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A Catalog of Water Supply and Waste Disposal Methods

for Individual Units

I. Purpose. The purpose of this manual is to provide a collection of
methods of water supply and waste disposal for individual units. Howaver
some practices compiled herein are also applicable to groups of housing
units.

The users of this manual are assumed to be familiar with sanitary
practices and this work merely assists them as a suggestive list of
various possible methods. Thus, no explanation nor discussion will be
given. Further documentation can be made by consulting the references
list.

It is believed that the various methods presented in this manual
are appropriate for less developed and developing countries. It is noted
however that many of these methods are currently used in small communities

of developed countries.

II. Approach. This manual consists of 183 figures taken from published
literature listed in the references table. Each figure is equiped with a
3 number index which indentifies the figure. For example, the figure
equiped with tho index 6/9/230 would mean: "This is figure no. 6 of

this manual. It is taken from page 230 of the document no. 9 in the



references list (i.e., Small Well manual)”.

However, for the sake of conveniences, each figure will be called by

its first number in the index only, rather than by its 3-number index

itself.

Thus the Figure 6/9/230 will be referenced as Figure 6. Similiarly

by Figure 83, we would like to refer to Figure 83/4/52.

The user should take a look at the list of subjects in Part TII

below and locate the topics he is interested in. He then looks carefully

at each figure relative to the topics and picks up the methods he needs.

In case further ‘locumentation is desired, the 3-number index of the figure

will enable him to find the book and the page from which the figure was

reproduced.

ITII. List of Subjects.

A. Water Supply (Figure 1-112)

The hydrologic cycle (Figure 1-2)
Surface intakes (Figure 3-6)
Spring protection (Figure 7)
Wells (Figure 8-39)
well layout (Figure 8-9)
pumping effect on aquifer (Figure 10)
dug well (Figure 11-16)
gallery (Figure 17-19)
driven well (Figure 20-24)
drilled well (Figure 25-39)
Pumps (Figure 40-48)
Flow measurement with V-notch plates (Figure 49-51)
Concrete reservoir (Figure 52-53)
Automatic water systems (Figure 54-46)
Sedimentation tanks (Figure 57)

Trickling filter for aeration and iron removal (Figure 58)

Sand filters (Figure 59-64)
rapid sand filter (Figure 59)
slow sand filter (Figure 60)
upward flow sand filter (Figure 61)
horizontal sand filter (Figure 62)
modified slow sand filter (Figure 63-64)



Military water supply systems (Figure 65-79)
Water purification set no. 5 (Figure 65-69)
Water purification set no. 6 (Figure 70-73)
Diatomite stationary water purification equipment (Figure 74-74)
Flow diagram of water in set no. 5 and set no. 6
Chlorination (Figure 80-89)
Dosers for solution of coagulants or chlorine (Figure 80)
Floating bowl hypochlorinator (Figure 81)
Carboy hypochlorinator (Figure 82)
Plastic jerrican chlorinator (Figure 83)
Apparatus for hypochloriaation (Figure 84-86)
Standard dosing cartridge for chlorination (Figure 84-86)
Erocion feeder for use with briquets or tablets of
disinfectant (Figure 88-89)
Chemicals used to coagulate water (Figurc 90-91)
Farm water supply layout (Figure 92)
Water treatment for emergencies (Figure 93)
Solar distillation (Figure 94-112)

Wastes Disposal (Figure 113-183)

Wastes collection and disposal (Figure 113-117)

Urinal (Figure 117)

Latrine (Figvre 119-120)

Water seal closet or pour flush bowl (Figure 121)

Pit privy (Figure 122-123)

Aqua privy (Figure 124-125)

Wastes treatment systems (Figure 126)

Septic tanks and aerobic units (Figure 127-158)
Characteristics of septic tank effluent (Figure 127)
Size of septic tank versus frequency of cleanout (Figure 128-131)
Absorpticn and percolation (Figure 132-136)

Septic tank cost (Figure 135)

Septic tanks (Figure 137-139)

Aerobic units (Figure 140)

Hold tank and grinder pump (Figure 141)
Subsurface systems (Figure 142-146)

Recycling (Figure 145-147)

A conventional septic tank system (Figure 148)
Alternative means of disposal (Figure 149)
Septic tank and drain field (Figure 150)
Septic =ank and aerobic lagnon (Figure 151)
Final disposal field (Figure 152-153)

Soakage pit and soil drains (Figure 154-155)
Sand trench (Figure 156-158)

Final settling tank and final effluent treatment (Figure 159)

Xpurgator II (Figure 160)

Incinerator toilet (Figure 161-162)

Incinerator toilet with sand filter (Figure 162)

Aerobic treatment with sand filter (Figure 162)



Grinder and pump to remote disposal (Figure 163)
Hold tank and sand filter (Figure 163)

Recirculating sand filter system (Figure 164)

Sand filter (Figure 165)

Portable toilet (Figure 166)

Mobile comfort station (Figure 167)

Permanent comfort station (Figure 168)

A unit sanitation system for emergencies (Figure 169)
Farm and small community savage lagoons (Figure 170)
Aerobic stabilization ponds (Figure 171)

Oxidation ditch or pasveer ditch (Figure 173)

Algae removal by fish culture (Figure 174-175)
Refuse container (Figure 176-177)

Incinerator (Figure 178-180)

Composting (Figure 181-183)

IV Bgferences

1.

Water Treatment and Sanitation (A Handbook of Simple Methods for
Rural Areas in Developing Countries) by H. T. Mann - D. Williamson,
June 1973, Intermediate Technology Development Group Limited.

Guide to Simple Sanitary Measures for the Control of Enteric
Diseases, S. Rajagopalan, M.A. Shiffman, World Health Organization,
1974.

A Study of Redisential Water Use, F. P. Linaweaver, Jr.; John C
Geyer; Jerome B. Wolff. Department of Env. Engr. Sc., The John
Hopkins University, Maryland.

Guide to Sanitation in Natural Disasters, M. Assar, WH?, 1971.

Environmental Health Practice in Recreational Areas (A Guide to
the ?lanning, Design, Operation, and Maintenance of Recreational
Aress), U. S. Department of Health, Education and Welfare, Public
Health Service.

Smal). Wells Manual (A Manual of Location, Design, Construction,
Use =snd Maintenance), Ulric Gibson, Rexford D. Singer. Agency
for International Development, Office of Water on Hungar, Health
Service, 1969.

Water Supply and Plumbing Cross-Connections (Hazards in Household
and Community Systems), U.S. Department of Health, Education and
Welfare, Public Health Service.

Water Works Engineering in Diaster - Office of Civilian Defense,
Washington, D. C., 1943

Military Water Supply and Purification (TM5-295, War Department
Technical Manual), War Department, 1945.



10. Community Water Supply in Developing Countries, Agency for
International Development, Washington, D. C.

11. The Role of Plastic Pipe in Community Water Supplies in
Developing Countries, Agency for International Development,
1971.

12. Water Supply (Course Problems, Environmental Sanitation Series),
U. S. Department of Health, Education and Welfare, Public
Health Service, Bureau of State Services, Atlanta, Georgia.

13. Small Water System Manual (ODHK Bulletin No. 0591), State
Department of Health, Environmental Health Services, Oklahoma
City, Oklahoma, 1961.

14. Military Water Supply and Purification (TM5-295-Cl), Changes
No. 1, War Department, 1947.

15. Manual of Individual Water Supply Systems, U. S. Environmental
Protection Agency, 1973.

16. Solar Distillator as a Means of Meeting Small Scale Water
Demands, United Nations, Department of Economics and Social
Affairs, 1970.

17. Problems of Combined Sewer Facilities and Overflows, U. S.
Department of the Interior, Federal Water Pollution Control
Administration (WP-20-11), 1967.

18. Home Sewage Disposal (Proceedings of the National Home Sewage
Disposal Symposium), American Society of Agricultural Engineers,
1974.

19. Standards for Water Pollution Control Facilities (0.D.H. Engineering
Bulletin No. 0587), Oklahoma State Department of Health, Division
of Sanitary Engineering, 1961.

20. Civil Definse Aspects of Waterworks operations, Department of
Defense, Office of Civil Defense, 1965.

21. More Water for Arid Land, National Academy of Sciences, Washington,
D. C., 1974.

22. Proceedings of Sewage Treatment in Small Towns and Rural Areas.
(A Conference addressed primarily to the State of Vermont) Dart-
mouth College, Thayer School of Engineering, New Hampshire.

23. Water Pollution Control in Low Density Areas (Proceedings of
a rural envirommental engineering conference), William J. Jewell
and Rita Swann, Editors. Published for the University of Vermont
by the University Press of New England, Hanover, New Hampshire,
1975.



24.

25.

Algae Removal by Fish Production, Professor George W. Reid,
University of Oklahoma, Norman, Oklahoma. Report presented

to the Center for Research in Water Resources, Water Resources
Symposium Number Nine, July 1975, University of Texas, Austin,
Texas.

Xpurgator II, Marine and RV Divisicn, RSC Industries, Inc./
245 West 74th Place, Hialeah, Florida 33014.
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Fig. 3.3 SURFACE EVIDENCE OF GROUND-WATER OCCURRENCE. (Adapted
from Fig. 4, Warer Supply For Rural Areas And Small Communities, WHO

Monograph Series No. 42, 1959.)
1 — Dense vegetation indicating possible shaltow water table and proximity

to surface stream.
3 dole 2 - River plains: possible sites for wells in water-table aquifer.
N /o 3 - Flowing spring where ground water outcrops. Springs may also be
d found at the foot of hills and river banks.
4 -- River beds cut into water-bearing sand formation. Indicate possibility
of river banks as good well sites.
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Figure 119. Surface intake buried in gravel-filled pit. Gravel acts as coarse
strainer.
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INTAKE SCREEN CROSS. BRACES

Figuie 122. Float-type surface intake constructed of logs.

struction by reducing the amount of coagulating chemicals needed
and by eliminating frequent backwashing of the filter.

e. WELLS ALONG STREAM Baniks., Wells along stream banks
sometimes vield water so much higher in quality than the stream
water that the extra work of installing them is justified. Direc-
tions for installing a driven well (fig. 12.4) are found in TM 5-297.

f. STREAM-BED DAMS. Dry stream beds can be develaped into
water sources by constluctnw subsurface dams which stop the
flow of grouna water. Conditions required for successful use of
such dams are a stream bed of sand or gravel Iving on a sub-
surface laver of impervions material which extends upward into
the banks. A dam sunk to the impervious subsurface laver of such
a stream impounds the ground water as shown in figure 125. Dams
can be constructed of wood, concrete, or sheet piling. Recovery of

w2

OVERLAYING 7. .-

SOILS AND CLAYS”
2

P CWATER-BEARING L
u_\_"\lg.___._,skNDS_—‘ C e e X - -
s '\‘__,_\ ;\—~ ’\— _\ GAllERY {BURIED YRENCN)
e See e T e T e —4\;\ FILl(D WITH COARSE GlAVEl.

Figure 128. Gravel-filled gallery intake tnstolled on banlk of muddy stream.
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Campbell and Goldstein

CLUSTER WELL SYSTEM

"> WELL SITES
Figure 3.
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~ Fig. 2,17 LAYOUT PATTERNS FOR MULTIPLE WELL SYSTEMS USED AS WATER

SUPPLY SOURCES. CENTRALLY LOCATED PUMP EQUALIZES SUCTION
LIFT.

Well-point System
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Fig. 2.18 WELL-POINT DEWATERING SYSTEM.
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Well Construction (Continued)
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DUG WELLS

Concrete
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Figure A shows a buried slab type of construc=
tion for a dug well. The concrete slab is
poured on the surface with center opening to
- * | Concrete oy fit the casing. The slab is lowered to a point ut
" S least 10 below surface supported by the exist.

. Min. .
. "r——;) ."'.., ing wall, The steel casing is placed and the
Ty excava’ion void is backfilled with surface soil,

4
>
10’ Min,

U~

—r— 2
,‘. - -‘7"‘_ Figure B shows a method of protecting an ex-
A isting rock walled dug well, An excavation at
e T e least 6" in width is made tc a depth of 10 feet
:" . and filled with good quality concrete well tam-
- ped. The well cover shows the required type
manhole opening and manhole cover. A short
length of steel pipe 6" in diameter is placed in
the cover when poured to accept a sanitary well

seal.

E Figure C shows a properly constructed new dug
well with 6" concrete casing to a depth of 10

m\m::mﬁmw.wmm( feet using rock or other masonry for suppor?
below that level,

C
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Figure 131. Well dug in beach sand to tap lens of fresh ground water lying
on salty ground water. Well is cased with metal culvert piping.
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SANITARY MEASURES FOR ENTERIC DISEASE CONTROL

FIG.10. IMPROVEMENTS TO A DUG WELL USED IN A FIELD PROJECT IN THE PHILIPPINES

Tied with strong rope
(polyethylene or hemp)

Fixed at end with
improved hamboo nail

Hamboo pole —

=Er=an

e ¥

Strong sheet
metal cover

e~y F

Bamboo pole

Elevation

ryae—y,
R
2

Counterbalance weight
tied at the end

S S S T G Sl P o Nl S

Tied with strong rope
{polyethylene or hemp)

Plan

* Modified from a design prepa}ed by C. J. Hilado, Philippines-Japan-WHO Cholers
El Tor Research Project.
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WATER SUPPLY SYSTEMS

FIG.8. DUG WELL WITH PUMP
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v T2 . . e

€ 35 = Sk 1. Is the nearby area free from liquid wastes and privies ?

! = ca . .

g phg=—| = 2. Is there an impervious apron to exclude surface water ?
< - . .
= =k 3. Are the sides of well sealed watertight for 3m below ground
=) = level?
.11 C%_ % 4, Is the eduction pipe to pump sealed .n apron at exit ?
HE = 5. Is the well water chlorinated ?
UE= =

RIS N L

FIG.9. DUG WELL WITH WINDLASS *

L

s

Section A-A

Check list

1. Is the nearby area {ree from liquid wastes and privies ?
2. Is there an impervious apron to exciude surface water ?
3. Are the sides of well sealed for 3 m below ground leve! ?
4
5

B2NEIZZNN”

. Are the rope and bucket inaccessible to the users ?
. Is the well water chlorinated ?

* Repraduced from Wagner & Lanoix (1959).
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FIGURE 3. Dug well with two-pipe jet pump installation.
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Pudied
clay
backfill

Fig. 7.3 DUG WELL. Fig. 7.4 DUG WELL OF FIG. 7.2
CONVERTED TO SAFER
AND MORE PRODUCTIVE
TUBULAR WELL WITH
DRIVEN WELL POINT AS
SCREEN. :
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FIG.13. GALLERY IN VILLAGE POND
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Open-joint
frzzriy Yz, collector

WHO 30957

Check list

1. Does the collecting well extend 1 m above ground ?
2. Is the collecting well sealed watertight throughout ?
3. Are the inlet and outlet pipes well sealed in ?

4. Is the water chlorinated ?
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FIG.14, GALLERY FOR CANAL
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Well \\?_,;- §
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! : ;\f Collecting well
net——Jl
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Section A-A
Check list

1. Does the collecting well extend 1 m above ground ?
2. Is the collecting well sealed watertight throughout ?
3. Are the iniet and outlet pipes well sealed in ?

4. s the water chlorinated ?
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SANITARY MEASURES FOR ENTERIC DISEASE CONTROL

FIG.16. INFILTRATION WELL IN RIVER BED

Section A-A /:\\
=

.-‘j_Flood line

=
=9
L J

4

=

Sectional plan

Check list

1. Does the infiltration well extend above mean flood levet ?
2. Are the sides of weli sealed watertight top to bottom ?

3. Is the outiet pipe of well sealed in ?

4. 1s the wates chlorinated ?
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'PLY SYSTEMS

FIG.11. TUBE WELL®

250 cm

300 cm min!imum

WHO 3041

» Reproduced from Wagner & Lanoix (1559)

Check list

1. Is the nearby area free from liquid wastes and privies ?

2. Is there a watertight concrete apron and is drainage provided?
3. s there watertight tubing for 3 m helow ground level ?

4, |s the eduction pipe to pump sealed in aprcn at exit ?
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Single Pipe (shallow we.!)
Jet Pump

Sheut Plastic Separator Pigstic Sealant

Reinforced Concretn
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Cobble Drain
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hGURE 6. Hand-bored well with driven well point and
“shallow well” jet pump.
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Hand driver ———»-1

hg——— Drive cap

Hole backfitled
with puddied clay ]

Tertanie

Fig. 5.3 SIMPLE TOOL FOR DRIV-
ING WELL POINTS TO
DEPTHS OF 15 TO 30 FT.
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Well Construction (Continued)

DRIVEN WELLS

Sanitary Well Seal

Z/E 22 ,
AT Ih-——-a ZRRCy

(!/f Clay Fill -2,
Below Frost Line A
/

Void Filled With /)
Puddled Clay or V
Concrete /L/"'g

Ground Level

‘SPacking Nut
.Sanitary Well Seal

Pressure Tank '_é;——:@ 7 2" Min,
=k '

Line to

Void Filled With -
Puddled Clay or

Concrete __Z____,;.
) 1%

S .

N “.~ o
Original G:::zd{-:
evel

Threaded Joint
Locked

Cylinder may be
removed at this
point

1 Drive pipe is driven:
7\ to this point with ree-

.7 movable coupling on

. j-short length of pipe.
/rplpe withgsleeve lps

removed and cylinder
attached to threaded
end ol drive pipe

23/13/22

Flarge welded

to pipe
Gasket 1

Ground Level

5
-
o
13
o
£
E
=
—t

1/2" or 3/4"
,R@Suction line to
shallow well pump

SZ" Drive Pipe

— Qa =|
e Sand Point

Figure A shows proper method of installing a
sand point well where drive pipe is used as re=-
turn line and is under negative pressure,
Wrought iron or steel casing 6’ in diameter ex-
tends to a depth of 10’ below suriace.

Figure B shows a satisfactory installation of a
sand point well with a small suction return line
suspended inside the drive pipz.

Figure C showc method of installing sand point
well using cast iron cylinder.



Well Construction (Continued) 24/13/23

DRIVEN WELLS

VPSR LNAY

Jet Rod
o-sjet Rod Packing Gland
Sanitary Well
~ Packing Gasket ﬁ & Seal
12" iength of
steel pipe
- ” . A J PR R
/‘J. a8 A'A.-',..
Z/ _A—‘F‘ZZA“_[ZZA‘ u.*\ r;,ﬁ/// LTI
Clay Fill T/
Natural Ground ‘
/Leve I~
{:: ‘_gRearr?ed Drive Pipe
= (2" Dia. or Larger) 4k Drive Pipe
2
E
i
H Leather and check
} valve may be re-
moved by pulling up
IEH through drive pipe
}J
: ) Tubular Steel Cylinder
1 ] Figure D shows method of installing cand point
% well using steel tubular cylinder attached to
3 sand point, All inner parts of cylinder may be
4 —Check Valve removed for repair by jet rod through drive
4 pipe.
- ’QSand Point X Figure E shows an alternate method of install-
ing positive pressure drive pipe in Figure D,
using a 12" length of 6" diameter steel pipe in
slab to permit removal of drive pipe and sand
point,
SUBMERGIBLE PUMP INSTALLATION
Insulate
Elect. Cable
’ g “
Seal Voidd / _Lz
Removable
Covera
. Alternate Seal
pue— ' ‘ . p ',, >
iela i ' R R L X7
3"'4‘2" R {; H -,'L’b: \W/;,\ 8 L
A . - P R a5
\v}’t‘_z» ‘A-..ll. l i i b. A gﬁ// ‘[
E SRS i H H °'b
Z8=] 4, a H ! 6 [ 98
o4 H H Welded
¢

Figure F shows the most practical method of in-
stalling a submergible pump meeting above ground
requirements for casing.

I
T

rnavenns

Figure G method can be used only under con=-
ditions where the steel conduit around house sup-
ply line terminates above possibility of flooding.

faasvtvnnssae nanvey

Steel
Ca sing—j’~

)



Construction Details for Wells

DRILLED WELLS 26/13/21

) 0 tl-:)lacr;gsein\;elded S Flénge designed to fit pump base

ae 12° length of
18™ steel collar inserted
around old casing
ot S~Flange welded to

steel casing

A
}x“ 3° © steel collar or
AS IS — sanitary well seal

|
\

T e 4 o
., conérete

|

Clay fill —
- s 6
= N
ot
= Original
ground
level

Void Filled With
Puddied Clay or
Concrete

10’ min.

AR NNIR DN

Old sack may be
ushed down to

his level to hold B
clay or concrete %
used to fill v01d.—“2‘,}:; "
;
A
12* joint of 7" steel casing driven or inserted
around existing casing
L
=0 9 5T -
0 T d a . b <
Lot S 807 RN A
5 o PR TSR N RRENE XL
A /&}/\\ V\\\\\ A LT ek = \\\(f
2N S S 7707, VyaarY
/% 7 M V7 N e .
/ / f . STaes Figure A shows a properly constructed new
/// y / /’/’ A7 Oi‘ﬁ&:a‘l drilled well with a 12° length of wrought iron or
” // -~ / , gievef steel casing with the void filled with clay or
/// /{ / cement mix. A flange is welded on casing to
/, // // // / fit pump base.

/ $-l,/// Figure B shows another method of reconstruc-
y ¢

// /& ting an existing well by pouring 6" of concrete
/ / around the existing casing to a depth of 10°,
Z

This method requires a short length of wrought

Void Filled With 10" min. iron or steel extending thru the concrete slab
Puddled Cla-y—W to provide a rigid base for pump or sanitary
Conucrete

: # well seal,

Figure C shows a method of reconstructing an

existing well by inserting a new 12' joint of
—_— surface casing around the existing open joint
galvanized casing,

Old galvanized open
Joint casing,
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Fig. 5.6 SIMPLE EQUIPMENT FOR JET OR ROTARY DRILLING.
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Sanitary Well Seal y

ey Qutiet
DL
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e

Reinforced Concrete
Cover Stab Slopad
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Figure 4.—Drilled well.
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Plug Discharge

Air Vent
Ground Surface Sloped

to F'-ain Away from Well

JIPRGGIOn bt '
Suurce of Fone' i
— e}

__“Cement Grout =
—— Formation Cca'

———~ Dynamic (Pur:c’ ~~,—'

SN Wctr r Le”=l

=
|
i
1

FIGURE 7. Drilled well with submersible pump.



r ~——— Drill stein or drilt plpe

Wituy b ‘j
%)

»
-

§

Static _water level

3 Solid surge plinger

- Well casing

—+— Wr:ll screen

Sand and silt
in water

A

Fig. 6.5 SOLID-TYPESURGEPLUNG
ER READY FOR USE IN DE-
VELOPING A WELL. DOWN-
STROKE FORCES WATER
OUTWARDINTO SAND FOR-
MATION. UPSTROKE PULLS
IN WATER, SILT AND FINE
SAND THROUGH SCREEN.
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' Fine sond

Coovse sand

Coarsy sond

(A) Coarse port of formation in thick (B) Coarse part of formotion is thin

* Fine sond

Coarse sond

{C) Alternate ‘oyers of coorsa ond fine soni (D) Coorse mcterial cbove fine sand

Fig. 4.7 RECOMMENDED POSITIONING OF WELL SCREENS IN VARIOUS STRA-
TIFIED, WATER-BEARING SAND FORMATIONS.
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"2 leost 27 loger =7
“ than wel casng - =

Co
with water or (3
smud fhed T

Fig. 5.23 INSIDE-TUBING METHOD
OF CEMENT GROUTING
WELL CASING.


http:Fig.5.23
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Fig. 5.24 OUTSIDE-TUBING METHOD
OF CEMENT GROUTING
WELL CASING.
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Water -bearing sond

Fig. 5.25 PULL-RACK METHOD OF SETTING WELL SCREENS.
A Casing is sunk to full depth of well,
P. Well screen is lowered insid« casing.
C. Casing is pulled back to espose screen in water-bearing formation.
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Wosh ling——%=
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Expanded
laod pocker

: Well scraen

Drilling mud
particlly
removed by “
washing

Water- bearing sand

Fig. 5.30 SETTING WELL SCREEN LN OPEN HOLE DRILLED BELOW THE WELL
CASING.
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Fig. 5.31 LEAD SHOT AND LEAD WOOL FOR PLUGGING OPEN BOTTOM END OF
WELL SCREEN.



String of
pipe used
os woshline

Left ~hand
threaded

ccnnectionin
self-closing

bottom fitting________°H___

Fig. 5.32 WASH-DOWN METHOD OF
SETTING WELL SCREEN.
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wash pipe
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Fig. 5.33 JETTING WELL SCREEN IN-
TO POSITION.
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DOUBLE-CASING METHOD
OF ARTIFICIALLY GRAVEL
PACKING A WELL. GRAVEL
IS ADDED AS THE OUTER
CASING IS PUILED BACK
FROM THE FULL DEPTH
OF THE WELL:
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Leod pacher

3—'—‘—~— Pulling pipe

Sand joint

Sacking
wired on pipe

w—— Well screan

8ail

Fig. 5.39 ELEMENTS OF SAND-JOINT
METHOD USED FOR PUL-
LING WELL SCREENS.
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Fig. 6.1 HIGHLY PERMEABLE DEVELOPED ZONE AROUND WELL SCREEN.
ALL MATERIAL FINER MTHAN 1HE SUKLEN UkENINGD HAS BEEN
REMOVED. REMAINING MATERIAL GRADED FROM COAKSER TO
FINER SIZES WITH DISTANCE FROM THE SCREEN.

The development operation, to be effective, must cause reversals of flow
through the screen openings and the formation immediately around the well
(Fig. 6.2). This is necessary to avoid the bridging of openings by groups of
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Well Construction (Continued)
CONSTRUCTION OF GRAVEL PACKED WELLS

Gravel packing of wells consists of surrounding the well screen with a layer of gravel by means of an outer
pit casing. The annular space betwe2n the well casing and the pit casing is filled with gravel, Sand is then
tailed from the well casing which lowers the casing and surrounding rock into the cavity, The gravel serves to
screen the sand from the well screen thus resulting in increased life and greater capacity.
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1
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~ 1 -
IJ 4 .
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S 10* Min.
° o "3
e o '_ﬂ‘
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tee 4 2%
6 —_— X pris 3
¢ o B oo
° . 35
ot
eo Note: Gravel should be disinfected ok
o4 by immersing in 200 ppm chlorine ‘,’*\q
S o, solution, N
° .
-] cee R ¢
. ¢ ~;*>— Perforated Casing
o
0o ce2d
o ° se %0
o eo
] .. ¢ o goo.
* ° .~
e °°° N ° ‘: Figures A, B and C show methods whereby the gravel can be replaced from the
A ‘o 9.0 surface if it should settle into the water bearing strata.
cos os0® ‘
A Figure D shows the outer casing removed and the void backfilled with earth,
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The atove figures show five acceptable rnethods of sealing the well casing.
approved type commercial scal available through most local dealers.

type se
joined.

Sanitary Well Seals

40/13/20

i

Weld
Gasket&

-'%

Y

Figure C shows an
Figures A, B, D and E show

als which can be made locally. NOTE: All joints must be welded or threaded pipe securely
Flanges are joined with gaskets and easily removable bolts,

Pump Installations

A - A
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Wt e a0 afi, 6 & Q‘JQ R
o a4 4 A & e {a2%as o 'a a
H

Figure F shows a pump with closed watertight base bolted directly to a

flange welded to the casing. This is recommended as a most satis-
factory and permanent type installation.

Figure G shows an elevated pump installation supported by concrete
blocks providing access to sanitary well seal for maintenance.

Figure H shows a pump offset from casing using a commercial sani=-
tary well seal. This installation can be used where pump has an open

base in lieu of Figure G.

Figure ] shows an installation which can only be used when the purP
base is completely closed to provide a protective cover for the casing
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Pump Construction (Contirued)
CENTRIFUGAL PUMPS
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TABLE 8. — Information on pumps

Type of pump Punulm‘:uctnn p:";\‘;:‘:;zm U““'r"c‘;':,““" Advantages Disadvantages Remarks
Reciprocating:
1. 8hallowwell ...000nse 22-25 4. 22251t 100-200 ft. 1. Positive acticn. $.Pulsating discharge. [ 1. Best suited for capeor
2. Decpwell .oiovieanne 22251t Up w0 600 f1. Up to 600 ft. 2. Discharge against | 2. Subject to vibration ities of $-28 gpm
above cylinder. variable heads. and noise. aprinst moderate 10
3.Pumps water con- | 3.Maintenance cost high heads
taning wand and silt. may be high. 2. Adaptable to hand
4. Especaally adapted to | 4. May cause de:truc opcration,
low capscity and tive pressure if opes- | 3.Can be installed in
high hifts. ated against closed very small diameter
valve. wells (2" caung).
4, Pump must be set
directly over well
Ceatrifugal: {deep well only).
L.Shallowwell ..oooevnn

8. Straight 20 ft. max. 1020 ft. 100-150 ft. 1. Smooth, even flow. | }.Loswes prime easily. [ 1. Very efficient pump
centrifugal 2.Pumps water con- | 2.Efficiency depends for capacities sbove
(singh stage) taining <and and wlt. on operating under 60 gpm 2nd icads up

3. Pressuze on system is design headt and to about 150 ft.
even and free from speed.
shock.

4. Low-starling torgue.

S. Usually rchable and
guod servace life.

b. Regenerative vane 28 ft. max. 28 1. 100-200 ft. 1.Same as straight | J.Same a3 straight | LL.Reduction in
turbine type (¥ngle centrifugal except centrifugal excepl pressure wilth
impelier) not suitable for maintains priming increased capacity

pumping watct con- easily, nct s3 severe as
faimng sané or silt. strsight centrifugal.
2.They are self-
2.Decpwell o.iiven.ns. priming.

& Vertical line shaft Impellers sub- 50-300 M. i00-800 (t. 1.Samec as shallow well | }. Flficicncy depends
turbing (madti- . . turbine. on operating under
stage) 2. All electrical come decsign head and

ponents are speed.
accessible, above | 2. Requires straight
ground. well large enough for
turbinc bowls and
housing.
J.Lubrication and

»

alignment of shaft
critical.

. Abranon from sand.

oL/sL/2¥



b. Submetsible turbine
{multistage)

Jot:
1, Shallow well .........

2. Deepwell ........es

Rotary:
1.Shallowwell .,.......
{gear type)

2. Deepwell ...........
(helical rotary type).

Pump and motor
submerged.

15-20 ft. below
ejectot.

15-20 (1. below
ejector,

21

Usually
 submerged.

$0-400 ft.

Up to 152011,

below cjector.

25-120 1.
200 ft. max,

2n

50-500 (e,

50400 fe.

80-150 ft.

80-150 f¢.

50-250 ft.

100500 ft.

1. Same as shallow well
turbine.

2.Easy to frost-proof
installation.

. Short pump shaft 0
motor.

- Quict operation.

- Well stragphiness not
cntical.

. High apacity at fow

heads.

Simple 10 operation
. Does not have o be
installed over the
well.

w

“woa

w -

-

. No moving parts in
the well.

. Same as shallow well
et

. Well stragghtness not
st

~

. Positive action.

Discharge constan®
under variabie heads.
. Efficient operation.

~

w

1. Same as shallow wcll
votary.

2.0nly one moving
pump cevice in well.

[

1. Kepair to molor or
pump requires
pulling from well.

. Scaling of clectrical
equipment from
water vapoar cntical.

. Abiovion from sand.

w

.Cupauty scduces 23
It increases.

. A o suchon or e
turn line will stop
pumping.

»

.Samne as shallow well
et

.Lower efficizncy,
espetally atl greater
hfts,

~

. Subjeut 10 rapid wear
if water contans
san{ ur silt.

Wear of gears educes

eQisency.

. Samie as shaliow well
rolary cxvepl RO gear
Wear.

~

1.3500 RPM modcls,
while popular
because of smaller di-
ameters cr greater
capacifics, &re ndfe
vuincrable to wear
and [nlure from sand
and other causes.

1. The amount of water
teturned 10 ejecios
increases with ine
creased Lift — SO% of
total watcr pumped
st SO-fu. bft and 75%
at 100-ft. Wi,

.A cutless rubbe
stator ncresses hfe
of pump. Flexible
diive couphng has
been weak pont in
pumy  Best adapted
fot low capatity ed
hugh heads.

I Practical suction lift at ses Jevel. Reduce 1ift 1 foot for each 1,000 1. above sea level

lot/st/et
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FIGURE 18. Components of total operating head in well pump installations.
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Fig. 122 HYDRAULIC RAM PUMPS

Head tank

(5

@ Delivery

Stream and dam g

-— — —-—,:/.27 Drive pipe

— ey —
S~ ~— el am pump
"%R.

A typical Ram Pump installation

—J/"\

Overflow <=

Drive pipe

A Commercial Pump

An improvised Pump
made mainly from standard pipe fittings



Fig. 13.
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An impro"iied pump
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Using a bellows nizde trom a short section cut from car inner tube, and flap valves made from the same material



Main tube. Of any light
inaterial, need not be
round

High Lift
can deliver
directly to
head tank

y KWL
M

Air
space
20 cm

Construction of Pump Head

T
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Fig. 14. THE SIMPLEST PUMP

Fiug

Valve seat and guard may
be wood, plastic or metal

Valve face and hinge can be
a single strip of inner tube
rubber

/*/ W,

Sleping Lift
can be hung from a
suitable frame

i sl N7
é/ i) Z/f

Low Lift
will give highest
flow rate
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Fig. 17. THE SHADUF

6 é Bucket

Counterweig - /
g il
The traditional Shaduf ——— ———
Head tank ‘ — %

> Flexible hose
bl b /
\

Pulley

Pivot l o ———:-_ﬁ

Head T
tank

Rigid pipe

Modifications to enable direct delivery to head tank

IR \%

The improved Shaduf
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Fig. 7. FLOW MEASUREMENT WITH V-NOTCH PLATES
IN OPEN CHANNELS, STREAMS AND FR ‘M PIPES

—

T |

90° V-notch plate made
from metal or wcod

\

Gauging rod

Installation in
an open cnannel

e
: > 100 o=
. . 21.2
75 e 17.6
- 1.8
50 o= 7.5
A \\\ - e
\\\\ ’ 25w | J17
. u 0.55
0 an
Using a box'( with a V-‘notch cut out'of the side Head of Flow
for measuring the delivery from a pip2 water litres

mm per min



HEAD OVER WEIR cms.
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HEAD OVER WEIR — cms

51/1/13

at least 2H

AV

B e
777 L;v—r—r— i
. - o
Vs H : l - A
4'~--r—/—rﬁl'i' H —- :

SRR NAREAME ML
I AR ENREEY SRR AN N fA

I T

it

dd b pendaasiodie.
1§ SEREESE N It

1

';'h'

g

ESIRANBENPISS It
SRERDNNSN Sathild
ey mmbdbdies fees i t!:«
o l." ; * ¢ ‘..'00 111
- l—oy-f—-»o?—ro-o uftT-?”- IR R et ol "YE_I ""']{”T :}v« !{ H
™ . T Tt T 1208 B
Sty dbate fotd g boaerfielonpenibd ity b 1 4
RS wwkEant ug sl ot EEn o MEH ML I 11
e st ot Tt
. % I 1 “d '-‘—3-"*4%?“ -
FUURRYITES WaRHE I
1 NEESEEY
AR 1
. Tadosidiestad oty ! ' b 4 AT' yost Ai,
Rl IR X [N i ' [BR EER ARG .
e D LIS N A 1T ENRANTE S AR i
’ i’f?‘f‘%f’? ‘T%T:‘I??”f' 1‘" SERE IRk fard sivire—t : "H'H'T]“
1 : fonitlbiblatug IR M T i T_!hi it
0-00 00z 003 004 005 006 007 008 ‘&9 O 02 ‘03 g

Q= 5.64 3432
B = Width of weir — metvies
H = Head — metres

FLOW — Cubic metres per second

Fig. 9. MEASUREMENT OF FLCW OVER HORIZONTAL WEIRS



Down Spout—> '
from Roof ‘“"’“ tie s‘“' Flopper Volve
Screen—z ToTo _L g
ay Ov..no-\q-
(e e S
*
Roct ! __:JA
Manhole Cover Washer };1 = |,
ﬁ Receives First | Faucet T e Eflective Size 9.3~ |12 '
- A Runoff From Roo! _I";’ ik ’.|‘Li Bn, Sond 1/87 10 Leone ] I;
lJ Caulklng-) DT 77 I s 1 L8 T BT e 1Y Gravel e
R AR T SR AT AR Nl T p
— L gy, N e g )
Maximum Water Level

N Ve TR

Basement

oA el LA

FIGURE 12. Cistern.

G9/61/2%



53/5/22

:-_"""“"“"""""" A
( o A
Screened Overflow :“ ,', :
and vent i e ]
1 '—-Screened Inlet P :
1 and Qutlet / !
| ‘| // ‘,J..
: | -Manhole and , /7 “1,{ switch
2\ .t WL Cover P S
[ 1) SR / : Control
1y 7 |
f :
/3 _L—~Screened
B 2T o {
< =1 'r;“,;_‘ff Drain i
// Iul _____ .L.—_ ::::__—.::::: =Jl
Valve and

Box

PLAN

Swiitch Control

»—Manhole Cover

Screened Overflow
and Vent

. e Virought Iron :
& J Steps Electrode ";
: >y l;‘= l
e
i SEH
NSRE
1 3 '{ Screencd Inlet

<.

and Outlet

Screened Drain
/— /—Slope Floor to Drain

- ; e et

Valve and :
Box X B

Drain WA ,‘“x'la

g

A

TN
I R N T S .
ELEVATION
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AUTOMAIC WATER SYSTEMS

Pressure System (closed tank)

A pressure water system consists of a motor and pump, pressure switch, pressure tank and an air volume
control, The water enters the closed tank from the pump compressing air in ihe tank, The compressed air
forces water from the tank to opened faucets until the pressure drops to20 pounds at which point the pressure
switch starts the pump. The pump operates until the pressure switch stops the motor at 40 pounds pressure,
The air volume control is a device designed to force air into the tank on each pumping cycle to replenish the

air lost by absorption thru the water.

A larger column of water can be delivered by a pressure tank by precharging the tank

with air prior to filling with water. This reduces the number of pumping cycles on the

pump, lowering the cost of operation. The following table shows the amount of water 42 GAL.TANK
delivered between 40 psi and 20 psi when pressure tank is at 0 or atmospheric pressure
when filled with *vater as compared to a tank filled when precharged pressures up to 20 Compressed

psi are present in the tank. You will note that a tank precharged with 20 pounds pres-
sure will deliver 36,6% of the total tank capacity as compared to only 15. 5% when tank

is filled at aimospheric pressure, .
Water level 5140 Ibs pressur2

air

Approx 7gals. of water
withdrawn before
pump starts

Volume of water delivered
with precharged tank

Hater level at 201bs pressure)
Air Volume/_\ Tank
Control Pressure Tank Size Water Delivered .
Pressure Callons Reservoir of water
Switch @ L for emergency use
Motor & 0 PSI 20 PSI
42 6.5 15,3
51 S |
Pumpy | II 600 93.0 219.6
l 15.5% 36.6%

Gravity System (elevated storage)

A gravity water system consists of a motor and pump with an elevated storage tank. The mator may be
controlled by a float switch or operated manually to fill the tank. The supply pressure is governed by the
height of the column of water less pipe {riction loss. Since a column of water 1 inch square 1 foot high weighs
+433 pounds the total pressure exerted is found by multiplying the total height in feet of the water in storage
tank by .433 pounds.

o —

[ ral ] Relief Vent “22 gv~ Manhole

g _"‘ v, u A_ > O—'f

5 16 sie _t' Float Valve /  lorOverflow
Overlapping type manhole required for storage or Switch
tanks, filter clear wells, and dug well covers.

b - e §
D ' Tank Supply.

- House Supply

Emptying Valve

Air relief vents for storage tanks or well seals,

E
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Hydro-Pneumatic
Booster System

To System

Air Compressor Serving only
Hydro-Pneumatic Tank

A Float
M\ / Valve

Figure 15
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House Booster System
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Fig. 18. SEDIMENTATION TANKS

Effluent outlet

Tank floor sloping
towards drain at 1in 10

Sludge drain

Effluent outlet

Sludge drain

Cylindrical
intet baffle

Vertical flow type



Fig. 24. TRICKLING FILTER FOR AERATION

Inlet pipe with sprinklers

;\/\/"v\/ \/"’\(

“\f”\ /‘\f
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AND IRON REMOVAL

Trays 25 cm decp with
perforated bottoms

Notches for ventilation

15 em layers of stones
25 cm grade

Lollectlng tray and delivery pipe

——“-W

The approximate rate of flow through this type of filter, is up to 1600 litres per hour, per m? area.

The number of trays should ke found by trial.
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Fig. 20. RAPID GRAVITY SAND FILTERS

Perforated inlet pipe

——-—--—-.-um—x

Operating head 1 to 2m above sand

é Top drain cock ﬁ ) ¢

I, ¥

Sand 0.5to 1 mm
11in deep

Filtered water inlet

Gravel 30cm deep

-—--.n.nn-.--nu-nmJ
r—-——-u—rummv —-——

! ! Storage tank
) Draincock

o
—
Backwash pump i -
Operating sequence

While the filter is operating keep the draincocks and the stopcock in the backwash line closed.

To backwash, shut off flow of incoming water, close filtered water stopcock. Open top draincuck until the water
above the sand has drained. Open the valve in the backwash pipe and start the pump. Allow surplus water to overflow
through the top draincock until the sand is clean.

In some filters this operation may be assisted by raking the sand from above or by blowing air from a compressor
through the sand bed from below. After backwashing is comgleted, reset the valves and restart filtering.



Fig. 21. SLOW SAND FILTER

/ !_/é
— Water inlet
iV )\
oYY \/ '
/
. Qperatiny head Y2 to 1 m
Floating outlet
bn S B B VOIS IBET DWW G BOW® B SAew TS VBE VCCBY WEP WP WO G IERS ¢ oy
Sand 0.2 to 0.5 mm grade 1 to 1.2 m deep
Z—““Zv) .Tju--—JTL::;I?EEZJT.:T::‘;:ZZfJTZE?£TZ:‘J:':: -

[

Support bed of graded gravel with underdrains

Operating sequence

When the filter becomes blocked, it may be cleaned by stopping the flow of incoming water. Dram the bed to expose
the sand. The surtace layer of 3 to 5 cm of soiled sand may than be removed with shovels. When this operation has been
carried out 3 or 4 times a fresh layer of clean sand should be put in position 10 maintain the thickress of the bed.
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Fig. 22. THE UPWARD FLOW SAND FILTER

Preparation

1) Remove the top and trim it
to fit inside. Pierce with 2 to
3mm holes & cm apart all avel

2) Pierce the drum to fit the
‘ inlet pipe, outlet pipe and
the delivery pipe

3) Paint all inside metal sur-
faces with bituminous paint
to prevent rusting.

44 gallon drum will make a filter able to
treat 230 litres (50 gal) per hour

Assembly

Water inlet pipe

¥
Lid

' ]
.‘—'M

h\‘i-:?— ~p Delivery pipe
)
Q

> » ® 6 oo ey

e e, Sand 3 to 4 mm grade
‘e, e f 25ta30cmdeep
., R

* . e ® ¢ | pertorated plate
) ( &Y T Drain plug

Stones to support plate

Operating Sequence

Allow water to filter at up to 230 litres per hour. To
backwash stop flow, remove drain plug, allow dirt
to flow out. Replace drain plug and restart flow.
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Fig. 23. THE HORIZONTAL SAND FILTER

Ditch to divert surface water
(NN Yo,

Water inlet pipe
\

e
. J
e

R i
. Ll
/‘}}4 e ; channel Outlet }{::
% channel ///7 /&:‘ Plastic
% / '{’c' é}:. sheet
. ’ o ". s, R W—‘:-m; iy
L 3 1]

Sand ///// / \5 . -";"/

1.85 0 0.25 mm //'/ |- K&} e : o
Y2 to 2 m desp //;\\‘\ . ' s et ";}, /}-
1 N . . . 7
/}'.‘:i;r e * . ¢ 0 KIS /)
,’/‘7’7;\ -;’v N;“ > :: ' . »
1777 7?7’?}}77*??; s
Continuous flow type e ray,

Length 10 to 13 m from inlet to outlet with effective slope 1 in 20,
When inlet channel beeomes blocked, divert flow to new channe! cut 1 m below first.
The first channel can then be cleaned and normal flow resumed.

Intermittent flow type
Needs to be only slightly larger than flow demand.
To clean inlet, remove drum and ball valve and refit to one side while dirty sand is removed.



Modified Slow Sand Filter for Treating Surface Water
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o | del T ey
Drain f,

Section
D

Plan

Figure A shows the piping arrangement
with valves which can be manipulated to
back flow water tk u filter. The filter
can also be pumped down lcaving the
clear well full for usage during cleaning
periods.

Figure B shows a typical plan for a rect-
angular concrete filter unit.

Figure C shows an isometric view of the
unit,

Figure D shows a cross section of the
{ilter and clear well with the additional
piping arrangement needed. All piping
can be done thru the side wall of filter
and clear well into a pump house con-
structed at ground level.
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tow Sand Filter (Continued)
ALTERNATE DEGIGN

Positive Action
Chlorinator

Chlorine
Solution
<+z_Bottle

Pressure
Tank —2 —7

Supply Line 4T3 Ly / Pump

Float Oeeratuc‘d Switch | Valves-w, - Outlet! - ﬁlorine may be added
7 &“ - -t If 1 he on negative side of pump

’ . Sanitary Well Seal

- W 2 y

g . Float)' ] ater Level ’:‘?"L—Steel Collar

€°'§ rr’,‘—__: — C)l =

g @ T B :q .

O i e~ =7 || —Brass Cap with Orifice

g

(See Table)

£~ Baffle

-4

Ground Joint Union

3/4" Rock - O
Pea Gravel - 3"

Copper or
Rubber Tubing

R
" Min. Coagulation Chamber

Dram ‘

TABLE IV

Table showing water flow thru orifice sizes at

2' to 8’ head pressure,

2_/‘/Air Vent

5\

Rubgggpper

1 C
Giaggigy Copper

Chlorine Bottle Top

B

Head in Feet
> | 4] 6" 8"

Gallons Water Delivered per Day
1/16 107 153 182 215
1/8 434 619 757 873
3/16 960 1370 1675 1930
. 1/4 1740 2475 3030 3495
E 5/16 2660 3780 4640 5340
E 3/8 3630 5160 6320 7280
E 7/16 5260 7500 9200 10580
§ 1/2 6850 9750 11950 13750
% 3/4 16800 23950 29300 33400
1 27900 39500 48400 55000
1-1/4 | 47500 67400 82500 93900
1-1/2 | 63000 89200 109300 124500
1-3/4 | 86400 122300 lsdooo 170500
140000 198500 243000 276000

DESIGN FACTOXS

The area of the filter must be no! less than one
square foot per 50 gallonz ot water per day.

The clear well voluzne should be designed to siore
the maxinw.= amount of water needed for peak
period dem.nd considering that the recovery thru
filter amounts .~ only 2 gallons per square foot
per hour. Minimum volume should be considered
at least 3/4 of the total daily demand,

The volume of the coagulation chainber depends on
turbidity of the water source. It serves to reduc:
the need for cleaning filter sand. Coagulants core
rectly used in the chamber will further extend
normal fancticning time of the filter. Coagulation
chambers may be omitied in instances where the
water sousce is from clear springs:, wells or
cisterns.

The orifice controlling the flow thru filter into
clear well is extremely important in that the flow
must not exceed the design rate of 50 gallons per
square foot of filter area. The table (Figure C)
shows flow rates at various heads for use in de

termining the correct orifice size,
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COAGULANT-FEED.
INLET VALVE

COAGULANT.-FEED
SUCTION FLOAT VALVE

COAGULANT-FEED
SUCTION VALVE

COAGULANT
FEED INLET

RAW
WATER

PUMP
DISCHARGE VALVE

PRETREATMENT TANK,

RAW . WATER
RAW WATER WITH COAGULANT CHEMICALS ADDED
L) COAGULANT CHEMICALS

Figure 661, (Added.) Flow diagram during pretreatment of raw water
in water purification set No, 5,



HYPOCHLORINATION
UNIT,

10
HILTERED-W/ATER
K

™~
/' VALVE

T SEPTUM

SLURRY FEEDING
APPARATUS

MOTOR

ELEMENTS

EFFLUENT

DISCHARGE VALVE

%

FLOATING -“
OUTLEY

o,
Q*ﬂf pf““*“
1547 RLTER SHEL

UNFILTERED PRETREATED WATER

PRETREATMENT TANK'

-] rureraio sturey

D FILTERED WATER

FROM SECOND
PRETREATMENT
TANK

Figure 66,2, (Added.) Flow diagram during filtering of pretreuted waler
: in water purification set No. 5.
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BACKWASH

_______ INLET VALVE
HTIRED WATER
TANY
NTHR
PUMP
o'
\{ n|@ ==k
DISTRIBUTION
PUMP

)
FILTER PUMP

DISTRIBUTION SUCTION VALVE

DISCHARG!
VALYVE
D FILTERED WATER

BACKWASH WATER

Figure 663, (Added.) Flow diagram during backwashing in water
purificotion set No. 4.
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PRE COAT
DISCHARGE VALVE

HYPOCHLORINATION '_R;‘%(:A[
UNIT

QL
EFFLUENT —‘\'ﬁ -

DISCHARGE
VALVE

EACKWASH
INET VALVE

3
SUCTION VALVE

FILTERAID SLURRY
[ rurereo waren

Figure 66.4. (Added.) Flow diagrant during precoating filter in wn’er
purification set No. 5.



INTAKE
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I
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TANK
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H Lo2* 2
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H Lz : DISCHARGE D) _sackwasn
b e VALVE INLET

Wl QD VALVE
_____ e,
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) ' \ DISCHARGE

' ™ ’ = <2 VALVE
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. & >

@% ./ DIS;ZI:L;HON
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a

Figure 6.8, (Added.) Typical layout of water purification get No. 5.
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FRIERAID SturRy

"\ i HCOAT

1anx //‘.\ tg PrIRLATIINT
s>

SETTL{D WATER

[ mreean sturay

TO FUTERED - waATER
TANK

E] SETTLED WATER WiTH FLTERAID SLURRY
O wurerto warer

Figure 66,11, (Added) Flow diagram during filtering or p;etrmted water
i waier purification set No, U,

FILTERED-WATER TANKX

FILTERED-WATER
BACKWASH PUMP OUTLET VALVES
DISCHARGE VALVE

CHLORINE
INLEF

_—‘:—"ﬁ-—[' ‘. o
EFFLUENT FA P IL |-l
i msmaunou
HYPOCHLORINATOR ! PUMP DISCHARGE
7 )y Z
LD
5 I In == 3 10 DISTRIBUTION

DISTRIBUTION
PUMP
6 ¢
BACK WASH I — BACKWASH I —~
Vi ING
rump ‘ ‘ lc’ VAWE ‘ ' C'
\ >

BACKWASH
HOSE

Figure 66,12, (Added.) Flow diagram during d.zstﬂbutum of filtered watar
in water purification set No. G.
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FILTERED-WATER TANK

-
---------

e
e
. =
— 4 . _ I sackwask water
& |
[ rureato . wates

SACKWASH
UM

Figure 66,18,  (Added.) Flow diagram during buckwushing in water
purification set No..U.
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FRUM
PRETREATMENT

TANK

——

TANK

W FILTER ——<
) | FILTERAID SLURRY
/’ ] FILTERED WATER

Figure 66.15. (Added) Flow diagram during precoating in water
purification get No. G,
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Tass
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Figure 66,15, (Added.) - Typical layout of watsr purification set No. %,
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HTPOCHLARINATOR

|
FuMe

a

10
DISTRIBUTION
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Figure 170.7. (Added.) Layout for 50-gpm diutomite stationary water
' purification equipment.
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Figure 170.2, {Added.) Layout for 200-gpm diatomite stationary water purification equipment.
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4°102° REDUCING
COUPLINGS

DIATOMITE
FILTER

COACUtANT TH{D
MY

ASSE

HYPOCHIORINATOR
NS CHIORINATID
i) FILIERED WATER TANK
H

HAW WATEI
LITtUERNT ~
DISCHARGE BACKWASH
VALVE INLET
vALvE VU] wAW WATE wiln COAGIATING. CHEMICALS

DISTRIBUTION
DISCHARGE

VALVE SEITLED * ATER

LVILIMBLHON FRI7 2010 AURRY
rump

10 DIST2AWNION

SETTLED WATER WITie ZRTERAID SLURRY
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CHLOKINATED FRTERED YYATER

Plate VIII. (Added.) Flow diageiam of water during production of fillered
water in water purification sct No. 3. (See pur, Sidua.)
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[URS TS VINEIY
inhe

CHLOMMNATELD
TRILPLD WATER TANK

RAW WATER

RAW WALEN WilH COAGUHAIING CremC

SLITL(D WATLE

<
%- Y
VAIvE
BACANWASH.
rume

10 DILIRUTION

fILICRATD SLURRY

SLTTLED WAILE wiltth 1 IERAR? SLUERY

OOEORBE

ILTERED WATLR

CHLOPINATED MLTERED WATER

DISTHIBUIION
PUMP

DPlate VII3. (Added.) Flow diagram of water during production of filtered
water in watér purificution set No, G. (Sce pur. S5.11u.)
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FHTEPED WATER TANK R

CHECK BACKWASH WATER

VALVE

BACKWASH
rumre
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Plate VII5. (Added.) Flow diagram of water during lmckwuélu'm] of
water purification sct No. 6. (Sece par. 8:.11a.)
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Fig. 19. DOSERS FOR SOLUTIONS OF COAGULANTS OR CHLORINE

Air iniet hole in
cap must be kept

Simple Type clean

may use plastic or
glass bottle

Tap or clip on delivery line to
control rate of dose

N

2r PV st 7, ppd s P20V 4rF Il 1 e

Painted tank, must be fitted
with lid

) Wood or plastic float carrying plastic
/ y tube with inlet hole about Scm below
/ ( surface
( /]
/ /)
1/
/ Flexible piastic or rubber connecting
:J / tube
/
} / .- el
A \ /] / -
/ X — ) 3 Delivery tube with tap or clip
[  Iaasa P
] Stock
tank
Constant head type o
Flexible connecting tube Constant level tank
with ball valve
{ Solution delivery jet
/! ==
,‘\"ﬂ,’_:;’"’““ : _-'j a
Main water inlet \-/ ﬁ ;_)
- ] .
{———— R T g ¢ .
- Y A d=pr Final delivery

Float on V-notch plate Mixing chamber
pivoted arm

Variable Head type cot’pled to V-notch measurement of flow
gives a dose rate approximately proportional to flow rate.



Flexible rubber

or plastic hose

Outlet

o -

Floating bowl

4

200-litre drum or
—— concrete container

/Taux nylon siring

>

Platform table

1 i 1 1

To feed point

e

WHO 40439 L

Solution level

FIG. 21. FLOATING BOWL HYPGCHLORIMATOR *

/Solution Tevel

f—————

Glazed ceramic bow!
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Rubber cotk

$-mm bore glass miz. diam. 4.4 cm

3-mm bore glass tube

12-mm rubber tube heated and drawn at

top end to give a
small orifice

Detail of floating bowl (section)
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WATER SUPPLY SYSTEMS

FiG. 22, CARBOY HYPOCHLORINATOR

Plastic hose

g Rubber stopper

Chemical carboy container
as locally available

|

Shipping
containe

Ree

J

To clean water tank/

"o 60799




SANITATION IN NATURAL DISASTERS

FIG. 15. PLASTIC JERRICAN CHLORINATOR

+  FLOAT
250 120 mm

- pLasTic sEpRICAN

s

0mm rm
122 130na
e p— L T cover
R . e
SIEVE r - “SIEVE \
RUBBER STOPPER 1] [~ RugeR sToppeR
8B Y % b
R o i B [yt
- GLASS TEE FLOAT “gemee e GLASS TEE
A 280 1202
f !
)
i nupseR Host g ‘ FLASTIC JERRICAN . RUBBE R HOSE
. 9mm § 6 9mm. .
t
L
" RUBSER STOPPLR .
..] J9 25mm -
|i PLASTIC COVER bty
1
H_ O CLEAK WATER TANK TO CLEAN NATER TANK N\

83/4/52



SANITATION IN NATURAL DISASTERS

Auxiliary materials :

1 plastic funnel
1 mcasuring cup

1 plastic tube, external diamecter 12 mm, interna! diamcter 9 mm,

(about 10 m)

2 plastic S-litre buckets for preparing chiorine solution

84/4/50

length as required

FIG. 13. EQUIPMENT FOR FEEDING HYPOCHLORITE SOLUTION

Fiush drain
N

N

[l
'
-]

I

Water supply

Plon 'section
Guide
Rubber slopper\ﬂ ;

SO RN N

Bind rubber tube
and brass tube
with copper wire

3 ' max.

N

Wooden
™ float

“Orifice

Brass tube
cast in wall

Shut-off

ot
N

¥

“~Brass flush drain

DL rv.-/ic\-/J/:'
Thick-wall soft\Q

In

1~ valve
»

T

rubber tubing

Elevaticn section

wHD 9152

Reproduced from Builetin No. 21, New York State Department of Health, USA.
Note: Brass material may be replaced by plastic.
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ENVIRONMENTAL HEALTH MEASURES

FIG. 14, APPARATUS FOR HYPOCHLORINATION

x = 3
1 l
So-gullon bcrrel 50 gollon borrel
[
| I
7 \ J
v i \
(75 —h im
[ o=
‘ hy I.L‘
) /£ B
Drain Float valve
-~
Constant-
Drain valve - pu::::re
J < 8‘\ 3
F
== — 5 unnc_l \.! Control valve

Pipe conducting == =4 Yepercack
water Water-seal tank b I
und ss ~
er pressure ’7—_&'{!_—"‘}- '
" 1t ~
A

To point of application of solution
' wno 9153
The water-seal tank and connecting piping are not needed when the solution is discharged

inlo an open conduit, pump well, etc., but musl be used when the solution is discharged into the
suction side of the pump.
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Hypochlorinators for Disinfzction 211

Head Tank
2 \

Hand Diaphragm Pump

Batlle

Water Outlet
Water Inle:

Baitte

7. Diagrammatic sketch showing the installation of a split-flow erosion type hypo-
chlorinator for field use in a situation lacking electrical power.



ENVIRONMENTAL HFALTH MEASURES

F1G. 16. STANDARD DOSING CARTRIDGE FOR CHLORINATION
OF DKINKING-WATER

BIL.LEACHING
POWDER

¢50min‘
T

<_¢ 100 mm |

This cartridge has a capacity of 480 g of bleaching powder and an active chlorino release rate

of about 40 ing per hour.

FIG. 17. VESSEL WITH DCSING CARTRIDGES FOR CONTINUOUS CHLORINATION

i

wah N1

RACK TO SUPPORT
CARTRIDGES AT THE

/’ REQUIRED HEIGHT

< t=. TO WATER RESERVOIR OR
SUCTION PIPE OF PUMP
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Hypochlorinators for Disinfection 207

£ INLET
BRIQUET OR "L SLOPING BITTOM
HOPPER
TABLETTED
SANITIZER
——
ouTLETe€gEE =

2. Diagrammatic sketch of the sloping bottom type erosion feeder for use with
briquets or tablets of a disinfectant.

SANITIZER CARTRIDGE
OR BRIGUET STACK

ORIFICES

/' OVERFLOW TUBE -- ADJUSTABLE

f
|

ol QUTLET

3. Diagrammatic sketch of the impingement type erosion feeder. The rate of dis-
solving or erosion is varied by changing the head of water “h” on the ernding
stream of water.
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Mood

/MESH BASKET

/ TABLETS OR BRIQUETS

"LOVERFLOW  ADJUSTABLE

INLET E'D'.__;_)jh - \::Eb OUTLEY

4. Diagrammatic sketch of the suspended mesh basket type erosion feeder for use
with a disinfectant in the forms of tablets or briquets. Note the adjustable over-
flow which permits some variation on the rate of chemical application.

) REFILLABLE, SELF.VENTING
L vorper, .

TABLETTED
SANITIZER

FEED RATE INDEXER

ORIFICE

DISSOLVING CH/MBER

5. Diagrammatic sketch of the split-flow type erosion feeder.



TAELE 2. CHEMICALS USED TO COAGULATE WATER OR ADJUST ITS ALKALINITY *

Artificial alkalinity
required in grains/gal

Natural or mg/i to react with
aikalinity | one grain/gal or mg/i
required of coagulant
Chemica! n
. Emer- Dose . grains/gal
{comron Appear Use gency grains/gal Eftective | "o Remarks
namgs in ance sources {gn) pH range reac. with
parentheses) one
grainlgalf
or mg/l of | Hydra- Quick | Soda
coagulant ltifnde lime ash
Aluminium Light tan to| Coagulant | Hardware 0.3-3.0 4.4-6.0 0.45 0.35 0.28 0.48 4.4 to 6.0 pH range used for
sulfata grey-green store, (5.1=-51.0) 5.7-8.¢ highly coloured water.
crystals fertilizer 8.0-10.5 5.7 to 8.0 pH range used for
store or turbid and mcderately col-
chemist's oured water,
shop 9.0 to 10.5 pH range used in
(pharmacy) alum coaguiation of carbo-
(alum, ﬁlllfer nates in lime-soda softening.
alum, sulfate
of alumina)
14
Aluminium Whita Coagulant Lerge 0.3-6.0 5.7-8.0 0.2% 0.23 0.18 ! 0.31 Less soluble than filter alum.
ammonlum crystals swimming | (5.1-103.0) approx. | approx.| approx.| approx.| Use is generall¥ restricted to
suifate pcols swimming poois and pres-
gure filters. Ammonium con=
(?mn;onla tent is availabie.
alum
]

SYALISVSIA TVINLYN NI NOILVLIINYS

96/%/06



Ferrous sulfate | Green to Coagulant | Fertilizer 0.3-3.0 8.5-11.9 027 0.22 Not
brownligh- store (5.1-51.0) nor-
yellow maily
crystals used
(copperas, iron
suliate, sugar
sulfate, green
vitriol)
Sodlum White To adjust Hardwar= 0.1-2.0 —_ —_ —_ —_ Read!ly soluble.
carbonate lumps, pH or store r (1.7-24.0)
cryslals, remove chemist's for pH
or powder permanent | shop adjustment
hardness {pharmacy)
(soda ash)
Calclum White To adjust Fertilizer 0.1. 55 -— —_ —_ -— Only slightly soluble, so fed
hydroxide {umps or pH or store (1.7-60.0) as a suspension,
powder remove for pH
carbonate adjustment
hardness
(slaked lime)
Calclum White To adjust Fertilizer C.1-3.5 —_— -— —_ — Must be crushed to powder
carbonate lumps pH store (1.7-60.0) before use.
(limestone, '
chalk)
Sodium White To adjust Grocery 0.1-2.0 —_ - _ —_ Readily soluble and very cor-
hydroxide flakes pH store, (1.7-34.0) rosive,
hardware
store

(caustic sods,
lye)

¢ Adapted from: US Department of Heaith, Education and Wellare (1561) Health mobifizaticn course manual, Washington, D.C,

STUNSYIW HLTIVIH TYINIWMOUIANA

LS/t/16



o

FARM LAYOUT
WATER SUPPLY PROBILLEM | SPRING

Figure 2

HOUSE BARN PRESSURE
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Fig. 38. WATER TREATMENT FOR EMERGENCIES

Emergency storage tanks

£

syt iiii /5/ /; -

ireswre®t . wae o r/
57
L\

Wooden sides with uprights 7770
at 1 m spacing or less, lined

with plastic sheet.

Maximum water depth 1 m

=i
Excavated pit lined with
plastic sheet. Corners made by
folding. Stones or sacks of
earth on bottom and rim
maintain shape.

Length of plastic tube (lay flat) laid between earth banks to support upturned ends.

P d

Pr4 o o

Cloth filter

Wooden frame supporting 2 or 3 layers of
cloth without joints or seams.
Removes suspended matter only.

Emergency supply layout

Primary tank for storage Secondary tank for filtration
settlement and coagulation chlorination and storage—
cloth filters 1iriuse 1 spare i .
' P ]\ Drip feed
= X chlorine
' doser
~

~—

\

Distributing pipe

o—-@ '.. A ' " g
Input />P’>.> Source Stream  GoemmesTes
pump Sludge drain ‘ %
;77».’_'

Adl tanks should be covered. Plastic sheet will suffice.
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Solar distillation should be considered a possible method for water-
supply uncer the following circumstances:

(a) DNatural fresh water is not available and saline water is available;
(b) The clirate is good (i.e., the solar radiation levels are high);

(c) The potable water needs for the community or user are below about
50,000 grd;

(d) Reasonably level land is available for solar-still sites

(e} Such land is in isolated locations where inexpensive power and
highly trained manpower are not always available.



Figure 2. Schematic cross-section of basin-type solar still

Glass cover
Angle of glass
(10°-20°) Condensate trough and drain
Saline-water inlet .

m liner

Brine drain ?

:“ C Z - ; J\
TS US NS USESSUSIUIS SIS
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Figure 3. Schematic diagram of solar distillation plant, éhowing
major items of equipment

Saline-water
head tank

R

2

[}

Saline-water pump } \

Saline-water line

Product-water storage tank

N

'

Solar still units Product-water

W\~ Condensate line

. pump

2

A
A

//F Waste brine line - €4 (
N Condensate collection tank < \ \\ /‘\<\\\\\
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Figure 4. Plan and sections of basin-type solar still, Daytona Beach,
United States of America

Single-strength B-
quality window

Space between

beams (1/8")
glass (48" x 32") /
A I H’ 1l nA

T3
~

1
8 U 4

Asphal-t_seals Pre-c-:Zst
between t-concrete beam
panes _\ (each 72" long)
- Concrete block
end walls

\ 5
= = N—
Distillate header pipe Distillate drain pipea

Concrete block, | ! Glass slope (approx. 10°)

so0* ! 56"
] /)ﬁéxsasm liner

)

Liner buried at perimeater

T\
Concrete block
(8" x 8" x 8")

SECTION A-A

Solid concrete

block, asphalt coated

(4" b'3 8" X 8")

Brine overflow pipe Concrete block Concrete block
/ (4" x 8" x 16") (8" x8"X16")
PN - . iz’ NN N N MO i ' A A DN

{

Source:

SECTION B-B

““-Distillate header

pipe

Battelle Memorial Institute, Design of a Basin-Type Solar Still, Office

of Saline Water Research and Levelopment Report No. 112 (Wasbington, D.C.,
United States Department of the Interior, 1964).
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Figure 6. Plar and.sections of solar still, Las Mdrinas, Spain

< _. I
- __);-_1
I xS ,{Z':. ! I
. o ) ‘o // '
Outer walls of hollow , . l } / l
concrete block , N S 1 S . e
T~ = X
T Lower
' 1 : (beam
I #
' ]
I | S
| 3 T \’\Upper
beam
7 i ' /
.l i =
<
8.45 ft 8.45 ft |

4,225 ft | 4,225 ft 4,225t | 4.2251t r x

902 pleces of glass,
each 4,13 ft x 2,55 ft

SECTION A-A /| ~p—Fs Fa— :
- =3
/ i l Asphalt liner /

Concrete block plers

Prefabricated concrete beams

-T

o Sy e T —r— F——=3
END VIEW b Bottom of basin

Sources: P. Blanco, C. Gomella and J. A Barasoain, Installation Pilote de
Potabilisation Solaire de "Las Marinas" (Lspagne) Cooneratlzﬁf
Mediterraneen pour L'Energie Solaire Bulletin No. 9 (Marsellles,
France, 1965); P. Blanco, C. Gomella and J.A. Barasoain,
Installation de lotabilisation d'eau de mer et d'eau saumatre -
Las Marinas (Almeria), Coopération Mediterranéen pour L'Lnergie
Solaire Bulletin No. 11 (Marseilles, France, 1966); P. Blanco,

C. Gomella and J.A. Barasoain, Projet de Distillateur Solaire pour
1'Ile de Neuva Tabarca (Allcante), Coopération liediterranéen pour
T'Energie Solaire Bulletin No. 12 (Marseilles, France, 1967).

Note: There are eleven upper glass-support beams and ten lower glass-support
beams, each mounted on fifteen concrete block piers.



Figure 8. Section of basin-type solar still, Commonwealth
Scientific and Industrial Research Organization,

Australia
HORTICULTURAL
GLASS
o ult -0 \ .l
| SILICONE
: - SEAL |
: . 1
-5 4, R e =
7: e i g2 oriromnt Z 7 DT,
i /( /
FRESH WATER = SHEET POLYTHENE 'SALINE HEIGHT OF WEIR
! - 1"
COLLECTED METAL FILM WATER 1-3/4

IN TROUGH TROUGH
CABLE ASSE MBLY

Source: R.N. Morse and Y.R.W. Read, "The development of a solar still for
Australian conditions", _lfz_o_cgedings of the Cog.fgfg_n_c_c_a_pn Pow_e_r;
Production and Energy Conversi‘o_r}, 1966 (Sydney, Australia,

~—

Institution of Engineers, 29-30 November 1966).
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Figure 9. Section and frame details of basin-type solar still,
Technical University of Athens, Greece

o e — 2
Alternative D

Sources: Battelle Memorial Institute, Second Two Years, Progress on Study and

- Field Evaluation of Solar Sea Water Stills, Office of Saline Water
Research and Development Progress Report No. 147 (Washington, United
States Department of the Interior, 1965); A.A. Delyannis and
E. Piperoglou, "Solar distillation in Greece', Proceedings of the
First International Symposium on Water Desalination (Washington,
United States Department of the Interior, >-9 October 1965), vol. 2,
pp. 627-640. :

Key: .
1. Concrete frame L. Distillate collection gutters
2. Sand layer for levelling 5. Aluminium frame
and insulation 6. Glass covers

3. Butyl rubber sheeting



Figure 10. Schematic design for demcnstration unit, small-scale basin-type
solar still, for use on Pacific Islands
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SECTION H-H

y of Bari (Italy), Coopération Mediterranden pour

5 (Marseilles, France, 1963); E.D. Howe, B.W. Tleimat and
A.D.X. Leird, Solar Distillation, Sea Water Conversion Laboratory Report 67-2 (Berkeley,

University of California, 1967).
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Figure 11. Schematic sections of plastic-covered basin-type
solar stills

Air-supported plastic cover

Weighted plastic cover . Collection troughs

Inverted-V type
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Figure 16. Comparison of results of extended tests of capacity of basin-type
golar stills with results obtained from calculations
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Figure 18. Compression-distillation unit using electric
energy from solar power plant

- Steam
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Multiple-effect evaporator heated by steam from

Figure 19.

focusing solar collector
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Figure 20. Multiple-effect evaporator heated by steam
‘ from flat-plate collector

Glass sheets Solar energy

Superheated
water Black sheet
metal
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Iy
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= Complete
multiple-effect
evapcrator unit
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Figure 21. Multiple-effect solar still employing glass covers
and copper condenser-evaporator plates
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Figure 22. Glass-covered evaporating pan with reflecting surfaces

Solar energy

Optional
white or
polished

reflector

Glass in wooden

frames \
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l Distilled water
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Figure 25. Extruded plastic still with blackwick for
evaporation and cooling

Solar energy

Clear plastic

Evaporation extrusion
/ -

at this side s

\ Heavy blackwick
Condensate \\ /satu rated with
salt water




Figure 2k. Tilted-tray solar still
Sea Water In Sealant
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Figure 25. Tilted wick-type solar still

o~ Feed water

Distillate outlet 4~
~

Brine outlet

Source: M. Telkes, "Flat tilted solar stills", Proceedings of the International
Seminar on Solar and Aenlian Inergy, Sunion, Greece, 1961 (New York,

- - e aratsva.

Plenum Press, 1964).




Figure 26. Experimental muitiple-stage flash solar distiller,
Puertc Penasco, Sonora, Mexico
Collector outlet reservoir

Collector inlet reservoir

Extended
surface

condenser
Solar collectors

« Packed tower
evaporator

Brine to.
waste
YCondensate 86° F
Sea-water
inlet

Source: C.N. Hodges et al., Sclar Distillation Using Multiple-Effect Humidification, Office of
Saline Vater Research and Development Progress Report 194 (Washington, United States

Department of the Interior, 1966).
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Wastes collection and disposal

Human excreta

The conservancy system

In communities without a sewerage system, bucket
privies or other types of conservancy latrine are com-
nmon but are notoriously insanitary. A sanitary survey
should indentify the defects and deficiencies in the daily
operations involved in the conservancy systems so that
they can be promptly remedied. Fig. 25 shows a bucket
latrine with a list of the major points to be checked at
the dwelling. The following list of points to be considered
is more complete:

(1) in a house latrine, the bucket chamber should
always have a rcar door in good repair, which should be
kept closed except during removal and replacemeni of
the bucket;

(2) the bucket-chamber floor should be swept clean
every time the buck.t is removed;

(3) the seat holc over the bucket should have a fly-
proof cover with a long handle; the cover should be
replaced in position when the seat is not in use;

(4) the bucket chamber should be kept dark as flies
avoid dark places; the latrine should also be provided
with a well-fitting front door that is casily closed;

(5) the houseowner should be advised to keep the
latrine free from flies by cleaning and spraying the
surrounding area;

(6) urine and liquid washings should drain into a
soakpit to the rear of the latrine for absorption into the
ground; in no case should the liquid be allowed to foul
the soil surface;

(7) the bucket should be placed between guide blocks
so that it receives all the excreta without the sides, the
handle, or the rim becoming smeared;

(8) a pair of buckets marked with distinctive colours
should be provided for each unit so that they can be used
alternately; a cleaned bucket should be left in place
when removing the filled bucket; the emptied bucket
should be washed and cleaned with a disinfectant before
it is returned for service;

(9) broken buckets should be promptly repaired or
replaced;

(10) removal, emptying, and replacement operations
should not result in any spillage of the contents;

(11) intermediate depots for storage of nightsoil prior
to transport, should be avoided if possible; the double

FiG.25. BUCKET LATRINE®

Z

AN
7 e

The measuremeni shown Is In centmetres.

* Reproduced from Wagner & Lanoix (1956).

Checlk list

1. Is a latrine seat cover provided ?

2. |s the chamber door self-closing and fiytight ?

3. Do the guides position the bucket correctly ?

4. Are a drain and & soakpit provided for wash wastes ?

hardling involved, and the storage of fou! matter in
populated localities give rise to additional health hazards;
if distances and logistic limitations necessitate interme-
diate depots, it is better to empty the drums into a water-
tight underground holding chamber from which the night-
soil can be pumped into transport trucks (with a suction
pump);

(12) the transport of nightsoil along the town roads
1 the disposal site should not result in spillage, overflow,
or leakage along the route;

(13) at the disposal site, trenching operations should
be carried out in a hygicnic manner and there should be
sanitary protection for the workers; nightsoil should
always be completely covered with soil; liquid overflows
should be led to a soakpit;
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{14) water should be provided at the disposal site for
the workmen to wash their hands and feet with a mild
solution of a disinfcctant at the close of each operation;

(15) at the close of the day’s work, all vehicles, drums,
tanks, and containers, and the trenching tools, should be
washed clean for the next day’s work, and all washwater
should be collected at a suitable point for treatment ina
small oxidation pond prior to subsurface dispersion into
the soil, depending on the quantity involved;

(16) stafl or vehicles employed by engincering depari-
ments in the collection and disposal of nightsoi! should
not be shared by the water department;

(17) in places where nightsoil is deposited into the sea
near a city, it is advisable to interpose an oxidation pond
and to discharge the cflluent into the sea. The excreta
can first be discharged into a collecting well and mixed
with water, the liquid then being passed through tiic
oxidation pond for preliminary treatment to reduce the
pollutional load on the beach;

(18) composting is not recommended as a means of
disposal during an emergency as the risks involved
outweigh the possible advantages of obtaining a supply
of composted manure.

“Self-service” latrines

The conservancy service will need to be replaced,
sooner or later, by the more satisfactory “self-service”
type latrine. Where it is expected that a public sewer
system will eventually be installed, waterborne sanitary
privies can be coancctad to a household septic tank as an
interim measure, the efiluent being disposed of by soil
absorption.

This may be possible in urban areas with water supply
systems and where individual houscs have enough room
for a septic tank and for efiluent disposal. Under certain
conditions, even pit-typc latrines or borehole latrines
may provide suitable alternatives to the conservancy
jatrine. 7 he provision of such latrines by the householder
should be encouraged wherever it is feasible in areas
without sewers to reduce the scope and extent of the
conservancy scrvice. Such a plan can pay dividends,
particularly in improving the defences against epidemics,
in areas covered by a conservancy system.

Public latrines

Public latrines have not been satisfactory especially
in rural areas. They call for coliective responsibility for
proper use and mainterance; unfortunately collective
responsibility often degenerates into irresponsibility and
the latrines fall into misuse, Public iatrines are uscful
where they form an adjunct to specific institutions such
as markets, raiiway stations, schools, hospitals, bus
terminals, extended family groups, .municipal parks,
etc., when full-time maintenance is provided by the insti-

tution.

Public latrines at institutions should be of a permancnt
character, well located, well conceived, well built and
well maintained. They help theitinerant usersto appreciate
the potential benefits of sanitary privics. The service
latrine is therefore the least suituble type for such places.
Either an aqua privy or a septic tank latrine would be
more suitable if water is available and if the effluent -
can be disposed of by subsurface absorption or other
suitable means. A pit latrine can also serve the purpose
as a temporary expedient as long as there is adequate
protection against flies. Borehole latrines are not suitable
for such installations because of capacity limitatious.

Household privies

With sanitary household privies it is essential that the
excreta should be disposed of on the site without conta-
mination of either surface water or ground water in the
vicinity, that the privies are not exposed to flies or acces-
sible to animals, that thcy are not smelly or unsightly,
and that they are simple and inexpensive. For emergency
and interim measures in rural areas, a house Iatrine
can be either a pit privy or a borehole latrine; these types
arc simple and comparatively cheap and can be construc-
ted on a large scale as a permanent sanitary measure
that will yicld enduring benefits in the control of enteric
diseases among the rural population.

Pit privy. Pit privies can be built anywhere without
special tools; the family members themsclves can con-
struct the latrine with guidance from the public health
authorities. They can have a greater cubic capacity
than borehole latrines and conscquently a longer useful
life. Precautions are necessary, however, against collapse
of the pit; and there is a greater nced for fly control.
Fig. 26 shows the details of the superstructures and slabs,
and Fig. 27 the pit lining details.

Borehole latrine. A borebole latrine is a hele (20-30
cm diameter) bored into the ground with an carth auger,
with a squatting slab on top (Fig. 28). In soft soils and
with a low water table (at least 4-5 metres below the
surface) the borehole latrine can be satisfactory as a
family latrine. A “water-seal plate” can be used instead
of the ordinary seat over the borehole, for a slight extra
cost. The excreta can then be flushed away with as little
as 114 litres of water. The latrine 15 clean and the excre-
ment is completely out of view and inaccessible to flies.

The following points should bc examined during a
sanitary survey of pit latrine and borehole latrine installa-
tions:

(1) size of the pit or bole in relation to the number of
users;

(2) local subsidence that might indicate caving in;

(3) precautions against surface flooding;
(4) cleanliness of seat; use of hole covers;
(5) absence of foul smells;

(6) presence of flies;
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Cinemas

(a) The safety of the drinking-water available to the
public should be assured at all times.

(b) In unsewered areas where piped water is available,
sanitary privics should be of the aqua-privy or septic
tank type. Latrinc seats may be provided at the rate
of 1 for ¢very 100 nersons. Urinals should be adequace
for the peak demand (about ! for 30-50 persons) and
washing facilitics should be available on the spot. Fre-
quent disinfection of the area during the day is a necessary
precaution.

(c) Fly-control operations (by spraying insecticide)
in and around cinemas may be carried out during an
epidemic to help in arresting its course, but must not be
relied upon as a long-term measure. :

Markets

(a) Unsafe water, insanitary latrines, and fly infesta-
tions in a crowdrd market place carry the risk of discase
transmission if sanitary precautions are ignored. Safe
water must bc available because vegetables and meat
washed with contaminated water can transniit pathogenic
organisms.

(b) Sanitary latrines arc essential. Aqua-privies are
suitable, but if pit latrines are provided they should be
deep and well protected from flies. This can be achieved
by covering the holes, spraying with insecticides, and
disinfecting the pit contents frequently.

(¢) The collection and disposal of refuse at frequent
intervals is essential since putrescible organic matter
will support breeding of flies and add to the health
hazards. The refuse container shown in Fig. 33 is suitable
for market places.

(@) The disinfection of insanitary places as a routine
measure is a necessary precaution. Markets should be
cleaned more frequently during an emergency and addi-
tional hygiene squads should be employed to cover these
and other public places where infections might be trans-
mitted.

Parks

(a) A safe water supply from public.standpipes or
drinking-water fountains should be provided in parks
frequenied by large numbers of people. Unsafe wells
should either be closed or effectively chlorinated; unsafe
sources of water, such as lakes, ponds, canals, natural
swimming pools, and similar bodies, should be marked
with a clear warning that the water is not safe to drink.

(b) Latrines of the aqua-privy type should be provided
in unsewered areas. Pit-type latrines are not suitable
for use in parks. .

(¢) A close watch should be kept on litter and refuse
deposited in the area and the park should be kept

tidy in order to prevent insanitary conditions and the
breeding of flies.

Abattoirs

(@) The need to provide an adequate safe water supply
must be emphasized on account of the hazards of meat
becoming contaminated from polluted water. Washing
and cleaning facilitics should be robust and simple to
operate. A piped supply is desirable, drawn cither from
the municipal system or a suitable local source with
effective disinfection.

(b) The discharge from abattoirs of liquid wastes
that have a high biological oxygen demand (BOD),
must be carefully controlled. In unsewered arcas, initial
treatment of wastes in a settling tank of adequate capacity
can be followed by storage in a stabilization pond, if
feasible. Fig. 36 shows layout details of a rural abattoir.

(c) The maintenance of sanitary conditions and the
application of fly-control measures arc essential.

(d) The cxamination of food handlers is especially
important in areas where food is processed.

Ice and drinks factories

The full details of sanitary precautions are discussed
elsewlhere; however, the use of bacteriologically safe
water in these premises is of special importance. Refrige-
ration helps the survival of pathogens if they succeed
in gaining entry at any stage. Not only should the provi-
sions for a safe water supply be foolprocf but the sanitary
facilities for the employed staff should be designed to
prevent faecal contamination resulting from defective
types of toilct, the absence of adequate washing facilities,
or imperfect personal hygiene. For obvious rcasons,
only water carriage latrines should be provided in such
institutions. The employees should be given a medical
examination regularly.

Long-distance bus stations

(a) The water supply at bus stations should be easily
accessible, adequate, and safe. If obtained from a muni-
cipal system or an independent scu:ce, the supply should
be locally piped and carry free residual chlorine. Separate
provision should be made for drinkiig-water fountains,
washing and for bathing facilities,

(b) Toilet facilities should be of the aqua-privy type
since pit privies may be misused aad rendered insanitary
by itinerant merabers of the public; a liberal provision
of separate urina's is desirable. Liquid wastes can be
disposed of by dispersion into the soil.

(c) Refuse disposal and fly control are essential
sanitary measures in these busy places. The vending of
fruit, beverages, and other food should be under sanitary
control. Frequent disinfection of insanitary places, iusec~ .
ticidal spraying, saritary surveillance of eating places,
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and the licensing of food vendors should be enforced.

(d) Long-distance buses should carry a supply of safe
water on board, using chlorine dispensers for disinfection,
tha consumer’s supply being drawn through taps from
a hygienic storage vessel.

Railway services

(a) Water supply and sanitary latrine provisions at
railway stations should serve as model facilitics for the
travelling public. There is an element of risk in filling
water tanks in individual carriages via connecting hoses
from sluice valves located ncar track level because the
valves are often housed in chambers liable to pollution
by spill water. Water supply reservoirs within each
carriage should be filled from sanitary feed poinis supplied
from the pressure main, and drinking water should be
drawn from hygienic containers through taps. Disinfec-
tion of water by chlorine from chlorine dispensers is an
essential precaution, particularly in an emergency.

(b) Latrinc provisious in the stations in unsewered
areas are often of the service type. There must be efficient
supzrvision of the servicing of such latrines, both as a
routine and particularly during an emergency. The
latrines should be disinfected daily. Washing facilities
are essential adjuncts to such latrines.

(¢) The use of the railroad track for the disposal of
faeces is dangeroas and the precaution should be taken of
collecting, disinfecting, and disposing of such cxcreta.
Inspection of the track is nccessary where it traverses in-
habited localities and crowded communities in order to
find, cleanse, and disinfect insanitary spots. The cleansing
crew must be provided with the nccessary implements
and disinfectants for this purpose. These measures are
* of special importance during emergencies.

(d) The entire premiscs of cach railroad station should
be kept in a sanitary statc as a major contribution te
protecting the travelling public from environmental
health hazards. Cleaning, insecticide spraying, and
disinfecting operations should be carried out systemat-
ically to ensure the sanitary upkeep and maintenance of
the carriages and station premises. The sale of fruit,
beverages, and other jood in the carriages and on the
platform should be subject to strict sanitary control and
surveillance, and rigid licensing should be enforced.

(¢) During cmergencics, case detection squads should
keep a strict watch on bus and railroad traffic since they
are potential channels for the spread of infection by
isolated carriers.

Ship sanitation

Shipping traffic on inland water routes and international
sea routes provides an important channel for the spread
of infection from carriers to new hosts, sometimes in
distant areas separated by land and sea. Insanitary

conditions on board ship may result in minor or major
epidemics of enteric disease, particularly cholera, and ship
sanitation therefore assumes a special importance in
connexion with the containment and prevention of
enteric diseases. The environmental health measures
necessary to securc this ebjective are set out in the
Guide to ship sanitation (Lemourcux, 1967). The measures
are of equal importance in international seaports to
cover basic sanitation, the surveillance of drinking-water
and food, and the control of insect and rodent vectors
of disease.

Hygiene and sanitation in aircraft

Sanitation in airperts and aircraft is now of very
great importance: since speed is the motivation and
saving time the major objective, air travel facilities must
inclde special precautions againsi aii health hazards
incidental to such rapid travel. The facts that toilets are
often situated adjacent to galleys, that food, food refuse,
and human waste (including vomitus) are stored in close
proximity, and that limited space is available for toilet
and washing facilities all necessitate the most stringent
sanitary control measures and safety precautions. The
details are given in the Guide to hygiene and sanitation
in aviation (World Health Organization, 1960). The
precautions are equally relevant to airport sanitation.

Camp sanitation -

The vulnerability of camps

Camps, fairs, and festivals attract large numbers of
people, some of them possibly from regions where
enteric diseases arc endemic. Sauitary deficiencies in the
environmental health facilities provided in these tempo-
rary gathering places may expose the participants to
health hazards during their short stay, and the trans-
mission of disease from carriers to the susceptible hosts
is a constant threat, involving any of the vehicles of
transmission. If infections are contracted at these camps,
those infected may act as foci and spread the disease in
minor or major epidemics when they return home. The
duration of such gatherings is of less significance than
the intensity of crowding and the tendency to neglect
sanitary discipline on account of prcoccupation with the
primary purpose of the gathering. Camps and religious
fairs have been repeatedly shown to be the origin of
epidemics initiated by returning participants.

Health education is vital in camps, fairs, and festivals,
To a large extent it must be used to supplement the
environmental health measures by creating public
awareness of the risks and by stimuiating cooperation
in the observance of personal hygiene and sanitary
discipline.
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Camp water supplies

For camp sites that are used regularly it is prudent to
provide a permanent water supply. The use of mobile
water treatment plants should b: reserved for camps
occupied only casually and infrequently. Camp water
supplies should be adequate t¢ cover all essential needs,
easily accessible to preclude ne need to resort to any
unsafe local supplies, and safc in quality at all times,
with an optimum level of free residual chlorine. The
water should be piped if possible and be drawn from
suitably located public standpipes. Any of the alternative
methods already described for developing water sources
and distributing water may be adapted to suit the local
conditions and requircments.

Sanitary collection and disposal of excreta in camps

The following factors must be considered.

Shallow trench latrines are the least suitable type for
undisciplined and irresponsible groups living in big
camps. Such latrines are liable to gross misuse and are to
be avoided.

Service latrines are better than shallow trenches if
adequate conservancy staff are available. Even so, human
failure may reduce the conservancy service to a low level
of efliciency and defeat its purpose.

Straddle trench latrines. These are better than shallow
trench latrines and may be suitable in certain locations
as a purely emergency measure. A straddle trench is a
ditch some 25 cm wide, 75 cm decp, and of a convenient
length based on the probable number of uscrs, at a rate
of about 75 cm per user. Generally, two trenches each
about 5 m long can together serve about 100 people
for a few days. No seats are provided with this type of
latrine, but boards should be placed along cach side of
the trench to provide a sure footing and to prevent the
sides from caving in. Privacy can be provided with
inexpensive screens of locally available material. The
excavated earth is piled near the trench, with a scoop or
shovel placed near each pile. Each person covers up his
excreta with a shovelful of earth to keep away flies and
reduce odours. Toilet paper and ablution water should
be placed near to hand. Hand-washing facilities must be
provided separately. The trench latrine should be closed
when it is filled to within 50 cm of ground level. The
earth should be replaced in the trench and tightly packed
down, and the site marked with a sign. Fig. 37 and 38
show the general features of a trench urinal and of a
straddle trench latrine.

Well-type pit latrines. Well-type pit latrines are more
satisfactory in camps. The wells may be about 2 m in
diameter and about 5-6 m deep, or about 1 metre above
the subsoil water level. The wells or pits may be lined to
the minimum extent necessary to prevent the sides from
caving in. Four latrine seats can be placed over each

FIG.37. TRENCH URINAL

FIG. 38, STRADDLE TRENCH | ATRINE
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Check list

1. Are boards provided for safe footing ?
2. Is about 3 m of trench/day/100 persons provided ?
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FIG. 23. TROUGH URINAL
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FIG. 24. FOUR-FUNNEL URINAL
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ENVIRONMENTAL HEALTH MEASURES

FIG. 21. DEEP TRENCH LATRINE

b dd me 22 % 30 cm ELLIPSE SELF CLOSING LID 25 X 33cm |
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Adapted from: Canada, Department of National Health and Weltare (1967) Environmental

health in disaster, Cltawa, p. 85.
Trench revetled at sides. Anti-fly oiled sacking laid down for widih of 1.25 m all round trench;

wooden fly-proof cover of tongued and grooved wuod on strong base.

119/4/65



SANITATION IN NATURAL DISASTERS

FIG. 22. BORE-HOLE LATRINE
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Adapted from: Canada, Department of National Health and Welfare (1957) Environmenlal
health ir. disaster, Ottawa, p. 86,

The bore-hole latrine ts a vertical toring usually 40 cm in diameter and anything up to 6 m
deep. A fly-proo! scat superstructure shouid be provided. The doring is made by a special hand-
operated auger, the shaft of which ts maze in sectiens for easy transpart and to allow lengths to
be added as the work proceeds. Shearie3s are erected over the site of the boring to act as a guide
for the upper end of the shaft arnd 10 provwide a support for the pulley block used in withdrawln?
the auger from the ground. [(he augcr ¢ rotateo by hana turning apolied to a detachable cross-
handle which can be adjusted in the shelt as the boring decpens. If the bore reaches water, this
is of great assistance in the dizestion of the sewaje. When ground water is not reached, a con-
crete skin covering the base of the bore and extenaging for &0 cm up the sides will hold water poured
10 from the top for some time. This type ot iatnne 2hould Le provided with adequate hard standings
and drainage around it and a centraly piaced seal over (ne bore to easure that the edges are not
fouled. Such latrines will Iast for years and are a most salisfactory form of sewage disposal in the

field,
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Fig. 26. THE WATER SEAL CLOSET OR POUR FLUSH BOWL

S.E. Asian type with forward
facing trap

A method of casting closcis in concrete

The mould is made in three parts, the base consisting
of a shallow wooden tray fitted with a core which can
be mouldea in concrete, and two locating pegs. Fitting
over the base is the outer case made from wood, there
is a gap 3 to 4 cm between the base and the outer case,
which is fitted with the plug which forms the hole for
the outlet pipe. All inside surfaces of the mould are
greased before casting.

Concrete made from 2% parts sand and 1 part cement
is rammed into the mould through the filling hole and
allowed to set for 24 hours. The plug and the case can
then be removed, and after a further 24 hours the
bowl can be carefully lifted from the base and allowed
to harden for about 4 or & days. The bowi is campleted
by cementing a standaid pipe elbow of the coreact size
into the hole left by the piug.

Ceylon type with rear
facing trap

Mould base

Casting removed
and reversed

Section of completed

lmans e
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Fig. 25. THEPIT PRIVY
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FIG.27. PIT PRIVY — PIT LINING DETAILS *
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* Reproduced from Wagne: & Lanoix (1958).

VARIOUS COMBINATIONS OF DIFFERENT TYPES OF PiT, PIT LINING, BASE,
AND FLOOR

a = Open joints

b = Joints laid with mortar

A = Square pit with brick lining and base and woaoden floor

B = Round pit with pantial lining of cut tree limbs, soil-cemert base, and built-up floor
C = Borad pit with concrete lining, base, and floor

LARGE-VOLUME PITS WITH SMALL FLOORS AND SUPERSTRUCTURES

A = Large diameter or square pit with soil-cement cone at top to reduce size of opening and accom-
modate small lloor (Cone may be of any material that will provide the strenth to support the waeight
on top.)

B = Similar to A, but with brick

C = Pitshowing enlarged lower portion to provide increased voluma ; practicable only in very stable soll
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Fig. 27. THE AQUA PRIVY
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Important
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1) Fill tank with water before commencing

use

2) Add about 1% litres of water after every use.

Ventilation pipe
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Drop pipe a;‘)e'rture 12t0 15¢m ‘ \ Scum board
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. 210 3 cm from
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Minimum depth 1% 'm

Floor slope 1 :

Connecting slot
5 cm deep

LY S

%
i
1Y

77/

The first chamber should be twice the volume of the second chamber to aliow for sludge storage.
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FIG.30. INSTITUTIONAL-TYPE AQUA PRIVY »
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Mecasurements shown are (o centimetres.

* Reproduced by permission of the United Nations Relief and Works Agency for Palestine Refugees in the Near East.
Check list

. Is the ceacrete tank of watertight construction ?

. Do the drop pipes extend below water outlet level ?
Inspection manholes, 40 » 40 cm

Inspection box, 40 x 40 cm

Soakage pit or soakage trench

Capacity of tank : 22.3 m3

Drop pipe 10.5 ¢cm in diameter

= Opening 15 % 15 cm in partition wall

= Ventilator pipe
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HOUSEHOLD  SEPTIC TANK
EFFLUENT

= VARIABLE —

ITEM |

FLOW 0 -40 GAL JuR

pH 7.1 -8.32

DO. O |
T.Cou. 10 102 Jioo mi
TEMP. {(@-27C AR) 6°-13°¢

god so-384 k)
cob - 150-720 | %
55 (98% 05m-50u) 40 - 350

V55 - 80% 55

TS 820 -
T-ORG.CARBON 129 %

TN 25 -36%

ORG N. 20% TN

FREE NH, B0% TN

PO4 25 =06 |
CHLORIDES 75-95 %

ALKALINITY  4e0t
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*Based on variable GECD Years to cleanout:

FIGURE 2a

III-30
Gallons Per Person Per Day Versus Number
of People in Household
| | | l .1 1 { |
1 2. 3 4 5 6 7 8
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FIGURE la
Required Size* of Septic Tank Versus Frequency of
- Cleanout For Various Numbers of People
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III-31
Required Size of Septic Tank* Versus
Frequency of Cleanout
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Square Feet of Absorption Area As
Required bv the Septic Tank Manual

, Iwo curves are shcwn in the Septic Tank Manual:

1) square feet per bedroom versus percolation rate, '

2) loading (gal. pPer sq.ft. per day) = Q versus percolation
rate (t) where Q = 5/v% : '

| Assuming that each bedrcom contains 1.5 people and sewage
flow is 100 gpcd, the flow per bedroom is 150 gpd since:

Q = gallons per day
square feet

1/0 (gallons per day) _ square feet
bedroom ~  bedroom

or 1/0(150) = ng:ﬁiogzet where Q = 5//%

Using the above fermulation with the gallons per bedroom
equal to 150 gpd and 200 gpd the results are compared to the

TABLE 1la

. By Formula |
@150 gal.per @200 gal.per
Percolation Rate! Bedroom per day Bedroom per day | Recommended

1l or less 30 40 70
2 43 57 85
3 52 ‘ 69 100
4 60 80 115
5 68 91 125
10 94 125 165
15 115 - 154 190
30 167 222 250
45 187 (214)* 250 (286)* 300
60 250 334 330

*Using Q = .7 instead of .8 in an attempt to straighten the
curve.
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Septic Tanks and Aerobic Treatment 101

Table 3
Treatment Cost—Septic Tank System
for 20 Year Life, Cost of Tank = $770

Ft? Absorption Total

Area Absorption Total Annual
Soil Required Field Annual Cost/
Permeability 4 Bedroom Costs Cost 1000 gal.
Good 280 $ 300-450 $ 80 $0.90
Fair 500 $ 500-750 $100 $1.16
Poor 1330 $1330-2000 $200 $2.20

Cleaning cost $15/year. .
Capital recovery at 20 yr. and 7%% interest rate.

135/23/101
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SEPTIC TANK = SOIL ABSORPTION SYSTEM

Toilet wastes Non-toilet wastes

Septic tank

Subsurface
disposal

FIGURE 3

HOUSEHOLD AEROBIC TREATMENT UNIT

Shut off valve rresh water
Toil%E wastes Non-toile% wasfes
Warning Warning
Light' Light
@ @
Aerobic
treatment
unit
Sand. Subsurface
filter disposal
Chlorine

contact tank

SURFACE DISPOSAL FIGURE 4
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INSPECTION
PORTS

LIQUID

DIGESTING SLUDGE

5. Septic tank,
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- Fig. 28. THE SEPTIC TANK
’\\\

Important Fill the tank with water
before commencing use.

Shelter as requirea

Squatting plate fitted with pour flush
bowl and 10 - 15 cm delivery pipe
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minimum depth 1.5 m.

First chamber should be
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Note: Usder most conditicis, thare wesld
be sowe type of trestment procsss betveen

the siphon chamber and the poist of chlorination.
Grade

b 8

Intet ll ! L 1 ! Y T

Distributisa
Sox

TYT Crade

e et

Septic Tank

I—J ] N
Siphon Lrovion-Type
Hypochlorinactor

Installed In A
Distribution Bow

9. Cross-sectional sketch of a septic tank and a siphon chamber with a split-flow
type erosion hypochlorinator installed in distribution box for final disinfection

of the treated wastewater.
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HOLD ° TANK
Low flush toilet Non-toiljt‘wastesg
Holding Sand
tank filter
“""Honey wagon" to - Surface-
sewage treatment’ disposal-
plant
FIGURE 7

GRINDER PUMP TO REMOTE DISPOSAL AREA

Toilet wastes . Non-toilet wastes

Holding tank

Grinder pump

3

Septic tank

Subsurface
disposal

FIGURE 8
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E. Sub-surface Systems

. Six systems comprised of septic tanks and sub-surface disposal have
been constructed, one is presently under construction, and two are scheduled
for construction in the ncor future, These include sand filters and sand
trenches with daylight outlets and drain fields dependent upon the absorptive

capacity of the soil,

i The sond filters are similar in design to those previously mentioned
In conncction with the acration units, being constructed of concrote blocks
and having an arca of 48 square feet.

The sand trenches were cesigned for a loading factor of 30 gpcd and
a transfer surface area of 2 sq. ft./gal. Parallel trenches were constructed,
and flow control was provided at one installation in order to permit a compare
ison between continuous and intermittent loading.

The trench is 21 feet wide and 3% feet deep, with a 12 inch layer of |
sand in the bottom. Sand was also placed along the sides of the trench, leaving
a core 14 inches wide and 18 inches deep to be filled with No. 9 washed stone,
The effective area of the sidewall transfer surface is therefore 18" x 2, or
3 sq. ft, per lineal foot of trench. The distribution pipe is placed above the
system' in a layor of No. 6 stonc. Twelvo inches of backfill Is provided.

A typical installation, serving two people,consists of a flow control
device and two 20-foot trenches, followed by three feect of sand, five feet of
No. 9 stone, and five feet of No., 6 stone, to daylight, Total cost of the
system excluding housing improvements is estimated at $600,

One homesite has been provided with a "narrow~-deep trench' disposal
system as described by McGauhey and Winneberger.3 The system serves a family
of two, and consists of a septic tank, flow control, and two parallel trenches,
each 50 feet in length, The cost of the system was about $700 plus $220 for
housing improvements. The cross-sectional area of the trench is described as

follows:

l. Total trench dimenslons: 36" deep x 18" wide

2. A" layer of No. 9 stone in bottom

3. Sixteen inches of No. 9 stone along trench walis

L, A 16" x 6" core of No. 6 stone

5. Eight inches of No. € stone on top, with distri=
* bution pipe at centerline o

6. Eight inches of backfill

The effective area of the absorption field In 2 x 16", or 2 2/3 square feet
per lineal foot of trench, -

Four inches In trench depth can be eliﬁinated by use of a3 trapezoidal
trench. One such prototype has been constructed, and a second one will be
completed in the near future. In the installation already. completed, total
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crench depth is 32 inches. Top width is 30 inches, ond bottom width 6 inches,
Afour-inch layer of No. 9 stonc was placed in the trench bostom anq along the
side walls to a depth of 24 inches. - The V-shaped core was filled with No. 6

stone with the distribution pipe placed two inches helow the surface, at center-

line.” Eight inches of backfill was provided,

The arca of the inter-face below the bdttom of the tilg ig apgroximatcly
9 2/3 squarc feet per lincal foot. However, since this surface is inclincd, the
effective arca can be considered to be equal to the vertical component or 2 1/3

square feet per foot,

The existing installation, which serves six people, consists of a 300
gallon scptic tank and two 50-foot trenches, Therefore, only about 1 1/3 square
feet of effecctive surface area per gallon of scwage has been provided, The
limitad spaco availablo proventad tha installation of the additlonal 50 to 6O
feot of trench roquired to conform with the 2 square feot por gallen design
criteria, The cost of this installation {scptic tank and disposal system) ls

estimated zt $650,

IV. Conclusions

Probably the most imcortant contribution of the ?rototype Study to
dote Is the acceptance of exclusion from the various treatment systems of all
waste except humasn excreta, Since volume is a critical consideration in the
design of sub-surface systems, tiis action has allowed the installation of
systems where compliance with Code design was impossible, by reducing the size
requirements of the installation., It has also permitted the ise ov proprictacy
devices designed specifically for the treataecnt of human waste, -

The cost of providing space to house the various units, or that porticn
which is within the home, varies from case to cese, Eliminating chese costs from
consideration, it can be scen that the initial cost {3 considerably less for the
incinerator toilets than for any of the other systems installed. The monthly
operating cost cf $2.00 must be censidered, However, the costs ascociated with
servicing septic tanks snd drainfields are likely to approcch, or even excead,

this figure.

Some concern was held regarding the acceptability of the incinerators
prior to their installation., This cencern appears to have been unfounded. The
incincrators, as well as all other prototypes, have experienced excellent accept-
adility. Only one family has expressed dissatisfaoction, and chis apparently was
an attempt to obtain a larger public zssistance payment to compensate fur the

additsonal expense. ’

While the gas unit costs less initially, the electric incinerator
appears to have a better maintenance record., Operating costs are about the
same. The maintenance problems encountered with the ¢as units have not been
scrious, but the households associated with the Study usually do not include
3 person capable of keeplng the equipment in operating conditivn,
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OPTIONS CONSIDERED FOR YEAR-AROUND
HOUSES - IN GOOD TO POOR SOIL .

Septic Tank - Subsurface Disposal

Toilet wastes

__._.__), -
X Septic tank | Subsurface disposal
Non-toilet
wastesg
Initial cost $270 installed $250 to 5830 based on
: percolation rate
Yearly cost $ 10 per year $0
Lifetime 40 years 20 years

aerobic Treatment Subsurface Disposal

Toilet wastes _
ﬂAerobic treai:ment Subsurface disposal
Non-toilet 1 aat '
wastes
Initial cost $680 installed Same as above
Yearly cost § 40 per year Same as above
Lifetime 30 years 30 years; 40 years

FIGURE 11
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RECYCLING

Fresh water:

»”

Toileilwastes Non—toi]jt wastes.
Treatment | Holding tank
Subsurface
disposal

Fresh water

Toilet wastes Non-toilet wastes

Hold tank
\

Aerobic treatment

Y

Subsurface
disposal

FIGURE 9
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SEPTIC TANK - SUBSURFACE DISPOSAL WITH

RECYCLING A FLUSHING FLUID

Toilet wastes - » Septic tank Subsurface
A disposal

Hold tank

Non-toilet and pump

wastes

Initial costs $250 installed $230 installed Same as Fig.ll
Yearly costs $ 10 per year $ 10 per year Same as Fig.ll

Lifetime 20 years 40 years 20 years

AEROBIC TREATMENT WITH RECYCLING

Aerobic treat-
Toilet waste ment. unit 1Pump | Subsurface
. disposal
Non-toilet”’////q )
wastes
Initial costs $680 ins@glled $100\ $165 to $550 based on

o percolation rate
Yearly costs § 40 per year $ 10/yr $ 10 per year

Lifetime 30 years 20 years 20 years

FIGURE 12
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Septic Tank Survival 85
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2. Typical building site with septxc Lank flow diversion valve, and spht drainfield.



SANITARY MEASURES FOR ENTERIC DISEASE CONTROL

FIG.32 SEPTIC TANK AND ALTERNATIVE EFFLUENT TREATMENT/DISPOSAL MEASURES

All liquid wastes
from dwelling or

institution .
akage
e s .-l.gl—;z,‘;:',_&// TN .
= L‘LL\ - - Dosing
}' : chamber
n / f ; - and
'}\ ; § tile field
N ; e
v :\\ 1 - s
.|"-\\ \\\\\ ‘\\} . Septic tank ;
|\\ LAY |\‘ —
: S T X Surface
R TSR RS TR water
WIIO 30968

Stabilization pond

ALTERNATIVE MEANS OF TREATMENT AND DISPOSAL

Check list

1. Is a piped water supply available ?
2. Does the septic tank provide 8-12 hours detention time ?
3. Is the septic tank effiuent given secondary treatment;?

8¥/2/6tL



36 COMEA PIPE

Fig. 1 The septic tank and pumping chambe

house on the NDSU farm campus in 1948,
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Fig. 2 The drain field as installed on the f

farm campus,

irst Nodak System on the NDSU
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Fig. 1 Schematic diagram of 8 in plexiglas tube showing spacing arrangement
of 1/4 in diameter holes (not to scale).
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Fig. 2 Shows schematic diagram of soil and gravel arrangement inside
columns (not to scale).
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Fig. 3 The Nodak Sewage System as installed on farms today.

DETAIL OF ASOVE GROUND
DISPOSAL FIELD
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Fig. 4 The final disposal field as used today.
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WINTER 0.02 0.06

INCREASE 50% FOR FULL YEGETATION=- - .
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6. Evaporation-transpiration bed.
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SANITATION IN NATURAL DISASTERS

FIG. 25. SOAKAGE PIT

VENTILATION SHAFTS3

SCREEN
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Adapted from: Canada, Department of National Health and Welfare (1987) Environmental

health in disaster, Ottawa, p. 88.

154/4/68



155/1/5¢

Fig. 33. SOAKAWAYS AND SOIL DRAINS

SoakaWays

Strong cover

1%
Flat
stone

/8(?,0 Loose jointed ander
Gravel / lower lining inlet
assists
spreading

Using commercial loose jointed pipe Using broken rock and plastic strip

a ' =

Drainage field plan laid to a fall of 1 - 30

Ug e -
No trench should be longer than 30m or
less than 3m apart

Distribution box

Lg

~ Trenches can curve to follow natural contours.
No trench should be less than 10 m from any large tree,
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Fig. 34. BANKS CLARIFIER INSTALLED IN A FINAL SETTLING TANK
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OPERATING CHARACTERISTICS

% Reductions’

Aerobic Treat- Septic
~ment Unit Tank
BOD5 70-80% 30-50%
Suspended solids 70-80% 20-40%
Coliform >106/100 ml >107/100 ml
Bathing + <102/100 ml-
FIGURE 5%
INCINERATOR TOILET -
Toilet wastes Nén-toilet_wastes
Incinerator Sand
toilet filter
Slight-
Ash odor

Surface discharge

FIGURE 6

*H.A. Thomas et al, "Individual Household Sewage Dispoéal Systems,
Developing Technology, Cost Analysis and Research Needs".
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OPTIONS CONSIDERED FOR HOMES IN IMPERVIOUS SOIL

Incinerator Toilets with Sand Fiiter

Toilet wastes —

Incinerator toilet

Non-toilet
Wastes

Initial costs
Yearly costs:

Lifetime

$500
$.025/flush

30 years

Sand filter {—

$200
$0/yr

30 years

Aerobic Treatment with Same Sand Filter

and Past Chlorinai_ion

Surface
disposal

Toilet wastes T

Aerobic treat-

Sand filter

Chlorinator &

ment unit. contact tank
Non-toilet™ — 4
wastes
Sur face
disposal
Initial costs $700 $400 $200
Yearly costs $ 40 $0 $ 10
Lifetime. 30 years - 30 years - 30 years

FIGURE 14




Grinder and Pump to Remote Disposal

163/22/111-16

Toilet wastes Piping Piping
| Hold__Awva__Grinde._JVV\,_Septic Subsurface
Nor-toilet tank pump tank disposal
wastes
Initial costs $100 $200  $500 $4/ft  $400  $1200
Yearly costs $0 $0 $ 5 §$0 $10 SO
Lifetime 40 yrs 40 yrs. 20 yrs 40 yrs 40 yrs 20 yrs
Hold Tank and Sand Filter:
Toilet wastes_y Hold
: tank
Non-toilet N Sand ., Surface
wastes filter “ disposal

Initial costs $225-500 based $200
on required size

Yearly costs § 30/cleanout $0

Lifetime 40 years 30 years

FIGURE 15
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Portable Tailets

Portable chemical toilets are very useful and provide econiomic toilet
facilities for many necasions such as construction projests, parades,
and other public events where large numbers of people congregate for
a short period of time. These units are generally equipped with a
toilet and urinal and are available for rental or lease from many com-
mercial companies to include installation and routine servicing.
Easily transported by truck, any number of these units can be dis-
porsed rapidly to locations to meet the demands for emergency toilet
facilities that meet public health standards. A typical unit is showr

in figure 19.
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Figure 19.——Portahle toilets.

166/5/54



a4 - s o Ty ISPy YT 5
o e X
4
L
¢ .. . Ea .
. e .
) 7 4 J
1’ - . ' ,' "'. t
. - &
& ;’f; AN }
(X J . . i
Vo et o !
L 6 O E ’ - :
M PANAN o .
5 aregs e gy ot . By
R SRR TSR 53 B Y
. ..
- .
s A Al ... -l drchus. - et
y Y .
'.' A oma . -
. N ~
IR TR
} L Tyl . " ~
. ollew € .
L e et s ST s R St |
s s L2 Wty es Ll leg ORI, .
g g v i
' o> b
P - - -, M i
s :
i . :
¢
= . FPUPAE LR i
. e et e SeRagban et PN
L m come e s v 07 e MR T it K L el e P A i i s 2V, *]

Figure 17.—~Comfort station for campground.
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Figure 18. Mobile comfort slatlon.
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A comfort station of pleasing design and proportion intended for campgreunds,
but one which might profitably be used at the smaller public swimming areas.

A fiberglass roof would make the interior brighter if this building were to be
located in shaded areas.
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Fig. 39. A UNIT SANITATION SYSTEM FOR EMERGENCIES

Basic Requirement for 200 People

1 sheet of black plastic film 20ft x 100ft,
12 squatting plates with drop pipes.
Polythene sacks, pipe, spare sheet, rope and rough timber.

Effluent outlet !
Toilet blocks ploislo _— o e R Sy ooy Gl e
& 3 . i dividing  Scuin board
a ' }-;g Solid dividing Piastic dividing
\ 4::5‘ wall ’ well !
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? Angerobic zone Primary aerobic zone Secondary aerobic zone

Sullage water Volume riot less
+ urinal water ) than 10 litres/
+ operating water ) person/day

Safety note — perimeier or excavation must be fenced

Plan

Wall built with Plastic sheet suspended
earth-filled plastic sacks  from rim weighted at base 15¢m freeboard
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Black plastic cover
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Section
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Pour flush type Urinal channel
Overhung type \ where appropriate.
with straight drop , Front edge % m high
pipe. Supporting beam

necessary Toilet arrangements

Effluent quality depends on pollution load, adequate t'\ydraulic flow and adequate sunshine.

Important Fill with water before use. Desludge anaerobic zone as necessary.
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EXHIBIT 2 - FARM SEWAGE LAGOON SYSTEM

.0goon Depth  Minimum 8°
Liquid Level Minimum 4'

3 ,
4\3
: e pipg =
200" Hinimam
A
Slope ' /,oo-\‘

EXKIBIT 3 - SMALL COMMUNITY LAGOON
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ﬂ,_[/’«": ‘ , I LZFTT _15:!7‘ 1 L2720
< . lw ’ i TN -
Concrels Pod

‘g L
A2  Plastic Pipe

The author is:  William Franko, Supervisor, Technical Services, Family
Farm Improvement Branch, Department of Agriculture, Regina, Saskatchewan,



Fig. 30. AEROBIC STABILIZATION PONDS

Distributor at inlet ocum board at outlet

T Nl T iz 21 77
el \\
"M 7D

C—— e Yt
7 /7

7 =
g v

rd

CTT777 7777777777777 77777

Depth not more than 1 m.

Important
Fill at teast half full with water before commissioning. Dense growth of algae forming
scum should be removed with a floating scum board.
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Fig. 29. ANAEROBIC STABILIZATION PONDS
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Baffles at inlet and
outlet of pond

Depth not less than 1.5 m

Impertant
Fill at least half fuli with water before commissioning
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Fig. 32. THE OXIDATION DITCH OR PASVEER DITCH

Intermittent Settling Typ_e

Deepened section to
aid desludging

Sewage inlet
Special rotary aerator
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State, cA | ¥ X
Auburn, AL X
Urbana, IL X] X| X -
Israzl X
Japan X
Indonesia
Thailland X
Germany X X
Oklahoma X Xt Xt X| X X1 X
Arkansas X
Philippines X X *
Ames, IA X X .
Ceylon X X
‘Malaya X X
Borneo X X
Pakistan X X
Trinidad X X
India X X
Puerto Rico X
Hawaii X
Texas ¢ X X
Hungry X
N. Carolina X

Table 1.

Partial List of Fish & Site Sewage Studies
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Figure 27.—Refuse container storage rack.
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FIG. 33. MARKET PLACE REFUSE CONTAINERS

Varlable

cmmmm——————ab

Concreted holding bin (for shovelling accumulated refuse intc
refuse trucks)

Varisble

.....
.......

Trailer haul unit (fabricate of steel — reinforce for rigidity)



SANITATION IN NATURAL DISASTERS

FIG. 29. BAILLEUL INCINERATOR

r] N SECTION
SHCWING HOT WATER

TANK AND BAFFLE
WALL
Note: the hot water
tank may be omitted
FILLING
DOOR
) —~_
INLET FOR COLD
X, VIATER
BAFFLE | | . H
waLL )| TN )
GENERAL VIEW = MATER LEvee
/A o HOT WATER
~f TANK », -— CELIVERY
y/4 = PIPE
CLEARING DOOR — | GRID 3
AIR INLET \EEE T __— AIR INLET
R Q0BA?

Adapted from: United Kingdom, Ministry of Defence (1965) Manual of Army Health, London,
H.M. Stationery Office, p. 235.

This incinerator may be constructed of brick, stone, sheet metal or tins filled with earth, but
the fire chamber should be lined with fire-bricks for prolonged use. Sheel metal is required for the
rahing and feeding doors. The consumption of fumes and smoke is ensured by an arched baffle
wall. ~ A supply of hot waler for use at the incinerator site may be obtained by building a water
tank into one of the walls.
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FIG. 27. OPEN CORRUGATED-IRON INCINERATOR

WIRE
f/ JOINING
" SHEETS OF
1 CORRUGATED

1RON

- 65¢em

\ IRON

BARS

AR
/— INLET

HOLES

65cm -
t——  IRON
BARS

60 c’n 'i ‘/ .

Adapted from: United Kingdom, Ministry ol Defence (1965) Manual of Army Health, London,
H.M, Stationery Office, p. 240,

FIG. 28. OFEN CIRCULAR TURF INCINERATOR

? Sl e - .
—~23¢ i lmt 35_
e BN g

' st TURF
dm 1m

C ~+—= SUPPORT

30 ch “+1—— DHAUGHT HOLE
SECTION #0 03683
DRAUGHT HOLES ASeC
SHOULD BE o /] .
SPLAY-MOUTHED Ser . ’
-y .
o SHADED PORTION
T e————re———— INDICATES SUPPORTS
ek —y OVER DRAUGHT HOLES
p P&
. .‘ b
2 2
Y Lo
u;-gsrya;r-n'r'é' FIRE BARS
APRY,
PLAN

Adapted from: Canada, Department of National Health and Wellare (1967) Environmental
health in disaster, Ottawa, p. 90.

The walls are built of bricks or stones laid loose or cemented together or of turls measuring
30 x 23 cm. Turls should be laid grass 1o grass and earth to earth. lron fire bars 5 tm apart are

built in 20 cm from tha ground.



FIG. 26. INCLINED-PLANE INCINERATOR

CORRUGATED
IRON SHEETS

WIRE HOLDING IRON SHEETS TOGETHER

SUPPORTING
FRAME HINGED
TO PLANE

#n2 0CBTS

Adapted fram: United Kingdom, Ministry of Defence (1965) Manual of Army Hcalth, London,
H.M, Stationery Offica, p. 242.

A readily porlable type of incinerator which folds flat when notin use. The V-shaped tongues
cut in the base plate serve the dual purpose of supporting the re.use and providing draught aper-
tures, For carrying purposes the wire along one of the edges is removed.
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Ditch to collect
surface water

Fig. 36. COMPOSTING
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5. The Multrum system.

Compost Equipment

The compost equipment is the main new piece in the system. The
Clivus compost reactor works en the principles of gravity, capillary
action, and a special ventilation system. The composting material is
enclosed in an impervious container (Figure 6). This container is
connected to the toilet and kitchen refuse openings by means of two
chutes. A vent allows the gases produced :n the process to escape. A
layer of topsoil placed on the sloping bottom contains the bacteria

Table 5
: Organic
Toilet Grey water Kitchen
Waste Sludge Waste Total
Average Energy 1070 860 ' 3450 65370
content .
KWs/person/day
Energy demand to 3000 6000 (2-3% dry 100 8100
evaporate water- substance)
content
KWs/person/day 1250 (16% dry 43560

substance) ’ -
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6. The impervicus Clivus container. Courtesy of AR CLIVUS, Tonstigen

6, 5-135 00 T'yreso, Sweden.

Container consists of a top and bottom st:ction and, where a greater capacity is
required, also a middle section.

Container in functioning posit.on: height = 220 em or 250 em or 280 cm,
length = 295 cm max, width = 120 cm.

For adequate draft, exhaust outlet high and insulated against cold. Sideward
exhaust duct (tube with smooth inner surface) gives maximum rising and no
sharp bends.

Decomposition generates a certain amount of heat. The container and the
parts of the exhaust ducts which are exposed to cold air should be insulateq »o

that a temperature favourable to ventilation and to the process can be maintained,
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