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Study Guide 

  
Congratulations Congratulations on your enrollment in a distance education course from the 

Distance Learning and Technologies Department (DLTD) of the Marine 
Corps Institute (MCI).  Since 1920, the Marine Corps Institute has been 
helping tens of thousands of hard-charging Marines, like you, improve their 
technical job performance skills through distance learning.  By enrolling in 
this course, you have shown a desire to improve the skill you have and master 
new skills to enhance your job performance.  The distance learning course 
you have chosen, MCI 1169A, Utilities Chief, provides instruction to all 
Marines planning and performing duties related with all aspects of utilities 
functions.  You will learn electrical distribution and proper electrical safety 
procedures.  You will also learn procedures for proper water reconnaissance 
and creating different water distribution sites and storage facilities.  You will 
understand and implement a proper field hygiene and sanitation program for 
the safety of all personnel in a field environment.  Finally, you will learn how 
to provide environmentally controlled atmospheres for all types of operational 
capabilities from providing refrigeration equipment to air conditioning 
equipment in a field environment. 

  
Your Personal 
Characteristics 

• YOU ARE PROPERLY MOTIVATED.  You have made a positive 
decision to get training on your own.  Self-motivation is perhaps the most 
important force in learning or achieving anything.  Doing whatever is 
necessary to learn is motivation.  You have it! 

 

• YOU SEEK TO IMPROVE YOURSELF.  You are enrolled to improve 
those skills you already possess, and to learn new skills.  When you 
improve yourself, you improve the Corps! 

 

• YOU HAVE THE INITIATIVE TO ACT.  By acting on your own, you 
have shown you are a self-starter, willing to reach out for opportunities to 
learn and grow. 

 

• YOU ACCEPT CHALLENGES.  You have self-confidence and believe 
in your ability to acquire knowledge and skills.  You have the self-
confidence to set goals and the ability to achieve them, enabling you to 
meet every challenge. 

 

• YOU ARE ABLE TO SET AND ACCOMPLISH PRACTICAL 
GOALS.  You are willing to commit time, effort, and the resources 
necessary to set and accomplish your goals.  These professional traits will 
help you successfully complete this distance learning course. 

 
Continued on next page 
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Study Guide, Continued 

  
Beginning Your 
Course 

Before you actually begin this course of study, read the student information 
page.  If you find any course materials missing, notify your training officer or 
training NCO.  If you have all the required materials, you are ready to begin. 
 
To begin your course of study, familiarize yourself with the structure of the 
course text.  One way to do this is to read the table of contents.  Notice the 
table of contents covers specific areas of study and the order in which they are 
presented.  You will find the text divided into several study units.  Each study 
unit is comprised of two or more lessons and lesson exercises. 

  
Leafing 
Through the 
Text 

Leaf through the text and look at the course.  Read a few lesson exercise 
questions to get an idea of the type of material in the course.  If the course has 
additional study aids, such as a handbook or plotting board, familiarize 
yourself with them. 

  
The First Study 
Unit 

Turn to the first page of study unit 1.  On this page, you will find an 
introduction to the study unit and generally the first study unit lesson.  Study 
unit lessons contain learning objectives, lesson text, and exercises. 

  
Reading the 
Learning 
Objectives 

Learning objectives describe in concise terms what the successful learner, 
you, will be able to do as a result of mastering the content of the lesson text.  
Read the objectives for each lesson and then read the lesson text.  As you read 
the lesson text, make notes on the points you feel are important. 

  
Completing the 
Exercises 

To determine your mastery of the learning objectives and text, complete the 
exercises developed for you.  Exercises are located at the end of each lesson, 
and at the end of each study unit.  Without referring to the text, complete the 
exercise questions and then check your responses against those provided. 

Continued on next page 
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Study Guide, Continued 

  
Continuing to 
March 

Continue on to the next lesson, repeating the above process until you have 
completed all lessons in the study unit.  Follow the same procedures for each 
study unit in the course. 

  
Preparing for 
the Final Exam 

To prepare for your final exam, you must review what you learned in the 
course.  The following suggestions will help make the review interesting and 
challenging. 
 
• CHALLENGE YOURSELF.  Try to recall the entire learning sequence 

without referring to the text.  Can you do it?  Now look back at the text to 
see if you have left anything out.  This review should be interesting.  
Undoubtedly, you’ll find you were not able to recall everything.  But with 
a little effort, you’ll be able to recall a great deal of the information. 

 
• USE UNUSED MINUTES.  Use your spare moments to review.  Read 

your notes or a part of a study unit, rework exercise items, review again; 
you can do many of these things during the unused minutes of every day. 

 
• APPLY WHAT YOU HAVE LEARNED.  It is always best to use the 

skill or knowledge you’ve learned as soon as possible.  If it isn’t possible 
to actually use the skill or knowledge, at least try to imagine a situation in 
which you would apply this learning.  For example make up and solve 
your own problems.  Or, better still, make up and solve problems that use 
most of the elements of a study unit. 

 
• USE THE “SHAKEDOWN CRUISE” TECHNIQUE.  Ask another 

Marine to lend a hand by asking you questions about the course.  Choose 
a particular study unit and let your buddy “fire away.”  This technique can 
be interesting and challenging for both of you! 

 
• MAKE REVIEWS FUN AND BENEFICIAL.  Reviews are good habits 

that enhance learning.  They don’t have to be long and tedious.  In fact, 
some learners find short reviews conducted more often prove more 
beneficial. 

Continued on next page 
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Study Guide, Continued 

  
Tackling the 
Final Exam 

When you have completed your study of the course material and are confident 
with the results attained on your study unit exercises, take the sealed envelope 
marked “FINAL EXAM” to your unit training NCO or training officer.  
Your training NCO or officer will administer the final examination and return 
the examination and the answer sheet to MCI for grading.  Before taking your 
final examination, read the directions on the DP-37 answer sheet carefully. 

  
Completing 
Your Course 

The sooner you complete your course, the sooner you can better yourself by 
applying what you’ve learned!  HOWEVER--you do have 2 years from the 
date of enrollment to complete this course.   

  
Graduating! As a graduate of this distance education course and as a dedicated Marine, 

your job performance skills will improve, benefiting you, your unit, and the 
Marine Corps.  

  
Semper Fidelis! 
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STUDY UNIT 1 

PREDEPLOYMENT SITE SURVEY 

Overview 

 
Scope This study unit introduces the fundamental challenge of conducting a  

Predeployment Site Survey (PDSS).  This is a very important step when 
providing combat service support (CSS) for combat operations or any 
humanitarian assistance support.  The following MCI redbooks are also 
recommended for enrollment to give you a broader range of information as a 
Utilities Chief. 

 
MCI 

Course 
Title of Course 

1141A Marine Electrician 
1142B  Solid State Devices 
1143 Interior Wiring 
1161 Fundamentals of Refrigeration 
0381C Land Navigation 
0410C MIMMS 
0414A Ground Maintenance Management Procedures For Supervisors 
0416A The Marine Corps Publications & Drivers System 
1330A Basic Shop Fundamentals For Mechanics 
1334H  Math For Marines 
1335 Fundamentals of Diesel Engines 
1344 Construction Print Reading 
1391A Bulk Fuel Specialist 
287 Introduction To Test Equipment 
3530 Incidental Motor Vehicle Operator 
0055 Hazardous Material/Hazardous Waste Marine 

 
In This Study 
Unit 

This study unit contains the following lessons: 
 

 
Lesson See Page 

Water Reconnaissance 1-3 
Water Requirements 1-19 
Generator Site Survey 1-37 
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LESSON 1 

WATER RECONNAISSANCE 

Introduction 

 
Scope In this lesson, we will cover the five main water sources and where they are 

found.  You will learn the importance of conducting a reconnaissance and the 
advantages and disadvantages of each type.  In addition, you will be 
instructed on how to determine water quantity so you can properly select your 
water source. 

 
Learning 
Objectives 

At the end of this lesson, you should be able to 
 

• Recall the definition of a satisfactory water source. 

• Identify the five main water sources. 

• Identify the items to consider when conducting reconnaissance planning. 

• Identify the advantages of an air reconnaissance. 

• Identify the disadvantages of an air reconnaissance. 

• Identify the advantages of a ground reconnaissance. 

• Identify the disadvantages of a ground reconnaissance. 

• Identify the Water Reconnaissance Report.  

 
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Introduction 1-3 
Water Supply Sources 1-4 
Reconnaissance Planning 1-5 
Air Reconnaissance 1-7 
Ground Reconnaissance 1-8 
Water Reconnaissance Report  1-12 
Lesson 1 Exercise 1-15 
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Water Supply Sources 

 
Definition A satisfactory water source is a sufficient quantity and quality of natural 

water that supplies all the needs of the using units.  The quality of water is 
readily purified with available equipment.  A water source developed for 
military use is called a water point.   

 
Natural 
Sources 

There are five main natural water sources that are available throughout the 
world: 
 
• Surface (streams, lakes, and rivers) 
• Ground (wells and springs) 
• Snow and ice 
• Rain 
• Seawater 

 
Climatic 
Conditions 

The following climatic conditions will determine the types of natural water 
sources available in specific regions: 
 
• Humid temperate (Surface and ground water) 
• Tropical (Surface water, ground water, and minor sources) 
• Arid climate (Ground water and minor sources) 
• Coral island (Ground and seawater) 
• Artic (Surface water, ice, and snow) 
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Reconnaissance Planning 

 
Consideration When planning a water reconnaissance, consider the following: 

 
• Reliable information 
• Personnel and equipment 
• Route and time schedule 
• Maps and aerial photographs 

 
Reliable 
Information 

The most important and reliable source of information on water resources are 
field reports.  These reports contain summaries based on recent observations 
made in the area.  In the engineer battalion, the S-2 is responsible for 
providing this information. 

  
Personnel and 
Equipment 

The personnel you select to perform a water reconnaissance should include at 
least one qualified water supply person who should know how to produce 
potable water by using available equipment.  Personnel should carry the test 
equipment necessary to determine water characteristics from test samples. 

 
Route and 
Time Schedule 

During the planning process, follow the steps below: 
 

 
Step Action 

1 Construct a route and time schedule. 
2 Allow enough time to travel to and from sites for any unforeseen 

events. 
3 Prepare and turn in your report to your commander. 
4 Divide the remaining time between each site. 
5 Follow the time schedule closely. 

 
Maps and 
Aerial 
Photographs 

Before preparing the actual plan, analyze the maps and aerial photographs of 
the area of operation.  When using military maps, be aware that they may be 
incomplete and inaccurate, therefore, do not rely entirely on them.  Even with 
their limitations, maps can still be valuable in obtaining certain information. 

Continued on next page 
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Reconnaissance Planning, Continued 

  
Locate Water 
Sources 

Maps are valuable for locating surface water sources.  Locations where a road 
crosses or runs near a stream or pond are always possible water points.  A 
study of contour lines is helpful in areas where no streams are indicated 
because the presence of draws on a map may indicate intermittent streams 
during the location’s rainy season. 

 
Contamination Water sources downstream of human habitations are subject to contamination.  

If possible, select water points upstream from these points. 

 
Road Nets Maps showing road nets will aid in planning turnaround and distribution 

points.  Keep in mind that the accuracy of the information obtained from the 
map you are using will depend on how long ago it was drawn.  The more 
recent the date, the more accurate the information should be. 

 
Summary Consider field reports, personnel, and equipment required.  Construct a route 

and time schedule; also analyze maps and aerial photos of the areas you plan 
to visit during a water reconnaissance.  This planning will help you decide if 
you are going to do an air or ground reconnaissance. 
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Air Reconnaissance 

 
Advantage The advantage of air reconnaissance is that it is a reliable means of rapidly 

securing information about water sources over a large area.  A visual or 
photographic air reconnaissance will disclose characteristics of the terrain not 
shown on existing maps.  While en route to possible sites, you should note 
routes of communications, cover and concealment from enemy observation, 
and protection from encirclement, infiltration, or attack.  The information you 
gather on the area from the air reconnaissance can be confirmed by the 
ground reconnaissance.  If you use a helicopter, conduct the air and ground 
reconnaissance at the same time.  After locating a possible site, the helicopter 
can land for a closer look to perform tests.   

 
Disadvantage A disadvantage of air reconnaissance is that it is limited by adverse weather 

conditions and availability. 
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Ground Reconnaissance 

 
How To When conducting the ground reconnaissance, make sketches of the area keyed 

to a map.  Do not rely on memory.  Follow your route and time schedules 
closely.  If the commander is waiting for your report before he moves his unit, 
delays can be costly. 

 
Advantage  The information collected from an air reconnaissance will help determine 

possible water sources and other general information.  The advantage of 
conducting a ground reconnaissance is that you will get more accurate 
information to make your selection. 

 
Disadvantage The main disadvantage of a ground reconnaissance is the length of time 

needed to conduct it.   

 
Features Some features to note when conducting a ground reconnaissance are  

 
• Quantity of water 
• Quality of water 
• Routes of communication 
• Site conditions 
• Accessibility 
• Drainage 
• Security  

  
Water Source 
Considerations 

The water source that has the most water may not necessarily be the number 
one choice.  Remember, all four features of ground reconnaissance are 
equally important in your final selection. 

 
Seasonal 
Changes 

Seasonal changes in the water quantity should not be considered in making an 
advanced reconnaissance unless information is readily available from native 
sources.  Ordinarily, a report of sufficient or insufficient water is adequate 
except where rear area units are required to develop more permanent 
installations.  Precise measurements of water quantity are hard to obtain due 
to the unavailability of measuring devices. 

Continued on next page 
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Ground Reconnaissance, Continued 

  
Water Quantity To determine the water quantity and flow, follow the steps below: 
 

Step Action 
1 Determine the velocity of the stream in feet per minute by 

measuring the distance of a twig or equivalent floating down 
stream in 1 minute. 

2 Determine the area of the stream by multiplying the width of the 
stream by the depth. 

3 Compute the quantity of water in the stream by using the following 
formula: 
 

Q = 6.4 x A x V 
 

Formula Explanation 
Q Quantity of water in gallons per minute. 

6.4 A constant- There are 7.5 gallons of water per cubic 
foot, however, because of probable error in stream 
measurements, 7.5 has been reduced to 6.4. 

A The area of the stream in square feet.  This 
multiplies the width of the stream by the average 
depth of the stream. 

V The velocity of the stream in feet per minute.  This 
notes the time it takes a twig or floating object to 
travel a known distance.  

Continued on next page 
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Ground Reconnaissance, Continued 

 
Situation If you had a stream with an average depth of 2 feet and a width of 16 feet, and 

a twig is noted to flow 13.3 feet per minute, what is the rate, in gallons per 
minute that the water in this stream is flowing?  Follow the steps below to 
help you come up with the answer. 

 
Step Action 

1 Determine the velocity of the stream by using a twig.  The twig is 
noted to flow 13.3 feet per minute. 

2 Determine the area of the stream by multiplying the width (16 ft) 
by the depth (2 ft). 
 
A= 16 x 2  
A= 32 

3 Compute the quantity of water by using the following formula: 
 
Q = 6.4 x A x V 
Q = 6.4 x 32 x 13.3 
Q = 2,723.84 gallons per minute 

 
Water Quality Water should be of such quality that it could be readily purified with normal 

field equipment.  If test kits are available, determine the pH value, chlorine 
demand, and the presence of chemical warfare agents.  If kits are not 
available, obtain valuable information by close observation and common 
sense judgment.  Check for simple telltale signs such as dead or mottled 
vegetation, dead fish and frogs, abnormal water color, turbidity, and strong 
odors.  These are all possible signs of pollution or even chemical warfare 
agents.  Collect several samples for later testing. 

 
Routes of 
Communication 

Once you have checked an area for water quantity and quality, survey the 
surrounding area for routes of communication.  A satisfactory water point 
must be accessible to both vehicles and personnel.  A good road network with 
turnarounds, cover and concealment, and an adequate parking area are 
particularly desirable features.  The load-bearing capacity should be sufficient 
to withstand the heaviest vehicles under all weather conditions.  The water 
point should be located on a through road whenever possible.  Main supply 
routes should be avoided. 

Continued on next page 
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Ground Reconnaissance, Continued 

  
During the 
Reconnaissance 

If you have two or more sites that meet your requirements for quantity, 
quality, and routes of communications, your selection is based on site 
conditions.  Proper drainage is considered first.  The site should be on high 
ground to prevent becoming excessively muddy or swampy.  Consider the 
potential for flash flooding. 

 
Site Security In addition to cover and concealment, the site should be a safe distance from 

enemy snipers, artillery, and aerial threats.  Security against ground attacks 
and sabotage of storage facilities is also important.  Consider the site for 
checkpoints and controlled entry. 

 
Bivouac Area Provide a satisfactory bivouac area far enough away to maintain proper 

sanitation of the water source and still close enough for emergencies for 
purification unit operators.  The bivouac area must be down stream from the 
water source and 100 feet from equipment and 100 yards from water source. 
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Water Reconnaissance Report 

 
Record 
Information 

When conducting a ground reconnaissance, use the following steps to record 
the information on your Water Reconnaissance Report (DA Form 1712-R) 
(shown on the following page). 
 
Note:   Refer to the Water Reconnaissance Report (FM 10-52) for detailed 

instructions on how to complete the DA Form 1712-R. 
 

Step Action 
1 Gather all information and make sketches while still at the site.  

Do not rely on your memory!   
2 Fill out a report at each site even if you know the site will not be 

chosen.  These reports may aid others and help them save valuable 
time on preparing for a ground reconnaissance.   

3 Ensure the information is clear, legible, complete, and concise.   
4 Reproduce the form locally on 8 ½ x 11 paper.   

Continued on next page 
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Water Reconnaissance Report, Continued 

  
DA Form  
1712-R (Front) 

 

 

WATER RECONNAISSANCE REPORT DATE PAGE___ OF ___PAGES 

TITLE NUMBER REPORT NUMBER REPORTED BY (Name – Grade – Organization) 

1.                                                   LOCATION OF WATER SOURCE 
MAP COORDINATES 
2.  TYPE OF SOURCE (Check one)           Other ( specify) 
Stream       Lake        Pond           Spring 
          Well            Reservoir 

LOCAL NAME OF SOURCE 

4.                                                    YIELD 3.  DATE AND HOUR 
      INSPECTED IMMEDIATE (gpm) ULTIMATE (gpm) ( Give work estimate) 

5.                                                         QUALITY 

COLOR ODOR TASTE 

TURBIDITY (estimate) pH TEST CHLORINE RESIDUAL TEST (ppm) 

POSSIBLE SOURCE OF POLLUTION 

6.                                                        COMMUNICATIONS 

DISTANCE TO CONSUMERS ROADS RAILROADS BRIDGES 

7.  SITE CONDITIONS (If municipal system, use items 9 and 10) 

SECURITY 

DRAINAGE 

BANKS (If surface source) 

DISTRIBUTION FACILITIES (existing) 

8.  SKETCH OF AREA (show road net and traffic circulation) (use reverse side for additional sketches if necessary) 
 
 
 
 
DA form 1712-R 

Continued on next page 
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Water Reconnaissance Report, Continued 

 
DA Form  
1712-R (Back) 

 

 
9.  SKETCH OF WATER POINT (Show proposed set up for immediate operation.  If water point is a municipal 
system, include sketch of system.) (Use reverse side for additional sketches if necessary.) 

10.  DESCRIPTION AND SKETCH OF PROPOSED DEVELOPMENTS (If municipal system, include survey.) 
(Use reverse side for additional sketches if necessary.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DA Form 1712-R 
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Lesson 1 Exercise 

 
Directions Complete exercise items 1 through 8 by performing the action required.  

Check your answers against those listed at the end of this lesson. 

 
Item 1 A satisfactory water source is a sufficient quantity and _______ of natural 

water that supplies all the needs of the using units.   
 
a. velocity 
b. quality 
c. purity 
d. depth 

 
Item 2 The five main natural water sources are surface, ________, snow and ice, 

vegetation, and rain. 
 
a. lakes 
b. seawater 
c. ground 
d. swamp 

 
Item 3 Which item is considered when planning a water reconnaissance? 

 
a. Aero 
b. Ship/LCAC 
c. Personnel and equipment 
d. Truck 

 
Item 4 What is the best advantage of an air reconnaissance? 

 
a. Protection from ground attack 
b. Rapidly securing information over a large area 
c. Easy mobility over rough terrain 
d. Requires fewer personnel to conduct reconnaissance 

Continued on next page 
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Lesson 1 Exercise, Continued 

 
Item 5 What is the disadvantage of an air reconnaissance? 

 
a. Requires additional coordination with air units 
b. Is not cost effective 
c. Is limited by adverse weather conditions 
d. Requires additional escort aircraft 

 
Item 6 What is the advantage of a ground reconnaissance? 

 
a. can be conducted by small units 
b. does not need additional support 
c. is more cost effective 
d. gathers more accurate information 

 
Item 7 What is the disadvantage of a ground reconnaissance? 

 
a. Longer time to conduct 
b. More susceptible to ground attack 
c. Harder to travel over rough terrain 
d. Equipment is carried by personnel 

 
Item 8 When you conduct your ground reconnaissance, which form is used to record 

the information? 
 
a. DA 1710-1 
b. DA 1712-R 
c. SF 2500 
d. DA 1200 

Continued on next page 
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Lesson 1 Exercise, Continued 

 
Answers The table listed below lists the answers to the exercise items.  If you have any 

questions about these items, refer to the reference page listed for that item. 
 

Item Number Answer Reference 
1 b 1-4 
2 c 1-4 
3 c 1-5 
4 b 1-7 
5 c 1-7 
6 d 1-8 
7 a 1-8 
8 b 1-12 
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LESSON 2 

WATER REQUIREMENTS 
 
Introduction 

 
Scope Water support planning is a continual process that involves an operational 

scenario, strategic lift availability, and prepositioned supplies and equipment.  
When planning for water support ensure the Marine Air-Ground Task Force 
(MAGTF) can perform its mission in the time required.  Water support units 
and equipment need to be time phased in the area of operations so that water 
support and preventive medicine units arrive on time to provide adequate and 
continuous water support during an operation. 

 
Learning 
Objectives 

At the end of this lesson, you should be able to 
 
• Determine the Nuclear Biological Chemical (NBC) decontamination 

water requirements. 
 

• Determine the engineer construction water requirements. 
 

• Determine the aircraft wash down water requirements. 
 

• Identify the four regions used to determine the water requirements. 
 

• Determine the water purification requirements. 
 

• Determine the water storage requirements. 
 

• Identify the water requirements for troops deployed to different regions. 

 
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Introduction 1-19 
Water Consumption Requirements 1-20 
Temperate Region 1-24 
Tropical Region 1-26 
Arctic Region 1-28 
Arid Region 1-29 
Lesson 2 Exercise 1-33 

 



MCI Course 1169A 1-20 Study Unit 1, Lesson 2 

Water Consumption Requirements 

 
Planning Planning for water support begins with determining the required amount of 

water.  This depends on the battlefield environment and the size of the force. 

 
Drinking  Drinking water must be potable.  The amount of water needed depends on the 

climate, intensity of work, and type of battlefield.  Since water reserve of the 
body is small, personnel must replace water as it is lost. 

 
Heat Treatment Water needed for heat treatment includes ice or cold water to reduce the body 

temperature quickly of a heat stroke patient.  It should be potable.  However, 
in an emergency, use any available water.  Heatstroke affects about 1 out of 
every 1,000 personnel in arid and tropical zones.  The water needed for heat 
treatment is small in temperate and arctic zones.  Wearing Mission Oriented 
Protective Posture (MOPP) for long periods will increase heat casualties. 

 
Personal 
Hygiene 

Personal hygiene requirements include water for shaving, brushing teeth, and 
washing.  This water must be potable. 

 
Centralized 
Hygiene 

Centralized hygiene requires water that is used in showers.  Potability is not 
mandatory, but treated water is required by medical personnel. 

 
Food 
Preparation 

Potable water is required to prepare food, sanitize kitchen utensils, and clean 
individual mess equipment.  To reduce water requirements, use disposable 
eating utensils. 

 
Laundry Laundry is done at the rear of the division.  Climatic conditions and troop 

health set the requirement.  Under normal conditions, laundering may be done 
weekly.  Base laundry water requirements on one change of clothing per man 
per week.  Potable water is not required.  Hospital and dining facility laundry 
requirements should be developed separately. 

Continued on next page 
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Water Consumption Requirements, Continued 

 
Medical  Division medical personnel use water for wash down of ambulance interiors 

and litters, patient cleanup, instrument and medical personnel washing.  Use 
only potable water for medical use. 

 
Hospital 
Medical 
Treatment 

Hospital medical treatment requires water uses common to medical facilities 
in the Echelons Above Division.  Staff requirements common to all personnel 
in theater is not included.  Only potable water is recommended due to the 
increased susceptibility of the patient’s infection.  Water used by medical 
facilities depends on the number of each type of facility in the theater of 
operations and the number of casualties treated.  Hospital requirements 
include water used in the laundering of linens, gowns, towels, and other 
medically related articles.  A good standard to use is 65 gallons per day per 
bed. 

 
NBC 
Decontamina-
tion 

Nuclear, biological and chemical (NBC) decontamination requirements 
include water for decontaminating personnel and equipment.  The water 
needed depends on the frequency, intensity, and location of enemy attacks.  
Currently 12.4 gallons are recommended for biological or radiological 
decontamination of an individual, 100 gallons for hasty equipment 
decontamination, and 450 gallons for deliberate decontamination of a major 
end item.  Water for NBC decontamination does not have to be potable.  
Showering is not normally required for chemical decontamination.  However, 
water to decontaminate personnel must meet the standards that local medical 
personnel set for shower water. 

 
Vehicle 
Maintenance 

Vehicle maintenance requirements include water to replace vehicle coolant.  
For the best estimate, find out the number of vehicles and radiator capacity of 
each.  If only the number of vehicles with radiators is known, use a factor of 
0.3.  If the number of vehicles is unknown, use 0.2 gallons per man per day as 
an estimate in all zones.  This water does not need to be potable. 

Continued on next page 
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Water Consumption Requirements, Continued 

 
Engineer 
Construction 

Engineer construction requirements include water for road and airfield 
construction.  Such water does not need to be potable.  However, water with 
salt content may cause long-term corrosion and reduce the strength of 
concrete.  Water requirements for engineer construction cannot be computed 
on a per man, per day basis due to construction variables in various theaters.  
Since non-potable water consumption is estimated in arid regions, use 1.5 
gallons per man, per day at the MEF level. 

 
Aircraft 
Washing 

Aircraft washing requirements include water for washing turbines and flight 
operations.  Potable water is not required, but salt content must be extremely 
low.  Because the numbers and types of aircraft in the units vary, these 
requirements do not lend themselves to a per man, per day planning factor.  
For a realistic estimate, find out the total number of aircraft engines and the 
number of aircraft with and without auxiliary power units (APU).  In non-arid 
environments, aircraft washing requires 5 gallons of water per engine, per 
day.  Arid environments require 10 gallons per engine and an additional 5 
gallons of water for aircraft with on-board APU.  However, since non-potable 
water consumption is estimated in an arid zone, use 0.7 gallons per man, per 
day where aircraft density is unknown. 

 
Regions of 
Operation 

Water consumption also depends on regions of operation.  The four zones 
used to determine water requirements are arctic, arid, tropical, and temperate.  
These include lakes, ponds, streams, rivers, and wells which are normally 
abundant water sources.  Convenient water sources are easy to locate and 
develop.  Since non-potable water is abundant in these zones, consumption 
estimates only deal with potable water requirements.  In arid zones, water 
sources are so sparse that water must be purified at costal areas and sent to the 
point of use.  To preclude two separate water systems in arid regions, 
requirements for both potable and non-potable water will be met with potable 
water.  Total potable water requirements will thus increase.  In all zones, 10 
percent is lost through waste or evaporation.  Increase water requirements by 
10 percent to offset this loss. 

Continued on next page 
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Water Consumption Requirements, Continued 

 
Essential 
Consumption 

When enough potable water cannot be produced to meet all the requirements, 
all but essential consumption must be reduced.  Essential water requirements 
include drinking, personal hygiene, field feeding, medical treatment, and heat 
casualty treatment.  It also includes arid regions and vehicle and aircraft 
maintenance. 

 
Consumption 
Rates 

Essential consumption rate conditions are classified as “minimum,” enough 
for a force to survive up to one week.  Requirements exceeding one week are 
classified as “sustaining.”  In this classification, nonessential consumption 
includes centralized hygiene, laundry, and construction. 

 
Supply  To compute the total daily water requirement of the force, multiply the actual 

strength by the proper consumption factor.  The total, expressed as gallons per 
day, includes 10 percent for evaporation and waste loss. 

 
Purification The amount of purification equipment to support the daily requirement has to 

be determined.  To do this, divide the total daily requirement by the daily 
production capability of one purification unit.  Under normal conditions, the 
water purification equipment is operated 20 hours per day.  However, many 
other factors affect water production.  Planners should coordinate with the 
equipment operators to get an accurate estimate of the water production 
capability. 

 
Storage  Temperate, tropical, and arctic regions usually do not require large amounts 

of water to be stored.  Non-potable requirements can be met by raw water 
sources, and the water unit’s organic storage tanks can meet the potable 
requirements.  In arid regions, large quantities of potable water must be 
stored.  The storage requirement is based on resupply times, daily 
requirements, and days of supply requirement established by the MAGTF 
commander. 
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Temperate Region 

 
General 
Consumption 

General consumption planning factors exist for various environments and 
locations on the battlefield.  These factors are based upon a ration policy of 
two T-rations and one meals ready to eat (MRE) per day.  The actual factor to 
use depends on the ration policy established by the commander.  Water 
requirements for B-rations require 1.25 gallons per meal per person for 
dehydration and kitchen sanitation.  While T-rations require no water for food 
dehydration, 0.5 gallons are required to heat each T-ration.  If individual mess 
equipment is used, one gallon per person is required to sterilize utensils and 
clean up. 

 
Water Sources In temperate regions, water sources are normally abundant.  They include 

ponds, streams, rivers, wells, and local water systems.  Sources convenient for 
water support operations should be easy to locate and develop.  Drinking does 
not need to be cooled.  Sources discovered by combat forces may be exploited 
by use of individual or small unit purification procedures or devices.   

 
Potable Water In temperate regions, use potable water only when required.  In the battalion 

and company areas, potable water is needed for drinking, personal hygiene, 
and field feeding.  In the regiment support and division rear areas, add the 
water requirement for division level medical treatment.  Hospital water 
requirements depend on the number of each type of hospital in the supported 
area.   

Continued on next page 
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Temperate Region, Continued 

 
Consumption 
Factors 

The table below provides specific temperate zone consumption factors. 

 
COMPANY Daily Gallons-Per-Man 

Requirements 
 BATTALION Daily Gallons-Per-Man 

Requirements 
Function Sustaining Minimum  Function Sustaining Minimum 
Drinking 1.5 1.5  Drinking 1.5 1.5 

Personal Hygiene 1.7 0.3  Personal Hygiene 1.7 1.0 
Field Feeding 0.3 0.8  Field Feeding 2.8 0.8 
SUBTOTAL 3.5 2.6  SUBTOTAL 6.0 3.3 

+ 10% WASTE 0.4 0.3  + 10% WASTE 0.6 0.3 
TOTAL 3.9 2.9  TOTAL 6.6 3.6 

 
REGIMENTAL 

LANDING TEAM 
Daily Gallons-Per-Man 

Requirements 
 MEF Daily Gallons-Per-Man 

Requirements 
Function Sustaining Minimum  Function Sustaining Minimum 
Drinking 1.5 1.5  Drinking 1.5 1.5 

Personal Hygiene 1.7 1.0  Personal Hygiene 1.7 1.0 
Field Feeding 2.8 0.8  Field Feeding 2.8 0.8 

Division-Level 
Medical Treatment  

0.4 0.4  Division-Level 
Medical Treatment 

0.4 0.4 

SUBTOTAL 6.4 3.7  Hospital-Level 
Medical Treatment 

0.7 0.7 

+ 10% WASTE 0.6 0.4  SUBTOTAL 7.1 4.4 
TOTAL 7.0 4.1  + 10% WASTE 0.7 0.4 

    TOTAL 7.8 4.8 
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Tropical Environment 

 
Water Sources In tropical regions, water sources are expected to be abundant.  Rivers, 

streams, lakes, ponds, wells, and local water systems are possible water 
sources.  Dense vegetation and lack of roads may pose significant and 
unusual problems in exploiting these sources.  Individual consumption for 
drinking will increase due to high temperatures and humidity.  Water sources 
discovered by combat forces may be exploited by use of individual or small 
unit purification procedures or devices.  Poor ground location may inhibit 
water distribution by truck and place greater reliance on aerial resupply of 
water to engage forces.  Cool drinking water to encourage personnel to drink 
the large quantities of water needed to prevent heat injuries. 

 
Water Borne 
Diseases 

Water borne diseases, infections, and parasites capable of transmission 
through body contact are very high in tropical zones.  This requires the 
disinfection and filtration of water prior to its use for bathing and laundering.  
Use potable water in tropical zones only when required.  In battalion and 
company areas, potable water is required for drinking, personal hygiene, field 
feeding, and heat casualty treatment.  In brigade support and division rear 
areas, add the water requirements for medical treatment to those forward 
areas. 

Continued on next page 
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Tropical Environment, Continued 

 
Consumption 
Factors 

The table below provides specific tropical zone consumption factors. 

 
COMPANY Daily Gallons-Per-Man 

Requirements 
 BATTALION Daily Gallons-Per-Man 

Requirements 
Function Sustaining Minimum  Function Sustaining Minimum 
Drinking 3.0 3.0  Drinking 3.0 3.0 

Personal Hygiene 1.7 0.3  Personal Hygiene 1.7 1.0 
Field Feeding 0.3 0.8  Field Feeding 2.8 0.8 
Heat Casualty 

Treatment 
0.2 0.2  Heat Casualty 

Treatment 
0.2 0.2 

SUBTOTAL 5.2 4.3  SUBTOTAL 7.7 5.0 
+ 10% WASTE 0.5 0.4  + 10% WASTE 0.8 0.5 

TOTAL 5.7 4.7  TOTAL 8.5 5.5 
 

REGIMENTAL 
LANDING TEAM 

Daily Gallons-Per-Man 
Requirements 

 MEF Daily Gallons-Per-Man 
Requirements 

Function Sustaining Minimum  Function Sustaining Minimum 
Drinking 3.0 3.0  Drinking 3.0 3.0 

Personal Hygiene 1.7 1.0  Personal Hygiene 1.7 1.0 
Field Feeding 2.8 0.8  Field Feeding 2.8 0.8 
Heat Casualty 

Treatment 
0.2 0.2  Heat Casualty 

Treatment 
0.2 0.2 

Division-Level 
Medical Treatment  

0.4 0.4  Division-Level 
Medical Treatment 

0.4 0.4 

SUBTOTAL 8.1 5.4  Hospital-Level 
Medical Treatment 

0.9 0.9 

+ 10% WASTE 0.8 0.5  SUBTOTAL 9.0 6.3 
TOTAL 8.9 5.9  + 10% WASTE 0.9 0.6 

    TOTAL 9.9 6.9 
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Arctic Region 

 

Water Sources In arctic regions, melting snow and ice will provide only enough water for 
emergency use by individuals and small units.  It is impractical for supply of 
larger units due to the extensive fuel requirements.  Dominant water sources 
are unfrozen water underlying frozen river lakes, and civilian and military 
constructed wells.  Location and exploitation of water sources convenient for 
water support operations will pose unusual support problems.  The dispersion 
of suitable water sources will increase distribution requirements. 

 

Water 
Purification, 
Storage, and 
Distribution 
Elements 

Water purification, storage, and distribution elements must be augmented 
with equipment to prevent or retard freezing.  Encourage personnel to drink 
large quantities of water to prevent dehydration.  Use potable water in arctic 
zones only when required.  In the battalion and company area, potable water 
is needed for drinking, personal hygiene, and field feeding.  The regiment 
support and division rear areas add the water for medical treatment to those in 
forward areas. 

 
Consumption 
Factors 

The table below provides specific arctic region consumption factors. 

 
COMPANY Daily Gallons-Per-Man 

Requirements 
 BATTALION Daily Gallons-Per-Man 

Requirements 
Function Sustaining Minimum  Function Sustaining Minimum 
Drinking 2.0 2.0  Drinking 2.0 2.0 

Personal Hygiene 1.7 0.3  Personal Hygiene 1.7 1.0 
Field Feeding 0.3 0.8  Field Feeding 2.8 0.8 
SUBTOTAL 4.0 3.1  SUBTOTAL 6.5 3.8 

+ 10% WASTE 0.4 0.3  + 10% WASTE 0.7 0.4 
TOTAL 4.4 3.4  TOTAL 7.2 4.2 

 
REGIMENTAL 

LANDING TEAM 
Daily Gallons-Per-Man 

Requirements 
 MEF Daily Gallons-Per-Man 

Requirements 
Function Sustaining Minimum  Function Sustaining Minimum 
Drinking 2.0 2.0  Drinking 2.0 2.0 

Personal Hygiene 1.7 1.0  Personal Hygiene 1.7 1.0 
Field Feeding 2.8 0.8  Field Feeding 2.8 0.8 

Division-Level 
Medical Treatment  

0.4 0.4  Division-Level 
Medical Treatment 

0.4 0.4 

SUBTOTAL 6.9 4.2  Hospital-Level 
Medical Treatment 

0.7 0.7 

+ 10% WASTE 0.7 0.4  SUBTOTAL 7.6 4.9 
TOTAL 7.6 4.6  + 10% WASTE 0.8 0.5 

    TOTAL 8.4 5.4 
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Arid Region 

  
Water Sources In arid regions, available water sources are limited and widely dispersed.  

Water must therefore be transported to the point of use.  Surface fresh water is 
almost nonexistent, and available subsurface water varies from region to 
region.  Detailed planning for water supply in an arid region is essential.  
Individual water consumption must be much greater than in a temperate 
region to prevent heat casualties.  A large quantity of cool drinking water for 
personnel to drink is encouraged.  Cooling is most efficiently done close to 
the point of actual consumption.  Commanders and supervisors will ensure 
that drinking water is available and that personnel drink sufficient quantities 
to maintain effectiveness. 

 
Potable Water 
Use 

Use potable water to meet non-potable water requirements when untreated 
water is not available.  Provision of a separate non-potable water distribution 
system will not be feasible. 

 
Storage and 
Distribution 
Requirements 

The lack of water sources means a large storage and distribution requirement.  
General support units provide this capability.  Major tactical operations may 
be aimed at controlling scarce water sources. 

 
Potable Water 
Requirements 

Total potable water requirements will be increased since potable water is used 
to meet non-potable water requirements.  Non-potable water requirements 
include centralized hygiene, laundry, vehicle maintenance, engineer 
construction, and aircraft maintenance.  In the battalion and company areas, 
potable water is needed for drinking, personal hygiene, field feeding, heat 
casualty treatment, and vehicle maintenance.  In the regiment support and 
division rear areas, add the water requirements for medical treatment, 
centralized hygiene, construction, and aircraft maintenance to those in 
forward areas.  In the regiment and MEF, water requirements will increase 
due to water requirements for laundering and hospital medical treatment.  
Where exact numbers and types of hospitals are unknown, use 2.8 gallons per 
man per day to estimate hospital water requirements. 

Continued on next page 
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Arid Region, Continued 

 
Consumption 
Factors 

The table below provides specific arid region consumption factors. 

 
COMPANY Daily Gallons-Per-Man 

Requirements 
 BATTALION Daily Gallons-Per-Man 

Requirements 
Function Sustaining Minimum  Function Sustaining Minimum 
Drinking 3.0  3.0  Drinking 3.0 3.0 

Personal Hygiene 1.7  0.3   Personal Hygiene 1.7 1.0  
Field Feeding 0.3 0.8   Field Feeding 2.8 0.8  
Heat Casualty 

Treatment 
0.2 0.2  Heat Casualty 

Treatment 
0.2 0.2 

Vehicle 
Maintenance 

0.2 0.2  Vehicle 
Maintenance 

0.2 0.2 

SUBTOTAL 5.4  4.5  SUBTOTAL 7.9 5.2 
+ 10% WASTE 0.5 0.5  + 10% WASTE 0.8 0.5 

TOTAL 5.9 5.0  TOTAL 8.7 5.7 
 

REGIMENTAL 
LANDING 
DIVISION 

Daily Gallons-Per-Man 
Requirements 

 MEF Daily Gallons-Per-Man 
Requirements 

Function Sustaining Minimum  Function Sustaining Minimum 
Drinking 3.0 3.0  Drinking 3.0 3.0 

Personal Hygiene 1.7  1.0   Personal Hygiene 1.7 1.0 
Field Feeding 2.8 0.8   Field Feeding 2.8 0.8 
Heat Casualty 

Treatment 
0.2 0.2  Heat Casualty 

Treatment 
0.2 0.2 

Vehicle 
Maintenance 

0.2 0.2  Vehicle 
Maintenance 

0.2 0.2 

 Division-Level 
Medical Treatment  

0.4 0.4  Division-Level 
Medical Treatment 

0.4 0.4  

Centralized Hygiene 1.8 0.0   Hospital-Level 
Medical Treatment 

2.8 2.8  

Construction 0.5 0.0  Centralized 
Hygiene 

1.8 0.0 

Aircraft 
Maintenance 

0.2 0.2  Construction 1.5 0.0 

SUBTOTAL 10.8 5.8  Aircraft 
Maintenance 

0.2 0.2 

+ 10% WASTE 1.1 0.6  Laundry 2.1 0.0 
TOTAL 11.9 6.4   SUBTOTAL 16.7 8.6 

      + 10% WASTE 1.7 0.9  
    TOTAL 18.4 9.5 
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Arid Region, Continued 

 
Challenge The commanding officer has just received a request for forces message from 

higher headquarters.  Your unit is to provide water support for a company of 
300 Marines for a period of 60 days in the Republic of Djibouti.  The 
Republic of Djibouti is an East African nation bordering the Gulf of Aden and 
the Red Sea, between Eritrea and Somalia.  The climate is sweltering, dry, 
and in an arid region.  As the utilities officer/chief, determine the water and 
storage requirements for this mission.  The combatant commander also 
requires you to maintain 2 days of supply (DOS) of water.  You sent an 
advance party of 10 Marines to set up the water point.  The advance party will 
arrive 7 days prior to the main bodies arrival and depart 5 days after the main 
body.  Determine what the per day requirements are. 

 
Requirements C-day 1-7 C-day 8-68 C-day 69-74 

Water    
Storage    

Continued on next page 
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Arid Region, Continued 

 
Answer The answer to the challenge question is listed in the table below. 
 

Step Action 
1 Determine the environment you are going to deploy to in order to 

get your planning factors.  In this case, you are supporting a 
company of 300 Marines in an arid region.  Use the arid region 
consumption factor table and since the deployment is more than a 
week, use the sustaining column of that table.  Your planning 
factor should be 5.9.  Multiply 300 + the number of support 
personnel/advance party by 5.9. 

2 Decide how many Marines are needed for the advance party.  In 
this case, 10 Marines are used and will arrive in theater 7 days 
before the main body.  Since Marines will be there 7 days before 
the main body arrives to set up, use the minimum column of the 
company table.  The planning factor should be 5.0.  After 7 days, 
use the sustaining column.  Your planning factor should be 5.9. 

3 The combatant commander requires you to maintain two DOS of 
water, so multiply your daily water requirements by 2. 

 
Requirements C-day 1-7 C-day 8-68 69-74 

Water 50 gals per day 1,829 gals per day 50 gals per day 
Storage 100 gals 3,658 gals 100 gals 
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Lesson 2 Exercise 

 
Directions Complete items 1 through 7 by performing the action required.  Check your 

answers against those listed at the end of this lesson. 

 
Item 1 The recommended water requirement for NBC decontamination for an 

individual is ______ gallons. 
 
a. 2.5 
b. 4.5 
c. 6.5 
d. 12.4  

 
Item 2 The estimated water requirements for engineer construction in an arid 

environment are ___ gallons per man, per day for the MEF. 
 
a. 0.5 
b. 1.5 
c. 2.0 
d. 4.0 

 
Item 3 In arid environments, aircraft washing requires _______ gallons of water per 

engine, per day. 
 
a. 5 
b. 10 
c. 15 
d. 20 

Continued on next page 
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Lesson 2 Exercise, Continued 

  
Item 4 The four zones used to determine the water requirements for deploying troops 

and equipment are temperate, tropical, ___________ and arid zones.  
 
a. desert 
b. arctic 
c. freezing 
d. warm 

 
Item 5 Water storage requirements are based on resupply times, _____ requirements, 

and days of supply requirements. 
 
a. personnel 
b. purification 
c. consumption 
d. daily 

 
Item 6 To determine the amount of water purification equipment, ______ the total 

daily requirement by the daily production capability of one purification unit. 
 
a. multiply 
b. divide  
c. subtract  
d. add  

 
Item 7 What are the water requirements for a MEF size force sustaining in an arid 

zone? 
 
a. 8.4 
b. 7.8 
c. 9.9 
d. 18.4 

Continued on next page 
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Lesson 2 Exercise, Continued 

  
Answers The table below lists the answers to the exercise items.  If you have any 

questions about these items, refer to the reference page. 
 

Item Number Answer Reference 
1 d 1-21 
2 b 1-22 
3 b 1-22 
4 b 1-22 
5 d 1-23 
6 b 1-23 
7 d 1-30 
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LESSON 3 

GENERATOR SITE SURVEY 

Introduction 

 
Scope The location of the generator site affects the efficiency of the power system.  

The individual demands for electrical power and the area to be serviced 
govern the site selection. 

 
Learning 
Objectives 

At the end of this lesson, you should be able to 
 
• Identify the environmental factors when planning for generator support. 

• Determine the type of surface that the generator requires. 
 
• Determine the location of the generator site. 

 
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Introduction 1-37 
Environmental Considerations 1-38 
Selecting the Generator Site 1-39 
Lesson 3 Exercise 1-42 
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Environmental Considerations 

 
Introduction Generator operations are affected by the environment in which they are 

conducted.  The most important environmental factors to consider when 
planning for generator support are climate, terrain and vegetation, and 
lightning. 

 
Climate Climatic conditions in some locations affect prime power operations.  The 

low temperatures and short periods of daylight encountered during winter in 
polar regions will adversely affect manpower efficiency but will not degrade 
equipment performance.  Under these conditions, expect significant work-rate 
slowdowns. 

 
Tropical and 
Coastal Regions 

Operations in tropical and coastal regions require additional equipment 
maintenance to combat corrosion from humidity and salt spray.  Humidity 
and high temperatures in tropical regions degrade generator performance.  
Under extreme conditions, power-plant output may have to be derated as 
much as 25 percent to compensate for this degradation. 

 
Desert Regions Operations in desert regions require intense and frequent maintenance due to 

heat and dust.  Grounding problems are often encountered in arid climates 
due to extremely high soil resistance.  Units may have to construct grounding 
grids and use soil additives and water to overcome grounding problems. 

 
Mountainous 
Regions 

In mountainous regions above 5,000 feet, the thin air degrades the 
performance of power generation equipment.  It also reduces manpower 
efficiency.  To compensate, units should derate generators and anticipate 
slower work rates with frequent rest breaks. 

 
Terrain and 
Vegetation 

Rugged terrain and dense vegetation may affect generator and distribution of 
system routing.  Generators require a level surface.  Never tilt a set more than 
5 degrees in any direction.  Therefore the site must be cleared and leveled.  

 
Lighting  Artificial lighting is necessary when constructing or repairing distribution 

systems at night.  The hazards associated with electrical construction and 
repairs are deadly.  They are greatly compounded if work is attempted under 
blackout conditions. 
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Selecting the Generator Site 

 
Threat Generators and distribution networks are likely targets for surface-to-surface 

missiles and aerial raids.  Recognizing the vulnerability of these lucrative 
targets is important to their defense. 

 
Power 
Demands 

You must determine where the largest demands are located.  You should 
place generator sets near the largest load.  Attempt to center generator site to 
reduce voltage drop. 

 
Roads Generators should be located near all-weather roads; this will facilitate 

servicing of the generators and prime movers.  Remember, for extended use, 
you will need to refuel a generator up to 3 times a day.  

 
Noise Noise is another consideration.  Since most generators produce high noise 

levels, place generator sets away from areas where noise may be a problem.  
This is probably the least important factor in site selection since there are 
ways, such as revetments, to reduce the noise levels.  Use additional material 
to reduce noise levels. 

Continued on next page 
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Selecting the Generator Site, Continued 

 
Scenario Take a look at the camp layout below.  Headquarters has a load twice that of a 

billeting tent, and medical has a load four times as great as a billeting tent.  If 
you were tasked to supply power to the camp, where would you place the 
generator?  Select either site A, B, C, or D as the location for the generator. 

 
  

  

Continued on next page 
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Selecting the Generator Site, Continued 

 
Answer Any of the choices could be correct.  You could easily wire the camp from 

any of the locations and have an effectively wired camp.  However, as in most 
cases, there are a few choices that are better than others.  In this case, ”B” 
would probably have been the best choice to make.  The reason for this is 
because it is near the largest load, it is located near a road for easy access, and 
it is far enough away that noise should not be a problem. 

 
Site A Site “A” is close to the largest loads and is also near a road, but it could cause 

a noise problem by being too close to the buildings. 

 
Site C Site “C” is close to the largest loads, but it is not accessible from a road.  If 

the ground were soft, it would be hard to refuel the generators.  It could also 
cause a noise problem. 

 
Site D Site “D” is a little too far away from a road to be a good site.  (From this site, 

the main power runs to the large loads would as far as “B.”)  This site could 
be used if the ground was hard enough to support refueling, but without more 
information, this choice would be hard to make. 

 
Other 
Considerations 

The choices above were chosen to show you the different factors to consider 
when choosing a site.  Here are some other considerations or questions to ask: 
 
• Should overhead lines or buried lines be used? 
• Is the unit going to be in the location for a long time?  If so, build    

revetments around the sites to reduce noise. 
• Is this a temporary site that will require rapid installation and tear down? 
 
All of these things will affect the choice of your site and the way you prepare 
it. 
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Lesson 3 Exercise 

 
Directions Complete exercise items 1 through 4 by performing the action required.  

Check your answers against those listed at the end of this lesson. 

 
Item 1 When planning for generator support ____, ____, ____, and ____ are the 

most important environmental factors to consider. 
 
a. climate, terrain, vegetation, and lighting 
b. climate, water, fire, lighting 
c. earth, wind, fire, water 
d. wind, rain, sand, heat 

 
Item 2 Generators require a ______ surface. 

 
a. high 
b. uneven 
c. level 
d. soft 

 
Item 3 You should place the generator sets near the _______ loads. 

 
a. smallest 
b. most important 
c. largest 
d. least important 

 
Item 4 Generators should be located near ________ when determining the location 

site. 
 
a. water source 
b. all-weather roads 
c. refueling area 
d. center of camp 

Continued on next page 
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Lesson 3 Exercise 

 
Answers The table below lists the answers to the exercise items.  If you have questions 

about these items, refer to the reference page. 
 

Item Number Answer Reference 
1 a 1-38 
2 c 1-38 
3 c 1-39 
4 b 1-39 
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STUDY UNIT 2 

ELECTRICAL DESIGN 

Introduction 

 
Scope Due to modern technology, the success of many military operations depends 

on electricity.  An electrical distribution system designed to meet the vast 
needs of a military operation cannot be thrown together.  Its design must be 
well thought out if the mission is to be a success.  It is your job as a utilities 
officer/chief to design an appropriate distribution system to meet the electrical 
needs of the operation. 

 
In This Study 
Unit 

This study unit contains the following lessons: 

 
Lesson See Page 

General Illumination Sets 2-3 
Mobile Electric Power Distribution System  2-17 
Electrical Distribution Systems 2-39 
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LESSON 1 

GENERAL ILLUMINATION SETS 

Introduction 

 
Scope In this lesson, we will cover the general illumination sets and its capabilities.  

You will be taught how to construct a bus bar and a wire harness for GP tents. 

 
Learning 
Objectives 

At the end of this lesson, you should be able to 
 
• Recall characteristics of general illumination sets. 

• Identify the components of the general illumination set. 

• Identify the steps to construct a bus bar. 

• Identify the items needed to construct a wire harness. 

 
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Components 2-4 
Bus Bar Construction 2-6 
Wire Harness 2-11 
Lesson 1 Exercise 2-17 

 



 

MCI Course 1169A 2-4 Study Unit 2, Lesson 1 

Components 

 
Description The general illumination sets (commonly called light sets) provides the 

majority of your electrical installation supplies.  There are two types of light 
sets: 
 
• Large 
• Small 

 
Large Set The large set contains the following: 

 
• Thirty-six different components, which are listed in SL-3-00941A 
• Receptacles 
• Three different types of lamp holders:  plastic body, pigtail, and switch 
• Adapters that screw into the lamp sockets that allow two lights to be used 

at once or to provide for an additional receptacle 

  
Light Bulbs There are 60 watt and 150 watt light bulbs for camp lighting requirements.  

The 60 watt bulbs are normally used for general lighting needs and the 150 
watt bulbs are used for security lighting.  There are also reflectors (lamp 
shades) that can be used in conjunction with the lamp holders to direct light 
over a desk or to a specific area. 

 
Types of Wire The light set comes with several different types of wire.  The #12/2 is 

commonly called romex.  The #12/2 refers to the size and number of the 
wires.  In this case, there are two conductors of American Wire Gauge 
(AWG) #12 size and a ground wire.  All three wires are wrapped in one 
jacket.  The #12/2 wire is normally used to make wiring harnesses for interior 
wiring.   
 
The #14/2 and #18/2 cables are used for small loads and to make extension 
cords.   
 
A #14/3 cable has, as its name implies, three conductors.  The #14/3 set also 
has #4 and #8 AWG single wire used for connecting heavy loads, such as 
overhead distribution systems and bus bar connections.  There is a flexible 
nonmetallic conduit used to protect wires in areas where exposed wires would 
be impractical. 

Continued on next page 
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Components, Continued 

 
Insulator 
Assemblies 

Insulator assemblies are used to secure your wires to poles, trees, buildings, 
etc.  They come in a set consisting of three porcelain insulators on a metal 
base.  The insulator assemblies are secured in place by lag bolts included in 
the set. 

 
Splice 
Connectors 

The splice connectors are used to connect cut or spliced wires, and the 
junction boxes are used to neatly change the direction of wire. 

 
Switches Toggle switches turn the power on and off, and the removable 15 and 30-amp 

circuit breakers protect the circuit. 

 
Small Set Use the small light set when an electrical distribution installation system is 

too large to use with one large light set, but too small for two large light sets.   
The small set contains some of the high usage items that are in the large set, 
as well as a number of items that will expand the range of your wiring.  The 
small light set contains the following: 
 
• 100- and 300-watt light bulbs for heavier lighting requirements. 
• Fuses rated at 250 amps to protect main circuits.   
• Three-pole switch box with a single throw action can be used to switch 

generators or for a main power switch. 
• Number 2 AWG wire for main power lines on larger camps. 
 
Having both sets increases your versatility. 
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Bus Bar Construction 

 
Uses The electrical equipment requiring power may be scattered.  You may need to 

provide two or more feeder lines.  In most cases like this, a bus bar can be 
used as a central connection point for all feeder lines.  The time period of 
your operation may also require you to regularly change generators for 
maintenance.  A bus bar allows a way to do this quickly and can be a valuable 
piece of equipment if you know how to build one. 

 
Construct To construct a bus bar, follow the steps below: 
 

Step Action 
1 Select a site that is clear, leveled, and well drained. 
2 Locate two 9-foot upright posts usually made of wood.  Normally 

small trees, 4 x 4s, or utility poles are used.  Place each pole in the 
ground at least 3-feet deep and 5-feet apart. 
 

 
 

Continued on next page 



 

MCI Course 1169A 2-7 Study Unit 2, Lesson 1 

Bus Bar Construction, Continued 

 
Construct, 
continued 

 

 
Step Action 

3 Locate a top brace and nail it to the post to make the framework 
steady.  The top brace may be made of any available material, but 
it is usually a 2 x 4.  Saw off any excess overhang to prevent 
injuries to personnel working in the area. 
 

 
4 Install insulator racks.  The insulator racks found in the large and 

small light sets have three insulators mounted on each rack.  
Remove the middle insulator from four of the racks.  Using lag 
bolts, mount two racks on the inside of each post so the racks face 
each other as shown below. 
 

 

Continued on next page 
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Bus Bar Construction, Continued 

 
Construct, 
continued 

 

 
Step Action 

5 Determine the wire size.  Your power capacity and load 
requirements will determine the size wire to use.   
 
Note:   Remember, the bus bar is your main connection point for 

all your feeder lines and it must be able to handle the 
combined power of all feeder lines.   

 
Once you have decided on the wire size, use dead end ties to attach 
the conductors to the insulator racks.  Make a dead end tie, shown   
below, by running the conductor through the eye of the insulator, 
over the top, and through the eye again.  Wrap the short end around 
the long end making five to seven tight turns. 
 

6 Pull the long end of the conductor directly across to the insulator 
rack on the opposite post.  Pull the conductor as tight as possible 
and make another dead end tie.  When all four conductors are in 
place, the bus bar will look similar to the one shown below. 
 

 

Continued on next page 
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Bus Bar Construction, Continued 

 
Construct, 
continued 

 

 
Step Action 

7 Identify the conductors by marking them with tape.  A simple 
method that works well is to start at the top and work down.  Mark 
the top wire with three pieces of tape to label it as three phase, the 
next wire with two pieces of tape indicating two phase, and the 
next wire with one piece to indicate single phase.  The bottom wire 
is your neutral wire and does not get marked. 

8 Drive a ground rod at a minimum of 8 feet into the ground next to 
the bus bar and connect a piece of #6 AWG or larger wire to your 
neutral wire.  Use a tee splice or split bolt connector to make the 
connection. 
 
WARNING:   The top three wires are “hot” wires and must NOT 

be allowed to come in contact with each other.  That 
is the reason for pulling the wires as tight as 
possible when you install them.  If for some reason 
the wires should touch each other when the circuit 
is energized, they could cause damage to the 
generator or even start a fire.   

 
Remember, use common sense when working on a 
bus bar.  Make sure the circuit is not on when 
adding new connections or doing any other work on 
the bus bar.  To prevent accidental contact, use 
engineer tape to rope off the area around the bus 
bar.  Make sure all connections are covered with 
electrical tape. 

Continued on next page 
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Bus Bar Construction, Continued 

  
Illustration The illustration below shows a bus bar.  Its size and type are up to you.  Add a 

throw box to the side of the post to switch from one generator to another or 
mount breaker boxes on the front of a sheet of plywood to power different 
areas of your camp. 
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Wire Harness 

 
Description A wire harness is an interior wiring inside of a tent, which can be a 

maintenance, general purpose (GP), or a command post (CP) tent.  
Maintenance and command post tents are wired for specific purposes and the 
wiring usually changes from operation to operation.  Therefore, we will cover 
the construction of only a general-purpose tent wire harness. 

 
GP Tents The majority of the GP tents that you wire in the field will be for billeting, so 

at a minimum, they should contain three lights and a receptacle.  Since the 
same material is used in each harness, make the harness in advance.   

 
Parts List The following items are needed from the large light set: 
 

Item Quantity 
37 foot length of 12/2 romex with ground 1 ea. 
Duplex receptacle 1 ea. 
Single pole switch 1 ea. 
Pigtail lamp holders 3 ea. 

 
Construct To build a wire harness for a GP tent, follow the steps below: 
 

Step Action 
1 Mark the romex with tape at predetermined spots for the lamp 

holders, switch, and receptacle. 

Continued on next page 
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Wire Harness, Continued 

 
Construct, 
continued 

 

 

Step Action 
2 After marking the romex, connect the receptacle first.  Cut away 6 

inches (centered on mark) of the outside insulation of the romex.  
When you make this cut, make sure you do not cut into the 
insulation of the inside conductors. 

3 Cut the inside conductors in half so that the white and black wires 
are 3 inches long at each end.  Strip away about one inch of 
insulation; then form the bare wire into a loop as shown in the 
figure below. 

 
4 Connect the conductors to the receptacle screws.  The black wires 

go to the gold screws and the white wires go to the silver screws.  
Ensure that the curved ends of the wires are hooked on the screws 
as shown below.  This will ensure that the wire remains tight and 
does not come off when you tighten the screw.  Loop the ground 
wire tightly around the green screw on the receptacle.  This will 
ensure the receptacle is grounded to the entire system. 

 

Continued on next page 
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Wire Harness, Continued 

 
Construct, 
continued 

 

 
Step Action 

5 At the second spot you marked, cut the romex the same way you 
would cut it for the receptacle.  This time, only cut the black wire 
in half and loop the ends.  This will allow the switch to turn the 
incoming power on and off.  Connect the two ends of the black 
wires to the switch and place it in the box as shown below.  This 
switch is a simple on/off switch.  When finished, if the lights are 
off when the switch is up and on when the switch is down, you can 
simply turn the power off and flip the switch over and reconnect 
the wires. 
 

 

Continued on next page 
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Wire Harness, Continued 

 
Construct, 
continued 

 

 
Step Action 

6 The last component to install is the pigtail lamp holders.  Cut the 
outside insulation back about 6 inches.  Cut the white and black 
wires at different places.  Come in about 2 inches from either end 
and trim the insulation from the other wire.  This staggers the cuts 
of the black and white wires as shown below.  The pigtail has 
white and black wires.  Connect the black-to-black and white-to-
white.  Both splices should be soldered and taped after the 
connections are made.  Be sure to use electrical tape. 
 

 
 

7 Tape the ends of the romex to prevent accidental shock.  The 
conductors should be taped individually, and the ground wire can 
be bent back and taped.  The illustration below shows what the end 
of the romex should look like while it is being taped.  The entire 
end of the wire should then be taped. 
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Lesson 1 Exercise 

 
Directions Complete exercise items 1 through 4 by performing the action required.  

Check your answers against those listed at the end of this lesson. 

 
Item 1 How many types of general illumination sets are there?  

 
a. 1 
b. 2 
c. 3 
d. 4 

 
Item 2 How many components are in the large illumination set? 

 
a. 26 
b. 36 
c. 46 
d. 56 

 
Item 3 To construct a bus bar, select a site that is ______, leveled, and well drained. 

 
a. filled with soil 
b. comfortable 
c. clear 
d. low maintenance 

 
Item 4 The minimum items needed to construct a wire harness for a GP tent include 

a duplex receptacle, a single pole switch, and ______ pigtail lamp holders. 
 
a. one 
b. two 
c. three 
d. four 

Continued on next page 
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Lesson 1 Exercise, Continued 

 
Answers The table listed below lists the answers to the exercise items.  If you have any 

questions about these items, refer to the reference page listed for that item. 
 

Item Number Answer Reference 
1 b 2-4 
2 b 2-4 
3 c 2-6 
4 c 2-11 
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LESSON 2 

MOBILE ELECTRIC POWER DISTRIBUTION SYSTEM  

Introduction 

 
Scope In this lesson, you will be instructed on the use of the Mobile Electric Power 

Distribution System (MEPDIS). 

 
Learning 
Objectives 

At the end of this lesson, you should be able to 
 
• Identify the purpose of the MEPDIS. 

• Identify the capability of the MEPDIS. 

• Recall characteristics of distribution panel board assemblies for MEPDIS. 

• Identify the type of tent to the number of field wiring harness sets that can 
be wired. 

 
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Introduction 2-17 
Configuration 2-18 
Operation 2-20 
15 kW Panel Board 2-22 
30 kW Panel Board 2-24 
100 kW Panel Board 2-26 
Field Wiring Harness 2-28 
Lesson 2 Exercise 2-35 
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Configuration 

 
Purpose The Mobile Electric Power Distribution System (MEPDIS) provides a faster, 

more mobile, and safer means of installing an electrical distribution system.  
The MEPDIS is effective when used properly. 

 
Capabilities The MEPDIS provides a network for connecting multiple 120/208V, three-

phase loads and 120V one-phase loads to a remote generator or facility power 
source.  The system has 16 separate power inputs and 170 power outputs.  
The illustration below shows a sample of a 100 kW layout for the deployment 
of MEPDIS. 

 
Note:   Some models of MEPDIS may have more than one power input, due 

to different manufactures used in production. 
 

 

 
Components The MEPDIS consists of ten 15 kW, four 30 kW, and two 100 kW power 

distribution panel board assemblies.  These assemblies are skid mounted.  The 
30 kW and 100 kW assemblies have eyebolts for lifting and towing.  The 
assemblies are housed in a water resistant cabinet that protects the circuit 
breakers and wiring.  The circuit breakers are accessed by unlatching and 
raising the protected covers.  The individual power board assemblies are 
linked together by cables, which allow for a wide range of configurations. 

Continued on next page 
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Configuration, Continued 

 
Components 
List 

The table below shows a complete list of the MEPDIS components. 
 

 
QUANTITY TYPE CLASS SIZE FRAME BASE 

OR LENGTH 
  PANEL BOARD 

ASSEMBLIES 
  

     
10 1 1 15 kW A-FRAME 
4 1 1 30 kW A-FRAME 
2 1 1 100 kW A-FRAME 
     
  CABLE 

ASSEMBLIES 
  

     
4 1 1 350 AMP 50 FT 

48 2 1 100 AMP 50 FT 
4 4 1 100 AMP 50 FT 

80 2 1 60 AMP 100FT 
5 4 1 60 AMP 100FT 
5 3 1 30 AMP 100 FT 
2 5 1 30 AMP 100 FT 

23 3 1 20 AMP 100 FT 
74 3 2 20 AMP 100 FT 
5 5 2 20 AMP 100 FT 
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Operation 

 
Procedures Follow the steps below to operate the MEPDIS. 
 

Step Action 
1 Connect the input power cables to the input receptacle for 15 kW 

and 30 kW units.  Hard wire input cables to the benelex assembly 
for 100 kW units. 
 

 
2 Set the 15 kW, 30kW, and 100kW main circuit breaker switches to 

the “ON” position as appropriate. 
 

 

Continued on next page 
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Operation, Continued 

 
Procedures, 
continued 

 

 
Step Action 

3 Connect the 15 kW, 30 kW, and 100 kW output cables to output 
receptacles to meet load requirements. 
 

 
4 Set 15 kW, 30 kW, and 100 kW output circuit breaker switches to 

the “ON” position. 
 

 
5 Monitor the phase indicator lights to verify that the unit is 

functioning properly. 
6 Reverse the steps to shut down the unit. 
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15 kW Panel Board 

 
Assemblies The distribution panel board assemblies are 

 
• 15 kW 
• 30 kW 
• 100 kW 

  
Components The 15 kW panel board consists of a main input receptacle, 12 circuit 

breakers to protect the circuits, and 11 output receptacles. 

 
Main Input 
Receptacle 

The main input receptacle is the connection point for incoming power.  A 60-
amp, three-phase main circuit breaker protects it. 

 
Circuit 
Breakers 

The remaining 11 circuit breakers each protect an output receptacle and are 
numbered to match a receptacle. 

 
Three-Phase 
Receptacles 

There are two three-phase breakers numbered 3 and 4 that are rated at 20 
amps.   

 
One-Phase 
Receptacle 

There are nine one-phase breakers numbered 5 through 14 that are rated at 20 
amps.   

 
Input/Output 
Receptacles 

The input and output receptacles are connected to an internal ground bus bar 
and neutral bus bar.   

 
Phase Indicator 
Lights 

There are three phase indicator lights associated with the main breaker and 
illuminate when the circuit breaker is closed and input power is available. 

Continued on next page 
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15 kW Panel Board, Continued 

  
Illustration  
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30 kW Panel Board 

 
Components The 30 kW distribution panel board consists of a main input receptacle, 11 

circuit breakers to protect the circuits, and 10 output receptacles.   

 
Main Input 
Receptacle 

The main input receptacle is the connection point for incoming power.  A 
100-amp, three-phase main circuit breaker protects it.  The remaining 10 
circuit breakers each protect an output receptacle and are numbered to match 
a receptacle. 

  
Three-Phase  There are eight three-phase circuit breakers.  Circuit breakers 3, 4, 5, and 6 

are rated at 60 amps; circuit breakers 7 and 8 are rated at 30 amps; and circuit 
breakers 9 and 10 are rated at 20 amps. 

 
One-Phase There are two single-phase circuit breakers.  Circuit breakers 11 and 12 are 

rated at 20 amps. 

 
Interlock 
Solenoids 

There are two interlock solenoids that are connected ahead of the main circuit 
breaker and provide protection against electrocution.  Whenever input power 
is available, 120 volts is applied to the solenoids, causing the solenoids to 
interlock with the access door brackets, which in turn prevents the door from 
being opened.  Two 0.5 amp fuses protect the solenoids in case of shorting. 

 
Input/Output 
Receptacle 

The input and output receptacles are connected to an internal ground bus bar 
and neutral bus bar. 

 
Phase Indicator 
Lights 

The phase indicator lights are associated with the main circuit breaker and 
illuminate when the circuit breaker is closed and input power is available. 

Continued on next page 
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30 kW Panel Board, Continued 

 
Illustration  
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100 kW Panel Board 

 
Components The 100 kW distribution panel board consists of a main input receptacle, 11 

circuit breakers to protect the circuits, and 10 output receptacles. 

 
Main Input 
Receptacle 

The main input receptacle is the connection point for incoming power.  It is 
protected by a 350-amp, three-phase main circuit breaker. 

 
Circuit 
Breakers 

The remaining 10 circuit breakers are three-phase breaker; each protect an 
output receptacle and are numbered to match a receptacle.  Circuit breakers 3 
through 6 are rated at 100 amps; circuit breakers 7 and 8 are rated at 60 amps; 
circuit breakers 9 and 10 are rated at 30 amps; and circuit breakers 11 and 12 
are rated at 20 amps. 

 
Interlock 
Solenoids 

The 100 kW panel board has two 120v interlock solenoids that provide 
protection against electrocution.  Two 0.5 amp fuses protect the solenoids in 
case of shorting. 

 
Input/Output 
Receptacles 

The input and output receptacles are connected to an internal ground bus bar 
and neutral bus bar. 

 
Phase Indicator The phase indicator lights are associated with the main circuit breaker and 

illuminate when the circuit breaker is closed and input power is available. 

Continued on next page 
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100 kW Panel Board, Continued 

 
Illustration   
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Field Wiring Harness 

 
Description The field wiring harness (FWH) is actually a set.  The FWH was developed to 

supplement the MEPDIS unit.  The FWH set provides electrical power 
distribution and illumination through receptacle circuits/power outlets for 
various field units’ complexes.  The set is portable and is suitable for use in 
both indoor and outdoor environments.  The FWH set contains cables, 
switches, receptacles, and light sockets that are configured to meet your 
particular needs. 

 
Uses The FWH set supplies all electrical requirements for a maintenance tent, two 

command post tents, and ten medium general-purpose tents.  The entire set is 
packed in 13 duffel bags and comes with 4 boxes of light bulbs.  Each duffle 
bag contains enough wiring to supply one tent with proper lighting. 

 
Capabilities The FWH set interfaces with standard Department of Defense (DoD) 

generators rating from 3 kW to 100 kW operating at 120 volts, single phase or 
120/208 volts, and three-phase at 50 or 60 hertz. 

 
Components Components of the FWH set can be installed easily and rapidly because the 

harnesses are broken down into 10 different cables that are easily connected 
to each other or to a power source.   All male and female connectors on the 
cables are polarized and are rated at 20 amps.  The cable assemblies are 
equipped with a velcro strap at each end plus one strap per each 4-foot 
section.  The velcro straps allow each cable to be attached to a ground base 
and/or secured to a rigid pole located within the tent. 

 
Cable Function 

1 Cable 1 is a lead-in cable (shown below).  This cable is 
15-feet long with a molded female connector on one end 
and a male connector with the same pin configuration on 
the other end.  The lead-in cable connects the 
components of the FWH set to the power distribution 
panel.  The male connector will attach directly to all the 
MEPDIS assemblies.   
 

Continued on next page 
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Field Wiring Harness, Continued 

 
Components, 
continued 

 

 
Cable Function 

2 Cable 2 is a 25-foot extension cable (shown below).  
This cable has a polarized male connector on one end 
and a polarized female connector on the other end.  The 
extension cable is normally connected to the lead-in 
cable extending from the power source.  These long 
extension cables enable lighting to be distributed to 
several tents from one power source.   
 

3 Cable 3 is an 8-foot extension cable.  This cable is the 
same as cable 2 except it is shorter.  The 8-foot 
extension cable provides extension of power to various 
lighting or appliance receptacles over short distances. 

4 Cable 4 is a Wye connection cable (shown below).  The 
Wye cable consists of three 2-foot lengths of cable 
spliced together within a watertight mold.  Two legs 
have female connectors and the third leg has a male 
connector.  The Wye cable allows for multiple power 
distribution from one source and may be located at any 
position along the harness to provide diversified power 
and illumination.   
 

 

Continued on next page 
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Field Wiring Harness, Continued 

 
Components, 
continued 

 

 
Cable Function 

5 Cable 5 is a 6-foot switch cable (shown below).  This 
cable has a male connector at one end and a female 
connector on the other end with a watertight molded 
switch enclosure located 2-feet from the female 
connector.  The switch is a two part, watertight assembly 
securely fastened to the switch cable with four screws 
and is of alternating action (push on, push off) 
construction.  It is rated at 120 VAC, 20 amps.  The 
switch cable is usually placed inside tents and is 
normally connected in line between the power supply 
and the light cables.  The push-on, push-off switch 
allows direct control of lights or other appliances.   
 

 
6 Cable 6 is an 8-foot light cable (shown below).  This 

cable has a male connector on one end and a female 
connector on the other.  A lamp socket is molded to the 
cable 2 feet from the female connector and a brass 
grommet embedded in the mold above the socket can be 
used to suspend this assembly.  Once the light bulb is 
installed, this socket will be watertight.  The light is 
normally strung across the top of the tent to provide 
illumination.  Several lights may be connected in a series 
to provide a streamer of lights across a large tent.  The 
light cable may be used for indoor or outdoor 
environments.   
 

 

Continued on next page 
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Field Wiring Harness, Continued 

 
Components, 
continued 

 

 
Cable Function 

7 Cable 7 is an 8-foot receptacle cable (shown below).  
This cable has a male connector on one end and a female 
connector on the other.  Two feet from the female 
connector, a molded splice connects two 4-foot lengths 
of cable to the 8-foot cable assembly.  A “U” ground 
female receptacle is molded to the end of each of the 
two 4-foot cables.  The receptacle cable assembly 
provides a multiple function of power distribution via 
the four-way cable.  The main cable provides a 
continuance of power supply to the remaining FWH, 
while the two 4-foot arms provide 120 VAC power to 
any electrical appliance.   
 

 

Continued on next page 
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Field Wiring Harness, Continued 

 
Components, 
continued 

 

 
Cable Function 

8 Cable 8 is a 20-foot generator lead-in cable (shown 
below).  This cable has a molded female connector on 
one end.  The other cable end exposes the three 
conductors 8 inches from the end.  The conductors are 
stripped, trimmed, and tinned 2 inches at the end.  The 
generator lead-in cable is made specifically to connect to 
any standard DoD generator set rated from 3 kW to 100 
kW operating at 120 VAC one-phase, or 120/208 VAC 
three-phase.   
 

9 Cable 9 is a 4-foot commercial power jumper cable 
(shown below).  This cable has a molded female 
connector on one end and a single molded parallel blade 
“U” ground male plug on the other end.  The 
commercial power jumper cable adapts/connects to a 
commercial power supply.  The molded male plug will 
connect with any standard commercial wall or extension 
outlet.  This allows power to be supplied to the FWH 
from an existing building or house with power 
receptacle outlets.   
 

Continued on next page 
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Field Wiring Harness, Continued 

 
Components, 
continued 

 

 
Cable Function 

10 Cable 10 is a 4-foot Army system conversion cable 
(shown below).  This cable has a molded female 
connector on one end and an externally molded two-pole 
plug, with a 3-inch ground wire extending from the mold 
at the base of the connector on the other end.  The 
ground wire ends with a crimped terminal.  The Army 
system conversion cable adapts or connects to any of the 
Army general illumination light sets.  It also allows the 
FWH to be operated from an Army power source or 
allows the Army light sets to be powered from the FWH 
power supply.   

 
Light Bulbs All light bulbs provided with the FWH set are packaged in their own 

containers.  The outer cover of the box is made of duck olive green material 
and is held closed with velcro straps for easy access.  Each box is made with a 
hinged lid and consists of individual foam rubber compartments capable of 
storing 12 light bulbs.   

 
Lamp Carrier 
Box 

The lamp carrier box provides an impact resistant container for storage of the 
light bulbs when the FWH set is not in use.  This durable container protects 
the bulbs from breakage during storage, transportation, and field operations.  
The four boxes are to be used in conjunction with the cable assemblies.  Use 
three boxes for the general purpose (GP) tent duffel bags and one box for the 
maintenance and command post (CP) tent bags. 

Continued on next page 
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Field Wiring Harness, Continued 

  
Duffel Bags The FWH set is stored in 13 nylon duffel bags.  Each duffel bag is packed 

with the various cable assemblies to supply one tent with proper lighting.  The 
bags have large mouth openings for quick packing and unpacking of the cable 
assemblies allowing the FWH set to be totally portable.  This provides a 
lighting system to tents in the field where access by vehicles is limited.  The 
bags themselves are labeled GP tent, CP tent, or maintenance tent.  The types 
and quantities of cables per bag are listed in the table below. 

 
CABLE TYPE GP TENT CP TENT MAINTENANCE TENT 

    
1 1 1  
2 1   
3 1 1  
4 1  2 
5 1 1 2 
6 3 2 6 
7 1 1 6 
8 1 1 1 
9 1 1 1 
10 1 1 1 

 
 



MCI Course 1169A 2-35 Study Unit 2, Lesson 2 Exercise 

Lesson 2 Exercise 

 
Directions Complete exercise items 1 through 9 by performing the action required.  

Check your answers against those listed at the end of this lesson. 

 
Item 1 The MEPDIS was developed to provide a faster, more mobile, and safer 

means of installing an electrical ______________ system. 
 
a. power generation  
b. distribution  
c. grounding  
d. illumination 

 
Item 2 The MEPDIS has _____ separate power inputs and 170 power outputs. 

 
a. 4 
b. 8 
c. 16 
d. 38 

 
Item 3 The MEPDIS consists of _______________________ power distribution 

panel board assemblies. 
 
a. ten 15 kW, four 30 kW, and two 100 kW 
b. ten 30 kW, four 60 kW, and two 200 kW 
c. five 15 kW, four 30 kW, and one 100 kW 
d. ten 15 kW, three 30 kW, and two 100 kW 

 
Item 4 The 15 kW panel consists of how many circuit breakers? 

 
a. 6 
b. 8 
c. 10 
d. 12 

Continued on next page 
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Lesson 2 Exercise, Continued 

 
Item 5 The 30 kW distribution panel board consists of how many output receptacles? 

 
a. 2 
b. 5 
c. 8 
d. 10 

 
Item 6 The 100 kW distribution panel board consists of how many output 

receptacles? 
 
a. 5 
b. 10 
c. 15 
d. 20 

 
Item 7 
Through Item 9 

Matching:  For items 7 through 9, match the type of tent in column 1 to its 
number of FWH sets that can be wired in column 2. 

 
Column 1 

 
Tent 

Column 2 
 
Number of FWH Sets 

 
___7. Medium general purpose 
___8. Command post 
___9. Maintenance 

 
a. 2 
b. 1 
c. 10 

Continued on next page 
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Lesson 2 Exercise, Continued 

 
Answers The table listed below lists the answers to the exercise items.  If you have any 

questions about these items, refer to the reference page listed for that item. 
 

Item Number Answer Reference 
1 b 2-18 
2 c 2-18 
3 a 2-18 
4 d 2-22 
5 d 2-24 
6 b 2-26 
7 c 2-28 
8 a 2-28 
9 b 2-28 
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LESSON 3 

ELECTRICAL DISTRIBUTION SYSTEMS 

Introduction 

 
Scope In this lesson, we will cover how to design an electrical distribution system.  

You will be taught the types of distribution, how to compute the connected 
load, calculate the demand, select your generator, balance the load and 
determine the wire size.  

 
Learning 
Objectives 

At the end of this lesson, you should be able to 
 
• Identify the four types of electrical distribution systems. 

• Calculate the amperage of a connected load. 

• Calculate the wattage of a connected load. 

• Identify the formula used to calculate voltage amperage. 

• Identify the maximum percentage of voltage drop allowed in a 
distribution system. 

 
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Introduction 2-39 
Distribution Systems 2-40 
Connected Load 2-43 
Demand Load 2-46 
Generator Size 2-56 
Loads and Phases 2-57 
Wire Size 2-59 
Lesson 3 Exercise 2-63 
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Distribution Systems 

 
Definition A distribution system transfers electricity from its source in the generator to 

loads such as heaters, motors, or lights.  A distribution system is identified by 
the number of phases, wires, and voltages between the wires. 

 
Classification Distribution systems are classified according to the voltage used to carry the 

power from the power source to the distribution transformers or to the loads.  
Military field units commonly use one of the four systems: 
 
• Single-phase, two-wire 
• Single-phase, three-wire 
• Three-phase, three-wire 
• Three-phase, four-wire 

 
Single-Phase, 
Two-Wire 

A single-phase, two-wire distribution system (shown below) has one of the 
two wires from the generator set connected to the neutral wire.  The neutral 
wire is called the grounded wire or the grounded circuit conductor.  The 
second wire, called the live wire or ungrounded conductor, is connected to the 
load.  Usually, there is a difference of 120 volts between these two wires.  
Any single-phase, two-wire, 120 volt load can be connected to both the live 
wire and the grounded wire.  This system supplies electricity for light bulbs, 
portable tools, and most equipment requiring low power. 
 

 

Continued on next page 
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Distribution Systems, Continued 

 
Single-Phase, 
Three-Wire 

A single-phase, three-wire distribution system (shown below) has one 
grounded wire and two live wires.  The difference in the voltage between 
either of the two live wires and the grounded wire is usually 120 volts.  The 
difference in voltage between the two live wires is 240 volts.  This system 
supplies power directly to small loads such as lighting in barracks.   
 

 

 
Three-Phase, 
Three-Wire 

In a three-phase, three-wire system (shown below), all wires are live.  Any 
three-phase, three-wire, 120 volt load can be connected to this setup.  
However, this system requires a generator set designed to produce three-
phase voltage.  In addition, only one magnitude of voltage is available from 
this kind of generator.  The loads must require the same voltage.  This system 
supplies power to loads in structures where the three-phase power load is 
larger than the single-phase lighting load.  The single-phase lighting load in 
such a structure is supplied from a separate single-phase service or by a step-
down transformer.   
 

 

Continued on next page 
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Distribution Systems, Continued 

 
Three-Phase, 
Four-Wire 

A three-phase, four-wire distribution system (shown below) may be designed 
to produce single-phase or three-phase voltages.  For example, the generator 
could be set up to produce 120 and 208 volts or 240 and 416 volts.  A 
240/416-voltage connection is common on generator sets that produce from 
15 to 500 kilowatts of electricity. 
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Connected Load 

 
Load Estimate When planning an electrical system using one of the Marine Corps 

distribution systems, determine all the loads that will be connected to the 
electrical system.  You should have a detailed layout of the camp that you are 
supplying power to. 

 
Connected 
Load 

The connected load is determined by all the electrical loads that are connected 
to the system.  Study the camp layout and determine the loads that must be 
served. 

 
Consideration When determining the connected load, consider the following: 

 
• Structure that will require electrical power. 
 
• Equipment that will require electrical power.  If you are unable to take a 

reading with a meter, read the data plate of the equipment or check the 
equipment manuals for the ratings to determine the power consumption of 
equipment. 

 
Load 
Calculations 

The connected load is calculated by 100% of watts or kilowatts and amps of 
all loads.  When determining the connected loads, use the following steps. 

 
Step Procedure 

1 List the total watts for lights for the type of tent.  For example a 
wiring harness for a GP tent has three 60-watt light bulbs so the 
total watts for lighting will be 180 watts. 

2 List the total watts for outlets for the type of tent.  Using the 
formula P = E x I, the wattage for the receptacle would be  
P = 120V x 20A = 2400 watts, totaling 2400 watts. 

Continued on next page 
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Connected Load, Continued 

 
Exercise Using the following information and the map below, calculate the connected 

load in both total watts and total current.  For ease of wiring, tents 1 and 6 
will be powered by a separate generator.  The tents involved in this exercise 
are tents 2, 3, 4, 5, and 7.  Looking at tents 2, 4, and 5, count each tent as 
having three 60-watt lights and one 20-amp receptacle.  After talking with 
headquarters and sickbay, tent 3 requires six 60-watt lights and four 20-amp 
receptacles.  Sickbay needs four 60-watt lights, four 20-amp receptacles, and 
one 1200-watt motor (single-phase 120 volts).   

 
 

 

Continued on next page  
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Connected Load, Continued 

 
Answer The connected load is 46,800 total watts and 390 total amps.  To get these 

figures, you first need to find the totals for each tent and then add the totals 
together.  You should have found the total wattage this way: 
 
• For tents 2, 4, and 5, the three 60-watt lights equal 180 watts per tent.  

Using the power formula P = E x I, the wattage for the receptacle would 
be P = 120V x 20A = 2400 watts.  So the total for each tent is 2400 
(receptacle) + 180 (lights) = 2580 watts.  The total number of tents for 2, 
4, and 5 are 10 tents, with a total of 2580 per tent that is 25,800 watts for 
those tents. 

 
• Tent 3 has six 60-watt lights for 360 watts.  Tent 3 also has four 

receptacles, since you already found out a receptacle is 2400 watts that 
works out to 4 x 2400 = 9,600 watts for the receptacles.  Adding the lights 
and receptacles together equals 9,960 watts. 

 
• Tent 7 has four 60-watt lights equaling 240 watts and four receptacles 

equaling 9,600 watts.  The motor was rated at 1,200 watts, so the total for 
tent 7 is 9,600 + 240 + 1,200 = 11,040 watts. 

 
• Adding the wattage from all the tents together will give you 25,800 + 

9,960 + 11,040 = 46,800 watts.  You can use another version of the power 
formula to find current: 

 
• I = P / E.  To get the total current, divide total watts by voltage, or I = 

46,800/120 which gives you 390 amps total current. 
 
It would be a good idea to keep a running total of the different load 
requirements.  A good way to do this is to mark on your map the current and 
wattage requirements next to each tent.  That way you know, at a glance, what 
the connected load is for different areas.  To find the current per tent, divide 
the wattage of each tent by 120 volts. 
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Demand Load 

 
Consideration When we examine the total connected loads, they are considered at 100% of 

the potential draw.  However, when we look at how many available 
receptacles are around us in our home or workplace, we realize how many are 
not being used or have small loads plugged into them.  This allows us to 
understand why a demand is needed. 

 
Definition A demand is a determined value placed on an item based on the average real 

draw or load that will be placed on it.  For example, in public restrooms, there 
are many toilets, sinks, and sometimes urinals; yet, we see that not all toilets, 
sinks, and urinals are flushed exactly at the same time.  That would require an 
orchestrated event to occur.  Therefore, a demand can be used to size the 
water supply pipe based on what is really needed taking into consideration the 
nature of how things are normally used.  Some receptacles are rated at 20 
amperes but might have nothing more than a clock or some other low current 
using devise plugged into them.  In contrast, applying a demand can 
sometimes take into account higher current draws that are considered motor 
loads that may be subject to lock-rotor amperages. 

 
Calculating the 
Demand 

When calculating the demand, consider the loads listed below and record your 
information on the power requirement worksheet on the following page: 

 
Loads Computation 

Lighting When placing a demand for lighting, there is 100% of the 
power consumed.  This means a 120-volt, 60-watt, .5-
ampere light bulb will consume 120 volts, 60 watts, .5 
ampere. 

Receptacles When placing a demand on a receptacle in the field that is 
intended for general purpose, the demand is 15% of the 
rating per outlet.  For example, when the demand factor is 
applied to a receptacle rated at 20 amps, the receptacle is 
taken at 3 amps, 360 watts.   

Continued on next page 
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Demand Load, Continued 

 
Worksheet POWER REQUIREMENT WORKSHEET DEMAND LOAD 

 
Generator Site____________________ 

 
COL 1 COL 2 COL 3 COL 4 COL 5 COL 6 COL 7 COL 8 COL 9 COL 10 

ITEM 
TYPE OF 
STRUCTURE/ 
EQUIPMENT 

QTY OF ITEM 
TYPE OF 
STRUCTURE/ 
EQUIPMENT 

QTY OF 60 
WATT BULBS 
EACH OR 
WATTAGE OF 
EQUIPMENT 

TOTAL 
WATTS FOR 
LIGHTING OR 
EQUIPMENT 
COL 2X 
COL 3 

QTY OF 120 
VOLT 
RECEPTACLES 
EACH 15% OF 
RATING 
GENERAL 
PURPOSE = 360 
WATTS EACH 

TOTAL WATTS 
FOR 
RECEPTACLES 
COL 2X 
COL 5 

TOTAL AMPS 
FOR 
LIGHTING 
COL 4/120 

TOTAL AMPS 
FOR 
RECEPTACLES  
COL 6/120 

TOTAL 
WATTS COL 
4+ COL 6 

TOTAL AMPS 
COL 7+ COL 8 

#
P
h
a
s
e 

           
           
           
           
           
           
           
           

 
Voltage 
Amperage and 
Wattage 

The voltage amperage and wattage are all proportionate to one another.  
Using OHMS law allows the determination of an unknown value if two other 
values are known.  OHMS law can be started in several combinations.  The 
most basic formulas are 
 
• P = I x E 
• E = I x R 
 
P = Power (wattage)  
I = Amperage (current) 
E = Electromotive force (voltage) 
R = Resistance 

Continued on next page 
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Demand Load, Continued 

  
Calculating 
Motor Loads 

In addition to determining the demand for lighting and general-purpose 
receptacles, it is also necessary to apply a demand to equipment powered by 
the electrical systems.  There are several things to consider when selecting the 
demand to be placed on equipment. 

 
Information 
Required for 
Motor Load 
Calculations 

When trying to find the amperes or wattage of a motor, it may be necessary to 
convert data to calculate the power required.  The information required to 
calculate motor loads is 
 
• The total amperes per phase 
• The total three-phase wattage 
 
Using the data plate, technical manuals, and utilities handbook are some of 
the places electrical data may be found.  The information needed is as 
follows: 
 
• Amperes 
• Kilowatts (kW) 
• Kilovolt amperes (kva) 
• Voltage 
• Horse power 

Continued on next page 
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Demand Load, Continued 

  
Load 
Conversion 
Table for 
Motors 

Some motors will not give you the rating in watts, but will give you the 
information you need to compute the wattage.  The table below gives you the 
formulas for computing the different values of a motor that can be helpful. 
 

 
ALTERNATING CURRENT TO FIND DIRECT 

CURRENT SINGLE PHASE THREE PHASE 
Amperes when horsepower 
is known. 

HP x 746 
E x Eff 

HP x 746 
E x Eff x PF 

HP x 746 
1.73 x E x Eff x PF 

Amperes when kilowatts are 
known. 

kW x 1000 
E 

KW x 1000 
E x PF 

KW x 1000 
1.73 x E x PF 

Amperes when kilovolt-
amps are known. 

 kVA x 1000 
E 

kVA 
1.73 x E 

Kilowatts when amperes are 
known. 

I x E 
1000 

I x E x PF 
1000 

I x E x 1.73 x PF 
1000 

Kilowatts when horsepower 
is known. 

HP x 746 
1000 x Eff 

HP x 746 
1000 x Eff 

HP x 746 
1000 x Eff 

Kilovolt-amps when 
amperes are known. 

 I x E 
1000 

I x E x 1.73 
1000 

Kilovolt-amps horsepower is 
known. 

 HP x 746 
1000 x Eff x PF 

HP x 746 
1000 x Eff x PF 

Horsepower output when 
amperes are known. 

I x E x Eff 
746 

I x E x Eff x PF 
746 

I x E x 1.73 x Eff x PF 
746 

Load power factor when 
rated horsepower and 
kilovolt-amps are known. 

 HP x 746 
1000 x kVA x Eff 

HP x 746 
1000 x kVA x Eff 

HP = Horsepower 
I = Amperes (current) 
kVA = Kilovolt-amps 
KW = Kilowatts 
PF = Power factor 
Eff = Efficiency 

   

Continued on next page 
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Demand Load, Continued 

 
Situation In our base camp, the following three-phase equipment is connected to the 

distribution system: 
 
• One reverse osmosis (RO) water purification unit 
• One bare base laundry unit 
• One bare base shower unit 
• One ice making machine (Scotsman) 
• Two electric refrigeration units (ERUs) 

 
Reverse 
Osmosis 
Example 1 

Find the total wattage and amperes of the reverse osmosis using the steps 
below: 

 
Step Action 

1 Find the electrical data, in this example the wattage is listed in the 
Technical Manual (TM) as 22,000 watts (22kW), total three phase 
watts. 

2 To find the amperes, use the load conversion table for motors.  
Look down the left-hand column to find amperes when kilowatts 
are known.  Reading to the right-hand column under alternating 
current three-phase, we see the following formula: 
 

KW x 1000 
1.73 x E x PF 

kW = kilowatts 
1.73 = Three phase multiplier 
E = Three phase voltage (208) 
PF = Power factor (80%) 

3 Fill in the formula with the information.  22 x 1000 = 22000 watts 
 
 
 
 
Total amperes per phase are 76.4 amperes, total wattage is 22,000 
watts. 

Continued on next page 

=
22000 watts

1.73 x 208 x .8
=

22000

287.872
76.4 
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Demand Load, Continued 

 
Reverse 
Osmosis 
Example 2 

Another method used to find the required information for the reverse osmosis 
is by using the following formula: 

 
Step Action 

1 Divide the total wattage of the R.O. by 3 since it is a three-phase 
piece of equipment. 
 
 
 

2 Divide the wattage by the power factor to find the volt-amperes per 
phase. 
 
 
 

3 Divide the volt-amperes per phase by the equipment single-phase 
voltage (120v). 
 
 
 

Continued on next page 

22000 watts

3 phases
= 7333 watts per phase 

9166 volt-amperes

120 volts
= 76.38

=
7333 watts

.8 pf 
9166 volt-amperes per phase 



MCI Course 1169A 2-52 Study Unit 2, Lesson 3 

Demand Load, Continued 

 
Bare Base 
Laundry Unit 
Example 1 

Use the steps below to find the total wattage and amperes of the bare base 
laundry unit: 

 
Step Action 

1 Find the electrical data.  In this example, the wattage of the laundry unit 
is unlisted and had to be determined by actually operating the equipment 
and checking the current with an amp meter.  The wattage of the laundry 
unit is 9993 watts. 

2 To find the ampere, use the load conversion table and the same columns 
as in the previous problem. 
 
 
 

3 Fill in the formula with the information. 
 
 
 
 
The total amperes per phase are 34.7 amperes. 
The total wattage is 9,993 watts. 

 
Bare Base 
Laundry Unit 
Example 2 

Use the steps below to find the total wattage and amperes of the bare base 
laundry unit: 

 
Step Action 

1 Divide the total wattage of the laundry unit by 3 since it is a three- phase 
piece of equipment. 
 
 
 

2 Divide the wattage by the power factor to find the volt-amperes per 
phase. 
 
 
 

3 Divide the volt-amperes per phase by the equipment’s single-phase 
voltage (120v). 
 
 
 

Continued on next page 

KW x 1000

1.73 x E x pf

9993 watts

1.73 x 208 x .8
=

9993

287.872
= 34.7 amperes 

9993 watts

3 phases
= 3331 watts per phase

3331 watts

.8 pf
= 4164 volt-amperes per phase 

4164 volt-amperes

120 volts
= 34.7 amperes
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Demand Load, Continued 

 
Bare Base 
Shower Facility 
Example 1 

Use the steps below to find the total wattage and amperes of the bare base 
shower facility: 

 

Step Action 
1 Find the electrical data.  In this example, the wattage of the shower 

facility is unlisted and had to be determined by actually operating the 
equipment and checking the current with an amp meter.  The wattage of 
the shower facility is 2880 watts. 
 
 
 
 

2 To find the ampere, use the load conversion table and the same columns 
as in the previous problem. 

3 Fill in the formula with the information. 
 
 
 
 
The total amperes per phase are 10 amps. 
The total wattage is 2,880 watts. 

 
Bare Base 
Shower Facility 
Example 2 

Use the steps below to find the total wattage and amperes of the bare base 
shower facility. 

 

Step Action 
1 Divide the total wattage of the shower facility by three since it is a three-

phase piece of equipment. 
 
 
 

2 Divide the wattage by the power factor to find the volt-amperes per 
phase. 
 
 
 

3 Divide the volt-amperes per phase by the equipment single phase voltage 
(120v). 
 
 
 

Continued on next page 

kW x 1000

1.73 x E x PF

2880 watts

1.73 x 208 x .8
=

2880

287.872
= 10 amperes 

2880 watts

3 phases
= 960 watts per phase

960 watts

.8 pf
= 1200 volt-amperes per phase 

1200 volt-amperes

120 volts
= 10 amperes
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Demand Load, Continued 

 
Scotsman Ice 
Flake Machine 
Example 1 

Use the steps below to find the total wattage and amperes of the Scotsman ice 
flake machine. 

 

Step Action 
1 Find the electrical data.  In this example, the amperes are found on the 

equipment data plate and the wattage is unknown.  The amperes are 12.5. 
2 Use the load conversion table for motors to find the wattage.  Look down 

the left hand column and find the row that says kilowatts when amperes 
are known.  Reading to the right under alternating current, three phase, 
we see the following formula: 
 
 
 
 
I = Amperes 
E = Three phase voltage 
1.73 = Three phase multiplier 
pf = Power factor 

3 Fill in the formula with the information. 
 
 
 
 
 
To determine kilowatts, divide answer by 1000.   
The total amperes per phase are 12.5 amperes. 
The total wattage is 3,598 watts. 

 
Scotsman Ice 
Flake Machine 
Example 2 

Use the steps below to find the total wattage and amperes of the Scotsman ice 
flake machine. 

 

Step Action 
1 Find the volt-amperes per phase by multiplying the single-phase voltage 

(120 volts) by the amperes (12.5). 
 
 

2 Multiply the volt-amperes by the power factor (.8). 
 
 

3 Multiply the wattage by 3 (three phases). 
 
 

Continued on next page 

I x E x 1.73 x pf

1000

12.5 amps x 208 x 1.73 x .8

1000
=

3598.4

1000
= 3598 watts 

120 x 12.5 = 1500 volt-amperes

1500 x .8 = 1200 watts

1200 x 3 = 3600 watts



MCI Course 1169A 2-55 Study Unit 2, Lesson 3 

Demand Load, Continued 

 
Electric 
Refrigeration 
Unit  
Example 1 

Use the steps below to find the total wattage and amperes of the electric 
refrigeration unit (ERU). 

 

Step Action 
1 Find the electrical data.  In this example, the amperes are found in the 

technical manual and the wattage is unknown.  The amperes are 8.5. 
2 To find the wattage, use the load conversion table for motors.  Looking 

down the left hand column we see kilowatts when amperes are known.  
Reading to the right under alternating current, three phase we see the 
following formula: 
 
 
 
I = Amperes 
E = Three phase voltage 
1.73 = Three phase multiplier 
pf = Power factor 

3 Fill in the formula with the information. 
 
 
 
 
The total amperes per phase are 8.5 amperes. 
The total wattage is 2,447 watts. 

 
Electric 
Refrigeration 
Unit  
Example 2 

Use the steps below to find the total wattage and amperes of the ERU. 

 

Step Action 
1 Find the volt-amperes per phase by multiplying the single-phase 

voltage (120) by the amperes (8.5 amps). 
 
 

2 Multiply the volt-amperes by the .8 power factor. 
 
 

3 Multiply the wattage by 3 (three-phases). 
 
 

 

I x E x 1.73 x pf

1000

= 8.5 amps x 208 volts x 1.73 x .8

1000
=

2447 

1000 
2447 watts

120 x 8.5 = 1020 volt-amperes

1020 x .8 = 816 watts

816 x 3 = 2448 watts
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Generator Size 

 
Power 
Requirements 

Before you consider the generator size, determine the power requirements.  For 
camps using more than one generator, consider breaking the camp loads down 
into power grids. 

 
Analyzing the 
Camp Layout 

Analyze the camp layout and gather information about the loads that you will 
be supporting.  Use the connected load worksheet to aid you in this step. 

 
Loads 
Requiring  
24-Hour 
Operation 

Determine what loads are required to operate for 24 hours.  Most battalion aid 
stations, command centers, and communication centers require power for 24 
hours.  The S-3, S-4, and other command elements should be consulted to 
determine who needs 24-hour support.  Also research the operation order and 
points of contact. 

 
Loads Not 
Requiring  
24-Hour 
Operation 

Determine the loads not requiring power for 24 hours and the hours that 
electrical support will be required.  Listed below are examples. 
 

• Security lights normally operate only at night. 
• Check the operations order for lighting requirements and other operational 

commitments. 
• Determine through research the billeting areas and hours of required power. 

 
Break Down Follow the steps below to break down the camp: 
 

Step Action 
1 Determine the number of generator sites. 
2 Determine what loads will be connected to what generators when 

determining generator sites and power grids. 
3 When determining generator sites, use the power requirement 

worksheets and the camp layout to determine the sum of the loads. 
4 Draw the amperage requirement on each structure and load on the camp 

layout to aid in selecting what loads will be connected to a generator site 
perhaps devise a system to identify loads that require 24-hour support. 

5 Consider load diversity when selecting loads that are connected to 
generator sites.  The largest loads should be closest to the generator, the 
distance from the generator to the load increases the voltage drop, the 
amperage draw of one load will affect the voltage drop of another load, 
and the size of available conductors will affect the voltage drop and is 
considered when studying loads, distance, and generator sites.  Always 
allow 20% for camp growth when selecting a generator. 
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Loads and Phases 

 
Balancing the 
Load 

Generators supply balanced power.  The generator attempts to supply the 
required power to satisfy the load on each phase.  The three-phase loads are 
automatically balanced.  We must balance the single-phased loads.  If the 
system is not balanced, the following can occur: 
 
• The system voltage regulation becomes poor, since unbalancing causes 

high voltage on the lightly loaded phases and low voltage on the heavily 
loaded phases. 

 
• Prolonged unbalance operation will damage the generator. 

 
Balancing the 
Phases 

Follow the steps below to balance the phases: 

 
Step Action 

1 Add all three-phase amperes and list them on the phase balancing 
sheet (shown on the following page) for each generator site. 

2 Add all single-phase amperes and divide by three.  This will give 
you the single-phase amperes for each phase, if we could balance 
the phases perfectly. 

3 List the perfect balance on the back of the phase balancing sheet or 
scratch paper. 

4 Determine the 10% tolerance by multiplying the perfect balance by 
10% and adding and subtracting this number from the perfect 
balance.  This will give us a high and low number, which is our 
tolerance per phase.  List the high and low numbers on the phase 
balance sheet on the indicated line. 

5 Determine the total amperes per phase by adding the single-phase 
and three-phase amperes.  List the total amperes on the phase 
balancing sheet on the indicated line. 

6 Allow 20% for growth by multiplying the amperes on the heaviest 
loaded phase by 20% and list this number on the phase balancing 
sheet, on the indicated line. 

7 Add the total current per phase and the 20% for growth and list this 
number on the phase balancing sheet on the indicated line. 

Continued on next page 
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Loads and Phases, Continued 

 
Phase 
Balancing 
Worksheet 

 

 PHASE BALANCING WORKSHEET 
 

ITEM PHASE 1 PHASE 2 PHASE 3 
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
TOTAL CURRENT PER  
PHASE 

   

ADD 20% FOR GROWTH    
 TOTAL 

CURRENT  
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Wire Size 

 
Considerations Now that you have determined the loads, select your wire.  Unfortunately, it 

is not easy to pick the right wire to handle the size of the load since there is 
another load to consider the wire itself.  The resistance of the wire will affect 
the voltage being produced by the generator and the voltage being applied to 
the load.  This factor is called voltage drop or line loss. 

 
Determining 
the Voltage 
Drop 

The maximum voltage drop in the distribution system should be less than 8%, 
and a maximum voltage drop in the structures (tents) should be less than 2%.  
Most equipment is designed to operate within plus or minus 10% of its rated 
voltage.  There is an easy way to determine voltage drop. 

 
Wire 
Resistance 
Table 

The table below shows the resistance of different size wires. 

 
RESISTANCE OF 
PURE COPPER IN 

OHMS AT 68° F 

RESISTANCE 
OF PURE 

COPPER IN 
OHMS AT 68° 

F 

GAUGE 
NO. 

DIAMETER 
IN MILS 

AREA IN 
CIRCULAR 

MILS 

OHMS PER 1000 FT. 

 GAUGE 
NO. 

DIAMETER 
IN MILS 

AREA IN 
CIRCULAR 

MILS 

OHMS PER 
1000 FT. 

0000 
000 
00 
0 

460.0 
409.6 
364.8 
324.9 

211600 
167800 
133100 
105500 

0.04901 
0.06180 
0.07793 
0.09827 

 21 
22 
23 
24 
25 

28.46 
25.35 
22.57 
20.10 
17.90 

810.1 
642.6 
509.5 
404.0 
320.4 

12.80 
16.14 
20.36 
25.67 
32.37 

1 
2 
3 
4 
5 

289.3 
257.6 
229.4 
204.3 
181.9 

83690 
66370 
52640 
41740 
33100 

0.1239 
0.1563 
0.1970 
0.2485 
0.3133 

 26 
27 
28 
29 
30 

15.94 
14.20 
12.64 
11.26 
100.5 

254.1 
201.5 
159.8 
126.7 
100.5 

40.81 
51.47 
64.90 
81.83 
103.2 

6 
7 
8 
9 
10 

162.0 
144.3 
128.5 
114.4 
101.9 

26250 
20820 
16510 
13090 
10380 

0.3951 
0.4982 
0.6282 
0.7921 
0.9989 

 31 
32 
33 
34 
35 

8.928 
7.950 
7.080 
6.305 
5.615 

79.70 
63.21 
50.13 
39.75 
31.52 

130.1 
164.1 
206.9 
260.9 
329.0 

11 
12 
13 
14 
15 

90.74 
80.81 
71.96 
64.8 

57.07 

8234 
6530 
5178 
4107 
3257 

1.260 
1.588 
2.003 
2.525 
3.184 

 36 
37 
38 
39 
40 

5.000 
4.453 
3.965 
3.531 
3.145 

25.00 
19.83 
15.72 
12.47 
9.89 

414.8 
523.1 
659.6 
831.8 

1049.0 
16 
17 
18 
19 
20 

 

50.82 
45.26 
40.30 
35.89 
31.96 

2583 
2048 
1624 
1288 
1022 

4.016 
5.064 
6.385 
8.051 
10.15 

     

Continued on next page 
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Wire Size, Continued 

 
Main Feeder 
Wire 

Follow the steps below to compute the size wire for the main feeder.  This is 
the wire that goes from the generator to the bus bar and carries the total 
current for the entire camp. 

 
Step Action 

1 Find the total amperage draw.  Use 28 amps per phase.  Looking at 
the wire resistance table, you will need at least a size AWG #10. 

2 Figure out the length of the run.  The length of the run will be 50 
feet from the generator to the bus bar.  If you look up the resistance 
of AWG #10, it is .9989 OHMS per foot.  For ease of computing, 
round that to 1.0 OHMS. 

3 Use the following formula to determine the amount of line 
resistance: 
 
 
 
 
 
 
 
 
 
 
 
 
The line resistance from the generator to the bus bar is .1 OHMS.  
You need to find out the voltage drop.  Remember, voltage drop 
equals the current on the line multiplied by the line resistance.  The 
current is 28 amps and the line resistance is .1 OHMS.  Your 
voltage drop will be 2.8 volts. 

Continued on next page 

Ohms per 1,000 ft x distance x 2 
Line resistance = 

1,000 

Line resistance = 
1 x 50 x 2 

1,000 

Line resistance = 
100 

1,000 

Line resistance = .1 ohm 
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Wire Size, Continued 

 
Feeder Lines The feeder lines are the wires that go from the bus bar to the tents.  Find out 

the length of the feeder lines to the tents; this is usually an estimated number 
because it is hard to figure out exactly how much slack or sag you have in 
your lines.  For example, you can safely assume that runs will be less than 
175 ft.  Using the same formula, the voltage drop will be 9.8 volts.   
 
 
 
 
 
 
 
 
 
 
 
 
With the voltage drop of 9.8 volts on the feeders and 2.8 volts on the main, 
you have a total voltage drop of 12.6 volts.  This is way over the 8% 
allowable range (8% of 120 is 9.6).  The best way to correct the problem is to 
use a larger wire. 

 
Choosing your 
Wire 

The best wire to choose is AWG #8.  The AWG #8 will have a total voltage 
drop of 6.35 volts, which is within the 8% allowable range.  This wire will 
even carry some extra amperage allowing you to plan for a larger power draw 
and to cover possible expansion in the future.  In addition, the AWG #8 is 
supplied with your light set so it is readily available. 

 
Structure 
Voltage Drop 

Once you have computed the voltage drop for the distribution system, 
compute the voltage drop for the structures.  Remember you are allowed only 
a 2% voltage drop in the structures.  Examine the layout and choose the 
structure, which has the largest current draw.  Since the wire size and length 
of runs are all the same on the harnesses, if the structure with the largest 
current draw is within 2% allowable range, then all the structures will be 
within range. 

Continued on next page 

Line resistance = 
1 x 175 x 2 

1,000 

Line resistance = 
 

1,000 

Line resistance = .35 

Voltage drop = 28 amps x .35 ohms 

Voltage drop = 9.8 volts 

350,000
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Wire Size, Continued 

 
Structure 
Voltage Drop 
Example  

In this example, the structure with the largest draw is sickbay.  Notice that it 
has a current draw of 24 amps that exceeds the current capacity of AWG #12 
(Romex).  You will need to run two harnesses, one for the lights and 
receptacles (14 amps), and one for the motor (10 amps).  That leaves 
headquarters with a current draw of 15 amps as the largest single draw.  You 
can find the voltage drop the same way you did for the distribution. 
 
 
 
 
 
 
 
 
 
This is within the 2% allowable range for structures.  If you have been adding 
the voltage drops together, notice that the combined voltage drop is slightly 
over 8 volts.  If you take a voltage reading inside of the headquarters tent, 
your meter would read about 112 volts.  So, a long run of wire will drop the 
voltage down quickly which is why it is important that you determine the 
voltage drop before wiring the camp. 

 

Line resistance = 
1.588 x 37 x 2 

1,000 

Line resistance = .118 ohms 

Voltage drop = .118 x 15 

Voltage drop = 1.77 volts 
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Lesson 3 Exercise 

 
Directions Complete exercise items 1 through 5 by performing the action required.  

Check your answers against those listed at the end of this lesson. 

 
Item 1 The four types of electrical distribution systems are single-phase, two wire; 

single-phase, three wire; ________________; and three phase, four wire. 
 
a. two-phase, two wire 
b. two-phase, three wire 
c. three-phase, two wire 
d. three-phase, three wire 

 
Situation For items 2 and 3, read the following situation, then answer the questions.  

 
You are given the task of supplying power to a maintenance tent that is being 
used as a briefing room.  You will provide 120 volt, single-phase power.  The 
maintenance tent will consist of 14 60-watt light bulbs and 6 receptacles rated 
at 20 amps each.   

 
Item 2 What is the amperage of the connected load? 

 
a. 25 
b. 127 
c. 643 
d. 960 

  
Item 3 What is the wattage of the connected load? 

 
a. 3,000 
b. 12,000 
c. 15,240 
d. 21,500 

Continued on next page 



MCI Course 1169A 2-64 Study Unit 2, Lesson 3 Exercise 

Lesson 3 Exercise, Continued 

 
Item 4 The formulas used to calculate voltage amperage are ______ and E = I x R. 

 
a. P = I x E 
b. R = T x P 
c. P = R x Y 
d. E = Y x P 

 
Item 5 What is the maximum percentage of voltage drop you should have in a 

distribution system? 
 
a. More than 25% 
b. Less than 8% 
c. 10% 
d. 20% 

Continued on next page 
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Lesson 3 Exercise, Continued 

  
Answers The table listed below lists the answers to the exercise items.  If you have any 

questions about these items, refer to the reference page listed for that item. 
 

Item Number Answer Reference 
1 d 2-40 
2 b 2-43 through 2-45 
3 c 2-43 through 2-45 
4 a 2-47 
5 b 2-59 
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STUDY UNIT 3 

FIELD WATER PURIFICATION, STORAGE AND  
DISTRIBUTION SYSTEMS 

 
Introduction 

 
Scope Given an operation order, camp layout, time phased force development data 

(TPFDD), and references, this study unit will teach you how to plan field 
water purification, storage, and distribution systems. 

 
In This Study 
Unit 

This study unit contains the following lessons: 

 
Topic See Page 

Water Purification  3-3 
Tactical Water Purification System  3-37 
Tactical Water Distribution System 3-61 
SIXCON Water Tank Module 3-87 
Forward Area Water Point Supply System 3-97 
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LESSON 1 

REVERSE OSMOSIS WATER PURIFICATION SYSTEM 

Introduction 

 
Scope In this lesson, we will learn the important aspects of water purification.  We 

will cover how to perform the different types of water tests, identify and 
develop a water source, and understand the capabilities and characteristics of 
the equipment that performs water purification.  

 
Learning 
Objectives 

At the end of this lesson, you should be able to 

• Recall the purpose of the Water Quality Analysis Set. 

• Recall the scale measurements in conducting a pH test. 
 
• Identify considerations taken in development of intake points. 
 
• Recall the methods of developing intake points from surface sources. 

• Recall a ground water source. 

• Recall the key factors to develop a seawater source. 

• Recall the power requirements for the ROWPU. 

• Recall the amount of water the ROWPU can produce hourly. 

• Recall the chemicals required by the ROWPU. 

Continued on next page 
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Introduction, Continued 

 
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Introduction 3-1 
Water Quality Analysis 3-5 
Ultrameter 6P 3-7 
Turbidity Meter 3-11 
Chlorine Photometer 3-14 
M272 Chemical Agents Water Test Kit 3-15 
Water Source Equipment 3-16 
Surface Water Source 3-17 
Ground Water Source 3-19 
Seawater Sources 3-24 
Reverse Osmosis Water Purification Unit 3-25 
Components 3-26 
Lesson 1 Exercise 3-32 
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Water Quality Analysis 

 
Water Quality 
Analysis Set 
(WQAS-P) 

The WQAS-P is a one-person, portable suitcase kit containing equipment for 
testing water quality to include pH, chlorine residual, and total dissolved 
solids (TDS).  The kit is self-contained in a waterproof case with foam 
inserts, which secure the equipment to protect sensitive instruments.  The 
following is a description and location of the kits components: 

 

Continued on next page 
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Water Quality Analysis, Continued 

 

Water Terms 
and Definitions 

The following are terms and definitions used in the analysis and testing of 
water. 

 

Term Definition 
Total Solids (TS) Matter that is suspended or dissolve 

in water. 
Total Dissolved Solids (TDS) Portion of water that passes through 

normal filtration. 
Total Suspended Solids (TSS) Portion of water that is retained by 

normal filtration. 
Parts Per Million (PPM) Unit of measure of material in water. 

pH Potential for hydrogen (the 
concentration of hydrogen ions in a 
solution).  It is a measurement of 
water and is based on a scale from 0-
14. 

 

Scale Hydrogen 
0 Acidic 
7 Neutral 
14 Alkaline 

 
New Kit 
Components 

The ultrameter 6P, turbidity meter, chlorine photometer, and the M272 
chemical agents water test kit will be further discussed. 
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Ultrameter 6P 

 
Description The ultrameter 6P is capable of testing ph, TDS, conductivity, resistibility, 

and temperature in Celsius & Fahrenheit.  
 
It requires a 9-volt and 4 AAA batteries to operate. 
 

 

 
Total Dissolved 
Solids Test 

The purpose of performing a total dissolved solids (TDS) test is to determine 
if the water is fresh, brackish, or salt.  The TDS meter measures how much 
electric current can flow through a sample of water and registers the reading 
on a scale in parts per million (ppm).  Water sources are identified according 
to the categories listed below: 
 

Water Source Category Parts Per Million (ppm) 
Fresh Water Source 0 ppm – 1500 ppm 

Brackish Water Source 1501 ppm –15,000 ppm 
Salt Water Source 15,001 ppm - Above  

 
Note:   Parts per million is the ratio of weight of parts compared to one 

million parts of water. 

Continued on next page 
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Ultrameter 6P, Continued 

 
Solution 
Selection 

The conductivity, resistibility, and TDS all require a temperature correction to 
25˚C.  This will determine the temperature correction of TDS from 
compensated conductivity.  There are four solution types to select from, 
which are located on the left hand side of the display screen located on the 
Ultrameter 6P.  They represent the salt solution characteristics used to model 
temperature compensation of conductivity and its TDS characteristics.  The 
diagram listed below looks as it would on the display screen of the Ultrameter 
6p: 
 

KCL 
NACL 
442 
USER 

 
The abbreviations and their definitions are listed below: 
 

Abbreviation Definition 
KCL Conductivity 

NACL Resistibility 
442 Natural Water Characteristics 

USER Custom Values to be Inputed  

 
Calibrate TDS To calibrate the Ultrameter 6P for TDS follow the steps below. 

 

 
Your meter is now calibrated to the appropriate solution type. 

Step Action 
1 Select the appropriate conductivity standard:  Use 15,000 for salt, 

1413 for brackish and 442 for natural water. 
2 Rinse cell out three times with the appropriate conductivity 

standard.  
3 Press the button COND to turn on the Ultrameter 6P. 
4 Press the button CAL.  The icon should appear in the display. 
5 Use the MS or MR buttons to adjust the setting to the solution 

standard. 
6 Press CAL/MCLR again to accept the value. 

Continued on next page 
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Ultrameter 6P, Continued 

 
Test and 
Measure TDS  

To test and measure the TDS of the water, follow the steps below. 
 

Step Action 
1 Rinse the test cell cup out three times with the sample to be 

measured. 
2 Refill the cup with the sample to be tested. 
3 Press the TDS button. 
4 Record the reading.  A display of ---- indicates that an over range 

condition has occurred.  

 
Calibrate pH To calibrate the Ultrameter 6P for pH, follow the steps below.  

Step Action 
1 Rinse sensor extremely well three different times with 7 buffer 

solution. 
2 Rinse sensor well with 7 buffer solution. 
3 Press the pH button to verify the pH calibration.  If the display 

reads 7, skip the calibration procedure. If the display reads anything 
else, calibrate the meter for pH. 

4 Press the button CAL/MCLR to enter the calibration mode. The 
CAL, BUFFER, and 7 display icons will appear. 

5 Press MS or MR buttons until the value of 7 is shown. 

 
Test and 
Measure pH 

To test and measure the pH of the water, follow the steps below. 
 

Step Action 
1 Remove the black protective cap. 
2 Rinse the sensor three times with the sample to be measured. 
3 Refill the cup with the sample to be tested. 
4 Press the pH button. 
5 Record the reading.  

Continued on next page 
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Ultrameter 6P, Continued 

 
Convert 
Readings 

To convert the temperature readings from Celsius to Fahrenheit, follow the 
steps below. 
 

Step Action 
1 Press COND button. 
2 Press  MR to display stored memory records. 
3 Press MR repeatedly until you pass the memory “Clr ALL” 

location.  The display will show a “C” or “F”. 
4 Press the CAL/MCLR button.  The display will change to the 

other unit of measure. 
5 Press COND button.  The temperature readings are now in degrees 

of the last shown value.  
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Turbidity Meter 

 
Description Turbidity refers to how clear the water is.  The greater the amount of total 

suspended solids (TSS) in the water, the murkier it appears and the higher the 
measured turbidity.  The turbidity meter determines the amount of turbidity in 
the water by measuring the amount of suspended solids in the water.  
Turbidity is measured in Formazine Turbidity Units (FTU) or Nephelometric 
Turbidity Units (NTU).  Both measurements are equivalent to each other    
(1FTU = 1NTU).  The turbidity meter (shown below) is located in the Water 
Quality Analysis Set Kit and requires 4AA batteries to operate. 

 

 
 

Continued on next page 
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Turbidity Meter, Continued 

 
Calibration To calibrate the turbidity meter, follow the steps below. 

 
Step Action 

1 Press the ON/OFF key and wait for the display to show “----“. 
2 Press the CAL key once which will make the CAL message blink 

on the display for 6 seconds and the calibration mode will stop. 
3 While the CAL message is still blinking, press CAL again.  The 

instrument is now in the calibration mode and a “CL” will appear 
on the lower portion of the display. 

4 To confirm the displayed data values and to go to the next step, 
press the CAL key once.  A blinking “ZERO” message will 
appear. 

5 Take the turbidity standard bottle containing the ZERO FTU and 
fill the cuvette marked “0”. 

6 Insert the cuvette with the “0” FTU standard into the measurement 
cell and press CAL.  A blinking “SIP” (Sample In Progress) 
message indicates that the instrument is performing the calibration. 
After approximately 50 seconds, the instrument will ask for the 
turbidity standard at 10 FTUs by displaying a “10” in the display. 

7  Repeat the same procedure with the turbidity standard at 10 FTUs 
into the measurement cell and press the CAL key again. 

8 After approximately 50 seconds, the liquid crystal display (LCD) 
will display “----“.  At this point, the instrument is calibrated and 
ready for use.  

Continued on next page 
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Turbidity Meter, Continued 

 
Test and 
Measure  

To test and measure for turbidity of the water, follow the steps below. 
 

Step Action 
1 Turn the meter on by pressing the ON/OFF key. 

 
Note:   The meter will carry out a self-test displaying a full set of 

figures. After the test, the LCD will change to the 
measurement mode by displaying “-----“. 

2 Fill a clean cuvette up to ¼ inch from its rim with the thoroughly 
agitated sample.  Allow sufficient time for bubbles to escape before 
securing the cap. 

3 Wipe the cuvette thoroughly with a lint-free tissue before inserting 
into the measuring cell.  The cuvette must be completely free of 
fingerprints and other oil or dirt, particularly in the area where the 
light goes through (approximately the 2 cm/1 inch of the cuvette). 

4 Place the cuvette in the measuring cell and ensure the notch on the 
cap is positioned securely into the groove.  The mark on the cuvette 
cap should point towards the LCD. 

5 Press the READ key and the LCD will display a blinking “SIP” 
(Sample In Progress) message.  The turbidity value will appear in 
approximately 25 seconds.  

 
Note:   Samples reading above 40 FTU requires diluting. The formula that 

will be used to conduct this procedure is located in the operators 
manual (TM 10-6630-222-12&P). 
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Chlorine Photometer 

 
Description The chlorine photometer (shown below) measures the amount of residual 

chlorine in a small sample of water in milligrams per liter (1mg/L = 1 PPM).  

 

 
Operation Follow the steps below to operate the chlorine photometer. 

 
Step Action 

1 Turn the meter on by pressing the ON/OFF key. 
2 Rinse the cuvette a minimum of three times with the water to be tested. 
3 Fill the cuvette a maximum of ½ inch from its rim.  DO NOT OVERFILL.  

Ensure any excess water is removed from the cuvettes exterior. 
4 Place the cuvette in the optical well, ensuring the clear portions of the cuvette are 

on the left and right sides. 
5 Place the black cover over the optical well. 
6 Press the “ZERO” button.  At this time the meter will zero itself to the water 

sample. 
7 When the meter is finished zeroing itself, invert the Powder Pop Dispenser 

(PPD) to ensure the proper amount of powder is used. 
8 Remove the optical top and cuvette from the optical well. 
9 Remove the cap from the bottom of the PPD and the top of the cuvette. 

10 Place the PPD over the top of the cuvette and fully depress the button on the top 
of the PPD to dispense the agent.  After dispensing the agent, replace the cuvette 
and PPD covers. 

11 Invert the cuvette a minimum of three times to mix the solution. 
12 Place the cuvette in the optical well ensuring that the clear portions of the 

cuvette are on the left and right sides of the well. 
13 Place the black optical cover over the optical well. 
14 Press the “READ” button.  The meter will now display the reading in the LCD 

of the meter and will provide it in mg/L.  
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M272 Chemical Agents Water Test Kit 

 
Description The M272 (shown below) is a water test kit that contains paper strips called 

tickets that are chemically coated to detect contaminants.  When a 
contaminant is detected, the paper will change color and can be compared to 
the color chart that is located in the kit.  The M272 kit is capable of detecting 
the following chemical agents: 
 
• Lewisite 
• Nerve 
• Cyanide 
• Mustard Agents 
 
 

 

 
Chlorine Test 
Strips 

Chlorine test strips, which are included in the Water Quality Analysis Set 
(WQAS-P) are used to test free and total chlorine in the water.  To properly 
use chlorine strips, follow the steps below. 
 

Step Action 
1 Collect a sample of water in a beaker. 
2 Remove test strip from the bottle. 
3 Dip the testing end of the strip into the sample of water and move 

the test strip back and forth for about 30 seconds.  
4 Remove the test strip and compare the colors to the reference chart 

on the storage bottle.  
5 Record the reading and discard the test strip.   
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Water Source Equipment 

 
Purpose The water source equipment aids in the development of the water source by 

increasing the quantity of water, improving the quality of the water source 
and increasing its availability for treatment and distribution.  There are two 
types of equipment that will assist in developing your water source: 
 
• Intake Hoses 
• Water Pumps 

 
Intake Hoses Several considerations are taken in the development of intake points: 

 
• All intake hoses or pipes should have a strainer or suction screen 

regardless of the clarity of the water. 
 
• The strainer must be at least 4 inches below the water level and protected 

against floating debris. 

 
Water Pumps The practical limit of suction lift of raw water pumps issued with water 

purification equipment varies from 25 to 75 feet at sea level.  The suction lift 
decreases at higher altitudes.  Because pumps must create a partial vacuum in 
the suction line, the raw water intake hose must be airtight for the pump to 
work. 
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Surface Water Sources 

 
Methods There are different types of surface water sources that share the same 

important aspect, they are all considered accessible.  This means that they all 
lend itself readily available to the purification equipment that will draw from 
them within minutes of employment of the equipment.  The following are 
examples of the methods of constructing intake points for their use: 
 
• Rocks and stakes 
• Pits 
• Dams 
• Floats 
• Galleries 

 
Rocks and 
Stakes 

If the water source is that of a stream, river, or lake and the water is 
sufficiently deep, prepare and measure intake by placing the strainer of the 
suction hose onto a rock.  If the water source is small or shallow, secure the 
strainer and intake hose to a post or stake.  These two methods will help 
prevent the clogging of the strainer from the silt normally found at the bottom 
of the waterbed.  It will also ensure that there is enough water covering the 
strainer to prevent the suction of air into the strainer and intake hose. 

 
Pits When a water source is so shallow that the intake strainer is not covered by at 

least 4 inches of water, but the water source must be used, dig a pit inside the 
water source.  The pit is dug for the strainer to be laid on a rock or board 
placed at the bottom of the pit.  It is also dug large enough to surround the 
strainer with gravel to prevent collapsing of the sides of the pit and to also 
shield it from large debris. 

 
Dams An effective way to combat a shallow water source that allows the suction of 

air into the hose would be to build a dam.  Dams are used to raise the level of 
the water in small streams to cover the intake strainer.  Dams are constructed 
at the narrow part of the stream where there is stability in the banks of the 
stream. 

Continued on next page 
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Surface Water Sources, Continued 

 
Dams, 
continued  

You may use the following items to construct a dam: 
 
• Dirt 
• Concrete 
• Logs 
• Sandbags 
• Wood  
• Natural material 

 
Floats If your water source is shallow along the banks but the source itself is large or 

very wide, use a float to develop your surface source.  Floats are used to keep 
the suction hose off the bottom of the water source.  The only drawback with 
using a float is if your water source falls or drops over time, the risk of the 
strainer coming in contact with the waterbed is increased.  Floats may be 
constructed from empty drums, logs, or sealed cans.  The intake hose must be 
secured to the float, allowing enough slack for movement of the float.  An 
anchor support line should also be attached and have adequate slack to allow 
the suction strainer to remain under water at all times if there are changes in 
the water level. 

 
Galleries If the water source is of extremely turbid or muddy water and this is your 

only source, then a gallery must be built.  A gallery is the method of creating 
an intake point.  Galleries 
 
• Are designed to improve the quality of water from such extreme 

conditions so as not to clog or impede the flow of water through the raw 
water pumps. 

 

• Are created by digging a trench along the bank of the water source being 
deep enough to allow water to seep in from the source and to catch water 
flowing from the ground.  The trench walls should be reinforced with 
gravel to keep the side from collapsing.  The strainer should be placed on 
the gravel bottom and gently lay gravel on top of the strainer to ensure no 
damage to the strainer. 

 

• May require much more work than the rest of the previous examples, 
however it may be worth it. 

 

• Will reduce the amount of chemicals needed for coagulation and extends 
the life of the filter cartridges inside the purification equipment. 
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Ground Water Source 

 
Purpose A ground water source is developed when surface water supplies are 

inadequate or unusable.  Ground water is available below the earth’s surface 
in most regions of the world.  The depth of ground water sources will depend 
on factors such as the  
 
• Type of rocks and soil that make up the area 
• Amount of rainfall and rainwater 
• Topography of the land 

 
Types  Listed below are different types of ground water sources and ways in which 

to develop them for water purification purposes:  
 
• Aquifers 
• Springs 
• Wells 

 
Aquifers Most of the void spaces in the rocks, below the water table, are filled with 

water and are called aquifers.  All rocks have different porosity and 
permeability characteristics, which means that water does not flow the same 
way in all rocks.  Wells are drilled into these aquifers and the water is 
pumped out for its intended use.  Precipitation will eventually add water into 
the aquifer, however the rate of recharge may vary from region to region, 
based on soil content and climate.  Aquifers can be found in almost every 
area. 

Continued on next page 
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Ground Water Source, Continued 

 
Aquifers, 
continued  

 
Springs A spring is a water resource formed when the side of a hill, a valley bottom, 

or other excavation intersects a flowing body of ground water either at or 
below the local water table.  A spring is the result of an aquifer being filled to 
the point that the water overflows onto the land surface.  They may range in 
size from intermittent seeps, which flow only after large rainfalls, to huge 
pools flowing hundreds of gallons.  The amount of water that flows from 
springs depends on many factors to include the size of the caverns within the 
rock and soil, the water pressure inside the aquifer, the size of the spring 
basin, and the amount of rainfall.  There are three main types of springs: 
 
• Artesian 
• Thermal 
• Gravity  

Continued on next page 



MCI Course 1169A 3-21 Study Unit 3, Lesson 1 

Ground Water Source, Continued 

 
Artesian  Artesian springs have a measurable amount of force.  The water comes to the 

surface behind pressure that makes them rise very quickly.  

 
Thermal  Thermal springs have a temperature higher than the yearly average 

temperature for a given region.  Many thermal springs occur in regions of 
recent volcanic activity and are fed by water heated by contact with hot rocks 
below the surface.  Even where there has been no recent volcanic action, 
rocks become warmer with increasing depth.  In these areas, water may 
migrate slowly to considerable depths, warming as it descends through rocks 
deep in the earth.  It then reaches a large crevice that offers a path of least 
resistance where it will rise quicker than it descended.  This water that does 
not have time to cool, before it emerges, forms the thermal spring. 

 
Gravity Gravity springs are springs in which subsurface water flows by gravity from a 

high point of intake to a lower point of issue.  The two most important types 
of gravity springs are 
 
• Water table 
• Contact 

  
Water Table 
Springs 

A water table spring is where the spring crops up and where the water table 
comes in contact with the ground surface. 

  
Contact 
Springs 

A contact spring is where the spring occurs along an exposed contact point, 
like a hill or the side of a mountain. 

Continued on next page 
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Ground Water Source, Continued 

 
Developing 
Springs 

Developing springs are water sources that have to be used for water 
purification.  The below methods will help to ensure the continual production 
of developing springs. 

 
Task Method 

Enlarge the outlet. Build a dam and guide the water to a safe storage area. 
Reduce pollution. Clear spring of all debris undergrowth, topsoil, and 

sand.  Keep out surface drainage from entering by 
fencing the area off and provide for proper drainage. 

Improve the 
spring. 

Build collection boxes or dig ditches and tunnels.  A 
collection box collects water flowing from the rocks 
under the force of gravity.  The box should be large 
enough to hold most of the flow. 

Filter the spring. Place a screen over the overflow pipe to keep out 
insects and small animals.  Place a strainer on the 
intake hose to keep large suspended particles from 
being pumped into the raw water pump. 

 
Wells A well is an artificial boring in the earth through which water can be 

obtained.  There are two classes of wells that may be distinguished: 
 

Class Method 
Ordinary Requires water to be pumped to the surface. 
Artesian A well where the water comes to the surface under 

pressure.  If such a well has enough pressure to bring the 
water above the ground surface, it is called a flowing 
artesian well.  If the water rises only to an intermediate 
level,  it is called a non-flowing artesian well. 

Continued on next page 
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Ground Water Source, Continued 

 
Construction 
Methods 

The following construction methods are used to create a well: 
 

 
Type Method 
Dug A dug well is one in which the excavation is completed by 

using picks, shovels, spades, or other digging equipment. 
Bored A bored well is created by the use of hand or power augers. 
Driven A driven well is constructed by driving a pointed screen, 

referred to as a drive point, into the ground. Casings or 
lengths of pipe are attached to the drive point as it is being 
driven into the ground.  

Jetted A jetted well is formed by the use of a high velocity of water 
that is jetted to form the hole. In some regions, such as the 
Arctic, steam is used for the jetting. 

Drilled A drilled well is constructed by either percussion or rotary 
drills. The excavated material is brought to the surface by 
means of a boiler, sand pump, suction bucket, hollow drill 
tool, or hydraulic pressure.  
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Seawater Sources 

 
Overview Over 70% of the world is covered by water and 75% of that is comprised of 

the oceans and seas that make up seawater or saltwater.  When looking for 
water sources that are to be used for water purification, it is always 
recommended that inland water or ground water sources be used first.  In 
many instances, those sources are not available for use and the use of 
seawater becomes the only source available for water purification.  

 
Developing 
Seawater 

Consider the following factors when developing a seawater source. 
 
• Surf action 
• Saltwater corrosion 
• Living organisms 
• Surface oil along coastal areas and beaches 
• Suspended sand in the water and silt 
• The rise and fall of the water level in relation with the tide 

 
Saltwater Wells Saltwater wells or beach wells are preferred over offshore intakes because it 

eliminates the problems caused by surf, rising and falling tides, and shallow 
water close to the shore.  These wells can be dug to tap brackish or salt 
ground water as the water source.  A disadvantage is the possibility of 
hydrogen sulfides in the raw water causing purification problems with the 
reverse osmosis membranes and creates a taste and odor problem within the 
drinking water. 

 
Offshore 
Intakes 

Placing hoses or water lines into the seawater source for immediate pumping 
creates an offshore intake.  They are sometimes required due to the lack of 
time, personnel, or equipment needed to develop beach wells.  Coral 
formations will also prevent the construction of saltwater or beach wells.  
You can use intakes that are created from rigid pipe or by creating a float 
device for the intake.  If possible, locate the intake in deep water beyond the 
surf action in a vertical position so that it will not fall to the floor of the 
seawater source.  This will prevent obstructions from stopping the pumping 
action of the raw water pumps.  
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Reverse Osmosis Water Purification Unit 

 
Overview The Reverse Osmosis Water Purification Unit (ROWPU) provides potable 

water from any water source such as lakes, lagoons, oceans, rivers, and seas. 
It can also purify brackish water and salt water.  The ROWPU provides 
purified drinking water for thousands of forward deployed troops in any 
military theater.  The treatment of water is necessary to prevent various 
diseases such as typhoid and dysentery.  Not only is the unit designed to make 
water safe for human consumption, but also to make water more palatable, 
less scale forming, and more suitable for use in laundries, boilers, and various 
other places. 

 
Osmosis The ROWPU uses pure water extraction methods employing reverse osmosis 

in either a single-pass (using one membrane) or double-pass mode (using two 
membranes) depending on the type of water being purified.  Osmosis is the 
spontaneous flow of a liquid of low concentration through a semi-permeable 
membrane, a material that only certain molecules can readily pass into a 
solution of higher concentration that tends to equalize the levels of both sides 
of the membrane.  The process of both sides equalizing is referred to as the 
osmotic effect.  Reverse osmosis is water flowing at high pressure through a 
semi-permeable membrane in the opposite direction from osmosis.  The result 
is water with a high concentration to water with a low concentration of 
molecules other than water. 

 
Characteristics The ROWPU is a skid mounted, mobile unit capable of purifying fresh, 

brackish, and salt water at a rate of 600-gallons per hour.  It is configured in a 
frame that measures 5’6” H x 6’9” W x 9”5” L and weighs approximately 
7,300 lbs.  The ROWPU electrical requirement is a 22-kilowatt power source 
that provides electricity in three phases at 120/208 volts, 60 hertz, and 104 
amps.  The unit is designed to operate for 20 continuous hours a day.  

 
Components There are many components that make-up the ROWPU for its operational 

capability. 
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Components 

 
Raw Water 
Pump 

The raw water pump delivers water to the unit from the water source.  Each 
unit is equipped with two raw water pumps and has the ability of pumping 30 
gpm with a 105-foot head.  They are powered by a 2-HP electric motor and 
are self-priming after the initial prime has been administered.  The pumps are 
centrifugal in operation.  

 
Multimedia 
Filter 

Once raw water enters the ROWPU, it goes through its first cycle of filtration 
in the multimedia filter.  Water enters the filter through the top inlet pipe and 
passes through various layers of media to the bottom of the filter.  Once on 
the bottom, the partially purified water enters the perforated pipes and exits 
the outlet pipe on the bottom of the filter.  The media consists of 3 inches of 
garnet, 12 inches of filtered sand, 15 inches of coal, and 2 inches of plastic 
material weighing 805 pounds that sits on top of 425 pounds of bedding.  The 
bedding consists of gravel that is layered within the multimedia filter from 
fine through medium grade. 

 
Booster Pump The booster pump pumps water from the multimedia filter to the cartridge 

filter.  It equalizes the flow of water pressure through the multimedia filter. 
The booster pump is also centrifugal and is rated at 30 gpm with a 50-foot 
head.  It is powered by a 1-HP electric motor. 

 
Cartridge Filter The cartridge filter consists of an upper and lower compartment.  The upper 

compartment houses eight 40-inch long disposable fiber cartridges that 
provide a secondary stage of filtration by removing any suspended matter in 
the water missed by the multimedia filter.  This filtered water is then collected 
in the lower compartment were it will be pumped by the reverse osmosis 
(RO) pump. 

 
RO Pump The RO pump pumps the water from the lower compartment of the cartridge 

filter and pressurizes it.  The RO pump is rated at 51 gpm with a 980-psi head 
and is driven by five V-belts from a 20-HP electric motor that turns 
counterclockwise.  

Continued on next page 
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Components, Continued 

  
Pulse 
Dampener 

The RO pump pushes the water through the pulse dampener that reduces 
pulsation in the water caused by the pistons of RO pump.  There are four 
baffles inside the pulse dampener that are designed to reduce shock.  From the 
pulse dampener the water exits the vent vessel line, which is a bypass to the 
RO vessels, until the vent vessels valve is closed.  Once closed, the water is 
then redirected to the RO vessels. 

 
RO Vessels RO vessel is the set of four high-pressure cylinders containing two RO 

elements.  These elements are joined in the middle by an inter-connector or 
plastic coupling.  There are also end connectors that join the end caps to the 
outside of the elements.  It is here that applying pressure to separate the 
suspended and dissolved solids from the raw filtered water reverses the 
osmosis effect. 

 
RO Elements When water enters the RO vessels, it is then on its final stage of filtration. 

Each element has a brine seal that opens up against the water flow channeling 
the water through the RO element.  As the water enters the elements, it is 
pressurized through the spiral membranes where the molecule separation 
occurs.  This process occurs four different times as it goes through each high-
pressure cylinder.  In its final stage, the water becomes product water and 
enters the product water tube located in the center of the unit.  The elements 
are designed to reject a minimum of 98.5% of salt from the water and over 
99% of all organic materials that would have been found in the water.  The 
two types of elements used for the RO are Filmtec and Fluid Systems 
elements.  What is important to know is that chlorine will destroy the 
membranes in the RO elements rendering them unserviceable. 

 
Distribution 
Pump 

The distribution pump is designed to pump product water or potable water 
from the product tanks to either water carrying vehicles or other storage 
tanks.  The pump is rated at 30 gpm.  

 
Backwash 
Pump 

The backwash pump is rated at 120 gpm and is used to backwash the 
multimedia filter by pumping the backwash water into the RO multimedia 
filter to clean and flush out all accumulated dirt and debris. 

Continued on next page 
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Components, Continued 

 
Chemical Feed 
Pump 

The ROWPU uses several chemicals that aid in the production of water. 
There are four chemical feed pumps each rated at 3.17 gallons per hour and 
are powered by a 1/3 HP electric motor.  The table below list the different 
pumps and explain its function.  
 

Pump Function 
Chlorine Feed Feeds diluted chlorine into the product water in order to 

kill bacteria and prevent further bacteria from growing.  
Polymer Feed Feeds diluted polymer or polyelectrolyte solution to the 

raw water in order to coagulate suspended matter into 
groups large enough to be removed by the multimedia 
filter.  

Sodium Hex 
Feed 

Feeds diluted sodium hex solution (sodium 
hexametaphosphate) to prevent calcium from forming 
scale inside of the pipes of the ROWPU.  

Citric Acid 
Feed 

Feeds diluted acid (tricarboxylic acid) into the raw water 
as it enters the ROWPU. It is to lower the ph of the water 
and strengthen the membrane elements for better 
rejection. 

 

 
Junction Box The junction box is located on the right side of the control panel of the 

ROWPU.  It is used for attaching the electrical pump cords to the ROWPU 
and also provides two utility outlets for additional power requirements.  The 
circuit breakers are located inside the junction box.  There is a circuit breaker 
established for each pump that is attached with the ROWPU and also the 
utility outlets. 

Continued on next page 
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Components, Continued 

  
Control Panel The control panel is the brain for the ROWPU as it maintains all of the 

gauges, lights, switches, valves, and hose connectors that operate the 
ROWPU and its different pumps.  The emergency stop switch is one of the 
switches located on the control panel.  The emergency stop switch is designed 
to stop the unit in emergency conditions and should not be used for any other 
condition as it may cause damage to the equipment.  The emergency stop 
switch should only be used under the following conditions: 
 
• The risk of injury to any operator or the risk that the equipment might be 

damaged if allowed to continue to operate 
 
• Red high-pressure light indicates high pressure and the unit fails to 

automatically stop operating 
 
• Yellow low-pressure light associated with the RO pump is indicated and 

the unit fails to automatically stop operating 
 
• Whenever the backwash pump light indicates problems during filtering 

operation 
 
• Whenever the high-pressure relief valve activates during normal operation 
 
• Whenever the rupture disc ruptures during normal operation 
 
• Anytime when any serious malfunction is indicated by noise, vibration, or 

large water leaks 

 
High Pressure 
Relief Valve 

The high pressure relief valve is located after the pulse dampener.  If the RO 
pressure rises above 1100 psi, then the high-pressure valve will automatically 
open and discharge the water with in the RO pipes through a pipe located 
between the booster pump and the chemical feed pump.  If this valve 
activates, ensure that the emergency stop switch is depressed and open the 
regulate product flow valve. 

Continued on next page 
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Components, Continued 

  
Rupture Disc The rupture disc assembly is located on the discharge end of the RO pump. 

The rupture disc is a thin sheet of metal that is designed to tear when the RO 
pump creates a pressure exceeding 1425 psi and the high-pressure switch fails 
to activate. If this situation occurs, immediately depress the emergency stop 
switch and open the regulate product flow valve. 

 
ROWPU Pipes All the pipes of the ROWPU are identified by color bands located on each 

individual pipe. The table below shows the pipe’s color band and their 
function: 

 
Color Band Function 

Black Identifies raw water pipes within the unit 
Red Identifies backwash pipes used for the backwash process 
Yellow Represents those pipes for filtered water within the unit 
Blue Identifies those pipes that maintain product water 
Purple Represents the waste water pipes within the unit 

 
Storage Chests The ROWPU is equipped with two storage chests.  One storage chests is the 

chemical chest and maintains a 5-day supply of chemicals needed to purify 
water.  The other chest is the tool chest and maintains all the tools and other 
remaining SL-3 components used to operate and maintain the ROWPU.  

 
NBC Canisters There are two NBC canisters included with the ROWPU.  The radiation 

canister is used to absorb radioactive contamination from the product water. 
The chemical canister absorbs chemical agents from the product water.  Both 
canisters are only good for 100 hours of filtration at which time they should 
be tagged, labeled, and prepared for disposal. 

 
Hoses The two types of hoses associated with the ROWPU are 

 
• Four suction hoses 
• Seven discharge hoses 

 
Float The float is used to keep the suction strainer from lying on the bottom of the 

water source and sucking silt and other debris into the raw water pump. 

Continued on next page 
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Components, Continued 

  
Tanks The ROWPU has three 3,000-gallon water tanks that are required for the 

operation of the ROWPU. 
 
• Raw 
• Backwash 
• Product 
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Lesson 1 Exercise 

 
Directions Complete exercise items 1 through 9 by performing the action required. 

Check your answers against those listed at the end of this lesson. 

 
Item 1 The purpose of the Water Quality Analysis Set is to test water for quality to 

include chlorine residual ______________ and pH. 
 
a. total dissolved solids 
b. chlorine level 
c. chlorine demand 
d. total demand solids 

 
Item 2 A pH test has been completed on the water source you are testing.  A reading 

of ______ neutral water would be indicated on the scale. 
 
a. 4.0 
b. 5.0 
c. 6.0 
d. 7.0 

 
Item 3 How many inches below the water level should the strainer of the suction 

hose be placed? 
 
a. 3.5 
b. 4.0 
c. 4.5 
d. 5.0 

Continued on next page 
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Lesson 1 Exercise, Continued 

 
Item 4 What is the best method when creating an intake point for a surface water 

source? 
 
a. Float 
b. Gallery 
c. Pit 
d. Rock or stake 

 
Item 5 Which of the following is considered a ground water source? 

 
a. Aquifer 
b. Lake 
c. River 
d. Sea 

 
Item 6 What key factors are considered when developing a seawater source? 

 
a. Surf action, saltwater corrosion, living organisms, surface oil along 

beaches, suspended sand in the water, and the length of the beach from 
the water to the site 

b. High tide, saltwater corrosion, living organisms, surface oil along 
beaches, and suspended sand in the water 

c. Low tide, saltwater corrosion, living organisms, surface oil along beaches, 
and suspended sand in the water 

d. Surf action, saltwater corrosion, living organisms, surface oil along 
beaches, suspended sand in the water, and the rise and fall of the water 
level in relation with the tide 

Continued on next page 
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Lesson 1 Exercise, Continued 

 
Item 7  What is the power requirement for operating the ROWPU? 

 
a. 25 kilowatt, 120/208 volts, 60 hertz, 104 amps 
b. 22 kilowatt, 120/208 volts, 50 hertz, 104 amps 
c. 22 kilowatt, 120/208 volts, 60 hertz, 104 amps 
d. 22 kilowatt, 120/208 volts, 60 hertz, 100 amps 

 
Item 8 How many gallons per hour can the ROWPU purify from a water source? 

 
a. 400 
b. 500 
c. 600 
d. 700 

 
Item 9  What chemicals are essential for water purification and used during ROWPU 

operation? 
 
a. Chlorine, polymer, sodium hex, and citric acid 
b. Chlorine, polymer, sodium hex, and hydrochloric acid 
c. Chlorine, potassium, sodium hex, and citric acid 
d. Chlorine, polymer, radium hex, and citric acid 

Continued on next page 
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Lesson 1 Exercise, Continued 

 
Answers The table listed below lists the answer to the exercise items.  If you have any 

questions about these items, refer to the reference page listed for that item. 
 

Item Number Answer Reference 
1 a 3-5 
2 d 3-6 
3 b 3-16 
4 b 3-18 
5 a 3-19 
6 d 3-24 
7 c 3-25 
8 c 3-25 
9 a 3-28 
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LESSON 2 

TACTICAL WATER PURIFICATION SYSTEM 

Introduction 

 
Scope In the previous lesson, we discussed the Reverse Osmosis Water Purification 

Unit (ROWPU).  This lesson gives the utilities chief information on the 
Tactical Water Purification System (TWPS).  This system is the successor to 
the ROWPU, and is currently being fielded in the Marine Corps.  In this 
lesson, we will cover the vital information that you need to plan, establish, 
and operate the TWPS.  

 
Learning 
Objectives 

At the end of this lesson, you should be able to 
 
• Recall the amount of water the Tactical Water Purification System 

(TWPS) can produce from a brackish water source. 
 
• Recall the five extended capability modules that are included with the 

TWPS. 
 
• Recall the maximum elevation from which the TWPS can operate from 

with both raw water pumps operating. 
 
• Recall the number of micro-filtration system filters located on the TWPS. 

Continued on next page 



MCI Course 1169A 3-38 Study Unit 3, Lesson 2 

Introduction, Continued 

 
In This Lesson This lesson contains the following topics. 
 

Topic See Page 
Introduction 3-37 
Capabilities and Characteristics 3-39 
Site Selection 3-42 
Raw Water Configuration 3-46 
Components 3-48 
Adaptor 01 3-49 
Adaptor 02 3-50 
Adaptor 04 3-51 
Adaptor 05 3-52 
Static Mixer 3-53 
Raw Water Intake System 3-54 
OISS 3-55 
Micro-filtration System 3-57 
Lesson 2 Exercise 3-59 
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Capabilities and Characteristics 

 
Definition The 1500 gallons per hour (gph) TWPS is a fully contained, mobile water 

purification system capable of purifying, storing, and dispensing water 
meeting tri-service field water quality standards for long term consumption. 
The TWPS can produce drinking water from a broad range of water sources 
including: 
 
• Fresh water (1500 gallons) 
• Brackish water (1500 gallons) 
• Seawater (1200 gallons) 
• Fresh water containing nuclear, biological, and chemical containments 

 
Tactical Water 
Production 
Table 

Water production is a function of the water temperature and type of water 
being filtered, which could vary.  The table below shows the tactical water 
production. 
 

Raw Water 
Source 

Composition Temperature Normal 
Potable Water 

Production 
Surface Water Up to 20,000 mg/ 

1TDS & to 150 NTU
32˚F - 95˚F 1500 gph 

Ground Water Up to 2500mg/1TDS 32˚F - 95˚F 1500 gph 
Ground Water Over 2500 mg/ 

1TDS & to 150 NTU
50˚F - 95˚F 1200 gph 

Seawater 35,000 mg/1 TDS 32˚F - 95˚F 1200 gph 
Seawater 45,000 mg/1 TDS 50˚F - 95˚F 1200 gph 
Seawater 45,000 mg/1 TDS 32˚F - 50˚F 1000 gph 
Seawater 60,000 mg/1 TDS 77˚F 950 gph  

Continued on next page 
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Capabilities and Characteristics, Continued 

 
Characteristics It is important for the utilities chief to know the specific characteristics (listed 

below) for TWPS planning and embarkation purposes. 
 
• 6’ ½” height × 7’ 2” width × 13’ 9” length and weighs 9,552 pounds fully 

packed, less fuel and without the extended capability modules. 
 
• Temperature ranges from -25˚F to 120˚F and requires the cold weather kit 

if the operating temperature is below 32˚F. 
 
• Can be stored in temperatures ranging from -28˚F to 160˚F and can only 

operate with a water temperature, from the water source, not to exceed 
100˚F. 

 
• Requires 416 volts of alternating current, 3 phase, and 60 hertz of 

frequency. 
 
• Requires 60 kilowatt generator or power grid.  The power cable is only 

50-feet long and requires it to be hard-wired to the power distribution 
panel or generator for power consumption. 

 
Illustration The illustration shows the TWPS when packed. 

 

 
 

Continued on next page 
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Capabilities and Characteristics, Continued 

 
Extended 
Capability 
Modules 

The TWPS includes the following five extended capability modules for 
operational purposes: 
 
• Cold Weather Module 
• Supplemental Cleaning Waste Storage Module 
• Ocean Intake Structure System 
• Nuclear, Biological, and Chemical (NBC) Water Treatment Module 
• NBC Survivability Module 
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Site Selection 

 
Considerations Site selection of the TWPS must be carefully planned to assure the safety of 

the operators and the reliable operation of the equipment and production of 
potable water.  A utilities chief must locate a primary and alternate site in the 
event that situations dictate that one site is unavailable or not capable of 
meeting minimum requirements.  The following items must be considered 
when planning for the use of the TWPS: 
 

• Source of water 
• Operating space 
• Ordinance Laws 

 
Source of 
Water 

In considering the site location, the utilities chief has to be aware of certain 
conditions that apply to the type of water source that may be used at the site 
location.  Water sources that require special considerations are 
 
• Rivers and streams 
• Wells 
• Seawater 

 
Rivers and 
Streams 

If a river or stream is used as the raw water source, locate a site that will be 
upstream and away from the general population for the deployment of the 
TWPS.  Make sure it provides drainage of the wastewater downstream and 
away from the water source. 

 
Wells When selecting a well as the primary water source for the TWPS, observe the 

well before deployment to ensure no significant residue of salt or other 
natural minerals are apparent, as it could lead to improper operation of the 
TWPS.  Avoid wells that are encased with steel or uses steel piping to feed 
the well. 

 
Seawater If using a seawater source as the source of water to operate the TWPS, 

consider 
 

• Weather conditions of the area 
• Tides of the area if they are relatively higher than normal 
• If the area is subjective to flash flooding 
• Stability of the beach or the ground (Erosion could happen and will impact 

the operation of the TWPS.) 

Continued on next page  
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Site Selection, Continued 

 
Operating 
Space 

After selecting a primary and alternate site for the use of the TWPS, focus 
planning the spacing and operational ability of the equipment that comprises 
the TWPS.  The following table will list site considerations and the guideline 
that applies to each consideration. 

 
Consideration Guideline 

Drive-in access for equipment Road must be at least 12-feet wide 
Work area required for equipment 
maneuvering and employment 

Area must be at a minimum of 75 feet 
by 100 feet 

The elevation and type of ground The grade and elevation of the ground 
must not exceed 2˚F crosswise (front to 
back) or 1 1/2˚F lengthwise (side to 
side) 

Path to the water source Must be at least 12-feet wide 
Work area elevation above both raw 
water pumps  

Maximum elevation is 73 feet, limited 
by total pump capacity 

Elevation of 1st raw water pump above 
the water source 

Maximum elevation is 23 feet, limited 
by pump capacity 

Distance of 1st raw water pump from 
inlet strainer located in water source 

Maximum of 100 feet which is limited 
by ten 10-foot hose lengths 

Distance of cyclone separator from raw 
water pump 

About 6 feet, which is limited by the 6-
foot hose  

Distance of diesel-driven raw water 
pump from the TWPS 

Maximum of 200 feet, limited by four 
50-foot hose lengths and pump capacity 

Water depth from inlet strainer to the 
bottom of the raw water source 

A minimum of 3 feet, however, 5 feet or 
more is preferred 

Distance of motor driven raw water 
pump from TWPS 

Maximum of 100 feet, which is limited 
by the length of the power cord 

Distance of the micro-filtration feed 
pump from the TWPS 

Maximum of 20 feet, limited by the 
length of the 20-foot hose  

Distance of the micro-filtration (MF) 
feed tank from the MF feed pump 

Maximum of 3 feet, limited by the 3-
foot hose length and the adaptor 

Distance of the distribution tanks from 
the TWPS 

A distance of 15 to 30 feet, limited by 4- 
10-foot hose lengths  

Distance of distribution tank from 
adjacent distribution tank 

Maximum of 5 feet, limited by the 5-
foot hose length 

Distance of distribution pump from the 
tee adaptor 

Maximum of 5 feet, limited by the 5-
foot hose length 

Continued on next page 
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Site Selection, Continued 

 
Illustration The illustration below shows how the TWPS would be employed and 

established.  The picture does not show the TWPS employed to full capability 
of guideline dimensions but does establish the relative size of the operational 
area required to operate the TWPS. 
 

 
Ordinance 
Laws 
 

To ensure the operation and production of water is in compliance with the 
law, the utilities chief must research the ordinance laws on local, state, federal 
and international operations and production of water. 

Continued on next page 
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Site Selection, Continued 

 
Other Factors In addition to the consideration and guidelines, other factors are considered 

by the utilities chief.  The ground should not slope more than 2° front to back 
and 1 ½° side-to-side. 
 
• Ensure the ground is solid and fairly level.  Clear the area as needed and 

take advantage of finished roads as they will provide a solid level surface. 
 
• Locate the product water distribution storage tank in an area where the 

distribution nozzles will be accessible to a water truck and other 
transportation vehicles. 

 
• Position the extended capability module 1500 gallon tank with hoses 

within 30 feet of the TWPS waste connection.  The tank is filled by 
gravity from the waste flow valve, which means that the tank must at an 
elevation below the TWPS platform, if at all possible. 

 
• If the TWPS is conducting a nuclear, biological, chemical (NBC) reaction 

mission, place the NBC tank in the discharge line between the TWPS 
product water discharge hose and the first product water distribution 
storage tank. 
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Raw Water Configuration 

 
Components The use and placement of the raw water pumps and the cyclone separator will 

depend on the distance and elevation of the TWPS platform from the water 
source.  The main components used in the raw water system and how they are 
configured are  
 
• Diesel-driven pump (P-1) 
• Electric motor-driven pump (P-2) 
• Cyclone separator (CS) 

 
Diesel-Driven 
Pump  

The diesel-driven pump (P-1) (show below) is powered by a diesel engine and 
can be used by itself or with the additional components of the raw water 
system. It is capable of pumping water at 125 gallons per minute.  The diesel-
driven pump can be used by itself when the elevation from the pump to the 
TWPS platform is less than 25 feet and the distance from the TWPS platform 
to the pump are less than 200 feet.  The main components used in this 
configuration are the diesel-driven pump and include the adaptor assembly 
and four 50-foot sections of 2-inch diameter discharge hoses.  

 
 

 

Continued on next page 



MCI Course 1169A 3-47 Study Unit 3, Lesson 2 

Raw Water Configuration, Continued 

 
Electric Motor-
Driven Pump  

The electric motor-driven pump (P-2) is powered by a 3-phase, 120-volt 
electric motor.  It is capable of pumping water at 125 gallons per minute.  The 
electric motor-driven pump can be used by itself when the elevation from the 
pump to the TWPS platform is less than 25 feet and the distance from the 
TWPS platform are less than 100 feet.  The pump electric power cable 
restricts the location of the electric motor-driven pump to no more than 100 
feet from the TWPS platform.  
 
When the elevation of the micro-filtration feed tank is less than 25 feet and 
within 200 feet of the raw water source, the electric motor-driven pump will 
normally be deployed without the diesel-driven pump.  The diesel driven 
pump (shown below) may also be used in this situation; however, allow for 
the constant monitoring of fuel consumption for continued operation of the 
TWPS, which is why the P-2 pump is preferred in this situation.  

 
Cyclone 
Separator  

The cyclone separator is driven by the water flow from either one or both raw 
water pumps.  It has a discharge rate of 2 to 5 gallons per minute based on the 
setting of the gate valve. 
 
The cyclone separator is used at ocean beach water sites when the floating -
inlet strainer is used and both raw water pumps P-1 and P-2 are being used. 
The cyclone separator is positioned at the discharge side of the electric motor-
driven pump (P-2).  The adaptor assembly (A-03) is required to be used with 
the cyclone separator.  It connects the cyclone separator underflow outlet to a 
1-inch diameter by 5-foot long braided flexible hose.  The configuration, 
shown below, shows where the cyclone separator will be employed. 
 
Note:  If the micro-filtration feed tank, discussed later in this lesson, is more 

than 25 feet above the pump location or further than 200 feet from the 
source, then both pumps are deployed and operated with the cyclone 
separator. 
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Components 

 
Adaptors and 
Hoses 

In addition to the pumps and cyclone separator, the following components are 
part of the raw water configuration system.  Some of these components are 
adaptors and hoses to the two different pumps and cyclone separator.  
 
• Adaptor assembly 01 
• Adaptor assembly 02 
• Adaptor assembly 04 
• Adaptor assembly 05 
• Static Mixer 
• Raw Water Intake System 
• Ocean Intake Structure System (OISS) 

 
Illustration The illustration shows the location of each adaptor within the raw water 

configuration.  
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Adaptor 01 

 
Description Adaptor assembly 01 (shown below) includes the raw water suction check 

valve V-101, which helps hold the prime in the line when the pump is stopped 
or off.  It connects the 3-inch, green-banded suction hose from the water 
source to the suction inlet of the first pump.  
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Adaptor 02 

 
Description Adaptor assembly 02 (shown below) includes the priming vent valve V-102 

and a priming discharge hose.  It connects the discharge outlet of the first 
pump to the appropriate discharge pressure flexible hose. 
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Adaptor 04 

 
Description Adaptor assembly 04 (shown below) connects the 2-inch discharge of the 

second raw water pump if used to a 2-inch discharge hose. The adaptor 
provides a 90-degree discharge.  
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Adaptor 05 

 
Description Adaptor assembly 05 (shown below) includes the raw water flow valve  

V-107, which is manually set to adjust the flow of raw water to a rate that will 
maintain the proper micro-filtration feed tank level.  It connects to the 
discharge end of the last section of 2-inch diameter hose.  This discharge hose 
is connected into the micro-filtration feed tank. 
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Static Mixer 

 
Description The static mixer (shown below) is used in the raw water configuration if the 

raw water source is from a chlorinated water source.  Chlorinated water will 
rapidly damage the micro-filtration filter membranes and slowly degrade the 
reverse osmosis elements.  Sodium bisulfate neutralizes chlorine and will 
protect the micro-filtration filters and reverse elements. The sodium bisulfate 
is injected into and thoroughly mixes with the chlorinated raw water in the 
static mixer before the water is discharged into the micro-filtration feed tank. 
The static mixer becomes the injection point for the sodium bisulfate from the 
chemical injection system.  
 

 
 
 

Static Mixer 
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Raw Water Intake System 

 
Components The raw water intake system has the following components that are included 

with the raw water system: 
 

• Raw Water Inlet Strainer 
• Ice Intake Strainer 
• Hoses 

 
Raw Water 
Inlet Strainer 

The raw water inlet strainer (shown below) connects to the end of a green 
banded suction hose and is attached to an anchor by a 300-foot rope. 
 

 

 
Ice Intake 
Strainer 

The ice intake strainer (shown below) is a second strainer, included with the 
cold weather module, and is used for ice holes and raw water that may have ice 
floating in it. 

 

 
Hoses The two different styles of hoses are suction and discharge. The discharge 

hoses are classified into two different styles: 
 

• 50-foot long discharge hose – There are as many as four 2-inch discharge 
hoses required, if needed, to deliver raw water from raw water pump P-1 to 
raw water pump P-2 and from the discharge of the last raw water pump to 
adaptor A-05. 

 

• 6-foot long discharge hose – There is 1 to 2-inch discharge hose required to 
deliver raw water from the raw water pump outlet to the inlet of the 
cyclone separator. 
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OISS 

 
Description The Ocean Intake Structure System (OISS) (shown below) is used for 

drawing raw seawater through beach well point intakes when the raw water 
source is subjected to surf or extreme tidal conditions.  OISS consists of four 
well points with risers connected to a header by yellow banded hoses.  
 

 

 
Well Points and 
Risers 

The well points and risers (shown below) are jetted into the sand using one of 
the raw water pumps to draw water from the source.  The well points are 
slotted and screened to keep the beach sand out of the well points and risers. 
 

 
 Well Point Riser 

Continued on next page 
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OISS, Continued 

 
OISS Suction 
Hoses 

Once the well points and riser’s assemblies are installed, the pumps are set in 
place according to normal set up procedures and connected to the well points 
and risers by suction hoses.  The hose sections are 3-inches in diameter and 
are 10-feet long.  They are identified by the green band on the rigid hose.  The 
raw water system contains 13 sections.  These hose sections are used, as 
needed, to transport raw water from the inlet strainer or OISS to one of the 
two raw water pumps.  
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Micro-filtration System  

 
Components The micro-filtration system removes suspended solids and microorganisms 

from the raw water by filtering it through filter fibers and producing water 
that is called filtrate.  The system (shown below) contains the following 
components: 
 
• Micro-filtration feed tank 
• Micro-filtration tank strainer bag (S-1) 
• Micro-filtration feed pump (P-3) 
• Basket strainer (S-2) 
• 12 micro-filtration assembly filter modules 
• Micro-filtration assembly valves that direct and control the flow of raw 

water through the filters for filtration, backwash and cleaning, and 
instrumentation 

 

 
 
 
 
 
 
 
 
MF Feed Tank MF Tank Strainer Bag (S-1)  MF Feed Pump (P-3) 

Continued on next page 
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Micro-filtration System, Continued 

 
MF Filter 
Modules 

The 12-filter modules (shown below) are capable of removing suspended 
solids (dirt) and microorganisms, down to 0.2 micron, from the raw water 
before going through the reverse osmosis process. These filters are the first 
line of defense and prevent the failure of the reverse osmosis membranes by 
filtering out the suspended solids and microorganisms.  
 
 MF Filter Modules 

 
MF Site 
Consideration 

There are considerations when employing the MF system and its components. 
The table below provides the information in employing the MF system. 
 

MF System Component Guideline 
MF Feed Tank Must be within 20 feet of the TWPS platform 

and in a position were the water level inside 
the tank can be observed during operation 

MF Feed Pump Must be located within 3 feet of the MF Feed 
Tank  
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Lesson 2 Exercise 

 
Directions Complete exercise items 1 through 4 by performing the action required. 

Check your answers against those listed at the end of this lesson. 

 
Item 1 How many gallons of water can the TWPS produce per hour from a brackish 

water source? 
 
a. 1200 
b. 1300 
c. 1400 
d. 1500 

 
Item 2 Identify the five extended capability modules included with the TWPS? 

 
a. Cold weather, supplemental cleaning waste storage, ocean outtake 

structure system, NBC water treatment, and NBC survivability 
b. Cold weather, supplemental cleaning waste storage, ocean intake structure 

system, NBC water treatment, and NBC survivability 
c. Cold weather, supplemental cleaning waste storage, ocean intake structure 

system, NBC water treatment, and NBC adaptability 
d. Cold weather, supplemental purging waste storage, ocean intake structure 

system, NBC water treatment, and NBC survivability 

 
Item 3 What is the maximum elevation the TWPS can be placed using both raw 

water pumps?  
 
a. 25 feet 
b. 50 feet 
c. 73 feet 
d. 75 feet 

 
Item 4 How many micro-filtration filters are located on the TWPS? 

 
a. 12 
b. 14 
c. 16 
d. 18 

Continued on next page 
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Lesson 2 Exercise, Continued 

 
Answers The table listed below lists the answers to the exercise items.  If you have any 

questions about these items, refer to the reference page listed for that item. 
 

Item Number Answer Reference 
1 d 3-39 
2 b 3-41 
3 c 3-43 
4 a 3-57 
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LESSON 3 

TACTICAL WATER DISTRIBUTION SYSTEM 

Introduction 

 
Scope In this lesson, we will cover the Tactical Water Distribution System (TWDS).  

You will be taught what the TWDS consist of and how to install it. 

 
Learning 
Objectives 

At the end of this lesson, you should be able to 
 
• Recall how much water the TWDS can transport. 
 
• Determine what temperature the TWDS will operate in. 
 
• Recall the number of pump stations the TWDS contain. 
 
• Recall the number of storage assemblies the TWDS contain. 
 
• Recall the amount of distribution points of the TWDS. 
 
• Recall the amount of 10-mile hose line segments of the TWDS. 
 
• Recall the requirements needed to assemble the lead pump. 

Continued on next page 



MCI Course 1169A 3-62 Study Unit 3, Lesson 3  

Introduction, Continued 

 
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Introduction 3-61 
Characteristics 3-63 
Categories 3-64 
Route 3-68 
Site Selection 3-69 
Construction 3-70 
Placement 3-73 
Pressure Reducing Valve Location 3-75 
Requirements 3-78 
Distribution Point 3-81 
Road Guards 3-82 
Kits 3-83 
Lesson 3 Exercise 3-84 

 



MCI Course 1169A 3-63 Study Unit 3, Lesson 3  

Characteristics 

 
Description The TWDS is designed to receive water from large storage and distribution 

points, water purification units or additional TWDS.  The TWDS transports 
this water to small distribution points, additional TWDS. 

 
Capabilities The TWDS is capable of transporting water at 600 gallons per minute (gpm) 

across level terrain or a total of 864,000 gallons of water in a 24-hour period.  
The TWDS 
 
• Can be deployed and operational within 48 hours 
• Can not be used at temperatures below 32 Fahrenheit degrees or with 

brackish or contaminated water 

 
Components The TWDS components are grouped into four categories: 

 
• Pumping stations (6) 
• Storage assemblies (2) 
• Distribution points (2) 
• 10-mile hose line segment 
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Categories 

 
Pumping 
Station 

Pumping stations consist of a 600-gpm trailer-mounted pump assembly, a 
check valve, butterfly valves, and several 6-inch diameter hose assemblies.  
Pumps can be used as 
 
• Lead pumping stations 
• Boost pumping stations 

 
Lead Pumping 
Station 

A lead pumping station draws water from a large storage tank that is supplied 
by the water purification equipment.  It feeds water down line through the 
hose line to the first boost pumping station, which can be operated in manual 
or automatic modes.  The flow of water through the unit is controlled by 
manually operating butterfly valves on suction and discharge hoses.  
Adjusting the engine speed regulates the pounds per square inch gauge (psig). 
 
Note: To prevent damage to the pump, make sure the arrow on the check 

valve is pointed away from the pump on the discharge port. 

 
Boost Pumping 
Station 

The boost pumping station draws water from the hose line and feeds it down 
line to the next boost pumping station or storage assembly.  After the initial 
startup, the boost pumps can be switched to electric automatic mode.  Engine 
speed will be regulated automatically.  If the pumping station fails, water can 
be routed through the 75 feet bypass hose assembly to keep down line pumps 
primed. The flow of water is controlled by manually operating on-line 
butterfly valves.  Adjusting engine speed regulates the psig. 
 
Note: To prevent damage to the TWDS hoses, water pressure should not 

exceed 225 psig. 

  
Storage 
Assemblies 

Storage assemblies consist of two 20,000-gallon, collapsible, rubberized 
nylon, pillow tanks used to supply the TWDS distribution point or water 
storage.  The tank fill rate is controlled by manually operating a gate valve. 

Continued on next page 
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Categories, Continued 

  
Distribution 
Points 

The TWDS consists of two distribution points, a 125-gpm pump and a 
hypochlorination unit.  Water is routed through a network of hoses to manual 
dispensing stations for distribution to personnel. 

 
125 GPM 
Pumping 
Assembly 

The 125-gpm pumping assembly is a skid mounted, diesel engine driven 
pump, which is manually controlled.  It is used to pump water from the 
20,000 tanks to the hypochlorination unit and water dispensing devices. 

 
Hypo-
chlorination 
Unit 

The hypochlorination unit is a skid-mounted unit, powered by an impulse 
diaphragm motor, which operates on water pressure.  Adjusting pump strokes 
controls the amount of chlorine flow through the unit.  Adjusting in-line 
valves controls the rate of water flow through the unit.  Once the controls are 
set, the unit usually requires no further adjustments.  The operator will 
periodically refill the 5-gallon chlorine solution reservoir.  The water at 
manual dispensing stations is tested periodically by using a water quality 
analysis purification kit. 

 
Hose Network 
and Manual 
Dispersing 
Stations 

The hose network transports water from the 20,000-gallon water storage 
assembly to the 125-gpm pumping assembly, hypochlorination unit, and 
manual dispensing stations.  The hose network ends at four manual dispersing 
stations.  Two manual dispensing stations are equipped with distribution 
nozzles and two with elbow valves.  The nozzle stand assembly and 
collapsible tripod provides a place to hang manual disbursing station hoses 
when they are not being used.  The nozzles are used to fill 5-gallon cans, 
canteens, and etc.  The elbow valves are used to fill the forward area water 
point supply system (FAWPSS) 500-gallon pods.  The lister bags has a 36-
gallon capacity and are suspended on tripods and fitted with faucets to 
provide water for hand washing, canteens, and other smaller containers. 

Continued on next page 
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Categories, Continued 

  
10-Mile Hose 
Line Segment 

The 10-mile hose line segment consists of 128 6 inch by 500-foot collapsible 
hose assemblies.  It transfers water to the major components of the TWDS.  It 
is also used to connect pumping stations and storage assemblies.  Suspension 
devices are used to route the 10-mile hose line segment over obstacles in 
terrain.  A road crossing guard is used to protect hose segments from damage 
when the hose segments are buried under a roadbed.  An end cap can be 
installed if dead-end service is required or the hose line can be coupled with 
an additional TWDS or distribution and storage unit. 

 
Crates The 10-mile hose line segment is packed in 32 crates, which contain the hose 

line and are marked HOSE ASSEMBLY, 6-INCH, 500-FEET and two crates 
that are marked 10-MILE SEGMENT.  It houses all other required 
components to set up and install the TWDS.  One crate equals 2,000 feet of 
hose or four flaking boxes.  There are a total of 34 crates. 

 
Flaking Boxes Four flaking boxes make up one crate.  Each box holds one 500-foot hose 

segment.  Flaking boxes allow hoses to be flanked from the back of a truck.  
They are used in groups of four boxes during hose line laying operation and 
adapted for forklift or lifting sling. 

 
Note:   Not all flaking boxes have 500-foot hoses. 

 Continued on next page 
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Categories, Continued 

  
Remaining 
Crates 

The remaining crates are used for the following purposes: 

 
Crates Purpose 

Lifting Sling Used for lifting flaking boxes in the field when forklifts 
are not available.  Capable of lifting a stack of four 
flaking boxes. 

 
Road Crossing - 
Guards 

Used when hose is laid across a roadway or under a 
railroad bed.  Capable of crossing 120 feet and contains 
twenty-four 5-foot sections. 

 
Suspension Kit Composed of five metal chests containing kits of 

materials for constructing suspensions across steams, 
ponds, or gullies.  Each kit contains enough equipment 
to construct one suspension spanning 200 feet or two 
shorter spans. 

 
Displacement 
and Evacuation 
Kit 

Used to remove water and air from the hose line and 
20,000 tanks before packing.  An air compressor is 
required to operate the kit.  

Repair Kit Includes enough adapters and couplings to make up to 
three hose repairs on the 6-inch hose assemblies. 
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Route 

 
Consideration Before installing TWDS equipment, a thorough study of the terrain is 

required.  A general route for hose line and general locations for the pumping 
stations, storage assemblies, and distribution points can be determined from 
examination and comparison of maps, photographs, and charts.  Consider the 
following elements when selecting a route and installation sites for TWDS. 
 

• Will TWDS operate independently or as part of a large system? 
 

• What is the assigned mission for TWDS (i.e., dispensing, storing, or 
transferring water)? 

 

• What is the expected length of time TWDS will be required to operate? 
 

• What are the elevation differences and distances TWDS will encounter 
along its route? 

 
Ground 
Reconnaissance 

Organize a ground reconnaissance prior to installation of TWDS to determine 
exact locations for pumping stations, storage assemblies, and distribution 
points.   

 
Route Selection When selecting a route, consider the following: 

 

• The route should be direct and present a minimum of obstacles and 
obstructions. 

 

• A route should be parallel to a secondary road that is heavily traveled to 
ease transportation, assembly, inspection, maintenance, and disassembly 
of the system.   

 

• Select the route that best allows hose laying procedures.  The hose line 
should be laid out on firm, dry, level ground that allows easy access and is 
not subject to flooding. 

 

• Avoid routes along the banks of streams, marshes, ponds, gullies, ravines, 
or other areas subject to flooding.   

 

• Keep security precautions in mind. 
 

• Utilize natural camouflage.  
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Site Selection 

 
Lead Pump In selecting pumping station installation sites, the location of the lead or first 

pumping station is determined by the water source location. 

 
Boost Pump Boost pumping stations are spaced at approximately 2-mile intervals, 

assuming that the route is reasonably direct and the terrain is level.  However, 
a substantial rise or fall in elevation along the hose line route may require 
adjustment of standard spacing intervals. 

 
Adjustments  When making adjustments to spacing between pumping stations (due to 

elevation change) assure that water pressure will be maintained within 
optimum operational range under normal conditions.  The TWDS will deliver 
water to the suction port of each boost pumping station at a pressure of 20 
psig. 

  
Suction 
Pressure 

The TWDS system will deliver water to the suction port of each boost 
pumping station at a pressure of 20 psig.  Whenever suction pressure falls 
below 20 psig, boost-pumping stations are designed to reduce speed when 
operated in the electric automatic mode.  Therefore, if an up-line pumping 
station is substantially lower than the next down line station, and the elevation 
difference has not been offset by spacing adjustment, suction pressure at the 
down-line pumping station may fall below 20 psig and cause that pump to 
slow down.  This will cause remaining down line boost pumping stations to 
slow down, seriously degrading overall performance of TWDS.  Maintain 20 
psig between pump stations by adjusting the distance between them as 
follows: 
  

• If the next line pump station is substantially higher in elevation than 
the up-line pumping station, the distance between them must be 
decreased.   

 
• If the next line pump station is lower in elevation than the up-line 

station, the distance between them must be increased. 
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Construction 

 
Ground Profile  To construct a ground profile, obtain a topographical map or other source 

material providing accurate information concerning terrain along the 
projected hose line route.  Then, using this information, draw a ground profile 
of the hose line route on graph paper as follows: 

 
Step Action 

1 Divide a horizontal base of a ground profile graph into spaces that 
represent uniform distances, such as 1,000-foot intervals.  
However, any suitable scale can be used.  The ground profile base 
represents the distance the hose line will cross. 

2 Divide the vertical left-hand edge of the ground profile graph into 
spaces that represent uniform changes in elevation, such as 100-
feet intervals.  Again, any suitable scale can be used.  However, the 
scale must include at least the highest and lowest elevations along 
the hose line route. 

3 At the left-hand edge of the ground profile graph, mark a point that 
represents the lead pumping station elevation. 

4 Continue across the ground profile graph and mark the points 
where significant changes in elevation occur along hose line route. 

5 To complete the ground profile, join the points marked on the 
ground profile graph with a straight line. 

Continued on next page 
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Construction, Continued 

 
Ground Profile 
Chart 

The illustration below shows a ground profile chart. 
 

 
Pump Spacing 
Triangle 

To construct a pump spacing triangle, obtain a piece of paper, transparent 
sheet, or cardboard thick enough to be used as a straightedge.  Follow the 
steps below to prepare the pump spacing: 

 
Step Action 

1 Divide horizontal base of pump spacing triangle into spaces on the 
same uniform scale used to divide the ground profile graph base. 
Mark off spaces along pump spacing triangle base to at least 
39,000 feet. 

2 Divide vertical, left-hand edge of pump spacing triangle into 
spaces on the same uniform scale used to represent elevation 
changes on ground profile graph.  Mark off spaces along vertical 
side of pump spacing triangle as follows:  
 
• Zero represents pumping station elevation. 
• The upper left-hand corner represents 300 feet above pumping 

station. 
• The lower left-hand corner represents 600 feet below pumping 

station. 

Continued on next page 
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Construction, Continued 

 
Pump Spacing 
Triangle, 
continued 

 

 
Step Action 

3 Draw a straight, diagonal line from the 300 feet mark on the 
vertical scale to the 39,000 feet mark on the horizontal scale.  This 
line will form the hypotenuse or long side of the triangle. 

4 Make sure all lines have a straight edge, cut the triangle along the 
three sides drawn (horizontal, vertical, and diagonal). 

 
Illustration The illustration below shows a pump spacing triangle. 
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Placement 

  
First Boost 
Pumping 
Station 

Using the ground profile chart below and a pump spacing triangle, follow the 
steps to determine the first boost pumping station. 

 
Step Action 

1 Place the pump spacing triangle on the ground profile graph. 
2 Align the vertical side of the pump spacing triangle with the 

vertical (elevation) side of the ground profile chart.  Ensure the 
zero mark of the pump spacing triangle is on the lead pumping 
station mark of the ground profile chart. 

3 Ensure the horizontal side of the spacing triangle is exactly parallel 
with the horizontal base of the ground profile chart.  Horizontal 
space on both the pump spacing triangle and ground profile chart 
should be exactly aligned. 
 
Note:  If the level of the ground profile is below the base of the 

pump spacing triangle, extend pump spacing triangle 
hypotenuse line until it crosses the ground profile. 

4 Mark the point at which the hypotenuse (long side of pump spacing 
triangle) crosses the ground profile.  This will be the first boost 
pumping station location. 

 
Ground Profile 
Chart 

The illustration below shows a completed ground profile chart. 
 

 Continued on next page 
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Placement, Continued 

  
Second Boost 
Pumping 
Station 

Using the ground profile chart on the previous page, follow the steps to see 
how the second boost pumping station location was determined: 

  
Step Action 

1 Place the pump spacing triangle zero mark on the first boost 
pumping station mark on the ground profile chart.   

2 Mark the point at which pump spacing triangle hypotenuse crosses 
the ground profile.  This identifies the second boost pumping 
station location.  
 
Note: Locations of successive boost pumping stations are 

determined using the same procedure. 
 

To prevent damage to the TWDS components, do not allow 
the water pressure to exceed 225 psig. 
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Pressure Reducing Valve Location 

 
Pressure If pressure builds to 222 psi, the hose line can rupture and result in equipment 

failure.  Therefore, when a sharp elevation drop along the hose line route is 
indicated by the ground profile graph, a pressure-reducing valve assembly 
must be installed in the hose line.  To determine the pressure reducing valve 
location, refer to the ground profile graph on the previous page and follow the 
steps below: 

 
Step Action 

1 Mark the crest of hill on ground profile graph. 
 

 
2 Draw a vertical line downward from hillcrest. 
3 Determine the location of the pumping station closest to the 

hillcrest (on uphill side). 
4 Draw a horizontal line outward from pumping station until it 

intersects the vertical line drawn in step 2 above. 
5 Measure the footage of the horizontal line and footage of vertical 

line. 
6 Using the formula provided below, determine the total hose line 

footage between the pumping station and the hillcrest. 
 

Total hose line footage =  (square root of (a squared 
+ b squared) 

A = Horizontal line footage 
B = Vertical line footage 

Continued on next page 
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Pressure Reducing Valve Location, Continued 

 
Pressure, 
continued 

 

 
Step Action 

7 Determine the friction loss of total hose line footage in terms of 
vertical feet. 
 
Total hose line footage x 0.024 = Vertical feet of friction loss in 
hose line. 
 
(0.024 = friction loss conversion factor) 

8 Determine the total feet of friction loss. 
 
 
 
 

9 Convert the total feet of friction loss into psi. 
 
 
 
 
2.31 = psi conversion factor 

10 Determine the existing psi at hillcrest. 
 
• 150 psi – psi of friction loss = psi at hillcrest 
• (150 psi = pumping station discharge pressure) 

Continued on next page 

(Vertical feet of 
friction loss) = 

(Feet of elevation between 
pumping station and 
hillcrest)

Total feet of 
friction loss= 

Total feet of friction loss 

2.31 
= Friction loss in psi 



MCI Course 1169A 3-77 Study Unit 3, Lesson 3  

Pressure Reducing Valve Location, Continued 

 
Pressure, 
continued 

 

 
Step Action 
11 Determine the allowed additional psi before safety limit is reached. 

 
• 225 psi – psi at hillcrest = allowed additional psi before 

reaching safety limit 
 
• (225 psi = safety limit pressure) 

12 Convert the allowed additional psi into vertical feet. 
 
Allow additional psi x 2.31 = allowed additional vertical feet 
before reaching safety limit. 

13 Determine the point at which pressure reducing valve assembly 
must be installed in hose line. 
 
 
 

14 If elevation continues to drop excessively beyond first pressure 
reducing valve installation point, a second pressure reducing valve 
assembly must be installed in the hose line.  Determine the point at 
which the next pressure reducing valve assembly must be installed 
in the hose line. 
 
 
 
 
(346.5 = allowed additional vertical footage before reaching safety 
limit) 

 

Altitude at 
hillcrest -

Allowed additional 
vertical footage =

Pressure reducing valve 
installation point 

Second pressure reducing 
valve installation point 

Altitude at first pressure 
reducing valve - 346.5 = 
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Requirements 

 
Lead Pump  The first stage of assembly begins at the water source.  Locate the site for lead 

pump near storage tanks.  The requirements needed for the lead pump 
assembly are as follows: 
 
• Four Marines 
• Assembly (1 hour) 
• Components from crate marked “Pumping Station” 
• 600 gpm pump 
 

 

Continued on next page 
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Requirements, Continued 

  
10-Mile Hole 
Line Segment  

The manpower requirements for the 10-mile hole line segment are 
 
• One supervisor per truck to oversee hose laying operations.  Should a 

problem develop during hose laying operation, the supervisor is 
responsible for contacting operators at pumping stations who are packing 
the hose line. 

 
• One driver to operate each truck. 
 
• An assistant driver to observe hose laying operation, tell the driver to 

speed up, slow down, or stop the truck depending on the needs of the line 
walkers straightening and repositioning the hose line.  He must also 
observe the hose for catching or binding as it flakes out of the box. 

 
• A minimum of two line walkers to follow behind each truck and perform 

the following tasks: 
 
• Straighten out kinks or bends in the hose line. 
 
• Remove small obstructions, branches, and sharp rocks that can damage 

the hose line. 
 
• Approximately 18 hours to install 10-mile segment. 
 
• Continue to lay hose until hose line in all four boxes has been flaked. 

Retain empty flaking boxes. 
 
• Reload truck with four new flaking boxes. 
 
• Connect the bottom hose to the last hose laid out and continue the laying 

process. 
 
Note: Install a swivel joint every 1,000 feet to prevent damage from kinks or 

pressure surges. 

Continued on next page 
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Requirements, Continued 

  
Boost Pump 
Station  

At the 2-mile interval, our 10-mile segment will need a pressure boost to 
continue down line. Use the components from the crates marked pumping 
station and a 600-gpm pump for the assembly.  Remember that this assembly 
is the same for the remaining pump stations down line.  The requirements 
needed for the boost pump station are 
 
• Four Marines 
• One hour per station 
• Components from crates marked pumping station 
• 600 gpm pump 

 
Distribution 
Point  

The requirements needed for the distribution points are 
 
• Four Marines 
• Three hours per distribution point 
• Components from crate marked "Distribution Point" 
 

 
 

Continued on next page 
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Distribution Point 

  
Site  When selecting a site, ensure 

 
• The area selected is properly prepared for the 20K tank. 
• The site is free of all debris, which might puncture 20K. 
• The area is level so the tank will not roll when filled. 
• A shallow trench is dug for the drain line. 

 
Lister Bags  The distribution points require two lister bags.  Use the following steps to 

build the support frames. 
 

Step Action 
1 Construct a 4x4 tripod.  Tripods should be at least 6 feet tall when 

assembled. 
2 Suspend the lister bags from the center of the tripods. 
3 Fill the lister bags with potable water. 
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Road Guards 

 
Logistical 
Support 

The logistical support needed to install the road guards will depend on the 
type of road you are trying to cross. 

 
Unimproved 
Roads 

An unimproved road averaging 15-feet wide using four Marines will take 
approximately 5 hours/averages and 2 1/2 feet an hour to dig trench and place 
road guards. 

 
Improved 
Roads 

Improved roads such as paved or concrete will require engineer support.  If 
possible, avoid these roads or lay hose parallel to road. 

 
Installation Follow the steps below to install the road guards: 
 

Step Action 
1 Dig a trench 18" deep by 26" wide. 
2 Lay planking in trench. 
3 Lay hose on planking. 
4 Lay road guard over hose.  Each guard is 5 feet in length. 
5 Secure road guards to plank by using nails, screws, etc. 
6 Back fill trench. 
7 Continue laying operations. 

 



MCI Course 1169A 3-83 Study Unit 3, Lesson 3  

Kits 

 
Suspension Kit The suspension kit is used to cross streams or deep ravines.  Each suspension 

kit provides material for one 200-foot crossing or two shorter crossings. 
 
Notes: The materials for construction of suspension towers are not included 

in the kit.  Spans up to 75 feet 4 x 4s and over 75 feet 6 x 8s are 
adequate.  Trees can even be used, but only if they are large enough 
to support the hose. 

 
Distance The distance that the hose is being suspended across determines the amount 

of sag allowed in the cable and hose. 
 

EMPTY HOSE FULL HOSE 
SPAN 

DISTANCE 
MAXIMUM 

SAG 
SPAN 

DISTANCE 
MAXIMUM  

SAG 
DIMENSION A 

(FEET) 
DIMENSION B 

(FEET) 
(APPROX) 

DIMENSION A 
(FEET) 

DIMENSION B 
(FEET) 

(APPROX) 
25 
50 
75 
100 
150 
200 

1.5 
3 

4.5 
6.5 
9.5 
13 

25 
50 
75 
100 
150 
200 

2.25 
4.50 
6.75 

9 
13.50 

18 

 
Displacement 
and Evacuation 
Kit 

The displacement and evacuation kit is used to remove water and air from the 
hose line prior to packing.  An air compressor is required to operate the kit 
(250 CFM air compressor).   

 
Operate Using the compressed air as a propellant, a polyurethane ball, which fits 

snugly within the hose, is forced through the hose.  As the ball passes through 
the hose, it displaces the water.  A receiver captures the ball after exiting the 
hose.  The hose end is then plugged, and a vacuum is applied until the air 
within the hose is evacuated and the hose collapses.  As the hose collapses the 
end caps are installed to prevent the hose from expanding before it is packed. 
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Lesson 3 Exercise 

 
Directions Complete exercise items 1 through 7 by performing the action required.  

Check your answers against those listed at the end of this lesson. 

 
Item 1 How much water could the TWDS transport in a 24-hour period? 

 
a. 120,000 gallons 
b. 500,000 gallons 
c. 864,000 gallons 
d. 1,000,000 gallons 

 
Item 2 The TWDS is not intended for use with brackish or contaminated water, or at 

temperatures below _______ degrees Fahrenheit. 
 
a. 0 
b. 10 
c. 21 
d. 32 

 
Item 3 The TWDS consists of how many pump stations? 

 
a. Two 
b. Four 
c. Six 
d. Eight 

 
Item 4 How many storage assemblies does the TWDS contain? 

 
a. One 
b. Two 
c. Three 
d. Four 

Continued on next page 
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Lesson 3 Exercise, Continued 

 
Item 5 How many distribution points does the TWDS consist of? 

 
a. One 
b. Two 
c. Three 
d. Four 

 
Item 6 The 10-mile hose line segment consists of ______ 6-inch by 500-foot 

collapsible hose assemblies. 
 
a. 106 
b. 112 
c. 120 
d. 128 

 
Item 7 The requirements needed for the lead pump assembly are four Marines, a 

___________ component from the crate marked “Pumping Station,” and an 
hour for assembly. 
 
a. 600-gpm pump 
b. booster pump 
c. storage tank 
d. road 

Continued on next page 
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Lesson 3 Exercise, Continued 

 
Answers The table listed below lists the answers to the exercise items.  If you have any 

questions about these items, refer to the reference page listed for that item. 
 

Item Number Answer Reference 
1 c 3-63 
2 d 3-63 
3 c 3-63 
4 b 3-64 
5 b 3-65 
6 d 3-66 
7 a 3-78 
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LESSON 4 

SIXCON WATER TANK MODULE 

Introduction 

 
Scope In this lesson, we will cover the SIXCON (six containers) Water Tank 

Module System.  You will understand the capabilities and components of the 
SIXCON Water Tank Module System and how to employ the system for use. 

 
Learning 
Objectives 

At the end of this lesson, you should be able to  
 
• Recall the number of components in the water tank module system. 

• Recall the amount of water a water tank module can hold. 
 
• Recall the manpower requirements needed for the SIXCON water tank 

module system.  
 
• Recall the weight of the water tank module when it is empty. 
 
• Recall how an individual tank module is landed. 
 
• Recall how the SIXCON water tank modules are joined. 

 
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Introduction 3-87 
Components 3-88 
Assembly 3-90 
Employment 3-91 
Safety Precaution 3-92 
Lesson 4 Exercise 3-93 
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Components 

 
Description The SIXCON Water Tank Module System consists of six components or 

modules and when attached form an 8 x 8 x 20-foot module.  The modules for 
a water distribution source can be transported as a unit or quickly separated 
for rapid deployment and relocation. 

 
Total Capacity The SIXCON Water Tank Module System is capable of holding up to 4,670 

gallons of water as a system. 

 
Major Groups The SIXCON Water Tank Module System is made up of six total components 

and broken into two major groups: 
 
• Water Pump Module 
• Water Tank Module 

  
Water Pump 
Module 

The water pump module consists of a 125-gallon per minute pump unit 
situated on a shipping frame.  It comes with various hoses, couplings, and 
fittings.  The water pump module is designed to dispense water from any one 
of the water supply tanks for support of combat equipment and personnel in 
the field. 

  
Water Tank 
Module 

The water tank module is a stainless steel insulated tank capable of holding 
934 gallons of water.  The tank is housed within an external frame and is 
covered with at least a 1-inch coating of foam insulation to prevent freezing 
or increasing water temperatures.  The insulation also aids in preventing the 
tank from sweating in muggy climates.  The tank is equipped with an internal 
baffle to minimize sloshing of tank liquids during transport. 

Continued on next page 
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Components, Continued 

  
Illustration The illustration below shows the water pump module and the water tank 

module. 
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Assembly 

 
Requirements The minimum requirements needed to assemble or move any section of the 

SIXCON system are: 
 
• Manpower 
• Equipment 
• Transportation 

  
Manpower At least two Marines are required for connecting and securing the SIXCON 

connectors and also act as a ground guide for the forklift when moving the 
equipment.  Additional Marines will only expedite the assembly or 
disassembly of the SIXCON system. 

  
Equipment A 10,000 lb. forklift would be required to move any module of the SIXCON 

system.  An empty tank module weighs 2,630 lbs. and a full tank weighs 
approximately 10,000 lbs. 

  
Transportation A 7-ton truck (capable of handling only a single filled tank module) or a 

Logistics Vehicle System (LVS) (capable of transporting three tank modules 
completely filled for cross-country use) are the only pieces of equipment 
capable of moving the SIXCON system. 
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Employment 

 
Site Selection The following guidelines must be considered for employment when 

determining an area to use the SIXCON system. 
 
• The ground should be firm, flat and leveled with the ability for proper 

drainage.  Individual modules should be landed in an area that is within a 
10-degree level.  

 
• The transport vehicle has a solid surface. 
 
• A quality improved road network for mobile transportation. 

 
SIXCON 
Directives 

Follow the steps below to employ the SIXCON system. 

 
Step Action 

1 Determine how the SIXCON system will be employed. 
2 Ensure all tanks have proper drain plugs in place. 

 
If… Then… And… 
the modules are 
required to be 
joined 
horizontally and 
vertically 

build vertical 
stacks of two 
modules 

join the stacks 
horizontally 
together for 
proper assembly 
to the supply 
hoses so each 
tank may flow 
into each other.  
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Safety Precaution 

 
Guidelines To ensure the best possible safety, follow the guidelines below: 

 
• Ensure only potable water is stored and dispensed from the SIXCON 

system. 
 
• Properly hoist or lift equipment to prevent injury. 
 
• Ensure installation of horizontal and vertical connectors are installed 

correctly to prevent injury to personnel or damage to the equipment. 
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Lesson 4 Exercise 

 
Directions Complete exercise items 1 through 6 by performing the action required. 

Check your answers against those listed at the end of this lesson.  

 
Item 1 The Water Tank Module System consists of how many components? 

 
a. 4 
b. 6 
c. 10 
d. 12 

 
Item 2 The water tank module is capable of holding how many gallons of water? 

 
a. 900 
b. 914 
c. 934 
d. 960 

 
Item 3 There are at least ______ Marine(s) required for connecting and securing the 

SIXCON system.  
 
a. 1 
b. 2 
c. 3 
d. 4 

 
Item 4 The weight of an empty water tank module is _______ pounds. 

 
a. 2,530 
b. 2,580 
c. 2,600 
d. 2,630 

Continued on next page 
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Lesson 4 Exercise, Continued 

 
Item 5 Individual tank modules should be landed within how many degrees of 

ground level? 
 
a. 10 
b. 20 
c. 30 
d. 40 

 
Item 6  What is the correct way to join the SIXCON tank modules? 

 
a. Build horizontal stacks of two modules and then join the stacks vertically. 
b. Build vertical stacks of three modules and then join the stacks 

horizontally. 
c. Build vertical stacks of two modules and then join the stacks horizontally. 
d. Build horizontal stacks of three modules and then join the stacks 

vertically. 

Continued on next page 
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Lesson 4 Exercise, Continued 

 
Answers The table listed below lists the answer to the exercise items.  If you have any 

questions about these items, refer to the reference page listed for that item. 
 

Item Number Answer Reference 
1 b 3-88 
2 c 3-88 
3 b 3-90 
4 d 3-90 
5 a 3-91 
6 c 3-91 
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LESSON 5 

FORWARD AREA WATER POINT SUPPLY SYSTEM 

Introduction 

 
Scope In this lesson, we will cover the Forward Area Water Point Supply System 

(FAWPSS).  You will understand the capabilities and components of the 
FAWPSS and how to use the system. 

 
Learning 
Objectives 

At the end of this lesson, you should be able to 
 
• Recall the definition of the FAWPSS. 

• Recall the amount of water a water drum maintains. 
 
• Recall the manpower requirements for installing the FAWPSS. 
 
• Recall the two methods for refilling the FAWPSS. 

 
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Introduction 3-97 
Characteristics 3-98 
Components 3-99 
Establishing and Employment 3-101 
Lesson 5 Exercise 3-102 
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Characteristics 

 
Description The Forward Area Water Point Supply System (FAWPSS) is designed to 

store and dispense potable water.  The FAWPSS is the smallest water storage 
configuration within the Marine Water Supply Support System (MWSSS).  

 
Capabilities The FAWPSS is capable of completing many missions based on the 

following: 
 

• The smallest system capable of providing water to troops that are forward 
deployed or rapidly deploying. 

 
• Transported by air or ground and the water storage tanks can be pulled 

behind vehicles to forward areas. 
 
• Stores up to 3,000 gallons of potable water. 
 
• Distributes water with four separate nozzles. 
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Components 

 
Description The following are the components that make up the FAWPSS for its 

operational capability.  
 
• 125-gpm Pump 
• Water Drums 
• Towing Yoke 
• Nozzle Assembly 
• Nozzle Stand Assembly 
• Swivel Assembly 
• Valve Assembly 
• Hose Assembly 
• Fuel Cans 

 
125 GPM 
Pump 

There is one 125-gpm diesel powered pump attached to the FAWPSS.  This 
pump is essential for the distribution of potable water or the refilling of the 
drums for rapid movement. 

 
Water Drum There are six water drums included in the FAWPSS.  Each one is a durable, 

non-vented, collapsible rubber container.  The drum can maintain 500 gallons 
of potable water.  The empty drum weighs approximately 275 lbs., and when 
it is filled to maximum capacity it weighs approximately 4,645 lbs.  The drum 
is cylindrical in shape and the construction of the drum is similar to that of a 
truck tire by using rayon cord impregnated with water resistant synthetic 
rubber. 

 
Towing Yoke There is one towing yoke that is equipped within the FAWPSS.  It is used to 

tow a water drum behind a vehicle capable of towing the 500 gallon drum.  It 
is important not to tow the collapsible drum over sharp objects or rough 
terrain.  The yoke is not capable of towing the drums that are not completely 
full or at a speeds greater than 10 mph.  

 
Nozzle 
Assembly 

There are four nozzle assemblies that are provided to distribute the water 
within the FAWPSS.  

Continued on next page 
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Components, Continued 

 
Nozzle Stand 
Assembly 

Two nozzle stand assemblies are also provided to hold the nozzles when not 
in use.  These are designed to keep the nozzles clean from dirt and debris as 
not to contaminate the potable water that is being distributed. 

 
Swivel 
Assembly 

There are four swivel assemblies, each one being attached to an individual 
nozzle assembly to allow for freedom of movement.  The swivels can rotate 
360 degrees, allowing the operator complete freedom when refilling water 
containers or drums.  

 
Valve Assembly The valve assemblies are used for flexibility in choosing which collapsible 

drum assembly will be used for distribution of water.  

 
Hose Assembly The hose assemblies are the arteries that connect the water drums to the 125-

gpm pump and the nozzle assemblies for the distribution of the potable water. 
The following table lists the different lengths and sizes of hoses that comprise 
the assembly:  

 
Quantity Size Length 

2 2” 25 feet 
4 2” 10 feet 
4 1 ½” 25 feet 

 
Fuel Cans The FAWPSS also comes with two 5 gallon fuel cans for refueling the 125-

gpm pump. 
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Establishing and Employing 

 
Site Location In selecting a site to employ the FAWPSS, select a flat, solid, debris-free area 

with adequate terrain drainage.   The area should measure approximately 30 
feet by 120 feet and be free of overhead obstacles to allow delivery and 
removal of water storage drums by helicopter.  

 
Setup 
Requirements 

When planning to employ the FAWPSS, you will need a minimum of two 
Marines to install and operate the FAWPSS.  When installing the FAWPSS, 
the 125-gpm pump should be centered on the water drums approximately 20 
feet away, for lift or movement. 

 
Methods The table below list two methods to fill the water drums of the FAWPSS.  

The location and the task of the crew will vary with each of these methods.  
 

Method Function 
1 Fill the drums directly from the actual water supply point 

and use helicopter or vehicle support to reposition drums. 
2 Use the 125-gpm pump that comes with the FAWPSS to 

fill the water drums.  This method is best used for rapid 
deployment of the potable water. 
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Lesson 5 Exercise 

 
Directions Complete exercise items 1 through 4 by performing the action required. 

Check your answers against those listed at the end of this lesson. 

 
Item 1 The FAWPSS is the __________ water storage configuration within the 

Marine Water Supply Support System. 
 
a. best 
b. largest 
c. smallest 
d. only 

 
Item 2 How many gallons can one water drum maintain? 

 
a. 500 gallons 
b. 550 gallons 
c. 575 gallons 
d. 600 gallons 

 
Item 3 At a minimum, how many Marines are required for installing and operating 

the FAWPSS? 
 
a. 1 
b. 2 
c. 3 
d. 4 

 
Item 4  One method of filling the water drums of the FAWPSS is to _____________, 

and the other method is to fill the drums from the actual water supply point. 
 
a. attach the lines to the TWDS and fill 
b. free flow from using the SIXCON system 
c. use helicopter support to fill one water drum at a time 
d. use the 125-gpm water pump to fill the water drums 

Continued on next page 
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Lesson 5 Exercise, Continued 

 
Answers The table listed below lists the answer to the exercise items. If you have any 

questions about these items, refer to the reference page listed for that item. 
 

Item Number Answer Reference 
1 c 3-98 
2 a 3-99 
3 b 3-101 
4 d 3-101 
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STUDY UNIT 4 

FIELD HYGIENE EQUIPMENT SUPPORT 

Introduction 

 
Scope Disease has a substantial effect on any military unit.  Units must be effective 

at completing missions and conducting tactical missions.  A unit’s readiness 
is degraded when the unit has been overwhelmed with disease or lack of 
preventive measures to control such activity in a tactical environment.  The 
purpose of this study unit is to assist in the planning and development of field 
hygiene and laundry equipment support for personnel deployed into a field 
environment.  

 
In This Study 
Unit 

This study unit contains the following lessons: 

 
Lesson See Page 

Field Laundry Facility and Operation 4-3 
Shower Facility and Operation 4-15 
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LESSON 1 

FIELD LAUNDRY FACILITY AND OPERATION 

Introduction 

 
Scope This lesson will cover the capabilities, requirements, and methods to employ 

and operate the bare base laundry facility. 

 
Learning 
Objectives 

At the end of this lesson, you should be able to 
 
• Recall the characteristics of the bare base laundry facility. 

• Recall the amount of laundry the bare base laundry facility can process 
per day. 

 
• Recall the components of the bare base laundry facility. 
 
• Recall the personnel required to operate the bare base laundry facility. 

• Recall the water requirements for the operation of the bare base laundry 
facility. 

 
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Introduction 4-3 
Bare Base Laundry Facility 4-4 
Components 4-5 
Employment 4-7 
Operation 4-8 
Lesson 1 Exercise 4-12 

 



MCI Course 1169A 4-4 Study Unit 4, Lesson 1  

Bare Base Laundry Facility 

 
Characteristics The bare base laundry facility is a skid mounted, self-contained, mobile unit 

designed to launder all washable fabrics worn by Marines in the field.  It 
consists of two platform assemblies that form the base of flooring for the unit. 
These platforms maintain and provide the mounting for the major components 
that derive the facility.  

 
Power 
Requirement 

An external power requirement is required to operate the bare base laundry 
facility.  The external power source must be capable of delivering a 60-cycle, 
3-phase, 208 VAC (volts alternating current) of electrical power.  One 
laundry unit will use, at a minimum, 10 kilowatts of power that will draw 
approximately 34.7 amps.  A 10-kilowatt generator is the minimum required 
generator for operating the bare base laundry facility.  The necessary 
interconnecting cables are included with the bare base laundry facility. 

 
Capabilities The unit is capable of laundering all washable fabrics that are worn by 

Marines and Sailors while deployed in field operations.  In full operation, one 
unit is capable of processing approximately 436 personnel laundry or the 
equivalent of 2,400 pounds of laundry per day.  This is based on 20 hours of 
operation and 5.5 pounds of laundry per man.  The following equation 
illustrates the maximum capacity of laundry that can be laundered in one day: 
 
20 hours of operation x 120 lbs per hour = 2,400 lbs of laundry 
2,400 lbs of laundry divided by 5.5 lbs of laundry per man = 436 personnel 
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Components 

 
Overview There are eight major components that comprise the bare base laundry 

facility: 
 
• Electrical Panel 
• Washer 
• Extractor 
• Dryer 
• Air Compressor 
• Water Pump 
• Clothes Bin 
• Water Heater 

 
Electrical Panel The bare base laundry facility operates on a 60-cycle, 3-phase, 208 VAC of 

electrical power.  An electrical panel provides power distribution from a 
separate generator to the components of the laundry facility.  The panel 
includes the necessary circuit breakers and receptacles for the water heater, 
water pump, and connecting plugs that power the laundry unit’s components. 
An electrical or halon fire extinguisher is also mounted on the panel for fire 
safety and prevention.  

 
Washer An externally mounted motor, drive train, and control unit powers the heavy-

duty washer.  The washer is controlled either automatically or manually and 
can handle loads up to 60 pounds of capacity.  Two 60-pound loads can be 
washed per hour in the automatic mode.  A programmable control card is 
used to regulate all functions of the laundry cycle, which provides automatic 
operation.  These functions are the number of washes and rinses, water level, 
and water temperature for the operation of the unit.  The control card also 
manages the dispensing of supplies.  Manual operation has a variable wash 
time of up to 30 minutes, which includes three consecutive wash cycles of at 
least 5 minutes each followed by three consecutive rinse cycles of 2 minutes 
each.  Majority of all washing is accomplished using the manual operation 
method.  The washer uses 11 ounces of detergent per 60 pounds of laundry 
and 2 ounces of fabric softener per 60 pounds of laundry.  

Continued on next page 
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Components, Continued 

 
Extractor The extractor uses centrifugal force to extract water prior to the drying 

process.  A 3-HP motor coupled through a fluid drive powers the extractor for 
water removal.  The extractor control has a 10-minute variable timer to 
regulate and time the extraction operation.  The maximum extractor load 
capacity is 20 pounds, which 20 loads an hour can be extracted at an optimum 
of 3 minutes per load.  

 
Dryer The heavy-duty dryer is powered by an externally mounted motor and drive 

train.  The dryer has the capacity of drying up to 30 pounds of laundry each 
session and up to 120 pounds per hour.  Controls provide for an adjustable 
range of 15 minutes for the drying cycle.  A fuel fired air heater mounted on 
the dryer, heats the air that dries the clothes.  The maximum dryer 
temperature for drying wool items is 130 degrees Fahrenheit, and the 
maximum dryer temperature for drying cotton items will be 200 degrees 
Fahrenheit.  The dryer uses 2.25 gallons of diesel fuel per hour for normal 
operation.   

 
Air 
Compressor 

The air compressor provides air pressure for the operation of the washer water 
intake and drain valves.  The adjustable range of compressed air is from 20 to 
40 pounds per square inch (psi). 

 
Water Pump A portable centrifugal type water pump is used to pump water from the water 

source for operational use of the laundry unit.  The pump is mounted inside of 
a carrying frame, and the frame is located on the right platform of the laundry 
unit for transportation and storage purposes.  During use, it is placed near the 
water source and connected to the facility by a water discharge hose and 
power cable.  After the initial prime, the pump will deliver 18 to 20 gallons of 
water per minute and feeds both the washer and the M-80 water heater. 

 
Clothes Bin The clothes bin is a metal container mounted on casters that assists in moving 

the laundry from the washer to the extractor.   

 
Water Heater The M-80 hot water heater is a self-contained, fuel-fired water heater that can 

be used to provide heated water to the washer.  It is located away from the 
laundry facility and closer to the fuel source and water pump during use. 
During shipping, the M-80 water heater is stored on the left platform.  The M-
80 water heater uses 5 gallons of diesel fuel per hour. 

 



MCI Course 1169A 4-7 Study Unit 4, Lesson 1  

Employment 

 
Site Selection The site should be located on firm, level, and well-drained ground that will 

support the laundry facility and vehicles during any weather.  The most 
important aspect in determining a site for the bare base laundry facility will 
be its location in relationship to the proximity of a plentiful supply of clean 
water since the laundry unit will use approximately 500 gallons of water an 
hour.  The site should also be accessible to a traveled route or road network. 
There must be a smooth flow of vehicle traffic for drop-offs and returns 
around the laundry facility that may require an internal road network to be 
established.  Ensure that adequate space is made for tents, normally a medium 
general-purpose tent or maintenance tent to provide shelter from the elements 
of weather and also provide maximum concealment from observation.  

 
Personnel 
Requirements 

Upon initial set-up and installation, the unit requires two Marines to operate 
the facility.  Additional personnel will be required to form the laundry section 
and may be augmented from other MOSs to complete this task.  At a 
minimum, there should be at least four personnel to form the laundry section.  
 

Billet Task 
Laundry NCOIC Supervises the laundry facility 
Assistant NCOIC Assists the NCOIC in the operation of the laundry 

facility 
Operators Consists of two operators in the operation of the 

laundry unit, the processing of the laundry, and the 
repair and maintenance of the bare base laundry 
facility  

 
Installation When installing the unit, the unit must be level and may require sand bags or 

lumber to achieve this result.  Make the right platform in tandem with the left 
platform and maintain a 6 1/4-inch gap between the two platforms.  This gap 
is necessary to install the two joining panels that combine the two platforms.  
The M-80 water heater is placed between the left platform and the location of 
the water supply pump and the water source.  The water pump is located no 
more than 10 feet away from the water source. Using the technical manual, 
ensure that all the proper hoses, fuel lines, and electrical connections are 
properly connected and secured. 
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Operation 

 
Planning 
Consideration 

Depending on the mission of the bare base laundry facility, there are some 
factors that are considered if they are not part of the direct mission.  Medical, 
dental, and food service personnel may require to have their organizational 
laundry washed separately with special types of detergents and fabric 
softeners.  They may also require that this service be performed on a daily 
basis or on an as needed basis, contingent upon their mission.  

 
Work Flow The flow of laundry will be submitted in two forms:  bulk laundry, which 

consists of laundry and textile items that are to be laundered for stock or 
repair and organizational laundry where the laundry consists of individual 
clothing and equipment that is submitted to the laundry facility by a unit or 
organization. 

 
Receiving Area The units and organizations will deliver its laundry to the laundry section 

receiving area.  There will normally be a schedule published for organizations 
and the times for submitting and receiving their organization’s laundry.  The 
laundry will then be identified as either bulk laundry or organizational 
laundry.  Upon identifying the type of laundry, it is sorted and separated into 
baskets for laundering purposes.  The following are the six categories to 
separate the laundry:   
 
• White Cottons 
• Colored Cottons 
• Light Wools 
• Dark Wools 
• Utility Blouses 
• Utility Trousers 

 Continued on next page 
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Operation, Continued 

  
Production 
Estimates 

When the laundry section is supporting units in a field environment, higher 
headquarters may require production estimates from the laundry section.  To 
properly record those production estimates, the weight and the type of laundry 
must be identified and known.  Use DA Form 1974 (shown on the following 
page) to provide that information.  Once the form is filled out, make a copy 
for the laundry section as a receipt of the laundry submitted and also use it to 
maintain a log for production estimates.  A logbook may also be used to keep 
an accurate log of all organizations submissions and production estimates. 

Continued on next page 
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Operation, Continued 

 
DA Form 1974  
 

LAUNDRY LIST 
(MEDICAL TREATMENT FACILITY AND ORGANIZATION) 

For use of this form, see AR 210-130; the proponent agency is DCSLOG 
DATE 

FROM  (Organization) 
 
 

TEL EXT TOTAL PIECES 

QTY ARTICLE QTY ARTICLE 
 Apron  Napkin 
 Bag, barrack or duffel  Pad, Bed 
 Bag, laundry  Pants, pajama 
 Bag, sleeping  Pantsuit, top 
 Bathrobe, adult  Pantsuit, bottom 
 Bathrobe, infant  Pillow 
 Blanket, cotton  Pillowcase 
 Blanket, crib  Parka 
 Blanket, wool  Rag, (1b) 
 Cap, food handler  Sheet, bet 
 Cap, field  Sheet, fitted 
 Case, bag, sleeping  Shirt, scrub, OR 
 Cloth, wash  Shirt, sweat 
 Coat, convalescent  Shirt, wool 
 Coat, food handler  Shirt, utility 
 Coat, pajama  Shoes, canvas 
 Coat, operating  Shoes, athletic 
 Coveralls  Smock physician 
 Cover, mattress  Socks, (pr) 
 Cover, mayo  Spread, bed 
 Cover helmet  Tablecloth, lg 
 Curtains, shower  Tablecloth, sm 
 Drapes (sq. yd.)  Towel, bath 
 Drapes, tie (pr)  Towel, hand 
 Drawers  Trousers, field 
 Dress, hospital, white  Trousers, food handler 
 Gloves, (pr)  Trousers, OR, green 
 Gown, operating  Trousers, sweat 
 Garment, surgical  Trousers, poly, wh 
 Hood  Trousers, utility 
 Jacket, field  Uniform, nurse 
 Liner, jacket  Undershirt 
 Mat, bath  Wrapper 
 Mop   
SIGNATURE (Receiver) 
 
 

SIGNATURE  (Delivery by) 

SIGNATURE  (Shipper) 
 
 

SIGNATURE  (Pickup by) 

                                            DA FORM 1974, JUN 86                            EDITION OF                                                    USAPPC V2.00                                                          
      OCT 79 IS OBSOLETE 

Continued on next page 
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Operation Continued 

 
Shipping  Once the laundry is cleaned and dry, it is returned to the shipping area for 

organizations to receipt for their laundry.  At the shipping area, the laundry is 
sorted and packed into laundry bags waiting for the organizations to return to 
receipt for their laundry.  The organization returns with DA Form 1974 to 
collect their laundry. 
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Lesson 1 Exercise 

 
Directions Complete exercise items 1 through 5 by performing the action required. 

Check your answer against those listed at the end of this lesson.  

 
Item 1 What are the characteristics of the bare base laundry facility? 

 
a. Skid mounted, self-contained, mobile unit 
b. Truck mounted, self-contained, mobile unit 
c. Skid mounted, self-contained, vehicle unit 
d. Skid mounted, dual contained, mobile unit 

 
Item 2 The bare base laundry facility is capable of processing how many pounds of 

laundry per day? 
 
a. 2,200  
b. 2,300  
c. 2,400 
d. 2,500 

 
Item 3 What are the components of the bare base laundry facility?  

 
a. Electrical panel, washer, compactor, dryer, air compressor, water pump, 

clothes bin, and water heater 
b. Electrical panel, washer, extractor, dryer, air compressor, water pump, 

clothes bin, and water heater 
c. Electrical panel, washer, extractor, dryer, air compressor, air pump, 

clothes bin, and water heater 
d. Electrical panel, washer, extractor, dryer, air compressor, water pump, 

clothes bin, and water treatment 

Continued on next page 
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Lesson 1 Exercise, Continued 

 
Item 4 How many personnel are required to install and operate the bare base laundry 

facility? 
 
a. 1 
b. 2 
c. 3 
d. 4 

 
Item 5 How many gallons of water are required to operate the bare base laundry 

facility per hour? 
 
a. 300 
b. 400 
c. 500 
d. 600 

Continued on next page 
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Lesson 1 Exercise, Continued 

 
Answers The table listed below lists the answer to the exercise items.  If you have any 

questions about these items, refer to the reference page listed for that item. 
 

Item Number Answer Reference Page 
1 a 4-4 
2 c 4-4 
3 b 4-5 
4 b 4-7 
5 c 4-7 
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LESSON 2 

SHOWER FACILITY AND OPERATION 

Introduction 

 
Scope This lesson will discuss the capabilities of the bare base shower facility.  We 

will cover the components that make-up the shower facility and the 
requirements needed for employment and operation.  

 
Learning 
Objectives 

At the end of this lesson, you should be able to 
 
• Recall the number of personnel the bare base shower assembly is capable 

of showering at one time. 
 

• Recall the water requirement needed to operate the bare base shower 
facility. 

 
• Recall the personnel requirements to support the operation of the bare 

base shower facility. 
 
• Recall the logistical requirements needed to support the bare base shower 

facility. 

 
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Introduction 4-15 
Characteristics and Capabilities 4-16 
Components 4-17 
Employment 4-21 
Lesson 2 Exercise 4-23 
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Characteristics and Capabilities 

 
Characteristics Each bare base shower facility consists of 

 
• A base assembly with two body stalls 
• A top frame assembly with attached showerheads 
• Six vertical supports 
• Vinyl covering for the stalls 
 
The two body stalls and six shower units are joined to make a 12-person 
facility.  Doors are provided to close the two open ends of the shower facility.  
An electrically powered pump supplies water along with a drainage pump that 
removes water away from the facility.  Water is heated by an M80 water 
heater.  External power is required to operate the facility, which is provided 
by a separate power source capable of delivering a 3-phase, 60-cycle, 208 
VAC of electrical power.  A 3-kilowatt generator set is sufficient to operate 
the shower facility.  

 
Capabilities One unit is capable of processing approximately 200 people per hour in full 

operation and properly attended.  This is based on showers that are 3 minutes 
long with an allotted one-minute changeover time.  
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Components 

 
Description The following components are part of the bare base shower facility assembly: 

 
• Base assembly 
• Shower frame 
• Pump assembly 
• Hoses 
• Wiring harness 
• 10-Foot Cable 
• 50-Foot Cable 
• Electrical Switch Box 
• M-80 water heater 
• Water Supply Pump 
• Fuel system 

 
Base Assembly The shower base is made from fiberglass assemblies that provide a central 

drain and maintain reinforced support sockets for the support poles.  The 
drain is supplied with a nipple-type male coupling for connecting the drain 
hoses.  There are six base assemblies that comprise the complete base of the 
shower assembly.  

 
Shower Frame The shower framework consists of an aluminum top frame fitted with a 

shower supply manifold with two attached showerheads and two attached 
soap dishes.  Each of the 12 showerheads produces 1.5 gallons per minute 
(gpm) of water through the showerhead.  Six side support poles fit into the 
reinforced support sockets of the base assembly, which support the shower 
frame. 
 
Note: 1.5 gpm of each showerhead x 12 showerheads = 18 gpm 
 18 gpm x 60 minutes = 1,080 gallons per hour 

Continued on next page 
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Components, Continued 

 
Pump 
Assembly 

The pump assembly is equipped with the following components: 
 
• Electrical pump that draws water from the potable water source to the 

shower facility and rated at 18 to 20 gallons per minute. 
 
• Temperature regulator receives heated water from the M-80 water heater 

and cold water from the water supply pump.  The water is combined 
together through the use of the mixing valve attached to the temperature 
regulator. 

 
• Electrical drainage pump (reciprocating diaphragm pump) that provides a 

suction to drain the wastewater from the base assembly to an approved 
water waste site or drain.  It is rated at 18 to 20 gallons per minute.  

 
Hoses The shower assembly, supply, and drain manifolds are connected to each 

other by hoses fitted with lever type connectors (quick disconnect fittings). 
Supply hoses are only 1-inch in diameter and the drain hoses are 2-inches in 
diameter.  A 1 ½-inch hose is also used to connect the water supply pump to 
the M-80 water heater.  

 
Wiring Harness Two electrical wiring harnesses are provided to connect the pump assembly 

and the M-80 water heater.  Both cables are needed for operation of the 
shower assembly. 

 Continued on next page 
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Components, Continued 

  
10-Foot Cable The 10-foot power cable is the main cable that connects the external power 

source to the other cables and components of the shower assembly. On one 
end is five pigtail leads and the other end is the female connector for 
connection to the 50-foot power cable.  The pigtail leads are color coordinated 
as follows: 

  
Phase Lead In Color Code of Lead In 

Phase A Black 
Phase B Red 
Phase C Blue 
Neutral White 
Ground Green 

 
50-Foot Cable The 50-foot power cable has three connectors.  On one end is the male 

connector that connects to the female connector of the 10-foot power cable.  
The other end is split with two female connectors, one connector that 
connects to the M-80 water heater cable, and the other connector that 
connects to the pump assembly switch box connector.  

 
Electrical 
Switch Box 

An electrical switch box is equipped with a connection for the power source 
and two switches.  One switch is used to turn on and off the water supply 
pump and the other switch is used to turn on and off the drainage pump. 

  
M-80 Water 
Heater 

The M-80 water heater is a self-contained, fuel fired water heater that is used 
to provide heated water to the shower.  It is designed to heat incoming water 
to a temperature between 180 and 190 Fahrenheit degrees.  Diesel fuel is used 
for operating the M-80 water heater.  

Continued on next page 
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Components, Continued 

  
Water Supply 
Pump 

The water supply pump supplies cold water to the M-80 water heater at the 
lower manifold.  The incoming water flows into two chambers that are 
surrounded by a combustion chamber.  As water is pumped through the vessel 
chambers, it is being heated by hot air surrounding the vessel chamber.  The 
heated water then exits the vessel chambers through the upper manifold of the 
water heater.  The M-80 water heater has the following instruments to 
regulate its operation. 

 
Instrument Function 

Operating Limit Control Controls the temperature setting on the M-80 
water heater.  The ideal temperature should be 
set at 160 Fahrenheit degrees. 

High Limit Control Serves as a safety to the operating limit control 
and must be set higher than the operating limit 
control.  The setting should be between 185 to 
195 Fahrenheit degrees. 

Low Water Probe Relay Serves as a safety feature by ensuring the M-80 
water heater has the proper level of water for 
operation.  The unit will produce a sounding 
alarm if the water heater is not properly filled 
with water. 

Pressure Relief Valve Provides pressure relief if the M-80 water heater 
exceeds the maximum water temperature.  

 
Fuel System The water heater requires 5 gallons of fuel per hour for proper operation.  The 

fuel pump will pump 7 gallons of fuel per hour through the fuel filter to 
maintain a pressure of 100 pounds per square inch.  Any excess fuel, 
normally around 2 gallons, is returned to the fuel supply through the return 
fuel supply line.  The fuel system is also equipped with a fuel solenoid valve 
and a manually operated fuel shut off valve.  A 0-160 psi pressure gauge is 
installed between the two valves to monitor the fuel pressure.  The fuel filter 
is a self-contained automatic filter.  It contains a metal cartridge that can be 
cleaned without turning the M-80 burner completely off.  It maintains a 
sludge drain, located at the bottom of the filter to enable sediment to be 
removed periodically. 
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Employment 

 
Planning 
Considerations 

There are many factors that are considered in the planning phase of the 
mission to include weather and location of the operation.  The table below 
lists the activity of personnel and the requirement for hygiene requirements: 

 
Personnel Requirement 

Medical  Daily 
Dental Daily 
Food Service Daily 
Military Every other day is sufficient; other 

factors may dictate the situation. 

 
Showers Female and male shower hours must be established and posted.  Separate 

facilities for males and females may be used, depending on the number of 
females in support of the mission.  Most shower hours are provided during the 
evening hours.  Factors may dictate that morning showers also be provided. 

  
Site Selection The shower facility must be placed on a site with firm, level ground that will 

support not only the weight of the shower facility, but provide adequate 
drainage for wastewater.  The site must be approximately 100 feet from the 
base camp and down stream from any water source.  Remember to select the 
site in relation to the base camp that provides as much cover and concealment 
for personnel traveling to and from the shower facility.  Other key factors in 
selecting a site will be the relationship of the water supply and the external 
power required to operate the facility.  Road nets and accessibility to a road 
network will also be critical for water and fuel re-supply.  At a minimum, 
there should be three general-purpose tents used to cover the shower 
assembly: one to be used as a changing tent, one to cover the shower 
assembly, and one to cover the water storage tanks and remaining equipment. 

 
Personnel Two personnel are required to assemble the bare base shower assembly.  It 

takes 10 to 15 personnel to assemble and erect the general-purpose tents that 
will house the shower assembly.  Once the tents and the units are in place and 
assembled, two people are required to operate the shower assembly.  It is 
recommended that two personnel aid in this endeavor to provide control and 
order to any situation that may arise. 

Continued on next page 
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Employment, Continued 

 
Support 
Requirements 

The minimum logistical requirements needed to support the bare base facility 
are 
 
• 3-kilowatt generator 
• Two general purpose tents 
• One 55-gallon fuel drum 
• Two 3,000 gallon water storage tanks 

 
3-Kilowatt 
Generator 

A 3-kilowatt generator is used for the power and an electrical wiring harness 
is used for lights inside the general-purpose tents.  With additional lights and 
possible electric outlets, the external power source has to be increased.  A 10-
kilowatt generator is more than enough to provide this support. 

 
General 
Purpose Tents 

Two general purpose tents are used to cover and conceal the shower assembly 
and create a changing tent for personnel.  The addition of a third one will 
either extend the changing room or provide cover for the equipment from 
observation. 

 
Wood Decking Wood for decking and the construction of benches and tables for personnel 

changing is another consideration.  Tables and benches can be constructed 
before the mission, however, this may use space required for other equipment 
within the embark mission.  Construction might have to be accomplished at 
the site, which may require additional tools and supplies. 

 
Drums At least one 55-gallon drum should be taken as the primary fuel storage 

container for operation of the M-80 water heater.  The M-80 will use 5 
gallons of diesel fuel per hour.  An additional drum may be required based on 
the mission of the shower assembly.  A minimum of two 3,000-gallon water 
storage tanks should be used for water storage.  More may be required to 
complete the mission.  
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Lesson 2 Exercise  

 
Directions Complete exercise items 1 through 4 by performing the action required. 

Check your answer against those listed at the end of this lesson. 

 
Item 1 When assembled, the bare base shower assembly is capable of showering how 

many personnel at a time? 
 
a. 6 
b. 8 
c. 10 
d. 12 

 
Item 2 How many gallons of water are needed to operate the bare base shower 

assembly for 1 hour? 
 
a. 1,000  
b. 1,060 
c. 1,080  
d. 1,800  

 
Item 3 How many personnel are required to support the operation of the bare base 

shower facility? 
 
a. 1 
b. 2 
c. 3 
d. 4 

Continued on next page 
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Lesson 2 Exercise, Continued 

 
Item 4 What are the minimum logistical requirements required to support the bare 

base shower assembly? 
 
a. 3-kilowatt generator, two general purpose tents, one 55-gallon fuel drum, 

and two 3,000-gallon water storage tanks 
b. 3-kilowatt generator, three general purpose tents, two 55-gallon fuel 

drum, and three 3,000 gallon water storage tanks 
c. 10-kilowatt generator, two general purpose tents, one 55-gallon fuel drum, 

and two 3,000 gallon water storage tanks 
d. 10-kilowatt generator, three general purpose tents, two 55-gallon fuel 

drum, and three 3,000-gallon water storage tanks 

Continued on next page 
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Lesson 2 Exercise, Continued 

 
Answers The table listed below lists the answers to the exercise items.  If you have any 

questions about these items, refer to the reference page listed for that item. 
 

Item Number Answer Reference 
1 d 4-16 
2 c 4-17 
3 b 4-21 
4 a 4-22  
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STUDY UNIT 5 

CAMP SANITATION SYSTEMS 

Overview 

 
Scope As stated in the previous study unit, disease has an enormous effect on any 

unit.  Historically, during a conflict, the United States has been involved in, 
only 20 percent of all hospital admissions were caused by combat.  The other 
80 percent have been from disease and non-combatant injuries.  During the 
Revolutionary War, American forces were attempting to free Quebec from 
British Control.  After capturing Montreal, it looked as if they might succeed. 
However, the British fort commander reportedly had civilians immunized 
against disease and then deliberately sent out British troops to infect the 
American troops.  Within weeks, a major epidemic broke out in the ranks of 
the American soldiers, affecting over half of the 10,000 soldiers.  The 
American force retreated in chaos after burying their dead in mass graves.  
 
This is just one example of how disease contributed to a victory during a time 
of war.  The following lessons will aid personnel in developing ways to keep 
sanitation at a level that does not promote disease or viruses from affecting 
mission readiness. 

 
In This Study 
Unit 

This study unit contains the following lessons: 

 
Topic See Page 

Waste Disposal Devices 5-3 
Waste Water Systems, Grease Traps, and Garbage Pits 5-27 
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LESSON 1 

WASTE DISPOSAL DEVICES 
 
Introduction 

 
Scope In this lesson, we will cover the measures that are effective in creating the 

correct style of waste disposable devices to implement in areas of operation or 
camp scenario.  

 
Learning 
Objectives 

At the end of this lesson, you should be able to 
 
• Recall the dimensions of a straddle trench. 
 
• Recall the length of a deep head pit. 
 
• Recall the dimensions of a deep head pit box top. 
 
• Recall the amount of personnel a burn out head can support. 
 
• List the materials required to construct a burn out head. 
 
• Recall the procedures for disposing of waste collected in pail heads. 
 
• Recall the dimensions for a urine soakage pit. 
 
• Identify the materials required to construct a urine soakage pit.  
 
• Recall the distance of the ventilation tubes in a urine soakage pit. 
 
• Recall the location of inserting the tubes of a urine soakage pit. 
 
• Identify the materials needed for the construction of a urine trough. 
 
• Recall an important aspect in maintaining waste devices and facilities. 
 
• Recall the distance a hand wash station should be placed from a facility. 
 
• Recall the procedures required to close a facility or site. 

Continued on next page 
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Introduction, Continued 

 
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Introduction 5-3 
Responsibility 5-5 
Importance of Waste Disposal 5-6 
Human Solid Waste Disposal Devices 5-7 
Cat Holes 5-8 
Straddle Trench 5-9 
Deep Head Pit 5-10 
Burnout Head 5-12 
Pail Head 5-14 
Chemical Toilet 5-15 
Human Liquid Waste Disposal Devices 5-16 
Rules Common To Disposal Devices 5-20 
Lesson 1 Exercise 5-22 
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Responsibility 

 
Commanding 
Officer 

The commanding officer is ultimately responsible for the health and welfare 
of his command.  He is assisted in this endeavor by a staff of trained 
specialists that provide him the technical advice and guidance to enforce 
measures that are designed to protect and improve the health of personnel in a 
field environment. 

 
Utilities 
Officer/Chief 

The utilities officer/chief is appointed by the commanding officer to ensure 
appropriate field sanitation has 
 
• Conducted correctly 
• Sufficient employment 
• Effective sanitation control measures are applied and maintained 
• Conducted training to provide these measures to personnel 
• Protective methods being practiced by personnel 

 
Medical Officer The commanding officer’s chief advisor in maintaining good health of the 

personnel is the medical officer.  The commanding officer is directly 
responsible to ensure that field sanitation is being conducted, which he may 
delegate authority to the medical officer to  
 
• Give orders 
• Provide direction for the best measures to be utilized while in a field 

environment 
• Work with the utilities officer/chief in supervising activities and training 

directed towards disease prevention, personal hygiene, and first aid 
• Provide advice and technical knowledge in regards to water supply, 

preparation of food, and solid and liquid waste disposal 
 
It is important to place emphasis on field sanitation.  This will help diminish 
the most important purpose of the medical officer by providing effective 
medical services to the personnel of the unit. 
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Importance of Waste Disposal 

 
Medical 
Importance 

Large quantities of all types of waste, either liquid or solid, are generated each 
day while in a field environment.  The waste that is produced must be 
removed promptly and thoroughly, otherwise the area of responsibility will 
become a breeding area for flies, rats, and other vermin.  This combination of 
waste and animals will create diseases such as 
 
• Cholera 
• Dysentery (amebic and bacillary) 
• Typhoid 
• Plague 

 
Individual 
Responsibility 

The promotion of good health is the responsibility of each individual within 
the command.  Individuals are responsible for their own waste or human 
waste (feces and urine).  Ignorance or indifference to practice proper 
sanitation and hygiene can counteract all of the combined efforts of many 
services working for the unit’s welfare.  It is imperative that every individual 
understands and observes the rules of hygiene and sanitation and adheres to 
the principles of good health and good living.  
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Human Solid Waste Disposal Devices 

 
Planning Before to any unit deployment, the utilities officer/chief must design and 

implement an effective plan.  Factors to consider when designing what styles 
and devices to implement are 
 
• Number of personnel 
• Duration of operation 
• Location in relation to sea level 
• Soil condition 
• Water level 
• Local ordinances and wind direction 
 
All facilities and devices will be more than 100 feet away from billeting, 
dining, medical, and work facilities to include water purification and storage 
areas.  This is important in the planning process and should be included 
before any execution. 

 
Styles and 
Types 

The following styles and devices are available for disposing of human waste: 
 
• Cat holes 
• Straddle trenches 
• Deep pit heads 
• Burnout heads 
• Pail heads 
• Chemical toilets 
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Cat Holes 

 
Description A cat hole (shown below) is a temporary waste disposal device used while a 

unit is in transition or movement.  It may be used during short halts or breaks 
while either on the march or moving in tactical vehicles. 

 
Construction A cat hole is dug approximately 8 to 12 inches in diameter and 6 to 12 inches 

deep.  It is completely covered and packed down after use.  Factors will 
determine where to utilize this style of disposal device.  It is recommended 
away from observation from the road or trail that is being used for movement.  
There should be one cat hole per each individual within the unit.  
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Straddle Trench 

 
Description A straddle trench (shown below) is also another style of temporary waste 

disposal device.  One straddle trench can support 25 individuals for only 1 to 
3 days of use.  It can only accommodate two individuals at a time. 

 
Construction A straddle trench may be constructed in permanent camps until more 

permanent facilities are constructed.  More than one trench may be 
constructed at a time as long as they are more than 2 feet apart from each 
other.  There are no seats in this type of device, only the trench.  Boards may 
be placed along the sides of the trench for improved footing, especially during 
inclement weather such as rain.  The dimensions of the trench are as follows: 

 
Length Width Depth 

48 inches 12 inches 30 inches 
 
 It is important to know that the removed earth is positioned at one of the 

trench.  A shovel, entrenching tool, or paddle is accessible so that each 
individual that uses the straddle trench can cover his or her waste and/or 
disposable paper. 
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Deep Head Pit 

 
Description A deep head pit (shown on the following page) is a temporary waste disposal 

device that is used in temporary camps where the water table is low, stable 
soil conditions exists, and air pollution regulations exist prohibiting the use of 
burning.  The deep head pit is designed to have a standard box with four seats 
placed on the box and positioned over the pit.  One four-seat, deep head pit is 
able to accommodate no more than 50 individuals and is constructed to serve 
4 percent of the males and 6 percent of the females at any given time.  The 
dimensions of the pit are 

 
Length Width Height 

90 inches 24 inches 72 inches 

 
Depth It is important to note that the depth of the pit depends on the estimated length 

of the use of the deep pit head.  As a guide, allow a depth of 12 inches for 
each week of estimated use plus 24 inches for dirt to cover the pit when it 
becomes closed.  There is also the possibility of the walls caving in.  Rocks or 
high water table may also limit the depth of the pit.  Some pits may require 
barriers to be constructed to hold the wall from caving in.  Once the pit is dug 
and established, it is time to create the box that will cover the pit. 

 
Box The box is constructed 6 inches longer and 6 inches wider than the pit.  This 

allows for 3 inches of the earth surface on each side of the pit to support the 
box.  The box must be built after the pit has been dug, in case the box must be 
built larger than dimensions given because of any possible cave in while 
digging the pit.  After the box has been placed, it is important to pack earth 
tightly around the bottom edges of the box to prevent opening for flies or 
other potential creatures from gaining entrance.  The dimensions of the box 
are as follows: 

 
Length Width Depth 

96 inches 30 inches 16 inches 

Continued on next page 
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Deep Head Pit, Continued 

 
Illustration The illustration below shows a deep head pit. 
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Burnout Head 

 
Description A burnout head (shown below) is a permanent waste disposal device that 

usually contains two to four seats that are built over top of 55-gallon drums 
that are cut in half.  It is used in permanent camps or when the soil conditions 
are hard, frozen, or rocky, making digging difficult.  It is also used if the 
water table is high for the area of operation.  A burnout head should not be 
used when air pollution regulations prohibit open fires.  A typical burnout 
head would have eight seats per 100 personnel or one per 12.  Additional 
burnout heads may need to be constructed if there are different genders within 
the area of operation. 

 
 

 

Continued on next page 
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Burnout Head, Continued 

 
Construction To construct and use a burnout head, follow the steps below: 

 
 

Step Action 
1 Create the burnout drums by cutting 55-gallon drums in half and 

weld handles to the side of the drums for ease of movement.  It is 
convenient to have two sets of drums for the burnout head.  One 
set is utilized while the other set is burned clean.  You do not want 
the use of the burnout head to be placed on hold while you 
complete the daily burning of the drums. 

2 Develop a site for the burnout facility by digging an area large 
enough for the half-cut barrels to be placed.  This would ensure 
there is enough room for the drum and the seat box to be in a 
comfortable sitting position. 

3 In constructing the burnout facility, build a wooden structure to 
provide privacy for personnel.  The structure may vary depending 
on the material and size of the unit.  Ensure the structure maintains 
a tight seal for the door where the barrel will be located as to 
prevent flies and other insects from entering. 

4 Prepare the burnout drums by priming all barrels with three inches 
of diesel fuel prior to placing them into service.  This will allow 
the fecal matter to become oil soaked and enhancing the complete 
thermal destruction of the fecal matter.  The diesel fuel will also 
act as an insect repellant. 

5 Burn the heads out daily by adding the sufficient fuel to incinerate 
the fecal matter in servicing the burnout facility.  Do not use highly 
volatile fuel such as gasoline or JP4 fuel because of its explosive 
nature.  A proper mixture of one quart of gasoline to five quarts of 
diesel fuel will be effective for incinerating the fecal matter.  
Always use caution when using any type of fuel for burning 
purposes.  Ensure there is a fire extinguisher close by in case of an 
emergency. 

6 Dispose burnout material by burying any remaining dry ash to a 
minimum depth of 12 inches.  Scattering ashes over a ground 
surface is not recommended and is in violation of preventive 
medicine. 
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Pail Head 

 
Description A pail head (shown below) is a permanent waste disposal device that usually 

contains two to four seats over pails.  It is used in permanent camps or when 
the soil conditions are hard, frozen, or rocky making digging difficult.  It is 
also used in an area of operation where the water tables are high.  The pail 
head is similar to the burnout head, the only difference is the use of pails vice 
the half cut barrels that are used in the burnout head.  The pails are normally 
lined with plastic bags for the transportation of the waste by reducing the risk 
of accidental spillage.  The waste is transported to an area for further removal 
or for suitable burning.  
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Chemical Toilet 

 
Description The chemical toilet (shown below) is better known as a Porta-Jon.  It is a 

hardened plastic device that contains chemical treatments in the basin.  It is 
usually a contracted service and requires a close scrutiny of the contractors 
plumbing and cleaning service to maintain a sanitary facility.  The table 
below shows the requirements of quantity based on the number of personnel. 

 
Number of Personnel Number of required Chemical 

Toilets 
1 to 15 1 
16-35 2 
36-55 3 
56-80 4 
81-110 5 
111-150 6 

 
Note:  Add one toilet for each additional 30 personnel. 
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Human Liquid Waste Disposal Devices 

 
Urine Waste 
Disposal 
Devices 

Urine waste disposal devices are used for the disposal of urine.  They are 
gender specific in that they are designed for the male gender of use.  There 
are two specific types of urine waste disposal devices that will be covered: 
 
• Urine Soakage Pit 
• Urine Trough 

 
Urine Soakage 
Pit 

A urine soakage pit (shown below) is a urine waste disposal device 
constructed in camps that are in an area of sandy type soil conditions.  The pit 
has six tubes.  One tube only accommodates 20 men, so the entire pit can 
serve a total of 120 men.  It is important that the men urinate into the tube and 
not on the bed of the surface of the soakage pit; this will ensure that the pit is 
functioning properly.  Currently this type of device is being use with 
operations in Iraq and Afghanistan.  

 

 

Continued on next page 
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Human Liquid Waste Disposal Devices, Continued 

 
Urine Soakage 
Pit 
Construction 

To construct a urine soakage pit, perform the following steps: 

 
Step Action 

1 Create the pit by finding a good location and dig an area 4 foot 
square by 4 foot deep. 

2 Fill the pit by using stone, large rocks, rubble, bricks, or broken 
bottles to back fill the dug pit.  The pit will be filled within 6 
inches of the ground level from the materials listed above. 

3 Install ventilation tubes to allow air to circulate through the pit and 
lessen the odor.  Pipe, PVC, hose, tubes, or any other material that 
is cylindrical in shape will be inserted into the pit within 6 inches 
of the bottom and will not exceed more than 6 to 12 inches from 
the surface.  They are placed on the extreme perimeter. 

4 Obtain six urine tubes made of pipe or PVC that is 1” in diameter 
or larger and cut them to a length of 36 inches and insert the tubes 
into the pit at a slight angle.  They should extend into the ground 
level at 8 to 10 inches leaving the remaining pipe to extend out 24 
to 26 inches for use. 

5 Insert a screened funned covered with a moisture proof material on 
the tube or use the preferred method by inserting it into the tube. 

6 Use the following steps to cover the pit. 
 

Step Action 
1 Use tarpaper and cut out holes within the tarpaper. 
2 Slide the holes over the urine tubes and ventilation 

shafts. 
3 Lay the tarpaper over the top of the pit. 
4 Secure the tarpaper and cover it with compacted earth. 
5 Consider using pallets for better standing while using 

the soakage pit to prevent the spread of any spills.  

Continued on next page 
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Human Liquid Waste Disposal Devices, Continued 

 
Urine Trough A urine trough (shown on the following page) is a waste disposal device 

constructed in camps when material is more readily available for its 
construction.  The soakage pit for a urine trough is constructed identically to 
the urine soakage pit.  One urine trough is designed to serve 100 men for a 
temporary camp.  To construct a urine trough, follow the steps below: 

 
Step Action 

1 Obtain a 10-foot long trough out of sheet metal or wood.  Use 
either a V or U shaped design in creating the trough. 

2 Line the trough if the trough is made of wood, line it with heavy tar 
paper or metal. 

3 Elevate the trough so the side with the drain is slightly lower than 
the other end to ensure proper drainage. 

4 Insert a splash board down the middle of the trough. 
5 Attach the drain line or pipe to the end of the trough so that it will 

drain into the soakage pit. 
6 Service the facility when a urine trough becomes clogged or 

requires to be abandoned.  Spray the trough with a disinfectant and 
insecticide. 

7 When closing the facility spray the soakage pit with disinfectant or 
insecticide and cover the soakage pit with at least one foot of 
compacted earth marking it “URINE FACILITY CLOSED “and 
date. 

Continued on next page 
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Human Liquid Waste Disposal Devices, Continued 

 
Illustration The illustration below shows the urine trough. 
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Rules Common To Disposal Devices 

 
Waste Disposal 
Devices 

The following rules are common to waste disposal devices: 
 

 
Step Action 

1 Place canvas or brush screens around the heads or cover them with 
a tent cover. 

2 In a cold climate, heat the shelters if at all possible. 
3 Provide toilet paper on suitable holders and protect them from 

getting wet during inclement weather. 
4 Install a hand wash station within 25 feet of any facility or site. 
5 At night, if the situation permits, provide lights for the sites and 

facilities. 
6 An important aspect in maintaining devices and facilities is to 

sweep and scrub all surfaces on each facility daily and disinfect all 
seats, lids, and funnels with a mild chlorine solution. 

7 Provide a convenient trash receptacle inside the facilities and 
empty it daily. 

8 Post "NO SMOKING" signs around the facilities and sites. Ensure 
there is a sign posted inside the facilities as well. 

9 Keep the lids closed on all seated areas as to control odor and 
insects. 

10 Mark or number the facilities for cleaning and inspections. 
11 Spray all pit or drainage sites at least twice a week with a residual 

insecticide.  Climate and temperature may factor into additional 
sprayings. 

12 Ensure vent stacks are used in permanent facilities to release 
moisture laden gases of decomposition.  This will prevent 
condensation from forming within the facility and help prevent 
disease and bacteria from spreading. 

13 Screen the outside opening of the vent stack from becoming 
clogged with animals, birds or other natural objects from falling 
into the vent and preventing the release of gases. 

Continued on next page 
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Rules Common To Disposal Devices, Continued 

 
Closing 
Facilities 

The following rules apply to the closing of disposal device facilities: 

 
Step Action 

1 Use an approved residual insecticide and spray the facility and 
surrounding areas to include pits and ground surfaces extending 
2 feet away from the pit and facility walls. 

2 Fill any pit to the ground level with successive 3-inch layers of 
earth, packing the earth down before applying the next layer.  
Spray insecticide at each level the earth is laid.  This prevents 
any fly pupa from hatching and spreading after the facility has 
been closed. 

3 If the situation permits, place a rectangular sign on top of the 
mound which indicates the type of pit and the date closed. 
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Lesson 1 Exercise 

 
Directions Complete exercise items 1 through 14 by performing the action required. 

Check your answers against those listed at the end of this lesson. 

 
Item 1 What are the dimensions in building a straddle trench? 

 
a. 48” long x 12”wide x 30 “deep 
b. 48” long x 14”wide x 30 “deep 
c. 48” long x 12”wide x 32 “deep 
d. 54” long x 12”wide x 30 “deep 

 
Item 2 What is the length of a deep head pit? 

 
a. 88 inches 
b. 90 inches 
c. 92 inches 
d. 96 inches 

 
Item 3 What are the dimensions in constructing the box that will cover the deep head 

pit? 
 
a. 92” long x 30”wide x 12 “deep 
b. 94” long x 30”wide x 14 “deep 
c. 96” long x 30”wide x 16 “deep 
d. 98” long x 32”wide x 18 “deep 

 
Item 4 When planning a camp, how many personnel can one burnout head support? 

 
a. One per 10 
b. One per 12 
c. One per 20 
d. One per 25 

Continued on next page 
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Lesson 1 Exercise, Continued 

 
Item 5 What is one of the materials required when constructing a burnout head?  

 
a. Gasoline 
b. Wood 
c. Toilet paper 
d. 55-gallon drum 

 
Item 6 What is required for transporting waste that is collected from using a pail 

head facility? 
 
a. Priming the pail with diesel fuel 
b. Emptying the pail into a larger container upon it being filled 
c. Lining the pail with a heavy duty trash bag to reduce the risk of spillage 
d. Dump the pail with waste into the deep head pit facility 

 
Item 7  What dimensions are required in constructing a urine soakage pit? 

 
a. 4-foot square and 4-feet deep 
b. 4-foot square and 5-feet deep 
c. 4-foot square and 6-feet deep 
d. 4-foot square and 8-feet deep 

 
Item 8 What materials are required to construct a urine soakage pit? 

 
a. Stone, funnels, toilet paper, and pipe, PVC, hose, or any material 

cylindrical in shape 
b. Stone, funnels, tarpaper, and pipe, PVC, hose, or any material rectangular 

in shape 
c. Stone, twine, tarpaper, and pipe, PVC, hose, or any material cylindrical in 

shape 
d. Stone, funnels, tarpaper, and pipe, PVC, hose, or any material cylindrical 

in shape 

Continued on next page 
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Lesson 1 Exercise, Continued 

 
Item 9 What is the distance in inserting the ventilation tubes when constructing the 

urine soakage pit? 
 
a. 4 inches from the bottom of the pit and no more than 6 to 12 inches above 

the surface of the pit 
b. 6 inches from the bottom of the pit and no more than 6 to 12 inches above 

the surface of the pit 
c. 6 inches from the bottom of the pit and no more than 8 to 12 inches above 

the surface of the pit 
d. 8 inches from the bottom of the pit and no more than 10 to 12 inches 

above the surface of the pit 

 
Item 10 How should the urine tube be placed when building the urine soakage pit? 

 
a. At a slight angle not to exceed 24 to 26 inches above the surface of the pit 
b. At a right angle not to exceed 24 to 26 inches above the surface of the pit 
c. At a slight angle not to exceed 26 to 28 inches above the surface of the pit 
d. At a right angle not to exceed 26 to 28 inches above the surface of the pit 

 
Item 11 What material is required for building a urine trough? 

 
a. Steel or wood 
b. Copper or wood 
c. Glass or wood 
d. Sheet metal or wood 

Continued on next page 
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Lesson 1 Exercise, Continued 

 
Item 12  What aspect is important in maintaining waste disposal devices and facilities? 

 
a. Sweep and scrub all surfaces on each facility daily and disinfect all seats, 

lids, and funnels with a mild chlorine solution. 
b. Sweep and scrub all surfaces on each facility weekly and disinfect all 

seats, lids, and funnels with a mild chlorine solution. 
c. Sweep and scrub all surfaces on each facility monthly and disinfect all 

seats, lids, and funnels with a mild chlorine solution. 
d. Sweep and scrub all surfaces on each facility yearly and disinfect all seats, 

lids, and funnels with a mild chlorine solution. 

 
Item 13 What is the farthest distance that a hand wash station should be placed from 

any facility or pit? 
 
a. 10 feet 
b. 15 feet 
c. 20 feet 
d. 25 feet 

 
Item 14 What procedures are required to close a waste facility or site? 

 
a. Spray an approved insecticide on the facility and surrounding area to 

include pits and ground surface areas extending 1 foot away from the pit 
or facility. 

b. Spray an approved insecticide on the facility and surrounding area to 
include pits and ground surface areas extending 2 feet away from the pit 
or facility. 

c. Spray an approved insecticide on the facility and surrounding area to 
include pits and ground surface areas extending 3 feet away from the pit 
or facility. 

d. Spray an approved insecticide on the facility and surrounding area to 
include pits and ground surface areas extending 4 feet away from the pit 
or facility. 

Continued on next page 
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Lesson 1 Exercise, Continued 

 
Answers The table listed below lists the answers to the exercise items.  If you have any 

questions about these items, refer to the reference page listed for that item. 
 

Item Number Answer Reference 
1 a 5-9 
2 b 5-10 
3 c 5-10 
4 b 5-12 
5 d 5-12 
6 c 5-14 
7 a 5-17 
8 d 5-17 
9 b 5-17 
10 a 5-17 
11 d 5-18 
12 a 5-20 
13 d 5-20 
14 b 5-21 
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LESSON 2 

WASTE WATER SYSTEMS, GREASE TRAPS, AND GARBAGE 
PITS 

Introduction 

 
Scope In this lesson, we will cover the guidelines and principles in creating a waste 

water system, grease trap, and garbage pits to be used in areas of operation 
and base camp scenarios.  

 
Learning 
Objectives 

At the end of this lesson, you should be able to 
 
• Recall the purpose of using a soakage pit. 
 
• Recall the materials required to construct a soakage pit. 
 
• Recall the steps to close a soakage pit. 
 
• Recall the dimensions of a soakage trench. 
 
• Recall the location of a grease trap. 
 
• Recall the two styles of a grease trap. 
 
• Recall the two methods for disposing non-combustible and combustible 

garbage within the field environment. 

 
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Introduction 5-27 
Waste Water Systems 5-28 
Grease Traps 5-33 
Garbage Systems 5-36 
Lesson 2 Exercise 5-41 
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Waste Water Systems 

 
Styles In a field environment, waste water is created from bathing, laundering, and 

field mess operations.  The proper methods of disposing waste water are by 
utilizing one of the different styles of waste water management. 
 
• Soakage pits 
• Soakage trenches 
• Evaporation beds 
 
The purpose for this is so the soil or ground absorbs the waste water and not 
the other material that can be attached and trapped with waste water. 

 
Soakage Pits A soakage pit (shown below) is similar to a urine soakage pit, without the 

urine tubes leading into the ground.  It is considered to be the preferred device 
of the waste water management systems and is normally used more in field 
operations.  One pit will service a field operation such as a field mess that is 
serving 200 personnel or less for a period of no more than 2 weeks.  If the 
operation is required to go beyond this time period, an additional pit must be 
constructed to create an alternating schedule between the two pits.  Two 
additional pits are required for each shower or laundry facilities. 

 

 

Continued on next page 
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Waste Water Systems, Continued 

 
Construction of 
a Soakage Pit 

To construct a soakage pit, follow the steps below: 
 

 
Step Action 

1 Find a good location and dig a pit that is 4-feet square and 4-feet 
deep. 

2 Fill the pit by using stone, large rocks, rubble, bricks, or broken 
bottles to back fill the dug pit.  The pit will be filled within 6-
inches of the ground level from the materials listed above. 

3 Install the ventilation shafts to allow air to circulate through the pit 
and lessen the odor.  Pipe, PVC, hose or any other material that is 
cylindrical in shape will be inserted into the pit within 6-inches of 
the bottom and not extend more than 6 to12-inches from the 
surface. 

4 Cover the pit by using tarpaper.  Cut out the holes and slide around 
the ventilation shafts.  Once the tarpaper is secure, cover the 
tarpaper with compacted earth, stones, or gravel. 

5 Close the pit and spray with a residual insecticide when the 
soakage pit is closed or becomes clogged.  The pit will then be 
covered with at least one foot of compacted earth and a sign posted 
for the closing of the pit and the date of closure. 

Continued on next page 
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Waste Water Systems, Continued 

 
Soakage 
Trenches 

The soakage trench (shown below) is used when a soakage pit cannot be used 
because of the water table and the amount of saturated ground water, or when 
the ground has an abundant amount of rock formations preventing the 
construction of a soakage pit.  Two units will be constructed for every 200 
people and will be alternated day-to-day for field mess operations.  If the 
camp has laundry or shower facilities, then only one soakage trench is 
required for each facility. 

 
Construction of 
Soakage 
Trenches 

To construct a soakage trench, follow the steps below: 

 

Step Action 
1 Find a good location and dig a central pit that is 2-feet square and 1-foot 

deep. 
2 Dig four trenches that are perpendicular to the central pit.  The dimensions 

for each trench are 6-feet long by 1-foot wide and 1-foot deep.  The trench 
will be dug with a gradual downward slope leaving the pit and should be 1 
½- feet deep at the farthest end of the trench. 

3 Use stone, large rocks, rubble, bricks, or broken bottles to back fill the dug 
pit.  The pit will be filled to within 6 inches of the ground level from the 
materials listed above. 

4 Place a waste water container or collection drum in the middle of the central 
pit for the collection of waste water from the field mess, laundry, or shower 
facilities.  The drum or barrel should have 3/8” size holes drilled into the 
bottom of the barrel or container for the water to empty from. 

5 Close the pit and trenches in the same manner as the soakage pit. 
 

 

Continued on next page 
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Waste Water Systems, Continued 

 
Evaporation 
Beds 

Evaporation beds (shown below) are used when the soil conditions of the area 
of operations are unsuitable for either a soakage pit or the soakage trench.  
The soil condition will be of heavy clay that will prevent the use of normal 
drainage from a soakage pit or trench.  The beds are constructed to allow for 
3-square feet of evaporation per person, per day, for field mess waste water 
and 2-square feet per person, per day, for shower and laundry waste water.  
During the operational use of the evaporation bed, the bed is flooded with the 
waste water to the top of the ridges during the day and allowed to evaporate 
and percolate over a period of 3 to 4 days.  It is required to have a second bed, 
or more, to alternate the days of flooding the beds, to allow for the sufficient 
time for drying the beds. 

 
Construction The proper method for constructing an evaporation bed is listed below: 
 

Step Action 
1 Locate a site that is relatively flat to minimize the amount of work and 

time in creating the bed.  Mark off an 8-foot by 10-foot rectangle.  This 
will be the dimension for the evaporation bed. 

2 Scrap the top soil and use it to form a ditch around the perimeter of the 
bed.  Use a shovel to spade the bed to a depth of 10 to 15-inches, and 
then rake the soil into a series of ridges and depressions with the ridges 
being no more than 6-inches higher than the depressions. 

3 To maintain the bed, ensure that additional beds have been constructed 
and the proper rotation and dosage of the beds have been accomplished.  
Each bed is constructed in the same manner and spaced so the waste can 
be easily distributed to any one of the beds. 

 

Continued on next page 
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Waste Water Systems, Continued 

 
Percolation 
Test 

A percolation test is an empirical means that is used to estimate a soils 
general permeability, the way in which water can pass through the soil.  The 
normal unit of measure is in minutes per inch representing how long it takes 
for an inch of water to drop in a small diameter hole, no larger than ½” set in 
the soil strata that will be used for sewage disposal. 

 
APPLICATION RATE FOR EVAPORATION BEDS 

Soil Percolation Rate (1 inch) Application Rate (GPD) 
1 Minutes 57,700 
2 Minutes 46,800 
5 Minutes 34,800 
10 Minutes 25,000 
30 Minutes 12,000 
60 Minutes 8,700 
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Grease Traps 

 
Grease Traps A grease trap is required for any field messing operation conducted in the 

field environment. It must be located between the field mess and waste water 
management systems, soakage pits, soakage trenches, and evaporation beds. 
There are two main styles that are used for the field environment: 
 
• Filter Grease Trap 
• Baffle Grease Trap 

 
Filter Grease 
Trap 

A filter grease trap (shown below) is made from a 55-gallon drum which has 
the top removed and the bottom perforated with no larger than 3/8 inch holes. 
The filter grease trap is placed in the center of a soakage pit or trench and sits 
2 inches below the compacted earth.  To construct a filter grease trap, use a 
55-gallon drum and fill it 2/3 full with three different layers of material. 

 
Layer Material 

Bottom Layer 8” of crushed rock or gravel 
Middle Layer 12” of progressively smaller gravel 
Top Layer 6” of sand ash charcoal or straw 

 
After the materials are layered into the barrel, fasten a piece of burlap to the 
top of the barrel to strain out the larger pieces of debris.  A fine-filter mesh 
used in some equipment air filters or mist eliminators will also work as well. 

 

 

Continued on next page 
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Grease Traps, Continued 

 
Baffle Grease 
Trap 

A baffle grease trap (shown below) is a simple device composed of a flow 
restrictor, an inlet, and two or three baffles.  The baffles are scientifically 
placed to allow efficient separation of grease and oils and are easily 
removable.  As the water enters the grease trap, it passes over a series of 
baffles that are designed to cause greases, fats, and oils to become separated 
and released from the waste water.  Once released, these contaminants rise to 
the top of the grease trap by natural floatation and are accumulated until they 
are removed.  It is the most effective device for removing grease but requires 
time and more materials to construct.  To build an effective baffle grease trap, 
perform the steps listed on the following page: 
 

  
 Baffle 1” from bottom Baffle half the distance from the bottom 

Continued on next page 
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Grease Traps, Continued 

 
Construction  
 

Step Action 
1 Find a good place to dig a central pit that will be 2-feet square and 

1-foot deep. 
2 Use stone, large rocks, rubble, bricks, or broken bottles to back fill 

the dug pit.  The pit will be filled within 6 inches of the ground 
level from the materials listed above. 

3 Construct a water tight container by creating a box from wood and 
make sheet metal liners for the inside of the box to fit tightly 
inside.  The dimensions of the box are 54” length by 24” wide by 
30” deep. 

4 Divide the box into three equal sized chambers and insert a baffle 
that will hang to only half of the depth of the container.  Insert the 
second baffle and hang it to within 1-inch of the bottom of the 
container. 

5 Insert a 1-3/4” or 2” outlet pipe that will be long enough to reach 
one of the waste water systems discussed earlier in the study unit.  
It will be placed 8-inches below the top of the container and on the 
side of the last chamber with the baffle closest to the bottom of the 
container. 

6 Place the container in the middle of the pit and fill the container 
with cool or cold water.  The cool water causes the water to 
solidify and rise to the surface of the baffle preventing it from 
reaching the outlet and flowing into the waste water system. 
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Garbage Systems 

 
Garbage Garbage is a solid or semisolid wet waste resulting from the preparation, 

cooking, or food serving.  Garbage is also considered waste and refuse 
resulting from material that is used and no longer required.  Garbage is either 
disposed of by burial, incineration, or removal to an environmental controlled 
disposal site.  In any case, the tactical situation and the environmental 
protection laws will dictate the proper disposal of the accumulated garbage.  
If authorized, you have two different methods for disposing of 
noncombustible and combustible garbage within the field environment. 
 
• Burial 
• Incineration 

 
Burial If authorized and meet Environmental Protection Agency regulations, garbage 

may be buried for proper disposal.  The burial method is normally used when 
personnel and equipment are in movement.  It is also used if the bivouac, 
temporary camp is occupied less than 1 week for a company sized unit or 
smaller.  All garbage must be buried at least 100 feet away from any water 
source and the field mess.  The two styles for burial of garbage are 
 
• Pits 
• Trenches 

 
Pits A pit (shown below) is preferred for burying garbage during movements and 

conducted on the halts.  The dimension is 4 foot square and is suitable for 
handling 100 personnel per day.  Once the pit is dug and becomes filled to 
within one foot of the surface, fill the remaining pit with earth and add an 
additional foot of earth on top. 

 

Continued on next page 
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Garbage Systems, Continued 

 
Trenches A trench is used for bivouac and temporary camps less than a week, but more 

than 2 days.  The trench is dug 2 feet wide and 4 feet deep.  The length will 
be based to accommodate the garbage for the first day. The same rule applies 
as to a pit, once the garbage is one foot from the top of the surface, fill the 
remaining pit with earth and add an additional foot of earth on top.  Another 
section is then dug for the next day’s worth of garbage. 

 
Incineration Incineration is the garbage disposal method that is often used in camps that 

will be occupied for 1 week or more.  Wet materials will not burn easily and 
tends to disrupt the incinerator air draft.  Therefore, it is necessary to separate 
the liquids from the solids.  This is done by straining the garbage with a 
coarse strainer, such as an old bucket, or a 55-gallon drum with perforated 
holes, drilled or punched into the bottom.  The liquid is run through a grease 
trap and into a soakage pit.  The solids are incinerated at least 50 yards 
downwind from the camp area and away from all flammables.  There are two 
devices for burning garbage: 
 
• Inclined Plane Incinerator 
• Barrel Incinerator 
 
Both devices are capable of handling an entire battalion, evacuation hospital, 
or any other unit of similar size. 

Continued on next page 
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Garbage Systems, Continued 

 
Inclined Plan 
Incinerator 

An inclined plane incinerator (shown below) is a burning device that is 
constructed from the incline.  It is very effective in combustion and is 
somewhat protected from the rain and wind.  To construct an inclined plane 
incinerator, perform the following steps: 

 
Step Action 

1 Take 55-gallon drums and remove the ends from the drums. The 
drums are then placed on an incline. 

2 Insert a sheet metal plate into the drums ensuring to connect and 
extend the plane approximately 2 feet beyond the upper end of the 
inclined drum.  This serves as a loading or stoking platform. 

3 Construct the burning area at the lower end of the incline, by 
creating the burning bit for the fire that will burn the garbage.  
Construct a box effect with the soil and place a grate to cover the 
soil formed box.  This is the burning area. 

4 Create a fire by using wood or fuel in the burning area.  After the 
incinerator becomes hot, wet garbage is placed on the stoking 
platform and starts to become dry.  Once the garbage is dry, it is 
pushed down the plane in small amounts and burned on the grate. 

 
  

 Loading Platform Door 

 
 Inclined Plane Grate 

Continued on next page 
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Garbage Systems, Continued 

 
Barrel 
Incinerator 

A barrel incinerator (shown below) is a barrel that is used to incinerate 
garbage and refuse.  It is the most commonly used device for field 
environments because of the short amount of time to fabricate and the 
minimum use of materials and tools.  To fabricate a barrel incinerator follow 
the steps below: 

 
Step Action 

1 To modify the barrel, cut and remove both ends of the barrel.  Drill 
or punch many holes in the lower section of the barrel so either 
small pipes or metal rods will slide into these holes.  The small 
pipes or metal rods act as a grate within the barrel.  Also drill or 
punch some additional holes, not as many as the lower portion, in 
the middle section of the barrel.  This creates air to circulate within 
the barrel when in use. 

2 Position the barrel by locating an area that is firm and level and use 
stone, brick, or dirt filled cans to create a support structure that will 
support the barrel, which creates space for the fire. 

3 Build a fire by using wood or fuel to create a fire and slowly and in 
small amounts add garbage and refuse into the barrel incinerator. 
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Lesson 2 Exercise  

 
Directions Complete exercise items 1 through 6 by performing the action required. 

Check your answers against those listed at the end of this lesson.  

 
Item 1 What is the purpose of using a soakage pit? 

 
a. Improves the bonding of waste water and other material and debris that 

may be trapped within the waste water 
b. Impedes the absorption of the water into the soil and ground 
c. Improves the absorption of the water into the soil and ground 
d. Bonds the waste water with foreign material that will promote disease and 

bacteria 

 
Item 2 What materials are required for constructing a soakage pit? 

 
a. Tarpaper, suitable contact material such as rocks, broken bottles, rubble, 

bricks, and material that is cylindrical in shape to create a vent shaft.  
b. Tarpaper, suitable contact material such as rocks, broken bottles, rubble, 

bricks, and any material that will clog a vent shaft. 
c. Tarpaper, suitable contact material such as nails, screws and bolts, and 

material that is cylindrical in shape to create a vent shaft. 
d. Flypaper, suitable contact material such as rocks, broken bottles, rubble, 

bricks, and material that are triangular in shape to create a vent shaft. 

Continued on next page 
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Lesson 2 Exercise, Continued 

 
Item 3 What is the last step when closing a soakage pit? 

 
a. Use an herbal insecticide and spray the entire area, mound 1-foot of 

compacted earth on top of the pit, and post sign stating pit is closed and 
the date it was closed. 

b. Use a residual insecticide and spray the entire area, mound 1-foot of 
compacted earth on top of the pit, and post sign stating pit is closed and 
the date it was closed. 

c. Use a residual insecticide and spray the entire area, mound 2-feet of 
compacted earth on top of the pit, and post sign stating pit is closed and 
the date it was closed. 

d. Use a residual insecticide and spray the entire area, mound 1-foot of 
compacted earth on top of the pit, and post sign stating pit is open and the 
date it was opened. 

 
Item 4 What are the proper dimensions of a soakage trench? 

 
a. 6 feet long x 1 foot wide and 1 foot to 1-1/2 feet deep 
b. 6 feet long x 2 feet wide and 1 foot to 1-1/2 feet deep 
c. 6 feet long x 1 foot wide and 1 foot to 2-1/2 feet deep 
d. 8 feet long x 2 feet wide and 1 foot to 1-1/2 feet deep 

 
Item 5 The grease trap is located between the _______________ and waste water, 

management systems, soakage pits, soakage trenches, and evaporation beds. 
 
a. ventilation shafts 
b. collection drum 
c. field mess 
d. grease trap 

 
Item 6 The two styles of a grease trap are ________________ and filter. 

 
a. cylindrical 
b. incinerator 
c. barrel 
d. baffle 

Continued on next page 
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Lesson 2 Exercise, Continued 

 
Item 7 What are the two methods for the disposal of combustible and 

noncombustible garbage within the field environment? 
 
a. Burial and Incineration 
b. Pits and Trenches 
c. Burial and Pit 
d. Trenches and Incineration 
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Lesson 2 Exercise, Continued 

 
Answers The table listed below lists the answers to the exercise items.  If you have any 

questions about these items, refer to the reference page listed for that item.  
  

Item Number Answer Reference 
1 c 5-28 
2 a 5-29 
3 b 5-29 
4 a 5-30 
5 c 5-33 
6 d 5-33 
7 a 5-36 
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STUDY UNIT 6 

REFRIGERATION AND AIR CONDITIONING EQUIPMENT 

Introduction 

 
Scope Refrigeration and air conditioning equipment was developed in the early 20th 

century and did not become a staple of the American Society until the second 
half of the century.  Refrigerators started to become standardized and 
available to the American public during World War II.  Just until recently air 
conditioning equipment has become a standard in most homes and businesses.  
Businesses in the South, to include the government of the United States, 
would slow the production or even close business daily because of the heat of 
summer.  As technology continues to evolve and the ability of equipment 
perform at higher standards, we have to be able to adapt to the demands of 
our technological war fighting capabilities and provide the support that these 
new capabilities require for environmentally controlled atmospheres. 

 
In This Study 
Unit 

This study unit contains the following lessons. 

 
Topic See Page 

Support 6-3 
Installation, Operation, and Maintenance  6-39 
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LESSON 1 

SUPPORT 

Introduction 

 
Scope In the past years only dining and medical facilities required refrigeration and 

air conditioning support.  As technology advances in communication and 
aviation equipment, it now becomes necessary to environmentally control the 
atmosphere in other facilities as well.  As a utilities chief, you must plan to 
support all missions that require refrigeration and air conditioning equipment.  
There are many different types of equipment to support these missions.  
Understanding their application and characteristics will assist in the planning 
and operational use of this equipment. 

 
Learning 
Objectives 

At the end of this lesson, you should be able to 
 
• Recall the two types of standard military environmental controlled units. 
 
• Determine the amount of enhanced refrigeration units attached to the 

refrigerated container to support a dining facility. 
 
• Recall the number of personnel required to support equipment.  
 
• Recall the types of installations for environmental controlled units.  
 
• Recall the characteristics of the enhanced refrigeration unit (ERU). 
 
• Recall the capacity of the refrigeration container. 

Continued on next page 
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Introduction, Continued 

 
In This Lesson This lesson contains the following topics. 
 

Topic See Page 
Introduction 6-3 
Planning  6-5 
Environmental Controlled Unit 6-6 
Shelters and Vans 6-7 
Tents 6-11 
Refrigeration Equipment 6-13 
Applications  6-16 
Characteristics and Capabilities 6-21 
Lesson 1 Exercise 6-35 
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Planning 

 
Mission Planning is the most critical stage of any mission.  The Marine Corps uses 

refrigeration and air conditioning equipment environmental controlled units 
(ECU) in a wide range of areas.  The more common uses are for 
 
• Communication equipment 
• Dining facilities 
• Medical facilities 
• Personnel 

 
Responsibility As a utilities officer/chief, consider the following questions before the 

planning process: 
 
• Who are we supporting? 
• What equipment is required to support the mission? 
• What equipment requires additional support? 
• What type of geographical area and environment is the mission to be 

conducted in? 
• What is the duration or length of the mission? 
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Environmental Controlled Unit 

 
Importance Selecting the correct ECU is important not only for its intended use, but for 

the equipment or area it is intended to be used for.  Selecting an ECU that is 
too large for the desired mission will be a waste of resources, just as selecting 
an ECU that is too small can cause the unit to overwork and subsequently 
create mechanical problems. 

 
Types There are many types of ECUs within the Marine Corps.  Before we can plan 

the type of air conditioners to use, we must identify each type of air 
conditioner: 
 
• Horizontal  
• Vertical 

 
TACM All ECUs within the Marine Corps is identified by a Table of Authorized 

Material Control Number (TAMCN).  There are many different categories of 
the TAMCN within the Marine Corps.  We will discuss two main areas that 
require additional equipment or support for their intended missions. 
 
• Shelters and Vans 
• Tents 
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Shelters and Vans 

 
Description All end item equipment has a designated ECU.  TM-4120-15/1 (Principal 

Technical Characteristics of U.S. Marine Corps Military Standard Air 
Conditioners) provides a table (shown on the following pages) by TAMCN to 
designate the proper air conditioner that is specific to support that end item 
and the quantity required for that end item. 

 
Table  

End Item 
TAMCN 

Nomenclature Model # ECU 
TAMCN 

Skid-
Mount 

ECU 
Required 

Per 
TAMCN 

A0013 Operations Central AN/TYQ-51 B0003/ 
B0012 

N 8 

A0160 Calibrations Center, 
Radiac 

AN/GDM-1 B0003/ 
B0012 

Y 2 

A0175 Calibration 
Complex 

AN/TSM-119 B0011 N 2 

A0176 Calibration Facility AN/TSM-198 B0005/ 
B0013 

Y 5 

A0244 Central Office, 
Telephone  300 

Lines 

AN/TTC-
38(V)1 

B0002 N 2 

A0246 Central Office, 
Telephone  600 

Lines 

AN/TTC-
38(V)2 

B0002 N 2 

A0248 Central Office, 
Telephone  
Automatic 

AN/MSC-63A B0002 N 2 

A0258 Comm Central AN/MSC-63A B0005/ 
B0013 

Y 1 

A0266 Comm Central AN/MSC-63 B0003/ 
B0012 

Y 1 

A0274 Comm Central AN/TSC-120 B0001 N 1 
A0288 Comm System AN/TSC-95 B0004/ 

B0012 
N 2 

A0305 Comm Central AN/TRC 171 B0005/ 
B0013 

N 1 

A0311 Control Center 
Technical 

AN/TSQ-84 B0001 N 2 

A0322 Control Test 
Maintenance 

OK-267 (V) 
2TTC 

B0001 N 1 

A0511 Electronic Shop 
(DSTV) 

AN/MSM-108 B0001 N 2 

A0656 Fleet Satellite 
Comm Center 

AN/TSQ-96 B0003/ 
B0012 

Y 1 

A0618 Electronic TMDE 
Repair Facility 

AN/TSQ-
85B(V)1 

B0005/ 
B0013 

Y 2 

A0311 Control Center 
Technical 

AN/TSQ-84 B0001 N 2 
 

Continued on next page 
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Shelters and Vans, Continued 

 
Table, 
continued 

A0812 Ground Mobile Force 
Satellite Terminal 

AN/TSQ-
85B(V)1 

B0001 N 2 

A0814 Ground Mobile Force 
Satellite Terminal 

AN/TSQ-
93B(V)1 

B0001 N 1 

A0860 Intercept Facility, 
Heavy 

AN/TSQ-54B B0003/ 
B0012 

Y 1 

A0865 Monitoring Set Radio 
Signal 

AN/TSQ-
103A 

B0003/ 
B0012 

Y 1 

A1111 Operations Central AN/TSQ-122 B0004/ 
B0012 

Y 4 

A1224 Master Station 
(PLRS) 

AN/TSQ-
129A 

B0002 N 2 

A1440 Radar Set, Firefinder AN/TPQ-
36(V)5 

B0004/ 
B0012 

Y 1 

A1500 Radar Set, Air Traffic 
Control 

AN/TPS-63B B0003/ 
B0012 

Y 2 

A1503 Radar Set, 
Lightweight 3D 

AN/TPS-
59(V)3 

B0006/ 
B0013 

Y 6 

A1650 Antenna Coupler 
Group 

OE-334/TRC B0003/ 
B0012 

Y 1 

A2179 Radio Term Digital T AN/TRC-
170(V)5 

B0003/ 
B0012 

Y 1 

A2294 Shelter, 
Nonexpendable 

N/A B0003/ 
B0012 

Y 1 

A2305 Sensor, Monitoring AN/USQ-
66(V) 

B0003/ 
B0012 

N 1 

A1111 Operations Central AN/TSQ-122 B0004/ 
B0012 

Y 4 

A2335 Shelter 10 ft EMI  82A5049A000 B0003/ 
B0012 

Y 1 

A2336 Shelter 20 ft EMI 82A5048A000 B0005/ 
B0013 

Y 1 

A2337 Shelter 20 ft Rigid 82A5050A000 B0005/ 
B0013 

Y 1 

A2338 Shelter 10 ft Rigid 87A036A B0003/ 
B0012 

Y 1 

A2393 Signal Monitor 
Facility, Light 

AN/TSQ-88A B0003/ 
B0012 

Y 1 

A2472 Supervisory, 
Operation Group,  

Cmd Control 

AN/TYA-18 B0004/ 
B0012 

N 4 

A2525 Tactical Operations 
Module (TAOM) 

AN/TYQ-
23(V)1 

B0007 N 3 

A2537 Tactical Electronic 
Recon Sys 

AN/TSQ-90D B0005/ 
B0013 

Y 4 

A2550 Tactical Terminal AN/TSC-124 B0003/ 
B0012 

Y 1 

A2645 Teletype Central AN/TGC-46 B0003/ 
B0012 

N 1 

A2687 Test Set Intermediate N/A B0006/ 
B0013 

N 2 

A2335 Shelter 10 ft EMI  82A5049A000 B0003/ 
B0012 

Y 1 
 

Continued on next page 
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Shelters and Vans, Continued 

 
Table, 
continued 

A2695 Test Instrument 
Repair Facility 

AN/GRM-
104 

B0005/ 
B0013 

Y 2 

A3169 Topographic Set AN/TSQ-204 B0005/ 
B0013 

Y 4 

A3243 Test Group AN/TYA-
204 

B0004/ 
B0012 

N 1 

A3261 Shop Equip Guide 
Missile 

N/A B0006/ 
B0013 

N 1 

B0695 Tactical Petroleum 
Lab 

TPLM-100 B0005/ 
B0013 

Y 1 

C5202 Lightweight 
Reproduction 

N/A B0001 N 2 

C5205 Lightweight 
Reproduction 

TI-LRF-1 B0003/ 
B0012 

Y 1 

C5872 Reproduction 
Equipment 

N/A B0003/ 
B0012 

Y 8 

C5875 Reproduction 
Equipment SE 

TI-RES-5 B0005/ 
B0013 

Y 5 

E0145 Bottle Cleaning/ 
Charging  

AN/TAM-4 B0003/ 
B0012 

N 2 

E0697 Improved Platoon 
Comnd Post 

AN/MSW-18 B0004/ 
B0012 

N 1 

E1022 Maintenance Facility, 
Night Sight (NSMF) 

AN/TAM-6 B0003/ 
B0012 

Y 1 

E1032 Meteorologic Data 
System 

AN/TMQ-31 B0005 N 2 

E1600 Shop Equipment, 
Remote Control 

Maint 

AN/TSM-
179 

B0006/ 
B0013 

N 1 

E0039 Battery Command 
Post 

AN/MSQ-
125 

B0006/ 
B0013 

N 2 

E1648 Shop Equipment, 
Remote Control Sys I 

HAWK Shop 

AN/TSM-
107 

B0006/ 
B0013 

N 1 

E1650 Shop Equipment 
Missile Remote 

AN/TSM-
181(V1) 

B0006/ 
B0013 

N 2 

E1651 Shop Equipment 
Missile  

AN/TSM-
181(V2) 

B0006/ 
B0013 

N 2 

E1712 Shop Set 
Maintenance AR 

N/A B0003/ 
B0012 

Y 1 

E1713 Shop Set 
Maintenance EL 

N/A B0003/ 
B0012 

Y 1 

E1714 Shop Set 
Maintenance SM 

N/A B0003/ 
B0012 

Y 1 

E3235 Dragon Maintenance 
Shelter 

AN/GSM-
216 

B0003/ 
B0012 

Y 1 

E3236 Van, Maintenance, 
TOW Weapon 

AN/TSM-
161 

B0003/ 
B0012 

Y 1 

E1600 Shop Equipment, 
Remote Control 

Maintenance 

AN/TSM-
179 

B0006/ 
B0013 

N 1 

E0039 Battery Command 
Post 

AN/MSQ-
125 

B0006/ 
B0013 

N 2 
 

Continued on next page 
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Shelters and Vans, Continued 

 
Table, 
continued 

E1648 Shop Equipment, 
Remote Control Sys I 

HAWK Shop 

AN/TSM-
107 

B0006/ 
B0013 

N 1 

E1650 Shop Equipment 
Missile 

AN/TSM-
181(V1) 

B0006/ 
B0013 

N 2 

E1651 Shop Equipment 
Missile 

AN/TSM-
181(V2) 

B0006/ 
B0013 

N 2 

E1712 Shop Set 
Maintenance AR 

N/A B0003/ 
B0012 

Y 1 

E1713 Shop Set 
Maintenance EL 

N/A B0003/ 
B0012 

Y 1 

E1714 Shop Set 
Maintenance SM 

N/A B0003/ 
B0012 

Y 1 

E3235 Dragon Maintenance 
Shelter 

AN/GSM-
216 

B0003/ 
B0012 

Y 1 

E3236 Van, Maintenance, 
TOW Weapon 

AN/TSM-
161 

B0003/ 
B0012 

Y 1 
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Tents 

 
Size and Use Tents requiring ECUs have significantly increased within the last few years, 

mainly because of the geographic locations that the Marine Corps has been 
conducting missions.  Tents are used for work areas where equipment 
requires an environmentally controlled atmosphere to operate properly.  
Medical facilities that are close to operations also require air conditioning 
support.  In determining the size of the ECU, consider the following: 
 
• Climate 
• Size of area 
• Number of personnel 
• Equipment inside the tent 

 
General Rule A general rule when determining the size of the ECU is based on a moderate 

climate, 40 to 95 Fahreinheit degrees, a relative humidity of 50 to 60 percent, 
and about 10 personnel working within the area.  The rule is as follows: 
 

 
Note:  You may increase the BTUs if the factors listed above increase.  An 

example is provided on the next page: 

Type British Thermal Unit (BTU) Square Feet 
Building Space 12,000 400 
Tent Space 12,000 200 

Continued on next page 
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Tents, Continued 

 
Example Determine square feet of tent (Length × Width) 32' × 16' = 512 sq ft 

Divide by  512' ÷ 200  =  2.56 
Multiply answer by 12,000  BTU 2.56 × 12,000 = 30,720 BTU 
 
A tent requires additional BTU because of the overhead space that is not 
squared compared to a building space with insulation. 
 
The table below lists some common tents and their BTUs required for 
support. 
 

Type Dimensions Square Feet BTUs 
Command Post (CP) 21'L × 10'W × 9'H 210 12,600 
General Purpose Med 32'L × 16'W × 10'H 512 30,720 
General Purpose Lrg 52'L × 18'W × 12'H 936 56,160 
Maintenance Tent 27'L × 18'W × 14'H 486 29,160  
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Refrigeration Equipment 

 
Support Providing refrigeration equipment is another area of support that a utilities 

chief needs to plan for, especially when there are two types of facilities that 
require the use of refrigeration support: 
 
• Dining Facility 
• Medical Facility 

 
Dining Facility When the mission dictates, the unit commander designates the dining facility 

to be used.  As a utilities chief, the following considerations are important in 
the location of the dining facility as it relates with the equipment that you plan 
to support: 
 
• Natural cover and concealment 
• Sufficient accesses to roads for re-supply vehicles 
• Located on dry ground that is elevated that will provide good drainage 
• Located near the main body of personnel to be fed 
• Location large enough to handle heavy equipment  

 
Equipment After these considerations have been factored, plan the refrigeration support 

for the dining facility.  There are two pieces of equipment that are part of the 
refrigeration equipment:  the 350-cubic foot refrigerated-container and the 
enhanced refrigerated unit (ERU) that is attached to the container.  The 
number of refrigerated containers and ERUs are based on the number of 
personnel being supported by the dining facility.  The following requirement 
applies when determining the amount of refrigeration equipment required to 
support the dining facility: 
 
Two 350-cubic foot containers with ERUs are required for every 500 
personnel.  An additional container may be factored in for either maintenance 
support or additional space if required by the dining facility.  

 
Containers The containers are divided into two categories: 

 
• Freezer Container 
• Refrigerated Container 

Continued on next page 
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Refrigeration Equipment, Continued 

 
Freezer 
Container 

This container is used as a freezer or for freezing products below zero 
degrees, and providing long-term storage.  It maintains a temperature of 10 
Fahrenheit degrees and is required to support no more than 500 personnel. 

 
Refrigerated 
Container 

This container is used as a normal refrigerator.  It maintains a temperature of 
35 – 45 Fahrenheit degrees and is required to support 500 personnel.  It 
normally holds dairy, fruits, vegetables, and other items that require a cool 
temperature for storage purposes.  

 
Ice 
Requirements 

The utilities chief is also responsible for providing the Scotsman Ice Flake 
Machine.  This unit has been coded to the Defense Reutilization Marketing 
Office (DRMO) when it is uneconomical and cost effective to repair.  The ice 
flake machine is being phased out of the Marine Corps with no replacement.  
This means that there is no longer a requirement for the utilities chief to 
produce ice to support the Fleet Marine Force.  

 
Medical 
Facility 

As stated earlier, medical facilities require air conditioning support for 
environmentally controlled atmospheres for operating rooms, recovery rooms, 
and clinics.  Medical facilities also require refrigeration support.  Most 
medical facilities have their own special refrigeration equipment and normally 
only require power.  However, depending on the size of the unit and their 
mission, you may still need to provide support.  One 350-cubic foot container 
with an ERU is normally sufficient; however, the mission and particular 
situations will dictate what support you need to provide.  It is always best to 
be proactive and have additional refrigeration units and containers available 
in case of maintenance failures or other support that may be required. 

 
Ice 
Requirements 

Medical facilities will require ice for the support of medical treatment.  This 
support was provided by the utilities section and the ice flake machine.  
Today, most of today’s medical facilities, as stated earlier, have their own 
commercial machines and only require electrical power for support.  The 
medical officer normally determines the amount of ice required to support the 
mission.  They may need to store ice, if the mission dictates, and may require 
the support of a refrigerated container and ERU to provide storage facilities. 

Continued on next page 
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Refrigeration Equipment, Continued 

 
Support 
Personnel 

As a utilities chief, you must plan for the support personnel to install, operate, 
maintain, and perform maintenance when required.  The requirements for a 
trained operator/mechanic will be based on the 
 
• Amount of equipment that you have to support 
• Locations of all air conditioning/refrigeration equipment 
• Embarkation and installation of air conditioning/refrigeration equipment 
 
It is recommended that the Table of Organization (T/O) be based on one air 
conditioning/refrigeration mechanic per 10 pieces of air conditioning/ 
refrigeration equipment.  If there are separate locations for air 
conditioning/refrigeration equipment, then attempt to have one air 
conditioning/refrigeration mechanic at each site.  This will aid in proper 
movement (unloading and loading of equipment), installation, operation, and 
proper maintenance of all air conditioning/refrigeration equipment. 
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Applications 

 
Types of 
Installation 

As discussed earlier, we identified the two types of ECUs and refrigeration 
equipment that are used, horizontal and vertical.  The following types of 
installations that a utilities chief needs to understand to provide proper 
support are 
 
• Through-the-wall 
• Exterior mounted 
• Remote installation 
• Skid mounted 
• Telescoping rail 
 
TM-4120-15/1 (Principal Technical Characteristics of U.S. Marine Corps 
Military Standard Air Conditioners) provides information on the types of 
installation pertaining to air conditioning and refrigeration equipment. 

 
Through-the-
Wall 

Through-the-wall is when the unit rest inside the area to be conditioned, while 
the fresh air inlet side is vented through an opening in the wall to the outside 
of the exterior wall.  

Continued on next page 
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Applications, Continued 

 
Exterior 
Mounted 

Exterior mounted is similar to the through-the-wall method by saving 
workspaces in small areas such as shelters.  This is a permanent or temporary 
platform attached to the outer wall of the shelter (shown below).  Openings 
are cut into the shelter wall for supply and return air connections.  The unit is 
then secured to the platform and the air and other connections are also secured 
connecting the unit to the shelter.  Most refrigeration units are designed to be 
attached to the outside of the attached shelter. 
 

Continued on next page 
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Applications, Continued 

 
Remote 
Installation 

Unique requirements for some units are designed with a removable control 
panel remotely controlled from inside the shelter and have the option of 
having the air conditioning unit skid mounted.  This unit is a horizontal air 
conditioner and has the control panel located inside the unit and is attached to 
the unit with a remote wiring harness that runs to the unit, which is located on 
the outside of the shelter.  

Continued on next page 
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Applications, Continued 

 
Skid-Mounted  Skid-mounted units (shown below) are designed for mobility and are 

considered as a remote installation.  They are used to provide air conditioning 
at a location remote from the area to be environmentally controlled by using a 
system of flexible ducts.  Remote location is desirable when exceptionally 
low sound level is required.  This installation requires the use of a skid 
mounted assembly.  The skid mounted assembly includes a basic skid, 
plenum and duct assembly, and any shelter attachments.  The skid-mounted 
version permits easy access for maintenance and offers rapid replacement of 
the complete unit. 
 

 

Continued on next page 
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Applications, Continued 

 
Telescoping 
Rail 

The telescoping rail arrangement is particularly applicable when the air 
conditioning unit is installed in a van or shelter.  Mounted on a telescoping 
rail, the unit is moved laterally through the wall before use.  When not in use, 
the rails are retracted, placing the unit inside of the shelter.  
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Characteristics and Capabilities 

 

Intended Uses  Utilities chiefs know that ECUs and refrigeration equipment are designed to 
provide cooling, heating, and refrigeration capability to equipment and 
operational facilities.  What is important to know is which equipment is 
required to accomplish the mission.  Every unit has its own specific 
characteristics and capabilities.  The following list of equipment is still in use 
today in the Fleet Marine Force; however, some equipment is being replaced 
with more advanced equipment and will be identified as we discuss them. 
 

• B0001 
• B0002 
• B0005 
• B0006 
• B0007 
• B0008 
• B0011 
• B0012 
• B0013 
• B0014 
• B2004 
• B2006 
• B1180 
• B1645 
• B1710 

 

B0001 The B0001 is a 50/60 hertz, electric, motor driven, military, compact, base-
mounted, self-contained, air cooled, horizontal, and lightweight 
environmentally controlled unit designed for mounting through an opening in 
shelters. 

 

Power Requirements 3.0 kilowatts 
208 volts 
3-phase 
50/60 hertz 

Dimensions 5.9 cubic feet 
16'H x 24'Wx26.5'D 

Weight 185 lbs. 
Cooling/Heating Capability 9,000 BTUs per hour 

7,000 BTUs per hour of heat 
Operating Temperatures 0°F to 120°F in cooling mode from -

50°F to 80°F in heat mode. 

Continued on next page 
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Characteristics and Capabilities, Continued 

 

B0002 The B0002 (shown below) is a 50/60 hertz, electric, motor driven, military, 
compact, base-mounted, self-contained, air cooled, horizontal, and 
lightweight environmentally controlled unit designed for mounting through an 
opening in shelters.   
 

It is important to note that some of the newer models have motor controllers 
that are capable of converting the hertz from 50/60 to 400 hertz.  The B0002 
will eventually be replaced by a new air conditioner labeled as the B0003.  
The testing and procurement are initially being accomplished during the 
writing of this material by Marine Corps Systems Command. 

 

Power Requirements 6.5 kilowatts 
208 volts 
3-phase 
50/60 hertz 

Dimensions 9.8 cubic feet 
20'H x 30'Wx28.19'D 

Weight 290 lbs. 
Cooling/Heating Capability 18,000 BTUs per hour 

14,3000 BTUs per hour of heat 
Operating Temperatures 0°F to 120°F in cooling mode from -

-50°F to 80°F in heat mode. 
 

 

Continued on next page 
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Characteristics and Capabilities, Continued 

 

B0005 The B0005 (shown below) is a 50/60 hertz, electric, motor driven, military, 
compact, vertical, and lightweight environmentally controlled unit.  It is 
designed with a removable control panel for remote controlling and has 
capability to be skid-mounted.  A B0005 is used to ventilate, cool, heat, and 
filter air in rooms with enclosures.  

 

Power Requirements 9.6 kilowatts 
208 volts 
3-phase 
50/60 hertz 

Dimensions 21.1 cubic feet 
55.25'Hx30.75'Wx21.5'D 

Weight 440 lbs. 
Airflow Duct Size 12” in diameter 
Cooling/Heating Capability 36,000 BTUs per hour 

28,600 BTUs per hour of heat 
Operating Temperatures 0°F to 120°F in cooling mode from -

-50°F to 80°F in heat mode 
 

 

Continued on next page 
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Characteristics and Capabilities, Continued 

 

B0006 The B0006 (shown below) is a 400 hertz, electric, motor driven, military, 
compact, vertical, and lightweight environmentally controlled unit.  It is 
designed with a removable control panel for remote controlling and has the 
capability to be skid-mounted.  The B0006 is the twin to the B0005, listed 
above, with the only difference being the frequency that it requires for power 
400 hertz vice 50/60 hertz. 

 

Power Requirements 11 kilowatts 
208 volts 
3-phase 
400 hertz 

Dimensions 21.1 cubic feet 
55.35’Hx30.75’Wx21.5’D 

Weight 450 lbs. 
Airflow Duct Size 12” in diameter 
Cooling/Heating Capability 36,000 BTUs per hour 

28,600 BTUs per hour of heat 
Operating Temperatures 0°F to 120°F in cooling mode from  

-50°F to 80°F in heat mode 
 

 

Continued on next page 
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Characteristics and Capabilities, Continued 

 
B0007 The B0007 is a 60 hertz, electric, motor-driven, military, compact, vertical, 

and lightweight environmentally controlled unit.  It is designed with a 
removable control panel for remote controlling and may be installed indoors 
or directly exposed to the atmosphere. 

 

Power Requirements 18.5 kilowatts 
208 volts 
3-phase 
60 hertz 

Dimensions 31.5 cubic feet 
65.25'H x 34.75'W x 23.5'D 

Weight 600 lbs. 
Airflow Duct Size 16 in Diameter 
Cooling/Heating Capability 60,000 per hour 

47,000 per hour of heat 
Operating Temperatures 0°F to 120°F in cooling mode from 

-50°F to 80°F in heat mode 

Continued on next page 
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Characteristics and Capabilities, Continued 

 

B0008 The B0008 replaces the B0007 and B0011 
 

The B0008 (shown on the following page) is a packaged system designed to 
operate in a portable field capacity, providing conditioned air to a shelter via 
ducting.  It is controlled and operated by a built-in control box or remote 
controller.  
 

The B0008 is all inclusive and houses all of the components in which requires 
it to operate, from the air conditioned ducts, to the power cable, and the 
remote cable.  The storage compartment for these items is located in the 
condenser section of the unit and is accessible by removing the top cover. 

 

Power Requirements 11 kilowatts 
208 volts 
3-phase 
60 hertz 

Dimensions 65.5 cubic feet 
47.44'H x 47.62'W x 37'D 

Weight 575 lbs. 
Airflow Duct Size 16” in diameter 
Refrigeration System R-22 refrigerant 
Cooling/Heating Capability cooling capacity at 60 hertz 

on not less than 60,000 BTUs per 
hour 
37,000 BTUs per hour of heat 

Operating Temperatures 0°F to 120°F in cooling mode from 
-50°F to 80°F in heat mode 

 

 

 

Continued on next page 
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Characteristics and Capabilities, Continued 

 
B0011 The B0011 (shown below) is a 60 hertz, electric, motor driven, military, and 

horizontal environmentally controlled unit.  It was designed with its 
components packaged into a rigged frame and cabinet to allow for military 
transport without crating.  The B0011 was not intended to support 
electromagnetic interference sensitive equipment 

 

Power Requirements 10 Kilowatts 
208 volts 
3-phase 
60 hertz 

Dimensions 59.6 cubic feet 
32'H x 48'W x 71'D 

Weight 940 lbs. 
Airflow Duct Size 16” in diameter 
Cooling/Heating Capability 54,000 BTUs per hour 

32,400 BTUs per hour of heat 
Operating Temperatures 50°F to 120°F in cooling mode from 

-50°F to 80°F in heat mode 
 

 

Continued on next page 
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Characteristics and Capabilities, Continued 

 

B0012 The B0012 (shown below) is a 50/60 hertz, electric, motor driven, military, 
compact, vertical, and lightweight environmentally controlled unit.  It is 
designed with a removable control panel for remote controlling and has 
capability to be skid-mounted.  A B0012 is used to ventilate, cool, heat, and 
filter air in rooms with enclosures.  The B0012 was once a multi-powered unit 
with the capability to switch its frequency cycle from 50/60 hertz to 400 hertz 
through the use of a motor controller.  The current modification MI-6115-
24/1 removed the motor controller and replaced it with components that are 
only 50/60 hertz capable. 

 

Power Requirements 5.7 kilowatts 
208 volts 
3-phase 
50/60 hertz 

Dimensions 8.8 cubic feet 
45.78'H x 17.25'W x 21.5'D 

Weight 265 lbs. 
Airflow Duct Size 8” in diameter 
Cooling/Heating Capability 18,000 BTUs per hour 

12,000 BTUs per hour of heat 
Operating Temperatures 0°F to 120°F in cooling mode 

50°F to 80°F in heat mode 
 

 

Continued on next page 
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Characteristics and Capabilities, Continued 

 
B0013 The information for the B0013 (shown below) is provided, though there are 

less than 50 units that were fielded within the Fleet Marine Forces.  The 
B0013 was designed to replace the B0005 and B0006 models.  A few B0013s 
were fielded to units within the Fleet Marine Force, however due to issues 
between the Marine Corps and the manufacturer of the unit, fielding of the 
unit was ceased and the unit never replaced the existing B0005 and B0006 
models.  The B0013 is a 50/60 hertz or 400 hertz multi-powered input, 
electric, motor driven, military, compact, vertical, and lightweight 
environmentally controlled unit.  It is designed with a removable control 
panel for remote controlling and has the capability to be skid-mounted.  A 
B0013 is used to ventilate, cool, heat, and filter air in rooms with enclosures. 

 

Power Requirements 11.24 kilowatts 
208 volts 
3-phase 
50/60 or 400 hertz 

Dimensions 21.1 cubic feet  
55.25H x 30.75W x 21.5D 

Weight 480 lbs. 
Airflow Duct Size 12” in diameter 
Cooling/Heating Capability 36,000 BTUs per hour 

28,600 BTUs per hour of heat 
Operating Temperatures 0°F to 120°F in cooling mode 

-50°F to 80°F in heat mode 
 

 

Continued on next page  
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Characteristics and Capabilities, Continued 

 

B0014 The B0014 replaces the following air conditioners: 
 

• B0005 
• B0006 
• B0012 
• B0013 
 

The B0014 (shown below) is a packaged system designed to operate in a 
portable field capacity, providing conditioned air to a shelter via ducting.  It is 
controlled and operated by a built-in control box or remote controller. 
 

The B0014 is all inclusive and houses all of the components in which requires 
it to operate, from the air conditioned ducts, to the power cable, and the 
remote cable.  The storage compartment for these items is located in the 
condenser section of the unit and is accessible by removing the top cover.  

 

Power Requirements 9.6 kilowatts 
208 volts 
3-phase 
50/60 hertz 

Dimensions 64 cubic feet 
42.44'H x 47.62'W x 37'D 

Weight 485 lbs. 
Airflow Duct Size 12” in diameter 
Cooling/Heating Capability 36,000 BTUs per hour 

31,000 BTUs per hour of heat 
Operating Temperatures 50°F to 125°F in cooling mode 

-25°F to 80°F in heat mode 
 

 

Continued on next page 
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Characteristics and Capabilities, Continued 

 
Skid Assembly 
B2004 

The small skid assembly, previously shown attached with B0012 air 
conditioner, consists of an aluminum frame and accessories that are used to 
mount a standard military vertical air conditioner (B0012), to allow the unit to 
be located outside the and away from the shelter that is environmentally 
controlled.  The skid assembly contains air ducting, a power cable, and cable 
to permit remote installation up to 10 feet away.  It dimensions are 56.5”h x 
48”w x 39”l and measures into 61.2 cubic feet.  The small skid assembly has 
been coded obsolete for use once the B0012 Air Conditioner has been 
replaced by its successor, the B0014.  The skid assembly provided the support 
for the B0012 for housing the ducts and power cable and also providing 
protection from accidental damage.  

 
Skid Assembly 
B2006 

The large skid assembly consists of an aluminum frame and accessories that 
are used to mount a standard military vertical air conditioner (B0005 and 
B0006) to allow the unit to be located outside the and away from the shelter 
that is environmentally controlled.  The skid assembly contains air ducting 
and a power cable.  It dimensions are 74”h x 46”w x 60”l and measures into 
118.2 cubic feet.  It is important to note that this end item will most likely be 
phased out of the Marine Corps once the B0014s replace the B0005 and 
B0006 air conditioners.  The large skid assembly has been coded obsolete for 
use once the B0005/B0006 air conditioners have been replaced by its 
successor, the B0014.  The skid assembly provided the support for the 
B0005/B0006 air conditioners for housing the ducts and power cable and also 
providing protection from accidental damage. 

Continued on next page 
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Scotsman Ice 
Flake Machine 

The Scotsman Ice Flake Machine B1180 (shown below) has been determined 
to be uneconomically repairable once it requires corrective maintenance and 
has been coded for Defense Reutilization Marketing Office for disposal. 
There is no replacement for the ice flake machine at this time; however, the 
characteristics and capabilities are still listed for information purposes.  The 
ice flake machine is a self-contained, fully automatic, two-piece unit (ice 
machine, storage bin) designed for indoor use.  The unit may be used 
outdoors if kept covered in either a tent or building.   
 

It requires water to operate and must maintain a pressure between 20-120 
pounds.  When deployed out of a garrison environment, the ice flake machine 
must use the modification kit (which has no TAMCN or NSN) to raise the 
water pressure for proper operation.  It is capable of producing 2115 lbs. of 
flaked ice every 24 hours.  The storage bin is capable of storing up to 750 lbs. 
of flaked ice. 

 

Air Temperature between 50°F to 100°F and the  
Water Temperature between 40°F to 100°F 
Power Requirements 3.6 kilowatts 

120 volts single-phase or  
208 volts 3-phase 
50/60 hertz 

 

 

Continued on next page 
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Characteristics and Capabilities, Continued 

 

Enhanced 
Refrigeration 
Unit 

The enhanced refrigeration unit B1645 (shown below) is a refrigeration unit 
designed to freeze or chill the space inside of the 350 cubic foot refrigerated 
container.  It is a one-piece, 4500 British Thermal Unit (BTU) per hour 
refrigeration unit.  It requires forklift support for mounting and installing onto 
the refrigerated container. 

 

Power Requirements 4.9 kilowatts 
208/230 volts 
3-phase 
50/60 hertz 

Refrigerant 5.3 lbs of R-404A ozone safe 
refrigerant 

Dimensions 41.96 cubic feet 
33.5'H x 44.05'W x 49.13'L 

Weight 474 lbs. 
 

 

Continued on next page 
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Characteristics and Capabilities, Continued 

 
Refrigerated 
Container  

The refrigerated container B1710 (shown below) is a one-piece, steel frame, 
insulated 350-cubic foot container with permanently assembled riveted 
aluminum alloy panels.  The refrigerated container is equipped with two sets 
of four wire shelves, four tie-down rings mounted on the interior walls to 
secure produce, two drains located on the floor, a thermometer, and a light 
switch to control the interior light.  The container is also equipped with a door 
safety release handle, which allows an emergency opening of the door from 
the interior of the container.  The refrigerated container requires power for the 
one 100-watt light bulb that is located inside.  A 3-wire external power cable 
with power plug and weatherproof cap is provided with the unit. 

 
Power Requirement 115 volts 

single-phase 
60 hertz 

Dimensions 350 cubic feet 
96 3/16'H x 96 3/16'W x 117 3/4'L 

Weight 10,000 lbs. and can allow up to 
50,000 lbs. of stacking weight 

Thermometer ranges 20°F to 120°F in cooling mode 
-25°F to 80°F in heat mode 
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Lesson 1 Exercise 

 
Directions Complete exercise items 1 through 6 by performing the action required. 

Check your answers against those listed at the end of this lesson. 

 
Item 1 What are the two types of air conditioners that are used in the Fleet Marine 

Force? 
 
a. Linear and lateral 
b. Horizontal and perpendicular 
c. Vertical and flat 
d. Horizontal and vertical 

 
Item 2 How many enhanced refrigeration units, attached to the refrigerated container, 

are required to support a dining facility? 
 
a. 1 for every 500 personnel to support 
b. 2 for every 500 personnel to support 
c. 3 for every 500 personnel to support 
d. 4 for every 500 personnel to support 

 
Item 3 How many support personnel are required to support air conditioning and 

refrigeration equipment for planning considerations?  
 
a. 1 per 10 pieces of air conditioning/refrigeration equipment 
b. 1 per 14 pieces of air conditioning/refrigeration equipment 
c. 1 per 16 pieces of air conditioning/refrigeration equipment 
d. 1 per 20 pieces of air conditioning/refrigeration equipment 

 
Item 4 Through-the-wall, exterior mounted and telescoping rail are just three of the 

five types of installing environmentally controlled units. What are the 
remaining two types of installation? 
 
a. Remote and platform mounted 
b. Remote and skid mounted 
c. Skid and platform mounted 
d. Skid and through-the-wall 

Continued on next page 
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Lesson 1 Exercise, Continued 

 
Item 5  What are the characteristics of the enhanced refrigeration unit? 

 
a. One-piece, 4000 BTUs per hour refrigeration unit 
b. One-piece, 4500 BTUs per half-hour refrigeration unit 
c. One-piece, 4500 BTUs per hour refrigeration unit 
d. One-piece, 4000 BTUs per half-hour refrigeration unit 

 
Item 6 What is the capacity of the refrigerated container TAMCN B1710? 

 
a. 350 cubic inches 
b. 350 cubic feet 
c. 350 cubic yards 
d. 350 cubic meters 

Continued on next page 
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Lesson 1 Exercise, Continued 

 
Answers The table listed below lists the answers to the exercise items. If you have any 

questions about these items, refer to the reference page listed for that item.  
 

Item Number Answer Reference 
1 d 6-6 
2 b 6-13 
3 a 6-15 
4 b 6-16 
5 c 6-33 
6 b 6-34 
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LESSON 2 

INSTALLATION, OPERATION, AND MAINTENANCE 

Introduction 

 
Scope After the utilities chief has completed the planning stage and identified all 

necessary equipment to accomplish the mission, we now enter the execution 
and supervision phase of our well proposed plan.  In this lesson, we cover 
areas of installing, operating, and maintaining field air conditioning and 
refrigeration equipment.  This is were the rubber meets the road and 
determines if the planning was correct.  The best laid plan is useless unless it 
can be executed ensuring the operation and maintenance of the equipment is 
successful throughout the duration of the mission. 

 
Learning 
Objectives 

At the end of this lesson, you should be able to 
 
• Recall the position for placing air conditioning/refrigeration equipment. 
 
• Recall operator check and service procedures during operation. 
 
• Recall the components in the tool kit required to perform maintenance on 

air conditioning/refrigeration equipment. 

 
In This Lesson This lesson contains the following topics. 
 

Topic See Page 
Introduction 6-39 
Installation 6-40 
Operation  6-41 
Maintenance 6-44 
Lesson 2 Exercise 6-46 
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Installation 

 
Location In selecting an area to place ECUs refrigeration units, the utilities chief must 

make sure of the following: 
 

• Set the unit in a level position with a possible 5-degree slope towards an 
accessible drain to allow for proper drainage. 

 

• Accessibility to the lower front panel or electrical panel. 
 

• Air supply and return grilles are ready for service and maintenance. 
 

• Sufficient airflow around the unit, especially at the air intake grille of the 
condenser coil, for maximum unit capacity. 

 

• Correct power supply or cable is within proper distance of the power 
source so the unit has the correct amount of voltage and amperage in 
which to properly operate from. 

 
Receiving 
Equipment 

Inspect equipment for signs of embarkation and transportation damage, such 
as a broken, cracked, dented, or missing part and materials.  Inspect the parts 
in the following priority: 

 

Priority Parts 
1 Evaporator and condenser coils 
2 Intake and discharge grilles 
3 Tubing, fittings, or joints 
4 All exposed wires or cables 

 
Some Added 
Areas of 
Concern 

Once all equipment has been received and inspected, begin the installation 
process.  Some equipment has SL-3 gear that is required for the unit to 
operate.  Follow the technical manuals for proper setup procedures.  The 
following are some areas of concern: 
 

• Remove drain plugs from drain holes, preferably all drain outlets, and 
connect drain tubes with trap connectors.  

 

• Ensure that power cable has an ohm check conducted from the cannon 
plug and hubble connection.  This will ensure that the unit will not run 
backwards and cause corrective maintenance issues.  Inspect all wiring 
and connections and ensure that they are tight and not exposed. 
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Operation  

 
Modes Before operating the ECUs equipment, determine what type of operation will 

be required of the equipment.  Adjust the temperature control setting, fresh air 
inlet damper, and the selector switch in accordance with the System 
Operating Information Chart per the technical manual.  All air conditioners 
(environmentally controlled units) will start in the following modes: 
 
• Vent 
• Cool 
• Lo heat 
• Hi heat 

 
Vent In this mode, the fan motor(s) are energized and run continuously to circulate 

air.  The compressor and heater elements are not engaged; therefore, the 
conditioned air is not being produced.  

 
Cool When the selector switch is placed in this mode, the fan and the compressor 

are engaged whenever the air temperature rises above the temperature control 
setting.  When the temperature falls below the temperature control setting, the 
compressor then transfers to a bypass or no load condition. 

 
Lo Heat When the selector switch is placed in this mode, the evaporator fan motor is 

engaged and one bank of the electrical heaters is under control of the 
temperature control and the second bank is left inoperative. 

 
Hi Heat When the selector switch is placed in this mode, the evaporator fan motor is 

engaged and one bank of the electrical heaters are under control of the 
temperature control and the second bank is also engaged and running 
continuously. 

 
Temperature 
Selector Switch 

On all equipment, the center of the temperature control scale will correspond 
to a temperature of approximately 65˚F/18˚C. 

Continued on next page 
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Operation, Continued 

 
Climate  
Conditions 

Operation of the environmentally controlled units (air conditioning units) and 
refrigeration units are susceptible to climate conditions, which will affect 
their performance and operational capability.  The following climate 
conditions need to be considered when preparing to operate the equipment: 
 
• Extreme Heat 
• Dusty or Sandy Areas 
• Rain or Humid Areas 
• Salt Water Areas 

 
Extreme Heat Environmental controlled units are designed to operate under conditions 

ranging in temperatures up to 125˚F/ +52˚C.  When the unit is operated in 
temperatures higher than 125˚F/ +52˚C, then the cooling capacity will be 
lowered by high surface and ambient temperatures, causing the unit to run 
more frequently and for longer periods of time.  Long periods of operation 
may cause the compressor or fan motor to overheat and trip the overload 
switches, causing the motors to stop.  To maintain the highest capacity of the 
unit, clean the filter weekly or more often, if necessary.  A dirty filter reduces 
airflow of the air conditioning unit.  Also check and keep clean the condenser 
intake grille of the equipment.  More dirt and debris located around the grilles 
will cause the unit to run longer and more frequent as well.  

 
Dusty or Sandy 
Areas 

If the equipment will be exposed to harsh dust and sandy areas, it is important 
to shield the ECU from dust as much as possible.  Take advantage of natural 
barriers, which will offer some protection.  Keep the equipment as clean as 
possible, paying particular attention to the shutters and grilles of the 
equipment.  Use compressed air, if available, to aid in the cleaning process.  
Again, the air filter and the condenser coil of the equipment are subject to 
more dirt and debris accumulation because of the operation of the equipment.  
Changing the air filter and keeping the condenser grille cleaned is required 
more often than under normal circumstances. 

 
Rain and 
Humid 
Conditions 

When operating equipment in heavy rain or humid areas, attempt to keep the 
unit covered when not in use.  Maintain vigilance on ensuring electrical 
components are being kept dry so that they will not cause arcing or other 
electrical problems. 

Continued on next page 
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Operation, Continued 

 
Salt Water 
Areas 

Operating in salt water areas will cause the equipment to gather salt around 
the areas where air circulation is present.  Washing or rinsing the unit with 
fresh water on frequent intervals will aid in preventing rust and corrosion 
from deteriorating the equipment.  Be especially careful not to damage the 
electrical system with water ensuring to wipe and dry the areas that are 
around the electrical system before operating the equipment. 

 
Operator 
Checks and 
Services 

Anyone responsible for air conditioners (ECUs) can be operators.  Due to 
having equipment located at remote sites, leaves the inability to have a 
trained, professional, 1161 air conditioning/refrigeration mechanic on site at 
all times.  This requires the operators of the equipment to perform checks and 
services daily.  This ensures continual operational performance and longevity 
of the equipment.  Operators are responsible for the following checks and 
services during the operation of the equipment: 
 

Step Action 
1 Clean all grilles and louvers. 
2 Clean the air intake filter. 
3 Clean the evaporator and condenser areas. 
4 Ensure drain pan and tubes are properly draining water and clean 

as necessary. 
5 Check refrigerant sight indicator for moisture or shortage of 

refrigerant. 
 

If… Then… 
The sight indicator shows the 
indicator to be a yellowish/ 
chartreuse color 

There is moisture present in 
the refrigerant. 

The sight indicator shows 
bubbles or an abundant 
amount of bubbles 

There is a shortage of 
refrigerant in the system. 

  
 

Note:   These conditions would apply only when the unit is being operated in 
the  cool mode for air conditioners (environmentally controlled units) 
and refrigeration units. 
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Maintenance  

 
Types When planning for an operation, the maintenance of your equipment is one of 

the most important factors to consider.  Remember, if your equipment fails 
due to lack of maintenance, you have failed in accomplishing your mission. 
Maintenance is comprised of two types of maintenance: 
 
• Preventive 
• Corrective 

 
Preventive  Preventive or scheduled maintenance is performed by the organizational 

maintenance activity.  All maintenance checks and services are based on the 
appropriate technical manual that correlates with its correct piece of 
equipment.  At a minimum, the operator checks and services, stated earlier, 
aid in the overall performance of the unit and mirror some of the preventive 
checks and services that are listed in the manuals. 

 
Corrective  Organizational and intermediate maintenance normally is limited to the 

testing, replacement, and repair of defective parts and material.  Repair and 
replacement beyond the level of scope of maintenance that you are authorized 
to conduct will be referred to the appropriate echelon level of maintenance.  
Refer to all technical manuals for additional maintenance instructions. 

 
Tools and 
Equipment 

Air conditioning/refrigeration equipment has a unique set of tools that are 
required to perform maintenance on any particular piece of equipment.  The 
two tool kits are 
 
• Refrigeration Tool Box (TAMCN B2280) 
• Refrigeration Expandable Tool Kit (TAMCN B2290) 

Continued on next page 
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Maintenance, Continued 

 
Refrigeration 
Tool Kit 

The refrigeration tool kit maintains tools that are dynamically unique to the 
air conditioning/refrigeration equipment. 
 
• Compound and pressure gauges 
• High pressure vacuum pump 
• Leak detector kit 
• Multi-meter 
• Refrigeration valve wrenches 
• Soldering Iron 
• Refrigerant Recovery Recycling Station 
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Lesson 2 Exercise 

 
Directions Complete exercise items 1 through 3 by performing the action required. 

Check your answers against those listed at the end of this lesson.  

 
Item 1 Where should you place the air conditioning/refrigeration unit? 

 
a. In a level position with a possible 2-degree slope for drainage 
b. In a level position with a possible 5-degree slope for drainage 
c. In a level position with a possible 7-degree slope for drainage 
d. In a level position with a possible 9-degree slope for drainage 

 
Item 2 Checking the refrigerant sight indicator for moisture and shortage of the 

refrigerant and ensuring all drain pans and tubes are clean and draining 
correctly is just two of the operator checks and services for operating air 
conditioning/refrigeration equipment.  What are the remaining checks and 
services that are required? 
 
a. Clean all grilles and louvers, clean air intake filter, and clean evaporator 

and condenser areas. 
b. Clean all grilles and louvers, clean fresh air filter, and clean evaporator 

and condenser areas. 
c. Clean all grilles and louvers, clean fresh air filter, and clean evaporator 

areas. 
d. Clean all grilles and louvers, clean fresh air filter, and clean condenser 

areas. 

Continued on next page 
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Lesson 2 Exercise, Continued 

 
Item 3 Some of the components included in the refrigeration tool kit are compound 

and pressure gauges, a multi-meter, __________, and refrigeration valve 
wrenches. 
 
a. heat detector kit 
b. amp-meter 
c. refrigeration valve stems 
d. leak detector kit 

Continued on next page 
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Lesson 2 Exercise, Continued 

 
Answers The table listed below lists the answers to the exercise items.  If you have any 

questions about these items, refer to the reference page listed for that item. 
 

Item Number Answer Reference 
1 b 6-40 
2 a 6-43 
3 d 6-45 
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UTILITIES/OFFICERS CHIEF 

REVIEW LESSON EXAMINATION 

Review Lesson 

 
Introduction The purpose of the review lesson examination is to prepare you for your final 

examination.  We recommend that you try to complete your review lesson 
examination without referring to the text, but for those items (question) you 
are unsure of, restudy the test.  When you finish your review lesson and are 
satisfied with your response, check your responses against the answers 
provided at the end of this review lesson examination.  

 
Directions Select the ONE answer that BEST completes the statement or that answers 

the item.  For multiple choice items, circle your response.  For matching 
items, place the letter of your response in the space provided.  

 
Item 1 A satisfactory water source is a sufficient quality and _________ of natural 

water that supplies all the needs of the using units. 
 
a. clarity 
b. depth 
c. quantity 
d. velocity 

 
Item 2 The five main natural water sources are surface, ground, snow and ice, 

_______, and rain. 
 
a. lakes 
b. seawater 
c. swamp 
d. vegetation 

Continued on next page 
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Review Lesson, Continued 

 
Item 3 Which item is considered when planning a water reconnaissance? 

 
a. Weather conditions 
b. Tide conditions 
c. Personnel and equipment 
d. Routes of communication 

 
Item 4  What is the advantage of an air reconnaissance? 

 
a. Easy mobility over rough terrain 
b. Less personnel to conduct reconnaissance 
c. Protection from ground attack 
d. Rapidly securing information over a large area 

 
Item 5 What is the disadvantage of an air reconnaissance? 

 
a. Requires additional coordination with air units 
b. Is limited by adverse weather conditions 
c. Is not cost effective 
d. Requires additional escort aircraft 

 
Item 6 What is the advantage of a ground reconnaissance? 

 
a. Gathers more accurate information than an air reconnaissance 
b. Can be conducted by small units 
c. Is more cost effective 
d. Does not require additional support 

 
Item 7 What is a disadvantage of a ground reconnaissance? 

 
a. More susceptible to ground attack 
b. Longer time to conduct 
c. Harder to travel over rough terrain 
d. Equipment is carried by personnel 

Continued on next page 
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Review Lesson, Continued 

 
Item 8 When you conduct your ground reconnaissance, which form is used to record 

the information?  
 
a. DA 1710-1 
b. DA 1712-R 
c. SF 2500 
d. DA 1200 

 
Item 9 The recommended water requirement for NBC decontamination for an 

individual is __________ gallons. 
 
a. 10.4 
b. 11.5 
c. 12.0 
d. 12.4 

 
Item 10 The estimated water requirements for engineer construction in an arid 

environment are _____ gallons per individual per day for the MEF. 
 
a 5 
b. 1.5 
c. 2.5 
d. 3.5 

 
Item 11 In arid environments, aircraft washing requires _________ gallons of water 

per engine per day. 
 
a. 5 
b. 10 
c. 15 
d. 20 

Continued on next page 
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Review Lesson, Continued 

 
Item 12 The four zones used to determine the water requirements for deploying troops 

and equipment are artic, arid, _______, and temperate. 
 
a. desert 
b. sub-tropical 
c. tropical 
d. warm 

 
Item 13 Water storage requirements are based on re-supply times, ________ 

requirements, and days of supply requirements. 
 
a. daily 
b. personnel 
c. purification 
d. weekly 

 
Item 14 To determine the amount of water purification equipment, ________ the total 

daily requirement by the daily production capability of one purification unit. 
 
a. add 
b. subtract 
c. multiply 
d. divide 

 
Item 15 What are the water requirements for a MEF-size force sustaining in an arid 

environment? 
 
a. 8.4 gallons 
b. 12.4 gallons 
c. 14.4 gallons 
d. 18.4 gallons 

Continued on next page 
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Review Lesson, Continued 

 
Item 16 Generators require a(n) ____________ surface. 

 
a. high 
b. uneven 
c. level 
d. soft 

 
Item 17   The most important environmental factors to consider when planning for 

generator support are climate, __________, and terrain and vegetation. 
 
a. lightning 
b. water 
c. thunder 
d. earth 

 
Item 18  You should place the generator sets near the ___________ loads. 

 
a. smallest 
b. most important 
c. largest 
d. least important 

 
Item 19  One of the factors to consider when selecting a generator site is the distance 

near to a 
 
a. water source. 
b. center of camp. 
c. refueling area. 
d. all-weather road. 

 
Item 20 How many types of general illumination sets are there? 

 
a. One 
b. Two 
c. Three 
d. Four 

Continued on next page 
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Review Lesson, Continued 

 
Item 21 How many components does the large illumination set contain? 

 
a. 26 
b. 36 
c. 46 
d. 56 

 
Item 22 To construct a bus bar, select a site that is clear, _________, and leveled.  

 
a. filled with soil 
b. comfortable 
c. well-drained 
d. low maintenance 

 
Item 23 The minimum items needed to construct a wire harness for a GP tent include 

______ pigtail lamp holders. 
 
a. one 
b. two 
c. three 
d. four 

 
Item 24 The MEPDIS was developed to provide a faster, more mobile, and safer 

means of installing an electrical ______________ system. 
 
a. power generation 
b. distribution 
c. grounding 
d. illumination 

Continued on next page 
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Review Lesson, Continued 

 
Item 25 The MEPDIS is capable of _____ separate power inputs and 170 power 

outputs. 
 
a. 4 
b. 8 
c. 16 
d. 38 

 
Item 26 The MEPDIS consists of _________ 15 kW, four 30 kW, and two 100 kW 

power distribution panel board assemblies. 
 
a. three 
b. four 
c. five 
d. ten 

 
Item 27 The 15 kW panel consists of how many circuit breakers? 

 
a. 6 
b. 8 
c. 10 
d. 12 

 
Item 28 The 30 kW distribution panel board consists of how many output receptacles? 

 
a. 2 
b. 5 
c. 8 
d. 10 

Continued on next page 
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Review Lesson, Continued 

 
Item 29 The 100 kW distribution panel board consists of how many output 

receptacles? 
 
a. 5 
b. 10 
c. 15 
d. 20 

 
Item 30 
Through Item 
32 

Matching:  For items 30 through 32, match the type of tent in column 1 to its 
number of FWH sets that can be wired in column 2. 

 
Column 1 
 
Tent 
 
___30.  Medium general purpose 
___31.  Command post 
___32.  Maintenance 

Column 2 
 
FWH Sets 
 
a. 1 
b. 10 
c. 2 

 
Item 33 The four types of electrical distribution systems are single-phase, two wire; 

single-phase, three wire; three-phase, three wire; and 
 
a. two-phase, two wire. 
b. two-phase, three wire. 
c. three-phase, two wire. 
d. three-phase, four wire. 

 
Item 34 The formulas used to calculate voltage amperage are ________ and P = I x E. 

 
a. E = I x R 
b. R = T x P  
c. P = R x Y  
d. E = Y x P 

Continued on next page 
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Review Lesson, Continued 

 
Situation For items 35 and 36, read the following situation, then answer the questions.  

 
You are given the task of supplying power to a maintenance tent that is being 
used as a briefing room.  You will provide 120-volt, single-phase power.  The 
maintenance tent will consist of 20 60-watt light bulbs and 10 receptacles 
rated at 20 amps each. 

 
Item 35 What is the amperage of the connected load? 

 
a. 125 
b. 210 
c. 360 
d. 450 

 
Item 36 What is the wattage of the connected load? 

 
a. 20,000 
b. 25,000 
c. 25,200 
d. 25,500 

 
Item 37 What is the maximum percentage of voltage drop you should have in a 

distribution system? 
 
a. 10% 
b. 15% 
c. 20% 
d. Less than 8% 

 
Item 38 The purpose of the Water Quality Analysis Set is to test water for quality to 

include chlorine residual _______________ and pH. 
 
a. total dissolved solids 
b. chlorine level 
c. chlorine demand 
d. total demand solids 

Continued on next page 
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Review Lesson, Continued 

 
Item 39 After completing a Ph test on the water source, neutral water would be 

indicated on the scale by a reading of  
 
a. 6.0. 
b. 7.0. 
c. 8.0. 
d. 9.0. 

 
Item 40 The strainer of the intake hose should be placed how many inches below the 

water level? 
 
a. 2.0  
b. 4.0  
c. 5.5  
d. 7.0 

 
Item 41 What is the best method when creating an intake point for a surface water 

source? 
 
a. Ball float 
b. Gallery 
c. Dam 
d. Inlet 

 
Item 42 Which of the following is considered a ground water source? 

 
a. Aquifer 
b. Well 
c. Dam 
d. Ocean 

Continued on next page 
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Review Lesson, Continued 

 
Item 43 What key factors are considered when developing a seawater source? 

 
a. Surf action, saltwater corrosion, living organisms, surface oil along 

beaches, suspended sand in the water, and the length of the beach from the 
water to the site 

b. High tide, saltwater corrosion, living organisms, surface oil along beaches, 
and suspended sand in the water 

c. Low tide, saltwater corrosion, living organisms, surface oil along beaches, 
and suspended sand in the water 

d. Surf action, saltwater corrosion, living organisms, surface oil along 
beaches, suspended sand in the water, and the rise and fall of the water 
level in relation with the tide 

 
Item 44 What is the power requirement for operating the ROWPU? 

 
a. 20 kilowatt, 120/208 volts, 60 hertz, 104 amps 
b. 22 kilowatt, 120/208 volts, 50 hertz, 100 amps 
c. 22 kilowatt, 120/208 volts, 60 hertz, 104 amps 
d. 25 kilowatt, 120/208 volts, 60 hertz, 100 amps 

 
Item 45 How many gallons per hour can the ROWPU purify from a water source? 

 
a. 300  
b. 500  
c. 600  
d. 800 

 
Item 46 Chlorine, polymer, sodium hex, and ____________ acid are the chemicals 

that are essential for water purification and are used during ROWPU 
operations. 
 
a. citric 
b. formic 
c. hydrochloric 
d. acetic 

Continued on next page 
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Review Lesson, Continued 

 
Item 47 How many gallons of water can the TWPS produce per hour from a brackish 

water source? 
 
a. 1200 
b. 1300 
c. 1400 
d. 1500 

 
Item 48 What are the five extended capability modules included with the TWPS? 

 
a. Cold weather, supplemental cleaning waste storage, ocean outtake 

structure system, NBC water treatment, and NBC survivability 
b. Cold weather, supplemental cleaning waste storage, ocean intake structure 

system, NBC water treatment, and NBC survivability 
c. Cold weather, supplemental cleaning waste storage, ocean intake structure 

system, NBC water treatment, and NBC adaptability 
d. Cold weather, supplemental purging waste storage, ocean intake structure 

system, NBC water treatment, and NBC survivability 

 
Item 49 What is the maximum elevation the TWPS can be placed using both raw 

water pumps?  
 
a. 70 feet 
b. 71 feet 
c. 73 feet 
d. 75 feet 

 
Item 50 How many micro-filtration filters are located on the TWPS? 

 
a. 6 
b. 12 
c. 18 
d. 20 

Continued on next page 
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Review Lesson, Continued 

 
Item 51 How many gallons of water could the Tactical Water Distribution System 

transport in a 24-hour period? 
 
a. 120,000  
b. 564,000  
c. 864,000  
d. 1,000,000  

 
Item 52 The TWDS is not intended for use with brackish or contaminated water, or at 

temperatures below _______ degrees. 
 
a. 0 
b. 10 
c. 21 
d. 32 

 
Item 53 The TWDS consists of how many pump stations? 

 
a. Two 
b. Four 
c. Six 
d. Eight 

 
Item 54 How many storage assemblies does the TWDS contain? 

 
a. One 
b. Two 
c. Three 
d. Four 

 
Item 55 The TWDS consists of how many distribution points? 

 
a. One 
b. Two 
c. Three 
d. Four 

Continued on next page 
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Review Lesson, Continued 

 
Item 56 The 10-mile hose line segment consists of ______ 6-inch by 500-foot 

collapsible hose assemblies. 
 
a. 106 
b. 112 
c. 120 
d. 128 

 
Item 57 The requirements needed for the lead pump assembly are ____ Marines, an 

hour to assemble, components from crate marked “pumping station,” and a 
600-gpm pump. 
 
a. two 
b. three 
c. four 
d. five 

 
Item 58 The SIXCON Water Tank Module System consists of how many modules? 

 
a. 4 
b. 6 
c. 10 
d. 12 

 
Item 59 The water tank module is capable of holding how many gallons of water? 

 
a. 900 
b. 914 
c. 934 
d. 960 

Continued on next page 
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Review Lesson, Continued 

 
Item 60 There is at least ______ Marine(s) required for connecting and securing the 

SIXCON system.  
 
a. one 
b. two 
c. three 
d. four 

 
Item 61 An empty water tank module weighs _______ pounds. 

 
a. 2,530 
b. 2,580 
c. 2,600 
d. 2,630 

 
Item 62 The individual tank modules should be landed within how many degrees of 

ground level? 
 
a. 5 
b. 10 
c. 15 
d. 20 

 
Item 63 What is the correct way to join the SIXCON tank modules? 

 
a. Build horizontal stacks of two modules and then join the stacks vertically. 
b. Build vertical stacks of three modules and then join the stacks 

horizontally. 
c. Build horizontal stacks of three modules and then join the stacks 

vertically. 
d. Build vertical stacks of two modules and then join the stacks horizontally. 

Continued on next page 
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Review Lesson, Continued 

 
Item 64 The FAWPSS is the __________ water storage configuration within the 

Marine Water Supply Support System. 
 
a. biggest 
b. greatest 
c. smallest 
d. only 

 
Item 65 How many gallons can one water drum maintain? 

 
a. 300 
b. 400  
c. 500  
d. 600  

 
Item 66 At a minimum, how many Marines are required for installing and operating 

the FAWPSS? 
 
a. One 
b. Two 
c. Three 
d. Four 

 
Item 67 The two methods of filling the water drums of the FAWPSS are 

_______________ and fill them from the actual water supply point. 
 
a. use the 125gpm water pump to fill the water drums 
b. free flow from using the TWDS system 
c. use dispensing nozzle from TWDS system to fill 
d. attach the lines to a SIXCON tank and fill 

Continued on next page 
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Item 68 What are the characteristics of the bare base laundry facility? 

 
a. Skid mounted, dual contained, and mobile unit 
b. Skid mounted, self-contained, and vehicle unit 
c. Skid mounted, self-contained, and mobile unit 
d. Truck mounted, self-contained, and mobile unit 

 
Item 69 The bare base laundry facility is capable of processing how many pounds of 

laundry per day? 
 
a. 2,000  
b. 2,100  
c. 2,400 
d. 2,700 

 
Item 70 The electrical panel, washer, extractor, dryer, air compressor, ___________ 

pump, clothes bin, and water heater are the components that create the bare 
base laundry facility.  
 
a. air  
b. fuel  
c. hydraulic  
d. water  

 
Item 71 What are the required personnel to install and operate the bare base laundry 

facility? 
 
a. One 
b. Two 
c. Three 
d. Four 

Continued on next page 
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Item 72 How many gallons of water are required to operate the bare base laundry 

facility per hour? 
 
a. 200 
b. 350 
c. 450 
d. 500 

 
Item 73 When assembled, the bare base shower assembly is capable of showering how 

many personnel at a time? 
 
a. 6 
b. 8 
c. 10 
d. 12 

 
Item 74 How many gallons of water are needed to operate the bare base shower 

assembly for 1 hour? 
 
a. 1,000  
b. 1,040 
c. 1,060  
d. 1,080 

 
Item 75 How many personnel are required to establish and operate the bare base 

shower facility? 
 
a. One 
b. Two 
c. Three 
d.   Four 

Continued on next page 
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Item 76 What are the minimum logistical requirements required to support the bare 

base shower assembly? 
 
a. one 3-kilowatt generator, two general purpose tents, one 55-gallon fuel 

drum, and two 3,000-gallon water storage tanks 
b. one 3-kilowatt generator, three general purpose tents, two 55-gallon fuel 

drum, and three 3,000 gallon water storage tanks 
c. one 10-kilowatt generator, two general purpose tents, one 55-gallon fuel 

drum, and two 3,000 gallon water storage tanks 
d. one 10-kilowatt generator, three general purpose tents, two 55-gallon fuel 

drum, and three 3,000-gallon water storage tanks 

 
Item 77 What are the dimensions in building a straddle trench? 

 
a. 48” long x 12”wide x 30” deep 
b. 48” long x 14”wide x 32” deep 
c. 48” long x 20”wide x 32” deep 
d. 60” long x 14”wide x 30” deep 

 
Item 78 What is the length of a deep head pit? 

 
a. 80 inches 
b. 90 inches 
c. 96 inches 
d. 108 inches 

 
Item 79 What are the dimensions in constructing the box that will cover the deep pit 

head? 
 
a. 90” long x 30”wide x 12” deep 
b. 94” long x 30”wide x 16” deep 
c. 96” long x 30”wide x 16” deep 
d. 100” long x 32”wide x 18” deep 

Continued on next page 
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Item 80 When planning a camp, one burnout head can support one per ______ 

personnel. 
 
a. 1  
b. 5 
c. 10 
d. 12 

 
Item 81 What is one of the materials required when constructing a burnout head?  

 
a. Shingles 
b. Nails 
c. Cleaning Paper 
d. 55-gallon drum 

 
Item 82 What is required for transporting waste collected from a pail head facility? 

 
a. Priming the pail with diesel fuel 
b. Emptying the pail into a larger container upon it being filled 
c. Lining the pail with a heavy duty trash bag to reduce the risk of spillage 
d. Dumping the pail with waste into the deep pit head facility 

 
Item 83 What dimensions are required in constructing a urine soakage pit? 

 
a. 4-foot square and 2-feet deep 
b. 4-foot square and 3-feet deep 
c. 4-foot square and 4-feet deep 
d. 4-foot square and 5-feet deep 

Continued on next page 
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Item 84 Stone, funnels, tarpaper, pipe, PVC, and any other material ________ in 

shape are some of the materials needed to construct a urine soakage pit. 
 
a. diagonal  
b. rectangular  
c. vertical  
d. cylindrical  

 
Item 85 What is the distance in inserting the ventilation tubes when constructing the 

urine soakage pit? 
 
a. Two inches from the bottom of the pit and no more than 4 to 8 inches 

above the surface of the pit 
b. Six inches from the bottom of the pit and no more than 6 to 12 inches 

above the surface of the pit 
c. Six inches from the bottom of the pit and no more than 8 to 14 inches 

above the surface of the pit 
d. Eight inches from the bottom of the pit and no more than 10 to 16 inches 

above the surface of the pit 

 
Item 86 The urine tube will be placed at a slight angle not to exceed ______ inches 

above the surface of the pit. 
 
a. 26  
b. 29  
c. 32  
d. 34  

 
Item 87 Wood and __________ are materials required for building a urine trough. 

 
a. aluminum 
b. brass 
c. stainless steel  
d. sheet metal  

Continued on next page 
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Item 88 The most important aspect in maintaining waste disposal devices and 

facilities is to sweep and scrub all surfaces on each facility on a _______ 
basis. 
 
a. daily 
b. weekly 
c. monthly 
d. yearly 

 
Item 89 What is the farthest distance that a hand wash station should be placed from 

any facility or pit? 
 
a. 10 feet 
b. 15 feet 
c. 20 feet 
d. 25 feet 

 
Item 90 When closing a waste facility or site, spray an approved insecticide on the 

facility and surrounding area to include pits and ground surface areas 
extending _____ feet away from the pit or facility. 
 
a. 1 
b. 2 
c. 7 
d. 10 

 
Item 91 What is the purpose of using a soakage pit? 

 
a. Improves the bonding of waste water and other material and debris that 

may be trapped within the waste water  
b. Separates the waste water from other material that might be trapped within 

the waste water and impedes the absorption of the water into the soil and 
ground 

c. Separates the waste water from other material that might be trapped within 
the waste water and improves the absorption of the water into the soil and 
ground 

d. Bonds the waste water with foreign material that will promote disease and 
bacteria in an area away from the bivouac or billeting areas 

Continued on next page 
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Item 92 Tar paper; suitable contact material such as rocks, broken bottles, rubble, 

bricks; and material that is __________ in shape to create a vent shaft are the 
materials required for constructing a soakage pit? 
 
a. cylindrical 
b. diagonal 
c. parallel 
d. rectangular 

 
Item 93 The steps in closing a soakage pit are to use a residual insecticide and spray 

the entire area, mound _____ foot/feet of compacted earth on top of the pit, 
and post sign stating pit is closed and the date it was closed. 
 
a. 1  
b. 3  
c. 7 
d. 10 

 
Item 94 What are the proper dimensions of a soakage trench? 

 
a. 6-feet long x 1-foot wide and 1 foot to 1-1/2-feet deep 
b. 8-feet long x 2-feet wide and 1 foot to 1-1/2-feet deep 
c. 10-feet long x 1-foot wide and 1 foot to 2-1/2-feet deep 
d. 12-feet long x 2-feet wide and 1 foot to 1-1/2-feet deep 

 
Item 95 What are the two types of air conditioners that are used in the Fleet Marine 

Force? 
 
a. Large and small 
b. Heated and cooling 
c. Perpendicular and linear 
d. Horizontal and vertical 

Continued on next page 
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Item 96 The utilities chief will provide two enhanced refrigeration units and 

refrigeration containers for every ___________ personnel to support. 
 
a. 400 
b. 500 
c. 600 
d. 750 

 
Item 97 How many support personnel are required to support air conditioning and 

refrigeration equipment for planning considerations?  
 
a. 1 per 10 pieces of air conditioning/refrigeration equipment 
b. 1 per 12 pieces of air conditioning/refrigeration equipment 
c. 1 per 18 pieces of air conditioning/refrigeration equipment 
d. 1 per 25 pieces of air conditioning/refrigeration equipment 

 
Item 98 Remote, skid mounted, and telescoping rail are three of the five types of 

installing environmentally controlled units. What are the remaining two types 
of installation? 
 
a. Skid and through-the-wall 
b. Skid and platform mounted 
c. Remote and platform mounted 
d. Through-the-wall and exterior mounted 

 
Item 99 A one-piece, _____ BTUs per hour refrigeration unit are the characteristics of 

the enhanced refrigeration unit. 
 
a. 3,500 
b. 4,100 
c. 4,300 
d. 4,500 

Continued on next page 
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Review Lesson, Continued 

 
Item 100 What is the capacity of the refrigerated container TAMCN B1710? 

 
a. 250 cubic feet 
b. 350 cubic feet 
c. 400 cubic feet 
d. 450 cubic feet 

 
Item 101 You should place an air conditioning/refrigeration unit in a level position with 

a possible slope of ________ degrees for proper drainage 
 
a. 3 
b. 5  
c. 8  
d. 9 

 
Item 102 Clean all grilles and louvers, clean air intake filter, and clean evaporator and 

condenser areas are three of the operator checks and services for operating air 
conditioning/refrigeration equipment. What are the remaining checks and 
services that are required? 
 
a. Check the refrigerant sight indicator for moisture and shortage of the 

refrigerant and ensure all drain pans and tubes are clean and draining 
correctly. 

b. Check the refrigerant sight indicator for dryness and shortage of the 
refrigerant and ensure all drain pans and tubes are clean for proper 
drainage. 

c. Sweep the area around the unit to keep dirt and debris from being 
collected by the unit and check refrigeration site indicator. 

d. Pressure wash the unit daily for proper operation of the unit and sweep the 
area around the unit to keep dirt and debris from being collected by the 
unit. 

Continued on next page 
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Review Lesson, Continued 

 
Item 103 What are some of the components that are included in the refrigeration tool 

kit that makes it unique? 
 
a. Compound and pressure gauges, multi-meter, heat detector kit, and 

refrigeration valve wrenches.  
b. Compound and pressure gauges, amp-meter, leak detector kit, and  

refrigeration valve wrenches. 
c. Compound and pressure gauges, multi-meter, leak detector kit, and 

refrigeration valve stems. 
d. Compound and pressure gauges, multi-meter, leak detector kit, and 

refrigeration valve wrenches. 

Continued on next page 
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Answers The table below lists the answers to the review lesson examination item. If 

you have any questions about these items, refer to the reference page. 
 

Item Number Answer Reference 
1 c 1-4 
2 b 1-4 
3 c 1-5 
4 d 1-7 
5 b 1-7 
6 a 1-8 
7 b 1-8 
8 b 1-12 
9 d 1-21 
10 b 1-22 
11 b 1-22 
12 c 1-22 
13 a 1-23 
14 d 1-23 
15 d 1-30 
16 c 1-38 
17 a 1-38 
18 c 1-39 
19 d 1-39 
20 b 2-4 
21 b 2-4 
22 c 2-6 
23 c 2-11 
24 b 2-18 
25 c 2-18 
26 d 2-18 
27 d 2-22 
28 d 2-24 
29 b 2-26 
30 b 2-28 
31 c 2-28 
32 a 2-28 
33 d 2-40 
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Answers, 
continued 

 

 
Item Number Answer Reference 

34 a 2-47 
35 c 2-43 through 2-45 
36 d 2-43 through 2-45 
37 d 2-59 
38 a 3-5 
39 b 3-6 
40 b 3-16 
41 b 3-18 
42 a 3-19 
43 d 3-24 
44 c 3-25 
45 c 3-25 
46 a 3-28 
47 d 3-39 
48 b 3-41 
49 c 3-43 
50 b 3-57 
51 c 3-63 
52 d 3-63 
53 c 3-63 
54 b 3-64 
55 b 3-65 
56 d 3-66 
57 c 3-78 
58 b 3-88 
59 c 3-88 
60 c 3-90 
61 d 3-90 
62 b 3-91 
63 d 3-91 
64 c 3-98 
65 c 3-99 
66 b 3-101 
67 a 3-101 
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Answers, 
continued  

 

  
Item Number Answer Reference 

68 c 4-4 
69 c 4-4 
70 d 4-5 
71 b 4-7 
72 d 4-7 
73 d 4-16 
74 d 4-17 
75 b 4-21 
76 a 4-22 
77 a 5-9 
78 b 5-10 
79 c 5-10 
80 d 5-12 
81 d 5-12 
82 c 5-14 
83 c 5-17 
84 d 5-17 
85 b 5-17 
86 a 5-17 
87 d 5-18 
88 a 5-20 
89 d 5-20 
90 b 5-21 
91 c 5-28 
92 a 5-29 
93 a 5-29 
94 a 5-30 
95 d 6-6 
96 b 6-13 
97 a 6-15 
98 d 6-16 
99 d 6-33 
100 b 6-34 
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Answers, 
continued 

 

 
Item Number Answer Reference 

101 b 6-40 
102 a 6-43 
103 d 6-45 
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