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Here is a crdss section of a typical small eorth dam showing the
recommended ratios of width to height, and naming the main parts.

Dcm»b‘uii\din‘g is a very involved undertaking. This circular en-
deavors to supply you with practical suggestions which may be
of assistance to you. It is up to] you to fit them together as they

apply to your "siahf‘atixo‘n.
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Uoyd M. Brown is Extension Sojls Specialist Emeritus in tbeAgricultural
Extention Service, B@rke!‘ey.‘
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. deriving beneﬁ’rsfrom thelr reservoirs. in 'rhe way of |rr|gahon wa'rer and '

About 20 000 smoli’éarfh dams have’ been bunh‘ on Cahforma farms in:
the last-25 years and more are being boilt alf the time. While many of the
early dams were built pnmcmly qs stock- -watering ponds, farmers are also _

[y

“even recreahonc| purposes e o / ' L

Bu’r "dams have dlsqdvan’rages too They are expens:ve to bunld they
require labor and more expense to ‘maintain properly, they may-increase
the nearby mosquno populcmon ‘

So perhaps a dam would be a. good mves’rmenf for you; perhaps not. _

S This cnrcular dISCUSSES' / | N e

- ~k,"' . L]

The laws involved—some are restrictive, some are

) ‘ “beneficial, but you should know /

. - o L “them. - ‘ ‘

- & "

u '. Selechon of a sﬂe—for 1he dam 'rhe reservoir, the

B spillway.  You'll undoubfedly _

ol -~ - have to compromise—you might : :
7 o want-to give up the idea of - .
bunldlng a dam. ' '

.
~ Ll a

Consfruchon defulls——there are a lot of fhmgs to ot

“ . watch if your dam s tobea Tees
- ' . ‘ _good one. . - , I o

Mcunfencmce prucélces—for the dam, the spnllway, ) .
1he reservorr 'rhe watershed;

JE— S 7 Y
. Management prachces——for both practical and rec-
' L _  reational uses of the reser-..
VOIFs oem e e e e
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Whet you build a dam to impound water
for your own use,.in California, you
should be familiar with the regulations
of a numbel of pubhc agencies. They are:

The State Water Rights Board

To legally impound water for deferred-

use, a water right must be secured from
this board and anyone proposing to build
a dam would do well to write to this
agency for information. The address is

1140 Resources Building, Nlnth and O

gtreets Sacramento

‘The Depurtment of

Wuter Resources
Bv California statute“s the State Di-

~rector of Water Resources must approve

the design and . construction or enlarge
rhent of all dams over a certain size and/
or storage capacity. The reason*for this
is to assure that sound design prlnelples
and construction procedures are used for-
ldrger dams, to minimize failures. This

,procedure not only protects the public

~.

from floods due to dam failure, but makes
available to builders of large dams valu-
ahle technical advice. * ,

This publication, howeéver,
cerned primarily with small dams that
are exempt from supervision by the De-
partment of Water Resources. Such dams
arg described as follows: , |

1. All dams 6 feet or less in height,
regardless of storage capacity.

2. All dams storing 15 acre-feet’ of
water or less, regardless of height.

3. All dams less than 25 feet high which
have a storage capacity of less than 50
acre-feet of water.

(See pages 6 and 7 for directions on
measuring the helcrht of a dam and stor- -
age capacity of a reservoir.).

"For dams exceeding the above limita-
tions, construction of a new dam or the °
enlargement of any dam above these limi-

I s [41 .

is con-

‘Before you start you should know. thelaw

ations MUST NOT BE-COMMENCED
until the owner has applied for and ob-
tained from the department written ap-

prov al of plans and specificaticiis. Other-.

wise severe penalties are involved. The
department’s address is P.O. Boxr 388,

Sacr amento,

Enlurgmg small dams. Occasionally -

small dams are bhuilt wnh the-idea of later

enlarging them to a size that will bring’

~them under the supervision of -the De-

partment of Water Resources. The builder,
of such a dam would be wise to consult’

-the depaltment in the beginning and use
‘'specifications for the larcrer dam to save
expensive alterations later. b

For instance—the department usually
requires that the outlet ‘pipe in large

‘  dams be laid in a trench and backflled

with concrete, rather than using concrete .

collars (which are allowed in smaller
dams). If specifications for the larger
dam.were used from the start a con51der~
‘able saving could be. effected.

Agricultural Conservation
Program—USDA

If you comply with the regu@l
this agency when you build a dam;

may be entitled to fmancial help toward
the cost of construction, The agency has
° ﬁiees in-most’ ‘California counties.

It is ng anticipated that there will be
ahy materlal differences between the-tech-
nical recommendations in this publica-
tion and the requirements of the ACP.

State Department of
Fish and Game

; ~ The reservoir behind your dam may be
brcr enough to provide good fishing and
- thus bring you into contact with the regu-
lations of the Fish and Game department
_Two kinds of ponds are recognized:

%

s of
yous.

recreatlonal ponds in which the owner,
his family, and friends may fish for fun,
but license and bag regulations’ of the
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2 State F15h and Game Depal tment apply .
" commercial ponds in which fish are raised

for sale to restaurarits, fishermen, pond

owners, etc. Consult with the Fish and

_ Game Department about 1e0ulat1ons that
apply to this type of pond..- i

- Trout ‘ponds can be successful only

_ wheré the -water temperature does not

rise above T0eF for any length of ’r_une

. They. will e stocked free. by the state,

~ there. The department will provide a list
of trout dealers and a transportation per-
mit without chdrge to owners of ponds
~who do not W15h to open them to the
N pubhc

Before you turn ove g

v

- It is possible to build a dam across a
_watercourse almost anywhere, but it may
be practical to build one only when the
three majer, elements (the dam, the spill-
way, and the reservoir) will functlon as
a @etlsfactor} whole. It is rare indeed
* ‘where opt1mum conditions_fer all three
elements occur. tovether—therefore the

compromise,

If no sat1=factor) compromise between
these elements can be made it may be
impractical to build a dam. )

But in looking for a site for your dam,
consider all of the elements separately

For the dam

Do not-locate a dhm on spnngs, seeps,
or old landslides—all of these indicate

provided ~the public is alléwed. to” fish

selection of a site 1s nearly always a.

and collectively. Here are some pointers:’

Warm-water ponds are those in-
which the simmer temperature of the -
‘water rises above 70° F for several weeks——
or more, and in which bass, bluegills
(also known as bream, sunfish, or. pérch), -
and crappie, will thrive. The state will
provide free an initial stocking for such
ponds if they are lesg, than 25 surface
acres in size but not less than one-quarter-._
-acre. For warm-water ponds larger.than *

25 acres, the state will sfock them only if
they -are open to the pubhc for fishing.
Since these fish will, reproduce in reser-
voirs, restocking may nét be necessary."

" There is no closed season on warm-
water ﬁsh in Cal1forn1a

e

 Selecting a'site may call for a compromise -

A dam should be as short as poss1ble— /
such as in the narrow part of a canyon. '
A long dam requires more fill materlal
and 1s thus more expensive. -

Consider the elevation of the proposed
dam and reservoir—is it hlgher than the

¢area in which the water is to be used?
Can you take water out by gravity or will
it have to be pumped? Pumpmg may be
expensive. R ‘

Locate the dam ‘as close as poss1ble
to a supply of medium-textured soil for

- construction. Fine-textured clay is likely -
to crack -when drying; coarse-textured
~sand may not hold: water. -

Is the proposed damsite accessible by
“an-existing road? If not, is it practical fo~
‘build an access road? It may be the cost ——
of such a road would preclude “some
damsites.

——unstablesoil-eonditions:-Avord-boulders———1f; like-some-people; you-are “(hsaster—‘&

and outcroppings of rocks on the dam-
site, as they are difficult to work around.

1

minded,” you may :want to consider the -
_site of the dam m’ relatlon -to dwellings.




Would possible failure of the dam endan-
eerlives or property helow it?

How is the site for the dam with refer-
ence to the proposed spillway land reser-
voir? (See below.)

For the Reservoir

Will the res?:r\ oir hold all the water
you will need? (See page 7 for directions
for calculating the reservoir volume.)

Will the watershed above the dam fur-
nish enough runoff to fill the reservoir?
This is sometimes a guess because rain-
fall and runoff will vary from year to

- year, but if the stream you are damming
is a well-established watercourse this will
—irdicate an *zrpprecfab}E"‘afi‘ﬁ

Sometimes the water in the dammed
stream can be augmented by~ diverting
water into it from an adjacent stream,
using a contour grade ditch. Such a ditch
can be made by several trips with a plow

* It would probably be impractical to make
the ditch large enough to carry peak
flows, -so you should avoid diveriing

-water during periods of high runoff.

Avoid locating the reservoir on mate-
rial that may allow excessive seepage—
shale and similar formations are fre-
quently very porous and even solid mate-
rial such as granite may have cracks that
will allow water to escape. The best reser-

fine-textured soil.

~ Since trees and shrubs should be re-
moved from the reservoir site (for rea-
sons given later), consider how dense this
vegetation is. If it is very dense, the cost
of clearing might be excessive.

For the splllwuy

A spillway can be located in any of
several-positions relative to the dam, but
-~ in any event a yide; shallow spillway is
usually preferable to a deep narrow one
(see page 15).
~ The. spillway bottom for at least part
—~—f-its terrgthrstoutd-be throtgh material —

-that will not wash, such as solid rock. In -
mo~t lnstances rock can be found which -

E— o [6]

.'an be '?Xméy’téd with—a" bulld

- and probable economy .of construg; ion:

voir bottom would be a natural layer of

some cases it may be necessary t“

of a splllway, arranﬂed in order

If you can locate your dam ],ust up-
stream frorn the cpnﬁdence of twojstreams

undarnmed stream (see dlafrr ]
15). Where poss1ble, it is wel
such spillway ai\onfr the contur and
bring them 1nto the undammed [prk well
upstream. This yvrlt slow down thei flow of
the spillway, water and prevent erésion.

- Qccasionally. it is possible to ¢ nstmct. i’
a spillway -through a saddle upstrea

ountof rumofft—from-the-dam, ind- another watercourse B

that drains an adj acent basin. L

Many spillways are built around one,
end of the dam. When this is done, the
water must be led into the stream below
the dam without washing the dam itself—.
this may be very difficult in a steep srded
canyon.

As a last resort it mlght be necessary

" to put a concrete spillway over the center .

of the dam but such structures are very
expensive, difficult.to maintain, and not
infrequently wash out. B

It should also be pointed out that a
dam of less than 25 acre-feet storage
cap’acity, built on a major-stream, will,
require such a large spillway that it may,J
make the cost of the project out of hne
with any benefits to be derived.

FEaN

For the watershed

L
I
P
T,
N
z

Check the watershed aréa for 5011 ero-

) perhaps make the whole pro]ect economi-

cally unsound.

How to Measure ‘the Sforuge
Cupucnfy of the Reseryoir

To make sure your proposed dam will

comply with state regulations, and store
enough water to meet-your nceds, you
~witt-want to know the capauty of the




- reservoir. To get this information, make .

the following measurements:
Height of dam. The state defines the *

vertical height of a dam as the distance
between “the level of the natural stream-
bed at the downstream toe (of the dam)
to the crest (bottom of spillway) of spill-
- way,” or to the crest of any barrier built
in the spillway. - )
Area of proposed reservoir. Start-
ing at the crest of the proposed spillway,
use a level (hand-held or surveyor’s) and

- outline the reservoir with lath stakes -

Drive stakes at mtervals of no more than
100 feet. -

- Using .the line between the stakes at
elther end of the proposed dam as a base,
lay out lines parallel to this base, with
one end of each line at an angle in, the
shoreline (see diagram, below).

*Eay out as many of these parallel lines
" as necessary. You will then have a series
of strips and one triangle, the areas of
which can be computed as follows:

To get the drea of W (in the diagram)
measure Lines AB, €D, and P,. Then:
Length of AB + Lentrth of CD

- 2
of P, =sq. ft. in strip ABDC.

x Length

You can step off the. hnes shown and obtum-v;‘

a fairly accurate eshmufe of your reservou"s
capacﬁy 4

Do the same for Area X by Lmes CP»"' -
EF and P..

~Length of CD + Lcnfrth of EF

2

of P; = sq.4t in strip CDFE. | .

In the triangle EFG find the area|as
follows:
Length of EF

2~

triangle EFG, '

Add figures for the sq. ft. of all-strips
and the triangle; divide this jtofal by
43,560 (the sq. ft. in an acre) to get
the number of surface acres m the pro-
posed reservoir, :

A widely used formula assumes that ..
the average depth of the/reservmr is one: B
third of the maximum depth. So to. esti-
mate the capacity in acre-feet, multiply
the number of surface acres by one third
the maximum depth in feet of the pro-
" posed reservoir.

X I;éng I;h

x Length of Py = sq. ft. in

e

- », % -——
R e e -

S ’
-

*Line AB is level with bottom of

=t — - o

proposed spillway.




Building‘;thve' dam takes czilreflt;ll prepaiffgl_ti()Il,,,

3

Whether you build the dam yourself - Cut-off french

or hire the work done, you should have Most watercourses have gravel in them
the details of the completed structure well and there are likely to be gravel strata

in mind; have a carefully planned con- Lufied in the banks and below the stream-
struction program by steps. Material and d. Since they will leak water these

equipment should be available as needed stlata must be broken up. Bulldoze a

1 [oVR N :
th'llbll across l,llb DLLLdlllUbd dllCL/Lly LC'

low the crest of the %‘)I‘OPOSCd dam. The .

. The upstream, or wet face of the dam  trench need only "Te about the width -of

should have a slope of at least 3 fe?t the dozer blade and should extend both -

horizontally to 1 foot vertically. The ~ways-from the watercourse and to a depth

downstream, or dry face, should have ~ that will insure mterruptlon of all gravel

a slope of at least 2 feet horizontally te- -strata and other pervious mater]al (See

1 foot vertically. The crest of the dam  gketch, page9.), - ,

should be 10 feet wide’so as to pr0\ ide Backhll the trench with the same: ‘mate-

a roadway if-necessary. ° - ° """ rial that will be used for building the .
So assuming an almost level stream-  dam. Be sure to get good compaction of

“bed, a darg 25 feet hlgh will OCCUP\ 135 this material. ,

feet horizontally.

Stake out the damsite

o . . .

"Upstream slope .............. 75t Moving the soil
Downstream slope ... g S50 ft. Y, d
. Crestofdam........5....... 10 ft. ou are now ready to  startbringing in
L - soil to build the dam and it is assumed
= —Total.i miinnenns ":"..--:':'135;&- - that the site has ‘been' chosen with an- -
A-dam 20 feet high would occupy 110 ample supply of medium-textured soil =,
feet horizontally—and so on. ‘ nearby Do not take soil from the reser-
) voir site if the underlying strata are not
Prepare fhe site very curefully watertight.

Bririg in the smwd spread the ﬁll in
shauow layers—not over 6 inches thick.
The equipment passing over these layers
should result in satisfactory compaction. -
> If you can build the dam late in the

- spring, while the soil is still damp (but
not wet), you will obtainbest results. Tf
the dam is built with dry soil it may be
necessary to haul in water and sprmkle——

~ Remove all ‘rocks greater than G inches
in diameter from The entire damsite. Up-
root and humm or remove all trees and
stumps. Push off or burn all brush, heavy
grass and weeds, decaying logs and other
debris. Any of this material that cannot
be burned should be removed down-
stream—not upstream mto the reserv oir

site.

The soil under the dam should bé prac- costly procedure. ~
tically free of coarse vegetative matter Slope gauge. To maintain the slopes -
before you stait building. you want on both wet and dry faces of /

- Next, disk the entire darn51te Mix the the dam you can use a gauge similar to "
soil enough o that there will be no layer “the one skawn in the 1llustratlon/(’faﬁc
Of tra_:_h or \'egetation that WMLWWUUC on thL -wet

when the dam s filled. This Joose soil side; v? 2-for-1 gauge on the dry side.

- will also make a good bond with the fill Reseeding your cuts. If you use soil -
material placed over it when building from a hillside above the dam for your
the dam. : fill, you will probably leave a bare area

[8] ...... \‘\. ' ............ RN




Trench under proposed crest is about the
width of o dozer blade and deep encugh
to take out pockets of gravel.  © \

Gravel pockets

. . i ’ e

that will erode badly during winter rains.  1s n‘ecessar;’ to start a siphon flowing.
Best protection against this is to push - Priming consists of removing the air
the top, shallow layer of soil and debris ~#with a common suction pump ‘or with a
to one side, then push if back over the suction pump gperated off of and by your
cut after the dam is built. Tf this doesmot  awto engine. - :
“provide sufficient cover, haul in straw or
manure. A little seed and fertilizer will . pumped directly from the reservoir to
: then start growth in the scraped bare area  any place that it is needed, but this may
~ and avoid erosion. ) - be expensive. :
Assuming that an outlet pipe will be

Then, of course, water can always be

The outlet pipe

An outlet pipe can be used for draining

* water from your reservoir for irrigation,
watering stock, making repairs on -the
dam, locating leaks in the reservoir, dis-
posing of floating debris, getting rid of
undesirable fish or vegetative matter.

. A siphon over the dam can be used as -

an-alternate to an outlet pipe but priming

Trench under proposed crest of dam ex-
tends into canyon sides far enough to
remove pockets of gravel jodged there.

wanted, here are some pointers on ig-

stallation.  _

The pipe should be large enough to de- ™~
liver all the: water you will need, what-
ever your intended use. The minimum
pipe size—even for a watering trough—
should be 134 inches in diameter. Any-
thing smaller would be too difficult to
clean if it got plugged.

e



_ Level wired in place
n .

' N

1

Two feet high—6 feet honzontal gives a 3—1 gauge; 3 feet hlgh—-6 feet horizontal glves a 2-

gauge.

For irrigation, a 6-inch p1pe mlght be
requ1red In any case, galvanized water-
pipe is the most Commonhr used.

The intake end of the pipe should be
high enough above the upstream toe of
the dam so that subsequent settling of
silt and debris will not clog it, but low
enouah so that usable 1rr1gat10n water

@

is not left in the reservoir. In a shallow

reservoir the pipe might be almost on
the bottom; in a deep reservoir it might
be 5 or 6 feet above the bottom. The most
favorable condition for laying the outlet
pipe is.in a trench dug in the fill material
used for the dam as described below.
When to install. Build the dam 2
feet above the point.you have selected for
the position of the outlet pipe, then dig a”

The hillside in fhe .background would have been benefited by seeding. This 1 reservoir is ulreudy
) sfcrhng to silt up—note the fan forming at the far end of the dam.




Two ways of operating the valve on an outlet pipe.

trench about 2 feet deep in the partly
constructed -dam. Lay the pipe. in the
trench.

Concrete collars should be poured
around the vutlet pipe in the upstream
two_thirds of its length. These collars
should be at least 8 inches thick, extend

out from the p{e 18 inches, and be not.

moré than 15 feet apart. After construct-

ing the collars, the backfill around both -

pipe and collars should be tamped .thor-
oughly

~The outlet gate should be installed on
the upper, or reservoir end of thezplpe

so that in case of pipe failure the water

can be shut off while repairs are made.
If the gate is on the downstream end, the
pipe will be under pressure atall times,
making repa1rs for leaks difficult.

A cast iron slide gate of the type. com-

.Ihe bi;nk of this reservoir was seeded, but note the better growth of covercrop where ferﬁlizer

was applied (as pointed out by the man in the background).




Y

[

" monly used in concrete irrigation pipe-
L ‘

systems is satisfactory. The slide gate
should be fastened securely to the outlet
pipe by means of an ample block of con-
crete. It may be set.in a vertical position,
in which a catwalk will be needed for
operation, or in a sloping position so that
it can be operated from the crest of the
dam. (See diagram.)

A regular valve that screws onto the
pipe is also satisfactory, but such valves
are tisually quite expensive. The pipe next
to the valve should be anchored in a block

“of concrete for stabﬂity. :

A siphon may be used in pjace of an

outlet pipe. Siphons are usually made of
sheet metal pipe, coated with asphalt— -

considérably cheaper than regular water
pipe. However, when using a siphon,
some method of priming must be devised

to remove the air to start the water flow-
ing. : ’ ‘

There is usually quite a lot of debris; .

scum; moss, etc., in a reservoir. If the
upper end of the outlet pipe is not pro-
tected against this material by a screen

- it is apt to become stopped up. It ig usu-
ally a good idea to have a rather large

screen so that it will catch a lot of trash
before it ‘has to be cleaned. In general

512] s ;o | | ::

#

This dam uses a siphon instead of an outlet pipe which is proving very satisfactory for the owner.
Power from the automobile engine is used.to pump air out of the pipe and start the water flowing,
but any small, gasoline-driven engine can be used to perform the same function. -

C

a satisfactory screen can be built by mak- -

ing a crate shaped as a cube with about
3-foot edges and covering five sides with
wire netting with ‘openings of l-inch or
less. If you think the screen may. become
“ plugged before the end of the sgason you
"may want to provide some means of rais-
ing it to ‘the surface for- cle;jzli_ng and
restoring it to its former position.

Crown the dam Both-yv_uYs .
The crest of the dam should be graded

lengthwise so that the center is at least: -

6 i;l'ches higher than the ends. This will
" serve the double purpose of keeping rain-
' wz{ter/from running from the ends ypward

the center, then down the faces where it

will cause erosion. It will also be helpful
in case water overteps the dam and causes
. washouts—the ‘ washouts will occur at

i either end, where they are relatively easy =
. to repair. A hole in the middle of the -

dam requires a big Tepairjob. -
Crown the top of the dam sideways as

- a road so that it will shed water instead |

‘of gullying the road tracks.

“When a dam has been filled with water
and has gone through one winter it will
usually settle—just how much is difficult

to predict. Tt nray therefore be desirable -

to add more%oil and regrade the crest of




The crest of this dam has been crowned both ways so that it will shed water. The road across the .
dam dips through the spillway on the far side. t

v

. ¢
/ Y
/ ’ .

the dam after it has been through .one  Final Check for leaks

winter. e T - After the dam is completed make a ﬁ‘nal\

Protective covering \ . check of the reservoir site for potential
The entire downstream face, the top, leaks In an area at least 100 feet wide,

and the upstream face above the water- extending upstream erm the dam.
_line should be protected against erosion Cover all rock outcrops and areas ?f
© by a vegetative cover, Thrs will be espe- sa’ndy or gravelly =oil with surface soil.
cially important during the fitst winter. Fill all holes left when trees or brush were

A 3 1
Annual ryegrass will do the job Fer-- lemoved

tlhze well and use-a mulch as descrll)ed It is.difficult to prescnbe definitely how
~ fot cuts above the- reservoir for rapid . much of this évmk will be needed or how
crrowth : o ~ it will be done, but the idea is to seal all

- . Avoid grain cereal crops as they will  sources of possible leaks. The importance
attract %qunrels and gophers 'that will _of this operation cannot be over- empha-
burrow into the dam. : ' s;z\ed—a leaky dam is a real headache.

- . B
~
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The spiilway cian be very important

?

The location df the spillway was dis- Size. The depth of the spillway is
~cussed on page 6. Its size will be deter- measured as the dlﬂmonce in elevation
mined by the volume of water it must between the highest pomt in the bottom

accommodate, which in turn is dependent  of the spillway to thelowest point on the

. on the number of acres in the dram"l"e crest of the dam. A minimum spillway
area above the dam. ~ : ‘lloulfﬂw 3 fect deep and 10 feet wide. »
T I u
a i ‘ ’ < -
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The talile desirable

sizes for spillwan s for different drainage

b b ij% ves the
areas. )

Shape. It is usually more economical

“ to make vour spillway sh allow and wide
rather than deep and narrow because
the latter tvpe of spillway will probably
necessitate a higher fi»z:gﬁr) dam.

For example—vyour drainage
takes in 600 dcres: from the table con-
sider 2 of the 6 altermatives. You find
that vour spillway can be 5 feet deep and
20 feet wide, or it can be 8 feet deep and

~only 10 feet wide.

If you can use the 5 x 20 foot spillway
%ou can make your dam 3 feet lower than
would be the case with the 8 x 10 foot
spillway. The sketch on page 15 gives an
idea of the savings you can effect in the
movement of fill,

Remember also—if you intend to use
a barrier in your spillway to store water
from tlie late spring runoff, the spillway
will have to be of such a size that it will
accommodate any permanent structures

area

~ supporting the removable part of the bar-

rier and still fulﬁll minimum require-

ments of outlet dimensioms (see below—
Barriers). i

Another consideration is that a higher
barrier mn be built in a deep spillway
than, in a shallow spillway, thus permit-
ting inore waterstorage. Hence this whole

question of dam height, spillway size,and . -

waler storage can involvé quite a lat of
figuring to get the most economical setup.
When doing this figuring be sure to take
into account the limitations on barriers
in the spillway as discussed below.

Slope of spillway bottom. The
spillway bottom downstream  from the
crest should have a slope of at least 6
inches per 100 feet so that the water can
get away rapidly. ,

Where necessary, line the bottoms of
spillways with concrete or other material
that will prevent erosion. o

‘Occasionally a spillway is built
through earth, on a relatively flat grade
similar to an irrigation ditch. If needed
this type of spillway can be protected
from erosion by veﬂefatlon

In any event—the water in a spillway " ..

located at one end of the dam must be
\ k )

\

' Sheciﬁcutions for Spillways

Dr::r:;ge ' ‘ADépth of spil]x;é&jﬁfeet, ‘ -
Cinacres 3 4 5 6 7 8 . 9
: - Width of spillway in feet - N _
0--129 10 ' ; :
129~ 190 22 13 10 '
191— 320 f34 207 1 10
1 -321- 480 a7 27 16 12 10
. 481- 640 587 34 20 is 1 10
641— 800 40 25 19 13 1 10
801~ 960 . 44 27 ., 20 15 12 10
961-1280 - 55 35 .~ 26 19 15 12
- 1281-1600 42 " 31 23 19 15
1601-1920 - 48 35 26 21 17
19212240 | 55 40 30 - 24 19
2a-2s60 a0 42 32 26 21

These figures taken from ASCS~SCS specifications for construction of eorth doms, revised November 1, 1954,

[14]
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/Z\ delivered to the stream below the ¢am so
<~ & that it will not erode the dam itself.
- - Barriers in. ,the, spillway

Spillway sizes as shown'in the table
on page 15 are calculated to leave a free-
board of about 1.5 feet for any fldod that

:, might occur once in 25 years. Thus dams
built to the specifications given in this
circularare—desighed-to~hold-water -to—
within 1.5 feet of their crest-at least for
short periods. ’
7 It would therefore be practlcal to store -
... water from late spring runoffs in these
' dams to a height sémewhat lower———pel- k
’ﬁaps 2-or 2 5 feet-drom™ the crest=—hby ~

. means of barriers in the spillways. "

But* before you build barriers,

T con51de1 these facts and possibilities:

r

deﬁnes the height of ‘a dam as the dif-
__ference in elevation between the down= «
stream toe and the crest of any barriers
in the spillway. Hence it would be illegal
to place barriers in the spillway that
would-violate the h#ight regulation of a
dam lhat is exempt from sLa‘te‘su_per,v,ision
and inspection.
~ On dams built with ACP assistance,
that agency does not allow any structure
in the spillway- that reduces the arca of
the spillway bc-low lhc minimum quuxre-
ments.

¥

That break (on the left) will be expensive to rep

~The- Department of Water- Resources - inexpensive barriers. -

~yond the sé

Remeifiber_also that barriers in thc
spillway have.
Advqnfqges—\cou can store ad(h-j

_be used in irrigating or makln.q stocl\-

watering ponds Tast longer into the sum- Tu
mer and fall.- :

And disadyanfuges—ﬂl'e dam must .
be watched more closely< Barriers must
be-removed 1mmed_1ateh! Af late spring

.

rains caude excessive mnoﬂ They must

always be removed beforé fdll rains start.
Piers in the spillway, to shpport flash- " §
boards, may.cause floating debris to clog
the spillway.

- If, after considering a}l of the good
_and bad features, you de(nde you want
barriers, here are some‘CDHstTuetlon t;ps-,‘

Earth-filled sacks make practlcal and -

[ -
Pieked drop structures, similar to
those use%d in irrigation canals can also
be built in, the sp:llway While it is be-
e of-this circular to give.
detailed specrﬁcatlons for such sstruc-

‘tures, a few generalities may be useful

(see photo, page BZ)

Space all piers angqual distance apart
so that drop boards will all Be the -same
length and can be used “nterchangeably.
They should not be more t}\;gn 6 feet long.
Drop boards can be of 2x 6" lumber,
but 3” x 6" are better becaude they will

This dam was not properly crowned lengthwise and the flashboards were not removed in time.

%

air., i

S
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Maintenance will pay off in good service ——~

Keep the spillway clear of floating
debris. Iiven though you havethoroughly
cleared off the reservoir site, a certain
P

amount of nmler\ml may find its way into
the spillway [rom time to time and cause
clogging, if not removed promptly.

A log boom floating about 50 feet from

_the splllway will keep most ﬂoatlnd ma-

T g e —_—

terial nway

« A wire mesh fence—such as that us

for.hogs—will also serve to intercept |

and brush but would have te be rathgr
high. i
Pmc cones a,nd smah pieces of wood
thiat will clear the spillway need not be
intercepted, but all material that is caught

I "i\‘l:ry*boem ~or fence should be removed in

-~ ——the fall before the rains start. Such ma-

terial should be burned or hauled out of

the reservoir.

Wave action may cause problems on

dams-in-areas where the sytface of the

reservoir is exposed to high winds. A log
boom ﬁoatmg close to the dam is usually
effective _in preventmg wave damage:

Sometimes it is necessary to put a blanket}

© -
of coarse gravel on the threatened part
of the danw .
Trées and brush should not be allowed
to grow on tlm dam—thev have large -
roots and if they should die,
chahnels might cause leaks.
Guard against rodepts building
burrow in the dam.

the root

If rodcnts gct

fornia Farm Advisor for mfmmahon on
rodent control by gmasoncd l)dl[s raps,
etc. i

Seeps: fhrough the dam. In some in-
stances the water, even in a well-designed
' cause seepage ‘on the down-
of the dam. Again, if water
is held too high$n-tRe dam, it may cause
- similar seepage. In either case this con-
dition may. cause tHe dm\mstream toe of
the dam to slough off. The reason for this
is that a-large part- f the soil in the dam
becomes saturated—the upper limit_of
the zone of saturation eXtending‘ff"()'m the

waterline of the . re§erv01r toward -the

dm\gnstre m toe.
When the above cond1t1on is noled the

i Vo :

This dam shows the results of little or no maintenance. ‘Large trees have been allowed to grow

on the dam. If these trees should die or blow over the dam mlgh’r be seriously weokened due fo
rotting roots or large holes.

a



Here earth-filled sacks arg ‘used in the spillway ta store additional water from late spring runoﬁs
Such barriers are lnexpeﬂswe and easy ta remave,

f N .
vive less distortion’ when the water rises It is u~u‘111\ desirable to pour a slab of
behind them. conerete for the water 1o Tall on, in ovder

The channels into whicli the ends of 1o prevent erosion,

the boards fit are best made of channel When (lmp boards are ])ut in place

iron—slots in the concrete*piers are there may be  considerable  leakage
‘usable but will probably, result in mor(‘@n’ound them. This leakage can be stopped
leakage. by pulting a blanket of trashy =oil or

The face of the barrier should slope  manure on ‘the “upstream side of the
from 30 to 15 degrees downstream. = | boards. /

A good spillwaty—cut down to solid rock. Some  Flashboards supported by concrete piers can
of the softer part of the rock has been washed  be removed easily if late spring .rains cause

away, but has reached stability. excessive runoff from the watershed.
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up to very.

. Here are some suggestions for locating
and, repairing leaks. :

Watch for stoppage of leaks as the
water in the reservoir is lowered in steps.
1 the leak stops as the water recedps over

it is fairly C(‘ltajn that

"the leak occurred "in that arca. Stakes

,around the water’s edge will help keep

track” of Tecession il thv ndtul&l shore
line is not a\ppau\nt i .
When the'area is locateds look for out-

(IOPPIIL“\ of rO(I\L, gravel, or sandy soil”

any or all of these may be the source

- of the leak. i

Cover leak-produving arcas with a
l»laul\et of clay, 3. or 4 inches thick. If
thtY eak Is found to occur below the low-
water stage of the .reservoir a similar

1)1anf<ol *o[ clay will Tave to be spread

over the entire Dottdm (loc.p to the dam.
Clay” for this work can'be found on
most farms. The clay, should be worked
small' clods—the finer the
" better—bhefore it is appllod {o the reser-
voir bottom. | -
* Since a fl--ini\'h ]il_\:(‘lj of clay on one
dere would weilgh about” 650 tons: it is
("&ay to se¢’ how lmpa.rtant it is to locate
cpmll alca\ for ticatment. This also adds
1mportance to hle ﬁnal inspection and

!

ese can be established in reservoirs
whetie lhejtc‘mpc ature of theywater docs
not frise above 70° F for an\k length of
" time; If the owner permits the public to
, the Fish and Game
Departmeht will provide fish for stock-

ing the pond (trotit will not spawn in

fish/in his'trout pon

testrvoirs so have to be replaced con-
tinually) .

If the owner of a trout p()nd does not

open -it to public fishing, the state will
. noet provide fish but will Turhish
~ ol trout dealers and a transportation per-
- mil at no charge.

a list
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treatment of the reservoir [or possible
leaks before it is filled the first time.

8

Bank, shoreline and
wuter-lo‘ving weeds

.

About a dozen plants. inclading willows
and collonwoods, may prove 1o ln- pests.
Under some conditions it may be prac-
tical to control this vegetation by hand
or by cultivation.

Control measures for cattails, tules,
Hoating and submerged weeds, and algac
are descriped in the booklet mentioned
in the box on thisipage.

- Controlling marginal vegetation by
sprays is difficult hecause any given pmd
uct may not he uniformly eﬁe(tl\
different Jareas—the

in
variations possthly
being due to varving chemical consijitu-
ents of the water.

\  No recommendations are given here
for specific'sprays or chemicals to con-
trol weeds because new products are
being developed continually. Ydur Uni-
versity of California Farm Advisor oFﬁce
can provrde you with weed control Sin-
formation in the form of a booklef that
is revised each year. N

2

In any case, fishing is allowed only
during troutl scason.
L]

s

Warm wufer‘ ponds

§ o <
| . . ) ) \
Management Of thg l'eservolr
\‘ \Tro#*‘l’ .Ponds . s » .v: '
e

Theoretically, the most productive
planting of warm-ivater fish is a mixture
of bass and lrlueglllbbolh species re-
produce rapidly and both make good eat-
ing. One of the main sources of hass
food is voung blucgills: carp and catfish
tend to climinate nlh( T species d]ld take

over th}r TeSeTVoIr. ;

« Alter an initial stocking, allow warm-

“water fish to,spawn once belore doing
any ﬁ\]lmn—Qpawmncr will he evidenced
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. :
water level”in the reservoir should be
lowered imm(?diutcly to a point where the
saturated arca on the downstream face
disappears. Then vou can/build a down-
slream ad(hhon to the dgm, bringing the
additional Al to a point/a few fect above
the top of the seep arg.

Watch th rriers. 1f you have
barriers in the spillway it is extremely

important—f{or the safety of the dam—
- that they be remov cd"fwhen the dam is -

full and runofl from a late spring rain
This has to ife done in a matter
of minutes—not hpurs—so it is abso-
llLL_(:Tii essential thak someone he on the
j“f%{)»:“’llo?l] such unusyal condilions arise.
Also be sure that bisgiers are removed
before the rains begin im\the fall.

P OCCLITS.

<%
3

For the spillway

. }\‘[cvpv the spillway [rom Dbecoming
clogged by removing debris promptly.

Lach fall burn or remove all malterial
collected by a loz hoom or wire fence.

Sontetimes water flowing in a spillway
may cause a-gully that heads back toward
the crest of ythe spillway. This is usually
duc to the fact that the underlying rock,
such as decomposed granite, was solter

N

L)

than anticipated. When such conditions
arise it may be necessary to line part of
the channel with concrete, put in a drop
structure or use other
heading back.

means. lo prevent

For the watershed

Check the watershed periodically for
erosion of soil that will eventually wash -
down into, and fll ‘your reservoir. Take
whatever steps may be needed to check
crosion: This is very important if you arc
o get good service from your reservoir. |

¥

For the reservoir .

If you have followed the suggestions
and specifications in this circular for
selecting and clearing the site for your
reservoir it is unlikely that severe leaks
will develop. However, leaks in reservoirs
may develop in spite of all the precau- -
tionary measures you have thken.

Leaks are usually caused by previ-
ously undetected cracks -in underlying
racks, or by channels of pé]‘\'iOUS mate-
rial. They are als# usually very difficult
to locate. ,

Mosl leaks originate in the reservoir
bottom, rylatively close to the upsirtam
face of thzle dam. :

v
i

Badly tended dam. Spillway on opposnte side was not lined and has eroded to the point where
the entire dam is threatened. To répair it would be very expensive. v '




-~ Water for sprinkler irrigation of otherwise poor pastureland can often be taken from o dam but
" - pumping is usually required. . ' N

N -

Ly the presence of small fish. Most reser- of carp or catfish which feéd on the bot-
voirs aresunderhshed

when large num- tom and stir up the mud. This can only
. bersof fish ave present they do not attain - be avoided by eliminating the carp or
the size they would if fewer were left in - cathsh. o
the pond. ] ’

1f the muddy condition is not due to-

Food for fish is quite often produced — carp or catfish, but winter runofl. it can
in abundance by plankton-like material — be alleviated by adding finely ground.
in the reservoir. It is evidenced by agricultural gypsum 1o the water-—-a
hrawnish coloring in the water. rather expensive process. The aypsum
. While gptajons differ on whether reser- costs about $15 per ton and it may take
voirs need fertilizer to help produce fish' as much as half a ton_per acre-foot of
food, local experience indicates that it is  water to clear up muddiness. However,-
seldom necessarv. It should he avoided. much smaller amounts may do the job
if possible. because addition of fertilizer  so it is suggested that the gypsum be

to the resepyoir will encourage undesir-  applied at the rate of about 200 pounds

- able marginal growth which, will have per acre-foot. allowing a few days to ob-
o be destroyed. : - serve results before adding more.

~ Muddy water in the reservoir may  Spread the eypsum uniformly over the

De due to the presence of a large number  =urface hy shoveling from a boat,

? 3

S

Owners of this Jake
not only enjoy fish-

“ing but have set up
a picnic area on a
pleasant part of the
shore. ’




Here o small pump tokes water out. of a.dam through the spillway. Thls saves lifting the water
over the erest of the dtnm dnd is practical in some jnstances. :

: =T

g -

Some do’s and. don’ts in dam construction

Here are random photos of farm dams “cover all good points of dam construction
in two' California Countlm—come good, in a booklet this size it i< hoped that these
some with problems. Sifice it is olnrlomly photos will briirg to mind a few ideas

+ "~ impossible to warn against all hazards or  that may prove valuable.

+ - -

N -

This pond occupies land fornrerly made useless by a winding creekbed. The photo was taken
from end of dam, looking upstream. ) -

SR inaid s = v g




pecirieors, ok

Here the dam itself held but the sail on the bottom of the pond was too porous and the water all
seeped out. Small pool in the background is all that is left of a good-sized pond. '

Front and back views of the concrete-lined spili;vay for the dam pictured at the left. Spillway/f/
is in the center of the dam and empties into the old creekbed.
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