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Water for the World

Designing Structures for Springs
Technical Nete No. RWS, 1.D.1

.

Protective atructures are a very
important part of developing springs as
sources for a community water supply.

A properly designed protective struc-
ture ensures an increased flow from the
spring. To protect the cgrlns, stlt,
clay and sand deposited st the apring
outlet, and other material washed down
from the slope dby surface run~-off, must
De Cclearad sway. ¥nen these materisls
are removed, water flow increases.
Clearing away vegetation from the
opring effluent will also allow better
flow. A protective structure will
improve the accessibllity of the water.
By channeling the spring flow inteo one
collection area, a good quantity of
water can be stored for the community.
Spring water can be dlstributed to com-
munity standpipes or to individual
houses. A third benefit of & protec-
tive structure 1z that 1t protects the
spring water from contamination,

This technical note discusses the
design of structures used to protect
and develop springs for ¢ommunity water
supplies and makes suggestions for
spring development in a speoific area.
The design chosen for a particular pro-
Ject will depend on loocal oonditions,
materials avallable and spring yleld,
Read this entire technical note and
refer to "Selecting a Source of Surface
Water,” RWS.1.P.3, before choosing a
deaign that will best meet a commu=
nity's needs,

The deaign prooess should result 1in
the following three items which should
be given to the construction super-
visor:

1. A map of the area. Include the
location of the Epring; the locations
of users' houses; distances from the
spring to the users, alevations, and
important landmarks. Pigure } is a map
of e small village with a spring
located on high ground abdove 1t. A map
of this type 1a useful in helping the
people bullding the apring box locate
the spring site.

(Usetul Definitions )

DISCHARGE - The flow of watsr from an
opening in the ground or from a pipe
or other aource.

EFPLUENT - At a spring site, the point
from which water lmsaveas the ground.

GROUT = A thin mortar used to f1ll
chinks, as between tiles,

HEAD - Difference in water level be-
tween the inflow and outflow ends of &
syastem.

HYDRAULIC GRADIENT .- The measure of the
decrease in head per unit of distance
in the direction of flow.

MORTAR - A mixture of cement or lime
with water in a basic proportion of 4
units of sand to } unit of cement or
linme.

PERPENDICULAR - Exactly upright or
vertical; at a right angle to a given
line or plane.

PUDDLED CLAY - A mixture of clay with a
little water so clay 1s workable.

REINFORCING ROD -~ Steel bars placed in
conerete structurea to glve it tensile
strength.

UNDERFLOW -~ Flow of water under &

\ttructure. j

. A 1list of all labor, materiels
and tools needed s8 shown in Table 1.
Tnis will help make sure that adequate
quantities of materlisls are available
8o construction delays can be Pre-
vented.

3., A plan of the spring box with all
dimensions s shown in Figure 2. This
plan shows a top, ¥ide, and front view,
and the dimensions of & cover for a
spring box im x im x Im.
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Spring Box Design

There are several possible deeigns
for apring boxes but, generally their
basic features are similar. Spring
boxes serve as collestors for spring
water. They are sometimes used as
storage tanks when a amall number of
people are being #erved and the source
is located near the users. When larger
numbers of people are merved, the water
collected in the apring box flowa to
larger atorage tanks. The two baasie
types of spring boxes discussed in this
papar are & box with one pervious side
for collection of water from a
hillside, and & box with a pervious
bottom for coliection of spring water
Tlowing from a Bingle opening on level
ground. To determine which design to
use dig out sround the area until an
ippervious layer is reached, locate the
source of the =pring filow, and design
to fit the situation.

YTable 1. Sample Materiais List

Ttee

Desoripeion

Svant ity Eatimated Gost

lavor

Forenen
Laborars

Suppliss

fortisnd eement
Claan eand and grevel,
iT aviilanls, oF
lounlly mtimlo
sand and gravel
Haler { o stie
a atirf mtatura)
Wire aeah ar retne
forting rods
®elvanired steel or
pinstic pipe {for
oubiets, svarfisy,
ang eeliwerere)
Scresning 1ror pibes)
Boargs and plyweod
{for tuilding Lorms)
B14 meter 81) &7 sther
lusricant (for
alling foras)
Baling wire
fells

]
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Ehoveis and pleus {or

vlher digging tevls)
Wepsyring tepe or rede
Naneé r

| L]

Buckaty

Carpanter's dquire or
#quiveient (%0 maka

Pipe wrenth
Whealbarros
Aglustabie wrenet
Serendiiver
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Spring Box with QOpen Side., A opring
box with & perviocus side iz nesded to
proteat springs flowing from hill-

sides. The area around the spring must
be dug out so that ail available flow ( \

is captured and channeled into the
spring bdox. Do pad ©

After this has been done, a oollec- Brversion ditch
tion box can be built ground the spring o '
outlet as shown in Pigure 3. The dug- / T T
Sut area should be linad with gravel, : EREL§ o
The gravel placed against the spring Pudde
opening serves as a foundation for the clay | i ]
box and prevents the spring water from e o
washing soil away from the mres. The m s relilgpaiii &
gravel pack also filters suspended ———— T
80lids. The gravel-filied area should Al i X% =
be betwesn 0.5-1m wide depending on s O 0
the size of the spring collection area. ———=s
To ensure that no contamination reaches imoervious aysr  Gravel  Large and smedl
the water, the gravel pack should be at Shoree
leest 1m below the ground surfacs.

This 15 done either by iocating the
#pring catohment in the hillside or by \‘ﬂﬂ"‘& Spring Bax with Open Side )
Falsing the ground lsvel with backfilil.
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Caution must de taken not to disturb -
ground formations when digging out
around the spring. Without care, the
flow of the apring may he defleoted in
another direction or into another
fissure. The area must, however, be
dug out enough s0 that the spring box
fics into impermeable material, In
cases where the box does not reach
impermeabls material, puddled olay
should ke used to meal the arsa around
the sides of the spring box.

32”1“§ Box with Open Bottom. 1If &
spring OWS TOUgh & ssure and
energes at one peint on level ground, a
apring box with an opsn bottom can be
developed as shown 4in Figure 4. The
area around the spring is dug cut until
an impermgable layer is reached. The
area around the spring is5 then leveled
and lined with gravel. fThe apring box
is placed over the spring and gravel to
¢ollect the flow, and glay or ooncrets
is packed arcund the box to prevent
seepage between the ground and thae box.
Sometimes a #mall suxp aan be built at
the bottom 80 thet sediment settles in
one place.

The design of both types of spring
boxes 1s basically the same and in-
cludes the following featurses:

(2) a water-tight collection box
constructed of concrete, brick, clay
pipe or other material,

(b) a heavy removable cover that
prevents contamination and provides
access for oleaning,

(e) an overflow pipe, And

{d) & connection to & storage tank
ar directly to a distribution system.
The spring box with an open bottom is
simpler and cheaper to construct.
Generalily, on level ground, flow from
only one scurce muet de captured and
collection of all available flow i3
much easier. Costs are lower because
Jess Qlgging and fewer materials are
required.

The spring box should be constructed
at the spring site for easy installa-
tion. If the appropriate materials are
available, the spring bex should be
made of concrete, Information on the
use of concrete is included in
Worksheet A. Three sides of the mpring
box must be impervious and depending on
the type of spring selected for devele
opuent, elther the bottom or the
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upslope side must be pervious oOr open
The upslope side of an open sided
spring box can dé sonstructed partial

with concrete and partielly with larg

rocks and gravel as shown in Figure 3
Large rocks. support the apring box an
4110w water to enter. Smallar stones
should be used between the large rock
to close large openings 8o that sedi-
mernt {3 filvered f'rom the water.

If materials for building a concre

box are not available, or are sxpen-
sive, there are alternatives that are

-pastioniarly uselful in developing a

single mpurce spring. Large prefabri
cated clay or concrete tubes, like

‘reguisr spring baxes, ean be placed

around the spring. Water rises in th
tube and flows out the outflow pipe.
Rings for collecting spring water can
even be sonstiructed using bricks and
mortar. Half or broken bricks can be
used to bulld a ring as shown in Figu
5. The bricks are laid in a circular
pettern, so that vertlcal Joints do
Spaces batween the briec
are filled with gravel and mortar.
Bricks are laid untll a height of be¢-
tween 0.9-1.2m 1s reached, The
diameter may vary but should be aroun
0.7-1.0m. An outlet and overflow pip
should bes placed in the structure
before installation and with reinforc
ment &dded., Tnls type of structure i
very practical and inexpensive to
congtruct. Little cement 13 needed
and locally available materiale o8n b
used,

e — - i
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Worksheet A. Calculating Quantities Needed-for Concrels

{Catoulations for » box T % T x 1.0 with open boim)
Total volume of box » length (1) 3 width (¥) x helght (R} . .

Thickness of walls = 0.10m Coren e e

1, Volume of top =1 ppmEw-fhm Xt -Prpn wP.W¥nd

2- Voluze of bottom =l @ mIiw__ Sgait.  _pee gn

3o Volume of two sides » 1"y maw__f mzxt g pEx2=pyom

4, Volume of two ends = 1 m X W ém Xt 2= Alom3

5. Total volume = sum of ateps I, ¢, 3, &, ! = m3

6. Trmixed golmt of materials = totdl volumé x 1.5 Efﬂ 2 1.5~
n

7. Volume of each material (cement, sand, gravesl, 1:2:3):

cement: 0.16? x voluﬁelfrvﬁzilﬁi- D o iﬁg cenént.

sand: 0.33 x volume from Line 6 - B3 aand.

gravel: 0,50 x volume from Line 6 = m3 gravel.
B. Number of 50kg dags of cement = yolume of cement | '

_volume per bag
volume of cement 0.13m3 - ,033m3/bag = __4 bags.

9. Volume of water « 28 liters % 4 Sagi of gemant = 112 liters,

(NOTE: 1) Do not determine volume for an open side or bottom,
2) The top slab har a 0.1m overhang on each side,
3) The same caloulations will be usad 5 determine the quantity
of meterials for construction of a seepage wall.
1} To save cemont a 1I12:8 migvume oan de umed.)

/
The capacity of the spring box
- depends. on whether 1t 1iv being used for
storage or pre-storage. If the spring
box I8 used for storage, it should be
large encugh to hold a volume of water
#3UA1 to the needs of the users over =
13=hour paried. . Fer exaaple:  If 100
people each use 25 liters of watar per
day, the pmount of water consumed in 12
houra is 1250 liters. Thers are 1000
liters peér m3. ThiErerore the gozume of
the spring btox should be }1.25m7.
{volume = langth x width % Reight). 1f
the collection. box 1s used only for
pre-storage and water flows on to
another storage tank, the collection
box can Ye smaller. "

A reinforced concreate cover must be
gonetruoted to protveet the tank from
outside contamination. The cover
shouid d&:ocast 4in pisce to snsure
proper fit. It should extend over the
spring box about O0.1lm on each side so |
rain does not rall at the base of the |
spring box. The cover shbuld be heavy |
endugh 80 children cannot 1ift it off.

. . .
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The spring box should hive an
overflow pipe, The pipe i placed a
little below the maximum water level
and at least 0.15m above the floor of
the tank. If the pipe iz above the
maximum water level, water will not
flow out and pressure 1§ created in the
tank. The pressure could cause e back-
up &nd diversion of the spring. The
overflow pipe should be coverad with &
screen I'ine enough to keep out
mosquitoea and strong enough to Keep
out small animals. The size of the
plpe depends on the flow of the spring.

A rock drain or concrete siab should be

placed outside the tank below the .
cverflow pipe to pravent erosion near
the btase and to carry the water away
from the apring. A pipe which extends
J=5m from the tank is desirable in
order to keep the site free from still
water.

An outlet pipe for connection to a
gdistribution system should be located
at least 0,.lm above the bottom of the
spring box to prevent & blockage due to
sediment build-up. The pipe size
depends oh the grade to the storage
tank and the spring flow. A general
rule to follow is that a4t & one percent
griade, & 30mm pipe should be used, A
grade between 0.5 and onc pércent
requires & 40mm pipe, while a 50mm pipe
should be used for grades of less than
0.5 percent. In some cmssa the sane
pipe will be both cutlet and overflow.
The outlet pipe should slope downwara
for best flow,

After the spring box is installed,
the space behind it must be filleqd with
501l and gravel. The gravel im the
bottom layer. On top of it, a water-
tight layer should be formed to prevent
the entrance of surfare water. This
can be done with concrete or puddled
clay. Puddled clay is & mixture of
¢lay and water formed into & layer
150mm thick. The layer ia piaced on
the ground and worked in by tranpling
on 1t. BSeveral layers of puddied clay
should be placed behind the dox.

After sealing the area, the dbox can
either be completely coversd with soil
or Btand above the ground sunrfaca., The
box should be at least 0.30m above
ground level so that pun-off does not
enter it. Por further sanitary protec-
tion, a diteh should bde dug at least
8m above the apring box to take sur-
face water away from the amea. The

From: Fred Proby 425 774-2160

"that watar sespi

. et et ee——— A T————— o it -

8/17/98 14:42:48 Page6of 10

- So0%} from the ditch should be piied m

the.downhill elde to make & ridge and
help Reep surface water away. A fenoe
&round the éraa will Xeep animals fros
getiing ‘near the spring box and nelp

prevent contamination and destruction
of the area. The ferice should have p

- rédius of detween 7-8m.

$eep Deusign

Desighs ror sesap Jdevelopment gre
silmilar to those for spring boxes.
Figure 6 ahows the dasic design.
Iitakes {collcotors) are very importar

. features of seap development. The

etollector system consists of spall
shannels gontaining 100mm clay open-
Joint or S0mm plastic perforated pipe
packed in gravel. The collectors arg
installed in the deepest part of the
aquifer, They take advantage ¢f the
saturated ground sbove them for storag
during timee when the groundwater tab]
is low. The perforations in the pipe:
must be about Smm-in diameter or large
enough to collect sufficient water but
amall ernocugh to prevont suspended

petter from entering the pipes. In
fine and medium-3ized sand, perforate:
Pipe should bs pucked in gravel but

- suEpended material often will enter ti

pipe in wpite of the gravel.
To prevent'élogging, the collector:

- .should be siced so that the veloclty ¢

water flow in them 1s detween 0.5p p=)
second and Im per second. Spe “Metho
of Delivering Water," RWS.U.M,

Weter collcetsd by the pipes 1s
channeled to the apring box through a
-gravel pack. The tollectors sust
extend asross the éentire width and
length 0f the water-bearing xone and
should ba perpendicular to the flow o
the aquifer: %hese intskes should
extend below tha water-bearing gones
eollect the maximum amount of water s
g;rmit free fiow into the oollector.

e advantage of & collector system 1
ovar a lerge area
g:nlbe channeled into a central stora

21N, . . .

Clean-out pipes %o flush aediment
rrom the goliection pipem should be
&ttached to the ocllection pipess. To
install elesnaout pipes, add a length
of pipe to the far #nd of the collec-
tion pipe. ' At the end of this length
place an elbow joint fasing upwards
and attach s vertical length of pipe.

e ——E — . g—— -
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The pipe should extend & little above
the ground and be capped. If the
ecollector system clogs, water can be
added to the cleanecut pipes to flush
out the system.

For ssep developuent, & cutoff wall
of clay, concrete or other impervious
materizxl should de constructed. The
cutoff is usually constructed as a
large "V" pointing downnill with wing
walls extending inte the hill to pre-
vent water f{rom escaping. The cutoff
should extend down into impervious
materisl to force the flowing water to
move to the collection point and to
prevent loss of water due to underflow,

The use of concrete for the cutoff
wall is best but most expensive. A
wall 0.15m thick will ensure adequate
strength againat increased flow. The
height of the cutoff wall depends on
the aize of the flow being collected,
If desirved, 4 spring box may be
constructed inside the "V" shaped
mesting of twg walls as shown in Figurs
7. The spring box will provide
& settling basin for sediment removal
and storage. The spring box should be
designed ao that water enters it

7.ItﬂeﬂbﬂﬁsHuunoelaﬁothdbuhnlmuun

o
through operiings in the upper wail.

These openings must de screened to pre
vent snirance of debdbris.

Puddled glay instead of concrete ca
be used to form the cutoff wall. The
¢lay 1s piled up ana tamped down to
forn an lmpervious wall., I aocts as @
smill dam which prevents spring water

v pey——
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from flowing away from the sellection
area. The c¢lay cutoff wall works as
well as the cement wall and 15 much
cheaper and easler to install. Good
impervious eclay should be available 1if
this type of cutoff wall ie chosen,

An ocutler pipe 1s installed to move
water from the collection point to
stoprage, The diameter of the plpe
depends on the grade to storage and
will generally renge between 30-50mm.
To determine the correct pipe size, see

t"Methads of Delivering Water,™ RUS.4.M,..

The outlet pipe for a spring box or
simple collectlon wall should be at
leent 150mm from the dottem of the
collection area. A watertight connsc~
tion should be made where the pipe
leaves the spring box or goss through
the cutoff wall. As 11 the cese of
spring boxes, the outlet pipe must be
screened with smell mesh wire. Becguse
of the cost, this type of structure
should be used only where Be2ps cover
an extensive ares. Skillad laborers
will be needed for oconstruction.

Horizontal Well Deslgn

Horlgzontal wells are very simple and
can be quite Inexpensive. In order %o
use & horizontal well, an eguifer must
have a steep slope or hydraulic gra-
dient. Steep hydraulic gradients
generelly Bre found in chilly, sloping
lang and follow the ground Surrace,
Horizontal wells, shown in Figure 8,
are installed in much the aame manner
&8 vertical driven and Jetted wells.,
Ses "Designing Driven Wells,"
R¥W2.2.D.2, and "Designing Jetted
Wells," RWS.2.D.3 for specific deaign
features,

A horizontal well can be driven if
the apring fliows from an aquifer in
permeable ground. A pipe with an open

end or with perforated drive points iz

driven into the squifer horiszontally
or at & shallow slope to tap 3% at &
point higher than 1%ts normal discharge.
In some so0lls, the pipe can be driven
by hand, dOenerally the pipe is driven
using machinery.

"Designing Driven Wells,"
RWS.2.D.2, outlines the steps in de.
signing a driven well., These same
Eteps should be followed in designing
horizontal wells., One design differ-
ence is that extra care must be taken

- Lifewater From: Fred Prgby 425 774-2160 8/17/88 14.44.24 Page8of 10
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to avoid leakage between the driven
pipe and the ground. If exterior flow
occurs, it can be stopped by forcing
elay or grout Into the apace, or by
digging by hand 1m back along the pipe
and installing & concrete cutoff wall.
The wall should have a dlameter of
0.6m? and no mere than 0:05m Shick.
After the concrete slab hardens, the
dug-out ares should be pecked and back
fillied with clay. _

If the squifer that feeds the sprir
is pehind e rock layer, driving a
horigontal well will be very difficult
if not impossibie. 1In this case, 8
Jetted horizontal weil will have to be
installed. "Designing Jetted Wells,"
RWS.2.D,3, explains the process or
Jetting wells, "The probtiem is that
horigontal well drilling 1s different
from vertigal deilling, and may be 2o

. diffieult for inexperienced people.

Drilled noritontal weiis should only !
considered when there are no other
reasonable slternatives.

—a —— P B A A AT—— ——— '




Materials List
In addition to a location map and =~ °

deslign drawings, give the person in
charge of construction a materials list
3imiler to Table 1 shomning the number
of laborers, types and gquantities of
materials needed to construct the

spring protection. Some quantities

will have to be determined in the Tisld ™

by the person in charge of construcs-
tion.

Concrete., Conorete 13 the major
material used in the construction of
spring bozes and cuteff walls.

Concrete 13 a mixture of Portland
cement, clean sand, And gravel ina
fixed proportion. The proportion
generally used ie one part cement, two’
parts sand, and three parts gravel
(1:2:3). Water 1z used $o0 zixz the
concrete. Twenty-eight liters of water
should be used for each bag of cement.
Workzheet A will help determine the
ampunt of materlals nesded. Use the
worksheet in making the following
calculations,

1. Caloulate the volume of mixed
concrete needed (length x width x
thickness; Worksheet A, Lines 1-5).

2. Multiply this number by 1.5 to
get the total volume of dry looae
material (cement, sand and gravel)
needed {(Workshaet A, Line 6??

3. Add the numbers in the proportion
in order to find the fraction of the
total needed for each material {1:2:3 =
6, so 1/6 of the mixture should be
cement, 2/6 sand, and 3/8 gravel. In
decimals, this is 0,167 cement, (.33
sand, and 0.50 gravel).

4. Determine the amount of each
material needed by multiplying the
volume of dry mix from step 2 by the
proportional amount for sagh material
(1/6 x volume of dry miz = total amount
of cement needed; Worksheet A, Line 7).

5. Divide the volume of cement
nesded by .033m3 (33 1iters), the
amount of cement in a 50kg dag, to find
the number of bags of cement required.
When determining the amount of cement,
figure to the largest whole number
(Worksheet A, Line 8).

amm TTA mASH
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T8, A €XEPE quantity of cement

should be figured into the total for

~mre i groutihag 4nd Sealing sreas
- around tha outiet pipes.

. 7. Calgulate the amount of water

" haeded to miz the Soncrete {28 1iters
"of water par bag of cement; Worksheet

A. Liﬂo 9)'

.. .. 8. Extra gravel will be needed for
- baekfiil -of -areses behind springs.
radad gr;vgl is preferable, but local

materials can be used if necessary.

- Crivuiate the Yolume of the ares to be

backrilied by taking length x width x
height of arsa.

- Retnf-oreed {onerete, Lanorats can
e relnlopsc give It extra strangth
T™is is best done with wire mesh or
speclally wmade ateel rods. Reinforced
concrete d&ctions must bé at least

"U.10¢8 thiek. - Reinforced concrete

should be used for all spring box
covers and for the walls of seep

| stPuctures, . If wire mesn 1 usad, the

quantity needed will be approximately

_equal to the area of the slab belng

cofidttucted. 4If Eteel bars (rerod) ar

- uBéd, ey ShoUld De placed In the

wooden form before the concrete is
poured, 10mm dianeter rods should bde
usad, _

The reinrorci g rod should be

located as follows:

e 8o that-the rods are at lesast 25m
(0.25m) from the form in all places;

& 50 that the POBEP rests in the
lover part of the cover; two-thirds th
distancs from the tOp-of ,70mm from th
op of & 100mm slab;

# So that & 150mm (0.15m) space lie:

_between & parsllel rods in a grid pat-

tern &8s sbéwq‘;nfrzguro'g.

Where the reinforcing rods cross,
they should be tied together with Wwire
&t the point of Intersection.

To determine the number of rein-
forcing bars, divide the total length

- op widin“HF the spilfig box .céver by

0.15m (distance between bars), For
example, 1.2m = § bars.
°'xsm e

Te determine the lergth of each dar
subtract 0.05m (0.025m each side) from
the total length or width of the cover
For example, 1.3m = 0.05m » 1.15m.

14:39:10 Page 10f 10
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Pipes. Outlet pipes can be of
galvanized stesl, or plastio depending
on what is available. G@alvanized sateel
1s preferable because of its strength.
Steel pipe lasts longer and does not
shattesr like plastic pipe. Intake
pipes should be elther clay, perforated
plastis open-jolint cement o in some
cases, banboo., The choice agein will
depend on availahbility of materizls anid
cost. The plpe should have a minimum
diameter of 50mm to be sure that an
adequate supply of water enters the
collection system. All pipes must de
laid at a uniform grade to prevent air
loek in the system.

From: Fred Praby 425 774-2160
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" \men labor Fequiremeénts, materials,

and tools have beérn deslds&d on, prepar
a materials liat similar to Table 1 an

-giwe it £o the oonstruction supervisor

important Considerations
o Sﬁfihs pfottéiiéﬁ should ensure tha
the souree is Always protected from

contamination. Before attempting to
develop a spring, conduct a sanitary

. survey as described in "Sonducting

Sanitary Surveys to Determine
Asceptadble Surfaca Water Sources,"
RWS.1.P.2. Pollow the guidelines for
messuring the guantity of avallable
water preasnt in "Selecting & Source <
Surface water," RWS.1.P.3, to be sure
that the source will meet community
“Me preliminery work described

before designing & protective struc-
t‘t.ll"e. ' '

The choice of the structure for
spring protection depends on the geo-
logic conditions of the area, the type
of spring, the materials svailadble, ar
the skill level of available labor.
Spring boxes Are sasy to design and
require little sonstruction expertisa,
although workers should hmve spme
construction experisnce. Driven
horlzontal wells are also egsy and
insxpensive to develop although some
expertise 13 needed to complete & suc-

" gessful well.

Strugtures for seeps are more gdifa-

. fioult to design and require that

vworkers have a much higher level of
construction experisnce. The cost of
developing & seep may be very high
depending on the lenﬁth of the
retaining wall and the amount of pipe
neaded feor intekes.




