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A CataloR of Water Supply and Waste Disposal Methods
 

for Individual Units
 

to provide a collection of
I. 	Purpose. The purpose of this manual is 


disposal for individual units. However
methods of water supply and waste 


also applicable to groups of housing
some practices compiled herein are 


units.
 

The users of this manual are assumed to be familiar with sanitary
 

a suggestive list of
practices and this work merely assists them as 


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
 

It is noted
 are appropriate for less developed and developing countries. 


however that many of these methods are currently used in small communities
 

of developed countries.
 

This manual consists of 183 figures taken from published
II. 	 Approach. 


Each figure is equiped with a
literature listed in the references table. 


3 number index which indentifies the figure. For example, the figure
 

"This is figure no. 6 of
equiped with thc' index 6/9/230 would mean: 


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




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


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 III
 

below and locate the topics he is interested in. lie 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 fiud the book. and the page from which the figure was
 

reproduced.
 

III. List of Subject
 

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)
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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)
 
Erosion feeder for use with briquets or tablets of
 

disinfectant (Figure 88-89)
 
Chemicals used to coagulate water (Figure 90-91)
 
Farm water supply layout (Figure 92)
 
Water treatment for emergencies (Figure 93)
 
Solar distillation (Figure 94-112)
 

B. Wastes Disposal (Figure 113-183)
 

Wastes collection and disposal (Figure 113-117)
 
Urinal (Figure 117)
 
Latrine (Figure 119-120)
 
Water sea! 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)
 
Absorption 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 tank and aerobic lagoon (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)
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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 	References
 

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.
 

2. 	Guide to Simple Sanitary Measures for the Control of Enteric
 

Diseases, S. Rajagopalan, M.A. Shiffman, World Health Organization,
 

1974.
 

3. 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.
 

4. 	Guide to Sanitation in Natural Disasters, M. Assar, WHO, 1971.
 

5. 	Environmental Health Practice in Recreational Areas (A Guide to
 

the :lanning, Design, Operation, and Maintenance of Recreational
 

Areas), U. S. Department of Health, Education and Welfare, Public
 

Health Service.
 

6. 	Small Wells Manual (A Manual of Location, Design, Construction,
 

Use nnd Maintenance), Ulric Gibson, Rexford D. Singer. Agency
 

for International Development, Office of Water on Hungar, Health
 

Service, 1969.
 

7. Water Supply and Plumbing Cross-Connections (Hazards in Household
 

and Community Systems), U.S. Department of Health, Education and
 

Welfare, Public Health Service.
 

8. 	Water Works Engineering in Diaster - Office of Civilian Defense,
 

Washington, D. C., 1943
 

9. 	Military Water Supply and Purification (TM5-295, War Department
 

Technical Manual), War Department, 1945.
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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 (ODH Bulletin No. 0591), State
 

Department of Health, Environmental Health Services, Oklahoma
 
City, Oklahoma, 1961.
 

14. 	 Military Water Supply and Purification (TM5-295-CI), 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 (O.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. 	 Wate-r Pollution Control in Low Density Areas (Proceedings of
 

a rural environmental 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.
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Algae Removal by Fish Production, Professor 
George W. Reid,
 

24. 
Report presented


University of Oklahoma, Norman, Oklahoma. 


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 Division, RSC Industries, 
Inc./


25. 

245 West 74th Place, Hialeah, Florida 33014.
 

- 5 



NI" 

' .'-
Evaporation 

v o p o a t i O\
k; Cloud formed by ,1 ; ,/.condensation of,. 

Waer tawa 
vrble 

SImpermeable-formton 

aig. 2.1 Till. YDROLOGIC CYCLE 

RIJ-n 

lakei 



2/6/32
 

-	 . t .. 

cre 	 j C2i all 

WaCter - tal q f, 

. / 	 terquiferW 	 table 

...t.e .. . Confining layer 
. r .. : :.. .: .. ... . ...... .. . ... ..: . :... . ,_. . ; ,--

Fig. 3.3 	 SURFACE EVIDENCE OF GROUNDWATER OCCURRENCE. (Adapted 
from Fie. 4, Iater Supph For Rural Areas And Small Communities, WHO 
Monogr iph Series No. 42, 1959.) 

I - Dense vegetation indicating possible shallow water table and proximity 
to surface stream. 

// / ... 2 - River plains: possible sites for wells in water-table aquifer. 
x /'L *'",- 3 - Flowing spring where ground water outcrops. Springs may also be 

found at die 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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Figuie 122. Float-type surfaee intake constructed of logs. 

struction by reducing the amiount of coagulating chemicals needed 
and by elinmiinati.g frequent backwashing of the filter. 

C. INWEILLS ALONG STREFAM BANX,. Wells along stream banks 
sometimies yielId water so much hii -ler quality thanl the streamAin 

water thot the extra work of ili talliii- theml iS justified. Direc
tions for insLalling a driven well (fig. 12-1) are found in TM,5--297.UNI 

f. SI.E.-ID. DAMS. D)rY trea,n beds can be d!evelcped into 
water sourcesI. 1),Vcon.ItrUCtin, subsutrface damns which stop the 
flow of grounid water. Conditions reqniredl for successful uise of 
such danis are a stream bed of sand or gravel lying onl a sub
surface la 'yer of impjervioiis material which extends upward into 
the bankhs. A didn sunkh to the impervious subsurface layer of such 
a stream imldls111' tile grYound water as shown in figure 125. Dams 
can be constructed of wood, concrete, or sheet piling. Recovery of 
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Figure 123. Gra1el-filled gallery intake installed on bank of stream.ouddy 
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Fig. 2.17 LAYOUT PATTERNS FOR MULTIPLE WELL SYSTEMS USED AS WATERSUPPLY SOURCES. CENTRALLY LOCATED PUMP EQUALIZES SUCTION
LIFT. 

Well-point System 

Fig 2.18 WELL-POINT DEWATERING SYSTEM. 
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DUG WELLS 
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Figure A shows a buried slab type of construc
'. IA--e I ' tion for a dug well. The concrete slab is 

a ipouredon the surface with center enn tc. 

dfitth casing. The slab is lowered to a point ut 

-. Minhleast 10 below surface supported by the exist-, 

ing wl . The steel casing is placed and the 
excvaewhon void is backfilled with surface soil. 

hes 6" in smaet opte ningof1et 

......... 

. Figure B shows a 
isting rock walled 

method of protecting an ex
dug w,!ll. An excavation at 

* £ least 6" in width is made to a depth of 10 feet 

eandfilled with good qualit concrete well tam
t fped. 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 weU 

seal. 

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

feet using rock or other masonry for support 
below that level. 
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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 bamboo nail 

.amboo pole . Detail A 
A 

\t 

Strong sheet .5 

metal cover 

Concete rainBamboo pole 

t V,~' 4I7/>WHN 40495 

Elevation 

Counterbalance weight
tied at the end 

Tied with strong rope 
(polyethylene or hemp) 

Plan 

Modified from a design prepared by C.J. Hilado, Philippines-Japan-WHO Cholera 
El Tor Research Project. 
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WATER SUPPLY SYSTEMS 

FIG. 8. DUG WELL WITH PUMP 

Check list 
61. 	 Is the nearby area free from liquid wastes and privies ? 

2. Is there an impervious apron to exclude surface water ? 
,A3. 	 Are the sides of well sealed watertight for 3 m below ground

level? 
4. Isthe eduction pipe to pump sealed ,napron at exit ? 
5. Isthe well water chlorinated ? 

FIG. 9. DUG WELL WITH WINDLASS" 

S- - -"14 

MD& 

± 4~ 

4 

-A- -,.*Section A-A 

=3 

.Z 

i 

_____ _____.:._3. 

_'__" __"--7 

" 

'.4. 
5 

Check list 

1. Is the nearby area free from liquid wastes and privies? 
2. Is there an impervious apron to exclude surface water? 

Are the sides of well sealed for 3 m below ground level ? 
Are the rope and bucket inaccessible to the users 7 

5. Is the well water chlorinated ? 

* Reproduced from Wagner & Lanoix (1959). 
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Note:
 
Pump screen to be
 
placed below point
 
of maximum draw-down
 

Pump Unlt__,
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FIGURE :3. Dug well with two-pipe jet pump installation. 
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Fig. 7.3 DUG WELL Fig. 7.4 	 DUG WELL OF FIG. 7.3 
CONVERTED TO SAFER 
AND MORE PRODUCTIVE 
TUBULAR WELL WITHt 
DRIVEN WELL POI-NT AS 
SCREEN. 



WATER SUPPLY SYSTEMS 1 7 / / 29 

FIG. 13. GALLERY IN VILLAGE POND 

* . 1, 

3 
Section A-A 

. .... - 

..i:!:;(!'.'::.:;
i.i .: {(:.'.::,: Filter sand 

i : 'Graded gravel 

::ACollector line 

Section B-B Stairs 

~~~~pen-joint \:' -


collector 

Drainage 

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 ? 



18/2/30
 

FIG. 14. GALLERY FOR CANAL 

Section B-8 

Raw water line Fle ad~ 
Gravel layers ~ /~// 

Plan 

9B 

Bank Canal Bank Gallery 

Hilo 3095 

Inlet----- -
lnlet-- - Collecting well -F 

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 inlet and outlet pipes well sealed In? 
4. Is the water chlorinated ? 
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SANITARY MEASURES FOR ENTERIC DISEASE CONTROL 

FIG. 15. INFILTRATION WELL IN RIVER BED 

Section A-A 

l Flood line
 
-I -Pump house
 

';ii i:1J 

WHO 30953. 

Pump houseWell 

AA 

" ~~Sectional plan =,''. 

Check list 

1. Does the infiltration well extend above mean flood level? 

2. Are the sides of well sealed watertight top to bottom? 

3. Is the outlet pipe of well sealed in ? 
4. Is the wate; chlorinated ? 
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'FLY SYSTEMS 

FIC. 11. TUBE WELL' 
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RReproduced from Wagner & Lanoix (1959) 

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. Is there watertight tubing for 3 in below ground level ? 
4. Is the eduction pipe to pump sealed in aprcn at exit ? 
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Single Pipe (shallow we;;) 
Jet Pump 

Sheit Plastic Separator 

CobbleCoverCobble7 Ori 

Plastic Sealant 

Reinforced Concret 
Slab Sloped. .-. "AwayFrom Pump 

Grou, Formaticn Seci .. . C..... 

.... . Artesian PresurtSurface 
V... iFez, :;ietri. SturfaceL _.. . - . . . . . .. . . 

/ 

* 

--....... 

9<-

Suction Plpe 

Foot..F oot.. .. 

.. . . 

/ "' 

'---' .. 

. 

'.... 

. 9 

P 

. I, 

ke 

-.. .- ... .. 

, . 

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

. Z. . 

. . .. 

... 

... 

. . 

. .... 

.. 

. 

. 

Waler- Start ng Sand 

Well Point 

FIGURE.6. 	 Hand-bored well with driven well point and 
"shallow well" jet pump. 

37,-,, 
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L---Weight 

Hand driver 

Drive cap 

Hole backfilled 
with puddled cloy 

\ 

Top soil 

Woter-bearing 
and 

Welpoint 

Fig. 5.3 SIMPLE TOOL FOR DRIV-
ING WELL POINTS TO 
DEPTHS OF 15 TO 30 FT. 
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DRIVEN WELLS 

Sanitary Well Seal 	 Flange welded 
t~opipe -

Clay Fill 	 Ground Level Ground LevelLielll ir'2Suction line to 

Below Frost Line 	 shalluw well pump 

Void Filled With 
Clay or 

Puddled 

"'" .";2" Sand Point 
:' ' o.Sand Point 

A 	 B 

Jet Rod 	.
 

A IS Packing Nut
• -


Line to .,_ _V Sanitary W ell SealPressure Trank .., 2'Min.;V 
T" U-, -= 


. ]Original Ground-
[, jI I A shows proper met.hod of a 

I [i ' 

] LvelFigure 	 installing 

Void Filled With '. - sand point well where drive pipe is used as re-
Puddled Clay or . turn line and is under, negative pressure. 

Concrete 0 J Wrought iron or steel casing 6' in diameter ex
------ 10., tends to a depth of 10' below suriace. 

Steel Casing s _Weep Hole 

: 'r! ."7, tThreaded Joint 
[': I i. Locked-n 

[..: - a beFigure B shows a satisfactory installation of a 

St:/ ' . em o d atti sand point well with a sma}!suction return line 
[:[,-' '' point suspended inside the drive p:pe. 

; I Drive pipe is driven..
 
i --- i to this'point with re-"
 
I: '-- / ;movable coupling on
 
i i,' !:j~sort length of pipe.
 
I ---	 Figure show, method of installing sand point_;,iPipe with sleeve is C 
; ' v' rermoved and cylinder well using cast iron cylinder. 

---t------ t.p
 Lucheol to threaded 
end ol drive pipe 



Well Construction (Continued) 	 24/1 3/23 

DRIVEN WELLS 

Ie o et Rod5 Packing Gland
Sanitary Well 

SealPacking Gasket 

Di.ooare)dptfoPp*~~~~~~2 	 (2"t llr /' °tu "u 
5Reamned Drive 


C 

L sl1 Pipe 	 10rin [[ 

y 

tu[u r DvePp 

C|,illay valve may be re-" [A. 
thDia. or Larger)pe 	 depth topi " i 

TbaSecyliuier 	 --
Leathrl andochec 

moved~10 bmulin.u 

Leather and check 
vsalve may be re pthroughmoved by pulling up 

drive pipe
 

fITubular Steel Cylinde~r
 

Figure D shows method of installing point-and~well 	 using steel tubular cylinder attached to 

sand point. All inner parts of cylinder may be 

.Check Valve removed for repair by jet rod through drive 

pipe. 

qSand Point 	 Figure E shows an altern~ie 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. 

D 

SUBMERGIBLE PUMP INSTALLATION 

Elect. Cable 	 Seal 

Seal Void." 	 -,.Vent 

.. 
WeldRemovable 

Cover 

Alternate Seal 

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

Steel 	 Figure G method can be used only under con-
Casing - A 	 ditions where the steel conduit around house sup

ply line terminates above possibility of flooding. 
GF 



Construction Details for Wells 

DRILLED WELLS 26/13/21 

Flange welded 

Gaskett casinga 
steel casing 

,e,'d 

A.Xi 

- l 
iandtarv 

I t 

Flange designed to fit pump base 

18" steel collar inserted 
around old casing 

i -Flange welded to 

Steel collar r 
Feeal ell 


\o. :11 '4.. -


PdlClay orl 10ormm.- . I . .. : i A 

4040grun

4

p udd ed C lay or 10' ain. 

Old sack may be
 
pushed down to
 
[his level to hold
 
clay or concrete
 
used to fill void.- 2 

A 

12' joint of 7" steel casing driven or inserted 
around existing casing 

///,/ 

Original 
grounp
lvel 


Void Filled With 
Puddled Clay or 

C.icrete 'well 

10' min. 

Old galvanized 
joint casing. 

open 

C 

4- .'6 

Figure A shows a properly constructed new 
drilled well with a 12' length of wrought iron or 

steel casing with the void filled with clay or 
cement mix. A flange is welded on casing to 
fit pump base. 

Figure B shows another method of reconstruc
ting an existing well by pouring 6" of concrete 
around the existing casing to a depth of 10'. 
This method requires a short length of wrought 
iron or steel extending thru the concrete slab 
to provide a rigid base for pump or sanitary 

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. 
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in.le pulley block 

~ripod 

7 1~,7 

Goly. pipe w l*' V 
f . % ..-. . . 

Fig. 5.6 SIMPLE EQUIPMENT FOR JET OR ROTARY DRILLING 
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Pump Unit 
Sanitary V101 Seal - . A Outlt Reinforced Concrete 

Cobble Drain 

-. 
-' __ D'-

I 
--.. -

-SrabSlopd,dCover 
Aw ay From Pump 

]0' 

-Grout Seal_ 

____________U--- - Cay-

Artesian Pressure Surfar-e 
" 


. or Piezorreter Surla e- . _ n

_ _sing. 

Drop Pipe - _ 

---.- 2.-Ezjector. .. _- - . ... 

- oot Valve 

_--- / 

,,.1 

~1 rout Seal, /Rc 

SPacker 

J:V aer- BearIng Sand 

S'-:,screen 

Figure 4.-Drilled well. 
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Plug Discharge 

Air Vent 
Ground Surface Sloped Sanitary Well Seal 
to r-in Away from Well 

.7:: . . 

- Surce of Fo',%er 

.-.---- .... .. ... .. ...________ -____"  -- I 

. . . .. ... Clay -

- Cemf.nf G-rout ....Form t,:on Sc~o! _-2_ . .._-....- - /] 

.. . .. " - .
... .. ...... - -._. .. ...


-WtrLevel -

. Drive Shoe'Parker. - i-- . 

FIGURE 7. Drilled well with submersible pump. 
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Is Drill pistein or drill 

-Static water level 

-- Solid ,urge plunger 

Well casing 

W1Il screen 

Sand and silt 
in water 

Fig. 6.5 	 SOLID-TYPE SURGE PLUNG-
ER READY FOR USE IN DE-
VELOPING A WELL. DOWN-
STROKE FORCES WATER 
OUTWARD INTO SAND FOR-
MATION. UPSTROKE PULLS 
IN WATER, SILT AND FINE 
SAND THROUGH SCREEN. 
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. . .I , . ; ; .-CFoie sand 

I .. .................
.....
 

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

Finne sand 

(C) Alternate oyers of coarse and fin sorlj (D)Corse mclarial above fine sond 

Fig. 4.7 RECOMMENDED POSITIONING OF WELL SCREENS INVARIOUS STRA-
TIFIED, WATER-BEARLNG SAND FORMATIONS. 



---- --

31/6/7?
 

10. VV11con 

.- -"de . .- --...
 

Non -coving 
_= .-P- - wl_- 

;4 CcMENTg fIed 
ffLW.OWor 

-3 

__- _=-. --ge -

Fi.5.3ISIEToIGE~O
 

the bott0 

Fig.5.23 INSIDE-TUBING METHOD 
OF CEMENT GROUTING 
WEL L CASING. 

http:Fig.5.23
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' Grout overfow 

0 iled hole. L
-- -pipe-..7- diameter at . 

-v4' r 
Or 2lar1ger- than well casiNt 

:. a- 4 larer 

Wei co'sine 

;Non cavi-g
formation-

Casing ivighted 
with WOtWor 

*0m-. mud fluid 7. 

7-

-4 Cement gro 
; Png rests --. I&a!plugLC. Caigre;sts -"I : *-_.-o . -, 

on'he bottom 

Fig. 5.24 OLrSIDE-TUBING METHOD 

OF CEMENT GROUTING 
WELL CASING. 
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Loadpacker 

W.l rberingland Packer 

AStigi sn ohl ephf w~el 

:'Well cas o . e screen n 

.. ....... lv 


A B C 

Fig. 5.25 PULL-PACK NIETHOD OF SETTING WELL SCREENS. 
A . Casing is sunk to full depth :)f well. 
P. Well screen is lowered insid,. cising.
C. Casing ispulled back to c".pose screen in water-bearing formaIntion. 
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Wash~ inee~ 

i-' .. Cement grout 

Static water level --

Expanded 
i v .lod packer f. 

Well scren 

partially 
removed by

washing - f , . .. , 

-4----- Mud coke ::_Water- bearing sand 

.......... 	 ... :i 
• ":::: 	 .. .-..... .... 

Fig. 5.30 	SETTING WELL SCREEN V4 OPEN HOLE DRILLED BELOW ThE WELL 
CASING. 

,i2~.,..;., .	 .:. 

Fig. 5.31 	 LEAD SHOT AND LEAD WOOL FOR PLUGGING OPEN BOTTOM END OF 
WELL SCREEN. 
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(from ani 

String of 
pipe used 

jat wash line _. eJ oin 

.__ -Ring seal of semi

- rigid plastic
 

* I~~ ~ws Cpio bpep 

Left-haondCopigowahis'I..? rests In conicllI 5sathreaded 1 
cnnection in 

otioln okielf-closinv 
bottom fitting' open position 

Fig. 5.32 WASH-DOWN METHOD OF Fig. 5.33 JEITING WELL SCREEN IN-
SETTING WELL SCREEN. TO POSITION. 
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11 ICasing 

SLeoadpacket- I -I
 

I.?..: I.- i---..----Pufli(,v pipe 

" 

- -i-;--. -	 Sand joit 

' -- Socking
wirsd on pipe 

" : 
 Wll screen 

...
. :: ~iie i
 

sail 

Fig. 5.39 	 ELEMENTS OF SAND-JOINT 
METHOD USED FOR PUL-
LING WELL SCREENS. 
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- t' -P , < . ' "; . d ". . , '- - : . . . ., ' - . . , , " ","s- - . ., ". - -2 -' 

S_.---- - . -. .. 

-~, -14- -:,'-. . * . 

;,,.,' ,.- * . ' '.. """*_ __ =_---.' '-- '- ,-. -- , . ',.-.

-= '.,.-.-- ** . -.'" ' 4 ,. - -- - - - '- . , - , ' IF 

, ,
:;- ,_ _r, ,; o. ...-. -- 4-, , 

Y',, 

A > -,., ,'."; , . : _ -_... . ; -. . . ."S.
 

, , . ,k "."- ' ' ... = . 'i ii*- ' .

,- '( ;- : - * -," . , '":- = .. * * *a" 

Sk, . , . 

, -., ..- , S.. *rJ % .- v .. - . 

Fig. 6.1 IHIGHLY PERMEABLE DEVELOPED ZONE AROUND WELL SCREEN. 
ALL MATERIAL I-I,%[R MlIAN Ifill SLKLN U'[)L Nu HAS BEEN 
REMOVED. REMAINING MAIERIAL GRADED FROM COARSER 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 



Well Construction (Continued) 

CONSTRUCTION OF GRAVEL PACKED WELLS 

Gravel packing of wells consists o' surrounding the well screen with a layer of gravel by means of an outer 
pit casing. The annular space between the well casinT and the pit casing is filled with gravel. Sand is then 
bailed 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. 

• '.r-"; ,:. , 

-~~ - :c 10' Min. r;~§ -

Note: Gravel should be disinfected 
by immersing in 200 ppm chlorine 

- solution.". .#.. 

6Perforated Cain 
o..°°.°°0,:'': Casng . : ... . -,,, 
 .. 

oo * * Figures A, B and C show methods whereby the gravel can be replaced from the 
-a surface if it should settle into the water bearing strata.je.0

@Ohba 

A Figure D shows the outer casing removed and the void backfilled with earth. 

4AJ 



Sanitary Well Seals 

W eld 

.Weld-Gaskets 	 -~, 

40/13/20
 

D 	 EA B 	 C 

The above figures show five acceptable methods of sealing the well casing. Figure C shows an 
approved type commercial seal a~ailable through most local dealers. Figures A, B, D and E show 
type seals which can be made locally. NOTE: All joints must be welded or threaded pipe 3ecurely 
joined. Flanges are joined with gaskets and easily removable bolts. 

Pump Installations 

A 

L 40, 

F G 	 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 lproviding access to sanitary well seal for maintenance. 

I! 	 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. 

can only be used when the pu P 
shows ar. installation whichFigure I 


base is completely closed to provide n protective cover for the casirl.
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CENTRIFUGAL PUMPS 

- --------- - ............ Im peller Fins
 

_U 

5.-.
 

EU 
it - jo. , ', , , ZIe 

Pipe lm mpellerig /'-/,/"%,..S, uctio 


'Impeller sha-~~Z'-- imeier and / /
i -,
 

I' S'...uction Pipe h SflImpellerhousng-7 <~
 

CENTRIFUGAL PUMP TURBINE PUMP UROSSETION 
I -W~ Uo
)icag I' ,v' Se 

A B c 
" " 


0. 4,"l : ''1i t i "---J i 7[Po e 

QI= otor & cloese.ic __. 
-- he":tV lv
 

:,l r anc 
C 3C 

0. Discharge ~ - ~ l 
Well Seal oro 

I Clamps 
'I Bleeder '" WCROS SECTTOR 

S-Cable 
0 Cable Clip

41 A -Cable Splice 

Q - he-k Valve 

2 Pump 
(JIESupUort 

0 Z 

Tcn~ Motor 

-t High
In Presure 

CENTRFUGALPUMPLine 
DETAIL SHOWING EJECTOR SUBMERGIBLE PUMPCENTRIUA PUMPTO 

(JET PUMP) 

DE 

http:cloese.ic


TylI mo 

1. Shllow Wlsh ......... 

2. Dwell ........... 


COsmtaifuiall: 
I. Shanlow well .........
 

a.Straight 
centrifugal 
(sin. ante) 

b. Regeneitlvesne 
turbine type (Ing 
Impeller) 

2.Deep well ........... 
& Vertical line "Ift 

Iarbiias(multif 
isa) 

TABLE 8. 

Tnctcaj sptttionlft 
t 

Usual well-pum ping depth 

22-25 , 22-25 ft. 
22-25 Ift. Up o600 ft. 

20ft. ax. O20ft. 

2lfLta. 21 ft. 

Jimellerasub. 50300 ft. 

- Infonnationon pumps 

headsUn&Iapressure Advantages 

100-200 ft. I. Positive action. 
Up to 60Oft. 2.Dischargc against 

abovecylinder. ariable heads 
3. Pumps water corn 

tausing sandand silt. 
4. 	Esperrally adapted to 

low capacity and 
high lts. 

100-l150ft. 1. Smooth. even flow. 
2. Purps vatcr con-

taming and aod ,lIt. 
3. Prnsr:e on system is 

even and free from 
shoclk 

4. Lvw-siarlig toriue. 
S. Usually reliable and 

good ,,,c life. 

100-200ft. I.SaMe As straight 
centrifugal except 
not suitable for 
pumping .5atcr con- 
taming sand or silt. 

2.Thcy are self
piriing. 

i0-800 ft 1. Same as shalUowwell 
turbine. 

2. All electrical cosn-
ponent a re 
accessible,. above 
ground. 

Disadvantages 

I. Pulsaing discharge. 
2. 	Sub3ect to vibration 

and noise. 
3.Maintenance 	 cost 

may be high. 
4. May cauur destrue-

tre pressureif opcr-
sled against closed 
VavC. 

1.Loss prime easily. 
2. Efficsency depends 

on operating under 
design heads and 
speed. 

l.Same as straight 

centrifugal except 

maintains priming 

easily, 

I. 	Ffficiency depends 
on operating under 
design head and 
Spend. 

2. Requires 	 straight 
well largeenough for 
turbine bowls and 
housing. 

3. Lubrtcation and 
alignment of shaft 

critical. 
4. AbrauOn from sand. 

Remarks 

1. Best suited for capoo. 
ities of 5.25 gpm 
ainst moderate to 

high heads. 
2. Adaptahle to hand 

operation. 
3. Can be 	installed in 

nory smal diametr 
weus (2" caung).

4. Pump must be sat 
directly nts wel 

I
(deep we only). 

I. 	Very efficient pump 
for capacities abova 
60 gpm and scadsup 
to about ISO ft. 

t.Reduction in 
pressure with 
increased capacity 
not as aevere as 
atraight cestrlfugpL 

IC)
 

U, 

-55 



SG-400ft. 50-400ft 

(multistage) submerged. 
b. Submcrsibletturbine Pumpandmolo 

Jet: 
Up to 13-20 ft. 80-150 ft.I. Shallow well ......... 15-20 ft. below 


ejector, below ejector. 

2. Deep well ........... 15-20 ft. below 25-120 ft. 80-150 ft. 

ejector. 200 ft. irrsa. 

Rotary: 
50-250 ft.I. Shallow well ......... 22 ft. 22 ft. 


(geartype) 

2. 	Dep well ............ Usually 50-500 ft. 10-1OA ft. 

(helical rotary type). submerged. 

t
 
Practlial suctioSSlift at sealeveL Reduce lift
I foot foreach 1.000 ft. above sea leveL 

1 .SameasshallowwU l.Repar to motor or 

turbine, pump Itquires 

2. 	Easy to ftost-proof pulling from well. 

iinsallatton. 2. Scaling of electrical 

3.Short 	pump shaft to equipment from 

mtelr water apor clitical. 

4. Quiet operation. 3. Abh,.ion fior sand. 

5. Well tr-ar~ht-nes not 

truti . 

I. Iliuh Lcp3ity At low I. C.Pialty rduec$ as 

lif incras,..l'.ds 
2. S.iple in operation 2. Air in uctlon or re

3. Do~e nit h-i to he turn inc will stopi 

Installed o-er the puripnF. 

well. 

4. No Incooi: parts in 

the .0cLt 

I. 	Siot as still- -ell I.Same as shallots well 

j,t. 1it 
2.WcWll 	 traightiness not 2. Lower effic.rncy. 

crittisc. espcirally at greater 

lits. 

I. Positi-e Action. I. Subjectto rapid wear 

2.fI)isctiarfC constan' if 'i ztct contains 
under variablc heards. anl or silt. 

3. 	Efficent operation. 2. Weiraorgeats tducts 
rfu.rctncy. 

1.Same as shallow well S. Same as shallow well 

rotary. totaly except no gear 
2.Only one moving wear. 

pump "encein well. 

1.3500 RPM modeb. 

while popular 
betause of smaller di

ameters or grter 

capacltics, are fto re 
vulnerable to wear 

and failure from and 

and othercuses. 

I. The amount otfwater 
returned to tjic-or 
increases with in, 

crea d lift - 30( of 

total walt pumped 

at 30-ft lift and 75% 

at 100-ft. lift. 

I. 	A cullcss rubbzt 

stator incir.s life 
of pump. lextible 

dtiv coupling has 
been weak point in 

pump bIest adapted 

for low capacity rnd 

high heads. 

C) 
-- a 
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Frlcton Head lss
 

Presstire Head
 

Static Head 

- Removable Distribution System 
Roof, Walls 

Heat Lamp
 

.Autonatir.Ch l o r ina t o r 
 . . . 

i t 

Submergenc 
E E 

FIGURE 18. Components of total operating head in well pump installations. 
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Fig. 12. HYDRAULIC RAM PUMPS 

Head tank 

Stream and dam 
Drive pipe 

-d i 

Delivery 

Ram pump 

A typical Ram Pump installation 

Overflow . 

Air vessel A 

Delivery 

Drive pipe4 

Dish valve Delivery valve AboutIIm.long# 

A Commercial Pump 

made mainly from standard pipe fittings
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Fig. 13. HAND PUMPS 

A/
 

Flap valve 

jCommercial-type Pump 

Foot valve Flap valve
 
and strainer /F
 

/
Operating 


lever"
 

An improvised pump 

Using a bellows nmzde trom a short section cut from car inner tube, and flap valves made from the same material 
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Fig, 14. THE SIMPLEST PUMP 

T 
Piug 

Valve seat and guard may 
be wood, plastic or metal

Air / 
space 

Man tube. Of any light 20 cm 
material, need not be 
round w 

Valve face and hinge can be 
a single strip of inner tuberubber 

Construction of Pump Head 

High Lift
 
can deliver
 
directly to
 
head tank
 

~Sloping Lift 

can be hung from a 
/ suitable frame 

givegive highestSwll Swill highow 'wst 
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Fig. 17. THE SHADUF 

Bucket 

Counterweiv-,. 

The traditional Shaduf 

hoseHeadtank' 'Flexible
Head tank 

Pulley 

Pivot 

Rigid pipeHead 
tank 

Modifications to enable direct delivery to head tank 

The improved Shaduf 



49/1/16
 

Fig. 7. FLOW MEASUREMENT WITH V-NOTCH PLATES
 
IN OPEN CHANNELS, STREAMS AND FR 'M PIPES
 

900 V-notch plate made 

from metal or wood 

Gauging rod 

'----NL/ /'/ r; 

Installation in 
an open channel 

<25mm> 
125 

100

* 21.2 

75 	 17.6 

-11.8 

50 	 7.5 

- 4.2 

25 1.7 

* 0.55 

0 

Using a box with a V-notch cut out of the side Head of Flow 

for measuring the delivery from a pipe water litres 
mm per min 
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Hjj 900 H 

9 0 7 7 -7 
, , - 7 - *~ 
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w w ': I.- t0-W V, -0. ,. ,._W 

FLOW - Cubic metres per second 0 = 4.55 H5/2 

(Q = cubic metres per second) 
(H = head - metres) 

Fig. 8. FLOW MEASUREMENT WITH A 900 V-NOTCH WEIR 
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Down Spout-'.
from Rof I1F11 A .... F's-oppw.Vo,.. 

Sa'een. 

li l7i.s. . .7 I ii .. ,Io , 

Ilk\Receives 
Manhole Cover Washer 

First Frucet ' , 
fil.,S
. . , -- Is,1I.I 

, 2 ". p o,unofffromRoo , 

" I X ! Sand F"te Ma beusd. . i 

Maximum Water Level Inplace ofrootwashe 

C7 
Basement 

FIGURE 12. Cistern. 
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L-Screenej Overflow 
and Vent 

I

iIScreened Inlet 
I and Outlet 

Moveranholeand,/ 

/ 

-Switch 

Box 

PLAN 

Screened Overflow-il 

'I 

_ Switch Control 

' 

,j 

, ' Wrougjht I ron 
Steps SEle tr 

Valve and 
Box 

Drain 

" 

Screened Inlet 
and Outlet 

S~creened Drain. 
SlopeFloorto Drain 

Wat Slop 

ELEVATION 

Figure 7.-Typlcal concrete reservoir. 
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SYSTEMSWATERAUTOMA':IC 

Pressure System (closed tank) 

A pressure water system consists of a motor and pump, pressure switch, pressure tank and an air vorume 
control. The water enters the closed tank from the pump compressing air in 'Lhe 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 pump'ng 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 "iater as compared to a tank filled when precharged pressures up to 20 
psi are present in the tank. You will note that a tank precharged with 20 pounds pres- Compressed
 

sure will deslver 36.6% of the total tank capacity as compared to only 15.5% when tank air
 

is filled at atmospheric pressure.
 
laterle la4Olbs Dessurz 

Volume of water delivered Approx 7g 5sofwater 
with precharged tank withdrawn beforp

pump starts 
'Rater level ;t 20 lbspressure 

Air Volume Tank 
Control Pressure Tank Size Water Delivered 

Pressure Callons Reservoir of water 
Switch for emergency use 

Moto 0 PSI 20 PS I

I 42 6.5 15.3 

Pump_, -- 93.0 219.6-600 


036 . 6 %15 . 5 % 
- -_1 


A B C 

Gravity System (elevated storage) 

A gravity water system consists of a motor and pump with an elevated storage tank. The motor may be
 
controlled by a float switch or operated maivially to fill the tank. The supply pressure is governed by the
 
height oi the column of water less pipe friction loss. Since a column of water I inch square I 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.
 

* •,* ,II_ Relief Vent .. " Manhole 

'. '1 rOverflow
Float Valve
 

Overlapping type manhole required for siorage or Switch 

tanks, filter clear wells, and dug well covers. 

D Tank Supply House Supply 

Emptying Valve 

F 

Air relief vents for storage tanks or well sealo. 

E 
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Hydro-Pneumatic 
Booster System 

To System

I 
[ Air Compressor Serving onlyHydro-Pneumatic Tank 

Float . . . Float.. 
Valve - Hydra-Pneumatic Tank) lve 

FIGURE 15 
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House Booster System 

Screened Vent 

Water Level 

.. 

Electric Probe fo 
Low Water Level' 

ICut-off Sic 

:... ,: , .,-

HousePS 
Syste 

Ium 

Pre~ sure
Redi'cing 

Check Val 

. 

Chc 

PSI From 

Mve 

FIGUREz 16 
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Fig. 18. SEDIMENTATION TANKS 

'Inlet baffle 

Scum boaid 

Ie ~ outlett:Effluent 

,p I Tank floor sloping 
" towards drain at 1 in 10 

Sludge drain * 

Horizontal flow type 

.-= L' Overflow weir 

Scum board all round tank 

Effluent outlet 

Sludge drainInlet Pipe 

Cylindrical t 

inlet baffle 

Vertical flow tYpe 
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Fig. 24. TRICKLING FILTER FOfl AERATION AND IRON REMOVAL 

Inlet pipe with sprinklers 

.. . . aL...J 

I I Trays 25 cm deep with 
perforated bottoms 

.,c)q Notches for ventilation 

- i '_'-(15 cm layers of stones 
25 cm grade 

I" \I'V-Clet tray and delivery pipe 

2The approximate rate of flow through this type of filter, is up to 1600 litres per hour, per m area. 
The number of trays should be found by trial. 
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Fig. 20. RAPID GRAViTY SAND FILTERS 

Perforated inlet pipe 

Operating head 1 to 2m above sand 

Top drain cock 

Sand 0.5 to 1 mm Filtered water inlet 
lin deep 

Gravel 30cm deep 
-- , .- - .... , n,-

Storage tank 

Draincock 

. .Backwash ump. 

Operatingsequence 

While the filter isoperatir) 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 iscompleted, reset the valves and restart filtering.
 



Fig. 21. SLOW SAND FILTER 

Water Inlet 

Operating head 2 to 1 m 
Floating outlet 

Sand 0.2 to 0.5 mm grade 1 to 1.2 m deep 

= -
-mn- - n - - -n 

Support bed of graded gravel with underdrains 

Opernting sequence 

When the filter becomes blocked, it may be cleaned by stopping the flow of incoming water. Drain the bed to expose 
the sand. The surtace layer of 3 to 5 cm of soiled sand may then 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 to maintain the thickross of the bed. 

1%) 
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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 5 cm apart all ovei 

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 

C to prevent rusting. 

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

Assembly 

Water inlet pipe 

Lid 

' 	 -0 Delivery pipe 

S". ." .	 Sand 3 to 4 mm grade 
25 to 30 cm deep 

• 	 "Perforated plate 
"O " 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 

Water inlet pipe % 
........ 4. ,
.
 

,~~ " -, n et 

10 " ,.,, , .. ..0" channel OOu tlet i / p / 
Sand ' "Y/i. , channel 71 Plastic1.85 to 0.25 mm , ( sheet'. .. '! -
Y to 2 m deco 

Continuous flow type
Length 10 to 13 m from inlet tooutlet with effective slope 1 in 20.
When inlet channel becomes blocked, divert flow to new channel 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 femoved.
 



Modified Slow Sand Filter for Treating Surface Water 63/13/29 

Choiao 
-N 

A.B 
Pump 

% Valves Clear 
T eWell 

I -Se- S 

kSupply I -
SelDZ1 Settling Bai 

%' - Manhole c. Basin 

0V 

AP.0 

Inlet 

WALLS TO BE OF 6 POURED CCNCRETE 

Plan 

B 

C 
Figure A shows the piping arrangement 
wilh valves which can be manipulated to 
back flow water th -u filter. The filter 

V/lven 
can also be pumped down leaving the 
clear well full for usage during cleaning 

0 
o'-

-l" 

Curb to be 6" 
Above Floor 

1periods. 

"/ 
Steel/ iangular 

0 
Figure B shows a typical plan for a rect

concrete filter unit. 
* .Collar e -

0 
z 

Inlet From
Settling Basin 

W Ln Figure 
unit. 

C shows an isometric vipw of the 

-

0.' ... .. . ; " . '.. ' -
' ndi 

'. k.:;.. G rave *. ::'. );.".:
__4-"R-Union 

I 

II0ni n" 
z 

Figure D shows a cross section of the 
filter and clear well with the additional 
piping arrangement needed. All piping 
can be done thru the side wall of filter 

Drain 
_______________,___"and 

Section 

_iY" clear well into a pump 
structed at ground level. 

house con-

D 
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Slow Sand Filter (Continued) 

ALTERNATE DESIGN 

Positive Action 
Chlorinator 

Pressure
 
Tank -27..1 

Supply Line 7 

Float Oerated Switch Valves-&-._0oonduitn 

r Float Water Level 
55 

-Brass 
C r 

HI 

Source S 

2" Min. Coagulation Chamber Filier 
Drain" 

A 
IV 

TABLE 
Table showing water flow thru orifice sizes at 
2' to 8' head pressure. 

Head in Feet 
2'[ 4' 1 6' 89 

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 

0period 
U 5/16 2660 3780 4640 5340 

. 3/8 3630 5160 6320 7280 

7/16 5260 7500 9200 1058i0
 

O I/2 6850 9750 11950 13750
 
V 

3rectly
3/4 16800 23950 29300 33400 

I 790 950 48400 55000 

93900
67400 82500
1-1/4 47500 


1-3/4 86400 122300 150000 170500 

140000 198500 243000 276000 

ChlorineSolution 
.-. Bottle 

Pump 

Outlet florine may be added
negative side of pump 

4 Wae Leel-Sanitary Well Seal 

Collar 
___"___-See ola 

Cap with Orifice 
/32 (See Table) 

Ground Joint Union 

Copper or 
__-_, Rubber Tubing 

Cicar Well Air Vent 

Rubfopper 

GlaSbO Copper
L or Cpe
 

Chlorine Bottle Top 

B
 

DESIGN FACTORS 

The area of the filter must be not le'sc than one 

square foot per 50 gallo.; c-i water per day. 

The clear well volurai should be designed to store 
the maxiniui- amount of water needod for peak 

dem'nd considering that the recovery thru 
filter amounts .., only 2 gallons per square foot 

per hour. Minimum volume should be considetred 
at least 3/4 of the total daily demand. 

onThe volume of the coagulation chanber depends 

turbidity of the water source. It serves to reduc.
the need for cleaning filter sand. Coagulants cor

used in the chamber will further extend 
normal functioning time of the filter. Coagulation 
chambers may be omittvd in instances where the 

water so.:rce is from clear spring4, 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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CdAGULANT.FEEO. 
INLETVALVE 

S1JITIONFLOATVALVE 
COAGULANGFEED 

SUCTIONVALVE 

COAGULANT / 

TANK. 

WCHEMICAL 
PUMPFEED) INLET, 

W R E I COA

AO.WAIEN COAGULA RA 
WATER 

PUMP 
DISCHARGEVALVE 

TANK.,PRETREATMENT 

g RAW -W4&7ER 

ADDEDRAWWATERWITHCOAGULANTCHEMICALS0L 

-ICOAGULANT CHEMICALS 

Figure 66.1. (Added.) Flow diagram during pretreatmeat of raw water 
in water purificationact No. 5. 
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SLURRYFEEDING 
APPARATUS 

COLLECTINGHEAD 

HYPOCHLORINATION 

UNIT___T'O . W.,
v A ER
 

OER
FILTERED.WATER 
VA.VETANK 


SEPTUM 

ELEMENTS 

C ME
EFFLUENT 

DISCHARGE ~PUM.P LrFILTER*/VALVE 

BACKWASHINLET, 
VALVE
 

- .EJECTOR 
s .. . . . ." -- * 

FLOATING A!" 
OUTLET SLURRY 

FEEDVALVE 

FROMSECOND 
PRETREATMENT 

TANK'PRETREATMENT 

PREIREATED. UNFILTERED WATER 

"Q FILTERAIDSLURRY 

WATERO FILTERED 

Figure 66.2. (Added.) Flow diagram during filtering of pretreated water
 
in water purificationset No. 5.
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HYPOCHIORINATION 

*1 , 

" 
"""INLET BACKWASHVAL VE 

It TERED WATFP --------

I ANIC 
-FK'.E R WASTE UM 

VALVE 

DIST RIBUTION 

,$ , PMP FILTERPUIMP 

DISTRIBUTIO4 SUCTION VALVE 
DISCHARG| 

VALVE 
FILTtERED WATER '.TRAP 

E3BACKWASH 'WATER 

Figzme 66.3. (Added.) Flow diagram during backwashing in water 
porificoaion set No. 5. 
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PIE COAT 

DISCHAIGEVAIVE 

COAT"YPOCHIORINATION =IE TANKUNIT 

EhIMENTS 

EFFLUENTFILTE 
DISCHARGEFITRPM
 

VALVEE
 

] PVLTLVRAID UMUPI 

FILTEREDWATER 

Figurc 66J. (Added.) Flow diapram during precoating filter in w-'er 
purificationact No. 5. 
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DIATOMIRGE 
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|I'.1CAID StUatY 

Figni+'e1;i;.ll 

?llT!RAIDt URIiy 

] SE"TLDWATE WlRN FILTEAID SLUI 

45 FILTEREDWATER 

(Added.) Flow diagram during filterhi.q or pr+treated water 
in 14:ILE'r purfifctti et No. 6;. 

TCHLORINT I ..... . SUPVM n 

FILEREWATERI 

Figure 6.1. (Added.) Flow diagram during distribution o filtered water 
in water purification set No. G. 
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HYPCKtORINA IOR
 

F ILIERED.WATIR T ANK 

---- - -- -- - -- S C W A H N 

P VAV 
pUMPtTINPU 

F*lowo diagivin dioiiny bacic.'lushing[ int wiltelJ'iyjtrec 0f.13. (Added.) 
purification set No..U. 
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PRETREATMENT 
TANK 

PRETRATMEN
 

TA"
i"NK
 

FILTE 

FILTERAID SLURRY 

D FILTERED WATER 

Figure 0.1.4. (Added,) Flow diagram ducring p:ecoatinzg in water 
purificationset.No. U. 



S!UDGE 
: AP 

TA K 

R 
iv.p 

HYPOCPAORINATOR 

I.Or 
PU-lp 

of 

COAGMANT EED 
ASSEm 

-----------

FRTERED-WATINTANK 

I ECOAT 
IA- DIATOMIT& 

IMER 

-&ACKWASH 
rum? 

VAtCVIE 

To OMTRINIMM 

DMINJIDUKM 

Figure 66.15. (Added.) - Typical layout oj wat4r putification Bet No. G. 

4 b 

a 

4 
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INTAKE 
WASTE 

SLUDGE COAGULANT-FEED 
TRAP lANXS 

4.000-GAtON 
4.000-GALLON 

PRETREATMENTPILTE&FD.WATER 

TAN;.( 
 sANK 

14T1 ----- iPUMPIr 

FILVER 

PUMP 
0 

..COAT 

4,000GALLCLN
PRETREATMENT 

TANK 

TO
 
IDSIAIRUTION
 

Layout for 50-gpm diatomite stationary waterFigure 170.1. (Added.) 
purificationequipment. 



WSEFLOW 
* INTAKE 

SLUDGE
TRAP 

COAGULANT.FU 
TANKS 

iWVPOCHLORINAYOEU A 
SUREiREATMENT

TN 

PUMPM 

FITIN .WATEft 
TANX 

diatomite stationary water purificationl equipment. 
Figure 170.2. (Added.) Layout for 2 5fl-gpmn 

To 

4 b 

C.8 
4U 
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TUDGE 

RAP~IE 

PI~~Ue ~(A~~dt'd.) I~~i~u' dineg:~111t.o 
ivtlc (IIW~tt~Jifr~iLC~tifu ItN.* 

ne eryp
$ea.$.u 

RAW WAT. 

FIIEO 

~idg 4JIet 
A1 

.1p 

DIATOMT[ 
FILTER 

mo -To 

...... 

COAGUI~f ft, 



(HtO INTANKE 

• 

: 

: ' 

CH ONH 
** 

Munc-

DIATOMITE 

I 

" PRRECOAA",ENT 

DISTRIBUTION..-' 
/ ISTANKG 

CRAW.ATED 

6AKWASH 

ltRI 

AITEI 

AE 

RERE TIEN 

DISCHARGEtBiACON S 

DISTRITBUTUON 

Pumpl 
10 DISTIBUTIO 



C 0 C.A4U U(0A4AAPUU 

tS 

fRNI =AE V[] 

A-MPCAONAIII 

Platy TItV (Adde~d.) Flow diagram+of water dur+ingu pr'oduction of filtered 
8AC-S, St~tED".,4twrater int water pJurifticatiol set No. 6. (Sce patr. ,i5.11a.) 

Mi, 



st4TARI 

rivp~cA1TO1, YE 

CII I N OR- AEAT TEDthE 

CO-1111UT ',fr 
S.CEASNATE1111 AE 

NASm ACKWA3MWATERAIEEu K"OOSEED UT 

Plate VII.. (Added.) Flow diag:am of watcr drfg backaiLhing of 
water purificatioune! No. 6. (See par. , Z.Ia.) 
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Fig. 19. DOSERS FOR SOLUTIONS OF COAGULANTS OR CHLORINE 

Air iniet hole in 
cap must be kept 
cleanSimple Type 

may use plastic or 
glass bottle 

Tap or clip on delivery line to 
control rate of dose 

Painted tank, must be fitted 
with lid 

Wood or plastic float carrying plastic 
tube with inlet hole about 5cm below 
surface 

Flexible p'.astic or rubber connecting 
tube 

f: Delivery tube with tap or clip 

0 Stock 
' tank


Constant head type 

Flexible connecting tube Constant level tank 
dv t with ball valve 

Solution delivery jet 

Main water inlet 
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 

7 

FIG. 21. FLOATING BOWL HYPCCHLORIMA 
r OR a 

Solution level Glazed ceramic bowl 
J ,_ 23 cm _ 

______Solution level 

- Floating bowl 

-- - -- 200-litre drum or 
concrete container ...

- -

Taut nylon string 9-mm bore glass Rubber corkmi. diam. 4.4 cm 

12m rubber tube 3-mm bore glass tube 
_._. _.___. -m oeuheated and drawn at 

-- -top end to give a 
_'-___- Platform table small orifice 

Detail of floating bowl (section) 

oC 

I J ---- a 

C-, 

cJ 
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WATER SUPPLY SYSTEMS 

FIG. 22. CARBOY HYPOCHLORINATOR 

. Air hole 

Rubber stopper 
Pl astic hose 

r 	 Chemical carboy container 

as locally available 

" ................... ........ " otle
[... ... Sipn 


----- Shppn 

S5l 

fitt 

SIi 

1 .,VGlass tube 

'c w t 

To clean water tank/ 
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SANITATION IN NATURAL DISASTERS 

FIG. 15. PLASTIC JERRICAN CHLORINATOR 

2 4 0Omm I3 0 

SCOVERI 
SIEVE 

RSiHSTOPPER- UB R 
STOPPER -

!,C.OVER 
IV 

RUCERSTOPPER 

FLOAT 
250 120mTn 

GLASSTEE FLAT---LSE 
26D 120 nn 

PLASTICJEPRICAN RUBBERHOSE6 9m~n69Ti FLASTICJERRICAN RUBBERHOSE 

RUB ERSTOPPR RUBIERSTOPPER 

I PLASTICCOVER PLASTICCOVER 

TOCLEANWATERTANK TOCLEANWATERTANK 
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SANITATION IN NATURAL DISASTERS 

Auxiliary materials: 

I plastic funnel 
I measuring cup 
I plastic tube, external diameter 12 m, internal diameter 9 rm, length as required 

(about 10 m) 
2 plastic 5-litre buckets for preparing chlorine solution 

FIG. 13. EQUIPMENT FOR FEEDING HYPOCHLORITE SOLUTION 

Flush drain I 

Water supply Plon section
~Guide 

Rubber stopper 
~Wooden 
... . floor 

Bind rubber tube "Orifice 
and brass tubebn 

awith copperwr 

~cost in wall 

Shut-off 

softBrssThick-wall 

rubber tubing wHO912 

Elevaticn section 

Reproduced from Bulletin 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 

I I 
50-gallon barrel 50-gallon barrel 

Drain valve
 

ff Constant-
Drain valve_. presur 

]=TFunnel d4- ontrol valve 

Pipe conducting 
water Water-seal tank " I
 

under pressure , ' --


To point of application of solution 

who 913.
 

The water-seal tank and connecting piping are not needed when the solution is discharged
Into an open conduit, pump well, etc., but must be used when the solution Is discharged into the 
suction side ofthe pump. 
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Hypochlorinators for Disinf-ction 211 

Head Tan 

Baffl Waier.Sure Un~l 

Hand Diaphragm Pump 

Wator OutletWater 

wofe,,°l:Baffle 

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

FIG. 16. STANDARD DOSING C..:ARTRIDGE FOR CHLORINATION
 
OF DINKiNG-WATER
 

-. , 

. ........ 


Ipi 

II 
 EE 

K' 

BL.EACHING/ K~ 
POWDER 

0 ~O~mm 

This cartridge has a cap06ty of 480 g of bleaching powder and an active chlorlno releaso rate 
of about 40 Ing per hour. 

FIG. 17. VESSEL WITH DCSING CARTRIDGES FOR CONTINUOUS CHLORINATION 

RACK TO SUPPORT 
CARTRIDGES AT THE 

-REQUIRED HEIGHT 

- TO WATER RESERVOIR OR 
. - SUCTION PIPE OF PUMP 
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Hypochlorinators for Disinfection 207 

4. INLET 

SLOPIN R 'TTOM 
BRIDUET OR 
ABLETTED
 

SANITIZER 

CIUTLET 

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

SANITIZER CARTRIDGE 
OR ORICJUET STACK 
ORIFICES 

OVERFLWTUBE

h 

INLET1110. 

00OUTLET 

3. Diagrammatic sketch of the impingement type erosion feeder. The rate of dis
solving or erosion isvaried by changing the head of water "h" on the eroding 
stream of water. 
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Mood 

ESII BASKET 

TABLETS OR BRIQUETS 

OVERFLOW ADJUSTABLE 

= a>.__ OUTLET
INLET 

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 

HOPPER. 

TABLETTED
 
SANITIZER 

FEED RATE INDEXER 

' A
INLETE __ _ E 

2_____ _a______OVERFLOWVE N 

ORIFICE COMBINED 

DISCHARGE 
DISSOLVING CH/,MBER 

WEEP HOLE 

5. Diagrammatic sket,.h of the split-flow type erosion feeder. 



Chemmc
(comron 

parentheses) 

Aluminlum 
sulfata 

(alum, filter 
alum, sulfate 
of alumina) 

Aluminlum 
arrmonlunI 

sulfate 

(ammonia
alum) 

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

Artificial alkalinity
required in grins/gal 

Natural or mg/I to react with 
alkalinity one grainigal or mg/i 
required of coagulant 

p! 	 Emer- Dose Effective grains/gal
Appear- Use gency grains/pal pH range or mg,'l to Remarks 

sources tmf:il) reac, with > 
one 

grain/gal 
or mg/l of Hydra- Quick Soda 
coagulant ted l--s 

lime lime ash z 

0.28 0.48 4.4 to 6.0 pH range used for --Light tan to Coagu!ant 	 Hardware 0.3-3.0 4.4-6.0 0.45 035 
highly coloured water. C 

grey-green 	 store. (5.1-51.0) 5.7-8.0 
crystals 	 fertilizer 9.0-10.5 5.7 to 8.0 pH rznge used for 

store or turbid and moderately col- 1 
chemist's oured water. 
shop 9.0 to 10.5 pH range used in 
(pharmacy) alum coagulatin of carbo- >naes in lime-soda softening. 

White Coagulant 	 Lrge 0.3-6.0 5.7-8.0 0.26, 0.23 0.18 0.31 Less soluble than filter alum. 

crystals 	 swimming (5.1-103.0) approx. approx. approx.] approx. Use is generally restricted to 

pools 	 swimming pools and pres
sure filters. Ammonium con
tent is available. 

LT
 

Oh
 



Ferrous sulfate Green to Co3gulant 	 Fertilizer 0.3-3.0 8.5-11.0 0.27 0.22 Not
brownish- store (5.1-51.0) 	 nor
yellow mally
crystals used

sultate, sugar 

sulfate, green
vitriol) 

Sodium White To adjust 	 Hardwars 0.1-2.0 Reaily soluble.
carbonate lumps, pH or store nr (1.7-34.0) 

crystals, remove chemist's for pH 
or powder permannent shop adjustment 

(soda ash) hardoess (pharmacy) 

0 

Calcium While To adjust 	 Fertilizer 0.1. ...5 Only slightly soluble, so fed >hydroxide lumps or pH or 	 store (1.7-0.0) as a suspension.
powder remove for pH ,


carbonate adjustment M 
hardness > 

(slaked lime) 

Calcium White To adjust Fertilizer C.1-3.5 Must be crushed to powdercarbonate lumps pH store (1.7-60.0) bo-ste used o weore (.7 0)before use. 
(limestone.
chalk) 

Sodium White To adjust 	 Grocery 0.1-2.0  -- Readily soluble and very corhydroxide flakes pH 	 store, (1.7-34.0) rosive. 
hardwarestore 

(caustic soda, 
lye) 

Adapted from: US Department of Heaith, Education and Welfare (1961) Health mobifzatlcn course manual. Washington. D.C. 
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Fig. 38. WATER TREATMENT FOR EMERGENCIES 

Emergency storage tanks 

Excavated pit lined with
Wooden sides with uprights 

plastic sheet. Corners made by
at 1 m spacing or less, lined 

folding. Stones or sacks of 
with plastic sheet. 

earth on bottom and rim 
Maximum water depth 1 m 

maintain shape. 

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

Cloth filter 

Wooden frame supporting 2 or 3 layers of
 
cloth without joints or seams. I,II t/
 
Removes suspended matter only.
 

Emergency supply layout 

Primary tank for storage Secondary tank for filtration
 
settlement and coagulation chlorination and storage

filters 1 it, 1spare_______cloth use Drip feed 

________chlorine 

........ .............. do r
 

Distributing pipe 

'r" Source stream ===,'l 


pump Sludge drain ' -"Sure'tr 

All 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) Natural fresh water is not available and saline water is available;
 

(b) The climate 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 gpd;
 

(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 

(100-zoo)Condensate trough, and drain 
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~:6 Basin liner Brine drain 

C



Figure 3. Schematic diagram of solar distillation plant, showing
 

major items of equipment
 

Saline-water Product-water storage tank 
head tank
 

Saline-water line 

Saline-water pump Solar still units Product-water 

Condensate line pump 

Condensate collection tank 

4h. 
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Figure 4. Plan and sections of basin-type solar still, Daytona Beach,
 
United States of America
 

Sngle-strength B- Space between 
quality window beams (1/8") 

glass (48"1 x 32"1) / 

Asphalt seals Precast 
between -"concrete bjeams 
panes _\ (each 721long) 

- Concrete block 
F end walls 

Distillate header pipe 	 Distillate drain pipes 

Concrete block - 0, 56' Glass slope (approx. 10)
 
(4 x 8,x 16") - - - -i liner
 

lie
 

Concrete block Solid concrete 
Liner buried at perimeter (8" x 8" x 8") block, asphalt coated 

(4, x 8" x 8") 
SECTION A-A 

Brine overflow pipe Concrete block Concrete block/ (4"x 8"x 16") (8'x8"x16") 

B-BSECTIN Distillatepipeheader' 

Source: 	Battelle Memorial Institute, Design of a Basin-Type Solar Still, Office
 
of Saline Water Research and Development Report No. 112 (Wasl ngton, D.C.,
 
United States Department of the Interior, 1964).
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Figure 6. Plan and.sections of solar still, Las Marinas, Spain
 

Outer walls of hollow 
concret.e block 

-

,L -

Lower 
beam 

\1Upper
 
hbam
 

8.45 ft 8.45 ft 
4.225 ft 4.225 ft 4.225 ft 4.225 ft 

I 902 pieces of glass, 
each 4. 13 ft x 2. 56 ft 

SECTION A-AJ, spallie 

Concrete 	block piers Prefabricated concrete beams 

END VIEW/ / VEBottom 	 of basin 7 

Sources: P. Blanco, C. Gomella and J.A. Barasoain, Installation Pilote de
 
Potabilisation Solaire de "Las Marinas" (Es-ie),hCoe'ration 
Mediterraneen pour L'Energie Solaire Bulletin No. 9 (Marseilles, 
France, 1965); P. Blanco, C. Gomella and J.A. Barasoain,
Installation de I-otabilisation d'eau de mer et d'eau saumatre
Las Marinas dmeriab, oo e au de rner et 'eaujiaumatre 

rediterraneen pour L'Energie
 
Solaire Bulletin No. Ii (Marseilles, France, 1966); P. Blanco,
 
C. Gomella and J.A. Barasoain, Projet de Distillateur Solaire pour
 
l'Ile de Neuva Tabarca (Alicante), Coop6rati: n edierranen -pour
 
L'Energie Solaire Bulletin No. 12 (Marseilles, France, 1967).
 

Nrte: 	 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, 

Australi a 
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CABLE ASSEMBLY 

Source: 
R.N. Morse and W.R.W. Read, "The development of a solar still for
Australian conditions", Proceedings of the Conference on Power
Production and Energy Conversion-,1966 
Sydney, Australia, -
Institution_ of Engineers, 2"9-30November 1966).sio 966 ). 
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Figure 9. Section and frame details of basin-type solar still,
 
Technical University of Athens, Greece
 

6 

4 

5 

14
 
GENERAL SECTION
 

5 

S 6 

C565
A 

DiD 

4 4	 lc4 

Alternative D 

Sources: 	Battelle Memorial Institute, Second Two sears, 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, 3-9 October 1965), vol. 2,
 

1. Concrete frame 	 4. 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 demonstration unit, small-scale basin-type
 
solar still, for use on Pacific Islands
 

-96-1/2"
 

I E E 

D~ D 
I l II73-1/811 SECTION A-A SDflTION B-B 
~~II.,
 

III II t
 

L", . ... 
 =------1!-,

1~~~____ 

-" 
I 

13 K_
 
SECTION C-C
 

SECTICT D-D 

i
, L1 ---- .... 
 -'-s----o-
 SECTION E-E
 
2-12/32"' 24-5/16,V 4 78I SECTION H-H 

Sources: G. Iiebbi4, 
Researches in the University of Bari (Italy), Cooperation Mediterranden pour
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A.D.K. Laird, 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
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Figure 16. Comparison of results of extended tests of capacity of basin-type
 
solar stills with results obtained from calculations
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0 
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Note: Curve I - results of tests 
Curve 2 - results obtained from calculations 
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Figure 18. Compression-distillation unit using electric
 
energy from solar power plant
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Figure 19. Multiple-effect evaporator heated by steam from
 
focusing solar collector
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Source: J.W'. Bloeiner et al., "A practical basin-type solar still", Solar Energy 
- ~(Un'ited States of America), No. 9, 1965, p. 197. 
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Figure 20. Multiple-effect evaporator heated by steam
 
from flat-plate collector
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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
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Figure 23. Extruded plastic still with blackwick for 
evaporation and cooling
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Sea Water In 

Figure 24. Tilted-tray solar still 

Sealant 

Class Panes (36" x 18") 

X. ; ;. 

Polyethylene Film 

Formed Copper Foil 

..... 

Product Outlet 

Dirt Fill 

-" """ i'"" Brine Ou'" "* 

Source: E.D. Howe, "Solar distillation on the Pacific atolls", South Pacific Bulletin 
(Sydney, Australia), April 1964. 
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Figure 25. Tilted wick-type solar still
 

,Feed water 

Glass pane 

Distillate trough 
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Distillate outlet 300 
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Source: 	 M. Telkes, "Flat tilted solar stills", Proceedings of the International 
Seminar on Solar and Aeoliam Znergy, Sunion, Greece, 19-6-1New York, 
Plenum Press, 196T 



Figure 26. Experimental multiple-stage flash solar distiller,
 

Puerto Penasco, Sonora, Mexico
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Sclar Distillation Using Multiple-Effect Humidification, Office of
Source: 	C'.N. Hodges et al., 

Saline Water Research and Development Progress Report 194 (Washington, United States
 

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

Human excreta 	 FIG. 25. BUCKET LATRINEa 

The conservancy system 

In communities without a 	 sewerage system, bucket 
privies or other types of conservancy latrine are com
mon 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 rear door in good repair, which should be /
 
kept closed except during removal and replacemeni of
 
the bucket; Nj-_
\ 

(2) the bucket-chamber floor should be swept clean .fly 2 
every time the buck,t is removed; /'3 12 

(3) the seat holz over the bucket should have a fly-	 - ' - 4 
proof cover with a long handle; the cover should be 7 
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 easily closed; The Muur.e..ni sho .Is In.cndmneis. 

(5) the houseowner should be advised to keep the a Reproduced from Wagner &Lanoix (195E. 
latrine free from flies by cleaning and spraying the 
surrounding area; Check list 

(6) 	 urine and liquid washings should drain into a 1. Is a latrine seat cover provided ?
 
soai t2. Is the chamber door self-closing and flytight ?
 

soakpit to the rear of the latrine for absorption into the 3. Do the guides position the bucket correctly ? 
ground; in no case should the liquid be allowed to foul 4. Are a drain and a soakpit provided for wash wastes ? 
the soil surface; 

(7) the bucket should be placed between guide blocks handling involved, and the storage of foul matter in 
so that it receives all the exreta without the sides, the populated localities give rise to additional health hazards; 
handle, or the rim becoming smeared; if distances and logistic limitations necessitate interme

(8) a pair of buckets marked with distinctive colours diate depots, it is better to empty the drums into a water
should be provided for each unit so that they can be used tight underground holding chamber from which the night
alternately; a cleaned bucket should be left in place soil can be pumped into transport trucks (with a suction 
when removing the filled bucket; the emptied bucket pump); 
should be washed and cleaned with a disinfectant before (12) the transport of nightsoil along the town roads 
'tis returned for service; 	 to the disposal site should not result in spillage, overflow, 
(9)broken buckets should be promptly repaired or or leakage along the route; 

replaced; (13) at the disposal site, trenching operations should 
(10) removal, emptying, and replacement operations be carried out in a hygienic manner and there should be 

should not result in any spillage of the contents; sanitary protection for the workers; nightsoil should 
(11) intermediate depots for storage of nightsoil prior always be completely covered with aoil; liquid overflows 

to transport, should be avoided if possible; the double should be led to a soakpit; 
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SANITARY MEASURES FOR ENTERIC DISEASE CONTROL 

(14) 	 water should be provided at the disposal site for 
a mildthe workmen to wash their hands and feet with 

solution of a disinfectant at the close of each operation; 

at the close of the day's work, all vehicles, drums,(15) 
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 in a 

small oxidation pond prior to subsurface dispersion into 
on the quantity involved;the soil, depending 

(16) 	 staff or vehicles employed by engineering depart, 
ments in the collection and disposal of nightsoil 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 
into the sea. The excretaand 	to discharge the effluent 

first be discharged into a collecting wel and mixed 
can 

being passed through the
with water, the liquid then 
oxidation pond for preliminary treatment to reduce the 

on the beach;pollutional load 	 aandting ot(18polluo d ecod 
(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" 
sewertype latrine. Where it is expected that a public 

system will eventually be installed, waterborne sanitary 

privies can be connect.d to a household septic tank as an 

interim measure, the effluent being disposed of by soil 

absorption. 
This may be possible in urban areas with water supply 

systems and where individual houses have enough room 

for a septic tank and for effluent disposal. Under certain 

conditions, even pit-type latrines or borehole latrines 

may provide suitable alternatives to the conservancy 

latrine. 1lie provision of such latrines by the householder 

should be encouraged wherever :t is feasible in areas 

without sewers to reduce the scope and extent of the 
a plan can pay dividends,conservancy service. Such 


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 collective rcsponsibility for 

and maintenance; unfortunately collective proper use 
responsibility often degenerates into irresponsibility and 

the latnes fall into misuse. Public latrines are useful 

where tbey form an adjunct to specific institutions such 

as markets, railway stations, schools, hospitals, bus 
parks,terminals, extended family groups, .municipal 

etc., when full-time maintenance is provided by the insti-

tution. 

Public latrines at instititions should be of a permanent 

character, well located, well conceived, well built and 

well maintained.They hdp the itinerant users to appreciate 
sanitary privies. The servicethe potential benefits of 

latrine is therefore the least suit,,)le type for such places. 

or a septc tank latrine would be
Either an aqua privy 

and 	 if the effluentif water is availablemore suitable 
be disposed of by subsurface absorption or other 

can 
suitable means. A pit latrine can also serve the purpose 

as long as there is adequateas a temporary expedient 
protection against flies, Borehole latrines are not suitable 
for such installations because of capacity limitations. 

Householdprivies 

With sanitary household privies it is eszential that the 
the site without conta

excreta should be disposed of on 
water or ground water in the

mination of either surface 
to flies or accesvicinity, that the privies are not exposed 

are 	 not smelly or unsightly,sible to animals, that they 
that they are simple and inexpensive. For emergency 

and interim measures in rural areas, a house latrine 
can be either a pit privy or a borehole latrine; these types 
are simple and comparatively cheap and can be construc
ted on a large scale as a permanent sanitary measure 

that will yield enduring benefits in the control of enteric 
diseases among the rural population. 

Pit privy. Pit privies can be built anywhere without 
members themselves can conspecial tools; the family 

struct the latrine with guidance from the public health 
They can have a greater cubic capacityauthorities. 

than borehole latrines and consequently a longer useful 

life. Precautions are necessary, however, against collapse 

of the pit; and there is a greater need for fly control. 

Fig. 26 shows the details of the superstructures and slabs, 

and Fig. 27 the pit lining details. 
Borchole latrine. A borebole latrine is a hole (20-30 

cm diameter) bored into the ground with an earth 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 

the borehole latrine can be satisfactorysurface) 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 1 litres of water. The latrine is clean and the excre

ment is completely out of view and inaccessible to flies. 

The following points should be examined during a 

sanitary survey ofpit latrine and borehole latrine installa
tioes: 

(1) size of the pit or hole 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-watcr available to the 

public should be assured at all times. 

(b) In unsewered areas where piped water is available, 
sanitary privies should be of the aqua-privy or septic 
tank type. Latrine seats may be provided at the rate 
of 1 for every 100 nersons. Urinals should be adequate 
for the peak demand (about I for 30-50 persons) and 
washing facilities should be available on the spot. Fre-
qucn 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 crowded market place carry the risk of disease 
transmission if sanitary precautions are ignored. Safe 
water must be available because vegetables and meat 
washed with contaminated water can transmit pathogenic 
organisms. 

(b) Sanitary latrines are 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. 

(c) The collection and disposal of refuse at frequent 

intervals is essential since putrescible organic m atter 

will support breeding of flies and add to the health 

hazards. The refuse container shown in Fig. 33 is suitableforaarkTe paeus cor 
for market places. 

(d) The disinfection of insanitary places as a routine 
measure is a necessary precaution. vlarkets 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 
frequenLed 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. 

(c) 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 

(a) 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 facilities should be robust and simple to 
operate. A piped supply is desirable, drawn either fromth uiial system or a suitable local source with 
the municipa
effective disinfection. 

(b) The discharge from abattoirs of liquid wastes 

that have a high biological oxygen demand (BOD), 
must be carefully controlled. In unsewered areas, initial. 
treatment of wastes in a settling tank of adequate capacity 
can be followcd 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 are essential. 

(d) The examination o food handlers is especially 
important in areas where food is processed. 
Ice and drinksfactories 

The full details of sanitary precautions are discussed 
elsewhere; 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 foolproc f but the sanitaryfacilities for the employed staff should be designed to 

prevent fa e e ml o s ul d b o de e to 

prevent facal contamination resulting from defective 

types of toilet, the absence of adequate washing facilities,
imperfect personal hygiene. For obvious reasons, 

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 m.,ni

cipal system or an independent ssu:ce, the supply should 
be locally piped and carry free residual chlorine. Separate 
provision should be made for drinki ig-water fountains, 
washing and for bathing facilities. 

(b) Toilet facilities should be of the aqua-privy type 
since pit privies may be misused amd rendered insanitary 
by itinerant members of the public; a liberal provision 
of separate urinas 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, iasec
ticidal spraying, saritary surveillance of eating places, 
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and the licensing of food vcniors 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. 

R~ailway services 
(a) Water supply and sanitary latrine provisions at 

railway stations should serve as model facilities for the 
travelling public. There is an element of risk in filling 
water tanks in individual carriages via connecting hoses 
from sluice valves located near track level because the 

often housed in chambers liable to pollutionvalves are 
by spill water. Water supply reservoirs within each 
carriage should be filled from sanitary feed points 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) Latrine provisions in the stations in unsewered 

areas are often of the service type. There must be efficient 

supervision 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, 

(c) The use of the railroad track for the disposal of 

faeces is dangerous and the precaution should be taken of 

collecting, disinfecting, and disposing of such excreta. 

Inspection of the track is necessary where it traverses in-

habited localities and crowded communities in order to 

find, cleanse, and disinfect insanitary spots. The cleansing 
must be provided with the necessary implementscrew 

and disinfectants for this purpose. These measures are 

of special importance during emergencies. 

(d) The entire premises of each railroad station should 

be kept in a sanitary state as a major contribution to 

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 food in the carriages and on the 

platform should be subject to strict sanitary control and 

surveillance, and rigid licensing should be enforced. 

(e)During emergencies, case detection squads should 

keep a strict watch on bus and railroad traffic since they 

channels for the spread of infection byare potential 
isolated carriers, 

Ship sanitation 

Shipping traffic on inland water routes and international 

sea routes provides an important channel for the spread 
inof infection from carriers to new hosts, sometimes 

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 
assumes a special importance insanitation therefore 

connexion with the containment and prevention of 

enteric diseases. The environmental health measures 
necessary to secure this objective are set out in the 

Guide to ship sanitation(Lamoureux, 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 andsanitation in aircraft 

of verySanitation in airports. and aircraft is now 
great importance: since speed is the motivation and 
saving time the major objective, air travel facilities must 
incl"de special precautions against all health hazards 

incidental to such rapid travel. Thc facts that toilets are 

often situated adjacent to galleys, that food, food ref.Ase, 
and humaroi waste (including vomitus) are stored in close 

is available for toiletproximity, and that limited space 

and washing facilities all necessitate the most stringent 

control measures and safety precautions. Thesanitary 
the Guide to hygiene and sanitationdetails are given in 

in aviation (World Health Organization, 1960). The 

precautions are equally relevant to airport sanitation. 

Camp sanitation 

The vulnerability ofcamps
 

Camps, fairs, and festivals attract lar, numbers of 

people, some of them possibly from regions where 

enteric diseases are endemic. Saiitary 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 

and the tendency to neglectthe intensity of crowding 
sanitary discipline on account of preoccupation 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 stimulating cooperation 

in the observance of personal hygiene and sanitary 

discipline. 
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INSTITUMIONAL AND CAMP SANITATION 

FIG. 37. TRENCH UL.NALCamp 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 '46 
occupied only casually and infriqucntly. Camp water 11,,r.1.4 , ",' , 
supplies should be adequate ti cover all essential needs, I 

, )
easily accessible to preclude ,aeneed to resort to any 

unsafe local supplies, and safe in quality at all times, , II'' . 
with an optimum level of free residual chlorine. The 'Id YJ,jr 
water should be piped if possible and be drawn from 

.,
suitably located public standpipes. Any of thd alternative 
methods already described for developing water sources " ... 
and distributing water may be adapted to suit the local 5 ..... 

conditions and requirements. 

Sanitary collection and disposalof excreta incamps 

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 

FIG. 38. STRADDLE TRENCH IATRINEof efficiency 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, 15 cm deep, and of a convenient 
length based on the probable number of users, at a rate !v rof about 75 cra per user. Generally, two trenches each 
about 5 m long can together serv,' about 100 people,--. ' , -; '.-i 
for a few days. No seats are provided with tlhftype of.I', 

-latrine, but boards should be placed along each 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 22 

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 L.., I 

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 Check list 

down, and the site marked with a sign. Fig. 37 and 38 1 Are boards provided for safe looting I 
show the general features of a trench urinal and of a 

2. Is about 3 m of trench/day/100 persons provided 7 
straddle trench latrine. 

Well-type pit latrines. Vell-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 
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FIG. 23. TROUGH URINAL 

CORRUJGATED rn 
IRON 

EF"AL
WITH ?,A 

ENDS BLOCKED 

OR WOOD 

WOODEN . 
- SUPPORTS ,;L 

60 c. .. 7 

OUTLET ' 
PIPE 

.. -Adapted from: United Kingdom. 
Ministry of Defence (1965) Manual of 
Army Health. London, H.M. Stationery 
Office, p. 212.SOAKAGE PIT 

FIG. 24. FOUR-FUNNEL URINAL 

30cm
 

PERFORATED 
FUNNELS METAL 

STRAINER 

SOAKAGE
 

60cm 

OILED SACKING Adapted from: Ui~ted Kingdom, 
Ministry of Defence (155) P.4anual of 
Army Health, London, H.M. Stationery 

*~), ~~-STONES Office. p. 219. 
The funnels ma', b set 31 .ihl 

different neichts. I! desired, privacy 
can be ensured by crecting a cross
shaped screen between the funnels. 
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ENVIRONMENTAL HEALTH MEASURES 

FIG. 	21. DEEP TRENCH LATRINE 

LSELF CLOSING LID 25 x 33 cgn 

5 x 225 cm 

URINE 
E- .LECTOR OILED 

' " OILED" ", 11OILED (METAL) t.ACi " 

PIT DEPTH 1.8-2.5m 7CII7.90c" -

Adapted from: Canada, Department of Nalional Health and Welfare (1967) Environmental 
health in disaster, C ttawa, p. 85. 

Trench revetled at sides, Anti-fly oiled sacking laid down for width of 1.25 m all round trench; 
wooden fly-proof cover of tongued and grooved wuod on strong base. 
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SANITATION IN NATURAL DISt,-;TERS 

FIG. 22. BORtE-HOLE LATRNE 

PULLEY 

TRIPOD - I 

/1 3m 
ROPE 

POSITION/
OFAUGER/ 4O pPIPE
WHEN GRIPS 

USE 

VD0SELFCLOSING 

~ j< EII 5-6m 

DETAIL OFE£A1 
5"~oOSJiS 

Adapted from: Canada. Department of National Health and Welfare (1957) Environmental 
he., th ir. disaster, Ottaiva. p. E6. 

mThe bore-hole latrine is a vertical Loring usually 40 cm in diameter and anything up to 6 
deep. A fly-proof seat superslructure shouic be provided. The borinrg is made by a special hand
operated auger, the shalt of which is mv'-e in secticrs for easy transport and to allow lengths to 
be added as the work proceeds. Snear lr-'>s are erected over the site of the boring to act as a guide 
for the upper end of the shaft ard It Do'ode a su porft for the pulley block used in withdrawing 
the auger from the ground. 17he augcr s ro:ated by hanO turning apoled to a detachable cross-T 
handle which can be adjusted in the shall as tbe boring deepens. If the bore reaches water, this 
is of great assistance in In, !,:;estrOn of the sewae. When ground water is not reached, a con
crele skin covering the base of trne bore and exteno;ng for ZOcm up the sides will hold water poured 
infrom the top for some tine. This type o iatrne "hould be provided wit adequate hard standings 
ard drainage around it and a centrahy p~aced seat over we bore to ensufe that the edges are not 
touled. Such latrines will last for years and are a most satisfactory 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 Ceylon type with rear 
facing trap facing trap 

Mould base 

. fc./b
ase 

plug 

A method of casting closets in concrete 

The mould is made in three parts, the base consisting 

of a shallow wooden tray fitted with a core which can 
be mouldeo in concrete, and two locating pegs. Fitting Casting removed 
over the base is the outer case made from wood, there and reversed 
is d 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 insidc surfaces of the mould are 
greased before casting. 
Concrete made from 21/2 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 ne removed, and after afurther 24 hours the 77o10cm 
bowl can be carefuy lifted from the base and allowed 0 t 
to harden for about 4 or 5 days. The bowl is completed 
by cementing a standi;d pipe elbow of the correct size Section of completed 
into the hole left by the plug. S 
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Fig. 25. THE PIT PRIVY 

- Ventilaticn gap 

Shelter as required 

Cover and handle 

Squatting plate 

Raised concrete slab 

Hole not less than 
1 m diameter
2.5 m deep 

Site not less than 
30 m from streams 
or vells 

Plan of suitable 
squatting plate 36 cm 

Section to show raised 
footrests and dished 
upper surface I 



123/2/44
 
SANITARY MEASURES FOR ENTERIC DISEAV3 CONTROL 

FIG. 27. PIT PRIVY - PIT LINING DETAILS' 

0 - - ,. "' 

': :- ' i',";""' ."-- -

.(... T J 4,,.:,-,.....;, 

A 6. 

c 6, 

A 6,C. 

•Reproduced from Wagnei &Lanoix (1958). 

VARIOUS COMBINATIONS OF DIFFERENT TYPES OF PT, PIT LINING, BASE, 
AND FLOOR 
a - Open joints 
b - Joints laid with mortar 

A - Square pit with brick lining and base and wooden floor 
B - Round pit with partial lining of cut tree limbs, soil-cement base, and built-up floor 
C - Bored 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 floor (Cone may be of any material that will provide the strenth to support the weighton top.) 

B - Similar to A,but with brick 
C - Pit showing enlarged lower portion to provide increased volume; practicable only invery stable sol 
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Fig. 27.. THE AQUA PRIVY' 

Important 
1) Fill tank with water before commencing 

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

Ventilation pipe 

Squatting plate 
with drop pipe 

Effluent 
_____________________________outlet 

Drop pipe aperture 12 to 15 cm 

immersion 15 cm m 
j/ 

Scum board 
2to3cmfrom 

7 tank wall 
~~Connecting slot 

Minimum depth 1%m 5 cm deep 

Floor slope 1: 10 
TF 

The first chamber should be twice the volume of the second chamber to allow for sludge storage. 



SANITARY MEASURES FOR ENTERIC DISEASE CONTROL 

FIG. 30. 

G 

INSTITUTIONAL-TYPE AQUA PRIVY. 

\ 

A 

-2-
* 1-

-_ 
' 

_____ F " 

-

Measurementgs$how'n Are Iii centImeres. 

U Reproduced by permission of the United Nations Relief and Works Agency for Palestine Refugees in tho Near East. -IF 

Chock list 
1. Is the ccncrote tank of watertight construction ? 
2. Do the drop pipes extend below water outlet level ? 

A = Inspection manholes, 40 ":40cmn 
B = Inspection box, 40 x 40 cm 
C = Soakage pit or soakage trench 
D = Capacity of tank: 22.3 m3 

E = Drop pipe 10.5 cm in diameter._ 
F = Opening 15 x 15 cm in partition wallro 
G =, Ventilator pipe 

-4 
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HOUSEHOLD SEPTIC TANK
 
EFFLUENT
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Gallons Per Person Per Day Versus Number 
of People in Household
 

100
 

75 

u 

t50 

25
 

I I I 	 I . J 
1 	 2. 3 4 5 6 7 8 

Number of people 

FIGURE la
 

Required Size* of 	Septic Tank Versus Frequency of
 
1200 Cleanout For Various Numbers of People 

i0 people 
-

0 
l0 	 8 people
 

'800 

U / 
6 peole 

1 600 
01 / 

4 p o l 
4people 

CI200 I 

1 2 3 4 p05 6 7 8 9 1p 12 13
 

*Based on variable GPCD 	 Years to cleanout' 

FIGURE 2a
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Required Size of Septic Tank* Versus 
 I1I-31

Frequency of Cleanout
 
1200 

-  -T3  ... . 

10 peopleA
 
:1000 "°-V 

.. 00 -: 5-8 people
 

8 V8 peopleA
 

Boo - ;Vt: 4 or less people 6,
 

* 600
 

4 people'
 
S400
 

0 200 "Dashed 2 people/A 
lines rep

resent Vermont
recommendations
 
ti----' 

__l
1 2 
 3 4 
 S 6 
 7 8 9
*Based on variable GPCD 10 11 12 13
Years to cleanout
 

FIGURE 3a
 

Required Size* of-Septic Tank Versus
 
Frequency of- Cleanoutt1200
 

8 people
 
S1000/ 

-4./
0 
_/1/ 

800 / 6 people
 
" I

u 60 0 /__ 

S/ 4 people 
. II /

400 II /o41
- -//

0 I 2 people
. 20 0 . 

- 1 2 3*Based on..100 GPCD 4 5 6 
 7 8 
 9 10 11 12Years to cleanout 13
 

FIGURE 4a
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Required Size* of Septic TanK versus
 
Frequency of Cleanout
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Square Feet of Absorption Area As
Required by the Septic Tank Manual
 

1) 
Two curves are shc.wn in the Septic Tank Manual:
square feet per bedroom versus percolation rate,
2) loading (gal. per sq.ft. per day) 
= Q versus percolation


rate (t) where Q = 5// 
Assuming that each bedroom contains 1.5 people and sewage
flow is 100 gpcd, the 
flow per bedroom is 
150 gpd since:
 

Q = gallons per day
 
square feet
 

l/Q (gallonsper day) = square feet
bedroom 
 = bedroom
 

or I/Q(150) square feet
= bedroom 
 where Q =.5/
 

Using the above formulation with the gallons per bedroom
equal to 150 gpd and 200 gpd the results are compared to the
values given by the Septic Tank Manual on page 9 (see Table
la and Figure 6a).
 

TABLE la
 

By Formula
 
r @150 gal.per 
 @200 gal.per


Percolation Rate Bedroom per day 
 Bedroom per day Recommended
 
1 or less 
 30 
 40
2 70
43 
 57
3 85
52 
 69
4 100
60 
 80
5 115
68 
 91 
 125
10 
 94 
 125
15 165
115 
 154
30 190
167 
 222
45 250187 (214)* 
 250 (286)* 300
60 
 250 
 334 
 330
 

*Using Q = .7 instead of .8 in an attempt to straighten the 
curve. 



Square Feet of Absorption Area 
Per
 

Bedroom Versus Percolation Rate
 

350
 

300
 

for 200
-alcuiated
tecolendati~n -per
d gallons Per bedroom
 e rO OM 


o 250
 

014
 

Calculated.for-3.50
 200 
 gallonS per bedroom.
 

4J 

150
 

1000
 

50
 

II
 
,!II 60
40 50
0 20 30 


Percolation rate (min/inch)
 

FIGURE 6a
 

http:for-3.50


150
 

Septic...st.....t........... 

100 

7 

50 

4 

Constant ~ 
disobicfou 

it 40rlcossfrteten 
aiyo 6neraon 

n 

0 

50 

125oato 

S4UR 113 

Aei (Mi/ic 

Constant yearly costs for treatment and 
disposal for family of 6, year-around 
occupancy 

12034050 60
 

Percolation Rate (Min/inch)
 

FIGURE 13
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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 2 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 $1.15
 
Poor 1330 $1330-2000 $200 $2.20
 

Cleaning cost $15/year.
 
Capital recovery at 20 yr. and 71/% interest rate.
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SEPTIC TANK - SOIL ABSORPTION SYSTEM
 

Toilet wastes 

HOUSEHOLD 

Shut off valve 


Toilet wastes 

Light.SUWarning 


Sand. 


.filter 


Slorin
 
contact tank
 

Non-toilet wastes 

[Septic tank i 

Subsurface] 

disposal 

FIGURE 3
 

AEROBIC TREATMENT UNIT 

-reshwater .
 

Non-toilet wastes 

'WngLightWDIgI
 

tre atmtent 

Subsurface
 

disposalj
 

SURFACE IDISPOSAL FIGURE 4 
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INSPECTIN 
PORTS 

INLE OUTLET 

SCLWI 

LIQUID 

* D GESTING SLUDGE 

5. Septic tank. 



138/1/42
 

Fig. 28. THE SEPTIC TANK 

Important Fill the tank with water 
before commencing use. 

Shelter as required 

Squatting plate fitted with pour flush 
bowl and 10 - 15 cm delivery pipe 

minimu m depth 1 5 m 5cmV/i . . I " I/ 

First chamber should bemimudeh15IV 
twice the volume of the second 
chamber to allow for sludge 
storage. 
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thent Moul!91-1do.r Megl .. dlttt@. 

be so- tye of treatetnt Ipro. behenl 

the elphom chs.b4r *Ad the pOWt of cbglglaatIos. 

creje 

I fronto-TypeSipho 
Hypo.hlorlnsor 

l.sC.1ld I. AI Olnibolon loll 

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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/, "/' , ' " 
,,.//// _ 

INSPECTION 
IPO0RTS 

PRE 

OUTLET 

TO DISINFECTIOX 

TANK 

AERATION STL' 

SLUDGE 
RETUR.' 

AIR DIFFUSOR 

8. Typical aerobic unit. 
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HOLD* TANK
 

Low flush toilet Non-toil t-wastes...
 

Holding Sand
 
tank filter 

"Honey wagoni' to Su ace 
sewage treatment disposal

plant 

FIGURE 7 

GRINDER PUMP TO REMOTE DISPOSAL AREA 

Toilet wastes Non-toi-let wastes 

Holding tank
 

Grinder pump 

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 
ispresently under construction, and two are scheduled

for construction in the near future. 
These include sand filters and sand
 
tre-nches with daylight outlets and drain fields dependent upon the absorptive
 
capacity of the soil.
 

eI The sand filters are similar in design to those previously mentioned
 
Inconncction with the aoration units, being constructed of concrote blocks
 
and having an area of 48 square feet.
 

The sand trenches were designed 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 inorder to permit a compar
ison between continuous and intermittent loading.
 

The trench is 2- 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 isplaced above the
system ina layer of No. 6 stone. 
 Twelve inches of backfill Isprovided.
 

A typical installation, serving two people.,consists of a flow control
device and two 20-foot trenches, followed by three feet of sand, f.ive 
feet of
 
No. 9 stone, and five feet of No. 6 stone, to daylight. Total cost of the
 
system excluding:housing improvements isestimated 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 familyof 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:
 

1. Total trench dimensions: 36" deep x 18" wide
 
2. A 4", layer of No. 9 stone in bottom 
3. Sixteen inches of No. 9 stone along trench walls
 
4. A 16" x 6" core of No. 6 stone
 
5. 	Eight inches of No. 6 stone on top,. with distri

.bution pipe at centerline
 
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 eliminated by use of a 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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6 inchcs.trench depth is 32 inches. Top widt.h is 30 inchcs, and bottom width 
placed in the trench bottom and along the

A four-inch layer of No. 9 stone was 
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 below the surface, at center
line.' Eight inches of backfill was provided. 

The area of the inter-face below the bottom of the tile is approximately 
However, since this surface is inclined, the
2 2/3 square feet per lineal foot. 

effective area 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 septic tank and two 50-foot trenches. Therefore, only about 1 1/3 square 
feet of effective surface area per gallon of sewage has been provided. The 
limdtod spoco dvalblo provntcd th in;tLallaLlon of thu additotiol 50 to 60 
(cot of trench required to conform with the 2 square feet par gallon design 
criteria. The cost f this installation (septic tank and disposal system) Is 
estim'ated Lt. $650o
 

IV. Conclusions 

Probably the most imFortant contribution of the ?rowotype Study to
 
dote Is #he acceptance of exclusion from the various treatmcnt syst.;ms of all
 
waste except human excreLa. Since volume is a critical consideration in the
 
design of s'ih-surface systems, thk action has allowed the instaolation of
 
systems where compl~ance with Code design was impossible, by reducing the size
 
requirements of the installation. It has also permitted the j~e o; proprietary
 
devices des4gqned specifically for the treatint of human, waste.
 

The cost of providing space to house the various units, or that portior. 
which iswithin the home, varies from case to case, Eliminatirg chese costs from 

!5consideration, it can be seen that the initial cost considerably less for the 
incinerator toilets than for any of the other systems instailed. The monthly 
operating cost of $2.00 must be ccnsidered. However, the costs asrociated with 
servicing septic tanks iind drainfields are IWkeiy to approach, or even exceed, 
this figure. 

Some concern was held regarding the acceptability of the incinerators 
prior to their installation. This cencern appears to have been unfounded. The 
incinerators, as well as all -:jther prototypes, tiavc cxpericnced excellent accept
ability. Only one family has expres5ed dissatisfaction, and chis apparently was 
an attempt to obtain a larger public .5sistance payment to compensate for the 
additional expense. 

While the gas unit costs less initially, the electric incinerator
 
appears to have a better maintenance record. Operatinbg costs are about the 
same. The maintenance problems encountered with the &as units have not been 
serious, but the households associated with the Study usually do not include 
a person capable of keeping the equipment in operating condition. 



OPTIONS CONSIDERED FOR YEAR-AROUND
 

HOUSES IN GOOD TO POOR SOIL.
 

Septic Tank - Subsurface Disposal
 

Toilet wastes
 
StSubsurfaced
 

Non-toilet
 
wastes
 

Initial cost $270 installed $250 to $830 based on 
percolation rate 

Yearly cost $ 10 per year $0 

Lifetime 40 years 20 years 

Aerobic Treatment Subsurface Disposal
 

Toilet wastes,,
 

Aerobic treatment Subsurface disposal
 

Non-toilet W"it 
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. 

Toilet wastes. Non-toilet wastes. 

Treatmen4,Holding tn
I 

ubsurface 
disposal 

Fresh water
 

Toilet wastes Non-toilet wastes 

IHold tank
 

Ae treatment
oi 


disp~osal 

FIGURE 9
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SEPTIC TA;sK - SUBSURFACE DISPOSAL WITH
 

RECYCLING A FLUSHING FLU!D
 

Toilet wastes-
 Septic tank Subsurface
Ti disposal 

Non-toilet
wastes° and pump 

Initial costs $250 installed $230 installed 
Same as Fig.l1
 

Yearly costs $ $10 per year 10 per :year Same as Fig.l1
 

Lifetime 20 years 
 40 years 20 years
 

AEROBIC TREATMENT WITH RECYCLING
 
.IAerobic treat-

Toilet waste ment unit 
 Pump Subsurface 

Non-toilet
 
wastes
 

Initial costs $680 installed $100 
 $165 to $550 based on
 
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 

\\ 

1. A conventional septic tank system. 

STIF!T
 

- 7

20 IN I 

N NI 

2. Typical building site with septic tank, flow diversion valve, and split drainfield. 



SANITARY MASURES FOR ENTERIC DISEASE CONTROL 

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

All liquid wastes 
from dwelling or

institution 

.1 .--,--. -
T,P,... ... 'r l~.l'. 

>~iI Or~~l~ Soakage 

"' 

- S' 

" 

.. 
Dosing
chamber 

and 
tile field 

Septic tank 

_ _ 

9 
__-

MID 30965 
Stabilization pond 

Surface 
water 

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 effluent given secondary treatment'? 

%0 

I') 
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a.a 

via"-* ¢ommi Pir"
 

Fig. 1 The septic tank and pumping chamber as installed at the sheep farm
 
house on the NDSU farm campus in 1948.
 

0 11 *. L)* 

-eal .410• ii ,iiwi 

A-..'L 4 4 

-L • • o, * assi a le a s ts. 

Fig. 2 The drain field as installed on the first Nodak System on the NDSIJ
 
farm campus.
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Fig. I Schematic diagram of 8 in plexiglas tube showing spacing arrangement
 
of 1/4 in diameter holes (not to scale).
 

A 

PLASTC-___---
CoLWAN Soil.G . FEA4RAVE.L ; 

cy/6- "T-E..I.- ---- |9 flEr,L4S. 

SOIL--

B"PLEXIGI.A$ 

e> Cs 0 A~L~ D 

Shows schematic diagram of soil and gravel arrangement inside
Fig. 2 

columns (not to scale).
 

4PABSINLIT(% o 


Fig. 3 Schematic diagram showing location of septic tank and aerobic Irgoon
 
(not to scale).
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H'i J °.:o., to 

1 -- ,1.I . . . . 

q %, WON . 

"01UNGha CCANHOA 

. ,. a. 

Fig. 3 The Nodak Sewage System as installed on farms today. 

DETAIL OF AMOVE GROUND
 
DIPOS.,L FIELD
 

DETAI SOFLABVEGRUN 

6" PERF. PLASTIC PIPE ,- 6" EARTH FILL OR PEA GRAVEL 
18 FT. LONG .18' DEPTH 

''2 DEEP 
1 

FILL-/GRAVEL 

30 FT- 40 FT. LONG 

Fig. 4 The final disposal field as used today. 
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S'2.~ 102 Bennett, Linstedt, and Felton 

7 
GROUNDLINE YILSANDJ 

36" 

c9o-12' -- "X - 2" SAND 
IMIPERVIOUS MEMBDRANE 

6' PERFORATED PIPE 

APPLICATION RATES 

SEPTIC AEROBIC 

2SUMMER 0.1 GPD/FT 2 
0.2 GP/F 

WINTER 0.02 OAK, 

INCREASE 5(r. FOR FULL VEGETATION 

0.1 GPD/FT 2 
- 'FYR 

6. Evaporation-transpiration bed. 
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SANITATION IN NATURAL DISASTERS 

FIG. 25. SOAKAGE PIT 

SCREEN VENTILATION SHAFT:) 
10-15cm SQUARE 

* EARTH 
. .... "m ''- OILED SACKING 

7 -:- *.- SMALL PEBBLES 

- MEDIUM SIZED 

NUMEROUS HOLES 

'. . O,;- LARGE STONES, 

Ij-.r BURNT TINS, 
Ck ETC.-

hVtO00876 
1.25m- *.. 

Adapted from: Canada, Department of National Health and Welfare (1957) Environmental
health in disaster, Ottawa, p. 88. 
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Fig. 33. SOAKAWAYS AND SOIL DRAINS 

Soakaways 
Strong cover

-LfC3/ terti ht upper lining ' 

Flat 
stone 

Loose jointed une
/ 0lm lower lininguneGravel/ n- / inlet 

40 spreading 

Soil Drains 

Using commercial loose jointed pipe Using broken rock and plastic strip 

field plan laid to afall of 1-.10 

JCLDrainage 

Distribution box No trench should be longer than 30m or less than 3m apart 

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

Z 15-5cm of stones 
1to I VAcm grade 

Perforated 
\supporting 

~ tray 

lee 

Fig. 35. GRASS PLOTS FOR FINAL EFFLUENT TREATMENT 

discharge 
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THERMALVAPOR 
ECSST DESTUC-t U 

TNTAN 

-

117 

SUIMP rANK 

MASTER 
CONTROL 

VAPOR 

.-- ---

c)EXCESSLGC 

I-
~CHD iSPARATION 

TANK T.D.L,. ASH 

Xpurgator II is a compact, fully solid-state, completely self-con
tained unit. Indicator and function controls may be remoted. 
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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 >10-7/100 ml
 

Bathing -+ <102/100ml
 

FIGURE 5*
 

INCINERATOR TOILET.
 

Toilet wastes Non-toilet wastes
 

Incinerator Sand
 
toilet filter
 

Slight
 
odor
Ash 
 Surface discharge
 

FIGURE 6
 

*H.A. Thomas et al, "Individual Household Sewage Disposal Systems,
 

Developing Technology, Cost Analysis and Research Needs".
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OPTIONS CONSIDERED FOR HOMES IN IMPERVIOUS SOIL 

Incinerator Toilets with FilterSand 

Toilet waste.s Incinerator toileti 

Non-toilet Sand filter pSorfaceWastes disposal 

Initial costs 
 $500 
 $200
 

Yearly costs- $.025/flush $0/yr
 

Lifetime 30 years 
 30 years
 

Aerobic Treatment with Same Sand Filter
 
and Past Chlorination" 

Toilet wastes
 
Aerobic treat-
 Sand filter Chlorinator &
ment unit. 
 contact tank


Non-toilet
 
wastes
 

Sut face
 

disposal
 
Initial costs $700 
 $400 
 $200
 

Yearly costs $ 40 
 $0 $ 10
 

Lifetime. 30 years 
 30 years- 30 years
 

FIGURE 14
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Grinder and Pumpto Remote Disposal
 

Piping Piping Septic Subsurf ace
Toilet wastes Hol _Grinde 


tank disposal
tank 	 PUMP
Non-toilet-

wastes
 

Initial costs $100 $200 $500 $4/ft $400 $1200 

Yearly costs $0 $0 $ 5 $0 $ 10 $0 

Lifetime 40 yrs 40 yrs 20 yrs 40 yrs 40 yrs 20 yrs 

Hold Tank and Sand Filter
 

Toilet wastes 	 Hold
 
tank
 

Sand 	 Surface
Non-toilet 

filter 	 disposal
wastes 


Initial costs $225-500 based $200
 

on required size
 

Yearly costs $ 30/cleanout $0
 

30 years
Lifetime 40 years 


FIGURE 15.
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-$-TO C2SINFErTION 
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% '% FILT ER EFFLUENT " 

VAVOO%[FLOAT WATER LEVEL AT 
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Porlable Toilets 

Portable chemical toilets are very useful and provide economic toilet 
facilities for many noasions such as construction projezts, parades, 
and other public events where large numbers of people congregate for 
a short period of time. These units are geierally equipped with a 
toilet and urinal and are available for rental or lease from nuany com
mercial companies to include installation and routine servicing. 
Easily transported by truck, any number of these units can be dis
persed rapidly to locations to meet the demands for emergency toilet 
facilities that meet public health standards. A typical unit is show.; 
in figure 19. 

It' 

.. ."1 1. h , 

p 7..oPT 
 -

Figure 19.--Porable tfolits. 
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Figure IT.--Comlort $tation far campground. 

"" • "RT. -S "",--I 
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Figure 18. Mobile comfort station. 
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- .. , 

:' "' ' "w.. ' " .... . .. . ...,.,--o." 

A comfort station of pleasing design and proportion Intended for campgr .ds,
but one which migtht 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. 

21'-8"''-O" 

-_Z 

0 C> 

z kD 

co'
 

Figure 16.--acyout of a permanent type comfort station. 
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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, spard sheet, rope and rough timber.
 

_,__ Efflu ent outlet I 

Toilet blocks 

0 Solid dividing Plastic dividing Scum boad 

2 wall wl 

/ .ioTransfer pipe 

7W. 

5 Anaerobic zone Primary aerobic zone Secondary aerobic zone 

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

Safety note - perirm cer or excavation must be fenced 

Plan 

Wall built with Plastic sheet suspended 
Black plastic cover earth-filled plastic sacks from rim weighted at base 15cm freeboard 

2_ ma 15cm Gap 

Transfer pipe 

Section 

Overhung type 
with straight drop 

Or t
A/ 

Pour flush type Urinal channel 
where appropriate.
Front edge / m high 

pipe. Supporting beam 
necessary Toilet arrangements 

Effluent quality depends on pollution load, adequate hydraulic 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
 

.ooon Depth Minimum a' 
Plastic 
 Liquid Level Minimum 4' 

and Y 


Fence on Mound 

Drain 200. 
 2ewePp 

EXHIBIT 3 -SMALL COMMUNITY LAGOON
 

.2* B.-4• U . •f 

4"gia Groun Leve 

ip t"''~Pasic Cocr Pod00 apT (See deToil above) 

r Origin cl rLevel t n 

1J5'.1o', 10' io'. 40' 

P1$l: s--c -ipe 

The author is: W/illiam Franko, Supervisor, Technical Services, Family
Farm Im.provement Branch, Department of Agriculture. Regina. Saskatchewan.
 



Fig. 30. AEROBIC STABILIZATION PONDS 

Distributor at inlet ;cum board at outlet 

27-,;p f/./t/ -/J///,// 

Depth not more than 1 m. 

Important
Fill at least half full with water before commissioning. Dense growth of algae forming 
icure should be'removed with a floating scum board. 

-41 



Fig. 29. ANAEROBIC STABILIZATION PONDS 

Baffles at inlet and 

outlet vf pond 

Depth not less than 1.5 m 

Important
Fill at least half full with water before commissioning 

14 
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Fig. 32. THE OXIDATION DITCH OR PASVEER DITCH 

IntermittentSettling Type 

Deepened section to 
aid desludging 

Effluent outlet 

Effluent IDesludgingAerator pipeoutlet4 

Sewage
 
inlet
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Figure 1. Process/Element Relationships
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r:2 (11 -44 
rA >1 !-4 1 :3. -4 U -W ~ U4
 

Ia V, Wa 'qWZ . Xs. 0$-A ' -I . rUa .) 1 5.C .
mcc (12 0. .-4 

v 0 M,, 

Israel X
 

Japan X
 

Indonesia
 

Thailand X
 

Germany X X 

Oklahoma X X X X X X X 

Arkansas X 

Philippines X X 

Ames, IA X X 

Ceylon X X 

M'alaya X X 

Borneo X X 

Pakistan X X 

Trinidad X X 

India X X 

Puerto Rico X 

Hawaii X 

Texas t X X 

Hungry X 

N. Carolina X 

Tablv 1. Partial List of Fish & Site Sewage Studies
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Figure 27.-Refus, container storage rack. 
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FIG. 33. MARKET PLACE REFUSE CONTAINERS 

Variable 

Concreted holding bin (for shovelling accumulated refuse lntc' 
refuse trucks) 

Trailer haul unit (fabricate of steel - reinforce for rigidity) 
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SANITATION IN NATURAL DISASTERS 

FIG. 	 29. BAILLEUL INCINERATOR 

SECTION 

SHOW¢;INGHOT WATERTANK AND BAFFLE 
WALL 

Note: the hot water 
lankcmay be omitted 

FILLI NG 

DOOR 

INLET FOR COLD 
WATER 

BAFFLE-

GENERAL VIEW WALL WATER LEVEL 

-AK 
TAN 

U HOT WATER 
CELl VERY 

C.LEARING DOOR RDPP 

AIR INLET a- AIR INLET 

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 bric stor'e, sheet metal or tins filled with earth, butthe fire chamber should be lined with fire-bricks for prolonged use. Sheet metal is required for theraking and feeding doors. The consumption of fumes and smoke is ensured by an arched baMewall. A supply of hot water for use at the incinerator site may be obtained by building a water
tank into one of the wals. 
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FIG. 27. OPEN CORRUGATED-IRON'INCINERATOR 
• . / WIRE 

SHEETS OF
 

CORRUGATED
I- IRON
 

1.5mM BARS/ 
BAIR
 

6 1NLET 

65 cm
 
IRON
 
BARS
 

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

FIG. 28. OPEN CIRCULAR TURF INCINERATOR 

SUPPORT
 

D G T HOLE
 3 .cm HAU H

SECTION -3 OUO 

DRAUGHTHOLES
 
SHOULD BEw
 

SPLAY-MOUITHED
 
SHADED PORTION
 

INDICATESSUPPORTS 
OVER DRAUGHT HOLES 

SFIRE BARS
 

PLAN
 

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

The walls are built of bricks or stoncs laid loose or cemented together nr of turfs measuring
30 x 23 cm. Turfs should be laid grass to grass and earth to earth. Iron fire bars 5cm apart are 
built In 30 cm from the ground. 
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FIG. 26. INCLINED-PLANE INCINERATOR 

CORRUGATED 
IRON SHEE"S 'X WIRE HOLDING IRON SHEETS TOGETHER 

75cm 

AIRHOLES S P O TN 

~FRAME HINGED 

A"000879
 

Adapted from: United Kingdom, Ministry of Defence (1965) Manual of Army Hcalth, London,H.M. 	Stationery Officz, p. 242.A readily portable type of incinerator which folds flat when not In use. The V-shaped tonguescut in the base plate serve the dual purpose of supporting the re;use and providing draught apertures. For carrying purposes the wire along one of the edges is removed. 
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Fig. 36. COMPOSTING 

Ditch to collect 
surface water 

/ / 
% ...."" , 

Sectionel 
heap showing 
layers of waste 

with smaller layers 
of sludge 
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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 cn 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 850 3450 5370 
content 

KWs/person/day 

Energy demand to 3000 5000 (2-3% dry 100 8100 
evaporate water- substance) 
content 

KWs/personlday 1250 (15% dry 4350 
substance) 
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6. The impericus Clivus cuntainer. Courtesy of AB CLIVUS, Tonstiger,6, S-135 00 Tyreso, Sweden.
Container consists of a top and bottom se:ction and, where a greater capacity is 
required, also a middle section.

Container in functioning posit.on: height - 220 cm or 250 cm 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 rno 
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 insulatea b.,that a temperature favourable to ventilation and to the process can be maintained. 

http:posit.on

