 
Sanguine antenna is similar to a power line.
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employing frequency modulation (FM)
Electric

Frequency 
(MHz)

also operate 
field inten-

WMAL-TV
Ch. 7 (VHF)
Washington, D.C.

WPGH-TV
Ch. 53 (UHF) 
Pittsburgh, Pa.
WAAY-TV 
Ch. 31 (UHF) 
Huntsville, Ala.

WROC-TV 
Ch. 8 (VHF) 
Rochester, N.Y.

WBBQ-FMAugusta, Ga.

Frequency 
(MHz)

WMAL-FM
Washington, D.C.

_______ Volts/Meter
0.1 Mi

___ Volts/Meter
0.1 Mi

Government departments, including the military forces, heavily 
utilize the HF portion of the frequency spectrum. The Voice of America, 
for example, operates HF transmitters near Greenville, North Carolina 
to beam radio broadcasts to Eastern Europe. One 50,000-watt trans
mitter operates at 6 MHz, and a 250,000-watt transmitter operates at

Radio stations 
in the VHF portion of the frequency spectrum, 
sities produced by these stations are typically about one volt per 
meter in air at distances of a mile from the station. The FM signal 
also is effectively reflected by the earth, so earth currents and 
electric fields are inconsequential from this type of radiation source. 
Some representative electric field intensities from FM radio broad
casting are

The electric fields produced in air by UHF and VHF television 
stations are much higher than those proposed for a Sanguine System 
(0.06-0.07 volt per meter in air directly above a 45 Hz or 75 Hz 
antenna). Some typical examples are



17.9 MHz.

the vicinity of
transmitters are

50 Kilowatts, 6 MHz

250 Kilowatts, 17.9 MHz

Electric Field Strength,

T0~MiStation 0.1 Mi

0.331170 31

24 2 0.2850
■
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Distance From 
Antenna

Near Feed Line
164 Feet
1800 Feet

Distance From 
Antenna

MF region of the frequency spectrum, 
stations produce considerable fields

0.00006-0.0025
0.003
0.00003

0.0005-0.005
0.005-0.023

Near Feed Line 
100 to 900 Feet 
1000 to 1600 Feet

Distance 
From 

Antenna

Distance 
From Antenna

3-64
5-50
0.4-8

WIVK
Knoxville, Tenn.

KCBQ
San Diego, Cal.

9-14
6-45
8-18

Magnetic 
Flux 

Dens ity 
(gauss)

Magnetic 
Flux 

Density 
(gauss)

Volts/Meter

Electric Field 
Intensity 

(Horizontal)
(volts/meter)

Electric Field 
Intensity 
(Horizontal) 
(volts/meter)

Frequency 
(kHz)

Near Feed Line
5 to 50 Feet
100 to 1000 Feet

Near Feed Line 
5 to 50 Feet 
100 to 800 Feet.0.0001-0.0003 
1000 Feet 0.000013-0.000025

The measured fields are much higher than those which would be produced 
in air by a Sanguine System.

Amplitude-modulated (AM) commercial radio stations operate in the 
The 50,000-watt clear channel 
in air, as shown:

These radiators are located in a populated area (about 
20,000 population), and considerable attention has been given the 
question of potential biological effects. The electric field inten
sities and magnetic flux densities measured in air in 
the Greenville



Distance

Test Point Measured Electric Field In Earth
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F - 17.8 KHz
Pr ° 1000 Kw

1
2
3
4
5
6
7
8
9

33 Ft.
167
333
667

1670
3330
6670

70,700 volts/meter
560
63
7
1.8
0.9
0.5

1.80 volts/meter
1.40
1.40
1.00
0.62
0.30
0.28
0.26
0.07

While the extent to which electric fields might penetrate the 
earth near commercial radio facilities has not been determined, it has 
been possible to measure the surface electric fields produced near 
the antennas at the highest-powered VLF station (Cutler, Maine):

The data range between those measured (and predicted) directly 
above a buried experimental Sanguine antenna and those measured at the 
majority of test points near the experimental antenna grounds. There 
has been no evidence in the Cutler area to suggest that the electric

The Navy is one of several users of the VLF frequency band. The 
Navy maintains three VLF stations within the Continental United States; 
in Maryland (Annapolis),in Maine (Cutler), and in Washington (Jim Creek). 
Each of these stations is located in a populated area, and each is 
operated without unusual restrictions to residents or other military 
activities. The calculated electric field in air produced near the 
Cutler antennas are



The

0.07 volt/meter
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Number of Data Points:
Maximum Electric Field Value:

Mean Electric Field Value: 
Standard Deviation:

202
0.04 volt/meter
0.003 volt/meter
0.006 volt/meter

fields (including the intense vertical fields in air) have had any 
environmental impact during the station’s ten years of operation, 
electric fields measured in earth at Cutler are no different from 
those which would be produced by a Sanguine System, except for frequency.

Another 171 data points from the 60-Hz data base could be 
identified with power systems (which are sources of earth currents). 
These data were collected at consumer locations serviced by power dis
tribution companies. The average field, as measured, is the electric 
field existing between the home and the garage, for example, or

The data show that even in a rural/forest region such as Northwestern 
Wisconsin the existing 60-Hz electric fields in earth, sampled on a 
random basis for all practical purposes, are within about an order of 
of the level expected directly above a Sanguine antenna.

Expected Sanguine Electric 
Field Directly above the Antenna:

The remaining portion of the frequency spectrum is the ELF band, 
which represents the lower limit of the usable spectrum. Since it was 
necessary during environmental studies conducted at the Wisconsin Test 
Facility to measure the electric and magnetic fields produced by the 
experimental antennas, it was opportune to measure existing 60-Hz 
fields as well. The 60-Hz data base collected during Sanguine studies 
is independent of power line locations for the most part, since it was 
necessary to measure electromagnetic fields along telephone lines, 
pipelines, test and control plots used in ecology studies and along 
fencerows. In fact, 60-Hz fields were measured at random locations 
over an area of about 1000 square miles.

About 400 sets of electric field data were collected during 1967- 
71 during the various Sanguine environmental studies. Two hundred data 
points could be regarded for all practical purposes as being obtained 
at random locations. The locations were not associated with some 
given power line or other source of earth current. An analysis of 
these data yielded the following results:



located in towns or cities) yielded the following results:

0.07 volt/meter

Some other interesting measures of existing 60-Hz fields are

Electric Field IntensityLocation
0.01 volt/meter

0.014

0.015
0.01-0.06Hospital Environments

0.002-0.11
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L

Electric Rail Lines, 25 Hz (New England)

Number of Data Points:
Maximum Electric Field Value:

Mean Electric Field Value: 
Standard Deviation:

Two 155 KV Conn.)

171
0.525 volt/meter
0.094 volt/meter
0.088 volt/meter

Expected Sanguine Electric 
Field Directly above the Antenna:

The data show that existing 60-Hz electric fields on consumers* 
properties are the same order of magnitude as the field expected 
directly above a Sanguine antenna, and values an order of magnitude 
higher can be observed.

138 KV Line, 66 Amperes 
(Chicago, Illinois)

0.01-0.12
0.25-0.59

The electric fields generated by various small appliances also 
were measured. The electric field near an appliance depends not only 
on the device but also on the metallic structures surrounding it. Some 
examples are:

between adjacent homes, and therefore is not a localized field. An 
analysis of the data collected near consumers’ homes (none of which 
were

500 KV Line, 300 Amperes (Portland, Oregon)

530 KV Line, 510 Amperes 
(Portland, Oregon)

345 KV Line, Two Lines (New London,



Appliance

^Measured 30 centimeters from device

Magnetic Flux DensityLocation
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University of Pennsylvania Hospital 
Princeton Hospital
Park Falls (Wise.) Hospital
Industrial Plant, Park Falls (Wise.) 
Scientific Laboratory, Pensacola, Fla. 
Office Building, Chicago, Illinois
Stamford (Conn.) Railroad Station 
Private Dwelling

250
130
90
60
50
40
30
16
15
4
2

0.002-0.004 Gauss
0.0003-0.001
0.0005-0.008
0.003-0.06
0.005-0.01
0.05
0.02-0.20
0.001-0.01

Electric Field* 
(volcs/meter)

A large number of 60-Hz magnetic field measurements have been 
made at many locations to characterize the existing electromagnetic 

Existing 60-Hz magnetic flux densities vary over a wide 
For example, the magnetic

Electric Blanket 
Broiler 
Phonograph 
Refrigerator 
Food Mixer 
Hairdryer
Color Television Set
Vacuum Cleaner
Clock Radio
Electric Range
Incandescent Light Bulb

environment. 
range even over relatively small areas, 
field in a modern office building varies in magnitude from several 
gauss near electrical equipment to several milligauss in the middle 
of a large room. Magnetic fields in homes also vary widely in in
tensity. Some consumer products generate fields as intense as tens of 
gauss in their vicinity. The 60-Hz ambient magnetic field, whether in 
the home, office, laboratory or outdoors depends to a large extent on 
the number and type of electrical devices operating at any time as is 
evident from the following data:



5-10 Gauss10-25 Gauss 1-5 Gauss

0.01-0.1 Gauss 0.001-0.01 Gauss0.1-1.0 Gauss
Refrigerator

L

Soldering Gun
Magnetic Stirrer 
Power Cable
Hair Dryer

Toy Transformer 
Garbage Disposal 
Clothes Dryer 
Vacuum Cleaner 
Heating Pad

Can Opener
Desk Lamp 
Kitchen Range 
Electric Shaver

Bench Grinder
Food Mixer
Induction Motor
Television Set

Information from Sanguine-supported environmental research and 
from the literature was used to establish the environmental guidelines 
for conceptual design studies. The electromagnetic field intensities 
which are known or suspected to be capable of producing significant 
effects in biota, regardless of frequency, are much higher than the 
maximum surface electric and magnetic fields associated with the 
Sanguine System concept. The information from the literature indicates 
that field levels in the order of hundreds of gauss and thousands of 
volts per meter in air probably are required to produce biological 
effects, regardless of frequency, from nonionizing radiation. The 
findings to date f^om Sanguine biological research indicate that bio
logical effects are unlikely from ELF electromagnetic intensities in 
the order of 1-2 gauss and 10-20 volts per meter in conductive media.

Given the tested effectiveness of mitigation devices for utility 
systems which could be affected by Sanguine, the Interference Technical 
Advisory Group advised, and the Navy adopted, a limit of 0.07 volt per 
meter at the surface of the earth above a buried antenna for Sanguine

12

Fluorescent Lamp
Dishwasher
Laundry Washer 
Phonograph 
Electric Iron

The National Environmental Policy Act requires an interdisciplinary 
approach for Federal planning and decision-making, methods and pro
cedures that include environmental considerations in the decis ion-making 
process, and use of ecological information in planning and development. 
In keeping with these requirements, the Sanguine environmental research 
community provided guidelines as inputs to Sanguine Sys tern design 
studies.



Magnetic Flux DensityElectric Field IntensityFrequency

remain applicable at the present time, but would be

The following is deduced ftom the environmental study:
1.

2.

3.

13

45 Hz
75 Hz

0.20 gauss
0.13

0.06 volt/meter
0.07

The energy level produced by Sanguine will be much lower than most radiators now emitting electromagnetic energy.
The fact that Sanguine would produce earth return currents, 
and hence electric fields in earth does not make Sanguine 
unique. Other systems, such as power distribution systems, 
produce the same type of currents and fields, with the latter 
being approximately the same or higher than expected Sanguine 
levels at consumers' homes. These fields are distributed 
widely in the existing environment, and after several genera
tions of exposure apparently have produced no deleterious 
effects.

conceptual system studies. This limits induced voltages on short 
unmitigated conductors (about 300 feet maximum) to six volts or less, 
thereby satisfying safety requirements for the general public. There
fore, for an antenna buried about 6 feet deep in soil antenna currents 
of 150 amperes nominal values at 45 Hz or 100 amperes nominal value 
at 75 Hz are used as environmental guidelines for design studies. 
These nominal currents would produce the following earth-surface 
values directly above the antenna:

These guidelines 
lowered in the event that some significant environmental impact is 
associated with these levels during continuing research.

Existing information concerning the electromagnetic environment 
has been studied in detail. The contribution to that environment by a 
Sanguine System is well defined and understood. That contribution 
would be in the form of low-level electromagnetic fields in air and in 
conductive earth. The energy would be concentrated in a narrow band of 
frequencies. The magnetic field component of this field would be 
localized. The electric field component would be less localized since 
the intensity decays at a slower rate as a function of distance from 
the antenna.

The long-wave low-level energy which would be produced by Sanguine will not adversely affect other users of the 
electromagnetic spectrum at ELF or higher frequency bands.
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Existing VLF stations also produce electric fields in 
earth, and during an accumulated 46 years of operations 
at three stations in the United States no unusual en
vironmental observations have been reported.
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AMPERE SANGUINE ANTENNA Bl

Comparison of Surface Horizontal 
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SANGUINE LAND UTILIZATION
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system.
system.

The anticipated transmitter land requirement can be placed in 
context by considering other land uses. For example, the U.S. Highway 
8 Beltline proposed for the City of Rhinelander, Wisconsin would take 
about 300 acres of woodlands and urban fringe lands. The proposed 
6-mile Ogema-Prentice relocation of Highway 13 would take about 275 
acres of agricultural and woodlands. Requirements for lands for large 
electric power generating stations (3000 megawatts), which represent 
concentrated systems, also provide some familiar comparisons. Estimates 
of these requirements for the 1975-80 period are compared with the 
anticipated Sanguine requirements as follows:

There are two types of utilization associated with a Sanguine 
System. The land required for the buried transmitter capsules would 
be used for that purpose for the life of the system. The second 
type of utilization would be temporary and is associated with antenna 
construction rights-of-way. These rights-of-way would be used to em
place the antenna cables, and then would be restored compatibly with 
the natural surroundings when construction is completed.

The number of transmitting stations for a Sanguine System depends 
upon the ultimate size and design characteristics of an operational

The number is in the order of 100 stations for a grid type of 
The stations would be located 5 to 10 miles apart. Assuming 

100 stations spaced 5 miles apart results in a gross operating area of 
3025 square miles. Within this area only about 300 to 500 acres made 
up of widely dispersed plots and a central control and administrative 
area would be used permanently. The total of 300-500 acres, which is 
less than one square mile out of the 3000 square miles, is based on 
2 acres for each transmitter station.



Type of Facility Expected Land Requirement
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Coal Power Plant
Oil-Fired Power Plant
Gas-Fired Power Plant
Rhinelander, Wise. Beltline
Ogema and Prentice Bypass Highway (STH 13) 
Sanguine Transmitters
*Dispersed as 100 2-acre plots at 5-mile intervals in an area of 3000 square miles.

Based on available information from other sources and best esti
mates for Sanguine at this time, the following is concluded:

It is expected that one would encounter a Sanguine antenna 
much less frequently than a power line in a given area. 
Since the antennas will be buried and construction lanes 
would be restored, the physical presence of Sanguine antennas 
would not be evident after a short time.

900-1200 acres
150-350
100-200

300
275
200*

The rights-of-way required for emplacing antenna cables and ground 
terminals will be acquired by easement agreements. The identification 
of minimum environmental impact corridors will emphasize the use of 
existing rights-of-way to the maximum extent compatible with require
ments derived from the results of environmental research (interference 
mitigation). Rights-of-way, shared or otherwise, need only be about 
25 feet wide to accommodate the equipment necessary for emplacing cables 
underground.

A precise estimate of the land temporarily required for Sanguine 
antenna emplacement cannot be made at this time. For purposes of 
illustration however, consider a system with antennas 55 miles long 
spaced 5 miles apart. A reasonable estimate for a distributed ground 
terminal, based on experience at the Wisconsin Test Facility, is two 
miles. The total cable mileage is then about 1400 miles, with 1300 
miles of antenna and 100 miles of ground cables distributed over a 
gross area of about 3000 square miles. The antenna density then, would 
be about 47 lineal miles per 100 square miles, or less than 0.5 mile 
per square mile. Based on a 25-foot construction lane for emplacement, 
the temporary requirement for Sanguine is estimated to be about 4400 
acres total.



2.

3.

Type of Crossing
1 in 4 miles 1 in 1.3 miles
1 in 20 miles
1 in 3 miles
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1 in 6.7 miles
1 in 9.6 miles

A comparative analysis of the Sanguine land requirement for installa
tion of antennas and requirements for other familiar systems is 
presented in Table 1.

Road
Rail or Pipe
Stream

The information from the Wisconsin terrain study and the Trans
Pennsylvania Cable permits the following comparisons:

The land permanently required for Sanguine facilities 
is estimated to be in the order of 300-500 acres dispersed 
over a gross area of about 3000 square miles.

Land for dispersed transmitter sites and a Transmitter Control 
Center will be purchased or transferred to the government in instances 
where some department of the Federal government already maintains 
control. Minimum usage acreage will be involved because Sanguine does 
not require prime land areas.

The statistics derived from an initial terrain study of Wisconsin 
(which is a candidate operating area) have been compared with statistics 
from the recently-completed AT&T Trans-PennsyIvania Coaxial Cable. The 
construction of the cable is similar in many respects to the construc
tion of a Sanguine System. The 477-mile cable and the associated com
munications centers are buried, with the cable traversing the forested 
and rural central part of the state.

The land required for emplacing buried Sanguine antennas 
is estimated to be about 3 acres per mile at an antenna 
density of less than 0.5 mile per square mile, for a 
total casement requirement of about 4400 acres over a gross 
area of 3000 square miles. This requirement is smaller in 
all terms than similar needs for overhead power transmission 
and distribution lines.

Sanguine 
in 

Wisconsin
Telephone Cable in 
Pennyslvania

Government agencies and public utilities often acquire easements 
for construction purposes, or for dual-use lands. An easement is the 
preferred method for Sanguine antenna construction since there is only 
limited need for future access. A restoration clause will be a part 
of any casement.



1

oj Ml O1

4J

c

18

^o

"a

o o ac<—<
CO -r4 
OS £

^o
*r4

jy
-r4

§
co

§
c
>4

m

•S

a 

i 
u

05 
3
3

o

4
o

•H

W

I

M 
m 

•r4

a 
co

in

o

m

£
CO

o'

m 
o 
>4

3

co
£
co

m
o£
RJ

05 o 
P
co

g 
o 3 
3 O 
H Px

M 
o

CO

I i 
*4 O 
Jj >4 
CO 1-4 
a. 3 
E cr 
o o 
o PS

O 13 
E 3 
O co 

CO ,-J

s p.
co o

co

o
o c c 
r-~ «r4 -r4

o
o m 
cn O 

f—i 
*E

>4 O
O r-4 °-s
•U o

M CO 
3 3 
o c 
Q co

o
co co
XJ 3 

co c cr 
OOM 
>4 E 
o o 
co CO

o
<t c c 
<t -r4 -r4

XJ

*44 Q 
O E

O 
o >4 
CX-rH 
>x 3 
H q"

PS

o
•^4

3^

■5 8 
•H -r4 

■gs
M - 
c-o 
co e 
54^3 

j-i’m 

o< 
B-i

Ph >4 
CO

-os 
o I 
X4*44 
CO O 
O I 

r-4 XJ 
U-3 

00

r-4 PS

3 XJ 
O O 
c o 
3 

£ in 
0 04

P-r-4

£
CO O 
O I
i XJ 

O -C 
eo 

>%•’-<
PS

^xJ 
o o 
c o 
au.
>40

• o o 
Ph 04

•u s 
O I 
J-4 1X4 
co O 
O i 

r-4 XJ 
0.3 ao 
>V^4 

r-CQS

C XJ 
O O 
c o 
E ^7 
>40 
o m 
Pncn

o'

CO 1X4 
o o 

r-4 I 
O XJ

r-4 *r4

c
O XJ 
c o 
co O 
E Ph 
>4 I 
o m

O 

o

a
CO
O X>
M O

< £
U1 

co o 
XJ PS

C

3 XJ 
oG a 
c o 
CD E 

w o
•3 -H 
O 3 
XJ c- 
O O 
o PS

X "o 
M C

O U

o 

o-S 
3 ° 
XJ T3 
O C 

co a

■3=7 
>4 1X4 
CO O 
O l 

r-4 XJ 
O J= 

co 
>,-r4 
-4 -J

3 XJ 
O O 
c o
E
>4 O 
o o 
Pm r-4

O 
>4 r-4
O Q.
3 E
O C co 

Ph >4 M

W M «r4 
CO O E 

-C 3 
Ph-30

XJ O 
o :n<r 

r-4 O'— 
CCS 
3 3

■4 C -4 
tn -r4 M

r-4 M O 
CO O U 
54 3 M 
3 -r4 -r4 
Pir-JS

M 
M

-e 
O M 

r-4 3 
r4 CO s 
3

Px

5

g
o

O 3
O h-4

O 
3

O 
■-4 3 
vO -H

■33 
XJ >4 
O CO 
3-3-0 0 
14W O E 
XJ >4 O 
05 XO O 
a a xj a 
O S « >-4 
U i O Cx

^4 PS E 
XJ O W 
O I >4 
O XJ O >4 

Ph -3\ O
I CD-O XJ 

m -r4 3 CX4 
CM PS co <

o
CO

XJ 3 
a cr 
O M

o o 
M O 
co o co 
o cn o 

r-4

E



needing Reduce* 
Road Crossing*

Of£-Scts, Planting Ana xc 
ction Lane Visibility At

In summary, it is concluded that the impact of a Sanguine System 
on the physical environment can b.e fully identified by completing the 
initial land utilization and construction planning programs initiated 
during Concept Formulation. These programs can be completed during 
the four-year Validation/Full-Scale Development phases of the project. 
Activities during the proposed phase will provide the inputs required 
to complete the program, which is necessary for the final evaluation of 
the probable total environmental impact of an operational Sanguine 
Sys tern.

W.'.vz Seeded after construction

SS'ZzZ Nursery stock planted after 
construction

The telephone cable in Pennsylvania crosses man-made systems three 
times as often as for Sanguine in Wisconsin. On the other hand, one 
would expect to cross three times as many streams in Wisconsin as are 
crossed by the telephone cable in Pennsylvania for the same length of 
cable. However, several of the crossings in the latter case repre
sented crossings of navigable rivers.
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INTERFERENCE MITIGATION

fence must be an electrically long, continuous wirethe1.
2. the fence must be essentially parallel to a Sanguine antenna

fence must be close to a Sanguine antenna.the
a

The typical electric fence is operated

Extensive theoretical studies validated by experimental results 
show that the existing electrical engineering literature provides 
equations which are adaptable for predicting both interference and in
terference mitigation effectiveness between a Sanguine System and any 
other long wire system. These studies have been performed by both the 
Navy and the public utility engineers involved with the problem.

The research and experimentation performed on power distribution 
systems has been completed. Those results and more than two years of 
operating experience at the Wisconsin Test Facility (more than one 
year at 300 amperes, twice the nominal current anticipated for a 
Sanguine System) have been studied in detail. On this basis, it is 
concluded that an effective interference mitigation program combined 
with Validation and Full-Scale Development activities will result in 
a plan to modify power systems near a Sanguine System so that the 
systems will be compatible. In summary, a Sanguine System will not 
produce interference for commercial power consumers after mitigation.

Certain characteristics of fences and certain' exposure conditions 
must exist for significant voltages to be induced on a wire fence:

Electric fences are not a significant interference problem in 
Sanguine-generated environment.

20

An interference mitigation program has been completed which shows 
that interference can be prevented between a Sanguine System and col
located telephone systems while at the same time maintaining the 
functional integrity of the telephone plant. In the approximately two 
years of operations at the Wisconsin Test Facility, the mitigated tele
phone systems in the area have functioned with no unusual history of 
line trouble, maintenance difficulties or interruptions of service which 
are related to experimental Sanguine electromagnetic interference.

Long wire fences are the only privately-owned devices that might 
be affected by interference. The interference potential relates to the 
nature of the device: a continuous length of long wire.



then compared.
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J

for long-term study, 
quency of 75 Hz and

The study showed that the highest measured Sanguine- 
induced voltage was less than one volt while the existing 60-Hz volt
ages induced by power lines generally were within an order of magnitude 
of the level produced by the experimental Sanguine antennas.

at a level of several thousand volts and a very low current. The vol
tage induced by a Sanguine System under the most unusual conditions 
would not approach the applied voltage level.

Mitigation techniques have been developed for ordinary wire fences 
to accommodate the variety of fencing used by the public. Based on ex
perimentation, life testing and user preference expressed by owners 
near the Wisconsin Test Facility, a small ceramic insulator appears to 
be the optimum device for fence mitigation. The insulator is strong, 
small and unobtrusive, and can be placed in the fence easily. The only 
necessary tool for installing the insulator is a wire-cutting pliers.

The present interference threshold adopted for fences in a Sanguine 
environment is six volts maximum induced voltage. This threshold is 
based on an extensive study of the electrical safety literature. On 
the average, direct wire contact with a low impedance circuit under 
reasonably severe conditions (e.g., wet hands and feet, excellent 
grounding of the body) will cause no sensation in humans or animals if 
the impresssed voltage is less than about 10 volts at extremely low fre
quencies. The six-volt threshold is compatible with levels adopted or 
recommended by various national and international groups and advisory 
committees concerned with electric safety standards for the public. 
The Sanguine threshold is very conservative compared to the 30-volt 
safety level for children’s toys recently proposed by the Food and 
Drug Administration.

Surveys have been made to illustrate the likely impact of an 
operational Sanguine System on fence owners. A 515-square mile area 
surveyed near the Wisconsin Test Facility showed that 637 fences were 
used, and these were located in 29 square miles (5 percent) of the 
total area surveyed. Fifteen of the longest fences were selected for 
mitigation. Not all of these fences required mitigation, but the 
selection permitted 100 mitigation treatments to be applied conveniently 

The measured voltages at a Sanguine test fre- 
at the commercial power frequency of 60 Hz were
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A Sanguine System will not produce an environmental impact on 
consumer products and commercial products serviced from ordinary 60-Hz 
commercial power systems.

A total interference mitigation cost factor for a Sanguine System 
has been estimated with reasonable confidence. The validation and 
development phases of the project will provide the necessary additional 
information required to develop final cost factors. All interference 
mitigation costs will be included as integral to the acquisition of a 
Sanguine System, ahd these costs will be recommended to the Congress as 
system costs. Thus, the residents and industries located in a Sanguine 
operating area will not be required to bear the direct cost of mitiga
tion for a system intended to satisfy a National defense need.

An arrangement will be developed whereby affected fence owners can 
be readily identified and contacted. The fence would be modified with 
no inconvenience or cost to the owner. It is believed that any arrange
ment developed for fence mitigation should receive the benefit of local 
participation in its derivation. This will ensure a workable, fair and 
equitable arrangement.

A second survey was made to obtain additional data for a statis
tical study of the fence interference potential of a Sanguine System. 
When all of the available data were combined and studied, it was found 
that only 8 percent of the sampled fences were 3300 feet or longer, 
while about one-half of the fences were about 1300 feet long. Those 
long fences requiring attention would have to be investigated only if 
their orientation relative to a Sanguine antenna was essentially parallel. 
Since only 8 percent of the fences in the sample were 3300 feet or 
longer, the total number of fences requiring any attention at all is 
expected to be small. Since only very long fences are likely interfer
ence recipients, the number of fence owners concerned with the problem 
also is likely to be small.



BIOLOGICAL RESEARCH

able.
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A theoretical basis for defining areas of research is not avail- 
In fact, it is difficult to construct a sound defensible model 

from first principles for producing measurable ELF field effects.

The emphasis for Sanguine studies has been and will continue to 
be directed toward phenomena which the literature and experience suggest 
the best possibility that low-level, nonionizing radiation electromag
netic fields might be of valid significant concern. This approach does 
not deny possible influences of. these fields on diverse organisms and 
reactions from the molecular to the behavioral. It does, in fact, 
emphasize and focus attention on those areas where other researchers 
are working at higher energy levels and frequencies.

The widespread interest and concern that ELF electromagnetic 
fields associated with Sanguine might cause biological effects consti
tute both an opportunity and an obligation to study the potential for 
effects carefully. Because there is in presently available data no 
suggestion of acute effects on humans or on populations of plants, 
animals or microorganisms in these weak fields, present research 
studies are intended to address potential subtle effects.

Extremely low frequency electromagnetic fields of intensities 
as low as those associated with Sanguine probably have no demonstrable 
effects on human or other populations. Further, it is by no means a 
foregone conclusion that ELF effects, if they were to be found, would 
necessarily be deleterious or noxious.

The Sanguine biological research program has evolved from inputs 
from many sources. The intent of the program is to obtain factual data 
continually to add to the available knowledge. An educated estimate 
can then be made of the relative merits and drawbacks of the proposed 
action relative to the environment.

To prove statistically that effects will not occur is to set out 
upon a course to prove a negative hypothesis, which obviously is 
impossible. Any proposed action, whatever it may be, involves some 
risk-taking, preferably at extremely favorable odds. Long experience 
with low-level ELF fields such as those produced by existing commercial 
power lines, and which would be produced by a Sanguine System, has 
shown thus far that no untoward biological effects are to be expected.
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A routine clinical study of laboratory canines has been conducted 
to study the possibility of gross physiological changes which might be 
produced by ELF electromagnetic fields. A maximum value of 20 volts 
per meter was selected as the electric field level in air for these 
investigations. This level is about 300 times higher than the 0.07 
volt per meter maximum level associated with the Sanguine concept.
The maximum ELF magnetic field level used during testing was 2 gauss, 
an order of magnitude greater than the level on the earth’s surface

Based on experiments at higher frequencies and much higher electro
magnetic field levels reported in the literature, the Sanguine research 
results to date, and the expectations of geneticists presently con
ducting research, genetic changes are not expected from exposure to ELF 
electromagnetic fields significantly higher than levels associated with 
the Sanguine concept. On theoretical grounds, it is considered unlikely 
that the cytoplasmic material of the cell will be affected by ELF 
exposure.

Published data concerned with electromagnetic radiation effects on 
fertility, reproduction and development of mammals is related princi
pally to intense microwave radiation and X-ray radiation. The fact 
that ionizing radiation can affect fertility is well known. The 
difference in energy levels between the lowest ionizing fields known to 
produce effects and the energy level associated with ELF nonionizing 
fields is so large tha a fertility effect from even intense ELF electro
magnetic fields is remote.

The hypothesis that ELF nonionizing electromagnetic field inten
sities of the order proposed for Sanguine are an unlikely stress on 
fertility appears to be reasonable. The available literature was re
viewed to formulate this hypothesis. A laboratory study intended to 
investigate those parameters recognized as useful indicators of change 
at the gross level support this contention. Additional studies are 
being conducted to provide additional information to test the hypothesis.

Analogies with ionizing, ultra-violet, or nonionizing microwave radia
tion are helpful to a limited degree. In each of these cases biologi
cal effects at high energy levels are well established, and one can 
construct a plausible mechanism which relates the deposition of energy 
within cells to the observed biological effects.



conceptual Sanguine antenna.
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extensive literature on the effects of electromagnetic 
The major research interest seems to be either

There is an 
energy on plant growth, 
in the potential effects of extremely intensive magnetic fields and 
gradients (relative to Sanguine levels), or to the more basic observa
tions of the possible influence of the earth’s natural magnetic field 
on plant growth and development.

The results obtained to date are sufficiently interesting to in
vestigate whether a mechanism can be identified by which ELF fields 
several hundred times greater than proposed Sanguine levels might affect

For the most part there were no consistently interesting observa
tions made during the course of this study. Variations in indicators 
such as gross observation, body weight, electroencephalograms, elec
trocardiograms, sperm count, ophthalmic examination, hematology, 
clinical biochemistry, urinalysis and necropsy were within bounds 
ordinarily expected in these data.

directly above a

One can thus hypothesize from the literature with reasonable con
fidence that the alternating low frequency fields which would be 
produced by a Sanguine antenna would be of no consequence to most plant 
life, or would react on plants much differently than the polarity- 
oriented reactions of these systems to nonalternating bipolar fields 
and gradients. As an initial test of this hypothesis, a laboratory 
study of several horticultural plants was made.

Observations of rectal temperature and blood pressure were not 
consistent. Hypertension was noted in the animals. That condition 
in itself could lead to inconsistencies in data because of its labile 
nature. Thus the data cannot be related with confidence either to 
electromagnetically-induced effects or hypertension effects. Serious 
reviewers of this work have suggested that the observed hypertension 
may have been caused by the necessary physical constraints associated 
with the experimental protocol, or by the exposure to the electromag
netic fields; that the canine may be too emotional and inclined toward 
association with particular handlers; or that a more sensitive analysis 
of electrocardiological functions may be necessary to resolve the 
observed inconsistencies. Additional research is now in progress.
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fields in air.
perceive an electric field of 20 volts per meter 
which no obvious reactions were evident.
seemingly was ignored by the turtles. Fingerling fish perceived a 
20-volt per meter electric field, but a field intensity of 10 volts 
per meter was perceived infrequently.

plant growth and development.
a study of possible effects of ELF fields on a primitive life 
A morphologically and biochemically well-known slime mold has 
selected for analysis.

Research has been extended to include 
form, 
been

terres-
There was no evidence that

A study of the general behavior of a variety of insects, 
trial and aquatic animals has been made, 
the terrestrial subjects perceived, preferred or avoided the test fields. 
The test intensities were greater than proposed Sanguine levels at the 
surface of the earth by factors of 300 (electric) and 10 (magnetic). 
The fruit fly likewise appeared to be unaffected in any way by the 

On the other hand, a few turtles in water appeared to 
initially, after

A field of 10 volts per meter 
Fingerling fish perceived

Research has been initiated to study the likelihood that Sanguine
like electromagnetic fields might produce effects of practical signi
ficance on biorhythms. The natural body rhythms, which have been ob
served and documented by any number of research scientists, are 
generally conceded to be among the most sensitive of biological indi
cators .

In vitro experiments of isolated rat brain exposed to magnetic 
fields of 100 gauss showed no effect except at a temperature of 0°C, 
and no demonstrable effect from exposure to 6 volts per meter. These 
in vitro observations are significant. Clearly, fields of even lower 
intensities should not be expected to affect in vivo function. These 
results support the hypothesis that ELF fields in the order of 0.07 
volt per meter and 0.2 gauss should produce no significant environ
mental stress on organisms.

The Navy’s present assessment is that a Sanguine System presents 
minimal risk of biotic disturbance. Furthermore, further scientific 
input is encouraged through re-assessment on a continuing basis from 
additional research during the anticipated 4-year validation and de
velopment phases of the project. This will permit a final evaluation 
of an ELF communications system in terms of environmental quality to
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be made in concert with a decision whether to construct and operate 
such a system.

Derived Let-Go Current Distribution 
Curves Versus Frequency.
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An ecological survey was performed at the Sanguine Wisconsin Test 
Facility during June and August of 1971. Data were collected at loca
tions near the Sanguine antenna, near 60-Hz commercial electrical power 
installations, and near a buried pipeline. All sutfvey locations had 
one common factor: a right-of-way had been cleared through the forest 
for each installation. Analysis showed a normal pattern of species 
composition and distribution in the antenna right-of-way and in the

Ecological surveys have been conducted at the two Sanguine Test 
Facilities in North Carolina and Wisconsin. These data are intended 
to assess certain ecological parameters both before and during oper
ations at the latter facility. A basis for comparison of populations 
before and during electromagnetic exposure is thereby established.

Forest species composition and pine bud development were surveyed 
at the North Carolina Test Facility in 1970. The facility was oper
ated between 1963 and 1970. No changes were observed in species com
position of characteristic pine-hardwood forest which could be related 
to ELF radiation. The forest composition was characteristic for the 
particular region and age of the forest. Species observed near the 
antenna ground terminals were typical invader type successional species. 
Bud mortality was found to be greater in areas adjacent to the antenna 
than in areas farther away. Additional forest sites in North Carolina 
adjacent to a roadway and to 60-Hz commercial power distribution 
line also were studied. These data showed the same effect as the data 
obtained adjacent to the antenna. The higher mortality of pine buds 
observed near the ELF antenna, the open road, and the power line was 
due to environmental conditions that prevail in open areas. From the 
evidence in this survey, no effect could be attributed to ELF radiation.

Pine bud development also was surveyed at the Wisconsin Test 
Facility in 1970. The antenna right-of-way was approximately two years 
old and the facility had been operational for about twelve months. The 
data showed that bud mortality was greatest in the open habitat under 
the antenna and decreased with distance into the forest. Results near 
a 60-Hz commercial high voltage transmission line in Wisconsin showed 
the same trend. This survey again showed that no effect could be 
attributed to experimental Sanguine operations.
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Soil animals were surveyed at the Sanguine Wisconsin Test Facility 
in 1969 and again in 1970. The purpose was to determine whether any 
changes might occur in soil arthropod and earthworm populations at an 
antenna ground terminal. The ground terminal and control data before 
antenna operations (1969) showed a normal tendency of arthropod com
munities to contain many taxanomic orders of low abundance and a few 
orders of high abundance. A subsequent sampling in 1970 presented a 
similar community structure, except for a general reduction in the 
numbers of animals. Differences in population size did not correlate 
with distance from the ground terminal, supporting the conclusion that 
test facility operations did not impact the test plot.

forest surrounding the antenna. Community structure was quite similar 
at antenna sites and other sites. There was no significant difference 
between pine bud mortality at the antenna site and other sites. The 
data from this survey gave no indication of any effect which could be 
related to ELF electromagnetic radiation.

Another survey of soil animals was performed at the Wisconsin 
Test Facility in 1971. Population samples were obtained from four 
diverse habitats along the Sanguine antennas and from a plot near a 
power substation ground terminal. Control samples were obtained from 
similar habitats located 7 to 12 miles from the antenna. Fourteen 
out of a total of 16 tests showed no statistically significant dif
ferences in arthropod abundance at any site. Differences in the other 
two tests were marginal or of doubtful significance. In both cases 
only one out of four arthropod groups was involved. Additional evi
dence for the absence of a Sanguine-associated effect was the statis
tically highly significant midsummer peak in alf three mite populations z 
in both test plots and a control plot of a woodland habitat. Ratios 
between the most numerous groups were compared for 1969 (before antenna 
operation), 1970, and 1971. The ratios were similar irrespective of 
site and date, thus providing further evidence that these populations 
are stabilized and functioning independent of two years of Sanguine 
test operations. Arthropod abundance in the proximity of a power sub
station which has been in operation for a much longer time also was 
found to be unaffected.
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Soil arthropods have generation times which may allow four or 
more generations in a year. In human terms these populations have 
now been exposed to the experimental Sanguine fields for period equiva
lent to 200 years, and to the electrical environment at the power sub
station for well over 1000 years.

Site Location for the Wisconsin Test 
Ecological Survey

WTF Antenna

‘ State Highway
— County Route

180 — Forest Route
X — Test Site
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Elements of the environment associated with human interest will 
be considered in the selection of an operating area for a Sanguine 
System, and in the layout of the antenna and transmitter complex.

Places of unusual historic, ethnic or cultural significance will 
be studied when selecting a Sanguine operating area and system place
ment. Within this category are places associated with historic 
persons, events, religions and cultures, distinctive architectural 
and building styles, and old frontier sites, objects and structures. 
Particular attention will be given to areas of special significance 
to Indian tribes.

Areas of significant archeological interest and established wil
derness areas included in a selected Sanguine operating area will be 
identified, and thereafter will be excluded from consideration for 
Sanguine System construction and operations. Particular attention 
will be directed toward rivers in the areas which might be identified 
in the Wild and Scenic Rivers Act of 1968. There are no anticipated 
construction or operational activities which would permanently disturb 
the free-flowing condition of these streams. Attention is necessary 
to ensure minimum temporary impact on public enjoyment of these streams, 
however. Areas of unique geological, hydrological and ecological 
interest also will be identified and avoided.

Personal and group opinions, aspirations and biases are involved 
in the subjective evaluation of the impact on nature of any proposed 
action. Response varies from individual to individual, and between 
groups with diverse interest and goals. By initiating natural inter
est planning early in the Validation phase and inviting public involv- 
ment and reaction, it is hoped that reasonable guidelines and 
principles can be evolved which will satisfy all segments of the 
community.

The prime objective of natural interest planning should be the 
selection of Sanguine transmitter locations and antenna routes so that 
a balanced exchange of natural values is achieved. While there are 
limitations imposed on these selections by system performance require
ments and the need to minimize interference mitigation requirements, 
the limitations are not so restrictive that a balanced exchange should
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be in harmony with their neighborhoods, 
architectural design and landscaping.

The case of a Sanguine construction lane through an undeveloped 
area, such as a forest, is more challenging. After selection 
according to system performance and environmental criteria, the lane 
can be restored in any manner consonant with the general area.

Another technique for handling construction lanes is to dedicate 
some of the lanes, or portions of them to browse areas for wildlife. 
This could be done by controlled clearing, and could prove particularly 
advantageous in areas where there are a considerable number of esta
blished roads.

Coordinated planning and attention to detail during the Sanguine 
Validation and Full-Scale Development phases can provide for protection 
of human and natural environmental interests during construction. By

The maintenance and enhancement of natural interests at trans
mitter locations involves factors different from those related to 
construction lanes for antennas. Any surface structure associated 
with the Sanguine System will be designed with attention and emphasis 
on the landforms and land uses of the immediate area. Structures 
located in areas of considerable human habitation will be required to 

This can be achieved by

There may be locations where complete restoration is not preferred. 
Recreational advantage may be obtained, for example, by designing 
antenna lanes for conversion to hiking trails after construction. Co
ordination at the National and State level should permit advantageous 
application of Public Law 90-543, the National Trails Systems Act.

be foreclosed arbitrarily. It would be desirable from both the en
vironmental point of view and minimum cost to emplace antennas in 
existing rights-of-way to the maximum possible extent.

Given the likelihood that new construction lanes will be required 
to some extent, the important question after selecting these lanes 
will be how to restore them to minimize the impact produced by construc
tion and preserve the appeal of the area. Lanes within developed 
lands are no problem since restoration will be compatible with exist
ing land utilization. For all intents and purposes these lanes can 
be categorized as existing rights-of-way for which easements would be 
obtained.
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invicing che cooperation and concribucions of ocher National and 
Scace agencies, chere is an excellent pocential for enhancing and 
promoting che human and natural interest in the environment.
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UNAVOIDABLE EFFECTS

1

If future decisions approve continued Sanguine development, the 
present proposal would lead in about four years to a decision whether 
to acquire an operational system.

The proposed action to initiate Sanguine Validation Studies and 
Full-Scale Development is essentially a proposal for about two years 
of engineering optimization studies, preliminary design and selected 
equipment development followed by another two years of final design 
and prototyping with its associated testing. There are no known 
unavoidable adverse environmental effects likely during the Sanguine 
Validation phase.

ENVIRONMENTAL EFFECTS, 
RESOURCE COMMITMENTS, AND PRODUCTIVITY

The likely gross area for deployment of a Sanguine System would 
be about 3000 square miles. Within this contiguous area approximately 
3C0-500 acres of land would be dedicated permanently to the system. 
The majority of this acreage would be in the form of widely-dispersed 
plots of about 2 acres each, located at about 5-mile intervals on a 
buried antenna grid. The remaining land (100-300 acres) would be re
quired for control and administrative functions.

34

As projected and based on present best estimates, the only en
vironmental impact identified with initiating and conducting full- 
scale development activities is possibly associated with the proto
type module. If the existing Wisconsin Test Facility is used for 
prototype testing, there would be no known environmental impact of 
significance. A segment of the present overhead experimental antennas 
may be replaced with buried antennas to develop and perfect installa
tion techniques and environmental protection guidelines and require
ments. These would then apply to construction of an operational 
Sanguine System, if such an action is proposed and authorized in the 
future.

The geo-economic impact of continuing the operation of the Wis
consin Test Facility would be nominal and would be the same as that 
produced by research operations at the facility since 1968. That 
impact has been advantageous to the community and the area, as far as 
is known to the Navy.
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Research will continue as necessary so that any possible bio
logical impact of the system can be assessed on a continuing basis 
and prior to a decision on construction. Continuing research and 
studies will permit environmental data to be used throughout the San
guine decision-making process, as required by the National Environ
mental Policy Act.

The small plots of land used to bury transmitter capsules would 
be interconnected by buried antenna cables similar to existing buried 
utility lines. There would be a short-term impact on the environment 
during cable emplacement. This temporary impact would be evident on 
a gross basis on about 4400 acres of land within the 3000 square mile 
area (1,920,000 acres). This involves a temporary land usage for 
antenna burial of about 3 acres per statute mile of antenna line for 
construction lanes nominally 25 feet wide, which would be obtained by 
easement agreements.

No adverse environmental impact of significance on biota is anti
cipated from an operational Sanguine System. Studies and research per
formed to date provide reasonable assurance that the presently proposed 
environmental limits on electromagnetic field intensities for an oper
ational system (0.07 volt per meter and 0.2 gauss directly above a 
buried antenna) essentially will be benign as concerns biological 
systems. Since the electromagnetic fields produced by Sanguine can be 
established on the basis of environmental safety and compatibility 
rather than on rigid communications requirements, there are tradeoffs 
which will permit the development of a Sanguine System on the basis of 
environmental compatibility.

There are no adverse ecological Implications evident in the 
development of a Sanguine System. Field studies are being conducted 
at the Wisconsin Test Facility by trained ecologists to obtain a data 
base so that the ecological impact can be analyzed on a cumulative

Significant adverse impact of a Sanguine System on man’s social 
environment would be prevented by conducting an interference mitiga
tion implementation program concurrent with system construction, with 
the full cost- of the program assumed by the government. The economic 
impact in the selected operating area is expected to be generally 
beneficial in both the short and long term.
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SHORT-TERM USE AND LONG-TERM PRODUCTIVITY

a

as power and tele- 
The Sanguine-

Validation Studies and Full-Scale Development for Sanguine imply 
short-term use of man’s environment which is intended to ensure that 

long-term environmental productivity will be maintained and at least 
in some cases enhanced.

Research activities associated with Sanguine have contributed in 
a modest way to the maintenance and enhancement of long-term produc
tivity. There have been several examples of this process. The Wiscon
sin Test Facility required mitigation of local utilities to assure
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System construction is expected to approximate the usual kinds 
of activity associated with burying facilities such 
phone cables and their related terminal equipment, 
dedicated acreage, mainly in the form of widely-dispersed 2-acre plots, 
would not be available for other uses and therefore could be regarded 
as not enhancing long-term productivity. However, these small well- 
dispersed plots will be maintained in a way that is fully compatible 
with the surrounding area.

Acquisition of an operational Sanguine System means that a con
siderable construction program would be required for a number of years 
starting in about 1976 to emplace the system. Construction is viewed 
in this case as a short-term use of the environment.

The approximately 4400 acres of land temporarily required to em
place Sanguine antennas can represent a short-term use of the environ
ment leading to maintenance and enhancement of long-term productivity. 
In order to achieve this goal, detailed construction and restoration 
planning will be initiated during the Validation and subsequent Full- 
Scale Development phase of the project. The general outline of the 
plan has been developed.

Biological and ecological research and studies are scheduled to 
continue. While these research activities and studies do not repre
sent short-term uses of man’s environment in the usual sense of the 
phrase, they exemplify labors which are intended to demonstrate no 
loss of environmental productivity in the long-term.

yearly basis. After 2-1/2 years of use no evidence of ecological 
damage related to the operation of the Wisconsin Test Facility has 
been observed.



COMMITMENTS OF RESOURCES

The biological and ecological studies being conducted for the 
project have generated wide interest at all levels in research involving 
the potential effects of nonionizing electromagnetic radiation.

The commitment of material resources necessary to construct an 
operational Sanguine System at some future time cannot be estimated
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The first full-scale development prototypes could consist of 
electronics equipment housed in a temporary surface structure at the 
existing Wisconsin Test Facility. A more complete prototype facility 
might be required for design and cost verification. However this 
facility would not require antenna lines nor would it radiate signals. 
In the event this type of prototype could not be emplaced at the present 
test facility, the natural resources required would be essentially the 
same as those used to construct the existing facility.

There are several modest commitments of material resources, and a 
potential temporary commitment of natural resources related to the 
Validation phase of Sanguine. Validation phase activities are primarily 
conducted in contractor plants and government laboratories with no 
known environmental impact. In addition, continued use of the Wiscon
sin Test Facility during Validation is planned.

The Full-Scale Development phase is intended to produce prototype 
portions of a Sanguine System. These prototypes will exemplify the 
final system design developed by the contractor. Material resources 
such as steel, copper, aluminum, glass and plastics would be required 
to produce the equipment. Fuels and other energy sources would be re
quired for test operations. While a meaningful estimate of these com
mitments cannot be made since amounts of the various materials will 
depend on final system design parameters, the amount would be small.

environmental compatibility. The mitigation program contributed an 
improvement to the local social environment. New and more up-to-date 
power distribution system segments replaced portions of older rural 
systems. The local telephone systems which were mitigated also were 
improved. Neutralizing transformers used to prevent Sanguine inter
ference also effectively reduced already existing interference from 
60-Hz power line sources. This improvement has been notable to the 
local subscribers.
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realistically during Concept Formulation. The necessary resources 
are a function of location, final system design and system size.
A confident estimate would be developed during Full-Scale Development, 
and would accompany a request to Congress for authority to acquire and 
deploy a Sanguine System. These data would also be available for the 
updated environmental impact statement submitted with that request.



ALTERNATIVES

1. Alternatives
2. Alternatives to
3. Alternatives to the Sanguine System size and operating area.

1.
2. Direct or relayed acoustic transmissions

Seismic (through-the-earth) transmissions3.
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to the present proposal 
the Sanguine System

The various alternatives to the Sanguine System to provide sur
vivable communications from the National Command Authority to the FBM 
forces fall into five (5) categories:

Dispersed/mobile/hardened combinations at VLF/LF/HF

The alternatives of continuing the Sanguine Concept Formulation 
phase would delay obtaining essential survivable communications as 
stated above. Further, environmental compatibility and system develop
ment must be inextricably a cohesive and iterative process. The 
environmental program has proceeded about as far as possible in assess
ing the general impact of a conceptual Sanguine System. The process 
by which these environmental criteria and guidelines can be specifi
cally applied requires a final system design and site. Therefore, the 
final assessment of the probable total environmental impact expected 
from a Sanguine System also would be unnecessarily delayed.

The alternatives
Validation and Full-Scale Development phases

to the proposal for initiating the Sanguine 
are: (a) to cancel the 

Sanguine program altogether or (b) to continue the program in the 
Concept Formulation phase. The result of cancelling Sanguine would be 
that lack of vital communications capabilities will continue to re
strict the submarines' use of their designed speed and depth perform
ance. The credibility of our stated National Policy of strategic 
deterrence will have to depend on communications systems which do not 
have the survivability and endurance that a Sanguine System could pro
vide. Thus, the confidence that our submarines will remain both in
vulnerable and capable of prompt retaliation after a nuclear attack 
could be lower by a significant degree without Sanguine.

There are three classes of alternatives associated with Project 
Sanguine. These are:



4.

5.

system.

NEW YORK-

Satellite and rocket launched transmissions, (ELF) 
through (SHF)
Direct wire from CONUS to SSBN.

because they were either: 
or

U.S. With ?osslbl« Alceraata Sir.;u<™ Location*
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■/’north CAROLINA

The class of alternatives available within the Sanguine System 
concept are associated with the physical size of the system, the dis
persion possibilities for the system, and possible sites. These fac
tors are interdependent and are functions of desired communications 
capability and cost.

Within each of these categories, extensive research and develop
ment programs have been pursued to determine the cost-effectiveness, 
technical feasibility, or operational suitability/acceptability of the 
alternative to Sanguine. All of the projects undertaken within the 
foregoing categories have been rejected as alternatives to Sanguine 

not cost effective; operationally unsuitable 
unacceptable from a security, reliability or submarine operating 

viewpoint; or did not demonstrate advantages in terms of survivability 
and endurance.

The present range of sizes for a Sanguine System permits a 
number of possible locations to be considered for an ELF communication 

The final choice of location can be made only after several 
characteristics of each area are determined. Considering all these 
factors, Wisconsin is considered to be the best site, but other sites 
such as Texas and New York are being analyzed for determination of 
their effect on system cost if located there.

^7



THE NEED FOR A SANGUINE SYSTEM
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In summary, Sanguine not only meets a vital Navy requirement for 
communications to submarines, but a National need for an effective 
and survivable means of. command and control of its strategic forces 
under all conditions.

The requirement to maintain continuous and reliable communications 
to ensure positive command and control must not degrade the existing 
inherent survivability of the submarines themselves. Only a system 
operating in the Extremely Low Frequency (ELF) spectrum can penetrate 
sea water to significant depths to permit our submarines to receive 
continuous communications without constraint on 
capability.

The fundamental requirement for Sanguine is to assure effective 
and survivable worldwide communications from the National Command 
Authority to our strategic forces, particularly submarines, before, 
during and after a nuclear attack. Only the President or his legal 
successor may authorize the use of nuclear weapons and since it is 
National Policy that the United States will not initiate a nuclear war, 
we must have high confidence that reliable communications to our 
strategic deterrent forces are maintained under all conditions of 
hostility, including a nuclear attack against the United States. The 
survivability of a Sanguine System will not only ensure our ability to 
retaliate, but will also clearly demonstrate to a potential enemy the 
requisite credibility of cur National Policy of strategic deterrence.

their operational
Thus Sanguine would provide increased confidence that our 

submarines will remain invulnerable and be capable of reacting promply 
to National Command Authority.

The survivability and endurance of a Sanguine System also could 
enhance command and control of other U.S. strategic forces and insure 
effective National Command Authority control of these forces during 
and after a nuclear attack. Further, ELF communications would be able 
to relay vital messages to deeply submerged attack submarines thus in
creasing their responsiveness and effectiveness.
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The ELF Communications Concept
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