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PREFACE

By enrolling in this self-study course, you have demonstrated a desire to improve yourself and the Navy.
Remember, however, this self-study course is only one part of the total Navy training program. Practical
experience, schools, selected reading, and your desire to succeed are also necessary to successfully round
out a fully meaningful training program.

COURSE OVERVIEW: In completing this nonresident training course, you will demonstrate a
knowledge of the subject matter by correctly answering questions on the following subjects:

Plans, Specifications, and Color Coding
Advanced Base Functional Components (ABFC)
Plumbing

Plumbing Valves and Accessories

Plumbing Fixtures and Plumbing Repairs

Prime Movers, Pumps, and Compressors

Water Treatment

Maintenance of Water Treatment Equipment

THE COURSE: This self-study course is organized into subject matter areas, each containing learning
objectives to help you determine what you should learn along with text and illustrations to help you
understand the information. The subject matter reflects day-to-day requirements and experiences of
personnel in the rating or skill area. It also reflects guidance provided by Enlisted Community Managers
(ECMs) and other senior personnel, technical references, instructions, etc., and either the occupational or
naval standards, which are listed in the Manual of Navy Enlisted Manpower Personnel Classifications
and Occupational Standards, NAVPERS 18068.

THE QUESTIONS: The questions that appear in this course are designed to help you understand the
material in the text.

VALUE: In completing this course, you will improve your military and professional knowledge.
Importantly, it can also help you study for the Navy-wide advancement in rate examination. If you are
studying and discover a reference in the text to another publication for further information, look it up.

1998 Edition Prepared by
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Published by
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NAVSUP Logistics Tracking Number
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Sailor’s Creed

“l am a United States Sailor.

| will support and defend the
Constitution of the United States of
America and | will obey the orders
of those appointed over me.

| represent the fighting spirit of the
Navy and those who have gone
before me to defend freedom and
democracy around the world.

| proudly serve my country’s Navy
combat team with honor, courage
and commitment.

| am committed to excellence and
the fair treatment of all.”

il
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SUMMARY OF UTILITIESMAN BASIC

VOLUME 1

Utilitiesman Basic, Volume 1, NAVEDTRA 14265, consists of chapters on
Plans, Specifications, and Color Coding; Advanced Base Functional Components
(ABFC); Plumbing; Plumbing Valves and Accessories; Plumbing Fixtures and
Plumbing Repairs; Prime Movers, Pumps, and Compressors; Water Treatment; and
Equipment Maintenance.

VOLUME 2

Utilitiesman Basic, Volume 2, NAVEDTRA 14279, consists of chapters on
Boilers; Boiler Maintenance; Steam Distribution Systems; Heating Systems; Galley
Equipment; Laundry Equipment; Air Conditioning; and Refrigeration.
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INSTRUCTIONS FOR TAKING THE COURSE

ASSIGNMENTS

The text pages that you are to study are listed at
the beginning of each assignment. Study these
pages carefully before attempting to answer the
questions. Pay close attention to tables and
illustrations and read the learning objectives.
The learning objectives state what you should be
able to do after studying the material. Answering
the questions correctly helps you accomplish the
objectives.

SELECTING YOUR ANSWERS

Read each question carefully, then select the
BEST answer. You may refer freely to the text.
The answers must be the result of your own
work and decisions. You are prohibited from
referring to or copying the answers of others and
from giving answers to anyone else taking the
course.

SUBMITTING YOUR ASSIGNMENTS

To have your assignments graded, you must be
enrolled in the course with the Nonresident
Training Course Administration Branch at the
Naval Education and Training Professional
Development  and  Technology  Center
(NETPDTC). Following enrollment, there are
two ways of having your assignments graded:
(1) use the Internet to submit your assignments
as you complete them, or (2) send all the
assignments at one time by mail to NETPDTC.

Grading on the Internmet: Advantages to
Internet grading are:

e you may submit your answers as soon as
you complete an assignment, and

e you get your results faster; usually by the
next working day (approximately 24 hours).

In addition to receiving grade results for each
assignment, you will receive course completion
confirmation once you have completed all the

assignments. To submit your assignment
answers via the Internet, go to:

http://courses.cnet.navy.mil

Grading by Mail: When you submit answer
sheets by mail, send all of your assignments at
one time. Do NOT submit individual answer
sheets for grading. Mail all of your assignments
in an envelope, which you either provide
yourself or obtain from your nearest Educational
Services Officer (ESO). Submit answer sheets
to:

COMMANDING OFFICER
NETPDTC N331

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

Answer Sheets: All courses include one
“scannable” answer sheet for each assignment.
These answer sheets are preprinted with your
SSN, name, assignment number, and course
number. Explanations for completing the answer
sheets are on the answer sheet.

Do not use answer sheet reproductions: Use
only the original answer sheets that we
provide—reproductions will not work with our
scanning equipment and cannot be processed.

Follow the instructions for marking your
answers on the answer sheet. Be sure that blocks
1, 2, and 3 are filled in correctly. This
information is necessary for your course to be
properly processed and for you to receive credit
for your work.

COMPLETION TIME

Courses must be completed within 12 months
from the date of enrollment. This includes time
required to resubmit failed assignments.



PASS/FAIL ASSIGNMENT PROCEDURES

If your overall course score is 3.2 or higher, you
will pass the course and will not be required to
resubmit assignments. Once your assignments
have been graded you will receive course
completion confirmation.

If you receive less than a 3.2 on any assignment
and your overall course score is below 3.2, you
will be given the opportunity to resubmit failed
assignments. You may resubmit failed
assignments only once. Internet students will
receive notification when they have failed an
assignment--they may then resubmit failed
assignments on the web site. Internet students
may view and print results for failed
assignments from the web site. Students who
submit by mail will receive a failing result letter
and a new answer sheet for resubmission of each
failed assignment.

COMPLETION CONFIRMATION

After successfully completing this course, you
will receive a letter of completion.

ERRATA

Errata are used to correct minor errors or delete
obsolete information in a course. Errata may
also be used to provide instructions to the
student. If a course has an errata, it will be
included as the first page(s) after the front cover.
Errata for all courses can be accessed and
viewed/downloaded at:

http://www.advancement.cnet.navy.mil

STUDENT FEEDBACK QUESTIONS

We value your suggestions, questions, and
criticisms on our courses. If you would like to
communicate with us regarding this course, we
encourage you, if possible, to use e-mail. If you
write or fax, please use a copy of the Student
Comment form that follows this page.

Vi

For subject matter questions:

E-mail:
Phone:

n314.products @cnet.navy.mil
Comm: (850) 452-1001, Ext. 1826
DSN: 922-1001, Ext. 1826

FAX: (850) 452-1370

(Do not fax answer sheets.)
COMMANDING OFFICER
NETPDTC N314

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32509-5237

Address:

For enrollment, shipping,
completion letter questions

grading, or

E-mail:
Phone:

fleetservices @cnet.navy.mil

Toll Free: 877-264-8583

Comm: (850) 452-1511/1181/1859
DSN: 922-1511/1181/1859

FAX: (850) 452-1370

(Do not fax answer sheets.)
COMMANDING OFFICER
NETPDTC N331

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

Address:

NAVAL RESERVE RETIREMENT CREDIT

If you are a member of the Naval Reserve,
you may earn retirement points for successfully
completing this course, if authorized under
current directives governing retirement of Naval
Reserve personnel. For Naval Reserve retire-
ment, this course is divided into two units
evaluated at 14 points: 12 points upon
satisfactory completion of unit 1, assignments 1
through 8; and 2 points upon satisfactory
completion of unit 2, assignment 9. (Refer to
Administrative Procedures for Naval Reservists
on Inactive Duty, BUPERSINST 1001.39, for
more information about retirement points.)



Student Comments

Course Title: Utilitiesman Basic, Volume 1

NAVEDTRA: 14265 Date:

We need some information about you:

Rate/Rank and Name: SSN: Command/Unit

Street Address: City: State/FPO: Zip

Your comments, suggestions, etc.:

Privacy Act Statement: Under authority of Title 5, USC 301, information regarding your military status is
requested in processing your comments and in preparing a reply. This information will not be divulged without
written authorization to anyone other than those within DOD for official use in determining performance.

NETPDTC 1550/41 (Rev 4-00
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CHAPTER 1

PLANS, SPECIFICATIONS, AND COLOR CODING

LEARNING OBIJECTIVE: Interpret basic plans, drawings, and specifications in
construction operations. Recognize crew leader responsibilities and safety color-

coding standards.

In the day-to-day work as a Utilitiesman, you will
be installing, assembling, inspecting, and
troubleshooting many types of utility systems. To do
these jobs properly, you must read and interpret plans
and drawings. You may also have to read specifications
that contain additional information on the details of
construction and installation. Plans and specifications
help you in doing the job correctly and safely.

After studying this topic, you should be able
to read and interpret simple drawings and sketches
as well as using the specifications to help you with
more complex plans. Additionally, you should be
able to draw simple shop drawings and specify the
hazards associated with each color code for piping
and compressed gas containers.

PLANS

LEARNING OBIJECTIVE: Identify the
arrangement of a set of project blueprints and
types of plans and drawings.

You will be working with several types of plans
and drawings. These may range from simple shop
drawings and sketches, made perhaps by your
immediate supervisor, to construction blueprints
created by engineers. For the most part you will be
working with plans created by architects and
engineers. In Seabee construction, a complete set of
plans for a project consists of civil, architectural,
structural, electrical and mechanical plans, or
drawings. You will be spending the majority of your
time with mechanical drawings, but you will need all of
these plans together to obtain a full picture of your part
of that project and how to accomplish it.

1-1

CIVIL PLANS

Civil plans, or site plans, encompass a variety of
drawings and. information. They furnish essential data,
such as land contours, roads, utilities, trees, structures,
site preparation and development, and significant
physical features, on or near the construction site (fig.

1-1)
ARCHITECTURAL PLANS

Architectural plans show the architectural design
and composition of a building. They include floor
plans, exterior elevation plans, and door and window
schedules (fig. 1-2).

STRUCTURAL PLANS

Structural plans show the support of the building or
structure, including walls, columns, beams,
foundation, roof, and deck slab. They also show their
relationship to each other (figs. 1-3 and 1-4).

ELECTRICAL PLANS

Electrical plans contain the electrical distribution
system plans, interior wiring drawings, and electrical
component schedules for a building, or structure. They
show wiring circuits, light switches, receptacles, light
fixtures, and equipment (fig. 1-5).

MECHANICAL PLANS

Mechanical plans include layouts and details for
systems of plumbing, heating, ventilating, air
conditioning, and refrigeration (fig. 1-6). These
systems vary, depending on whether they are for a
permanent installation with the most modern fixtures
and equipment or for a temporary installation where
less complex equipment is used. Whatever the job, you
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Figure 1-3.—Structural or foundation plan.

should work directly from the jobsite plans or working
drawings, so the finished job is done properly and
complies with the plans.

The chief parts of a mechanical plan are the views
of the fixtures and equipment and the layout and details
of the system. Plans also contain written information in
the title block; the scales; the lines, symbols, and
abbreviations; the print notes; the revision block; the
drawing, reference, and zone numbers; and the bill of
material. All of these areas are covered in detail in
Blueprint Reading and Sketching, NAVEDTRA
12014.

Q1. In Seabee construction, a complete set of
blueprints consists of how many plans?

The plans normally used by Seabees in
construction are created by whom?

Q2.

Q3. If you wanted to know the height of an exterior
wall of a structure, to what section of the plans

should you refer?
Q4.

On the jobsite, you will work from what type of
plans?

1-4

ISOMETRIC SKETCHING

LEARNING OBJECTIVE: Recognize and
develop isometric drawings.

Y ou may not be able to sketch or draw objects
exactly as they should look or as a two-dimensional
orthographic picture. However, with the aid of some
basic rules and practice, you can learn to draw an
isometric sketch.

PURPOSE OF THE ISOMETRIC
DRAWING

The purpose of an isometric drawing isto show a
three-dimensional picture in one drawing. It
resembles a picture without the artistic details. Many
Utilitiesmen have difficulty in visualizing a piping
installation clearly when they are working from afloor
plan to an elevation drawing and back again. The
isometric drawing combines the floor plan and the
elevation. It clearly shows the details and the
relationship of the pipes in a piping installation.

Normally, isometric drawings are NOT drawn to
scale on blueprints, however, when you sketch out an
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Figure 1-4.—Structural plan wall sections.

isometric drawing, you have the option of drawing
it to scale.

The isometric drawing follows certain rules or
conventions to show three dimensions on a flat surface.
These rules are as follows:

1. Vertical lines in an orthographic elevation
remain vertical in an isometric sketch.

2. Horizontal lines in an orthographic elevation are
projected at an angle of 30 degrees and 60 degrees in an
isometric drawing.

1-5

COMPARISON OF ISOMETRIC AND
ORTHOGRAPHIC DRAWINGS

Compare the simple rectangular block shown
in the orthographic representation in view A,
figure 1-7, and the three-dimensional-view
isometric representation in view B. Notice that the
vertical lines of the orthographic drawing and
isometric drawing (views A and B) remain
vertical. The horizontal lines of the orthographic
drawing are NOT horizontal in the isometric
drawing but are projected at 30-degree and 60.
degree angles, and the length of the lines remain
the same in the isometric as they were in the
orthographic.
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B. THREE-VIEW ISOMETRIC

Figure 1-7.—Orthographic and isometric drawings.

Once you understand the drawing in figure 1-7, the
same idea can be applied to the drawing of the shape of
a room, as shown in figures 1-8 and 1-9.

DRAWING AN ISOMETRIC VIEW

To determine the pipe layout, you can draw the
dimensions of a room in several ways. Some
Engineering Aids suggest that the lines of the room be
drawn with fine, light lines, and the pipe diagram with
heavy, dark lines to give the effect of a transparent
room you can see into, as shown in figure 1-10. This
method requires drafting room equipment and is
difficult in field sketching.

Another means of visualizing the pipe layout is to
“section” or remove from the drawing those parts in
front of what is important to show. The usual section in
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Figure 1-8.—Isometric drawing of a room.
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Figure 1-9.—Isometric drawing of a room and drainage pipe.

a plumbing pipe layout leaves the ceiling and two walls
out of the drawing, as shown in view C of figure 1-10.

A third method is simpler in that the room is shown
only as a partial floor plan view, as shown in view D,
figure 1-10. The walls are omitted from the drawing
entirely. It is understood that the walls are to be there,
but they are left out so the piping diagram is’ shown
without unnecessary details.

To lay out a 45-degree angle in an isometric
drawing, draw a square and lay out the 45-degree
angle, as shown in view A, figure 1-11. Now look at
view B and you will see a block with a 45-degree
chamfer. The chamfer is located by measuring equal
distances from the corner that would ordinarily be
there.
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D. SCHEMATIC SECTION

Figure 1-10.—Isometric plumbing pipe layout.

A piping diagram with a 45-degree angle, as
shown in view C, would be very similar to the lines for
part of the block, as shown in view B. To draw a
45-degree angle in an isometric drawing, begin with a
90-degree angle. Measure an equal distance from the
intersection of the two legs connecting these points;
then, establish two sides of a square. By connecting
these points, you have established the diagonal, which
is a 45-degree angle. In view C, point A would be the
intersection of the two legs of a 90-degree angle,
measured an equal distance along each leg; three
fourths of an inch is used here. Now, locate points B
and C. Connect points B and C, and you have
established the 45-degree offset.

DIMENSIONING AN ISOMETRIC
DRAWING

An isometric drawing, or sketch, is dimensioned
with extension and dimension lines nearly like a
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two-dimensional drawing. The extension lines extend
from the drawing, so the dimension lines are parallel to
the object line and of equal length to it.

To dimension the isometric drawing is more
difficult because there is only a single view, and less
room is available than on three separate views. Figure
1-12 shows a dimensioned isometric drawing for part
of a pipe hanger. In making the isometric pipe diagram,
refer to the architect’s plans and “rough in” sheets for
accurate information.

Since pipe diagrams are measured from the center
of one fitting to the center of the next fitting, it is
possible to omit the extension and dimension lines by
use of a notation, such as 13 inch c to ¢ (center to
center).

Pipe sizes must be added to the pipe diagram. The
size of pipe is shown by a number near the line
indicating the pipe, as shown in figure 1-13.
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Figure 1-11.—Isometric 45-degree squares, chamfers, and
diagonals.

PLACING DIMENSIONS ON
AN ISOMETRIC DRAWING

The purpose of an isometric pipe layout is best
served by a simplified dimensioning system. Because
few dimensions are shown, draw accurately to scale, so
the layout can be measured.

Practice dimensioning by redrawing the pipe
diagram of figure 1-13 as an isometric pipe layout.
Ensure the lengths are to scale, and dimension the pipe
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Figure 1-12.—Isometric drawing of a pipe hanger.
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Figure 1-13.—Pipe layout.,

size accordingly. Also, make a list of fittings and pipe
required (MTO).

SKETCHING PRACTICE

So far, the principles of reading prints and drawing
sketches have been discussed. To practice these rules,
look at the three isometric drawings in figure 1-14 and
sketch three, 3-view drawings, properly dimensioned
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Figure 1-15.—Three orthographic views to be drawn isometrically.

(fig. 1-15). Now, make three isometric sketches
properly dimensioned.

There is more information on drawing sketches in
Blueprint Reading and Sketching, NAVEDTRA
12014.

Q5. An isometric drawing is designed to show what
type of picture?

Q6. Horizontal lines on an isometric drawing are
projected at what angles?

Q7. It is more difficult to dimension an isometric
drawing than an orthographic drawingfor what
reasons?

SPECIFICATIONS

LEARNING OBIJECTIVE: Relate to the
arrangement and purpose of specifications and
their relationship with plans and drawings.

Although the plans you will be working from
usually have sufficient detail, you will need additional
information regarding materials and methods of
installation. This information is located in the
appropriate specifications. Plans and specifications go
together to provide visual and written information
about a project required by you, as the constructor,
installer, or maintainer, to produce the best quality
product.
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There are several types of specifications
(SPECS), but you will work primarily with
project guide, federal, military, and NAVFAC
specifications.

Project guide specifications usually begin with
Division 1, the GENERAL REQUIREMENTS
for the structure. They state the type of founda-
tion, the character of load-bearing members
(wood frame, steel frame, concrete), the type or
types of doors and windows, the types of
mechanical and electrical installations, and the
principal function of the building. Next comes the
SPECIFIC CONDITIONS that are carried out by the
constructors. The conditions are grouped in divisions
under headings applying to each major phase of
construction as follows:

. GENERAL REQUIREMENTS.

2. — SITE WORK. Includes work performed on
the site, such as grading, excavation, compaction,
drainage, site utilities, and paving.

3. — CONCRETE. Includes precast and cast-in-
place concrete, formwork, and concrete reinforcing.

4. — MASONRY. Includes concrete masonry
units, brick, stone, and mortar.



5. — METALS. Includes such items as structural
steel, open-web steel joists, metal stud and joist
systems, ornamental metal work, grills, and
louvers.

6. — WOOD AND PLASTICS. Includes wood
and wood framing, rough and finish carpentry, foamed
plastics, fiber-glass reinforced plastics, and laminated
plastics.

7. — THERMAL AND MOISTURE PROTEC-
TION. Includes such items as waterproofing,
dampproofing, insulation, roofing materials, sheet
metal and flashing, caulking, and sealants.

8. — DOORS AND WINDOWS. Includes doors,
windows, finish hardware, glass and glazing, storefront
systems, and similar items.

9. — FINISHES. Includes floor and wall
coverings, painting, lathe, plaster, and tile.

10. — SPECIALTIES. Includes prefabricated
products and devices, such as chalkboards, movable
partitions, fire-fighting devices, flagpoles, signs, and
similar items.

11. — EQUIPMENT. Includes such items as
medical equipment, laboratory equipment, food service
equipment, kitchen and bath cabinetwork, and counter
tops.

12— FURNISHINGS. Includes prefabricated
cabinets, blinds, drapery, carpeting, furniture, and
seating.

13, — SPECIAL CONSTRUCTION. Includes
prefabricated structures, integrated ceiling systems, and
swimming pools.

14, — CONVEYING SYSTEMS. Includes
dumbwaiters, elevators, moving stairs, material-
handling systems, and other similar conveying systems.

15. — MECHANICAL. Includes plumbing,
heating, air conditioning, fire-protection systems, and
refrigeration systems.

1-13

16. _ ELECTRICAL. Includes electrical service
and distribution systems, electrical power equipment,
electric heating and cooling systems, lighting,
telephone systems, and other electrical items.

17. — EXPEDITIONARY STRUCTURES.
Include tension fabric structures, K-span buildings, and
other similar items.

Not all of the specification divisions are required
for every construction project. Divisions that are not
required for a construction project are normally
omitted. Sections under one of these general categories
generally begin with GENERAL REQUIREMENTS
for that category and continue with the SPECIFIC
REQUIREMENTS. An example of a section of
Division 15 (MECHANICAL) follows.

In studying the guide specifications for plumbing
which follow, study the drawing shown in figure 1-16,
keeping in mind that these specifications are for this
project and are listed as samples.

DIVISION 15. MECHANICAL

Section 15. la- Plumbing

15. 1a-01. GENERAL REQUIREMENTS. The
work consists of a complete plumbing system, including
the sanitary soil, waste, and vent piping; cold- and hot-
water supply piping, water meter (if required), plumbing
fixtures, hot-water heater, and other appurtenances. The
system must be inspected, tested, and approved by local
governing plumbing codes before burying, concealing, or
covering the various piping systems. Each system must be
complete and ready for operation except as specified or
indicated otherwise.

15. 1a-02. SANITARY SEWER, BELOW-
GROUND Ievel, must be of extra-heavy cast-iron soil
piping and fittings of the bell-and-spigot type,
extending 3 to 5 feet beyond the foundation wall and
graded not less than 1/8 inch per foot. The joint will be
made from a good grade of twisted oakum uniformly
and well-tamped into the joint and with a l-inch depth
of hot poured lead, made in one pouring, and caulked
tight. All horizontal soil connections to the system
must be accomplished by Y-fittings or combination Y
and 1/8 bends. All changes in direction greater than a
1/8 bend must be of the long sweep pattern. Lines



should be well-supported to eliminate sagging.
Backfilling will be well-tamped in (i-inch layers.

15. 1a-03. SANITARY SEWER, ABOVE-
GROUND level, must be as specified for the
belowground level, except waste lines and vent piping
above the ground must be of zinc-coated, standard-
weight, screwed-end steel pipe and cast iron, recessed,
long radius, screwed drainage fittings, and graded not
less than 1/8 inch per foot. The sanitary sewer vent will
extend full size through the roof for a distance of not less
than 12 inches, where it must be flashed with suitable
corrosion-resistant metal before the roofing is installed.
A 4-inch cleanout will be provided slightly above the
ground elevation at the base of the soil stack. All male
screw ends will be coated with a good grade pipe joint
compound before entering into fittings. The bathtub
trap must be provided with a 3/4-inch brass, screw dram
plug; all lines must be properly supported from the floor
joists with suitable hangers. A closet-bowl floor
connection must have a cast-iron closet-bowl floor
flange with provisions for anchoring the brass closet-
bowl bolts and an approved type of horn gasket. The
finished joint must be absolutely leakproof, and the
bowl will sit squarely on the finished floor.

15. 1a-04. WATER PIPING BURIED IN THE
GROUND must be jointless, type "K," soft copper
tubing. No kinking of the tube will be allowed.

15. 1a-05 WATER PIPING ABOVEGROUND
level must be type "L," hard copper tubing with solder-
type fittings, except that vertical lines may be of type
"L," soft copper tubing. All tubing lines will be properly
anchored to the floor joists to eliminate pipe sag and
vibration and pitched to the main shutoff valve for
draining, when necessary. A hose bib will be provided at
the rear of the building with a stop and waste located
inside the foundation wall for winter cutoff and waste
and arranged for complete drainage of the line from the
hose bib. Slip-joint connections will not be permitted
below the finished floor.

15. 1a-06. Fixtures must be of a reliable
manufacturer and will be as follows:

(a) The KITCHEN SINKS will have a left-
hand drainboard and be of cast iron with a smooth,
white, acid-resisting porcelain enamel finish, 54 inches
long by 25 inches wide by 35 inches high from floor to
top of rim. The trim will be chromium plated, including
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combination mixing faucets with a soap dish, a large
basket-type strainer with a 1 1/2-inch tailpiece, and a 1
1/2-inch wall-type P-trap. Hot- and cold-water supply
lines in the sink cabinet will be provided with copper
tubing valves. The cabinet will be of a heavy gauge steel
with a baked-on, white enamel finish and have at least
two sliding drawers.

(b) The LAUNDRY TRAY will be of the
double compartment, cement type, 48 inches long by 20
inches wide by 32 inches high from floor to rim and be
of a smooth cement mixture to withstand sudden
temperature changes without cracking or leaking. Tubs
will have a metal guard around the rim. The laundry tray
will be complete with stand, combination mixing
faucets with tray-mounting brackets, 1 1/2-inch
tailpiece, and 1 1/2-inch wall-type P-trap. A copper
tubing valve will be provided in each supply line.

(¢) The WATER CLOSET will be of white,
vitreous china, close-coupled tank and bowl, complete
with white seat and seat cover, and have a chromium,
3/8-inch, screwed, brass floor supply line with a
chromium I.P valve.

(d) The LAVATORY will be cast iron with a
white porcelain enamel finish. The trim will be
chromium plated and include combination mixing
faucets with a 1 1/4-inch tailpiece, pop-up waste, 1 1/4-
inch wall trap, and 3/8=inch, screwed, brass floor supply
lines with I.P. valves.

(e) The TUB will be of the built-in type, cast
iron, with a white porcelain enamel finish. The trim will
be chromium plated and include a built-in wall-type
faucet complete with shower attachments, a curtain rod
and pins, and a 1 1/2=inch trip-lever waste. Copper
tubing valves will be provided on each supply inside the
wall access door.

15. 1a-07. WATER HEATER must be of the
electrical storage type with a capacity of not less
than 52 gallons. It must be of an approved
manufacturer with the underwriter’s label attached.
It will be provided with two thermostatically
operated heating elements: a 15-kilowatt element
located near the top of the tank and I-kilowatt
element located near the bottom of the tank. A 3/4-
inch bronze drain valve will be provided at the
extreme bottom of the tank with a 3/4-inch hose
connection. A 1/2-inch brass, combination
temperature and pressure-relief valve with a
discharge extending to the floor drain will be
furnished. A copper tubing valve will be installed in



the cold-water supply. Electrical work must conform to
the local governing electrical codes.

15. 1a-08. A main SHUTOFF VALVE will be
installed as indicated or specified. The 1-inch main
shutoff valve must be accessible to the stop-and-waste
valve with solder-type ends, and the waste arranged for
complete drainage of the entire water-supply system.

15.  1a-09. WORKMANSHIP will be performed in
a fast-class manner, observing all standards of good
installation practices.

15. 1a-10. TESTS must be conducted on all
plumbing systems to provide tightness of all piping
joints. If leaks occur, they will be repaired immediately
and the tests repeated. The soil, waste, and vent systems
will be completely filled with water to the highest point
before checking for leaks. The hot- and cold-water
piping must be tested with water at 1 1/2 times the
working pressure. After all tests have proved
satisfactory, all the necessary adjustments on the
faucets, traps, valves, and other specialties will be
checked, so the entire system can be placed in normal
operation.

15. 1a-11. INSULATION. All the piping and
fittings subjected to freezing temperatures must be
adequately insulated with a suitable frostproof covering
secured in place.

The project guide specifications, then, provide all
the required information on the materials and methods
of work to be used in completing a project that is not
contained in the plans. There may be times when you
will need to know more about the characteristics of
materials listed in the bill of material. For example, if
you cannot obtain a specified type of material or piece
of equipment and want to substitute, you will need to
know the characteristics of each in order to compare
them before making the decision to substitute. This is
where a knowledge of and access to federal, military,
and NAVFAC specifications are important.

FEDERAL specifications are written technical
descriptions of materials and supplies used by the
Navy and other federal government agencies. They
cover in detail the characteristics and compositions of
these items and are listed, along with military
specifications, in numerical and alphabetical indices
generally available to you.
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MILITARY specifications are similar to federal
specifications but are developed for use by the
Department of Defense. Formerly called JAN (Joint
Army and Navy) specifications, they have been revised
to MIL-SPECS, using the same serial number as
before.

The last of the specifications that you will most
likely use is the NAVFAC specifications. These are
developed by the Naval Facilities Engineering
Command and cover the Naval Facilities Engineering
Command and other items normally used for
construction. They are listed as "Type Specs" and
Standard Specifications in the Service Contracts
Specifications, NAVFAC MO-327.

08. Are all specification divisions required for every
construction project?

09. You are installing a dental operatory chair on a
project. To what division of the specifications
should you refer?

00.

In the specifications sample “Division 15
Mechanical," what paragraph identifies the type
of pipe for aboveground, vertical waterlines?

When is it necessary to know specific
characteristics of a part or material?

oll.

ASSIGNMENT AS A CREW LEADER

LEARNING OBIJECTIVE: Identify the basic
fundamentals of project planning, organization,
and supervision.

As you gain experience in utilities work, you will
probably be called upon to serve as the leader of one or
more crews. They may perform various types of work,
such as measure, cut, and thread pipe; install pipe
lagging and other insulation and protective materials
on pipe; or other related utilities type work. Your
duties, as a crew leader, may vary from one activity to
another. Usually, these duties involve planning work
assignments, supervising work teams, preparing
requisitions, and keeping time cards.

PLANNING WORK ASSIGNMENTS

Planning is the process of determining
requirements and devising and developing methods
and schemes of action for construction of a project.
Proper planning saves time and money for the Navy
and makes the project easier for everyone concerned.
Here are some pointers that are designed to help you
plan day-to-day work assignments for your crew(s).
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PLUMBING SYMBOLS
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{(Hw)

P GATE VALVE
e e CHECK VALVE
T PRESSURE RELIEF VALVE

Figure 1-16—Typical plumbing layout for a small house.

When you are assigned a job, whether in writing or
orally, one of thefirst thingsto do isto make sure you
understand clearly just what isto be done. Study plans
and specifications where applicable. If you have any
questions, find out the answers from those in a position
to supply the information you need. Among other
things, make sure you understand the priority of the
project, time of completion, and any special
instructions to be followed.

In planning for a small or a large project, you must
consider the capability of the personnel available for
assignment. Determine who is to do what and how long
it should take to complete the job. Realizing that
idleness may breed discontent, arrange to have another
job ready for starting as soon as the first one is finished.

Establish goals for each workday and encourage
your crew to work together as a team in accomplishing
these goals. Y ou want goals to be such that your crew is
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kept busy, but make sure they are realistic. During an
emergency, most people will make a tremendous effort
to meet a deadline. But people are not machines, and
when there is no emergency, they cannot be expected to
achieve an excessively high rate of production
continually.

In planning, you must also allow for things that are
not considered direct labor, such as safety training,
disaster control training, leave, and liberty.

To help ensure that a job is done properly and on
time, you should consider the method to use in doing
the job. If there is more then one way, make sure the
method you select is the best. After selecting a method,
analyze it to see if it could be simplified and still save
time and effort.

Plan material requirements so you will not have a
lot of leftover materials. But do not make material
estimates so low that you might run out of necessary
items and cause the job to be delayed. At times, you
may have to use more materials than anticipated, so it is
better to have some leftover materials than to run short.

Consider the tools and equipment you need for the
job and arrange to have them available at the place
where the work is to be done and at the time the work is
to get under way. Determine who is to use the tools, and
make sure these individuals to whom they are assigned
know how to use them properly and safely. Determine
whether special permits are required to operate special
tools. Plan to have the materials in an accessible place
that will not pose a safety hazard.

SUPERVISING WORK TEAMS

After the job has been planned properly, it is
necessary to supervise the job carefully to ensure it is
completed properly and on time. Some pointers for
supervising work teams are provided below.

Before starting a job, make sure your crew
members know what is to be done. Give instructions
clearly, and urge them to ask questions on any points
that are unclear. If they do not understand the
requirements, they will be unable to do their job
properly. It is also important to ensure the crew
members know all pertinent safety precautions and
wear safety apparel as required. Check all tools and
equipment before use to ensure they are in a safe
condition. Ensure electrical tools are marked with the
current safety color code. The color code for any given
month will be uniform for a 30-day period or less,
according to COMSECOND/COMTHIRDNCBINST
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5100.1. Ensure all electrical power tools are protected
by GROUND FAULT INTERRUPTER (GFI) before
use. Do not permit dangerously defective tools and
equipment to be used; see that they are turned in for
repair immediately. A job can be done without a
specific tool by substitution, but people are not as
expendable.

During construction, check from time to time to
ensure the work is progressing satisfactorily.
Determine if the proper methods, materials, tools, and
equipment are being used. If one of your crew
members is doing a job incorrectly, stop and point out
what is wrong. Then explain the correct procedure and
check to see that it is done. In checking the work of
your crew, make sure they know that the purpose of
your inspection is to teach, guide, and direct, rather
than to criticize and determine fault. Ask questions to
show interest, and praise good, sound ideas and
judgment.

When time permits, rotate the crew members on
various jobs. Rotation gives them varied experience
and helps to ensure that you will have a person who can
do the work if someone is hospitalized, transferred, or
goes on leave.

A good supervisor should be able to get others to
work together in getting the job accomplished., The
supervisor should maintain an approachable attitude
toward the crew, making members feel free to come
and seek advice when they are in doubt as to any phase
of the project. Emotional balance is especially
important; a supervisor cannot become panicky in
front of the crew. A good supervisor should use tact and
courtesy in dealing with members of the crew and not
show partiality to certain members. The supervisor
should keep crew members informed on matters that
affect them personally or concern their work. The
supervisor should also seek to maintain a high level of
morale, keeping in mind that low morale can have a
definite effect upon the quantity and quality of work
being turned out by the crew.

The information above is only a brief treatment on
the subject of supervision. As you advance in rate, you
will be spending more and more of your time
supervising others, so make a continuing effort to learn
more about the subject of supervision. Study books on
supervision, as well as leadership. Also, read articles
on topics of concern to supervisors, such as safety,
training, job planning, and so forth, that appear from
time to time in trade journals and other publications.
Additional planning and estimating can be located in
the NMCB Crew Leader’s Handbook and the Seabee



iPlanner’s and Estimator’s Handbook, NAVFAC
P-405. There is a big need in the Navy for petty officers
who are skilled supervisors. Consider the role of
supervisor as a big challenge and endeavor to become
proficient in all areas of the supervisor’s job.

Q12. What are the two benefits for the Navy when a
project is planned properly?

Q13. As a supervisor, what is the first thing you should
do once planning is complete?

COLORS FOR SAFETY

LEARNING OBIJECTIVE: Recognize piping, gas
cylinders, and general safety color coding.

Color warnings provide for marking physical
hazards, for indicating the location of safety
equipment, and for identifying fire and other protective
equipment. As a Utilitiesman, you may often be
concerned with uniform colors used for marking

pipelines carrying hazardous materials, compressed
gas cylinders, and fire- protection equipment.

CLASSES OF MATERIALS AND
THEIR COLOR CODES

Five classes of materials have been selected to
represent the general hazards for all dangerous
materials, while a sixth class has been reserved for fire-
protection materials. A standard color represents each
of these classes, as shown in table 1-1.

In some instances, piping systems that do not
require warning colors may be painted to match
surroundings; in other instances, such systems may be
painted aluminum, black, or remain unpainted.

MARKING PIPING SYSTEMS

In addition to color warnings, WRITTEN
TITLES should be used to identify hazardous or
dangerous materials conveyed in piping systems.

Table 1-1.—Warning Colors

Class Standard Color

Class of Material

a Yellow, number 13655

b Brown, number 10080

c Blue, number 15102

d Green, No 14260

e Gray, number 16187

f Red, No. 11105

FLAMMABLE MATERIALS. All materials known
ordinarily as flammables or combustibles. Of the
chromatic colors, yellow has the highest coefficient of
reflection under white light and can be recognized
under the poorest conditions of illumination.

TOXIC AND POISONOUS MATERIALS. All
materials extremely hazardous to life or health under
normal conditions as toxics or poisons.

ANESTHETICS AND HARMFUL MATERIALS.
All materials productive of anesthetic vapors and all
liquid chemicals and compounds hazardous to life and
property but not normally productive of dangerous
quantities of fumes or vapors.

OXIDIZING MATERIALS. All materials which
readily furnish oxygen for combustion and fire
producers which react explosively or with the
evolution of heat in contact with many other materials.

PHYSICALLY DANGEROUS MATERIALS. All
materials not dangerous in themselves, which are
asphyxiating inconfined areas or which are generally
handled in a dangerous physical state of pressure or
temperature.

FIRE PROTECTION MATERIALS. All materials
provided inpiping systems or in compressed-gas
cylinders exclusively for use in fire protection.
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Titles should be stenciled or lettered on pipe (or
covering) where the view is unobstructed, such as on
the lower quarters. Lettering in this position is unlikely
to be obscured by dust collection or mechanical
damage. Titles should be in black or white ONLY and
be clearly visible from operating positions, especially
those next to control valves.

Use stencils with standard-size letters, as shown in
table 1-2. For pipelines smaller than three quarters of
an inch in diameter, use securely fastened metal tags
with lettering etched or filled in with enamel. Apply
titles with uppercase letters and Arabic numerals
whenever applicable.

PRIMARY COLOR WARNINGS should be a
single color, applied as a BAND (or BANDS), that
completely encircle(s) the piping system. They are
located on the piping system immediately next to all
operating accessories, such as valves, regulators,
strainers, and vents. The bands should be painted
throughout the system at convenient intervals where
branch lines join the system, where the system passes
underground or through walls, and at any other
conspicuous place where warnings are required. All
piping and covering of an entire system, excluding
straps, hangers, and supports, may be painted with the
primary color warning. When this is done, DO NOT
paint color bands of any kind on the system.

A colored ARROW should be used next to each
primary color warning applied to a piping system to
indicate the normal direction of flow of the material in
the system. A double-headed arrow is used on lines
subject to reverse flow. The color of arrows can be the
same as the primary warning when bands are

Table 1-2.—Size of Stencil Letters

Outside diameter of pipe or Size of Stencil
covering Letters
Inches Inches
Under 1 %2 172
1%2t03 72 3/4
3%t06 11/4
6to09 2
9t 13 3
Over 13 3%
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used—black or white. (Refer to fig. 1-17 for
identification of piping systems.)

MARKING COMPRESSED GAS
CYLINDERS

Compressed gas cylinders used throughout the
Department of Defense are of a standard color code.
The material within is shown by a written title in two
locations diametrically opposite and parallel to the
longitudinal axis of the cylinder. Cylinders having a
background color of yellow, orange, or buff have the
title painted black. Cylinders having a background
color of red, brown, black, blue, gray, or green have the
title painted white.

A primary color warning relates to the primary
hazard of the material. These colors appear as a
circular band on piping systems and as main body, top,
or band colors on compressed gas cylinders.

EXACT IDENTIFICATION
ALWAYS BY NAME OF THE MATERIAL CONTAINED

PRIMARY COLOR WARNING

/I

OUTSIDE DIAMETER OF
PIPE OR COVERING

0

WIDTH OF BAND

1" UNDER 3%
2" 3% TO 13"
6 .

OVER 13"

SECONDARY COLOR WARNING

—§—— 277§ DIRECTION OF FLOW

—— &> ——¢ REVERSIBLE FLOW

1a
2
\ ¥ a= APPROX %OF OUTSIDE
|— DIAMETER OF PIPE OR
l + COVERING. (6" MAX)
2a —»
EXAMPLE

7

Lz TLE 8

uTBJ0017

Figure 1-17.—Identification of piping system.
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Figure 1-18.—Compressed gas cylinders commonly used by Utilitiesmen.

Table 1-3.—Cylinder Color Chart

Type Cylinders Top Color Band Color Main Body Color

Chlorine Entire Cylinder Brown
Ammonia Brown Yellow Orange
Acetylene Entire Cylinder Yellow
F-12 Dichlorodifluoromethane Entire Cylinder Orange
Oxygen Entire Cylinder Green

Butane Yellow Orange Yellow
Methyl Chlorine Yellow Brown Orange

A secondary color warning alerts you to the
secondary hazard of a material. The second hazard
differs from the primary hazard. These colors appear as
arrows (or triangles) on piping systems and as main
body, top, or band colors on compressed gas cylinders.

Two decalcomanias may be applied on the
shoulder of each cylinder diametrically opposite at
right angles to the titles. They should indicate the
name of the gas, precautions for handling, and use. A
background color corresponding to the primary color
warning of the content should be used.

A shatterproof cylinder must be stenciled with the
phrase "Non-Shat" longitudinally at 90 degrees from
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the title. Letters must be black or white and
approximately 1 inch in size.

On cylinders owned by or procured for the
Department of Defense, the bottom and the lower
portion of the cylinder body opposite the valve end
may be used for service ownership titles.

The appearance on the body, top, or as a band of
any of the six colors listed in table 1-1 warns of danger
from the hazards in handling the type of material
contained in the cylinder.

Figure 1-18 shows compressed gas cylinders and
table 1-3 shows cylinder colors most commonly found
in a Naval Mobile Construction Battalion or in a Public
Works Department where Seabee personnel will be



working. For a complete listing of compressed gas
cylinders, refer to MIL-STD-101B; but make sure you
have a standard with the latest up-to-date changes
inserted, as changes may occur in the manual as
prescribed by the Department of Defense after this
writing.

Q14. What class of material has a green warning
color?
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015,

016

017,

018,

Other than warning colors, what else should be
used to identify dangerous or hazardous
materials?

The name or title of a gas should be painted in
what color on the outside of the cylinder?

What does the secondary warning color of a
material indicate?

What do arrows indicate on piping systems?






CHAPTER 2

ADVANCED BASED FUNCTIONAL COMPONENTS

LEARNING OBIJECTIVE: Explain the basic functions of the Advanced Base
Functional Component (ABC) System, as outlined in the NAVFAC P-437, and
identify the basic operation of various types of advanced base field support

facilities.

The Seabees are involved in many projects,
ranging from building playgrounds in local
communities to renovating buildings or building
structures from scratch; however, the primary
responsibility of the Seabees must not be
forgotten-the construction of advanced bases. It is the
Seabee’s job to get in the middle of a contingency
situation and construct the temporary facilities
required to support U.S. military operations.

When these services are called upon, Seabees are
expected to react expediently, and planning time is
often limited. Planning is still required to organize
personnel working schedules, material requirements,
and tool/equipment usage. At one time, this planning
was not done in advance.

The need for advanced planning was discovered
when our forces were jumping from island to island
during World War II. It was realized that many of the
requirements of the advanced bases were the same and
a new advanced base could benefit from the planning
done on a previous base. Advanced base requirements
were grouped together into components according to
their desired functions, and the ADVANCED BASE
FUNCTIONAL COMPONENT (ABFC) SYSTEM
was born. The ABFC System revolves around a
building block type of system. The largest type of block
is a COMPONENT, which brings together all of the
people, facilities, equipment, and supplies required to
perform a particular function. A component is made up
of a FACILITY or a number of facilities that best meet
your requirements. A facility is composed of smaller
building blocks known as ASSEMBLIES. One or more
assemblies are grouped together as required to make up
the facility. A single assembly can often be used in
several different facilities.

ABFC SYSTEM

LEARNING OBIJECTIVE: Explain the
different sections of the ABFC Facilities
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Planning Guide, NAVFAC P-437. Identify
setup, operation, and maintenance procedures
for Utilitiesman—specific advanced base field
assemblies.

To bring together all of the information of the
ABFC System, the Naval Facilities Engineering
Command published the Facilities Planning Guide,
NAVFAC P-437, volumes 1 and 2. Volume 1 contains
all of the reproducible drawings and is divided into
three parts. Part 1 has applicable plot plans for the
components. Facility drawings are located in Part 2.
The assembly drawings, which are used as the working
drawings, make up Part 3. Each of the three parts is
arranged in numerical/alphabetical sequence by
component, facility, or assembly number. ‘A picture
may be worth a thousand words, but sometimes it takes
a thousand and one words to convey an idea. To provide
us with that “extra word,” NAVFAC published volume
2. The written information concerning a component, a
facility, or an assembly can be located by referring to
this information-packed publication. Like volume 1,
volume 2 is divided into three parts. Part 1 contains
component information. The facility information is in
Part 2. Part 3 contains the assembly information..

The advanced base support facilities discussed in
this chapter will be the PORTABLE BATH UNIT;
PORTABLE SPACE HEATER; IMMERSION
HEATER; FIELD RANGE BURNER UNIT;
CESSPOOLS, SEPTIC TANKS, TILE FIELDS, and
LATRINES; LAUNDRY UNIT; AND WATER
PURIFICATION UNITS.

By the use of various components, facilities, and
assemblies, a construction battalion is able to construct
advanced bases. Advanced bases include
administrative, medical, living, messing, and other
essential facilities. When the ABFC shipment arrives at
the site, the assemblies and facilities should be
distributed in the storage areas, so they are available in
the order of erection or installation.



The first procedure is to check all parts against the
bills of material. This action helps to ensure that all the
parts have been included in the assemblies. Visually
inspect all the components for damage. Check for
dents, cracks, broken parts, and loose or kinked
connections. If an item is missing or damaged, you
should report the discrepancy to your supervisor, so
steps can be taken to remedy the situation.

PORTABLE BATH UNIT

The nine-shower head Portable bath unit is a liquid
fuel-fired water-heating device that supplies warm
water to each of the shower nozzles. The bath unit is
equipped with the necessary water heater, water pump
assembly, mixing unit, hoses, and shower stands to
supply all of the warm water needed for operation. The
water pump draws water through the suction strainer
and the hose from the water source and forces it through
the discharge hose to the water heater. The water heater
raises the temperature of the incoming water and
maintains it at the desired temperature. The heated
water is then forced through one discharge hose to the
mixing unit where it is mixed with cold water to provide
water at the desired temperature to the shower heads.

The electrical power required to operate the bath
unit should be supplied by a self-contained portable 3
kW, 60 Hz, 208 V, three-phase power generator source.
All of the components of the bath unit that are operated
electrically should be grounded through a fifth wire
incorporated in the power cables.

A description of major components to the portable
bath unit is listed below. The location of each
component is shown in figure 2-1

A. A SHOWER STAND ASSEMBLY. Eachofthe
three shower-stand assemblies come equipped with
three shower heads. Each shower head has a valve to
control the water flow. A curtain is supplied to enclose
each shower.

B. WATER HOSE ASSEMBLY. There are five 1-
inch inside diameter (ID) hoses, each measuring 7 1/2
feet in length. The hoses interconnect with the water
pump assembly, the water heater assembly, the mixing
valve assembly, and three shower-stand assemblies

C. MIXING VALVE ASSEMBLY. The mixing
valve assembly mixes hot water from the water heater
and cold water from the water pump and water source to
provide heated water to the shower stands at
temperatures of approximately 105°F.
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D. WATER HEATER. The water heater is a self-
contained, liquified fuel-fired boiler that heats water
supplied by the water pump. The major subassemblies
or components that make up the water heater are the
water vessel, the burner assembly, the blower assembly,
the control box assembly, the sight glass assembly, and
the transformer and ignition cables.

E. DRUM FILL ADAPTER ASSEMBLY. The
drum fill adapter assembly can be used with either a 55
gallon fuel drum or a 5-gallon gasoline can. The fuel
level can be checked visually and refueled without
disconnecting the fuel lines.

F. FUEL CONTAINER. The fuel container may
be either a 55-gallon fuel drum or a 5-gallon gasoline
can.

G. FUEL FEED AND RETURN HOSE
ASSEMBLIES. Flexible hoses provide supply and
return fuel between the fuel storage container and the
fuel pump assembly on the water heater.

H. POWER CABLE ASSEMBLY. The power
cable assembly consists of two cables that extend from
the Power source to the bath unit. The short cable
connects to a 208 V, three-phase Power source. The
long cable connects to the short cable, the water heater,
and the water pump.

I. WATER PUMP HEATER-HOSE
ASSEMBLY. The assembly consists of one 1 1/24nch
ID hose, measuring 6 feet in length that connects the
water pump to the water heater.

J. WATER PUMP. The water pump draws water
from the source through the intake hose and the in-line
strainer then supplies it through a discharge line to the
water heater.

K. SUCTION HOSE ASSEMBLY. The suction
hose assembly has one I-inch ID hose, measuring 25
feet in length that connects the water supply to the water

pump.

L. SUCTION STRAINER ASSEMBLY. The
suction strainer assembly is connected to the suction
hose assembly. It prevents leaves and debris from
entering the water system.

Setting Up the Bath Unit

Locate the bath unit so drainage from the shower
area is carried downstream or downhill from the
suction hose strainer to prevent wastewater from being
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Figure 2-1.—Bath unit, portable, major components.

drawn back into the water source. If this arrangement is
. . . . . CAUTION

not possible, dig a ditch or build a dike around the T . d b h
shower stands to allow wastewater to drain away from O prevent equipment damage, be sure the
the water source. When a pressurized water source is
used, discharge the water into an open reservoir before
it is drawninto the bath system. This prevents excessive
strain on the water pump. Use the following procedures
to set up the bath unit:

hose couplings are free of dirt or foreign matter
and the coupling gaskets are in place before
you couple the hoses.

1. Connect the section hose strainer to the male end
of a 25-foot long, 1-inch ID hose.

WARNING
Do not connect the heater to an untested

water supply. Contaminated water can cause
illness or death. water pump suction port.

2. Connect the female end of the water hose to the
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3. Place the water pump on a level surface
approximately 20 feet from the water source. Be sure
the suction line does not exceed 5 feet in length.

4, Place the suction hose assembly and strainer
into the water source using one of two methods:

a. Place the strainer on a mound of stones or
gravel and make a large pile of stones upstream from the
strainer to divert debrisfrom it.

b. Build a tripod using tree branches and
suspend the strainer from the tripod. Build a barrier
using tree branches upstream from the strainer to
prevent leaves, weeds, or other debris from entering the
strainer.

5. Place the water heater on level ground
approximately 5 feet from the water pump. When it is
possible, arrange a suitable shelter or windbreak for the
water heater to conserve fuel.

6. Connect the male coupling of a 1 1/2-inch water
hose to the water pump and connect the female end of
the hose to the water heater intake.

7. Connect the female end of a 7 1/2-foot, 1-inch
ID hose to the water heater and the male end of the hose
to the HOT fitting on the mixing valve.

8. Connect the male end of a 7 1/2-foot, 1-inch ID
hose to the water pump outlet and the female end of the
hose to the COLD fitting of the mixing valve.

9. Erect the shower stand approximately 20 feet
from the mixing valve. Connect sections of the shower
stand assembly using a 7 1/2-foot, 1-inch ID hose.
Install the cap on the shower stand end connector.

10. Connect the female end of a 25-foot, 1-inch ID
hose to the MIXED fitting of the mixing valve. Connect
the male end of the hose to the female fitting of the
shower stand.

11. Install an elbow on the water heater with a slight
turn to the right to seat the pin in the dot.

12. Insert a smokestack and guard assembly
through the bracket onto the elbow.

13. Tighten the screw on the bracket to secure the
smokestack and guard assembly.

2-4

14. Place the fuel container approximately 5 feet
from the water heater.

WARNING
The fuel used with the bath unit is highly
flammable and may be dangerous to human life
if handled improperly. Tighten all fuel fittings
firmly. Recheck all fittings when the water
heater is operating to ensure there are no leaks
with the system under pressure.

15. Screw the drum fill adapter into the fuel
container.

16. Connect the fuel line from the pump filter to
suction the fitting on the drum fill adapter assembly.

17. Connect the fuel line from the pump to the return
fitting.

18. Connect the cable assembly to the water heater,
the water pump, and the power source.

WARNING
Use only the fuel specified. Failure to do so
may result in injury to personnel or equipment.

CAUTION

The lack of lubrication may cause pump
damage when pure gasoline is used as fuel. To
avoid failure, when Firing the fuel burner with
gasoline, mix 1 quart of oil with each 5 gallons
of gasoline. This mixture provides interna lu-
brication for the fuel pump. To ensure proper
mixture, pour the gasoline into the ail.

19. Fill the fuel container with the approved fuel
mixture.

Preventive Maintenance Checks and
Services (PMCS)

To ensure that the equipment is ready for operation
at all times, you must inspect it systematically before
operation, during operation, and after operation, so
defects may be discovered and corrected. The
necessary preventive maintenance checks and services
(PMCS) will be performed before operation. The
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Carol
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defects discovered during operation of the unit will be
noted, and corrections made as soon as operation has
ceased. Stop the operation immediately if a deficiency
is noted that could damage the equipment. After
operation, the necessary PMCS must be performed.
Report defects or unsatisfactory operating
characteristics beyond your scope to your supervisor.

The PMCS procedures are contained in the
operating manual provided with the field unit.

Preparation for Use

Before you start the bath unit, go to the “Operator’s
Preventive Maintenance Checks and Services
(PMCS)” and do the “Before Operation” checks and
then proceed as follows:

e Make certain the water heater load limit switch
18 turned to OFF.

e Make sure the manual fuel valve is closed.

o Press the reset button to ensure the flame
safeguard control is not locked out.

e Open the blower shutter approximately halfway.

e Open the fuel pump primer plug and fill the fuel
container with the fuel mixture. Replace the plug.

Make sure that one end of the hose is connected to
the supply fitting of the fuel filter and to the fittings on the
vent. Connect the return fuel line to the drum fill adapter.

NOTE

The operator must periodically monitor the
level of the fuel supply. The fuel container
should be kept as full as possible to reduce wa-
ter condensation. The frequency of refueling
depends on the size of the fuel container. Ex-
cessive water in the fuel supply decreases
heater efficiency and corrodes both chamber
and the burner.

WARNING
Exposed fuel and fuel vapor can ignite or
explode, resulting in possible serious injury

and even death. Observe proper safety precau-
tions when servicing the fuel system. Ensure
the water heater is cold before servicing the
burner.

e Check to see that all water lines are connected.
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o Be certain the water heater drain cock is closed.

e Check to be sure the smoke-pipe elbow, the two
lengths of the smoke-pipe guard assembly, and the
smoke pipe are securely installed.

Start-up Procedures

After having performed the recommended PMCS
and the water heater is ready for use, you should
proceed as follows:

e Turn off the limit switch and connect the power
cable to the power source. Close the fuel valve by
turning it to the right.

e Remove the plug and fill the coupling with
water.

e Replace the plug.

e Open the fuel valve and turn the load limit
switch and power source ON. The fuel pressure gauge
should indicate 100 psi.

e View the ignition spark through the sight tube
after the power is turned ON.

e Wait 7 seconds; then view the combustion
through the sight tube.

e [f combustion does not occur after an additional
12-second wait, the buzzer sounds and the ignition
spark shuts down. Wait 2 minutes after the buzzer
sounds and press the safety reset button. If combustion
still does not occur, troubleshoot the unit according to
table 2-1.

e After start-up, the exhaust gases from the
exhaust stack should be transparent and smokeless.
When smoke is present, open the air band on the blower
assembly slowly until the exhaust gases are transparent
and smokeless. The water heater is now in automatic
operation.

Shutdown Procedures

Perform the following shutdown procedures after
normal use or when the equipment will not be used for
an extended period:

e Turn off the fuel valve.
e Turn off the load limit switch.

e Turn off the water pump.

If there is danger of the bath unit freezing, perform
the following procedures:



Table 2-1.—Troubleshooting Procedures

Component

Malfunction Corrective Check

Water Heater

Fails to start . Electrical power source
. Load limit switch

. Flame safeguard control
. Blower motor reset

. Water supply in tank

. Low-water probe

. Low-water relay

NN AW =

Burner

Flame failure during
fire cycle

. Fuel supply

Fuel hoses

. Fuel nozzle

UV scanner

. Flame safeguard control
. Fuel pump strainer

. Fuel pump drive coupling
. Fuel pump

. Fuel solenoid valve

Burner

Fails to ignite or
is delayed

. Fuel supply

. Fuel hoses

. Burner nozzle

. Water in fuel

. Electrodes

. Ignition transformer

Burner to transformer connection

VO AW~ [V R WD -

Fuel Pressure
Gauge

Pressure too high . Fuel Gauge
. Fuel Pump
. Fuel nozzle

. Fuel hose (return)

B W N =

Fuel Pressure
Gauge

. Suction hose

. Fuel pump strainer
. Fuel filter

. Burner nozzle

. Pressure Gauge

Pulsating
pressure

N AW N =

Fuel Pump

. Suction hose

Fuel pump strainer
. Fuel filter
. Fuel pump

Noisy

Fuel Pump

Leaks . Strainer cover
Plugs
Shaft seals

Fuel pump for cracks

e =
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Table 2-1.—Troubleshooting Procedures—Continued

Fuel Pump Fails to deliver fuel 1. Fuel supply
to burner 2. Reversed pump rotation

3. Suction/discharge fuel hoses

4. Fuel pump strainer

5. Burner nozzle

7. Pump drive coupling

8. Fuel solenoid valve
Blower Motor Continues to trip off 1. Fuel pump and motor
Smokestack Gases are smoky 1. Electrode spark

2. Contaminated fuel

3. Burner nozzle

4. Blower operation

5. Power source - low- voltage output
Smokebox Cover Escaping smoke 1. Boiler box gasket

2. Smokebox cover bolts
Water Temperature Indicates overheating 1. Temperature control
Gauge 2. Low-water probe
Water Pump Fails to deliver 1. Pump motor

water 2. Shaft seals

Shower Stand Not discharging 1. Water flow control valves
Nozzles enough water 2. Fittings

e Open the drain cock on the water pump by
turning it to the left and tilt the water pump on end to let
the water drain out.

e Reach under the water heater and open the drain
cock by turning it to the left.

When the bath unit is not scheduled for use for 5
days or more, perform the following procedures:

e Remove the fuel feed hose from the fuel
container.

e Place the end of the hose into a quart container.

e Fill the container with diesel fuel.

e Turn on the load limit switch and allow the unit
to operate until the quart container is almost empty.
Turn off the water heater fuel shutoff valve and let the
system operate until the flame is extinguished.

e Turn off the load limit switch.
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Troubleshooting Procedures

This section contains troubleshooting information
for locating and correcting most of the operating
troubles that may develop in your bath unit. The
troubleshooting procedures are listed in table 2-1. The
table lists the common malfunctions that you may find
during operation or maintenance of the bath unit or its
components. You should perform the tests/inspections
and corrective actions in the order listed. Each
malfunction for an individual component, unit, or
system is followed by a list of tests or inspections to
help you determine what corrective action(s) to take.
This manual does not attempt to list all possible
malfunctions and corrective actions or all the necessary
tests and inspections. Remember, you should always
notify your supervisor when something unusual
occurs.



PORTABLE SPACE HEATER

Types I and II portable space heaters are designed
to heat tents. The heater assembly consists of
essentially a heater body (top and bottom), adapter ring,
grate or liquid fuel burner assembly, and air
conditioning-heating pipe sections. (See figs. 2-2 and
2-3)

Type I heaters may be operated with wood or coal.
Type II heaters operate with diesel oil, light fuel oil, or
gasoline. The heat output is measured in British
thermal units (Btu). The fuel consumption rates are as
follows:

Type I (coal) 1/4 ton per week

Heat output (normal) 35,000 Btu per hour
(maximum) 45,000 Btu per hour

Type II (gasoline or oil) 5 gallons for 10 to 30 hours

Before you place the heater in service, perform the
following procedures:

e Inspect the entire heater assembly for signs of
physical damage.

e Inspect the heater to be sure it is assembled
properly, secure, clean, adjusted correctly, and
mechanically operable.

e Correct deficiencies within the scope of
organizational maintenance before placing the heater in
service.

e Perform daily preventive maintenance services.

Setting Up the Heater

Place the heater base on the ground or floor of the
tent. In tents with wooden floors, the base should be set
in a sandbox or on sheeting that is designed to protect
the floor from heat. In an emergency, a pile of stones or
brickbats may be used. The sandbox must meet the
following standards:

1. It must be no smaller than 40 inches long by 28
inches wide by 4 inches high. Use 2- by 4-inch lumber
for the framework.

2. It must have a sheet metal bottom to act as an
insulating shield.

3. The stove should be placed in the center of the
box with a minimum of 3 1/2 inches of sand between the
bottom of the stove and the metal insulation shield.
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Figure 2-2.—Space heater (Type I).

4. Areas surrounding the stove should be void of
combustibles at any point closer than 4 feet on a
horizontal plane from the floor to the ceiling of the tent
or building. Necessary material may be secured locally
upon approval of the local commander.

To assemble and set up the Type I space heater
components, refer to figure 2-4 and proceed as follows:

1. Assemble the grate.

2. Place the adapter ring on top of the base. Level
the heater base by sight.

3. Insert the grate assembly in the adapter ring with
the shaker catch facing the ash door and the draw grate
on the bottom.

4. Place the top of the space heater on the adapter
ring.

5. Assemble the air-conditioning smoke pipe as
follows:

a. Join the formed edges of a curved sheet of
metal to form a cylindrical pipe.
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Figure 2-3.—Spate heater (Type II).

CAUTION

Hold the sheet metal securely while curl-

ing it to prevent it from slipping and causing
severe cuts.

b. From the inside, insert a split rivet through
each of the three holes in the smoke-pipe sections.
Spread the tines of the rivet, and hammer them flat.

NOTE
The damper is not required in the smoke
pipe when it is burning liquid fuel.

c. In one section of the smoke pipe, insert the
damper. Punch a hole through the pipe at a position half
the length of the pipe. Hold the damper in place inside
the pipe, and thread the damper shaft through the holes
locking the curved shank of the damper shaft into the
center slot of the damper. When they are locked together
properly, the damper and operating handle are parallel.

6. Assemble the smoke-pipe sections starting with
the section of pipe having the damper installed. Place
the smooth female end of the pipe over the steel collar
on the heater top.

NOTE

When conditions permit, use six lengths of
pipe extended straight up. Elbows and horizon-
tal pipes reduce the draft and cut down the heat
output.

7. Install the spark arrester on one pipe section
above the heater or on top of the smoke pipe outside of
the shelter.

To assemble and set up the Type II space heater,
refer to figure 2-5 and proceed as follows:

1. Place the adapter ring on the heater base.
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Figure 2-4.—Spare heater installation (Type I).

2. Set the oil-pot burner in the adapter ring, so the
fuel inlet pipe faces the ash door opening.

3. Turn the adapter ring to the right until it engages
the locking clips on the right side of the door opening.

4. Install the flame spreader in the center of the
burner.
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5. Attach the float valve nipple to the smaller end
of the pipe reducer located on the oil-pot burner. Make
sure the connection is tight enough to hold the valve in a
level position and to prevent leaks.

6. Place the top of the space heater on the adapter
ring.

7. Assemble the smoke pipe.

8. Install the draft diverter on top of the stack and
anchor it with guy ropes.

CAUTION
Install the guy line radially to eliminate
contact with the smoke pipe. Lines should be

erected and anchored, so the movement of the
tent does not adversely affect the stability of
the smoke pipe.

Refer to figure 2-6, and assemble the fuel can
adapter and insert it in the fuel can as follows:

CAUTION

When changing fuel cans, release the cam
before removing the adapter from the empty
can. The washer on the adapter may squeeze
out of place when the adapter is screwed into
place on the fuel can. Wipe excess fuel from the
washer, the washer seat, and the 1lid of the fuel
can.

1. Attach the male end of one fuel hose to the drip loop
hose of the adapter, and attach the opposite female. end of the
hose to the male fuel inlet fitting of the float valve.

2. Attach the other length of hose to the ovefflow
fitting (under the center of the float valve) to carry off
any possible overflow. This hose must drain downward
and discharge into a safe outside location.

CAUTION
Be sure the fuel from the fuel can is con-

nected to the male fitting marked “INLET” on
the valve.

3. Make sure the inlet shutoff knob on the float
valve is in the OFF position.
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Figure 2-5.—Space heater installation (Type II).

4. Invert the fuel can on a support no less than 1
foot or more than 8 feet above the float valve.

Preventive Maintenance and
Troubleshooting

To ensure the space heater is ready for operation at
all times, you must inspect it systematically, so the
defects may be discovered and corrected before they
result in serious damage or failure. The preventive

2

maintenance checks and troubleshooting procedures
are listed in Department of the Army Technical Manual,
TM 10-4500-200-13.

IMMERSION HEATER

The 32-gallon, immersion, liquid fired, water
heater used by the Naval Construction Force (NCF) is
shown in figure 2-7. The heater body is constructed of
watertight sheet steel. The combustion chamber is
doughnut-shaped, and the stack assembly is welded
together. A vertical partition divides the stack into two
sections: a burner compartment and a flue

-11



THREADED HOLE FOR VEN

INSTRUCTIONS

. ASSEMBLE THE TWO PIECES OF VENT TUBE AND TIGHTEN.

. FOR 5-GAL. CAN, SCREW THE PLAIN END OF ASSEMBLED
VENT TUBE INTO ADAPTER WITH AIR HOLE AT END
FURTHEST FROM ADAPTER BODY.

. FOR 55-GAL. DRUM, SCREW THE AIR HOLE END OF VENT
TUBE INTO ADAPTER BODY WITH PLAIN END OUT.

. ASSEMBLE HOSE, GASOLINE, SCREW TYPE TO ADAPTER
KIT, GRAVITY FEED, AND TIGHTEN.

. RELEASE CAM AND HOLD CAM FREE IN VERTICAL POSITION.

. WITH CAM IN FREE POSITION, TOWARDS CAN HANDLES,
INSERT ADAPTER IN CAN.

. HOLD CAM IN FREE POSITION WITH ONE HAND TO PREVENT

N -

o N o0 & W

CAUTION

RELEASE CAM BEFORE REMOVING ADAPTER FROM CAN.
DO NOT PERMIT ADAPTER BODY TO TURN WHILE TURNING
PLUG BODY.

UTBJ0024

ROTATION. TURN PLUG BODY DOWN TIGHT TO PREVENT LEAKAGE .
. PRESS CAM DOWN TOWARDS CAN HANDLES TO SEAL JOINTS.

SCREW THIS END OF ASSEMBLED VENT
TUBE INTO ADAPTER BODY WHEN
USED WITH 5-GALLON CAN

CROSS

T TUBE
AIR HOLE

=
o)

@ \

/*‘\%'E'

SCREW THIS END CROSS AIR HOLE

OF ASSEMBLED VENT
TUBE INTO ADAPTER
BODY WHEN USED WITH
55-GALLON DRUM

A. VENT TUBE INSTALLATION

HOSE AND DRIP
INTERCEPTOR \

INSTRUCTION TAG

HOLD CAM STATIONARY
IN THIS POSITION WHILE
TIGHTENING PLUG BODY

TURN PLUG BODY TO
SEAL JOINT

B. FUEL CAN WITH ADAPTER
INSTALLED

Figure 2-6.—Fuel can adapter installation.
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Figure 2-7.—Corrugated can, fuel fired, immersion heater.
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compartment. Instructions for operation are located on
the hinged hood that covers the top of the burner.

Use the following procedures when setting up the
unit for use:

1. Place the immersion heater in a 32-gallon
corrugated can and fill it until the water is 6 inches
below the collar assembly of the heater.

2. Fill the fuel tank through the filler plug with
unleaded or regular mogas and attach the fuel tank to the
unit.

3. Assemble the four 2-foot sections of the flue
and attach them to the unit.

The following steps are for operating the
immersion heater:

1. Open the vent plug on the fuel tank and swing
the lighter cup below the drip valve.



2. Open the drip valve until the lighter cup is 1/4
full of fuel.

3. Ignite the fuel in the lighter cup and return the
cup into the flue. In approximately 1 minute, the flue
will be preheated.

4. Swing the lighter cup so the edge of the cup is
below the drip valve

5. Open the drip valve and the stream of fuel will
ignite from the burning lighter cup.

6. Swing the lighter cup back into the flue and
adjust the flow of fuel to just below smoke point.

WARNING
When the flow of fuel is excessive, an explo-

sion may result. If dark smoke is coming out of
the flue pipe, reduce the fuel flow.

FIELD RANGE BURNER
UNIT

The portable field range used by the NCF has a self-
contained burner unit that is portable. The burner unit
can be used with a range unit or by itself. Figure 2-8
shows the M59 range unit and M2 burner unit.

When the M-59 range outfit is used for cooking or
baking, the M-2 burner should be placed in the bottom
position. When the cabinet is used for frying, the burner
should be placed in the top position. The two burner
positions are shown in figure 2-9.

BURNER UNIT
POSITION WITH
POT REMOVED

BOTTOM BURNER

UNIT POSITION UTBJO027

Figure 2-9.—Burner unit positions.

UTBJ0026

Figure 2-8.—MS59 range outfit with M-2 burner.



The following inserts show the recommended way of setting up and operating the field range outfit.

Procedure Insert

Take the burner unit to the fueling area at U =mr T 7 2

least 50 feet away from the lighting and
cooking area. Place the burner in a vertical
position and release the air pressure by
turning the filler cap counterclockwise,
then remove the filler cap. Fill with 8 quarts

of mogas. Eight quarts will last
approximately 4 hours. ( FUELFLER |

SLOWLY TURN
COUNTERCLOCKWISE

Take the burner unit 50 feet away from the
fueling area and the cooking area. Place the ~AIR PRESSURE GAUGE
unit in a horizontal position. Remove the
air valve cap, place a hand pump on the
valve, and pump until the pressure gauge
reads 6-8 pounds. Remove the pump and
replace the valve cap.

uTB0029 AIR VALVE CAP

ROTATE
Turn the orifice cleaning control & / — PREHEATER VALVE
completely around two or three times. __— {
When completed, the handle should point
in the downward position.

2 TIMES
THEN POINTS DOWN UTBJ0030
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Procedure Insert

Place a lighted match close to the
preheater head and turn the preheater
valve one-quarter turn counter
clockwise and ignite. Allow the
preheater to burn 5 to 7 seconds or until
the flame burns evenly. Now turn the
preheater valve filly counterclockwise
and place the preheater shield over the
preheater.

ROTATE % TURN
COUNTERCLOCKWISE AND LIGHT WITH MATCH

WAIT § TO 7 SECONDS
ROTATE FULL

BACK OF

Allow the preheater to burn for 10 GENERATOR

minutes or until the shield is hot to
touch.

&%%E:ON: The preheater shield is C AUTI ON
| VERY HOT

Open the air control shutter lever to half
open.

UTBJO033

Remove the flame valve knob from the l

holder and place it on the valve. Slowly
turn the knob counterclockwise to the N
fully open position.

FLAME VALVE KNOB

REMOVE KNOB

PLACE

o / GSLOWLY -

2-15

COUNTERCLOCKWISE UTes000



Procedure Insert

The burner should ignite. When lit,
remove the preheater shield. Be sure that

you use a glove when handling the heater
shield.

J e

Shut the preheater valve by turning it
fully clockwise. Now turn the flame
valve clockwise until the flame lowers to

. . . FULLY
the height of the generator. Adjust the air CLOSED
shutter until the flame is green in color.

Place the flame valve knob back in the
UTBJOG3S
holder.
Carry the burner unit to the cooking area
and place it in the cabinet.
uteJoas?

Figure 2-10 shows the location and CESSPOOLS, SEPTIC TANKS,
describes the functionof the M-2 burner major TILE FIELDS, AND LATRINES

components. . el
p Various facilities are used for treatment and

Figure 2-11 shows the operating controls of the M- disposal of sewage at installations where common
2 burner. sewers are not available.
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. Fuel tank - Contains fuel to operate burner.

. PREHEATER - Heats generator, which will then
change fuel to gas vapor.

. PREHEATER SHIELD - Helps generator heat up
faster.

. GENERATOR - Filters and converts liquid fuel into
gas vapor.

E.

F.

BURNER - Spreads out the flame under cooking pots or
pans.

SPARE GENERATOR - Replacement for defective
generator.

G. AIR SHUTTER - Adjusts air input to burner.

H. FUEL FILLER - Provides an opening to place fuel in the

unit.

Figure 2-10.—Location and description of burner major components.

These facilities include cesspools, septic tanks, tile
fields, and field-type latrines. Information on each of
these facilities is provided below.

Cesspools

Leaching cesspools are usually dry-laid masonry
or brick-lined wells without masonry at the bottom; the
sewage flows into them and leaches out into the soil.
Floating solids collect at the top and settling solids
collect at the bottom of the well. The leaching capacity
of the well is exhausted when the solids accumulate and
clog the soil (fig. 2-12). The use of chemicals is not
recommended for increasing the useful life of a
cesspool.

When the first cesspool becomes filled, a second
well may be constructed to take the overflow from the
first. In such cases, the first cesspool should operate as a
septic tank to collect the settling and floating solids and

2-17

provide a trapped outlet on the connection leading to
the next leaching cesspool. Septic tanks can be placed
advantageously ahead of leaching cesspools in larger
installations. Leaching cesspools should not be placed
closer together than 20 feet by out-to-out measurement
of the walls.

Leaching cesspools should be used only where the
subsoil is porous to a depth of at least 8 or 10 feet and
where the groundwater is below this elevation. When
cesspools are located in fine sand, the leaching area can
be increased by surrounding the walls with graded
gravel.

The number and the size of cesspools required
depend on the quantity of sewage and the leaching
characteristics of the total exterior percolating area
above the groundwater table, including bottoms and
sidewalls below the maximum-flow lines. The
allowable rate of sewage application per square foot per



A. GENERATOR KNOB, FLAME VALVE - Fuel
adjustment to burner.

. AIRCONTROL SHUTTER VALVE - Air input
adjustment to burner.

C. AIR PRESSURE GAUGE - Air input adjustment to
burner

D. PREHEATER VALVE - Inputs gas to preheater.

UTBJ0039

GENERATOR PREHEATER SHIELD - Contains heat
while gas is vaporizing.

ORIFICE CLEANER - Cleans orifice in preheater.

AIR VALVE - Hand pump attachment used to pressurize
fuel tank.

Figure 2-11.—Burner operating controls.
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Figure 2-12.—Leaching cesspool.
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day, based on the recommended leaching test, is
provided below. Soils that require more than 30 minutes
for a fall of 1 inch are unsatisfactory for leaching, and
some other disposal method must be used.

Time for water to fall 1 ~ |Allowable rate of sewage
inch (minutes) applicable (gallons per
square foot of percolating
area per day)

1 53
2 4.3
5 32
10 2.3
30 1.1

The test for leaching should be made by digging a
pit about one half of the proposed depth of the cesspool,
making a test hole 1 foot square and 18 inches deep at
the bottom. The test hole is filled with 6 inches of water
that is allowed to drain off. Six inches of water is again



added, and the downward rate of percolation is
measured in minutes required for the water surface to
lower 1 inch in the hole.

Septic Tanks

For emergency and temporary construction, septic
tanks are made of wood or nonreinforced concrete with
wood covers and baffles. Reinforced concrete
construction is more suitable for permanent
installations (fig. 2-13). The tank capacity should equal
a full day’s floss, plus an allowance of from 15 to 25
percent for sludge capacity. The minimum size of a tank
required by code is 1,000 gallons.

In constructing a septic tank, be sure the length of
the septic tank is not less than two, or more than three
times the width. The liquid depth should not be less than
4 feet for the smaller tanks and 6 feet for the larger ones.
Manbholes should be provided over the inlet and outlet
pipes and over the low points in the bottom of hopper
bottom tanks. The roof of the tank may be covered with
earth, but access openings should extend at least to the
ground surface. Although ells or tees may be used at
inlet and outlet connections, straight connections are
better for rodding (cleaning out). Instead of ells,
wooden baffles, located approximately 18 inches from
the ends of the tank and extending 18 inches below and
12 inches above the flow line, are provided. Elevations
should permit free flow into and out of the tank. The
bottom of the inlet sewer should be at least 3 inches

above the water level in the tank. The inlet and outlet
connections should be sufficiently buried or otherwise
protected to prevent damage by traffic or frost.

Although septic tanks that are designed properly
require little operating attention, they must be
inspected periodically; the frequency of inspection is
determined by the size of the tank and the population
load. The minimum frequency should be once every 2
months at periods of high flow. The inspection should
be made to assure that the inlet and outlet are free from
clogging, the depth of scum and sludge accumulationis
not excessive, and the effluent passing to subsurface
disposal is relatively free of suspended solids. A high
concentration of suspended solids in the effluent clogs
subsurface disposal facilities quickly. Sludge and scum
accumulation should not exceed one fourth of the tank
capacity. It should not be assumed septic tanks liquefy
all solids, they never need cleaning, and the effluent is
pure and free of germs. Perhaps 40 to 60 percent of the
suspended solids is retained, and the rest is discharged
in the effluent.

Separating sludge and scum from the liquid in
septic tanks is difficult. In small tanks, these wastes are
customarily mixed; the entire contents are removed
when the tanks are cleaned. The material removed
contains fresh or partially digested sewage solids that
must be disposed of without endangering the health of
personnel. Disposal through manholes in the nearest
sewer system, as approved by local authorities,
or burial in shallow furrows on open land is

=

WOODEN

/ BAFFLE \

-
\W\

DISCHARGE LINE

[anmrvanyeavany]

MINIMUM CAPACITY
1000 GALLONS

Figure 2-13.—Septic tank.
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recommended. A diaphragm sludge pump is best suited
for removing the tank contents that should be
transported in a watertight, closed container. Trucks
are made that specifically pump and carry the waste
material to a place where it can be disposed of.

Tile Fields

Tile fields of lines made of concrete, clay, or PVC
are laid in the ground with open joints or perforations to
dispose of settled sewage into the ground. A fiber pipe
(Orangeburg Alkacid) or plastic pipe with holes bored
in the lower portion of the pipe to allow drainage may be
used for these drain lines. This pipe is light in weight
and is easily laid in the trench. It comes in sizes ranging
from 2 inches to 8 inches in diameter and in lengths
from 5 feet to 8 feet. Because of these long lengths, this
type of pipe is particularly valuable in soil where other
types of pipe may settle unevenly. Figure 2-14 shows a
typical field layout.

PROPER FUNCTIONING.—The following
conditions are important for proper functioning of tile
fields:

e Groundwater well below the level of the field °

e Soil of satisfactory leaching characteristics
within a few feet of the surface, extending several feet
below the tile

e Subsurface drainage away from the field
e Adequate area

e Freedom from possibility of polluting drinking
water supplies, particularly from shallow dug or driven
wells in the vicinity

TESTS.—The length of tile and details of the filter
trench generally depends upon the character of the soil.
Soil leaching tests should be made at the site, as
described for leaching cesspools, except the test hole
should extend only to the approximate depth at which
the tile lines are to be laid. For extensive tile fields,

SEWER FROM SETTLING O
TANKS WITH TIGHT JOINTS

PLAN

9"TO 20"
OR AS REQUIRED

15"

L e s

7T EARTH BACKFILL”

JJJJJ

\- " TILE PIPE WITH

OPEN JOINTS

6" TOPSOIL IF SITUATION
[~ JUSTIFIES GRASSED SURFACE

UNTREATED PAPER OR 2" OF STRAW
TAR PAPER OVER JOINTS

3" FINE-SCREENED GRAVEL
1/4" TO 1/2*

6" TILE PIPE WITH OPEN JOINTS
3/8" CLEAR SPACE AT JOINT
4" MINIMUM SIZE PIPE  ~

COARSE-SCREENED GRAVEL
1/2"TO 2 1/2°

™~ THIS POINT NEVER BELOW
GROUNDWATER IF POSSIBLE

TYPICAL SECTION (PROFILE) UTBJ0042

Figure 2-14.—Typical layout of a subsurface tile system.
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several tests to determine the best location and average
conditions should be made. From test results, the rate of
sewage application to the total bottom area of the tiled
trenches may be taken from the data below. Soil testing
over 30 minutes is not suitable.

Allowable rate of sewage
application in gallons per
square foot per day, bottom
of trench in tile field

Time for water to fall 1
inch (minutes)

1 4.0
2 3.2
5 24
10 1.7
30 0.8

TRENCH WIDTH.—The minimum width of a
trench on the basis of the types of soil is as follows:

e Sand and sandy loam, 1 foot
e [Loam and sand and clay mixture, 2 feet

e Clay with some gravel, 3 feet

FROST LINE.—Placing tile below the frost line
to prevent freezing is not necessary. Tile placed 18
inches below the ground surface operated successfully
in New England for many years. Subsurface tile should
never be laid below groundwater level.

PIPE SIZE.—Design and construction should
provide for handling and storage of some solid
material, eliminating, as much as practical, the
opportunity for clogging near pipe joints. Pipe 4 to 6
inches in diameter is recommended. The larger pipe
gives greater storage capacity for solids and a larger
area at the joint for solids to escape into the surrounding
gravel.

LAYING THE PIPE.—To provide for free
discharge of solids from the line to the filter trench, lay
the pipe with 3/8-inch clear openings. The top of the
space is covered with tar paper or similar material to
prevent entry of gravel. Bell-and-spigot pipe is laid to
true line and grade easily. Good practice calls for
breaking away two thirds along the bottom of the bells
at the joint and rising small wood-block spacers. The
pipe is commonly laid at a slope of about 0.5 foot per
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100 feet when taking the discharge directly from the
septic tank and 0.3 foot per 100 feet when a dosing tank
is used ahead of the field.

BEDS.—The tile is laid on a bed of coarse-
screened gravel at 6 inches deep with 3 inches of
coarse gravel around and over the pipe. Coarse-
screened stone passing 2 1/2-inch mesh and
retained on a 3/4-inch mesh is recommended. This
gravel bed gives a relatively large percentage of
voids into which the solids pass and collect before
the effective leaching area becomes seriously
clogged. The soil that fills the trench must not fill
the voids in the coarse-screened gravel around the
pipe. A 3-inch layer of medium-screened gravel
over the coarse stone and 3 inches of either fine-
screened gravel or suitable bank-run gravel over
the medium stone is recommended.

LAYOUT.—The layout of the tile in the field
should be designed carefully. Generally, the length of
laterals should NOT exceed 100 feet. When tile is laid
in sloping ground, distribute the flow so each lateral
gets a fair portion. Flow must be prevented from
discharging down the slope to the lowest point.
Individual lines should be laid nearly parallel to land
contours (fig. 2-14). Tile fields are laid out either in a
herringbone pattern or with the laterals at right angles to
the main distributor. The distance between laterals is
three times the width of the trench. Distribution boxes
to which the laterals are connected may be desirable.
Trenches, 24 inches wide or more, are economical.
When a trenching machine is practical on a large
installation, base the design on the width of the trench
excavated by the machine.

PROTECTING THE FIELD.—Once
constructed, all traffic must be excluded by fencing or
posting the tile field to prevent crushing of the tile.
Planting shrubs or trees over the field is not good
practice since the roots tend to clog the tile lines; grass
over the lines aids in removing moisture and keeping
the soil open.

Field-Type Latrines

Upon arrival at an advanced base, temporary
facilities must be provided immediately for the
disposal of human waste. A number of designs of field-
type latrines are used for this purpose. A 16. by 32-foot
wood-frame tent may be used to shelter the field-type
latrine.



A prefabricated four-seat latrine box is shown in
figure 2-15. This box can be collapsed for shipment, as
shown in figure 2-16.

A plan view of an eight-seat field-type latrine is
shown in figure 2-17. As shown, the eight-seat field-
type latrine can be expanded to a 1 B-seat latrine. With
this type of latrine, two 4-seat boxes are placed to
straddle a 3- by 7-foot pit. After the pit is dug and before
the boxes are placed, a 4-foot-wide margin around the
pit is excavated to a depth of 6 inches, as shown in figure
2-18. A layer of oil-soaked burlap is laid in this
excavation; then the excavated earth is soaked with oil,
replaced, and tamped down to keep out surface water.
Two 4-foot 6-inch trough-type urinals are furnished
with the eight-seat latrine. Each urinal is mounted in a
frame constructed as shown in figure 2-19. A 2-inch
urinal drainpipe leads from the downpipe on each

5
ALL PLYWOOD 1/2" EXCEPT  |R
5/8" FRONT AND BACK PANEL

"2

WHEN SHEETING AND BRACING ARE USED

OPENING TO BE LEFT BETWEEN BOARDS AND

NO BRACING TO BE PLACED UNDER SEATS.
QD

urinal to a 6- by 6-foot urinal SEEPAGE PIT, located as
shown in figure 2-1 9. The seepage pit is constructed as
shown in figure 2-20.

A four-hole burnout field-type latrine is used at
most advanced or temporary bases. The burnout latrine
is kept in an orderly condition (daily) by camp
maintenance personnel or by the sanitation crew
assigned. Two people can effectively and efficiently
dispose of the excremental waste of 500 people. There
are two easy ways of maintaining the burnout latrine.
They are as follows: by spreading lime over the waste
material or by using diesel fuel to burn the waste
material. The burning pit for the waste material should
be located so resulting smoke, fumes, odors, and
blowing ashes do not interfere with operations or the
health and general well-being of personnel.

?
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SANN A

BURLAP
TO HANG OVER 1'-3"

UTBJ0043

Figure 2-15.—Prefabricated four-seat latrine box.
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Figure 2-16.—Latrine box collapsed for shipment.
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Figure 2-17.—Plan view of an eight-seat field-type latrine.
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Figure 2-19.—Frame for urinal trough.
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GALLEY WASTE

The wastewater in the galley sewer normally
contains a large amount of grease; therefore, a grease
trap must be installed in the sewer system to intercept
and collect grease. A typical grease trap, which can be
constructed in Bravo company shops, is shown in
figure 2-21. This trap allows grease to enter the sewer
system, to congeal, and to float to the top of the barrels.
At a minimum, the grease must be removed once daily
from the trap and disposed of, usually by burning. A
properly constructed and maintained grease trap helps
to ensure proper operation of the leach field that
disposes of the wastewater.

LAUNDRY UNIT

Laundry units are installed after the advanced base
has been established and essential support equipment is
in place. You will encounter units similar to the one
shown in views A, B and C of figure 2-22. The laundry
unit shown in figure 2-22 is shown in a more permanent
location This oil-fired, skid-mountedlaundryunit (fig.
2-22) is comprised of a washer, a dryer, a moisture
extractor, a centrifugal water pump, and a water heater
with a pressurized water storage tank.

A description of the major components of the skid-
mounted laundry unit is listed below.

The Milnor washer is a fully automatic or manually
operated unit with a 50-pound or 100-pound load
capacity. It is supplied with a programmable cycle
control and an automatic supply injector and uses 125
gallons of water per wash cycle.

The Cissell L36SMS30 model dryer or tumbler has
a drying capacity of 50 pounds (dry weight) of laundry
perhourandaheatingcapacityof 130,000 Btu per hour.
It has a temperature-regulating thermostat, drying
timer, cool-down timer, and a start/stop button.

The Bock 205 model moisture extractor extracts
water from the clothes after rinsing by spinning the
clothes at a high rate of speed, applying centrifugal.
force, pushing the water to the outer surface, and
discharging it through the basket. The extractor is
equipped with a programmer that can be set for a 1- to
10-minute cycle.

The centrifugal water pump has a self-priming
volute impeller. The only movable parts are the
impeller, seal rotating elements, and shaft. The pump
should pull a minimum vacuum of 20 inches of
mercury.

The water heater is equipped with a fuel unit
assembly, oil burner control relay, ignition
transformer, fuel pump, and “drawer assembly,"
consisting of electrodes, insulators, nozzle adaptor,
electrode support, and flame sensor, or “fire eye.”

Different sizes of storage tanks with a capacity
ranging from 6 to 85 gallons can be fitted to the skid
when the unit is ordered. The storage tank has a
maximum operating pressure of 100 psi.

In the paragraphs that follow, generic information
is provided about installation, start-up, operation, and
securing of this particular unit. This information is not
all-inclusive nor intended for all types of units. As each
laundry unit configuration is slightly different from the
next, you should always refer to the instruction
technical manual for the particular unit you are using.
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Figure 2-21.—Field galley grease trap.



Figure 2-22.—Skid-mounted laundry unit.
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Start-up

Place the unit on a level surface as close to the
intended water and electrical source as practicable.
Inspect the unit for damage due to transport or
installation.

Check the mounting bolts to ensure they are secure.
Component mounting bolts are factory-torqued. If
bolts are loose, refer to the manufacturer’s
specifications and use a torque wrench to reset them.

Carefully perform all duties and prestart checks
indicated in the manufacturer’s operation manual.

Each time the unit is moved or disconnected, the
following start-up procedures should be followed:

e Remove the rib holder assembly from the dryer
drum before supplying power to the unit.

e Attach the line from the water source to the
pump.
e Attach the drain hose to the drain and flex duct

hose to the dryer exhaust. Both are supplied with
the unit.

o Attach the fuel line supply and return from the
source to the unit.

e Connect the power line to the power source.

e Open the water shutoff valve and then open the
air-relief valve. Close the air-relief valve after all
the air has been bled from the waterline.

e Switch the main breaker to ON.

o Switch the pump breaker to ON. Check the pump
operation.

e Open the fuel valves on the unit.

e Switch the dryer breaker to ON. Be sure to bleed
the fuel line. Read the dryer operating
instructions carefully.

o Allow the water heater to fill before switching
the breaker to ON. Be sure to bleed the fuel line.
Read the water heater operating instructions.

e To ensure complete filling of the water heater,
open the pressure-relief valve to permit trapped
air to escape. When the water begins to run out of
the pressure-relief valve, close the valve.

o Switch the washer and moisture extractor
breakers to ON. The laundry unit is now ready
for use.



Operation

The purpose of this laundry unit is to wash, extract
water, and dry clothes and other suitable materials. The
washing process is a series of baths during which soil is
loosened from the materials, suspended in the water,
and finally rinsed away. Several baths are usually
necessary to remove the soil completely.

Operation is controlled by a timer and removable
FORMULA CHART located in the washer, which
regulates water temperature, wash rinse cycle, and
adding of supplies. The chart carries the unit through a
complete cycle according to the formula cut into the
chart (up to 88 minutes). This chart can be changed at
the discretion of the operator. The washer has an
automatic supply injector unit that consists of five
compartments that facilitates addition of starch, dry
soap, and bleach before and during the washing cycle.

The extractor is simple in operation and is
controlled by a moisture programmer located inside
the control panel. The programmer is adjustable with a
l-minute to lo-minute time range. Once set, the
extractor will run at the set time each time the start
button is depressed.

The dryer, or tumbler, is operated by three different
controls that are manually set by the operator. These
controls are as follows:

e Temperature regulating thermostat sets the
basket outlet temperature as determined by the
material being dried.

e The drying timer sets the time duration for
drying. It can be set from O minutes to a
maximum of 60 minutes.

The cool-down timer controls the allowed cool-
down time for materials being dried. This
control can be set from 0 to 15 minutes.

More specific operation, maintenance, and
troubleshooting information is contained in the
Utilitiesman Basic, Volume 2, Chapter 7, Laundry
Equipment, NAVEDTRA 11020.

Securing the Unit

Before transporting or relocating the unit, you must
secure it properly to prevent damage and extend the
operational life of the unit. As each unit may be
somewhat different, general securing procedures are as
follows:

e Turn the unit OFF and empty all components.
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Switch all breakers to OFF.

Open the drain valve on the pump assembly, and
open the pressure-relief valve on the water
heater.

Replace the rib holder assembly in the dryer
drum.

Close the water and fuel valves. Disconnect the
fuel and water sources.

Disconnect and store the following components:

a. Dryer’flex hose; store it in the tumbler.
b. Power line; store it in the washer.
c. Drain hose; store it in the washer.

Remove the drain plug on the pump and let the
water out. After draining is complete, replace the

plug.

When all the water has drained from the system,
close the drain and pressure-relief valves.

WATER PURIFICATION UNITS

The remainder of this topic concerns the NCF water
purification equipment. One of the most important jobs
as a Utilitiesman is the purification of water.

Insufficient quantity or quality of water is not only
debilitating to the individual but has a significant
impact on unit readiness. Water that is not properly
treated and disinfected can spread bacterial diseases,
such as cholera, shigellosis, typhoid, and paratyphoid
fever. Untreated water can also transmit viral hepatitis,
gastroenteritis, and parasitic diseases, such as amoebic
dysentery, giardiasis, and schistosomiasis.

The treatment process includes one or more of the
following processes: coagulation, sedimentation,
filtration, and disinfection.

The medical department advises the commanding
officer on water quality issues. This entails assisting the
Utilitiesman in selecting water sources, surveying the
potable water system, conducting routine
bacteriological examination of the potable water
supplies, and testing the water for halogen levels. The
medical representative also informs the Utilitiesman of
water quality and type of treatment required, if any.



Lyster Bag

The lyster bag shown in figure 2-23 is primarily a
dispensing unit for purified or distilled water. These
bags are sturdy, watertight, and readily collapsible for
packing. Water is withdrawn through small faucets at
the bottom. When no other purification equipment is
available, the lyster bag can be used to disinfect raw
water. Chemical kits for purification are supplied with
each lyster bag. When you must use a lyster bag for
water treatment, follow the manufacturer’s
instructions.

Tank Trailers

Tank trailers (fig. 2-24), like lyster bags, are
designed as dispensing units for purified or distilled
water; however, tank trailers may be used to disinfect
raw water. The water is treated as directed by local
medical authorities.

The tank trailer, sometimes referred to as a “water
buffalo,” has a capacity of 400 gallons of water. The
unit comes equipped with faucets for dispensing the
water. When desirable, water can be transferred from
the tank trailer into a lyster bag. The responsibility for
cleaning and disinfecting the tank trailer before it is
filled with water belongs to the Utilitiesman.

UTBJOOS1

Figure 2-23.—Lyster bag.
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Figure 2-24.—Tank trailer.

Disinfection

Disinfection destroys harmful organisms
(pathogenic viruses, bacteria, and protozoans) present
in water by exposing them to specific concentrations of
disinfecting agents or to heat. The Navy guidelines on
disinfection are as follows.

The superchlorination process is used to disinfect
water containers (lyster bags, tank trailers, etc.) and
distribution systems initially- before they are used or
when they have become contaminated.
Superchlorination is accomplished by chlorinating the
water in a container or distribution system to at least
100 ppm FAC and holding it in the container for 4
hours. During the 4-hour period, the FAC must not drop
below 50 ppm. If the ppm falls below 50 ppm the
process must be repeated. A sign “POISON DO NOT
DRINK” must be displayed clearly on all sides of the
container or at all water outlets during this process.

Using the three charts in table 2-2, choose the one
that applies to the percentage of HTH material you
intend to use. Let’s say the chief gave you a bottle of
65% granular calcium hypochlorite. You should use
the chart that has the title “For 65% to 70% Granular
Calcium Hypochlorite.” Now locate the amount of
water you are going to treat. For our example here, let’s
say that we are going to treat a 400-gallon tank trailer.
Look on the correct chart and locate the quantity in
gallons. There is no 400-gallon figure, so use the larger
capacity of 500 gallons. Now follow over on the chart
and locate the corresponding number of ounces to add
to receive a 100 ppm FAC. The answer is 10 ounces. We
have determined that 10 ounces of 65% calcium



SULIO[go SNoosEs—a5001 (PHOS) S1HO[oodAq Wnioedo—40L (PIOS) SWI] PajeuLio[yo—a%Se  (PINDID 91i0[qooidAy WnipoS—9S :SMOJ[OJ S oXe posn S[ELIEI =

zo

zo

Zo Zo Zo Zo Zo Zo zZo Zo Zo
149 61 9¢’ 9s°C T 8T’ 8T'1 149 9’ (4% 90’ €10° |S
Zo Zo Zo Zo Zo Zo zZo Zo Zo Zo Zo Zo Zo Z0 Zo
LT ¥8¢€ TI'T TI'S| ¢TI T6L° 95 9ST T € 8T1 148 v9° 8¢’ 920" |01
Zo Zo Zo Zo Zo Zo Zo Z0o Z0o Z0 Z0 Zo Zo Zo Zo Z0 Zo
LY 96’ e 871 ve 8t 9¢€'1 v'9 LT e 89" Te (49 ve 91 (4% 90" |ST
Zo Zo Zo Zo Zo zo Zo Zo Zo Z0 Zo Zo Zo Zo Zo Zo Zo Zo Zo
vET 161 V'S S°'sT 89" 96 e 8Tl ve 8" V1 v'9 LT vT 89° Tt 149 V9 €T |OS
Zo Zo Zo Zo Zo Zo Zo Zo Zo Zo Z0o Zo Z0 Zo Zo Zo Zo Z0 Zo Z0 Zo
L9T T8E LOT TIS | SeT 16T +¥'S 9ST | 89 96’ LT 8TI | v¢ 8t SE€ET V9 v9° T 8C° 8C1 9ST" |001
Zo Zo Zo 9 Zo Zo Zo Zo Z0o Z0 Zo Z0o Zo Zo Zo Zo Z0o Z0 Zo Zo Z0o Zo ZOo
€S V9L AIT +$TOT| L9T T®E LOI TIS | SeT T6T 'S 96T | 89 96 89'C 8TI | ¥vT° T 96 9T 11" TIS |00T
Z0 ZOo1'€ Z09 [eD Zo Zo ZO [l [eD Zo Z0 Zo 10 Zo Zo Zo 10 Z0 Zo Zo Zo Z0 Zo Zo
VET a1 qa e [ L9 v¥¢6 Aqil | 9¢’e 8V Sel (4 L9°T L4 L9 ! ve 81" 1 +'9 1 8T 8C'T |00S
ZO Il Z0C9 2011 [ED ZO Zo[€ 209 [eD Zo Z0 ZOo I D Z0 Zo Zo 10 Z0 Z0 Zo Zo Zo Zo Zo Zo
QI 9qIc a9 14 SET QT 4qie (4 L9 96 qait 1 veEE 8¥ 9¢€l (4 89" 96 € 8CI | T T SS° 95T |000‘T
Zo
Zo9 $TI 209 [eD |zoIl Zog9 zZo Il [eD zo Zoy 209 TeD zo zo ZOo I TeD zo zZo zo zZo zZo zo zo zo
ae 9y Aqiet 8 QI qIz qi9 14 S€l qIIT 4qi€ (4 899 96 4AalItl ! SET T6I 9 9°sT | 9T v 't CI'S |000°T
zZo
Zo9 +H$TI 209 [eDH | zog qi zoi1 D | zog qq Zog9 TJenH | zo] Zog Zog [eD zo zo zo "o zo zZo zZo zo
qI8 qIIT qree 0T qaav 9 qQq91 Ol qQazc € qas S Qar 4art  aiv ST | 9’ 8V 14! (4 19 1 8T 8TI |000‘S
ZO [l ZO{pl ZOCI TIeD | zo9 Z09 [eD | zog qf 2011 [eD | zog qr Z09 [eD Z0o Zo zZo I [eD Z0o ZOo Zo Zo
qQI9T 4qIeT qi99 ov qI8 qITI qIee  0OT qa+v 9 q9t 01 qac € a8 S L9 96 4dil 1 ve'l [4 S'S  9°ST |000°0T
Zo €1
zoZl zoQl Al D |Zopl ZOogl ZOL [eD |ZOoL qI z0TI D | zZo0py 208 ZOopl D | Z0l Zog Zog [eD zo zo zo 10
qaIIy qI6S 991 OOT | 94I0C 9qI6C 4dI€8 OS |9qI0T ST 4qQily ST qIs 9L 9qIoc sct | QaIt 9t qry ST | vee S veET T |000'ST
Zo{y Zo QI Zo g1
zo L q qI reo |zoZi zoQor qI ©D |zoyT qI ZoL O (z0L 20GT 207 T[eD | 20T qat z09 [eD zo zo  ZOI1 T®D [000'0S
qIe8 6IT €€€ 00T | QIIy 4qI6S 991 OOT (9IOC O 9I€8 OS |qQIO0l qIvl diiv ST qQqzc € s S L9 (0] § i1 1 PpajeunIo[yo 3q 03
I91eM JO SUO[[eD
uonnjos duLIo[Yd
%001 %OL %ST %S |%001 %OL %ST %S |%00T %OL %ST %S | %001 %OL %ST %S |%00T %OL %ST %S | %001 %OL %ST %S Jo yi3uang
00C 00T 00T 00T O00T 00T 00T o001 oS oS oS (VY ST ST ST ST S S S S 1 T 1 1 Wdd paasa(q

-posn oq 0} [eusew Jo LINuenb UTRIGO O} 109S12UT SSUT| SI2YM O) SSOIOE PEY *PIILULIO[YS 3q O} suojed Jo Joquinu Jndwo)) "pasn 3q O} WONNOS Jo P3uans SuruIS( "ot 15d sured PaIISOP 19[S 195N IO UONONNSUL

J03e[Md[R) 3geso(] AULIO[Y)—'Z-7 JqeL

2-29



hypochlorite should be used to disinfect the water in
the tank trailer. The procedure for preparing and adding
the solution to the tank trailer is as follows:

1. Fill the tank trailer half full of water.

2. Prepare a small amount of HTH concentrate by
dissolving the required amount of HTH in a canteen cup
or other container. In this case, place the 10 ounces of
HTH in a I- or 2-gallon bucket of water.

3. Stir the mixture thoroughly. All of the granules
will not dissolve. Allow undissolved granules to settle
to the bottom of the bucket.

4. Add only the clear concentrate liquid to the tank
trailer. By pouring the supematant into the tank trailer
slowly, you can see that the settled granules will remain
in the bucket.

5. Fill the remainder of the tank with the water to
be treated

6. The water now must be agitated to distribute the
HTH. In this example, you could simply attach the tank
trailer to a vehicle and go for a short drive.

7. The final step is to take a FAC reading 30
minutes after adding the HTH. The reading must be at
or above the required ppm. In this example, the FAC
must read 100 ppm or higher. If the ppm is not high
enough, add more HTH until the desired ppm is
maintained.

NOTE
Remember that during superchlorination

| the FAC may not fall below 50 ppm wihin 4
hours or the whole procedure must be repeated.

After the 4-hour contact time and the tank trailer
ppm has stayed above 50 ppm, the trailer is now
disinfected. Rinse the tank thoroughly with potable
water and then refill it for usage. An occasion may
occur when you must use the water that you
superchlorinated. If the chlorine ppm is too high, you
may use sodium thiosulfate or sodium bisulfate to
dechlorinate the water.

Table 2-3 shows water sources and the required
chlorine residual.

For further information, see chapter 9 of the
Manual for Preventive Medicine, NAVMEDP-50109.
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Table 2-3.—Chlorine Residual Chart

WATER SOURCE REQUIRED

CHLORINE RESIDUAL

5.0 ppm FAC after 30-
minute contact time and
maintain at a minimum of
2.0 ppm FAC throughout
the distribution system

Public water supply
system of questionable

quality

Engineering water
points

5.0 ppm FAC at the
standpipe or fill hose

Water tankers, trailers,
bladders, and cans

Maintain between 5.0 ppm
and 2.0 ppm FAC when
filling from an approved
water point. Maintain 5.0
ppm FAC when used as a
source of distribution

(piping system)

Distribution (piping) Maintain 5.0 ppm at the

system source and 2.0 ppm FAC at
the spigot

Lyster bags and Maintain 2.0 ppm FAC

canteens when filling from an

approved water source.
Chlorinate to 5.0 ppm FAC
initially and maintain at 2.0
ppm FAC when filling from
an unapproved or raw water
source

Diatomite Water Purification
Unit (3000-D)

The 3000-D Water Purification System is portable
and completely self-contained, as shown in figure 2-25.
The unit purifies turbid and bacteria-polluted water.
Particular attention was paid to design and packaging to
increase efficiency, mobility, and cost effectiveness. It
also provides a trouble-free method of producing
potable water at the rate of 3,000 gallons per hour.

The system is constructed in separate modules,
interconnected, and mounted in a common chassis. The
chassis is not required for operation, but it greatly eases
the transportability of the system. The system contains
all of the functional apparatus and supplies necessary to
process approximately 20,000 gallons of potable
water. The user must have a water source and a
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Figure 2-25.—3000-D water purification unit.

container to hold the processed water. Subsequent

water processing requires only diatomaceous earth
(DE), chlorine, and fuel.

The major components of the system are shown in
figure 2-26. This mobile water purification unit
contains a diesel-powered pumping module, a control
and chlorination module, a filter module, supplies, and
components mounted within a protective frame. It is

PUMP MODULE

supported on a pair of skids. Each module may be
operated independently in or out of the frame because
the interconnections and external connections use the
same cam-locking devices. The unit may or may not be
mounted on a trailer. The 3000-D can be set up and
operated by one person, and it requires no support
equipment.

The power for the system is supplied by an air-
cooled diesel engine to take advantage of a greater fuel
supply in the field.

A highly durable bronze pump, directly linked to
the engine, provides both the suction to draw in the
untreated water and to provide the water pressure to the
unit. The 3000-D Water Purification System is
designed to be transported to remote sites on its own
optional trailer, on the back of a compact pickup truck,
or air-lifted by helicopter with its own standard sling.

SETUP.-At the site, the system should be located
on a level area located as close to the water source as
possible to reduce suction lift to a minimum. For best
results, the system should be located not more than 15
feet above the liquid supply. The suction line should be
as short as possible and have few bends to keep friction
losses low. The system is usually placed within 30 feet

CONTROL MODULE
02306-300-000

FILTER MODULE
0230-400-000

Figure 2-26.—Separate modules of the 3000-D unit.
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of the water source. The semirigid suction hose
segments are removed from the main frame mounting
cam locks and fitted together with a suction strainer
placed in the water source. The green freshwater hose is
fitted to the freshwater discharge port on one end. The
other end feeds the processed water to the potable water
holding tank or dispersement center. One end of the
blue wastewater hose is fitted to the wastewater
discharge port. The other end is placed so runoff can
take place without hampering or contaminating further
operations.

START-UP.—Follow the steps listed below
before starting the engine.

1. Fill the pump strainer with water to prime; close
the cover tightly.

2. Set all control valves to START, as shown in
figure 2-27.

3. Remove the DE storage container and set it
aside.

4. Fill a 3-gallon bucket three-quarters full of
water and add three 2000 ml measures of DE slowly,
stirring the mixture as you add the DE. Do NOT add the
DE to the DE tank at this time.

5. Fill a 3-gallon bucket three-quarters full of
water and add 8 ounces of chlorine. After mixing the
calcium hypochlorite solution, allow the solution to
settle. When the mixture is settled, pour the solution into
the hypochlorite tank.

The engine of the 3000-D is equipped with an
automatic decompression device and an excess fuel-
starting device that allows the engine to start easily and

safely. The automatic decompression device has three
positions:

1. Operation—the decompression is OFF, the
engine has compression.

2. Neutral—for cold starting, compression is OFF.

3. Start position—cranking the engine causes the
automatic decompression to operate. When the pin
moves into the operating position, decompression ends
and the engine fires.
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WARNING
Never use the decompression device to

stop the engine. This causes internal engine
damage.

CAUTION
Wear hearing protection.

The procedures for a cold start are as follows:

1. Place the automatic decompression device in
START and pull the excess fuel-starting device.

2. Insert the crank handle into the crank-handle
guide. If you are not sure of the proper way to place your
hand on the crank handle while cranking, then ask your
supervisor for instructions.

3. Crank the engine slowly for four cranks and
then turn the crank as quickly as you can. Once the
engine starts, run the engine at half speed for about 1
minute.

4. Raise the engine to full speed.

Once you have precoated the filter, the unit is
ready to perform the function of purifying water.
Every 30 minutes, check the chlorine residual, the
turbidity of the potable water, and the DE tank for
slurry mixture.

Backwashing of the filter must be done when the
pressure difference between the filter inlet and the
outlet exceeds 20 psi.

SECURING THE UNIT.—Set the control valves
as follows:

Outlet selector valves—WASTE
Waste outlet valve—OFF
Backwash valve—BACKWASH
Precoat valve—FILTER

Filter drain valve—DRAIN
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Figure 2-27.—Valve positions.

Let the engine idle for 5 minutes, and then place the
speed- regulating lever to STOP until the engine stops.
Pull the excess fuel-starting device, and place the
speed-regulating lever to FULL LOAD.

Further information on operation, preventive
maintenance, and troubleshooting of the 3000-D can be
found in the Technical Manual for the Model 3000-D
(Diesel Powered) Modular, Field Portable Water
Purification Unit, Goodman Ball, Inc., 1989.

Reverse Osmosis Water Purification
Unit (ROWPU)

Potable water is acritical element in the operational
functioning of the Seabees. The 600 GPH Reverse
Osmosis Water Purification Unit (ROWPU) purifies
water by reducing the dissolved and suspended solids
in water. The unit processes raw water, brackish water,
and seawater into potable water. Additionally, the
ROWPU can treat water contaminated with CBR
agents. Two views of the 600 GPH ROWPU can be
seen in figure 2-28.
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BACK VIEW

UTBJ00S8

Figure 2-28.—Two views of the 600 gph ROWPU unit



The purification is done by filtering the water to
remove the majority of suspended solids. Once the
majority of the suspended solids are removed, high
pressure forces the water through a semipermeable
membrane. A maximum of 600 pounds psi is used for
fresh and brackish water, and a maximum of 900
pounds psi is used for salt water. Chemicals are added
to the product water to kill bacteria.

SUPPORT EQUIPMENT.—The self-contained
skid-mounted ROWPU unit requires a portable
generator capable of providing 30 kilowatts of power
(fig. 2-29).

Other supportable equipment includes the
following: portable onion skin bladders (3,000
gallons), as shown in figure 2-30, or collapsible water
tanks (3,000 gallons); four frame-mounted, portable,
electrical motor-driven water pumps with hoses and
fittings; water test equipment (TDS meter, color
comparator, etc.); and an operating supply of chemicals
(chlorine, sodium hex, polymer, and citric acid).

WATERFLOW THROUGH THE ROWPU.—
you read through the next 18 items listed, refer to the
flow diagram in figure 2-31.

1. This is the water source that you are going to
purify through the ROWPU.

2. The strainer is attached to the end of the intake
hose to keep rocks, leaves, and any other foreign objects
from entering the pumps and filters.

3. The first of the two pumps that draw water from
the water source and pump the water to the ROWPU.

4. The second of the two pumps that draw water
from the water source and punp the water to the ROWPU.

5. The polymer pump adds a polyelectrolyte
solution to the raw water. The polymer causes
coagulation of small floating particles. This enables the
filters to remove the particles.

6. The sodium hex pump adds a solutionof sodium
hexametaphosphate to prevent scaling of the filters.

7. The multimedia filter is the first actual filter that
the raw water goes through.

8. After the water has been filtered, the booster
pump draws the water and forces it through the cartridge
filter.

9. As the water goes through the cartridge filter,
tiny particles that were not filtered out by the
multimedia filter are filtered out.

10. The reverse osmosis (RO) pump increases the
filtered water pressure and forces the water through the
RO elements (semipermeable membranes)

11. The pulse dampener is simply a ball-shaped
device that reduces the shock caused by the piston
action of the pump.
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Figure 2-29.—Generator skid-mounted.
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Figure 2-30.—Portable onion skin bladders, 3,000 gallon.

12.  All of the dissolved solids are removed from the
water in the membranes. The membranes consist of
rolls of thin film that separate dissolved solids from the
water.

13. Once the water comes out of the RO elements,
the chlorine pump injects chlorine into the product
water to kill bacteria that is present. If the chlorine
pump is not in use, you must batch chlorinate the water
in the bladder or storage container.

14. The product water tank is a storage device for
holding product water (potable water). The tank may be
a bladder, a container, or a collapsible tank.

15. The distribution pump is used to move the
product water from the product-water tank into
vehicles, tank trailers, and so forth.

16. A distribution nozzle is used to fill the end-users
container.

17. Diluted citric acid cleans the RO elements. The
citric acid lowers the pH of the water and improves the
salt rejection of the elements.

18. A separate storage tank is used for the brine
water. The brine is used to flush the multimedia filter.
The backwash pump (19) forces the brine backwards
(from bottom to top) through the filter media to flush out
any unwanted accumulation in the filter.
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19. The backwash pump provides pressure that
pumps the brine through the multimedia filter for
backwashing.

The ROWPU can purify 13.5 gallons per minute of
product water from a fresh or brackish water source and
12 gallons per minute of potable water from a seawater
source.

Temperature has a substantial effect on the
quantity of product water the ROWPU can produce.
The higher the temperature of the raw water, the more
product water the ROWPU can produce. At 77°F the
ROWPU can produce 600 gph from fresh or brackish
water and 400 gph from seawater. Again, as the
temperature of the water increases so does the flow of
product water.

You can obtain more information about the
ROWPU operation, setup, maintenance, and
troubleshooting in the TM 5-4610-215-24, Water
Purification Unit, Reverse Osmosis 600 GPH Trailer
Mounted. Additionally, every NMCB is required to
have eight UTs. This is accomplished by sending them
to the SCBT 740.2, Water Treatment II course.

Q1. What is the primary responsibility of the

Seabees?

Q2. What is the first procedure you should perform
after receiving an ABFC assembly?

03.  Where should the portable bath unit suction hose
be located in relation to the wastewater drain?

Q4. Type I portable space heaters can be operated

with what two types of fuel?
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Figure 2-31.—Water flow through the ROWPU.

Q5. The stack of an immersion heater is divided into
two sections. What are they?

Q6. Where are the operating instructions on an
immersion heater located?
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07.

08.

When the field range burner unit is used for frying, the
burner should be placed in what position?

The number and size of cesspools depends on
what two factors?



09. When a septic tank is being constructed, the QI2. What control runs the wash, the rinse, and the spin

length should be at least how many times larger cycle of a skid-mounted laundry unit washer?

than the width? Q13. A lyster bag is primarily used for dispensing

Q10. For a tile field in soil composed of clay and what types of water?
gravel, you should dig a trench of what minimum 014.

The 3000-D diatomite waterpurification unit should
width?

be locatedd what distance above the water supply?

Q1. An eight-seat field-type latrine can be expanded Q15. What water purification unit purifies water by
to how many additional seats? reducing dissolved and suspended solids?
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CHAPTER 3

PLUMBING

LEARNING OBIJECTIVE: Recognize proper tool accountability and safety;
recognize procedures for laying out wastewater systems, water distribution
systems, and joining different types of piping; and recognize accessories used in

their construction.

Plumbing plays a major role in the construction of
all types of residential, commercial, and industrial
buildings. Of all the building trades, plumbing is most
essential to the health and well-being of the
community, in general, and to the occupants of the
buildings in particular. It is an obligation and
responsibility for each and every Utilitiesman to
uphold the vital trust placed in him or her for proper
installation of plumbing materials and equipment.
Each plumbing installation is governed by the rules
and regulations set forth in local plumbing codes that
have been adopted from standards established at the
local, state, and federal level. As you progress in rate as
a Utilitiesman, it becomes your job to ensure that codes
established for the job are carried out. You may soon
be the supervisor or instructor responsible for training
Utilitiesmen under you.

In this chapter you are introduced to the tools
required for plumbing and to the different types of
materials used in underground and aboveground
piping. You will discover where, why, and when to use
certain materials during installation and repair of these
piping systems.

TOOLS

LEARNING OBJECTIVE: Recognize the
importance of tool accountability, types of tool
kits, and methods of their use and safety.

To install varioustypes of equipment, you will use
many different hand tools and power tools. For the
purpose of safety, you should understand the major
importance of using the proper tools for the proper job.
For a complete and thorough understanding of various
tools, read the training manual, Use and Care of Hand
Tools and Measuring Tools, NAVEDTRA 12085. The
following tool kits are available to the Utilitiesman
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from the Naval Construction Force, Table of
Allowance (TOA):

80001 Kit, Plumbers: This kit contains the basic
equipment and hand tools required for field
installation of various plumbing systems.

80002 Kit, Plumbers Shop: This kit contains the
basic equipment and hand tools required for
establishing a base maintenance plumbing shop.

80005 Kit, Service Refrigeration: This kit contains
the basic equipment and hand tools required for routine
maintenance, recharging, and repair of various types
of refrigeration units.

80055 Kit, Cast-Iron Pipe Installation: This kit
contains the basic equipment and hand tools required
for installation of cast-iron piping.

80088 Kit, Power Threading: This kit contains a
power threader and all of the attachments to place
threads on pipe material.

TOOL ISSUE

You may be required to draw tools from the central
toolroom (CTR) or the central storeroom (CSR).
Procedures for issue and accounting of tools and
replacement of broken or missing tools are established
in the Seabee Supply Manual, COMTHIRDNCB/
COMSECONDNCB 4400.3. You are responsible for
the following:

e Maintaining the complete tool kit for which you
signed

e Using and caring for tools assigned to you
e Preserving those tools in use and those not in use
e Securing assigned tools

e Accounting for tools



e Seeing that tools are returned to their proper
place at the end of each day

A requirement to conduct a biweekly inventory/
inspection ensures that tools are maintained and ready
for use. Whenever you have missing, broken, or worn-
out tools, submit NAVSUP 1250-1, signed by your
division/company commander or chief, for
replacement. You may also be required to start action
on a survey form (NAVSUP Form DD 200) for lost,
destroyed, or damaged by other than normal wear. For
help in filling out these forms, ask your crew leader,
first-class supervisor, or chief.

TOOL USE

When using tools, use them the way they were
designed to be used. Adjustable wrenches should not
be used as hammers; screwdrivers should not be
used as chisels, and so forth. Not only can you
damage what you are working on, but you can injure
yourself or someone else. Keep tools clean and free
of grease, oil, and dirt. When you are through with a
tool, put it back in its proper place. Tools requiring
maintenance must be turned into CTR/CSR for
immediate replacement. Do not take chances. For
instance, a chisel with a mushroomed head where the
mushroomed portion of the head has just the
slightest split when struck with a hammer, a piece of
the metal may become an airborne piece of shrapnel.
Normally, preventive maintenance is performed on
all power tools at least monthly. Be sure you comply
with the maintenance inspections of your command.
Plan ahead. Use the prepared preventive main-
tenance schedule you received to help in job produc-
tion and save the time lost to inspection.

As mentioned before, you are responsible for all
tools assigned to you. The tool user is also responsible
for tool safety and accountability. If you borrow a tool,
be sure to return it to its proper place. Report any
problems you have with tools. Remember tools are
expensive. It also takes time to replace lost or broken
tools.

TOOL SAFETY

Protect your hands from injury as directed by the
applicable safety instructions whenever you use tools.
You may be working under a severe handicap without
the full use of both hands. Make it a habit to FOLLOW
ALL SAFETY RULES.
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TEN RULES OF TOOL SAFETY

Several important aspects of safety should remain
uppermost in your mind when you are on the job. The
ten rules are as follows:

e LEARN the safe way of doing your job before
you start.

e THINK safety, and ACT safely at all times.

e QObey safety rules and regulations; they are for
your protection.

e WEAR proper clothing and protective
equipment.

e CONDUCT yourself properly at all times;
horseplay is prohibited.

e OPERATE only the equipment you are
authorized to use.

e INSPECT tools and equipment for safe
condition before starting work;

e ADVISE your superior of any unsafe conditions
or practices promptly.

e REPORT an injury to your superior
immediately.

SUPPORT your safety program and take an
active part in safety meetings.

Additionally, there are several good tool habits to
help you perform your work more efficiently and
safely.

TOOL HABITS

“A place for everything and everything in its
place” is just common sense. You cannot do an
efficient, fast repair job when you have to stop and look
around for each tool you need. The following rules will
make your job easier:

KEEP EACH TOOL IN ITS PROPER STORAGE
PLACE. A tool is useless when you cannot find it.
When you return each tool to its proper place, you
know where it is the next time you need it.

KEEP YOUR TOOLS IN GOOD CONDITION.
Protect them from rust, nicks, cracks, burrs, and
breakage.

KEEP YOUR TOOL ALLOWANCE COMPLETE.
When you are issued a toolbox, each tool should be
placed in it when the tool is not in actual use. When
possible, the too Ibox should be locked and stored in a
designated area.
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NOTE

Never leave your toolbox or individual tools
adrift where they could become a missile,
fallen object, or tripping hazard and cause in- (
jury to personnel nearby. To keep track of
your tools, the NCF tool kits contain inven-
tory sheets. When you receive a kit that does
not contain an inventory sheet, request a sheet
from CTR. Figure 3-1 shows a partial inven-

tory listing of a Plumber’s kit. “

USE EACH TOOL ONLY ON THE JOB FOR
WHICH IT WAS DESIGNED. When you use the
wrong tool to make an adjustment, the end result will
probably be unsatisfactory. For example, if you use a
socket wrench that is a trifle too big, you will round
off the corners of the wrench or nut. If this rounded
wrench or nut is not replaced immediately, the safety
of your equipment may be jeopardized in an
emergency.

KEEP YOUR TOOLS WITHIN EASY REACH
AND WHERE THEY CANNOT FALL ON THE
FLOOR OR INTO MACHINERY. Avoid placing
tools anywhere above machinery or electrical
apparatus. Serious damage can result when a tool falls
into the machinery after the equipment is energized.

NEVER USE DAMAGED TOOLS. A battered
screwdriver may slip and spoil the screw slot, damage
other parts, or cause painful injury. A gauge strained
out of shape can result in inaccurate measurements.

Remember, the efficiency of a craftsman is
determined to a great extent by the condition of his or
her tools and the manner in which they are maintained.
Anyone watching a skilled craftsman at work notices
the care and precision with which tools of the trade are
being used.

The care of hand tools should follow a pattern
similar to personal articles; that 1s, always keep hand
tools clean and free of dirt, grease, and other foreign
matter. After use, return the tools promptly to their
proper place in the toolbox. Improve your efficiency
by organizing tools in such a way that those used most
frequently can be reached easily without digging
through the entire contents of the toolbox. Avoid
accumulating unnecessary junk.

Q1l. You should always use tools safely and in what
manner?

Q2. Tool kits available in an NMCB are listed in
what NCF inventory?

UNDERGROUND SANITARY
PIPING

LEARNING OBJECTIVE: Recognize the different
types of piping and methods for measuring, cutting,
and joining sanitary piping.

The main purpose of a sanitary sewage
collection system is to transfer sewage from the
source to the sewage treatment plant. Raw sewage
that is not transferred safely to a sewage treatment
plant can harm human beings because it contains
harmful bacteria.

The sanitary sewage collection system includes all
house sewers, laterals, branches, interceptors, force
mains, and so on. In this section of the chapter, we are
primarily concerned with materials and operations
required in the installation of sewer systems.

The installation of an underground sewer system
for transferring domestic sewage from the source to the
sewage treatment plant includes (1) trenching and
grading, (2) measuring and cutting pipe, (3) laying
pipe, (4) joining pipe, (5) testing, and (6) backfilling
and tamping.

TRENCHING AND GRADING

Underground pipe requires excavation, either
manually or with heavy equipment, depending
primarily on the size of the job and the type of soil to be
removed. On a large job where the soil is suitable for
machine work, your project supervisor arranges to
have Equipment Operators operate those pieces of
equipment necessary to excavate or dig the trench.
When it is impractical to use machines, you must do
the job with a pick and shovel. Whichever method is
used, the trench must be dug wide enough (2 feet
minimum) to allow ample working room to join pipe
sections. The bottom of the trench must also be sloped
in the direction of flow, so sewage traveling through
the pipeline laid in the trench is not restricted. On most
jobs, an Engineering Aid is on hand to check elevations
to ensure that the slope of the trench is close to the
slope where the pipe is to be laid. On most jobs,
Engineering Aids establish a system of batter boards
and grade bars (explained later) for you to check the
slope of the pipeline accurately, as it is being laid in the
trench. Check the job specifications for the proper
grade of the sewer line being installed. When
specifications are not available, a rule of thumb is to
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slope the trench 1/4 inch per foot. This is the grade at
which sewage flows freely through a pipe and provides
proper scouring action to keep the sewage flowing.

When a pipeline is to be laid in stable soil, such as
hard clay or shale, the trench should be excavated
below the pipe grade. If bell-and-spigot pipe is to be
used, excavation must be made for the bells. See that
enough undisturbed earth remains at the bottom of the
trench, so the pipe, both joints and hubs, rests on and is
fully supported by undisturbed earth. In areas where
the temperature drops below freezing, the trench must
be excavated deep enough for the pipeline to be below
the frost line. Pipes that cross under roads or areas of
vehicular traffic must be buried in trenches at least 4
feet deep and may require some type of metallic
sleeving. Refer to the specifications of the job for
details on sleeving pipe.

The sides of excavations, 4 feet or more in depth or
in which the soil is so unstable that it is not safe at
greater depths, should be supported by substantial and
adequate sheeting, sheetpiling, bracing, shoring, and
so forth, or the sides should be sloped to the angle of
repose. Surface areas adjacent to the sides should be
well-drained. Trenches in partly saturated, filled, or
unstable soils must be suitably braced.

SANITARY DRAINAGE PIPING

Among the pipe materials installed underground
by Utilitiesmen are cast-iron soil pipe, vitrified clay
pipe, concrete pipe, and plastic pipe.

Cast-Iron Soil Pipe (CISP)

Cast-iron soil pipe and fittings are composed of
gray, cast iron that is made of compact, close-grained
pig iron, scrap iron and steel, metallurgical coke, and
limestone. Cast-iron soil pipe is used in and under
buildings, protruding from 2 to 10 feet from the
building. (The National Standard Plumbing Code-
Illustrated recommends at least 3 feet.) Here it
connects into a concrete, plastic, or clay house sewer
line. Cast-iron soil pipe is also used under roads or
other places of heavy traffic.

When the soil is unstable, it is better to use cast-
iron soil pipe; however, cast-iron soil pipe should not
be used in soil containing cinders or ashes; the reason
is that the soil may contain sulfuric acids, which cause
the pipe to corrode and to deteriorate rapidly.

NOTE

When the soil contains cinders and ashes, in-
stead of using cast-iron soil pipe, use vitrified
clay or plastic pipe.

The cast-iron soil pipe used in plumbing
installations comes in 5-foot and 10-foot lengths.
Sizes of cast-iron soil pipe are 2, 3, 4, 6, 8, 10, 12,
and 15 inches nominal inside diameter. It is
available as single hub or double hub in design, as
shown in figure 3-2. Note that single-hub pipe has a
hub at one end and a spigot at the other. The double-
hub pipe has a hub at both ends. Hubs, or bells, of
cast-iron soil pipe are enlarged sleeve-like fittings.
They are cast as a part of the pipe and are used to
make a water- and pressure-tight joint with oakum
and lead. Cast-iron soil pipe is generally available
in two weights: standard or service (SV) and extra
heavy (XH). The extra heavy pipe is used where
superior strength is required, for example, under
roadways, where the pipe may vibrate or settle
slightly, and tall stacks. Standard or service weight
pipe is adequate for most Navy base construction.

MEASURING. —Cast-iron soil pipe sections are
generally 5 and 10 feet in length, but strictly speaking,
this is not true. The reference to a 5-foot length of pipe
applies to the laying length, not the overall
dimensions. For clarity, first note that cast-iron soil
pipe in 2-, 3-, 4-, and 6-inch (inside) diameter sizes
are in common use. The length of the bell for the 3-
inch-diameter pipe is 2 3/4 inches; and for the 4- and
6-inch-diameter sizes, the length is 3 inches. Now
note that while the laying length of a 4-inch-diameter
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Figure 3-2.—Single-hub and double-hub cast-iron soil pipe.



cast-iron soil pipe is 5 feet, the overall length is 5 feet 3
inches.

The most common measurement of cast-iron soil
pipe, for a shorter length than 5 feet, is the overall
measurement. When making this measurement for 4-
inch pipe, you should take the desired length of pipe for
the installation and add 3 inches to it for the bell.

CUTTING.—Before joining cast-iron pipe, you
often have to cut the pipe to provide the desired length.
Cast-iron soil pipe can be cut with an abrasive cutter, a
band saw, a hydraulic manual snap or ratchet cutter
(fig. 3-3, views A and B), or a hammer and chisel. The
hammer and chisel method is slow and used only when
other cutting tools are not available. Here is a step-by-
step procedure for cutting with a hammer and chisel.

e Mark or score the pipe with a triangular file or
wrap your belt around the pipe and mark the cut line
with soap stone.

e Lay the pipe over a board or mound of earth at
the point to be cut to support the pipe (fig. 3-4) and allow
it to turn easily.

e Score the pipe with a cold chisel (not too sharp).
Move the chisel a little at a time along the mark, tapping
lightly with a hammer until the pipe is evenly scored all
around.

uTB10002
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Figure 3-4.—Supporting soil pipe for cutting.

e Continue to turn the pipe and strike the chisel
with increasingly heavier blows until the pipe breaks on
the line evenly.

Another means of cutting a short piece, 1 or 2
inches, is with a hacksaw and an adjustable wrench.
Cut a groove with the hacksaw around the pipe to a
depth equal to one half of the wall thickness of the pipe.
Break away the section of pipe with an adjustable
wrench, used as a lever, as shown in figure 3-5.

A good point to remember is that if you must cut a
short piece of CISP (cast-iron soil pipe), cut it from a
piece of double-hub pipe (a hub on both ends instead

Figure 3-3.—Ratchet cutter and squeeze cutter.
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Figure 3-5.—Cutting cast-iron pipe with hacksaw and
adjustable wrench.

of a hub and spigot). Thus the remaining pipe still has a
hub, and it can be used.

FITTINGS. —Cast-iron soil pipe fittings are used
for making branch connections or changes in the
direction of a line. Both cast-iron soil pipe and fittings
are brittle, so exercise care to avoid dropping them on a
hard surface. Some of the cast-iron soil pipe fittings
you may use in your work are described below.

A number of different types of bends are generally
used on jobs involving cast-iron soil pipe. Some of the
common types are the 1/16, 1/8, short sweep 1/4, long
sweep 1/4, and reducing 1/4 bend. Look at figure 3-6 to
get an idea of the shape and appearance of each of these
types of bends.

The 1/16 bend is used to change the direction of a
cast-iron soil pipeline 22 1/2 degrees. A 1/8 bend is

g

22 1/2°1/16 BEND

[

O 90° 1/4 BEND

[j [ﬁ

O 90° LONG SWEEP @ 90° REDUCING
1/4 BEND

1/4 BEND
Figure 3-6.—Types of cast-iron soil pipe bends.

@ 45°1/8 BEND

(SHORT SWEEP)
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used to change the direction of a cast-iron soil pipeline
45 degrees. The SHORT SWEEP 1/4 bend is a fitting
used to change the direction of a cast-iron soil pipeline
90 degrees in a short space. The LONG SWEEP 1/4
bend is used to change the direction of a cast-iron soil
pipeline 90 degrees, but more gradually than the short
sweep 1/4 bend. The REDUCING 1/4 bend gradually
changes the direction of the pipe 90 degrees, and in the
sweep portion, it reduces nearly one size. A 4 by 3
reducing long sweep 1/4 bend has a 4-inch SPIGOT on
one end, reducing 90 degrees to a 3 1/4-inch HUB on
the other end. Note that for all CISP fittings, the spigot
end is always listed first.

Tees connect branches to continuous lines. Learn
to recognize the four designs of tees shown in figure
3-7. For connecting lines of different sizes,
REDUCING tees are often suitable.

The TEST tee is used in stack and waste
installations where the vertical stack joins the
horizontal sanitary sewer (fig. 3-8). It is installed at
this point, so the plumber can insert a test plug and fill
the system with water in testing for tightness. The test
tee is also used in multistory construction.

The TAPPED tee is frequently used in the venting
system; it is called the main vent tee. The SANITARY
tee is commonly used in a main stack to allow the
takeoff of a cast-iron soil pipe branch.

Four types of cast-iron soil pipe 90-degree
Y-branches are in general use, as shown in view A,

@ REDUCING TEE
@ TAPPED TEE

@ SANITARY
TEE

UTB10006
Figure 3-7.—Cast-iron soil pipe tees.
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figure 3-9. These are normally referred to as
combination Y and 1/8 bends.

The STRAIGHT type of 90-degree Y-branch has
one section that is straight through and a takeoff on one
side. The side takeoff starts out as a 45-degree takeoff
and bends into a 90-degree takeoff. This type of branch
is used in sanitary sewer systems where a branch feeds
into the main, and it is desirable for the incoming
branch to feed into the main as nearly as possible in a
line parallel to the main flow.

The REDUCING 90-degree Y-branch is similar to
the straight type; however, as shown in view A, figure
3-9, the branch takeoff of the 90-degree Y-branch is
smaller than the main straight-through portion. It is
generally used the same as the straight type, except the
branch coming into the main is a smaller pipe than the
main.

The DOUBLE 90-degree Y-branch (or DOUBLE
COMBINATION Y and 1/8 BEND) is easy to
recognize since there is a 45-degree takeoff bending
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STRAIGHT Y-1/8 BEND

a

DOUBLE Y-1/8 BEND

A. TYPES OF CAST-IRON SOIL PIPE,
90° Y-BRANCH

@} \

B. TYPES OF CAST-IRON SOIL PIPE,
45° Y-BRANCH.

REDUCING Y-1/8 BEND

BOX

UTB10008
Figure 3-9.—Types of cast-iron soil pipe, 90- and 45-degree
Y-branches.

into a 90-degree takeoff on both sides of the fitting, as
shown in view A. It is very useful as an individual vent.

The BOX type of 90-degree Y-branch has two
takeoffs. It is designed for each takeoff to form a 90-
degree angle with the main pipe. The two takeoffs are
spaced 90 degrees apart.

There are two types of cast-iron soil pipe 45-
degree Y-branches. These are the reducing and the
straight types; both are shown in view B, figure 3-9.

The REDUCING type is a straight section of pipe
with a smaller size 45-degree takeoff branching to one
side. There are different sizes of this fitting. As an
example, a 4 by 4 by 3 reducing 45-degree Y-branch
has a 4-inch-straight portion with a 3-inch 45-degree
takeoff on one side.

The STRAIGHT type of 45-degree Y-branch, or
true Y, is the same as the reducing type, except that
both bells are the same size. It is used to join two
sanitary sewer branches at a 45-degree angle.

Cleanout plugs are installed to permit removal of
stoppages from waste lines. View A, figure 3-10,
shows one type of cleanout plug. It consists of an iron
ferrule caulked with the hub of a pipe or fitting. The top
opening is taped and threaded, so a pipe plug can be
screwed into it. Cleanouts should not be more than 50
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Figure 3-10.—Adapter-type cast-iron soil pipe fittings.

feet apart in horizontal 4-inch building drain lines in a
straight run. When the change of direction is greater
than 45 degrees (or a 1/8 bend), you must install a
cleanout plug.

The long hub, or Sisson, type of cleanout (view B,
fig. 3-10) 1s used as an insert to an existing line. The
long hub allows you to push it up far enough to clear
the other bell of the bottom pipe, and then to drop the

fitting in place.

Another type of adapter is a sewer thimble (or
saddle). This is a special fitting that is used to tie into an
existing sewer line, as shown in view C, figure 3-10. It
has a hub on one end, bending around to almost 45
degrees, with a flange near the opposite end. To install,
cut a hole halfway between the top and the center line
in the sewer line. The hole should be the same size as
the outlet portion of the thimble beyond the flange.
Slip the thimble into the opening until the flange seats
on the sewer pipe. Using oakum and concrete, grout
around the thimble to make a watertight joint.

The increaser (fig. 3-11) is used to increase the size
(diameter) of a straight-through line. It is often used at
the top of a main stack and vent.

A closet bend (fig. 3-12) is a special fitting inserted
into a soil branch. This enables the soil branch to be
fitted to the water closet. It may be untapped or have
either one or two side taps for waste to vent use. Closet
bends are made in different styles to fit different types
of floor flanges (rims for attachment). One type (view
A, fig. 3-12) has a spigot end for caulking into the
branch line, and a scored end (marked with lines) to fit
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Figure 3-11.—Increaser.

into the floor flange. The scoring makes it easier to cut
the bend to the desired length for a given connection.
Another type, shown in view B, figure 3-12, has a hub
connected to the floor flange with a sleeve or short
length of pipe. The end caulked into the soil line is
scored for cutting to size. Still other types may be
scored for cutting at both ends or may be of the regular
hub-and-spigot pattern.

Regular offsets, view A, and 1/8 bend offset, view
B, figure 3-13, are used to carry the soil or waste lines
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Figure 3-12.—Cast-iron soil pipe closet bends.

past an obstruction, such as a part of the building. The
1/8 bend offset gives a smoother transition than the
regular one. Fittings for no-hub cast-iron pipe are
identical to the others, except there are no hubs.

JOINING.—Various methods are used in joining
pipe. This means that you must know the procedure to
make various types of joints required for the kind of
pipe to be joined. Lead and oakum joints, oakum and
lead-wool joints, compression joints, and no-hub
joints are means for connecting pipes. Figure 3-14
shows these types of joints; however, if oakum is not
available, cotton braid or jute can be used as a
substitute. Oakum is made of hemp or jute fibers,
impregnated with a bituminous compound and loosely
twisted or spun into rope or yarn.

In making caulked joints, you need various types
of equipment. Because of the importance of this
equipment, the common types of caulking equipment
and safety procedures to be observed when making
caulked joints are discussed.
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A. OFFSET B.
Figure 3-13.—Offsets.
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Figure 3-14.—Various joints used to connect CISP and
fittings.

Equipment frequently used in making caulked
joints in cast-iron soil pipe includes the melting
furnace, melting pot, and plumber’s ladle. These
components are shown in figure 3-15. The melting
furnace is a portable gas-burning furnace used to melt
lead. The melting pot is made of cast iron and contains
the lead while it is being melted on the furnace. The
ladle, also made of cast iron, is used to spoon up the
molten lead and carry it to the joint to be poured.

Several types of melting furnaces are available.
Follow the manufacturer’s instructions when you are
operating a particular type. The general procedure
below is for operating a MAPP-gas burning melting
furnace.
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Figure 3-15.—Melting furnace, plumber’s ladle, and melting
pot.

This type of furnace consists of a fire pot and valve
assembly that mounts directly on a portable propane
gas tank. The tank is detachable and can be recharged
with fuel. A propane furnace, as shown in figure 3-15,

lights instantly and burns with a high-temperature blue
flame.

Look for leaks before you light the furnace. There
is always a danger of explosion from gas leakage
around the connections and valves. To light the
propane furnace, fold or twist a piece of paper and light
it. Hold the flame up and under the burner orifice of the
fire pot. Stand back as far as possible and open the fuel
valve until the burner lights. When the valve is opened
too much or too rapidly, the pressure of the escaping
gas may extinguish the lighter flame. If this should
happen, close the fuel valve immediately and then light
the paper before you reopen the valve.

Molten lead is dangerous. Most accidents occur
because the Utilitiesman ignored safety procedures.
When molten lead is handled, be SAFETY MINDED.
When moisture gets into the molten lead, the heat will
cause the moisture to boil rapidly and splash hot lead
out of the melting pot. If you suspect moisture in the
lead, heat the lead with a torch until the moisture is
driven off. Now, you can add the lead to the melting
pot. Make sure the plumber’s ladle is free of moisture
too.

When lead is melted, certain products of
oxidation, known as slag, form on top of the molten
metal. The slag must be removed from the lead
before it can be used for pouring a joint. Scoop it up
in the plumber’s ladle. Use care in disposing of the
slag.

Always preheat the ladle before you dip it into
the lead because a cold ladle chills and solidifies
some metals. When the ladle is in steady use, keep it
hot by hanging it over the edge of the pot. In loading
the ladle, use the bottom of it to push back the dross
(or scum) on top of the lead, exposing enough clean
lead so that the ladle can be filled and withdrawn
without dross. Do not disturb the molten lead more
than is necessary.

Wear a face shield, gloves, and protective clothing
when melting and pouring the lead. Keep out of range
of flying lead even though the joint appears dry. Also,
see that drops of perspiration do not drop into the pot of
hot lead.

When making vertical caulked joints, you should
wipe the hub-and-spigot ends of the pipes to remove
moisture and foreign matter. WATER CAUSES
MELTED LEAD TO SPATTER AND SERIOUS
BURNS MAY RESULT. If the ends are wet, dry them
with a torch. Slide the spigot end of one pipe into the
hub of the other and align the joint, so the cut end is in
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Figure 3-16.—Caulking cast-iron joints.

the center of the hub, as shown in view A, figure 3-16.

As shown in view B, figure 3-16, use packing f
(yarning) irons (1 and 2, fig. 3-17), and pack a layer of 4. REGULAR YARNING PACKING IRON
spun or twisted oakum into the hub completely around
the joint. Repeat with more layers until the hub is
packed to about 1 inch from the top. Compress the
oakum thoroughly to make a solid bed for the lead and
to prevent leakage of the joint. With a plumber’s ladle 2. LARGE PATTERN YARNING PACKING IRON

(2, fig. 3-15), pour melted lead carefully into the joint

until it rises slightly above the top rim of the hub (fig.
3-18). Dip up enough lead with the ladle to make the
joint in one pouring. Allow a minute or two for the lead

to harden 3. OUTSIDE CAULKING IRON

CAUTION
4. INSIDE CAULKING IRON
To avoid using a wet ladle to dip the hot lead,
you must heat the ladle. Remember, moisture v
causes hot lead to spatter out of the melting ) L_)
pot. Always wear protective clothing, face

shield, and gloves when working with hot
lead.

| ——

UTB10016 5. PICKOUT IRON

Figure 3-17.—Packing and caulking irons.
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Figure 3-18—Pouring hot lead into a joint.

Perform caulking operations using an inside
caulking iron first and then an outside caulking iron
(views 4 and 3, fig. 3-17). Drive the lead down upon
the oakum and into contact with the spigot surface on
one edge and against the inner surface of the hub on the
other. Strike the caulking iron gently but firmly with a
hammer. Caulking the lead too tightly can crack the
pipe. A cracked pipe or fitting must be replaced. A
pickout iron (view 5, fig. 3-17) should be used when
oakum and lead must be removed from a joint.

Sometimes a joint must be made in a vertical line
with the hub upside down as in a vent stack. Prepare the
ends of the pipes and pack the joint with oakum, as
shown in view B, figure 3-16. Clamp a joint runner
around the pipe. Raise the end of the joint runner, as
shown in figure 3-19, and make a funnel in the raised
end, using fine clay, putty, or plaster. The funnel must
be at least as high as the inside height of the lead
portion of the joint.

CAUTION

Be sure the funnel is dry before the lead is
poured to prevent the hot lead from blowing
out. Pour the lead and allow it to cool before
removing the joint runner. Caulk the lead with
a caulking iron to adjust it to the inside walls
of the hubs.

When making a horizontal caulked joint, you must
prepare the ends of the pipes by packing the joint with
oakum, as shown in view A, figure 3-20. Clamp a joint
runner around the pipe; place a small piece of oakum
between the clamp and the pipe to seal the gap and
prevent hot lead from running out of the joint; and then
fill the joint with melted lead, as shown in view B,
figure 3-20. After the lead hardens, remove the runner
and the trim off of the surplus lead with a chisel. Caulk
the lead in the same way as a vertical joint, as shown in
view C, figure 3-20.
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Figure 3-19.—Making an upside-down joint.

When making a lead-wool joint in cast-iron soil
pipe, you need a yarning iron and a caulking iron. This
is a cold-caulked joint and should be used where a line
is underwater or in a wet place where molten lead
cannot be used. Before starting the joint, place the
spigot end of the pipe to be installed in the hub of the
soil pipe. Make sure the pipe is blocked securely with
braces to prevent shifting. The pipe must also be
centered in the hub, so the thickness of the joint is
uniform. With the pipe braced firmly and in proper
position for joining, make the joint following the
procedure provided below:

e Pack oakum in the joint to within 1 inch of the
top of the hub. Use a ball peen hammer and a packing
iron to tamp the oakum tightly in the joint.

e Pack two 1/2-inch layers of lead wool over the
oakum.

Tamp the lead wool tightly into the joint, using the
caulking irons and the ball peen hammer. (See fig.
3-21.)

In making a compression joint, you should be sure
to clean the internal surface of the hub and the external
surface of the pipe and/or fitting to be joined. When
using a cut pipe, you can remove the sharp edge by
peening or by lightly filing the rough edge to permit
the pipe to slide and NOT gouge into the gasket. Insert
the gasket into the hub, and make sure the retaining
flange or collar of the gasket is next to the face of the
hub. Be sure to use the recommended lubricants
available (normally a soap or an adhesive type). They
are applied to the inside of the gasket. Align the spigot



A. PACKJOINT HALF FULL OF OAKUM.
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uTB10019
Figure 3-20.—Making a joint on horizontal piping.

and hub to be joined, keeping the spigot and hub in a
straight line. The spigot end of the pipe or fitting can be
forced into the gasket by using an assembly tool, as
shown in figure 3-22.

When joining CISP as a no-hub joint, place a
neoprene or an elastomeric gasket on the end of one
pipe and the stainless steel shield and clamp assembly,
as shown in figure 3-23, on the end of the other pipe.
Firmly seat the pipe ends against the integrally molded
shoulder inside the gasket. Slide the shield and clamps
into position over the gasket and tighten the stainless
steel clamps alternately and firmly to about 60 inch-
pounds of torque. A torque wrench set at 60 inch-
pounds is available in the NMCB cast-iron kit
(assembly 80055).
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Figure 3-22.—Compression joint assembly.
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Vitrified Clay and Concrete Pipe

Vitrified clay pipe is made of moistened powdered
clay. It is available in laying lengths of 2, 2 1/2, and 3
feet and in diameters ranging from 4 to 42 inches. Like
cast-iron soil pipe, it has a bell end and a spigot end to
make joining easy.



After the pipe is taken from the casting, it is
glazed and fired in large kilns to create a
moistureproof baked finish. It is used for house
sewer lines, sanitary sewer mains, and storm drains.
The types of fittings for clay pipe are primarily
bends, tees, and Y-branches.

You may have to use plain precast concrete pipe
for sewers in the smaller sizes-less than 24 inches.
This pipe is not reinforced with steel. This concrete
pipe is similar to vitrified clay pipe in measuring,
cutting, joining, and handling.

HANDLING AND STORAGE OF CLAY
PIPE.—Be careful when you store and handle clay
pipe because it is very fragile and cracks easily. Never
drop clay pipe or roll it down an embankment without
control. Do not drop heavy objects on clay pipe. When
backfilling a trench, do not use fill with rocks or other
heavy debris in it. Tamp by hand or by pneumatic
tampers, bearing in mind the density of the backfill.
Clay pipe should be laid in a trench and bedded evenly
and firmly. The more perfect the bedding, the greater
the load the pipe can sustain. Common sense can save
a lot of time by eliminating rework.

CUTTING.—Vitrified clay and concrete pipe,
both available in such short lengths, seldom need
cutting except for manholes and inlets. If, after
measurement, you have to cut vitrified clay or concrete
pipe, score it with a chisel, deepening the cut gradually
until the pipe breaks cleanly at the desired point.
Vitrified clay and concrete pipes may be cut with CISP
“snap-off” or “chain” cutters.

FITTINGS.—Figure 3-24 shows some common
fittings used with vitrified clay and concrete pipes.
Note that these types of pipes are used outside the
building. This greatly reduces the number of different
types of fittings required.

JOINING.—Joints on vitrified clay and
concrete pipe may be made of cement or bituminous
compounds. Cement joints may be made of grout,
which is a mixture of cement, sand, and water. The
following procedure may be used as a guide in joining
pipe with grout. This procedure is very similar for
joining pipe with bituminous compounds.

e Insert the spigot of one length of pipe into the
bell of the other and align the two pieces to the desired
position.

® Caulk a gasket of oakum about 3/4-inch thick

into the bell to prevent the grout from running into the
pipe.
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Figure 3-24.—Gross section of clay or concrete fittings.

® Mix grout, using 1 part portland cement, 2 parts
clean, sharp, washed sand, and sufficient water to
dampen thoroughly.

e Fill the joint with grout, using a packing iron.

e Recaulk the joint after 30 minutes with a
packing iron. You have to close shrinkage cracks that

occur after the initial set of the grout.

e Smooth and bevel the grout off with a trowel. In
hot weather, cover the joint with a wet burlap sack.

e Remove excess mortar with either a swab or a
scraper.

Note that a regular swab, with some additional
rags tied to the end to compensate for larger size pipe,
is ideal for dragging through each length to remove the
excess mortar.

The use of “speed seal joints” (rubber rings) in
joining vitrified clay pipe has become widespread.
Speed seal joints eliminate the use of oakum and
mortar joints for sewer mains. This speed seal 1s made
a part of the vitrified pipe joint when manufactured. It
1s made of permanent polyvinyl chloride and called a
“plastisol joint connection.” This type of joint helps to
ensure tight joints that are rootproof, flexible, and so
forth.

The speed seal, or mechanical seal, joint can be
installed quickly and easily by one person. To make the
joint, first insert the spigot end into the bell or hub.
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Figure 3-25.—Plastic pipe fittings.

Then give the pipe a strong push, so the spigot locks
into the hub seal. A solution of liquid soap may be
spread on the joint to help it slip into place easily. You
will find that other types of mechanical seal joints are
also available. They all use about the same method of
installation. Special mechanical seal adapters are
made to join vitrified clay pipe with CISP or CISP to
vitrified clay pipe.

Plastic Pipe

At first, plastic was used for lawn sprinklers, farm
water systems, and acid drainage from mines. Now
plastic pipe is used for all kinds of applications, from
shipboard installations to municipal water treatment
and domestic water uses.

The advantages of plastic pipe (PVC—
Polyvinylchloride) include resistance to nearly all
acids, caustics, salt solutions, and other corrosive
liquids. It does not scale, pit, corrode, or rust. Bacteria
does not grow well, and it is also nontoxic. Plastic pipe
has very low-friction resistance because of its smooth,
inner surface. Being nonconductive, it is not subject to
electrolytic corrosion. Plastic pipe can be used
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underground in acid, alkaline, wet, or dry soil without
a protective coating. It is strong and can handle
operating pressures in most moderate service
processes within the temperature range of that
particular material. Plastic pipe is light in comparison
to metal. Finally, it can be easily joined in a wide
variety of methods. Each method has a certain
advantage.

HANDLING AND STORING OF PLASTIC
PIPE.—When unloading plastic pipe, do not drop it on
the ground. Remember, scratches and gouges from
dragging it on rough surfaces tend to reduce the
pressure-carrying capacity. Pipe should be stored on
racks to prevent sagging. Burrs and sharp edges on
storage racks should be removed before storing the
pipe. Plastic pipe should be stored in a shaded area
away from any source of heat that could cause damage
to the pipe. During prolonged storage, it should not be
stacked more than 2 feet high because the weight
causes it to flatten or go out of round. Before installing
plastic pipe, inspect all pipe and fittings for cuts,
scratches, buckling, and kinks that should be cut out.
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Figure 3-26.—Diametric order of tightening flange bolts.

CUTTING.-When cutting plastic pipe, use
either a fine-toothed hacksaw, circular saw, band saw,
or reciprocating saw with carbide-tipped blades. Pipe
and tube cutters can be used when adapted with a
deeper cutting blade made for cutting plastic pipe. DO
NOT USE a tubing cutter. The cutting wheel will not
cut deep enough, and the outside diameter (OD) of the
pipe will become larger. Use a miter box or hold-down
rig to help cut the pipe square. Remove all burrs and
chips from both the inside diameter (ID) and outside
diameter (OD) of the pipe. The end of the pipe should
be beveled to approximately 1/16 inch to 3/32 inch at a

10-degree to 15-degree angle. This minimizes the
wiping of solvent from the ID of the fitting, as the pipe
is put into the socket. You can bevel the end of the pipe
with a coarse file or special beveling tool.

FITTINGS. —Plastic flanges and flange fittings
(fig. 3-25) are available in a full range of sizes and may
be attached to the pipe. Soft rubber gaskets are
preferred with plastic flanges. When tightening flange
bolts, pull them down gradually to a uniform tightness
and in a diametrical manner, as shown in figure 3-26.

JOINING.—There are four methods of joining
plastic pipe: solvent welding, fusion welding, fillet
welding, and threading. Before solvent welding PVC
and CPVC plastic pipe, clean the pipe and fittings, as
shown in view B, figure 3-27. Use a clean, dry cloth
and wipe away all loose dirt and moisture from inside
the fitting and from the outside of the plastic pipe.
Ensure the fittings and the pipe are of the same
temperature for at least an hour before welding; this
will assure they are thermally balanced. With a bristle
brush, apply a coating of primer to the outside of the
pipe. This removes surface gloss and etches the pipe.

O

uTB10026

D. JOINING

Figure 3-27.—Making cement solvent weld joints on plastic pipe.
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Do the same to the inside of the fittings. If the pipe is so
hot the primer evaporates or if the pipe is above 90°F,
move it to a shaded area before priming the surfaces.
Use notched boards to keep the pipe ends out of the
dirt. Clean the pipe ends before cement application.

Dip a brush in cement and apply it to the entire
active surface of the pipe to a width slightly more than

the depth of the socket of the fitting, as shown in view
C, figure 3-27. Then brush a light coating in the depth
of the socket. (Avoid excess cement to eliminate the
buildup inside the fitting when the pipe is socketed.)
Apply the second coating of cement to the end of the
pipe to ensure no voids exist. (There should be no
problem of too much cement on the pipe because the
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Figure 3-28.—Fusion welding plastic pipe.
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excess will bead out on the surface of the face of the
fitting and can be easily wiped away.) Immediately,
upon finishing the cement application, insert the pipe
to full socket depth and rotate one fourth of a turn to
ensure complete distribution of cement, as shown in
view D, figure 3-27. Hold the pipe together for 10 to 15
seconds, so it does not move out of its socket. After
joining, immediately wipe the excess cement from the
pipe and fitting and gently set the pipe on a level
surface. Do NOT move the pipe for about 2 minutes.
(As the pipe size increases, it takes longer for the joint
to set up.) The pipe SHOULD NOT be joined in
temperatures below 40°F and above 90°F or when it is
exposed to direct sunlight. The drying time should be
at least 48 hours before the joint is moved or subjected
to internal or external pressure. The drying time is
shorter in hot weather and longer in colder weather.
DO NOT ATTEMPT TO SPEED THE SETTING OR
DRYING OF THE CEMENT BY APPLYING HEAT
TO SOLVENT-WELDED JOINTS. Forced rapid
drying by applying heat causes cement solvent to boil
off‘, forming bubbles and blisters in the cement film.
During cool weather, the setting of the cement can be
speeded by prewarming the cement, the pipe, and the
fitting, or by shielding the joint from the wind.
CHECK THE SHELF LIFE OF THE CEMENT. Do
NOT use cement that is lumpy or stringy. Do NOT try
to thin it out with a thinner or primer. Always follow
the instructions on the cement container; the above
estimates should in no way be used in the place of
application instructions.

Fusion welding requires either a gas- or an
electric-heated welding tool, as shown in figure 3-28.
As the tool warms up, spray its contact surfaces lightly
with a silicone-releasing agent (view A, fig. 3-28).
This prevents the pipe from sticking to the surface of
the welding tool. Check the temperature of the tool.
Ensure the tool reaches the proper temperature range
(view B, fig. 3-28) before placing the pipe on the
heating element. Be sure the pipe is squarely on the
element. Hold onto the pipe, as shown in view C, figure
3-28, until a bead appears on the pipe at the entrance of
the female tool piece. After the bead appears, remove
the pipe and insert it into the fitting, squarely and
completely, as shown in view D, figure 3-28. DO NOT
ROTATE THE PIPE WHILE IT IS BEING JOINED
WITH THE FITTING. After joining, clean the fusion
welding tool, as shown in view E, figure 3-28.

In fillet welding plastic pipe, as shown in figure
3-29, maintain uniform heat and pressure on the rod
while welding. Too much pressure on the rod stretches
the bead and causes the weld to crack, as it cools. The
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rod should be held at a 90-degree angle to the joint. The
rod bends in an arc when proper pressure is applied.
When finishing a weld, make the bead overlap the top,
NOT alongside itself, for at least 3/8 to 1/2 inch. Never
overlap alongside when welds are being spliced.

Threaded plastic pipe should be used only as a
temporary piping system. Threading reduces the wall
thickness and results in lower pressure ratings. Only
schedule 80 or heavier pipe should be used when
plastic pipe is being threaded. Never use pipe
wrenches to tighten threaded pipe; use a strap wrench,
as shown in view A, figure 3-30. Be sure to use an
insert within the vise jaws to prevent scoring of the
pipe. Use a wood or aluminum plug while the pipe is
being threaded to prevent distortion of the pipe and to
avoid off-center threads, as shown in view B, figure
3-30. The dies should be sharp; and for best results
with power tools, use a 5-degree negative front rake.
When tightening threaded joints, avoid too much
torque. One or two turns past hand-tight is sufficient.
Teflon tape should be used as a pipe joint compound.

PLACING PLASTIC PIPE IN THE
GROUND.—On hot days, after the plastic pipe has
been cement solvent welded, it is a good idea to snake
the pipe beside the ditch or if the ditch is wide enough,
in the ditch during its required drying time. DO NOT
APPLY STRESS or DISTURB A JOINT THAT IS
DRYING. Snaking gives added length to the pipeline
to compensate for thermal contraction, as the pipe
cools. When the temperature change is less than 30°F,
snaking is not necessary. When cement solvent
welding on a hot, summer day during the late
afternoon, be sure to snake the line. Since the pipe
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Figure 3-29.—Fillet welding plastic pipe.
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Figure 3-30.—Threading plastic pipe.

dries during the cool of the night, the thermal
contraction of the pipe could stress the joint and pull
the pipe apart due to the inadequate time to allow for
the cement to cure. See table 3-1 for a general guideline
on “loop” dimensions for various lengths of line and
temperature ranges.

TESTING.—Testing should be done in two
intervals:

1. The initial test should be a low-pressure
hydrostatic test. (Air or gas is NOT recommended.)
This test should never exceed 50 pounds per square inch
gauge (psig). When testing with a gauge, allow the pipe
to remain under pressure for a few hours; then check to
see if there is a pressure drop. When the pressure drops,
there is a leak. The pipeline should then be walked and
closely inspected, checking each joint closely. After
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Table 3-1.—Pipe Snaking Loop Offset
PIPE SNAKING
PIPE

v
OFFSET

4

4

CENTER LINE
v ¥

OFFSET
f

LOOP LENGHT

2 LOOP LENGTHS

LOOP OFFSET IN INCHES FOR CONTRACTION

MAX. TEMPERATURE VARIATION, F,
BETWEEN TIME OF SOLVENT WELDING
AND FINAL USE
LOOP LENGTH 10° | 20° | 30° | 40° 50°
20 Feet 3" 4 5" 5" 6"
50 Feet 7" 9 | 11 | 13" 14
100 Feet 13" [ 18" | 22" | 26" 29"
LOOPLENGTH | 60° | 70° | 80° | 90° | 100°
20 Feet 6’ 7" 7" 8" 8"
50 Feet 16" | 17 | 18" | 19" 20"
100 Feet 32 | 35" | 377 | 40" | 42"
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locating the leak, repair it, and pressurize it again using
LOW pressure.

2. After completion of the low-pressure test, place
the pipeline in the trench (if not tested in the ditch) and
backfill, leaving the joints exposed. The pipe should be
uniformly and constantly supported its entire length.
DO NOT SUPPORT WITH BLOCKS. The high-
pressure test should be conducted at 1 1/2 times the
working pressure and be held for at least 12 hours.
Leaks found on the pipe itself should be cut out
completely and replaced by using fittings (couplings).
Backfill in the early morning during hot weather. The
pipe should be covered 6 to 8 inches with backfill that is
free of rocks and debris. It is advisable to maintain a
pressure of 15 to 20 psig on the pipeline while
backfilling to keep from damaging it. Anchors, valves,
boxes, and so forth, should be supported separately to
prevent additional stress or bending from the pipe.
Piping, under roadways or railroads, should be done
with sleeving (metal or concrete). The pipe should be
isolated from direct contact with the concrete. When
concrete anchors are being poured, wrap the pipe with
rubber or other protective material. If the anchor is for
axial movement, use the solvent welding process to
weld a split collar to the pipe to provide the needed
protection. When solvent welding collars on the pipe,
allow 48 hours for drying time before pouring concrete.

Q3. What is the main purpose of a sanitary sewage
collection system?



04. What six items are required for pipe
installation?

A trench bottom should be sloped in what
direction?

05.

06.

pipe that is layed in trenches?

What are the four types of sanitary drainage
piping used in underground sanitary plumbing?

07,

08. What is the laying length of cast-iron soil pipe?

09.

Vitrified clay pipe can be cut with a chisel. It can
also be cut with what otherpiece of equipment?

PVC is what type of pipe? What does the
acronym “PVC” mean?

010.

What is the difference between a fillet-welded
joint and a fusion-welded joint for plastic (PVC)
pipe?

011,

SANITARY DRAINAGE
INSTALLATION

LEARNING OBJECTIVE: Recognize the
methods of installing and testing sanitary
drainage piping.

Small pipes can be assembled and joined in
sections on top of the ground and laid in the trench by
hand. Large, heavy pipes are usually laid in the trench
and then joined. These pipes may be lowered into the
trench by rope, cable, or chain. Larger pipe may
require the use of machinery operated by an
Equipment Operator.

When assembling and joining pipes outside the
trench, make sure you are a safe distance from the edge
of the trench to prevent cave-ins. Also, do not leave
tools or materials near the edge of a trench where they
may be knocked off and injure someone working in the
trench or cause a worker to loose his or her footing and
fall into the trench.

Sewer pipes should be laid on a compacted bed of
sand, gravel, or material taken from the trench
excavation, if suitable, to provide a slightly yielding
and uniform bearing. This step assures safe support for
the pipe, the fill, and the surface loads. When pipes are
laid on sand, gravel, or similar material, the weight of
the pipe usually provides a suitable equalizing bed.

Pipelines should be embedded carefully, so they
do not settle at any point. Settling causes suspended
matter to collect in the lower portion of the pipe

What person sets and checks the elevation of
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restricting the flow and reducing the handling capacity
of the line.

TRENCHING AND GRADING

After you have laid the pipes, your next step is to
check the grade and align the pipeline. This is very
important in installing an underground sewer system.
Remember, sewage does not flow uphill, unless of
course you are using a pump, such as a lift station does.
The pipe should be laid, so the flow of the sanitary
waste in each length of pipe flows from the hub end to
the spigot end or we could say the hub end is upstream.
Each length of pipe should be placed starting at the
lowest elevation and working up the grade; therefore,
the spigot is inserted into the hub of the length laid
previously. Each length should be checked as to its
grade and alignment before the next length is placed.

When you are grading for the proper pitch per foot,
the method shown in figure 3-31 may be used as a
guide. This figure shows a ditch with batter boards
used in transferring line and grade to trench; also, a
stick for checking grade is shown in position.

An Engineering Aid (EA) is responsible for setting
the batter boards at the proper level for the job at hand.
Batter boards are placed across the trench at about 25.
to 50-foot intervals. Elevations are run by an EA, and a
mark is placed on the stakes at some even-foot distance
above the invert (the lowest point on the inside of the
pipe) of the sewer. A nail is then driven in the top of the
batter boards, and a cord is stretched from board to
board. The center line for the pipe is then transferred
from the cord to the bottom of the trench by means of a
plumb bob. Grade is transferred by means of a stick,
marked in even-foot marks, having a short piece
fastened at a right angle to its lower end. Grade is
checked by placing the short piece on the invert of each
length of sewer pipe and aligning the proper mark on
the grade rod to the cord.

TESTING

After you complete the rough-in piping of a
project, test and inspect all the piping for leaks. The
purpose oftesting the pipeline is to make sure the joints
are tight enough to withstand working pressure. Since
a sewer line of this type flows by gravity drainage, the
test procedures are different than those described later
under the heading of “Water Service.”

Before the pipe is covered with dirt, it must be
tested for leakage. There are several methods of
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Figure 3-31.—Laying sewer pipe to line and grade.

effecting this test. The most widely used test is the
water test, although an air test or odor test may be used.

Water Test

Here are the main steps in making a water test. At
the lowest point of the section to be tested, insert a test
plug in the open end of the pipe or a test tee, like those
shown in figure 3-32, and plug other openings. Fill the
pipe to its highest level with water; a I0-foot head is
required. Leave the water in the pipe for at least 15
minutes before starting the test. This allows the oakum
to soak up some water before you look for leaks. If
necessary, refill the pipe to overflow and check each
joint for leaks.

Air Test

Before making an air test, fill the system with
water and allow it to stand until the oakum expands at
the joints. Drain the water from the lines and reinsert
the test plug. Close all openings and apply air pressure
of at least 5 pounds per square inch (psi). In a
satisfactory test, the line should hold 5 pounds psi for
15 minutes. If it does not, cover the joints with a soapy
water solution and check for bubbles at the leak.
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Odor Test

Before making an odor test, plug all openings in
the sewer and the branches. After sealing the openings,
pour 2 ounces of oil of peppermint in each line or stack.
Then pour approximately 1 gallon of boiling water in
the stack and seal it. The odor of peppermint at any
point in the installation indicates a leak. The inspector,
checking the installation for leaks, should not be near
the oil of peppermint at any time before the inspection.
Such exposure rapidly dulls his or her sensitivity to the
odor of peppermint. The peppermint test is not as
conclusive as the water and air tests described above,
since no pressure is on the pipe.

NOTE

Repeat tests as necessary until all the leaks are
located and repaired.

Where a system of pipelines has been installed
using gaskets, test one floor at a time. Should there be
more than one floor to be tested, be sure all bends,
changes of direction, and ends of runs are restrained
(limited).
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Figure 3-32.—Test plugs and test tees.

MANHOLES

Normally, it is not your responsibility as a
Utilitiesman to construct manholes. They are made of
concrete or brick; however, you may be working with
the Builders in spotting the location for the manholes.
Figure 3-33 shows a typical drop manhole.

Watertight manholes are made of brick or
concrete, 4 feet in diameter at sewer level, and should
be placed at junctions and bends in the line. They are
spaced preferably 300 feet apart for 8-inch pipe, 400
feet apart for 10- to 15-inch pipe, 500 feet apart for 18-
to 48-inch pipe, and 600 feet apart for larger sizes.
Sewers should be laid straight to line and grade
between manholes, and changes in the size of sewer
lines must take place only at the manholes. The crown
of the outlet pipe from a manhole should be on a line
with or below the crown of the inlet pipe. When the
invert of the inlet pipe is more than 2 feet above that of
the outlet pipe, a drop manhole must be provided to
conduct the sewage to a lower level with minimum
turbulence.
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Figure 3-33.—Standard drop manhole for sanitary or storm
drainage systems.

BACKFILLING AND TAMPING

After all pipelines have been laid and tested, they
are ready to be covered; this process is known as
backfilling and tamping. The method described below
should work for sewer lines.

Fine material, free from stones and other debris, is
tamped in uniform layers with a small hand- or air-
operated tamper under, around, and over the pipe. Use
a hand shovel to backfill the ditch until the pipe has a 2-
foot covering. This fill should be placed in the ditch
and tamped in 4-inch layers or less. It should proceed
evenly on each side of the pipe, so injurious side
pressure cannot occur. Make sure you do NOT walk on
the pipe until you have at least 1 foot of soil tamped
over the pipe. Until 2 feet of fill has been placed over
the pipe, the filling should be done carefully with hand
shovels; after that, machinery may be used for faster
backfilling. However, do not let the machinery run
over the line.

Puddling, or flooding, with water to consolidate
the backfill should NOT be done for a sewer line. The
sections of pipe are in short lengths and tend to settle
very rapidly to form pockets or low spots in the line.

Q12. What is the required head height for a water
test?



Q13. For an air test to be satisfactory, the system
should hold 5 psi for what period of time?

Q14. What type of oil should be used for an odor test?

0I5. A manhole should be what diameter at the sewer
level?

Ql6. Earth fill should be placed in the trench over the
pipe in layers of what thickness?

ABOVEGROUND SANITARY PIPING

LEARNING OBJECTIVE: Identify pipe,
traps, vents, and installation methods for
aboveground sanitary drainage.

After the underground piping is installed for a
sewer system, the next phase is to install the
aboveground piping. Information on materials
applicable to the installation of aboveground sewage
piping is provided in the following sections.
Installation procedures are the same for aboveground
and underground sewer pipe.

TYPES OF PIPE

A number of different types of pipes are used in the
aboveground and interior parts of a plumbing system.
Some of the common types of pipes are discussed
briefly below.

While GALVANIZED WROUGHT-IRON PIPE
is an excellent material for aboveground plumbing, it
is costly. It is available in lengths from 18 to 22 feet.
Galvanized wrought-iron pipe is constructed of
wrought iron dipped in molten zinc to protect it from
corrosion and provide high resistance to acid waste.

ACID-RESISTANT CAST-IRON PIPE is
composed of an alloy of cast iron and silicon. It is used
to serve chemical laboratories and other installations
through which acid waste flows. In handling acid-
resistant pipe, such as Durion™, be careful because it
is very brittle and cracks easily. It is cast in 5-foot
lengths and comes in single and double hubs.

BRASS PIPE consists of an alloy of zinc and
copper. Brass pipe has a smooth interior and can resist
most acids; however, it is expensive. It is available in
20-foot lengths; because it tends to bend, it must be
supported at intervals of 8 to 10 feet.

LEAD or LEAD-LINED STEEL PIPE is
sometimes used to carry distilled water for batteries;
however, tin-lined, block tin, glass, or some types of
plastic pipe must be used where no impurities are
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acceptable. Because it bends easily, lead pipe must be
well-supported. It is available in three weights: (1)
standard, (2) common, and (3) extra heavy. The
standard weight is most commonly used.

COPPER PIPE. is suitable for use in waste, vent,
and water installations. Remember that ammonia and
water corrode copper and bronze lines. Also, when
copper is used for waste pipe installations, always
make sure it is rigid to overcome sagging. You can
obtain the pipe in convenient lengths, then cut it to size
for the job at hand.

PLASTIC PIPE is also suitable for use above-
ground for sewage, venting, and water.

TRAPS

A number of different types of traps are available;
however, the trap most commonly used with plumbing
fixtures is the P-trap (fig. 3-34). Traps are required
because they prevent sewer gases from entering a
building and causing serious illness or death.

The term trap seal refers to the water being held in
the bent portion of a fixture trap (fig. 3-34). True to its
name, the trap seal forms a seal against the passage of
sewer gases through the trap and into the building. The
most frequently used seal trap has a depth of 2 inches
between the overflow and the dip. The deep seal trap
has a depth of 4 inches.

The P-trap gets its name because of its general
shape-that of the letter P. It comes in sizes from 1 1/4
to 6 inches in diameter. Various types of P-traps are
available, so designs may differ from one
manufacturer to another. The P-trap is usually made
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Figure 3-34.—P-trap.



of nickel or chrome-plated brass, malleable
galvanized; cast iron, other metal alloys, and plastic.

The P-trap is used for fixtures suspended from the
walls or supported on pedestals, for instance,
lavatories, sinks, and urinals. At times the P-trap may
also be suitable in showers, baths, and installations that
do not waste large amounts of water.

When using a P-trap for fixtures suspended from
the wall, you should install it as close to the fixture as
possible. Be careful not to install a vertical leg that is
too long between the trap and the fixture. It is also
important for the horizontal leg connection to the
waste system to be short for ventilation purposes.

VENTS

To prevent the siphonage of a trap seal in fixture
traps and allow gravity flow of drainage, you must let
atmospheric air from outside the building into the
piping system to the outlet (or discharge) end of the
trap. The air is supplied through pipes called VENTS.
This air provides pressure on the outlet end of the seal
equal to pressure on the inlet end.

Atmospheric pressure at sea level is about 14.7
pounds per square inch. This pressure remains
virtually constant on the inlet end of the water seal.
Obviously, a greater or lesser amount of pressure on
the outlet end of the trap seal forces the water in the
direction of least resistance. Since the air supplied by
the vent to the outlet end provides a pressure equal to
that at the inlet end of the trap, the trap seal cannot
escape through siphonage.

All vent systems should be provided with a main
vent or vent stack and a main soil and waste vent. A
“main vent” may be defined as the principal artery of
the venting system, and vent branches may be
connected to the main vent and run undiminished in
size as directly as possible from the building drain to
the open air above the roof. The MAIN SOIL AND
WASTE STACK, as shown in figure 3-8, is installed in
a vertical position.

The term main soil and waste vent, or soil stack
vent, refers to the portion of the stack extending above
the highest fixture branch. In figure 3-8, this vent
extends through the roof. Actually, it is an extension of
the main soil and waste stack.

Common Types of Vents

Various types of vents are used in the ventilation of
fixtures; even in the best of installations, you may find
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several different types of vents. The selection of a
particular type of vent depends largely on the manner
in which the plumbing fixtures are located and
grouped. Some of the common types of vents you may
use frequently in your work are mentioned briefly
below. An INDIVIDUAL VENT, also known as a
BACK VENT, is a vent that connects the main vent
with the individual trap underneath or behind a fixture.
This method of venting is shown in figure 3-35. When
you install two or more fixtures on an individual vent
basis, ensure the leg (see illustration) connecting
individual vents to the main vent is large enough to
carry the total load.

A COMMON VENT vents two traps to a single
vent pipe, as shown in figure 3-36. The unit vent can
be used when a pair of lavatories are installed side by
side, as well as when they are hung back to back on
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Figure 3-35.—Individual (or back) venting.
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Figure 3-36—Two fixtures unit vented.



either side of a partition (as shown in the illustration).
A point to note is that the waste from both fixtures
discharges into a double sanitary tee.

A CIRCUIT VENT serves a group of fixtures. As
shown in figure 3-37, a circuit vent extends from the
main vent to a position on the horizontal branch
between the last two fixture connections. Make sure
that a maximum of eight fixtures are put on any one
circuit. If you have more than eight fixtures to be
circuit vented, use two circuits instead of one. In this
type of vent, water and waste discharged by the last
fixture tends to scour the vents of other fixtures on the
line.

A vent pipe, in which liquid wastes flow through
a portion of it, is known as a WET VENT. A LOOP
VENT is the same, except it connects into the stack
unit to form a loop. This type of vent may be used on
a small group of bathroom fixtures, such as a
lavatory, water closet, and shower, as shown in
figure 3-38. The pipe for a wet vent installation
should be sized to take care of the lavatory, the water
closet, and the shower.
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Figure 3-37.—Water closets circuit vented.
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Figure 3-38.—Wet vent.

NOTE

When you are draining more than four fixture
units, the wet vent should never be under 2
inches in diameter. A water closet must not
drain into a wet vent.

As shown in figure 3-38, the lavatory should be
individually vented. This is necessary to prevent loss
of the trap seal through indirect siphonage. Another
point to note with the lavatory is that the relatively
clean water discharged from it tends to scour the wet
vent, preventing an excessive buildup of waste
material in the vent.

Installation Pointers

A venting system must be inst