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Figure 1.

A typical mountain meadow, The preservation
of such areas is of prime importance in mainteining
a summer forage for livestock, Sardine Valley,
Tehoe Natlional Forest, California. _

Photo No., K-1055 Kraebel 8-21~-33
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FOREWORD

This handbock has been prepared primarily as a guide to forest

officers who will be engaged in erosion control activities in the mountain

meadows of California. In preparing the handboock, methods developed by
other agencies currently engaged in similar activities, which are believed
applicable, have been included. With respect to dams and other control
structures, it should be clearly uderstood that these are regarded as
temporary but necessary aids in the process of restoring vegetation. We
look to vegetation, not dams, for permanent control and to that end our
efforts are directed towards hastening the process of vegetative recovery

' The authors wish to express appreciation to the following men for
their aid in reviewing the manuscript and in helping with the editing:

J. W. Nelson, Assistant Regional Forester, in charge of Range
Management for the California Region, U. 8. Forest Service, and his
assistant, R. W Beeson. ' '

"M. W. Talbot, Senior Forest Ecologist, in charge of Renge
Management studles for the California Forest Experiment Statlon, and
+his agsistant, A. L. Hormay

Chapter IT was written in cooperation with those above mentioned,
and was also critically reviewed by Professor A. W. Sampson, Division
of Forestry, University of California, and by Forest Supervisor F. P.
Cronemiller, formerly of the Regional Office of Range Management .
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HANDBOOK OF EROSION CONTROL. IN MOUNTAIN MEADOWS

Charles J. Kraebel and Arthur F, Pillsbury
Chapter I | .

Control of abnormal or accelerated erosion in mountain meadows is
an essentfal feature of any conservation work on the range lands of
National Forests. Mountain meadows cen be defined as those open areas
vegetated with grasses and sedges kept green through most or all of the
summer months by a high water table which offers a constant supply of
moisture to the grass roots, Although such meadows compose only a small
part of the total area of grazing lend, they provide the greater part of
the livestock forage through the hot, dry California summers.

Meadow erosion is characterized by sharp active gullies, from one
Toot to fifty feet or more in width, end from = few inches to ten feet
or more in depth, which have cut through old meadows within recent years,
Their recent origin, evidenced by their present active operation and by
the testimony of ranchers, indicates that the disturbing factor has
entered the picture since the advent of the pioneer. These gullies have
caused not only a loss of fertile top soil and of meadow area, .but, more
serious, have drzined the meadows by progressive lowering of the water _
table. . With this increasing dryness of the sub-soil, added to the punish-
ment of heavy grazing, the original succulent grasses and sedges grad-
ually disappear and are replaced by less desirable plantas such as sage~
brush and other drought resistant species which may have little or no:
forage value, . ' ' ' o S

Figure 2,
4 badly gullied meadow once covered with a heavy grass sod, but now, _
because of a lower water table, barren except for patches of "corn lily"
(Veratrum californicum) of no apprecisble forage value, Nye Camp,
Mendocino National Forest, California. Photo No. 278993 Pillsbury-
7-7-33 ' : L



Process of erosion . :

Erosion 1s the trensporting of soil by the actions of wind or
water, It ias a natural geologic process whereby disintegrated rock and
soil is picked up and, in the case of transportation by water, is moved
to and deposited at a lower elevation. -

. ‘For the purposes of this menual, we shall be concerned with two
types of erosion, namely: sheet and gully. Sheet. erosion is the
removal of layers of soil from continuous areas. Gully erosion is the
cutting of chennels, In mountain meadows the natural sod of sedges,
grasses and herbs protects the soil from sheet erosion, but it does not
always offer protection against gullying.

The usual gullying action in mountain meadows is characterized
by gully-heads or waterfalls, As the water flows over the "head" it
gains considerable momentum and steadily undercuts the bank, The gully
works upstream, and once the bare gully bottom and sides are exposed,

1t rapidly widens and deepens. B :

Figure 4 {1lustretes the typical way in which gullies cause a
lowering of the ground water table, and how that level can again be
raised by proper control measures. : :

A typical'gullied meadow in which sagebrﬁshih&s become established -
‘along the banks of the gully is shown in figure 5, - : '

o

o " Figure 3., Dl o

A tvpleal gully-head working up through a mountain meadow, - Gullying .
started immediately after the watershed had beenlogged over. Unless con-
trolled, this gully will work up through the rest of the meadow lowering
the water table with & result that meny of the succulent grasses and
sedges will be replaced by sagebrush., J. W. Nelson, in charge of Hange .
Management, California Region, in view, Carmen Valley, Tahoe National
Forest, California, Photo No. K-1060 Kraebel 6-21-33
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‘pr o4nbiy

GULLY EROSION AND RESTORATION IN MOUNTAIN MEADOWS
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Pigure 5.

Looking down a deeply gullied meadow, The wide strips of sage on
each side of the gully are evidence of & low water table, PFPrlor to the
eroding of the gully (which followed logging operations in this water-
shed) grasses end sedges grew here, and the normal runoff was carried
down the valley in shallow swales distinguished only by the darker
color of sedges and other wet-soil plants, Russell Valley, Tehoe
Natienal Forest, California. Photo K-1053 C. J. Krasebel

6-21-33

Causes of abnormal erosion

The basic cause of accelerated erosion in the mountain meadows of
California is the breaking up or depletion of the protective sod cover
by a number of means of which the most important are:

1. Excessive grazing of livestock., Such grazing depletes the
ecover of grasses end sedges and decreases their soll-binding properties.

2, The breaking up end cutting of the protective sod, from which
breaks gullies of'ten originate, by:

a.) The trampling of stock over the meadow while the ground

is 3t11l wet and soft. ‘
b.) Trails, and casual wagon and eutomobile tracks,



3; Severe floods from the watershed above the meadow, which may
be abnormal because of:

a.) The denudation of the surrounding hills by lumbering or
- fire. In addition to the loss of protective vegetation,
skid trails, eroding, supply cutting tools in the form .
of soil and sand with which meadow gullies are gquickly
cut. : ‘ .

" b.) The construction of modern highways and roads where
great bare cut-and-fill slopes are created on the
watershed above the meadow.

¢.) Any other operations, such as mining, on the watershed
above the meadow where the natural vegetatlon is
disturbed.

4. Cultivation, wherein the protective sod is deliberately
destroyed to expose the soil for crops.

5. Rodent activities. Because man kills off the carnivorous
mammal) population that naturally stabilizes their numbers, rodents
sometimes increase with such rapidity that a severe damage to plant
cover results. Further, the tubular burrows dug by rodents often make
a sufficient break in the protective sod to permit a gully to start, and
on hillsides and streambanks they constitute "pipes" which the scouring
water may rapidly convert into open gullies. In certain soil types this
is known to be itrue of the burrows dug by ground squirrels, and may be
true of those made by other rodents. On the other hand, a normally
balanced rodent population may be actually beneficial, as pointed out
by Joseph Grinnell (1), because of the increased weathering, diffusion,
and aeration of the subsoil, and (2) because the "cultivation" of the
soil by the burrowing animsls promotes thrifty plant growth and permits
a greater percentage of rain and snow to percolate into the ground, with
possible resultant lessening of floods and erosion.

Excessive grazing and abnormal floods, it should be emphasized,
are the most serious and widespread threats to mountain meadows in
California, and these have caused the gullying and resultant drainage’
of many once valuable areas which were originally covered with heavy
sod. Of the causes of sbnormal floods in the vieinity of mountain
meadows, lumbering seems to have been the most important, with fire
second, The bresking up of the protective sod is often a contributary
cause of erosion, but seldom of primsry importance. Cultivation in.
mountain meadow regions is rare, and the seriousness of rodent infesta-
tions is open to dispute, though possibly great in some localities.

Purpose of erosion control

The purpose of erosgiom control in mountain meadows is threefold:
1. To check the progress of active gullies.
2. To bring about the refilling of the deeper gullies.

3. To restore the water tables of drained meadows %o their
former levels.

-5



- Thus, not only control but restoration is aimed at, for with
the return of moisture to the meadows the more desirable plants will,
in time, again become dominant.

Methods of erosion control

Complete control work can be segregated into four different
phases:

l. Proper range management, which includes the elimination, or
at least a marked restriction of grazing unt11 the meadow has again
become stabilized. '

2. The building of proper structures to cause the filling of
gullies mechanieally and to control erosion temporarily until natural
or artificial vegetation becomes vigorous enough to meke that control
permanent.

3. The planting of appropriate vegetatlon to make coritrol
measures more effective and permanent. = S B

4, Control of rodents, where necessary, to prevent excessive
burrowing which tends to increase erosion; and to prevent their eating
the young plants artificially introduced as part of the gully control..

The first three phases of the work sbove enumersted are discussed .
in detail in the chapters following. Control of rodent infestations-is:
8 specialized field handiled normally in the National Forests by the-
Biological Survey, and will not be discussed further in this manual..

It should be emphasized that it is essential to take a long-range
view of erosion control work. Ultimate restoration of optimum conditions
rather than temporary repair is the objective. A progrem of maintenance
of work already done, and continued extension and improvement of the
control or restoration methods should be undertaken. Temporary
structures such as herein described may fail in time unless kept in
repair, and such a failure will mean a loss of all restoration
accomplished in addition to the cost of reccnstruction and of the years
that will have to elapse until reéstoration is again equally established.
Thus, econcmy dictstes that control work be maintained and improved
regularly until that optimum condition is reached where the water table
is restored and vigorous vegetation has creeted stability.



Chapter II
'CONTROL OF GRAZING

Grazing has been a leading factor contributing to ercsion in
mountain meadows. The erosion may result from the impoverishment of the
meadow grass itself, and such impoverishment may be the result of grazing
abuses on the meadow or on the immediate drainage or watershed above.
Such abuses may occur in any of the following three ways.

i. Too many animals being grazed, whereby the carrying capacity
of the range is exceeded. Frequently, tco, the numbers of grazing animals
have been adjusted to the feed available during a cycle of wet years. The
continued grazing of the same number of stock during a cycle of dry years
has resulted in a break-down of sod cover in critical spots in conseguence
" of which guliies have been started.

2. Grazing too early. Damage may be excessive when stock are
brought onto the area before the grass has attained sufficient growth.
This results in stunted development and loss of reseeding gbility of the
grass. More important, the soil is usually wet and soft early in the
year and the sod is readily broken up by trampling.

3. Poor distribution. Stock naturally tend to concentrate on
meadows, in canyon bottoms, and in small areas near water, especially in
poorly watered semi-arid regions. Conseguently, especially during the
warm season, the forage on such areas is usually overgrazed, because
cattle do not of theilr own accord move onto the hill feed until cooler
weather occurs and the forage has matured and become dry. The maximum
grazing value of the range as a whole is thus not secured, and the meadows
mzy be left in a depleted condition subject to erosion. The usual metheds
to secure proper distribution of stock (i.e. improved salting practice,
water development, and occasional riding) are not always successful on
many California ranges. Sometimes it mey be necessary to stock the range.
on the basis of meadow carrying cepacity alone, rather than on the basis
of the meadow plus the hill or timber feed.

In undertaking control of erosion in mountain meadows, further
regulation of grazing should be considered under two conditions: (A) where
serious erosion and recent investment in erosion contrel require drastic
action, and (B) where incipient or mild erosion probably can be corrected
merely by changes in grazing practices.

(A) Where a high investment has been made in control structures or
in reseeding or planting., it is essential that grazing be excluded from the
immediate area of the contreol works until conditions are again stabilized.
This prevents animels from injuring the structures by trampling up and down
the gully banks, and by grazing and browsing the erosion-control vegetation.
This may be done by: a) fencing the controlled gully area, or b) elimina-
ting grazing from the vicinity. ZEconomy should dictate the choice between
the two methods, but normally the former will be the cheaper because



only a short fence is usuelly required to enclose the eroding gullies.

It should be emphasized that elimination of grazing is advocated only to
protect the control works for a few years until the vegetation is
sufficiently reestablished to endure normal grazing.: :

- (B) In the absence of complete experimental data on the handling
of stock in high mountain meadows with reference to its effect on erosionm,
long experience and careful observation indicate the advisibility of the
following methods:

1. Regulating the numbers of stock and the grazing season so that
stock are neither brought in too early nor permitted to graze: the meadow
beyond its carrying capacity.

2. Preventlng congestlon of stock in small areas'by:

a) Where erosion is starting or is anticipated along stock
trails that follow stream courses, control may be effected
by putting narrow fenced exclosures partially across the
valleys at intervals. Care should be taken not to build
fences across narrow points in canyons, nor to build the
fences all the way across valleys in such a way as to
_interfere too seriously with the natural movements of
stock. The fenced excloéosures usually consist of narrow
strips possibly anywhere from 25 to 100 feet wide and
extending, in length, fifty feet or more to each side of
the eroded channel, These dimensions are only suggestions;
actual sizes will have to be determined for each condition
encountered. The purpose of the strips is to develop
barriers of dense vegetation to aid in controlling erosion
down the center of the valley. It will ordinarily be
impracticable to graze these small areas.

b) Where canyons widen out into meadows at 1ntervals along
their courses, it may be feasible to fence such meadow
areas, and not open them for grazing until the hill feed
is utilized. This may sometimes necessitate the develop-
ment of water outside such enclosures.  The economy of
this method has not been: 1nvest1gated, but appears feasible
in semi-arid regions.

¢) Distribution of salt and waterlng places avey from the
congested areas.

. -8-'



Chapter IIT
SPECIFICATIONS FOR MATERTALS

The criterion for the selection of materials for use in struetures
for gully control is to utilize any satisfactory materials which are most’
regdily and most cheaply availsble. In some cases hauling material for
several miles may be necessary, but usually material cen be found close
to the site which can be adapted for use. Some variation of the methods
given in this manual are to be expected as the materials available will
vary considerably, but in general the materisls to be used in the various
structures can be classified as follows:

1. Dam brush: For this material elther chaparral or tree branches
will be satisfactory, although the latter are usually easier to handle.
It should be somewhat flexible, and ususlly should be green and hesavily
leaved. Brush that is dry and brittle is difficult to handle, and does
not make a satisfactory dam. The brush should be cut into small enough -
pieces so that it is easy to pile into a dense mass; usudlly three or
four feet is the maximum convenient length. All of the following have
been used with success, but the list is far from complete: pine, fir,
cedar, live osk, willow and orchard prunings.

2. Apron brush: The requirements for apron brush are the seame
as for dam brush, except that it must be long and flexible. For this
reason the chaparral types are not so desirable, because long, straight,
and flexible branches five to ten feet long are seldom found. Willow,
and branches of the various evergreen trees are excellent.

3. Litter: This may be any fine-textured vegetative material
to be used under aprons and against the upstream faces of dams. In
mountain meadows the best and most readily available material is the
forest litter or leaf mulch that is raked up from under the trees. 1In
a pine forest this material consists mostly of pine needles, which are
excellent. Weeds are usually gocd. Straw and manure are excellent
materials when available. If none of the above can be obtained, any
fine, dense brush such as sage may be used.

L. Trees: Where trees are specified, they should be freshly
“eut, and should have a dense foliage. Evergreen itrees only should be
used. .

5. Logs: Logs should be straight and sound and of the sizes
specified. '

6. Posts: Any good fence post material is satisfactory. Where
willow stakes are recommended they should be used if possible because
they will take root and grow. Care should be exercised not to strip
off the bark and to plant them right side up.

T. Stakes: Any sound coniferous wood that will not rot too
quickly is good. Several coniferous woods in order of their lasting
qualities are: cedar, juniper, cypress, and pine. Fir is the poorest



" .coniter. OF,. 1T possible,. use willow stakes where their use is
. recommended. :Directions for cutting end planting willow stekes are
given in CHAPTER VII,PLANTING CUTTINGS.

8. Poles: These should be straight and of sound wood.

9. BRock: Flat rock is far superior to round cobbles, because of
less tendency cy to roll during floods. If{ may pay to haul such flat rock
a considersble distance in preference to using cobbles. Rocks should
never be taken from gully bottoms and other places where they act as &
natural erosion preventive pavement over the soil.

- 10. Poultry netting: This material is commonly called "echicken
wireé". Any convenient width is suitable. . '

11, Wire: No. 9 to No. 12 galvenized iron wire is satisfactory.

~10-



Chapter IV o
CONTROL OF GULLY-HEADS

4 gully characteristically works up & stream from the lower end.
A common example is where a main stream bed 1s quickly cut down by -
abnormal erosion, leaving undisturbed tributary channels "perched” at
the former level., Such tributary channels cut back repidly and, in
mountain meadows, often create deep gullies where but shallow swales
existed before,’ Fhen there 1s a break in the channel vradlent a
"waterfall” is formed.as shown in figures 3 and 6. The falling water
churns against the bare earth behind the "falls" and erodes the soil
rapidly at this point.  Meantime, at the crest of the waterfall. the
s0il, held. together by the roots of the meadow sod, is mble to resist
erosion, and as the -undercutiing proceeds the sod»crest begins to over-
hang the subsoil, From time to time chunks of this. overhanging sod .-
break off and fall into the gully., Thus the .rate a gully—head W rks
upstream depends on the soil structure snd texture, on the amowit of .
root binding material, on the maximum flow of the oully and on the
gradient of the channel, But its progress will be steady until measures
.are taken to atop the undercutting. Figure 7 shows, in a general way,
the method commonly used to check headward erosion., Figure 8 shows a
gully-head controlled in this manner. :

Note how falling water undercuts gully

Original channel
bolltom covered
with sod.

: Figure 6,

Side section of a gnlly-~head showing the process of undefeutting.

Gull -}:ead/o/uy or mn‘trcss,
w&:cz revenls vnderminin
of head white basin behind the dam _
/s filling with silt. _ A _ e
' Figure 7, Ty

......

Side section of a controlled gully-head,



An active gully-head that has been controlled with a brush and
rock gully-heed plug and a check dam by the method illustrated in
Figure 7. Crouch's Meadow, Cleveland National Forest, Californis.
Photo No. 283990 ' Pillsbury 8-17-33

Steps in the control of gully-heads

There are generally four steps in the control of gully-heads,
the first two being illustrated in Figure 7. The steps, in the order
in which they are undertaken, are listed below:

1., Construction of either a plug or mattress ageinst the gully-
head, These plugs and mattresses, constructed of any -suitable meterial,
have the immediate but temporary effect of stopping the action of the
waterfall in undermining the head, This effect might be only temporary,
because of the possibility of & small opening starting behind the
structures, which would in time allow new gullies to form and work up-

stream,

2., Construction of a check dem a few yards downstream from the
gully-head plugs end matiresses, The ceteh-basin formed behind such
check dems will £ill with sediment within a few years, end as it will
eliminate or greatly diminish the height of any drop in the streambed
level between the dams and the gully-heads, the danger of a new gully
starting is minimized. Such check dsms should be constructed in
accordance with methods described in Chapter V, CHECK DAMS.

- 3. The planting of appropriate vegetation, Usual methods
suitable for meadow erosion control involve temporary structures, To

=128~



make control permanent, the planting of appropriate vegetation must go
hand in hand with the construction of dams and gully-head plugs and '
mattresses. One of the most vigorous growing and otherwise satisfactory
plants for this purpose found in California is the willow. Its use is
fully described in Chapter VII, PLANTING CUTTINGS. Also, where there
are bare slopes along the gully banks SOD PLANTING or ARTIFICIAL SEEDING
should be undertaken, methods being described in Chapters VIII and X
respectively.

L, The protection of structures and vegetation against browsing
and trampllng of livestock. As described in Chapter II, this may be
done by: (a) restricting or eliminating grazing until the control has
been made permanently effective, or (b) constructing a temporary fence
around the gully or gully-head. It should be emphasized that some such
protection is usually necessary, and that its omission may result in
complete destruction of the work done.

Criteria for design

 The following criteria should be adhered to in any control of
gully-hesds:

1. A compact layer of "litter" must be packed against the head
itself to stop undercutting, against the side hear the head to prevent
side~cutting, and along the bottom to serve as a cushioning apron,

: 2. Thls Titter must be firmly held in place so that it will not
be washed out during floods. Usually, this ecalls for the use of good-
sized tree branches or brush to be placed over the fine material, and
that, in turn, secured in place with posts, stekes, rocks, ete.

Methods of controlling gully-heads

Because of different conditions encountered, it has been found
necessary in California to devise five distinect methods for gully-head
control. These methods are briefly described as follows:

First method: Where the channel carrying the run—off irmmediately . .

above the gully-head is heav11y Bodded - and“where there is: consequently
a definite overhang of the Bst Qf at least six: inches, as in flgure 3,
it is practical to plug thejhead without modifying the slope. Figures
9 to 1l illustrate how the crest overhangs, and show three types of
"plugs" that can be utilized.

Second method: Where the gully-head has no definite over-hang
and where it slopes slightly upstream, it is advisable to cut the slope
back so that the run-off will have a gradual rather than a vertical drop.
" To protect the bare slope so created until the catch-basin behind the

- "downstream dam has beccome silted, it is necessary to cover that head-

‘slope with a "mattress", and to extend that mattress along the bottom of
b i TE5

'lfthe gully for four feet or more to serve as an apron. Flgures 12 to ik

illustrate several types of mattresges.

-13-



Third method: Numerous situations will be encountered in the
progress of erosion control work where gully-head plugs or mattresses
do not’ appear feasible. Typical situations are:

8. Where side gullies are branching out from main stream
channels and owe their existence to the poor condition of
the vegetation and to the height of the drop into the main
channel rather than to any appreciable flow of water.

- b. Where the banks and heads of gullies are ercded principally
by run-off from melting snow on the meadow itself.

¢. Where the gully-heads are too wide or too deep to be readily'
controlled by methods one or two, and are not subjected to
extremely heavy flood flows.

d. Where the headward ercsion is caused more by the loose
condition of the soil and lack of a binding vegetation than
by any appreciable flow of water.

e.  Where the gully gradient is too steep for the construction
of a dam below the gully-head and where flood flowg are hot
great

Such gully-heads should be sloped back to the natural angle of
repose of the soil and the slope so. created permanently stabilized with
appropriate vegetation. Methods of stabilizing these slopes with vege—
tation and of constructing "wattles" for temporary mechanical contrdl
are found in Chapter IX, WATTLE CONSTRUCTION.

Fourth method: Large gully-heads can often be controlled by
diverting the water awsy from the gully sbove the head by a system of
ditches. The meadow is thus irrigated and increased forage results.
Locations where this method can be used, however, are not common in
California.

Fifth method: Flumes have sometimes been used to carry water
over a gully-head. This method is not ordinarily recommended because
of the expense, and because great care must be taken in construction. -
It is essential that the capacity of the flume be sufficient to carry
extreme flood flows, and that elasborate cut-off walls be constructed at
the inteke to .prevent any undercutting or sidecutting. The flume may be
built of galvanized metal, wood, concrete, rock or brick masonry. Such
1nstallat10ns must be regularly 1nspected and maintained to keep them .
working.

Suggested designs

The design of and the construction procedure for the common types
of gully-head plugs and mattresses for use in mountain meadows are _
presented with sketches covering structures Nos. 1 to 6, inclusive.

: Detailed specifications for the "litter", "brush", etc. are found
in Chapter III, "SPECIFICATIONS FOR MATERIALS.
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stm‘ctur'e No. 1 = Brush and Roek Plug

(For use where crest is well sodded and overhangs 6 inches or
more. ) ' . _ '

Llow -

Note averﬁqng “ond heovy sod on crest

Rocks to waight brush down

Heavy brush ortfree bronches
placad bult ends downstream

Rocks .55 fokes

: ¢ . ; ) .
3 s . UN"”.
L -, A 2 , g o ﬂ';;lzzr

Plan
_ Figure 9

Brush and rock gully-head plug
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Construction procedure

1. Place a thick, solidly packed mat of "litter" against the
undercut portions of the gully-head and extending downstream sbout two
and one-half times the height of the head, as shown in figure 9.

2. Place a layer of "apron brush” on top of the litter, as .
shown in the skeitch. The butt-ends should point dowvnstreem. Tamp
down by walking back and forth on top.

3. If the gully may be subjected to heavy flood flows, set a
row of stout stakes or posts across the gully tO'prevent the rocks from
rolling downstream. The spacing of the stakes can vary from one to two
feet. Willows or cottonwoods can be used for the stakes or posts, care
being taken to set them with butt-ends down so that they will grow (see
Chapter VII, PLANTTNG CUTTINGS). Part_of the—work of vegetatlve control
is thus taken care of , IR R .

k. Cover the dam brush w1th a layer of rocks, sufficiently heavy
to stabilize the whole Plug against the force of expected flood waters.
Use flat rocks where possible.

5. Where it is found that the litter has fallen out of place,
leaving an opening between the top of the head and the plug, this crack
or opening should be packed solidly with litter and a heamy stick used
to pound the material down into the openlng : .

~16-~ .



Structure No. 2 - Post and Brush Plug
(For use where crest is well sodded, and overhangs 6 jnches or

more, )
ffow -
o M | \ HNole overhang ond -é.o’ny sod
Cross /oole, wireod in ple ¥ Mot ever 8" '
e
)

S or6 posts
. Dom brush /aid ecross head

_SrJ. loyer of litter
" Heod
2nd. Id_ycr of litter

Cross pole wired in plo

37t or more
SRS
~3

b '.' I.C‘ -
e A= > , .
." Lk )
S
‘ o R e I PR
- R T T I IR, S
O T —"m_,‘;*’_-/’_u’_:‘_‘,.,
S T TR G
R e S S
7 B e e T = e T

by '’ B
B e T

weo ik -
*, Lo P s
; =
RO VAT DT ampana ~
PSSR Y -
e e e - i
— o ‘}-‘;-'-v}

Y

=

e e
e e o T 22

Flan
Figure 10

Brush and post gully-head plug.

-17-



Construction procedure

1. Cut posts 5 to 6 inches in diameter and long enough to come
within 8 inches of the crest of the head and to be buried at least 3
feet. Dig post holes 2 to 3 feet apart as close to the head as possible
(within 2 feet) and set posts in place. -

2. Place & mat of "litter™ I to 6 inches deep over the bottom .
of the gully, shown in the sketch as "lst layer of litter".

3. Place a W-inch layer of "apron brush" on top of the litter,
as shown in the sketch. Extend the butt-ends as far as possible upstream
from the posts, with the top ends downstream. This brush with the
underlylng 11tter constltutes the apron. o

4, Place 1ower cross poles on top. of the'butt—ends ‘of the brush
on the uBstream side’ of ‘the posts, and wire to posts and apron brush.
No. 9 wire 1is satisfactory. .

5. Place the second layer of "litter" as shown in the sketch,
packing well against the gully-head. ‘

6. Place "dam brush" across the gully on the upstream side of
the posts and weight in place with upper cross poles, as shown in the
sketch. If necessary, wire cross poles to posts. The cross poles must
be below the crest of the head. Be sure to leave a space so that the
third 1ayer of litter can be filled in against the head.

T. Pack the thlrd 1ayer of, lltter into the space between: the
cross brush and the head; as shown in the sketch. A post or stout
stake Wlll be handy to pound this materlal 1nto a compact mass.

It is essential that all brush be placed to "interliace" as much -
as possible. To . accomplish th1s, place a few branches at a time, by
hand, rather than to drop in thick bundles with all butts together 80
that they cannot interlock with tops or butts of other adjacent bundles.
Also, never piteh the brush into place carelessly with a pltchfbrk.

=18~



Strueture No, 3 =~ Tree Plug

Where trees are available from thinning or from clearing rights-
of-way for truck trails, etc., they can be used successfully for plugs '
provided they have heavy trunks and dense, green foliage. To be used
on heads with & well-sodded overhang of € inches or.more. ’ :

Litter packed in belween Trees with buffs d’own:ffeom.

free Fops and heod .

One row of frees extended
of least 6 feet forther
downsireornt for

..........

5 mat of litter.

Side Secfion.
Tigure 1l
Tree gully~head plug.

Construcfion procedure

1. Lay a six-inch mat of "litter" over the gully bottom extending
from the head to a point about fifteen feet downstream. .

2,. lay a row of trees on the gully bottom with the butts down-
stream and the tops up against the head, The bottom limbs of all trees
placed should be partially lopped down to make them as compact as possible.

3. Place & second row of trees about 6 feet farther downstream .
than the first row, with the butts downstream to serve as an apron.
Branches on the under side should be partially lopped to enable trees to

settle firmly into stream bed.

.4, Pile trees into the gully-head with the tops as close*ﬁétthe
head as possible, and the butts downstream. They should be piled;up to -
the top of the gully at the banks, but should be oné or two feet lower

in the middle.

5, Fill in any cracks between the tree branches and the head
{tself with litter. Pack firmly. - .

]G~



Structure No, 4 - Rock Mattress

- (For use on heads with slight er no overhang, in places where
rock and litter are the only readily available materials,}

Original cross section of head.

\
_ { ' _
Litter . | JOI_ra’ mat of rocks
Dig back fo this cross- > ‘ . Stake
7 section, N RS . —
. .l A

. . /!
/’/

¥,

L

Side Section

. Plan
Figure 12

Rock gully-head mattress

Construction procedure

_ 1, Slope back the gully-head and the banks near the head as
shown in figure 12, This can be done by hand or with seraper or plow,

£. Place a thieck layer of "litter” over the slope created and’
_for a distance of at least five feet along the gully bottom,.

3. Lay a solid mat of rock over the fine litter, starting at
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the bottom, and wofking upstream. Flat rocks are prefarred.

4, If there is danger of the rocks being moved in flocds, drive
strong stakes spaced about one foot apart across the gully bottom es

showmn, s

Strueture No. 5 - Brush and Rock Mattress

(For use on heads with slight or no overhang, where brush and
rock are both available,) - o

Or:y;'nal cross .secfr‘on of heod

Plan

Figure 13

Brush and rock gully-head matiress.
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Conatruction procedurs

_ 1., Slope back the gully-head and the banks near the head as
shown in figure 13. This cen be done by hand or with scraper or plow.
2, Place a thick layer of "litter” over the slope created and
at least five feet along the gully bottom.

3, Cover this material with a layer of ™apron brush®, Start at
the downstream end, end work upstream, The butts should point downstream
in all cases,

4, TWeight the brush down with a sufficient-numbér of rocks to
keep the mass from being shifted by maximm floods which may flow over

{t. TFlat rocks should be used if procurable.

Structure No. 6 — Brush and Poultry Netting Matiress

{For use on heads with slight or no overhang, where rocks are
not readily available,)

Stakes
1] NN )
i \ '
/] ‘ o
Vit S .Poul'fry. netting .

Stakes

, i |
I T I
T o 2!
i %I.. -
u VR

Side Section
Figure 14
Brush and poultry netting gully-head matiress.

Construction procedure

1, 2 and 3, Same as for Structure No. S.

4, Place one thickness of poultfy netting over the entire mai-
tress.. Where two sections are joined, overlap-about one foot.
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5. Stake down as shown, forcing the netting down tight against
the brush. Set downstream row of stakes first, pull netting tight, and
stand on netting while setting each successive row of stakes.  The stakes
should be spaced about one foot apart across the mattress. They should
be about two feet long. A small notch in the upstream side of the stake
will aid in holding the netting down but staples, firmly driven, are more

satisfactory for this purpose.
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Chapter V
CHECK DAMS .

The chief purpose of check dams in gullies, from the.stardpoint
of erosion control, is to decrease the velocity of the water moving
down the gully. By decreasing the velocity, silt is deposited in the
gully instead of additional material being eroded away. With enough
properly designed check dams, erosion in a gully cannot only .be stopped,
but the gully will be filled with the deposited silt.

Delta created behind dam by
Direction of flow,_ f the depo.s:fed mafemol

_ Orr?ma! gradient
\5‘ I‘eom ’

Figure 15

Side section of a. gully check dam showang unstream delta formed
by deposited siit. _ : . .

The veloclty of the flowing water is decreased by lessening the
effective gradient, that is, the slope of the channel down which the
water flows, Check dams do this. as shown in figure 15. Vhen the dam
is first.built, it effectively impedes the flow of the water by acting _
as a barrier and causing silt to be deposited in thé catch~basin created

.behind, When the catch~basin is filled: with silt, it is known as a
"delta”, See figure 16, This delta " is “almost completely formed; . the
water flows along the comparatively level surface, cascades over the °
dam, and is "cushioned™ at the bottom against the gpron. By construecting
a series of such check dams along the gully, instead of having a stream
channel. of comparatively steep slope or gradient, there results a series
of gentle slopes or deltas with ”cushioned" cascades in between.

Advantages of reclaiming a gully with check dams are as follows:

1. Headward erosion is stopped (espec1ally when bullt in com~
bination with head controls),

2, ihe deepening and widening of the gully is stopped.
3. The formation of side guliies is stopped or minimized,
4, The area of the gully itself is reclaimed.

5. The ground water table is raised.



Of all the advantages, the last i3 the most important. 1In
California, where the weather is characterized by long, dry summers,
the roots of the grass in mountein meadows must obtain their moisture
from & high ground water level, As 11lustrated in figure 4, & gully
provides a channel through which ground water’ is drsined from the meadow,
and the water table becomes too low to be available to the root systems
of grass and sedges. As these die out, the meadow is gradually taken
over by vegetation of low forage value, such as sage and weeds, which
require much less moisture and are able to survive on the limited amount
held in the soil (from the winter rains) egsinst the gravity drainage.

‘Figure 16

A catch-basin behind a mountain meadow check dam slmost complete-
ly filled with silt to form a delta. The gully was originally over
eight feet deep, Note that the sagebrush, once covering the meadow, is
dying and is gradually being replaced by grass, Dixie Valley, Plumas

National Forest, California,
Phqto No. ¥K=1069 Kraebel 6-22-33

General considerations

Because, of the poor foundation conditions generally encountered
in meadow gullies and for the essential reason of economy, the following
considerations should be adhered to in constructing check dams in moun-

tain meadows:

1. Numerous low dams along & gully are preferred to a few high

damﬁ. A "low" check dam is considered to be not over three or four feet



in height. There is less danger of such structures washing out in time
of flood, and if they should wash out less demage will result. Further,
low dams are more economical than high dams, '

2, It is more economical to reclaim a gully by stages, than to
try to do it at one time or with one set of dams, The best method 1le to
construct a series of low dems along the gully. When the ¢atch-basins
behind these dems have filled, another series of dams can be built on
top of or just upstiream from the originel dams as illustrated in figure
17. One to three years will ordinarily elapse before it is necessary
to construct & new set of dams, although occasionally one big storm may
be sufficient to £ill the catch-basins. o '

Catch —Basin
Gully bottern

Material saved by building
Flow dams insfead of
‘one forge dam.

Figure 17

Side section of a gully showing saving in constructing several
low dams periodically, rather than one high dam.

3. Temporary rather than permanent check dams are usually pre-
ferred, Once a gully has been reclaimed, and the erosion properly con-
troiled by vegetation, the check dems serve no further purpose. It has
also been found that temporary semi-pervious dams, consisting in pert of
brush, forest litter and other such material, are more effective in re-
claiming gullies than more impervious dems. While the dams should be
of a semi-pervious and temporary nature, leaving permenent control of
the reclaimed meadow to be obtained by proper vegetative methodas, it
should not be assumed that dams need not be carefully designed and built,

Criteria for dam locations

1. Spacing: The spacing between dams, i.e. the "intérval”,
depends upon the gradient of the gully. The minimum interval used
should bring the ereat of one dam level with the apron of the one next
above. Dams may have a somewhat greater interval thaen this minimm
spacing, but the catch~basins behind a series of dams should cover at
least one-half of the total length of the gully. '

2. Key locations: Dams cen be more economically built, and can
be made more effective and stable if placed in key locations such as:
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(a) Immediately below the conjunction of two.or more gullies,
In that way, one dam is made to ecreate two or more catch-

_basins, end its effectiveness is thereby increased.

{b) . At narrow points’ of the gully, where & dem of certain height
- ean be built with less material than can one in a wider

place.

(e¢) At points where the gully is not eroding as. rapidly as at
other points, either because of & gentler gradient, better -
foundation material such as rock in the gully bottoms, or -
because of the protection afforded by vegetation, .

_General Specifications

_ 1, Cost: Cheek dams should be as cheaply built as possible to
_ realize the greatest return on the investment, This involves the use
of those suitable materials which are most readily available, ard the
wisest use of man-power and equipment.

2. Vegetation for permanence: Either by artificial revegetation,
or by the protection of the natural vegetation in the gully and in the
watershed sbove, the control value of vegetation must be utilized to the
Tullest possible extent.

3. Adequate spillway: Provision must be made to pess flocd
flows safely over the dam. This necossitates a low center as shown in
figure 18, which draws the overflow towards the middle of the clmnnel,
soc that there 1s no tendency to cut sround the dam. The dam at the
sides must be built sufficiently higher than the center so that a space
is provided of sufficient cross-section to pass off the maximum floods.
Usually, in high mountain meadows without large watersheds behind them,
it will be found sufficient to build the sides one to three feet higher

thén the c¢center. :

_This height must be sufficient

. 50 that the overflow wrill
not fouch the hank at either
side of gully.. -

Note that dom is /aw-
in the center.

: Figure 18 '
Elevation of gully showing low-center spilliway.
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4, Apron: An apron below the downstream face of the dam is
essential to prevent the falling water from undercutting the dam. Such
an apron is shown figuratively in figure 19, The aprons are usually
built by placing a layer of forest litter, pine needles, straw, or fine -
green brush across the gully bottom end sides, and covering with heavy
anchored brush, rocks, wire netting or: other material to keep the water
- from lifting or floating bits of the apron downstream, Where sage cen
be used for the lower layer of the apron it can be pulled from the
meadow at the gully edges and thus hasten the recovery of the’ better ,

.forage plants,

Figure 19

Side section at check dam showing downstream apron,’

5., Sealing the dam: Thile check dams are not intended to be
impervious, material should be placed against the upstream face fine
enough and stable enough to prevent large cracks or "pipes" opening
through the dam where sufficient water can pass to undercut the structure,
Forest litter, pine neeéedlses, straw, sage or other fine, gresn brush have
been found most satisfactory for this purpose. This fine material should
be packed against the upstream face of the dam and into all the cracks

and openings.

Sometimes additional layers of clay or other fine earth Imve been
placed on the upstream faces of the dams. This may make a dam more
nearly impervious, but because dems may settle after being built, cracks
may form in the clay fill and may cause a washout,

The catch4ﬂa31n above a check dam should not be filled with loose
brush, as this tends to remove the litter and silt from the water ‘which
would otherwise aid further in sesling the dem.

6., Beight of dams: As previously stated, there should be numer-
ous small .dams rather than a few high dams. A maximum height of three
or four feet has generally been found best in mountain meadows.,

Construction of Check Dams

Specific instructions for constructing various types of check dams



el

follow under directions for structires Nos.-7 to 13, inclusive. Designs
will therein be found thet can be fitted to the conditions and to the
materiels available in most mountain meadows in California.:

- Structure No. 7 - Single-Row Post-Brush Dam (2) S

This type of dam has.not been used eitansivelyrin Califarnisa, but
it appears to be well suited to many conditions encountered, _

: This dem is suitable for gullies ups £0- five feet deep and up to
#1fteen feet wide, as shown in flgure 20. Figures 21 to 24 1llustrate

.the method of construction,

/J'onfe;r: 7 R

-~
e

-, |
P _ '
... @——— Dig back to
7" This cross-section

A o

S'or/fass.

Figure 20

Cross-section of gully showing maximum gully size for best
use of the single-Tow post-brush dam, A C

Materiale required:

2 to 4 - posts with 4 inch tops and about 6 feet long
2 to 4 - stakes, 3 inches diameter, 3 feet long

(Note: Posts and stekea cut from willow trees. and planted right
side up are excellent because they will sprout_aqd grow, If
willows are not available, cedar makes good pbsts.)

2 - poles 3 to 4 inches in diameter, & feet long
.20 - staples
15 - feet of No. 9 galvanized wire

- dam brush, apron brush and litter.

{2) pata from Extension Circular 741, University of Nebraska
Agricultural College.
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Construction prbcedure

1. Slope back the
banks, if too steep, as
shown in figure 20, Throw
the fresh dirt upstream from
the dam,

2, Set posts of

sound wood with 4-inch tops, K Figure 21 _
The center posts should be Elevation of gully after banks have
long enough so that they ean been dug back, The posts have been
be buried 3 to 3% feet, and set, and the layer of litter lms been

extend up to within onse or placed,
two feet of the top of the
gully bank. The outer posts
need not be set quite so deep
but should extend higher as
shown in figure 21. Space
‘the posts 2 feet apart,
Willow posts are reconmended,

, 3. Set 2 to 4 stakes _ " Figure 22
% {nches in .dieameter and 3 feet Side section of completed dam. Note
long; as shown in figure 21, that the longer brush is on the bottom
Use willow, if possible, and to form an apron.,

plant right side up sa they
will sprout.

4, 7Place a 6-inch &' layer
layer of "litter"” between the
posts, and on the gully bottom
and sides downstream from the
 posts for about 6 feet. '

Flow -

ﬁruéh,buf;
ends upsitream

5. Place brush or green

tree branches as shown in ' Figure E3’

figures 28 to 24, inclusive, Plan of completed dam. Note that the
The long, straight limbs, "apron brush is carefully piled and tramped,
brush", should be placed in a with the butt ends laid upstream
layer across the bottom.,. For between the posts. '

the rest of the dam, the shorter
*dam brush"™ should be used.

The butt ends should be placed
upstream., Usually, the gully
canr be almost filled with brush
and when the cross noles are Butt ends of brush
placed, the brush will be forced ©F?ree sranches
down into a compact mass.

Poles wired fo posls
|

, Figure 24
6., Place the cross Elevation of dam, looking downstream,
poles on the upsiream side of complete except for litter against
the posts, One or two men upstream face.

should stand on these poles to
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compress. the brush properly while the poles are belng w1red to-the posts
and stakes with No. 9 galvanized wire.

T. Place a layer of "litter" against the upstream face of the
dam, and carefully pack into the openings between the butt-ends of the
brush. ' .

Structure No. 8 - Double-Row Post-Brush Dam (2)

This type of dam has been used most on gullies fifteen to twenty
feet. wide and five to seven feet deep. However, it may safely be used
on much larger mountain meadow gullies, provided the center height of
the dam does not exceed about four feet.

Materials required:

1. Posts: The center posts should be 8 to 8% feet long and 6
to 8 inches in diameter, but shorter posts may be used at the side of
+the ditch and may be only 4 to 6 inches in diameter. Willow posts are
excellent

"2;'1Wire: About 3 feet of No. 9, soft, galvanized wire is
required for each foot of width of the gully from bank to bank.

- 3. "Apron brush"; "dam brush" and "itter".

4, Stakes: 2 to 3 feet long. Use willow if possible.

Construction procedure

1. $Slope banks back, if too steep, as shown in figure 25.
Throw the lOOSe_dirt upstream from the dam.

2. Set posts as shown in figure 26.

" 3. Place 6-inch layer of "litter" on gully bottom and banks
extending sbout ten feet downsiream from the posts, as shown in flgures
26 and 27.

. TPlace about one-foot layer of "apron brush", butts upstreeam
and hooked to the lower row of posts as shown in figure 27. This brush
should extend downsitream about ten feet or more. :

5. Drive & row of stakes across the gully through the middle of
the apron asnd wire the limbs down to form a dense mat. Willow stakes
gre preferable.

6. Entirely fill the space between the two lines of posts with
"dam brush" laid cross-ways of the gully. Thoroughly pack and pile
sbove the tops of the posts for a foot or more.

7. BStaple wire to a post at one end, stretch tight, and thread

{2) Data from Extension Circular 741, University of Nebraska Agricultural
College. -
-31-



back and forth as shown in figure 20, It 18 ususlly necessary to have
one or more men stand on the brush while wiring to help force the biush

into a compact mass.

8. Place litter ageinst the upsiream face of the dem, as shown
in figures 88 and 29,

Original gully backs

€' layer of
litfer

Dig bock fo this

cross section. : f‘igure 26
Figure 25 ' Sectional elevation of gully
Sectional elevetion of gully showing posts and litter in
showing how banks should be place for dam. Note that the
sloped back. posts are lower in the center,
by ot
- This spece Filled "/ 9 wire
Ap. Butt ends of /' withpbrush and) s 17 /
v brush hooked wird down . IR 7 Frow
i L . fo lower row I ] [0
- D ot b of post. e R KON,

Litter against

6™ layer of /itter upstrearn foce
. Figure 27 = _ ~ Figure 28 ,
Side section of dam after apron Side section of completed dam,

brush has been placed,

.5 layer Of-_/ﬁ‘fer Brush wired down

. ol
! rord ]

T
Figure 29
Plan of completed dam,
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Structure No. 9 =:Brush-and-Rock Dem
An excellent dem where rock and brush are plentiful but con-

siderably more brush is required than for structures Nos, 7 and 8,

Figures 32 and ‘33 show two views of such a dam just after completion,

Materials: Apron brush, dem brush, litter and rook;

Cut.banks back to here -

{ Original bank -7 '

P -~ 7

Figure 30 :
" Sectional elevation of gully showing brush-and-rock dem.

litﬁ:r'?qyahmsf
upstream face-

A ‘9—-_-—_»-—-:-"-:“

N Te e g b o mae -n -
o'o'o'o'.'o:OI";'o30?0"6‘0,'03'0?0?0: ROOOOCRARSOO XN RN AR

Figure 31
Side section of brush-and-rock dem.



Construction procedure

1. If banks where the dam is to be‘located are'nearly vertical,
they should be sloped back for a distance of 12 to 15 feet as shown in
figure 30. The loose earth should be thrown upstream from the dam.- ;

2. Place a 6—1nch layer of "lltter" along the gully bottom and
sides for a dlstance of 12 to 15 feet s 88 shown in figures 30 and 31..

3. Across the gully, on top of the downstream end of the layer
of litter, place an 8-inch layer of "apron brush", as shown in figure
31. The butt-~ends of the brush should point downstreanm.

4. Near the upstream end of the apron brush lay a row of'rockS'
about one foot high across the gully on top of the’ brush. ~Flat rocks
are superior to round rocks. S -

5. Place about'a h-foot layer of loose "dam brush" across the
gully with the butt-ends pointing dowvnstream and extendlng Just over
the top of the row of rocks. K

6. Lay a row of rocks across the middle of this layer of dam
brush; at the same time walking on the brush to tamp it down. Flat
rocks should be used if available, and the row should be sbout 1% feet
high. The welght of the rocks should compress the brush until the dam
is only about 2 feet high.

T. In a similar manner, place a layer of "dam brush" on the
upstream side of thls row of rock :

8. Weight thls last layer of brush down w1th sufflclent rock -
to hold the brush in place. :

9. Place a four-inch layer of "lltter agalnst the upstream
face of the Jdam, .

3.



. - Pigure 32
Looking pcross brush and rock dem during construction. Note
the three rows of rocks holding the brush down. The center height is
three feet. Lower Doane Valley, Cleveland National Forest, California.
Photo No. 284004 Pillsbury 9-5-33

Figure 33
Looking downstresm at brush and rock dam shown in figure 32
after completion, The litter on the upstresm face is pine needle.
In the lower left-hand corner of the picture there is & gully-head
controlled with & brush snd rock plug.
Photo No, 284002 Pilisbury 9-5-33
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Structure No, 10 ~ Brush-and-Poultry-Netting Denm

(4 satisfactory dam in small gullies up to 10 or 12 feet wide
where "dam brush” is plentiful, but rock ia scarce,)

Materialé' required: Dam- brush, poultry netting, staples and atakes or
& few rocks. : o S _ -

= m . g e R ._‘I_.; T ;L“-i':. ay o e M‘ ." T % .I' T
” M | Slope aff banks for abaut 6' ]v

Apron brush, butts
downstream .

— =

SRR A I I R A R R
oo lee,

%] q.0.0...ooo.o‘o.o,

_ / / -
C R / ba— Stokes
R Figure 34 ' S

Side section or brush-and—poultry-netting dam.

Ccmstructi on procedure

l. Ir banks are vertical, slope. them back to tho natural angle
of repose for a distance of about G foet where ‘the- dam is. to be locatod.

Lo Place a 4 to 6-inch layer aof "litter" for 8 distance or 8 or
10 feest along the bottom and sidea or tho gully. .

De. cover the 11tter with a- 1ayer of "apron brush" about 8 or 10
inchea thick when loose and With the butt-ends pointing domatream. _
If necessary, "dam brush” can’be used in plaee of apron bru-h. RTIR

4, Cut poultry netting into about 18 foot lengths., Iay over.
the apron, as shown in figure 34, and steke at the downstream end of
the apron, The stakes should be at least 3 feet long. They should be
of willow, if possible. Before the stakes are completely driven, staple
the netting to them so that it will be firmly anchored down as the
atakes are driven the rest of the way. —

5. Similarly, stake the netti.né down at a point 6 feet upstream,’

walking on the apron #o that it is more readily forced down into a com-
pact layer. If necessary, put in sdditional stakes wherever the apron
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tends to bulk up. Fold the remaining lengths of poultry netiing back
over the apron while the ™dam brush" is being placed,

6., Place the "dem brush” in a compsect interwoven mass aocross
the gully and up the banks, building up so that it will have.a cemter
height of sbout 3 feet when finally forced down by the netting. Thise
will require that the brush be piled loosely to & height of 6 feet or
more. The branches should be laid crosswise of the gully,

7. Pull the loose ends of the poultry netting over the "dem
brush™ and stake down as shown in figure 34, The stakes should be
similar to those previously used. It will probably be necessary o0 have
one or two men stand on top of the dam while staking the netting dowm
otherwise the brush may not be forced into a compact mass. -

8. Place & layer of litter across the upstream face of the dam
when the struecture is complete. . :

Note: Sometimes Tock is used to weight down the edges of the
poultry netting when difficulty is encountered in driving stakes into
the gully bottom. Such & dam is shown in figure 35. -

‘ _ ... Figure 35 ,

4 small brush and poultry netting dam in a mountain meadow .
gully., The poultry netting is held down with rocks., The dam has a
center height of two feet. A somewhat grester height could have been.
obtained if the brush on the upstream end had been piled crosswise of
the gully. The gully is to be controlled progressively, that 1is, the
height of the dam is to be increased as soon as the catch-besin behind
has filled with silt. Photo No. 283987 ' Pillsbury 8~17-33
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Structure No, 1l - Tree Dam

{4 good type of dam in localities where small trees are plenti-
ful, need thinning or where they are being ocut to clear rights-of-way,

ete,) . .

Materials required: Small green, de_nsely_foliated treea &and "litterw,

13t row of fress obout
& feet farther down-
stream to form apron.

Lifter

s,
........

" Figure 36
S8ide section of tree dam.

Construction proc edure

1. ©Slope banks back if nearly vertical., Throw the loosened
earth upstiream from the dam,

2., If needed, lay a 6~inch layer of "litter™ along the bottom
and sides of the gully for a distance of about 8 feet. This should be
under where the first row of trees is to be placed for the apron, -

(Note: The layer of litter under the apron is unnecessary ir
there is a good cover of sod on the gully bottom,)

3. Llay the first row of trees, butts downstream, across the
gully and up the sides to provide the spron,

4, As shown in figure 36, lay several layers of trees, butts
downstreem, across the gully bottom and up the sides so that the butt-
ends are up on the apron trees and:the top ends are in the gully bottom,.
They should be piled 3 to 4 feet high in: the eenter and several feet
higher on the hanks. _ .

5, The effectiveness of the dam will be improved if & layer of
litter is placed against the upstream face of the dam,



Struoture No, 12 -~ Simple Tres Dam

(This is & simplification of the tree dam constructed without an
apron, It is suiteble where an apron is unnecessary, (1) because of a
solid roeck bottomed zully, or (2) because the dams ars placed close
enough together so that the ¢rest of one is on a level with the bottom
of the next one above, and the gully bottom is heavily sodded. The dams
are not impervious, The water all seeps through the dem, which is not
overtopped until the basin behind has completely filled with sediment.
While the water percolates through the dem, the sod is sufficlent to
prevent erosion, and aft'er the delta has been created and water flows
over the crest, the basin of the dem below acts &3 & cushion o break
the force of the waterfall., These simple tree dsme sre useful where the
height of the dams is to be increased year by year.)

Materials required: Small green trees, 2 1ong logs or poles, and |
litter.

Original banks before
Kbemg cuf‘ bOCk7

- -

L c ross-logs with endls buried

Figure 37
Sectional elevation of gully showing cross-logs placed for a.

simple tree dam,

a '
..i-ll—*l.—-l-l-l-'?& 2t AL M g ALt s '_'- ‘\.-v Lol

Flow ] _.S‘foke
' —~—Trees .
Litter - -
pr - Cross~logs
f ; M ‘k i !e: v{ A

i1
L

Figure 38
Side section of gully showing simple tree dam.
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Construction procedure

1. If banks are steep and unstable, cut back as shown in figure
37. .

2. Place two stout cross-logs (or poles) across the gully,
burying the butt-ends as shown in figure 37.

3. Drive stout stakes in the ground on the downstream side of
the logs near the top of the banks, as shown in figure 37. Willow stakes
should be used, if available. They should be at least 3 feet long and
about 4 inches in diameter. :

4., Place the butt-ends of the trees up on, and extending 2 or 3
feet over, the cross-logs. The top ends should rest. on the gully bottom
upstream from the cross-logs. Pile in sufficient trees to make & dense
dam. They should be extended on up the sides of the gully so that there
will be no danger of side-cutting.

5. The dam will often be somewhat more effective if a layer of
Mitter" is placed against the upstream face.
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Structure No., 13 - Loose Rocik Dam o

(Buitabls where there is ample reck and very little brush,)

Materials required: Rock and litter, .

verfical they shaoll be

o= If original bank;s are
g cut bock os shown.

A -

F-lgure 39
Seetion of gully showing loose rock dam,

2‘

Fl _ : ' .
e ‘-'1 -Slope of downstream face 2:1 if
il cobbles are used, May be
ol ' steepened to 1:1 if fla rocks .
MLitter e used
Y r} - .
—/ _ Litter \ ‘
Trench —" Lr—"f—'-ﬁ—‘*-*l ABLOBBSnd:  N\Trench

, Figure 40
Side seciion of gully showing loose rock dam.

Construction procsdure

1, If banks ars too steep, slope back as shown in figure 39,
Throw loose dirt upstream from the deam.

2. Cut & 4 to 6 inch trench across gully and up the sides to
anchor the heavy rocks on the downstream toe of the dam,

%, TPlace a row of large rocks aslong this trench to form the

downstream toe. Build back from this row, The rocks, especially on the
downstream face, should be toed upward so that they will be keyed in place,
as shown in figure 40. Note thai the flatter rocks are used on this face,

4, About 6 feet downstream from the downstream toe of the dam
cut & 4 to 6 inch trench across the gully, as shomn in figure 40. '

5, Lay & row of heavy rocks in this trench across the gully.

6. Place & 4-inch layer of litter in the space between this row
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of rocks and the row at the toe of the dam. Extend this layer well uwp
the banks. .

7. Cover the litter with a solid pavement of rock.

8. Place a thick layer of litter over the-upstream face of the
dam when completed.

SUMMARY

The T types of check dams above described are believed, from ex-
perience, the most economical and best adapted to the control of erosion
in mountain meadows. It is not believed that they are entirely suitable
for the wide arroyos, washes, and gulches of semi-arid and arid regions,
and they are not recommended for such localities.

The importance of "brush" and "litter" in the dems cannot be
‘gtressed too greatly. Massive materials, such as logs and rock, used
alone are dangerous because of the tendency of water to form "pipes"
along the sides of the material, which often cause the structures to be
undercut or permit low flows to carry away gradually the deltas formed
in times of flood. Brush and litter, on the other hand, gradually
become wedged in the cracks and "pipes"” and seal the dam as the basin
fills with sediment.

Light weight brush damsg, without stakes, posts, or rocks, to
anchor them, might float downstream under water pressure; so all designs
provide at least temporarily for such anchorage. However, the filling
of the spaces between the brush with silt soon anchors the dams and
binds them in place.

Lol



Chapter VI
CHANNEL CONTROL .

Mountain meadow channel control consists, essentially, in
stabilizing the banks of well established gullies and stream channels
which traverse or border the meadows. Meandering streams requiring
control with jetties, riprap and similar structures are seldom, if ever,
encountered in mountain meadows. The control work, therefore, consists
mainly of (1) bank fixation by sloping back and stabilizing eroding
banks, (2) planting willows and other vegetation along the banks to-stop
cutting, (3) the building of light structures to break the force of the
water and (4) filling washes with logging slash or similar material such
as tree-tops, branches and trash left from the cutting of posts.

Bank fixation

Bank fixation consists in sloping back the banks of gullies and
streams to the natural angle of repose of the soil, so that they will be
sufficiently stable to be covered with vegetation either naturally or
artificially: Normally banks of about T0% slope are stable, but some
" s0ils may be stable at steeper angles. Most meadow gully banks will
become overgrown naturally when sloped back. Where artificial vegetation
iz required, sod should be planted or the slopes seeded. Instructions
for doing this are given in Chapter VIII, SOD PLANTING, and Chapter X,
ARTIFICIAT, SEEDING. Where the channel sides become loose and erode
during rains, "wattles" should be constructed to stabilize them. This
work is described in Chapter IX, WATTLE CONSTRUCTION.

Protection against side cutting

Normally, in mountain meadows, vegetation planted along a gully
bank furnishes sufficient protection against side cutting in meandering
channels. Vegetative methods ususlly employed consist in planting the -
slopes with willows, mule-fat (Baccharis), or other similar shrubs, and
in seeding the slopes with grass or planting sod. Methods employed in
planting cuttings are found under Chapter VIL, PLANTING CUTTINGS; methods
employed in seeding are described in Chapter X, ARTIFICIAL SEEDING.
SOD PLANTING is described in Chapter VIII. - S .

In case thé cutting is so rapid thatfmechanical means must be

- employed to protect the vegetation until it becomes established, brush

and trees can be anchored to the eroding banks, or fences can be built
to break the force of the current. and possibly cause it to deposit silt.
TPypical illustrations of such control are shown in figure 41. The
methods to be émployed_depend so muech upon the conditions encountered
and on the materials available that detailed directions cannot be given.
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Hogwire fence (either a single fence or a double
fence with brush piled in between.)
Note : Bottom of hogwire should be buried
' about | Feet below channel bottom..

Dead-man —
Treés anchored =
. to dead-men

Brush anchored =
1o deod-men

| Figure 41
Plen of meandering stream channel showing several types of

mechanical obstructions to control bank erosion.

1 £
Disposel of smegs in a meadow gully. The channel has been
completely filled to force flood flows to spread out and irrigate
the meadow, Cearmen Valley, Tehoe National Forest, Californisa,
Photo No. 279012 _ Pillsbury 7-17-33
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Blash digposal in gullies

Where, in the progress of other improvement work, considerable
brush and snags are accumulated, this material can well be used in
channel improvement and control. Sometimes such material is used in
the construction of check dams, but where check dams are not needed or
where the material is not suitable, it can still be used for channel
improvement. ‘

In general, the method consists in spreading the material along
the channel, care being taken to adhere to the following principles:

1. Do not make haphezard dams, but pack the material uniformly
along the bottom and sides of the channel. Crude dams are liable to
wash out and cause considersble damage. Sometimes it pays to drive a
few staekes to keep the material in place.

2. The tops of the branches should always lie upstream. In
such position they become more readily silted in place and there is
less danger of forming "pipes”.

3. Do not fill the gully unless it is desired to spread the
water over the meadow area. .

4. Weight down light material with heavy material.
5. Cut up stiff brush into small pieces.

6. Pack the trash higher on the sides of the channel than in

-~ the center.
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Preface to Chapters VII, VIII, IX, and X
USE OF VEGETATION

gtructures built to contrel gullying in mountain meadows are, in
general, of a temporary nature. Vegetation must be depended on to make
this control permanent. Ordinarily, controlled gullies will revegetate
naturally in time, but, to hasten vegetative growth and to make it more
effective, planting and seeding should be resorted to in many places.

Chapters VII, VIII, and X deal with the plenting of cuttings, the
planting of sod, and artificiel seeding, respectively. These are the
principal vegetative methods employed in erosion control in mountain
meadows, and it should be emphasized that suech of these vegetative
methods as are appropriate to the loeality should be included in all
projects as a most desirable supplement %o check dam or other mechanical
control methods.

Chapter IX deals with the construction of "wattles" which offer
both vegetative and mechanical protection to slopes which cannot feasibly
be controlled in other ways.

Figure 43

4 gullied mountain meedow grazed heavily by sheep. I is
surrounded by a chamise chaperral covered watershed wherein there are
remnents of & sugsr pine stand, Sheep men regularly burn over the
watershed at 3 or 4 year intervals to "maintain the grazing cepacity of
the range®, but such burning, coupled with heavy overgrazing, has un-
doubtedly caused the draining of this once valuable meadow area.
Bendmore Velley, Leke County, California. W-1322 Wieglander 4-15-34
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Chapter VII
PLANTING CUTTINGS

A quick and effective means of securing a vegetative cover for the
control of soil erosion is the planting of willow cuttings. It is well
known that most willows, poplars and cottonwoods will grow readily from
euttings when these are set in rich moist soil, as in streamsides and wet
meadows. What is not so well known is that several species of willow
will grow from cuttings in much less favorable soils such as new road
£il1ls and the gullies in bare denuded land. ZEven in very unfavorable
sites willow cuttings will often grow vigorously for a few years before
they die out. In the meantime they will have served the important
function of stabilizing the soil and so enabling other plants to become
started.

In California, willows are used almost exclusively for cuttings,
and in this chapter the use of willows alone is discussed. The climate
ig characterized by & short wet winter and a long dry summer, and willows
thrive in such a climate. An ample supply of willow cuttings can usually
be secured in the immediate vieinity of the meadow to be controliled.

This is an important factor not only in regard to cost, but also because
of the assurance that the species is suited to the locality. Very little
is known of the ability of woody plants other than the willow group to
grow from cuttings under these conditions in the open and without care.
If other plants are so tried, the principles herein given for willows
will apply. Considerable success has been experienced with cuttings of
elderberry and mule-fat (Baccharis viminea).

Selection of species

Wherever possible vigorous native brush species of willow should
be used. Species having long, straight stems are much easier to cut
than those with crooked stems, and provide stakes that are easier to
drive.

Tn general, it is preferable to use species which have browse
value, but in meadows which are very heavily grazed a plantation of
palatable willows may be completely destroyed by grazing animals. In
such cases non-browse species should be mixed with the browse species.
In each locality a little observation will determine which willows are
eaten most readily and which are left untouched by grazing animals..
Deer usually do little damage in comparison with domestic livestock.

Time to plant

Stakes should be cut and planted when the willows are dormant.
This period extends from the time the leaves start to turn yellow in the
autumm until the time when growth starts in the spring. In moist soils,
willow stakes can sometimes be successfully planted during the summer
season, but usually this should not be attempted. If necessary to do so,
use cuttings that slready have roots, and plant them like trees instead
of driving them. '
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How to cut stakes

In general the stakes should be % to 2 inches in diameter, and
about 18 inches long. Larger sizes are even better, but mich more
expensive to cut and plant. i

Stems up to 1% inches in diameter can best be cut from the bush
with two-handled brush pruning shears. Larger branches can be cut with
axes. .

The quickest method to cut the stems into the 18~inch lengths is
to use a sharp hand ax or a sharp chisel-edged machete and a chopping
block. It may be convenient to have markers on the chopping block 18
inches apart or to set up a back-stop board 18 inches from a mark on the
block, so that the proper length can be quickly gaged. When no chopping
block is available, the stems can be readily cut with heavy brush pruning
shears. ‘

Tt is important that the stakes be piled, as cut, with the butts
all at one end of the pile. This should prevent the cuttings from being
planted wrong side up. Bundles of stakes can be bound together with
baling wire for transporting to where they will be used. The stakes
should be planted as soon as possible after they are cut and should be
protected from excessive drying at all times, if they are expected to
grow. It should be remembered that they are living plants even though
cut to look and drive like stakes. ‘ .

How to plant stakes

1. The cuttings must be planted right side up; i.e., with the
butt-ends in the ground.

2, Set cuttings as deep as possible up to 3/4 of their length.'

3. In fairly soft soil the stakes can be driven with a wooden
maul, constructed as shown in figure L4h. Do not use an ax or a sledge.

4. TIn hard soil holes should be prepared for the stakes with a.
crow-bar to prevent excessive stripping of the bark.

5. Cuttings should be set at a slight downstream angle rather
than vertical. This lessens the chance of their being uprooted by the
current. .

Where to plant willow stakes

i. To reinforce check dams.

For strengthening check dams, willow cuttings should be planted as
shown in figure 45. Normally, the stakes should be spaced 1 foot to 18
inches apart. On large dams willows should also be planted at the points
marked "secondary" on the drawing. This secondary planting consists in
extending the willows part way around the upstream face of the dams, and
in planting snother row about 2 feet downstream from the aprom.
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Wedge across. grain
of "heod . ,

Head con be made
from ook Iog. e

A stout willow stem con be
used fora ha

_ Figure 44 :
‘Wooden maul for driving willow stakes.

Top of bank

: LEGEND
Ill x - Willow planting
poﬂnis.

o - Secondary willow
planting points.

: . FPigure 45 . N
Flan of gully check-dam showing points for planting willows. -
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g, To reinforce gully-head plugs and mettresszes,

For the strengthening of gully-head plugs and mattresses, willows
should be planted as shown in Figure 46, The stakes should be smced
‘1 foot to 18 inches apart. :

LEGEND
x - Witlow plonting
points.
0 - Secondary willow
planting points.

Figure 46 .
Plan of gully-head plug or mattress showing points for
planting willows.

3. TFor staking wattles in gully heads and banks.

"Dry" gully heads and benks should usually be controlled by
sloping back the banks and heads to. the natural angle of repose of the
s0il. To hold this slope during periods of runoff until natural vege~
tation has it stebilized, wattles of cut brush pegged down with willow
stakes can be constructed. The use of willow cuttings for this purpose
is discussed 1n Chapter IX, WATTLE CONSTRUCTION. :

4, To prevent side-cutting of stream banks,

Tn dry gullies in which water flows for only & part of the year
a row of willow stakes should be planted along the toe of the bank slopes
where the banks are eroding., Where there are perennial streams Tlowing
in the gullies, the rows of willow stakes should be planted at least one
foot sbove the low water line. This is necessary because vigorous roots
will not develop in a continuously saturated soil. The stakes should be
spaced about 18 inches apart in the row. The outside ecurves of sharp
bends in the stresms will often be found to be eroding, and in need of

such protection.



§., For protection of meadows not controlled with.dems,

Some gullies cannot be satisfactorily controlled by the con-
struction of dams., Iither the gully is relatively ahallow, or tie
slope is too great for the safe use of check-dams, or both. In any
case, the planting of willows in clusters at intervals along the gullies
will be found beneficiaml. PFigure 46 illustrates the method of planting
one ¢luster, The distance between willow clusters normelly depends upon

the gradient of the gully bottom. The steeper the gully grade, the
closer ;together the clusters should be. Usuelly the spacing can vary
from 500 feet with & gully gradient of 1%, to. 25 feet with a gully

gradient of 20%.

In the rows of willows shown in Figure 47, the stakes should be
1 foot o 18 inches apart ipn the rows and the two rows should be about
4 feet spart. The rows should extend from the top-of the bank down-

stream to the toe.

Spots for planh’ng willows .

Top of bankuf

' Boltom of bonk

Flow : _
= — Gully
lLeove center of chonnel ocpen.

- Figure 47
Plan of gully showing planting points of a willow cluster.

6., To control small side gullies.

In small "V"-shaped side gullies, willows should be planted in =
continuous row along the bettom of each gully, spacing the cuttings about
2 feet apart and somewhat staggering them in the row. '
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Chapter VIII
30D PLANTING

) The heavy sod usually found in mountain meadows is an excellent
protection against erosion. Strips of such sod, planted in key spots or
in contour strips, will soon spread and form a strong cover for the soil.
Care should be used to dig sod from level places in the meadow where
there is no danger of starting fresh erosion.

Sods should not be planted until just before or during wet seasons,
except when planted in soil that is continually damp. Where the soil is
always damp, the sods may be planted at any time. As a rule, it is best
to obtain the sod from the immediate locality in whieh it is to be planted.
Plant the sod as soon as posgible after cutting. If it is necessary to
delay planting for a day or two, keep it moist. The sod is most readily
cut with an axe-mattock or spade, and lifted with & square-pointed sHovel.
Sod should be planted so that the ground surface of the sod is slightly
below the surface of the ground in which ‘it is being planted. Where grass
is already growing in a gully, it is-of course unnecessary to plant sod.

S0d is used as follows:

1. In constructing wattles (discussed under Chapter IX, WATTLE
CONSTRUCTION), :

2. TIn gully head controls.

Blocks of sod about one foot sguare should be placed at 3-foot
intervals around gully head controls in such a position that it is
protected from the full force of heavy floods.

3. On check-dams.

Strips or patches of sod about one foot wide or square should be
planted in open spots bebween the gully bank -and the dam and apron to
prevent undercutting. Similarly, strips of sod planted in a contour line
one foot wide along the sides. of the basin, upstream from the dam, will
hasten the revegetation of the slope and the surface of the expected fill
above the dam. ‘
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Chapter IX
WATTLE CONSTRUCTION

Most meadow gullies have vertical sides with rims of overhanging
sod. Unless corrected, this condition continues by constant undercutting
of the sides. This process is most rapidly checked by cutting down the
vertical slopes to a natural angle of repose. :

After the slope has been cut back, it is usually necessary to
protect it until vegetation becomes fully established. The prevention
of side cutting by the stream in the gully bottom has previously been
described. However, such methods do not stop erosion caused by water
Tlowing dowvn the slope into the gully, a condition particularly
noticeable where side gullies are forming, and in "dry" gully heads
subject to erosion only during infrequent floods.

A system of contour "wattle" construction as used on road slopes,
can be adapted to the control of these gully slopes. A wattle is a
continuous bundle of cut brush, hay or other vegetation packed into a
small contour trench to hold the soil and interrupt the flow of any water
down the slope. It is necessary to space such wattles every 2 to i feet,
slope distance.

Locations where-wattles can be used

1. On banks which have been sloped back, and where side gullies
have started, or are apt to start, from runoff from the meadow land sbove.

2. On banks which erode during the melting of snow. Such banks
are characterized by a locose soil, by very little vegetative cover, and
by being already sloped to the natural angle of repose of the soil.

3. On wide or deep gully heads, too large for the ready construc-—
tion of the usual gully-head controls.

k. On gully heads where the headward erosion is caused more by
the loose condition of the soil than by severe floods.

Common types of wattles

Type A. Sod wattles: These consist of continuous strips of sod
cut from the overhanging banks or from flat areas further back in the
meadow where there is no danger of starting fresh erosion spots. The
strips should be about 10 inches or one foot wide, and spaced sbout 30
inches apart, slope distance. For this planting actual terraces need
not be made; the strips of sod are bedded flrmly into the slope as shown
in figure h48.

It would, of course, be somewhat better to plant the scd in a
solid mat over the slope. But the costs involved in doing so make it
prohibitive, and contour strips provide almost equal protection. The
strips will spread and mske a solid mat in a few years.
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/———Oriyfnal bank
T - . o +, N,

Sod saved From top
of bank

To plent in continuous
contfour rows

Figure 48
Sectional elevation of gully bank showing sod wattles. -

Type B. Hay or pine needle wattles: Constructed, as shown in.
figure 49, by cutting small trenches around the slopes on the contours:
énd by filling the trenches with continuous "popes" or bundles of pine
needles or hay. These rropes® are made by merely bundling the loose hay
or pine needles together with the hands, and tucking it into the trenches,
The "rope" should be 2 or 3 inches in diameter. Earth from the slope
above will work down and partially cover the material, These wattles
should be spaced about 30 inches apart, slope distance. '

Top of bank

e

Ccontinuous confour rows

of pine needles or hey Trelnches.

_ Figure 49
Side elevation of gully head showing Type B gully wattles.
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Type C. Wattles constructed of willow stekes and pine needles
or hay: This type, illustrated in figure 50, 1s constructed as follaws:

1, About 30 inches up from the bottom of the gully drive a row
of willow stakes along the contour. These may be the standard willow
ecuttings, 18 inches long, but on very loose slopes longer lengths may
 be more satisfactory, They should be driven at least 2/3 their length.
They should be spaced 8 inches to one foot apart,

‘ 2. With a hoe, cut out a small trench immediately behind the
w1llow stakes. This trench should be 3 or 4 inches deep.

. 3. Bundle loose hay or pine needles together with the hands
meking a continuous "rope"™ immediately behind the stakes about 2 or 3
inches in diemeter. Earth from the slope above- will ‘work down: ani par-
tially cover the meterial.

: 4, Cereal grain should usually be plehted,in & row Just above
the hay or needles, and covered with a thin 1ayer ‘of earth,

5. The men can walk on this wattle while working on. the next one
above, and so on. The wattles should be Spaced about. 30 inches apart,
slope distance.

~Top of bau#kﬁt;?f

—Trenches .

~Drifl row of cereal.
gr‘afn abave each wattle

' Fzguze 50 Lo )
‘Side elevatlon of gully head showing gullg wattles, Tyoe C.
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Type D: Wattles conatructed of willow stakes, brush, and some-
times also anchor "pegs®, This type, illustrated in figure &1, is con-
structed as follows:

1. A4bout 30 inches up from the bottom of the gully drive a row
of willow stakes along the contour, specing the stakes 18 inches to &
feet apart, These may be the standard willow cuttings 18 inches long,
but if the soil is very loose, somewhat heavier and longer stakes should
be used., They should be driven in the ground at least 2/3 of their

2, With a hoe, cut a small trench immediately behind the willow
stekes. This trench should be 4 to 6 inches deep.

3. Bundle loose brush together with the handé, making & contin-
uous "rope" in the trench immediately beliind the stakes. This "rope"
should be % to 6 inches in diameter.,

4, Holding the brush down with one hand, drive in the anchor pegs
horizontally, as shown in the drawing, to keep the brush in place. These
pegs are necessary only when stiff brush is used, like oak, which cannot

be held down by earth alone,

5, Cereal grain should usually be planted in a row just above
the brush and covered lightly with soil,

6, The men can walk on this watile while working on the next one
above, end so on, The wattles should be spaced about 30 inches apart,

slope distance.

Top of bank —

Drill rows of
cereal grain
above each
wattile.

Cut brush wattle
in trench.

Figure 5l ,
Side elevation of gully head showing gully wattles, Type D.
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Selection of types of wattles to be used

The choice of the method of wattle construction to be used depends
on the soil type, looseness of the slope, soil-moisture conditions
throughout the year, and on what flood flow might reasonably be expected.
Normally a combination of wattle types is used, s0 as to get the best
protection of the slope at the least cost. Illustrative combinations for
different conditions are given below:

1. On a soil moist enough throughout the year to grow a heavy sod:

a) Where the soil is not subject to rapid erosion use Type A
wattles alone. This condition frequently exists along a
main channel through a meadow where the banks have been
slowly eating back and broadening the stream bed. It
gshould be noted that the sod will ultimately cover the
entire slope and protect that slope also against floods
along the channel parallel to the wattles.

b) Where the soil is not subjected to a heavy flow, but is
of a type which erodes easily, use Type A and Type C
elternately. Usually Type C wattles can be spaced 4 to
5 feet apart, slope distance, with the sod (Type A)
planted midway between. '

¢) Where the erosioh is relatively rapid and the soil is
light, alternate Type A and Type D. The Type D wattles
ean be spaced 3 to 5 feet apart, slope distance, with
the sod {Type A) midway between.
2. On a soil too dry to grow a good sod:

a) Where erosion is slow, use Type B, spacing the wattles
30 to 40 inches apart.

b) Where the erosion may be expected to be somewhat faster,
use Type C alternated with Type B.

¢) Under severest conditions use Type D.
3. To supplement the wattles grass or cereal grain seed can be
sown for quick temporary control. For details see Chapter X, ARTIFICIAL
SEEDING.

Gelection of material to be used for watiles

1. Willows: For the stakes, which form the main support of the
wattles, use ordinary willow cuttings, 18 inches long and % to 2 inches
in diameter. On very long, loose slopes it may be necessary to use
somewhat longer and heavier stakes. Where pegs are needed to peg down
the wattles use willow twigs and stems 18 inches long and % to 1 inch
in diameter. If willows are scarce, some scrap lumber can be used, but
there should be a willow stake at least every 4 or 5 feet along each
contour wattle.
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2. Hay: Any hay with long stems is good. Wheat, alfalfa or oat
hay should be satisfactory. The hay should be fairly free from weeds.
Special care should be taken to avoid introducing Russian thistle
(tumbleweed) and Napa or star thistle.

3. Pine needles: The needles should be iong, such as those ffom
ponderosa and jeffery pine trees.

-4, Brush: Brush should be used that has a dense leaf system and
which will pack relatively flat in the contour trench. The following are
listed as suggestions:

a) Pire sprouts of the live oak

b} California laurel '

¢} California coffeeberry

d) Chokecherry

e) Holly-leaf cherry

f) Incense cedar

g) Any small, heavily leaved branches of pine or fir
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. Chapter X
" ARTIFICIAL SEEDING °

o As previously ment ioned, a seeding progrem in conjunction with .
other work is recommended for meadow erosion control, except where there
is already & good mtand of vegetetive growth on the gully banks, The
main purpose of sowing grass seed ia to hasten the revegetation of banks
which have been sloped off as part of the contrel work, In moist moun~
tain meadows perennial grass seed will thrive and produce a thick sod
that is excellent for erosion control, Among the most promising species
for this purpose are timothy, redtop, Kentucky or Cansda bluegrass,
meadow foxtail, and red, alside and white clovers alone or in mixtures,
Crested wheatgrass, and the perennial brome grasses will also thrive. ’
Crested wheatgrass is probably the most important grass in the drier
meadows, For more detailed information on this subjeet consult references
Nos. 6, 7, and 8 as given in the bibliography, page 69. It should be
emphasized that for success any sseding in connection with meadow erosion
control mmst be protected from all grazing for a long enough time to per-
nit the new grass 1o become firmly established., If grazing is pprmitted -
in seeded areas the effort will be wasted, = '

The sowing of cereal grains in contour drills on fresh bare slopes
is intended only as a temporary control until the natural meadow grass
cen recover the slopes, The cereals make very rapid growth and leave a
fibrous root system in the ground even after they die, It ia usually
best to use & mixture of several grains: o&ts, rye and wheat or barley,. .
rather than only one spscles, The grain should be sown at the rate of '
% pound per 100 feet in furrows or drill rows, on contours midway between .
the Type B wattles or just above the Type C and D wattles. Broadcast
sowlhg is less effective because grain seed does not grow well from sur-
face sowing and because seed sown on the surface is too easily found by

bir&s and rodents,

Cereal grain may be sown in a special manner on freshly sloped
banks of dry gullies which may be subjected to flood flows. -Plant the
grain in drill rows et an angle of 45 degrees 16 the direction of flow
es shown in figure 52, This method is used supplementary to or in place
of the planting of a row of willows along the toe of the bank slopss.

N A T e
3 QSQSSSQNC\{>:>>¢Q\\C\:S\‘<\:::>Q} 7
T A R R

Drill rows of cereal grain a’iagonolly
P 9uIW'bonks. .

Figure B2
Plan of gully showing planting of grain rows.
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Chapter XI
COST RECORDS

Cost data are essential on erosion control projects as on any
other type of work because (a) costs should be estimated before the work
starts, and (b) the project should be of proven economic feasibility.
Present data on the costs of control measures are, at best, exceedingly
meager and unreliable. Although it may occasionally be justifiable, for
asthetic reasons, to incur greater expense in pursuasnce of such measures
than the present amount of erosion damage seems to warrant, they should,
on the whole, be of proven economic worth. '

Because of the great variations encountered in the character and
extent of gullying, in the availability of suitable materials, and in
the accessibility of the meadows, relisble data are difficult to obtain.
It is necessary, therefore, that all cost data be qualified with full
descriptive information. The necessary information should include:

1. Description of meadow, including location, type and size of
gullying, and character of vegetation.

2. Character and quantities of material availsble for structures,
and accessibility to meadow, including distance and conditions of haul.

3. Record of structures built, inecluding size, spacing, and ftype.
To obtain a simple yet guantitative unit of size applicable to dams,
plugs, and mattresses, the "size multiple" is proposed. The number of
"size muiitiples" in any struecture is obtained by multiplying the crest
length (horizontal distance across the gully level with the center crest
of the dam) in feet, times the center height of the structure above
streambed in feet. By totaling the size multiples of all structures and
dividing that amount into the total cost, a standardized unit cost is
obtained. '

k. Record of area, spacing, and types of wattle work.

5. Description of vegetative control measures, including area
covered, speciesg, ete.

6. Records of any other work such as sloping back banks, slope
protection, ete.

7. Complete records of all labor and supervision segregated
according to type of work done. Because of the differences in rates of
pay on different projects, the total man-hours of labor should be kept‘
as well as labor costs.

8. Records of the rental value of all tools and equipment used.
This should include truck hire, and should show truck-days as well as
costs. '

9. Cost of overhead and supervision.
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Cost forms Nos. 5, 6, 7 and 8 are intended to.be used in keeping
all necessary records on the costs of mountain meadow dams, plugs, and
mattresses. - Samples of these forms are herein included, on which typical
entries have been made to illustrate their use. These forms will also
serve satisfactorily for such control measures as snag disposal, wattle
construction, and the sloping back of the gully banks. Cost form No. 9
iz for use on vegetative control work. :

‘A description of the use of these various forms follows:

Cost form No. 5 - Description Sheet:

This sheet is intended to describe the meadow to be controlled.
The principal item to be included thereon is a sketch of the meadow area
showing all the gullies and side gullies and other physical features.
It is not essential that the sketch map be drawvn accurately to scale,
but 21l gullies should be numbered so that they can be readily identified
later. Short side gullies branching off the main gullies should also be
shown, and lettered for identification.

It will usually be sufficient to estimate the area of the meadow,
but if it is possible to make a rough survey, that should be done.

At the bottom of the sheet space is provided to write down any ‘
observations such as the condition of the vegetation, apparent causes of
the erosion, presence of willows in the gullies, and previous control
work. Any other features should dlso be noted here.

Only one of these sheets ig required for each meadow, and it
should be filled out before the work starts.

Cost form No. 6 — Record of Structures:

Fach structure built should be given a number for identification.
8o that structures can always be identified in the field, it is important |
to start numbering at the extreme upper end of each gully, and to give
structures on down the gully consecutive numbers.

In the form the following should be listed for dams, plugs, and
mattresses:

1. The number and size of the gully in which each structure is
built.

2. The number of the structure (numbering downgtream consecutlvely
from the head of the gully). :

3. The structure type number (as given in this manual) and name.
4. fThe length of the crest in feet.

5. The center height of the crest in feet.
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6. The distance and slope to the center of the next structure
upstream.

When the form is used for making a record of wattle construction
the following information should be written in:

1. Banks sloped back to % slope.

2. Type watties (as given in this manual), spaced
ft. apart.
3. Total slope area . x ft. = sq. ft.

Items 1 and 3 above should be included when the bank is sloped
back, but wattles are not constructed.

When the form is used for slésh disposal, s record should be
made of:

1. Gully number and size.

2. "Structure" number.

3. Description of ﬁethéds.

4. Depth.

5. Length along gully of slash disposal.

Notations should also be written in on this sheet to show the
locations where vegetation is planted or seeded.

Cost form No. 7 - Labor Record:

This form is used to keep a record of all labor on each structure.
Supervision is also included, as well as truck-haul (including a driver).
The form can also be used to record labor on vegetative control work.

Cost form No. 8 - Structure . Cost Summary:

This form is to be used to summarize costs on each structure. A.
separate form should be used for each type of structure built. Inasmuch
as materials will be purchased only occasionally, the small space provided

“on this sheet should be ample to make a record of any purchases for &
certain type of structure. Except for poultry netting and wire, material
is seldom purchased for any of these structures.

Special care should be teken that each foreman understands what
s "size multiple" is. This amount, for any one structure, is the hori-
zontal distance across the gully at the center crest of the structure,
(the crest length) in feet, times the center height of the structure
in feet. It is an arbitrary figure used to compare the size of the
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structures. To get the total size multiples for all structures, merely
add the size multiples for each dam together.

Cost form No. 9 — Vegetative Control Costs:

This sheet is used to summarize labor and material costs on
vegetative control measures. If convenient, the original labor records
can be kept on form No. 7, and summarized on this sheet when the job is
complete.

Summary: The cost forms herein shown should be sufficient for most
mountain meadow erosion control work. However, if peculiar conditions
exist, or if there are unusual features involved, the foreman should
make special note of these. In any event, data are desired of such
completeness that accurate cost figures can be obtained.
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R-CAL California Forest Experiment Station

Special %31 Oiannini Iiall, Berkeley, Calif.
ECYW '
Erosion Control Pro ject:

Cost Form No.bB

DESCRIPTION SHEET - EROSICH COWIFOL IN MOUGNT&IN LEADOHS

Name of meadow Blank Valley , National Forest Tahoe

Location: Section 1 , T. 22°N, R. 12 E, MD3 & M and extending
into Sections 2, 35 and 385

Meadow area, 230 acres. Date May 12 y 19 34

Sketch of area: (Lote: Number main gullies, and letter branch gullies
for referencs, and show relative positions on 'th:Ls _
sketch. Number each structure put in, stard ting at the
head of gully #1 and work downs‘tream.)

/7N N

7~
f A ‘ J
v A
| /‘2 Limit of
meadow area.
.\
=0

— Note that each
e ‘side gully 1is
lettered.

}

i

~_ J " 8cale sbout 1" =400!

‘Remarks on vegetation, apparent causes of eTrosion, ete.: (Good sod covers

most of meadow for 20! to 100' strips along gullies 1 & 3 -

whieh strins are taken over by sage brush Meadow hesvily grazed
J g P

Watershed logged '27 to '29. Gullvying started in '28,

pPrevious control work: Gully No, 3 controlled in 1933 with

structures type #1 and #0. TWork by CCC_crew under project

c-27., All structures held, but insurficient rains to fill
catch~-basins. o4




R-CAL Californias Forest Experiment Stztion

Spscial 331 Giamnini Hell, Berkeley, Jalif.

ECW

Erosion Control Sheet 1 of 1D shsets
Pro ject Ne-27

Cost Form No. 6

RECORD OF STRUCTURES -~ EROSION CONTRCL IN MOUNTAIN MEADOWS

Nzme of mesdow Blank Valley Neticnal Forest Tahoe
Foreman : John Doe Date May 12 , 19 34
From nex?t
: struc ture
Gully Structure upstrean Remarks
Crest {Crest jDis-
Depth  Width £t. Length [Height | tance| Slops
Moo ft. jTop Bottomj No! Type No. & Typef ft. ft. | ft. y
1+ 7 (10| 8 1; #5 Mattress 10 7 - -
1 7 110 8 21 #9 BxR dam 10 3 6 1
i i
1 7 112 9 31 #7 S.P.dam 10 4 100 4
Al 3 |51 3 4 #l1-Plug 5 3 - i -
A 3 5 2 5! #9-Dam 3 2 3
. | !
2] 10!l 210 17 {27] #2 Piug 21 | 10 ; - | - |
i
2 10| 214 17 28! #38 D.P. Dem 12 4 1 8 2
B 10| 15 12 29| Sloped back fo 70%| slope| and wattled

--| type C. 2' B} ¢ to|c slope dijstande

{
~=! Slope area ={27' x}17' = 460 {sq. fit.

1 Wiilow cuttings planted aroumnd strhictureks #1 [to 17 ind,

1 Banks fseedefl with Timothy in|drill{rows pelwegen

strucifurgs 1 and 3. Réews spced 2" ¢ tpo c.
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R-CAT,
Speclal
- ECW

Erosion Control

California Forest Experiment Station
331 Giannini Hall, Berkeley, Calif,

Project:

Cost Form No. 7

N-27

LABOR RECORD - EROSTION CONTROL IN MOUNTAIN MEADOWS

Neme of meadow

RPlank Vallevy

‘, National Forast

Tahoeg

Sheet No. 1 of 23 sheets. TForsman: John Doe
i Truek haul
Date ' Structure | Labor (man-hourg) ! (truck-hours| Supervision! Remerks
! Number {Gathering | Building including {Mar-hours)
; ‘Motoriales Den driver.)
= ! i
16-15; 1 1 24 13 4 4
! . 4 . !
P 2 é 24 10 2 2
P : ! _
'x 0B [ opa 5 2 2 ;
} f ; i
 6=16: 1 | - 3 - 1: ‘Commilete
j ! , !
Cx Ls g ~ 4 - 1 I x
? s |
! | A
| ; ;
f (plant- ]
9=-20i1to 20 in. 12 ing) 7 = 3 Willows
9-20! Bet 1&3 - 5 - 1 | Secdins
' !
' } §
i I
{
e ; |
' !
!
i
]
: .
. }




R-CAL California Forest Experimcent Station
Special 221 Giannini Eall, Rerkeley, Celif.
ECW :
Erosion Control Date: , 19 .
Project
Cost Form No. 8
STRUCTURE COST SUMMARY - EROSION CONTROL IN MOUNTAIN MEADOWS
Name of meadow Kational Forest
Type of labor , Raetes: per day: labor & , Supervision &

(CCC, Wira, CWA, or Regular)
truck (with driver) & . Working hours per day:

Type of structure:

{Summarize each different tvpe of structure used on a separate sheet.)

Number built : . Totsl "size multiples" = ft. = (surm of lengths)
(x heights

Cozt of purchased materimls:

H )
A ITtem * Quantity Cost
| 5
O
5
Total cost of purchase material = — - - = - - - B é
Labor: men-hours at § . per hour - = = - = - = - = & i
i
Truck-hours (with driver) at $§ . per hour - - - ~$ ]
Supervision: man-hours at & . per hour - — = = = $ L4
Rental value of tools & eguipment -~ = = = = = -~ — = = — = = - - & i ]
Fixed Charges —~ — = = = ~ = — = = = = = = = == = ~ = - ===~ & .
Total cost of structures - - = ~ =~ — ~— - - - $ j
Cost: Per dam & , per "size-multiple" &
Remarks:

J

Il

il

Fizhy



R~CAL 7 California Forest Experiment Station

Special 331 Giannini Hall, Zerkeler, Calif.
ECW
Brosicn Control Project

Cost Form MNe. 9

VEGETATIVE CONTROL COSTS - ERCSION CONTROL IN MOUNTAIN MEADOWS

Name of meadow s, Mational Foresit

Foreman: , Date s 19

Willow planting:

Preparing cuttings, man-hours labor at & per hr. $

Planting cuttings, man-hours labor at & per hr, §

Sod planting:

Labor (man-hours) at § per hour &
&
Seeding:

Labor {man-hours) at & per hour ¢

Seed used , wgt. ibs. at § per 1b. &

| o $
Supervision: man~hours at § per hour &

Rental value of itools and equipment 2]

Total

Remarks:
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