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FOREWORD 
California, a wrinkled ribbon of land more than 800 miles long lying between the 

high Sierras and the Pacific Ocean, stretches from the humid forested zone characteristic 
of the Pacific Northwest to arid northern Mexico, and ranges in elevation from below 
sea level to more than 14,000 feet. Climatic variations are extreme, as might be expected, 
and erosion control problems vary correspondingly. Many different types of control have, 
therefore, been found to be necessary. 

The purpose of this publication is  to discuss the variable factors associated with erosion 
which affect California roadsides, review the development of erosion control methods 
by the State Division of Highways, and describe erosion control processes now being 
employed with reasonable success to stabilize slopes on California state highways. 

It is felt that at least a few of the methods which have proved effective in California 
may be modified to suit conditions in other regions. Consequently, descriptions have been 
made as complete and are illustrated as fully as possible in order to permit duplication 
of these methods by nontechnical personnel. 

The erosion problem on agricultural lands is  another matter entirely. Since this phase 
of the subject is adequately treated in publications of the Soil Conservation Service we 
will consider here only erosion as it directly affects roadsides. 
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PART I 

FACTORS AND PROBLEMS ASSOCIATED 
WITH EROSION 

CALIFORNIA CLIMATE AND RAINFALL 

C.m.IromrA climate has been the in- Daytime temperatures during the 
spiration for so many clever remarks dry summer range from moderate (av- 
that its true nature is not widely under- erage about 85 degrees) in the coastal 
stood. Perhaps a short discussion of the areas and in the mountains at elevations 
general climatic pattern and the ex- above approximately 3,000 feet to high 
treme variations from the average (average 95 degrees to 100 degrees) in 
which modify that pattern will be of the interior valleys. Humidity is low, 
value in explaining why California except on the immediate coast, where 
problems in erosion control are some- fogs are general during July and An- 
what different from those encountered from santa ~~~b~~~ northward. 
elsewhere. The yearly rainfall total varies strik- 

'peaking7 rain ingly from one section of the State to 
falls only during the late fall, winter another, Highest rainfall figures are and early spring months, with the 
greater part of the yearly total coming found in the vicinity of Crescent City 

in the form of =ins of high intensity in the northwest corner of the State, P ' 

during the months of ~ ~ ~ ~ ~ b ~ ~ ,  janu- where the 20-year average is 72 inches ' 
ary, and February. March and October Per year, and yearly totals sometimes '1, 

,J 1 may or may not be wet. Little or no exceed 100 inches. Lowest figures are J 

rain falls from April to September. found in the southeast corner of the ' 

Redwood trees and luxuriant undergrowth characteristic of the norfh cocrdrt.1 section of the S tde  where 1 1  
yearb rainfall t o t ~ B  .re high (Near Dyerviile, Humboldt County) 
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EROSION 

Ve$etation Growth 
&. :< . \-Qnce soil moisture is depleted dw- 

- 1 4 . 7  - lng the dry summer, growth of annual 
vegetation follows the rainfall pattern. - The growing season starts with the first 

A , ,  rain of the season, whether it comes in 
, October or January, continues chrough 

1 . the winter and spring, and all but the 
'- most drought-resistant plants die when , \ soil moisture in no longer available. A 

' 
light early rain, which starcs the 
growth of annuals, followed by a dry 
period, sometimes results in the prema- I ture death of the first plants. A second p: crop then germinates after the next 
rain. 

i . ' From an erosion control standpoint, 
a 

these weather variations leave some- 
thing to be desired. When the fimt 
ram of the season is moderate in inren- I ,  : slty and deposits sufficient moisture to 

i t  

germinate seed and keep it growing, 
there is a good chance that an adequate 
vegetative cover will be established be- 
fore the heavy rains come. But if the 
first rain of the season is late and heavy, 
the protectionoffered by the dead rem- 
nants of the previous season" growth is 
often inadequate, unless an ample root 
mat h a  been formed, and soil loss takes 
place. 

On rural highways, establishment of 
a protective growth by artificially 
sprinkling the slopes has been at- 
tempted dur ing d r y  years. This 
method, however, is not now comid- 
ered practical for any but newly con- 
structed slopes, and then only when 
conditions are such that subsurface 
moisture is present to augment the 
shallow penetration obrru'nable by 
sprinkling. 

I 

way musf br h w b d  evmy by truck 



EROSIVE 

I N  1 Y 3 1 ,  IHL dnited Srates Depert- 
ment of Agriculture recognized 259 
distinct soil types ss occurring in the 
agricultural sections of the State. As 
more comprehensive soil surveys are 
made, there is no doubt that many addi- 
tional soil series will be classified, mak- 
ing the ememe complexity of the ero- 
sion control problem more evident. 

Most soils in the coastal portions of 
California are derived from material 
which is itself sedimentmy in origin. 
Ancient ocean beds and river channels, 
raised high above the present sea level 
long ages ago, have been exposed to the 
elements and have eroded, forming 
new sedimentary dcposits.These newer 
deposits erode d l  more readily, and 
after the erosion and deposition process 
has been repeated several times, thema- 
tcrial becomes extremely susceptible to 
displacement by running water. 

rT CONTllOL 

SOIL lYP6J 

The readiness with whch sedimen- 
tary material erodes depends upon the 
extent to which consolidation or com- 
paction, and, later, disintegration have 1 
taken place. Recently deposited, 
poorly consolidated sediie&, ex- 
amples of which are found in the 
Salinas-Watsonville area, are extremely 
erosive. As o rule, other sedimentary 
materials, such IU shale and sandstone, 
are less subject to erosion except when 
poorly consolidated or disintegrated, 
but are often troublesome from a con- 
trol standpoint. 

Material derived from igneous and 
metamorphic rocks, such as granites 
and gneisses, is also highly erosive, 
Such material is commonly referred to 
as "disintegrated granite!' Since this 
material occurs in mountain areas 
where rainfall intensities are severe, 
erosion control measures required for 
control must be elabontc and thor- 
ough. 

Rorrdwoy fill slops w a w d  of disintegrated plrbnifu mqteriml eftor highintensify rains. (&eween Redding 
and Waeranriile, Shest* Cevnty) 



EROSION CONTROL 5 

4 

1 .  W 
REFA rtrs pmhlm, of  the^, &davml ie riot dm@ r &fl;le 

soilsoilsoillb'~:~ &hi8 cut -mi nmw. 

Mrtumt@m 
.ma&* 6B& 
,m EMV* 'M, 

a5 % ~ I & n r  a 

.&gj ** 
. ~ .*& md 

*.h' 
*:lww * toas; bp 
dwifwg&.- && 

-d md uodrst&ed slope maim GrPdudly, duriq seasons of modes- 
d w t e d .  The obiom thing-to de, ate. raiddl a 4  ideal conditions, rego 



Nnfvre r#v#rr ended d6pH vlth vr.efation, but it Ir not R qulrlr mmc.(r. Ounetlen of fhs Trinity and 
Klomofh River4 h m b d d t  C&untp$ 

dams to p r m t  soil 10s md to do thau womds we have mad% in th6 emh 
part tmwd developmn* of humm Soil which has eroded fcom new banks 
and ropsoa, E ~ n r n d l ~ ~  *-he slope ba- affwts trur highways a d v d y ,  and 
m e  e o a ~ I e t e 1 ~  m b i k d i  but mt-he evm thou~h it may be mra that eventu- 
that it took m y  Yema and that amY . ~ l y  the slopes d i h e  themelvcs, 
tons of soil eroded frmn the dope be- msint5flace cost in the meantime, fore soil 10% bmmt negIiQllbla which cm be chwged directly or in- 

nrture ~ w r t  I.  idp pat^ ditoctly to aoil loss, is often excessive. 
Unfortunately,wecamtw&many Name must be given a helping hand 

year8 for unassintsd nuwe to heal ths if we are m erpset mpid ~tabifierutioa 

DEVtiLOPMINT b? THE @BW~O# CQNYROL PRQILEM 

As W O  AS men wta content to jog md became impassable, they either 
along on his horse or h lris wagon wmt mund the bad place or myed at 
titking it us a mmr of came  tbet he home. Xf the mad wns badly damaged, 
ma vend msny hours in travelfq a it was o f m  cheaper w build a nnv 
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minimum since rhe speed of vehidwr erosion, except during the rainy season, 
of that day was slow, and cuts and fill8 Even then the wrrr 
comxwted by hand or horac labor rather the road- 
w w  cogtly. Erosion wok plsa, bar build- 
people considcrwd ruts, whourn, md h e  the day, twwwar, when peo- 
elides ns una(roid9blc evils, and if a ple ba;gm to demand '*All  yea^ Rands." 
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ig the demand meant that s 
ably greater investment had to 

made in the existing road. Culverts, 
linage ditches, improved subgrade, 
dges and eventually hard-surfaced 
fement, added to the cost. The de- 

ir improved alignment to keep 
th modern automouve trans- 
n and speed resulted in the 

consuuction of d e ~  :uts and higher 
fills. It was no l o n ~  leaper to build 
a new road &an to repair the e&&q 
one. S-o erosian bwme a problem, 

The problem w s  treated in the ah- 
vious way. E mil wmhed onto the 
pavement, it was scraped off, o r  M%d 
and dumped over the nearest fill slopes. 
If gullies developed In &ainuge ditches 
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Methods developed by the Forest 
Service, and dwribed in Mr. Charles 
J. Kraebel's circular, "Erosion Control 
on Mountain Roads," and methods 
suggested by Soil Conservation Service 
publications and the Public Roads Ad- 
ministration were tested and modified 
by the California Division of High- 
ways with varying results. Fnrther ex- 
perimental work has been done since 
that time, and the methods described 
herein rapresent the most successful of 
the many procedures which have bean 

tested. It is not to be erpeeted that 
these methods will be the final answer 
to the slope stabilization problem. 
Since climate, rainfall and soil charac- 
ter vary so widely throughout Califor- 
niq no one method can possibly fit all 
conditioas without modification. 

Experimml work is continuing, 
however, and it is hoped that methods 
will soon be developed which can be 
relied upon to give adequate contml 
under emcmely adverse conditions. 



PART II 

GENERAL EROSION CONTROL 
PROCEDURES 

EROSION CONTROL ON CUT SLOP65 

WHEN 8011. is eroded from a high- 
way cut slope, it is generally deposited 
in such a position that it blocks drain- 
age ditches, causes diversion of water 
onto the pavement, or is actually de- 
posited on the pavement with conse- 
quent hazard to traffic. All these situa- 
dons require immediate attention by 

for that reason even though no direct 
expenditure of money is involved. 

It was realized, of course, that an at- 
tempt must be made to stop, or at least 
reduce, the loss of soil from the slopes, 
since most of the soil which was 
washed from the slope had to be dis- 
posed of. Manby methods of control 

Adive erbslcn on neep cut rlepet. Vegenfien cannot b w m e  eltablirhed while roil particles are being 
monrtclntly mahod awey. Note sloughed mahrilll which muat be remuwed. (Near Selinas, Mantony CeunfyJ 

maintenance forces, and every main- 
tenance man knows what it is m be 
routed out of bed on a stormy night 
ro clear mud off rhe roadway. Emer- 
gency maintenance is expensive, and 
the cosr of cleaning sloughed material 
from drainage ditches in the spring and 
summer is no small item. A gullied cut 
slope is unattractive from the stand- 
point of appearance, and is undesirable 

were tried. Cut slopes were made 
steeper, the idea being that oa a very 
steep slope, a smaller area of slope face 
would be exposed to the elements, and 
less water would accumulate on the 
slope itself. That idea worked pretty 
well when the rain came straight down, 
but when the rain was driven by the 
wind directly against the slope face, 
the increased steepness of the slope 



, -  ' caused the water to run off with 
greater velocity, cawing more damage. 
Native vegetation found it impossible 
to establish itself on the steep slope; 
consequently, soil loss was continuous. 

Pmff Wakr Eominlled 

Intercepting ditches were eon- 
structed at the top of each cut slope 
to prevent runoff water from above, 
from pouring over the cut face. This 
restricted the amount of runoff water 
which could cause erosion in the criti- 
cal area to that which actually fell on 
the cut face, and was of decided bene- 
fit in reducing soil loss. This practice is 
now standard. These ditches lose their 
value, however, if they are not kept 
clean to allow free flow of water. 

Low cuts are not subject to serious 
or rapid soil loss. Runoff water which 
accumulates on a low slope face does 
not attain sufficient volume or velocity 
by the t h e  it reaches the lower por- 
tion of the slope to move much soil, 
though the process of soil loss, while 
slow, is sure. It is logical that if a high 
cut slope were broken up by means of 

CDNTROL 11 

water-catching terraces so that, in 
effect, it was made up of a series of low 
bank% the same low soil loss charac- 
teristics would apply to the entire 
slope. Terraces then must be con- 
structed so that they will intercept run- 
off water and sloughed material from 
the slope above and lead the water to 
one side where it must be carried to 
the bottom of the cut in lined ditches 
or culvert pipe. 

This method works very well, pro- 
vided the terraces are kept clean of 
slough so that no interference with the 
drainage system takes place; but the 
cost of extra excavation to form the 
terraces, plus the cost of lined ditch or 
pipe to dispose of runoff water safely, 
make it too expensive for any but ex- 
ceptional cases. The appearance of a 
terraced slope is unpleasing because of 
the straight terrace lines which appear 
on the slope face. ]Mainly, however, it 
is a mechanical approach to a problem 
that can only be permanently solved 
by natural means. 

G n d y  w d.gl r @ h  $i Ienh- M ~ i a ,  Lwnto I w l w  h u n  , wM* ww &biltMe! b ramfin# w M  a&olf. 
rk  wtrk eo* ka .&ik.o.rn ~ w q  
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Waterproofing a k p e  by coating 
the soil with an impenriaus substance 
is another mechanical and generally in- 
esfective method. Unattrnctive appear- 
ance and cost of treatment, high 
maintenance cost, if a bride substance 
is used, make thk method impractical 
except in extreme cases. 

hrmrr LIeper 6 d r d  

Theaccompanyingillustration~huws 
what happens when small undrained 
terraces are constructed on a 1: 1 cut 
slope in an attempt to create favorable 
conditions for ground cover plant 
growth (in this case, Mesembcyanthe- 
mum). A ditch was dug in the slope, 
faced with a length of 1-inch x 4 - i i h  
lumber held in place by bakes, and the 
resulting space backtilled with topsoil, 
and planted. Runoff water overtopping 
the board facings dropped to the slope 
below, eroding rhe steep slope between 
terraces. Board facings were under- 
mined, and further lotis of saturated 
topsoil took place. As the illustration 
clearly shows, this method proved to 
be both expensive a d  unauccwful. 

The foregoing methods are sll m e  
chanical ways of combating natural 
fdrm. Obsemation of nama1Ly 
formed slopes showed thar native vege- 
tation growing on the slope did a 
pretty good job of erosion control, 
and, furthermore, the appearance of 
such a slope was not unattractive 
because it was natural, 

Attempts were msde to establish 
vegetation on new 1:1 curslopos. Grass 
and grain seed, cuttings of ground 
caver plants, and seed of native plants 
were planted on the steep slopes. Fet 
the most part, results were disappoinr- 
ing. Vegetation grew well at the top 
of the cuts where some topsoil had 
been left after slope-rounding opern- 

L)orrd.Icmd. undmhrd hrrares on m lrl cut dope 
.re rvblea tr undermining (Sfintn lar6.m) 

tions were completed, and if the dope 
face was rough enough to form 
which could hold ropsoil, little tufts of 
vegetation grew in ;he pockets. The 
bare, smooth, exposed subsoil, how- 
ever, could tun m a h ~ i n  plant growth 
which was vigorous or d m e  enough 
to protect the antire slope from ero- 
sion, and the soil loss which rook place 
d u m g  the csrablishment period was 
nearly as great as on untreated banks. 

Favorable results obtained from 
s o m  of these tats indicated c1ear1y 
thar a thick vegetative cover was effec- 
tive in preventing loss of soil from the 
doper, In order to establish this de- 
sirable thick vegetative cover, it is 
necessary to cover the sterile slope 
with a blanket of topsoil in which the 
plum can grow. 
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The angle of repose of loose soil is 
approximarely 1 )/z : 1. It will sometimes 
stand on a steeper slope, but when satu- 
rated will slump and come to rest in an 
ungraceful heap at the bottom of the 
slope. Smce it w a  obviously impossible 
to blanket a 1 : 1 cut slope with loose 
topsoil with m y  assurance that it 
would remain on the slope, even when 
dry, it became necessary to flatten the 
cut slopes to a minimum of 1 )/z: 1 in 
order to retain topsoil. 

8lippo@e Over-me 
A blanket of loose topsoil six inches 

or more in th~ckness was ?read evenly 
on the smooth cut slopes; but if the 
first rain of the season amounted to 
several inches, this loose soil, becoming 
saturated, slid to the bottom of the 
slope, leaving the smooth subsoil ex- 
posed. It w a  found necessary to 
roughen the subsoil dope face and re- 
duce the thickness and weight of the 
topsoil blanker in order to overcome 
the tendency toward slippage. A top- 
soil cover less than three inches in 
thickness was found to give as satis- 
factory results as a thicker blanket, 

CONTROL I3 

since density of growtb, not size of the 
individual plant, is the desirable con- 
dition. 

The combination of 1 X : 1, or pref- 
erably flatter slope, well roughened cut 
face, and relatively thin blanket of top- 
soil, seeded with grain or grass seed, 
works very well in all but the most 
erosive types of California soils. Bar- 
ring the years when an "unusual" 
amount of rain falls at the very begin- 
ning of the rainy season, soil loss is not 
great before vegetation becomes estab- 
lished, grid is negligible thaeafter. 

nishlr Erosive #oil Typrr 

The highly erosive soil types, how- 
ever, offer additional problems. Some 
soils seem to melt like sugar under the 
iducnce of rainfall, and when treated 
as above, the soil loss during the first 
year is so great as to make it almost 
impossible to establish vegetation on 
the slope. 

T o  solve this problem, straw was 
spread over the topsoil after seeding in 
an attempt to duplicate the humus 
exisring on natural slopes in the vicin- 

A thick (62") vneompacfedtommili blanket rRpr from 1W:l rlepe when raturshd 
(Nwr CWrcrvlllo, Mentmny CvuMyj 
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ity. The straw retarded surface erosion 
by decreasing the velocity of runoff 
water. It also encouraged the germina- 
tion of seed but increased the Fen- 
dency toward saturation and consc- 
quent slippage of the topsoil. Stakes 
were driven through the topsoil layer 
and into the subsoil in an attempt to 
anchor the soil and straw in place, but 
this proved unsatisfactory. 

A sheepsfoot roller was used on the 
mulched and topsoiled slope in order 
to compact the topsoil to the point 
where its water-holding capacity 
would be reduced, and the tendency 

of the soil ro liquefy would not he so 
pronounced. The roller was rigged and 
operated as described later and per- . 
formed the double function of com- 
pai'cting the slope surface and incor- 
porating the saaw with the soil in one 
operation. 

This method gives very satisfactory 
control of even the most erosive soils 
during years whet1 rainfall is normal, 
but partial failure results due to slip- 
page whtn rainfall exceeds three inches 
to four inches in a single storm during 
the first year after treatment. 

WHa ma b GM frmn &US-, 
ti%* imM&te. dfan m thc m t t d  
WPY h llBZ rtrio~. WW 
d PfiE Mgbry is v m n y  ~ o l  im- 
d m l y  afmtd* and udaaa s slipour 
m b  p10cc or a M y  erode. m the 
point. whcrc it etnrts t$e 
t'wdwayi We minai eDil a a ~  
~ s n d l y  hcm &egPtd thb 
andl g* hnre xcEpincd mbr m- 
y&- ay hthpt W n B  

prirs- y in arder ta S(LW 

rhs MgMp. 
Vapdan, af c o ~ ,  dEvp rb 

mmt ~eonosrsiral and rff&tR* mrms 
af mntrot 

Ranrlta af  sawing setPl on raw fill 
farc &a rail had been a- 
by & wrro very m-- 

ahg. Ia dl but Mghlg d m  ax wry 
M d r  && me ~ c d i n g  wudly pm- 
dpcd m m d r  &W ~ Q v t r  Sa $h 



Soil 10s mffer e high-inhnrify rfom on on unfreafsdfilirlops in the vicinity of  Wstronriile. Thi9rlope 
ioter n ~ e i r e d  nrd end straw frsehnant wed ir new psrfstfly stabilired 

adequate control after the first year. sary where conditions are extreme. 
. Old fill slopes which had been con- Loss of soil due to gullying and sheet 
solidated and gullied by rainfall before erosion may be retarded during the ' 
being seeded showed poor results, critical first season before vegetation 
much like those obtained on smooth has become established, by applying 
cut slopes, unless roughened by culti- straw aa a mulch. The straw protects 
vation before seed was sown. Under the soil surface from the impact of the 
some conditions it was found that an raindrops, and slows the runoff water 
application of straw mulch or some down to the point where its velocity 
type of humus was necessary in order is so low that its soil-carrying capacity 
to prevent the gullies from redevelop- is practically nil. 
ing before the seed germinated. An ef- Theoretically, a small quantity of 
fective cover was established on very water runs from straw to straw and 
infertile soils after an application of reaches the bottom of the slope with- 
fertilizer or a thin blanket of topsoil out touching the soil at all. If it were 
was spread on the slope. The results practicable to, "thatch" slopes with a 
of sowing seed on new fill slopes be- thick covering of straw, each straw 
fore they are consolidated by rain are running in the same direction, the 
usually so successful and the cost is so problem of surface protection should 
relatively small that this practice should be solved until the straw rotted, or be- 
be followed on all newly constructed came displaced. However, it is desir- 
roads. able that enough moisture be absorbed 

While seeding alone (at times sup- by the soil to support plant growth, 
plemented by a straw mulch) gives which will give permanent protection, 
adequate control in localities where the so waterproofing the slope does not 
soil is neither highly erosive nor sub- completely solve the problem. 
ject to heavy concentrations of rain- The protection given the surface by 
fall. more elaborate treatment is ncces- a straw application is effective only as 
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long as the covering remainsunbroken. 
If a culvert or berm fails or is over- 
topped, thereby concentrating a quan- 
tity of water in a single area, the straw 
covering is washed away in a short 
time and the gully deepens rapidly. If 
workmen, children, or animals have 
made trails or have othewise disturbed 
the cover, gullies may form. 

In order to give the protection of 
whch it is capable, a straw covering 
must be inspected at frequent inter- 
vals, especially during the first season, 
and disturbed areas seeded and repaired 
with additional straw before extensive 
damage is done. 

Unfortunately, one of the advan- 
tages of a straw covering from a sur- 
face-protection standpoint, turns out 
to be a distinct disadvantage in another 
way. Straw reduces the velocity of the 
runoff water, and as a result percola- 
tion of water into the loose outer layer 
of rhe fill material is increased. Most 
of our California soils will slump, slide 
or run like molasses when saturated, so 
some means had to be provided to dc- 
crease the amount of water which 

could be absorbed by the soil and also 
to anchor the outer layer which is 
subject to slippage. 

A sheepsfoot mller was run over the 
completed slope (as described later) in 
order to compact the soil. Since the 
straw i s  spread on the slope in advance 
of rolling, it is incorporated with the 
surface soil as the compacting is done, 
thus performing two operations simul- 
taneously. A sheepsfoot roller leaves a 
few inches of loose uncompacted soil 
on the surface, but this loose soil is 
mixed with straw and forms a good 
seedbed for the grain seed which is 
sowed as part of the complete treat- 
ment. 

A relative compaction of 89.4 per- 
cent was obtained below the top four 
inches on a disintegrated granite fill 
dope which had recently been given 
six round trips of a standard nvo- 
section sheepsfoot roller. This degree 
of compaction reduces the water- 
hoIding cappacity of the soil by seduc- 
ing the number of voids, and the 
tendency of the mil to liquefy is not 
so pronounced. 

Rolling howuavend  I G I : l  slop* wlfh n +@sf r o l l ~ r  (City Creek Read, Sen Sermrdino Coun 



51vrh I q e r  in plore remdr for 0 rovering of roil, vhi en compaaed fCiW Creok Read, 
3.n Eemordin~ Cc . 

On deep fill slopm composed of 
highly erosive material, a mechanical 
anchoring effect may be obtained by 
the use of wire-reinforced brush mats, 
straw or wire-mesh mats, or brush 
layers installed on the contour during 
fill construction. The various types 
used are described later. All types are 
placed flat during construcaon, on a 
contour level, with the outer edge of 
the met or layer flush with the surface 
of the fill, and the inner edge buried 
about five feet in the solidly compacted 
fill material. The relatively loose outer 
layer of soil is thus stabilized to a large 
extent. even when saturated. 

as a second line of defense and are not 
utilized, except as mechanical anchors, 
unless the surface protection fails. 

The onees edge of the mat is left 
flush with the surface of the fill dope 
to allow for use of a sheepsfoot roller 
in compacting the loose surface mate- 
rial and imbedding straw in the soil 
without disturbing the mat, 

A further reason that b m h  should 
not protrude beyond the slope face is 
based on observation of brush-layer- 
treated slopes on which the brush had 
been allowed to protrude 12 inches or 
more from the slope. Where any soil 
movement whatever took place, the 

; I i F  

mmts A* II, sueen* 
filtering action of the brush caused ter- 

, ,%he mats and layers are also designed races to build out on the protruding 

to act as screens or filters in the event brush layer the point where run- 
the surface snaw protection does not off water, overtopping the terrace, 
completely Dmvent movement of soil dropped maight down, striking the 

. parGcles. If gullies start to form due to slope below with considerable force. 
failwe of the strnw covering, the mats Holes were gouged out in the slope 

* - or layers ate exposed, and by filtering belaw the layer, and the displaced fill 
and decreasing the velocity of the material whch was carried down to 
water, tend to keep the damage to a the next hmsh layer accelerated the 
minimum. Thus the mats and layers act formation of a terrace at that point. 
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This same effect takes place, of "Material excavated from cuts and 
course, when the brush layus which placed in fills in mountainous areas is  not 

have been constructed flush the a soil but a broken and shattered rock, 

edge of the fill, are exposed by failure which is incapable of supporting vegeta- 
tion untll $oil forming processes have had of the surface protection' The tenaces an opportunity to operate. Where this 

are up material comes from a rock which is geo. 
and are to the actual d l y  logicallyhe~h, it is usually in rother large 
area. fragments and does not contain sufficient 

The conclusion has been reached fines to retain moisture and support 
that since no method of erosion con- growth. Plant food elements may be suffi- 
trol yet observed is completely suc- cient in the parent rock, but they ore not 

cessful during the first year under ex- available until degeneration takes place. 

Reme a treatment which js Natural revegetation can not succeed until 
such time as this material becomes a partly inexpensive to jnsta' and developed roil. This requires weathering, 

which can be used to as the introduction of organic matter with the 
0s they are observed seems more consequent formation of humus, and the 

practical on a long-term basis than development of soil bacteria tor nitrogen 
more elaborate and costly methods. fixation and assistance to plant growth. 

Where tho fill does not naturally contain 
Findhms of Coaferenrb at least 60 percent of material paaing the 

The following paragraph is taken NO. 12 sieve and 18 percent paalng the 

from a paper entitled, "Erosion Con- NO. 200 sieve, the period required for 

trol ~ ~ ~ ~ i f i ~ ~ " ~ ~ ~  for southern ,--a- sufficient weathering to take place to make 
o soil capable of supporting vegetation 

fornia'" summarizes cOnclu- b too long for. economic considerotion. To 
reached at a overcome this condition, suficienr fine 

the U. S. Forest material murt be added to meet this speci. 
Service and the California Division of fication In he outer two feet the 
Highways in April, 1946: motetial!' 

EROSION CONTROL ON H l Q W A Y  8HOULDERS 
n 
U A M A G e  DUE to erosion on highway 
shoulders is generally confined to rhe 
development of numerous rills or small 
gullies in highly erosive granular ma- 
terial caused by runoff water from the 
pavement. This development is most 
likely to occur during the first year 
after construction, before the shoulder 
has become stabilized by traffic com- 
paction and a growth of vegetation, 
but seldom thereafter. 

In view of the temporary nnture of 
this problem and the simplicity, effec- 
tiveness ind low cost of the curative 
treatment herein described, it would 
seem that construction of an expensive 
bordering plant-mix berm for the sole 

purpose of stopping off-pavement ero- 
sion may not always be justifiable. 

Since erosion damage to shoulders, 
even when normally erosive imported 
material is used, is almost entlrcly de- 
pendent upon the intensity of the rain- 
fall during the first year, erosion pro- 
tection is not given shoulders as a mat- 
ter of course. If rills develop, a thin 
coating of straw spread a t  the rate of 
approximately three tons per acre, is 
scattered over the affected area and a 
sheepsfoot roller is run over the straw, 
thus punching it into the soil. Under 
extreme conditions, the area is seeded, 
though normally an adequate grass 
cover is obtained from seed contained 



Small svllir# wvnd h tun& *8fw f r m ~  thr C. 

in the straw and from native vegeip- 
don which wilI establuh itaeif dm the 
first rainy scaron. 

Uncurbed cennr dividing suipr m 
subject to the ame type of d a m  
and curative measures arc much the 
same as those described above, Add& 
tianal protcetian may be found neces- 
sary in the low center which bmrmes 
a drainage ditch, but well vegctnted 

dltcha of this type running on grades 
sa steep ss 5 percent have been dis- 
p o h  of runoff water without lpop of 
roil. Where climad~ conditions we 
favortlble an evergreen wund wver 
planting wiU solve the protecdon 
problem. 

Esrabkhmcnt of evergreen turf on 
highway shouldem, as is done in 
regions which receive summer rainfall, 

I Ve(~efative pr@iedien in s dividing drip on an gppmrlrnoh 5 perrenl grvds. No dmmego is e ~ i d e n l .  Sol1 ir 
the same as in dl1 rlepa, Psge 15. (Befwbln Wotmnvllle .nd Ssnla Ous Bsnto Cruz County) 
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has not been found practical in Cali- 
fornia. No perennial grass has yet been 
found which will survive the long dry 
summer season without being given 
artificial watering. On metropolitan 
freeways where elaborate landscape 
treatment justifies the installation of a 

EROSION CONTROL IN 

E V E R Y  HIGnwAY user is familiar with 
the sight of eroded drainage or inter- 
cepting ditches, which are both ugly in 
appearance and potentially dangerous 
to traffic. So far, little consideration 
has been given to the possibility of pre- 
veneing this damage, yet methods have 
been developed which offer an d e c -  
tim and inexpensive means of control 
if applied at the right time, which is 
during consmction. 

An unvegetated ditch, formed in 
soil which is even moderately erosive, 
cannot carry an appreciable amount of 
water on a grade steeper than 2 percent 
without losing soil, As the grade of the 
ditch becomes steeper, the velociry of 
the water increases and, of course, the 

sprinkling system, a mip of grass can 
be established on the shoulder to act as 
an emergency parking area and to con- 
trol dust and'erosion, but for the most 
part, in m a 1  areas we must depend 
upon annual grasses and weeds to hold 
the soil. 

DIIAINAOE CHANNELS 

rate of soil loss increases with the 
velocity. That is elementary. Yet new 
ditches are still being built on steep 
grades by equipment which forms a 
V-shaped ditch with the point of the 
V mending into the infertile subsoil 
-an open invitation to erosion. 

Quite often, it is true, the ditch is 
not called upon to carry water until 
vbgetation has established itself nam- 
rafy where it can find a foothold, and 
erosion is lessened or eliminated by the 
retarding effect which the vegetation 
has upon swiftly moving water, How- 
ever, when the intensity of rainfall dur- 
ing the first year after construction is 
so prcat that the ditch must carry run- 
off water. the bottom of the ditch will 

A" unonra~h've inhrrepting ditch. Cuhenr may be dogged with ended mot.rio1 when this type of roil 
ku errun (Near Shinple Springs, CI Dorodo County, 



u d y  scaw c l m  and tbo harrl sob- 
dwhichhchcn.c+~Berrao 
Faothold in wbieb win*= rrsdvb 
mds can I*. Lacking cirm, 
*te dit& gets d0cpp.t ~ 9 t h  ~vcxy aom, 
and the d#p& iflaw tb Iiliks- 
h o d  of m w d  w&&honr of r pro- 
mctiv6 $mv& of w& d g w  
b-o I@ and I* 

s a p  g d s a  with a q d p m t  new fn 
m. Tm& hu\8 wmkk 

s ~ i l  psnnlt A thin kyer of topso8 i w '  
R ~ M (  £ran the slop& hme&mly 
above du: mp of the @a fm, und 
farm& inta P low muadd benn . 

A broad, dafhnsd, intercepting difeh. Vspetgfion mmy easily be ert.bIlshed here. and e lame vslune 
of wofer rorried wifhovf demage (Neer Cabrodlle,&nhrgy Countr) 

A ditch formed in a broad U-shape 
instead of the sharp V-shape, need not 
extend as deeply into the infertile sub- 
soil in order to carry an equal amount 
of runoff water. Concentration of 
water in a single channel is reduced. 
If the bottom of the ditch is cultivated, 
covered with a thin layer of topsoil, if 
necessary, and seeded with a quick- 
growing annual grain immediately 
after construction, protection may be 
obtained during the critical fint year, 
and the windblown native seeds caught 
by the grain stdks will establish a 
permanent cover quite rapidly. 

While the broad U-shape is most 
desirable, it is admittedly impractical 
to construct a ditch of this shage on - .  I 

. .  . 

which merges into the rounded brow 
of the cut. This may be done with a 
motor grader. The disturbed area is 
then cultivated and both it and the 
berm are heavily reeded. Concepua- 
tion of runoff water in the ares imme- 
diately behind and against the berm 
takes place, of course, but conditions 
for vegetative growth are so much 
more favorable in the topsoil of which 
the berm is composed that growth is 
usually rapid and dense. 

Well vegetated ditches of.this type 
are capable of handling intermittent 
runoff water effectively, and under 
normal conditions no erosion takes 
place even on steep - gudes. .. . . 7 
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packed into tha ditches, suppiemented 
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, , , . 6 Concrefe check dams reierd velecify ef runoff water on q deep grade 
- . , (betwa*n Bradley ond Jolon.Montsrey County) 
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I;v WIND EROSION 

HEN ROADWAY excavations are under extreme conditions. A blanket of 
made through incompletely stabilized coarse gravel is also reasonably effec- 
sand dunes or the roadway lies in the tive when conditions are not favorable 

1 path of active dunes, wind erosion with for vegetative growth. 
the resulting drifting sand becomes a Vegetative stabilization of areas sub- 
serious problem. ject to wind erosion is both practical 

I Mechanical methods of control; for andinexpensive. A topsoil blanket, sup- 
example, spraying the sand banks with plemented by seeding, is often sufii- 
liquid asphalt, have the advantage of cient to smp soil loss. If no topmil is 
stopping soil movement immediately, available, seeding, followed by applica- 
but maintenance cost is usually high tion of a straw mulch worked into the 
and increases yearly until finally the soil with a sheepsfoot roller is usually 
original treatment must be repeated. effective. In extreme cases where the 
This type of control cannot be consid- soil is very loose and the wind velocity 
ered permanent. high, seeding followed by application 
In arid or infertile areas where plant of alayer of cut bmsh will give control. 

growth is naturally sparse and rock or With any of these methods, the func- 
I gravel is plentiful, some form of the tion of the humus, mulch or brush is 

mechanical method of control illus- largely to suppress movement of the 
. , trated (p. 24) may be utilized. The cost soil until plants have become estab- 

, of hand placing rock in this manner is lished, after which the vegetation alone 
high, but this expense may be justifled gives adequate protection, 



SanFnmcicco. qwdda, to ombW plnm growth m y  
European bench g m  (ArnAlopbild be mwted.  A mulch sf cur brush or 

Rwck p h . 4  by h m d  on m n d ~  cut deps km, senimb wind erori~a in desert weer. 
(Nee, Little Lke,  inyo CountyJ 
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A s m d y  step*, ~ ~ ~ ~ ~ M a k & k i t & d  wm HI b r d  cindPummrl lea* 0r.U 
[ N r r  P m n l l +  Olm M.(a, C.unffd 

be s t a b i d  in order u, atop movement suBdenaly dcm to &ford etfectivc 
of s ~ n d  until v e g d o n  becomes m b -  m n d ,  
Lhed. Divisions of beach g m  are If a d  mwematc is nor teo vigor- 
then pIanted through the d c h  hu, m, the mulch treatment ia ahen not 
moist sand to r depth of about eight nee-, Divisions of beach g n w  may 
inches, If aufticient m a i s m  continw be planttd tn tbc and, and if this plent- 
to be nvnilable, growth is ~0wNpbIy kg in supplmented by =ding with 
rapid, and by ehe end of Qc grst. srsson Iralirrn I'ybpZPIQ. w n M T ~  gnin, uatis- 
the nnnd of bench g w  is usudly f ~otmol  may be obtained. 



MeDlPfc AND 0110UNO C O W  PLdKtW3 

~BFT by ear1y-d~~ evloter~ &vestock, and theM must be eradicated 
md mbionnrics indicnt* &at in their on highway dghm of way in agricul- 
dmc wildflowem covered tRc StPa of tlVPI M. Cansult~tion with thC 1wal . 
Cdifontia frm one end to the du. county agricultural conzmisionar in 
Few of the a m a h  and perdaf r  now rqard to weed control snd aced quar- 
rtfurd to ns n r h  befpu) they have antine BP i s  advisable W s r e  
m d e  themselves w thoraughlp at  home. sowing raed of u n w d  p b  in order 
here, had as yet bwn jntrodmed. Rap- to m i d  introduction of still 
idly,howivm, &of ncwplnnra w e  pssr wMch would ndd to our weed 
brought in-somc a impeittiu in crop c o n d  lh 
A, same m thc wool or hair of im- Trial planrings of m y  nriedca of 
u@rced animals. someinshis bdast,md ffw and f o m  u h t s  have b e ~ n  
kw ddibtmmly for fom& or agdcul- made for roil stabijju;don bur 
tural umoses. Findinn the climate nnd for the most uarr re$& have been un- 
soil & deir liking. h ~ d r e d s  of thaw sarishccary. - 
introduced plm&became naturalized, 
and the more nggrbve among them hmnntml8 UnutWwdeq 

litordlly crowded out the true nedvw Iaergnnil am oftm difticult to wab- 
 he point hpg now been reached 

where inmduced planta make up tho 
greater part of our herbaceous vegeta- 
tion. Among these n~tnrdked plnne 
are a number which have been dedmd 
noxious weeds because of choir growth 
habits, spiny or prickly nature, dif8cul- 
ty of control, or poisonow &ect on 

lish and, even though o gaod stmd may 
be obtained, too fow planm w d y  mrr- 
vive the summer draught to provide 
dective protection ths followinp year. 
With the exception af I t a h  ryeglesr, 
Plro d e d  annual ryegrns (Lolium 
m u f ~ f l o m ) ,  which gro.ws er a shon- 
lived perennial and naturalizes weH 

A * n l b e f d  aut dopa. NDHnrhrvCr ur mptdly h m i n q  srtublidpd. 
( N m  WuIsvnPUe, *I*$ Om &u#+l 



I along the north seacoast, and olfi l fq 
I which persisw in a few locations where 

conditions are to itcr likingB the peren- 
n i l  so far tested offer no advanwgm 
which would prove them supctior to 
annuals for our purpose. 

Bermuda grm i s  extremely effecdrP 
for sail stabilization in. milder gcctiam 
of the Scam, but it z ~ ~ e e d e  so freely and 
is so difficult to eradicate when once 
etablished that it he9 become a serious 
agricultural problem in Southern Cali- 
fornia and the Central Valleys. Public 
reaction to i t s  use in genicral highway 

,, planting would be immediate and un- 
, favorable. Conecquently, B e r m d a d  

is planted only in localiticr where the 
: g m  is already so thamu&ly d- 

lished that funher planthg cannot bc 
considered the introduction of a weed 

I Aanvefr 8 C W e  

Annuah, are usually eff ective during 
the first yest hut, except for a very few 
varietb in favored locations, do not 
seem to reseed themselves well. Native 
annuals eventually take over anyway, 
and Bince they will offer adquam pru- 
metion when once wtnblished, the ' 

naturalization of introduced annunb a 
not considered too impomnt. 

if it were passihle to economically 
obtain reed of the native annu& 
through commercial channels, a more 
rapid csroblishmcnr of n permanent 
cover could possibly be obtained by 
sowing this seed during the fvst year. 
Neither the quantity of seed available 
nor the emr makes this procedure prac- 
ticable, however, aince nnnuals of the 
type most valuable for stahilkation 
puqmes are nor useful otherwipe, and 
seed is not harvcsted commercially. 

The concludon has been reached 
that almost my annual plant, seed of 
which is chap, caay to obtain, and ger- 
mktes  quickly with the first fall rains, 
will act aa a n u m  crop and eff ord ade- 
quate and immediate prottedon. Dur- 
ing the first yew, and to a greater ment 
the second year, natives eppear, gerrni- 
naunp from seeds present in the topsoil 
or from windblown seeds which have 
heen caught and held by the stalks and 
stubble of rhe nurse crop. A sparse 
growth of r h ~  introduced a n n d  will 
probably volunteer the second year, 
asd the prencrion given by the com- 
binndon of growing ptana, root man 



and straw remaining from the previous 
season's growth, is usually complete. 

Since barley is harvested in many 
sections of the State, is about the cheap- 
est seed on the local market, is easily 
obtainable, and has the virtue of germi- 
nating quickly after a light rain even 
when not covered by earth, it has been 
most frequently used for mbilization 
planting. Rye grain, oats, and vetch 
have also been used successfully. 

Grain seed is usually sown broadcast 
on the rough and uncompactcd surfaces 
of the freshly made or topsoiled slopes, 
and harrowing or dragg~ng the soil to 
cover the seed under these conditions 
has not proved necessary. In the event 
rain falls before seeding can be done, 
it is necessary that the slope be culti- 
vated to loosen the surface. Barley and 
other large-size cereal grains are sown 
at the rate of one pound per 200 square 
feet, a considerably heavier rate than 
that used by a farmer when seeding for 
grain production. 

Quantities of wildflower seed have 
been sown on highway roadsides for 
purely ornamental purposes, but this 
practice has been largely abandoned 
except on recently completed free- 
ways where sprinkling systems are 
installed. The successful establishment 
of a good stand of wildflowers from 
seed is so dependent upon rainfall con- 
ditions in unirrigated areas and the cmt 
of the seed is so relatively high that it is 
difficult to consistently show results 
justifying the expenditures. 

Coppier Nmt Lasting 

When a roadside project is complet- 
edat the proper time of year, California 
poppy seed is often sown on the new 
dopes. Given an even start with the 
weeds and grasses, the poppies will gen- 
erally grow in sufficient quantity to 
give a colorful appearance the first sea- 
son, but slowly dinppear thereafter ex- 
cept in rare instances. 

Seeds of shrubs and trees have been 
sown on treated slopes with some snc- 
cess. Spanish broom ( S e m t i m  jun- 
ceum), California wild buckwheat 
(Eriogonm fasciculannn), silvergreen 
wattle (Acacia decurrens dealbata), 
Eacelia californica, and plume albizzia 
(Albizzia lophanrha) seem to germinate 
well, and since seed is easily gathered 
from established stands, some nse has 
been made of these plants. 

The selection of evergreen ground 
cover plants for unirrigated areas is ex- 
tremely restricted. Ice plant or Hotten- 
tot fig ( M e s e m b r y m t h e m  edule) is 
most frequently used dong the coast 
and is very nearly the ideal ground 
cover plaw since it spreads by rnnners 
whkh root at every node, makes s 
dense mat which discourages weeds, is 
not a fire hazard, is propagated cheaply 
and easily by cuttings which root in 
from 5 to 10 days, bears attractive 
flowers, is drought resisrant, and is not 
seriously affected by pests or diseases. 
It does not spread by seed, and is very 
effective in controlling erosion. 

1s. Clmnt Use Restrlded 

Established stands of ice plant grow- 
ing in soils of low fertility tend to die 
out or become unthrifty dter  several 
years. When this condition is not due 
to lack of soil moisture following a dry 
season, these patches may be rejuve- 
nated with an application of fertilizer 
followed by replanting with fresh cut- 
tings. 

Since the succulent leaves of ice plant 
are composed largely of water, the 
plant cannot be grown successfully in 
areas where the temperature falls much 
below the freezing point. This restricts 
its use in the State to the milder sec- 
tions where the temperature never falls 
below about 25 degrees F., and to that 
point only for short periods. 



A msdride planting of Mersrnbryanlhcmum .dub effqrtivsly rentrolr weeds and reduces 
the tire hozerd. (South of Smfe Marial 

Other smaller-leaved members of the SOUTHERN CALIFOIN~A 

mesembryanthemum family are slight lanten. reiloriqna --.~t.i~i~~ Lqnt~ne- 
ly more resistant to frost, but do not 

,e,m=,a jeponira 
spread so rapidly 8s Mesembryanthe- he;;, SM--...- nalislmpmnera 
mum edule. Honeyruckl~ 

K i k u ~ u  grass (Pennisetm clander- nede,a 
t i n w )  has been used as a lawn, and 

plan&gs have been made Vim~s m@iW-----.--"81e~f Pe~iwinkle 

throughout the State. In areas which v;n~mine~-----.Common Pwiw ink i~  

are subirrigared or which can he given I..,... I ~ . ~ ; . - . ~ . . ~ - D . W ~ ~ ~ O ~ M ~ ~ ~ ~ ~ ~ ~ I . ~ Y  
water during the summer' kikuyu grass 

;rqporiq rhiLenrir - - -  Chilor Strawberry 
does quite well. However, it freezes 
completely back in colder sections and MFse'b'ym"HemUm- em*y ~ ~ ~ c i ~ _ - - - ~ c s  Plant, Pigmerigold 
is regarded with sus~icion bv county - 
agricultural commissioners, who dis- NORTHERN CALIFORNIA AND 
trust its lusty growth when once estab- CENTRAL VALLEY 

lished in irigated dismcts, and consider jap.,,,icm 
that it might become an agricultural h u i i i e n - - - - - - J o ~ a n u e  

Honeysv~kle 
pest if widely planted. 

Rose viehuroiana Wiehurn lose 

Suacesrtul Plants l u b v r  vlmifoliur inemmb -.Evergrem Thernl.~ 

Ground cover establishment on freeway 8isekbsrv 

$lows and other areas eauip~el l  with ~ederqhelix.--.--.English Ivy . . .  
sprinkling symme is comparatively simpla. Vinm m.jo,----....-~ig~eaf Pctiwinki. 
The following is a list of plants which do 

Vine. m i n o r - . - - C o m m o n  Periwinkle 
not rrauire routine mowina or cuttina back w " 

and which have been vred succe$~fully for Hy~c"cum ~alr~**m.-A~mnsbe.rdSt.John*wo* 

this purpose. Oazeni. eurantisw----Gazsni~ 
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TR6E AND SHRUB PLANTINC 

S I N C E  MMT of the trees and shrubs transpostntion and planting is consider- 
planted on highway roehides are ever- ably less than for larger plants; there- 
greens, they are raked in and planted fore, many more plants can be planted. 
from containem. Practically no balling Maintenance coct is reduced or elimi- 
is practiced, since rhe cost of handling nated, since the plants grow like 
snd planting balled stock is consider- seedlings and reqnire no staking or ably greater than with stock in con- ug. Any plans die can be tainers. 

One-year-old plmts in one-gallon replaced the following planting season 
cans are planted preferably at the start for lass than it take to 
of the r&ny season, mulched, and wn- water them during the s~~mmer. Since 
tared during the first p m t r ,  then left root development has not been restrict- 
to themselves except in the very arid ed while in the plant band, normal root 
regions where they must be watemed growth takes place in the soil ourside 
undl well established. the band almost immediately after 

The cheapest snd so far the most planting. The planting operation in- 
effective method found for establishing volves no disturbance of the root sp- 

in the field consists of ~ l a n t i ~  tan; therefore, the plant i s  noe set back 
very young plants in plant md growth continues without a pause. 

from seed in July am Severalprecautionsmust be observed 
pricked out into 2 inch x 2 ineh x 4 inch when planting stock in bands, 
wooden plSnt bands ser in a nursery The young plants should be planted as 
flat' By Ocrobm Or November* aoon as the roots appeat at t h ~  bottom 
have to the of the band. If planted sooner the roots and rhe p h t s ,  2 inches m 4 inches high, 
are ready to be set out. In the field, s are dependent entirely upon the mois- 
hole k dug just large enough m take the ture contained in the soil within the 

band and the bottom of the hole band itself, and since lateral penetration 
is flattened m d  firmed with a wooden of moismre through the wooden-band 
block so that nir pockets will be &mi- walls eeems to be very slow, soil sur- 
nated and roots at the bottom of the rounding the mots within the band 
band will contact the soil evenly. The dries out rather quickly and the 
plant, band and dl, is set carefully into plant suffen. If planting is rao long 
the hole, and moist soil firmed grntly postponed after the mom appear at the 
around it to the level of the soil inside bottom of the band, the plant is likely 
the band' A js to become stunted or suffer a setback 
then used to settle the earth and mois- 
ten the root area, a mulch of suaw or when roots are broken during removal 

manure is applied, and the plant nor- of the band from the flat, and the 
mally receives no fmher  anention. A natwal tendency of the roots to grow 
survival rare of 80 percent is not un- d~wnward may be discouraged. Earth 
common. must be moist and firmed evenly in ehe 

This method has several distinct ad- boaom of the planting hole in order 
vantlp, The cost of raising the planrs, that the roots may penetrate immedi- 
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Plants which have been handled sue- 
cesrfully in plant bands include: 

Hrdors helix (a ermb- 
lirhed c u n i n ~ )  English Ivy 

Leniwrm Iaponica 
hailiano Halls Jmpenar 

HoneyrucLia 

Spartivm juncovm.-.-Spenkh Broom. 
W-mbroom 

B~cEharis plJ~laris___Chapefrd Broem, 
Kidneywort Becchsrlr 

and many others. 

Cuttings of any of the many species 
of willow are planted in wet or seepage 
areas, where the roots tend to restrict 
movement of saturated soil, and the 
moisture transpired by the leaves heIps 
to dispose of surplus water. 

Raccha~is isminea cuttings are fre- 
quently planted on fill slopes in the 
mountains of Southern California 
where storms of high intensity make 
elaborate erosion control measures nec- 
essary. These cuttings 18 inches to 24 
inches long and from X inch to 1 inch 
in diameter, are made in the late fall 
and early spring of the year and are 
planted right-end-up in moist soil as 
deeply as possible, preferably with only 
3 inches or 4 inches of the cutting left 
exposed. If the soil is hard, a slender 
bar must be used to form che planting 
hole in advance of placing the cutting; 
but if the soil is saturated, the cutting 
may he thrust into the wet bank to the 
proper depth without damaging buds 
or buk. Roots a e  formed within a few 
weeks, and the plant makes a remark- 
able growth, sometimes scnding up 
shoots 6 feet to 8 feet high the year fol- 
lowing planting. 



nag WDL AND ewmm COIUTRBL 

SINCE THE long dry summc~ in wun n ~ ~ m # w f t T  
Colifodaisunfammblc for rhe growth The principle h u  been well eatnb- 
of perennials, most of the herbaceous U~hed that the SU~F iS not responsible 
vegetation found along ow mdsfda is for damage caused to udjDcent pmptny 
annual in habit. h u s l  g m e  prc- by ~ccidrnnl fuo smed on b h w r y  
dominate, and sinca chm g m  die right of wny, but r ccmin mod ob& 
down in early summer when the soil gnuon ur the public ia recognized. In 
moisture is cxhausnd, a mat of dry line with thir oblipadon, und often at 
vcgctados is famed whieh is umsmc- tho request of md state agen- 
ly inflammable, A carclcsrly thrown urn rb h r c r  undmrkm ctrtain fire- 
cigarem or m ~ h ,  glowing bits of car- M . e ~ ~ t r o I  work, wldch ir men- 
bon from o faulty mufffcr, or cven sun- rirUy the cmtnblirhmt of u control 
Pght sMng&on?gh a discnrded baltla st* bf growrh-fica mil u near 'to the 
ar bit of broken g b  may stnrt n firr mdnrtrinsd roadsiC;~houldrtr o i  phgri- 
which can do considenble dmge. eal eondidom pemdt This rrrip, from 

The corsrtqutnm of u roadside 6.r~ irc to & fa or more fn wM& may 
ata often seriow. Not only arc ttda be crwbbhed 4th~ by m c c W  
and brush h g e d  or damysd on the metho& (&k m pra&r), or by spmy- 
highwey right of way, but adjehhg ing md b e  before a u ~ r o d h g  
crops, pasmrt or f o r a t d  land m y  be will bum (dim1 d), or by soil 
burned. Smoke blowing tlcros6 theuav- st&& (sodiam chkmtc or ehlo- 
elcd way map u w c  pnim traffic nd- m%hrnt& 
dents. A d d  losr of soiZ due- the It i s  appnrmt that il a sati of dl on X demuction of eke pmacave wgeta- curb& CYE Ell ulupes is enodcd of 
don m y  bc expected during the fol- vegstpdon, it will be acted upon by the 
lowing rainyswm. eroaive forees of wind and water. Some 





fIkh*8ur&mdml Mp kwrd b, thr mil rhritreUan .a~Pe#. NOk k.plnnl8# d mil f m l r  sn r1.m whhh 
hod pn*lo& h m  &bIe. ( N w  P D  &Ma 8 e ~  Ildt PP(kp# Eorntrt 

termason m d & m m e p a t c c d m  to wdw1 mw1 problsm, dnce 4 p -  
thesfope durEnrpths ndm, ku1yinpum- anent can operate tceiently only on 
m u  before rht ~nn& hrvc died, the rclPm;vslp Bat nmos, end elapes are usu- 
saipisqmyed with diem1 ornnhihn- d y  nut disturbed. 
msble weed d high in rromaecs, &en Erosion m& ~ m m t  of nelt.1~ 
ab~e%round growth is burned. formed slops whieh invoked the use 
root mat rsmains bdow the JurfQce of of Q smw mjch ndmirccdly increases 
the sail, ma twists in stabilizing rha ths fire h~zud, hut the pmbabilify of 
shpc until fail rrajns; m thc cycie d h h m m u c h  gmtmthaa the poa- 
anew. nibility of fus WC that the risk is 

Soastwktian oncut and fill &$?a, mnsidfrsd ju&ed. Mrny milcs ofnew 
on hmd, d m  in yrar-ro~d wmp borded by mw'cov& 
sapprdon of p h  gowtft wkh re- slap= hnve b m  used by  thc pubh far 
&tat lack of pr~~rcdrn n, the dapc the lsac s t v d  ynvo with rcmk&ly 
at: any seasmi. Thb method hnr, the little la due a, bin. It is onlp after tht 
h m q e  of r e m W  cffsedve for new slopes have become rewtublp 
se.vwaI y w  dter Q dEc*tion, which well dw thsr establishment a P me;ms a lower yUX y cost ft@ Wept- c ~ ~ Q I  adD is canside~ed. 
meat, but slope~-so mated show a pro- 
g r m i d y  wmr soii lass then @as 
which me spayed and burned. Soil 

s n d y h r p L l E G h  
5appdw of p1slm growth b c d i -  

*and p.iaegosts ead gnwdrdls 
an* in flar saw mt subject ro emsibn, 
Ircre,shotrld be w t d  oery j~toWwaly oa 
1 1 o p  which may erode. 

Mcohdcal methods of cstshwting 

a - 
&hct nrOy Otre doy &OVEP R ficD. 

p h g  &Emid  which will be so 
ehmp md sa d y  applied that it aY31 
be pmca'eal lot rwdside a9e, Unsightly 
bunted mips would then never mu the 
6omqvt nnd the sit~ht bur j a d n b k  

d epiIJt,a batwegl th E K ~  

* -Waai  ai tlIthp'~hil5&-caa- 
sciow afineim would be n thing of rho 

the emu01 strip seldom camplieate chi pnst. 
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MAINTEMANCE OF ElQSlON CONTROL WQRK 

 EKE 18 a certain tendency among m e  snd f o m  small gullies, which, in 
highway maintenance crews to con- turn, act as umuraries to larger gullies, 
sider that slope stahiiation treatment and so on. As the depth of the gullies 
applied during consmetion will ade- inercttscs, the area from which they 
quately protect the slops without fur- gather runoff water also increases, and 
ther attention. Unfortunately, this is the volume of water which appears in 
not the cae. No form of vegetative ero- the largest gully of a developed system 
sion control has yet been found which during a light rain is often surprisingly 
is so effective t h ~ t  same degree of fol- great. 
low-up treatment doa not prove to be It is obvious, then, that any break in 
necessary before the dope can be con- the straw coveinp mmc be repbed 
sidered completely stabilized. befare soil movement begins in order 

The function which a straw c w e r i ~  to take advantage of the protection 
performs is restrict or prevent mow- which h e  blanker is capable of 
menr of roil particles. As long BS no soil givifig. 
partiela *re moved, rills or ~ u f i w  can- Frequent inspectiom, qeciauy dw- not form on a well smoorhed slope. 
Lacking rills or gullies, runoff water i s  ing the critical firs year, must be given 

not congenuaed in 8 siwle chmneJ the treated slopes. A s h ~  lookout 
but moves slowly and evenly to the mmtbeke~tfofdevelo~in@gullies,and 
bottom of the slope. sddidonal straw spread in the critical 

Once the surface protection of suaw area be for^ the gullies develop m the 
is broken, however, soil pdc1es mom point where they become serious. Far 
and small rills form. These rills inter- bettd control may be obtained by 

Gullirr fwnrad in o trp"1isd ~lspe by ~uereoiuu mias dl1 incnserr in depth ynlaar $mafed. 
(North @f Sanh Pofbwal 
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by further rainfall, the dumped ma- 
terial usually slump, effectively form- 
ing channels of cancennation which 
intensify tho conuol problem. When 
it is necessary to dump wet material 
over a slope, every effort should be 
made, !kc,  to flatten and smooth the 
slope of the dumped material to.l& : 1 
or flatter, and, second to stabilize the 
surface with straw, seed, and cnmngs 
as in~urance against future trouble. 

It is urntally possible to find a dis- 
posal area in which waste material can 
be safely dumped within o reasonable 
hading distance on most mountain 
roads. The upper sides of small fills can 
sometimes be filled in, making a park- 

ing or s t o p p ~ ~ ~ g  uw lux rue motorist. 
Other low spots or gentle dopes can 
be covered with the waste; and if the 
slope is gentle enough, no further ueat- 
ment need be given, ezcepr, possibly, 
s e e k  for the sake of appearance. 

Since my form of slope stabilization 
treatment represencs an investment, 
often a sizeable one, sound economic 
practice justifies the expenditure of a 
proportionate amount to protect the 
investment. The follow-up treatment 
described here may be carried out so 
cheaply and so effectively, if done at 
the right time, chat its justification 
should never be questioned. 



DETAILED METHODS OF EROSION 
CONTROL 

TYPE A STABILIZATION FOR sTrtiP SLOPES 

AN E L A B O R A ~  method for stabilii- 
ing steep slopes was developed to suit 
special conditions sometimes found on 
our metropolitan freeways. (See Slope 
Stabilization Detail Sheet.) In highly 
developed urban areas the cost of pur- 
chasing a wider right of way to allow 
for the construction of flatter slopes 
may be excessive. In this event, the 
expense involved in installing this type 
of stabilization treatment, though high, 
k justified in that a considerable net 
saving in expenditure of highway funds 
is possible. 

Some concern has been expressed 
regarding the permanency of the 

wooden grid, since no preservative 
treatment is given the frame members. 
This method has been in use since 1939 
on the Arroyo Seco Parlway in Los 
Angeles, and no failures due to rotting 
or weakening of the grid have taken 
place. It is probable that ground cover 
plant roots have by this time so perme- 
ated the soil that the supporting effect 
of the wooden frames is no longer 
required. 

Since the areas given Type A Stabili- 
zation treatment are invariably cov- 
ered by a sprinkler system, a rapid and 
lush growth of ground cover plants 
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Fstrrob1ith.d groind rover pLnlinp on Type A Stabilized 111 rut *loper. 
(Arroyo Jew tarkvoy, L.5 Angekr 1. Pasadena, 

akes place soon after installation. Peri- the backfill was not thoroug~y 
odic applications of cammercial fer- compacted, loss occurred when that 
tilizer are made in order to keep the particular area was ovenvatered im- 
plants growing well, and an occasional mediately following installation of 
clipping at mowing to remove excw stabilization. 
or old growth has been found to be The cost of installing Type A l a -  
necessary. b'ilization, based on bids received in 

The only failures experitrrced on the February, 1948, is about $1.45 per 
Arroyo Seco Parkway installations of quare yard. This figure also includes 
Type A Seabilieation resulted from the cast of furnishing and placing 
uncontrolled and concenvatcd drain- topsoil in the frames. Ground cover 
age water from areaa above, which plants will add about $O.OS per plant, 
caused narrow and confined washouts, or if planted 12 inches apart, $0.41 per 
Also, at bridge aburmenu where square yard to the above cost. 

TYPE 0 STABILIZATION FOR CRRTAIFI l%rl SLOPES 
I 

1 ~ 1 s  NETHOD for stabilizing 1 !4 : l or 
flatter slope was developed for use on 
urban freeways in locations where any 
soil loss whatever could rm1r in a 
tr&c hazard. (Sea Slope Stabilization 
Detail Skeet.) A slope which is con- 
structed at the top of a retaining wall 
or which i s  close to adjacent: improved 
property must be pogitively coumlled, 
since damage daims or danger ro 
the traveling public could result if any 

portion of the slope failed. A thick 
layer of srraw held firmly in place-by 
anchored strips of wire mesh effec- 
dvely prevents the rwo types of soil 
movement-surface loss and slippage. 
After vegetation has bwome esrab- 
lish~d, permanent stabilkadon is a 
reality. 

This procedure, while exuemely 
effective, is too costly for general use 
on rural highway ro~dsides where the 
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type E d@bilimflon freefmenf ready far grnund sever planting 

consequences of soil loss are not gen- yard. This figure includes the furnish- 
erally immediately serious. The cost, ing and placing of topsoil, but does nor 
bmed on bid prices received in Feb- include the cost of seed or ground 
ruary, 1948, is about $0.90 per square cover plants. 

TYPE C JTABILIZATION FOR 

T'rs 19 THE method most commonly 
used for stabilizing highway cut and 
fill slopes. (See Slope StabBizution Ds- 
tail Sheet,) 

Cut slope roughening, to be most 
&ective, should be done with a scari- 
fief or cultivator type implement as 
excavation p r o p a e x  and before the 
newly exposed subsoil dries out. The 
roughened slope should show corru- 
gations on a rough contour. When the 
soil becomes samated, thae  corruga- 
tiom tend to break up the smooth 
slippage plane which fo rm between 
the layer of topsoil and the relatively 
impermeable subsoil. 

Maximum compactinn of the sur- 
face layer of soil by rolling with a 
sheepsfoar roller can only he obtained 
when the soil contaim the optimum 

amount of moisture, as determined by 
soil compaction tests. Normally only 
one round crip of the roller is required, 
though additional rolling may be done 
if it appears that a greater degree of 
compaction would be desirable, In this 
event, the rate of application of straw 
mua be increased, since each pass of 
the roller presses a small amount of . 

straw beneath the surface of the soil, 
and it is essential that enough straw 
remirin unburied to afford surface pro- 
tection. 

Experience has revealed that on 
1% : 1 cut slopes, there ate apt to be 
fewer failures during the fim heavy 
rains if the topsoil blanket is restricted 
to approximately two inches t~ three 
inches in thickness, Thicker coverage 
tends to sawrate, become heavy, and 



Well nu~hened cut JDpr ready k he triproiled 

slip. As the degree of slope lossens, the The price paid per ton for strew 
depth of the layer of topsoil can he includw the cost of furnishing, spread- 
increased if desired. in$ and rolling. The cost of handling 

and sprcdig  topsoil do= not appear, The co$t of Type C Stabiliiatlan, bared since this item is included in Roadway an a number of 194'48 and 19.49 bids, aver- 
clgrrubh 

qwtitie Pnd k paid for 

cr kr-%@~arp;rS, WldOwL "W 
b l ( 4 t o l l W  

r u r $ I R O w c  
T I  -- 

Wthr~dtrrder.(rpund~m 
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BRUSH LAYER METHOD FOR STABILIZATION 
OF EXTREMELY ERODIBLE FILL SLOPES 

XIS METHOD was developed for use sheepsfoot roller are specified. Excel- 
during construction in stabilizing fill lent compaction is obtained below the 
slopes composed of erosive soils in outer 2 inches by thoroughly rolling 
regions where rainfall intensities are each portion of the slope, and the 
high. The function of the brush layer comparatively uncompacted outer two 
is to minimize formation of gullies, in inches are so mixed with straw that the 
the event the surface protection fails, tendency to wash is minimized. 
by dispersing the stream and reducing Ow specifications require that the 
the velocity of the runoff water. com~lete stabilization treatment be 

In order to simplify the detail sheet, fill slopes at stages during fill 
the term, has been wed commction in order that no extensive 

the s~ecificacion9 though area of slope be 
actually other materials have, at times, 
been used for this purpose. These vari- to damage from unseasonal 

ations are discussed below. cloudbursts which sometimes occur in 
addition to he installation of the mountains of Southern California. 

brush layers or mats, this method djf- When brush is not readily available, 
fers from Type C Stabilization proce- at least two alternatives are possible: 
dure in that a heavier application of 1. Sfraw Maf. Lay 1-inch-mesh gal- 
straw and additional rolling with a vanized netting or fencing on the pre- 
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BRUSH LAYER METH 
FOR r lu SLOPE STABIU~TION 

LMM CONSTRUEBOW 

I r r ~4 a n e ~ m h a  m ~ h  q t d  
fill 4 m m& hwdhdmt. 

%wd $ad ndwlm d draw d nh d.4hmpti 
e&?& ilwd mILn( w a l m  untl bar st W 
mhddad m %I.  



8Ivrh l a m  and w i n  .dnforad b r d  m#h in,hU.J in 8 dl1 L r i n p  c*&rrdion. Thrlr n h  h a .  b n n  
a1lox.d 90 prdrtrude toe hr.  Mob rcrk pmtediffl at hl d ~ 1 . ~ 0 .  fCib Creek bed, $en 0.rn.rdine Ceuntyl 

parnd Bll Banch surface. Tks morh should 
ewnd into fhe dII about Fm b t .  Spread 
araw an th8 moth +a suth drpth thgt ukat 
eemwnian the Ankh& mat nrill bas gp. 
pmxhately 1 rnchm thkk $tm.wd mfiK 
*thdl Lay"," 

2. Wfre Malik Mat, Loy mlnch-dde! 
&in&-mesh, galwtilkd tsn#ng on tho 
proper& till bonrk d a r e .  On top gf 
tbk lay sewal nournerr of War 3uqhra 
Camouflags NeHng Cnen-pointed mMll 
woo1 fartanad ts pouhry nsNing), or small- 
mesh paultry. nerting. Proceed ao fer 
l%nrrh Loyclir," 

A more elabmte, denser, end pmum- 
sblf rhummlly atronger ferm of $he 
bu8h Law hw b,%n uaod In Southern 
Califotnki 

Wfre Rdnfwcad Brush Mat, 4q bQ- 
Inl=wi&, twa.lneh te four-insh-mpth gal- 
vrrnltgd kn~lng- on Oe pteprrrd fill bench 
urrtag. Wuea brueh a~ wirh k& end~ 
autwrd, to suck depth that rlahs~ m e  

( ~ a l r m  the finkhtrd melt will k. (rom fsur 
Insher, ta & itirhe~ hlrt Lay wltrs mrsh 
en Mp ~f b ~ 8 h  aml Ha &go8 rapether or 
snc.lno1 lntenals wlth 18garge @ a h .  

lrsd wire+ fie along mntcr und at guertsr 
p$hM at thmefwt inieffmb. Sic&? rum- 
sleniiy ft, pemnt sbplng u&r ad&- 
tiend fill, PrccPed as far ''cllsh Ltrpr." 

Ti& tygc: ef mkt may be used in 
corriuncdon with btuh l a p  in lorn- 
Born where co&nm aep eweme. 
42% Im anbankme~hr ornd rttt upper 

p~* of high rlop~,  wrry fourth 
bmh L P ~ F  ie sepfaced try a wine rein- 
forced brush mat, afld as the distance 
from rhe wp of the f?ll b e e ~ m  
gnem, thjli intervd i rBdwed on& 
wcq third cmd, finally+ e m y  second 
leycr mlbo  of a reinf~md mat. 
in r~t ions  whac bmh Is scarce, 

wire mhfortcd hush maw ox wire 
mgsh mats bave scantly b m  installed 
st IS-hot ~rptical intervals in low 
mbunMme and the upper portiam 
of high m h b e a t s ,  md at 10-foot 
vctdcnl hwm& in the lo%= portio~ 
d rha high &po. No incemlediak 
hmeh Inytm m e  md in rhcse wc- 
rtio2ta. 
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When wire mesh as foncing is wed, 
the outer edge should be laid far 
enough inside the ultimate slope line 
that it will not he damaged during the 
rolling operation. Lengths of fencing 
should be overlapped and fastened 
togerhcr in order to take advantage of 
any muctural strength and resistme 
to slumping which the wire may offer. 
The wire mat may then extend con- 
tinuously for rhe full length of the fill, 
plus a short distance beyond the inter- 
section of the embankment slope and 
original ground where it should be 
secured. 

The interval between brush layers 
or mats as shown on the demil nhect is 
not critical, and may be increased or 
decreased to suit variable soil and 
climatic conditions. 

It haa now become standard prac- 
tice to supplement this elaborate type 
of slope protection treatment with a 
planting project which is carried on 
concurrently with the construction 
contract. During the season when 
enough moisture is present in the mil 
to support plant growth, state forces 

plant cuttings of Baccharis or willow 
and seed and plants of suitable shrubs 
and vees on fill slopes as soon aa the 
slope treatment is completed. This pro- 
cedure has proved much more satis- 
factory ehan inclusion of the planting 
as a contract item in the consmction 
contract, since the day labor work 
order under which the work is fi- 
nanced can be extended beyond the 
contract completion date, and the 
work may, therefore, be suspended if 
planting conditions are not favorable. 

It should be emphasized here that 
the establishment of an adequate 
growth of permanent uees and shrubs 
to reinforce the relatively short-lived 
Baccharis and willow planting b highly 
desirable in localirim where soil type 
and rainfall intensity justify these elab- 
orate control measures. Tree and shrub 
roots, penetrating the fill material, con- 
solidate and bind it to a degree obtain- 
able by no other means, and by thetime 
brush layers rot or wire rusts away 
these root$ are capable of holding the 
soil firmly in place. Thus, truly perma- 
nent control can he established. 

Ll l ing I@keirlrip of fill slope ofhr mppliroiirn of dmw. (Ci(y Creek R w d ,  k n  Bernedino CsunfyJ 
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The average cost of these various Wire mesh mats (pou l~y  netting)-- $1.15 
methods, based on 1947,1948, and 1949 S"aw mat: No coso 

bids is as follows: Per Straw, furnished and spread on the 
slopes in two applications at the total ,""" 

Brush layers $0.17 rate of six tons per acre, averaged 
Wire reinforced brush mats $0.50 about $64 per ton, or $384 per acre. 

(one coneanor stared his acnral e m  was The cost of rolling or compacting 
over $1 per h e a l  foot.) 

Wire mesh mats (camouflage netting) slopes, which was set up as a separate 
$0.55 to $0.75 item on these contracts, ranged from 

' (The State fumishcd WBI surplus ma- 
Sage netting at no cost to d e  mntraMm 

$0.08 to $0.12 per square yard, or 
E- them mats.) $387.20 to $580 per acre. 

STRAW OR BRUSH WATTLE METHOD 

lIs IS AN early method used for sta- Wattles installed in trenches inter- 
biliiing fill slopes after construction. cept and hold runoff water. No  further 
Fair control was obtained with this can take place the trench 
method, but it has several distinct dis- 
advantages. is filled with water to the overflow 

~ 1 1  operations must be done by hand point. This condition cannot help but 
labor. This means that unless a cheap result in saturation of the uncompacted 
source of labor is available, such as a soil around and below the wattle, with 
prison road gang, a CCC crew, Or consequent undermining or slumping 
WPA or its equivalent, the labor 'cost 
is so high as make the cost of and failure during storms of high 
installation prohibitive. intensity. 

ROCK METHOD FOR FILL SLOPE STABILIZATION 

A N  EPFECTNE method used where the intervening spaces where the finer 
practicable for mechanically stabiliz- surface material-is exposed. This vul- 
ing fill slopes involves the use of rock. nerable area may be reduced or even 
In locations where excavated material eliminated if enough rock is available 
containing sound rock is available to overlay the slope surface com- 
within a reasonable hauling distance, pletely. In addition to offering protec- 
chunks of rock, the larger the better, tion from surface erosion, the em- 
are placed in the outer pomon of the bedded stones decrease the tendency 
embankment as the fill is made. Por- toward saturation and slumping which 
tions of the embedded rocks protrude is so characteristic of slopes composed 
from the fill surface. Since the rocks entirely of finer materials. 
themselves are not subject to erosion, The degree of vegetative protection 
the possibility of damage is confined to required on a rock-treated slope de- 
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STRAW OR BRUSH WATTLE. METHOD 
TOR IILLSLOPL ST&BILIZLTXII 

ATXU WSWUCTBN 
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pends upon the extent of rock cover- 
age. If very little granular material is 
visible, seeding plus tree and shrub 
planting (provided suflicient "fines" 
are present to support plant growth) 
will be sufficimc. If a significant 
amount of exposed material will be 
subject to erosion, the straw and seed 

method folioweu uy tree and shrub 
planting may be required. In any 
event, some planting should be done, 
not only to improve appearance, but 
to arresr the gradual downward move- 
ment of stones and gravel which 
seems to be conscantly taking place on 
unvegmted rocky slopes. 

USE OF STRAW MULCHB 

'E PUNCTIOM 0; a straw mulch, a 
previously discussed, is to afford pro- 
tection to the soil until vegetation has 
become established. Lasting qualities of 
the straw are considered relatively 
unimportant, since after the first row- 
ing season plant growth sho 3 d be 
sufficiently dense to retard soil move- 
ment, and the straw protection should 
no longer be required, Comidernble 
latitude is, therefore, allowed in our 
specificatio~w as to the type of straw to 
be used. Wheat, barley, oat or rice 
straw are usually specified as choices, 
although spoiled hay (alfalfa, grain, or 
wild-grass) would be acceptable pro- 
vided it was not rotted or extremely 
brittle. Used stable bedding from the 
race tracks, consisting of barley straw 
mixed with horse manure, was obtained 
at a reasonable price by several con- 
tractors and used successfully on the 
high fill slopes of the City Creek Road 
in the Sun Bernardino Mountains. The 
type of straw used in a given locality 
is, therefore, governed by availability 
and price rather than by variety. 

Rates of application are related 
directly ro the number of rolling8 with 
the sheepsfoot roller which are speci- 
fied, and the type of soil encountered. 
Each pas  with the sheepsfoot roller 
presses some of the suaw so deeply 
into the soil that it is no longer visible 
or etrective as surface protection. 
Highly erosive soils, then, which re- 

IN SLOPE STABILIZATION 

quire the thorough compaction which 
many trip6 of the roller will produce, 
the cowolidating influence of the em- 
bedded straw and also the surface pro- 
tection provided by protruding straw, 
require a higher rate of application 
than less critical soils, 

Ordinarily, an application of four 
tons of straw per acre is specified. This 
rate is based upon the quantity of 
average quality straw of the variety 
which is most often furnished (in our 
case, barley) which is required, when 
evenly spread over a slope acre, .to 
cover the average soil to such depth 
that after one rolling with a sheepsfoot 
roller enough straw will remain ex- 
posed on the surface to afford protec- 
don. The accompanying illustrations 
show the normal application of fonr 
cons per acre both before and after 
rolling. A rate of rix to eight tons of 
straw per rere is usually specified in 
locations where the degree of com- 
paction desired calls for from six to as 
many as twelve passes with the roller, 
in order to insure that enough straw 
will remain on the surface after the 
rolling operation hns been completed. 
Since the sheepdoot roller will not 
compact the soil effectively if the 
straw blanket is spread a t  an appre- 
ciably heavier rate than four tons per 
acre, the six- to eight-ton covering is 
spread in two applications, each fol- 
lowed by a thorough rolling. 
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Short, brittle or very coarse straw practical unit to use. Bales of straw 
does not cover the slope surface so well vary both in size and weight, and the 
as new long-stemmed straw; and if unit "inches deDtfp is too deDendent 

straw of this Poorer quality is upon whether the straw is stiff'or limp 
available, the rate of application should or has been baled tightly or loosely. 
be increased until a sufliciently thick 
covering is left on the surface after In cases where surface Pro- 

to offer the protection desired. tection areas are involved, the terms 
The unit of measurement, "tons per "acre" or "square yard" refer to slope 

acre," has been found to be the most measurement. 

USB OF SHEEPSFOOT RC)LLER IN SLOPE STABILIZATION 

SEVERAL methods have been devd- dve lwd on the power unit when 
oped for u G i  a sheepsfoat roll@ being pulled back to the top of the 
in compacting the slope face and incor- slope. 
porating the straw with the soil. The tractor is positioned at the top 

When and cur of rhc slope, broad side to the slope s lo~m,  a sing1e wirh a fxe. The. miler is let down, sp&d of yoke has been connected by wire cable 
dwcent being by the power to the power-operated drum unit la- 

cated on the back of a caterp* unit brake, then pulled to the top of 
. tractar. ~h~ robr is lightened of the slope. After the required number 

last to the point where it will roll of round uips are made, the tractor is 
down the slope when the cable i slack moved a distance equal to the width of 
but is not so heavy a8 m cause an exces- the roller and the process repeated. 

Spnnding *rsw and rollin$ 1 Wil wf sla.pr wifh reb!*sonholler rhsapdoot roller. iV i6ai t j  of Se1in.J 
I 



h l i h g  l a  filldnpe &r onrpldion d: r w d a r .  Rdet h *wed bp *he Bwm roblo end lnld in po.lfion br 
s second rrrbk d t ~ e h e d  60 the uphili s i d e d  tho pok.  fln thirr ~ 6 %  dmw ~ l r  #ppii@d k protab ssnd dqme 

ham wind rresionJ ( N w r  Coltan, tan Bermurdina County) 

While chis method hm been most 
often used for rolling cur dopes, it is 
nlsa Pdaptable for mlling embankment 
nlopes, althollgh more roller ballsst 
may be required in order to load the 
roller to the point where it will roll 
down the dope of its own w&ght in 
the looser soil. 

When 1M:l e m b h n t  do m 
composed of very loose or gmn 3 nr 
soil, such aa W t e g a d  granite, ~ n r r r  
to ba rolled, it may be necgsvy to 
gvivp the slope one prclirdnory rolling 
before straw is spread in ordu to com- 
pact the soil lightly, I f  SEW id npmd 
on vary h e  dl, the roller ten& to 
push rhs stmw and loose mil ahead of 
it on the Aigr dlfwnwad &pa 

When atraw Is q r d  on rha com- 
pleted portion of a fill &pa at stags 
during cmmmchn of the 6U, a long 
arched mendon tonwe has been uscd 
to nmnect a mdapd two-=don 
sheepfoot roller dueccly to the tractor 
dmawbnr. The tractor i backcd to the 

top of the slope, the roller being let 
down over thc edp, and the re uircd 
number of round trips are ma 1 e by . 

mwing the tractor fonvard, away 
from the top of rhe slope, and back, 
for a distance equal to the length of 
the tongue (Page 47). 

An n d v m ~ e  of this method is that 
the mctor and roller may be used far 
compacting 6U material withaut re- 
ihgiq d u c k  the p d o d  while tha fill 
i being built up to the next w e .  

Rolling A a t w  slopes offen no pat 
probkm. Equ ipmt  can often work 
dwterly on the slope, and n srmdard 
two-section sheepnfoot roller hitched 
directly to a hector hna bccn used to 
roll the ~Iopc longitudinally, 

A mck man* has dm b e ~ n  used to 
roU law cut and fiU &pen lulgthwise. 
Two cablas are atcached to the roller, 
am to control thc position of the 
roller on the slope and the other to 
pull it, Care must be taken with this 
method so that the axis of eb roller 
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is at right uqia to the directian of th;a b.stationed at the top of the 
pub b u &wed roller h a  i ten- slope und allowed to rolt m ths banom 
deacy ra pick up straw from the em- by i~ ownw+hfthe spocd of decent 
face of the slope. bein eonuolled by the winch operm- 

High fiU dopa cm k effactivcly , "t, b then pulled back to the top 
rolled with a heavily wei$htcd nvb. of the $opt and the cycle rapcatad 
seedon ~iheeprfwr roller, pmvided a until rht required number of rovnd 
cable winch of suflcient power and trip of the roller have hecn wde. 
braking cnpacity L #vailnble. A fnrek Thc crane baom cnble ip then haaked 
crane ha proved very &&nt for KO un eye amhed  to the roller frame, 
rolling slopes of as much ss 300-foot tht mner hoisted free of the slope, the 
lwgtb in the mountaim of Southern uuck moved forward a di@ance equalc 
California (Page 16). PO the width of the roller, the b ~ o m  

After straw is sprend, the roller, cable unhooked, and &a rolling re- 
connected directly by mble w sba burned, 

A BprW Pm,uREs alAinevicablc 
d d n g  the first winmr nfter M a -  
tion of any type of slope amhilkath 
treatment. The extent a d  d a u r n c ~  
of thee failures is mdly directly r c  
lated ta the intensity af the h r  storm 
nf the w o n ,  wbich occurs &fare 
ve etadon hae srnrted g r a d  md 
b d ore the soil her become complm1y 
consolidated. Prompt and effective w- 

pair of eectiom which have failed ir 
mrernely imporrant, slncc no further 
losn of soil then taka plnce and the 
r epa id  am &comes stabilktad dur- 
ing the remaindcf of the rainy senson. 

The most frequcacly ohserved type 
of fdme B aurfacs slippage. If the dip 
mm at the top of the slope or noat 
tb tpa, it is JiLely &at seep* or 
percolation of wbter from above 



through a pomus Layer of subsoil is 
causing the damage. This percolation 
may be intensified by standing water in 
a poorly graded intercepting ditch or 
leakage through cracks in a p~ved  
shoulder ox drainage ditch, Small 
amounts of runoff water of insufficient 
quanti9 to cause gullying may also 
cause this type of failure. Since sawra- 
tion in this case is caused by water 
which originates elsewhere than on the 
slope face, a necessary preliminary to 
repair is correction of the defective 
drainage condition. 

Slips which start on the lower two- 
thirds of the dope, or below, are 
usually caused by saturation of the 
soil due to lack of s d c i e n t  cmpuc- 
tion before the rains m. On cut 

not failed to the point where further 
failure is unlilczlly, corrective opera- 
tions can be restricted to simple repair. 
If failures appesr on cut slopes 

which have been given Type "C'" 
stabilization treatment, the area from 
which surface soil ha8 slipped need not 
be backfilled with topsoil as part of 
the repair process. Sufficient topsoil 
panicles are usually left to support 
some plant growth, and a replacement 
layer of topsoil would be subject to 
the same conditions which caused the 
original failure. Furthermore, any cul- 
tivation of the exposed subsoil is con- 
sidered unnecessary, since loose soil 
would then be subject to mwation 
nnd possible loss. 

The most economical and satisfac- 
slopes, insufficient roughening of the tory method for repairing surface slips 
subsoil before topsoil is applied some- has proved to be fertilization and heavy 
times increases the tendency toward seeding of the exposed subsoil a d  the 
slippage. Since this condition cannot application of a straw mulch, held in 
be corrected after the slippage bas place, if necessary, by o few shoveIfuls 
occurred, and aince rainfall whch bax of lowe soil. The sooner this method 
caused the damage has also cempncted is employed, after failure, the bener, 
the portions of the dope which have since moisture already in the soil will 

Scdions from vhkh t o p d l  he. slipped worn repalred with ferfilizer, ~ . d  andrlrow end o n  nor rvmufully 
stobillxed. lNs-r Codrorille, h4eot.r.y County1 



Ovlllar on a lHzl l s p i l  out depe r a d  by run& frem rndf-esnf proper*. An Intem~pting ditch ond 
downdrain sre needed hem. ( lolbw Ffeeny, Pan Diegel 

germinate the ~ e e d  and the straw cov- 
ering will retard further soil loss. 
Cereal grain seed is wed for this pur- 
pose hecause it will germinare quickly 
and successfully beneath a straw 
mulch, is easily obtainable, and is 
inexpensive. This treatment may be 
supplemented by planting cuttings of 
ground cover plants or shrubs. 

Extensive gullies sometimes appear 
on highway slopes, caused by a con- 
centration of runoff water from above 
due to berm failure, plugged down- 
drains or inadequate diversion ditches. 
Aftu the condition causing the con- 
centration of water has been cor- 
rected, moderate-sized guIlies may be 

REPAIR OF OLD 

L x o m  cultivation of the compacted 
soil is a necessary preliminary to suc- 
cwfnl repair of old eroded slopes 
which da not require rebuilding. If 
seed is sown M uncultivated and gd- 
lied soil, the seed tends to concentrate 
in pockets in the bottom of the gullies, 

repaired as dgscribed above. If the 
gully threatens the traveled way, back- 
filling is sometimes necemuy, and in 
this event care should he taken that 
the hacMU material is well compacted 
during application. 

Mls which develop on a recently 
coiuuucted slope which has not been 
covered with maw may he mated 
with seed alone, or straw and seed if 
the soil appears to be extremely erosive. 

Since most of these repaired areas do 
not fail during the aorm following 
treatment, the necwity for repair 
work lessens year by year, until com- 
plete control is established. 

ERODED SLOPES 

and a large proportion roUs to the bot- 
tom of the slope and is lost The culti- 
vating operadon creates a more f~vor-  
able condition for seed germination, 
and also smooths out irregularities and 
breaks up channels of concentrstion in 
the gullied slope. 
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Cultivation should be followed by 
fertilization, seeding and the applica- 
tion of an adequate straw mulch. 
Thereafter, the slope should be given 
routine maintenance, repairs being 
made as soon as failures become evi- 
dent. 

On soil slopes, it has not been found 
necessary to tie the straw covering 
down with pegs and twine or wire to 
prevent serious loss by wind action. 
In a few days the unsecured straw 
blanket seems to settle and mat and is 
then able to withstand winds of con- 
siderable velocity without damage. 
This settling may he accelerated and 
seed germination hastened by sprin- 
kling the straw with water after 
spreading. As soon as the seed ger- 
minates the straw is held securely in 
place, so the cost of pegs and ties 
simply to prevent possible loss of straw 
between the time of application and 
the time of seed germination is not 
considered justified. A large quantity 
of straw can be replaced for the cost 

involved in holding the blanket in 
place mechanically. 

Successful repair work on old 
eroded fill slopes in localities subject 
to storms of high intensity, as in the 
mountains of Southern California, is 
likely to be a long-term proposition. 
If the seasonal rainfall is favorable dur- 
ing the first year after installation, 
almost complete control is possible 
with a treatment consisting of culti- 
vation, fertilization, straw mulch, grain 
seed and a thick planting of willow or 
Baccharis viminea cuttings. If heavy 
storms come before the seed and cut- 
tings have become established, failure 
of portions of the treated slope can be 
expected, the extent of failure being 
dependent upon the intensity of the 
storm. A continuing program of fail- 
ure repair is, therefore, necessary until 
vegetation has become completely 
established, after yhich time mainte- 
nance activities can usually be re- 
stricted to correction of defective 
drainage conditions as they appear. 
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Urvm u wocr. m pusre. mefare bsrmn material b sprred en doe* frce. Nab lop mnd bruah .rib at *e ef flll 

The prwnt-day cogt a f  tabor i% m surface unu'l con3olidation h a  uken 
high that hand smoothing of s l o p  pplare in wentkl in order to insure 
and installation of wards is not con- effective repak. 
sidered economically feasible. The har If mdntenmre funds are r a t r i c td  
elaborate methods d treaatlont de- and g d k  not too large, this tepnir 1 
scribed above are bolinicd to bg as mabod @an be relied upon to provide I 
efieceive in the long run if pmpw control in fmm two to three awons, I 
maintenma i n  forthcoming, and ar% A crib of logs ond coarse brush is 1 
c e M y  much cheaper w, install than corn& at the toe of the fill in 
the wade treamenr. order ro provide a solid foundation 

Large gullies or alipouts in fill ¶lopes against which backfilled material can 
require more cxtennive treatment, since settle. Loore brush i s  then. placed in , 
it is m d l y  necmary to replace tho the slope gullies and covued with a I 
material whieh har been lost in ordw moderatdy thick layer of bp(ckfil1 1 
to safeguwd the roadbed. rmte&d. Additional brush ir spread I 

The i l l u m ~ o n  on Bag* 56 show@ over tb edace  and wad with d. ~ 
a slope which is so badly gulliCd thar: Thb pm- is repeated until the I 

repair is necessary. Thir soil, when dry, Morigid fill contour is restored. SUP 
sets up so hard that it is almost impossi- face protection of the type jwtified , 
b1e m walk on the slope, It is obviowly by the soil and locality is then applied, 
weasonable to mume that looro soil, and seed and cuninp of aukable plants 
end dumpd upon a slope like this and are planted during rhe following plant- 
given no further treatment, ean be ex- ing season. 
pccted to remain in place during the Since the b a d d l  material is not 
fallow& rainy assan. Cempaetien qr compsoted by this method, we mast 
the udlization of some means of k e g  apt sonration, setrlement and even 
the loom backfill" material to the tlope slumping, m the extent allowed by the 
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Reworking fiN slope face with bvlldezer ond inrblling brunh layers. (Near Weavewiile, Trinity Caunfy) 

consolidating influence of the buried ateIy, the method illustrated here is 
brush, during the rainy season follow- recommended. 
ing treatmen;. The area affected by this 
settlement is usually near the top of the 
treated section, however, and can be 
backfilled and treated as described 
above without disturbing the growth 
of vegetation on the unaffected portion 
of the slope. A third treatment, follow- 
ing the next rainy season, is sometimes 
necessary in order to compensate for 
further settlement of the backfill 
material, but under average conditions 
very small areas are involved and the 
cost is not high. 

If gullies are so large and the danger 
to the roadway so great that the fill 
slope must be fully restored immedi- 

This method involves reworking the en- 
tire outer surface of the affected portion 
from the bottom up. A log and brush crib 
i s  first constructed at the toe of the fill to 
offer a solid foundation against which the 
soil can be compacted. Backfill material 
is furnished from the top, and a tractor 
equipped with a bulldozer is used to 
spread, compact and shape this material 
to the original fill contour. Brush layers 
are installed at suitable intervals as the 
fill is built up. (See brush layer method 
detail sheet.) The completed slope is then 
given surface protection, including a 
thorough rolling, if possible, and suitable 
seed, plants and cuttings are planted at 
the proper time. 



CONCLUSIONS 

THE MOST sutcessful erosion control but neglect can bring about increased 
methods have proved to be those whish and unneeemrarj expenditures due to the 
reproduce most closely conditions which newariv of eleaning gutters and repair- 
are to bs found an natural slopes. ing gullies which threaten the traveled 
Mechanical or unnatural methods of con- way, and of frequently rebuilding por- 
trol, while sometimes immediately effee- tions of roadways ot fill locations. 
tive, deteriorate with time and ahow u Highway construction standards now 
poorly in the Ian9 run comp.red wit! encourage the use of fiatter alopos in ero- 
methods that follow natural vegetctrive tion-prope soils, Flatter slopes aliow the 
pro=sses: If we work with Nature, erosion use of thicker blsnkets of topaoil which 
wntrol problems are simplified and the ,on ,uppow a more vigornus growth of 
prababilitr of success becomes mom car- vegetation without tending to slump when 
tain thon if we disregard the examples of saturated. Control problems are eaned 
successful natural stabilirotion to be found cansiderably, and the need for 
on every hillside and proceed to attack naneerdu~~d .  
the problem from a mechanical angle. As new successful erosion control proi- 

BY ~wi f ic ia l l~  raeedina up the ktabilira- eets are completed and the consequent 
tian PrO~ess thereby awting conditions reduction in maintenonce eost for repair 
in one seoson which Nature could not of emsion-caused damage becomes more 
duplicate in sewral years, we find that we evident kighwoy employees ore taking a 
can shorhn the time required for ccmplefe gwpta;r interyet In the pmgrom. Highway 
control. engineerr have been particularly tooper- 

Much of the value of slope ~tabilizotion afive in developing methods which would 
treatment i s  lost unless proper mainte- be both practirol and effective, and high- 
nonce can be given durlng the all- way maintenance forces have become 
important first and second years after more conscious of the value of prevention. 
installation. and as required thereafter. There is  still a decided need for continued 
Cost of timely maintenance Is not high, educational work, however, especially in 

Nature's wsy. A cemalefelv sbblllred slope 
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regard to effective methods for repair of progress has been made, too many ques- 
old eroded slopes, and it is believed that tions remain unanswered and too many 
eventually this work will be done as o partial failures result from high-intensity 
matter of course. rains to allow us to believe that the most 

Experimental work will be continued. effective methods have yet been devel- 
Even though it is felt that considerable oped. 
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EXCERPTS FROM CALIFORNIA DIVISION OF HIGHWAYS 
STANDARD SPECIFICATIONS, 1949 

SECTION 13 
EROSION CONTROL 

(a) De.cr;pr;on.-Erosion control shall sources. Unless otherwise provided in the 
consist of furnishing and spreading top soil special provisions, the Contractor shall make 
on prepared roadway cut and embankment his own arrangements for nbtaining importcd 
slopes and other areas shown on the plans top soil and he shall pay all costs involved. 
or designated by the Engineer; preparing the Top soil obtained from within excavation 
spread top soil for planting; furnishing and and embankment areas shall he removed only 
sowing seed of the formula and variety speci- from the locations designated by the Engi- 
fied in the special provisia~s; and furnishing ncer. The top soil shall be handled directly 
and incorporating a straw mulch cover from excavation to the location where it is 
material with the planted soil; all as shown to be used, as specified under arricle (e) 
on the plans and directed by the Engineer, helolv except when stockpiling is ordered in 
and in accordance wirh these specifications writing by the Engineer, as provided in Sec- 
and any requirements of the special pro- tion 12, Chapter 11, article (f),  of these speci- 
visions. fications. When ordered in writing by the 

When specified in the special provisions or Engineer, top soil ohtained from within ex- 
ordered by the Engineer, a ferrilizer shall be cavation and emhankment areas, shall he 
incorporated with the top sail as hereinafter stockpiled at locations designated by the 
specified. Engineer and later placed as herein specified. 

(h) T,,~ s ~ ~ [ , T ~ ~  soil shall cousia of a The excavation and removal of top soil 
fertile, friable soil of loamy character, typical from within excavation and anbankment 
of the top soil in thc locality, and shall areas, and the excavation and removd of im- 
a normal amount of organic matter. It shall be ported top soil, shall at all times he under the 
obtained from well drained arable land and direction of the Engineer and only materid 
shall he free from subsoil, refuse and other designated by the Engineer as suitable for 
deleterious substances, and shall he reasonably use as "P soil be and pLzced 
free from roots, hard dirt, heavy or stiff day, as ~ O P  soil cover. Top soil removed from ex- 

larger one inch (1") in size, cavation and embankment areas, and which, 
coarse sand, noxious weeds, noxious weed in the opinion of the Engineer, is not su i~b l e  

sticks, brush, and other litter. soil for use as top soil cover, shall be disposed of 
shall be free from amounts either as other roadway excavation, as directed by 
acid or alkaline elements and shall be capable 
of sustaining healthy plant life. In advance of excavating imported top 

soil, the Contractor shall notify the Engineer All large lumps or dads in the top soil shall of the location where he proposes obtain 
be thorouslll~ broken UP hefore being spread and top soil for use on d,e road- on the prepared areas. way shall not be removed until the proposed 

Top soil shall he excavated to the lines and material sire has heen approved by the ~ ~ ~ i -  
depths ordered hy the Engineer, the depth of neer. ~ a c h  load of imported top soil shall be 
excavation to he such that the soil being approved by the  in^^^ before being 
excavated will he of the same composition hauled to the roadway and unapproved loads 
and structure throughout. of imported top soil will not be paid for. 

Top soil shall he ohta,ined by removing (c) Preparation to  Receive Top Soil.- 
existing top soil from within excavation and Roadway slopes upon which top soil is to be 
embankment areas, or shall be imported by spread, hut only those slopes specifically 
the Contracror, if an item of imported top designated by the Engineer, shall be rough- 
soil is included in the special provisions and ened and lbosened parallel to the roadway, 
contract for the work. by cultivating in such a manner that the top 

Imported top soil shall hc defined as soil when spread, will he retained upon the 
material ohtained from sources, the selection slopes. Culnvation of slopes shall be per- 
of which, unlcss otherwise specified in the formed as the excavation proceeds and delay 
special provisions, is optional wirh the Con- in such work will not he permitted. No prep- 
tractor regardless of whether or not the State aration of embankment slopes is to be per- 
has made arrangements for the use of such formed. 

1631 
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(e) Spreading Top Soil.-Top soil to be 
spread upon roadway cut slopes in connection 
with erosion control shall be deposited in 
uniform windrows along the tops of the 
slopes in the quantity ordered by the Engi- 
neer and in such manner that it may be uni- 
formly spread upon the slopes. Upon com- 
pletion of roadway excavation and before or 
after finishing of gutters, as ordered by the 
Engineer, the top soil shall be uniformly 
spread over the slopes to a depth of approxi- 
mately nvo inches (2"), the exact depth to 
be ordered by the Engineer. 

Top soil shall be spread upon embankment 
slopes at the locations and to the depths 
ordered bv the Engineer. 

Top soii shall b e  spread upon areas to b< 
landscaped to a uniform depth of six inches 
(6", , unless othenvise specified in the special 
provisions or ordered by the Engineer. 

The type of equipment used to spread top 
soil and the method of spreadrng shall be sub- 
ject to the approval of the Engmeer. 

(f) Fertilizer.-When called for in the 
special provisions or ordered by the Engineer, 
a fertilizer conforming to the specified re- 
quirements shall be furnished and incorpo- 
rated with the top soil. 

(g) Seeding and Srraw Cover Material.- 
Immediately after top soil has been spread 
uppn roadway slopes, such areas together 
with other areas designated by the Engineer 
shall be planted with seed, the variety of seed 
and the rate of sowing to he specified in thc 
special provisions. 

Imrnedlately after seeding as above speci- 
fied, the seeded areas shall be uniformly 
covered with rice, barley, wheat or oat straw 
in accordance with the following provisions: 

Excavation slopes and other areas as desig- 
nated by the Engineer shall be uniformly 
covered with straw spread at the approxi- 
mate rate of four (4) tons uer acre. The  
strltr sliall be incorporated w(lrh the soil by 
shoring it into the loose surface by menns of 
a tamping roller or by other methods 
approved by the Engineer. . . 

\'irhen sp;cified ";ordered by rhe Engineer 
and immediately aiter seedine, embankment 
slopes shall be covered with maw spread at 
the total rate of approximately six (6) tons 
per acre and rolled with a tamping roller. 

If ordered by the Engineer, the embank- 
ment slopes shall be given a preliminary roll- 
ing before straw is applied in order to sta- 
bilize the loose soil sufficiently to minimize 
downward movement of the straw during 
subsequent rolling operations and the COG 
thenof will he paid for as extra work, as pro- 

vided in Section 4, article (d), of thest speci- 
fications. 

The straw shall be spread upon the em- 
bankment slopes in two spreadings of approxi- 
mately equal amounts, the exact amount per 
spreading to he determined by t l~e  Engineer, 
and after each spreading, the straw shall be 
rolled with a tamping roller a total of six ( 6 )  
times. At least three ( 3 )  round trips of tho 
roller will be required after each spread of 
straw. 

Unless otherwise permitred by the Engi- 
neer, embankment slopes shall be seeded and 
covered with straw, in conformance with the 
above provisions, immediately following com- 
pletion of each twenty foot (20') height of 
embankment, or if the total height of em- 
bankment is less than twenry feet (207,  ar 
soon as the embankment has been completed. 

When the contract does not include a pay 
item for seed or straw cover material, the 
furnishing and planting of seed or the fur- 
nishing and incorporating of straw cover' 
material is not to be performed. 

(h) Measurement and PaymentGFor pay- 
ment p q o s e s  top soil obtained from within 
excavation and embankment areas shall be 
considered as selected roadway excavation, 
and shall be excavated, measured and paid 
for as herein specified and as provided under 
Section 12, Chapter 11, articles (f), (g) and 
(h), of these specificatio~', and the price paid 
per cubic yard for roadway excavation shall 
include full compensation for furnishing all 
labor, materials, tools and equipment, and 
doing all the work involved in excavating, 
loading, hauling, and spreading the top soil 
over the prepared areas as herein specified, 
except overhaul which will be paid for as 
provided in Section 12, Chapter IX, of these 
specifications. 

Quantities of imported top soil to be paid 
for will be determined as provided in Sec- 
tion 9, amcle (a), of these specifications, rhe 
unit of measurement to be determined by the 
Engineer and set forth in the Notice to Con- 
tractors, Proposal bnd Contracr; and the price 
paid per ton or per cubic yard for imported 
top soil shall include full compensation for 
furnishing all labor, materials, tools and 
equipment, and doing all the work involved 
in clearing the material site, if necessary, and 
furnishig, excavating, loading, hauling, and 
spreading the imported top soil as herein 
specified. 

Full compensation for placing top soil in 
windrows along the tops of cut slopes and 
later removing and spreading the material 
over the prepared slopes, 'as hereinbefore 
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specified, shall be considered as included in rials, tools and equipment, and doing all the 
rhe contract nrice naid oer cubic yard for work involved in furnishing and incorporat- 
~~~~ ~~ ~ . . 
roadway excavation or the contract price 
  aid for imported top soil, as the case may 
be, and the placing of such material in wind- 
rows will not he considered as stockpiling 
within the meaning of Section 12, Chapter 
11, article (f), of these specifications. 

The preparation of roadway slopes to re- 
ceive top soil in connection with slope ero- 
sion work will be paid for at the contract 
  rice per square yard (slope measurement), 
for preparing slopes (erosion control), which 
price shall include full compensation for fur- 
nishing all labor, materials, tools and equip- 
ment, and doing all the work involved in pre- 
paring slopes for erosion control work as 
herein specified. 

The price paid per ton for straw cover 
material (erosion control) shall include full 
compensation for furnishing all labor, mate- 

ing straw on the planted areas as herein 
specified, except as otherwise provided under 
article (g) above. 

The price paid per pound for seed (ero- 
sion control) shall include full compensatiol~ 
for furnishing all labor, materials, tools and 
equipment, and doing all the work involved 
in furnishing and sowing the seed as herein 
specified. 

Furnishing and incorporating fertilizer 
with top soil will be paid for as provided in 
the special provisions, except that when the 
contract does not contain a pay item for such 
work, and such work is ordered by the Engi- 
neer, furnishing and incorporating fertilizer 
with top soil will be paid for as extra work, 
as provided in Section 4, article (d), of these 
specifications. 

EXCERPTS FROM SPECIAL PROVISIONS FOR ROADWAY CONSTRUCTION 
CONTRACT, CITY CREEK ROAD, S I N  BERNARDINO MOUNTAINS 

(h) Slope Erosion Protection.-Fumishig Unless otherw~se permitted by the En& 
and placing seed and straw and compacmg neer, embankment slopes shall be seeded and 
slopes shall conform to applicable poxions covered with straw, in conformance with the 
of Sect~on 13 of the Standard Specifications above provisions, to each 10-foot height of 
and these special provisions. embankment as soon as that portion of the 

Slopes shall be seeded evenly at the rate embankment has been 
of two hundred (200) pounds per acre with If ordered Engineer, the 

a consisting of fifw percent (50%) shall apply water to embankment slopes 
winter wheat, ferry-five percent (45%) rye before compaction. Water for such use shall 

grain, percent (3%) alfalfa seed, be applied in a fine spray to avoid slope era- 

and two percent (2%) seed, by sion, and will be paid for at the price per 

weight. NO seeding shall be done during thousand gallons for applying water (slope 

windy nor when the ground Is erosion protection and preparing subgrade). 
or in an otherwise unsuitable condi- An additional application of straw shall 

tlon. then he spread at the approximate rate of 
three (3)  tons per acre, and the scraw incor- 
~ora ted  with the soil by rolling as specified 
above. 

Immediately after seeding, the seeded areas The tamping roller shall conform to the 
shall be uniformly covered with rice, barley, provisions of Section 12, article (u), of the 
wheat or oat straw spread at the approximate Standard Specifications, except that the studs 
rate of three (3)  tons per acre, and the straw and tamping feet shall be so designed that 
shall then be incorporated with the soil by they will not withdraw the straw or wire mats 
rolling with a tamping roller until each sec- from the fill. * * 
tion of the slope has been rolled a total of The State will perform additional plandng 
SIX (6) times. Three round trips of the roller by State farces after the Contractor has com- 
will be required. If ordered by tile Engineer, pleted the slope erosion protection herein 
the slope shall be given a preliminary rolling specified. The Contractor shall permit access 
before straw is applied in order to stabilize to embankment slopes by State forces and 
the loose soil suffic~ently to minimize down- their equipment and shall permit their use 
ward movement of the straw during the roll- of his construcuon roads for additional 
ing operation. planting work insofar as such work does not 
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ulrsAlblr. -.th his operadona. Such additional 
work by State forces shall not be consuueci 
as acceptance of any parr nf the Conuactor's 
work or relieving the Contractor of mainte- 
nance of embankment slopes until the con- 
m c t  is accepted. 

(1) wire ~.t,.-During the construction 
of embankmenm, wired maw shall be placed 
in embankment dopes as shown on the plans 
and as directed by the Engineer. 

Wire mats on a vonion of the ~roiect  
shall conskt of nvo (2) comes of camouhge 
wire fiftv-einht incha (58") wide. doubled . - 
and placed between two (2) courses of 5 € ~  
eight inch UB") wide wire fabrle or fencing. 
CamouAage wire will he furnished by the 
Sare an hereinbefore provided. 

Wire mats on a pomon of the project shall 
consi~w of three (3) lhyem D f  sixty inch (60") 
wide poolay n&g between two (2) 
courses of fifty-eight inch (fa") wid6 win  
fabric or fencing. 

Wire fabric or fenclog for use in wire mats 
shall be at least fifty-eight inches (58") wid% 
aod.sball consist of longuudinal and vans- 
vem strands either welded or w i m d  to- 
gether at the intersections. The longimdinal 
m d s  shall be perallel to the sides of the 
fabric and spaced not more than two inches 
(2") aparr. Transwne wirer may be at right 
angles or d'hgonal to the direction of tho 
longitudinal wires and spacsd such that the 
area of openings is not more than four (4) 
square inchea. Longi~dinal and transverse 
wire shall not be smaller than 14 gauge and 
shall he galvanized d m  fabricstion. 
Poultry netting shall' be one-inch hexag- 

onal meh, twenty gauge wire, galvanized 
after waving, 

When the embankment has been con- 
structed to the required elevations for wire 
mats, the surfnce to receive the maw shall be 
made ~mooth and parellel with the grade of 
the highway. 

Man consisting of camouflage wire and of 
poultry netting shall be placed by laying the 
bottom c o w c  d fencing, the two double 

comes of camouUage w m  or four (4) 
courses of poultry netting and top come  of 
fencing, on the prepared grade in the order 
named; the posihon of tho man bein8 such 
thlr the embankment cover at  the outer cd e 
will be dx inches (6"). normal to the & 
slope before compction. Bottom and top 
courses of fabric os fencing shall be lapped a 
minimum of ten feat (10') at wlices on oneh 
layer where the ends of rolls occur and tied 
with foween (14) gauge galvanized iron tie 
wire the full width and length of the lap at 
inrcrvals of not more than fifteen inches 
(15-1 across each end and five feet (5 ' )  
5crOSII the width. The camouflage wire or 
four l a m  of poultry netting and upper and 
Iowa fources of wirs fabric or fencing shall 
be tied togather at each longitudinal edge and 
cenrer with fourreen (14) gauge galvanized 
tle wire st incccvals of not'tn exceed five feet 
(5')  before plncing embankment cover. Cen- 
ter ties shall be beaggered equi-diswt from 
the edge tie& 

Mats shall extend continuously for the full 
length of the fill and a dbcann of five feet 
beyond the mtersertion of the fill and natural 
graund dopes at cnch end end shall be 
warped ar the en& so that the portion ex- 
tending outside the fiU will hc on the ground 
surfncc. The mats shall be held securely in 
place by some means satinfactory to-the 
Engineer until severed bv mbankment 
marerial. The end portion of mats eutendig 
outside the fill slo~es shall he staked and tied 
securely in place i y  use ~f metal stakes and 
wire sadsfactory to the Engineer. 

The prices paid per lineal foot for wire 
mats (poultry ne*, erorion protection) 
and wire mats (camoufiage wire, erosion 
protection) measured along the mats parallel 
to rhe center line of the hlghway, shall io- 
clude full compensation for preparing the 
surface, furnishing and placing wire fabric 
or fencing, hauling and placing camouflag? 
wire, furnishing and placing poultry netting, 
fumi~hiog tie wire end tieing mats, furnish- 
ing and driving stakes to hold mars in posi- 
tion, and 111 incidend labor and materials 
required to cooshZlct the wire nmats as herein 
specified; except for camouflage wire which 
will be furnished free of cosc to the Con- 
WPCtor. 

No additional compensation will be 
allowed far placing and compacting embank- 
ment material on wire mats. 



EXCERPT FROM SPECIAL PROVISIONS PO@ ROADWAY 
CONSTRUCTIQN CONTRACT NEAR SANTA CRUX 

(f) Earthwo&.-Topsoil to a depth of (i) PreuarhsCurbcd Arena (Ground Cover 
two-tenths foot (0.2'1, or to a depth directed Plantin#.)--Curbed island areas shall he pre- 
by sthe Engineer, shall be removed from the pared for ground cover planting. The area 
area between slope lines of both the excava- shall be ~cariiied and thoroughly cultivated 
tion and embankment areas and stookpiled to s depth of twenty-four inches (24") below 
in windrows outside the slope lines. Excavat- the line of top of curbs. Scarifying shall nor 
ing and windrowing topsoil will be measured be performed within an area one foot (1') 
and paid far as roadway excavation m pro- from the back nf the proposed curbs. Excess 
vided in Section 12, articles (i) and ( j ) ,  of material shall be removed and low places 
the Standard Specifications. filled in until the top of ~ultivation is uni- * . * * * I formly seven inches (7") below the line of 

(h) Slope Erosion Pretestion.-At bcations top of curbs. 
directed by the Engineer, excavation and After the proper porosity and repose of 
embankment slopn and areas outside the the subsoil is ohdnined, topsoil f m  the 
slope stakes shall be protected fmm erosion sources provided under emhwnrk of these 
in confarmance with Section 1 )  of the special provisions shall be placed betwaen 
Standard Specifications except as herein pro- curbs. The surface of the topsoil shall be 
vided. leveled off one inch (1") below the line of 

Topsoil obtained as provided under top of curbs. 
"Earthwork" of there special pmvisions, shall Iluring operations in preparing curbed 
bc spread over the slopes. The resulting cover areas, the curb shall be fully protected from 
shall be neat appearing and vary from one inj* by t h ~  Contractor at his o m  expense. 
inch (1") to three inches (3") in depth de- Any discoloration caused by spilling soil 
pending on the amount and character of shall be removed by the Gonuactor at his 
topsoil available, own expense. 

Aftcr the topsoil is spread over the slopes, Preparing curbed areas (ground cover 
the following operations shall immediately planting) will be paid for by the square yard. 
follow in sequence with care being taken to which price shaU include full compensation 
prevent pushing the loose topping down the for furnishing all labor; material, tools and 
slopes. equipment and performing all the work in- 

At 6-9-6 or 6-10-4 eomereial fertilizer volved as herein apecifkd except loading, 
shall be furnished and spread ovar the top- hauling and depositing topsoil. . 
soil at the rate of forty (40) pounds per one Loading, transporting and depositing top- 
thousand (1000) square feet. soil in the curbed areas will be paid for at the 

The fertilized slopes shall be planted with price for roadway excavation measured in 
western rye .grass seed furnished and sown the truclc at the point of delivery as provided 
at the rate of one (1) pound per two hundred in Section 9, artide (a), of the Srandard 
(2W) square feet. Speciiicarions. Overhaul will be paid for as 

The planted a r w  whera directed by the pmvided in thme special provisions. 
Engineer, shall be uniformly covered with (i) Grand  Covet Plating.-Upon com- 
straw a8 provided in Section 13, article (g), pletionof slope erosion protection and plac- 
of the Standard Specifications, Sheepsfoot ing topsoil in curbed areas as herein specified, 
tanlpers shall he used to incorporate the Mesemhryantl~emum edule (Ice Plant) cut- 
straw with the soil. rings shall be furnished and planted in con- 

" * * * * * * formance with the following prov~sions or 
Payment for the various items of slope eto- as directed by the Engineer. 

sion protection shall be iu specified in Section In central curbed division strips, plants 
13, article (h), of the Siandard Specifications. shall he placed at two foot (2') centers in 
Payment for fertilizer shall he as set forth neat mws with the plahrs in adjacent rows 
below. stanuered. The rows shall be ~arallei with 

The price paid per ton for fertilizer (rlope the-iine of travel and in general is.0 feet (2'; 
erosion pmtectioni. shall include full com- apart. All curbed srrlps shall hare a minimum 
pensation for furnishmg all labor, materials, of two ( 2 )  rows. 
tools and equipment and doing all work m- On embanhent slopes outside and below 
volved in furnishing and spraadrng f&er the berm or shoulder and above exeavanon 
on slopes as herein specified. slopes on tho topsoil berm, p\anrs shall be 

- - 
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placed at two foot (2') centers in two longi- or which are so injured or damaged as to 
tudinal rows two feet (2') apart measured render them d t a b l e  for the purpose in- 
horizontally with the plants in adjacent rows tended. The necessary replacements shall he 
staggered. made immediately following any indications 

Ice Plant cuttings shall not he less than ten of withering or growth failure. h n y  replace- 
inches (10") long and shall be tip cuttings ments whicb fail to grow during the mainte- 
taken from healthy, vigorous, strong growing nance period shall also be replaced at the 
vines. Mature or brown colored stem growths Contractor's expense. 
or cuttinus which have been trimmed or The State reserves the riuht to eliminate 
rooted he7ore planting will not be accepted. any pomon of, or the entire;- of planting 
Cntrings shall not be allowed to dry or withe1 Ice Plant cuttings, if, in the opinion of, the 
before planting. 

Cuttings shall be planted in moist, loosely 
cultivated soil, and shall he so placed that not 
less than two (2) nodes, are covered with 
soil and the basal end shall be not less than 
four inches below the surface of the soil. 
After planting each cutting shall be immedi- 
ately watered if ordered by the Engineer. 
Planfing shall he completed at least t h i i  
(30) calendar days prior to the date of 
acceptance of the contract. . The Contractor shall maintain at his own 
expense, and in a satisfactory and workman- 
like manner, the areas with ground cover 
planting until the date of acceptance of the 
conract. He shall replace at his own ex- 
pense any and all plants which fail to grow 

Engineer, the season of the year and soil 
moisture conditions at the time ice plant 
cuttings are to be planted are unfavorable 
for the establishment of the plants. No addi- 
tional compensation will be allowed by rea- 
son of such elimination. 

Onantities of cuttinas to be oaid for will 
be determined by a c d  count upon comple- 
tion of the contract. 

The unit price paid for Mesemhryanthe- 
mum edule cuttinas (Ice Plant) shall include 
full compensation for furnishing all labor, 
materials, tools and equipment and for doing 
all work necessary to plant the ground cover 
as herein specified. Furnishing and applying 
water will be paid for as provided elsewhere 
in these special provisions. 

EXCERPT FROM SPECIAL PROVISIONS FOR LANDSCAPE 
CONTRACT NEAR HOLLYWOOD 

(c) Plants.-All plants shall he healthy, All plants shall he of the size, age and con- 
shapely, and well rooted, and roots shall show dit~on as specified herein or as shown on the 
no evidence of having been resmcted, de- plans or as specified by the Engineer. 
formed or root bound at any time. They (d) Inspection of Plants.-AU plants shall 
shall he well grown, free from insect pests, comply with Federal and State Laws requir- 
and shall have been  own in nurseries whicb  in^ insoection for dant  diseases and infesta- - .  ~ ~~~~~ 

have been inspected-by the State Depamnent tions. 
of Agriculture and hare complied with the Any inspection certificaree required by law 
regulations thereof, except when the special 
provisions provide that the plants may he 
obrained from present growth a t  or near the 
site of the work. 

MI plants shall he fist-class representatives 
of their normal species or varlety unless 
otherwise specified. They shall have well 
developed branch systems with vigorous and 
fibrous root systems. Plants shall be free from 
disfiguring knots and sun scald injuries, 
abrasions of the hark, or other objectionable 
disfigurements. Plants not conforming to the 
requirements herein specified shall be con- 
sidered as defective, and such plants, whether 
in place or not, will he marked as rejected, 
and shall he immediately removed from the 
site of the work and replaced with suitable 
plants. 

shall accompany each sb~pment, invoice or 
order for stock and when such plants amve 
at the sire of the work, the certificate of in- 
spection shall be filed with the Engineer. 

(e) Preparation for Shipment.-All plant 
mater~al shall he dug with care and precau- 
tlons sball he taken to avoid injury to or 
removal of fibrous roots. Each plant shall he 
handled and packed in the approved manner 
for that species or variety and all precautions 
shall he taken necessary to insure the arrival 
of the plant at the site of the work in proper 
condition for successful growth. 

(f) Shipment.-Plants shipped by truck 
shall be packed in such a m&er as to insure 
adequate protection against windbum and 
against climatic, seasonal or other injuries 
during transit. AU decidnous trees and shrubs 



shall. be plaeed in aepar~te bundles and the 
roots shall ba proteeted with wftsww, mom 
or other suitable mnreriala. 

(g) ~ ~ ~ ~ i ~ . - A l l  plants shall be m e  ta 
name and shall be tagged with the name h 
accordance with the standards of practice 
recommended by the AmePican Aa~ociation 
of Nuncrymen. 

(h) Pht ing  Y ~ t e r i s l s ~ o m m ~ i a l  fsr- 
t i h r  shdl be &.94 ar &lM nnlem0thwwi.w 
saecified. 

.\lanure shall be from cattle corrals, shall 
he free of noxious wced seed or orher objec- 
tionable materid, and shall be satisfactory w 
the Engineer. 

%ee stakes shall be of snch dimenxiong ES 
spccificd by the Engineer and shall be placed 
only nt  such treu as dmignated by the Engi- 
neer. T h e  fumishina and instnllacion of m e  
e r d w  will be paid for as extra work as pro- 
vided in Section 4, article (d), of tha Stand- 
ard Specificatiom. 

Sprinkler8 will be fumkhed by the State. 
(i) Mant Losation.-The Engineer wiU 

designate by means of suitable ataka or by 
directing the placement of the pl~nrp the 
exact location% where the varim v d t i c r  
of plantn are m he planted. 

(j) PrepmtiM of Planti00 brr#*.-Plant- 
ing repvation for ground cover areas &dl 
con ! orm to the followinn ordet: 

1. Checking of warerr'ng system. 
2. Thorough moistening of soil. 
I. AppUuation of commerFial fertillcr. 
4. Cultbation of ground. 
5. Plandna. 
~reparaticn for plmting of ground mver 

areas shall conform to the fouowing specifi- 
cations: 
Checking of Watering System.-Before tha 

soil is cultivated, the watering system ehall 
be checked thoroughly for any necessary 
rdjusrmmt which is needed ro obtain uni- 
form coverage. All pipe ewnations, d g  
unions and valve packing glands shall be 
cheelced 6 ~ r  leakage and tightened if nacas. 
raw. Nozalor and serinldet heads shall he 
checked for proper'operatim, and nozrlcn 
repleced if found to be defective. The con 
of rhe above checking and the con of mak- 
ing uly change or adjustment in the watering 
&em will be paid for as extra work as pro- 
vided in Section 4, article (d), of the Staid- 
rrd Specifioatim. 

Thro-aah Mobw&s af bd.-FolloWing 
ehecliingof the wntwmg system, the soil hd 1 be thamnghly moigtenad by means of the 
watering wtem prepmatory to culuvation 1 Exmeme care shall be taken thnr the warar ir 

not allowcd ro run in any one uea m the 
poinr where runoff or sa~racion vhich could 
canae erocion might occur. 

The eon of moistenin the mil prior m 
cultivation will he consid%ed na included in 
the price paid per square yard for cultivating 
planting ams. 

Wme will Be fmirhed by the &re. 
AmIi~atioa oP C m e i e l  Hudlirpz- 

Cammercial fertilirer shall be applied uni- 
fornrly to areas in which ground cover plants 
are to be planted a t  cbe rate of 30 pounds par 
thousand squar. feet. The flrst application 
hs l l  be made bdore cultivation. Fntther 
applicationr shall he made if md when 
d i t e d  by the Engineer, and will ba paid for 
at the unit pLiee fur a r e &  ferrilkr in 
place. 

Application of commercial femillzer will 
be paid for by the ton, which price shall 
include full cornpensiltion for furnishing and 
placing the commacial fertilizer. 

Culthaties of Grauud,-After commercial 
fenilizer has been a v ~ l b d  and the soil has 
dried to thc point &re it can bc properly 
culriratcd, the soil shall be thoroughly culti- 
vated by n method satisfactory to rhe Engi- 
naar, until the area is in a mi% 10% flie- 
bxnved condition to a depth d not lw rhan 
6 inches. 

The areas shall be finishcd off to present 
a neat and uuEo%m appeetancc satisfaaory 
m the Engineer hefore any plantiag is done, 
and all weeds and grass shall be de~troysd. 
Bermuda g a r  5hell be completdy removed. 
Topmil in curbed a r w  shall bc gmded unl- 
f o d y  to a point one inch helow the mp of 
the curb. 

Areas which are not m be planted to 
ground cover plants need not be cultivated, 
hut shall be flndhed off to oresent a neat 
and unrform appearance free bf weeds, grass 
or other objectionable n~arrnsl after uee and 
shrub planting is completed. 

Gnltiv~dng will be paid for at the contract 
price per anare yard for eultiv~ting planring 
maa, w h i i  price s h d  include full compen- 
sation for furnishin all labor, took and equip- f mmt and doing al work involved in eulti- 
varing the planting area as above spec%e(l. 
(k) Plnnciag.-Planting h o b  for uoes, 

shrubs nnd vines shall be dug st the exact 
rnked lacationa and shall be of sufSeient 
width and depth t@ receive the roots of tho 
plpnta wirhont drmbling back or ~mwding. 
Holar for olam shall be of pufficimt width 
and depth ;o allow for not less than 6 inches 
of topsoil to be flushed in and around the root 
area or ball of eanh surrounding the roots. 
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Plandng holes shall be backfilled with friable 
m o i l  and ulanta set in the holes to such 
d&th thar npon settlbment they will ba at 
thw namal growing depth. Soil shall not be 
mechanically tamped or compacted around 
the roots or ball of the plane during or nfter 
the planting operation. Topatil for hack6U- 
ing may be obtained fmm mpsoil previously 
placed on the project. The soil repulsing from 
the excavation of wee, shrnb and vine holes 
shall be utilized in forming a basin not lesl 
than three feet ((3' in d~ameter, or of such 
shape and dimensions aa the Engineer d i e m ,  
around each tree, shrub or vim. The i n i d  
watering shall be done with n pipe jer which 
shall be inserted alnnmide the plant to the 
depth of the hole, and the soil satumted from 
the bottom up. 

After the toosoil h a  been flushed in aad 
amnnd the mob or ball of the plant, and the 
basin as hereinbefore prescribed is con- 
structed, manure at the rate of one (1) cubic 
foot pcr plant shall be spread erenlt. mund  
each plant, and the basin shall rhcn be filled 
with water. 

Trees, shrubs and vinep will be paid for on 
a unit price basis, which prices shall include 
full compensation for furnishing and plant- 
ing the various varieties of plants complete 
in place, including manure mulch. 

Lantana sellowiana and Hedera helix plana 
in bottomleo wooden plant ban& not lesd 
than 2" x a" x S", shall be planted without 
removing plant bands. If furnished m pots 
(nor less then 2%") or flab, they shall be 
d c i e n t l y  established R, retain a ball of 
ea& around the mots during planzing opu- 
ations. Gxowth abave anil surface of Lantana 
planrs shall be not ko than two inches (2") 
long, and rowth above soil d a c e  of Hedera 
plants ghat be not less than four inches (4") 
long. 

Holes in which plants in plant bsnds are 
m be planted shall he formed with flat but- 
tom, aad shall be of snch depth that the 
surfice of the soil in the plant band is level 
with the surrounding soil after planting and 
water= has been completed. Soil used for 
backfilling planting hales must be m~lsr,  fine 
textwed and friable. Backfrlliig of planting 
hole with clods or lumpy soil and mechani- 
nl compaction of soil amund the plant band 
will not bc permitted.. 

Lptana and Englbh Ivy shall be p h t e d  
in moist, friable soil, eighteen inches (18") 
aparr, except w h m  otherwise nored on the 

plans, in locations u shown on the plans and 
ss specified by the Engineer. Lanrana and 
English Ivy p h t s  shall be mdividndly 
watered immediately nfter planting by using 
a slow running hose or other ratisfnctary. 
meana. The pprinklex system shall not he used 
for wvering Engli~h Ivy and Lantana mdl 
specified by the Engineer. Individual water- 
ing an above specified will be only required 
immediately nfter planting. W ground cover 
olants shall be k e ~ t  ~rouerlv watered until . . .  . 
acccprance of the contracr Consrmction of 
basins and application of manure mulch will 
not bc required for gruund c o w  phnn. 

No ground cava planung will be per- 
mitted in soil which ia too wet or too dry. 
The soil in which ground cover plane are 
planted mnst be m68c, fine textured and fri- 
able in order that che fine soil parrich may 
codlplerely surround the roots. Soil shall he 
pkced tirmly around the roots of all plancs, 
and planting in lumpy soil will not be per- 
mitted. 

Plants shall not be allowed to dry out be- 
fore or while being planted. The root area 
shall be kept moisr by means of wee sawdust, 
p a t  mow or burIap at all times during plant- 
ing operations md shall not bs exposed to 
the air w e p t  while pftuslly being placed in 
the ground. Wilted plants whether in place 
or not, will not he accepted. 

Workmen shall not be allowed to walk on 
the planting areas unnecwarily during or 
after preparation and plandng operauom. 
Planting areas that have been compacted for 
any reason shall be reeultivated at the Con- 
mcror's expense. 

Omund cover plants will be pald for on a 
unit price h i s  which shall include full c w -  
po~sadon for fwihhhg and planting the 
vumw varieties of plann complete in place. 

(n) wptedns.-ibll plane &all be kept 
pmperly watered until acceptance of the con- 
mart 

30 watering shall be done on planted ares  
unul a c ~ a l  invesrigntion of the soil indicates 
that water is needed. 

Water shall not be allowed ro run so long 
in any section chat runoff or samation which 
codd cause ~llppage or undue compaction 
might occur. 

Any luss of topsoil or plana due to runoff 
erosion or slippage shall be repaired or re- 
placed a t  the CO~U~CTOI'S rlpense. 

Water will be f d h e d  by the Stare. 
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