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SIXTH SESSION - SEDIMENT CONTROL

Lester C. Walker,* Presiding

HOW EFFECTIVE ARE SOIL CONSERVATION MEASUBES
IN SEDIMENTATION CONTROL?

by Carl B. Brown**

How effective are soll conservation measures in sedimentation controlt® To answer this
questlon categorically would be as difficult as defining the nature of sin. Literally, the an-
swer depends on: (1) The nature of the particular sedimentation problem; (2) the sources of the
sediment which cause this particular problem; and (3) the types of soil conservation messures
which may be practicable for application in the drainage basin above the site of the problem.

Let us coneider first the nature of the problem. Sedimentation control in one place may
require reduction of the supply and rate of movement of bed load to prevent stream-channel aggra-
dation. In another place 1t may necessitate reduction of the amount of fine suspended matter to
prevent the destruction of fish life. In other circumstances it may involve reduction of the
total stream load to leasen the rate of silting of a storage reservolr, Any given set of con-
gervation measures may be highly effective in controlling one type of sedimentation damage but
largely ineffective in controlling another type. Thus, we are first confronted with the ques-
tion: "What kind of sediment is causing the particular problem?" Generally, this question can
be enswered readily by appropriate field and laboratory investigastions.

This brings us to our second consideration: Where does the troublescme sediment origlnate?
Here the tasgk is more difficult, but some field and laboratory techniques have been developed for
tracing sediment from its point of damage to its points of origin in the drainage basin.

In larger dralnage basins it is generally important to determine both the geographic and
genetic distribution of sediment sources, Determlnation of sediment contribution from verious
waterghed units is important to the development of master plans for drainege basin development.
Such data are needed, for exemple, in estimating the useful 1life of proposed major reservoira
and for determining the priority of major tributary areas for watershed treatment to control
soil erosion.

Several methods have been used to determine the geographic sources of the total sediment
load, and of bed load and suspended load. These include: (1) Sampling the suspended load of
streams; (2) analysis of reservoir survey data to determine average rates of sediment production
from smaller watersheds scattered throughout the large drainage basin; (3) surveys of erosion
and valley deposition to determine the net sediment. output of various watershed units; (h)
analysis of the heavy mineral distribution in bed material; and (5) analytical methods such as
those now being developed by Dr. Einstein and others for determining the rates of bed-load move
ment at various points throughout a drainage system.

In planning soil conservation messures for sedimentatien control, the genetic determination
of sediment sources 1is most important. Once the nature of the sediment problem is clearly under-
stood, 1t 1s essential that the conservation measures, if they are to prove effective, be de-
slgned to control the production and movement of sediment that gives rise to the particular
*  Engineer, Reglonal Office, Federal Power Commission, Chicago, Ill.

**¥ Gedimentation Speclalist, Office of Research, Soll Conservatlion Service, Washington, D. C.
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Figure 1. Sheet erosion on 12 percent slope cul-
tivated in straight rows and planted to cornm,
near Bethany, Missouri.

Flgure 2. Enormous gullies more than 50 feet deep
and less than 100 years old cut in rich agricul-
tural land 8 miles west of Lumpkin, Stewart
County, Georgla.

Pigure 3. Stream-bank erosion along Wynooche
River S miles northwest of Montesano, Grays
Harbor County, Washington.

Figure 4. Mass movement of soil by land slip in
pasture 8 miles north of Wolf, Ohio.

problem. Terracing and strip cropping, for example, would not solve the problem if the trouble-
some sediment was coming largely from stream-bank erosion.

Seven principal sources of sediment production are quantitatively important in some water-
sheds In this country. These are:

1. Sheet erosion by surface runoff on agricultural, range, forest, and waste
land - sheet erosion being defined as the removal of surface soil by overland flow without
the formation of channels of sufficient depth to prevent cultivation (See Figure 1).

2. Gullying, or the cutting of channels in soil or alluvium by concentrated
runoff (See Figure 2).

3. Stream-channel erosion, including bank cutting and bed degradation
(See Figure 3).

4, Mass movements of soil - landslides, slumps, and soll creep. (See Figure k).
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Figure 5. Flood erosion as a result of flood : Figure 6. Road erosion in vatershed of Burling-
water scouring in cultivated field on Ohio River ton Reservolr, Alamance County, North Carolina.
flood plain after flood of January 1937. ’ e T

Figure 7. Mine waste dump of Docens Mine adjs-
cent to Bayview Reservoir near Birmingham Jef-
ferson County, Alsbama.

5. Flood erosion, or the removal of surface soil by flood flows sweepling across
flood plains (See Figure 5). ’

6. ZErosion on roads; railroads, power lines, and various construction
projects (See Figure 6).

7. Mining and industriel wastes dumped into streams or 1lsft in positions
favorable to erosion (See Figure 7).

Of these, the first three are by far the most important, quantitatively. Research studies
and watershed surveys by the Department of Agriculture have shown that sheet erosion generally
produces the greatest quantities of sediment in areas that are predominantly agricultural and
have more than 20-inch rainfall. ' Sediment that causes particular problems such as channel ag-
gradation, however, may .come primarily from gullying or other sources. In forest and range
country, and in areas having less than 20 inches of precipitaticn, gullying and stream-channel
erosion generally furnish the greater pert of the total stream load. In small watersheds any of
the other sources may be the most importent.

261



In 1941 the Soil Conservation Service made intensive studies by survey techniques of two
small dralnage areas above municipal reservoirs near Lexington, N. Car., and near Weatherford,
Tex. In the 6.75-aquare-mile Leonasrd Creek watershed near Lexington, N. Car., which is typical
of the Piledmont plateau, 1t was found that 38 percent of the sediment had come from sheet erosion
on cultivated land where gullying was not evident; 37 percent had come from combined sheet and
gully erosion on land in or suitable for cultivation; 17 percent from land completely destroyed
by gullylng; 6 percent from linear gullies large enough to delineate individually on a scale of
1 inch to 500 feet; 2 percent from road banks and ditches; and only a negligible amount from
stream-bank erosion. Of the sediment produced in this drainage area since cultivation began,
slightly more than one-third has been deposited as alluvium within the area, and slightly less
than two-thirds has been transported out of the area.l/

A similar study wes made of the 6.2-square-mile Town Cresk watershed near Weatherford, Tex.,
which lies largely in the Grand Prairie belt of the West Gulf Coastal Plain. Here/it was found
that sheet erosion, including undifferentiated minor guillies, minor wind erosion, and some ero-
sion termed geologlc where soil profiles had not developed, accounted for nearly 90 percent of
the total sediment production. Gullies large enough to delineate separately account for 5.5 per-
cent; roadside erosion, 2.4 percent; stream-bank erosion, 1.2 percent; and erosion along the
edge of stream terraces, 1.1 percent. Seventy-nine percent of the sediment was carried out of
this area. 2/

A recent study of the 906-squere-mile drainage ares of the Sangamon River above Decatur,
T1l., which lies in the gently rolling glacial drift plains, showed that sheet erosion on culti-
vated land having slopes of more than 2 percent, accounted for more than 90 percent of the total
sediment production. Gullies, stream-bank erosion, and wave erosion around Lake Decatur together
contribued less than 10 percent of the total sediment reaching Decatur. g/

By way of exception, a study of  the 437-square-mile Buffalo Creek drainage area in New York
State showed thet stream-bank erosion ig contributing approximately 80 percent of the totel sedi-
ment load reaching Buffalo Harbor, whereas sheet and gully erosion on agricultural land is con-
tributing only about 20 percent. i/

Investigations in the Rio Puerco drainage basin of about 6,100 square miles in New Mexico
have shown that bed and bank erosion in thé main channel of the Puerco in a distance of 117
miles above its mouth 1s contributing approximately 40 percent of the average annual sediment
load. An additional 30 percent of the load is coming from enlargement and headward extension
of tributary arroyos, whereas the remaining 30 percent of the load is coming from sheet and gully
erosion on the land slopes. 5/

Our third consideration is to define soll conservation measures. Broadly speaking, measures
uged for erosion control on watershed areas may be divided into three categories: (1) Agronomic
practices; (2) management of vegetation; and (3) englneering works.

Agronomic practices include such meas-
ures asg crop rotation, strip cropping (see
Figure 8), cover crops, and mulching, usually
carried out as a part of farm operations to
protect the soll against water and wind
erosion.

Management of vegetation includes con-
trol of the use and depletion of natural
vegetation by regulating grazing and lumber~
ing operations and by fire control. It in-
cludes also the re-establishment of perennial
vegetation on land from which the native
cover has been totally or partially destroy-
ed. This includes reforestation, seeding of
pasture and range land, and planting peren-
nials, such as kudzu in the Southeast, on
eroded and gullied areas.

Engineering measures‘range from terraces
(see Figure 9), terrace outlets, and water-
ways on. farm flelds to ponds, gully-control

Figure 8. Strip-cropped fleld in four-year ro-
tation 2% miles west of Wallis, Steubén County,

New York.

1/°2] 3/ &/ 5] See "References" at close of comments.
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structures, desilting basins, stream-bank stab-
ilization, and channel improvements throughout
the drainage system above the sites of major
englneering works, such as reservoirs, J.eveeu,
and river-bank stabilization of the types in-
stalled by construction agencies, such as the
Army Engineers and Bureau of Reclamatlon. More
than 80 different soll conservation measures
are now recommended by the Soil Conservation
Service for use in one place or another in ac-
cordance with the needs and capabilities of the
land.

What, now, are the lines of evidence on
the effectiveness of soll conservation meas-
ures in réducing sediment production? In quan-
titative terms, what reductions can be achieved
if we maintain, as we must, the level of farm-
ing and grazing operations necessary to provide
Figure 9. Terracing and centour cultivation on & continuous and ample supply of agricultural
field having 6% slope, near Nacegdoches, Texas. . products? 4 lines of evidence are noteworthy.

First, historical accounts of early travelers in both the East and West lead to the conclue
sion that the sediment load of streams must have been markedly less than they are today. For
example, Col. William Byrd, one of the Virginla Commissioners who surveyed the boundary line be-
tween Virginia and North Caroline in 1728, wrote é/ regarding the Roanoke River and its tributary,
the Dan, as follows: "The river . . . . always confined within 1ts lofty banks and rolling down
its waters as clear as crystal.

"The streem, which was perfectly clear, ran down about two knots, or two miles, an hour,
when the water was at the lowest. The bottom was covered with a coarse gravel, spangled very
thick with & shining substance, that almost dazzled the eye, and the sand upon eilther shore
sparkled with the same splendid particles. At first sight, the sunbeams giving e yellow cast to
these spangles made us fancy them to be gold dust, and consequently that all our fortunes were
made . . . . But we soon found ourselves mistaken and our gold dwindled into small flakes of
isinglass." Anyone viewing the turbid Roanoke and Dan today will readlly appreclate the strat-
ling contrast.

Sir Charles Lyell, eminent English geologist of the last century, wrote 7/concerning his
travels in the South in 1846: "Formerly, even during floods, the Altammhe was transparent, or
only stalned of a darker color by decayed vegetable matter, like some streams in BEurope which
flow out of peat mosses. So late as 1841, a resident here could distinguish on which of the two
branches of the Altameha, the Oconee or Ocmulgee,. a freshet had occurred, for the lands in the
upper country, drained by one of these (the Oconee) had already been parﬁially cleared and culti-
vated, so that that tributary sent down a copious supply of red mud, while the other (the Ocmul-
gee) remained clear, though swollen. 3But no sooner had the Indlans been driven out, and the
woods of their old hunting-grounds begun to give way before the ax of the new settler, than the
Ocmulgee also became turbid.”

On the basis of data from erosion experiment gtatlions and from surveys of reservoirs which
have watersheds with strongly contrasted vegetal protection, it may be inferred that the sediment
loads of many Eastern streems have increased 25 to 100 times since settlement of the region.

Historical accounte indicate that the existing system of continuous major arroyo channels in
the Southwest has developed since about 1860 8/, These arroyos are known to be among the chief
contributors of the present sediment loads of streams. Furthermore, they act as glant flumes for
transport of sediment, which was formerly deposited on valley flata as shown by geological stud-
ies. It may be inferred, therefore, that the sediment loads of some major western streams may
have been doubled, quadrupled, or even more drastically increased 1n the past 100 years.

Secondly, geological investlgations have shown a rapid increase in the rate of bullding of
elluvial flood plains east of the 100th meridian. As Dr. Victor Jones has pointed out earlier
in the conference, abundant evidence of this phenomenon has been obtained from such widely scat-
tered areas as the Carolinas, Mississippil, Texas, tributaries of the Mississippi Rlver 1n Wis-
consin, Minnesota, and Tllinois, and elsewhere. The geological as well as the historical
6/ 7/ 8/ See "References” at close of comments.
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evidence points toward the conclusion that in most parts of the country rates of sediment pro-
duction have markedly increased. Hence, any moves In the direction of restoring, even partially,
the protective cover on the land or the original conditions of channels should result in de-
creases in rates of sediment output.

Third, valuable quantitative evidence comes from comparison of present rates of sediment
production from small watersheds that have different cover conditions within the same physio-
graphic and soil provinces. For example, three municipal reservoirs in Texas have drainage areas
of 5 to 14 square miles that are from 75 to 90 percent in forest or grass. Sediment production
from these watersheds renges from 0.3 to 1.6 and averages 0.9 acre-foot per square mile annually.
Three other comparable regervoirs with watersheds 40 to 75 percent in cultivaetion show rates of
5.8 to 7.6 and average 6.6 acre-feet per square mile annually, or 7 times as great Comparable
comparisons can be made for many sections of the country :

Fourth, the effects of specific soil conservation measures have been determined quantita-
tively on experiment station plote end amell watersheds. .

The practicekof cultivation approximately along:the ‘contours of sloping land instead ef in
straight rows running up and down the slopes has béer tested in 28 experiments in 12 States, with

-a large range of crops and slopes during continuous periods of 1 to 11 years. 9/ These experi—

ments have shown that contour cultivatlon reduced soil loss  from sheet erosion by 37.6 to 100
percent, with an arithmetic average of T3. 6‘percent reduction from all of the experiments.

Strip cropping has been tested in .17 ‘experiments in 7 Stetes, with all major crops, slopes,
and. rotations, during periods ranging from 1 to T years. 10/ The reduction in soil loss from
strip cropping over that experienced from continuous cultivation of a single crop ranges from
10.7 to 94,1 percent, baving an arithmetic average of 59 percent for all experiments.

Terracing has been tested in 16 experiments in 7 States on all principal crops and slopes,
during periods ranging from 4 months to 9 years. ll/ Reductions in soll loss in surface runoff
ranged from 37 to 98.5 percent, with an arithmetic averagé of 85 5 percent.

Consldering both these experimental date and the results of many fleld observatioms by hun-
dreds of soll conservation technicians working throughout the United States, erosion specialists
of the Coll Conservation Service have reached certain conclusions with regard to the average
effects of aome lmportant differences in land use and in farming practices. Assuming that all
natural factors, such as climate, soil, and slopes, are the same and that the erosion loss from
continuous. row crops, such as cornm, cotton, and tobacco, represents 100 percent, then erosion
losses from small grain (wheet, rye, cats, and barley) will range from 15 to 40 percent. Good
hay land, pasture, and woodland will have comparative losses of less than 1 percent. Well-con-
toured row crops will have an average eroslon loss of 50 percent of straight row cultivation..

A good 3- or L-year rotation will give losses of 14 to 45 percent by comparison with continuous
one-crop cultivation. Strip cropping will reduce losses to about 25 to 45 percent. Farm ponds
end stock ponds are effectlve measures for reducing sediment production as they normally trap
most of the sediment produced above them.

In the Sengamon River watershed, Illinois, where sediment is coming predominantly from land
slopes, as it is throughout most of eastern United States, the writer and collaborators have
estimated thet if farmers would adopt the recommended rotation, use contour farming, strip crop-
ping, terracing, and other practices where needed in accordance with the capabilities of the land,
the rate of sediment production from the area would he reduced to 38 percent of its present rate
without reducing the level of net farm income. 12/

In the more arid areas, having less than 20 inches of rainfall and lying generally west of
the 100th meridian, where vegetation haas never continuously afforded e complete cover for the
soll, greater reliance must be placed on engineering measures for sediment control.

Experimental data on the effects of conservation measures in areas of less than 20-inch
rainfall are extremely meager. Such data as we do have seem to indicate that the protection of
ma jor reservoirs and related developments in such basins as the Colorsdo, Gila, Rio Grande, and
Pecos wlll require rather extensive engineeriné'works such asg channel barriers, gully-control
structures, and stream-bank stabilization to substantially reduce rates of sediment production.
Existing channels in highly erodible alluvium appear to be the principal source of sediment.
Vegetation alone has been found generally ineffective in stabilizing these channels. However,
adequate grazing control and watershed management with supporting practices such as water
9/ 10/ 11/ 12/ See "References" at close of comments.
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spreading is needed to prevent the further rapld growth of tributary arroyos and gullies.

The effectiveness of a barrier system of sediment control was experimentally tested by the
Soil Conservation Service during a 9-year period, 1935- -1943, on the 65,000-acre Navejo Experiment
Station located 20 miles north of Gallup, N. Mex., in the San Juan River Basin. 13/ Detailed
studies of 3 out of 14 arroyo-control dams and water-spreading projects, involving a drailnags area
of 9,470 acres, showed practically 100 percent reduction in gediment production. Approximately
500 acre-feet of sedlment, equivalent to 3.75 acre-feet per square mile ennuslly, was kept out of
the San Juan River and hence Lake Mead. An undetermined loss of surface runoff resulted, however,
The possible return flow from the water spreading was not measured.

Whether appreciable net water losses will be necessary to achleve gignificant sediment con-
trol remains to be determined by experimental and fleld studies. It does seem probable from ’
present information, however, that something like one-half to three-quarters of the sediment
loads at downstream reservoir sites on major Western streems are coming from areas that contrit-
-ute only 5 to 15 percent of the total water supply.

In considering sediment control in these Western basins, it is well to keep two points in
mind. TFirst, channel barriers tend to trap initially a high proportion of the sediment coming
into the arroyo from the lend surface, and as the arroyo trenching is thus brought under control,
they will in effect shut off ome of the. largest sources of sediment production. Second, it does
not make much difference what caused the arroyo development 1if engineers and conservationists
are capable of devising methods for bringing them under control.

It is unfortunate that we have as yet very little quantitative evidence of what soll conser-
vation measures have done to control sedimentation on watershed areas. This is the result of two
factors: First, not many watersheds have yet been covered with sufficlent completeness by con-
gservation measures to show a measurableé effect; and second, funds have not been available to
evaluate the probable effects on some of the smaller areas where such data might: riow’ be obtained
A few studies, however, are indicative. By reforestation and gully control on an 890-acre area
of rolling and badly eroded land above the municipal reservoir at Newman, Ga., the rate of sedi-
mentation wes reduced 62 percent during the period 1937-1945, as compared with the earlier period
1925-1937. 14/ On the 62-square-mile watershed of the municipal reservolir at High Point, N. Car.,
goll conservaetion measures appllied on about 35 percent of the total acreage caused a reduction
of 24 percent of the rate of sedimentation for the perlod 1934-1938, as compared with the earlier
period 1928-193k4. 15/

In summary, 1t is concluded that in most agricultural watersheds east of the 100th meridian
the rate of sediment production can be reduced at least 50 percent, and in many cases, from 75 '
to 90 percent by universal application of practicable soll conservation measures without reducing
the regional level of agricultural production or net farm income. This degree of reduction, how-
ever, is contingent upon practicelly unanimous cooperation of landowners and operators in use of
the land in accordance with its capabllities and treatment of the land in accordance with its
needs. To accomplish such reduction will require continuous technical services of trained con-
gservetionists in planning, installing, and msintaining conservation practices. Furthermore, the
conservation measures must include any needed stream-channel stabilfization, road-bank stabiliza-
tion, water disposal systems, and related control measures. Some of these works will require pub-
1lic financing, in whole or in part.

West of the 100th meridian conditicne are so varied and our existing data are so meager that
it 1s hazardous to make any generallzation.  In some .critical areas which have been studied, such
as the Rlo Puerco, 1t appears possible and practicable to reduce sediment production T5 percent
or more by & combination of structural measures to stabllize arroyos, and by grazing control, re:
seeding where feasible, water spreading, and related measures on the land slopes. The effects of
menagement and control of watershed lands largely in native cover are discussed in more detail by
Mr. Reed Balley in a later paper. :
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DISCUSSION -

H. V. PETERSON.* The theme of practically all papers presénted thus far a,f the conference has
been the evils of sedimentation, how to recognize them, how to measure and how to combat them.
Mr. Brown's paper 1s particulerly commendable in that he has transposed the atiack to the source
of the evil by showing us methods whereby erosion can be alleviated and the silt held in place
where 1t forms a natural and productive part of the, landscape as contrasted to the current con-
dition of allowing it to enter our’ valleys and streams where it forms what amounts to a national
mepace. Most of the examples of improvement -he describes are located in the humid and subhumid
eastern parts of the country. This discussion will be limited on the effects of somewhat gimilar
erosion control measures applied to the arid and seml-arid West.

An appraisal of the results of erosion control measures applied to the Fastern lands consid-
ered and analyzed by Mr. Brown certainly permits an optimistic viewpoint for further substantial
improvement along these lines. The writer's experience in analyzing the results obtalned on
Western lands does not permit sharing that optimlsm to the extent indicated by the author. This
does not imply that the sltuation is considered hopeless; 1t stems from an attempt to be realis-
tic in sppraising the meagre progress made thus far, in recognizing the mistekes committed in our
attack to date, and in appreciating the tremendous task remsining and the immumerable problems
yet to be solved before any substantial improvement can be hoped for.

P .
The West's critical erosion problems were ‘recognized early, and during the iife of the C.C.C.

camps - 1934-42 - thousands of acres were treated by various methods in an effort to prevent or

alleviate further land destruction and siltation of the major streams. Although 1n area the

* Geological Survey, Los Angeles, Calif.
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treated plots are insignificant, compared to the total area where erosion is eilther critical or
approaching that condition, it nonetheless presents an apportunity for an appraisal of what can or
might be expected from such practices. As advisors on certain matters pertaining to the soil and
moisture conservation progrem to Department of Interior agencies administering the public domain,
our office of the Geologlcal Survey 1s underteking that appraisal. Findings to date are respoa-
sible for failure to share Mr. Brown's optimism concerning progress along these lines. TLater

in the discussion there are presented details of findings in two selected treated plots in the
Safford and Duncan Valleys, Gile River Basin, Arizona. But before describing these it will be -
well to point out a few relevant features related to the West's erosion problem.

First, something of the land in question. The great bulk of Western lands still remains in
the public domain and in several States such lands comprise from 70-90 percent of the total area.
Choice timber and wooded tracts have long since been taken into the forest reserves. More recent-
1y laerge areas have been incorporated into grazing districts. Other areas have been set agide
as Indian reservations, or mational parks or monuments but a considprablerortion still remains
free of any designated status and parts have not yet been surveyed. Interspersed with these
public lands are private holdings which may amount to but a few 40's per township or, as in the
cage of railroad grants, comprise every alternate seétion. These lands are neither forested or
capable of growing crops of any kind without irrigation, and lack of water precludes any but very
minor future irrigation development. The vegetative cover is scant and in many localities, one
might add, growing scantier. The chief and practically the only value is grazing, which 1s
small on an acre-unit basis but significant when the total area is considered.

Typically arid or semi-arid in character the average annual preclpitetion over this vast
domain varies from 6 to 12 or possibly 15 inches in some favorable localities. But averages mean
little because the general pattern of precipitation dlstribution produces periods of drought last-
ing up to 5 years or more in which the rainfall may be but a small fraction of the average, fol-
lowed by periods of 1 or 2 years when the precipitation may be 2-3 times normal. In brief we
here have a tremendous areas of low unit value land, most of 1t being grazed to or beyond the
limit of its forage production, protected only by a scant vegetal growth, subject to periodic
droughts alternating with intense flood producing storms; all of it extremely vulnerable to
erosion. Here is the seat of the silt problem in the West; hold the soil on these lands and the
problem disappears, fail to hold it and forecasts of the most confirmed pessimist will prove
understatements.

Erosion on these lands finds its most prominent expression in the spectacular longitudinal
gullies that have cut into the soft unstable alluvial-filled bottom lands of valley after valley.
To those familiar with eroslon in the West one need mention only a few of the more prominent
gullied valleys to convey a picture of these ugly destructive scars: the San Podro and the
Sen Simon on tthe Gila; the Jemez, Salado and Rio Puerco on the Rio Grande; the Chaco, Chinle,
and Mancos on the San Juan; the Little Colorado; the Paria, the Dirty Devil and a host of others
of equal or greater magnitude on the Colorado and the Green. These and others with their Iinnum-
erable tributaries and associates have fed literally millions of acre-feet of silt into our
ma jor streams and additionel millions are poised and ready to follow as fast as wind and water
become available to transport it.

Now, Just how much have we done in the way of stopping or élowing up this action? How ef-
fective have our works to date been limited and feeble as they are in comparison with the vast
extent of this eroding area? An answer to this last question should at least furnish us some clue
a8 to whether we are on the right track to a practical and permanent solution of the silt problem.

Ag Mr. Brown has pointed out, there are three general methods of treating for erosion. Be-
cause these lands are non-agricultural we are limited to two of them, that is, vegetative manage-
ment and engineering structures. Vegetative management means, in effect, regulation of grazing
or stocking the area consistent with forage productlon. Thls subject with its political, soclal
and economic implications is too complex to be covered in a short discussion of this type. Pro-
gress along these lines 1s something like the author's definition of sin, it depends on the cir-
cumstances. Some stockmen will tell you the reduction in herds is already too great, but con~
servationists in general, I believe, are generally agreed that further reduction and in some
cages even elimlnation of grazing is needed in many localities.

Engineering treatment of land can take almost an infinite variety of forms ranging from
large dams which trap silt and regulate flood flows td minor structures whose fumction 1is to
prevent excessive movement of water and silt from the place of origin., If we consider a gullled
valley with its system of tributaries there are two methods of approach for effecting a cure.
The first to allow water with 1ts silt load to reach the main stem, there by means of a dam or
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other structures, trap the silt and discharge the water at some safe rate. Here we are utiliz-
ing the s8ilt from the upland areas of the basin to fill in and replace silt which has already
been removed. This requires one or at most & few major structures. The second approach seeks
to hold the soil on the upland area by increasing infiltration, thus reducing the surface runoff
to amounts which will pass out of the basin without damage. This type of treatment requires
numerous structures of minor dimensions spread over large areas. In the main, engineering
treatment utilized in the C.C.C. program was designed with this approach in mind. Only in a
very few instances was an attempt made to dam any of the major gullies or their important tribu-
taries. - ‘

The structures utllized in the program were of almost infinite variety: spreaders of many
different types, check dams, contour division and training dikes, furrows and terraces, small to
moderately large silt detention reservoirs and numerous modifications and adaptations of these
types. Many instellations obviously had some special purpose in mind, such as protection of a
town or valueble farm land from floods, or preventing further gullying of rich range lands, but
it may be agsumed that the basic aim in each case was a restoration of a grass or other vegetal
cover which would be dense enough to hold the soil in place and which would increase infiltra-
tion to the polnt where surface flow would be discharged at safe and non-eroding rates. In ob-
serving both casually and in detail many hundreds of these structures our examinations show a
preponderant lack of the hoped for improvement and in some cases actual deterioration of the
treated areas traceable to the structures. In short, failures far outnumber successes. That
does not mean there have been no successes; therse have been a few notable ones and one of our
problems is to discriminate between the reasons for the failures and the successes.

In general the causes of Tailure are obvious, in some cases not so readily discernible.
Chief causes may be listed as follows: (1) Physical destruction of the structures due to im-
proper design, poor construction methods, unsuitable construction materials, and unstable foun-
dation; (2) lack of maintenance; in general no efforts have been made to maintain the structures
and many fallures are directly attributable to this mneglect; (3) weather; & favorable distribu-
tion of rainfall is most essential in effecting restoration of vegetation; (4) structures not
adapted to the terrain or to the soils; (4) lack of grazing regulation which allows stock to
crop paletable new growth before plants have the opportunity to become established; (6) failure
to appreciate the hydraulic features of the problem.

It can be argued that correction of conditions leading to these failures,is simple, but
actually it maey be very complex. As an example, consider the problem of maintenance: How long
are we Justified in repairing structures in areas that fail to show appreciable improvement
where the reason for such fallures may be entirely beyond our control such as in the case of un-
favorable weather? Shall it be 5 years, 10 years, or indefinitely? It should be emphasized
that with all these structures, until vegetative recovery is effective we are merely dbuying }
storage for water and silt at an absurdly high figure. Equally complex considerations are assoc-
lated with the other causes of fallure, each demanding further study before the proper answers
can be obtained.

The present condition of two rather eleborately treated trects in the Gila River Basin of
Arizone 1s outlined below. These tracts perhaps asre not typical of the Western area 88 a whole
because 1t must be conceded that erosion 1s more critical and more difficult to control in the
Gila River Basin than in most other localities. They are typical of conditions within the
Basin, however, and numerous other tracts show results equally discouraging. Detailed apprai-
sals of treated areas in other parts of the West have not yet been completed but preliminary
obgervations indicate that the findings will be little if any more promising of success.

Details Showing Results of Erosion Control Measureé
On Two Selected Tractd In the Safford and Duncan Valleys
i Gila River Basin, Arizona

Indien Gardens
Location: Safford Valley, north of Gils River, northeast of the town of Eden,
portions of secs. 2k, 25, 26, 27 and 34, T. 5 S., R. 24 E. Structures install-
ed 1934-35 with some major repairs in 1939.
Altitude, 2,850-3,200 feet; average annual precipitation, approximately 12

inches; eversge landslope, 1L - 2%; area of tract treated, 480 acres.
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~Soils Relatively shallow - 12~16" - sandy silt underlain by a thick deposit of -
coarse, partially cemented gravel

Nature of Erosion: Mainly sheet erosion.- No déep gulliss and only a few well
defined rills.

Pregumed Purpdse of Treatment: To prevent further erosion of éurface soil,
to induce siltatlon on surface, and to stimulate vegetatlve recovery and
to reduce surface-runoff by increasing infiltration through water spreading.

Type of Treatment: Small earthfill dems placed across the main drainage
channels comnecting at one or both emnds with rock spreaders extending out~
ward on contour. Spreaders spaced at’ intervals varying from 250 - 500 feot.
They are of 2 types: (1) loose rock which consists of a windrow of cobbles
and pebbles plled loosely with little effort to key the rock in place;
helght of windrow approximately 8", width 18"; (2) hand placed rock - cobbles
are set in previously prepared trench 8" deep and about 4' wide; rock extends
about 8" above ground surface on upstream side and slopes to ground surface

. on downstream edge of spreader. Cobbles are keyed but no matrix was used.

Performance and Present Condition of Structures:

Farthfill Diversion Dems--Number constructed, 29; average length, 52';
total volume of earth in structure, 2,250 cu. yds.; total volume of
silt caught behind dams, 461 cu. yds. One of the group is breached,
all others are in falir state of repair.

Hend-placed Rock Spreaders - Number constructed, 8; average length, 210';
total volume of rock in structures, 211 cuydsi; total volume of silt
trapped behind structures, 12 cu, yds. ' One of the group 1s dreached in
a number of places so ite effectiveness 1s gone, others are in fair state
of repair.

Loose Rock Spreaders - Number constructed, 43; average lerigth, 360'; total
volume of rock in structures, 435 cu. yds; total .volume of silt caught
béhind structures, 296 cu. yds., a large part of which is in position to
be removed under intense rains. 1In the group, 17 of the structures have
completely failed, 14 have partially failled, and 12 are in fair state
of repair. '

Vegetative Recovery: In general unnoticeablse. - Some new growth mainly unpal-
atable weeds, has started in borrow pits behind diversion dams; silt wedges
behind spreadersiare practically barren. Grazing has been regulated but not
excluded in this area. '

Black Field Wash

Location: Duncan Velley, south of Glla River and Just south of town of Duncan;
sections of seca. 30-31, T. 8 S., R. 32 E.; Sec. 36, T. 8 8., R. 31 E.; secs.
1&2,T.985., R. 31 E. Structures installed 1933-35.

Altitude, 3,800-4,000 feet; average ennual precipitation, 11", Slope of wash
floor varies from 0.80% to 1.40%. Area of tract treated, 2 square miles.

Soil: Deep - 12-15f - sandy silt overlying impervious lake beds of clay end
sandy shals.

Nature of Erosion: Deep discontinuous gullies cut in the soft silty alluvial
fill of a gently sloping wash tributary to Gila River. Ungullied portions
of the wash are covered with dense growth of sacaton grass. Headcutting is
active in both the main gully and in numerous' tributaries. _Gullies vary from.
2-15' in depth and from 10-50' in width.

Presumed Purpose of Treatment: Flood protection for town of Duncan.and restor-
ation of range by water spreading.
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Type of treatment: Numercus diversion dikes connecting with spreaders of varlous types have
been constructed across gullies in an effort to cause siltation in main channel and spread
water across uneroded portions of the wash floor. Dikes and spreaders are spaced at in-
tervals varying from 200 to 600 feet along the wash and tributariles. .

Present (Condition and Performance of Structures:

Barthfill Diversion Dams - Number comstructed; 24; average length, 135'. Total
volume of earth in structures, 5,100 cu: yda.; volume of silt retained behind
dams, 2,550 cu. yds. with loss of #ilt due to fallure of structures estimated
at 1, hOO cu. yds: Seven of the¢ dams are breached; 3 areé intact and function-
ing as intended; the remalnder ars standing but because of spreader failure;
new gullies are cutting arcund the ends.

Hand-placed Rock Spreaders - Number of structures, 18; average length, 143';
total volume of rock in structures, 1,200 cii. yds.; volume of silt caught
bqhind spreaders, 1,200 cu. yds. Six have completely failed; 9 have partially
failed and effectiveness is gone; 3 are intact.

Loose Rock Spreaders - Number, 9; average length, 310'; total volume of rock
in structures, 425 cu. yds.; volums of §ilt taught behind spreaders, 665 cu.
yds. Two bave completely falled; 6 have partially failed and effectivensss
is gone; 1 1s intact.

Cemented Rock Rubble Spreaders - Number, 7; average length; 125'; total voliume
of rubble in spreaders,. 910 cu. yds.; totel volume of silt caught behind
spreaders, 6 cu. yds. Six heve failed completely; 1 partially-failed.

Brush and Rock Spreaders - Number, 20; average length, 175 feet; total volume
of rock and brush in spreaders, 2;490 cu. yde.; total volume of silt trapped,
490 cu. yds. Four are intact; the remainder have elther completely or par-
tially failled so all effectiveness 1is gone.

Vegetative Recovery:s Practically unnoticeable, a few unpalatable weeds and
batamote willows are growing in some of the borrow pits behind dams, but
there 1s no evidence of vegetative recovery above or below spreaders. Graz-~
ing has been regulated but not excluded.

In analyzing these results it 1s obvious that the approach to the problem of erosion control
in these localities 1s faulty when after 10 years or more of operation of the structures all we
have to show 1s an unfavorable trade balance between yardage in construction and yardage of silt
retained. Needed revisions and corrections in this approach remain to be determined by further
research and study and the point of this discussion can well be concluded by emphasizing the ur-
gent need for such research if the' erosion problem of the west 1s to be solved.

EVAN L. FLORY.* I came here prepared just to discuss Mr. Brown's paper, but I think I will have
to discuss two. I share Mr. Brown's optimism. I think we can do something about controlling
erosion in the West. In fact, we are doing something about it. When we first began an active
progrem of erosion control very little constructive thinking had yot been dore. We had an ex-
tensive CCC program ''dumped in our laps where thousasnds of men hed to be put to work at once.
Techniques hadn't been developed up to that time and the few technicians that we had didn't have
the experience and background of research or experience to direct their activities in the field.
Many of the failures referred to by Mr. Peterson happened to strictures installed in the days
when C,C.C. foremen and the camp superintendent were told to put those men to work they had
little or no preliminary data as to edaphic or climatic conditions on the ares. .As soon as it
was possible for technicians to get around to inspect the work which was Veing done, which was
gometimes a year or two later, it was recognized right then that many would fail. There has been
tremendous progress made in fitting strictures to conditions and making & more careful analysis
of the conditions that we meet. Most of you remember that check dams weére practically synonymous
with erosion cohtrol in 1933 and 34. Thoilsands of them were put im. One cen drive up numerous
watersheds where check dams were constructed, heel to toe, hundreds of them; and practically
every one of them a failure. But the fact that they and similar structures due to "make work"

* Director of Soil Conservation, Office of Indlan Affairs, Chicago, I1l.
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presrure failed doesn't mean that a program of erosion and sedimentation in the semi-arid West is
a fallure. Mr. Brown has covered erosion control measures on land in the Mid-West and East very
effectively, and I will confine my remarks to an elaboration of the application of some practices
which we have adopted in the seml-arid conditions of the West, particularly the Navajo regervation.

Exact measurements made 1n many reglons of varying climate, soil and vegetative factors show
without exception a direct and controlling relation between density of vegetation and degree of
erosion and runoff. Waterspreading, revegetation and proper range use are necessary to secure &
more adeguate protective cover on our watersheds. We have only begin to properly utilize our
ranges but we must get at the Job a little more seriously if the ranges themselves are to be
seved and if we are to stop sedimentation and irrepairable loas of our limited reservoir sites.
Extenslve grazing areas on the Colorade Basin produce silt which destroys more downstream invest-
ment and production each year than the livestock produced on the areas equal. Some areas are
worth more for watershed purposes than for grazing. Furtunately, however, gsilt production from
surface erosion can be materially decreased without penalizing a long time livestock program.

Findings of State and Federal Experimental Ranges and Soil Conservation Experiment Stations con-
firm this fact.

In 1935 the Steamboat Demonstration Area of 25,000 acres selected because it was one of the
worst depleted and eroded ereas on the Navajo was fenced, water diverted and spread, grass seed
planted, stock water developed and livestock reduced from 2,468 sheep units to 936, which was
increased as vegetation improved to 1,315 in 19h2 Since 1935 range recovery has been very sat-
isfactory. Floods of silt laden water no longer leave the area.  Water that does run ‘off flows
for meny days and is relatively clear. The average lemb crop has increaged from 58 to 90 percent,
Average welght of lembs from 55 pounds to 61 and average wool clip fraom & to 8.6 pounds. De-
creased production of total livestock products following reduction of numbers had recovered in
elght years, but on a uniform price basis for the perlod production per sheep unit incressed from
$3.60 to $6.24 and total recelpts increased because products of the now full fed animals have
consistently graded higher than of the former partially starved ones.

Prior to the settlement of the semi-arid West flood plains, swales and valleys because of
more favorable molisture and soil conditions supported relatively heavy stands of grass through
which runoff water slowly flowed. Silt removed from the steeper and more sparsely covered hill-
sides was deposited as the rate of water flow diminished, Broad, extensive, well watered flood
plain areas were built up in this manner. The same valleys provided natural avenues of travel
for the white mean and concentration points for livestock. Their wagon and livestock traillg be-
came a ready made system for the unrestricted escape of increasing runoff waters from ovargrazed
ranges. The trails rapidly became entrenched arroyos, end waters which formerly nourished heavy
grass stands on the floodplains rapidly drained off. Vast barren flats now exist where overgraz-
ed weakened grass stands were finelly finighed off by being deprived of flood waters and even
local precipltation by the intricate and extensive gully system which guickly drains them before
water can percolate into the soil.

The extreme degree to which erosion has advanced in large portions of the Colorado Besin is
1llustrated by the 24,132 square miles of the NavaJo Indian reservation in northern Arizona and
New Mexico where there 1s hardly & natural waterway that is not cut by one or more gullies. Fin-
gers have advanced from the larger channels up tributaries often all the way to the top of drain-
ages. Slopes are marked in many areae by parallel trenohes extending from crests to valley
bottoms.

Generally, channels extend through formerly productive alluvial valleys over which water
normally spread. Concentration of runoff water in thege gully systems gives rise to the typical
Navajo flood: a sudden torrential discharge of water heavlily laden with eilt which 1s lost to any
beneficial use. 75 to 80 percent of the silt moved by & typicael Southwestern gullied stream ori-
ginates from cutting and eroding banks.  Water samples taken from & few of the main streams were
found to contein the following volume percent of silt: Chinle 47.1 percent, Oraibi 4ki.1 percent,
Puerco 1%.9 percent, Laguna 9.2 percent, Dinnebito 7.0 percent and Polacea 6.9 percent., The
Navajo regervation constituting 14 percent of the total Colorado.Bagin Area contributes 22 per-
cent of the gilt but only 2.5 percent of the water to Lake Mead

Lake Mead would now be completely filled with silt if all the Inflow had been of this char-
acter. It would appear therefore that whatever water might be rotained near itg source of origin
by soil conservation measures in these high silt producing areas would be a amall price to pay
for prolonging the life of downstream developments.
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Proper land use increases. percolation of water into the soil and retards the amount and rap-
idity of surface runoff. To the extent that these conditions are effective; flood crests and silt
removal are reduced, but in the semi-arid portions of the country and in bhadlands sufficient vege-
tative cover camnot be established or maintained to prevent high flood crests. Engineering struc-
tures designed for the particular conditions of individual small watersheds are then necessary to
supplement vegetative cover.

The use of detention, retention and diversion dams and spreaders singly or in combination de-
pending on the topography, soll and vegetative conditlons on the dralnage basin have proven quite
effective.

On small watersheds great damages in many cases are the result of flocd crests lasting only
a few minutes. All measures to reduce crests, prolong runoff and retard water will reduce cublting
power and carrying capaclty for silt. Great numbers of small and major arroyos on the Navajo are
no longer characterized by perpendicular banks and side cutting but banks are rapidly assuming an
angle of repose and becoming vegetated because crests have been reduced, runoff water flow pro-
longed and retarded sufficiently so that caved in banks are no longer carried away and the gullies
sluiced out and deepened by each runoff.

Multiple Purpose Detention - Retention Dams. Since 1883 periodic heavy expenditures have
been made at Fort Deflance, Arizona, to protect the town from flood waters of Bonita Creek. In
1941 steps were taken to hold flood waters near their source and release them slowly. The steep-
ness of the terrain, character of the solls and torrential nature of precipitation rendered pro-
per land use measures relatively ineffective. Five multiple purpose detention-retention dams
were constructed for 28,000 acres of the drainage basin.

The prolonged flow of controlled runoff, plus percolation into banks and valley floors with
resulting seeps and springs has already transformed this vertical banked dry arroyo subject to
infrequent torrential silt laden discharges inte a clear perennial sitream with sloping, grassy
banks., k

One typical side arroyo and the control dam illustrates how all five dams have functioned.
Uncontrolled this arroyo, with a basin of 6,600 acres, has a normal yearly expectancy of 520
cubic feet per second flood crest and an estimated meximum flood crest of 2,610 cubic feet per
second. Flood crests usually last less than an hour and the maximum proportion of the total
flood flow 1s usrually past in two or three hours. . Water in small tributary washes 1s diverted
and spread as much as practical but the roughness of the terrain and V-shaped valleys permits
very little such work, hence the one dam provides most of the control. The reservolr will hold
175 acre-feet before flowing over the emergency spillway, 96 acre-feet of which will drain out
over a period of three days with a maximum discharge of 19 cubic feet per second. Seventy-two
additional acre-feet can be released at will as needed for use.below or for additional flood
protection. This dam affords smoothing of flood crests of 700 c¢.f.s. wodn to 19 ¢. f. s. The
remaining capacity is for permsnend storage for livestock water, fish and wildlife, and protec-
tion of the dam ageinst drying, checking and shrinking.

Such developments can continue to be effective only to the extent they remaln free from
giltation. Located near the top of dralnages on small watersheds under proper land uge combined

~with other practices to restrain water flow and prevent formation of flood crests only finer soil

particles will be carried in suspension and most of these will not settle out before running
through the restricted outlet.

Diversion Dams and Spreading Areas. Wherever entrenched flood plains occur, diversion
dikes that 1ift the water out of the arroyos plus supplemental dikes to &pread it over the flood
plain have proven very effective. The arroyos above the dams often silt full in one season but
this does not reduce their effectiveness. The former grass cover can be re-established and por-
tions of the area used for farming by using the diverted water for flood irrigation.

The Jeddito Wash in Arizona has such a history It flowed about 25 miles from point of ori-
gin and then spread over a broad grassy flood plain for 15 miles, but the plain is now entrenched
as much as 4O feet by an arroyo.

Three diversions were constructed on the Jeddito Wash in 1942. Heavy flows in September
1944 spread over 6 ,000 acres. This wash has been largely responsible for former flood damage at
Leupp, Ariz. Over $h0 000 was spent one year for flood protection at Leupp. .The three diver-
sions costing less than $10,000 have stopped the flood menace and are restoring grass to the
denuded floodplain.
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Proper land use 1s of primary importance in erosion.
crests in small watersheds, gullying, entrenchment and si

checked before effective reduction can be secured.
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DESIGN AND OPERATION OF DEBRIS BASINS

BY B. H. Dodge *

Introduction

Terrain.-- The metropolitan area surrounding the city of Los Angeles lles on a coastal plain
between the Pacific Ocean and the base of the San Gabriel Mountains. From the ocean, the coastal
plaln rises more or less uniformly, interrupted only by a low range of hills near the center of
the area, over a distance of 25 tq 30 miles to an average elevation of about 2,000 feet at the
base of the’ San Gabriel Mountains. The mountains rise abruptly to an average crest elevation of
about 7,000 feet in a gpace of 1 to 3 miles. The face of the mountains 1s rugged and character-
1zed by precipltous canyons. Topography of the entire ares is indlcated in Figure 1.

Hydrology.~-Most precipltation in the area falls' from December to March, inclusive. The
ma jor part of .the precipitation results from general winter storms which originate in the North
Pacific, move south over the ocean, and thence inland. MaJjor storms of this type consist of
one or more cyclonic disturbances and occasionally last 4 days or more. -Rainfall intensity and
depth are usually markedly increased as the moisture-laden air masses are deflected upward by the’
mountainsg. For example, the mean seasonal rainfall varies from 15 inches at Los Angeles on the
coastal plain to more than 40 inches at the crest of the mountains. Thunderstorms sometimes
occur in assoclation with general storms or independently, and may result in intense short-
period precipitation over small areas. Summer storms occur occasionslly in the mountaing butb
rarely on the coastal plain. )

Sources of debris.--The mountains are composed of shattered end deeply weathered rock over-
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coarse, porous, and rocky solls. Slides ars common in the stesp canyons
during periods of prolonged heavy rain. Floodwaters rushing down the steep drainage patha in the
mountainsg develop great erosive and debris-transporting capacity. As the debris-laden flows
leave the canyon mouths, veloclties are reduced and debris 1s deposited. Accumulations of mater-
ial beldéw canyon mouths have formed many distinct alluvial fans. In areas where canyons are

ad jacent, these deposlts have merged to form large alluvial slopes. These slopes vary from about
2 to 10 percent. Natural flow pathe on the slopes comsist of numercus shellow, poorly deflned,
and distributive washes. During floods, the flow paths frequently change-course asg a result of
debris deposition.

Fires are an important factor in debris production. The plant cover on the mountain slopes
conslsts mostly of brush, which, during the dry swmmer months, becomes extremely susceptible to
fires. When fires occur, large areas are frequently entirely denuded. The intensity of run-off
and the quantity of debris eroded from burned over areas are many times greater than normal. In
general, debris production diminishes only gradually over a perlod of years as a new plant cover
becomes established.

Types of debris.-~The debrils brought down from the mountaln areas consists of about 50 per-
cent silt, sand, and rocks up to 3-inch diameter, and about 50 percent rocks and boulders from
3 inches to about 3 feet in diameter. Boulders considerably larger are common but constitute a
small percentage of the whole. Figure 2 shows the mechanical composition of stream-bed material
at the mouth of San Antonio Creek, & typlcal debris-producing area discussed in a subsequent
sectlon.

Develomment end economlc features of control.--As a corollary to the growth of Los Angeles,
many people were attracted to the debris slope areas. The land was relatively lnexpensive, high,
normally dry, and fog free; the climate is beneficial to those suffering from respiratory dis-
eases. In the intervals between major floods, homes were built and suburban business districts
established with little regard for the age-old rights-of-way of floods.

* Tos Angeles District, Corps of Engiheers, Department of the Army, Washington, D, C.
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The suburban cormunities of La Crescenta and Montrose, located about 10 miles directly
north of the center of Los Angeles typify such development. By 1933, the development had reach-
ed a high state (&ee photograph 1). Small floods and incidental debris had at various times
caused minor damage. Corrective measures such as rock-and-wire check dams in some canyons (see
‘photographs 2, and ‘3),snd some minér channel improvements on the cones had been constructed at
some places. In the %all of 1933, 4,830 acres on the mountein face directly above the community
were practically denuded by fire. Beginning on 30 December 1933, a general storm of moderate in-
tenslty reached the area and produced continuous rain over a period of about 48 hours. At Flint-
‘ ridge gage, Just east of La Crescenta, rainfall was recorded as follows: total storm, 1%.63
inches; maximum 24 hour, 13.19 inches; maximum 1 hour, 1.33 inches; and maximum 10 minute, O. 34
inches. Approximately at midnight on 31 December an intense local burst of rainfall apparently
occurred over the La Crescents area. Floodwater, described as 8- to 10-foot walls of water,
rushed from the canyons, passed through the community, and subsided in less than 15 minutes.
Estimates of peak run-off rates vary congiderably, the highest being from 2,500 to 3,000 cubic
feet per second per square mile of dralnage area. It was estimated that: 660 000 cubic yards of
debris were brought down from an area of about 7.5 square miles during the storm Forty-two
lives were lost and 500 homes were destroyed or damaged. Total property damage was estimated at
$5,000,000. This flood clearly indicated that only msjor engineering construction would provide
adequate and immediate protection under such conditions. Photographs h to T, inclusive, show

general views of the area, damaged houses, and debris deposits.

" The situation in the Ia Crescenta area 1s illustrative of. that which exists in various
degrees all along the face of the San Gabriel Mountains and related lesser ranges. Developmbnt
in these areas has progressed at a pace comparable to the rapid development of the adjacent
parts of the metropolitan area. The formulation and publiclzing of a comprehensive plan for
flood control by the Los Angeles County Flood Control District and the Los Angeles District,
Corps of Englneers, and control of subdivisions by plenning commissions are effective mesns of
diverting development to less vulnerable areas. However, the pressure of development is gresat
and vulnerable locatlons continue to be developed. This, coupled with prior development, pre-
sents a situation where great losa of life and property damage is possible and economically Jus-
tifles the construction of costly flood-control works. The Los Angeles County Flood Control
Digtrict has constructed 22 debris basine and plans to construct at least that many more. The
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Corps of Engineers, first under E.R.A. funds and later under various flood control acts passed by
Congress from 1936 on, has constructed 6 debris basins at a cost, including downstream channels,
of $3,330,000. The comprehensive plan for Los Angeles County drainage area approved by Congress
in 1941 includes 27 additional basins.

Design

Location of protective works and channelization of Debris flows.--In areas where the develop-
ment to be protected 1s located near the bottom of the debris cone, or where the available flood-
way on the cone is wide, it is usually more economical to take advantage of the natural deposi-
tion of debris which takes place on the cone and locate the flood-control structures as far down-
stream as feasible, providing such confining levees as may be required to prevent the escape of
floods between the canyon mouth and the downstream flood-control structures.

However, in debris-cone areas in which a high degree of development extends to the canyon
mouth, as in the La Crescenta area, the available floodway is usually narrow. Protection of the
area by channelization alone is impracticable because of vhe possibllity that the channel will
be blocked by deposition of debris. Under certain favorable conditlons of gradients in the can-
yon end on the cone, and assuming that all necessary factors were known, it might be theoreti-
cally possible to design a chammel so that flood-flow velocity and debris~transporting capacity
at the canyon mouth could be maintained in a channel throughout the area to be protected. At

Photograph taken December 16, 1934, showing thé La Crescenta delta cone area with the burned
over mountain area in the background. On January 1, 1934, the debris flows from these burned over
mountain areas, destroyed or damaged some 500 homes, and caused a loss of 42 lives and a property
damage estimated at $5,000,000.

Photograph Nd. 1
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gome point downstream, however, provision would
have to be made for deposition of the debris
and this would complicate design of flood-con-
trol works in the.downstream area where devel-
opment is usually grester. Such a channel, =
if protected only at the banks would be ade-
quate only for flood flows contailning a capa-
city debris load for the veloclity obtainable
in the channel. Sediment loads greater than.
this would deposit and block the channel; les-
ser sediment loads would result in erosion of
the chennel bottom and uvndermining of the bank
protection. Little factual information is-
available on the proportion of debris to water
because floods ‘in the area occur suddenly and
without warning and because no practicable

Typical check dam construction. Pickens method of gaging these flows has yet been de-
Canyon, before the flood of January 1, 1934.- - vised. From testimony of observers, it is
Taken ‘about 1925. ; known that the proportion of debris to total

Photograph No. 2 flow may vary from a negligible gquantity to

: endugh to result in mud flow. -However, the
records of the Los Angeles County Flood Con-
trol District show one instance of factual in-
formation in which the entire flow, both debris
and water, was trapped in a debris basin (Pick-
ens Canyon debris basin, 18 October 1936).
From records of maximum pool elevation and be-
fore-and-after surveys of the basin, 1t was
possible to compute the total run-off and the
percentage of debris. In this instance, the
"wet solids" represented 88.2 percent of the
total flow. Assuming that the debris volume
included 30 percent voids filled with water,
the dry solid matter was 62 percent of the
total flow. The difficulty of providing for
variable debris loads in a channel might be

Same view as 2 after the flood of January overcome by use of a concrete-lined channel
1, 1934, ~19-34, designed for the worst probadble concentration

s 1Ph. T3 Photograph No. 3 of debris. However, no concrete channel of

reasonable dimensions would long withstand the destructive action of boulders traveling at the
high velocities which exist in concrete channels constructed on slopes of 2 to 10 percent.

Functions of debris basins.-- The problems outlined in the preceding paragraph can be over-
come by providing a debris basin at the upstream end of the channel. The functionsgof a debris
basin are: ' )

a. To provide a settling pool for the separation of debrias from water.
b. To provide storage space for retention of the debris.
c. To discharge cleared water into a downstream channel.

Estimetes of debris quantity.--As mentioned previously, the debris deposit in the La Cres-
centa area as a result of the 1934 flood was estimated at 660,000 cubic yards and ceme from &
mountain drainage area of about 7.5 square miles. This represents an average rate of erosion of
the mountain drainage area of about 85,000 cubic yards per square mile. Probably the rates in
some portions of the area were considerably higher.

By the beginning of 1938, nine debris basins had been constructed in the La Crescenta area
and eight at various other points in the Los Angeles area. A storm which occurred 27 February-3
March 1938 produced one of the grestest floods of record in the area and much additionsl informs-
tion on rates of debris production was secured from before-and-after surveys of the existing de-
bris basing. During the perlod 1-25 February preceding the storm, total precipitation was about
one and one-half times the normal for that period. Consequently, ground conditions were condu-
cive to high rates of run-off. At Flintridge gage, Just east of La Crescenta, rainfall was re-
corded as follows: total storm, 14.80 inches; maximum 24 hour, 7.84 inches; maximum 1 hour, 0.89
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Photograph taken January 2, 1934, the day after the debris flow
that destroyed or damsged some 500 homes in the La Crescenta area. This
view shows Montrogse after the debris fiow from Hall-Beckley Canyon.

Photograph No. 4

Photo taken January 8, 1934, 8 days after the debris flow that
caused the loss of 42 lives, and destroyed or damaged some 500 homes in
‘the La Crescenta area. This picture shows the debris flow from Pickens
Canyon. Note depth of debris where Montrose Avenue 1s belng uncovered.

Photograph No. 5
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House on east side of Pickens Canyon flood Upstream view of Pickens Canyon flood chamnel
channel Just south of Mayfield Avenue.l/6/3k from Mayfield Avenmue. 6/1/3h

Photograph No. 6 Photograph No. 7

Inches; and meximum 10 minute, 0.35 inches. Table 1, from the records of the Corps of Engineere,
Los Angeles District, and Los Angeles County Flood Control District, shows the estimated quanti-
ties of debris deposited in the debris basins completed at that time. In the basing that were
filled to spillway crest an undetermined amount of debris passed over the spillway during the
flood.

With the exception of Shields, which was designed to provide 170,000 cubic yards of debris
storage per square mile of drainage area, the basing constructed by the Corps of Engineers were

TABLE 1 ‘
ACTION OF DEBRIS BASINS IN LOS ANGELES COUNTY, CALIFORNIA

FLOOD OF MARCH 1938

Burned area Total debrls deposited
Drainage Mean Total Total Percent flood of Feb.-Mar. 1938
Debris basin 8 1 it Year area of area Cu.Yds.
. area slope | capacity™ |, o4 | burned | burned Cu.Yds, per
Sg.mi. Ft./ft. Cu.yds. . sq. mi.
La Cresenta area
Dunsmuird®, . ...... 0.84 «235 128,200 1933 0.78 9l 58,800 70,000
Eagle-Goss®¥*,.....s W61 155 71,900 1933 NS 73 40,900 67,000
Haines...ovseunenae 1.53 .186 158,200 1933 1.01 67 52,000 34,000
Mall-BeckleYeeossso «83 .160 91,800 1933 .63 76 86,300 104,000
Hayt#,.ooieernsneaas »20 o2h4y 37,800 1933 .06 35 12,600 63,000
Pickens.ceecsscnesns 1.8 158 112,700 1933 1.75 93 122,200 66,400
Shields*¥*,..,..c0040 27 «292 45,500 1933 o2l 89 33,500 124,100
SnOVeIr ¥, i vrarnnaan .23 243 34,800 1933 A1 46 16,800 73,000
Verdugo®##, ., . ..., 15.24 | 029 105,700 1933 L.55 30 85,300 5,600
Pasadena area:
Fair 0akSeciecsaaas .21 .226 20,200 1935 26 100 12,000 57,000
FeIM.eeerenceccnaan .30 $229 21,100 1935 «30 100 20,700 69,000
las Flores.e..eeses 45 .306 36,400 1935 W31 69 36,000 80,000
1922 14 31
Lincolneceeeeescess 50 <147 23,500 1935 <50 99 8,000 16,000
West Ravine...eeesss 25 195 44,900 1935 o2l 100 29,800 119,000
Burbank area:
Brandee.ocoessosess 1.03 224 69,500 1927 .77 72 No record No record
Sunsetecioceccceans oly « 304 1927 42 100 6,600 15,000
Beverly Hills area
NicholS.vseoeesress <9 .082 32,200 - - - 17,900 19,000
#*  The total capacities of debris basins shown are based on a debris slope taken as a straight line
between the spillway sill and the floor of the top of the inlet structure.
%  Constructed by Corps of Engineers. All others by Los Angeles County Flood Control District.
% Dunsmuir, Kagle-Goss, Hall-Beckley, Pickens, Shields, and Snover are located in the drainage areal of
this basin,
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designed to provide approximately 100,000 cubic yards of debris storage per square mile of drain-
age area. The design capacity was presumed t6 be adequate for a single major flood and it was
planned to maintain that capacity by repeated excavation as necessary. The original debris cap-
acitles provided at basins designed on the above basis were adequate for the flood. However,
considering the general absence of excessively high short-time rainfall intensities over the area
during the 1938 storm, such as are associated with cloudbursts, and considering that 5 years had |
elapsed since the area had been burmed over, it is apparent that under less favorable circumstanc-
eg the debris catch during & single flood could be considerably greater. These facts and the
increasing development in the area make it appear advisable and economically Justifiable to de-
gign future basins in areas similar to the La Crescenta area for a debris capacity equivalent to
a greater rate of debris production, perhaps even as much as 200,000 cublc yards per square mile
of drainage area. Elsewhere in the Los Angeles area, particularly along the southern face of the
Verdugo Mountains above Burbank and along the Santa Monica Mountains above Beverly Hills, the
geologic characteristics are less critical and the rates of debris production are appreciably
lower. In such areas, designs providing an equal degree of protection are based on debris pro-
duction rates of 50,000 to 75,000 cubic yards per square mile of drainage area.

It is usually more economical to provide debris storage adequate only for a single large
flood and to re-excavate the basin as often as necessary to maintain deslgn capaclty. Occasion-
ally, however, it might be found more economical to provide storage adequate for the 50-year as-
sumed life of the structure. TFactors which might lead to that conclusion would be the existence
of a site where permanent debris storage could be provided st less than the cost of periodic
excavation, or the necessity of dtilizing e site where no feasible spoll area could be provided,
such as a site within a canyon. Estimates of 50-year debris accumulation for such designs would

TABLE 2
DEBRIS BASINS IN 1OS.ANGELES COUNTY DRAINAGE AREA
DEBRIS PRODUCTION RECORDS, INCLUDING SEASON OF 1945-46

Drain- Numb  Aves 1 rate of Maximum annual debris
age er Total verage annual rate o "~ production
Debris basin area of capacity debris production y Rate Year
Sq.mi. seasong Cu.yds. C“'xds’zsg’“”Cu.:ds.fs;.mi.
La Crescenta area
DUnsSMuUire..eoeeacsse 0.84 10 122,200 | 13,600 16,200 70,000 Est. 1937-38
Eagle-GoSSeseesneses .61 10 71,900 8,900 14,600 67,000 Est. 1937-38
Haines.ecoessosascen 1.53 11 158,600 | 11,300 Est. 7,400 Est,| 34,000 Est. 1937-38
Hall-Beckley®ecsoses 1.06 11 104,000 | 23,300 22,000 96,300 1937-38
HAYeoeoossossasesone «20 10 39,800 | 2,500 12,300 63,000 Est. | 1937-38
Paradis€...ceecnesee © W96 2 13,200 | 1,600 1,700 1,900 1944-45
Pickensececesecssores 1,84 11 116,500 | 27,000 14,700 66,400 1937-38 -
ShieldSeessesesnsses 27 9 46,600 6,000 22,300 124,100 Est. 1937-38
SNOVEereesssescsassnsne 23 10 37,700 Unknown Unknown 73,000 Est. 1937-38
Verdugo® . ,veeeseses | 15.50 11 151,700 Unknown Unknown 5,600 Est. 1937-38
Wardeeoeosseososasee NN 2 6,700 Unknown Unknown Unknown -
Pagadena area
Baileyeeeecosonacacs «57 1 10,200 800 1,400 800 1945-46
Fair 08KS.eeeesesans .21 11 28,500 | 5,200 24,600 57,000 Est. | 1937-38
Ferflyeeerrsocecroaces «30 11 32,900 6,900 23,100 69,000 Est. 1937-38
Las Flores.ceevecass o5 11 61,600 7,600 17,000 80,000 Est. 1537-38
LincolN.iceseccssoeses «50 11 40,800 5,700 11,400 16,000 Est. 1937-38
RubiOeesessecvssccns 1.26 3 143,900 1,400 1,100 3,400 Est. 1943-hl,
Sierra Madre....oees 2.39 19 81,200 6,500 Est. 2,700 Est. | 26,300 Est. 1937-38
West Raving..sveeees «25 11 49,600 8,300 33,300 119,000 1937-38
Burbank area: o
Brandesececssccasses 1.03 11 72,500 800 800 3,000 1942-43
Schollevecesssoancsa .66 1 30,900 Unknown Unknown Unknown -
Stougheesescossneess 1.65 6 103,700 8,600 Est. 5,200 Est. | 20,400 1942-43
Sunsetrseeseecesscone oy 17 17,500 800 1,800 15,000 Est. 1937-38
Chatsworth area .
Aliso-Wilbur........ 8.63 I 54,500 | 26,100 3,000 5,100 1942-L13
VanaldeN..escoancoses 1.08 1 5,400 560 - 500 500 1945-46
Beverly Hills area | . )
NicholSeeeeoooassnns <94 9 32,200 § 32,200 3,400 19,000 Est. 1937-38
# Includes uncontrolled drainage area of Weber Canyon. ’
#% Includes drainage areas of the following basins; Dunsmuir, Eagle—Goas (which includes Shields), Hall-
| Beckley, Pickens, Snover, and Ward.
Note.~-Data based on records of Los Angeles County Flood Control District.
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be based on an average annual rate considerably less than that which would be. assumed for a single
storm. Table 2, derived from the records of the Los-Angeles Cowity Flood Control District, shows
average anmual debris production rates for debris basins in the Los Angeles. County drainage area.
Total capacities shown in Table 2 represent current capacities. 1In the process of re-excavation,
the capacities of some of the basins have been increased over those capacities originally provid-
ed. Other differences between some identical items in Tables 'l and 2 are primarily due to dif-
ferences in baslc date, surveys, and methods of computation

Records of existing debris basins are a valuable index for design. However, the final se-
lection of design debris capacity must also be based on careful consideration of (1) topography
and geologic structure of the drainage area; (2) character of alluvial fan; (3) type of vegetal
cover; (4) fire history; and (5) degree of development in the area to be protected

Digpogal of clear water.--On the steep slopes of the debris cones, clear water released iﬂto
an unlined 'channel generally results in rapid and severe erosion Just below the bagin and deposi-
tion of eroded material on the flatter slopes in lower areas. Under such conditions, the best
solution for complete protection of downstream areas is provision of a concrete chammel. Con-
crete channels have been constructed below all debris basins constructed by the Los Angeles Dis-
trict, Corps of Engineers, and below many of those constructed by the Los Angeles County Flood
Control District. In some cases, a paved street with high curbs serves as the channel.

Where the required disposal chamnmel ig long or where channel rights-~of-way are costly or re-
stricted, the over-all project cost might be materially reduced by providing flood-control storage
at the basin in order to reduce the 'size of the downstream channel. However, for such a plan some
means of regulating the basin outflow would be required. Manual operation of regulating works
would require 24-hour attendance during all storm periods because critical floods in small areas
may occur wlthout warning. Furthermore, since such floods are of brief duration, little time
would be available during a flood for manual adjustment of control works. Thus, completely auto-
matic operation of outflow regulating works has been considered requisite to such a plan. -Many
plans have been concelved and considered for automatic outflow regulating fecilitles designed to
operate reliably desplte debris inflows and the large quantities of floating trash which accom-
pany floods in such areas. However,none of the plans considered have been thought sufficlently re-
liable to be adopted. In the highly developed areas of Los Angeles County drainage ares, the
results of misoperation could be disastrous and damege might greatly exceed any initial saving in
project cost.

Digposal of debris and selection of site.--In the design of debris basins having debris
storage adequate only for a singlé major flood, the operation of the basin involves repeated
excavation to maintain the design storage capacity. One factor to be considered in the selection
of the site for such a basin is the availability of an adjacent spoil area. Such an area should
be as close to the basin as possible and be free from attack by local or tributary run-off. Basin
gites within canyons are sometimes favorable for economic dam construction. However, the steep
canyon sides restrict access of excavating equipment and trucks to the basin and excavated debris
cannot safely be disposed of in the narrow canyon bottoms downstream of the dams, but must be
hauled out of the canyon. The best location for a debris basin is, therefore, usually at the
canyon mouth, in such a position that the basin is outside the canyon for ease of acceas and the
inlet structure is tied to the canyon walls to prevent flanking of the basin by flood flows.

Design details - debris basin only.--A debrig basin consigts essentially of four basic parts:
a. A bowl-shaped pit excavated in the surface of the debris come.

b. An embankment, usually U-shaped in plan, constructed from the pit materlal,
and located along the two sides and downstream end of the pit.

c. An inlet chute at the upstream.end of the pit.
d. An outlet and spillway at the downstream end.

Basin layout.--Flgure 3 shows the plan and site topography of Eagle~Goss debris basin, one
of the basins constructed in the La Crescenta area by the Los Angeles District, Corps of Engi-
neers. Thils basin is constructed just below the mouths of two adJjacent canyons, Goss on the east
and Eagle on the west. In addition, a concrete discharge channel from another debris basin,
Shields, enters the basin at the Hagle canyon inlet (see photograph 1). Pertinent data for the
basin and downstream channel are given in Table 3. - .
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In laying out a debris basin, particuiar
attention must be given to the shape of the
basin and the relative location of 1nlet and
outlet structures. As the flow of debris and
water enters the bagin, the debris deposits
first at the base of the inlet chute. Suc-
ceeding deposite progressively raise the upper
surface on more or less parallel slopes and
extend the front face of the deposit outward
into the basin. The shape of the deposit is
gimilar in all such basins. The upper surface
which is relatively flat and fan shaped with
its apex at the inlet structure, has the ap-
pearance of a miniature debris cone. At the

TABLE 3
DATA ON BAGLE-GOSS DEBRIS BASIN AND CHANNEL

Length of Project.cecccscceccnssnessesased8,800 ft,

Debris basin drainage areas...... sesevesesDeb2 8q. mis
Debris basin capacity.c.eeseeerscurscoseesl,500 cu. yds.
Elevation, top of dam,.... sesresscsscnrassel,895 ft. m.s8.1,
Elsvation, spillway crest...eccoeescaseessl,880 ft. m.s.1,
Width of 3pilIwaF.e.esesecasssscsorccanseabD £t

Area drained above mouth of channel.......2.24 sq. mi.

Average width of channel...eeeevsrvescseneld £t.

.Average depth of channel.seeccoceesceccsse7ed fte

Earth excavation.sceseesivessvovecssseeassl83,000 cu, yds.
Earth £ill and backfilleieeivnesceesesnssslhb,000 cu, yds.
Concrete..cocriecersseansne eeressevsscecssel2,150 cu, yds.
Reinforcing steel.veicveeas cesrecassceeessldy 295,000 1bs.

Bri street crossings.ececessccsss .018
front face of the deposit, the surface usually nit:ng- ::mplxe.::onfl:??fﬁff...............October 1936
breaks sharply downward and extends to the Approximate €ost.seesesceccsss cesecseeses $624,000
bottom of the 'pit. In order to prevent dis—v Rate of discharge (Q) ........... ceesns vesaldy 300—6,700 Cef.se

Average gradient of flow (channel)........? 5 ft. per 100 ft.

charge of debris through the outlet priqr to Velocity of flow (V) (channel)....cecessss36-58 ft. per sec.

the time that the full debris-storage capacity
of the basin has been utilized, it is impor-
tant to shape the basin and to locate the out-
let so that the front face of the deposit will not reach the outlet prior to the time it has
gpread over the entire basin.

To determine the proper basin shape end to estimate the total debris capacity of the basin,
it is necessary to assume the probable slopel of the upper surface of the debris deposit. Studies
made by the Los Angeles County Flood Control District of the slope of debris deposits in basins
indicated that a reasonsbly accurate determination of this slope could be made by assuming it to
be equal to six-tenths the slope of the natural debris cone at the basin site. A check of the
debris slopes resulting from the flood of 1938 in those basins constructed by the Corps of En-
gineers showed that that assumption gave reasonably consistent results. It should be noted, how-
ever, that profiles taken between the inlet and outlet of debrils deposits in basins in the La

Crescenta area which were filled during the 1938 flood were generally concave upward. Beginning
with a level surface at the outlet sill, the slope increased to a maximum et the inlet. " Assump-
tion of a slope of .4 to .5 would therefore be advisable to allow for concavity of deposits in
conservative design capacity estimation.

Inlet degign.--The basin inlet structure consists of a concrete chute near the upper end of
the basin and extends from natural stream-bed elevation to the bottom of the excavated debris
pit. At the upstream end the inlet 1s tied by wing walls to the canyon sides to prevent flood
flows from flanking the basin. Purposes of the inlet structure are to direct flood flows into
the bagin and to prevent back scouwr’ upstream of the excavated pit. The inlet structure is sub-
Jected to severe wear and battering from the debris which passes over it. Inlet structures of
wood, asphalt, and concrete have been constructed. In the design of concrete inlets, considera-
tion should be given to the relative cost of frequent repair and provision of an extra thickness
of concrete facing. The 1nlet structures constricted by the Los Angeles District, Corps of En-
gineers, are concrete. ' After 10 to 11 seasons of service, these structures haver ﬂ@:!gsufficient-
ly to require repalr 1n the near future. If debrlis deposited on a slope upstream of the outlet
8111 should approach or exceed the elevatlion of the top of the inlet walls, subsequent debris
flows might bypass the basin. The top of Inlet walls should, therefore, be placed above an as-
sumed maximum debris slope projected upstream from the outlet sill. For design, such a slope
can be assumed equal to the slope of the natural cone at the site.

Qutlet Design.--During general storms, which mey’ last 4 days or more, major run-off may oc-
cur more than once. A major storm may also be followed within a week or 10 days by a second
major storm. Thus, there exists the possibility that insufficient time will elapse between
floods to permit excavation of filled debris basins. Failure of the basin embankment by over-

topping under these conditlons would result in the sudden release of stored debris and greatly
increase downstream damage. The basin outlet should, therefore, be capable of passing the
estimated maximum poseible flood at a time when the basin has been filled by a previous flood.
Because major floods in these areas are sudden and brief, the basin outlet should be completely
and rellably automatic In operation.

The outlet shown on Figure 3 is typical of those constructed by the Corps of Engineers. It
consists of a concrete-lined approach channel, an unobstructed ogee-crest spillway, and a tran-
sition leading to the downstream channel. -The spillway capacity is computed as a broad crest

284



welr under the assumption that the basin 18 level-full to spillway crest with debris. The entire
spillway capaclty was maintadned in the downstream chennel to a point where overtopping of the
channel walls would not induce failure of the debris basin structure. At the spillway, the top

of the basin embankment was set 5 feet above the spillway-design surcharge level. Under other
splllwvay-design assumptions, the basin would be full of debrils on a slope rising upstream from

the spillway crest. The surface of the flow of debris and water through the basin above this
slope would, accordingly, be on a simller slope. The top of the basin embankment was, therefore,
set on progressively higher elevatioms upstream from the spillway in order to maintain approximate-
1y 5 feet of freeboard above splllway-design flow.

Drainage of pool.--Following a flood which results only in partial. filling of the debris
storage, drainage of water stored in the basin below spillwey crest is accomplished in two stages.
A meries of holes about 12 inches in dlameter provided through the base .of the spillway ogee
serve to drain the pool to the base of the ogee without permitting an appreciasble amount of debris
to pass into the downstream channel, Drainage of the pool below the elevation of the base of the
ogee can be accomplished by pumping, or by installing a pipe leading from the bottom of the pit
through one of the holes in the bi.se of the ogeej, to a point 200 to 300 feet downstream in the
channel. Because of the steep slopes of these areas such a pipe can be made to operate as &
siphon. An alternative and automatic method of draining the pool below the base of the ogee is
to incorporate in the basin construction a pipe 2-4 feet in dlameter extending on a flat grade
between the bottom of the plt and a suiltable point in the downstream channel. The inlet of such
a drain 1s covered with a mound of boulders to prevent the entrance of debris. ‘

Downstream Channel.--In the location and orientation of the outlet structure, conslideration
should be given to the available locations and alignment of the downstream channel. Because of
the high design-flow velocities (30-60 feet per second) in such channels, chennel design cen be
simplified and cost reduced® if the outlet structure is orlented so as to 1ead to the downstream
channel with minimum curvature.

Conatruction Coste.--In Figure 4, relative costs per acre-foot of storage of debris basins
and comparably siltuated flood-control basins constructed by the Los Angeles District, Corps of
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Engineers, are shown plotted against totel storage capacities. In general, the flood-control ba-
gine represented in Figure 4, although located on flatter slopes and providing much greater stor-
age space, are similar in type to the debris basins. From comparison of storage capacitles with
corresponding costs, 1t 1s apparent that costs per unit of storage are high as compared to stor-
age costs usually considered in reservoir construction, and that unit storage costs decrease
rapidly with increased total storage.- '

Design details - combined debris and flood control.--Sen Antonlo Canyon is located on the
southern face of the San Gabriel Mountains, approximately 30 miles northeast of Los Angeles and
30 miles east of the La Crescenta area. Except for the size of the drainage area, 26.7 square
miles, aud the greater range in elevation, 2,250 feet to 10,000 feet (see Figures 5 and 6 and
photographs 8 and 9), the topography and geolog:lc structure of the drainasge area are similar to
those of the canyons above the La Crescenta area. One plan for control of flood and debris flow
from San Antonio Canyon 1s shown In Figure 7 and described below. In addition to provision for
debris storage, the plan provides for flood-control storage to reduce flood peaks and conserve
water. This plan is one of many considered for the project. It is not the final plan and is
referred to here only as an illustration for the following brief outline of problems which re-
quires consideration in designs irvolving both debris and flood-control storage.

Estimate of debris storage.--The plan for control of debris and floods from San Antonic Can-
yon discussed herein provides for storage of the estimated S50-year debris production from the
drainage erea. Because quantitative date on debris carried by floods in San Antonio Canyon are
not available, the volumes of debris that might be deposited in the basin during flcods of var-
ious magnitudes were estimated from a study of available records of volumes of run-off and debris
deposition during the floods of March 1938 and January 1943 at 1k nearby debris and flood-control
basins with generally comparable dreinage-area characteristics. Flood and debris date for the
14 basine are shown in Teble 4. In Figure 8, volumes of debris in acre-feet per square mile of
drainage are shown plotted against total flood volume in acre-feet per square mile of dralnage
area. A line drawn through the average position of the plotted points indicates an approximate
relavionship. of debris to flood volume. It is apparent from the positions of the plotted points
that a iine could equally well be drawn which curved upward, or as an ‘enveloping line, curved
downwerd. Figure 8 shows one practical application of debris and sediment data and 1llustrates
the need for many more such records. At San Antonio Canyon total flood-volume estimates were
avalleble for the 13 largest floods in the 60-year period of record. Applying the debris to
total flood-volume reletionship, indicated.by the curve in Figure 8 to these 13 floods, and as-
suming debris production of smaller floods to be negligible, the total debris deposition for the
60-year period of record was estimated. This totel, reduced proporticnally t6 a 50-year period
(the bapic period for design economics), was 3,350 acre-feet, and it was essumed that this volume
of debris would be deposited in the basin during the 50-year period following construction of the
project. From the curve in Figure 8, it was also estimated that the reservbir-desig‘n flood hav-
ing a total volume of 23,400 acre-feet would include 1,350 acre-feet of debris (equivalent to a
rate of about 80,500 cubic yards per square mile of drainsge area). Deducting 1,350 acre-feet
from the total of 3,350 left a remainder of 2,000 acre-feet. The net capacity curve used to de-
termine the storage necessary for control of the reservoir-design flood was then based on the
gross capaclty curve reduced to reflect deposition of 2,000 acre-feet of debris distributed uni-
formly with elevation up to the top of spillway gates in closed position.

Basin 'la.zout.-w-The plan of the basin 1s shown in Figure 7. The basin, while larger and more
complex, would be basically similar to the debris basins discussed previously. The plan provides
for construction of an earth dam across the canyon mouth with material excavated from within the
basin. ZExcavation within the basin would be performed according to a predetermined plan so as to
leave a pit for debrie deposition. Back scour into the canyon upstream from the pit would be
prevented by an inlet slll consisting of a derrick-stone blanket across the upstresm and of the
plt. Because of the inclusion of flood~control storage and regulated outflow in the design, the
spillwvay and flood-control outlets would be separate facllities aa compared to a single combined
outlet and spillway used for basins designed only for debris storage.

Debris deposition.--With the exception of the finer particles, which could be held in sus~
vension by the currents in the reservoir and which constitute but a minor part of the total de-
bris load (see Figure 2), all of the debris would deposit near the upstream edge of the relative-
1y quiet reservoir pool. The debris pit as planned wduld be long and narrow and extend length-
wise upstream from the dam. Thus, the higher the reservoir stage (snd hence the larger the
flood), the farther from the dam and flood-control outlets would be the deposition of debris.

Outlets.--In this type of dam construction, conaiderations of economy, structural limita-
tions of the site, and necessary protect.ion of the outlets from blocking by floating trash, make -
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it desirable to locate the flood-control outlets at the bottom of the reservolr, provided ade-
quate provision can be made against blocking of the outlets by debris deposits. As planned, the
flood-control outlets would be located in the southwest cormer of the basin with inlet sills at
elevation 2,125 (bottom of debris pit) and would consist of three short slide-gated conduits, 7
feet wide and 12 feet high. These conduits would transition into a single asrched conduit with an
8-foot radius which would extend downstresm through the base of the dem and discharge Into a stil-
1ling bagin. As proviesion against partial blocking by debris or floating trash, the outlet syatem
would have approximately three times the clear-water discharge capacity required to pass the de-
gign controlled outflow.

Regervoir operation.--In addition to the debris-pit deasign and excess outlet capacity, fur-
ther safeguard against blocking of the outlets would be in the reservoir-operation plan. ]
floods or reservoir design and lesser magnitude, a debris pool would be developed by limiting re-
leases through the outlet gates to conservation flows of about 200 cubic feet per second until

:l_AR DEPARTMENT_ . __CORPS OF ENGINEERS , U.S. ARMY
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the water surface in the reservolr rose to elevation 2,160. With the water surface at that ele-
vation, the pool depth in the approach channel to the outlet works would be 35 feet and the gross
storage would be 1,430 acre-feet. This pool would prevent blocking of the outlet works by ceus-
ing debris to deposit at the upstream edge of thé pool and trash to float on the water surface.
With the water surface in the reservoir at elevation 2,160, the gates would be operated so that
outflow would be equal to inflow until the outflow increased to 3,200 cubic feet per second.
Thereafter, during rising stages, the discharge would be controlled to 3,200 cubic feet per sec-
ond until the water surface rose to the top of spillway gates (elevation 2,165, closed position).
The operation described above would be reversed during falling stages of the reservoir.

Spiliway.--A spillway containing three 30-feet wide by 20-feet high radial gates would be
provided at the right abutment. Top of the gates in closed position would be at elevation 2,265
(elevation of the maximum water surface for the reservoir-design flood). A concrste chute would
carry spillway discharge to the level of the debris cone and terminate in a bucket adjacent to
the flood-control-outlet stilling basin.

Provision for debris disposal.--Although the plan provides for 50-year debris accumulation,
conslderation would be given to reserving & nearby area (preferably eslong the toe of the dam) for
disposal of debris. Excavation of debris deposits would become necessary to maintain flood-
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Distant view of Sen Antonio Wash.

Aerial view of San Antonlo Canyon and upper part of debris cone.
discussed in text.
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TABLE 4
FLOOD-CONTROL BASINS IN 10S ANGELES COUNTY DRAINAGE AREA

DEBRIS PRODUCTION RECORDS FOR FLOODS OF MARCH 1938 AND JANUARY 1943

] March 1938 flood January 1943 flood
Drain- Flood volume Debris volume Flood volume || Debris volume
Reservoir :i:a Ac.-ft. | Ac.-ft, Ac.-ft. Ac.-ft.
Ac.-ft, per Ac.=ft, per Ac.-fi.l per Ac.-ft, per
Sg. mi. sg. mi, sg. mi, sq. mi. | 89, mi.
Big Dalton...eesesseses 4.5 1,420 316 66 14,7 511 114 16 3.6
Devils Gat€.vecaceerens 30.6 11,788 385 8,8 27.7 9,564 313 224 7.3
[FAtONeaceccsecosnscnsee 9.5 2,970 313 242 25.5 2,024 213 90 9.5
Hansen..veesecavosossee 1474 23,250 158 { 1,100 7.5
Live O8Kecososonesenoee 2.3 457 199 13 5.7 258 112
PaCOiMaceceseieacscnces 27.8 8,820 317 588 21.2 2,695 97
San DimasS.eessvesscoces 15.9 5,010 315 211 13.3 2,063 130 Th L7
San Gabriel No. liceses 202.0 | 114,716 568 | 6,143 30.4 65,364 324 | 1,727 8.5
San Gabriel No. 2.4ee0s 4L0.4 25,860 640 11,511 374 16,694 113 L1k 10.2
Santa ANita....eeessses| 10,8 6,380 590 | 327 30.3 1,651 431 160 14.8
Sierra Madre.c.ceessees 2.4 888 370 39 16.3 13
SaWpite.ecresnoscesenen 3.3 1,250 379 69 20.9 666 202 20 6.1
ThOMPSONessssceesasssne 3.9 845 217 26 6.7 393 101
TUJUNZA. eesnvoeensnseas] Bl | 31,290 384 [ 1,506 18.5 | 18,409 226 397 L9

control storage required for control of the reservoir-design flood (1) if at any time. during the
initial 50-year period the accumulated debris deposits exceeded the 2,000 acre-feet allowance,
or (2) to extend the period of full usefulness of the structure when the sediment apace becomes

full.

Costs.--The plan would provide 14,350 acre-feet of storage at elevation 2,265 (top, spill-

way gates, closed) at an estimated cost of $6,300,000.

acre-foot (see Figure L).
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Operation

Malntenance of debris capacity.--Under normal conditions, when the mountains are covered
with well-established growth and no major run-off occurs, the deposits in debris basins will
sccunulate so slowly that removael may be necessary only once in several years. It is the pres-
ent practice under these conditions to permit accumulation of debris ranging up™to 25 percent
of design capacity before re-excavation of the basin. Under abnormal conditions caused by burn-

. ed drainage areas or major floods, the deposits might have to-be removed several times in a
single year. Basins located below drainage areas recently denuded by fire would be maintained

© at or near deslgn capacity at all times between floods. Photographs 10 and 11 showlng before-
and-after 1938 flood views of Dunsmir debris basin illustrate the effect of* & single major
flood. : . -

Dunsmuir debris basin viewed from inlet Dunsmuir debris basin viewed from inlet struc-
structure across the basin to spillway at ture across the basin to spillway after flood
time of comstruction. 10/16/36 of March 1938, showing debris deposited during
that flood.
Photograph No. 10 Photograph No. 11

Debris accumulation estimates - small basins.--Several methods of estimating debris accumu-
lations are used for small debris basins such as have been discussed herein. When the deposit
is of considerable size it 1s adviseble to make an accurate survey of the basin. Croass sections
or plane-table topography will, by comparison wilth previous surveys, provide adequate data for
computation of debris deposits. From the vliewpoint of the designing engineer, plane-table topog-
raphy is preferable to cross sections because it facilitates study of the configurations of the
deposits. When the deposit is small a satisfactory estimate of quantity can be made with a hand
level. The simplest method consists of .counting truck loads of material removed. Following ex-
cavation, the basin should be resurveyed in order to determine the restored capacity and to serve
ag a,.comparison with future surveys.

Debris-accumulation estimates - large basing.--In the Los Angeles District, Corps of Engi-
neers, estimates of debris quantities in larger basins constructed by the Corps have concerned
basins designed primarily for flood control. In these basins, allocatlon of debris storage ade-
quate for estimated 50-year accumulations were included in the designs. However, periodic deter-
mination of debris accumulations in such basins is desirable:

a. To furnish data for future design.
'b.  To maintaln current capacity tables for flood operation uses.

.¢. In connection with water conservation or recreational use of debris storage prior
to its depletion.

Debris-accumulation determinations made by the Los Angeles District, Corps of Engineers,
have been based on plane-table topography, on profiles across the basins teken along monumented
ranges, and on combinations of the two. While the cholce of method depends largely upon features
of individual basins, each method offers certain basic adventages, In basins of fairly regular
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shape, such that the number of monumented renges required is not excessive, the use of ranges
will uesually result in greater speed and economy (except perhaps for the initial cost of monu-
mentation). Furthermore, such surveys are subject to a minimum of personal judgment on the part
of the surveyor and subsequent surveys will yileld relatively exact comparison at each range. In
basins containing many irregularities, the number of ranges required for accurate delineation
may become excessive. Plane-table topography provides better delineation of basin ilrregularities
such as side canyons and 1slands. TFor basins of any shape, a topographic survey results in a
more detalled map of the basin and capacity computations are simplified. The accuracy of topo-
graphic surveys depends largely upon the experlence and ability of the topographer, however, and
since subsequent surveys are often performed by different personnel, comparison of such surveys
is not always satisfactory. Thus, it is usually desirable to supplement a topographic survey
with monumented ranges established at key points in. the basin. In Hansen flood-control basin
(area at spillway crest, 790 acres), borrow-pit areas below the elevation of the outlets serve
as debris deposition areas and are normslly submerged. (Other flood-control basins maintained
by the Los Angeles District, Corps of Engineers, are dry between flood seasons.) Surveys of the
Hansen basin have been made by use of established ranges, approximately 200 feet apart, for the
portions of the basin below the outlets; by survey of shore lines as the water surface receded
after a flood; and by topography of the remaining parts of the reservoir. In addition, eight
ranges approximately 1,000 feet apart have been established across the entire basin. These
ranges serve as a check upon topographic surveys, provide direct comparison of debris deposits,
and are useful in determining when sufficient debris has accumulated to warrant a new topograph-
ic survey. )

Stereoscopic analysis of aerial photographs for determining topography may offer consider-
able economy in surveys of some types of basins. While the applicability of that process to a
specific basin depends upon individual features of the basin such as the topographic relief,
cover growth, lake levels in the basin, and the aerial extent of the basin, it can be stated in
general that basins which are dry or nearly empty, have at least moderate relief, and have an
area in excess of about 6,000 acres can usually be economically and satisfactorily surveyed by
that process. TFor smaller basins, the cost of airplane mobilization becomes disproportionate
unless surveys for a numbeér of nearby basins are programmed for the same flight. The process
requires a partial ground survey for control purposes. Aerial photographs are taken with
speclal cameras and topography 1is derived in the office from stereoscopic analysis of the photo-
grephs using special projection equipment. By having operators check each other, the element of
personal interpretation is largely eliminated. The method is particularly applicable to basins
having rolling topography. However, on areas where slopes are nearly flat, such as reservoir-
sediment deposits, the method does not yield satisfactory results within the limits of practical -
filight altitudes. At the present time, the Los Angeles District, Corps of Engineers, is com-
pleting a multiplex survey, supplemented by soundings and plane-table topography in the reservoir
bottom, of the San Carlos Reservoir. This survey is Jointly financed by the Soil Conservation
Service, Bureau of Reclamatlion, Gilas Water Commissioner, and the Corps of Engineers. It is es-
timated that the cost of the survey will be less than one-half that of a survey performed by
other methods.

One other method of survey would be applicable only in special cases. It would apply:prin-
cipally to flood-control basins which may become filled with water during floods and are drained
as rapldly as feasible thereafter. Such a survey would involve taking & series of vertlcal
serial photographe showing the shore line. Knowing the reservoir water-surface elevation at the
time each photograph was taken and using established landmarks to determine scale and orienta-
tion of the photographs, contours could be derived.

Methods of debris removal.--Excavation of small debris basins in the Los Angeles County
drainage area has been accomplished almost entirely by use of power shovels and dump trucks. In
aome of the Los Angeles County Flood Control District flood-control dams, located in canyon areas
where access of equipment to the basin is difficult and where haul distances are great, sluicing
programs have been undertaken. Principal costs of such excavation are those connected with per-
sonnel and equipment used to direct low flows against the banks of deposits in the reservoirs.
Records of the Los Angeles County Flood Control District indicete that sediment concentrations
up to 12 percent in slulcing discharges have been indicated by sampling measurements, and con-
centrations of about 4 and 8.5 percent have been determined from before-and-after surveys. It
should be noted, however, that removal by slulcing may result in transferring the problem of
disposal further downstream. The Los Angeles County Flood Control District has also cut exper-
imental V-shaped notches In the ogee splllways of Verdugo, Scholl, Ward, Balley, and Snover de-
bris baesins. The theory of this procedure is that fleod run-off will carry and slulce the fine
materials such as sllt and sand through the notch and that the residuasl deposit in the basin
which must eventually be excavated will thus be reduced. Since Verdugo, Bailey, and Snover debris

293



basins discharge into concrete channels, the economy of this procedure in those cases will fin-
ally depend upon the relative cost of repairing the concrete channel inverts as a result of in-
creased wear caused by the material released and the cost of excavatlon of this material if re-
tained in the basin. Precise cross sections in the downstream channels have been obtained and

willl serve as a basis of determining invert wear caused by the material released.

Costs. --From records of the Los Angsles County Flood Control District, the cost of debris
removal ueing power shovel and dump trucks, based on the most recent excavation at individual
besine and during the years 1939-L4, has varied from about $0.30 to $0.76 per cubic yard, with
an average of about $0.45 per cubic yard. It is estimated that at the present time these costs
would be doubled. The cost of debris removal by sluicing at dams is affected by the amount of
water available, slope in the basgin, and the amount of equipment and labor used to direct flows
against deposite. Unofficial estimates of the same agency indicate that the cost of material
removed by sluicing has varied from less than $0.01 to about $0.22 per cubic yard, with an aver~
age cost of about $0.02.

Operating Personnel.--During flood periods, the operation of basins designed solely for
debris storage is entirely automatic. However, when available, personnel are assigned to debris
basins during flood periods to observe the action of the basins, record staff-gage readings, and
report on the general condition of the basins. Both the Los Angeles County Flood Control Dis-
trict and the Los Angeles District, Corps of Engineers, maintain crews and equipment for emer-
gency repairs. Because of the extremely brief duration of peak flows into the basins and the
lack of prior warning, little opportunity exists for making emergency repairs or reinforcing the
structures during a flood. Emergency maintenance, therefore, consists primarily of preparing the
basins for succeeding floods.

DISCUSSION

H. C. STOREY,* Mr. Dodge's statements as to the importance of considering fire history in de-
signing debris basins illustrate the thoroughness with which he has covered the entire problem.
The tremendous influence of fire in increasing erosion rates has been repeatedly demonstrated in
southern California, but some workers still do not recognize the magnitude of the influence or
the number of years it might last. Mr. Dodge says, "In general, debris production diminishes
only gradually over a period of years as a new plant cover becomes established." Recent studies
completed by the California Forest and Range Experiment Station corroborate this statement. Evi-
dences of accelerated erosion rates from watersheds in southern California are apparent for eight
to twelve years after burning of the chaparral cover. These studies further indicate that in the
first year after denudation by fire, the volume of eroded material ylelded by a watershed may be
Increased up to thirty-five times the normsl pre-burn rate. ’

In the author's Table 2, the columns 5 and 6 present average annual rates of debris produc-
tion as measured in a number of debris basins. It should be borne in mind that these figures
may not be at all Indicative of a long-time normal rate. Most of the basins in the La Crescents
and Pasadena areas were constructed immediately after the watershed had been swept by fire. Con-
sequently, erosion rates during the next four years were considerably accelerated. Further, al-
though the period of record clted by the author ls comparatively short, i1t includes one flood
which might be expected to occur only once in 75 to 100 years, and another flood of about a 35
year occurrence. These factors all cause the recorded rate of debris production to be consider-
ably above that which might be expected if the vegetation were undisturbed and if a full 100-
year record were available. The Experiment Station indicates that the normal erosion rates from
these watersheds, if vegetation is undisturbed, would range from 800 to 2,400 cubic yards per
square mile per year.

In discuseing the design of debris basins, Mr. Dodge mentions the necessity of assuming the
probable slope of the debris deposit. He recommends the assumption of a slope of .4 to .5 of the
natural debrls cone at the basin site. These figures correspond very closely to results of sur-
veys made by A, C. Kaetz and L. R. Rich for the Soil Conservation Service, Albuquergue, N. Mex.,
December 1939. The surveys showed the average grade of deposition above barriers in alluvial
washes was 37 percent of the original grade, and in heavy gravel washes the average grade was 49
percent of the original grade.

* Geologlst, Division of Forest Influences, California Range and Experiment Station, Forest
Service, Berkeley, Calif.
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W. J. PARSONS, JR.* Mr. Dodge has made a very able presentation of the manmer In which the Los
Angeles District, in cooperation with the Los Angeles County Flood Control District, has met the
problem of debris control under the peculiar conditions which exist in the Los Angeles area.

The Sacramento District, in its solution of a similar problem of debris control on the streams
dreining the gold mining country in the Slerra Nevada, has developed designs and methods of op-
eration of debris basins which differ radically from those used in the Los Angeles District.

The difference between these two solutions of the debris control problem demonstrates the para-

mount influence of locel conditions on the design and overation of debris basins

MOUILL 113 1UENCE 0L 10004 QO Vi0L QoI cgesign anc peraLiol Hagling.

A brief comparison of hydrologic and sedimsntation conditions 1n these two areas illustrates
how radically such conditions can vary. The Los Angeles debris basint are located on the debris
cones of small ephemeral streams draining the precipitous exposed seaward face of the San Gabriel
Mountains near the ocean. The watersheds abovs these debris basins are deeply weathered, and
have been known to produce an average annual debris load from small watersheds of as much as 15
acre-feet per square mile wilth production of as much as 75 acre~feet per square mile during a
single major storm. ZEven the larger streams of this group, with drainage areas in excess of 20
aquare miles, produce average annual retes in excess of 2 acre-feet per square mile. Debris
ranges in size from mud to glgantic boulders, and as much as one-half of the deposited debris
may consist of boulders larger than one-man size. Debris basinsg muat be located in intensely
developed urban areas, and therefore must be severely restricted in size. The major part of the
debris is produced during sudden torrential rains, and the majority of the debris produced by a
storm may enter the debris basin within one or two hours or less. Consequently, automatic oper-
ation is essential since operating staffs would have little or no warning of the debris inflow.
As much as 60 percent of the inflowing water may consist of debris. The source of the debris is
generally uncontrollable except by long-range planting, fire protection, and check dam programs.

In contrast, the debris basins of the Sacramento District are located in the cenyon sections
of large permanent streams draining the gently sloping seaward face of the Sierra Nevada. These
mountains are located about 100 miles inland from the ocean and are separated from it by the
shielding ridges of the coast ranges. Soil cover on these mountaln slopes is relatively stable,
and the large basins to be controlled are estimated to have an average annual rate of debris pro-
duction of only .2 to .3 of an acre-foot per square mile under normal present condltlons of dev-
elopment. Although large volumes of debris can be produced by hydraulic mining operations above
the debris basins, thils mining is rigidly controlled by permits issued by the California Debris
Commission, and can be stopped at any time when inflow of debris to the basins becomes dangerous
to thelr safety or operation., This debris is quite uniformly graded from sand to cobblestones
and contains only minor amounts of fine clay and large boulders. The basins are located in un-
improved canyon reaches, remote from large centers of population, and can easily be made large
enough to control all debris movement, both natural and from mining operations, for periods of
20 to 100 years. The primary production of debris occurs principally during the summer snow-
melt period when sufficient water is available for hydraulic mining operations, and the trans-
port of this debris from the mining pits down the main channel into the debris basin 1s largely
accomplished by the sustained flows which last a considerable portion of the year. The region
is relatively free from the torrential rains which occur near the seacoast, and the majority of
the run-off originates from prolonged gentle rainstorm or from the slow melting of accumulated
winter snows. Because the general time of occurrence and relative amount of debris inflow dur-
ing each year can be quite closely predicted, operation can be planned for long periocds in ad-
vance and emergency measures are rarely necessary. Fallure of the basins to fully control debris
will result in only minor monetary damage and no threat to Life is involved.

The natural rate of production of debris from the Sierra basins is usually well within the
capacity of the channels to transport to deep water in Suisun Bay. Normal cultural improvement
of these basing has not materially increased the debris problem or produced dangerous conditions
along downstream channels. Intensive mining activities during the perioa from 1849 to 1884 tore
loose tremendous quantities of debris, a large part of which was carried domstream and deposit-
ed throughout the valley floor reaches of the principal Streams with resultant severe damage to
developments along these channels. TFollowing the cessation of this form of mining the streams
have succeeded in clearing their channels of most of the mining debris, and these channels have
attained a reasonably stable condition. The Debris Act of 1893 prepared the way for the resump-
tion of hydraulic mining, provided that proper debris basins were constructed to prevent any
repetition of the damaging debris problem of the 1800s. Under the authority of this Act, two

* Chief, Hydrology Flood Dperations Section, Sacramento District, Corps of Engineers, Depart-
ment of the Army, Sacramento, Calif.
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debris basins have been constructed by the Sacramento District and two more basins are being
planned, These baping are intended to balance the erosive action of mining and to maintain the
status quo rather than to improve a neturally hazardous condition.  Any incidental Ilmprovement
of natural conditions resulting from the inevitable storage of natural debris along with the
mining debris has not been evaluated.

As a result of these pecullar conditions, the design and operation of Sacramento District
debris besins differ radically from those of the Los Angeles District. A brief summary of the
basic criteria used in the location and design of the debris basins in the Sacramento District
is as follows:

Location. - Basins should be located so as to control, at a single point, as large a por-
tion of the area adapted to mining operations as possible; should be located below ail importent
mining sites in this portion of the area; and should be located above the intake of all impor-
tant irrigation or water supply diversions from the streem. This criterie places the debris
basine in the canyon reaches of large permanent streams well behind the foothill 1liae,

Type. - Basins should be of permanent type which will have a lopg life and require & mini-
mum amount of maintenance; of relatively large size so as to function over long periods of time
without requiring removal of the trapped material; and capable of providing a highly efficlent
settling action. These criteria, when considered in conjunction with the indicated location in
narrow rocky canyon sectlons, indlcate the use of relatively high dams to hold back a deep quiet
pool of water several mlles in length which would settle out all except the finest suspended
load.

Volume required. - The volume should be sufficlent to store the entire yleld from the con-
trolled area for a long period of time. The yardage of gold-bearing gravel 1in the controlled
area which could be profitebly mined during the economic 1life of the project was estimated by
questlonnaires end by fleld reconnaissance, and the conservatlive assumption made that each cubic
yard of gravel mined would eventumlly cause the deposition of a cubic yard of debris in the down-
atream reservolr. To this yardage was added the estimated yardage of natural debris which would
enter the basin during the life of proJect. This method was extremely comservative since it is
known that a considerable portion of the mined material will not pass down the stream in the
foreseeable future but will be permanently lodged at some point between the mine workings &nd
the debris basin. It should therefore be possible to control oconsiderably more mining from areas
not now recognized as mining prospects or to control debris for a longer period of time. .

Volume provided. - The volume of debris storage provided by each reservoir was computed as
the volume below a sloping line rising above the crest of the spillway at a rate of from 3 to 5
feet per mile (about 25 percent of the natural slope of the streams). This estimation of the
probable slope storage 1s also extremely conservative in view of recent observations in the vi-
cinlty of the debris dams which indicate debris slopes of as much as 20 feet per mile or more in
locations similar to the debris basins.

Qutlets. - There should be no lairge functional outlets below the crest of the dam so that
the entire flow of the river must pass over the top of the dam. This design will create and
malntaln & deep, permanent pool behind the dam which will insure the settlement of all heavy
debris at a conslderable distence upstream from the dam and will cause settlement of all except
the very flnest portions of the debris. Outlets should be entirely automstic so that operation-
al responsibility will be light.

Other useg. - Debris storage may be combined with other uses such as power production ox
flood control, provided that water is taken out at a relatively high level in the reservoir so
as to prevent transport of appreciable guantities of debris through the reservoir and the mini-
mum pool is sufficiently deep and long to cause deposition of the majority of the debris well
upetream from the outlets.

A typlcal example of a debris dam designed according to the above criteria is the North
Fork Debris Dam located on the North Fork of American River, east of Sacramento. This dem 1s &
concrete dam of thin arch type, about 140 feet high, and capable of impounding about 28,000,000
cubic yards (17,000 acre-feet) of debris (the estimated debris load in the next 20 yea.re) It
18 located some 20 miles back of the foothill line in a deep rocky canyon. The sole function of
this reservoir is to store debrias, and there are now no functional condults through the dam
(except for a smsll slulce gate for emergency draining operations or other special purposes),
and all outflow must pass over an uncontrolled spillway at the top of the dem. Operation is.
therefore entirely automatic. The reservoir has no apprecieble reducing effect on floods and
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the flood control value is inappreciable. The pool above the dam extends about 5 miles upstream.
Only a very smell percentage of the storage space in the dam has been filled during the T years
of operation. This is largely due to war conditions, which have minimized mining operations
above the dam. Only about 400,000 cubic yards of material have been excavated during the last

T years instead of the estimated 9,000,000 cubic yards.. With the resumption of normal mining
operations, the annual rate of excavation is expected to increase rapidly, with resultant in-
creased deposits in the basin., No heavy debris has passed the reservoir since its construction,
and the only outflow of debris has been some extremely fine suspended material. Although it was
generally hoped that the dam would almost completely clarify the water, this was found not to be
the case. There has been sufficient turbidity in the outflow to induce some minor nuisance
clalms by operators of downstreem divérsions. The Upper Narrows Debris Dam (Fig. 1) on the main
channel of Yuba River, about 10 miles behind the foothill line, has been adapted for power pro-
duction by a private power company under a leasing agreement.

Figure 1. UPPER NARROWS DAM. Figure 2, RUCK}A-CHUCKY,SITE.

A long and useful 1life 1s anticipated for
these two dams. Two other similar dams, one
near Rolline on Bear River, and the other at
the Otter Creek site on the Middle Fork of
American River, are under consideration. The
entire cost of the debris control features of
these dems will be repald by an asressment
against those mining interests which will use
these debrils basins, the assessment being based
on the excavated yardage.

Paseing mention will be given to another
type of debris control works which is intended
to control mining debris which has already been
transported out of the mining areas and deposit-
ed in the valley floor chammels near the foot-
hill line. These deposits still contain con-
siderable gold values and are being redredged
by mining companies. The dredging permits 1s-
sued to these companies require the excavation ) . .
of a single channel through the center of the Figure 3. MINING PIT
debris-covered area, snd the placing of the
gpoll In the form of continuous dikes on either side of this channel so as to prevent erosion of
the deposited materials in overbank areas by swiftly moving water during large floods. By this
means, most of the temporarily deposited materials are permanently fixed in place and will not
move downstream into the navigable reaches of the river. Our office has also encouraged the use
of gold dredging methods which will insure redeposit of dredged materials in the immediate
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vicinity of ‘the dredging sreas and prevent such materials reaching permanent stream channels
and the navigeble reaches of Sacramento River.

A1l the foregoing discussion demonstrates how radically local conditions will modify the
design criteria for debris basins, and how necessary it i1s to fit these criteria to local con-
ditions.

J. H. DOUMA.* The author has assembled and presented much of the avallable data on the design
and operation of debris basins in southern California. Many engineers in private practice, in
local agencies such as the Los Angeles County Flood Control District, and in the Department of
Agriculture and Corps of Engineers of the Federal Government have been concerned with the prob-
lem of debris control in the Los Angeles area. The basic principles of design and optimum
methods of operation have been based on the accumulated experience of those engineers.

While one may find many publications en the design of flood control dsms, channels, and
related structures, the author's i)aper ig the only source of informstion on the subject of de-
bris basins known to the writer. Check dams for the control of gullying in upland areas and for
the stabilization of streem beds and banks are deslgned, in general, by the principles and meth-
ods cited by the author. Design criteria for and tHe application of drqp structures to gully and
channel control have been presented in paper No. 2198, "Hydraulic Design of Drop Structures for
Gully Control," by B. T. Morris and D. C. Johnson, Transactions of American Soclety of Civil
Engineers, Vol. 69, 1943, page 887.

Farly debris control structures in southern California consisted of small and inexpensive
timber, rock and concrete check dams and drop structures which served as temporary expedients
but proved wholly ineffective during large floods. As suburban aress continued to develop, it
became necessary to construct larger control structures (debris basins) to prevent the costly
loss of life and destruction of homes and other property by the action of debris flow during
flood discharges.

The terms "debris dam,” "check dam," and "drop structure,” have frequently been mlsused
end, generally, the functions of each are not clearly understood. A drop structure 1s sometimes
called & check dam, and a check dam is often called a debris dem. - The following definitions are
suggested for general use in flood control work.

A debris dam congists of an earth embankment constructed of masterial excavated from an up-
stream debrig pit and a spillway structure, usually located at the mouth of a canyon, to form a
settling basin for the. separetion of bed-load debris from flood flows. The debris dem and pit
together with one or more inlet structures for stream-bed control upstream of the plt are called
a3 debris basin.

A check dam consiste of a small dam with splllway crest a.few feet higher than stream bed
level, constructed across a gully or asmall stream channel, to eliminate upstream benk end bed
erosion by reducing velocities. Check dams control the stream grade nmot only at the overflow
crest, but also through the ponded reaches upstream from the ‘structures.

A drop structure consists of a small overflow structure with crest at stream-bed level,
located across & gully or small stream channel, to establish permanent control elevations below
which an eroding stream cennot lower its stream bed. Thus, drop structures, placed at inter-
vale, stabillize a gully or emall flood channel by changing the stream-bed profile from a contin-
uous steep gradient to a serles of more gently sloping reaches separated by the drop structures.

It is apparent from the meager amount of debris production data presented that there is
need for many more recordes before reliable relationships can be determined bétween debris pro-
duction and such factors as drainage area, topography, geologic structure, character of alluvial
fan, type of vegetal cover, and fire hiastory. Figures 1 and 2 of this discussion illustrate
how arsileble records aay be analyzed to determine design criterla for debris capacity. Data
given in ilis author's Table 1 on design debris capacity and total debris deposited during the
flood of . February-March 1938, in the La Crescenta area have been plotted in Figure 1 for drain-
ages up to two equare miles in area. Separate plots should be made for dra.inage areas having
different debris-producing characteristics.

KON Office s Chlef of Engineers, Department of the Army, Washington, D. C.

298



The plotted points in Figure 1 indicate a straight line relationship between drainage area
end debris deposited during the 1938 flood. Also, design debris capacities, which have been se-
lected for those basins in the La Crescenta area, are related approximately by a straight line
to the drainage area. The plotted locations of points 1 and 2, which correspond to the design
“debris capacities of Dunsmuir and Pickens debris basins, respectively, are of particular inter-
est. Based on the average straight line relationship for design debris capacity, it appears
that Dunsmuir debris basin is somewhat over designed and Pickens debris basin is considerably
under designed. The latter 1s evidenced by the fact that the amount of debris deposited in
Pickens debris basin during the 1938 flood exceeded its design capacity.
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It can be determined from Figure 1 that design debris capacities of basins constructed in
the La Crescenta area exceed deposits during the 1938 flood, varying from approximately 50 per-
cent for a drainage of two square miles to 100 percent for 1/% of a square mile. Larger allow-
ances should be made for smaller drainage areas, as has been the practice, because estimates of
debris production are probably less reliasble for small dralnage areas.

The author has suggested that plans for future debris basins in areas similar to the Ia
Crescenta area provide for debris capacities up to 200,000 cubic yards per square mile. For
drainsge areas of two square miles that allowance would represent an Increase of 100 percent in
design debris capacities and would provide capacities equivalent to approximately three times
the amount of debrils deposited during the 1938 flood. In view of the fact that the 1938 flood
wes the largest occurrence in approximately a 60-ysar period of record, it is questionable
whether design debris capacities, based on an allowance of 200,000 cublc yards per square mile
of drainage area, are economically Justifiable.

The data given in the author's Table 2 for maximum and average ‘ammual debris production in
the La Crescenta ares are plotted in Figure 2. While more data are needed to establish

299



mEE Tamzarzeerey
HH RS T
3 g pnnagen: RECERENY ENURLERERY [HSE
AN NN i sEzubiy aRsTnanns Liu] AR
H - I : E5E o8
: S e
Ewmeil R = A i [ma ul
TER RS EAA a1
H T i 1 T t
Ha o ! !
i ! M
o e A
: i H HaHEH
; T mmunEmran T
b ; masEE aaE) o
It T 1] il 3 T
£ s s A Ea ey yans
+ U T r inn
i i Fl FE
sk {58 Snaad -
o 2
I8 R e i H
1T TEEERAN R 1. 3 I NS, IR
i TPt g e HoRH :
e ; : L
! lﬂi» J‘}‘ ‘V' HHH HH-
- Res ; o EEaEaaay :
PR FTH PR
P 8 taaaans, !
BNESES 4 1] i 1T T T
i : atae,
HT T it
e i S e B
SREENE e Hr b e e AEhms Ba
T Prper -+ HeeH :
= e n i A REaN F N
Fi] T l ¥ o - inBwE T I
et
L g e S
siic: A i iR . e
; HARH iaees
fiehacit EDEEERERRREAL: [ SeansENEEAY: o Lo T ; Nanan: H b finer
IReEAEEi: o TR % {SE8] ! P £ J
H RO t = RmmadnaRt
: Y Ras saa T H t
b L e il f AR sl
i E1e; 7 T i
2
H
HH H H 2 HH ; : HH
1T T Fu N T (e 1 0 W
T o T i, T T \S ) 1
ds 3 I T IR\ I M ) fn T
T AERRRARY S il T TH: i o 7 LT JA NN NuA N AR RO NN} 7 RN AN SRR NN AR
" i I LI i 7
: . o d i
munE TTH T 7. It m ]
HatbH H
fHH I H . T i
: ! !
HE t H 5
S AEEEN
= i
: ;
T say
HH 5 5
a4 a2z = H SHH
i H
! !
A,;_j_ o BN Iy RS
it ESICENTAT
a a2, LN AT H
H LA
t :
T :
2 1
; Bt i
pozaeenas = : P :
1 wul ; T I ! AN 1
i ] ! g
jassauEnRE R . i T 1
H EronE Y : !
4 S5 h ; H ; } : FHH
i i
faniiia mass s ! it ! 3 )
e ! f o : :
! =k : H i HHH ! ? ! T
: ! o o : T HE I T H
o o ! Shee finans o) aee, ! ! e Efinraey
ats! e ] HHHHTH TS ! T Hi

completely reliasble relationships, the two straight lines may be used as guides to determine max-
imum and average annual costs of removing future debris deposits from debris basins which control
drainage areas up to two square miles that have debris producing characteristics similar to those
of the La Crescenta area.

Mention has been made of the probasble stable slope of material deposited in a debris basin.
The grade which the debris deposits finally will take after a basin is eventually filled is of
importance in determining its effective capaclty. Average values of L0 percent to 60 percent of
the natural stream bed slope, based on data obtained from the operation of existing debris basins
during the 1938 flood, have been used for deslgn purposes. Additional studies are required to
determine whether definite relationships can be derived for debris slope and drainage area charac-
teristics. It would appear that when other factors are equal the final debris slope in any basin
would be inversely proportional to the size of the dralnage area. The sizé and gradation of mat-
erial transported by the stream have very definite effects on the debris slope, coarser materilal

taking a steeper slope.

The practice of sloping the top of the debris basin embankments upward from the spillway
structure is required to maintsin the design freeboard only when the embankment extends upstream
from the spillway to form a crescent shaped basin. The top of the embankment should not be
sloped upward when short embankment sections are located normal to the stream flow at.or near the
mouth of & narrow canyon because, in this case, debris would discharge over the spillway before
1t would deposit to spillway-crest elevation along the upstream side of the embankment and there
would be no encroachment on the freeboard.

The author's Figure 8 wes prepared originally by the writer for estimating debris production
in San Antonio Canyon. The straight line was drawn to envelope all plotted points, except points
2, 3 and 6 for the 1938 floodg The enveloping line was not drawn to include those points because
they included undetermined amounts of debris which were deposited during several smaller floods
which occurred during the 1938 flood season. The enveloping line is believed to provide a
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conservative basis for determining debris storage allocations for combined debris and flood con-
trol basins in southern California.

The problem of floating debris has been an important one in the Los Angeles area. Trash
racks have been constructed to prevent blocking of the outlet condults of combined debris and
flood control basins. However, as experienced in the January 1943 flood, large percentages of
trash rack areas were plugged by small floating debris unless a pool of considerable depth was
formed before making large reservoir releases. The most serious case of plugging occurred at
Sepulveda Dem during the January 1943 flood, where the maximum trash rack loss was approximately
24 feet and the outlets with all gates open were able to discharge only 35 percent of the requir-
ed reservoir release because of the plugged trash racks. The trash problem at Sepulveda and other
dams in the Los Angeles area was solved by removing the trash racks thus permitting the trash to
pass through relatively large conduits.

The experience with floating debris in the Los Angeles area indicates that in many cases
trash racks should not be used with relatively large conduit openings when small floating debris
would pass through the outlets, but would plug trash racks. In cases like San Antonio basin,
where enormous quantities of both small and large sizes of floating debrils would probably block
the outlets 1f attempts were made to pass such debris through the outlets, the reservoir should
be operated to cause the trash to float on the reservolr water surface. The operation would re-
quire that the reservoir be filled to provide a pool depth above the bottom of the outlet openings
equivalent to approximately three times the condult height before making large reservolr releases.

The author has discussed the need for inlet structures or a derrick stone stabillizer across
the canyon at the upstream end of a debris pit to prevent degradation of the stream bed. While
these structures are used in narrow canyons, they are usually too costly for a wide debris pit
excavated on a broad debris cone, as in the case of Santa Fe flood-control basin, which is located
about one mile downstream of the mouth of San Gabriel River Canyon. DPerlodic measurements of
debris accumulations in Hansen flood-control basin reveal that when an inlet structure or stabill-
zer is not provided, stream-bed degradation upstream of an excavated pit and debris accumulation
in the basin will be at an accelerated rate, until the stream-bed grade upstream of the pit is
reduced to approximately the original stable grade. Stream-bed degradation together with normal
debris movement at Hansen has depleted approximately, 50 percent of the 50-~year design debris ca-
pacity in only seven years of operation.

Sluicing operations at a combined debris and flood control basin will effectlvely reduce
bank caving and stream-bed degradation in an unlined downstream chennel. Although the stream-bed
degrades during operations for flood control, it agrades during sluicing operations. With regard
to slulcing material into concrete channels, experience of the Los Angeles County Flood Control
District indicates that if the sluiced material is limited to sand and gravel up to pea size, the
wear of concrete inverts will be negligible,

The Job which these small debris basins are belng designed to do is an enormous one. As the
crumbling San Gabriel Mountalins continue to creep toward and threaten burial of developments in
the adj)oining valleys, the debris basins will be the only line of defense. The total amount of
excavation that will be required to maintain debris basin capacities over the centuries may well
be equivalent to a large percentage of the total volume of the mountains. The problem of obtain-
ing disposal areas will become critical with time.
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WATERSHED MANAGEMENT FOR SEDIMENT CONTROL

by Reed W. Balley and George W. Craddock.*

Introduction

Management of forest and range lands must be a part of any camprehensive approach to the
control of sedimentation. These lands embrace about 80 percent of the land surface of the Unlted
States. They are covered for the most part by a mantle of soll and rock materials to depths of
from a few inches to many feet. Because of shortcomings in management & portion of this mantle
has been loosened and eroded. Much of this material has been added to the nermal load of sediment
carried by streams and has accentuated the seriousness of sedimentation problems in all parts of
the country. There 1s a tremendous volume of soill and mentle material remaining on these lands.
This material must be kept in place for productive purposes as well as for the prevention of an
enormous increase beyond present ssdimentation rates.

Management of forest and range lands for mediment control is for the most part a system of
protecting, improving, and utilizing the timber, forage, and other resources in such a manner as
to perpetuate them and, above all, to perpetuate the soil. The basis for this aystem is well
founded: It reste on demonstrable evidence ;/ that plant cover--by reason of its binding effect
and its influence In promoting the infiltration and storage of precipitation and in minimizing
surface run-off--1s essential to soil development, productivity, and stability.

There has been general public acceptance of the need for adequate watershed management and
of the principles on which 1t is based. Recognition of the need for more effective watershed
management was a maJjor reason for creating the system of National forests, for passing the basic
Soil Conservation Act and the Taylor Grazing Act, for undertaking the C.C.C. progream, and for
broadening the Omnibus Flood Control Act of 1936 to include surveys and action programs on water-
ghed lands.

There is a rather wide appreciation of the role of dense forests in maintaining soil stabil-
1ty. However, uncertainty continues to prevail regarding the effectiveness of watershed manage-
ment for coping with sedimentation problems in the West. One reason for this, no doubt, is be-
cause the vegetation on extensive areas is lese impressive than forests, consisting of low shrubs,
grasses, and other herbs. Another reason is that because high rates of normal erosion and sedimen-
tation have been obrerved In places where these phenomena are the natural result of bare rock and
sparse vegetation, it has been easy to conclude that all manifestations of erosion and sedimenta-
tion are geologically normal. !

These, however, are mistaken concepts. There is ample evidence that much erosion in the West
has been induced by man'a activitles and that even the lesser vegetation 1n this area is effective
in restraining run-off and in keeping soils stable.

Proponents of watershed management do not claim that vegetation will prevent normal erosion
or that it will reduce the normal sediment load of streams. They claim only, first, that plants
and litter can prevent an enormous increase in erosion and sediment production, and second, that
reatoration of adequate cover conditions ocan reduce sedimentation rates materially where misuse of
the land has caused a speeding up of gradatlional processes above the normal.

Geologlcally Normal Sedimentation
Before man entered the picture, streams in thls country hed developed definlte characteris-

tice of flow. In some instances they were generally clear and flowed with a relatively constent
volume. The regimen of other streams was marked by great varlations in volume and time of flow,

* Director and Coneervationist, respectively, Intermountain Forest and Range Experiment Station,
U. 8. Forest Service, Ogdeny; Utah.
1/ See "References" at close of comments.
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and vast differences in silt content. Each stream was the reflection or resultant of such normal
fectors and forces as the climate, the topography, the geology, and the soill and plant mantle.
All of these factors and forces had been operating through the ages to give rise to definite land,
forms, specific soils, and to characteristic stream chamnels, steam flow, and sediment loads.

Normal erosionel processes of varying rapidity and consequence are continuing to operate.
We lnow, for example, that erosion is proceeding so slowly on some areas that soil is belng

Prcrmnn ] mm sl ok ad mmamnrs MmoandIAlo Fhan 4 = 3ad'S
formed or accumiulated mors rapidly than it ls belng removed. Streams from'such arses carry only

negligible loads of sediment. We know, too, that in other areas such as Bryce Canyon, Utah

(Fig. 1), in certain Mancos shale areas in Colorado and Utah, in the breaks of the Missouri River
and in the badlands of the Dakotas, climatic and geologlc conditions have prevented soll forma-
tion and plant growth and the fixing of the land surface. In these dralnages, run-off always has
been rapid and normal erosion pronounced, giving rise to muddy and highly fluctuating streams.
Moreover, we know that between these extremes are all gradations of normal watershed condition and

gsedimentation rates.

in understanding sediment potentials and how
these potentials are released through destruc-
tion of vegetation. Most of the soils on
mountain slopes are a residual product of rock

weathering and plant development. This resid-

ual mantle developed and arrived at the present
relatively stable conditlon under the influence
of all of the weather--the lightest and heavi-
est storms, drought and frost, and the effects
of fire, rodents, geme, and all other natural
influences~--to which the slopes have been sub-
Jected over a period of time much greater than
is meagsured by men's experience. This is ob-
vious or the soil would not be there today.

Soil and rock waste that has accumulated
on mountaln slopes under the formative and pro-
tective Influence of vegetation constitutes a
high sedimentation hazard. On a given slope
the more water from precipltation that infil-
trates into the soil mantle the deeper the soil
becomes due to an increase in rock weathering,
the denser the vegetative cover, and the finer
ané¢ richer the soil. With this development
there arises a high eroslon potential and conse-
guently & greater and greater source of potential

Figure 1. Normal geologic erosion high and
storm run-off from such areas ls heavily
charged with sediment.

Watershed managers recognize that moun-
tains have been carved by erosion and that aetlf'ﬁgN %Fm::rzggﬁﬁitrgg:nmou /
valleys have been filled with this waste mat- TG SEDIMENT PRODUCTION
erlal as a result of normal geologlic processes /
operating over the ages. Watershed management 4
must recognize what the normal is and adjust //
use of the land to it. Management must be able /
to recognize these normal ratss as a basis for
Judging the extent to which normal rates have
been speeded up. Management 1s also concerned
with the fact that erosion and sediment pro-
duction can be greatly increased on forest and
range lends as & result of unwise use above the
geologic norm.

HIGH
st
N

SEDIMENT PRODUCTION

NORMAL EROSION

Stable Soil on Steep Slopes

Low

Knowledge of how soils are formed and MANTLE CONDITIoN
attain stability on steep slopes is helpful BARE RocK FLANT COVER & DECP SOt
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sedimentation. The sediment potential on these soll-covered slopes 1s much higher than on slopes
where soill has not developed (Fig. 2).

Sediment potentials also increase with steepness of slope. As has been previously reported
2/ numerous measurements have been made on slopes in the gemiarid region, including Utah and
Tdaho, to determine the maximum angles at which they etand at rest with and without vegetative
cover. These revealed that nonvegetated talus material stood at gradients between 68 and 80 per-
cent, or an angle of about 36 degrees. Vegetated slopes, on the other hand, underlain by fine-
textured soils, but derived from the same parent materlal as the barren talus, stood at angles up
to about 60 degrees, or 173 percent. Without the protection of vegetatioa, slopes of such fine
material would not stand even at gradients as high as the coarse talus. It would fall from the
slopes by the fcrce of gravity.

The only way the soil mantle could have been formed and maintained on these overly steep
slopes during the steepening period, or held in place today against the forces of gravity, impact
of rain, freezing, thawing, and surface run-off was through Interdependent development of the
plant cover and soil yprofile in which the plant cover serves the dual purposes of binding the
soll and maintaining a high rate of infiltration (Fig. 3). Such slopes, by reason of the binding
effect and adequate infiltration rates afforded by the vegetation, have exlsted during their de-
velopment in spite of the cyclic changes of the climate as well as extrems variations within these
cycles. All vegetated slopes, in other words, are a menifestation of an adjustment between ag-
gradational and degradational forces in which the plant cover is the key to stebility. Without
it, the mantle will be released.

Figure 3. Vegetated slopes underlain by fine textured soils with well
developed profiles are stabilized at angles far steeper than the angle
of repose for earth materials not protected by plent cover. Here on
the Little Salmon River drainage, Idaho, grass soill mantle resta at
angles up to 60 degrees (173 percent). ZErdsion is slight and streams
from watersheds with this type of cover and soil carry little sedi-
ment. The erosion and sediment production potential, however, isa
extremely high.

2/ See "References" at close of comments.
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Accelerated Erosion

The reduction of the plant cover below critical density for protection sets In action vio-
lent erosional processes. Surface run-off is increased. Erosion is accelerated and more sedl-
ments are added to the normal stream load.

Reduction of plant cover not only sets in motion the erosion of soil from slopes, but the
increased volume of run-off and the newly acquired load of debris cuts into the canyon and valley
f£111. The valley fill, when once disturbed by being gullied or channeled, yields to eroslve
action of running water more readily so that less rainfall causes more run-off and more erosion
with increased sedimentation in the lowsr gradient sections of the drainage. This change goes
oa at an accelerated rate until a new base level is reached--until gullies cut to bedrock or the
stream becomes stabilized again by developing & graded condition.

Becauece of a disturbance of this equilibrium, due primarily to the destruction or depletion
of the plent cover, we are now witnessing on certain areas in all regions of the Unlted States
. an sbrupt change in the normal erodional processes. Through the action of wind end water, the
alluvium of graded vaelleys iz being deeply trenched, the soil ie being stripped from formerly
stable slopes and accompanying this 1s excessive deposition on the aggrading arees. In short,
we are witnessing a new epicycle of erosion on land surfaces that had been graded and relatively
stable for thousands of years (Fig. 4). It is with the perplexing problems caused by quickened
run-off from these areas and the destructive accelerated erosion accompanying it that we are most
vitally concerned, and not the so-called normal erosion that has throughout millennie sculptured
and molded the face of the sarth. )

Induced Sedimentation in the Colorado
River Basin

The Colorado River drainage has long
been recognized as one of the most rapidly
eroding areas in ths United States. Evidence
has been uncovered, howsver, revealing wide-
spread induced or accelerated erosion in this
already rapldly eroding area. A reversal of
gradational processes has been recognized by
geologlsts whose observations show that the
present degrading hablts of many of the
streams are of comparatively recent origin.
Examinations conducted by the Intermountain
Forest and Renge Experiment Station revealed
that 111 of the 115 major tributaries of the
Cclorado and Green Rivers above Lees Ferry in
Utah, togsther with the Virgin River,.Ranab
Creek, and Johnron Wash, are cutting deep

Figure 4. Soil mantle developed on steep

channsls, scouring bedrock, and rapidly re-
moving the valley alluvium.

Concurrent with these extensive obeer-
vations, detailed physiographic and histori-
cal studies are highly significent since they

slopes under the influence of vegetation con-
stitutes a potentisl source of large quanti-

ties of sediment. Thinning out of the vegeta-
tion or removing it from the slope by fire or
overgrazing releases destructive run-off.

not only substantiate the occurrence of new and widespread channeling but also throw light on the
cause 3/ In this study it was observed that the recent channeling not only has cut more deeply
than ever before into the valley fill, but the channeling is more extensive and in meny places

is cutting into previocusly undisturbed valley fi1l.

In the narrow valley along Kanab Creek, near the town of Kanab, Utah, for illustration, sev-
eral old erosion channels are exposed in the banks of the recently formed wash which ia 90 feet
deep and from 200 to 300 feet wide. In this gorge, all of the exposed old erosion channels are
definitely higher than the present channel bottom. Moreover, in the upper reaches of this same
drainage, a broad valley is belng deeply chamneled by several washes working back by headward

erosion.

3/ See "Refereuces" at close of commente.



Here there are no terraces to mark higher stages of valley filling or erosional unconformities in
the expoeed alluvium of the channel walls. Thls evidence indicates that upper Kanab Valley 1s
now being channeled for the first time since the valley began to fill with sediment.

Johnson Valley, 12 miles to the east of Kanab Creek and Kitchen Valley, a tributary of the
Paria, are being trenched in & similar manner. Here agaln no evidence of previous disturbance
was obgerved in the newly exposed alluvium.

The cause of this speeding up of erosion and sedimentation in the (Colorado dralnage area hes
been the subject of much speculation. Climatic change and the depletion of plant cover have been
advanced ag possible causes. No doubt climatic change of the right magnitude and nature could
bring about such changes. But in considering climatic change as a probable cause of increased e-
rosion and sedimentation in this area, it would be well to ponder the faci: that other areas
throughout the United States ar well as in other countries, located in reglone with radlcally dif-
ferent climatic conditlons, are alro being subjected to extremely accelerated erosion. Such a
widespread occurrence of & speeding up of soll erosion would require that a proponent of climatic
change have extraordinary proof before advocating it as a primary cause qf recently accelerated
erosion in the Colorado River Basin.

Climatic records for this area show no distinct change in precipitation or temperatures.
Climatological 'measurements are not, however, the only reliable indicators of climatic change.
Among the best of other indicators are changes in rates of erosion and sedimentation in drainage
basins where soll and plant cover have never developed. In these areas, erosion and sedimenta-
tion respond readily to a change in climate.

Bryce Canyon in Utah and the badlends near Chinle, Ariz., are typical of such drainages.
Observiatione in these areas revealed no evidence of storm run-off having cut deeper channels or
deposited a larger volume of sediments than has been occurring normally for a period beginning
long before settlement. Thie indicates a change of climate sufficient to disturb the gradational
equilibrium of this region has not occurred.

A major change which hae occurred and which is known to be capable of accelerating erosion
ﬁ/and increasing sediment loads is the depletlon of the plant cover that has taken place on ex-
tensive areas since settlement, mostly becauese of unregulated grazing. That depletion of the.
vegetation 1s the primary cause of the accelerated erosion is further borne out by historical
records. These show that flopds and channeling have followed settlement in place after place
irrespective of the dates of settlement. '

For example, herds were first moved into the headwaters of Sante Clara Creek in southern
Utah in 1863. Seven years later (1870) the famous "mountain meadows" began to erode vigorously .
Kanab and Long Valleys were settled in 1868, while chamneling began in 1883, or 15 years later.
Paria, a settlement on the middle section of Paria River drainage, was settled in 1871, and has
since been abandoned because of the destruction of the arable land by flcods which begen in 1883
and 1884. Escalante, farther emst on the Escalante River, was settled in 1875, and 15 years
later channeling of the valley flats was in progress. Kitchen Valley, a tributary of the Paria,
was among the lateet areas to.be converted into cattle ranches, but since 1915 a new channel in
the valley fill, in places 40 feet deep, has cut through half the length of the valley, destroy-
ing shallow lakes and draining much meadow land.

Induced Mud-Rock Floods in Northern Utsh

There has been & slmilar sequence of events--settlement and watershed use followed by accel-
erated srosion and debris floods--in practicelly all parts ©f the West. Some of the most spec-
tacular manifestations of this sequence are certaln mud-rock flows which have occurred in recent
years along the west front of the Wasatch Mountains in northern Utah. Six of seven watersheds
ranging in size from about 1,200 to 6,000 acres in the Farmington-Centerville portion of Davis
County, Uteh, have produced such floods. Here in 1923, and agesin in 1930, mud-rock flows issued
from the short, steep canyons and deposited boulders weighing as much as 200 tons and other de-
bries on valuable community property at the base of the mountain.

This ares offered unusual opportunities for the study of the history of flooding and for
measuring the effects of watershed menagement and the lack of management on run-off, erosionm,
and sedimentation. The fact that the ancient Lake Bonneville left deltas, terraces, and other
deporits at the mouths of the canyons made it poesible to differentiate between pre-Bonneville,
and post-Bonneville deposition.

L/ See "references" at close of comments.
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Geological observations revealed that the recent floods in several canyons of this area cut
to extraordinary new depths into previously undisturbed sands and gravels of the deltas and ter-
races of ancient Lake Bonneville. They also deposited guantities of debris and sediment on the
former bottom of the old lake far in excess of the previous normsl rate of deposition, thus in-
dicating these new floods to be unprecedented in modern times 2/.

By following the freshly scoured channels, the sources of these floods were found to be
areas of from a few acres to less than one acre in extent in the headwaters at elevations of from
7,500 to 9,000 feet on which the plant and litter mantle had been drastically reduced by very
heavy overgrazing and to some extent by fire. That these areas were the source of the flood run-
off was evidenced by an efficient system of gullies freshly cut in the soil mantle. In the ag-
gregate these deteriorated and gullied flood-source areas covered less than 10 percent of the
mountainous catchment areas.

Surrounding and intermingled with these flood sources were well-vegetated areas on which
there was no evidence of surface run-off or of soil loss. Here the litter was undisturbed and
there were no rill marks and freshly inclsed gullies. That these areas received as much rain-
fall as the gullied, flood-producing areas but were able to absorb and hold it is supported by
examinatione of the soil mentle immediately following flood-producing storms. These showed pen-
etration of moisture to depths of 6 to 10 inches on the nonflood  sources, whereas on the deter-
iorated areas, penetration of moisture was generally less than 2 inches.

This same relationship between vegetation and erosive run-off has been demonstrated many
times by measurements on plots representative of the flood- and non-flood-source areas on these
watersheds since 1934. During several of the heaviest rains experienced in this area, for ex-
ample, the denuded areas yielded from 24 to 43 percent of the rainfall as surface run-off, where~-
ag run-off on the nonflcood-source areas has been less than 1 percent. The flood-gsource areas
have lost the equivalent of from 83 to 181 cubic feet of soil per acre during individual storms,
whereas on the nonflood-source areas there has been no measurable amount of soil lost (Table 1).

Table 1. SUMMER STORM RATNFALL AND RESULTANT RUN-OFF AND SOIL LOSSES
FROM PARRISH PLOTS, WASATCH EXPERIMENTAL, WATERSHED, DAVIS

COUNTY, UTAH
Storn Total Nonflood-source area¥* Flood-source area*¥ _
dates rainfall Rainfall Soil Ralnfall Soil
run-off eroded run-off . eroded
inches percent cu.ft.per acre percent cu.ft.per acre
7/10/36 ...... 1.1k ..., O0uTeevvneas 0.00.uueiuans k2 8......... 181.5
T/16/36 ...... 0.89 ...... 0.b...o.... 0.00c.eiunnen T 153.6
7/28/36 ...... 1.21 ......0.2 ....... 0.00 +veunen. 33.0 vuunen 83.2
8/18-20/45 ... 3.09 ..... 0.5 vueren 0.00 erevavee 2.3 ..., 92,8

* Average of four l/lO—acre plots with dense plant cover.
*%* average of twelve l/ho-acre plots with sparse plant cover.

The measured run-off and erosion behavior described above is not pecullar to the watershed
lands in Davis County. Comparable behavior has been measured by means of plots and small water-
sheds over wlde arees and conditions. For example, 97 different sites representing a cross sec-
tion of grass, sagebrush, and mountain brush ranges from central to southern Utah were measured.
These show that on areas where the plant and litter cover sheltered more than 50 percent of the
ground surface, generally less than 5 percent of the first 1.5 inches of rainfall ran off. On
the other hand, runoff increased with successively decreased amounts of plant cover density,
areas of virtually denuded soil ylelding from 20 to 80 percent or more of the applied rainfall
as runoff {Fig. 5).

One of the most serlous aspects of the erosion and sedimentation problem on the Western

5/ See "References” at close of comments.
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range lande ir that once plant cdver depletion progresses to the stage where the soil mantle be-
comes broken, less and less rainfall is required to produce destructive runoff. The situation
in Ford Canyon illustrates the point.

bousp This canyon had produced violent floods
- as a result of headwater denudation. Subse-
FIG. § *. | quently, on July 4, 1934, this basin was sub-
S 7 UTan RaneE WATERSHED AREAS, 2> | "Jected to a summer storm which produced 0.47
INFILTRATION MEASUREMENTS inch of rainfall. There was runoff only from
' : about 100 acres on which the soil mantle had
g . previousgly been broken.  This small storm on
et % this small area produced enough storm flow to
g . . carry boulders measuring 9 feet across out of
N
i

. the canyon.

. .t The often advanced assumption that debris
e floods in this region are always the product
g of exceptionally heavy rainfall and a saturat-
o ed mantle has no support in fact. On the con-
s . 4 LI ] trary, destructlion of plant cover and the con-
I S = comitant reduction of infiltration capacity
PLANT & LITTER COVER - PERCENT and of detention-retention storage can change
a watershed slope from one capable of absorb-
ing and retaining virtually all high Intensity summer rainfall to one that may yileld up to 75
percent of the same rainfall as storm flow.

¥

Restoration By Watershed Management

Recognizing these relationships, a watershed program was designed to reestablish the plant
cover and to stabilize the soil on deteriorated portlons of the flood producing watersheds be-
tween Centerville and Farmington in the Davis County, Utah, area. Other drainages were treated,
but only those meeting certain standards of construction and completeness were included in the
experimental area. The two maln features &f this program were: (1)} closure of the area to
grazing and Intensification of fire control to prevent further depletion of the plant cover; and
(2) construction of contour trenches and artificial reseeding on about 1,300 acres of the flood
source areas. Contour trenches were installed to break up the gully system, to store and force
infiltration of precipitation where it fell and thus prevent surface run-off and erosion, and
create favorable conditions for revegetation. Artificial reseeding was done to hasten the re-
covery of the vegetative cover.

The watersheds have responded remarkably to the improvement measures. The depleted and
eroded slopes are now being reclothed with vegetation and gullies are rapidly disappearing.

This program of rehabilitation in the experimental watershed has been tested by numerous
summer storms since work was initiated in 1933 and in no case have floods developed from the
adequately treated areas. The nonflooding behavior of these watersheds is particularly signifi-
cant when 1t 1r considered that during two storms greater rainfall rates were attalned than have
‘ever been recorded in the State of Utah (Fig. 6). During a rainfall of 1.1k inches on July 10,
1936, a rate of 5.04 inches per hour for a S-minute perlod was registered. The previous maxi-
mum 5-minute rate of 4.80 inches per hour was recorded at Salt ILake Clty in 1931. On the eve-
ning of August 19, 1945, when 1.09 inches of rainfall occurred, rates at several of the record-
ing gages exceeded 6.00 inches per hour for a 5-minute period and at one a rate of 6.86 inches
per hour war regletered.

Whereas the July 10, 1936, storm produced no floods from the treated watersheds, the same
rainfall caused mud-rock floods in four dralnages within the area which had not been treated
(Fig. 7). The treated watersheds again on August 19, 1945, when subjected to the unusually high
rainfall rate of 6.00 inches per hour, were able to dispose of the precipitation without erosion
or runoff of flood proportions.

The July 10, 1936, storm produced no floods from the treated watersheds. The same rainfall
caused mud-rock floods in four drainages within the area which had not been treated. The treat-
ed watersheds agaln on August 19, 1945, when subjected to thé unusually high rainfall rate of
6.00 inches per hour, were able to dispose of the precipitation without erosion or run-off of
flood proportions.
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Centerville Canyon, one of the experimentel watersheds which has not ‘been deteriorated and
which has never produced a mud flow in recent times, received the same amount and intensity of .
reinfall as the adjacent fully treated Parrish Canyon. There was no evidence of surface run-off
reaching the stream channels In either of these bagins during the record-breaking ralns on July
10, 1936, and Auguet 19, 1945. The only storm flow from these basins was that which came from
precipitation that fell in the stream channels. . - . - . :

In contrast, on the mame evening of August 19, 1945, a mud-rock flooci issue'd from a

Fig. 7. Watershed lands damages by use (left) can be rehabilitated '.by
management (right). Change in vegetation shown -occured during a 10-
year perilod. . . : . .
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deteriorated watershed immediately adjacent to the treated experimental watersheds. Another
flood--the. first of its kind since the Pleistocene-- issued from an overgrazed watershed at
Ogden, 15 miles to the north. Another flood, heavily laden with debris, occurred at Salt lake
City, 15 miles to the south. This flood originated in a 600-acre burn on a 1,000-acre foothill
watershed and caused $346,000 damage in Salt Lake City 6/, =~ =

The behavior of the improved watershedes during the period 1936, to date marks a radical de-
parture from thelr behavior when in deteriorated condition in 1923 and 1930. This change from
one of violent flooding and very high debrie content to one of virtually regulated flow and low
sediment load is in keeping with the basic principles of watershed management which have develop-
od from wide experience and experimentation.

The Job Ahead

There are many watershed areas in the West which are in such deteriorated condition that
they will require. essentially similar and intensive treatment as the flood-producing areas in
Davis County, Utah. However, the great bulk of the forest-and range lands in need of rehabili-
tation in the West must and can be restored by less intensive and costly measures. On these
areas the firat great need is for an adjustment in the degree and kind :of use of the forage and
timber resources. Ure of these resources must be such as to allow for the natural reestablish-
marnt AP o mlant Aaavar thet will marae esdemiantaslvy nratert the anil

mWenyT 01 & piant cOVer Tast Wlil IOYe acequetely Pprouvect Tae S80I, {Supplemental artificial re-

Supplemental artifici
seeding and planting will be required on some areas.

Another major job ahead is the maintenance of satisfactory watershed conditlons on the vast
area of forest and range lands in order that the tremendous volume of potentially destructive
sediments on them is kept in place. i

Watershed management will not stop, the weathering and erosion of bare rock surfaces. There
will always be large quantities of waste material added to certain streams from such areas.
Moreover, considerable erosion and sediment yields must always be expected from areas on which
aridity precludes the development or maintenance of a fully effective plant cover. There may
also continue to be much sediment produced from areas on which accelerated erosion has advanced
to such a stage that stabilization is practically impossible. However, on the great bulk of the
foreat and range lands, wa.tershed management can make a big contribution to the solution of the
sediment problem.
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DISCUSSION
RALF R. WOOLLEY.* - Mr. Bailey in his discuseion of.watershed menagement for sediment control

very ably sets forth his opinions and conclusions as they have been developed by research work
in the Forest Service.

In the eight minutes allotted to ine I can do little more than call attention to the

6/ See "References" at close of comments.
* Senior Hydraulic Engineer, Geological Survey, Salt Lake City, Utah.
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magnitude of the problem as it extends from forest to forest and into the vast areas outside the
forests.

A1l watersheds are subject to periods of aggradation and degradation--a tearing down in one
place and a building up in another. In some watersheds, agriculture, grazing, lumbering, and
other pursuits of man have 1ittle apparent effegt. In other watersheds periods of man's occu-
pancy coincide with aggradation and degradation cycles, making 1t difficult if not impossible to
ascribe definite reasons for the changes noted.

Agreement 18 general esmong thore studying watersheds that humen activities in many places
disturb the soil 80 as to hagten the natural .procese of leveling. However, these activities are
necessary to human existence and the problem is resolved iInto one of weighting benefits against
detriments. In vast areas throughout the country there is 1ittle evidence to show that the ex-
tensive activitieas of man have materially aggravated natural changes, and there is a prevailing
belief among certain groups of scientlists thet the benefits received from man's activities in
general far outweigh any damage which artificilal changes may have induced. 1In such places there
is apparently a minimm necessity for watershed management except perhaps for local communities
that wish to maintain natural conditions on watersheds used for recreation or public water supply,
or communities such as those along the Wasatch rront that are flooded periodicelly as a result of -
cloudburst storms on the small watersheds discussed by Mr. Bailley.

In contrast to these vast areas where watershed management 1s not a serious problem, there
are other vast areas such as those non-arable areas in parts of Arizona, New Mexico, and Utah
where the naturel changes in ground surface of the watersheds are occasionally rapid and exten-
sive. Storme are torrential and often violont; vegetatlion is sparse or practically absent; soll
is loose asnd earily eroded; end as a result the stream channels intermittently cerry huge loads
of sediment. In these sectlons highweys and railroads adjacent to water courses are In constant
Jeopardy--often seriously damaged, and when reservoirs are constructed their effective life ex-
pectancy is a factor in their economic feasibility.

In these areas sedimentation is a serious problem, and the magnitude of the watershed man-
agement problem is one that transcends the research activities of any one agency.

This is emphesized by the fact that studies in New Mexico indicate that sediment comes chief-
ly from the lower elevatlons. Ior example, unit sediment production in the low-lying part of the
Pecos River Basin is 60 times greater than in the mountainous and forested part of the basin. Ob-
viously, waterrhed management in this Instance would be quite different and much more complex
than that on the small wetershedas of less than 10 square miles on the steep west front of the
Wasatch Mountaine in Utsh.

Although the spesker conalders watershed management as not being concerned with the geolog-
ically normal processes of erosion which have leveled mountains and filled valleys, these pro-
cesses may be very significant with respect to the proper interpretation of recent arroyo cutting
and other spectacular eroslon features that are so often cited as reaults of man's abuse of
watershed lande. For example, Doctor Bryan, who 1s often quoted as showing post-settlement ori-
gin for the new cutting im certain valleys, also says that our previous known drought period came .
in the second half of the 13th century; arroyos were cut all over the Southwest and refilled by
about 1400 A. D.

Chas. B. Hunt, regional geologist of the Geologlcal Survey, advis'els me that the recent his-
tory of the Fremont and Dirty Devil Rivers in Utah provlides a significant record of arroyo cut-
ting. He says--

"The arroyo cutting now in progress started sbout 15 years after the area was first
rettled, but at least two earlier periods of arroyo cutting occurred prior to 1,000 A. D. Both
these earlier periods of cutting involved the removal of vastly more materisl than has been re-
moved since the present cutting started. Prior to each of the three periods of arroyo cutting
there was alluviation. The two younger alluvial deposits are alike and evidently were formed
under like conditions; the earlier one is different and evidently was the product of a different
conditlion. We do not know why there is a difference, and until we do know we cannot appraise the
causal factors. Clearly, though, we cannot attribute the three periocds of alluviation to wise
land menagement. Nor can we attribute the two early periocds of arroyo cutting to land abuse ex-
cept by nature 1tself. Man's abuse of the. lands no doubt hastened the start of the present pe-
riod of arroyo cutting, but the record of what went on befors his arrival indicates that natural
processes, over which he has no control and very little understanding, are also operating.”
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Mr. Hunt's present studies in Uteh Valley indicate that the recent geological history can be
divided into three perlods. Immediately prior to Lake Bonneville wes a perlod of aridity during
which erosion of the mountains produced huge and extensive alluvial fans and playa deposits.

This was followed by the Lake Bonneville (and glacial) period. Since Take Bomneville-time the
conditions of erorlon are similar to those: that preceded the lake period, or at lesst the condi-
tions are glving rise to the same kind of deposits 1n the.valley. The volumes of the deposits
dumped into.the valley during these.three periods are.in the ratio of roughly 300: 100: 1. The
sediment brought into Utah Valley since Bonneville time is- entirely like that brought in prior to
Bomneville time, but the volume of the post-Bonneville deposits is only 1/300 the volume of the
pre-Bonneville deposits. It should be further pointed out that the volume of material deposited
in the valley since 1847 1s only a trifling fraction of the total post-Bonneville -sediment in the
valley. It may be true that land abure is aggravating a bad situation, but the record indicates
that we- would be confronted with-a bad situation even .under the -finest . sort of land management

In conclusion may I direct your attention to Mr. E; N. Munns'* statement a year ago, May .8,
19h6 at the Annual Conference of the American Water Works Associstion at St. Louis, Mo. In-his
remarks under the heading "Research .in Watershed Management" he seys--

"In presenting these suggestions for watershed management, the author knows well that some
of them are not too well substantiated by incontrovertible facts. This is unfortunate, but the
studies of the Forest. Service have been directed toward other problems. In developing its. re-
search in forest and water relations, the Forest Service has spent perhaps more time in develop-
mént of basic principles than in the development of specific practices. :

"In the development of past research the Service has not worked particularly closely with
the water-supply engineers and watershed managers. . ... But in view of new developments, what
the Service has to offer concerning the management of forested water-source areas makes clearly
evident that the time hes now arrived when the Forest Service and .the Association should .get .
together." oo . .

) May I extend Mr. Munns' suggestion to include.all Federal agencies that may contribute in
any way to the solution of this problem, specifically those now doing reseasrch work on different
Phases of the problem, namely U. S. Engineer Corps, Soil Conservation Service, Office of Land
Utilization, Bureau of Land Menagement and. Geological Survey .

W. J. ENDERSBEE ** There are many of us. who are very much concerned with the land problem through-
out the United Statea, realizing that good land management is very essential to the maintenance -
of soil fertillity throughout the country. Mr, Bailey has, in my opinion, very ably discussed
that particular problem. During the past three days many other excellent technical papers -have
been presented from a great diversity of angles, covering a wide range of problems and activities,
and all pertain to the sedimentetion problem. During the brief time allotted me I should like to
divert from the technical side and discuss watershed management from & different angle, nemely,:
the correlation and integration of watershed programs.

A watershed, as used herein, is a tract of land comprieing ‘the drainage area of any stream.
It is made up of many ownerships devoted to many types of umes--part rural, composed of foreat
and grazing lends, farms and ranches, and part urban and industrial.

Products from these lands satisfy two types of hunger--one for food, the other for industry.
Surpluses, of whatever kind, produced in the area and not needed therein are available for ex-
port. Water, the fluid resource, is essential to satisfy both rural and urban requirements.
Irrigation, power, navigation, industry and domestic needs, both within end without the catchment
bagin, insist upon thelr share of this product. -A management.program in the watershed must recog-
nize and reconcile the interests of all these elements. Land and 1ts resources are the basic
elements supplying these needs and requiring first attention

‘Man's hunger for food and industry 8 hunger for raw materials are the compelling forces
leading to the abuse of land. Too often we take too much from the Land and put back too little.
In this country one of the compelling factors leading to .Western migration was the desire for -
virgin land.. As land wore out in the Eaat farmers moved West in seerch of mors. To the ploneers

* Chief, Division of Forest Influencee, Forest Service, Washington, D. ¢C.

##0ffice of Tend Utilization, Department of the Interior, Washington, D. C.
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our land resources appeared so vast that the possibility of soil exhaustlon and scil losses was

of little if any concern. It was only when we reached. and passed the last.frontier and became. -
aware of our declining resources--nationwide--that we came to realize the necessity of efficient
land ‘and water husbandry. : G

Meanwhile Industry has grown by leaps and bounds. It demands more and more.from the land
to feed huge and hungry machines. Rural and urban forces vie with each other for more and better
land, more and better water. .Food to satisfy the hunger of the people and raw materials to satis-
fy the hunger of industry are:taxing the land to the utmost. A-land and resources management .
program -to bring these forces into proper balaence is most timely:. In some cases it may be too
late. . In any event the reconciliation of all these conflicting interests as they exigt tod&y
is in order. - .

Sedimentation 1s one of the normal operations of nature going on everywhere.: It results-
from soil erosion usually in a very mlld form; or occasionally a violent form of. denudation.. -~
This process has been taking place since the beginming of time. Tiny- soil particles. which:result
from the decay of rocks find their way in time to the ocean. Many linger on their way, often: :
for centuries, in the form of fertile fields. All of them at some period of their migration
muddy the waters of the streams. Attempts by man to control this normal erosion is:of.little
avail and may even be harmful. When the tempo .of denudation is vastly. accelerated by human-
agenclies a natural process becomes transformed:into a menace:to.civilization. It is. this. stepped-
up soil -erosion which aggravates our problem and plagues us now.. We have abused our land in - .
many places, and in protest silt is belng formed too fast and laid down in unwanted places. We
have also in many instances attempted to inhabit and cultivate areas where it was evident that
natural forces of large magnitude were in operation.

One important function of any watershed is the sustained delivery of high quality water.
The success of watershed management is related directly to the quality, guentity and resgulated
use of the water produced. This may depend on the degree to which water is managed in the
fields, the pastures, the range lands and the forests. When surface run-off can be reduced in
volume and the run-off period prolonged, the danger from flood crests is correspondingly reduced.
The farmer prefers water held in place where it falls because this helps to curb soll depletion,
meintain soil fertility and increase crop yields. The water user in general wants water deliver-
ed in quantity to the reservoirs, free from silt and clear as crystal.

Unnatural silt loads In the streams and reservoirs are indicators of serious conditions
upstream. It requires no study to determine its presence. We do need to know whence it comes
and why. Our attention must be directed toward the underlying causes for all increased unnatural
movement of s0il and the correction of those causes. Sedimentation arising from humen agencies
is a symptom of a major dlsease--improper menagement of the land and its resources.

Every Federal bureau, every State agency, and every individual who causes or permits silt
to develop or accumulate in excescive amounts in unnetural situatlions has a responsibility in the
proper management of the watershed. Thie includes forces both within and without the catchment
basin. Proper management means the application of approved practices to each and every part of
the watershed. It requires performance on a unified and orderly basis without undue emphasis
being placed upon any specific use or resocurce.

Fortunately as a nation we are aroused to the general seriousness of the problem and an or-
ganized program is under way to maintain the soil on the farms and restore the fertility. Long
ago the farmer learned that 1f he wished to keep livestock he must have food and drink to sus-
tain them, buildirigs to shelter them and fences to restrain them. When these things were accom~
plished he found he had to combat diseases and pests which attacked both his animals and his
crops. Every move he made affected something and led to new problems. Farming is not a single
problem but a combination of problems involving dralnage, irrigation, fertility, soll structure,
and many other elements.

Today on many farms water 1s being managed as never before, soil losses are being stopped,
fertility ir being restored, and crop ylelds are being increased. Within appropriate limits
more water is being held and utilized where it falls. It is lingering on the farm, percolating
through the soil as nature intended and loitering on its way to the sea. On meny areas where
proper land use practices are employed the tempo of denudation is moderating and the sedimenta
tion menace is declining. These things are being accomplished on the farm through the teammork
of the agriculturist and the engineer working with the farmer. I see no reason to believe that
the game teamwork when extended to the watershed would not obtain comparable results.
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History tells us of certain nations that developed, blossomed and declined as the land and
ite resources were wasted. Their cities are covered by the windblown sands of the deserts. There
are other areas that have been used by man for thousands of years where care has been exercised
in the management of the soil and its resources. 1In the former there was destruction; in the
latter there was conservation. In the former there was mismanagement or lack of management; in
the latter there was proper manasgement.

As representatives of the Federal Government, charged with the administration of nationally
owned lands and resources, as officiale representing agencies charged with investigations and
studies looking to the welfare of the citizens of this country, and finally as citizens ourselves
we should be interested in giving full measure of ourselves and our knowledge to furthering pro-
gramg that will leave the land and its resources the better for our kindly care. We should not
have to be forced into a constructive, far-seeing program. We should be leading the way. The
program that isg slowly developing between the principal agenciee interested in soil and water
resources of the country gives promise for the future but the speed with-which it is developing
is pitifully elow. This three-day conference now ending is the latest move in this direction
and marks another milestone in the movement toward more complete Integration.

There is no argument here as to the bYest way to mitigate the silt menace. There is no ar-
gument here as to the superiority of dams over contour furrowlng. There ls, however, a plea that
both of them mey have their proper place in the watershed. There is the reminder that elemente
and interésts In the watershed and its resources are varied, compelling and far reaching. This
leads to the final plea that some way, somehow, all of us who are concerned must unite in a com-
mon program. '
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