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CHA PTER 12  

COMMUN ICATIONS E L EC TRONIC GROUN DINGS 

12. 1 GENERAL GROUNDING AND BONDING CONSIDERA TIONS 

The major factors to be considered i n  the designing of an adequate grounding sy stem 
ar e: 

• Per sonnel protection 

• Equipment protection 

• Interference reduction 

• RF efficiency 

• Signal ground distribution 

• Separation of the Red and Black signal ground 

In deference to the above,  several general rules should be followed when a ground 
system is designed. 

a. Personnel protection must be provided by installing an electrical path between 
the equipment and the earth. The resistanc e of the path must be less than that of the 
human body and cannot be greater than 2 5 ohms to the earth. 

b. Building protecti on against lightning must be provided by a low. resistance 
el ectrical path between the metal structural portions of the building and the earth. 

c. RF interferenc e cau sed by standing waves on ground leads must be eliminated 
by keeping the ground leads to lengths less than that of one wavelength. 

d. Where possibl e, a single ground system must be installed. A singl e ground sys­
tem prevents potential differences between systems and reduces to a minimum the 
possible circulation of ground currents. 

Methods and practic es for establishing satisfactory grounds are discussed in the 
following sections of this chapter. Topics included are: establishing satisfactory 
earth ground points, interconnecting ground systems, ground point testing and 
ground system distribution. 

12. 2 F USED METAL- TO- METAL GROUND SYSTEM JOINTS 

During the planning phase particular emphasis should be plac ed on the construction of 
the ground system. Many undesirable short- and long- range effects can be stemmed, 
if not eliminated complet ely, by specifying the approved standards for fusing metal to 
metal. The approved standards are the result s of continued research into the best 
possible methods of pr eserving the qualities of the specific metals selected for individ­
ual installations. 
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Investigation of the causes of ground j oint failures has disclosed many undesirable 
effects. Some of these are:  

• Brittle fractures 

• Annealing of strength members 

• Tempering of flexible members 

• Crystalization of base metals 

• Cold joints ( incomplete fusing) 

• Burnout (due to  overcurrent) 

• Acidic reaction deterioration 

• Breaking due to overstress 

Corrosion rust 

• Electrolysis between dissimilar metals 

• Dirt and flux residue within the joint 

The following practices and standards are to be adhered to, as applicable, within 
tbe design specifications. 

a. All connections shall meet the quality requirem ents of specification MIL-B-
7883. 

b. When torch brazing is not practical,  heavy section wires or rods being j oined 
together or to heavy section structural members of the same kind or dissimilar 
metals can be joined by exothermic, fused cast- in-place alloys of the appropriate 
type. 

c. Small diameter or thin section copper or copper- clad wires can be fused to 
steel or other dissimilar metals by brazing with alloys per Federal Specification 
QQ- S- 561, Class 4, using flux per Federal Specification 0- F- 499. 

d. Small diameter or thin section copper or copper- clad wir es or rods can be 
fused to the same or other copper by brazing with alloys per Federal Specification 
OQ- S- 561, Class 3, without flux;· 

e. Aluminum or aluminum alloys can be fused to the same or dissimilar metal s  
by following the requirements of spe cification Mil-B- 5087B(ASG). 
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12. 3 EARTH GROUND CONNECTION 

The choice of the earth ground point can range from a metallic underground piping 
system to electrodes inst alled in the ground especially for this purpose. The 
National Electrical Code, (1968) , articles 2 50- 81 through 250- 84, establishes basic 
criteria for the earth ground connection point applicable to personnel safety only. 
The possible earth ground points, in order of preference, are as follows: 

a. A metallic underground water piping system, either local or one that supplies 
a community, provided the building interior cold-water system is also bonded to 
one or more installed electrodes. 

b. Other continuous metallic underground piping systems, exclusive of a gas 
service piping system. 

c. The metal frame of a building if the frame is effectively grounded. 

d. Installed electrodes. 

Installed electrodes commonly in use at communications stations are described in 
the following subparagraphs. When electrodes are installed for the safety of per­
sonnel, the resistance between the electrodes "and the earth is not to exceed 25  
ohms. Continuous metallic underground water systems in  general have a resis­
tance to ground of less than 3 ohms; metal frames of buildings and local metallic 
underground systems usually have a resistance substantially below 25 ohms. 

12. 3. 1 Driven Electrodes 

Driven electrodes, or ground rods, are used for the earth ground connection where 
bedrock is beyond a depth of 10 feet. Since these electrodes are subj ect to the 
corrosive action of the earth, they should be made of copper- clad steel. These 
electrodes, available commercially in various lengths and diameters, can be 
joined together to extend their length (figure 12- 1) .  

Generally, the depth of the electrode determines the resistance of the earth ground 
connection. Rods should be driven deep enough to reach the permanent mo isture 
level of the earth whenever possible. Failure to reach this level may result not 
only in high resistance, but may cause large resistance variations during seasonal 
weather fluctuations. 

12. 3. 2 Multiple Driven Electrodes 

Several driven electrodes may be used to obtain a specified minimum ground con­
nection resistance. When multiple driven electrodes are used, their upper ends 
are bonded together with No. 4 AWG bare copper wire. 
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Figure 12- 1 .  Grounding Rods 

The resistance of the connection to the earth made by a driven electrode is dis­
tributed in a hemisphere of earth about the electrode. For this reason the direct 
reciprocal relationship for resistance in parallel is not obtained when multiple 
electrodes are driven. The hemisphere of one el ectrode will always tend to over­
lap that of the other. Figur e 12- 2 shows the amount of reduction of ground con­
nection resistance to be gained by driving multiple electrodes spaced various dis­
tances apart. The separation between electrodes should be a minimum of 6 feet. 
As a general rule, multiple electrodes are spaced at 10 to 20 feet. With this con­
figuration, the optimum ground connection is approached while practical consider­
ations are satisfied. 

The minimum ground resistance that can be obtained through the use of multiple 
electrodes depends upon the dimensions of the area available. Figure 12- 3 shows 
the relationship between the conductance of a group of electrodes over a given 
area and the conductance of a single electrode. From this graph it can be seen 
that the maximum conductance possible with an unlimited number of electrodes in 
an area of 500 square feet is unly 4. 9 times the conductance of a single electrode. 
However, 10 electrodes equally spaced in this area would result in a conductance 
of 4. 6 times that of a single electrode. Since this difference in conductance is 
not significant, a limited number of electrodes may be presumed practical for a 
given area. Figure 12- 3 also shows that if 10 times the conductance of a single 
electrode is desired, the electrodes must be distributed over an area in excess 
of 2000 feet .  
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Figure 12- 4 shows an acceptable plan for a system of driven electrodes used as the 
earth ground connection. The ground consists of seven 20-foot copper- clad rods 
driven into the earth in a radial pattern. Six rods are in a circle with the seventh 
rod driven in the center of the circle. Each outer rod is connected to the center 
rod by No. 4 AWG bare copper wire. One No. 4 AWG insulated wire connects the 
center rod of this ground rod array to the ground distribution system of the build­
ing. 

12. 3. 3 Buried Plate Electrodes 

Grounding plates are used when the physical configuration of the site prohibits use 
of more conventional ground point connections. These plates are sometimes used 
where in1mersion in water or damp soil is a practical grounding method. When 
grounding plates are used, each plate should present no less than two square feet 
of surface to the exterior soil. 

The ground connection resistance of a grounding plate  depends upon the overall 
dimensions of the plate. The variation of ground connection resistance with plate 
size is illustrated in figure 12 - 5, which is based on calculations for a circular 
plate in soil having uniform resistivity. This figure shows that quadrupling the 
size of the plate approximately halves the ground connection resistance. The 
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Figure 12-3 . Conductance of Multiple Electrodes Versus Area 

curve in figure 1 2 - 5  also shows that increasing the area of the plat e  beyond 25 to 
30 square feet does not result in an appreciable decrease in ground connection 
resistance. Thi s  relationship is also valid for a rectangular plate, although the 
curve of figure 1 2 - 5  should be taken as an indication of the relationship, not as a 
check on it. When a large surface area is  required, the use of two or more 
smaller plates will facilitate installation. The total surface area that" the plates 
present to the earth. governs the amount of resistance with respect to earth; no 
electrical parallel resistance relationship is obtained by the combination of plates. 
Grounding plates are composed of Everdur (alloy No. 1010) , an alloy consisting 
of approximately 96 percent copper, 3 percent silicon, and l percent manganese. 
This alloy has a conductivity approar.hing that of copper and a high resistance 
to corrosive or oxidizing elements. The connector between the plates and from 
the plate to the station ground distribution system is a strap 12 inches wide and 
0. 2 5 inch thick. 

The Test Equipment Standards Laboratory, U. s. Navy Repair Facility, San Diego, 
uses an Everdur plate as the earth ground point. See figure 12 -6. The plate is  
buried 10  feet deep with one foot of sand above and below the plate. The sand is 
dampened by sea water at high tide. A capped pipe, which protrudes above the 
ground, is used for supplementary moistening. 
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12. 4 EARTH GROUND POINT TESTING 

It is difficult to test an established earth ground point, and, if undertaken, the re­
sults are of questionable value. The effectiveness of an existing earth ground point 
is best determined by a r eview of the engineering and installation practices used 
to install the ground and by careful inspection to ensure the integrity of all welds 
used to bond the eroP!Jti p�int to the grounding system. 

Standard methods of determining the effectiveness of an earth ground point are based 
upon the establishment of reference grounds for the taking of test data. Each ref­
er ence  ground established must have a resistance to ground that is less than 10 
times that of the earth ground point under test. If the test is to be effective, the 
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earth ground point must be isolated fr om all grounding systems. NA VFAC DM-4 -
"Electrical Engineering" recommends the three- electrode method or the fall- of­
potential method for measuring the resistance of an installed gro und. 

12. 4. 1 Three-Electrode Test Method 

Driven and plate electrodes may be tested for earth connection effectiveness using 
the "three- electrode method. " This method, illustrated by figure 12 -7 ,  utilizes 
two reference ground points in addition to the earth ground point under test. A 
standard megger is used to determine the resistance in ohms between each pair 
of groWld points. The resistance in ohms of the ground point under test is then 
determined. from the following equation: 

Ra 

R a,b 

R a ,c  

R (Ra, b) 
a == 

2 

- (R ) b, c 

= Ground connection resistance of the rod or plate under test. 

= Measured resistance between ground points a and b. 

= Measured resistance between ground points a and c. 

= Measured resistanc e between ground points b and c. 

(12-l) 

This test is performed by driving rods for the reference ground points four feet in­
to the earth to form a 100-foot equilateral triangle with the ground connection under 
test. The ground points are designated as shown in figure 1 2 - 7. The resistance be­
tween a and b, a and c, and b and c is then measured and the resistance of the 
ground point under test is calculated from equation 12- 1 .  

12 .  4. 2 Fall- of- Potential Test Method 

Figure 12-8  illustrates the fall- of-potential -test method which involves the use of 
an ungrounded alternating current power source to circulate a constant current be­
tween the ground mat under test and a fixed reference ground probe G1 •  

The test 
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Figure 12- 6 .  Everdur Ground Installation at USNRF, San Diego 
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Figure 1 2- 7 . Three- Electrode Method of Measuring Resistance of Earth Ground Points 
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is  conducted with the assumption that there is  negligible resistance from fixed 
ground probe � to the area of the ground mat and that the resistance measur ed 
is the contact resistance between the rna t and the earth in the vicinity of the mat. 
In the fall- of-potential method a constant current ( set by the adjustment of the 
variable resistance, figure 12 -8) is passed between current return electrode G1 
and the ground m at  under test. The potential electrode P is  placed midway between 
the current sourc e, and a voltmeter is  connected between the potential electrode 
and the ground mat. The resistance R, of the ground mat can be computed  from 
Ohms law: 

E 
R = y {12- 2) 

The test is similar to measuring the IR drop across a resistor,  the resistor in 
this case being the contact resistance between the mat and the earth in the vicinity 
of the mat. Success of the m ethod depends upon a low- resistance ground path be­
tween the ground mat and probe P. 

In this test, ground stakes are driven and connected to meters and the power source 
as indicated by figure 1 2 - 8. The current and length of instrumentation leads con­
stitute hazards to personnel; therefore, this  m ethod is not recommended unless 
the installation of a facility is in the planning stage or it can be otherwise justified. 
The voltmeter is connected �etween the ground mat t erminal and probe P. The 
current is adjusted to one or more amperes to produce a center- scale reading on 
the voltmeter. This current must sustain throughout the test, but no further ad­
justment should be required unl ess the line voltage changes. Probe P is then 
moved from position to position along a path in a straight line between fixed point 
G1 and the ground n1at being tested, taking care to ensur e that the probe is driven 
to the same depth at each position. A voltage reading is taken at each position of 
P and the current reading is checked to ensure that it is at the value previously 
set. The constant voltage reading and the current which produces the voltage are 
substituted into equation 12- 2 to determine the resistance to ground of the mat 
being tested. In order for the results of this test to be meaningful the voltage 
reading for all positions of probe P must be the same over about two-thirds of the 
distance between the ground mat and G1• If a constant voltage cannot be main­
tained with a constant current over about two-thirds of the distance, results might 
be improved by driving stakes P and G 1 further into the ground. If erratic results 
persist, other ground test methods should be employed. 

12.  5 IMPROVING EARTH GROUND POINT EFFICIENCY 

If the earth ground point fail s to meet a specified minimum resistance to ground it 
may be improved by use of deep-driven or multiple electrodes, or by chemical 
treatment of the earth surrounding the ground point. 

12.  5. 1  Deep- driven Electrodes 

Increasing the depth of the electrode is the simplest and most effective means of 
reducing ground connection resistance. Figure 12-9  shows the improvement that 
may be expected from an increase in electrode depth. The major limiting factor 
to applying this method is that rock may be encountered at greater depths in the 
earth. 
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Figure 12-9 .  Electrode Depth Resistance 

12. 5. 2 Multiple Electrodes 

Multiple electrodes connected in parallel will tend to reduc e the resistance of an 
earth ground c onnection. Refer to paragraph 12. 3. 2 for the procedures for using 
multiple driven electrodes. 
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12 .  5. 3 Chemical Treatment 

Wher e it is not feasible to use deep- driven or multiple electrodes, chemical treat­
ment of the earth surrounding the electrode is an effective means  of lowering 
ground connection resistance. Chemical treatment may also be used where plates 
are employed. An added advantage of this method is that the chemicals reduce 
seasonal variations in ground connection resistance caused by rainfall and lower 
the freezing point of the surrounding soil. 

Several substances are used to reduce the resistivity of the soil immediately sur­
rounding the electrode. The better known are :  

Magnesium sulfate (MgSO 4) - epsom salts 

Copper sulfate ( Cuso4) - blue vitriol 

Calcium chloride ( CaCl2
) 

Sodium chloride ( NaCl) - common salt 

Potassium nitrate (KN03) - saltpeter 

Magnesium sulfate is most frequently used, since it combines low cost with high 
electrical conductivity and low corrosive effect. The initial effectiveness of 
chemical treatment is greatest where soil is somewhat porous, because the 
solution permeates a considerable volume of earth, which results in increasing 
the effectiveness of the electrode. In compact soil the initial chemical treatment 
is not as effective as in porous soil because the solution tends to remain where 
placed for a longer period of time. It is necessary to use initially between 40 and 
90 pounds of the chemical to retain the effectiveness of the ground for 2 or 3 years. 
Each replenishment of the chemical will extend its effectiveness for a longer period 
so that future treatments will be needed less and less frequently. 

12. 6 GROUND DISTRIBUTION SYSTEMS 

12. 6. 1 AC Protective Ground 

An AC protective ground distribution system is required to safeguard life and 
equipment. Such a system provides an electrical connection to the earth ground 
point for the protection of personnel and equipment from AC power potentials, 
lightning hazards, and electrical circuit failures. In this system a ground bus 
interconnects all equipment chassis; equipment cabinets and racks; all ferrous 
shields and covers; all c onduits, raceways, cellular flooring, cable racks, and 
superstructures; ferrous shields of cables and transformers; and the protective 
ground of local telephone systems. The ground bus is  normally composed of the 
metal-to- metal contact of ferrous conduit installed in the AC power distribution 
system. The integrity of the AC protective ground system is assured by running 
an additional unbroken, insulated, green wire with the AC power feeders that 
supply the equipments. This wire, which is connected between the case of the 
equipment and the case of the power panel that supplies the equipment, is designated 
the green -wire protective ground feeder. The green -wire protective ground feeder 
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is required even though the AC power feeders are supported in metallic conduit 
or other supports. 

NOTE 

The green -wire protective ground feeder does not 
replace the color -coded white or natural gray wire 
used for the return side of all AC power feeders. 

12. 6. 2 Signal Ground 

The signal ground distribution system is used as a zero refer ence level between 
communications circuits and as an electrical connection to the earth ground point. 
The primary purpose for the signal ground distribution system is to provide the 
highest signal-to- noise ratio possibl e on the signal circuit s between equipments. 
The governing criteria for a signal ground system are contained in the latest issue 
of NAVE LEX Instruction 0 1 1 120. 1 . The following general requirements must be 
met by the design of a signal ground system. 

a. The signal ground system may have its own ground connection point. 
NAVE LE X Instruction 0 1 1 1 20. 1 specifies the type of ground connection to be used 
for both large and small systems. 

b. Separate ground di stribution systems ar e required for Red and Black signal 
grounds . NAVELEX Instruction 0 1 1 1 20 .  1 specifies when and where these two 
systems are to be interconnected. A Red signal ground distribution system con­
nects the ground side of all s ignal loops and the nonferrous shields of all signal 
and signal control cables that may carry plain-text classified information to the 
earth ground point. A Black signal ground- distribution sy stem connects the ground 
side of all signal loops and nonferrous shields of all signal and control  cables 
that may carry unclassified and encrypted information to the earth ground point. 

1 2. 6. 3 Security Fence Ground 

A security fence at a transmitter site may require a grounding system to insure 
per sonnel safety. Grounding of fencing may also be required at various sites to  
prevent reradiation of signals. An approved method of gr ounding a fence is shown 
in figure 12 - 10. When a gate is incorporated as rnrt of the fence its hinges must 
be bonded with flexible No. 8 AWG copper wire. These wires ar e to be connected 
to the gate post and the fram e of the gate using exothermic welding or approved 
pressure connectors. 
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CHAPTER 13 

TR A N S P O R TABLE TRAN S M I TT E R / R E C E I V E R  ( T R )  STATIO N S  

13 .  1 GENERAL 

Transportable stations can be used as substitutes for permanent stations when 
(1 ) national policy prohibits construction of permanent facilities and (2) time does not 
permit c onstruction of permanent facilities. Also, they can be used to replace disabled 
facilities or to augment existing ones. Transportable equipment falls into two major 
c lasses:  tactical and semi- transportable. Tactical equipment is pre-packaged and 
designed for quick placement and short- term use. Semi- transportable equipment is 
designed to provide a fixed station capability for long-term use and to make feasible 
the recovery of a major portion of a station' s  total assets for possible redeployment. 
The use of semi- transportable equipment also makes possible a complete station check­
out prior to shipment to the user location. 

1 3 . 2 TACTICAL TRANSPORTABLE EQUIPMENT 

Van- type enclosures outfitted with the necessary equipment required for specific com­
munications applications are maintained in the government inventory for special pur­
pose short- term tactical use . Volume IT of DCAC 370- 185- 1 - "DCS Applications 
Engineering Manual " describes the various sets and the general installation require­
ments for each. Each set is self- sufficient for communications purposes but does not 
in itself provide for personnel support. A typical tactical equipment set is the 
AN/TSC- 18,  a 2 - to 28-MHz, 40-kW independent sideband radio facility, complete with 
antennas and transmission lines. 

· 

The AN/TSC- 18 system, illustrated in figure 1 3- 1 , includes three facilities: trans­
mitting (one van), receiving (one shelter),  and communication center (two shelters).  
These facilities are interconnected by a UHF link. The control and communications 
shelters are collocated and are within 10 miles (line of sight) of both the transmitter 
and receiver sites. The system characteristics are completely compatible with the 
DCS H F  radio reference circuit described in c hapter 2. Size and weight of the major 
components of a system are given in table 1 3- 1 .  

The location of the AN/TSC- 18 system depends upon the tactical situation, antenna 
s iting considerations, and local terrain. Three sites are required: one for the trans­
mitter van (approximately a 5- acre rectangular plot with 500 feet cleared in the 
direction of transmission); one for the receiver shelter (approximately a 10- acre 
square plot), and one for the facilities c ontrol and the c ommunications shelters 
(approximately 2 acres) . Where possible, the three ground sites should be level, dry 
and with good drainage. The following factors are pertinent to the siting and antenna 
layout for this system: 

a. Radio signals are absorbed and s ometimes reflected by nearby obstructions . 
Transmission and reception are best over water or level ground. 
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Table 1 3- 1 .  Size and Weight of AN/TSC- 18 System Components 

COMPONENT SIZE AND WEIGHT 

Transmitter Van Van: Model M373A2C 
Length 3 66' width 96" , height 132" 
Weight: 22 ,700 lb fully loaded, 
1 1,000 lb empty 

Receiver Shelter Shelter: S- 141/G (Modified) 
Length 146" , width 84" , height 84" 
Weight: 7 100 lb fully loaded, 
1550 lb empty 

Facilities Control Shelter: S- 141/G (Modified) 
Shelter Length 146" , width 84" , height 84" 

Weight: 5800 lb fully loaded, 
1550 lb empty 

Communications Shelter: S- 141/G (Modified) 
Shelter Length 146" , width 84" , height 84" 

Weight: 6800 lb fully loaded, 
15 50 lb empty 
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b .  The site selected for the receiver shelter must have sufficient space for diversity 
receiving antennas. The receiving antennas are located on either side of the shelter a 
minimum of 5 wavelengths apart at the lowest operating frequency . 

c .  There should be at least a 3- mile separation between the receiver shelter and the 
transmitter van. 

13 . 3 SEMI- TRANSPORTABLE EQUIPMENT 

Semi- transportable stations, now in use at various overseas locations, were designed 
and built to fulfill the known fixed station communications requirement for these loca­
tions. Each station consists of groups of shelters, each shelter designed with equip-
m mt i"nstalled so that, when the shelters are interconnected, the composite group 
satisfies the entire communications requirement. Thus the long- term, sustained, high­
c apacity, long- haul, fixed-plant characteristics required of a communications station 
are provided, housed in transportable communications modules. The modules contain 
standard, presently available reception, transmission, switching, and technical con­
trol equipment along with all necessary facilities for personnel and equipment support. 
Thi s  modular concept permits the rapid creation, augmentation, or tear- down of a 
communications station in building-block fashion. 

The modules are designed and arranged to conform to the requirements for separate 
functional areas defined by COMNAVCOMM INST 2300 . 3 dated 23 July 1969. Figures 
1 3- 2 and 1 3- 3  show typical site plans for semi- transportable stations ; the individual 
modules are identified by table 1 3- 2 .  Figures 1 3- 4  and 1 3- 5 show typical equipment 
placement within the shelters and figures 1 3- 6  through 1 3- 8  are photographs of por­
tions of the AN/TSC- 35 semi- transportable communications system. 

1 3 .  3. 1 Typical Container Construction 

The basic container used in the construction of these stations is similar to a Fruehauf 
van measuring 40 feet long, 10 feet wide and 9. 5 feet high. The containers are made 
of structural steel framing covered with an exterior skin of aluminum and an interior 
lining of plywood. The corners have fittings for lifting and locking one to another for 
assembling the station. Fittings are also provided to serve as tie- down points to pre­
vent shifting out of alignment . 

At the site, each container is mounted on two or more special container support 
assemblies. Each leg of the assembly is equipped with two c asters, a swiveled sand 
shoe, and an independent two- speed j ack. The casters are mounted on leaf- springs 
that support the weight of the assembly and allow one man to easily move the assembly 
into position under a container. The independent j ack in each leg can be adjusted to 
a height ranging from 34 to 50 inches, making it possible to easily and accurately 
level the containers on site. 

1 3 .  3. 2 Equipment Mounting and Installation 

Equipment rack bases and bases for special cabinets such as those containing trans­
mitters are included in the shelter design and are part of the basic structure. Most 
teletype equipment, furniture, safes, filing cabinets, storage and parts cabinets, and 
desks are attached directly to the floor. 
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Figure 1 3- 2. Site Plan, Transportable Communications Center and Receiver Station 

13 .  3 .  3 Signal Distribution 

Unless otherwise instructed, transportable stations must meet the requirements for 
Red and Black signal distribution as prescribed in NAVELEX Instructions 0 1 1 1 20 . 1 .  
Due to the nature of transportable structures, deviation from this instruction may be 
authorized on a case basis . The AN/TSC- 35 shelter does provide ferrous shielding for 
all signal circuits. The ducting system was designed for approximately 50-percent 
cable loading at installation, thus allowing space for additional cable runs to accommo­
date future communications expansion. 

1 3 .  3. 4 Site Selection and Preparation 

The general criteria for terrain and environmental conditions in NAVELEX 0101, 103 -
"HF Radio Propagation and Facility Site Selection " is applicable to transportable equip­
ment. Mter the general geographic location has been selected, careful consideration 
must be given to the soil bearing characteristics and wind loading to be encountered. 
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Figure 1 3- 3.  Site Plan, Transportable Transmitter Station 

Table 1 3 -3 can be used for preliminary estimates to determine the nominal bearing 
pressure of the soil. However, the nominal allowable soil bearing pressures for spread 
foundations listed in Table 1 3 -3 must be used with caution. For additional guidance, 
refer to NAVFAC Design Manual DM -7. If it appears that the soil bearing capacity is 
insufficient for the size of footing and the weight of the transportable activity, the in­
stallation activity must compact the soil or install concrete foundations . All transportable 
equipment shelters are supplied with tie -down pads which are to be secured to anchorages 
having sufficient uplift capacity to prevent lateral movement by the wind. A 1 .  5 safety 
factor against transient or live load forces should be designed into the anchorage (shown 
in figure 1 3 -9) ,  and pull -out tests should be performed to determine the ultimate resi stance 
of the anchorage. 

1 3 .  3. 5 Earth Ground Point 

The criteria of chapter 1 2  are applicable to the installation of the earth ground point 
for the transportable station. When a shelter, or a group of shelters, is to be used 
for signal transmission and reception only, personnel and equipment protection are 
the sole considerations for the design of a grounding system. For personnel protec­
tion, the earth ground connection must not present more than 2 5  ohms resistance to 
ground. 
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Table 1 3- 2 .  Communication System AN/TSC- 3 5  Maj or Components 

NAME MILITARY NOMENCLATURE 

, Receiver Site RECEIVING CENTRAL AN/TSR- 1 

Container RA1 - HICOM/ ASC RECEIVING CENTRAL GROUP 
OA-3 887/TSR- 1 

Container RA2 - Off- Line and Crypto Repair RECEIVING CENTRAL GROUP 
OA-4936/TSR- 1 

Container RA3 - Special Receiver Container RECEIVING CENTRAL GROUP 
OA-704 1/TSR- 1 

Container RB1 - .  Classified Control TELETYPE CENTRAL AN/TGC- 16 

Container RB2 - Crypto RECEIVING CENTRAL GROUP 
OA- 4937/TSR- 1 

Container RB3 - Crypto RECEIVING CENTRAL GROUP 
OA- 4938/TSR- 1 

Container RCl - Multi- Channel Crypto RECEIVING CENTRAL GROUP 
OA- 4939/TSR- 1 

Ccsntainer RDl - Electronic Repair MAINTENANCE EQUIPMENT 
GROUP OA- 494 1/TSR- 1 

Container RD2 - Supply SUPPLY CENTER OA- 4942/TSR- 1 

Container RE 1 - Unclassified Control TELETYPE CENTRAL AN/TGC- 1 7  

Container RE2 - HICOM Voice and Microwave RECEIVING CENTRAL GROUP 
OA- 4943/TSR- 1 

Container RE3 - Receivers RECEIVING CENTRAL GROUP 
OA-4944/TSR- 1 

Container RE4 - Receivers and RF Patching RECEIVING CENTRAL AN/TSR- 2 

Container RFl - Message Center RECEIVING CENTRAL GROUP 
OA-4945/TSR- 1 

Container RF2 - C/W Ship/Shore CONTROL- MONITOR GROUP 
OA- 49 50/TSR- 1 

Container RF3 - Air/Ground CONTROL- MONITOR GROUP 
OA- 495 1/TSR- 1 

Container RG1 - Communication Office RECEIVING CENTRAL GROUP 
OA- 4966/TSR- 1 

Container RH1 - TTY Repair MAINTENANCE EQUIPMENT 
GROUP OA- 4967/TSR- 1 

Container RJl ,- NTX Receive TELETYPE CENTRAL AN/TGC- 18 

Container RJ2 - NTX Send TELETYPE CENTRAL AN/TGC- 19 

Electric Power System POWER PLANT , E LECTRIC 
AN/TSQ- 56 

Container GR1 - Power Di stribution POWER DISTRIBUTION GROUP 
OA-4968/ TSQ- 56 
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Table 1 3- 2 .  Communication System AN/TSC- 35 Major Components (Continued) 

NAME MILITARY NOMENCLAT URE 

Container GR2 - Power Control POWER CONTROL GROUP 
OA- 4969/ TSQ- 5 6  

Containers GR3 and GR6 - Generators GENERATOR SET, DIESE L 
ENGINE PU- 600/TSQ 

Containers GR4 and GR5 - No- Break Power GENERATOR SET ,  DIESE L 
ENGINE PU- 6 12/TSQ 

Transmitter Site TRANSMITTING CENTRAL 
AN/TST-2 

Containers TA l, TA2, TB2, TB3, TC4, TRANSMITTING SET ,  RADIO 
TD4, and TG2 - Transmitter Set 10 kW AN/TRT- 17 

Container TA3 - Transmitter Set 1 kW and TRANSMITTING SE T, RADIO 
10 kW AN/ TRT- 23 

Containers TBl, TC2, TC3, TD2, TD3, TRANSMITTING SET ,  RADIO 
TG3 and THl - Transmitter Set 40 kW AN/TRT- 18 

Container TC l - Transmitter Control CONTROL- MONITOR GROUP 
OA- 49 15/TST- 2 

Container TDl - RF Distribution INTERCONNE CT GROUP 
OA- 4916/TST- 2 

Container TE l - Transmitter Set - Low TRANSMITTING SET ,  RADIO 
Frequency AN/TRT- 19 

Container TF1 - Workshop MAINTENANCE EQUIPMENT 
GROUP OA- 49 17/TST- 2 

Container TG 1 - RF Distribution INTERCONNE CT GROUP 
OA- 4918/TST-2 

Container TH2 - Transmitter Set 40 kW TRANSMITTING SE T, RADIO 
AN/TRT-20 

Container TH3 - Transmitter Set 200 kW TRANSMITTING SE T, RADIO 
AN/ TRT- 24 

Container TH4 - Transmitter Set 50 kW and TRANSMITTING SET, RADIO 
TG4 - Low Pass Filter AN/TRT- 25 

Helix Container ANTENNA COUPLER GROUP 
OA- 4940/TST-2 

E lectric Power System POWER PLANT, E LE CTRIC 
AN/TSQ- 55 

Container GTl - Power Distribution POWER DISTRIBUTION GROUP 
OA- 492 1/TSQ- 5 5  

Container GT2 - Power Control POWER CONTROL GROUP 
OA-4922/TSQ- 5 5  

Containers GT3, GT4, GT5 and GT6 - GENERATOR SET ,  DIESEL 
Generators ENGINE PU-600/TSQ 

Mobile Workshop Trailer 
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STAT ION COMPLEX 

TELETYPE ROOM 

Figure 1 3- 6. Transportable Communications Center 
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Figure 1 3- 7.  Transportable Transmitter Equipment 
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Figure 13- 8.  Transportable Power Equipment 
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TABLE 1 3 -3 .  NOMINAL ALLOWABLE SOIL BEARING PRESSURES 

TYPE OF B EARING MATERIAL CONSIST ENCY IN 
PLACE 

Hard, sound rock 

ALLOWAB L E  B EARING 
PRESSURE 

TONS PER SQ FT * 

ORDINARY 
RANGE 

60 to 100 

RECOM­
MENDED 
VAL UE 
FOR USE 

80 Massive c rystalline igneous and metamorphic rock: granite, diorite, basalt, 
gneiss ,  thoroughly cemented conglomerate (sound condition allows minor 
cracks) . 
Foliated metamorphic rock: slate, schist (sound condition allows minor 
cracks) . 

Medium hard, sound I 30 to 40 I 3 5  

Sedimentary rock: hard cemented shales , siltstone, sandstone ,  limestone 
without cavities. 
Weathered or broken bedrock of any kind except highly argillaceou5l rock 
(shale) . 
Compaction shale or other highly argillaceous rock in sound condition 
Well graded mixture of fine and coarse grained soil: glacial till, hardpan, 
boulder clay (GW- GC, GC, SC) . 
Gravel, gravel- sand mixtures , boulder-gravel mixtures (GW, G P, SW, S P) 

Coarse to medium sand, s and.with little gravel (SW, SP) 

Fine to m edium sand, silty of clayey medium to coarse sand (SW, SM,SC) 

Fine sand, silty or clayey medium to fine sand (S P ,  SM, SC) 

Homogeneous inorganic clay, sandy or silty clay (C L ,  CH) 

Inorganic silt, sandy or clayey silt, varved silt- clay-fine sand (ML, MH) 

*See paragraph 13 .  3 .  4 for guidanc e in the use of this Table .  

rock 
Medium hard, sound I 15 to 25 
rock 
Soft rock 8 to 12 

Soft rock 8 to 12 
Very compact 8 to 12  

V e ry compact 7 to 10 
Medium to compact 5 to 7 
Loose 3 to 6 
V ery compact 4 to 6 
Medium to compact 3 to 4 
Loose 2 to 3 
V ery compact 3 to 5 
Medium to compact 2 to 4 
Loose 1 to 2 
V e ry compact 3 to 4 
Medium to compact 2 to 3 
Loose 1 to 2 
V ery stiff to hard 3 to 6 
Medium to stiff 1 to 3 
Soft .5 to 1 
V e ry stiff to hard 2 to 4 
Medium to stiff 1 to 3 
Soft .5 to 1 

I 20 

10 

10 
10 

8 
6 
4 
4 
3 
2 
3 
2 .5 
1.5 
3 
2 
1.5 
4 
2 

.5 
3 
1 .5 
.5 
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EXCAVATED 
AND RECOMPACTED 

NOT LESS 
THAN 
5 FEET 

Figure 1 3- 9. Guy Anchorage to Resist Axial Load 
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