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INTRODUCTION
THE PROJECT

The inherent relation of silting of reservoirs to problems of erosion
control Ied the Soil Conservation Service to institute in July 1934 the
first attempt at a general Nation-wide investigation of the conditionof
American reservoirs with respect to reduction of storage by silting.

The ultimate objective of these studies is to accumulate information
on the factors involved in the silting of reservoirs, including rates of
silting, and to correlate the results with soil, slope, and climatic con-
ditions and land use in watershed areas. It seems cbvious that such
a broad factual basis is necessury for sound determination of policy
and practice of reservoir development and sediment control in tho
varigus seetions of the country.

The work accomplished through 1936 under the project consisted of
detailed surveys of sediment nceumulation in representative reservoirs
in the southeastern, south-central, and seuthwestern type aveas, along
with reconnaissance examinations of other reservoirs in the same
regions incident to selection of more broadly significant cases for
special study.

The direct objective of ea:h detailed survey has been to determine
the volume and distribution of sediment deposits accumulated in the
reservoir during a known period of time, either the entire period
of the reservoir's existence or a shorter period between an earlier
survey and the current resurvey. From these data and those on
tributary drainage basins the average annual rate of silting per unit
of drainage area is derived as an important practical index fo dif-
ferences and changes in regional erosional conditions and expectancy
of useful life of existing or contemplated reservoirs,

These studies have been continued over @ period of 5 years, and at
the date of revision of this hulletin (June 1939} a total of 76 surveys
have been completed, of which 67 are original sedimentation surveys,
3 are sedimentation resurveys, and & are surveys of reservoir basins
made prior to initial flooding to establish permanent range systems for
future sediment measurements, Ia addition, reconnaissance investiga-
tions have been made on some 500 other reservoirs out of an estimated
total of nearly 10,000 in the United States.

This builetin was originally prepared with a view to giving a pre-
liminary outline of the more important aspecis of the problem of
reservolr silting, to summarize the results of the more important in-
vestigations in this ficld previously made by other agencies, and to
presenl. the findings of the Soil Conservation Service studies during
the fiseal year ended June 30, 1935.

This revised edition does not attempt o present, even in summary,
most of the data collected during the succeeding 3 years. To
accomplish this would require a bulletin several times the present
sizge. ‘This revision is devoted muinly to bringing information up to
date on reservoirs deseribed in the original edifion.  Detailed surveys
have been made on six reservoirs previously described under recon-
naissance investigntions and o very brief discussion of these and =
few others has been included in the appropriate place under detailed
surveys, Further reconnaissance studies have been made on other
reservoirs, and the results are given herein. Additional information
on watershed characteristics has been added where available, and
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errors in fact and figures discovered since original publication have
heen corrected.

Table 13 includes not only the results of the surveys described in
this bulletin but also pertinent data on all veservoirs surveyed through
June 30, 1938. Advance reports on many of these additional reser-
voirs, containing information on the reservoir, its deainage basin, and
sedimentation, have heen mimeographed for circulation to cooperating
technical workers for their information and eriticism prior to final
publication. Table 13 is inserted so that the summary data may be
made more widely available for analysis and use by conservationists
and engineers. Advance reports on most of the reservoirs nof de-
scribed in this bulletin can be furnished by the Soil Conservation
Service on request.

ECONOMIC ASPECTS OF THE PROBLEM

The economic values involved in present and proposed reservoir
developments are very large. They include not only investments in
dams and basin lands of the reservoir properties themselves, but also
the much larger values of appurtenant water supply and power
facilities, industrial establishments, and irriguted-land Tesources and
improvements,

A comprehensive inventory of the Nation's resources dependent
upon water storage has never been made, but even rough ealeulations
of Federal, State, municipal, and corporate expenditures for veservoir
and auxiliary facilities and similar estimates of the agoregule value
of dependent private holdings easily run to scveral billion dollars.
All of these interests are bound together under tlie common menace
of depletion of reservoir capacity by silting wherever accelerated
erosion occurs,

It is true, of course, that some of these resources are less critically
impaired by loss of reservoir storage than others. Power reservoirs,
even when completely silted, still afford operating head for ordinary
stream flew. Where stream flow is equable thirough the seasons,
either naturally or by reason of regulation by other reservoirs in the
same watershed, the injury from local reservoir silting may be aimost
negligible. In miost cases, however, local storage 1s an’ important
factor of power-plant operation in meeting daily and seasonal de-
mands. The injury caused by silting increases with the dependence
of the individual plamt u ][)on local storage, and this in many Instances,
partienlarly in more arid regions, has a critical relation to profitable
power-plant operation,

In genernl, reservoir storage’ is vitally important to jrrigation and
municipal water-supply projects. In these, n depletion of storage by
silting to bare equality with maximum scasonal or annual require-
ments puts the project in a precarious position, and any further
depletion means actnal deficiency, any degree of which is intolerable
and must be covered by construction of additional storage faciiities.

This Jeads to the question of values destroyed by rveservoir silting,
The view all too frequently held is that the destruction is to be
measured by the cost 0‘} the originul reservoir. This could be so only
where additional storage could be developed indefinitely and at simi-
lar cost. There is, of conrse, an ultimate limit of fensible storage in
every drainage basin. It is only nutural that the initial reservoirs
should be constructed at the most favorable and economic sites. and
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that substitute or supplementary storage facilities, to serve the same
locality, are more costly. It is, thevefore, probably correct to com-
pute the more immediate harm of reservoir silting upon the basis of
replacement rather than original storage costs and the ultimate harm
in terms of the entire economic development dependent upon loecal
water storage.

It is pertinent in this connection to consider the possibilities and
slative costs of conservation of developed storage against depletion
by silting.

In a few instances attempts have been made to vent sediment from a
reservoir through outlet gates and conduits in the cam. The typical
results shown after complete draw-dewn have heen the cutting out
by the normal river current of a new channel of vather deep and
narrow cross section from the cutlet in the dam to the previous
head of baclowater. The amount of sediment thus removed as shown
by the volume of the channel has generally been only a small per-
centage of the total accumulation.

The proposal has been advaneed, in view of the known tendencies
toward underflow of heavily sediment-charged waters to the dam,
*hat systematic venting of these sediment flows through properly
arranged gates or conduits might be effective in removing a consider-
able proportion of the sediment load.

This proposal might be technically feasible, though its efficiency in
removing a large percentage of the total sediment load is yet to be
proved, However, it 1s open to grave objections in the problem of
sediment disposal below the dum. The excess of sediment thus re-
leased periodically would sevionsly impair the utility of water below
the dam, particularly for irrigatlon projects, adding to the cost of
maintaining canals and field distribution systems,

Hydraulie dredging and mechanical removal of sediment would
generally cost from 5 to 50 times as much as the original storage.
This, of course, is prohibitive except for special-purpese dams where
there is no alternative.

In certuin instances the rale of storage depletion in rescrvoirs has
been reduced by sediment drtention in headwater and valley areas by
engineering structures and vegetation screens. Sueh measures ave
admittedly temporary in nature and have the effect in general of
building up alluvial deposits in valleys above the reservoir, thereby
being of practical application only where such valley lands are com-
paratively worthless for other use.

In contrast with these inefficient or objectionable measures, the
permanent reduction ot sediment Joad in the contributing streams by
means of erosion-conirol nractices in the drainage basin has been
repeatedly indicated as desirable and effeclive by experimental evi-
dence. FErosion control not only has the effect of conserving lands in
the drainage area, but i3 ouisianding ag the one fundamental and
permanently practicable means of reducing the rate of reservoir silt-
g, It inhibits primary production of debris and thus involves no
progressive and ultimately embarrassing accumulations above, or
troublegome secdiment-laden dischurge from the reservoir.

PHYSICAL ASPECTS OI' THE PROBLEM

Practical understanding of the physical basis of the present-day
secliment problem requires, first of all. a definite vecognition of the
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dependence of silting upon erosion of directly tributary watershed
areas and of the eritical fact that rates of erosion are neither uniform
nor fixed in different sections of the country, but are subject to mute-
rial change under a civilized uso and abuse of lands and various
practical measures of erosion control. This is all too fregquently »
difficult advance in thcught concerning erosion, particularly on the
part of scientists and engineers who have studied erosion only from
the viewpoint of primordial forces and processes of nature.

It is true, of course, that erosion has heen active throughout geo-
logic history in sculpturing and planating the lands of the earth, and
that where man has least 1nterfered with soil and vegetative condi-
tions, erosional processes are still in force at primeval or geologically
normal rates, It is also true that, elsewhere, man has materially
changed natural evosional conditions by deforestation, agriculture,
grazing, and fire so that erosion has been variously accelerated from
moderate to truly catastrophic degrees.

Or account of this historic change in erosional conditions over
much of the country it is essential to draw a clear distinction between
natural and man-indnced erosion. This has been well done by erosion
specialists through adoption of the terms “geclogic norm” and “accel-
erated erosion” for succinet reference respeetively to natural and man-
induced phases of erosion, Under geologic norms, erosion was gen-
erally far less intense and more regular over broad type regions of
climate, soil, and vegetative cover. Acceleration of erosion by human
activities has greatly increased the average sediment production over
large sections of the continent and has introduced erratic distribution
of erosional intensities quite different from the corresponding pre-
nomena of nature.

The original geologic norms of erosion in each type region of the
country reflected the natural balance between opposite factors of (1)
erosional attack, determined for the most part by amount and intensity
of rainfall, and (2) resistance of the terrain to erosional atfack,
determined for the most part by vegetative protection of the soil.

The potentials of erosion were natum}}y stronger In regions of
humid climate but were generally countered by heavy forest growth
and other vegetation, so that erosion tended toward minimum_rates
and strenms generally ran clear even in flood. Under more arid con-
ditions, potentials of erosion were relatively weal, but were legs cffec-
tively countered by natural vegetation, so that sediment production
was relatively high and streams were generallyv more or less sediment
laden. Human acceleration of erosion has affected Loth humid and
arid sections of the country, but has been proportionately somewhat
more effective in humid regions where human activities have destroyed
the balance between stronger natura] factors,

Acceleration of erosion in the humid sections of the country has
been brought about: most. extensively by land clearing and clean culti-
vation of sloping lunds occupied by deep soils. It Tas been for the
most part in such regions of greater rainfall that an aggregate of
approximately 100,000,000 ucres of formerly tilled land has been
washed and gullied to the point of agrienitural abandonment, or so
severely affected by sheet washing as to support only a submarginal
type of agriculture; and an even greater area has been seriously
affected within the geologically brief period of civilized occupation.
Acceleration of erosion In the more arid sections of the country, though
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proportionally less than in the humid regions, has nevertheless in-
volved extensive wastage of topsoil and catastrophic development of
arroyos and gullies over widespread areas.

To appreciate the full import of human acceleration of erosion in
relation to the silting problem of the present and future, itis necessary
to recognize the progressive and cyclical aspects of the phenomenon
of erosion rejuvenation. It is a basic physiographic principle that
rejuvenated erosion tends to spread progressively upstream and up-
slope throughout the affected watershed area. Each gully and arroyo
lowers the elevation of controlling base level and carries the menace of
potential degradation in like measure to its entire drainage avea.

The entrenchment of rejuvenated drainage courses extends pro-
gressively upstream through headward erosion, and each entrenched
section of trunk and fributary stream entails additional sediment pro-
duction through lateral planation of exposed banks and gencral slope
readjustment. Aceeleration of sediment production thus advances at
increasing rates through a long period leading ap to maturity of a
new erosion cycle. The new erosion cycles that have been recently
developed so extensively throughout the country as a result of human
activity are mostly still in incipient and immature stages. It thus
appears that the present-day rates of sediment production in many
sections of the country, althongh now greater than these of the orig-
inal geclogic norms, may be destined to inerease still further for a
long time in the future unless countered by corrective interference
with the inevitable progress of erosion through various measures
already succeeding in, or under development for, erosion control,
Natural revegetation will, of course, in time impede erosion on large
areas of abandcned land, especially where fires are controlled,

PROCESSES OF RESERVOIR SILTING

The rate of sediment accumulation and forms of sediment distri-
bution in a reservoir are determined largely by the volume and
character of load carried into it by contributing streams. The
transporting power of streams and the Joad they carry ave, in turn,
determined by the extent of the drainage area and erosional factors
of climate, topographic relief, soils, vegetative cover, and land use.
The total stream load derived from headwater sources is subject to
variation, from time to time, by changes in factors controlling ero-
sion, particularly through changes in extent and effectiveness of
vegetative cover. The load ab any given time is subject to change
m character from place to place approaching the reservoir, through
processes of wear of debris particles and exchange of material be-
tween Joad and afluvial environment in the course of travel, and
to change In volume through processes of valley seour und deposition.

As a general rule, particularly where load includes a considerable
proportion of coarse-grained material and the reservoir is frequently
at full stage, the load of contributing strenms is subject to vadical
reduction in hoth volume and average grain size through processes
of valley aggradation above reservoir level. This process of Joad
reduction tends to be still further augmented where such valley
deposits come to support new vegetation thal acts as a sediment
screen by spreading and vetarding stream flow. This process, like that
of primary headwater erosion, 15 subject to change with time. Its
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characteristic trend is to become more and more effective with time
and thus gradually to reduce the rate of silting of the veservoir proper.

This process is naturally a benefit to canservation of reservoir stor-
age, but involves the possible ruin and sacrifice of riprrian properties
in the lower part of the affected valley. The deposits in the valley,
due to this process that is attributable to the new base level created
by the reservoir, tend to decrcase in depth going up valley. Sonie-
what similar valley deposits may occur also as the result of acceler-
ated headwater erosion, but the Jatter are generally ehavacterized by
decrense in depth of deposits going down valley. The possible use
of this criterion to determine the corigin of valley deposits, in many
cases, may be of decisive economic importance,

The rate of reservoir silting is also subject to progressive reduction
by escape of increasing amounts of debris over or through the dam as
storage space is reduced by silting. This effect, however, is limited to
the finest fractions of suspended load in all but the final stages of
reservoir filling and so cannot enfer with any great importance into
the problem of major storage conservation.

The processes and forms of sediment aecumulation strictly within
the storage space of reservoirs are dependent primarily upon differ-
ences I settlimg rates and mass effects of different-sized fractions of
stream-borne load.

The relatively coarse-grained materials, that are carried on or
settle rapidly toward the bottom, tend 1o accumulate in the form of
deltas where velocity slackens at the mouths of tvibutary streams.
Such deposits, typically developed where there is little change in
reserveir stage, are composed of characteristic bottom-set. fore-set,
and top-set beds of conventional delta form, limited in aveal extent
and confined in the vertical to the higher levels of original storage.

The aggregate volume of delta deposits reflects the presence and
amount of rvelatively coarse-grained dehvis in the total stream-horne
load. If only conrse-grained materials are carried the deltas may
tealy represent the entire sedimentary accumulation, On the other
hand, if no coarse-grained materials are cavried by tributary streams,
delta processes and features may be entirely lacking.

The processes and final forms of deltas are frequently complicated
by changes tn reserveiv level. Such deposits formed at higher levels
are subject to entrenchment and more or less complete removal at
lower stages, the moved materials being redepesited in new delta
features farther downstream and at lower elevation, The form of
delta accumulations in reservoirs that vary in stage is thus subject
to radical change from one time to another and the problem of com-
parative measurement of total delta volume by periodic resurveys is
correspondingly complicated.

The building of deltas at the movths of tributary streams is the
most conspicneus and familiar phenomenon of reservoir silting and
one that is all teo frequently recogmized to the exclusion of all others.
There are, however, phenomensa ot distribution of finer-grained frac-
tions of Jond withiv the storage space of reservoirs that are just as
definite and important as those of delta building.

In contrast with the tendency of coarser (]t‘ﬁl'is to eoncentrate in
Nmited higher areas of the reservoir, the finer-grained materials tend
to spread broadly over the reservoir boitom and in many cases
to accumulate selectively in the deeper portions of the basin. This
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tendency (o concentrate heneath the deeper waters is due to the
striking and widely prevalent phenomenon of underflow of heavier,
silt-charged, inflowing waters beneath lighter, desilted waters already
in storage. This is not a readily observable phenomenon and conse-
quently it has not been broadly recopgnized in engineering literature.
It is of signal importance to systematic silting studies in that the
volume of finer-grained bottom-set heds, more frequently than other-
wise, has been found to exceed the total volume of delin deposits and
that, contrary to customary thonght, the depletion of deeper reservoir
storage space in the vicinity of the dwm may not await the gradual
approach of growing deltas but may, and in most cases does, begin at
selective rates from the very beginning of storage,

In Elephant Butte Reservoir underflows of sediment-charged water,
coming from flood flows on the Rio Puerco, amd earrving as mneh as
15 percent of solid malter, have moved at the rvale of over 2 fect per
second, or about 114 miles per hour. Muddy underflows in this reser-
voir have repeatedly extended to the dam and have cansed muddy dis-
charges through the outlet gates while the surface water of the lake
was perfectiy clenr. The record includes a masimum period of 17
days of muddy discharge, from a superficially clear blue lake, in
which the sediment content of the discharge reached o maximum of
6 percent by weight.

The same phenomenon has occurred in connecd on with the opera-
tion of other southwestern reserveirs that receive very muddy flood
flows from tributary rivers. The resultant deposits in the deeper
parts of the reservoirs tend to be extremely flat in both transverse and
fongitudinal profile and so te increase in thickness and in ratio to
overlying water toward the dam. Similar features of silt distribu-
tion have heen noted in reservoirs of the more humid sections of
Texas and even n the very humid scetion of the southern Pledmont.
This would appear to indicate that the phenomenon of underflow is
not strictly limited to cases of extremely muddy inflow but is & general
phenomenon of stratification of liquids of different density which
tends to be expressed guite generally in reservoir silting wherever an
effective difference in sediment content of Inflowing and stored waters
may occur.

Recognition of the importance of the widespread hottom-set beds
in reservoirs and theiy caretn] measurement are essential lo acenrate
studies of general rates ot reservoir silting. In the course of the
present project. cases have been found where previous oversight of
this form of deposit in the main reservoir area nbove the dam intro-
duced very large errors in computations of tolal sediment.

PREVIOUS INVESTIGATIONS

Published results of actual capacity surveys {o determine rates of
sifting appear to Le hmited to sonte 40 Ameriean reservoirs, OF this
number, 16 have been ot basin type, with original capacities large
enough to permit practically complete natural desilting of all inflow-
ing water.  The volumes of sediment per unit of drainage area found
in reservoirs of this type. therefore, afford a practical mmdex to com-
parative average rates of crosion in the respective wafersheds during
periods of record. The rest of the list of previously surveyed reser-
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voirs have been more strictly of channel type, with relatively small
storage in relation to inflow and, therefore, given to indeterminate
wastage of sediment past the dam in time of flood. In these reser-
voirs the disclosed volumes ¢f seditnent represent unknown fractions
of total sediment delivered from the corrvesponding watershed nreas.

Owing to this basic difference in practical significance of their data,
these two classes of reservolrs are treated separately in the following
diseussion of previcus investigations.

BASIN RESERVOIRS

Table 1 presents a summary of data on basin reservoirs, including
computations of averige ammual rate of sediment accumnulation per 100
square miles of drainage area. This expression is essentially an index
of comparative average crosional intensities in the divecily tributary
watershed avea. Insofar as the loeal wutershed is representative of
average climatic and ecrosional conditions of a general region or
erosion province, the determined rate of silting per unit of watershed
area would appear applicable to watershed areas of other reservolrs
or prospective rescrvoiv sites. This suggests perhaps the most prac-
ticable method of evaluating probabilities of storage depleiion amnd
useful life in the absence of individual reservoir-sedimentation sur-
veys or adequate sediment recorels on the streams involved.
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Five of the reservoirs listed in table 1 were resurveyed in 1935-
36. Gibraltar, White Rock, and Lake Michie by the Soil Conservation
Service, Elephant Butte by the Soil Conservation Service in coopera-
tion with the United States Burean or Reclamatior, and Rooseveit
by the Salt River Valley Water Users’ Association. In each of these
cases, except Roosevelt (sce below), the 1836-36 as well us the earlier
data are given,

BASIN RESERVOIRS RESURVEYED IN 183536
WHITE Rock RESKRvVOIR

White Rock Reservoir is on White Rock Creel, nbout 4 miles north-
east of the center of Dallas, Tex., and is described in detail on pages
T8-82,

In 19923 the city enginzer’s cffice of Dullas made n detailed sur-
vey of the capacity of the reserveir {16, pp. 89-90).* 1In this survey
an accurate base Ime was laid out along the dam and from it a tri-
angulation system of 13 stations covering the lake was set up. A
closed transverse wag run around the Iake connecting all triangula-
tion stations, and nine ranges for sounding were lnid out in this
survey net. Lecation of soundings taken from a boat were deter-
minec% by transit and stadia or by intersection angles from two transits,
Soundings were usnally taken at intervals of 400 feet. except near the
old channel where the interval was less. From these data u contonr
map on a scale of 200 fect to the inch with 2-foot contours was con-
struycted. The capacity of the lake in 1923 was computed on the basis
of this map to be 16,896 acre-feet up to the 138.5 contour and 19,535
acre-feet up te the 140.5 contour, The original survey data were too
meager to draw trustworthy conclusions on the total extent of silting
to that date. However, according to Taylor {J6, pp. 90-01}:

Some general faets were ascertained. Where the side branches entered the
lalke through broad-moutbed slogghs, evidence of siit was obfained Ly the dis-
appearnnee of the e¢hannel and the growth of zome formn of vegetation. At the
upper end of the lake cuttails, willows, and other forms of plants have sprung
np aml they serve to elog the curreut, retard the flow, nund canse silt to be
deposited.  As soon as the vegetnfion disappears, there is n sudden dropping
off in the lake, indleating that the silt is slowly creeping down the lake. At
the upper end of the lake, the channel had hecome obtitevated from the bridge
te nbout 90 fect down, where it was again evident und distinet.

Tp to 1928, silt had amounted to s fraction of 1 pereent of the original
capacity.

In 1928 Taylor, with the aid of W. J. Powell and purty, majea new
soundings on the ranges of 1923. The results are given in some detail
in the publication cited above. The volume of fll over the 5-year
period, derived from resounding, was 680 acre-feet. This represents
u storage loss of 3.48 percent between 1923 and 1928,

It s to be noted in table 1 that these cavlier surveys of White Rock
Reservoir, by the municipal water department of Dallas in 1923 and
by Taylor (16, pp. 91-92} in 1928, showed a rate of 119 acre-feet of
gediment a year per 100 square miles of drainage area over the inter-
vening 5-year period, whereas the 1935 resurvey indicates an average
rate of 160 ncre-Teet a year over the whole 25-year period of the
reservoir’s existence,

ATinlie numbers in parentheses vefer 1o Liierature OTied, o 1052,
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It is believed that these discrepancies in rates are more apparent
than real. From the records of the earlier surveys as given by Taylor
(76, p. 91) silting up to 1923 “had amounted to a fraction of 1 per-
cent of the original capucity,” and in 1928 “no evidence of any silt
was found at section 5-§ or between the seetion 5-6 and the dam.”
(Section 5-6 is about 2 miles above the dam.) This secoms to indi-
cate that the earlier surveys discovered and took into account only the
sediment of the delta deposits, whercas the 1985 survey included hoth
the delta deposits and widely distributed bottom-get clays and silts
that were found to extend throughout the main reservoir area all
the way to the dam. Since the average percentage rate of fill over
the fnll 1910-85 peried has been but slightly less than 1 percent a
year it seems clearly impossible that total accumulation during the
first 13 years up to 1923 could have been less than 1 pereent of the
original reservoir volume. Also, the deposition of bottom-set clays
all the way {o the dam must have begun with the original flooding
of the reservoir. It wounld appear lik(ﬁy that the greater parl of the
deposits of this class that were found to contribute much to the total
volume of sediment in 1935 were actually in place between section 58
and the dam at the time of the 1928 survey.

Enrrant Burrs Ressivoir

Elephant Butie Reservoir is on the Rie (Grande in southern New
Mexice, about 130 miles above El Paso, Tex. A description of the
reservoir and its drginage basin is given on pages 80-99 in connection
wilh findings of the 1935 survey.

Various data have been presented concerning carlier rates of silting
of this reservoir. As an original index to probabilities, Luwson (10,
7. 372) staled in 1925 “The silt content of the discharge at San
ifarcia], as defermined by samplings and later by reservoir sound-
ings, is approximalely 26,000 ucre-feet per annum.” Taylor (16, .
68) cites reservoir surveys of 1916, 1920, and 1923, giving nccumnla-
tion to 1925 as 231,735 acre-feet, to 1920 as 140,000 acre-foet, and the
accumniation to 1916 as 90.858 nere-feet less than that to 1920, o
49,142 acre-feet.

At vuance with the data given in his context, Taylor (16, p. 68)
gives in a speciul tabulation of data for a 104-month period, pre-
sumably from December 1916 to August 1925, an increment of silt
of 177,740 acve-feet. Btevens (715, p. 217) also refors to an incre-
ment of 178,000 acrve-feet for a period of 8467 vears from 1918 to
1925 which would appear to be the same dala, stated in round
numbers and in years instead of months, The actual accumulation
during this period would appear to have heen 182593 acre-feet
according to the statements of Taylor instead of the smaller figures
given in his table and by Stevens. Furthermore, Stevens (15, p. 211)
gives the total accumulation to 1920 as 90,900 acre-feet, whereas Tay-
lor (16, p. 68} states spectfically that “there had been a total acenmu-
lation of 140,000 acre-fect up to the time of the 1920 survey.” Stevens
also gives the volume of total silt in 1925 as 178,000 ncre-feet instead
of the 231,735 acre-feet given by Taylor in his tabulation of 1925 con-
ditions, which agrees with the actugl records of the United States
Bureau of Reclamation at El Paso,
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Stevens (15, p. 5?10%, using the figures of 178,000 acre-feet of silt
in 887 years, gives the average amnual rate from 1916 to 1925 as
20,500 acre-feet. If the larger fizure of 182,393 acre-feet for the
same period, derived from Taylor’s statements, is used, an annual
rate of 21,060 acre-feet is indicated. The total of 281,735 acre-feet for
the entire early period, from beginning of storage to the 1925 survey,
would give an average annual rate of 21,903 ncre-feet.

Taking the Iatest period alove, from 1925 to 1935, the accumulation
of 133,451 acre-feet in 9.67 years gives an annuul rate of 13,801 acre-
"2t Adding the later peviod to the emlier, the general average
rate for the 20.25 years from 1915 to 1985 would be 18,033 acre-feet.

At slight variance with published data in the reports of Taylor
and Stevens, table 2 has been arranged from the latest compilation
of statistics made from the official records, both of past surveys and
the 1035 cooperative survey, as given by L. R. Fiock,' superintend-
ent of the Rio Grande Project, United States Bureau of Reclamation.
This table should, therefore, be considered as the latest authentic
information available.

TaRLE 2—Capacily changes end 8iit accumulation of Blephant Butle Reservoir®

Cumu. Averag | Tor [ Avor
Trata nf Ferlod covered Reservalr| SUL | lative | Reservolr] roservaic
SUIVRY storage [deposit] tolnf Inflow infigw

silL ner yenr

3 teredeet | ot | et | etere feet
‘ears| Acre-fer. [ tel [ Aereafred | Acre-fes
Originnl survey. LRSI I S PR ‘
Japuary 1016-Dacem-

bar 1016 . 2,584, 63| A%, 005) 6%, 005 3,006, TR0 1, 573, 005

2,408, 850| 86, 015 140, 010] &, 188 810 1,413,845 1. 4,
2,407,925 0, 725( 231, 728 &, 651, M3 1, 130, 348 1.02) 18, M5
I 2,273,671 133, 4510 3065, ISI}[ B, i, 48[ 553,493 LB 13,801

! From nflicinl reeords of Burenu of Reclumatlon and 1935 conporativo survey.
t Survey of basin at {intervels before complation of dam.

There is, of course, cousiderable uncertainty as to whether the
capacity given for 1915 is corveet, innsmuch us it is taken to be the same
as that indicated by the oviginal surveys of 1903 to 1908. Some
deposition in the valley ]n'obnT)ly occurred during this interim. Ero-
sion had been accelerated in many parts of the watershed by 1908,
and the Rio Puerco, in particular, s known to have begun delivery of
abnormal quantities of sediment to the trunk valley by that time.

With respect to the validity of the indicated failing off in rate of
silting of the reservoir proper since 19925, it should be nofed that
silting in the valley above the head of the reservoir has increased
greatly during the Jater period. Silting in valley and reservoir com-
bined in the 1925-85 period wonld unc?onbted]y equal and probably
exceed the earlier deposition in the reservoir alone.

Furthermore, only the original surveys of 1903 to 1908 and the
latest survey of 1935 covered the entire reservoir area. The surveys
of 1916, 1920, and 1925, as stated by Taylor {16‘, 2. 67), were made
only “of the upper portion of the reservoir, where practically all the

¢ Persounl commuulcation from L, R. Fiock, dated November 9, 1935.
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silt is deposited * * *7 Tn the survey of 1925, according to
Fiock,® the actual silt survey did not extend into the lower reaches
of the reservoir below elevation 4,330 {preject datum). The actual
field survey was conducted over the veservoir above this elevation
only and a percentage applied to the original storage capacity of the
lower reservoir volume, presumably to correct it to the 1925 conditions.

It seems probable from the foregoing statement of Taylor that the
phenomenon of underflow of muddy flood waters and its importance
to selective deposition in the deeper portions of the reservoir were not
recognized and taken fully into account in connection with the earlier
surveys. 1f so, it would appenr natural for earlier computers to have
underestimated the fill of the lower part of the reservorr and, by the
same amount, to Trave derived less than actual total volumes of sedi-
ment,

It is perhaps significant of the correetness of this suggestion that
the complete survey of 1935 showed 20 percent less volume of storage
remaining below contour elevation 4,320 than was caleulated in
1925 and that 58 pereent of total sediment in 1935 is in the lower 50
percent of the original reservoir volume,

While none of the foregoing average annua! rates of silting can be
considered precise in an absolute sense, a certain ennsistency appears
that permits little question as to the general magnitude of the processes
involved.

RooseverT RESERVOIR

Roosevelt Reservoir is about 55 miles in a direct line, or 80 miles by
road, a littie north of east from Phoenix, Ariz. The dum is at the
junction of Salt River and Tonto Creek, and the lake extends up both
vaileys.

Th):a danm is a stone masonyy stencture 284 feet high above foundation
and 1,125 feet in total length at the top. The lake, at gate level, origi-
nally extended over 18,300 acres and had a storage capacity of 1,637,300
acre-feet.

The drainage area is 5,760 square miles. Much of the ares is
covered by highly erodible soils underlain by loosely consolidated
alluvial deposits or disintegrated granites. The latter are particu-
larly prolific sources of coarse-grained sediment under present erosion
conditions. Grazing in the basin under agid conditions has generally
reduced natural vegetal protection of soils and resulted in greatly
accelerated sheet and gully erosion.

The dam wa3s completed and dedicated March 18, 1911. Water
storage dates from near the beginning of the same year. The age of
the reservoir in 1985 was 24 years,

A resurvey of Roosevelt Reservoir was made in 1925 by the Salt
River Valley Water Users’ Association to determine the extent of
silting up to that time. The survey showed a total aceumulation of
101,000 acre-feet of sediment, predominantly of coarser-grained type
in the delta areas at the lower ends of Salt River and Tonto Creek
Valleys. This gives an average annual rate of accumulation of 7214
acre-Teet, or 125.2 ncre-feet per 100 square miles of drainage area.

A report on similar investigations at Roosevelt Reservoir by the
supervisor of Tonto National Forest in 1924-25 gave total silt 106,262

tFoow, I, B, OMheial eorrespondeonce, 1955,

3
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acre-feet, 86,796 acre-feet in the Sult River Vallev, and 19466 acre-
feet in Tonto Valley. This gives a rate of 131.8 acre-feet a year per
100 square miles of drainage area,

In this connection the forest supervisor reported as follows:

My silt depth measurements were nscertained [rom the 124-foot water level,
as the lake receded, checking various levels with topography and known lund-
marks. After the low-water level was reached, soundings checked against
topography were alse made. From the 124-fout wuter level on both Salt River
aud Tonto, =it depths to both heads of the lake were estimated from exposed
trees, topograpliy, and known landmarks. * * * The silt beds vnceovered Ly
the rapid lowering of the lake in 1995 show a decided oven level trend of sile sur-
face with a slope downstream largely in keeping with the natnral fall of the river,
The silt hag a fendenucy to deposit deeper in the cenier of the lake than at Lthe
cdges, leaving a slight oval effect if a eross section were nvailnble. In Salt River
the deposit gradunlly thickened to a paint B (4.8 miles above the dam} from
hothing at the head of the lake fo perhaps more than 20 feot at E. Owing to the
lake being nurrow and the current greater ut this point, silt again flattens out
only fo gain in thickness bofore another narrow c¢hannel is reachod af the 45-font
water level. Silt again Hattens out in the narraw channel to inerease in thick-
ness rapidly until the dam is reached, for against the face of the dan the silt
attains a thickness of 53 feet,

"The various stages and processes of silting of Roosevelt Reservoir
describec above are shown in detail in plates 1 to 8, for which the
Photographs were furnished by T. T. Switt, supervisor of the Tonto
National Forest. .

The 1935 resurvey of Roosevelt Reservoir by the Salt River Valley
Water Users’ Association, as reported by T. A. Hayden, hydraulic
engincer at the interburean conference at Apache Lodge, Ariz., June
8, 1%%., showed the original maximum water storage of 1,637,300
acre-feet to have been reduced to 1,528.500 acre-feet in 1935. which gives
a total sediment accumulation to 1935 of 108,800 acre-feet. Taking
-from the later ficure the 101,000 aere-feet of sediment shown by the
1925 survey, there remains 7.800 acre-feet as the total acenmulation
m the last 10 years. This would be erquivalent to 780 ucre-feet a
year, or 13.5 acre-feet a year per 100 square miles of drainage
area, jn contrast with the annual inerement 7,214 acre-feet or 1252
acre-feet a year per 100 square miles during the 14-vear period prior
to 1825. This 18 in contrast alzo with the correspanding rates of
43 and 69 acre-feet, respectivelv, coming from the neighboring Gila
and Rio Grande watersheds. However, the 1935 resurvey of Roose-
velt Reservoir would appear to have been made under exceptionally
favorable circumstances, at a time of extremely low water when the
bottom of the reservoir was dry except under a small pool immedi-
ately above the dam. This shonld have permitted direct examina-
tion and mapping of the sediment deposits to any desired standard of
accuricy.

Laxe Micie

An earlier investigation of Luake Michie near Durham, N. C., cov-
ering the period 1926 to 1930, gave a rate of sediment production of
17.6 acra-feet per 100 square miles of drainage area as compared with
& rate of 27.1 acre-feet determined by the 1935 resurvey by the Seil
Conservation Service.

The earlier investigation was based upon comparative profile sur-
veys of & number of ranges that were located and permanently
marked prior to flooding of the reservoir basin, Of a whole series of
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Roosevell Reservoir, Salt River, Ariza A, Lanking 1 Salt River arm st intermed inte stase, showing high-
water deftn deposits entrenched and partly sarried frther down ih the reserynic by the sirentn, 43,
Successive stares of reexcavation of sl with {ulling s nees of lake level; the sil Is redeposived in decwr
purts of the lake,
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liposevelt Heservoir, Salt fiver, Ariz.: .2, 21wl cracks an drying sill surface exposed by lake draw-down;
background shows the grent width amd depth of mud All. B, Interinediate delts being reexcovated and
moved into deeper parts of lake.
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Roasevels Reservoir, Salt River, Ariz.: A, Remnant of fill held between branches of tres and indieating
former height of sediment deposits, B, Sediment deposits around loree cottonwaod irees; trunks
entirely burfed, branches only showiog alwen sorface.
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10 ranges thus located and surveyed in the fall of 1926, only the
upper 5 ranges appear fo have been resurveyed in October 1930 to
give the data upon which the estimated rate of silting was based.

The 1935 resurvey of Lake Michie relocated 9 of the original
ranges, 8 of which, together with some 24 new ranges, were used in
determining the volume of sediment at that time. In this resurvey,
chief reliance was placed upon direct measurements of sediment
depths with special apparatus which is described in detail under the
heading Range Method in the appendix.

In view of the facts that the 1985 resurvey covered all instead of
only a part of the reservoir area, and that divect measurement of scdi-
ment depth gives more precise dats than comparative range soundings
alone, it is believed that the average rate of 27.1 acre-feet per 100
square miles of drainage is perhaps more truly significant of actual
conditions of silting on Lake Michie than the lower figure referred
to above.

The work and results of the 1985 resurvey of Lake Michie are
described in detail in a later section of this report (pp. 31-35).

GIMRALTAR RESERVOIR
Gribraltar Reservoir is on the Santa Ynez River 4 miles north of
Santa Barbara, Calif., for which it is a source of municipal water

sup}?ly. A description of the dam and reservoir is given on page 113
with the discussion of the 1936 sedimentation survey by the Soif Con-

servation Service. .
The drainage area, some 215 square miles in extent, is hilly to
mountainous and is floored throu%hout with sedimentary forma-

tions that have formed deep and friable soils naturally protected
against erosional attack by a cover of chaparral. Since the dam
was completed in 1920, 11 fires have burned over different parts of
the basin. TIn 1922, 88 square miles were burned over; in 1923,
64 square miles; in 1925, 14.3 square miles; in 1980, 1.2 square miles;
in 1932, 19.9 square miles; and in 1933, 57.3 square miles, a total of
165.5 square miles, leaving only 49.9 square miles unburned.

Resurveys of the reservoir in 19381 and 1924 have shown progressive
rates of silting corresponding with accelerated erosion increasine as
additional areas of watershed were denuded of vegetal covering by%re.
The data of these surveys, and also of the 1936 survey, revised some-
what as a result of the latest study, are given in table 3. The results
of the 1986 survey indicate that there was a sharp decline in silting
rate after 1984. This was due in large measnre to a lower rate of
inflow during the period 193436, and to the absence of fires.

TARLE 3—Proyressive silting in Gibraltar Reservoir, Sunian Barbara, Calif.

. | Sediment | Avergga | Ammmal 4o, o
Lake | Storage 13:;1%3?;;" secumu- | snnual &ccumu}:ab annual
aren | enpaeily | Prerec) lated in~ | accump- | PODRErIO0 ey
survey period lntiorr  SquBremites “H o

ol drainpge .

wlares | slcre-feet slore-fent

p L | k 10 VI DO B e e reeeees

16411 . . 12, 608 N 7L
. p 10, 657 3 K 325

10, 180 . 130

clere-feet Percent
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BASIN RESERVOIRS WITH EARLIER RECORDS ONLY
Laxn WORTHL

Lake Worth is on West Forl of the Trinity River, about 5 miles
northwest of Fort Worth, Tex. The dam is an earth structure with
concrete spillway, one-half mile long and 36 feet in maximum height
above the old stream channel.

The reservoir was completed and storage began in the summer of
1915. A record of silting for a subsequent period of 13 yeavs was
cstablished by a complete resurvey of the reservoir in 1928 by Dean
T. U. Taylor of the University of Texas. According to Taylor (/6 p.
83) the capacity was reduced by silting during this period trom
47,177 acre-feet to 33,340 acre-feet or by o total sediment volume of
13,837 acre-feet.

The watershed is described by Taylor (16, p. §2) as follows:

The watershed covers 1865 equare miles of drainnge aven. Tho topogrnphy is
rather rolling, perhaps one-thivd of it in cultivation, the rest being devoted ta
forestry and grazing purposes, A large part of the watershed area is ¢cowmposed
of sandy seil and in seme places renches Into the colloidal clays. The flood
waters enter the Fort Worth Resorvoir beavily chirged with silt and of a
chocolnte or yellowish-brown enlor.

The mean annual rainfall at Fort Worth is 31.31 inches. The
average reservoir inflow for the exact period of the silting record is
unknown but is probably of the snme order as the svernge of 211,800
acre-feet a year for o period of vecord from October 16, 1923, to
September 30, 1930, cited by Stevens (15, p. 214}, The maximum
discharge during this pel'iocf as reported by Stevens was 7,600 cubic
feet per second on November 18, 1928,

In terms of sediment production from the watershed arvea above
Lake Worth the total volume for the 13-year period determined by
Taylor reduoces to 57.1 acre-feet o year per 100 square miles of drain-
ape area. (See footnote 33. page 14i.)

The results of observations made in September 1934 and the prob-
able effect of the construction of two large dams on the West Fork
above Lake Worth are discussed on page 145.

Lane McMOraw

Lake McMillan is on the Pecos River about 15 miles north of
Carlsbad, N. Mex., and supplies water for the extensive irrigation
project in the Pecos Valley below (pl. 4).

The dam js a reck-and-carth-fill structure with concrete spillway
and a separate concrefe structure with gate control for service outlet.
The dam is 1,686 fect long and lhas & maximum height above original
channel bottom of 52 feet.

A rather full record of the rates of silting in Luke McMillan has
been established by repeated surveys of the resevvoir by various
agencies from time to ‘time. Vauriatious in vates ot silting in the
earlier part of this record are mainly a reflection of the general in-
fluence of an arid climate under which total vainfall is highly erratic
from year to year. A notable falling off in the rate of silting of the
reservoir proper during the latter part of the record points wunmis-
takably to the influence of tmmarislk or saltcedur growih in the valley
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at the head of the reservoir where it has greatly increased valley
sedimentation above the lake Ievel since 1915,

Table 4 presents the records of silting in Lake McMillun as given
by Taylor (16, p. 52) for the periods up to 1925 and by the records
of the United States Bureau of Reclamation for the 7-year period
preceding the survey of 1932,

TaBLE 4—XRecord of siliing of Lake Mcllillan, Curlsbad, X. Mrex., from 1803 to
1432

Depesits
Lengti of ool 1 Deposits R bng
period depositeid peryest | miles of
ctratnage aren

Portod covered

sleresfect lere-fect slcre-feel

18941004 . 4 18, 0N 4, 7.50
1004-10. . , 4 3,600 719
191G-15. . . | 2,20 13,30
1015-25. - 5 i 350 .60
BBA-B2 . oot cmrerrrangmnay - . 215 .08

Table 4 is of particular interest in its reflection of the changing
rate of valley sedimentation above the dam due to the accidental
Introduction and spreading of tamarisk or saltcedar growth.

The tamarisk, or so-called saltcedar, is a native tree of western
KEurope which grows as far east as the Himalayas. It is highly toler-
ant of saturated alkali soils and when once established appears to be
very drought-resistant. In many sections of southwestern United
States, incﬁ:ding the Pecos Valley in the vicinity of Lale McMillan,
1t is sel{-propagating from seed which is spread by floods and which
germinates selectively in the fresh sediment deposits near reservoir
or river level.

Prior to 1912 the Pecos Valley above Lake McMillan was prac-
ticully devoid of vegetation other than low-growing saltgrass. In
the fall of 1912 the first few seedlings of saltcedar were observed on
the mud fluts at the head of the reservoir and along the Pecos River
for several miles upstream, the seed presumably having come from
parent trees planted a few years previously for ornamental purposes
around certain home sites. By 1915 the seedlings had grown to
Leights of 8 to 5 feet and new seedlings had started over Jarge addi-
tional areas. Since then the growth has become very dense over the
whole upper end of the reservoir and along the river for some 200
miles upstream, generally forming impenetrz%le thickets and in places
growing as high as 20 or 25 feet.

The general effect of this new vegetative development is, as indi-
cated by table 4, a reduction in the average rate of silting from 1,882
to 204 acre-feet for the 22- and 17-year periods of record, respectively,
before and after the 1915 survey, During the latter period the con-
tinuing increase in effectiveness of the growing vegetative screen is
shown by a decrease In average rate from 350 to 215 acre-feet, com-
paring the 10-year period 1915-25 with the 7-yeur period 1995-82.
In terms of sediment per unit of drainage area the last 7-year period
indicates n falling off to the Jow figure of less than 1 acre-foot a year

80832 °— 39 ——2
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per 100 squave miles of drainage area. The corresponding improve-
ment in the outiook for the future useful life of the veservolr is, of
course, ab a sacrifice of any agricultnral interests in the lower payt of
the valley above the reservoir, Fortunately, in this ease, such lands
had very little original value, so that the saving of reservoir storage
from further depletion is almost completely a net ceonomic gain,

The accidental development of the salteednr sereen at Lalke McMil-
lan serves as an important demonstration of the fact that new valley
vegetation can induce a major change in the rate of reservoiv silting,
This would appear to point the way quite definitely to real possibili-
ties of sediment control by vegetative means. Intentional use of vege-
tation to induce silting above the heads of reservoirs has not yel
entered into reservoir practice. To develop such a practice hy appro-
priate studies of available species and experbnentation with appro-
prinlte supplemental engineering works would appear eminently justi-
fied by the magnitude and Import of the present-day silting problem
in the Southwest and in other localities where natural vegetation
alone does not answer.

ZuxN1 RESERVOIR

Zuni Reservelr is on the Zuni River, a tributary of the Little Colo-
rado at Black Rock, N. Mex, Ii supplies water for an average of abont
1.500 acres of valley lands under the main Irrigation project of the
Zuni Indian Reservation. The average annual deaft on the roservoir
is about 4.5300 acre-feet,

The veservoir as originally impounded in 1906 had a eapacity of
15,811 acre-feet below spillway level at contour 1,000, By 1927, after
20 vears use, silting had reduced this capacity {0 4256 acre-Teet or
just abont the mean annual draft, By 1929 this had been further
redneed to 3.652 neve-feet. By 1936 the capacity below spillway level
al eontour 998.8 wus 2,600 acre-feet.

The record of silting of Zuni Regervoir is unigue in that eapacity
snrveys have been nude almost every year since the beginning of
storage in 1910. Tahle 5, kindly furnished by the Indian Irrigation
Service, gives this record in detail up to 1929.
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TARLE 5~—Silting of Luni Reservoir, 1906-20—Continued
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It shounld be noted that the record subsequent to 1927 has heen so
complicated by extensive wastage of sediment over and through the
dam and by sediment detention 1n tributary valleys above the head of
the reservoir that it has no definite bearing on the general rates of
erosion in the watershed. By 1928 the capacity had been so reduced
that the exceptional floods of that year resulted in no net increment in
reservoir sediment accumulation. In view of this feature of the rec-
ord, data on only the period up to and including 1927 were included
in table 1, giving average rates of sediment production in drainage
nreas nbove basin reservoirs.

This remarkable history of silting occurred despite protective works
for sediment. detention in the Nutria Valley section of the drainage
basin, begun in 1922, This work has consisted of construction of two
sediment-detention dams, one-quarter to one-half mile long and 11
and 14 feet in height, respectively, across Nutria Valley, 10 to 25 miles
ahove the reservoir. A similer dam has been built on Horsehead
Creck, 850 feet long, 86 feet in height above the arroya bottom, and
11 feet above the general valley level. Each dum is equipped with a
low-placed culvert to feed slowly into the lower valley waters stored
below spiilway level. They are both located at sites favorable for
construction of a natural bedrock spillway through marginal uplands.
Both dams have wide valleys upstream and will undoubtedly store
immense’ volumes of sediment at a cost much less than the valne of
the reservoir-storage capacity they will conserve. In addition, they
will afford considerable nuxiliary water storage directly doring the
time they are being silted, and perhaps in(Tirect];}', underground,
therenfter. ’

This highly commendable sediment-detention practice scems sus-
ceptible to greatly expanded application above the many major stor-



http:4.0�12,50312.1.50

20 TECHXIUATL BULLIETIN 54, T, 8 DEIM OF AGRICULTURE

age reservoirs that otherwise must face the certninty of unduly rapid
extinetion.

The capacity of Zuni Reservoir, 2,600 acre-feet bzlow contour $98,3
in 1930, was enlarged in 1931 by sluicing sediment out of the reservoir
through a new, improvised lower outlet gute. It was estimated at the
time that some 500 acre-feet of sediment was wasted. Upon the basis
of a resurvey in 1982, it appears that (28,8 acre-feet of sediment in all
was actually evacuated as a resuit of this practice. This significant
incident in the history of Zuni Reservoir is described in the following
excerpt from a report of the aecting supervising engineer, Indian
Irrigation Service, under date of November 20, 1931 :

Realizing that (lie reservoir wonld =oon be Glled with =ittt and its nsefulness for
jrrigation purpoeses would be lost, anthorily was requested to use funds appro-
printed for the Znni 'raject to install a larger gate in the gate tower of the Zuni
dnm.  As originally constructed, (here were three 14-inch gates Installed in the
tower, As silt and debris aeewmulatoed in (he reservoly, two of 1hese gates beenne
clogred and efforts to clear them were unsueceessful,  On July 1, 1931, the reser-
voir was it oxtremoely low stipes and steps were taken immediately to install a
gate four feot by six feef. The clevation at which the gate was installod was 950
and the tunncol or conduit through the dam was six feer in dinmeter.

The work of making the opening was aceomplished by the use of an air com-
pressor and juek hammers. The size of the opening was ontlined and the gate
tower wall, which s 18 inches thick ab the base, was gradunlly removed until
only a thin shell remained.  Foles were hored in the remaining soetion and ten
charges of dymmuite placed at different loentions areund the antline of the pro-
posed opening and the ¢harge set off by an eleetrle detonator. The aperture
made in (he dam was not of the size oripinally intended, but resulted in an
npening of about two feet by three feet, The odges of this opening wore vory
ragged and did not allow a free flow of water and silt. 18 would have resulted
with a larger opening with smooth sides. However, immedintely following the
Mast there was a flow of water abeut rqual to ihe eapaelty of the tunnel. due to
the pressare of some 40 feet of water. The water tlowed for a fow minutes,
carrying approximately fifty pereent of silt. A silt slide ocenrred, choking off
the water entirely, and the silt continved to flow for about ten minutes. Thig
was Inllowed by another rosh of water, heavily laden with gilt, until the resorvoir
was practically empty. Silt agaln =lid and choked off the water and flowed for
npproximately fificen or 1wenty minutes, enfirely #lling the tunnel and slnicoway
below. ‘I'his wits followed by a flow of water until the reservoir was cnipty.
This was again followed by a flow of mud, and continued until the tunnel and
sluleeswny were entirely blocked. The tunnel and slniceway remained blocked
for about three days until the seepape in the tunne! completely saturnted the
silt, the =ilt in the slniceway was removed by hydraulic methods, using 114-inch
pipe connected with the main water supply for the school,

During (he first flood, the opening in the gate tower was completely closed
with rock and debris and it wns nogessary to dislodge this by placing o ¢harge of
dynomiie in the opening, at whieh time it was made larger.

Silt sluiced from the reservoir filled the eanyon immediately helow the sluice-
way to & depth of three feet for n distance of 700 to 800 feet, gradnglly tapering
from this depth fo the grade of the river five miles holow. Evidence of silt which
has been removed from the reserveir is fonnd ac a distanee of some forty to fifty
miles helow the dam. There seemns to be no danger of flling the river bed to a
depth which wonld canse overflow of the lands as during the oiny season there
is usnally soufficient water to carry the silt for a grent distance and in turn will
gradnally be carried inte the Little Colorado River. From i point immcedintely
below the dam to the Zani village, a distance of four miles, the banks of the rlver
will nverage about ten foot deep.

Duc to summer rains which followed immediniely after the opening was male
in the tower, the installation of (he gate was delayed wntil October 15, While
the rainfall on the witershiod wos <omewhnt bolow normal, the runil was vory
gradual and materinlly aided in #halcing silt from the reservoir,

If wns Lolieved at flest that one deep channel would be sluiced through the
reservoir, the water fowine in (he shartest distanee from whore it entered the
reservolr fo rhe point of dischuree to (he gafe tower, it due perhaps to the
sradual run-oll, the water assumed three «ifferent courses; frst, nlony the north
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gide of the reservoir, thenee through the eenter, and finaliy avound the south side,
taking the longest possible course, At oxtreme flond stages the water flowed In
all three channels and af times covered practically the entive surfucoe aren of the
regervoir, thus removing counsiderable silt from the entire area below contour
800 and en the south-center side of the reservoir from clevation 999 to Y70,

The high rate of silting of Zuni Reservoir reflects an advanced stage
of arroye and gully development and severe sheet erosion in this gen-
eral region. Deep arroyos ave generally prevalent, wide in the Jower
valleys and velatively narrow, but even deeper in headwater basins.
Gullies of the latter type 20 feet deep and only 5 or § feet wide have
Leen noted. It is said that Indians now living reenll the general ab-
sence of these erosional features at the time of their youth, indicating
that the arroyos and guliies have developed almost entirely within
the last 40 ov 50 years. 'The trees of the Zuni Reservation also arve
said to have shown slower growth—nurrower annual growth rings—
for the last 50 years. Tt is probably significant that sheep raising was
intracuced about 50 years ngo and large flocks have been grazed on
the reservation eontinuously since that date,

SwERTWATEL RESERVOTI

Sweetwater Reservoir is on the Sweetwater River near Sunnyside,
San Diego County, Calif. The dam was built in 1888 to a height of
70 feet above original river level and has since been raised, 5 feet in
1896 and 15 feet 1n 1915,

Capacity surveys of the reservoir were made from time to time up
to 1927 to determine the condition of the reservoir with respect to
silting, Table 6 shows the rates of silting for selected periods from
1888 to 1927 and the total cumulative effects of the process. This infor-
mation 1s compiled from a tabulation of the Sweetwater Water Cor-
poration.

T'ABLE G.—Ruics of silting in Sweetwoter Reservalr, Catif.
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The watershed embraces an aven of 181 square miles, composed for
the most part of chaparral-covered mountain slopes but with some
cleared land in the lower valleys, Rainfull is very irvegular. Total
inflow for the 89-year period, during which 7,308 acre-feet of sediment
accumulated below elevation 230.11, minounted to 740,000 acre-feet of
water, giving an average sediment content of (.99 percent by volwme.
Inflow varied from an avernge of 1,082 acve-feet a year for the 9-year
period 1865-1904 to 160.000 acre-feet for a 12-month period in 1913
and 1916.

The average sediment production from the watershed for the 39-
year period of record, based on the total accumulation below spillway
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elevation 239,11 for the entire period, would appear to have been
103.5 acre-feet of sediment o yenr per 100 square miles of drainage
area,

LAXE CHAROT

Lake Chabot is on San Leandro Creek near San Leandro, south-
east of Qalkland, Calif. The following notes are given hy Stevens
(16, p. 214):

The dralnage nren [42 square miles in extent] is densely covered with hrush
and redwood. Capncity surveys referred to Spillwny Gnuge 83.5 are: For 1875,
17,000 acre-feet; for 1000, 15500 acrefeet; for 1011, 13,800 acre-feet: and for
1923, 13,600 nerefeet.

Total inflow during the 48-year period of record, during which
3,500 acre-feet of sediment acenmnlated, was 854,000 acre-feet, giving
an average sediment content of 0.41 percent by volume.

Computation of the average sediment production in the watershed,
based on data given by Stevens (/5, p. 210), show that the rate for the
48-year period of record was 174 ncre-feet a year per 100 square miles
of drainage area,

GUEnNEEY Rusgrvorr

Guernsey Reserveir, which began storage in July 1927, is on the
North Platte River about 2 miles northwest of Guernsey, Wyo. Its
drainage area, excluding the 12,000 squave miles above Pathfinder
Reservoir, 150 miles upsiream, is 4,200 square miles.

The dam, a gravel and rock-fill struclure with a clay core wall, is
561 feet long and 105 feet in height ahove ihe siream bed. The res-
em oir formed by the dam is 13 miles long and has a surface area at
spillway level (elevation 4420) of 2,836 acres. The original storage
capacily above the penstock inlet sill at elevation 4,360 was 71,060
acre-feet 5 and above the base of the Stoney gates in the epillway, at
clevation 4,370, it was 67,370 acre-feet. The tolal original cupacity,
including live and dead storage, was computed as T4.260 ncre-feet.

Sedimentation surveys of Guernsey Reservoir were made by the
United States Bureau of Reclamation in 1929, 1931, 1933, 1935, and
1937. The progressive loss of capacity between elevations 4,370 and
4,420 is shown in tahie 7.

TanLy T—Progressive silting i Guerngey Reservoir, Guernaey, T yo.

" Sedlment. : " gediment
slrrm;r:?m-ll aceminm- | Usalte ) . sinTc!tzli?re-' accumu- | Usnhbla
ceding | Ited stornge ] Year cedine | Isted | storage
s+ during { capagity i Cedlng | uring | enpuelty
i survoy | Loriod
'

o OSUTYEY L horjad

| .

ere-feel ear) . Aere-feet
7, 540 ! 21 5 69{1?0
B4, 610
61, 570

. |
ear I
|

b

According to table 7, the total loss of capacity above elevation 4,370
in 1937 was 12,960 ncre-feet, or about 19 percent, At the time of the

. "The datn on lhig reservoir were supplied hy the United States Bureau of Reclamation,
in en unpubilsbed report on sedbnentation survers of Guernsey Resevvolr and i communi-
catlons fruom e commissioner,
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1987 sedimentation survey the total volume of sediment in both live
and dead storage was determined tc be 16,780 acre-feet. These fig-
ures indicate that 3,820 acre-feet of sediment had been deposited be-
low elevation 4,370, displacing about 57 percent of the 6,690 acre-feet
of essentially dead storage below this Jevel.

As the period of storage up to the 1937 survey was 9.4 years, the
averags annual total accumulation in Guernsey Reservoir was 1,785
acre-feet. This is equivalent to an annual total capacity loss of 2.4
percent, and to w sediment production of 42.5 acre-feet per 100 square
miles of drainage area.

CHFOMH JIESERVOIR

Cheoah Reservoir is en the Little Tennessee River 5 miles west of
Fairfax, N. C. It is formed by a concrete arch-gravity dam 700 feet
long and 180 feet in height above the stream %Jed. The dam was
completed in 1919,

The original storage capacity was spproximately 41,600 acre-feet.
A survey to determine the amount of sediment in the upper 244 miles
of the reservoir was made by the Aluminum Co. of America in 1922
and a complete survey was made by the United States Army engineers
in the fall of 1930. This latter survey showed 4,350 acre-feet of sedi-
ment deposited during the 11.83 years the reserveoir had been in
existence (14, p. 210},

The average sediment production from the 1,620 square miles in the
drainage basin is computed as 22.7 acre-feet a year per 100 square miles
of dralnag> area.

Ocorr No. 1 IiEsErRvoIr

QOcoee No. 1 (Parksville) Reservoir is on the Occes River at Parks-
ville, Tenn. It is formed by a concrete dam completed in 1912,

The drainage basin covers 600 square miles, of which 70 percent
15 in forest, but about 20 square miles are completely devoid of vegeta-
tion. This area contains the Ducktown mining district, where in
former years the poisonous gases that came from roasting l,s,rge quan-
tities of sulphide ores in open heaps killed off the vegefation. As a
result erosion Is extremely severe and the arvea contributes a large
amount of sediment to the Ocoee River.

The reservoir had an original capacity of approximately 97,000
acre-feet and an area of 2,000 scres. Surveys of the upstream half
of the reserveir were made in 1917, 1921, and 1929 by the Tennessee
Electric Power Co. A survey of the entire reservoir was made by
the United States Army engineers in the fall of 1980. This survey
showed a deposit of 20,800 acre-feet of sediment accumulated in the
18.75 years (1, p. 810).

The average annual sediment production of the watershed is com-
puted as 185 acre-feet per 1U0 square miles of drainage area.

O’'SEATAENESST RESERVOIR

O'Shauglmnessy Reservoir is on the Scioto River 16 miles north of
Columbus, Ohio. The dam, completed in the fall of 1925, is 4 concrete-
masonry structure of the gravity overflow type, 1,750 feet long, includ-
ing approaches. The crest of the spillway 1s 84 feet in height above




94 TECHNICAL DULLETIN 524, T. 8. DEPT. OF AGRICULTURE

the rock foundation. The reservoir has a surface area of 829 acres
and a drainage aren of 988 square miles.

A sedimentation survey of the reservoir was made in 1934 under
the general supervision of C., E. Sherman, professor of civil engineer-
ing at Qhio State University. The vriginal capacity of the reservoir
was determined as 16,673 ucre-feet. In the 9 years between the time
the reservoir was completed and the survey 1,016 acre-feet of sedi-
ment, representing 6.1 percent of the original capacity, had acen-
mulated (4, pp. 977-512). This gives an average annual rate of accu-
mulation of 114 acre-feet of seciment per 100 squave miles of drain-
age avea,

P'INE LAKE

Pire Lake is on Pine Creck in Eldorado-Pine Creek State Park,
Haxrdin County, Iowa, Water was first impounded in 1924 by a semi-
cireular concrete spillway and bridge with earth embankments at
either end, The reservoir, built for recreational purpeses, had an
original storage capacity of 738 acre-feet and a surface arven of 63
acres.

A sedimentation survey of this reservoir was made during the win-
ter of 1932, and a brief summary of the resuits, together with data on
other southern Jowna reservoirs, were submitted by G. A. Marston as
a thesis at the Stute University of Towa. The records of the survey
show 186 acre-feet of sediment, representing 25.2 percent of the orig-
inal storage capacity, accumulated in the 8-year period.’

The average annual rate of sediment production from the drainage
aren of 15.34 square miles is determined as 151.6 acre-feet per 100
square miles of drainage area,

MUSKINGUM CoLreceE IIEBERVOIR

Muskingum College Reservoir is on n small stream on the campus
of Muskingum College at New Concord, Chie. It is approximately
0.94 acre in area and had an original storage capacity of about 9.41
acre-feet. The dum is of earth-fili type, 150 feet long, and was
constructed in 1915.

A sedimentation survey was made in 1935 by R. H. Mitchell and
G. Robert Hall, of Muskingum College, In & period. of 20 years, from
the date of construction to the time of survey, 2.86 acve-feet of sedi-
ment was deposited. This amounts to an average rate of sediment
production of 37.5 acre-feet per year per 100 square miles of drainage
area for the 0.32 squave mile of watershed avea.

CHANNEL AND OTHER RESERVOIRS OF SMALL CAPACITY-INFLOW
RATIO

Table 8 lists the reservoivs of relatively low capacity-inflow ratio
that have been studied in the past by various agencies with respect to
rates of silting. The computations of original storage capacity per
square mile of drainage area und average annual rates of silting ex-
pressed in acre-feet per 100 square miles of drainage area and in per-

7 Alarston, (L A, Sedimentalion in southern Jowa reservoivs. Unpuoblished master's
thedls, Uulversity of Tows, 75 pp., 1933,
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centage of original capacity are based for the most part upon Stevens’
(15, p. 210) tabulation of records of American reservoirs for which
amotnt of silting has been measured,

TakLE 8—S8illiny records of reservoive of fower capacily-infiond rufio
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The arrangement of table § in the order of increasing original
storage capacity per square mile of drainage area brings out the
general tendency of the annual sediment accumulation to increase as
this ratio increases. The weight of evidence indicates that the Jarger
the reservoir relative to the size of the drainage area the more com-
plete the desilting of inflowing waters, and hence, in many cases, the
greater the actual volume of sediment deposited,

On the other hand, the average annual depletion of storage capacity
fails to show any definite relation to the ratio of capacity to drainage
area (or inflow) ; but, taken as a whole, the reservoirs of lower capac-
ity-inflow ratio Listed in table 8 have a much greater annual eapacity
loss than the reservoirs of higher ratios listed in table 1. The absence
of a definite relation between the capacity-inflow vcatio and annual
capacity loss among the reservoirs with a low ratio is believed to indi-
cate the much greater effect of relatively smalt differences in run-off
and factors affecting the rate of sediment production in their respec-
tive drainage areas.” Such differences are reflected in the percentage
of sediment. bypassed through or over the dum, which varies greatly
in different reservoirs with the volume of inflow and character and
amount of sediment load, as well as with the Jength and shape of the
reservoir. Reservoirs of this class are, therefore, in contrast with
reservoirs of high eapacity-inflow ratio, which afford nearly complete
desilting under a wide range of inflow and sediment-load condi-
tions—at least until they reach such an advanced stage of silting that
they become more like the channel-type reservoirs, Thus reservoirs
with low capacity-inflow ratio, while being more sensitive to differ-
ences in drainage-area characteristics, offer litfle or no index to these
differences which are clearly reflected in bugin-type reservoirs that
retain most of the incoming sediment,
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The principie of dependence of rvate of silting upon the capacity of
the reservolr has been recognized by Taylor (16, p. #7).  After stating
that *the silting of reservoirs is generally erratic and spasmodic and
is confined to the flood periods,” he procecds with the development of
nomathematical expression of companionate waning of capucity and
viate of silting in reservoirs receiving discharge of alluvial streams.
Based upon the assumption, made to simplify analysis, that silting is
a regularly progressive phenomenon. his formula indieates progres-
sive reduction in rates of silting as capacity is depleted.

The general validity of this principle is apparently supported even
by the histories of some low capacity-inflow veservoirs, such as the
two butlt successively at the same sile on the Colorado River at
Austing Tex.  The rates of siling nbove the old and new dams,
respectively. have been computed as 8.2 and 6.1 acre-feet a year per
100 sgnare miles of drainage mrea.  The higher rates of siliing in
the old reservoir relate to the original and final capacities of 49,300
and 25,777 acre-feet from 1893 to 1900, compaved with corresponding
capucitios of 32029 and 1477 were-Teet for the new reservoir from
1913 to 1926. The original capacity of the new reservoir was 63 per-
cent and its rate of silting 67 percent of corresponding features of the
old dam.

The final limiting condition approached by such companionate
waning of capueity and rates of silting apparently must be a meod-
erate residual eapaeity and zevo rate of silting. The final capacicy
would be that of the volume of an adjusted alluvial flood ¢hannél
through the filled reservoir. subject, perbaps, to temporary reduction
by sedimentation in lowawater season and restoration to the same
general dimension with each succeeiling flond.  Under these condi-
tions the low-water eilring would be temporavy and result in no
permanent increase in sedinment accumuolation from flood to fload.

Inasmuelr as the rates of siliing of channel and other reservoirs of
low capacily-inflow ratio relates to fractional desilting of inflowing
water, cach reservoir of its general class is more or less 1 law unto
itself us to the relation of its life expectancy to past records, The dafa
of periedic eapacity surveyva of these reservoirs are thus useful chiefly
s a basis of individual forecast,  However, in cach case, they may
be stndied fo advantage in relation to general land use and paoliey of
erogion control, in the respective watorshed areas, In final analysis,
it appears that only through reduced production and delivery of ero-
stonal waste, particnlavly of conrser-grained nonsuspensible charnetoer,
by improved land use and erosion control in the (HI'?liIng_"(‘ basins of
such reservoirs. can efiective progress be made toward improving their
condition and the prospeets for longer periods of useful life.

RESERVOIR SURVEYS BY THE SOIL CONSERVATION
SERVICE IN 1934-36 *

FIELD WORK

The general project of reservuir investigations was initiated Ly the
Soil Conservation Service July 15, 1934, with instruetions to H. M.
Erkin to proceed with a general suvvey of previous work in this

* The results of work In 194G-38 an reservolrs deseribed in the originnl rdition are
Ingiteled jun this rvevision, In additien, du gn ether reservoirs surveyed in 1930-38 ace
toncluded In table 13,
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field, with further development of the problem and optimum methods
of study, and with selection and organization of persennel for ut
least three field parties to muke detailed reservoir surveys in the
secutheastern, 501:tJ11c1.‘11 Great Plains, and southwestern type nreas of
the country. Subsequent extensions of the work to the northeastern
and northwestern parts of the couniry were contemplated.

Under these instructions Eakin first made a general field recon-
naissance of the three southerly type aveas, visiting in all 87 reser-
voirs in North Carolina. Sonth Carolina, Georgia, Alabana, Texus,
New Mexico, Arizona, and California. XIn connection with this pre-
liminary work, detailed studies were made of the municipal veser-
voirs of Greensboro and High Point, N, €., Spartanburg, S. C., and
Rogers, Tex,, and the mothods and apparatns for direet measurement
of sediment depth, that have heen used extensively in subsequent
work, were develeped.

In this earlier reconnaissance work Eakin was assisted by L. M.
Glymph, Jr, assistant sgricultural engineer of the Sparlanburg
regional office, who was later assigned as assistant to Thomas L.
Kesler, chiet of the Great Plains party. The southeastern area was
assigned to Carl B. Brown and D. Hoye Eargle, and the southwesl-
ern area to Raymond C. Becker and Fred E, Tardy, as chief of party
and assistant, respectively, in each case. Iach party was inereased
to six men by assignment of persounel from the various regional
offices ot the Service. These parties began work in their respective
fields in late December in the southeast, and in early Januury in the
Great Plains and southwest arens. The subsequent results achieved
by each party appear in the secounts of detatled reservoir surveys
1n their respective areas up to July 1, 1936, as given in the following
sections of this report,

The Ilephant Butte survey was made with the cooperation of the

Tnitect States Bureau of Reclamation, threugh the Il Paso office in
charge of Supt. L. R. Fiock. The finld worlk was done under the
direction of Herbert W. Yeo, of the Atbuquerque regional office of
the Soil Conservation Service,

In addition to this field program, an original capacity survey of
Lake Mead, on the Colorado River, was undertaken by the Soil Con-
servation Service with the cooperation of the United States Bureau
of Reclamation at Bouwlder City, Nev., Walker R. Young, construc-
tion engineer in charge; and of the Coast und Geodetic Survey, repre-
sented in the field by Gitbert R. Fish and Charles Pierce, in charge
of vertical- and horizontal-confrol surveys, respectively. Detailed
topographic mapping of certain flatter arens of the reservoir basin
and other necessary observations, undertaken by Bureae of Reclama-
tion personnel, were in charge of Engineer R. C. Thaxton, of that
Bareau. The acrial photography, detailed control surveys, stereo-
planigraphic contouring, and assemblage of the final complete map of
the reserveoir have been done under conlract with u commercial con-
cern. The maps have now been lithographed and work is proceeding
on computation of the original capacity,
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METHODS OF SURVEY

Sarveying operations were designed and have been executed to
attain two immediate objectives: (1) To measure as accurately as
possible within reasonable time limitations the total veolune of sedi-
ment aceumulated to dute, and to determine its distribution, its rela-
tion to capacity and age of the reservoir, and to size of druinage avea:
and (2) to establish a permanent system of monuments which future
surveys may utilize from time to time for comparing variations in
rates of slting as reflecting change in erosional conditions, cither
from human acceleration or from vetardation through crosion control.

The plan of surveying is based on detailed and experimental
work by Eakin during the summer of 1934, and was developed to a
large extent during surveys of Spartanburg Reserveir jn South
Cavoling, and High Point and Greenshoro Reservoirs in North
Carolina, Tle Instructions for Reservoir Sedimentation Surveys
given in the Appendix are substantially ihe same as those issued to
party chiefs when the present program of detailed surveys was
maugurated in January 1935, Minor modifications have been made
from timie to time to incorporate inprovements developed by the field
parties. The instructions have been rigorously followed except where
unnsual and untoreseen conditions  demnided  certain deviations.
Each madification of procedure has served some desivabie end, either
to further inerease the accuracy of results, (o avold duplication of
work nheady done, or by justifinble short euts to bring the survey
within reasonable time limits. In no case, however, has accuracy of
results been saerificed to any other objective. In addition to the
geveral improvements that have been incorporated in the general
instrnetions, other speeinl variations demanded by loeal conditions
have in cach instance been Tully described in the individual project
report under History of Snrvey.

Primary control by triangulation was established on more than half
the Inkes surveyed.  On Llephant Butte Reservoir a triangulation
system set up by the Bureau of Reclamation surveys of 1903, 1908,
and 1916 was used in the present worl, although many elevations
were checked and adjusted by further neeurate leveling. On Liloyd
Shoals Reservoir, Lake Michic, und University Lake, the availubility
of adequate targe-seale base maps made further control and shore-line
mapping nnnecessary.  Scdiment ranges on these lakes were located
with reference to prominent contour irregularities, small tributary
streams, and artificial Inndmarks.  Being well monumented (pl. 3,.1)
the relocation of ranges with the lwrge-seale maps on file in the
Washington office of the Hoil Conservation Serviee will present no
dificultics.

Trinngulation and stadin_control, and shore-line mapping were
part of the surveys of Lulke Concord in Nortls Caroling and Spartan-
burg Reservoir in South Cuvolina and all the projecis in Texas and
Oklzhoma.  On most ol these lakes the delta nreas were mapped with
contours. On High Point Reservair, N, C., control and ranges had
been previously established by the United States Geological Survey
with the cooperation of the project oflice of the Soil Conservation
Service, and by the city of High Point.

Mapping seales have varied from 1 inch to 100 feet on Rogers
Lake, 200 feet on Booemer, Michie, University, Concord, High Point,
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Spartanburg, and Greenshoro, 300 feet on Guthrie, 400 feet on White
Rock and Lloyd Shoals, to 1,000 feet on San Carlos, Elephant. Butte,
and Waco. Elevations were taken from water surtace as a datwm,
except at Elephant DButte, and have been referred to sea-level datum
unless otherwise noted in the project reports. Soundings and sedi-
ment-depths meusurements were taken at the intervals suggested in
the general instructions, except on Boomer Lake, where sediment
measurements were made with ench sounding at intervals of 50 feet.
It was desirable on this particular lake to attain exceptional detail
because it lies within a soil conservation demonstration project.

All the surveys except Saun Curlos, Elephant Butte, Greenshoro,
Hodges, Gibraltar, and Rogers were made by the range cross-section
method, in which volume is computed by the modified end-arew for-
mulas. On these six the existing sediment surface was mapped for
comparison with original contours, and sediment volume was com-
puted on the modified prismoidal formula from differences in area
enclosed by the existing and original contours. The thickness of sedi-
ment in Ban Carlos and Elephant Butte Reservoirs was generally too
great to measure with sampling apparatus.

On Elephant Butte the sediment surface, covering 21,800 weres,
was mapped with 1-foot contowrs, the established triangulation sys-
tem being used as a base. Contours above 4,380 were not vemapped.
San Carlos Reservoir was remapped wp to contour 2435, and to
higher levels in several tributary vzllle{rs, from a triangulation sys-
tem established with plane table and permanently marked with
concrefe monuments.

The sediment surface of Rogers Lake was mapped with 5-foot con-
tours on a scale of 100 feet to the inch, and its original topography
was _reconstructed from auger borings made at selected spots, from
spud measurements, and from careful mapping of the valley just
below the dam. On Greensboro Reservoir the a “tilability of accurate
contour maps made the same procedure advisable, although the
sediment blanket is relatively thin in the lower reaches of the lake.

Computations of original capacity and volume of sediment from
data obtained by the range cross-section method have been made by
the use of a formula especially derived to give the most probable val-
ues for these quantities when only these dita were available. Cross
sections of the sediment surface and old soil line are caretully plotted,
and the area enclosed in each curve up to crest level is obtained by
planimeter. The difference in area represents sediment. Surface aren
1s planimetered from the base map. It is believed that in the present,
surveys, with ranges spaced at frequent intervals and at well-chosen
locations, the limig of error is small and the Targe number of ranges
tends to make errors compensating.

Computations based on difference between preseit topography and
original topography have been made on the standard formula for
computing volume of a cone or pyramid frustrum (8, 2. 18). On
Elephant Butte, however, the standard prismoidal fornnia- =1y

A+ A,+44,) L had been used in former capacity computations, so
or the sake of wniformity it was refained making the present
calculations. The difference in results obiained by the two prismoidal
formulas has been shown by checking to be Tess than 1 percent. Spe-
cial cases where two Jake arms join to form a third and where
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smaller arm enters a larger have been computed according to special
formulas as set out in the appendix.

The development and use of the spud (see fig. 27, in Appendix)
has been perhaps the most novel feature of these investigations. De-
vised from necessity. it has been employed regularly throughout these
investigations as o means to obtain direet measurement ot sediment
depths where original valley depths ave unknown. It is used in con-
junction with soundings taken simultaneously at the same point.
Thousands of measurements to date hiave proved the spud exception-
ally efficient and trustwoerthy except where relatively coarse sand
or gnavel is encountered.  Two sizes have been developed (pl. 5, B).
The shorter spud is a case-hardened steel rod, similar to axle shaft-
ing, info which grooves have been machined at intervals of one-tenth
of a foot. Each groove tapers ontward from a maximum depth of
one-quarter of an inch to zero at the viin of (he next tenth above.
This spud s 6 feet long and 174 inches in diameter at the pim above
each groove. At the top of the rod # hole has heen drilled. through
which a rope is artached.  Another spud of similar design, 10 foel
long and 114 inches in dinmeter, has been used to obtain deeper pene-
(ration. The short spud weighs 27 pounds, and the longer spud 43
pounds.  In operation the spud is dropped from the side of the boat,
and the ateached rope is played ont throngh the hands with only
enough grip maintained to keep it in n vertical position when it hifs
the deposits. Insediment that has never heen exposed to air, the spud
seldom fails from its own weight to penetrate entirely throngh the
deposit into old soil, even where the sediment depth Js several feet
greater than the length of the spud.

Soundings have been made with an 8-pound iran sounding weight ®
(pL 5, £7) attached to a copper-cenfer sounding line graduated in
feet. Tenths of a foot are estimated at the water line when the
sounding weight rests on the sediment,

A transit, set np over one range end and orienied on the opposile
end, is generally nsed for keeping the moving boat on line, but when
snrveying party personnel is fimited targets are nsed (pl. 5. D).

In the Elephant Butte and San Carlos surveys a transit was used
m_conjunction with the plane fable, the two being set up on adjacent,
triangulation stations.  With the sounding hoat moving at randoni.
a cut-in line was drawn on the oriented plane table and the angle
read from a known bearing on the transit to each point of sounding.
The beavings were later ploited on the plane-table sheet, where their
intersections with the cut-in lines definitely established points of
sounding,

In the more common range cross-section surveys the range is
mapped on the plane-table sheet and a ent-in station is established,
usually by stidia, af o convenient point where suitable cut-in aneles
may be obtained.  The plane table is then moved to this point.
oriented by backsight, and, as the boat is directed along the range
by the transit man, a cut-in line is drawn {o cach point of soundinge
to intersect the range line and establish accurately the location ot
sounding. ’ :

YIn ter surveys no G-poud eonfenl aluminim soumling woeizht wug adapted.
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A, Permunent monusttent mneking ronge end, Lake Wi, Waea, Tox, 1, Ten-foot und six-foot seditment-
sumpling spands G Closeng vlew of six-fool sethmuent-sarnling spud and sounding weight, B, Five
oot targels soacking rmnge ine for saunulng, Whike Hoek Heservoir, Dollas, Tex
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SURYEYS IN SOUTHEASTERN UNITED STATES
LAKE MICHIE 1©

GENERAL INFORMATION

Location: State—North Carolina. County—Durham. Distance
and direction from nearest city: 13 miles northenst of Durham, N. C.
Drainage and backwater: Flat River, a southeastward-flowing tribu-
tary of the Neuse River,

Ownershiip: City of Durham,

Purpose served : Municipal water supply and elecirie power devel-
opment. Development of elecfric power is secondary to the reser-
voir's principal use in impounding water to assure a constant supply
for the residents and industries of Durham. 7The city uses its own
power, when available, for street Jighting, schuols, and other muniei-
pal purpeses, but does not distribute it privately. The surplus
power is sold {o the Durham Public Service Co., & subsidiary of
Cities Service Co. During dry seasons, usually from 3 to 6 months
oubt of the year, the power plant is closed in order to conserve all
water for municipal needs,

Deseription of dam: The dam is a reinforced concrete gravity-
type structure with an earth-fill embankment on the cast end. and
has an over-all length of 1,000 feet. The concrete section of the dam
is approximately 660 feet Jong and is buttrvessed against solid rock
on the west side. The center spillway section is 580 feet long. The
maximnm height of the spitlway seetion is 85 feet, and its elevation
is 340 feet above ean sea level, as determined by x line of levels
carried from a United States Geological Survey benchmark in
Durham.

Date of completion: April 1926. Completely filled by December
31, 1926. Surveyed January 1935, Age at tiwme of survey, 875 yeurs.

Length of luke {original and at date of =urvey) : 4.8 miles.

Avrea of lake ut crest stage (original and at date of survey): 507
acres,

Ntorage capacily to crest levcl: QOriginal, 12671 nere-feet (4.128.-
845,850 gallons). At date of snrvey, 12276 acre-feet {4.000,134,600
gallons}. Loss, 393 acre-feet (128,710,750 gallons).

Former sedimentation surveys—In 1326, before the reservoir hegan
to fill, the water resources division of the North Carolina Department
of Conservation and Development estublished 10 ranges for sediment-
depth measurements at intervals acvoss the muin body of the Take amd
its arms.  Profiles were obtained from levels run across these ranges,
and the end points, usually 2 to 4 feet above crest level of the ke,
were permanently marked by concrete monuments.

On October 1, 1930, profiles of the upper five runges were reestab-
lished by soundings, and on June 8, 1933, new profiles of the upper
three ranges were again obtained.

¥ The Soil Consereatlon Serviee wishes fn acknowledps the generosity of the oity of
Durhan fn providine (wo bonts snd nn outhenrd mmar for uae duting the survey,  CUapdnin
1. E. Mickle, bend of the ¢lty water department, and Ih M. Willloms, of {he same depart-
mont, who spent copsideraile time Yo loenting ofd roee wonuments gl giving Informii o
on the brielogl survey, cooperated 1o the fallest oxrenl,  James Kellom, eaeebabkor nt the
leke, wias heipful in scting as pdiad for the party. TL I3 Panton, chiof of ke waier re-
soureey diviaion, North {'nroling Diepartment of Conservatlon and Dovelopment, nided by
tie Tonn of noles on provious silt measycemonts,
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In the 1935 survey, sounding and direct sediment-depth measure-
ments were made on all of these ranges except 1-1, which was above
high water at the time and in o streteh of rapids, and 9—38, which
could not bix relocated,

The resulis shown by plotting the profiles of different dates on
the same cross section are manifestly not dependable for revealing
the true thickness of sediment. On all ranges excopt 1—1 and 2—2
direct sediment-depth measurements of this survey have shown from
0.1 to 4 fect of sediment distributed practically from cvest line to crest
line across the lake, Yet sounded profiles plotied over thwse of the
original survey, nsing the same monuments, have in many places
shown scour rather than fll, and in some places strikingly, as on
ranges 6—0 and T—7. The discrepancies are perhaps a result of
inaccurate leveling or erroncous elevations assigned (o the range mon-
uments in the original survey. In the 1835 survey water level datum
was used and soundings were made from a boat held very closely on
the range line. Despite these precautions, sections indieated scour
over almost the entive range 686, while direct measurements actually
showed 0.1 to LT fret of sediment. These results clenrly demonstrate
the advantage of direct sediment-depth measurements wherever they
can be made.

drea of welershed 1675 square miles.

General character of watershed —The drainage area of Flat River
is n dissected platean of undulating, gently rolling to strongly rolling,
steep, and broken fopography. A few lsolated hills rise above the
genernl level of the uplunds. Flood plains along the streams are
almost level and vary from a few feet fo one-fourth mile wide.
Surface drainage is complete over all the upland portions of the
aven and on many of the steeper slopes run-off Is excessive and
serious erosion has resulted. The general elevation of the country
varies from 840 feet, crest level of the lake, to 630 feet near the
stream headwaters. The valleys are generally 50 to 100 feet below
the upiand Ievel. A recent conservition survey has shown that slopes
of 010 8 prrcent cover 13.3 percent of {he drainage aves; slopes of 3
to 7 percent, 60.0 percent; slopes of 7 to 12 percent, 17.5 percent; and
steeper slopes, 8.9 percent,

Lake Michie is in a narrow, entrenched valley underiain by ancient
voleanic recks und granite, Tt is less than 1 mile northwest, of the
Durham Basin, a topographic depression 50 to 100 feet Jower thun
the general Piedmont level. This basin owes ils origin to sandstone
and shale of Trinssic age which is less resistant to erosion than the
bordering crystalline rocks. Streams flowing sontheastward into it
have cul relatively deep and narrew valleys for several miles through
the bordering upland, It is in a valley of this type, where not only
are slopes steep and rocky, but shoals are common, that Lule Michie
is impounded,

Soils of the watershed are—
dominanily light in color, ronging from light gray aml peie yellow to reddish
hrown und brown., * * *  lhey are deficient in organie matter. * * %

Changes due (o the influence of surface confignration and the action of rain-
all are evidenl in many of the solls,  Throngh erosion and gollying, which
love in many places reached gerions proporfions, not omdy have the surface
teatures heen changed but nise (he soil textare itself, In places the sandy
or silty sarfaee muaterial has been entirely remeved, cxposing the underlying
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heavlier materinl of the B horizon or the partly disiutegrated rock. The
results of erosion are perticularly noticeable in arens of the Ceeil, Geargoville,
Appling, Iredell, and Wilkes soils (9, p. 81).

The conservation survey has shown that the relative areas of the
principal soil series of the watershed are, in pereentape, Appling
15.8 and Durham 1.2, derived from granite and gneiss; Georgeville
14.3, Herndon 10.7, Orange 11.2, and Alamance 5.5, from fine-grained
tnff and voleanie slate: Davidson 2.4, Tredell 4.7, and Meclklernbure J.3,
from dark-colored basic rocks such as diovite, diabase, and gubbro;
Helenn 11.0 and Wilkes 1.2, derived from mixtures of the above types
of rocks; and Conguree 1.1, and meadow soils 1.8 which nre récent
stream alluvium.

Land use in the watershed includes 35.5 peveent of eroplund, 2.8
ile Tand, 2.5 pasture, 58.6 woodland, and 0.6 percent in Tarmsteads
and urban areas,

Corn is the largest crop of Person County, and probably of tha
watershed as o unit, in point of uereage. Lobucco, second ‘in area,
is the first in cash value, chiefly because the light, porous. friable soil
is admirably adapted {o its enitivation, Otler crops in order of im-
portance are hay and forage, wheat, eats, potatoes, vegetables, and
fruits,  Moderate sheet erosion, representing losses predominantly of
25 to 50 percent of topsoil, has been mapped on 764 percent of all
land in t{m watershed, Very little land, however, has suffered ex-
tremely severe crosion.

Soil conservation measures have been introduced into the aren only
very recently, It is repovted that the first practicable terracing was
done in 1027.

Mean wnnval raipfall—I8.15 inches at Rougemont, Durham
County.

AStream flow—Stream-flow records ' on the Tlat River for {he pe-
riod 1925-33, taken at o station just above {he head of hackwater,
reveal that the lowest mean monthly flow wus 0.732 second-foot for
September 19325 the highest mean manthly flow wus 506 seeond-foot
for October 1929 the lowest mean annual flow was 80.6 second-feet for
1930, and the highest 210 second-feet for 1929, Minimum daily flow
for any month was 0.37 second-foot in September 1932, and the nixi-
mum for any month was 9900 second-feet for Qctober 1982. The
lowest menn maonthly flow per squre mile was 0,005 secod-Toot in
September 19323 the highest 3.37 second-feet in October 1920, The
lowest average mean flow per square mile was 0,620 second-foot. in
1926 and the highest was 1.4 second-feet in 1929, The lowest annual
1in-off on the drainage area was 7.2 inches in 1930 and the highest
19 inches in 1929, _

Draft an municlpal veservoir—The daily draft for water supply of
the city of Durham is approximately 5 million gallons. This repure-
sents an inerease of approximately 2 million zullons since completion
of the reservoir. ' '

Power development—The installed power cquipment consists of
three vertical waterwheel-driven nnits, generating 625 Iilovolt-wm-
peres each, a total of 1.875 kilovolt-amperes.  In addition, (wo water-

? Fram Ales of Norih Careling Depuriment of Consersal o atd Development, plvizboy
of Wier Resourees and Engineering, Ltalelgh, N, ¢

R0832 15 4



http:t'aill/aJl.-J3.1f

34 TECHNICAL BULLETIN 524, U, & DEIL OF AGRICUT/TULRE

wheel-driven pumps rated at 250 horsepower each, operate independ-
ently to pump water to a storage basin near the city of Durham, A
maximum of 2,400 horsepower is developed for electrical purposes,
The operating head at crest stage is 80 feet.

Because of the dual purpose of this reservoir, the operating draw-
down is not kept as a matter of separate record. However, the follow-
ing departmental memorandum from the city water departiment to the
city manager of Durham, dated September 7, 1932, is pertinent in this
connection :

We have today received o report frem the engineer’s office of the Department
of Conservation and Development which shows thit for the month of Augusf
the avernge flow of Flat River at the Lake head was 5.30 cuble feet per second.
This is equivalent to 1085 million gallons. In view of the foct that the small
tributaries entering the ioke were practieally ey, thig 108.5 milllon gallons enn
be considered as the entire strenm Bow.  The woeather report (also furnished by
ihe Department of Conservation and Developmeni) shows the evaporation as
.24 inches, This we estimate as §6.1 million gallons, making the pumpage and
ovaporation 8§84 million gatlens more than the toinl frream flow.  Our present
supply of impounded water wonld allow for similar draft for 22 months,

HItsToRY OF SURVEY

The survey of Lake Michie marked the first step in a comprehen-
sive program of reservoir surveys throughout the country based on
the work of H. M. Eakin during the summer of 1934, Here the per-
sonnel that have been responsible for carrying out this series of
investigations reccived their initial training under ISakin’s super-
vision. Carl B. Brown was appointed chiet of party and D. Hoye
Eargle, assistant chief of party at_the beginning of this survey.

Temporarily assisting were Thomas L. Kesler, later chief, and Louls
M. Glymph, Jr., assistant chief of the Gireat Plains party, and Ray-
mond C. Becker, later chief of the southwestern party.

TField work began on December 28, 1934, On Junuary 9. the orig-
inal personnel, with the exception of Brown and Eargle, left this
project to orgunize additinna\ field parties. TField work was com-
pleted on January 20, 1935, by the full southeastern party of six
men,

Base maps of Lake Michie, made by transit traverse in 1924 on a
scale of 200 feet to the inch, were available through the courtesy of
the city of Durham, and were adopted as a base, They show the
840-foot (crest) contour and a 344-foot contour. TField operations
involved establishing 82 ranges, which were tied together by stadia
and adjusted to the original base. Planimeter work was done by the
staff of the SBoil Conservation Service office at High Point, N. C.
Fina} computations and drafting were done by the southeastern party
at a later date.

SuepisexT Dipostra

The sediment has a remarkably uniform distribution from the head
of Luake Michice to the dam. The delta is not pronounced and was not.
meastured sepurately from the bottom-set clays of the lower part
of the luke. The front of the delts, insofar as it can be determined,
lies between ranges 38-39 and 40~t1 where the sediment becomes very
slightly coarser in texture. No sand as comrse as 1 millimeter in
diameter was tound in the new deposits of the lake, The maximum
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thickness of sediment occurs on range 4041 where one penetration
of 4.4 feet was obtained,

Shoals occur just at the head of backwater. At the time these
were observed the stream was carrying an unusually small bottom
load, including virtually no coarse sand. A range sounded just
below the shoals showed as much as 0.2 foot of sediment at only ona
point.

For the most part sediment accumulating in the lake is the finest
mud, and apparently settles slowly and comparatively uniformly
over the entire lake basin. It remains in an oozy condition while
uncler water and can be penetrated with ease. It is predominantly of
a light chocolate brown to light or dark gray color,

A summary of pertinent data relative to Lake Michie (Hg. 1) is
contained in the following tabulution:

Suunnmary of date on Leke Mickie, Durltam, N. €,

Agnto__ . N T
Watershed aren o oo e e sginire miles.
Iteservolr:
Aren at crest sluge (original and ac dale of survey)-___acres__
Original stornge capacity to erest levol acere-feel_ o
Storage cnpacity at date of sarvey [{ FT——
Original storage per square mile of draimuge rea ®
Storage per sqnarc mile of drainage aren at date of sur-
vey ® avre-feet__
Sedimentution :
Totnl sediment - iz
Annual  necumuintion per 100 sguare miles of drainage
uren -~ ——- 1271
Average annmal acenimtlirtion -da 445, 14
Annnal ncenmulation per aecre of drainage area cubie feot._ Y18 43
Or, nssuming average weight of 1 cubic foot of deposit is GO
pomnds 9. 50
Doepletion of stornge:
Loss of original capneity por year percento_ 0. 36
Loss of vriginnl capineity to date of suevey 3. 14
1 Btorege egan In April 192G : survey was muade In Januney 195
A InctudIng nren of Tuke
AThesn figures ara revised to exelude the lake area from the fotal aren of the dealnuge
Imain and to conform with n revision of the watershed aren based on o new mup mude
sinee the Arst edition of thiz bulivtin was pnblisbed.  Also, laberatory tosta ou AUmerqus
setlbien s snmples heve shown thadl, in generid, the gveenge dry seighi of reservolr sediment
Is ¢loser to GO than 1o 100 pounds per coable Eont, Unrrespn:nl(i‘fng firurea givenr in the
firat edition, haked on a toint dralonge nren of 170 spunre wiles, ineludlng reservolr, nre
20.35 nere-feet, 18.07 cubic feet, and 0L ton, respectlvely,

UNIVERSITY LAKE®2

GENERAL TNFORMATION

Location—State—North Carolina, County—Orange. Distance
and direction from nearest city: 2 niles southwest of Chapel Hili,
N. C. Drainage and backwater: Morgan Creek, on which the dam is
located, and 1ts tributaries, Neville Creek on the west, and Price
Creek on the south.

# The Serviee wisheg (o ncknowledge the ecoperation of the university cousolidatod serv-
lee plants, through its director, T, 8. Beanelit, who kindly furnished meps and boats for
the survey, and who supplied mueh of the genernl information eaheerning the Jake, Plpe
used 1o mark the range cidy was furnished by the boilding departnient of the unlvesity,
H. 1. Bryson, Blale reologist and geting Liead of the wntor rosourvess qivigion of e Norfh
Carolinn Deperiment of Cooservaiion aud Development, furnishied datn an the stronm Hdow
of Morgan Creck and maps showing the location of ranges previeusly cstabllsed by the
winter resources division.
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Ownership—The University of North Carolina, operated by the
university consolidated service plants,

Purpose served.—Municipal water supply for Chapel Hill,
Carrboro, and the University of North Carolina.

Description of dam.—The gravity-type reinforced concrete dam
has a maximum height of 80 feet and a length of 380 feet. The
elevation of the spillway is 847 feet above sea level, cxcept for a
middle section which is at an elevation of 848 feet. Since the water
rarely fails to flow over the whole spillway, the upper elevation is
considered crest level. Maximum thickness of the dam at the base
is 75 feet.

A conduit for future water power development and a gate for low-
ering or draining the water in the lake are located in the segment of
the ﬁam nearest the pump house. According to J. S. Bennett, super-
visor of utilities and auxiliary enterprises, University of North Caro-
lina, this gate has been opened only once since the dam as built, for
a few hours in May 1934.

Date of completion.—June 2, 1932, when the outlet to the lake was
permanently closed. The lake was first filled to overflowing in
December 1932, Surveyer April 1935, Age at date of survey, 2.9

ears.

Y Length of lake (original and af date of survey, from dam to upper
Uimét of backwater on each arm ot crest stage{.—Morgan Creelt,
8.000 feet; Neville Creek, 6,800 feet.

Area of lake at erest stage (original and ab date of survey) —219
acres.

Storage cepacity to crvest level—Original, 1,915 acre-feet (624,-

002,750 gallons). At date of survey, 1,851 acre-feet (608,148,350
gallons). Loss: 64 acre-feet (20,854,400 gallons).

Former sedimentation surveys.—In 1932, before the lake was flooded,
profiles of eight ranges, marked with concrete-filled tile monuments,
were established at intervals across the lake basin by the North Caro-
lina Department of Conservation and Development. Six of the eight
ranges were sounded during the Eresent survey for the first time, and

the old soil profiles were found to check approximately with the
original valley cross sections. The other two were not discovercd
until ranges were established in approximately the same positions.

Area of watershed.—30.6 square miles, of which Morgan and
Neville Creeks drain about four-fifths, and Price and Mill” Creels,
about one-fifth. '

General character of the watershed.—Most of the watershed of
University Take is a rolling upland 400 to 500 feet shove sea
level, but contains occasional peaks, or monadnocks, several hundred
feet fligher. The topography is of two classes (1) gently to strongly
rolling dissected peneplain, underlain mostly by slates, and (2) roli-
ing, broken, and steep areas, underlain by granite. Valley sides
have comparatively steep slopes near the streams, and the flood
plains, 50 to 100 feet below the general level of the upland, are nar-
row (I8, pp. 5-6). As shown by a recent conservation survey, slopes
of 0 to 3 percent cover T percent of the drainage area; slopes of 3 to 7
percent, 40.7 percent; slopes of 7 to 12 percent, 30.2 percent; and
slopes steeper than 12 percent, 22.1 percent.
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The soils of the drainage arvea consist, in percentage, chiefly of
Herndon 33.1, Georgeville 25.9, Helena 185, and Orange 12.6, witn
smaller areas of Witkes 6.5, and Alamance 1.5, The narrow flood
plains are Congaree silt loam and undifferentiated alluvial soils 1.9
Ppercent.

Moderate to severe sheet erosion, representing losses of 50 to 75
percent of topsoil, has been mapped on 54.9 percent of all lund in
the drainage arvea. Moderate sheet crosion (25 to 50 percent of soil
lost) has occurred on 10.2 percent, slight erosion on 15.1 percent, and
severs {o very severe erosion on 8.2 percent of the area. Only 11.8
percent has suffered Httle or no erosion.  Accumulation of soil debris
has talen place on 1.8 percent of the area,

Land use in the wutershed includes 243 percent of cropland and
61.2 percent of woodland. Nine percent of the avea is classed as
idle land now suffering evosion ov being gradually covered with o
growth of young trees and a heavy growth of breomsedge. Ounly
5.3 percent of the area s in pasture, this commonly being abundoned
farm land fenced in and covered with natvral grasses. This pas-
ture land is likewise being eroded to a noticeable extent. The forest
trees are second-growth old field or shortieaf pine, various oaks,
hickory, cedar, poplar, and dogwood.

Crops grown on the wafershed of University Lake, in order of
acreage, are corn, wheat, cats, cotton, and tobacco. Other crops
grown 1n lesser amounts are hay {red clover, nifalfa, and millet),
soybeans, peas, vegetables, sorghum, orchards, and vineyards,

Mean annual vainfell—48.08 inches (78, p. €). Records of the
North Carolina Department of Congervation and Development for
the period 1924-31, show that the mean annual discliarge of Morgan
Creek at the site of the dam varied from 188 to 611 second-toet.
The maximum discharge of any month was 6240 sccond-feet in
August 1924, the minimum 047 sccond-toot in September 1925, The
total depth of run-off varied from 9.40 inches in 1930 to 80.40 fuches
in 1924,

Drajt on municipal reservoir—Table § shows the gallons of water
per month used from University Lake from Junuary 1933 through
Marely 1935.

TanLe D—Wualer used from University Lake, N, €., from Junwary 1533 1o March
1833, inclusive

I3
Month 1933 1034 1935 Alooih 1933 134 t 1925
Callony’ Callons Coifons Galiong Gallons ‘ Calfons

Jamoary___ .- 13,071, 000 | 32, 730, 000 1, 245,000 || Juby. ... | 13,200,000 | 12250080, . . ...
February....y 11,808,000 | 12 721,000 | 14, 248,060 1] Aupust., . 9,704,000 § 14,500,000 §
13, 141, 080 | 12, G588, 000 B Septenil 11, 501, 060 | 101,322, 000 §. |
| 1%, 279, 0a0 | 14, 482, 000 |. Qetober...o. | DL 575,000 | M, TE6, 008 | .

| MG, 495, 00 | A, 293, g00 C-j| Wovember. | 13,283, 000 | Y2, 656, 0i0 .-

14, 530, GUD [ 22, 277, 000 -1 Bl . W, 006, Nod | 11, BRS gl i e awan

The seasons of grealest use, therefore, ure late spring and early full,
mainly because of college consumption. The average consumption
per month for April and My, and for Oclober and November, of the
little more than 2 years that water hias been used from this Inke, was
uearly 14,100,000 gallons,
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History or SURVEY

The sedimenation survey of University Lake wns begun on April
23 and completed on April 27, 1935, by the southeastern sedimenta-
ton party. Arrangements for the survey. collection of wenerul duta,
and the preliminary lny-out were made by Carl B. Browu. chief of
the party. The remainder of the survey was earried out under the
direction of D. Hoye Earvgle, acting chief, who was also responsible
for final computations and preparation of the detailed project report
of which this is an abstract,

A total of 18 ranges, shown on the accompanying map, were
established, sounded, and spudded. A seale of 200 feot to the ineh
was used in field mapping. Distances between ranges varied from
600 to 1,100 feet. Ranges were located on a previous buse map in
closely approximate positions by obtaining distances and directions
to preminent irregularities in the contours, to small streams and to
artificial landmarks. A variation in the wsual spudding practice was
necessary in the upper reaches of the deltus where the water was too
shallow to permit entry of a boat. Here n line of levels was run
ncross the range, and depth of sediment was measured with the spud
by Pushing it down to old soil from a standing position (pl. G, ).

Elevations were taken from water surface, which renmined con-
stant during the survey.

Computations of original capueity and volume of sediment. were
made with the formulas applicable to the range method of volume
determination,

HEDIMENT DH]"(]HI'{'S

A study of sedimentation in Tniversity Lake shows two classes of
deposits: (1) A relatively thick asccumulation of sediment, mostly
sand, at or near the headwaters on each of the arms, and (2) a rather
evenly spreading blanket, largely of fine mud, over the floor of the
lake.  Graphs drawn to give o visual interpretation of the depth ratio
belween sediment. and water in each of the ranges show clearly the
sudden decrease in proportion of sediment a short distance below the
head of backwater where the fronis of the delta deposits are found.
From the fronts of the deltas to the dam there is o rather constant
depth ratio of sediment to water, decreasing only slightly townrd
the dam.

The front of a very young delta is well displuyed on Prive Creclk
above the mouth of Mill Creek. a small tributary. At this point
Price Creek has filled the old channel with sand, beginning at the
peint where the velocity of the stream was checked when it entered
the backwater of the Iake. After the okl channel had heen filled
for u short distance downstream, the current shifted at right angles
and began to flow foward the flooded meadow or old flood plain.
making an alluvial fan in that direction. The old soil of this floaded
meadow was Tound to have many of the characteristics of reservoir
fill. It was easily distingnishable, however, by the presence of roots
of considerable size and by the fact (hat the new sediment, being a
very recent and thin deposit, never exposed to air, was soft and oozy
(pl. 6, 7).

The sediment in the lnke varies from coarse gravelly eand at the
hend of the delta to very fine mud a few hundeed yurds farther
downstrean).
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A, Pushing a spud down Lo uld soil in deltn neen on Price Creck arin, Universily Lake, Chinpel Hill,
N. C. B, Sudimentcoveres] Sood phin at upper nit of buckwatre, Price Creek, Uaiversily Lske,
Ohapael T, N, €.
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For a few hundred feet below the head of the delta on each arm the
coarser miterini, mostly quartz sand, is confined to the chamnel. This
material grades downstrewm and toward the sides through sandy silt
to mud. A typical delta, vather flat on fop and dropping sud-
denly beyond a rim at the outer edge of the fore-set beds, wus noted
only on Price Creck., On either side of this delta, which is in and near
the originul channel, very fine, soft mud was deposited over the old
fiood piain. On the other arms, into which larger strenmns enter, the
sandy material hus been swept farther down the ehannel and partly
mixed with silt; i is now found in channel spuddings well below the
limit of backwater. Near the upper end of backwater on Neville
Creck o Jarge quantity of leaves had accumulated along with the sile
and sand.  When the spud was pushed into this maferial, marsh gas
was given off in such quantity that when lighted it burned for several
seeonds,

Downstream from the samly deposits, a thin blanket of mud was
found over the floor of the lake. This material is soft, oozy, little
compacted, gray in color, and contains occasional leaf fragments,
It varies in thickness from a feot or more in the old stream channel,
where it 15 usually deepest, to zero near the shore. Tts average depth
over the old flood plain away from the main channel is only a few
tenths of a foot.

A summury of pertinent duta relative fo University Lake (fig, 2) is
contuined in the following tubulation:

Sammary of daty on Upiversity Loke, Chapel Hill, N, C.

Age? Fyoars—.— 2.9
Wiatorshod aren o oL - o . oSG ndles__ B0L G
Hegervoir:
Area gt eroesl &tnge {original angd at dule of survey} T 0N k)
Orviginn! storage eapucity (o erest evel acre-feetol 1,013
Btovapge eapredty ol dube of survey RN § 1, S 17
Criginal storage per square mite of drainngoe aron doe___ G208
Btorage per square mile of drainage nren ot date of survey *o_do .o 60,48
Sodimentation :
Tota! sediment . . . G4
Avernge annual aceumnadion. 21,92
Anmst secanstlation per W0 square miles of deainige srea . ._odo R
Annual geepmatation per acree of trtbmge aren. o __. _eaide feet_ %49, 93
Or, asswning average weight of 1 culbdc Toob of depisit ik U
LT 25 U 17117 SOl DU
Dieplotion of storugo:
Loss of original capuelly por sont. . 114
Loss of origina) capacily o dite of survey 3.4

P Rtarage bepan Jupe 2, 1902 1 avence date of servey, Apr, 25, 1945,

2 Inelaedinyg reservoir uron,

P Phese fgures aee povised to ovelnde the lake area from {le tolad ares of the drainagoe
tmsin aml to conform with o rivislon of 1he witorslod gren besed on g new miy ovgde
siter the fiest cdltion of this bulletin wag published.,  Adse, Jaberaiory Losts on IOHWroNs
seiment snmptes Bave shown thab, In gencrnd, tho avoree dey webdit of mosorvole sodi.
menl Bs eloser po 08 o te 100 pernds poe culde foot, Covrespoading Spores glven in the
fest oditlon, based onoa deaionge ween of 27 squnre miles, includiag reservair, are 81.1%
avke-Terl, G006 cuble feel, wimd T8 Lots, respectively,

GREENSBORO HESERVOIR
GENERAL [NFORMATHON

Location—State—North Carolina.  Counly—Guilford.  Distance.
ad divection from nearest city: 9 miles nor{ly of Greenshoro, N, C.
Drainage and backwater: Horsepen Creek and Reedy Fork,
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Computations.>—Total clays over the reservoir area below the
deltas, computed from map areas and direct sediment depth measure-
ments have an aggregate volume of 137 acre-feet. The delta areas and
adjacent mud flats are now filled approximately to crest level. Their
maximum depth of fll is about 4 feet at the present delta fronts.
Computed as thinning upstream te the line of intersection of crest
level and original ground surface of the valley bottoms, their aggre-
gate volume is 123 acre-feet, Combined bottom clays and delta
deposits thus amount to a total of 260 acre-feet of sediment accumula-
tion during a period of 1114 years of active storage.

A summary of pertinent data relative to Greensboro Municipal
Reservoir {fig. 3) is contained in the following tubulation:

Summary of dole on Greenshorn Munivipnl Reservolr, Greensboro, N, €.

L DMLy NSV VD13 £ U | P 1
watershed ared oo o c e e e e ML i les_ TED
Rezervoir:

Originad aren at erest sthge I S | 1ol U O 450

Qrigingl storage eapieliyo——__
Slorage enpaeity at date of survey.

COriginal storage per squave mile of drainage nroa 2L do___—  39.86
Storage por square mile of drainige orein at dare of survey “oodooo__ 33,32
Sedimentation;
Drelbi depositso e cimmi s e ammmcmam e o e 123
Bettom-get beds oo oo e et e el 137
Totnl sedimento oo oo —o.o e e [ [ P 2060
Average annunl necumulation .. do____. 234
Annual necumulation per 108 square miles of dradnage arean_da. .. 32,3
Aamual aeenmulation poer acre of draitnge areioooo oo cubie fort_ *22, 45
Or, assumiug 1 cubie fuck of deposit weighs GO pownds.. o __tons . S0 07
Depletion of stornge:
Lass of originul eapacity e ver o oo e e e o peresni.. 0,78
Lass of original eapaeity to dafe of survey oo do___- 906

1 8tornee hegan In Febroary 31028 survey was owde in Augnst 108,

2 Inelling reservoir nren,

AiPhese gures are revised 1o exelude the Take nren from the tetal area of the deafnage
neln wnd (o oonform wilth o vevision of the watershed aren sl onoa new map maide
gince The first edition of (s bulletin was published,  Also, Inboratary tesls on ndnersys
golinent sampdes have shown that, In generad, (e avevnges dey woelght ol eeservoie sedi-
ment Iy eloser Lo 60 thun to 100 pounds per culile Tont, Curl‘l‘simndlll;: fizures given do the
Hrst edition, baked on a fotal deninage nrea of 72 sguire miles, jocluding roservolr, ure
314 noere-fect, 214 cuble feet, and 10T tonsg, respectively,

HIGH TOINT RESERVOIR

GENERAL 1XTORMATION

Location.—State—North Carolina., County—Guilford. Distance
and direction from neavest city: 434 miles nurtheast of High Point,
N. C. Drainage and backwater: East Ifork and West Fork of Deep
River,

Ownership—City of High Point.

Purpose served.—Muncipal water supply.

12 Tt gheald be noled that the computalion of sedlment volumeg was not based an plant-
meier measurements of origlonl and now contours of the ke basin g requlined by instene-
tlons in the nppendix for standard detalled surveys, ‘Uhe survey of Groengborn Itegervalr
was condueted by dhe lute TE, M. Eakln during the tntinl stoge of the Investigntions under
thig proejoct, when standurd inethods were just beine developed and before the orgnnizaiion
of snryey parties.  For (his reason 10 18 now considerod, In the lighe of 4 years” experlence
in ealeninting sediment volumes, that (he datn on sedimendatiun in this riservair are not
w0 Dprecise nd those for laler surveys,  Neerthelegy, siuell checks ag are possible Tndigate
the date are within reasonable Nmits of error, nnd are probably more necurate than data
I'rmjnlllln;t coservolr-silting wuprveys proviously made |n 4bie eountry, {Note by author of
reviston.
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Description of dem.~—The dam has a total Jength of 630 feet, of
which the concreie ogee-shaped section in the center is 370 feet long.
On the west is an earlth-filled section with conerete core 190 feet long,
and on the east is a similor seetion 70 feet long.  The spillway is at
an elevation of 748 feet above sea level, und 45 feet above the bed of
the stream.

Date of completion—January 1928, Surveyed August 1934 and
April 1988, Age at date of cach survey, 6.5 and 1025 years, respec-
tively,

Length of lake at spillway stage—2.8 miles, including 2,200 feet of
narrow ponded channel at the head.

Avew of lake at spilhreay stage~—Original, 322 acres. At date of
1938 survey, 818 neres.  Loss, 4 acves,

Storage capacity to erest lerel —Qriginal, 4,254 acre-feet (1418,
750,900 gallons), At date of 1988 survey, 4.038 ucre-feet (1313,
782,300 grallons). Loss, 316 acre-feet (102,968,600 gullons),

Area of watershed —G62.8 square miles,

Generval character of watlershed —The headwater drainage aven of
the Deep River is u dlisseeted platesn, 800 (o 900 feet above sea level,
with gently rolling te relling, but in places steep or broken, topog-
raphy. The interstream divides are usually smooth to gently rolling
helts 14 to 3 miles wide, Level strips of botton land are found along
mast of the streams,

In the Deep River soil conservation project avea, of which the High
Point Reservoir drainage basin constitutes the nppermost 40 percent,
the proportionate areas of slope classes are as follows: 0- to 3-percent
slopes, 7 percent; 3- to 7-pereent slopes, 40.1 percent; 7- to 12-per-
cent slopes, 82.5 percent; and steeper slopes, 13.7 percent.  General
observations suggest that the average slope of the High Point drain-
age avea is slightly less than that of the project area as a whole.

The predominant upland soils belong to the Ceeil and Appling
series, derived mainly from granite and granite gheiss, but there are
many smaller areas of Iredell and Davidson soils, derived from basic
igneous rocks, and considerable areas of Wilkes soils, derived from
complexly intermixed acidic and basic intrusives.  Soils derived from
basi¢ rocks are especially prevalent in the southern and southenstern
parts of the watershed.

The loose open texture of the soil js conducive to severe sheet and
cully erosion in aveas not protected by terracing and soil-binding
crops. It was estimated in 1934 that 6} percent of the nrea had under-
gone moderate sheet erosion, wd that perhaps 25 percent showed
ovcastonal gullies.

Approximately 42 percent of the land in the High Point drainage
aren was placed under cooperative agreement with the Soil Conservi-
tion Service hefore the project went on a maintenance basis in 19387.
Sail conservittion practices were instituted on virtnally all the arew
under agreement in the period between the 1934 and 1937 sedimenta-
tien surveys. These two snrveys thus afford an excellent opportunity
to study the effeet of soil conservation measures on the erosional
outpnt. by comparing the rates of siiting in the reservoir before and
after erosion-vontrol practices were innugurated on a large part of the
contributing drainage area.
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The following figures, based oun the 1935 United States census re-
ports on the three townships that comprise the greater part of the
watershed, represent the approximate division of the area according
to land use: Forest, 35 percent; cultivated cropland, 30 percent; idle
cropland, 12 percent ; wondland pasture, 10 percent; cleared pasture,
6 percent ; and miscellancous, 7 percent.  The principal crops and the
proportion of the cultivated Jand devoted to each in 1934, uccording
to estimates based on the census reports for the three townships were
as follows: Corn, 81 percent; hay, 3t percent; grain, 92 percent;
tobacco, 9 percent; and miscellaneons, 7 pereent.

Mean annual rainfall —Dutn on rainfall for stated periods are as
Tollows: 1921-38 (1725 years), 44.39 inches; 1928-34 (6.5 years),
47.87 inclies; 1928-38 (1025 years), 4621 inchies; and 1934-38 (3.7
years), 50.88 inches.

Draft on wmunicipal reserveir—The avevage daily draft from Jan-
nary 1, 1926, to November 30, 1929, is shown in table 10. The month-
ly dvaft from 1932 to 1935 ranged from approximately 57 miilion
gallong in February 1933 to 87 million gallons in Qctober 1034, A
number of lnrge industrial plunts ave supplied in addition to domesiic
consumption.

Tanrs A0—drerege duily deaft on gl Point Roservolr from Janwary £, 126,
for Novewber 2, 1020, inctusive

] " "I) \1Ii i Tily
EsUmate! ity |f b | Estinted nily
population § 1T capila ” Vour A vernE d"”:"’j:unulnl.iuu pereanlta

i

Average fuily

Yenr consiunpLipn

st uur.{!;gr;xln- consurtLian ; sippticd corisi:élglnp-

5, 051, 000 a7, 100 dioeg. o R g e 1,900
4, 11, 050 2,35 Ta ’| wag, .. e W o 33, 40 6.3
N ! -

Gafiong Galinng Gullons Gurdlony
b7 S 7a
11745 S

LhisTony oF Sunveys

Iirst sedimentation survey.—:\ survey of High Point Reservoir to
determine the amount of sediment accumulation was begun early in
July 1934 under the divection of I, D. Burchard, distriet engineer of
the United States Geological Swrvey, Asheville, N. C. Tlhe initial
plan of this survey was te relocate and sound 38 ranges across the
reservoitr that had been laid out and surveyed to determine profile
clevations prior (o completion of the dam. Since the original ranges
had not heen marked by permanent monuments, their positions could
be reestablished only by rerunuing the traverse lines of the earlier
survey from the field-book records. Transit traverse lines were run
for this purpose but, as shown by subsequent checlk in 1938, did not
cotncide at all points with the traverse system which included the
original 38 ranges. This check of all previous engincering data avail-
able in 1938 showed numerous minor, but to a considerable extent
cumulative, differences responsible for divergence of the earlier and
later traverses in several parts of the lake. The check did indicate
strongly that nnmerous ranges thought to be reloeated precisely in
1934 were in slightly different positions from those of the original

4 Rewritten by auther of the revision.
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survey made prior to 1928. Soundings taken on the ranges thus be-
lieved to be reestablished appeared to indicate silting on only 25
ranges, the other 13 showing larger cross-section areas than had heen
determined for them by the original snrvey. In view of the cer-
tainty, fully established by spudding operations later in 1934, that
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silting had been general throughout the reservoir, the method of com-
puting sediment volumes from differences in range cross-section areas
from one survey to another was abandoned for all the segments, ex-
cept in the more completely filled sections near the heads of the two
principal arms.
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In connection with the 1934 survey, in order to establish a basis for
more_accurate determinations of the amount of sediment by the
sounding method in the future, all the relocated ranges and 108 addi-
tional ranges were permanently marked with conerete monuments.

At the time the sounding survey was being com\)letuc}, August 15,
1934, the party was joined by H. M. Eakin and assistant, L. M.
Glymph, Jr., and sediment-depth measurements on numerous range
sections below the deltas were undertaken. This phase of the investi-
gation was carried out by the vse of a sediment-sampling spud de-
scribed in the appendix. The final part of the survey was completed
August 24, 1934.

The data obtained by the Geological Survey party in resounding
original ranges at the heads of the two nrms of the veservoir indi-
cated consistent filling throughout the delta regions amounting to
104.5 acre-feet of delta deposits. The delta deposits consist for the
most part of coarse to medium sand. Farther downstream the sands
grade into silt and finer deposits along the channel, and the silt grades
into clay in the lateval basin, the latter deposits partaking of the
general character of the bottom-set clays found generally distributed
throughout the lower reservoir basin.

In the main bedy of the reservoir, where the new deposits were
thin, direct measnrements of sediment depth with the sampling spud
were made on many ranges, together with soundings of water depth
at each point of observation.

In computing sediment volumes in the lower part of the lake from
these data, the ratio of aggregate water and aggregate sediment
depths on a range was applied in each case to mean depth of water
on the range to derive average depth of sediment at the range local-
1ty. The means of average depths of sediment on adjacent ranges
were taken to apply generally to intervening segments of the reser-
voir. The aggregate volume of bottom deposits for the whole reser-
voir below the delta aveas thus computed was 142.5 acre-feet, This
combined with delta deposits gave o total volume of 247 acre-feet
of sediment accumulated in the reservoir during the 7 years of active
storage,

Second sedimentation swrvey—A second sedimentation survey of
High Point Reservoir was made by a field party of the Section of
Sedimentation Studies during the period March 11 to April 15, 1938,
under the direction of Leland H. Burnes, chief of party.

Inasmuch as results from the 1984 survey were not obtained accord-
ing to the standardized procedure outlined in the appendix, and this
being the first reservoir-sedimentation survey in which the Soil Con-
servation Service participated, it was considered desirable to make a
complete redetermination of original and present capacities.

The shore-line map used in the survey of 1934 was nsed as a base for
the 1938 survey, but in the delta regions of both arms of the reservoir,
4.7 miles of original and existing shore line were remapped to obtain
mare detail than was shown by the original map.

During the eourse of the resurvey 55 ranges set by the United States
Geological Burvey in 1934 and 7 new ranges set out by this survey
were sounded and spudded. Numerous ranges established in earlier
surveys, but poorly located according to present standards, were not
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used in this survey. Range ends and cut-in stations were tied in by
the use of plane table and telescopic alidade, In order to obtain more
accurate existing and original profiles across each range, soundings
and spuddings were taken at intervals of 20 to 30 feet by methods
descriged in the appendix. Computations of original capacity and
sediment volume were made by the use of the formula for range
surveys.

All range ends are permanently marked with concrete markers for
the purpose of resurveys; 96 range ends were marked by the Geologi-
cal Survey in 1934 and 18 new markers were set by this survey,

Improvements in survey technique and methods of caleulation since
1984 have permitted a more accurate determination of the oviginal
capacity. The 1938 survey has shown that the original capacity was
4,354 acre-feet, or 134 acre-fect more than was determined in 1934,
The total sediment accumulated to 1938 was 316 acve-feet. It is con-
sidered that the previously determined sediment aceumulation of 247
acre-feet to 1934 1s very nearly corrvect, as it was computed from aver-
ages of direct sediment-depth measurements, The comparative data,
therefore, indicate a marked falling off in the rate of sedimentation
since 1934, o reduction of almost one-half in the annual rate of silting.

Inasmueh as the rainfall data given above show a higher average
precipitation at High Point for the 4-year period 1984-38 than for the
preceding 6-year period 1928-34, there is support for the belief that
introduction of soil conservation practices in the drainage arvex has
markedly reduced the rate of silting.

Sepimexn DEPOsSITS

The sediment of High Point Reservoir shows all gradations from
coarse sand near the heads of both arms tc fine, unctuous clay in the
lower basins, The prevailing color is grecish buff, changing to
grayish brown in the upper reaches. The organic content of the sedi-
ment appears to be low near the dam but increases considerably
toward the head of each arm.

Both the west and north branches have distinet deltas near the
head of backwater. The delta on the west branch extends down-
stream to about range 24, and that on the north branch ceases to be

rominent at about range 108. Both delta areas are featured by
ateral sedimentation resnlting in an inward migration of the shore
Jine and the formation of large bars both above and below crest
level. Much storage capacity iag been lost in these areas. In the
course of the 1938 survey, many of the concrete markers set during
the 1934 survey were found to have been covered by sediment to
depths of as much as § inches. In addition, although the markers
were originally set on the crest contour, they were found to be 3 to 6
teet from the present shore line. These above-crest deposits extend
upstream for several hundred feet beyond the reservoir as well-
defined natural levees. They rise above crest level as far down as
range 110 on the north branch and to a point just below range 30
on the west branch. Below these points they continue as submerged
bars which are in general immediately adjacent to the original stream
channel and create longitudinal lugoonal areas at Jow-water stages.
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The sediment grades laterally from coarse to medinum sand in the
channel und sandy silt in the bars to fine silt in the lagnonal areus.
Fairly definite delta frouts ocecur on both arms. Practically all the
sandy sediment in the veservoir is confined to the delta areas.

Sediment. thicknesses decrease very gradually below the delta
fronts, there being no apparent tendency for concentration of fine-
grained material near the dam. The bulkof the deposit in these lower
reaches is confined to the original streams channel, sediment thick-
nesses decreasing laterally toward (he shores. Within the delta areas
the Jongitudinal distribution of sediment is characterized hy gradual
increase in depth downstream, followed by a fairly abrupt decrease
in the delta front. Laterally, on both sides of the channel, a shavp
increase in thickness in the natural levees is followed by a gradual
decrease across the lngoonal areas toward the shores.

Wave eroston, formerly of some importance as a source of sediment
in the lower reaches of the reservoir, has been almost entirely elim-
inated within the past few yeurs by the program of shore-line planting
carried out by the local Soil Conservation Service demonstration
project.

In view of the generally turbid condition of the lake waters and
the almost constant discharge of such sediment-laden walers over the
spillway, it is believed that a considerable properiion of ihe finer-
grained sediment is being bypassed completely through (he lake.

Distinetions between sediment and pre-lake bottom material wero
readily made, mainly on the basis of radical differences hoth in tex-
ture and degree of compaction. Three tvpes of “old soil? oceur:
(1)} Sandy clay loam. generally some shade of reddish brown but in
places greenish gray, which occurs on the submerged valley sides;
(2) dark-gray gritty silt loam with fairly high clay content. which
occurs on the submerged flood plains and terraces: and (3) undiffer-
entiated stream deposits, ranging from gray river silt to clean, washed
sand and gravel, which occurs 1n the original stream channel.

A summary of pertinent data relative to High Point Reservoir
(fig. 4) is contained in the following tabulation:

Sumamary of data on Ifigh Pgini Reservoir, High Point, N. C.

Apel:
At date of first survey yeurs.. 6.0
At dire of serond SUrYeY oo e do___ 10,23
Walershed srer el square miles_. 62,8
Resprvoir:
Arca af spillway stagoe;
1528 {originat) aeres_- 22
108 o rl e JRPOPY ¢ 11 MSURWEN- 1 b
Storape capacity to spillway level:
B UV —itere-fecko_ b 804
I004 o e o e e e PO { [/ B P [{ 1)
118 . . e em—m— cee centloooa 4,008
Storape per square mile of dralnage area:®
L O & ¥ ORI 1.t T 1
U 1 | - PO 3oy Y | 1
: G4 30
? Sforage bemon In JTanunry 19255 averge date of first survey, August 19005 aversge
dinte o geeond survey, April TOHS,
dInchuling arvie of reservoir.
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Summary of dafa en High Point Resersviv, High Poinl, ¥, ('—Coutinued

Sedlmentation
Sedimoent volume:
1934 _ - (PP 111 18 | o ] GO g
1688 ——— RN ¢ - SN & | i
Accumuiafod during period MR8 . . .ot oo 6
Average annunl peenmuintion:
152834 R 4+ SIUUR- . 7
30.8
13, -

Aunnual acenmulation per 3100 square mibes of dreainage aven :?
192834 aere-feel_ 61,

RS R RN 1 b N

Annual accumaintion per nere of drainage aren:®
1928-34 e amae = . e—e=Cthi¢ feetol s
tons ' L.
102534 N (RS = 11 1 Tl {11 SV
tous -
103438 e - ¢uthie feel_.
tous ' _

Depletion of storagoe:
Annual loss of originnl eapaeity:
pereento
e wtloooe_ 73
IO e e R ¢ W LY
Tetal loss of originnd capacilty

B SV ¢ 't SR O | ¥ 4
10888 e e [P | 1 S O 14
o . 53

& Exeiuding aren of reservolr. X .
i Hased on an avernge dey welght of 3MLG ponuds per cublie leit of sediment, ag doter-
mined from 12 undizsturbed samples,

LAKE CONCORD

GENERAL INFORMATION

Location.—State—North Carolina, County—Cabarrus. Distance
and direction from nearest city: 3 miles southeast of Kannapolis.
Drainage and backwater: Chambers Branch and Rose Branch,
tributaries of Coldwater Creelk,

Cunership—CGity of Concord.

Purpose served—Municipal water supply,

Deseription of dum~—The dam is of earth-ill construction with a
concrete apron on the upstream side. It 15 479 feet long, 85 feot
high, and 250 feet thick at the base. A councrete spiliway on the
west, side of the dam is 60 feet wide, 150 feet long, and 5 feet lower
than the top of the dam. A skimming wall 24 inches high is bailt
into the spilway.

Date of completion~~March 1925. Completely filled March 1926.
Surveyed May 1935. Age at date of survey : 10.2 years.

Length of lake at erest stage—QOviginal—on Chambers Branely,
4.350 feet; on Rose Branch, 4,880 feet. The two bhranches unite 1,500

W TRe Serviee Is {ndebiod to the city of Coucord, through L, A. Fisher, snperintondent of
waterworks, for wae of twe bonda and onwlhonrd metor, sl Tor fornisbing iren pipe to mark
vange emnds, Meo Fisher niso suppsicd the erigingl map of the inke angd much velushie
penerial information, O Mo Peek, warnden of the lake s;nm owas eomipleted, nsslsted In
severad phnses of the work amd goave observations on siltinyg which hnd ecome to bls notice.

30882 —30—d
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feet above the dam to form the main body of the lake. At date of
survey—on Chambers Branch 4.900 feet ;- amount shortened 160 feet.
On Rose Branch 4.130 feel ; amonnt shortened 250 feet,

Area of lake af crest stage—Original. 101 acres,

Storage capucity to crest lerel—~QOrviginal, 1,201 acre-Teet, or 391,-
345,850 gullons. At dute of survey, 1,122 acro-teet, or 365.603,700 gul-
jons. Loss, 79 acre-feet, or 25,742,150 gallons, Prior estimates
according to L. A, Fisher, superintendent of the Concord City water-
works, placed the original capucity between 3850 und 400 million
gullons,

Area of watershed —LT sque miles (3000 acres) ns planimetered
direetly from aerial photographs without adjustinent to a planimetric
base.

Gencral charaeter of welershed: Topographically, the drainage
basin is part of & hroad rolling upland and has gentle to moderate
slopes from divides to stream courses, and a totul relief of about 150
feet. It is in typleal piedimont country, underlain largely by coarvse-
graingd granite, and to a lesser extent by vocks of hasic composition,
including diorite, gabbro, and diabase. Deep residual soils have been
developed threugh long-continued weathering.

A detailed conservation survey of the watershed has shown the
proportionate areas with slopes within stated limits to be as follows:
0- to 8-percent slopes, 6.8 percent 5 3- 1o T-pereent slopes, 02.1 percent
7- to 12-percent slopes, 18,6 percont: 12- to I5-percent slopes, 7.5 per-
cent; and steeper slopes; 5.0 pereent, ;

The soils of about two-thinds of the arca are sandy loams of the
Appling series, derived from granites and gneisses.  The soils of the
remaining third of the arven inclode types of the Cecil, Durham,
Helena, Iredell, Meeklenburg, and Wilkes series,

The conservation snrvey showed that aceclerated erosion was ap-
parently ubsent on only 0.2 percent. of the drainuge aven: that depo-
sition of recent alluvium and colluvium had occurred on 2.1 percent;
and that shight erosion had affected 8.6 percent, moderute erosion
14.9 percent, moderate to severe erosion 522 pereent, gevere eresion
3.6 pereent, amd very severe erosion 4.0 percent. The remaining 144
percent consists of urban areas and farmsteads in which degiees of
erosion were not diffeventiated,

Land use in the walershed is divided us follows: Cropland, 89 per-
centy woodlamd, 22 pereent; dle, 21 percent s pasture, 4 percent; and
urban areas and Termsteads, 14 percent.  The urban aren consisty
mainly of part of the industrial town of Kannapolis.

The principal crops are corn, colton. wheat, oals, cowpens, and
tobacco (7). Smuller avreages are pianted in sweetpotatoes, sor-
ghum, peanuts, vye, gurdens, and orchards. The dominant species of
the woodland areas are various ouks, hickory, poplar, dogwood, nnd
sweefrun.

Mean annuad vainfull —\pproxinmately 48 inches.

Pvaft on munieipal reserveir—The normal supply for the cily of
Concord is 1,000,000 gallons @ day. "The heaviest demand comes in
July when the average daily use exceeds 1L250.000 gallons,
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Luke Concord, Coneord, N, C.z.1, Hecent delts on Chymbers Braneh averprown with marsh grass in back-
pgrtned, 83, Smnlt sand delin oo Second Brancl.
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Hiarory or SURVEY

The survey of silting in Lake Concord was earried out hetween
May 8 und May 17, 1935, by the southeastern sedimentation party
un(?er the direction of Carl B. Brown, chiet of party. Most of the
field worlk, computations, and preparation ot the project repoit were
under the immediate supervision of D. Hoye Eargle, acting chief of
party, in the absence of Mr, Brown.

Field work involved mapping the shore line of the lake from con-
trol established by triangulation and stadia; and setting up. sounding,
and spudding 18 cross-section ranges, the end points of which were
permanently murked by numbered iron pipe. A mapping scale of
200 feet to the inch was used. Runges were placed us nearly at right
angles to the old stream channel ns possible, and spuced at intervals
ranging from 850 feet near the dam to 450 feet in the delta arens,
Elevations were taken from the water surface by using an assumed
datum of 730 feet for spillway crest. Soundings weve taken at inter-
vals of 20 to 30 feet, except near the old channels where the interval
was shorier.

Computations were made on the formulus given in the Appendix
under the heading, Runge Method.

SEmiMENT Drrosirs

Botfom-set heds cover by far the larger part of the falke, though
on each arm fed by a small tributary, miniature deltas show all
the typical charncterislics of deita deposits.  Botlom-set heds account.
for a volume of 72 acre-feet, while delta deposits amount to only 7
acre-feet, a ratio of abont 10 to 1.

Bottom-set beds are composed of extremely fine-textured, soft, vozy
gray mud conlaining some organic matter, mostly leaves, twigs, and
small branches floated into the lake. With an incvease in organic
matter, such as ovenrs in the more sheltered bays. the mod assumes
a darker color. Delta deposits are made up of course gravelly sand
near the head of the delta, fine sand in the middie poitions, and silty
sand on the fore-set beds, grading into fine sandy silt at a distance of
several hundred feet downstream. Typical alluvial fentures, such as
spits, bars, and flat triangular-shaped fans nosing suddenly on the
downstream end and often spread over the bordering flood plains,
ave characteristic features (pl. 7, 4 and B).

The average thickness of sediment decreases for several Tanges
downstream trom the head of backwater, then levels off, and finally
increases gradually near the dam. Such distribution indieates i
slight tendency toward underflow of sediment-laden water toward the
dam. Distribution from bank to bank along ranges shows an in-
crease from zero nenr the banks to a foot or two in and near the old
stream channel,

The average depth of sediment on Chambers Branch ranges from
2.25 feet in segment 16 to 0.5 foot in segment 2, and on Rose Branch,
from 3.85 feet in segment 15 to 0.45 foot in segment 6. :
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A summary of pertinent data relative to Lake Concord (fig. 5)
ig contained in the following fahulation:

Summeary of date Loke Caneord, Concord, N, .

Age'___ e e e w SONTR.
watershed aren®. . . - O 7 { EEF Byl (i T i T
Reservoir:
Original aren al croest stuge NETeS_ -
Origingl gtorsge eipoeily to erest levelo_. . JRUNY | UL L) i 4Tl
Htorngme capuelty at dnfe of survey. - ———— et
Qriginul stornge per square mile of draimge aren ®
Storage por square mile of drainage nren ab date of survey ®. da
Bedimontation:
Delta AepOSH S c e oo - SRR | | MO
Bottom-set bods. . e ocnmen RN { 1] FRON
Pots] sediment ool e e e m e e e e el
Avergge annual aectinukition R Ao

Annugl acenmulation per 100 zgnare miles of driadnage avea

aero-fect -
Annnal acewmulatinon pee nere of drainnee aret cubic foot 117, 14

Qu, assuming averige welght of 1 enbie foot of dopesit is 60
pounds _— . NP o 11 [N W) |

Depletion of storage:

Loss of origing) capaeity per veir. oo e - - .pereent [ by
Loss of originnl capieity o date of saevoey [ ) '+ S 1

1 Staraze began in Moreh 10205 sursey was macde in Moy 1835,

2 Tnehaling rosorvole nren. )

2 Thege Hgnpes o tevliad tn oxelmte (he ke aren troat e (atn] acen of the deginage
basin,  Alsg, lahortory torls on nimnerots sediment snmples have shown thint, in general,
tha nverage dry wolght of reservnle sediment oeloser 1o B0 than te 100 pounds per cubie
fopt,  Cofrespondling Qgures given o the fesp edicdlon, computed by Ioelmdlog the loke
aren, pbe f05.0 were-feer, LISH cubie feeb, aml G.94 tons, rospectively.

SPANTANBURG RESERVOIR

GENERAL [NFORMATION

Location~-State—South Carolina.  County—S8partanlhog.  Dis-
tance and direction from nearest eity: 13 miles due north of Spurtan-
burg, S. C. Drainage and backwater: South Pacolet River.

Ownership—City of Bpartanburg,

Purpose served.—Municipal water supply,

Description. of den—"The dam is of the hollow, reinforced concrete
{ype with full concrete apron, having an over-all length of 430 feet,
of which 359 feet between buttresses is the spillway section. It has
a height of 50 Teet above normal water surface, and contains 7,200
cubic yards of concrete. Tlashbonrds 3 feet high have been placed on
the dam, which brings the elevation of erest level to 775.25 feet above
?en level. The thickness of the dam at its base ranges from 80 to 108

ect.

Date of completion—Muy 1926, Surveyed July 1934, Age at
date of survey, 8.2 years.

Length of lake at erest stage~~Qriginal. approximately 6 miles.

Area of luke at evest stage~—Original, 314 weres at elevation 775,

Storage capacity to crest {evel —Original. 2.700 acre-feet (870.795.-
000 gallons). At date of survey, 2.237 acre-feet (728,926,450 gallens).
Loss, 463 ncve-feet (150808350 gallons).

Area of walershed~91 squure miles,
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General character of waeiershed —Spurianburg Reservoir is in the
upper Piedmont not far from the {ront of the Biue Ridge. Topo-
graphically the district is & high plateay, intricately dissected by a
well-clefined stream system into a series of low smooth ridges, some-
what flattened on top where the original level of the jlatean has
been preserved, and broken along the edges, The interstream areas,
100 to 200 feet higher than the stremm valleys, are gently yolling to
undulating, becoming hilly and offen severely gulbed near the
streams. According fo a recent conservation survey, slopes of 0 to 3
percent cover 8.5 percent of the drainnge area; slopes of 3 to T per-
cent, 25.8 percent; slopes of 7 to 10 pereent, 214 peveent s slopes of 10
1o 14 percent, 12.8 percent; and slopes over 15 percent, 31.5 percent.

The drainuge basin is underlain by aneien gneisses and schists
and occasional patches of granite wnd basie intrusives. The foun-
dations of the dam ave on a hard blue granite.

The solls of the ecounty range from gray and hrown {o red, the
prevailing color being red or reddish brown,  Cecil soils occupy 75.8
percent of the entire drainage basin. Other soil series covering
more than 1 pereent of the drainage area are, in pereentuge, Appling
3.2, Edneyvitle 2.3, Porters 9, Worsham 1, and undifferentinted allu-
vium 8.5, representing mainly recent overwash of erosional debris,

Ouly 1.4 pereent of the drainage aren has undergone little or no
srosion, whereas 6.7 percent, mostly bottom lands, has reccived re-
cenl aceumulations, Slight crosion has aflected 12.0 percent of the
watershed ; moderate erosion, 19.9 percent ; moderale to severe erosion,
2.1 percent ; and severe and very gevere erosion, 17.2 pereent 5 €4 per-
cent is in still other classes.

Land use in the watershed includes 45.9 percent of cropland. 4
pereent of idle Jand, 5 percent of pasture, an({ 45.1 percent of woud-
land. Cotton is the principal erep, occupying about twice as much
acreage as any other. Corn, wheat, and oats ave next in order of
importance.

Mean annual vainfall —47.36 inches ul Spartanburg,

Ervaporation—The avernge annual evaporation from water sur-
face 18 estimated fo be 48 inches.

Draft on wrunicipal reserveir—The Spartanburg Reservoir, like
Lake Michie, serves a dual purpose of municipal waler supply and
power development. Figures on draft, therefore, represent combined
water supply and power development. The mean annunl How of
the South Pacolet River is 127 second-feet. The maximmm flow over
the dam was 14,000 second-feet in August 1928.

Twice a year on an averaye, as much as 12 inches of warer flows
over the dam. This is equivalent to a flow of 1,200 second-feet.

The average draw-down of the water level is 8 feet below crest.
The greatest draw-down ocenrs during the dry months, September,
October, and November. The maximum draw-down is 15 fect, to
elevation 760.

The daily average of water released, by months from July 1933 to
June 1935, varied from a low of 51 second-feet in Octeber 1933 to o
high of 102.5 sccond-feet in August of that year; from a low of 76.6
second-feet in July 1934 to & high of 162.6 second-feet in April; from
a low In June 1935 of 73 second-feet to 2 high of 151.8 second-feet in
January 1935, :
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January, February, and Murch are the months of heaviest dvaft:
and September, October, and November arve months of lowest denft,

History AND Metuor or Sprwvey

The survey of Spartanburg Reservoir was begun July 23 and com-
pleted August 2, 1934 The party consisied of H. M. Eakin, L. M.
Glymph, Jr., as assistant, and a number of rodmen and luborers fur-
nished by the Spartanburg Regional Office as needed from fime to
time,

The work was greatly facilitated by the generous eooperation of
Superintendent R. B. Sims and staff of the city water department,
whose office furnished boat fucilities, iron pipe for marking control
stations and ranges and all available base maps and other records
of the reservoir. It was also arranged to have employees at the dam
take speciul gage readings on lake elevations during the progress of
the survey,

Owing to lack of accuracy and detail in the original base maps
and records that were available, it was found necessary to resurvey
the entire reservoir and to resort to direct measurement of sediment
depths with spud and soil auger to determine sediment volime and
distribution.

The new map was made on a seale of 200 feet to the inch by plane
table and stadia as a general basis for establishing sounding ranges
and points of depth measurement. Some 88 ranges in all were located.
sonnded, spudded, and monumented for futiure resurveys with jron
pipe.

SentmENT DerostTs ™

In rhe direct measurements of sediment distribution over the main
reservoir aren below the deltas a ¢lose concordance was found between
depths of water and sediment at the observation points on each range.
Also the depth rativs of sediment to water were found to fali off pro-
gressively cl{{}wn the reservoir from its head toward the dam. Very
ittle sediment was found between the crest-level contour 775 and con-
tour 770, cerlainly not more than was compensated for by wave scour
below high-water level. Of the 314 acres originally flooded at crest
stage, 107 acres are thus eliminated from the caleniation of totul
volume of sediment accumulated to the date of survey.

The original area between contours 770 and 760 amounted to 125
acres. Some 15 acres of this section are now occupied by delta de-

osits which were surveyed separately, leaving 110 acres of reservoir

ottom in this depth range containing general clay deposits. The

Wit will be noted vem this soction that the computation of sedimeni volumes in this
regorvoir wis not based on plapimeler meagureinents of plotied ¢ross spetions showing both
original seil nud sedbwent pratileg nlong the menges, nor wore compiations made sccording
to the stundard formule for dowrminlng solumes rom enage sarveys as given tn the Appon:
tlx,  The survey was conductet by the Inte H, M. Eukin during ihe Inifial stnge of the
investigntions under this project, amd wad the first reservaolr on whieh tie range method
af surves was nplmml. Tho experiotee pained 1o makimg ths survey, togetlior with detalied
sindiss on High Polnt amd Greenshoro Reservoalrs, wits the foundetion for estubllsling the
stundnrd methods ontlined i the Appendis. o the tlght of 4 years' subgenne ot experlones
In ealewdnting sedbnent vohnoes, i is now consldererl] that the dnfz on sedlmestotion in

thly regervidr are not s procise as those for lstor surveys,  Sueh choeks ns e gm.ﬁ;s!h!c.

howaver, Indlenta thut (he datn fell within reasennble limits of error, and are probmbiy as
neeurate g data from most resecvelresilting surveys previously made 1n thls coustry.
{Note by author of resislon.}
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average of water-depth measwrements within this areg is 11.6 feet and
the ratio of aggregate sediment to water depth 0.119, indieating an
average depth of sediment over the 110 acres of 1.38 feet or a volume
of 152 acre-feet.

The original aren of reserveir bottom below contour 760 wns 82
acres, none of which is encroached upon by delts deposits. The
average of systematic water-depth meuasurements within this area is
24 feet and the ratio of aggregate sediment and water depths is 0.07,
indicating an average depth of sediment of 1.68 feet or & volume of
137 acre-feet. Combining these volumes above and below the 760-{oot
contour gives a total volume of general bottom-set clays amounting
to 289 acre-feet.

The delta arvea at the head of the reservoir is elongated in form,
extending for 5,000 feet downstream from the criginal valley cross-
ing of the 775-foot contour. The stream has filled in parts of original
storage space along this reach, tending to reestablish a normal alluvial
channel by building natural levee banks and bars attached to the
original reservoir shore. 'These deposits increase in depth but vary
in width downstream,

Table 11 gives the aggregnte widths of deposits on successive cross
sections af 200-foot intervals in the main deltz arca below Mary
Foster Bridge.

Taprm 11—Aggregate widths of deposils on guvecssive erosy seclions al 200-foot
intervals n fhe main delle area below Muary Foster Bridye

1
Width Hange ’ Width - Bange Width E Range Width
B 1

Feet Fect
120
44 i) 4 1
] ] ]
40 i
" Podul.. 2,14

60 3] Average..... 0:

Borings and soondings were made in the delta area to defermine
maximum depths of deposit ut positions corresponding with ranges
4, 5, 10, and 21 of table 11. The first three gave depths of 8.0, 9.2,
and 9.4 feet, respectively, or an average depth of 8.8 feet. The last
two gave depths of 12.8 and 12.0 feet, respectively, or an average of
12.4 feet in the lower end of the delta. The average depth of the
five borings is 10.8 feet,

The thinning out of these deposits from maximum depths toward
the original lake shore and in the area above Mary Foster Bridge
indicates an average depth about half that of the maximum or 5 feet,
approximately. This depth over an ares 100 feot wide and 5000
feet long gives an aggregate volume of some 57 acre-feet for the
main South Pacolet River delta deposit.

Other deltas have been built into the reservoir at the moulhs of
local tributavies. Most of the Jands surrounding the reservoir that
are drained by these streams are undergoing cultivation and attendant.
aceelerated erosion. Consequently many of the subordinate deltas
have developed considerable volume,
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The volume of each of these minor deltas as computed is limited
to accretions below spillway-flashboard level, or elevation 77525,
United States Geological Survey datum. The volume thus delimited
begins upstream at the intersection of this level with the original
valley bottom. Trom this line downstream its top is a horizontul
plane fo the 775.25 conteur on the present delta surface, and thenee
slopes with the surface of the deposit, first gently to the delta rim,
and then more steeply to the toe of the froninl slope. Owing to
controlled operation of the reservoir, with stage held close to eleva-
tion 772.0 at the top of the conerete spillway, there is little terracing
of the delta surfaces and delta rims ave generally at thiselevation. Lo
simplity computation of volumes the surface of the individual de-
posit is assumed to consist of two sloping planes, one from the up-
stream margin to the rim and the other from the rim to the toe, and
the depth from the rim fo the eriginal valley floor is assumed to extend
for the full width of the valley. This excludes a prism of materinl
above the plane of the 775.25 contour, but compensates this more or
less closely by exaggerating the area of the rim cross section, The
form of the delta thus simplified is that of two wedges with their
bases coincident on the »im cross section and thinning out in apposite
directions, the valley wedge narvowing upstream and the fore-set
prism widening out to the toe. The volumes of these prisms, if widths
were constant throughout, would be one-half the produet: of base and
length, To take into account actnal differences in width more com-
plex equations are necessary.

Designating rim deptl: as D, widths at the head, rim, and toe as W1,
W2, and W3, and lengths of valley and fore-set prisms as L1 and L2,
respectively, the volume of the valley prism becoines:

W2 DIl (W2—IF1) D L1
2 - 6

und that of the fore-gset prism heeomes:

2 n Lz
2

Wa-WwenlL2
' 6

N

Owing to low slope of the fore-set beds there is usually little differ-
ence between L1 and L2, Also the spread of the fore-set prism
compensates closely the tuper of the valley prism,

It follows that a close approximation of the entire delta volume is
vepresented in the product of the delln rim cross-section aren and
distance from the rim to the originul valley position of contour
775.25. .\ more conservative result is obtained in the product of
actual aren of the valley prism and depth of deposit at the delta
rim. The voiumes of individual deltas are compuled on this basis,
Thelr combined volume, withont allowanee for numerons still smaller
deltas, too tedious and unimportant to be surveyed, is 117 nere-feot.
Adding to this figure the 57 acve-feet of the main Sounth Pacolet
delta at the heund of the reservoir gives u {otul volume of 174 acve-
Teet of delta deposits,

A summary of pertinent datn relative 1o Spartanburg Reservoir
{fig. 6} is contained in the following tabulation
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Summary of date on Spartanbury Reservoir, Spartantburg, 8. €,

Age’ . — rears.- 8.2
Walershed area’ square miles.. 91,0
Reservoir:
Original area at crest stage — ieres_. 314
Original storage capacity oo oo R aere-feet__ 2, 700
Storoge capacity to erest level.. —-.do 2,037
Original storage per square mile of drainage ares® - 20, 67
Storage per square mile of druinage aren at date of survey “o._do____ 24 58
Sedimentation :
Delta deposits do____ 174
Bottom-set beds - 250
Total sediment 463
Average anuual secumulation —— - 5G. D
Annuil aecumnlation per 100 square miles of draina e ared
Annual acenmulation per acre of drainage aren
Or, assuming average weight of 1 cubic foot of deposit s GO
pounds tons_.. 1. 27
Depletion of storage:
Loss of ortginal capacity per year __pereent._ 2,00
Loss of originnl capacity to date of survey do__-_ 17.15
2 Btorage begnn in May 1926 ; survey was wade in July 1934,
2 Incluéing lake nrea.
® These figures are revised to exelude the lake nrea from the total nrea of the draluage
Lagin &nd to conform with & revislon of the wutershed avew bused On % new map mide
since the flrst editfon of this bolletin was published. Also, lahoratory tests on numerous
sediment samples have shown that, in generel. the averayge dry welght of rveservalr sedi-
ment ig closer te 80 than to 100 pounds per cubie foot. Cuorros otiding Qeures given in the
first edition, Dased on a {otnl drainage aren of 02 sguare miles incloding reservoir, arc
61.6 acre.feet, 41.93 cuble foat, and 2.1 tons, respectlvely.

LLOYD SHOALS RESERVOIR 17
GENERAL INFORMATION

Location—~State—Georgin. Counties—Jasper, Butts, and Newton.
Distance and direction from nearest city : 8 miles east of J aclison, Ga.
Drainage and backwater: Qemulgee River, and its tributaries, the
Alcovy, South, and Yellow Rivers, and Tussahaw Creek.

Ownership—Georgia Power Co., a subsidiary of Commoniwealth
& Southern Corporation, New York, N. Y.

Purpose served —Hydroelectric power development.

Description of dam.—The Jackson Dam 8 is a gravity-type struc-
ture, constructed of cyclopean-concrete masonry with a concrete pow-
erhouse built into the west end. It is 1,750 feet long, 100 feet high,
and 85 to 96 feet thick at the base. The spillway on top of the dam
is 728 feet long. A center section of the spillway, 420 feet long, 180
feet from the east end and 128 feet from the west end, is 8 feet lower
than the rest of the spillway. In the lower section, 42 flashboards, 3
feet high and 10 feet long, and in the higher sections 30 Hashboards, 2
feet high and 10 feet long, and 1 flashboard 1 foot high and 8 feet
Iong, have been erected.

The elevation of the middle section of spillway is 525 feet, the upper
section 528 feet, and top of the flashboards, or crest Ievei, 580 feet
above sea level. The flashboards trip automatically when the water
rises to elevation 530.50. The tailrace of the dam is at an elevation
of 425 feet,

T The Service recelved fullest sooperntion frem tho Georgia Power Co., which suppliced
boats and motors for use in the survey. K. F. Sinclair, chief engineer of the comhiby,
arranged for photostating and use of the hase maps, and supplied lmportant dadn on the
regervoir. 1. K. Sitton, suprriniendent of the power plant, wag helpail in supplyling loval
Infermetion ond in other woys,

% Locul name,
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Date of completion~—December 1810. Completely filled May 1911,
Apge at date of survey, 24.3 years,

Length of lake at crest stage—Original—dam to head of baci-
water on South River, 12.5 miles; to head of backwater on Yellow
River, 10.7 miles; to junction of South and Yellow Rivers, 6.1 miles;
to head of backwater of Alcovy River, 10.4 miles; to junction of Al-
covy River, 4.1 miles; to head of Tussahaw Creek, 7.6 miles; and to
junction of Tussnhaw Creek, 2.6 miles.

Area of lake at crest stage—4.537 acres at 530 contour, plunime-
tered from original base maps. TPrevicus estimates by the power
company give the area at the 530 contour as 4,752 acres.

Storage capacity to crest level—Original, 112.538 acre-feet. At
date of survey, 88,578 acre-feet. Loss, 13,960 acre-feet,

Aveq of watershed.—1,414 square miles,

General character of watershed —The watershed above Jackson Dam
lies wholly in the Piedmont province. It is typically & broad rolling
peneplain with even skyline, though actuaily dissected by an intrieate
and complete system of drainage. Occasional isolated hills and moun-
tains oceur, the most notalie of which is the famous Stone Mountain,
near Decatur, Ga. The topography is purely eresionsl, and consists
of broad undulating to gently rolling divides which slope more steeply
near to the stream courses. The main river valleys are 100 to
200 feet below the major divides. Along the valleys, especially that
of the Oemulgee, slopes arve often steep, rocky, and thoronghly dis-
cected. Smaller streams are commonly 50 to 75 feet below the local
divides, and their valley slopes are longer, more vounded, and more
gentle, Gullies, intermittent streams, and even spring-fed streams
extend far back inte the divides and around these headwaters the
land is likewise more broken and eroded. Flat strips of bettom lands
are found along most of the drainage courses, ranging in width from
a few feet on the small streams to more than half a mile on the
Qcmulgee.

According to a recent conservation survey, slopes of 0 to 3 percent
cover 9.1 percent of the drainage areaj slopes of 8 to 7 percent, 39.4
percent; siopes of 7 to 12 percent, 32.5 percent; slopes of 12 to 15 per-
cent, 8.2 percent; and slopes over 15 percent, 10.4 percent.

The watershed is underlain entirely by ancient erystalline rocks,
gneisses, schists, and numerous areas of granite, and many smaller
areas of basic igncous and metumorphic rocks. Among the most
widespread formations are the Carolma (acidic) gneiss, the Roan
{basic) gneiss, and the Lithonia granite,

The principal soil series in the watershed are, in percentage, as
shown by the conservation survey, Ceail 52.7, Appling 16.8, Lomisburg
10, Lloyd 5.9, and Madison 3. The Cecil and Appling series are de-
rived from acidic erystalline rocks, which are predominant in the
drainage arvea. Congaree 0.8 percent, and meadow soils or undif-
ferentiated alluvium 6.4 percent, commonly occur as strips along
major streams, the latter type representing mainly arens of recent
overwash resnlting from soil erosion on the slopes.

Residual soils of the upland are deeply weathered, often lcose tex-
tured, and subject to severe erogion where they have been stripped of
the natural vegetative cover. Lack of erosion-control measures has
resulted in severe sheet grosion and serious gullying in all parts of
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the watershed. Only 0.6 percent of the total area is unaflected by soil
erosion; in contrast, 9.7 percent hus undergone slight erosion ; 26.5 per-
cent, moderate erosion; 39.9 percent, moderate to severc erosion; 9.4
percent, severe erosion, representing a loss of more than 75 percent
of topsoll; and 6.1 percent is classed as very severely eroded. which
includes areas having lost all topsoil and part of the subsoil. The
severity of erosion and the continuing high losses of soil are shown
by the heavy lond of suspended matter carried in niost of the streams,
whose water has almost continuously u reddish-brown appearance,

Land use in the watershed includes 40.8 percent of eropiand, 10.9
percent of idie land usually undergoing serious crosion, 5.3 percent of
pasture, 41 percent of woodland, and € percent of farmsteads and urban
areas. The principal crop is cotton, which far outraniks any other,
both in acreage planted and in cash value. Corn and oats are next
in order of importance. Cowpens, alfalfa, hay, wheat, rye, vegetables,
and fruits are raised less extensively.

Mean annual rainfall—Annnal rainfall at the nearest poinls of
record has ranged as follows: At Griffin. Ga., driest year (1904},
32.91 inches; wettest year {1906), 53.68 inches; mean, 49.23 inches,
At Covington, Ga., driest year (1904), 32.50 inches; wettest year
(1800). 67.31 inches; mean. 47.8% inches. At Monticello, Ga.. driest
year (1904), 85.55 inches; wettest year (1906), 60.95 inclhies; mean,
48.99 inches,

Power development.—The installed power equipment consists of six
horizontal-type turbines, four of 89-inch dia meter, and two of 42-inch
diameter, with a capacity of 5500 horsepower each at full zate.
They are connected to six horizontal-type Westinghotse generators
of 8,000 kilovolt-amperes each. The total wheel capacity at tult
gate is 83,000 horsepower, but as the wheels give a higher efficiency
and are subject to better control at a mormal three-quarter gate
opening, the average rating of the plant is 24,000 horsepower, The
installed generator capacity is 18.000 flovolt-mimperes,

The operating head is 83 to 104 feet. At spitlway clevation (530
feet) it 15 102.8 feet with full load.

The upper 20 feet of the reservoir, between the 510 and 580 con-
tours, is considered as storage. It gave an original available storage
of abeut 8 billion cubic feet, or 68,570 acre-foot, The murximum i
down is slightly over 15 feet during dry summers,

THETONY OF SURVEY

Field work for the survey of Lloyd Shoals Resorvoir was begun
February 4 and completed April 13,1935, by the southeastern scdi-
mentation party under the direction of Carl B. Brown, ehief of party.

Photostats of eriginal maps of the reservoir basin, made in 1907
by an engineering firm on a scale of 400 feet to the inch, were avail-
able through the courtesy of the Georgia Power Co.  Fonr contonrs,
530 (erest}, 525, 515, and 305, are shown on these maps.

A total of 132 ranges was estublished und marked by numbered iron
pipe. Ruanges were connected by triangulation and stadia traverse
from the dam to the junction of the Oenlgee and Alcovy Rivers.
Above this point range ends were locafed with reference to natural
features of topography and artificial landmarks. They were not tied
together in view of the character of the lake’s long winding arms,




60 TROMINICAL BULLRETIN Hud, 17§ DEME OF AGRICTLTUCRE

wooded ferrain, and other natural obsiacles which wounld have inter-
posed a serious time limifation on other work of the survey. It is
helieved that ranges have heen established and plotted on the large
seale base maps with suficient accuracy for casy relocation.

Ranges were sounded and spndded in the lower part of the lake, in
accardance with the general instructions ontlined in the appendix.  In
the lower purt of the delta area n new sediment-sampling o pt:nf:ltus
was devised for the purpese of obtaining deeper penetrations. A 2-foot
waoden section of gpud was machine-grooved trom & 2- by 2-inch oak
strip, and was jammed securely into a 174-inch seetion of pipe which
was conpled to a 3-foot section of 1-inch pipe. Available with this
were 45 additional feet of 1-inch pipe in 5-Toot sections with cou-
plings, together with an anger handle. Working from a flat-bottomed
seow anchiored securely at hoth ends, the spitd was pushed down into
1o sediment, addirional sections of pine heing added as needed. The
original bottom was recognized readily by added resistance to down-
ward pressuve. The pipe spid conld usually he pushed less than a
foot intoe old =oil. Peneteations to a depth of 23 feet of sediment weve
measnred by {his method.

In the upper part of the delta aveas. considerable sediment cecurs
above crest level as overbank deposits accumalated during flood
perinds,  All the della area that is nsually above water is covered
by o thick growih of willows, beach, syenmore, ash, and small under-
hrash, mueh of it 15 to 20 vears old. In these areas range lines across
the delta were necessarily chopped ont. Profiles were established by
stadin, except in the narrow channel of the present stream, which was
sonnded,  Attempts were made at several points to reach old soil by
anger horings, but only sand was peneteated.  Apparently the char-
acler of old soil is so similar to the present deposits that no distine-
tion could he recognized.  Tdlure of borings made it necossury to
construet  oviginal cross-section profiles from the contour maps,
Thewe, of course. me gencralized by lack of more c¢losely spaced
contours than 10 feet, ver the relative accuracy is probably as great
as eaitld have Leen altained with the foew horings that time would
have permitted, considering the extent of the delia zreas.

Computations and deafting were done by the fleld party, Pt of
the planimeter work was done in the Washington office and part in
the field. Al compnfations were based on the range formulas given
in the Appendix.

RemaExr DeposiTs

The two classes of sediment, della deposits, and bottem-sel: clays.
that accumnlate (ypieally in southeastern reservoirs, are quite distinet
hoth in character and ocelrrence at Llovd Shoals, Delta deposits,
resulfing from imponnding of this reservoir, actually extend several
miles above the head of hackwater on the South and Yellow Rivers
beeause of banking up of sediment oi development. of top-set heds us
the rivers have {ended to flatten their gradient to a normal profile of
equilibrinm.  Tor computing Tnss of reservoir capacity, however, it
was necessary to disregard the above-crest deposils and consider the
delta as thiat body of sedimeni beginming at the head of hackwater,
extending downstream with low meadient for several miles to the
delta rim, and finally nosing steeply 1o the toe of the fore-set beds,
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where it merges with the bottom-set clays of the main lake basin.
Bottom-set beds cover the entive floor of the lnke below the deltas,
except for a narrow strip around the shore line from which they have
been washed into deeper water during periods of scasonal draw-down,
In any cross section, deposits ave thicker in the deeper pavts, espe-
cially near the old stream channel. This may be partly « result of
underfiow of heavily sediment-laden waters toward the dam, aithongh
variation on the cross section appears to be closely proportional to
the depth of the overlylng column of water from which the sediment
could settle.
Driras

Nearly the entire surface of the deltas is above water during moze
or less frequent periods of draw-down, of which the last prior to the
survey was in the fall and winter of 1934. Exposure to air and sun
rapidiy dewaters the silt, cansing it to compaet into an extremely tight
and sticky deposit. Once this condition is attained, the sediment wiil
never return to its original loosely coherent state despite long-con-
tinned flooding. The spud ean be pushed inte such compacted sedi-
ment only a foot or two at most, which is seidom sufficient to reach
old soil. The sediment has, in Tacl, all the eoherence and plasticity
charvaeteristic of the finest-textured loums of the section.

The fine to sandy siit of the delta, usnully durk gray in color,
contains leaf and stem fragments, while the old soil, at the few
places where it was observed, has a bluish-gray cast and contains
numerous rootlets. The presence of rootlets alone, hawever, is mis-
leading, because fast-growing willows of the delta region spread
their rootlets almost as widely as they occur in the old soil. The
presence of sand was likewise an uneertain criterion, for the delfas
are made up characteristically of alternating layers of sand and silt.
The doubtful distinction in celor afforded virtually the only basis
for distingunishing delta deposits from old soil, but since it was sel-
dom possible to penetrate throngh the new deposits either with spud
or auger, this distinetion wag relatively nnimportant,

The South and Yellow Rivers are comparabie in size. the deltas
are connected Tor o short distance Below their jumetion, and numercus
features are common to ench, while the two differ in several respects
from the Alcovy and Tussahaw. Therefore, the first two arms are
freated together, and the Iast twe separntely.

Sowth and Yellow Rivers—The deltas of the South and Yellow
Rivers may be separated for descriplion into three longitudinal seg-
ments, merging uniformly and almost imperceptibly info each other,

The upper division, while extending some distance above the
orviginal head of backwater, mainiaing ils distinctive chuyacter for 1y
mileg below the head of backwater on the South River, and 135 miles
on the Yellow River, It is differentiated from the lower segments
chiefly by the fact that backwater at crest stage is confined to the
original stream channel, or to a channel of comparable size. The
river current is noticcable to a casual observer even at high-water
stage, Shoals of bare rock were discovered by spudding at a number
of places in the chinnnel, even though the lake was then at crest-Jovel
stage. Fine to medium-griined sand is the typieal sediment. Nat-
ural levees along the channel bunks, formed by the rvivers in their
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continuous process of adjusting ehannel capacity to load and rate of
flow, are a marked characteristicc.  Behind them are mintature
lagoons partly filled with silt, although in places covered by extensive
sand flats deposited during flood stuge when water level of this streteh
rises several feet ubove normal. Since the levees average about 5
feet higher than crest near the hiead of backwater, a rise of this mag-
nitude 18 required for overflow and deposition of sand. Dehind the
depressions against the original valley sides are remnants of an older
flood plain, or lerrace. nearly 5 feet higher than the present levees,
This terruce extends Tor long stretches as o pronounced beneh 10 to
95 feet wide. According lo loea] testimony. the rviver hing visen above
normal stage to the level of this beach, or approximately 10 feet, in
recent. yours during mnjor flonds.

Sand is deposited i lwrge quantities as hawvs in the viver channel
during high reservoir sfages, As this rakes place the Jevees ure
shifted toward the valley ides fo bring the river ¢ross section into
adjustment with lond and rate of flow, With subsequent draw-down
the sand bars are moved dowanstream by the curvent, and deposition
takes place on the channel side of the levees, The consequent alterna-
tion of shallowing and widening with deepening and narrowing is not
an orderly repetition but is dependent on several independent factors,
namely, mflow, load. and service requirements on {he reservoir
reflected in draw-down. :

Sund deposited by fload waters on the back side of the levees 1s
seldom disturbed except during rare reenrrence of extremely high
water.  Such depoxits, however. are often of considerable size; one
contains over 20 acre-feet, ulf nbove erest Tevel. thongh more than one-
half mile below the original head of hackwater and entirely within
the original hasin.

Farther downstream, in the socond delta segment, the terrace und
present flood plain gradually merge and pass helow evest level. The
channel is still well defined, though at spillway stage water covers
large parts of the lagoons behind low levees. These depressions are
seldom more than 3 feet deep measured from crest elevation.

Sediment of the levees consists of alternating layers of sand and
silt ranging usually from 6 inches to 3 feet in thickness. It is well
exposed in drainage ditehes cut from the overbank depressions into
the channel, and has also been explored to depths of 10 feet by auger
borings. In the channel, sand alone is fourd, while in the irregular
bays back of the levees. silt and organic mateer constitute the pritcipal
accumidlaiion, Some sand as well as silt i heing hrought info the bays
from small tributary streams, and in places Hood waters have depos-
ited sandy alluvial fans, especially where the fload pluins or shallow
bays are near crest level.  The deeper bays are fed hrough levee
openings when the water is at spillway stage. Onee the sediment-
laden water has flowed into (he depressions it practieally stagnates,
and most of the suspended Toad settles nut. During the course of this
survey, the water rese from a maxinium draw-down of 15 feet to
inches ahove crest level, then dropped 2 feet.  Actual measurement
showed that dnring (he coruse of this rise one-tenth foot of extremely
fine silt was deposiled over bays where the water depth was only 1 to
3 feet.
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‘The middle segment of the deltas supports a heavy growth of wil-
lows, beech, and other wuter-loving trees as much as 15 inches in
dizmeter, as well as a dense undergrowth of brush, shrubs, and briers.
The smaller growth is partially clearved at intervals by the power com-
pany, but despite this, muech decaying ovganic matter is continually
added to the sediment accumulation of the bays.

The lower segment of the deltas extends from about 3 miles to o
miles below the head of backwater on the South River, nnd from 3%
to 5 miles on the Yellow River, In this stretch the deltas are entirely
below water at spillway stage; that is, the water extends from banlk
to bank of the original valley, though during maximum draw-down all
but the channel is exposed. The deposits are a mixture of fine sand
and silt. They thicken toward the rimy of the delta, which beging
about 1,000 feet below the junction of the South and Yellow Rivers,
where in one place an accumulation of 23 feet was measured. Thick
sediment continues for several thousand feet downstream, but the
deposits become less sandy, grading through sandy silt to fine mud
devoid of all grit.

Alecovy River—8hoals occurring just at the hend of backwater on
the Alcovy River have a full of 45 feet in 1,200 feet. Immediately
below them the force of rushing water keeps the channel free of
sediment, but several hundred feet downstream sand has accumn-
lated in such quantity that the course of the chunnel has been entirely
changed. An island covered with n considerable growth of trees now
exists near the center of the old channel.

A few hundred feet farther downstream the sbove-crest deposits
disappear, aund water at spillway level covers ail the original valley.
The deposits grade rapidly from sand through sandy silt to fine silt,
and at a distance of 2 miles below the shoals consist wholly of bottom-
set clays, A considerably smaller depth ratio of sediment to water
was found on the Alcovy River than on the South and Yeliow Rivers.

Twssetharw Creele~-The delta of Tussahaw Creek is the shortest and
most repular of any on the four major arms of the lake. The rim of
the fore-set beds lies between ranges 38-—39 and 224223, about 8,500
feet below the head of backwater. Soundings show a marked differ-
ence in average depth between these fwo ranges. Spud penetrations
were easily obtained on all peints on the lower range (38—39), while
complete penetration could not be obtrined on the upper range. This
indicntes a very distinct and sharply nosing delta front.

RotroMm-BeT TEDS

Bottom-set heds cover the entive floor of the lake below the delta
areas except for the narrow strip alongshore from which they have
been washed into deeper water. These deposits, where they have been
continually covered by water, are composed of very fine soft, cozy mud
containing oceasional leaf and stem fragments. They are readily
distingnishable from old soil, which is usunlly residual from granite
and therefore contains unassorted sand and clay, Old soil containg
numerous rootleis, is much darker in color, and is far move sticky
and compacted than the silt,

On the Oemulgee, sediment between range 65—66, 1,000 feet below
the junction of the South and Yellow Rivers, and the dam s clasged us
silt. Tt varies in depth from & maximum of 14.8 feet on range 65—6(
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to 3.7 feet on range 1—2, just shove the dam. The deepest siltt is
almost invariably found in the old stream channel, a result perhaps
partly of underflow of silt-laden water.

On the Aleovy River, the upper limit of bottom-sel beds is on range
128 129, 2 miles below the hewd of backwater, where the last sand-
free silt was penetrated. However, the front of the delta is less
distinet on this arm and much fine saud may have heen carvied down
into the predeminantly silt deposits. The maximum thickness of
sediment, 6.3 feet on runge 125—-129. is considerably less than at the
same relafive position on the Gemulaee,

The old soil of the wide Alcovy flood plain is laveely a tight blue
elay, confrasting with the sandy soil aleng the narrower flood plaing
of the Qemmigee, This faet suggests that in the past, as at present,
the Alcovy deposited o greater proportion of finer sediment than the
Oemnlgee.

The upper limit of bortom-set beds on Tussahaw Creck was defi-
nitely loeated between ranges 38—39 and 224—225, 87k feet below
the head of backwater. The maximum depth of sediment measured
ou the Jower range {38—39) was 5.8 foot,

A summary of pertinent data relative to Lioyd Shoals Reservoir
{fig. 7) is contained in the following tabulation:

Swncmery of data on Liogd Shanls Resereair, Javkson, o,

D e o+ e g e % e mm o m L NDHRERL
F I TRt 51 111 ] L 1+ 111
Reservoir:
Original aven nt erest slage - . .. oo oL wofeves.e d, B8T
Originnl stornge enpneity o erest devel Lo coanere-feol. 113,538
Storage enppeity ol ditbe of urveyo_-. .o L (RPN § {§ S .
Originnd storage pov sguare mile of drainage area "o dooo
Qiprage por square mile of drinage aeea al dite of survey ® _do
Sedimentation:
Tofnl BelIment oo e immm e mmmcmmme o e SAMY L 135, 000
Average sl necumutatbm. oo Lol e e [ [ I bYe 3
Annua!  acembpulation  per T square edles ol drepinage
ATCIL 0 eormme o mme e - e nve-foet.. 4008
Annual aeenmulation per aere of watershed, - o oenbie feeb P27 T6
Op, assmning average weight of I cuble foot of deposit is G
pestihia mm e i rmmr—m e ——— e m—— e T 83
DNDepletion of storge:
Fawst of avigingd eapaelly per Foay- e mmm e ouprrtont. o & 51
Loss of oviginal eapaeity o date of surveyo_. .. oo - __dooo. 12,40

t Slarree bogan e Doeesilier 191485 sarvey was made in Mareh 1935,

= Inelwmbing peservole niea,

A These figures are eovised to oxeluds the lnke aeei from Uie tofal area of (he dreinpge
pasin and to confornt witl o revisian of the waiorshod arep bnsed o o new sap mwle
stpep il frest Jitien of (s baliciie w publistied.  Akio, Inharntory tests on mimerons
sediment suaple< bhave shewn that, in il e gveenge dey weich! of peservolr sedi-
tent i eliser 1o G0 than lo 160 poands pev cuble foot,  Cereesponding faures given In the
Arat edition. Dased an n tolnl drgiagee nven of 303570 squnree miles, Ineluding reservoin aro
1178 nere-feel, 25440 cobic feel, amd 143 tons, respeelively,

Hica Hoow REsERVOIR

High Rock Reservoir is impounded by a dam on the Yadkin River,
14 miles southeast of Salisbury, N, C. It is a hydroclectric power
cevelopment owned and operated by the Carolina Aluminum Co.
The power plant consists of three units which devetop a total of
44,160 horsepower.
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The dam is a_gravity-type concrefe structure 60 feet high and 920
feet long, including the Stoney-type floodgates on top and the power-
house at the east end. Crest level, determined by the tops of the
gates, is 624.1 fect above mean sea level. When storage began in
1927 the aren of the reservoir at crest stage was 15,886 acres and the
totul storage capacity was 289.482 acre-feet, but at the time of survey
in 1935 silfing had reduced the area to approximalely 15833 acres,
n loss of 53 acres, and the capacity to 275,516 acre-feet. Baclowater
{ extends 28 miles up the Yadkin River from the dam,

The drainage basin above High Rock Dam is 3930 square miles in
aren, of which about 80 percent, mainly in the Blue Ridge province,
is mountainous and the remaining 70 percent has the rolling topog-
raphy and moderate refief typical of the Piedmont of North Cure-
Hna,  The soils in general ave highly erodible, and sheet and aully
erosion have wasted vast quantities of topsoil in arcas that are or
have been cultivated. These areas, lying chiefly in the Piedmont
section, comprise move than 40 percent of tha total drainage ares,
{ ‘The monntain scetion is largely forested. The avernge annual rain-
fall is 47.78 inches,

The sedimentation survey of High Rock Reservoir, made during
the summer of 1985, revealed a totnl deposit of 13,916 acre-feet of
sediment, ranging from gravel and coarse sand in the upper reaches
] to finc-grained unctuons mud in the lower basin, Considerable
organic matter, chicfly leaves, 13 included,

The average sediment depth varied considerably in the upper reaches
of the reservoir, but in general increased from the head of hackwater
to a point 6 miles downstream, where it reached a maximum of
P abont. 5 feef. From this point downstream it ranged from 3 to 5

fect for the first 5 miles and then decrensed gradually and uniformiy
to 0.6 foot within o mile of the dum, but incrensed agnin fo nearfy
2 fect just above the dam. This distribution shows that the most
rapid sediment accumulation is ocenrring just below the narrow
upper section of the reservoir in which all but the main channel
is drained during periods of draw-down, and which is subject to the
scouring action of periodic floods,®
The quantitative results of the survey of High Tock Reservoir
are summarized in the following tabuiation:

! Summary of date en High Rock Rescrvoir, Salisbury, N. O,

Agel ... gy Ly S years. . 7.8

Watershed ares . o oo oo oo_. sguare miles. . 8, 930

Reservoir:
Originnl aren ab eresbsinge .. L _____ . .__. «..ngres . 15, 886
Aren ab crost stage ab date of survey_ ..o . _____.__. tdo ... 15,833
Original storage enpaeily__- oL .. .. __.___. acre-fecl .. 289, 432
Stornge capeeily at daleof survey.... . ___....__._.. .. do.. . 275, 516
Original storage per square miie of drainage nrea?_ . __ do_._. 73. 65
Btorage per square mile of drainnge area at date of survey ?_do.. .. 7011

t Storapa began November 102F; avernge dato of sediment mensurements, September 1035,
t Imchacing reservnir aroe,

" AMaore enmplete fnformation on (bhls reservoir Is given by D, I[leye Bargle in the
ddvines report o the sedimenfation sweeey of High Rock ltexersoir, Sulisbiry, North
CQurolinn. U, 5, 8oll Conserv. Serv, S2-19, February 1957, (Mimeograped,)

80832 —Hf-—rt
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Summury of duate o IWigh Roek Rescreoir, Brtishury, N, . —Continued

Sedimentation:
Total sediment nere-feet .. 13, 916
Avernge atinual aceumulalion.. e e do ... 1, 784
Annual aceumulation per 100 square miles drainage aren?. _do. . . 40, 7
Annual aceumulation per acre of drainage nren? cubic feot 31.10
Or, assuming 1 eubie fvot of deposit weighs 60 pounds. .. _tons . N, 53
Depletion of storagoe:
Loss of original capaeity per vear pereent. . 0. 62
Loss of original capacity Lo date of survey .. oovaen- - do____ 4. Bl

1 Exclutling reservoir area.

Loy REsERvOIR

Lay Reservoir is impounded by a dam on the Coosa River about
12 miles northeast of Clanton, Ala., and 30 miles southeast of Bir-
mingham, It is a hydroectric power development owned and op-
erated by the Alabama Power Co, The power plant consists of six
umits which develop 116,500 horsepower.

The dam is a gravity-type cyclopean-concrete masonry structure
77 feet high and 1,548 fect long. including the modified Stoney flookl-
cates on top and the powerhouse built into the west end. At the
time of construction in 1913, the avea of the veservoir at crest stage
was 6898 acres and the total storwme capacity was 156.525 aere-feet,
At the time of survey in 1936 silting had not appreciably reduced
the aren but had decreased the capacily to 138,520 acre-feet. The
yoservoir has an average width of 2,000 feet and extends 24 miles
up the Coosa River from the dan.

The drainage basin above Lay Dam is 9,087 square miles in area,

Tt lies mainly in the Valley and Ridge province, characterized by
long parallel ridges and somewhat wider valleys, but 0\*01'[:1{)5

slightly into the moderately dissecied Appalachian plateaus on the
west and the lower rolling Piedmont on the east. A wide variety of
s0il types has been developed chiefly from limestone and shale and to
a lesser extent from granitic and various metamorphic rocks. Under
the impetus of unwise furming practices and deforestation, sheet
and gully erosion have progressed until one-half to three-fourths of
the area has undergone moderate to severe erosion, and probably one-
fourth of the avea has lost 75 to 100 pereent of its topsoil. The
mean annual rainfall for the wea as a whole is about 54 inches.
The sedimeniation survey of Laty Reservoir, made during parts
of the period January 27 to July 24, 1936, revealed a 22-year accumu-
Tation of 18,005 acre-feet of sediment. representing n total capucity
loss of 11.5 percent. The sediment consists chiefly of fine even-
{oxtured medium-brown silt but includes minor amounts of sand and
vegetal material. The average sediment depth in general increases
downstream, nveraging less {han 1 foot in the upper 10 miles of
hackwater, 2 to 4 feet in the next 8 miles, and 4 to 6 feet in the
lower 6 miles. This concentration of sediment toward the dam is
inrgely the resnlt of three factors, namely, (1} the predominance of
fine, easity transported silt and clay in the incoming sediment load,
{2) a low capacity-inflow ratio, resulting in the continuous passage
of large volumes of water through the reservoir, and (3) the narrow,
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constricted basin, whicl mainfaing strong currents far down the
reservoir,*

The gnantitative results of the survey of Lay Reservoir are sum-
marized in the following tabulation:

Summary of data on Lay Reservoir, Clanton, Ala.

Age . e el .....yenrs 22.3
Watershed area? e sfjunre infles . 9, 087
Reservoir:
Original area at crest stapge neres. . 3, 608
Aren ab crest stage at date of survey. .. ... . .. _ . _.____ do ... 3, 698
Originsl storage eapaciby__._... ... . . _. _ ... . ncro-fect 156, 525
torage enpacity at date of survey.__ C e e eaan.odeo Ll 138528
Original storage per square mile of drainage area 1. . ___ .. do. 17. 23
Storage per sguare mile of drainage area at date of survey * . do 15. 24
Sedimentation:
Total seditrent. .. ... o . ... .eto L. 18,085
Average anmial accumalation e don. . 807
Annual aceunnlation per 100 square miles drajnsge area 3. _do . . 89
Annusal accumulation per acre of drainnge nread. . _ . .eubie ook G. 05
Or, assuming average weight of I cubie foot of deposi is 60 pounds
tons . _ 0. 18
Depletion of storage:
Loss of original capaeity por vear. ... ... ...._.. pereent 0. 52
Loss of original eapneity 1o dafe of survey.. ._..._ . .. o ... 1150

Storage bepnn December 1943; avurage dnte of survey, May 1075,
inchuiing aren of reservolr,
Exciuding nren of reservolr.

SURVEYS [N SOUTH-CENTRAL UNITED STATES
ROGERS MUNICIPAL RESERVOIR

GENERAL 1NFORAMATION

Location—State—Texas, County—Bell. Distance and direction
from nearest city: 4 miles southwest of Rogers, Tex. Drainage and
backwater: Eastern tributary of the Little River.

OQumership—City of Rogers.

Purpose served.~—Municipal water supply.

Description of dam.—The dam is of earth-f1] construction, 700 feet
long and 22 feet high. The spillway consists of u concrete overflow
box in the reservoir, connected with a tunnel leading through the dam.

Date of completion.—September 1922. Surveyed September 1934,
Age ut date of survey, 12 years.

Longth of lake ab crest stage~Original, 2,000 feet. At date of
survey, 1,600 feet. Amount shortened, 400 feet,

Areaof take at erest stage~~Original, 28.1 acres. At date of su rvey,
21.8 acres. Loss, 1.3 ucres.

Storage capacity to erest level—Qrigingl, 164 acre-feet (53430400
gallons). At date of survey, 126.5 ncre-feet (41,220,025 gllons),
Loss, 87.5 acre-feet (12,219,375 gullons).

drea of watershed —350 acres, or 0.55 squure mile,

* More complete informntion on Lhis reserveir ig gl\g;: hiy F. IY, Barnes in the Adeance
wnldn

repord on the sedimentation surrvep of Lay Reservoir, t, ddabame, U, 8. 8oi] Con-
fin

serv. Sery. S8-Hi May 1837, (Mimvographed,)
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General charvacier of watershed—Rogers Reservoir, on the head-
waters of an eastern trihutary of the Little River. is the smallest lake
surveyed during the present investigutions. 1t was selected for
special study as a possibly significant check on vates of debris produc-
tion from the blackland soils of Texas, which are notably evodibie
under current agricuitural practice. Also, the relations of stornge
eapacity to drainage area exemplify on a small seale an important
genera] characteristic of the large reservoirs of the Sonthwest; that
1s, a capacity large enough to stere the luvger part of » year’s run-off
and hold it long enough for practieally complete clurvilication, in the
intervals between flood flows, of muddy water from intermittent {ribu-
tary streams.

The drainage basin, 350 acres in extent, is floored thronghout
with the typiceal deep, highly granular and porous, luny soils of the
Texas Black Belt. All of it has been cultivated in the pust and much
of it 1s still under the plow, with Turrows run straight, regnrdless of
ground slope.  Slopes ot 4 to 10 percont are vomnion along the valley
sides. IFarther back toward the divides the slopes are less steep, and
the divides are practically lovel. These lands thronghoul the drain-
age area have suffered serious sheet evosion and i muny places have
heen severely gullied {pl. 8, .1).

Meun annual rainfull—Approximately 85 inches,

Draft on munici pal reservoir—"The duaily draft on Rogers Lake for
municipal water supply, allowing 100 gatlons daily per inhabitant,
i1s nboul 108,000 gulions,

Histonry of HURVEY

The survey of Rogers Lake wag made in September 1034 by I, M,
Eakin and assistants. It included contour mapping of both original
and present topography of the flooded area below spillway level, on
a seule of 100 feet to the inch and with a contour interval of 2 feet,
An assumed datum of 100 feet was used for the spillway elevation,

The original topography was determined by soundings and borings
throngh new sediment deposits to the underlying oviginal soils, sup-
plemented by detatled mapping of the unaltered fopography imme-
diatety below the dam.

SepveNt Derosits

Contonr mapping of Rogers Lake indicated an original reservoir
capacity of 164 acre-feel and a present capacity of 126.5 aere-leet, or a
total sediment acewmnlation of 375 ncre-feet in 12 veara. The aren
ot the Take at spillway level has been reduced from 23.1 to 218 neres,
chiefly by formation of a delta in the main valley head of the veser-
voir {pl. 8, B und ("), The maximum depth of sediment is aboul
6 feet. in the deeper part of the original hasin just above the dam,
The depth of water has been reduced here trom aboul 18 feet to
12 feet at spillway crest stuge.

The general distribution of sedimeni at different Dvels of the orig-
inal pond s shown in figure 8. Tt may he observed that the eapacity
enrve hag refained much the sume form it had af the start, but
hag [Itted rather uniformly in elevation, the lowerniost areas of stor-
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agle being completely eliminated. This is emphasized in figure 9,
which shows the proportional reduction in storage capacity at differ-
ent levels,
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It has been widely held, and with obvicus reason, that greater

depths of water should deposit greater depths of sediment, and, there-
fore, that plotted ratios of sediment and ariginal water depths should
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Fiaune 5-—Ratio of fill to orlginal storege volume at verfous Jevels, Rogers Municlpal
Regerveir, Tex.

show more or less of g straight-line relation, Figure 10 shows these
ratios for the Rogers Reservoir. This graph shows a rather limited
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range of variation of the sediment-water depth ratio, thus appar-
ently reflecting & considerable dependence of rate of silting upon
depth of water. The form of the graph, showing increase in ratios
from a medial minimum toward both fop and bottom, is undoubtediy
significant of the play of additional factors.

The increase toward the top undoubtedly relates to selective
deposition of coarser-grained fractions of stream load at higher
levels in the delta area at the head of the reservoir. This is an easily
ohserved and well-recognized factor of uneven sediment distribution
in reservoirs generally, regardless of climate,

The increase of ratios with greater depths in this case is even more
pronounced than the upward increase due to selective delta accumula-
tion. Tt thus points to an equally important but less obvious causal
factor.

AN
AN O
'i) .
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Ficurp 10.—Rxuting of avernge sedlment depth to original water depth over various levels
- of the cviginel resecveir Soor, Rogers Municipal Heservolr, Tex,

The cause of the downward increase of sed: .ent-water depth ratios
is rationally explained by underflow of muudy flood flows, heavier
than the clear ponded waters on account of their charge of suspended
seddliment. ‘This phenomenon is of more or less common occurrence in
reservoirs of the Southwest that are fed by intermittent or highly
varisble streams. At Elephant Butte such flows from the Puerco
River commeonly flow or “tunnel” under the clear lake waters and
appear in the cutlet discharge well within 2 days, indicating velocities
of underfiow of more than a mile per hour. Instances of record show
periods of as much as 17 days of muddy discharge from an appar-
ently elear Jake, with sediment load approaching € percent by weight
of solid matter. The same phencmenon has been observed on many
other southwestern reservoirs.
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Rogers Lake appears to fulfill the conditions required for occur-
rence of selective underflow to an effective extent. However, owing to
windy climate and strong wave action in relation to its depth, the
surface as well as the bottom waters of the lake become somewhat
turbid during stormy periods. Despite this interference with full
effect of muddy-water underflow, the effecis of its partial operation
would appear to have been sufficient to give a very notable increase
in sediment-water depth ratios in the vicinity of the dam. It is be-
lieved this points to a general phenomenon of sediment distribution
in reservoirs in vegions of fow but concentrated rainfall, entailing
a disproportionate accumulation of sediment in the reservoir depths
adjacent to the dam. This is contrary to the usual conception that
all reservoirs fill in earlier stages almost exclusively at their heads
and that the deeper pool section near the dam remains open until
head fill has advanced progressively through the full length of the
pond. Early fill in the vicinity of the dam is naturally hidden from
casual observation and is to be discerned only through definitely de-
signed engineering measurements. If Rogers Lake is truly repre-
sentative of reservoirs in semiarid regions, the fact that sediment-
water ratios tend to increase in deeper areas toward the dam, in early
as well as later stages of fill, should be recognized and taken into
account in considering the expectancy of useful life and manner of
filling of such reservoirs. Also, the phenomenon would appear to
have possibly important bearing upon design of dams and dam opera-
tions intended to promote minimum rates of fill and longest life of
raservoirs under naturaliy unfavorable semiarid climatic conditions.

The original capacity of Rogers Reservoir wag equivalent to about
4906 days’ supply, or some 25 percent more than a full year’s draft.
The present capacity is little more than a year’s draft. The average
yearly loss of capacity 1s equivalent to a 9-day supply. At this rate
only a few years will be required to bring ecapacity below yearly
requirements, ' )

As g matter of fact, the lake was drawn down near the end of Sep-
tember 1934 to 35 acre-feet of water in storage or to about 105 days’
supply. Had there been no silting the lake would have had at that
time some 72.5 acre-feet, or 217 days’ supply. In other words, the
silting of 23 percent of the original reservoir in the course of actual
use was responsible for a move than 50-percent reduction in reserve-
water supply. Considering the chances of continued dry weather
through the early fall months in this section, it is clear that 12 years
of silting has put this originally satisfactory water supply in a
precarious position,

This illusirates the fact that from earliest stages reservoir silting
represents encroachment upon margins of safety, and that the ade-
quacy of a reservoir for given service is destroyed swhen loss through
silting equals this marginal fraction of total capacity. Expectancy
of useful life of a reservoir, in the sense of fully adequate service, is
the time required for silting to eliminate this fraction of capacity.
This emphasizes the need of recognizing the silting problem and ap-
plying corrective measures for sediment control concurrently ith
original reserveir construction,
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Fraure 11.—Map of Rogers Municipal Reservoir, Rogers,
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A summary of pertinent data relative to Rogers Municipal Reser-
voir (figg. 11) is contained in the following tabulation :

Summary of date on Ragers 3unleipul Reservoir, Rogers, Tes,

Age'o__ 3
Watershed aren® square mile.
Reservoir;
Originil aren at crest stage e e flOTOS_
Area at crest stage at date of survey R ¢ [ T
Original storage capaelty to crest level acre-feet
Storage capacity at date of survey .
Original stornge per square mile of drainage nrea * fdo____ 208, 1
Sterage per square mile of drainage aren nt date of survey *c_do____ 230. (00
Sedimentation:
Total sediment S do_.__. 37.5
Average annual sccwmulntion do 3.13
Apnual acenmulation per 100 square miles of deainnge nren.__do—___ *G08. ¢
- Anpual accumulation per acre of drninnge ares enbic fect__ 413, 80
Or, assuming average weight of 1 cubic foot of deposii is 60
pounids - - tons__ *12, 41
Depletion of storage:®
Loss of original eapacity per yenr pereent__ 1,01
Loss of original eapacity to dute of survey o 22,87

i Date storage bepgn September 1922, Date of survey Seplember 1024,

2 Including ruserveir aren.

B These figures are rovized to exclude the lake srea from the total sren of tha drainage
basin. Alse, laboritory tests on numerous sediment sanples have shown that, in general,
the average dry welght of reservoir sediment is claser to 60 than to 100 pounds per cuble
foot. Correapondlog flrrures glven in the first editlon, whick include the resecvolr oreq,
are 568 nere-fect, 387 cuble feet, and 1925 tons, respeetlvely.

LAKE WACO
GENERAL INFORMATION

Location.—State—Texas. County—McLennan. Distance and di-
rection from nearest city: 414 miles west of Municipal Building,
Waco, Tex. Drainage and backwater: The dam is 3,300 feet below
the junction of the North and South Bosque Rivers,

Cuwnership—City of Waco,

Purpose served—Municipal water supply.

Description of dam.—The dam is of earth-fill type, constructed of
the most suitable clays from the adjoining valley floor and slopes.
The upstream slope of the dam is faced with 6 inches of concrete
underlain by a 6-inch gravel blanket. From the upstream base, a
8:1 slope was laid up to elevation 430.0 (spillway crest), then a 2.5: 1
slope up to elevation 440.0, and finally a 1.5: 1 slope up to a paved
road 25 feet wide extending across the dam at elevation 442.0. From
the base on the downstream side, the slope is 3:1 up to an 8-foot
berm designed for draining the 2: 1 slope above, The thickness of the
dam at its base varies with topography.

The greatest vertical dimension of the structure is at the spillway,
where 1ts height from apron to spillway crest is 57 feet, and from
apron to top of roadway is 69 feet. The crest of the weir is at cleva-
tion 415.  Upon it rest 16 taintor gates, each 15 feet high and 25 feet

2 The Service wlshey to express apprecintlon to George J. Rohan, superintendent of tha
Waco waterworks, for hig ciose cooperation ihrouzghout the survey. | The superintendent ot
Lake Wreo, R. [3. Petiy, and his stnff were eonstantly halpiul In carrying on the work ln
an cliclent manner, Office work was facilltnted through use of the elty engineer's effiee In
Weco. J. L. Lockridge, of Diallas, (urnished valuable informatlon concernlng tho planning
of the reservolz and bullding of the dam.
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wide, forming the actual spillway. The gates are separated by 15
conerele piers, ench 3 feet in width.

Information has been obtained ** thay borings at the time of con-
struction proved the existence of a gravel bed on the northwest side of
the spillway and on the upstream side of the dam. The stratum was
found 80 to 40 fect below the surfuce of the ground, and ranged
from 2 to 8 feet in thickness. It was not encountered on the southeast
side of the spillway. This gravel stratum, which crops out upstream
in the now submerged rviver course, affords n subsurface channel
with porosity sufficient for steady but minor leaknge into the Bosque
Valley below the dam. Since the spillway was not constructed over
the original stream channel, an artificial channel was cut from the
spillway base to join the old course a short distance below and to
the north.

Date of completion—April 1930, Surveyed March 1935. Resur-
veyed February 1936. Age ut date of resurvey: 5.9 years.

Length of lake at erest stage—Original—North Bosque arm, 7.01
miles; South Bosgue arm, 6.63 miles, Neither arm of the luke hus
heen shortened Ly sediment deposits at its hend. Water seldom [lows
over the spillway, since it 1s customary under normal conditions to
lkeep the luke 0.5 to 3 feet helow crest stage by municipal draft and
oceasional use of sluice gates. As a result current action extends
downstream for vavying distances from the extreme upper end of the
arms, and the portions thus subject to intermittent scour have ve-
mained practically free of sediment,

Areq of lake at erest stage—QOviginal and at date of resurvey,
2.801 acres.

Ntorage capacity to erest level—Original, 30,318 ncre-feet (12831.-
221,300 gallonsg). At date of 1936 resurvey, 81,588 acre-feet (10,292,
949,800 enllons), Loss, 7,790 acre-feet (2,5638,371.800 gallons).

Since the lake filled, no survey had heen made up to January 1935
to determine loss of storuge capueity through silting. Seven profiles
of the lake were oviginally established at great intervals, but half the
monuments have been subsequently destroyed. These runges had
been spaced at intervals too great to make them of material assistance
in the present work.

Area of wutershed —1,662 square miles, according (o the original
dam-site survey.

General character of watershed —The watershed of Lake Waco in-
cludes parts of McLennan, Coryell, Bosque, Huamilton, Ervath, and
Somervell Counties. The topography and soils of this area have, in
general, uniform characteristics over the avea as a whole, in keeping
with the uniformity of the underlying rock formations (73). The
entire watershed of the Iake is nnderlain by the Washita, Ifvedericks-
burg, and Trinity formations of the Comunche series (Cretaceous).
The Trinity is very sandy, but, since it occupies the uppermost por-
tion of the drainange arca, it has only a remote effect on sedimenta-
tion in the lake. The Whashita and the Fredericksburg, on the other
hand, consist for the most part of fossiliferous limestones interbedded
with shales, and are, therefore, chiefly responsible for the extremelv
fine calcareous silt of Lake Waco. Where it has been impossible for
the soil to accumulate in thickness sufficient for agricultural purposes,

22 Oral Information from J. L. Lockridge, of Floyd & Lockridge, Dalns, Tex,
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it supports grazing. In general, mature topography prevails in the
valleys of hoth the North and South Bosque Rivers. Bluffs and steep
banks oceur where the streams have undercut or are underentting the
neurly horizontal limestone beds. A prominent erosional esearpment
follows the southeastern side of the South Bosque for a considerable
distance upstream,

In the Bouth Bosque Valley most of the land is under cultivation,
including practically the entire drainage area except wooded lands
bordering the streams. Gullies are not infrequent, though nowhere
were they found in an extreme state of development. Apparently
the South Bosque watershed contributes much of its sediment through
sheet erosion. Cotton is the principal crop, and abandoned land 1s
practically unknown, .

In the drainage aren of the North Bosque, which includes the larger
part of the watershed, grazing assumes importance, and in many sec-
tions of the area becomes predominant over farming. The limestone
formations mentioned above are covered by only a moderately thick
to thin veneer of soil where they are not actually exposed. Irregular
areas of mesquite make up most of the larger vegetative growth, with
the exception of occasional groves of live oak. Abandoned land is
not in evidence, and, because of the widespread grasslands, erosion
has rarely gone to extremes.

Mean annuel rainfall—35.26 inches at Waco, To the northwest,
near the headsaters of the North Bosque, the mean annnal rainfall is
only 28 inches.

Draft on municipal reservoir—The approximate average duily
draft on the lake from April 1, 1934, to March 81, 1985, was 4,700,000
gallons. This amount, according to the superintendent of the wuter-
works, is u fairly constant average. The population of the city of
Waco is about 55,000, in addition to which a large Government hos-
pital and several industrial plants are supplied.

HisToRY oF SURVEYS

The first sedimentation survey of Lake Waco was begun by the
Great Plains party on January 15, 1985, and completed on Mazch 30,
1935, During that period, however, the party was engnged on an-
other assignment from February 26 to March 12, so that the actual
field work covered only 614 weeks. The survey was made by a party
of six men under the direction of Thomas L. Kesler, chief of party.

The field work included establishing a triangulation net; setting

up, sounding, and spudding 33 ranges; and mapping the crest line
(elevation 430) contour and the contour 2 feet above crest over the
entire lake, mapping scale of 1,000 feet to the inch was used.
This survey shows the extension of the crest contour somewhat far-
ther up both the North and South Bosque Rivers than had been deter-
mined in previous surveys on a scale of 2,000 feet to the inch.

Little difficulty was experienced in penetrating through the sedi-
ment into old soil. Out of hundreds of spud measurements the spud
failed to penetrate only seven times. It is possible that in some of
these instances the poorly consolidated condition of the old soil made
field distinetion between it and the lake deposits impossible.

All survey stations, except those of minor importance, were marked
by iron pipe bearing the station number or numbers stamped in the
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metal. The pipes were encased in cement-filled forms, so that the
markings are permanent.

Computations were made in the field in sceordance with standard
practice, using the range formulss as given in the Appendix. In
computing the volume of segment 1, bounded by range 1—2 and the
dam, the average cross-seclion areas of ranges 1—2 and 3—4 were
assumed to apply in segment 1 and were multiplied by the surface
area between range 1—2 and the dam. The sediment cross section
on range 3—4 was used because the irregular bottom on range 1—2,
due to exenvation at the time of Indlding the dam, made the latter
range unsatisfactory for spudding,

The second sedimentation survey of Lake Waco was begun on Janu-
ary 17, 1986, and completed Febraary 20, by a field party under the
direction of Louis M. Glvinph. Jr. During this survey all ranges set
in the first survey were resoundesd and respudded, and m addition twa
new ranges were established on bends in the midportions of segments
8 and 23 to allow more accurate enlenlotion of volumes in these seg-
ments. Improved technique in spudding practice, including closer
and more precise spacing of observation points, together with the
additional ranges, permitted 1 more accorute determination of the
original capacity, As a result of recaleslations it was determined
that the original capaciiy was Iarger Ly 895 ncre-feet than previously
reeorded, that the volume of sediment deposited during the fivst
5 years wus 5661 nere-Teet insteud of 4,760 ucre-fect, und that, corrve-
spondingly, the depletion of storage capacity in this period had been
14.38 percent instead of 12.38 percent.

SEBIMENT TIEPOSITS

Sediment in the reservolr is composed largelv of fine-textured silt,
but at the heads of several artms the deposits become thicker and
slightly courser in texture.

Relatively large quantities of fragimental organic debris are washed
into the reservoir after heavy rains. The material consists of leaves,
twigs, branches, and bark ranging in size from minute particles to
fragments several feet long.  Huge cottonwood logs are somotimes
brought in by floods.  The debris tends to colleet in the more sheltered
water of embayments, there to become waterlogged and sink., While
these embayments undoubtedly receive & substantial percentage of
such debris in ileir total sediment, their combined area is only a
small proportion of the total area of the lake, and their combined
capacity of minor importance becanse of original shallow depth,
Furthermore, hundreds of sediment samples taken from all parts of
the main bhasin failed to show even a low proportion of similar
debris.

In the lower part of the lake, as well as near the upper Ilimit of
backwater, depth ratios of sediment to water are not excessive. The
highest ratios are found just below the extreme upper or narrow por-
{ions of the arms, in areas where the abrupt checking of fleod cur-
rents, which defermines the locus of most silting, results in concen-
trated deposition of bed load. On the North Bosque, the area of
areatest siliing extends from rmoge 20—80 down to range 8—9,
although ratios run rather high as far up as range 43—44. On the
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South Bosque, the corresponding nrea extends from range 3—3.
down to vange 1l—13.

In segment 16, bounded by one range, active silting was found o
extend only halfway from the range {0 the hend of the area. Seg-
ments 32 and 34 are subject to scour in the upper parts, and much of
the sediment originally depnsited therein has heen swept below the
bounding vange. In segment 19, silting extended without diminu-
tion to the head of the arm. In segment 22, heuvy silling hag been
continuous practically {o crest level as o result of 1he entrance of a
silt-laden tributary stream.

The vesults of this survey give a minimum figure on extent of
erosion in the witershed, Sonwe sediment, though the total quantity
is believed Lo be small, has prone oaver the spilbway and through the
sliice gates in time of flood, S\ small amount of sediment is also
banking up above the erest fine of the Inke on some urms.

In following the stream courses ubove the lake it may be observed
that crosion of steep banks is a contributing factor in silting.  Under-
catting is common.  Fhe material thus renoved consists of clay and
fine to coarse Hmestone fragments.  The clay is carried downstream
in suspension, whereas the gravel tends to form bars which cnnse
frequent aternl migration of the stream in its valley. A dew bars
of this type ave below the head of the lake. Although they receive
some additional giavel in time of fAood. mueh the greater part of (he
eonrse malerinl normally Jodges on the bars ubove crest level.

In the light of carefully obtained data, Lake Waco was found (o
have had,at full stage.an original storage capacity of 39.378 acre-feet,
compared with 38488 aere-fret ag previously determined und u pre-
eonstroetion estimate of 38300 acre-feet.  The erest-level area of the
Inke was determined {o be 2811 acres us agaiust the 2,700 acres in the
original estimate. In the first five yeavs of its life, 5.601 nerve-feet of
soliment was deposited in the veservoir, leaving its 1935 stornge capa-
city 88,717 acre-feet, This represented a loss in eapacity of 1438 per-
cent.  The resurvey made in 1936, when the veservoir wag still less
than 6 yoears old, showed a storage loss of 19.78 pereent, an average loss
ot 3.3+ pereent a year, but an actual loss of 5.4 percent, or (94.000.000
gallons, of storage space in 11 months,  Since this second survey in
Febenary 1936, the heaviest floods of record have ocenrred on the
adjacent. Brazos River, and the inflow into Lake Waco wag greater
dnring the year following the st survey than in the preceding year.
The tolul storage loss to 1938 may therelore be well aver 25 percent,
If only the average G-yenr rale of silting is assumed the reservoir
capacity will be exhausted in another 24 years, hut if the rale during
1935 should prevail as it probably did in 1936, storage capacity
would be gone in another 19 years.

Sediment has been determined in volumes, and no attempt wag
made to delermine the amonnt of actual solid matter devoid of water,
However, the water content of the depoesils does not congtitute active
storage (7, p. 47) and the volume of the deposils theretfore represents
an equal velume of lost water eapneity,

The Brazos River Basin is considered to be vepresentative of con-
ditions in other drainage areas in Texas (3. p. 42). Inasmuch as the
Bosque is a prominent tribuiary of the B3razos, and representative of
eonditions in a large purt of cenlral Texus, the results devived from
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the survey of Lake Waco may be applicable over « considerable
region,

A summary of pertinent data relative to Lake Waco (fig. 12) is
contained in the following tabulation:

Rummary of date on Luke Waeas, Weaen, Tee,

Age (second survey)! e FORTS._ 5.0
Watershed aren™ .. o0 L. S emeeecooStumre mibles.o 1,002
Reservoir
Area nt crest stage (original amd nb date of SHFVOR) neres.. 2,801
Orlginnl storage capacity to crest level nere-feet__ 34, 378
Btorage eapneity 1035, . JRRURT { [ - < N &4
Storage eapaclty 100 . oo A1, 588
Original storage per sguare mile of drainnge neon o _do.__. 23,65
Storage per square mite of desinage nrea in 19867 e
Sedimentation:
Totn?! sedunent 1935
Total sediment 1936

oo
Annunl neenmutation per 180 squave miles drainage nvon to 1936
acro-feot
Apsaal acenmuiatlon poy acre of deninage nrea o 1986 _cnlie foot__
Or, assuming aversge welght of 1 cubie fool of deposit ix G0
nounds —
Depletion of storage:
Loss of orviginnl eapacity per yoar to $)306_ . L oyereent. .
Loss of original capucity hotween surveys of Mareh 10493 nnd Febra-
ary 1836, 3T menthe o _ L. ... —-pereent .
Loss of oviginal capacity to 856 . . L . _d0
Loss of origingl capacity 1o 1938 __ - oo
L Stornge began In April 1938 secend survey was ninde in Febrgnry 19306,

A Tacluding regervoir nreon,
2 Exeiuding resorvole areu.

WHITE ROCK RESERVQIR =

GENERML IXFORMATION

Location—State—Texas. County—Dullas. Distance and dircc-
tion from nearest city: 4 miles east of Dallas city hall, Drainage
and backwater: White Rock Creek, a tributary of the Trinity River.

Cronership.—City of Dallas,

Purpose served —Built in 1910, at a cost of upproximatel ¥y $765,000,
as a municipal water-supply reservoir for Dallas. Since July 1930
this lake has been used as a recreational unit, of the city,

Deseription of dam—Height, 40 feet ; width at base, 214 feet; width
1t top, 20 feet; length, 2,100 feet ; length of spillway, 450 feet ; earth in
dam (final estimate), 833,680 cubic yards: concrote placed, 9,327
cubie yards; spillway elevation, 457.45 feet above sea level: slope
{below-crest slope not identified}, 2:1 and 3:1.

The dam is O‘Pthe earth-fill type with a concrete facing on the up-
stream side. The spillway at the southeast end has helow it a long,
broad, concrete apron carrying the overflow to the valley several
hundred feet below the dam. The State Reclamation Service has

*The Service wishos to thanie ihe offclals of the Dalins Water Depariment nnd the
Dudias UPark Board for thelr courtesy and cno}fcrnfinn in Furilshing Goatls, wnterinds, and
information fluring the perind of tioki worly, The eity engineer and his stal? made avalinhle

the full frelilties of a drafting room nnd mg’% ftles,  Dean T, U. Taylor, of the Unlversity

of Texos, hkindly furnisbed a mitp of hils 102

survey. W, J, Powoil, of Duliag, supplied
valunble information on the 1823 survey,
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established a benchmark on the southeast concrete wall of the spillway.
Its elevation is 466.2 feet above mean low tide, and checks 0.48 foot
high with respect to spillway elevation of 457.45. The spillway
datum was employed exclusively in the present work. It corre-
sponds to the 188.5 contour (local datum).

Date of completion—1910. Surveyed April 1935, Age at date of
survey : 25 years.

Length of lake at crest stage—Original, 509 miles. At date of
survey, effective length 2.67 miles, but a heavy flood may at any time
clear out blocking debris and restore full length,

Area at crest stage—Original, 1,254 acres as measured by this
survey. According to Taylor {76, pp. 87-80) the area was 1,279 acres
at spillway crest stage and 1,360 acres with use of 2-foot flashhoards.
In 1935 the area was 1,150 neves,

Storage capacity to crest level —Original, 18,158 acre-feet, {The
capacity of the lake to the top of the 2-foot flashboards, clevation
140.5 local datum, was estimated in 1910 to be 21,500 acre-feet.) At
date of survey, 14,276 acre-feet. Loss, 3,882 acre-feet,

Areq of watershed,—99.1 square miles, lying in Dallas and Collin
Counties, as determined from conservation survey maps.

General cluracter of watershed.—The watershed of White Rock
Reservoir is underlain by the Austin formation (/8), a member of
the Gulf series of Cretaceous age. It consists of alternate beds of
white chalky limestone, limy marl, and shell marl, whose weathering
has produced the deep fertile soils characteristic of the rich blackland
of Texas, The watershed is gently rolling and has very few steep
slopes, as shown by the following figures on slope classes. According
to o recent conservation survey practically flat iand having slopes of
0 to 1 percent occupics 453.3 percent of the drainage basin, whereas
49.2 percent, or nearly hulf, has slopes of only 1 to 6 percent, Slopes
of 6 to 10 percent oceur on only 5.4 percent of the watershed, mainly
near the stream courses, and slopes of over 10 percent are mapped on
only 0.1 percent of the area.

The most widespread soils belong to the Houston series, the very
productive Houston black clay, covering 64.1 percent of the drainage
area, being the most prominent, and the Houston shallow and col-
lavimm phases, 14.1 percent, being next in importance. Other soils
mapped in the watershed are, in percentage, Lewisville clay 6.8, Trin-
ity clay 5.2, Bell clay 29, and Austin clay 5.6. Chalk outcrops
occupy 1.8 percent of the area.

Despite the prevailingly gentle slopes, erosion has taken its toll in
this drainage area, as revealed by the conservation survey. Slight
erosion has affected 53.1 percent ot the area; moderate erosion, repre-
senting Josses of 25 to 75 percent of topsoil, 33.1 percent; severe
erosion, representing losses of more than 75 percent topsoil, 4.2 per-
cent; and very severe erosion, representing not only total topsoil loss
but subsoil ercsion, 2.6 percent. Awveas of no erosion, including ail
alluvial and colluvial deposits, occupy only 7.0 percent of the drain-
age ares.

Land use in the watershed includes 69.8 percent of cropland, 3.1
percent of idle land, 16.4 percent of pasture, 5.1 percent of woodland,
and 5.6 percent of farmsteads and urban areas. Cotton is the prin-
cipal crop, slthough truck farming is of considerable Importance.
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Calculations based on a conservation survey made in the drainage
area since 1985 show that 16.610 acre-feet of soil had been evoded
within the area in approximately 75 years, from 1860 to 1835. In
addition to the 3,882 acre-feet of sediment (equivalent to 2,569 acre-
feet of eroded soi]} accumulated in the reservoir in the 25 years
from 1910 to 1985, it has been estimated with fair aceuracy that 710
acre-feet of above-crest deposits were laid down in a 434 -mile stretch
of valley extending upstreamn from the reservoir. Ik hos been esti-
mated that during the entire 73-year period 50 acre-feet has accumu-
lated in minor ponds and that 648 acre-feet of colluvial material more
than 6 inches thick has accumulated at the buse of slopes. From
these data, including reservoir measurements which show that 15
percent of the total erosional debris was actually retained in the
reservoir, ib is estimated that 50 percent of the tolal erosional debris
would have passed out of the drainage basin had no dam been buil,
although, because of the dam, 20 percent was held back; and that
50 percent was deposited as colluvium on the lower slopes, most of it
too thin to map, and as alluviwm in the valleys.

The large amount of land under cultivation, together with the
prominence of cotton, a clean-tilled crop, and the lack of soil conser-
vation measures, account for the prevalence of sheet erosion. The
fact that almost 90 percent of the wulershed has undergone and is
still subject to slight to moderate erosion affords a poor outlovk for
downstream developments until soil conservation practices are intro-
duced on a widespread scale.

Mean annual rainfall —37.0 inches at Dallas during peviod 1898-
1934, The Dallag Water Department has furnished the following
rather signiticant record: Period of time: 12:30 a. m. December 2,
1913, to 8:30 a. m. December 5, 1913. Precipitation: 5.53 inches,
Water impounded: 8,067,867,768 gulions. Run-off from drainage of
114 square miles (shown by later survey to be 9.1 square miles):
30 percent (approximate},

Draft on municipdl veservoir—FErom January 1927 to July 1830
the average monthly draft on the reservoir was 206,385,255 gallons.

HIgTory GF SuUnvey

The survey of White Rock Reservoir was made during the peried
April 1-25, 1935, by the Great Plains sedimentation party under the
direction of Thomas L. Kesler, chief of party. '

Field work involved establishing a triangulation net for primary
eontrol, locating ranges by stadia, and subsequent sounding and spud-
ding of these ranges. All survey points were marked by numbered
iron pipes set in concrele.

The surfuce map of the survey of 1023, on n scale of 200 feet to
the inch, was used in the present survey. The same sceale wus used
in the new work, and o number of corrections and modifications were
made onr the original maps. The extension of the lalke above line
A-B (fig. 13) was mapped for the fivst time.

Special variations in computation of original capacity and sediment
volume were used in certain segments of the lake.

In segments 4, 10, and 16, 2] closed arms, the present sarfice was
mapped with contours for comparison with futore delta deposits.
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Segment 9 is a wide, shallow basin largely fitled by delta deposits
and covered by shallow water and abundant vegetation, Range
18—19 is typieal of this segment, in contrast to the little channel
range 26—27 at the head of the delta. The volume was therefore
computed as though this segment were a closed arm bounded by
range 18-—19, but an additional pyramidal volume was computed for
the channel from range 26—27 for the length of the area. The delta
surface was contoured for future comparison.

Segment 18 contains the greater part of the main delta. After con-
siderable experimental sounding and spudding, range 14—15 was
established just below the delta front, where it was possible to pene-
trate through the sediment. Range 16—17 was established over de-
posits which were largely above water at the time of survey. On the
latter range borings were made with an auger to old soil, and surface
elevations were determined by stadia and corrected to crest level.

The volume of the segment was then computed by the usual
methods.

Segment 14, which was almost entively filled with sediment, was
treated as a_closed segment. It was originally a shallow, sloping
menc}gw or bottom land parallel with the channel of White Rock
Cree

Segments 13 and 14 together have undergone a reduction in surface
area of approximately 100 acres, throngh silting. These tapering,
above-crest deposits were roughly measured in the same manner as
below-crest deposits in the closed arms, but were not added to total
computations for the lake. They amount te 69 acre-feet.

SEDIMENT DEPOSITS

The record of the early history of White Roek Lake has been to a
large extent lost. It is reported that a contour map of the basin
was prepared before the dam was built, but neither the map nor the
notes are now available. As a consequence, the volume of a spectac-
ular delta developed at the upper end of the lake cannot be computed
by the more accurate contour method.

A set of 2-foot flashboards was used intermittently on the spillway
for a number of years, but the full set was not constantly in use.
Lack of knowledge or record concerning the period and frequency of
their service made it necessary to use the spillway crest level in the
present survey. The superintendent of the water department be-
lieves that the flashboards have accounted for most of the delta de-
posits nbove crest contour, but such indefinite information does not
afford a. basis for including these deposits in the total fill. The orig-
inal crest line at the upper end of the delta is ne longer determinable,
and in the present survey it was necessary to rely on the map pre-
pared in 1923. In the present survey all the minor delta areas were
mapped with 1-foot contours, to establish an aceurate basis for future
resurveys.

A prominent delta has formed where White Rock Creek channel
enters the main body of the lake. A little storage would be available
even over this delta were it not for the accumulation of debris on the
surface of the delta after flood periods. Through this debris, seep-
nge occurs into the main body of the lake. Damming by this debris

80832°—329—4
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1s so superficial that a little ditching would render this storage fully
available.

The smaller arms have correspondingly smaller delts, areas. Over
the main floor of the lake, there is a comparatively uniform blanket
of very fine dark-brown silt or oozy mud. The delta is mude up of
light-gray to black clay. The deposits show a rather uniform in-
crease In thickness from the dam to the delta front. Only small
quantities of orgunic matter are present in the deposits of the lower
lake basin, but in the delts nreas there is a considerable amount of
twigs, dead weeds, and larger limbs such as are found in most river-
bottem deposits of this region,

A summary of pertinent data relative to White Rock Lake (Ag.
13) is contained in the following tabulation:

Swmmary of datq on White Rock Luke, Daltas, Tew.

Age’ . TeArs_ 23
Watershed area”_ o .. . L __ . __squire miles__ 99,1
Reservoir:
Original aren at erest stage P 1, 234
Area at erest sthge at diate of survey ... L. ____ __ . .do____ 1,150
Origina! storage capacity —eaere-fept__ 18, 158
Storage capacity af dile of survey Adna_o. 14,278
Original storage per sguare mile of dralnage areico o o do____ I83. 924
Storage per square mile of drainage aren® ut dute of survey—.do-.... 144, 00
Sedimentation ;
Delta depusits below erost levelo oo oooeeee . ___do___ 1,256
Bottom-set beds 2 426
Totnl sedlitent below crest level 3,882
Average annual aceumulation 155
Annual aeeumulation per 100 square wiles of drainage areaodoo__  * 1460
Annual acemmniation per aers of drainage area cuhie foot_ 2108, 84
Or, as~ming 1 cnbie foot of deposit weighs G0 pounds____ lyns__  °3. 27
Depletion of storage:
Loss of oviginal capacity per roar —-pereent_.. 0,86
Loss of original capacity o date of surveyo___ . oo o _do___. 921.48
1 Stornge bepon in 10107 survey was made in Aprell 1035,
2 Tieluding Foarrvoir sl
3 These figures are revised to exelude the lake neen Crom the todal sren of the drainuge
basin and ro cealorm with n revision of the watershed area bused on o new nap e
singe 1he firsi edition of this hulletin wits published,  Also, lnboratory tests on numecous
sediment sumples bave ~hown that, in general. the averare dry weizht of reservoir godl-
ment is oloser to 60 than to 100 pounds per eubie Tool. Corresponding fizures =iven in the
ftest_rdition, baser on oo total droingge aren of 1314 square miles, mcluding resorvoir, nre
13C.21 nere-fort, D271 cubie feet, nnd 4.G4 tons, respoctively,

GUTHRIE RESERVOIR™

GrNERAL [NFORMATION

Location: State—Oklahoma. County—Logan. Distance and -
rection from neavest city: 5 miles southwest of Guiimie. Okla
Drainage and backwater: Tributary of Cottonwood Creek, which
flows inte the Cimarron River,

Cwnership: City of Guthrie.

Pyrpose served: Municipal water supply.

Deseription of dam: Gnthrie Reservoir 1s impounded by an earth-
fill dam, approximately 38 feet in maximum height and faced with
riprap on the upstream 3:1 slope. The dam crosses the valley in u

* The vooperation of the Guthrie city wanager, John T. Famill, i the ussistence of the
city engincer and the ecaretnler of the ke were of materind lelp in carrying out this
SUCYEY.
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northeast direction and is 1,540 feet long. The old stream channel
lies g little southwest of the center of the dam.

The spillway is a circular concrete bowl built into the southwest
end of the dam. Its elevation was determined in the original survey
to be 980.0 feet (sea-level datum}. The spillway elevation was found,
however, to be 1.99 feet low when checked with a known elevation,
determined by the State Highway Department, on & bridge crossing
the delta. In this survey, the 980-foot crest elevation was retained
because time would not permit running levels negessary to d’scover
the source of this discrepancy. Water surface, which stood at crest
level during this survey, was used as a datum from which all elevu-
tions were taken,

Date of completion—October 1920. Surveyed May 1935. Age at
date of survey: 14.5 years.

Length of lake at crest stage—Qriginal, 1.9 miles; at date of sur-
vey, 1.5 miles. The lake has been shortened (1.4 mile by delta deposits
at its head.

Arew of lake at crest stage—~-Original, 226 acres; at date of survey,
217 acres. Loss, 9 acres.

Storage capacity to cvest level —3.064 acre-feet or $98.404,400 gal-
lons, At date of survey, 2.608 acre-feet or 849,816,800 gallons. Loss,
456 acre-feet or 148,587,600 gallons.

Area of watershed —13.3 square miles, according to original surveys.

General character of watershed.~—The drainage area of Guthric
Reservoir lies mainly within the outerop ares of the Garber forma-
tion {8, pp. 225-0258; 7, pp. §8-89) of Permian age, consisting of red
shales and lenticular, cross-bedded red sandstones, a)l poorly con-
solidated and susceptible to rapid eresion when unprotected, as is
well demonstrated by the large accumulation of relatively coarse
deposits at the head of the lake,

Topographically the area is n nearly level to gently rolling plain,
with slopes generally ranging from level to 8 percent but steepening
fo 15 percent or more near the Iarger streams. The soils are mainly
residual from the underlying sandstones and shales, and belong pre-
dominantly to the Kirkland and Vernon series. The Kirkland soils
are typical brown Prairie soils, rather high in organic matter, which
in a virgin state support « good growth of grass. These soils gen-
erally prevail on slopes of less than 3 percent. The Vernon soils
are generally lighter in celor, more friable, and occur on the more
rolling and steeper slopes.

Approximate percentages of land use in the drainage area ave:
Cultivated 40 percent, ahandoned 12 to 15 percent, and grazing (with
some timber) 43 to 48 percent. The percentage of abandoned Jand
in the watershied slightly exceeds that of Logan County as o whole,
which is 10 to 12 percent.

Mean annual rainfall —83.39 inches for the period 1930-34, ac-
cording to records of the Red Plains Soil Erosion Experiment Sta-
tion, 414 miles south of Guthrie and 1 mile east of the reservoir. The
mean yearly average af Guthrie during the period 1898-1980 was
32.72 inches,

Droft on wmynicipal reservoir—The average daily treatment of
water at Guthrie, equivalent to daily draft, was 751,364 gallons from
March 1934-April 1935, inclusive. June, July, and August comprise
the period of greatest use, with monthly draft reaching 25 million
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gallons or more. The city has 2 population of 9,500, in addition to
which the reservoir supplies two commercial plants of fairly large
year-round use,

History oF SURvEY

The survey of Guthrie Reservoir was made in the period May 2-14,
1935, by the Great Plains sedimentation party under the direction of
Thomas L. Kesler, chief of party. Drafting and computations were
subsequently completed by the party in the Soil Conservation Service
office at Stillwater, Okla.

The field work included establishing a primary triangulation net
of 14 stations with base line on U. S. Highway 77 where it crosses
the delta. The base line extends 500 feet south and 1,000 feet north
from the common corner of sections 4, 5, 8, and 9. Trizngulation
stations were used insofar as possible as cut-in points for the ranges,
which were tied by secondary control into the triangulation net.

Direct sediment depth measurements were made with spudding
apparatus up to range 14-15 at the front of the delts area. Above
this range the delta was mapped with 1-foot contours and the volume
of fill was computed by the modified prismoidal formuls based on
the difference in area between present and original contours.

Road fills of considerable volume extend across the delta at the
head of the recervoir and across the upper end of the arm nearest
the dam on the west side. Allowance for these artificial fills was
made in eomputing capacities and sediment volume.

The extent and volume of delta deposits above crest level of the
lake, or the upper limit of backwater, were measured separately as
2 special problem. The contours of the original maps did not extend
into this area, and it was therefore necessary to make borings at
carefully chosen spots with an auger. From numerous well-distrib-
uted bore holes, the average thickness of the above-crest delta deposits
was determined, and by mapping the swrface area the volume was
computed. In figure 14 the area i€ shaded to distinguish 3¢ from other
delta deposits. The results are not shown in the tabulated swmmary
as they do not enter into computation of sediment in the Iake basin or
depletion of storage. They do afford, however, valnable supplemen-
tary information on the total quantity of soil brought down from
the watershed.

A contour map of the lake basin with a 5-foot contour interval was
made in 1919. This map was somewhat generalized in places and 2
number of minor alterations had to be made in this survey. This
generalization, together with the relatively small thickness of sedi-
ment, which was easily penetrated in the Jower part of the basin,
made the range method—based on direct silt measurement—prefer-
able to recontouring the whole basin. It was necessary to map the
delta area wwith contours, however, because of the imypossibility of
penetrating to old soil.

The original maps were on 2 seale of 300 feet to the inch, and the
same scale was adopted for the 1935 survey.

Sepiment DEpPosrTs

The sediment in the main body of the reservoir, below range 14—15,
is predominantly chocolate-brown to reddish-brown silt but contains
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an appreciable percentage of fine sand. The sand causes it to be Jess
cohesive than the purer silts which characterize the central Texas
reservoirs described above. The deposits below the delta area occur
as a rather uniform blanket, the thickness of which nt any place is
roughly proportional to the water depth.

In several arms of the lower basin, bounded by one range across
the mouth, the deposits were found to thin out gradually toward the
head of the arm. :

In the delts ares, above range 14--15, the deposits are composed
largely of fine to coarse sand. The surface of these deposits rises
rapidly upstream, extending in places to as much as 8 feet above
crest level, The above-crest deposits have shortened the lake by 0.4
mile, and are covered in most places by a dense growth of willows.
The delta is gradually advancing its front down the reservoir, and
the gradient upstream is being flattened by the banking up of top-
set beds.

A summary of pertinent data relative to Guthrie Reservoir {fig.
14} is contained in the following tabulation:

Summary of date on Guikric Reservoir, Gulhric, Olda.

Ape! yearrs_.o 14.5
Watershed area® sipEe miles_ 2 13.3
Reservolr :
COriginal aren at erest stage ACTCH... 226
Area at crest stage ut date of survey ; PR} 1, S 217
Original storage capacity to crest level aere-feet__ 3,084
Storage capecity to crest level at dute of survey 2, G038
Originai storsge per squure mite draingge arven® 21038
Storage per sguire mile of drainage area af dute of survey - _doo__. 196, 09
Sedimentation :
Deita deposits Ao 77
Bottom-set beds do-__ 34
Total sediment doo__. 4503
Average nnnunl ncenmulation 31. 4
Annual aecumulation per 100 square miles of drainage area__do____ '242
Annual accumulation per acre of drainage area cubie feet.. *164.65
Or, assuming avernge weight of 1 cubic foot of depusit is G
pounds, tons__  "4,94
Delta deposits above crest nere-feet 100
Total volume eroded material do_.__ 556
Depletion of storage:
Loss of original capacity per yemv_ . ________pereent__ 1.03
Loss of original capacity to date of survey. do____ 14,88
2 Btorage begnn in October 1920 survey was mode in May 1035,
t Including reservoir area,
3These figures nre revised to exclode the Inke area from the total aves of thir dralnnge
basin.  Also, Jaboretory tests on numernus sediment sminples hove shown that, in general,
the avernge dry welght of reservoir sediment ig closer fo $0 than to 100 potinds per wubic

foot, Corresponding figureg given in the first editlon, which include the loke area, are
230.47 acre-feet, 160.95 cuble feef, rnd 8 fons, respeetively,

BOOMER LAXE %

GENERAL INFORMATION

Location—State—Oklahoma. County—Payne (secs. 2 and 11, T.
18 N, R. 2 E,, and secs. 26 and 35, T. 20 N., R. 2 E.). Distance and

* The generoalty of the city water department and r_-itfv enﬁineer of Stillwater in provid-
[

ing deta on the lnke nnd materinlg ueed (n the survey im neknowledped. The cooperation
of R. G, Saxton, of Oklahoma Agrlenltural and Mechanicn! Cellege was of much Lelp in
carrying on the 8eld work, The trinngulation system cestablishod by the engineering
department of that J* ..itutlon waw of materinl zld in expediting the survey.
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direction from nearest city: 2 miles north of the center of Stillwater,
Okla. Drainage and backwater: Boomer Creek, a tributary of
Stillwater Creek which flows into the Cimarron River,

Ownership—City of Stillwater.

Purpose served.—Municipal water supply.

Deseription of dum.—The dam is an eaxth-fill structure with riprap
on the upstream fuce, which has o 3:1 slope. The total length
of the dam is- 8800 feet, of which approximately 1.300 feet, or
the main segment, extends east and west across the stream valley.
The remaining portion was constructed as g dike over the shallow
topography on the east side of the reservoir. The dam is approxi-
mately 23 feet high and is 20 feet thick at the top and 125 to 150 feet
thick at the base. The spillway, a cirenlar concrete bowl, is at the
west end of the dam. It was originally built in 1925 at an elevation
of 910 feet above sea level. In August 1933, 9 feet of concrete was
added, bringing the elevation at the date of survey to 912 feet. This
newer datum was used in the 1935 survey, elevations being taken
from a temporary benchmark 6 inches west of the center line expan-
sion joint on the spillway.

It is generally agreed by those familiar with the lake that, because
of the usually low water stage, computations of capacity and volume
of sediment might be made equally well on either the 910 or 912
datum. A complete set of computuations was made for both eleva-
tions, however, in order, first, to check rates and volumes against
original crest stage capacity, and, second, to bring the same series
of data to present crest from which all future sediment measure-
ments must be made. The quantitative data in this report are based
on the §12-foot elevation except where otherwise noted.

Date of completion—March 1, 1025, Surveyed June 1985. Age
at date of survey: 10.25 vears,

Length of lake at crest stage (oviginal and at date of survey).—At
elevation 910, 2.65 miles; at elevation 912, 2.74 miles.

Area of lake at crest stage—Original, at elevation 910, 246 acres;
at elevalion 912, 292 acres.

Storage caparity to crest level —Original, at 910 elevation, 2,246
acre-feet (731,859,100 gallons} ; at 912 elevation, 2,812 acre-feet (916,-
290,200 gallons). At date of survey, at 912 clevation, 2,641 acre-feet
(860,569,850 gallons}. Loss, 171 acre-feet (55.720.350 gallons).

Areq o;’ watershed —0.13 snuare miles,

General character of watershed —The drainuge area nbove Boomer
Lake is underlain by “Red Beds” of Permian and Pennsylvanian
age, consisting of thin-bedded shales and thin- to thick-bedded sand-
stones. "T'his area lies within the {ransition zone between the prairies
and the plains, although its soils and vegetation indicate a closer
relation to the former. Topographically it is a _more nearly level
part of an undulating to gently rolling plain. The principal soils,
in order of areal extent, are Vernon loam; Vernon loam, heavy sub-
soil phase; Kirkland silt loam; Yahola very fine sandy loam; and
Kirkland loam. The most severe erosion has occurred on the Vernon
soils which generally occupy the steeper slopes, and has been ac-
centuated in some areas by cultivating the soil in the fall and leav-
ing it bare through the winter,
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In sec. 23, T. 20 N,, R. 2. E., which is fairly representative of the
watershed, the percentages of area devoted to verious land uses in
1934 were as follows: Cultivated, 17; abandoned, 7; and grazing
{with some timber}, 76. Of the total areu of grazing land in this
seetion considerably more than half has been under cultivation in
the past.

Mean annual rainfall —Approximately 32 inches, according to
records of a 368-year period.

Draft on municipal reservoir—The average daily draft from
July 1, 1983, to June 30, 1934, was 686,241 gallons. This quantity
serves a population of approximately 8,000 the year round and, in
addition, over a 9-month period in each year, about 4,000 students of
Oklahoma Agricultural and Mechanical College. During the re-
maining 3 months of the year, the number of students is reduced to
about 1,500. There is no marked variation in the daily or monthly
draft, for the increase in normal town demand during the summer
months is ahout offset by the decreased use of the college during this
period. In addition to supplying the town and college, the reser-
voir also furnishes water for a Federal nursery, a State nursery, and
three Civilian Conservation Corps camps, having a combined per-
sonnel of about 675 men. Members of the Stillwater Water Depart-
ment stated that the town in 1935 was gravely concerned over the
low stage of the lake and meager additions to storage during periods
of heavy rain.

History oF BURVEY

Field work of the Boomer Lalke survey was done between May 16
and June 6, 1985, by the Great Plains sedimentation party under
the direction of Thomas L. Kesler, chief of party.

The survey was based on a permanent triangulation system of
seven stations which had been established and is now in use by the
en%'ineering department of Oklahoma Agricultural and Mechanieal
College for student practice.

The lake basin was mapped with considerable accuracy by plane
table and stadia from triangulation control. Three contours, the
old 910 crest level, the new 912 crest level, and a 914 contour, were.
mapped on a scale of 200 feet to the inch. 2 total of 20 ranges was
established, sounded, and spudded. As a result of low water, a num-
ber of these were largely land profiles, established by levels from
a plane table set up on a range end. Spud measurements were made
with every sounding, or at intervals of 50 feet.

SEprMeENT DEPGSITS

The sediment in Boomer Lake is classified as entirely bottom-set
silt and clay. Tt is extremely fine textured. No delta deposits were
found in any portion of the basin.

Segments 1, 2, and 4, closest to the dam, contain the greatest thick-
ness of silt, a reflection of the fact that the usual low-water stage of
the reservoir permits transportaticn of sediment to the lower reaches
of the basin. )

The field and office work on the Boomer Lake survey was done with
unusuel care and fullness of detail in order to provide an exception-
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ally accurate basis for measuring past and future erosional activity
in the erosion-contro] demonstration area,

It is believed that Boomer Lake will provide a convenient and
adequate yardstick for comparing losses from erosion in the past with
these in the future as modified by methods of soil conservation now
being put in effect,

A summary of quantitative data on Boomer Lake (fig. 15) is
contained in the following tabulstion:

Summary of date on Boomer Lalke, Stitlwater, Okla,

Age e e venrs.- 10.25
Watershed aren® sptve miles.. 9.13
Regervoir:
Area at crest {912} stage (originsl and ot date of surveyy-__geres__ 262
Original stornge capacity {912y ____ - acre-feet-. 2, 812
$lorage capacity (912) nf date of survey R do. 2,641
Original storage per square mile of drainage aron® do__.. 307.9%
Sedimentation:
Total sedinment - do 171
Avernge annnal accummiation..._ ——do..__ A%
Annual accuinulation per 100 sguare miles of drainage area
acre-feet._ '192
Ammual aecomulation per acre of drainuge area cubic feet__"130. 91
Or, sssuming average weight of 1 cubie foot of deposit is 60
pounds tons_—  *3.93
Depiction of stornge:
Annual loss of original eapneity pereent... 0.59
Loss of original capacity to dale of survey a G. 08
3 Storage began on Mareh 1, 1825 average date of survey, June 1, 1035,
? Including reservoir aren,
3 Thege firures are revised to exelude fhe lnke area from the totnl arce of the drainage
basin.  Also, laboratory iests on nunierous sedlivent samples have shown that, in genernl,
the average dry welight o. reservolr sediment Is closer to 80 than te 100 pounds per eubic

foot, Correspondiny Spures gives fo the first edtion, which include the jpke Area, are
182.690 acre-feet, 124.34 cuble fect, and §.22 tobs, respectiveiy,

LAKES CROOK AND GIBBONS

Lake Crook is 434 miles north of Paris, Tex., on Pine Creek, a
tributary of the Red River. Lake Gibbons is on a small tributary
of Pine Creek about 2 miles above and within the watershed of Lake
Crook. Both lakes are owned by the city of Paris, Lake Crook being
the present source and Lalke Gibbons the former source of municipal
water supply.

The dams of Lakes Crook and Gibbons are both earth-fill structures
with concrete spiliways 26 and 85 feet above stream bed, respectively.
The Lake Gibbons spillway was originally 38 feet high but was
lowered 3 feet in 1932 fo an elevation of 599 feet above sea Jevel,
The elevation of the Lake Croock spillway is 476 feet. At the time
of construction in 1900 the area of Lake Gibbens to the 35-foot level
was 131 acres and the storage capacity was 1414 acre-feet. At the
time of survey in 1936 silting had not reduced the area appreciably
but had decreased the capacity to 1,336 acre-feet. Corresponding re-
ductions in Lake Crook from the time storage began in 1923 to the
time of survey in 1936 were from 1,291 acres to 1,297 acres in area
and from.11,487 acre-feet to 10,755 acre-feet in storage capacity.

The drainage basin above Lake Crook, inciuding the 1.26 square
miles tributary to Lake Gibbons, embraces nearly 53 square miles of
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gently rolling prairie characterized by loose friable topsoils and
heavy, slowly permeuable subsoils, which are highly conducive to
rapid run-off and serious soil losses. Moderate to severe erosion, how-
ever, has affected less than a third of the total area, limited largely
to the steeper slopes on cultivated and idle land., The mean annual
rainfall is 38.94 inches.

The sediment: tion surveys of March 1986 revealed u 36-year ac-
cumulation of 78 acre-feet of sediment in Lake Gibbons and a 13-year
accumulation of 732 acre-feet in Luke Crook. The deposits in both
lakes are predominantly silt and ciay, including only minor amounts
of fine sand at the upper ends, uniformly distributed over each basin,
The observed high turbidity of the overflow during periods of heavy
run-oft indicates that considerable quantities of sediment are car-
ried past the dams. The volume of accumulated sediment therefore
does not represent. the enfire ernzional output of the watershed,

Comparison of the resuits of a detailed survey of the walershed,
made by the Section of Conservation Surveys, with the sedimenta-
tion data on the two reservoirs revealed that altilough the Lake Crook
watershed (exclusive of the aren tributary to Lake Gibhons) has
nearly twice as large a part of its aves in cultivated and idle land as
the smaller drainage arex, the annual rate of accumulation per acre
of drazinage area In Luke Crook is little more than half that in
Lalke Gibbons. After careful study of all factors involved it was
concluded that greater opportunity for upstream deposiiion on al-
luvial flood plaing, together with the greater proportion of sediment
bypassed throngh Lake Crook as a result of 2 smaller capacity-inflow
ratio, accounted for the lower rate of sediment accumulation per
unit of drainage aren from the more severely eroding Lake Croolk
watershed.

The quantifative results of the sedimentatiim surveys of Lakes
Crook and Gibbons are summarized In table 12.

Tanne 12.—Summary of dafa on Lalkes Crook and ihbons, Peris, Tez.

N Luke Links
Ttem Crook Gibbons

AL e iiiaaan OIS, 1131 134
Watorshed nrea?_. Sfpane Lles. . 151.0 1.2
Heservoir:

Origlnnl ares ab orest SL0F. ... e e cTes.. 1,201 131.3

Aren ni crest stage nl date ofsurvey....o .. . R 1 1, 287 130. 5

Qriginal storage copaeity._____ .o ... .. . nere-feed - 11,487 1,414

Storoge canacity ot dute Of SUTVEY . v ceen i e ] . P 10, 755 1,336

Qriginal storugs per stiunre tnile of drafnnge wren 7 ... R { 222, 62 1,122,272

Storupe Per stjuare miio of draipoge ares nt date of survey . RPN | [ O 208, 43 1,080, 32
Bedimantation:

Totul sedimient o oo i o 732 78

Avernfta unnual Aceumilation. ceen onaa s . Jdo.. 55,0 2.2

Annuol aecwunu’ation pet 100 square miles of droinage aren 3, B | . 112 204

Anonel neeumulntion per acro of drainage nren 3., o _._......._..cubie feel. . 70. B8 139. 13

O, assuming 1 cubic oot of deposil weighs 60 pouands. ... __Lons.. 2,40 437

Dapletion of sterage: H

Loss of ariginn] coOpNCity POr FeoT_ .. . o;cceacammmmccmemraam—va———_ percant .40 0.1%

Laoss of origingl capocity 1o date 0l survey . oo oo oo ccaena . ol 1 6.37 5 52

1 Date staraps began: Falrunry 1028, Doce of this survey; Marel: 1030,

 Duta storage hegan; 1980 (1anth uadetermived). Dato of this survey: 3lorch 1938,
: Inclhncling reservoir aras.

1 Exciusive of Lnie Giblops draingge area,

1 Exciuding reservair nrod.




o) TICHNICAL DULLETIN 524, U, 8, DEIPD. OF AGRICULTURE

SURVEYS IN SOUTHWESTERN UNITED STATES
ELEPHANT BUTITE RESERVOIR

GENEUAL INFORMATION

Location—State—New Mexico. Counties—Sierra and Socorro,
Distance and direction from nearest city: The dam is 4 miles east of
Hot Springs, N. Mex., 120 miles north of El Paso, Tex. The upper
end of the reservoir is at Saun Marcial, N. Mex. Drainage and back-
water: Rio Grande.

Ownership.—~United States Government. Operated by United
States Bureau of Reclamation.

Purpose served —Irrigation of approximately 200,000 acres of the
Rio Grande Valley in New Bexice, Texas, and Mexico extending 100
miles north and 90 miles southeast of the ¢ity of El Paso, Tex.

Deseription of dam.—The Elephant Butte Dam is one of the largest
in the United States, and before construction of Boulder Dam 1m-
pounded the largest reservoir in this country. The dam is a concrete
gravity structure having a maximum height of 306 feet above its
foundation, or 193 feet above river bed, and a total length of 1,674
feet. The spillway crest is at an elevation of 4,407.0 feet (project
datulm, }vhich has been used in ali ecaleulations) or 4,450.8 feet above
sea level.

Date of completion—1916. Water storage began, however, on
January 6, 1915, Surveyed March to June 1935. Age at time of
survey, 20.25 years,

Length of lake at crest stage (original and af dale of survey).—
Approximalely 41 miles.

Area of lake at crest stage~—Qviginal, 40,096 wcres; at dute of
survey, 38,309 acres.

Storage capucity to crest lerel —QOriginal, 2,688,800 acre-feet; at
date of survey, 2,273,674 ncre-feet. Loss, 365,186 acre-feet.

dArea of watershed —26,312 square miles, exclusive of all inland
drainage.

General character of watershed —The Jower part of the -atershed
is nnderlain mostly by surficial deposits of alluvium, dune sand, the
Gila conglomerate, and the Palomas gravel; and to a'lesser extent by
the Ogullala and Sania Fe formations, There are also extensive arens
of Quaternary and Tertiary basalt and rhyotite and mixed Cretace-
ous and Tertiury volcunics of several types. On the headwaters
and in the higher mountains Pennsylvanian and Permian limestones
occupy broad areas,

That part of the drainage area south of Santa Fe consists of iso-
lated ranges and mountain groups (largely dissected block moun-
taing) separated by aggraded desert plains, and the broad wvalley of
the Rio Grrande itself.  The valleys are 4,000 to 5,000 feet above sea
level and the mountains are commonly 1,200 to 1,500 feet higher.

The entire lower section of the watershed is churacterized by its
aridity. The rocks decompose slowly, and most of the finer particles
ave carried away by wind and sheet floods, leaving the surface cov-
ered with a coarse rubble. Away from the river course, creosote-
bush, sagebrush, greasewood, and cactus constitute the principal
vegetation. Some cedar is found between 5,000 and 7,000 feet ; ubove
this elevation pine and fir cover the mountain slopes.
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Considerable portions of the drainage aren were formerly range

lands, but overgrazing has seriously depleted their value. Conse-
uent destruection of the natural grasses has exposed large areas to

sheet wash and wind erosion; and in some sections, comprising a
very considerable aggregate area, strong arroyo and gully develop-
ment is in progress. This action, for the most part, has begun since
the advent of domestic grazing. At present it is extending over
widespread arveas at alarming rates, and in many places, particaiarly
in soft shale and alluvial formations at the foot of the mountains,
has produced considerable areas of typical badlands topegraphy.

Mean anmual vanfall.—10 to 15 inches over most of the lower
drainage area. In the higher mountainons region around the head-
waters 1t is 25 inches or more.

Infloww—The average total annual inflow into the reservoir is
1,000,000 acre-feet. Normally about 800,000 acre-feet come in during
the first 6 months of the year.

Ewvaporation.—Losses by evuporation, including seepage, range
from 150,000 to 250,000 acre-feet annually, depending on the stage of
the reservoir.

Draft for irrigation—The mean annual draft is about 750,000 acre-
feet.

HisTony OoF BUIVEY

The survey of sediment deposits in the main basin of Elephant
Butte Reservoir was made between March 2 and May 15, 1935, by a
special party under direction of Herbert W, Yeo. This party was
assisted from March 8 to March 12 by the Great Plains sedimentnation
party under the direction of Thomas L. Kesler, and from March 3
to April 20 by the southwestern party under the direction of Ray-
mond C. Becker.

A triangulation system and benchmarks had previously been es-
tablished in surveys by the Burean of Reclamation in 1903, 1908,
and 1916-17. Most of these old stations were reoccupied or flagged
during the present work. Additional level lines were run to correct
elevations on cortuin stations established during the 1916-17 survey.
Accurate leveling showed that primary stations were in adjustment,
but certain inteymediate stations that had been established by verti-
cal angle and stadin work, had to be corrected. A few new stations
and numerous additional level lines were estublighed.

The southwestern party is responsible for having mapped most of
the western edge of the reservoir from Silver Canyon to San Marcial,
for the entire San Marcial sheet and most of the Puraje sheet. Grove
C. Traylor, attached to Mr. Yeo’s party us u special surveyor, com-
pleted topographic mapping on the Paraje sheet and mapped the sec-
tion from that sheet to the lower end of the Narrows sheet and the
extreme upper end of the Alamosa Canyon sheet. Work of the Great
Plaing party was confined Jargely to leveling. The lower basin, us
well as remaining portions of the area abovs the Narrows, was sur-
veyed by Mr. Yeo’s party.

The survey consisted, in addition to adjusting the control network,
of mapping with 1-foot contours approximately 21,600 acres of the
present silt surface, more than 90 percent of which was covered either
with closely spaced stadia shots, or with carefully located soundings.
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A ma,p%ﬁng scale of 1,000 feet to the inch was used, this being the
scale of the original maps which were used for comparison. The
original maps show only 10-foot contours, so necessarily only the 10-
foot contours ¢f the present survey could be used for comparative
capacity computations. The 1-foot contours will afford, however, an
extremely sccurate basis for future resurvey.

The upper basin was mapped by traverse lines tied into the trian-
gulation net and stadia shots taken at frequent intervals. The

ense vegetation of the upper basin was a severe obstacle to rapid
progress. Near San Marcial, cottonwood and willow trees and small
brugh, ncluding some saltcedar, prevail. Near Paraje saltcedar is
the principal vegetation along the east side and small willows prevail
along the west side of the basin. Near the mouth of Nogal Canyor
saltcedar 2 to 6 feet high predominates. Near San Alvino and San
Jose the vegetation consists mostly of water anemones. Near River
Bend and Toby the only vegetation is cattails and tules, while the
extreme lower half-mile of unsubmerged area is devoid of plant
growth,

During this survey water stage was at an extremely low level, so
that all the area above the Nurrows except small isolated ponds could
be mapped by plane table and stadia despite the soft character of the
sediment which made precautions necessary to prevent bogging down.
The area below the Narrows wus sounded from a bout, soundings
being aceurately located by intersection from instruments on adjacent
triangulation stations.

On completion of contour mapping of the deposits over the floor
of the main valley, a map of the entire reservoir was compiled
from the plane-tabie sheets on a scale of 1,000 feet to the inch. This
map shows the original 10-foot confours and the present 5-foot con-
tours on top of the deposits. The map reproduced in this report (in
pocket) is a pantographed reduction of the original. Preparation of
the final map, planimeter measnrements, and capacity computations
were made by the United States Burcan of Reclamation m its El
Paso, Tex., office, the work being done by A. B. Cundell under the
direction of L. R. Fiock, project superintendent.

The 1935 capacity computations were made by the modified pris-
moidal formula which was used in computing the original capacity
following the 1903-8 surveys. This formula 1s:

2H
Ve=-g(A+4B+C)—Vy

whers

Fe=volume between contours at & and ¢
H=contour intervul
A=area bottom surface
B=area midsurface
. ¢'=area top surface
TV y=volume between contours 4 and B, previously determined.

The volume below the lowest 10-foot contour was computed by the
average end-aren method which provided T, The above formula
was then used progressively for each succeeding higher contour.
This method was used to determine the original capacity of 2,638,860
acre-feet which has been carried in the literature for some 20 years.
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SEpveEsT DEFOSITS ()

The Rio Grande carries the largest sediment burden, both in abso-
lute maximum percentage of suspended load to discharge during any
particular fiood, and in ratio of total suspended load to total dis-
charge, of any major stream. of the Southwest on which measure-
ments are available. Records and observations of the suspended load
of the Rio Grande, which are available for a longer continuous period
than for any other stream in the Southwest, show that the principal
sonrces of sediment are the Rio Puerco and Rio Salado, tributaries
which enter between Albuquerque and Socorroe,

The headwaters of the (}Rio Grande in north central New Mexico
and south central Colorado, draining a mountainous arvea of 11,028
square miles, are fed largely by melting snow, springs, and normal
run-off. The waters carry little or no suspended load, and are com-
monly filled with mountain trout, which thrive only in clear water.
It is this sourece of supply that is relied on to replenish the storage
during the late spring floods originating from melting snow. In con-
trast, the Puerco, Salado, and other smaller streams, deaining 13,621
square miles of the generally barren, broken, central part of New
Mexico, supply floods of heavily sediment-laden water derived from
the exratic and often spectacular cloudbursts that oceur during sum-
mer and early fall (pl. 9, 4). The waters of these flashy summer
floods usually carry 4 to 10 percent, and occasionally as high as
96 percent, by weight of sediment which is characterized by a high
percentage of very fine-grained material. On the other hand, the
spring floods coming from the headwater drainzge and normally
supplying the greater part of the total annual inflow carry only .5
percent or less of sediment.

A large part of the sediment from tributaries has been derived as
a resnlt of incision and lateral widening of valley trenches. In an
unpublished report, Bryan and Post have estimated that the channel
of the Rio Puerco was deepened 18 feet and widcned 185 feet on the
average during the period 1885 to 1927. The debris removed from
the mnin and iributary channels during this period is estimated to
have been 9,400 acre-feet per year. This is equivalent to about half
of the average annual accumulation in the reservoir,

All the material from the tributaries of the Rio Grande is not
transported divectly inte the reserveir. The spasmodic summer
floods commonly transport far more sediment into the Rio Grande
Valley thun the diftused flocd flows are able to carry downstream to
the reservoir. The difference in gradient between the relatively
steep tributary valleys and the much flatter trunk channel has been
responsible for much of the aggrading of the valley level, which was
in progress even before construction of the reservoir. Such a fea-
ture of aggradation is notable at the mouth of the Rie Puerco 53
miles above the head of the reservoir, and has been locally referred
to as a “plug.” The sediment thus deposited along the course of the
valley is picked up in part, however, by the normal spring floods
which would otherwise enter the reserveir nearly devoid of sedi-
ment. This condition, together with deposition of sediment at the
head of the reservoir where carrying power is destroyed, have forced
the stream to readjust its profile of equilibrium to a mnch flatter
gradient, It is known that sediment is now being deposited in the
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Rio Grande Valley as much as 50 miles above San Marcial at the
hiead of the reservoir. This sediment is probably somewhat coarser
in texture than the reservoir deposits because of the sorting action of
the river water. The finer material transported as suspended load
is carried downstream farther and mare rapidly than the coarser
debris which is transported as bed load.

Sediment deposits, considerably above original ecrest elevation of
the lake, are found at San Mareial and for some distance down the
reservoir (pl. 9, B). A large amount of the sediment was deposited
in September 1929, when the largest flood of recent years occurred.
At this date a flow of 29,000 second-feet was recorded and a possible
peak of 48,000 second-feet was indicated. By way of contrast, the
normal food flow in the spring is only 6,000 to 12,000 second-feet.
This record flood deposited 8 feet of sediment, mostly above crest
level, over much of the valley around San Mareinl. Some striking
observations made during this survey showed old fence posts project-
ing only 6 inches above the present surface. A Uhnited States Geo-
logical Survey benchmark has recently been unearthed under 4 feet
of sediment and reestablished on the present surface. The upper part
of the reservoir hasin is filled and covered by above-crest deposits

1. 10).

(pIt ngw supports u dense prowth of willows and brush, which has
the effect of retarding the deposition of sediment in the lower basin
by causing the above-crest deposits to bank up to higher levels.

The surface sediment deposits below San Murcial are character-
istically very fine textured, containing u high percentage of true clay
and colloidal matter. Much of the sediment is so fine thut no grit can
be discovered by rubbing it between the teeth.

Arroyo deposits being carried into the storage basin below crest-
level are, on the other hand, characteristically coarse boulders (pl. 11,
4). The surface of the Nogal Canyon is covered across its full
width of 1,000 feet with this coarse debris, in which houlders as much
as 1 foot in diameter are common. Parts of this debris are moved
by floods from each recurring cloudburst. The erratic floods flow
first thr: ugh one channel and then another over the braided drainage
slepe of the arroyo bottom (pl. 11, B}, so that in the course of a
decade or two all the debris has been moved once or perhaps several
fimes.

During low-water stages in the average year, most, of the reservoir
hasin_above the Narrows is uncovered. Sediment deposits dropped
here during fleods are exposed to air and hardened. Below the Nar-
rows sediment remains, under water, in & comparatively soft and un-
compacted condition. 1In this section of the reservoir the singular
and striking phenomenon of “underflow” occurs,

Following by several days the entrance of heavily sediment-laden
flood waters into the upper end of the reservoir basin, extremely
muddy wuter s discharged through outlet gates in the dam. During
this time, however, surface water near the dam retains its usual
crystal clear, blue color, Fiock (6, pp. 472-477) explains this phe-
nomenon as follows:

Observations have revealed that the silt-laden water flows along the bottom
of the lake in a very thin sheet (less than 3-foot depth}, or through the lowest

portions of the flogr of ihe Reservoir much as witer itself Hows under air, and
apparently does this without diffusing into the water already in the liake, as it
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<4, Rio Puerco, tributary to Rin Grande, 53 miles sbove ¥an Marciad, N, Mex. The widening and deepening
of this incised vhannel and i1s headward prowth huve produred much of the sedinent deposited in Ele-
phant Butte Reservolr. B, Elephant Buztle Reservoir, on the Rio Grande, W, Mex,  Vegetatinn-cuvered
silt plaio at Sun Marcial near upper it of backwater oL crost gtare,
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Elaphant Butte Reservoir, Rie Qrande, M. Mex. 4, Vast sil plain covered with vegetation hetween San
Marcial snd the “Narrows.”  Silt ranges from 15 to 343 fee in thivkness over this whole expanse of vailey.
B, Reservoir below Alamoss Canyon. Note wavecul terraces in foreground. €, At mouth of Alsmosa
Cayon., Entratee to reserveir os viewed from sourh showing the vast quantity of debris and delta front.
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<, Beulder wash of San Jusn Canyon, thibutary o Elephaut Butle lteservoir, 11 miles below San Marginl,

+ N. Mex. Only coarse muberinls lodpe in tha eanyor, the immetise fuantities af finer debris being earriad
oowerd into the reservoir. B, Elephint Butte Reservair, Rio Grande, N. Mex. Timhered area in Jeft
background s in the erigins! 1ake area, 4 miles below San Afureinl, N. Mex.  Boulder wosh in [oreground
is irow n subordinule tributary canyon,
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retains certain distinet characteristies which are evident and have been observed
as it is discharged from the outlets. There muy occur some modilications of
these charaeteristics of the silt-laden water during its pussage through the
Reservoir, but it even retains a temperature higher than that of Rescrvoir water
a8 it Hows wnloug beneath the clear wiuter. When the silt-taden water is belug
discharged from the outlet-gates if curries u siit load up to G percent by weight.
The temperaiure of the ontfiow inunedintely rises nbout $° and the solubic salt-
content inereases materially, With the clenring up of the outflow-witer which
usually oceurs quite rapidly the temperature of the outiiow drops back to the
normal femperature of the Reserveir ontilow for that particulnr =sceason of the
year and the solubie salt-content alse drops off Lo that of the ordinary Lescrvoir
water., The character of the silt in (he Reservoir discharge is aimost pure finely
divided elay with uil particies of grit or heavier siits completely removed, thase
having been deposited within the Roservolr ureua,

The couditions productive of & silt-llow throngh the Reservoir may be observed
to be as follows: They accur when heavily siltdaden fioods, wsaally currying
from fonr per cent to ten per cent of silt by weight, originating from rains on
the Itio Grande watershed in cenfrnl New Mexico enter (he Reservoir. The
siity outllows, earrying from two per cent to six per cent of silf, usunily con-
tinue for only a fow days, the duration depending upon the voluwme and duri-
tion of the flood-inflow and the quuantity being released from the Heservoir,
With the hend-waters of the Tuke between 30 to 35 miles above the dam the siity
water makes its appearance in the outflow in from two to five days after enter-
ing the Reservoir. The silt-load in {he outfiow reaches its muximum quite
rapidly aud ciears up of the end of the run with equal dispateh. No observi-
tions have been e to determine the depth to which the siit-laden water
neenmulates just sbove the dam but it is planned to make such 4 determindLlion.

The reason for this phenomenon has caused some wonderment but it is un-
donbtediy explnined hy the foet that the silé-laden waler as it is discharged
from the Reservoir weighs up to two or three pounds more per cubie fout than
elear water. Tts fiow nlong the hetiain of the Inke is, therefore, nndoubtedly
expinined by its higher specific gravity, but why it does not diffuse or mix moro
than it does with the Reserveir water and why it refains its own particular
characleristies, netuding a higher temporature, may De a muatter for further
scientific analysis.

Its ceonomic signifieance is of somowhat dounbifnl importumee. The total
volume of the sitt pnssing through the Reservoir with these flows is so relutively
small compared to the tolal volume of gilt entering the Reservoir and Leing de-
posited there that it is of little consequence in prolonging the nseful life of the
IReserveir, The totul volume earried through the Reservoir in this munner to
dute is estimated to be only about 5,000 acre-feet. A the storage capacity of
the Ileservolr is more and mere encroached upon by sceamualated sit-tleposits,
silt-fows through the Reservoir may be expected with progressively Increasing
frequaney and daration.

Not only does the occurrence of muddy water discharge at the
dam show the existence of a sediment underflow, but the fact that
more than 30 fect of sediment has uecumulated at the dum, where the
water 1s constantly clear at the surface, conclusively proves the exist-
ence of this phenomenon which has been generally neglected hereto-
fore in discussions of reservoir silting, Ifar more storage depletion
appears to be taking place in the lower end of many reservoirs than
has been generally suspected, and it has in fact been a common feature
of previous sedimentation surveys to omit measurements of the lower
part of the reservoir as having negligible silting,

The sinking of the sediment-laden water below desilted water of the
lower basm may be noted, at times strikingly, in the area & mile or two
helow the Narrows. The line of demarcation between muddy water
fram above the Narrows and clear water of the Jower basin'is very
sharp, being distinguishable within a space of less than 5 feet. The
front of the muddy water is lobate in shape, the extreme front, of the
lobe neur the center of the lake being about half a mile below the
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flanks of the lobe where they join the shore. Apparently, during low-
water stages the denser water settles at a fairly definite point, where
the horizontal velocity head, which diminishes rapidly after passing
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the Narrows, is balanced at the surface by backwater pressure from
the dam. Beyond this line the muddy water probably sinks progres-
sively deeper beneath the lake surface until near the dam the sedi-
ment underflow is spread in a thin layer as little as 5 feet deep
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across the flatter section of the reservoir floor, generally extending
from valley wall to valley wall.

The accompanying charts (figs. 16 and 17) show that practically
all (98.8 percent) of the capacity below the 4,240 contour is gone.
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A comparison of rates of silting during the different periods of
the reservoir’s life, for which data are u\-‘:liﬁlble, is given in an earlier
part of this report (pp. 11-13) and does not require repetition here.
The total volume of sediment and the annual rate of aceumulation
in respect to drainage area are shown in the following tabulation,
which contains a summary of pertinent data relutive to Elephant
Butte Reservoir:

Summary of pertinent data relative to Blephant Bulte Reservoir, N, Mex.

Age? o oYEATS. . 20, 25
Watershed area —squave indles_ f24G, 312
Reserveir
Aren ot crost stuge:
Origing? - HOFBS - 44, 006
At date of survey . e do__._ 38, 309
Btorage capacity to crest level:
Original 2,438, 560
At dete of surveN.___. a,u73, 674
SBtorage per sguare mile of drainage areg:”
{riinal 100,29
Ar date of survey - (¢ [T I 8i. £1
Bedimoentation :
Total sediment (exclusive of wrroyvo deposits und above-crest
deposits) - acre-feet__ 803, 186
Average anntual accwmnulation do____. 18, 0534
Annual  geeumulation  per 100 sguare miles of  drzinape
arem - acre-feet._ ‘68, T
Annual acentnulation per acre of dralnnge area. .. .. cubic feet . 4G, T
Or, assuming average weight of 1 cubic foot of deposit is 60
pounds ‘1,40
Depletion of storage:
Loss of original capacity per year o _..__ perceni... 0. 68
Loss of original capacity to dute of survey———___.___do____ 13. 84

? Storuge began on Jun. 6, 1915 sverage dofe of suevey, April 1035

=Whis represents the Rio Grande dendnnge aren o Colorndo wmd Mew Mexico, not
including 2,800 spuare miles in the San Lals Valley closed basin, but Incduding 1,663
s mnltles drainlng directly Into the peservolr,

¥ lneluding aren of reservoir,

! These fyrores nee revised Lo exclude the lafe prep from the fotad aren of the draimpge
Lasin, Alsa, Ilnboratery tests on numercus sedbipent smupies Lave sbown that, (o generd,
the nvernge dry welgbht of reservoir sedhnent i closer to 60 than to 160 pounds poy cubie
foot, Corresponding fpores given in the Hrst editfon, which inclode Juke area, are G55
aere-feot, 4600 cuble feet, and 2,033 tons, respectively,

SAN CARLOS RESERVOIR ™
(FENERAL INFORMATION

Location: State—Arizona. Counties: The Dam is on the bound-
ary line dividing Gila and Pinal Countles. The upper part of the
reservoir extends aisc into Graham County. Distance and direction
from: nearest city : 28 miles southeast of Globe, Ariz. Drauinage and
backwater: Gila River. and its tributary, S8an Carlos River, which
enters the reservoir 8 miles above the dam.

Ownership: United States Government. Under supervision of
the Indian Irrigation Service,

Puypose served: (1) Irrigation of the Coolidge project of approxi-
mately 100,000 acres; (2) hydroelectric power development,

* The #id extended by . T Moody, profect suginesr of the Ipdinn Irrigation Seevies ar
Coolidge Dam, in furnishing sriinnd maps of (he reservolr, is nelnowiedged, L. Q. Butier,
superintendent of Coolidpe Dam, goncerously extentded the evurtesies of bis epmp and ofice
fur use of the feld purty. The work was tlse faeilitated by the ndvice and cooperntion
of the late B. . Fleining, direcior of the Gila project of the 5ol Couscirvation Serfvige,
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Description of dum: The dam is a concrete structure of the multi-
ple-dome type, the largest of its kind in the United States. Each of
its three domes has a span of 180 feet, is 28 feet thick at the base and
4 feet thick at the top. On each side of the dam: ab elevation 2,511
are spillways 150 feet wide. Three gates, 12% feet high and 50 feet
wide on each spillway raise the crest level to 2,528.5 feet above sen
level. The river bed ut the dam is at elevation 2,308. The total
height of the dam from bedrock to spillway is 203 feet, and to
the roadway on top, 250 feet. Its length, including spillway, is 850
feet.

Date of completion: October 23, 1928, (Construction was begun
in Jamuery 1927.)  Date of survey, February 1985, Age at date of
survey, 6.83 years.

Length of lake at crest stage: Orviginal and at date of survey, 22
miles in Gia Valley.

Areq at crest stege: Original and at date of survey 18.847 ucres,
planimetered from original maps of 19186.

Storage capacity to crest level: Original (1916 survey) 1.247.999
acre-feet; at date of survey 1,211,108 acre-feet; loss 36.806 ncre-feot.

Area of watershed: 18,540 square miles, embracing portions of
Cochise, Greenlee, Graham, and Gila Counties, Ariz.; and Catron,
Grant, and Hidalpe Counties, N. Mex,

General chavacter of watershed : San Carlos Reservoir lies in an in-
termontane basin, drained by the Gily River, which is joined by the
San Carlos Basin some 8 miles above Caolidge Dam. where the south-
ward-flowing San Carlos River joins the Gila River. The Gilu
Dusin is enclosed by the Turnbull Range on the south, the Pinal and
Mescal Ranges on the west, and the Gila Range on the north. The
southern range rises gradually from the Gila River terraces and the
eraded remnants of old alluvial slopes into the faothills of Mount
Turnbull.  On the west the Pinal Range rises precipitously from the
grorge in which the dam js Jocated. Lava-capped mesas and plateaus
lend northwest to the Gila Range,

The Gila River draing all the watershed except a portion of Gila
County north of the reservoir, extending eastwurd from Globe to the
Bonita Creek Divide, which drains directly into the San Carlos River.

The drainage area of the Gila River is so vast that it is beyond the
seope of this report {0 even outline its geology in detail. In a general
way the whole stratigraphic column from pre-Cambrian metamonr-
phics to Tertiary voleanics is well represented.

The Gila River drains a region composed largely of mountains and
plateans, wide areas of which in both Arizona and New Mexico are
composed, of Tertiary and Quaternary voleanics. These formations
include young basalt flows and older dacite, latite, rhyolite, andesite.
basalt, and other extrusives. as well rs tnff, ash, and agglomerate.*

The San Simon Vulley and portions of the Gila Valley ave covered
by bolson deposits of sand and gravel, and the Gila conglomerute, Luke
deposits of gray, yellow, und greenish-blue clay, and gray and red-
dish sand ave also exposed in many places.  Overlying them are
younger stream deposits which mantle the older valley alluvium.

= Geologie mp ol the Stite of Arizonn. Ariz, Bur, Mines and U, 8. Geol. Survey.
1y
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The reservoir basin is underlain successively by dissected alluvium
beds, Gila conglomerate, and pre-Quaternary igneous and sedimen-
fary rocks (12%.

t the dam site the Gila River flows in a gorge 2.000 feet deep, cut
through the Mescal Range. ) )

Darton (8, p. 252) described the geology of the immediate region
as follows:

The rocks in the higher parts of the range are mginly pre-Cambrinn granite,
diorite, nnd schist, the formations of the Apnche group, and the Martin and
Tornudo limestones.  Cn the Hauks are Gila conglomuerate, and various Cre-
toceous and Quuternayy volennie rocks * * %,

According to Runsome (17) the Apache group includes the Troy
quartzite, a vesicular basalt flow, the Mescal limestone, Dripping
Spring quartzite, Burnes conglomerate, Pioneer shale, and Scanlon
conglomerate. Tiis Tarnado limestone is early Pennsylvanjan and
Mississippian and the Martin is upper Devonian.

Vegetation—Range studies of the Gila project by specialists of
the Soil Conservation Service disclosed that only a relatively few
vegetative types dominate the area. In a recent yeport Anderson s
states:

Severnl broad vegetative types dominute the aren: coniferous forest at the
higher clevations, un ouk-juniper woodland below, rouning tfuto viak-chaparral.
Below this o mixed browse-gruss type with mesguile and eatelaw in the cun-
yons and carly mesquite, tobosw, and granu grasses on the ridges. Below this
a browse type, elther dominnted by mesquite and chamiza, or predominantly
creosote bush, This tyue does not extend farther thuu Red Ilock on the Gila,
bug does cover the Gila Valley proper helow Red Rock, and (ukes in uenrly gll
of the Sun Simon and San Pedro Valleys.

At the foot of the Mogollon Mountuins the cak-chaparral gives way to o grass
type composed of curly mesquite, tobosa, and blue, hairy, and black grima
grusses. On the Borro and Mule Monutains the chaparal to yellow pine types
oecur uud below Red Rock the Lrowse types predominate.

Evosion conditions—Beveral vegetative-type areas, varying in ero-
sion conditions, have been recognized in the progress of range studies
in the Gila project. The Sun Simon Valley is normally a browse
and grassland type, but serious gully erosion has reduced the grass-
land area, so that the valley bottom now supports only smail stands
of overgrazed grass and saltbush, mesquite, and chamiza. On the
ridges creosotebush, mesquite, cactus, and burroweed are common.
'The Clifton-Duncan arca, formerly abused hy overgrazing, is severely
eroded. It now supports a creosote-tobosa type of vegetation with
Indian-wheat and filaree. The Lordsburg Plain is covered by o seat-
tered browse type. Overstocking and drought have placed it in a
critical condition,

Severe overgrazing has alse been common in the Burro and Mule
Mountains where oak-chaparral and yellow pine predominate, and as
& result abnormal erosion has developed.

Below the ouk-chaparral are the gruss areas of Eaple, Mangus,
Duck, Mule, und Bear Creeks, and the upper Gila and San Francisco
Rivers. A mixed grass type, including tobosa, blue grama. hairy
grama, side-cats gruma, black grama, and curly mesquite covers this

HANnERsON, 11 T, PHOGUESS UEIDRT TO MAT 1, 1935, FOR RANGE STUDIES, GILA PUOIECT.
U. 5. Dwpt. Agr., Soll Yreosion Serv.
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area. Overgrazing has likewise resulted here in the development of
gullies on many hillsides.

In the higher altitudes of the Gila headwaters oak-chaparral, juni-
per, and }'e‘Tlow pine are found. Reduction of stock to prevent ex-
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cessive grazing even in this rugyed country hus recently been urged
by Soil Conservation Service specialists.

Mean annvel rainfall—The nip in figure 20 shows the distribution
of mean annual rinfull in the Gila River watershed. Tt was com-
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piled from the data of 26 gaging stations by members of the staff
of the Gila project. The watershed is divided into four sections as
follows: **

{1} Below 1¢ inches; (2} from 10 to 12 inches; (3) from 12 to 15 incheg;
(4} above 15 inches.

Under the first division {(see attached map) is included the Son Simon Valiey
und the Giln Miver Yalley, from the mouth of the Sun Simon to the town of
Pima. The Lordsburg Plain is also incinded in this diviston. The total arex is
aliont 3000 sguave miles, heing upprovumtely 30 miles wide amd 100 miles tonp.

Divislon 2 inclades an oaren which surrounds and is adjocenr to the Sun
Simon Valley and Lordsburg Phin; alse under this division comnes 2 part of
the San Pedre River, Thisx division may be geonorally deseribed as aliont 15
wites wide in the Sau Pedre and Gila VoMexs and lying on exch side of the two
rivers, Whoere it sucrounds the San Shinen Valley its width iy about 18 miles,
The approximate aren under this division s 4000 square miles,

Division 3 inciudes the largest area of noy of the 4 divisions, Al of the
conuiry which is genevilly spoken of us tbe headwnters of the Giln River,
is incinded iu fhis division. In this area is a isrge part of Greenlee County,
Aviz, and Catron and Grunt Counlivg, N, Mex, The sppreximate arey is 7,000
sgiure miles,

Areus where the rainfali is over 15 inches per year and which we are clussi fy-
ing under divisign 4, are not confined to any oue purt of the wutershed, but
include all the areas of higher elevation and are to be found in the extreme
spathern part of the watershed, as well as in the oxtreme northern part.
Elevation is the controlling facter rather than location. The approximute urei
under this division is 4,000 sguare miles.

Inflow.~—Of the yain falling on the upper Gila watershed, an
average of 25443 ucre-feet per month eventually flows into San Curlos
Reservoir. The water-distiibution chart. ficure 21, however, shows
a mean annual fluctuation of inflow over » period of 4 years of 78250
acre-feet.

Melting snow in the headwaters of both the Gila and San Carlos
Rivers swell the streams to torrential proportions in the spring,
whereas early summer droughts may reduce the San Carlos to 2 mere
trackle or dry it up entirely.

The reservoir has never been completely filled. The highest stage
to date was to elevation 2.471.56. on Aprif 5. 1982, when the reservoir
held 469,161 acre-feet of water {fig. 22}, Jess the volume of silt nc-
cumulated to that date. This stage was 52 feet below gate level
and the unoccupied siorage capacity was then 778,885 acre-feet. In
other words, the reservoir at maximum storage to date hus been
about one-third full.

Two periods of maximum inflow normally ocenr each year. one
the winter months, the other ir late summer. Fortunutely, these
peaks of maximum inflow generally precede or are coincident with
the lrrigution seuson, May, June, und July, when the heaviest de-
mands are made on the reservoir, and when the Gila and San Carlos
Rivers are frequently lowest. However, the failure of the customary
winter rains in 1934 reduced the average inflow of 70,500 acre-feet
for the month of February to 7.000 acre-feet. The following irri-
galion season hrought the water-level elevation to the lowest point
since the reservoir began filling—2387 feet above sew Jevel, or only
23 feet above the level of the deposits ut the dam. Actual water
storage waus therefore reduced to 18134 acre-feet, which is only 7.366
acre-feet more than the dead-storage requirements. During July of

= Bee foctnote 28, p. 101,
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that year, evaporation alone was responsible for lowering the water

level 3.85 feet.

In view of the uncertainty of periodic rains and the extreme
fluctuation of inflow within a year, 1t is obvious that the coincidence
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of the irrigation season with a period of minimum inflow will prac-
tically deplete the reservoir’s storage, as happened in the spring of
1934, at o season of year when evaporation is ulso at a maximum.
Evaporation—Loss of water by evaporation, for the period from
February 1931 to April 1935, has amounted to a general monthly
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mean of 3,400 acre-feet. Periods of maximum evaporation per unit
area generally occur in spring and early summer months when strong
winds and high temperatures are most frequently combined, Total
volume of evaporation depends also upon variations of lake stage und
consequent changes in area of exposed water surface.

The effects of these different factors are illustrated in the records
of 1932, when the maximum stage in the hisiory of the reservoir was
reached in April and was sustained with but litfle change through the
ensuing months by generous inflow. Owing to the exceptional
expanse of the lake area the volume of evaporation rose in April to
4,000 ucre-feet. The following month, with lake ares practically the
same, the rate inereased to 9,000 acre-feet, the increase being

1

o
S
N3
%
§
3
§
$
g

= Ll =Y LY Aioinl

LSRR CRLA BARRRANRK AR R RGRRE EAEL

2

359 y
ke AR,

F1ouRe 22 —Water-surface elevation chart of Sun Carlos Reservoir, Coolldge Dawm, Arlz.,
from 1935 sedimentatlon BUFVEY,
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f

attributable entirely to the stronger winds and higher temperatures
of the later season.” The depths of water represented by these vol-
umes were 0.37 and 0.83 foot, respectively, for the two monthly
periods of record.

Power development.—The power plant contains two generating
units rated at 6,250 kilovolt-amperes each, and is capable of develop-
ing 2,400 kilowatts. The operating head with fullp reservoir is 207
feet, dUnder full plant operation the draft is 800 cubic feet per
second.,

Irrigation draft.—The water-distribution chart in figrure 21 shows
that the draft for irrigation averages 246,372 acre-feet per year,

HisTorY oF SURVEYS

The sedimentation survey of Sun Carlos Reservoir was made by the
southwestern party under the direction of Raymond C. Becker, chief
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of party. Field work covered 834 weeks divided into two periods,
January 24 to February 26, and April 16 to May 22, 1935, between
which the party was engaged on another assignment,

Field work involved establishing a triangtﬁation net of 31 stations,
expanded from 7,300-foot base line, and secondary contrel by stadia.
tied to the triangulation system. In the Jower flooded section of the
reservoir 40 ranges were established acvoss the lake at intervals of
approximately 1,000 feet, along which systematic soundings were
taken on top of the sediment deposits,

In the upper reaches of the flooded area contours were mapped on
the surface of the sediment deposits from numerons elevations estab-
lished by accurately located soundings. Location of soundings were
obtained by setting up a plane table and u transit on adjncent trian-
gulation stations where with each sounding a dirvection line could
be drawn on the oviented plane table and a bearing read on the
transit. Bearings Inter platted on the plane table established inter-
sections as points of sounding. By use of this system the boat was
permitted t6 move in zigzag lines across the Juke unti] the surface
of each Jake segment was thoroughly covered with soundings.

In the upper part of the basin above backwater slage at the time
of survey, contours were mupped by stadia traverse tied fo triangu-
lation stations.

Both the underwater mapping bused on sounding and the exposed-
surface mapping of this survey were confined to the smrface of the
sediment deposits and did not extend to the valley walls, The orig-
inal capacity of the reservoir was determined from the Indian Irriga-
tion Service maps made prior to construction of the reservoir. (on-
tours mapped on the surfuce of the sediment deposits in 1935 were
tied into contours of the old maps along the valley walls. Field
checking of the old maps at that date revealed ervors and generaliza-
tions in the original contours, but it was considered thut the task
of resurveying the steep and rugged valley walls to spillway con-
tour 2,528.5 was not possible, considering the time and funds then
available.

At the request of local agencies o resurvey of the storage capaeity
of the reservoir up to contour 2,460 was carried out between Decem-
ber 1, 1936, and Junuary 22, 1987, by a field party under the direc-
tion of Louis M. Seavy of the Section of Sedimentation Studies.
This survey, using the 1935 triangulution system as a base, involved
resounding all portions of the reservoir below the then existing water
level {about contour 2,395} and plane-table mapping of exposed sedi-
ment, deposits and valley walls up fo contour 2460. This survey
showed considerable differences in areas enclosed by contours above
elevation 2,435, the prevailing upper limit of mapping in 1935, These
differences, due to errors and genernlizations in the originai ma])s.
showed that the reservoir capacity below elevution 2460 was actuaily
greater in January 1937 than it was determined to be in 1935 by the
previous survey, which depended on original maps for computations
between contours 2,435 and 2,460. )

The 1937 survey showed an accumulation of 3,032 ncre-feet of sedi-
ment below contour 2,395 since 1035. The area below this elevation
was completely mapped in both 1835 and 1937, and the results are
therefore strictly comparable. Botween elevations 2,395 und 2460 the
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surface of the sediment deposits at various places was shown either
to have changed little or not at all, or to have undergone some scour-
ing action due to the exceptionally low lake level during the entire
period between surveys. Inspection and rough checking indicated,
however, that, the scour between contours 2,395 and 2,460 was probably
at least equalled by deposition in the upper reaches of the reservoir
basin, Therefore, the net sediment accumulation in the 20 months
between surveys is believed to be essentially the 3,082 acre-feet meas-
ured below contour 2,395,

Tt is estimated that the sediment deposits in the reserveir in Janu-
ary 1937 amounted, in round figures, to 40.000 acre-feet.

SEsiMENY DEPOSITS

The deposits that have accumnlated below crest leve] in San Carlos
Reservoir comprise a variety of formatiens, including bottom-set
clays in the deeper parts of the flooded basin above the dam, delta
and alluvial fan deposits in front of local tributary canyons and dry
washes, delta deposits in the Gila and San Carlos Valleys where
snbmergence has oceurrad, and alluvial deposits in these valleys
above levels of past submergence but below the spillway crest level.

The general bottom-set clay deposits have accumulated to a maxi-
mum depth of about 45 feet overlying the original channel bottom
in the vicinity of the dam, and have formed a remarkably even-
surfaced plain, obliterating original irregularities of channel and
bottom-land topography, throughout the deeper parts of the lake area.
This plain rises gradually upstrenm but is nearly level from side to

side on any given range. On some of the ranges (&POOO to 7,000 feet in

length across the silted area, less than 0.3 foot difference in elevation
of the sediment surface was recorded. On other ranges the surface
of the deposits was found to curve down from the marging toward
the center, but in no case did this depression amount to more than
3 feet in the entire width of the section.

This regularity of the sediment surface and increuse in depth of
sediment toward the dam are undoubtedly due to the phenomenon of
tunineling or underflow of heavily sediment-charged flood flows of
the Gila and San Carlos Rivers beneath the lighter desilted waters
already in storage.

The bottom-set beds are impalpable clays with high colloidal con-
tent. Where they have been coatinuocusly submerged they have re-
tained a remarkably high water content and were found to be soft and
yielding to penetration with the sumpling spud. Penetrations of as
much as 27 feet of sediment were obtained in the course of the survey.

The deltas and fans in front of directly tributury canyons and dry
washes are composed typically of sand and gravel. Some 24 major
dry washes enter the reservoir proper from the south and nearly as
many from the north above and below the mouth of the San Carlos
River. They are typically flat-bottomed, straight-sided troughs, 20 to
100 feot or more in width, floored with loose sand, gravel, or boul-
ders. Their slopes commonly range from 1 to 4 percent. Although
floods on these intermittent tribataries are infrequent and of short
duration, the streams carry during such periods extraordinary loads
of debris which s delivered very rapidly and in large uggregate
volume,
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The deltas in the main Gila and San Carlos Valleys are composite
features, representing successive deposits at various lake levels, sub-
jeet to subsequent scour and dissection of the higher-level deposits
during lower lnke stages. The larger delta features are composed
mostly of sediment laid down in relatively quiet waters at the head of
the lake. In places such deposits ave overlain by ridges of sand, par-
ticularly in the lee of clumps of trees and bushes or piles of drift,
representing sand overwash deposited above lake level by extraordi-
nary river floads,

Similar overbank deposits of silt and sand extend up valley above
the usual Iake level to the limit of huckwater of the highest lake
stage that has been reached to date, or approximately to contour
2.475. The processes of valley sedimentation have been nceentuated
by the general development of a dense growth of vegetation over
the ﬁoog-plain area. This very effective vegetative screen is made
up predominantly of two spectes, seepwillow (Buccharis glutinosa)
and saltcedar {Tamaria gallica}?® The form of the valley deposits
has been greatly complicated by scour as well as deposition, both the
Gila and San Carlos Rivers being of meandering habit and subject
to continuous change in channel position in the lower reaches of their
valleys shove reservoir level.

The surface aren, water-storage enpacity, and sediment accunuila-
tion of the San Carlos Reservoir are indicated in figure 23.

Figure 24 indieates the percentages of sediment below each contour.

A summary of pertinent data relative to San Carlos Reservoir
{fig. 25) is contained in the following tabulation:

Summary of data on Sen Carloy Rescrroir, Qoolidge Dum, Ariz.

Ape! _FOATE__ 6. 33
Witershed aren ® - e miles.. . 13, 540
Reservolr:
Aren nt erest stage, original and at date of survey—_____ acres_ 18, 84T
Criginul storage capeeity___. acre-feet__ 1,247, 009
Storage capncity at date of saryeye e 1,213,208
Originud stovige por sguinre mile of deninnge aren ®_ - __do_._ . 0217
Storage per square mile of drainage aves nt date of sue-
# ———aere-foeloo 83, 4

Delin depusits_ o 11, 806

Rottom-set beds o o [ 1 J— 25, 000

Tatnl sedimoent 3i5, RO

Average apnunl aecimulation U 5,520
Annual aeenmuintion per 100 square miles of drinage nreq

acre-feelo_ 43,1

Annual secmmulation per aere of drainage aven_____cubi¢ foot__ *29, 31
Or, assuming average woeight of 1 cubic foot of deposit is

60 pounds_ tons_— 0. 88

Deplotion of storage: .

Loss of originad capueity per yeur nerceng.. 2. 47

Loss of original capaeity to dite of survey d 2,96

I Btornge begun ont Oct, 24, 1028 avernge dnte of survey Feb. 25, 1035,

= ineluding nrea of reservolr,

# There fhgures are revised to exehude the lnke aren (rom the fotal arep of the dentunge
lusin,  Also, Isbesutory (ests on numerous sedfment sumpies have shown that, In goners),
ibe averuge dry weight of reservelr sediment I cloger to 60 thnn to 100 pounds per cuble
foof, Colresponding  fpures 6;]\-1'1: In the flsk editon, comptited by Including the lake
aren, ure 43.80 vere-leel, 29,30 cuble feef, end 1.47 tens, rospeetively,

* Identilied by C. J. Whitfield, chiel of ringe siudics of the Glla project.
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HODGES RESERVOIR

Hodges Reservoir is on the San Dieguito River about 20 miles north
of San Diego, Culif. It is owned by the city of San Diego aud
forms an important part of the munlmpa] w utel-supply system. In
addition about one- t}md of the water 18 used fo irrigate the lower
San Dieguito Valley.

The dam is & mutltiple-arch coucrete structure 750 feet long and
180 feet in height above the stream bed. The spillway is 343 feet
Jong and 115 foet above stream hed, or 315 feet sbove sen level. At
the time storage bepan early in 1919 the lake area at crest st: ape
was 1,368 acres dnd the stor age capueity was 37,450 acre-feet, but at
the time of survey in 1935 slllmtr had reduced the area to 1 "45 ACLES,
a loss of 120 acres, and the (."lpaciiy to 35.028 acre-feet.

The drainage basin, 303 square miles in aren, is characterized by
steep-sided but locally wide valleys cut into a morve gently sIopmf1r
upland on granitic rocks, These rocks weuther to loose granitic soils
that erode senous]y when denuded of vegetutive cover b) fire ot put
under cultivation,  About 15 to 20 pelcent of the area Is cultivated,
and the remainder is chapuarral-covered slopes and bottom-land p;l@-
ture. Considerable gullying has occurred on sloping land near the
reservoir. The average annual rainfall over the watershed is about
22 inches.

The sedimentation survey of Hndges I{eset\on, made during the
period July 8 to July 30, 1935, rovenled a 1614-yeur accumulation of
1,822 acre-feet of sediment. More than 80 percent of the sediment
is coarse granitic sand lying within 25 feet of crest level near the
head of the reservoir. The balunce is made up of fine dark silt
and clay deposits in the lower part of the basin. The exceptionally
high proportion of course sediment in the reservoir deposits is ap-
parentlw,r the result of (1) the predominance of coarse material in tllle
watershed soils, and (2) a combination of steep slopes and high ruu-
off which results in both coarse and fine components being “earriod

rapidly to the reservoir with little sorting.
he quantitative results of the survey of Hodges Reservoir are
summarized in the following tabulation:

Bumantary of data on Hodges Resercoir, San Diego, Calif.

Age o e et YEUTSo.. 1G5
Watershed iPesl "ol ool e leios . __ooooSOQuire miles__ 303
Reworvoir;
Original aren at orest st ooeo—oo - U | [ ) ' FU ;41
Aren at erest stage at date of survey—. . oo L o o odoe.oo 1,248
Qriginal stormge cupielty. cee oo oL . el _arre-feel_ 37,450
Storape ctpacity at dale of Surveye oo en e dOo o 85, G2B
Origing) sinenge per squwitre mile of deadnage arean® . o do...—— 123, 40
Stovage per square mile of drainage aren® at dute of survey..do. . 117,58
Sedimentution :
Total sediment eoe .. . doo... 1,822
Average amual acewnulation. .ooo0 L. (¢ F— 110
Annual acecumulation per 100 sguare miles of drininange arca ®. _do._.. 38,7
Annun! teenmlation por acre of drabnsge aren®o. . ____ cuble feeto. 9T
Qr, assuming 1 cubic foot of deposit weighs 60 peunds._tons_.. 0,73
Depletion of storge:
Loss of originnl cnpacity per yoear —————— pereent... 020
Loss of original cupacity to date of survey... . oo oooctloaaol 487

1 Storage began: Javuary 1919 average date ol survey, July 1075,
# Inclwding aren of reservolr,
?Excluding aree of reservair,
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MORENA RESERVOIR

Morenn Reservoir is on_Cottonwood Creek, 33 miles enst of San
Diego, Calif. It is owned by the city of San Diego and serves as
a reserve storage unit of the municipal water -supp]) system.

"The dam is a loose rock-fill structure with masonry water face and
an independent concrete spillway. The spillway was 146 feet nbove
stream bed at the time of construction in 1810, but In 1923 it waus
raised to its present height of 155 feet. Crest level, determined by
the tops of Tl4-foot steel flushuntes, is 162.3 Feet zbove stream hed.
or 30419 feet ubove mean sex level. When storage begun in 1910
the lake arvea at the present crest level would have been 1,687 acres
and the storage capacity 08388 acre-feet, but at the tinte of the
survey in 1935 silting had reduced the urea at this level to 1,669
acres, a loss of 18 acres, and the capacity to 61.204 acre-feet.

The drainage aren embraces 112 square miles of rough monntain-
ous counfry, characterized by highly erodible trrami]t, soils on fhe
stopes and deep unconsolidated ‘alluvial depos&ts in many of the
valleys. These alluvial deposits are highly susceptible to erosion,
and deep gullying or trenching has occurred wherever the protec-
tive grass cover has been impaired by overgrazing. Over most of
the aren the slope soils are protected by a gr}od \erretaine cover,
chiefly chapuarral, but in local burned-over areus gullvmw and sheet
erosion are severe, The mean annual rainfall ranges from 22 inches
at the dam to 30 inches in the high mountains.

The sedimentation survey of ‘Morena Reservoir, made during the
period October 25 to December 81, 1935, revealed a 26-year accumula-
tion of 7,184 acre-feet of sediment, one-third of which consisted of
fine dark-gray to brown silt and chy and was distributed over the
entire ]ake blsm but tended to increase in thickness toward the dam.
The remaining two-thirds consisted of coarse sandy deposits accu-
mulated to maximum depths of 30 feet or more at the heads of the
principal arms. Deltn deposits had shortened the length of the Cot-
tonwood arm by nearly half o mile at the time of the survey.

The avernge sediment depth increases gradually from less than 2
feet just below the deltas to 10 feet at the dam. The surface of the
deposit. 1n the lower mile of reservoir is remarkubly level, being
nearly fint in cross section und having a downstream slope of less
than 0.2 percent. This distribution, characterized by a concentra-
tion of sediment toward the dam, Is strikingly similar, on o smaller
scule, to that found in Eleplant Butte and San Carlos Reservoirs
and sumrests that here, as in those reservoirs, underflow may be an
lmpmtant factor influencing the distr ibution of reservoir sediment.

The quantitative results of the survey of Morena Reservoir are
summarized in the following tabulation:

Summury of deda on Morenag Reservoir, San Diege County, Calif.

A T e e e e o i R T i
Watershed nren oo oo e e m——— GRS miles.. 31RO
Heservoir:
Original (1018} nrea o presenl erest levelooo_Lo .. .o ootereso— 3,087
Arven at erest stgre nf dife of surveyo__ . . __ . _do__ o 1,669
Original {3I010) storare capaeity fo prosent crest il‘\{‘]..__..l{.!('-f{?[.‘l.-- {8, 4858
Storage capacily 1o crest level atb dute of survey Ao 61,203

Sep footnotes al ond of suminary,
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Reservoir—Continued.

Original storage to present crost per sguare mile of drairage

area? acrofoet__

Btorage per square mile of drainage nvea at date of survey *_duoo—_

Sedimentation :

Total sediment LB
Delta deposits . do.___
Bottom-set bods.

Average uanmupl ncewmintion. o.oooooeo . __ o Q0.___

Annual accumulution per 100 square miles of dradnnge nrea ® _do. .

Annugel accumulation per sere of drainage area® vubic feet__
Or, assuming 1 eubie foot of depesit weighs 60 pounds__tous_.__

Depletion of stornpe:
Loss of originul capaeity per rear pereont__
Loes of origing] cupaeity to date of SUrvey oo oo __ tdo____
! Btorage began March 19105 average date of survey, Tiecomber 1035,
T Including area of roservoir.
2 Ixcluding srea of reservolr,

GIBRALTAY RESERVOIR

Gibraltar Reservoir is on the Santa Ynez River 4 miles north of
Santa Barbara, Calif. It is owned by the city of Santa Barbara und
forms an important part of the municipal water-supply system.

The dam is an arch-type concrete structure 984 feet long and 157
feet in height above stream bed. The spillway crest is 147 feet
above stream bed and 1355 feet above sea Jevel. At the time of
construction in 1920 the lake ares at crest stage was 323 acres and
the storage capacity was 14,500 acre-feet, but af the time of the 1936
survey silting had reduced the area to 256 ucres, a loss of 69 acres,
and the capacity to 10,186 acre-feet. Results of surveys made in
1925, 1931, and 1984 by the city of Santa Barbara are given on
Ppage 15.

The drainage basin above Gibraltar Dam embraces 215.4 square
miles of steep, mountainous country characterized by loose, friuble
soils, developed chiefly from easily weathered shales and sandstones,
which are highly susceptible to sheet wash, Erosion has been aggra-
vated by forest fires, which have denuded more than 80 percent of
the normally chaparral-covered watershed since 1922, The mean an-
nual rainfull is 22.14 inches.

The 1936 survey, mude during the period April 1 to May 9, re-
vealed a total deposit of 4.314 acre-feet of sediment accumulated in
the 16-yerr period since completion of the dam in 1920, of which
470 acre-feet had been deposited since the 1984 survey. The sedi-
ment ranged in texture from fine silt and clay near the dam through
coarse silt to sand at the upper end.

The distribution of the sediment was characterized by gradual
increase in thickness both ways from a point midway from fhe dam to
the upper end; downstream to the dam as a result of underflos, and
upstream to evest level through progressively coarser delta deposits.
Sediment thickness over the channel was 74 feet near the dam, 22 feet
at midlength, and 40 feet In the main deltn,

Shortly after the flood of Murch 2, 1938, a few well-distributed
soundings were taken in Gibraltar Reservoir to determine in a gen-
eral way the changes in the topography on the sediment surface since

80832°—30—8&
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the 1936 survey. These soundings were plotted on the detailed map
of the 1936 survey, and from them approximate contours showing
changes in topography were drawn, From these contours it was cal-
culated that 1,269 acre-feet of sediment, equul to 875 percent of the
original capacity, had been deposited since the 1936 survey, Tt is
believed that most of this accumulation took place during the flood
of March 2, 1938. Based on this approximate figure, the total volume
of sediment in 1938 was 5582 acre-feet, which represents a total
capacity loss of 88.5 percent.

The quantitative results of the 1936 survey of Gibraltar Reservoir
are summuarized in the following tabulation:

Summary of date on GQibralier Reserroir, Sente Barbera Counly, Colif.

Age? e e e 2 XOATE__ 16, 25
Watershed aren ™o, L ... . o ____.stuare miles.. 2154
Reservoir;
Original ares af crest snge. oo L HCTE 325
Areq at crest stage at Qafe of survey .. __ . __ . 256
Original storage capacity to crost level____. . . _ 500
Storuge capacity to crest level at dute of survey doa_- . 10,186
Oririnal storuge per sguure mnile of drainage area ® 67. 32
Storage per square alle of drainage area 2t time of survey *__do._._  47.29
Sedimentation:
Total sediment 4,314
Average annual aceumulation R { 1} J 265
Apnpual sccumulation per 100 sgunre miles of drainige ares *_doo___ 124
Amnual acemmilation per acre of drainagoe orea® cubic fept__  B4.08
Or, assuming 1 cubic foot of sediment weighs 60 pounds__tons__ 2,52
Depletion of storage:
Loss of original capacity per year ---pereent._ 1,83
Loss of original eapucity to dute of survey 28,75

1 Storage bexan in Janeary 1920 nverage date of survey, Aprit 1936.

2 Including srea of resevvolr, The offective watershed zrea was reduced to sbout 00
sguire iles in 1930 by the ~onstruction of Juncal Heservolr upstyesn: on the Santa Ynez
River. Iowsver, as this reduetion wos_In effect during obly 6 of the totel 16 yenrs of
storage, the dreinnge area above Juneal Dam was ineluded [a nll computationg,

& Approximute figure based on ovigingl survey by city of Santa Harbare.
i Bxeluding area of reservolr,

UPFER CRYSTAL SPRINGS RESERVOIR

Upper Crystal Springs Reservoir is on Laguna Creek, about 5 miles
south of San Mateo, Calif., on the southwest side of Sun Francisco
Bay. It is owned jointly by San Francisco County and the city of
San Francisco, and forms an important part of the municipal water-
supply system.

The reservoir is impounded by a rolled-earth-fill dam with a pud-
dled core wall and a concrete-lined tunnel spillway. The dam is
520 feet long and 92 feet in maximum height above the stream bed.
The spillway is 58 feet above the stream bed and 258 feet above mean
sea level, At the time of construction, in 1877, ihe lake area at crest
stage was about 800 acres and the storage capacity was 29.188 acre-
feet. At the time of survey in 1985 the lake ures was the same, but
the capacity had been reduced by silting to 28.159 acre-feet.

The drainage basin, ¢ square miles in area, lies entirely within the
trough of the San Andreas fault. characterized by many approxi-
mately parallel small ridges and hollows. The slopes are steep and
rounded and are generally covered with fine-textured highly absorp-
tive soils, About hulf of the arex is weodland and the remainder is
grassland, Tle entire ares, which is controlled by the city and




SILTING OF RESERVOIRS 115

county, is closed to grazing and cultivation. Some sheet erosion and
minor gullying oceur on the limited upland arens where the soil is
coarse and the vegetation is sparse, but in the nrea as a whole erosion
appears to be slight,

In October 1984, one year prior to the sedirmentation survey, water
from the Hetch Hetchy Reservoir on the Tuolumne River was
diverted by pipe-line into Upper Crystal Springs Reservoir and is
adding about 45 million gallons daily, or about 50,400 ucve-feet per
year. This is equal to about 25 times the natural inflow (estimated
ut 2.300 acre-feet per year). No information on the umount of sedi-
ment that may be entering the reservoir through the pipe line is
available, but, us the pipe line had been in operation during only 1 of
the 58 years of storage preceding the 1935 survey, ite effect on the
average rate of silting for the period was al most very slight.

The sedimentation survey made in Qctobor 1935 revealed n 5B-year
accumulation of 979 acre-feet of sediment, consisting predominant]y
of fine silt and elay but including some coarse silt and sand near the
prevailing head of backwater (12 feet below spillway erest).

The average sediment depth on suceessive cross seetions inereased
almost uniformly from a few tenths of a foot 2 miles above the
dam—or about one-fourth miie below the erest-stage head of hack-
water—to more than 3 feet one-fourth mile above the dam. Very
little sediment was found immedintely above the dum.

The average annual accumulation amonnted o more than 2 acre-
feet per square mile of drainage aren (217 acre-feel per 180 square
miles}, which is large in comparison with druinage avens of other
reservoirs on which similar studies have heen made—this despite the
generally well-vegetated condition of the drainnge aren. Two factors
may account. at least in parl, for the high rate thus indicuted:
(1) Lattle setiment is deposited in the watershed above the reservoir,
and (2) the extremely large capacity-inflow ratio indicates unusually
complete desilting of all inflow. The rate of storage depletion. on
the other hand. is extremely Jow, amounting to only 0.06 percent of
the original capacity per vear, This low rate is attributed to the
exceptionally large capucity-inflow ratio.

The quantitative results of the 1985 survey of Upper Crystal
Springs Reservoir are summarized in the following tabulation:

Bummary of dule on Upper Crysial Springs Reserroir, Say Waleo Connd u Calif,

AR L e e e e FOurs 5.8
Watershed aren ™. oo ... ol L oL .__..._syiare mies 3
Reservoir:

Aveit ar spiltway stuge (originnd und of date of survoy} . nceres. T

Origingl storage cipaceity 1o spillway level . ____ . __gere-fest_. 29, 138

Storape capacily at date of survey_. -0 L L L. Ldooo.. 98,158

Originzl storage per square mile of drainage area® o . ___do__. . 3, 237,56

Storage per square nule at date of survey doo.oo 3,128, 78

Sedimentation :

Total sediment oo oo e BUe__ 919
Delta Qeposi S mmm e aemee e i cece e e 0L oL 57
Bottom-set beds . . oo oo g2

Average wnnund acenmmletion. oo o ___do___. 16. 8

Arnuai gecumulation per 100 syuare miles of drainage area?

stere-fopt. . 217

i . P a cubie feet_- 147,70
Annua! secumuiation per acre of drainuge aren tons .. 413

See footnoles at end of sunymars.
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Depletion of storage:
Loss of orlginal capaeity per year perecent. -
Logs of orlginal eapuaclty to date of survey [+ 15 .
1 8tornpe begnn Japuary 1878 averuge doete of survey, October 1035
¥ Inclyding srep of rosvervolr.
3 [ixeluding aren of reservelr,
* Bused oo an asgumed nverapge @ry welpht of §0 poundy per cuble loot.

UFPER SAN LEANDRO RESERVOIR

Upper San Leandro Reservoir is on San Leandro Creek about 8
miles southeast of Cakland, Calif., and 21niles above Lake Chabot. 1t
is owned by the East Bay Municipal Utility Distriet and serves as a
domestic water supply for the mefropolitan area around Gakland.

The reservoir is impounded by a hydraulic-enrth-fill dam whose
crest is (56 feet long and 190 feet above the stream bed. A concrete
spillway aronnd the southeast end of the fill is 170 feet above stream
bed and 460 feet above meun sea level. A bypass tunne] 9 feet in
diameter under the spillway permits complete draw.down of the res-
ervoir to fill Lake Chabot below, Water enters the distributing
system directly through a tunnel from an outlet tower in the Red-
wood Creek arm about 2 miles above the dam. At spillway stuge
backwater extends about 5 miles up San Leandro Creek from the dam
and for distances ranging from 1,600 to 9.000 feet up six tributary
A1ms.

When storage began in March 1927 the arer of the reservoir at
spillway stage was 771 acres and the storage capacity was 43,460 acre-
feet. At the time of survey in August 1935 silting had not changed
the area but had reduced the capacity to 43290 acre-feet.

The drainage basin. 30.3 square miles in aren, hus extremely rugged
topography, characterized by V-shaped valleys separating narrow
ricdges with steep sides and rounded summits. It is underlam largely
by ‘shales, sundstones, and associuted thin-bedded limestones and
cherts ranging in age from Jurassic to Tertiary, and to a lesser extent
by Pliocene voleanic rocks. The soils are predeminantly fine-textured
durk-gray to black compact clays, but include some lighter sandy
soils. The ares is about 50 percent in range, 830 percent cultivated,
and 20 percent wooded. There is practically no gullying, but mod-
erate sheet erosion has occurred on some overgrazed slopes and in the
cultivated areas. chiefly orchards,

A sedimentation survey * of the reservoir, made in Angust 1935 by
the Soil Conservalion Service, revenled an B.4-year accnmulation of
170 nere-feet of sediment. consisting enfirely of fine durk-gruy sticky
giit and elay. The deposits were confined to the lower levels of the
basin and had a maximum depth of G feet near the damn, from which
they gradually thinned out upstream within a distance of 2 miles.

nPhie enrvey Involved romppplng ibe reseevolr basln wlth 10Joot coutours for com-
prrison with the orlgingd topography.  The vesurvey revended orrors In the origiual map—
nbove e slited arop—which neceant for an orbzimed enpaeity figure of 414G avre-feet,
previousiy compoted from tlwese maps, justead of 33,4480 acre-feet as determined bf' the
resurvey,” This discespaney was prolabiy doe to generszllzation of rontours on the grlgingl
gy, wihich was drown v the office Trgn translt notes, o the lower part of the basin—
where ull the wensurable deposlis In the reservolr are concenirated—determinations of the
clovating of the origing! bottom, Dy divecl mensurvoment of the sodimoent thlckuess at se-
lected I}uims. sbhowe! the originnl map to bhe sufclently peenrnte to warrant ity use in
determ{nlng the volume of sedlinent avcumulated between the two surveys,
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The average annual accumulation amounted to about 24 acre-foot
for each square mile of drainage area (69.5 acre-feet per 100 square
miles) but to only 0.05 percent of the original capucity, This excep-
tionally low rate of storuge depletion is believed to be due mainly
to the very large cepacity-inflow ratio.

The gnantitative results of the 1935 survey are summarized in the
following tabulation:

Sunimary of duata on Upper San. Leundro Reservoir, Galiland, Calif.

Ame’l e - Yenrso_ 8.4
Watershed area ™ . e eI mtles. k1 A
teservolr:
Area at spillway stage (original and at date of surveyyo___aeres. 7T
Original storage capaelty to spillway level aere-teelos 43, 46
Btorage eapneity at date of survey. . i1, 200
Original stornge per squzre mile of drainnge area *oo. goere-foeto. 1, 434, 32
Storage per syuare mile of drainnge aroa? ot dute of survey_do.. ... 1, 428, 71
Sedimentntion :
Total sediment Hero-foet 170
Averuge anhual aceumulation . i) 2
Aunnunl accumnilation per 100 syure mileg of drainnge aren?
anere-foe 1.5
culiie foel. . 47. 30
fons ... 1.42

Annual accumulation per acre of dralnage area “%_-,{

Depletion of storage:
Loss of original capaeity per pear L. ... Copereent. . (LR
Loss of original cupseity to date of survey CdloL 0. 34

t RBtorage hegnn In Mareh 1927; average dute of survey, Augusl 1035
2Including area of reservoir.
3 Exeludlng aren of regervalr,
¢ Baged on pn assumed average dry welight of O pounds per cubie Fout.

ORIGINAL CAPACITY SURVEY OF LAKE MEAD

Liake Mead, created by Boulder Dam and situated in the upper
Black Canyon of the Colorado River at the Arizona-Nevada State
houndary 25 miles by air southeast of Las Vegus, Nev., is by far the
largest and most important completed witer-storage development in
the world. The dum itself rises 726 feet in maximum height from
foundation rock to the roadway ou is crest and contains somewhat
more than 3,000,000 cubic yards of concrete, The water in the reser-
voir at full stage will stand 584 feet higher than the original river
level, forming a lake 115 miles long, with a surface area of 230 square
miles and a velume of some 30500000 :were-feet of stored water,

The timmense storage of the regservoir has been created at a direct
cost. of ubout $2.50 per acre-foot for the dam structure and flowuse
rights. Appurtenant developments of power plant and the All-
American Canal will bring the total Federal oatlay to about $165,-
000,000. Water and power facilities of the metropolitan district of
Los Angeles will comprise an added investment of some $240,000,000.
The ultimate economic values dependent upon conservation ot water-
storuge capacity in the reservoir will include not only these major
initi:ﬁ investments but also vast cooperative and private-property
values represented in water-supply and power-distriLution facilities,
industrial establishments, and the homesteads, plantings, and general
improvements of immense areas of irrigated land, easily running in
all to a billion dollars or more.
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In order to have an sccurate factual basis for future plaming of
policy and practice with respect to conservation of these immense
resources against loss due to silting, it will be necessary to detertnine
the actual volumes of erosional debris produced in the watershed and
destined, in the absence of adequate protective measures, to And lodg-
ment within the original reservoir cavity. 'To make these determina-
tions by future resurveys of the reservoir it was essential to have an
accurate detailed survey of the reservoir basin in its original condi-
tion, To this end the Soil Conservation Service, in cooperation
with the Bureau of Reclamation and the Coast and Geodetic Survey,
undertook the work of mapping in greatest detail the topography
of the 230 square miles to be inundated behind Boulder Dam.

The map has been made on o horizontal scale of 1.000 feet to the
inch, which gives an assembled map somewhat more than 50 feet in
length. This has been prepared for reproduction as a folio of indi-
vidual sheets, each 30 inches square. Contour intervals of 10 feet for
areas of stronger relief und 5 feet for flatter river bottoms and alluvial
slopes have been used.

Horizontal and vertical control were based upon first-order tri-
angulation and traverse systems of the Coast and Geodetic Survey,
supplemented by special second- and third-order expansions into
Intervening territory as necessary to extend aceurate control to every
section of the area.

The contouring of the more rugged areas of the basin was done
by stereoplanigraph from the complete set of aerial photographs
taken before the reservoir had filled to any material extent.” As g
further chetk on contour form, nerial photographic traverses of shore
lines were made with each 20-foot rise in reservoir stage during the
first year of filling. As an aid to accurate use of the shore-line photo-
graphic data, systematic observations of variations of water level
under variable conditions of discharge and wind weve maintained for
an extended period at four stations: At the dam, at the upper end of
Boulder Cunyon, at Greggs Ferry, and at Pierces Ferry.

For detailed mapping of the ‘Colorado River channel and valiey
bottom u method of sounding in the advancing head of the reservoir
was adopted. Under this method horizontal control, for locating
ranges and cut-in stations used in sounding operations, was taken
from the aerial photographs covering the river and adjacent topog-
vaphy. = Vertical control was afforded by water-surface elevition
determined from hour to hour at the Tour observation stations
mentioned.

Detailed contouring of the flatter upland valleys and slopes of the
Virgin River and Muddy Creek arms of the reservoir was done by
usual land-survey methods by United States Bureau of Reclamation
personnel temporarily assigned to the project. In this work control
was extended trom Coast und Geodetic Survey stations by transit and
level traverse, and contouring was done by plane-table and stadia
survey. DMonumented stations of the local plane-table survey were
tied in fo both the primary and secondary systems of contro] that
extend over the reservoir region as a whole.

As indicated by the foregoing deseription of methods and standards
of work the general project of mapping Lake Mead has been de-
signed to leave nothing undone that could contribute to practicsl
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development of a most refined and aceurate record of its original
form and capacity. Future surveys made from time to time with
similar accuracy will show precisely the topographic changes that
will result from continuous deposition of sediment. From these
chunges in topography the actual volunes of erosional debris deliv-
ered from the watershed area in definite periods can be computed. It
is only upon the basis of such informution as to nctual rates of
storage depletion, conpled with accurate knowledge of erosion condi-
tions throughout the drainage busin, that future conservation policy
and practice of erosion and sediment control can be properly planned,

GENERAL SUMMARY OF RESULTS OF THE 1934-38
SURVYEYS

Table 13 is a summary of the most significant statistical informa-
tion from the detailed reservoir surveys completed to July 1, 1938.
It brings together the quantitative datu essential for analyzing silting
rates as a reflection of erosional debris productivity in various geo-
graphic subdivisions of the country:




TABLE 13.— Reservoirs surveyed by the Soil Conservation Service, 1934-38

021

Annual
Original | sediment .| Total
storage accuinula- | Annual deple-

per squaro | tion per deple- tion of
mile of 100 square | tionof | storage

drainage miles of storage | to dateof
area drainage survey

area 3

Dry
welght
of sedi-

ment per
cubie
foot

Sediment
aceumu-
lation per
acre per
year 2

Sediment
Aren of | accumu-
water- |lation per
shed! | acre per
year

Agoat Sediment
time Original - | volume

of capacity  |atdateol
survey survey

Region, use, and name Loeation

Southeastern Sintes: Square
Water Supply: Acre-feet | Acre-feet | miles 1 Acre-feet Acre-feet | Percent | Percent
Barcroft, Reservoir 4 Alexandrin, Va__......| 23.1 85 . .49 3 25.7 0.20 4,60
Bayview Reservoir 5_ Birmingham, Aln . 2,352 .3 90. X . .81 19.82
Burlington Reservoir 6. ...\ Burlington, N. C... 1,488 163 N . 1 . 10.95
Burnt Mills Reservoir7...| Silver Spring, Md....- L 79 7. . .
Franklinton Reservoir & ...} Franklinton, N. C. . 7.4
Greensboro Reservoir__...| Greensboro, N. C 7 260
High Point Reservoir......| High Point, N. 3 354 247
High Point Res. (1938 |.....do . 316
resurvey).
Lake Concord Kannapolis, N. C 79
Lake Harris 9. Tusealoosa, Ala. . 3 48
Lake Lee.._. Monroe, N. C_. 169
Lake Michie ...... .| Durham, N. C_.._.... 305
Lake Purdy 0. __.. .| Birmingham, Ala_____
Lancaster Reservoir._._...| Lancaster, 8. C_.
Spartanburg Reservoir _._.| Spartanburg, 8. C__._.
University Lake Chapel Hill, N. C._...
Power Development:
High Rock Reservoir 11.___} Salishury, N. C
Lay Regervoir 12 Sylacauga, Ala.
Lloyd Shoals Reservoir...] Jackson, Ga_.
New River Reservoirg3___
Buck Reservoir.__
Bylleshy Reserv
Filelds Reservoir.
Washington Mills
. Reservoir.,
Recreation:
Greenbelt Lake 4
South Central States:
‘Water Supply:
Boomer Lake Stillwater, Okla
Clinton Reservoir ...... Clinton, Okla____
QGrand Saline, Tex_
QGuthrie, Okla....
Lake Booneville 15 Booneville, Ark_
Lake Crook 10_____ Paris, Tex.
Lake Gibbons 1s___ do
Lake Sapulpa 17, Sapulpa, Okla_.__.....
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Lake Spavinaw 14 Spavinaw, Okla 31,686 400 46,16 . 79.22 .34
Lake Waco (1935 survey;.. Waco, Tex. .. N 39,378 1,062 40.49 |. . 23.09 X 2.88
Lake Waco (1936 survey)..|,....do. . . . 3 39,378 1,062 54.20 . 23, 69 3.34
Rogelrs Municipal Reser- | Rogers, Tex A 164 7 .58 413.80 . . 298. 18 1.91

Yoir. <
Whito Rock Lake .0 18,158 9.1 108.84 |. A 183.23 .86
. 396

1,83 198. 88 5 216.39 1.29
‘Power Davelopment: .
Lake Taneycomo 19 Branson, Mo_........_ N 43,980 4,610 13.37 . 9,54 19.6 2.08
Recreation:
Ardmore Cliab Lake Ardmore, Okla..____.. . 1,797 4.15 171.72 8 433.01 252 .55
Lake Bennett % Conway, Ark . 492 4 4.18 179.47 3 118.27 264 2.20
Irtrigation: k
Lake Medina San Antonio, Tex 5 318, 703 6,265 587 30. 52 . 542,94 45.4 .08

1 Area uf watershed 1s taken from best available maps and other sources of data, but should not bo considered cxact in all eases. * This figure is subject to revision when more
accurate watershed maps become available, thereby changing figures in suceceding eolumns on original storage per square mile of drainage area and annual sediment aceumulation
Per 100 square miles of drainage area. .

3 Where nodry welght is.given in the preceding column an approximate weight of 60 pounds per cubic foot of sediment was used in ocomputing the annual accumulation in tons
pericre.

3 Excluding aren of reservoir. In tho first edition of this bulletin and in the carlier mimeographed reports the lake srea was not excluded, thus accounting for slight discrepanciss
between thesc figures and those publisheid previously. ) ) .

‘] Bgr)nes, F. F. Advance Report on the Sedinmentation Survey of Barcroft Reservoir, Alexandrin, Va. U, S. Soil Conserv. Serv. SCS-§8-29, 13 pp., illus. 1939, (Mimeo-
graphed. .

]9375 {B}{\ﬁgle. D. Hﬁ' 3%(1 Barnes, F. F.  Advance Report on the Sedimentsition Survey of Bayview Rescrvoir, Birmingham, Ala. T.'S. Soil Consery. Serv. SCS8-11, 12 pp., illus.

N meographed. )

¢ Connaughton, M, P., and Hough, J, L. Advance Report on the Sedimentation Survey of Burlington Reservoir, Burlington, N. C. U. 8. Soil Conserv, Serv., 5CS8-85-28, 25
pp., illus, 1939, (Mimeogmphed.)

i T Bi‘l;?ﬁes' (F\'nF" and B}m(\i\';l, C. B. Advance Report on the Sedimentation Survey of Burnt Mills Reservoir, Silver Spring, Md. U. 8. Soil Conserv. Sery. SC8-88-31, 14 pp.,
us, .~ (Mimeographed.

¢ Connaughton, M. P., und Barnes, L. H.. Advance Report on the Sedimentation Survey of Franklinton. Reservoir, Franklinton, N. C. U. S. Soil Conserv. Serv. SCS8-88-30,
15 pp., dllus. "1939. (Mimeographed.) !

® Eargle, D. . "Advance Report on the Sedimentation Survey of Lake Harris, Tuscalooss, Ala. U. S. Seil Conserv. Serv. S5C8-854, 7 pp., illus, 1936. (Mimeographed.)

0 Eargle, D. H.  Advanee Report on the Sedimentation Survey of Lake Purdy, Birmingham, Aln. U, S. 8ol Consery, Scry. BO8-88~-5, 11 pp., illus. 1036, (Mimecographed.)

';l Elu;gle, D.H. Advance Report on the Sedimentation Survey of High Rock Reservoir, Salisbury, N. C, . U. 8. Soil Conserv, Serv. SCS-88-10; 23 pp,, illus. - 1937, (Mimec-
graphed.

12 Darnes, F. F.  Advance Report on the Sedimentation Survey of Lay Reservoir, Clanton, Aln. U, S. Soil Conserv. Serv. SC8-88-13, 13 pp., illus. 1937 (Mimeographed.)

13 The data opposite this heading ire coniposite figures obtained from the sums of original capacities, sediment volumes, and drainage areas of the four New River reservoirs. Brown,
C.B.,and Barnes, F. F. - Advance Reporton the Sedimentation Investigations of Reservoirs and Navigation Improvementson the New River, Va: and W. Va, U, S. Sovil Conserv.
Serv. SCS8-88-6, 24 pp,, illns. 1036, (Mimeographed.)

(M'“ Bnmes‘, I:‘I.)F" and Brown, C. B. Advance Report on the Sedimentation Survey of Greenbelt Lake, Greenbelt, Md. U, S. Soil Conserv. Serv. SC8-88-33, 12pp., illus. 1939,
imeograpled. ) ; . . '
1936]5 (()%\)anh, ‘L. Il\[. g'r., and Jones, V. H. Advance Report on the Sedimentation Survey of Lake Booneville, Booneville, Ark. U. S. Soil Conserv. Serv. SCS-85-3, 7 pp., illus.

X meographed,

i 16 G‘l)%npl(li\}? M, T r.,lxmld);rones, V.H. Advaoee Report on the Sedimentation Survey of Lakes Crook and. Gibbons, Paris; Tex. U. S. Soil Consery. Serv. 5C8-88~-17, 15 pp.,
us. 1037, meographod,

(Mi" 01)'1"1;]11.0 1; M., Jr., and Jones, V. 1. * Advance Report on the Sedimentation Survey of Lake Sapulpa, Sapulpa, Okla. U, S. Soil Conserv. Serv, SCS-85-7, 9 pp., illus. 1936,
{imeographed.

¥ Rusler, ' L. Advance Report on the Sedimentation Survey of Lake Spavinaw, Okla. U. 8. Soil Canserv. Serv, SCB-88-1, 5 pp., illus, 1936, (Mimeographed.)

1‘0 K,e)s]er, T. L. Advince Report on the Sedimentation Survey of Luke Taneycomo, Tuney County, Mo. U. S. Soil Conserv. Serv. SCS-55-8, 8 pp., illus. 1936, (Mimeo-
graphed,,

¥ Glymph, L. M., Jr., and Jobies, V, T1; Advance Report on the Sedimentation Survey of Lake Bennett, Conway, Ark. U 8. Soll Consery., Serv. 8C8-88-9, 5 pp., illus.  1936.
(Mimgeographed.)
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TaBLE 13— Reservoirs surveyed by the Soil Conservation Service, 1934~88— Continued

Region, use, and namy

Location

Ageat
time
of
survey

Original
capgeity

Sediment
volume
atdateof
survey

Areaof
water-
shed

Sediment,
acelmu-
lation por
acre per
yenr

Dry
weight
of sedi-

ment per

cubie
foot

Sediment
decuimu-
lation per
sere per
year

QOriginnl
storage
per squuare
miile of
drainage
area

Annual
sediment
aceitintla-
tion per
100 sqquare
miles of
drainage
area

Annual
deple-
tion of
stornge

T'otal
deple-
tion'af
storage
to date of
survey

Southwestern Stafes:
Irrigation:
Elephant Butte Reser-

voir,
San Carlos Reservoir
Callfornia;
Water Supply:
Gibraltar Reservoir.
Hodges Reservoir .
Morena Reservoir.......
Upper ‘Crystal Springs
eServoir,
Upper San Leandro Res-
ervolir.
Recreation;
Lake Sherwood
Irrigation;
Little Rock Reservoir...
Flood Control;
Live Oak Reservoir
Santn Anita  Reservoir
(1936 survey).
Santa _Anita  Reservoir
(1938 survey).
Northwestern States:
Irrigation:
“Block Canyon Reservoir#
‘North Certral States:
Water Supply:
Lake rngkon".._..,k,...
LokeDecatur®.__.....
West Frankfort Reser-
\'Oil'.n
Recreation:
Lake Calhoun % ___........

Hot Springs, N. Mex.
Coolidge Dam, Ariz...
Santa Barbara, Calif. .
Escondido, Calif._.. 7"
Campo; Calif .
San Mateo, Callf

Oakland, Calif

Oxnard, Calif
Palmdale, Calif.

La Verne, Calif__.....
Monrovia, Calif.......

Emmett, Idaho.......

QGalesburg, Il ... ...
Decatur, I
West ank.orn Iu.

Galva, N

sAcre-feet
2,038,860
1,247,999

14,500

37, 650

2,881
19,738

286

Acre-feet
305,180

36,896
4,314
1,822
7,184

970

170

Syuare
miles
26, 312
13, 540
2156.4
303
12
9

30.3

16
68

m' ul
147,76

47.35
10.91
7.00

65, 24

Pounds

Acre-feel
100. 29
92.17

123 60

Acrc-fee_i
i

43.1

Percent
it

Percent
13.84

44
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Northern Great Plains States:
reation;
Baker, Mont...____...

Hayes Loke 2 Hayes, S. Dak.

Lake Hyrley 22 Qettysburg, S. Dak. .
Meade County State Lake | Mende, Kons. ., _...
Ottawa  County = Siate { Bennington, Kans_ ...
Lake, 3
Santa Fe Reservoir....... | Augusia, Kans._.__...
Wellfleel Reservoir3+. ...} Wellfleet, Nebr__ ... .-
Water Sug_ply.
Lake Eldorado®...... .} Eldorado, Kans_. ...
Lake Olathe s . _ . 1 Olathe, Kans....
Mission Lake .. ... ..~ Horton, Kans..... .

e
=
-

254, 5.2 118,58 145.38
EL 40.0 10,021 - 15.73

70.0 8,02 .16 17.51
18 3120 .04 49. 50
7 20.8 30.05 .90 48.83

146 4040 30,30 1., -0 43.53
55 43.0 44,86 65 1.46 34.60

d
W2 =

D

-
oo w

Bep mm mmn
ST (=%~} j=2/-1 B N}

37
72

D =T [
=GR 835
C-E -1

131 33.0 30.54 L0l 07.36
bi 6.2 125,05 . 3.78 85,81
289 1.4 135. 87 4,23 162, 46

—
w
g

—

2 Bstimated.

2 Length of period bet ween the capneity survey of March 193¢ snd the sedimentation survey of May 1038, .
T B 1}3§7ﬂl‘.(-[\.r:., and Fl‘u‘xxlnan, E. M. Advanee Report on the Sedimentation Survey of Biack Canyon Reservoir, Emmett, Idaho. U, 8. Soil Conserv. Serv. SCS-88-19, 20 pp.,

us. . (Mimeographed. . :

HJones, V. H. Advance %lcport. on the Sedimentution Survey of Loke Bn\ckon,‘ Galesburg, 1. 1. 8. Soil Consery., Serv. SC8-85-14, 10 pp., illus. 1037, (I\'Iimcogruphed.)
(\f'“ Glynuih,lL), M., Jr., and Jones, V. 11, Advance Reporton the Sedimentation Survey of Luke Decatur, Decatur, 1. U. S. Soil Conserv. Setv. SCS-8§8-12, 23 pp,, illus. 1937,
Miméographed,

b Jl oniog. V.H. Advance Report on the Sedimentation Survey of West Frankfort Reservoir, West Frankfort, TIl. U, 8. Soil Coniserv. Serv. 5C8-88-15,9 pp., illus. 1937.. (Mim-
eographed.
(“__*7 Glym;;h,lI;. AL, Jr., and Jones, V. H. - Advance Report on the Sedimentation Survey of Lake Cathoun, Galwa, 111, - U. S. Soil Conserv, Serv. SCS-S8-16, 8 pp., illus. 1937,

Mimeographed.) .

% Jones, V', . Advance Report ou the Sedimentation Survey of Baker Reservoir, Baker, Mont. U. 8. Soil Conserv., Serv, §CS-88-21, 15 pp., illus. 1938, (Mimeographed.)

7:‘%o)nnnughtou, M. P, Advance Report on the Sedimentation Survey af Hayes Lake, Hayes, 8. Dak, U. S, Soil Conserv. Serv. SCS-58-20, 28 pp., illus. 1938, (Mimeo-
graphed,

38 Older Inke sediient, ;

3 Sample of new sediment collected soon after deposition by a heavy flood flow, )

3}1 Gllg'mph, L. ML, Jr. - Advance Report on the Sedimentation Survey of Hurley Lake, Gettysburg,S. Dak.. U, S. Boll Consery. Serv, SC5-88-26, 17 pp., illus. 1938. (Mimeo-
graphed. :

3 Flnxian, E. M., and Barnes, L. H. - Advance Report on the Sedimentation Survey of Ottawa County State Lake, Bennington, Kans, U, 8. Soil Conserv. Serv., SCS-88-18,
10 py., Hllus. . 1937, (Mimeographed.) : .

3 Jones, V. 1. Advance Report onthe Sedimentation Survey of Wellfleet Reservoir, Wellfleet, Nebr, U. 8. Soil Consery. Serv. SCS-88-23, 16 pp., llus. 1038, (Mimeographed.)

3 Jones, V. H.  Advance Report on the Sedimentation Survey of Lake Eldorudo, Eldoruto, Kans. U, §. Soil Conserv. Sery, SCS-58-25, 14 pp., lus, 1938, {(ATimeographed.)

36 Jones, V. H. "Advance Report on the Sedimentation Survey of Luke Olathe, Olathe, Knns, U, 8. Soil Conserv, Serv. SCS-88-24, 14 pp,, illus. 1938, (Mimecographed.)

3 Jones, V. H. Advance Report on the Sedimentation Survey of Mission Lake, Horton, Kuns. U. S. Soil Conserv. Serv. SCS-85-22, 15 pp., illus. 1938, (Mimeographed.)
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The period of years in each case, with one exception, is the total
life of the reservoiv. It is a factor of considerable importance inas-
much as the 1ate of silting is known to follow certain cycles which
hear a definite relation to inereasing awe of the reservoir.

Original capacity in acre-feet has been used as the best expression
of comparative size of the veservoirs surveyed, while storage per
square mile uf drainage area shows the relation of capacity (o size of
the tributary watershed. The annual sediment accumulation per
hundred sguare miles of drainage area is the standard of comparison
of silting rates which has been used in the engineering literature for
a number of veurs. It does not, of course, give the total volume of
debris eroded frons the watershed but only that portion which has at
{he time ol survey been transported into the reservoir basin und
deposited below crest level of the lake.

The annual depletion of storage is an average rate derived from
the total depiction (o date of survey. Such a figure daes not, in fact,
imply that this avernge was true for any year in the pust nor may it
be actnally expected for any year in the future. It is apparent from
a study of the few available earlior silting records given in table 1.
and from general inTormation securved in the last few years, that silt-
ing ratvs are subject to definite eycles of acceleration nnd retardation,
depending on sueh vartable Tacfors as pereentage of watershed unpro-
leeted hy vegelative muntle, methods of land utilization, climatic
variation, upstrennt adluviation, growth of vegetation on deltas, and
probubly others as yet little understood.

The mumber of reservuirs thus far surveyed does not represent an
adeguate sumpling of conditions over the entive United States. A
minmum of 150 surveys on the most significantly located reservoirs
is needed 1o dnelude the major variations of reservoir type wnd
watershod characteristics, To determine variations, trends, and e¢ycles
in silting rates these suiveys should be repented at intervals, prefer-
ubly every five yeurs.

OF the 66 reservoirs surveyed by the Soil Conservation Service to
July 1. 1938, about 90 percent depend nlmost solely upon storage
capacity Tor their continued usufu}ness. It is well known that the
useful life of most reservoirs terminates long before their measured
storagre cupacity is all occupied by sediment, In fact, every reservoir,
when it is “completely silied”. still has a “residunl capacity” equal
to the volume of the adjusted alluvial channel required to earry nor-
mal stremm flow through the original reservoir aren. This fraction
of the measured original capacity may vary from 1 or 2 percent in
reservoirs of extremely high eapacity-inflow rutio to 20 or 30 percent
or even more in channel-{ype reservoirs of very small capacity-infiow
ratio. There is an additional percenfage of the capacity over aind
above the “residual capucity™ which is required for minimum servies
refuirements of the reservoir, This may be equal to the normal dvaft
for a weele, for several months, or for several yeurs, but in any case
represents a portion of the eapacity which, when serously encroached
upon Ly silfing, determines the end of the useful life of the reservoir
in its existing form.

If three asswuptions are made to clarify the picture, first, that
decrease of reservolr capacity to 20 percent of that originally pro-
vided will on an average terminate the useful life of a reservolr. sec-
ondly, thot the rate of silling will remain geuerally uniform until
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80 percent of the storege capacity is grone, and, thirdly. that data on
98 reservoirs—64 surveyed by the Soil Conservution Service {included
in table 18) and 34 by other agencies—represent an adequate samn-
pling of the total number in the United States, then these data indi-
cate that 39 percent of existing reservoirs will lave v useful life of
less than 50 years, 25 percent a life of 50 to 100 years, 21 percent a
Jdife of 100 to 200 years, and only 15 percent a life of more than
200 years. If this picture is even substantially correct, it shows an
urgent need for remedial measures of soil conservation and sediment.
control to protect existing developments. ulong with more considera
planning of future wuter-storage projects in ihe light of watershed
conditions.

RESERVOIR RECONNAISSANCE INVESTIGATIONS,
1934-37

SEDIMENT MEASUREMENTS IN OTHER SOUTHEASTERN RESERVOIRS

In a general reconnaissance of the Southeast during the summer of
1934, it was impossible in the limited time available to make extensive
secliment measurements on more than the few reservoirs selected for
special study. Some measurements were made, however. in a consider-
able number of other reservoirs throughout the Piedniont. wherever
boats were readily obtuinable or bridges or routes of travel offered
favorable opportunity. In addition to this reconnaissance, more ex-
tensive observations were made by the southeastern pariy inthe winter
and spring of 1935 on four veserveirs which lie in or on the border of
the southeastern Coastal Plain provinee. Warwick Reservoir, near
Cordele, Gu., and Emporia Reservoir, Emporia, Va., were scheduled
for detailed survey, but certain conditions that v ere discovered only
after field work begun made more extended surveys infeasible. Therc-
fore, such data as were collected ure treated in this section us recon-
naissance information. The southexastern party also spent 1 day on
Flint River and Muckafoone Reservoirs near Albany, Gu., to investi-
gate sedimentation conditions in Coastal Plain lakes.

The reservoirs are trealed in geographic order from north to south,
regardless of relative size, importance, or the amount of silt measure-
ment done, largely because most of them were visited in this order.
Water measurements are corrected in all cases to spillway crest level.

EMPORIA RESERVOIR, EMIMORIA, VA,

Emporia Reservoir is on the Meherrin River, 134 miles northwest
of Emporin, Va. The dum s located exactly on the Fall Line divid-
ing the Coastal Plain province on the east from the Piedmont Plateau
on the west. The dam is built on shoals of hard crystalline rock,
although all the country below it, us well as the bordering ridges, is
covered with unconsolidated sands and clays of the Coastal Plain.
The reservoir itself is surrounded and underlain by granite and
ancient volcanic rocks of the Piedmont. The entire watershed of
approximately 800 square miles is likewise in the Piedmont, which in
this section is in u severely eroding condition.

The gently undulating upland plain on both sides of the lake has
an average altitude of 240 feel above sea level and upproximately
105 feet nbove the lake valley. The upland plain is being dissected
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only to a slight degree, but near the main streams guliving is
pronounced.

The dam is of concrete masonry, 41 feet high, and was built in
1908 by a local power company. In recent yeurs it was acquired
by the Virginia Public Service Co. The Juke is used for water supply
of Emporia and North Emporia as well us for power development.
Backwater extends approximately 614 miles up the river,

The southeastern party. between April 18 and 22, 1935, established
10 ranges, at intervals across the lower third of the lake. which were
tied together by stadia traverse on a scale of 200 feet to the inch. The
uppermost range is about 10,000 feet above the dam. Profiles nlong
all the ranges were obtained from soundings.

Soundings made on the first range, approximately 300 feet above
the dam, showed a much flatter cross section than is indicated by
topography below the dam. The water depth over most of the range
averaged 18 feet which, with 1 foot of water flowing over the 41-foof
dam, shows a sediment depth at this place of 24 feet.” Near themiddle
of the range, however, u distinet chunnel was found, in which only
T feet of sediment had been deposited. 'This channel may have been
cut out during extreme draw-down which occeurs at Intervals of
severa] years. On range 7-8, 1500 feet above the dam, all traces of
the channel had disuppeared, which suggests that deposition of bot-
tom load, possibly sccompanied by underflow, during periods with-
out extreme draw-down lhad subsequently filled the channel to this
distance down the lake. The average water depth became less on euch
succeeding range above T-8, and the wuter depth on the upper two
ranges nowlere exceeded 11 feet and averaged much less. Another
notable feature appearing on the upper two ranges was the banking
up of sediment as bars or levees along {he stream cliannel near the
center of the lake. These above-crest deposits. having a consideruble
aggregate volume, were laid down during flood stages.

Penetration to old soil with the sediment-sampling spud could not
be attained at any point more than 50 feet from shore. This 15 a
result of several conditions; namely, the thickness of the deposits;
the fuct that alternate excessive draw-down and flood stages have
caused ndvance and recession of the delta front to such an extent thwt
the deposits nearly everywhere consist of ulternate layers of sanu
and silt difficult to penetrate; and lastly, the fact that reservoir de-
posits, having been exposed to the air at intervals, are compacted to
such a degree that the spud will enter for only a foot or two.

The upper two-thirds of the lake is completely silted, that is, the
present storage capacity is virtually equal only to the storage capucity
available in « ¢channel of the originul size, The upper portions of the
lake basin contain a channel lined with banks or notaral levees of
sand and mud, which are frequently severnl feet above high-water
mark and were obvicusly deposited during flood stuges. The levees
are now covered with a thick growth of willows, which stabilize
the deposits and prevent their being moved into the lower reaches of
the lake. Despiie this, additional floods wre extending the levees
further down the lake, largely with new sediment eroded from the
watershed.

Between the levees and (he valley sides are lagoonlike bodies of
water, many of them severa! hundred yards in width, filled with
swampy material and usually covered by growing vegetation. Fine
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silt, together with much decaying vegetal matter, is settling from the
muddy water in these bays.

The cross sections on Emporia Reservoir show conclusively that it
1s in an advanced stage of silting, and that « large proportion of the
original storage capacity is gone. Lack of contour maps of the
original basin and inability to penetrate through the deposits with
sampling devices prevented computation of the exact quantity of
sediment and rate of fill.

Undoubtedly s large aggregate quantity of sediment is going over
the dam in turbid water, especially during flood stages, when little
opportunity is afforded for desilting. During u flood that occurred
just prior to the time this work was done, it is veported that 4 to 5
feet of wuter wus passing over the dum, This must have created a
fairly rapid current through the reservoir. During the course of this
work more than a foot of water was still passing over the dam.

WATEEREE RESERVOIR NEAR CAMDEN, §. C.

Wateree Reservoir, on the Wateree River 8 miles northwest of
Camden, 3. C., was completed in 1919 und was 15 years old at the
time of these measurements. The dam is 78 feet high. Table 14
shows measurements on ranges across Wateree Reservoir.

Tauwry 14-—Mreasiurcwments on ranges deroxy Witerce Beserrolr

Ralation of
i urerige sedi-
Waler Sediment | ment depth
depth thickness | to opipinul
depth fsedi-
ment4-wrter)

Rounge location nnd abservalitu No,

1,000 feel alipve darn, region af least deposit, west 1o enst: Pereent

e e o
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i
]
'
|
|
]
:
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Difference in turbidity of walers entering Wateree Reservoir at
the head and discharging through the tailrace of the power plant was
very noticeable at the time of inspection, and is reported to be so most
of the time. Apparently the muin river contributes materially to the
silting of Wateree Reservoir, despite the desilting influence of the
%ght other reservoirs of major size upstream from it on the Catawba

1ver,

If sediment distribution in Wateree Reservoir is gencrally simjlar
to that of the reservoirs snrveyed in greater detail, the total nccumu-
lation would be 15000 acre-feet or more (ph 12, 4). Certainly, it
is not zero as has Leen previously reported (/7).

LAKE MURRAY, SALUDA RIVER, ABOVE COLUMLIA, 5. C.

Lake Murray is the Jargest reservoir in the Southeast and wmong
the six Inrgest in the United States. It is impounded by Saludz
Daimn, at the time of ils construction the Jargest earth dam, m cubical
content, for power purposes in the workl, The dam has a maximum
height of 208 feet and ix more than 8.000 feet long. It wus completed
and storage began August 31, 1029. The storage reservoir extends
41 miles up the Suluda River and js 14 miles wide at the broadest
peint, It covers 50.000 acres and impounds 2.341,590 acre-feet of
water. The generating capacity of the power plant s 222.600 horse-
power.

Table 15 shows measurements made in September 1534,

Paui g 15— ukuremenis al Stade Dighway 351 Bridge, south of Prosperity, S, C.
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1 Hand,
t he relatfon of aversge sediment drpth o averge Lotnd priginal depth {water plus sediment) is 7.0 per-
cont, disregnrdiog observations Nos. & and 6.

The absence of sediment in the deeper channel part of the section is
probably due to scour of river currents that are in force here when
the reservoir is drawn down foward the usual operating limit. The
silt thus removed Is largely redeposited farther down.

The sediment in this part of Luke Murray should represent about
the greatest, rather than least, fill.

Additionn] measurenients, extending over the full width of the res-
evvoir within 3 miles of the dam, were made in October 1937,
Although extremely rongh water and water depths of more than 100
feet made acemraie sumpling difficult, the results of 12 measurements
indicated a maximum sediment thickness of 1.2 feet In the channel
and an average thickness ueross the lake of 0.3 foot.

APPALACHIE RESERVOILR, GREER, 8. C.

Appalachie Reservoir is 2 miles north of Greer, S. C., on the South
Tiger River, and is used for power development to operate the Ap-
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Figurep 26, —Map of Appulachle Reservolr, South Tiger River, Greer, 8 C, surveyed
Beptember 1044,

palachie Mills. Tt was mapped by H. M. Eakin during July 1934 with

plane table und stadia on a scale of 200 feet to the inch, including

Jocation and sounding of 12 representative cross-section ranges.
80832 *—30—9
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The dani, 38 feet in height. was completed in 1904 and has sicred
water continuously since. The drainage area is 63 square miles, 51
I}er((ient‘ forested. 44 percent cultivated, and 5 percent pasture and idle
land.

Complete data on the original Jevels of the reservoir bottom are
not available. The depths at the dam, however, necessarily equaled
the height of the dam crest above the originul rock bed of the river
at the shoul, or 38 feet. Depths were greater by several feet in the
pool area above the shoal und a mile above the dam were 35 feet at
the beginning of storage, according to the report of a mill employee
who farmed part of the flooded area before the dam was built,

Maximum depths in the vicinity of the dum and in the pool area
above it are now only 30 to 83 feet. A mile upstream. where former
depths of 35 feet were reported. there is now a sand flat, nearly level
trom shore to shore. with waier depihs of 9 to 10 feet at crest-level
stagre. :

1t thus appenrs that filling has ocenrred in the upper delta region
of the reservoir {o maximum depths of about 25 feet (pl. 12, B).
‘The silt and clay fill in the arms and main body of the reservoir
would appear to range from 5 to about 15 feet. Such depths of fill
would accord with the fact that it proved impossible to penelrate
the sediment to the old soil level at any point although sections of
new sediment 5 to 7 feet thick were brought up with the sampling
apparatus.

The original reservolr flonded an area of about 80 acres at crest
Ievel stage. Of this the main delta comprised some 18 acres and
three local tributary deltus sbout 7 aeres. muking 20 acres of delta
ares in all. “These areas are filled to depths below crest level. rang-
ing from zero. perhaps, to 25 feet and averaging for the 20 ucres
about 15 feet, If so, the deltas should contain an aggregate volume
of about 800 acre-feet,

Of the remaining 60 acres the fill in the upper half wonld appear
to range from about 10 to 15 feet and in the lower from 5 to 10 feet,
Averaging these probable limits and applying them to the acreage
imvolved gives n volume of some GO0 acre-feet of general bottom
deposits. This, added to the delta deposits, would give 900 acre-feet
of total reservoir accumulation in 30 years. The annual rate would
be 80 acre-feet from the nctnal drainage area of 63 square miles, or
about 50 acre-feet & year per 100 square miles of drainage avea.

A map of Appalachie Reservoir is shown in figure 26,

STEVENS CREEK RESERYOIH. AUGUSTA., GA.

Stevens Creck Reservoir, 9 miles novth of Angusta, Ga., on the
Savannah River, was completed in 1914. The dwn is 27 feet high
and_impounds water 14 miles up the Savannuh River and 13 miles
up Stevens Creek.

Table 16 shows sediment-depth measuirements on u range 1,000 feet
above the dam at estimaled equal imtervals over a 5.000-foot width.
made in 1934 when the dam was 20 yvears old.
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TABLE 16.—S8ediment mecasurentents on Blevens COreek: Reservoir, Angusia, Gu.

Range leratlen and obser- Wsaier |Sediment Range locntlon nnd obser- Water |Sediment
votion No, depth | thickness vation No, thickpess

1,000 [eel above dnm; made at 1,000 feet above dam; made at
gstimoted even intervals oslimnted even Jotervals
uvler a 5,000-fost widtih: m'eg & 5,000-foot width—Con,
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*The relution of averape sediment depth te overnge total origlnal depth {water plus
sedlment} 18 in excess of 29.0 percent,

Additional measurements made in November 1937, from the high-
way bridge 5 miles above the dam where backwater is confined to
the original river channel, revealed a rocky bottom free of sediment
except for narrow belts 2 to 3 feet. in depth along each bank. It thus
seems improbable that any extensive delta deposits have formed in
this reservoir.

WARWICK RESERVOIR, NEAR CORDELE, GAA

GENERAL INFORMATION

Location: Btate—Georgia. Counties—Lee and Worth. Distance
and direction {from neavest city: 15 miles southwest of Cordele, Ga.
Drainage and backwater: Flint River.

QOuwnership: Crisp County, operated by Crisp County Power Com-
mission.

Purpose served : Hydroelectric power, developed and distributed by
Crisp County.

Description of dam: The dam is a gravity-type reinforced-con-
crete structure, 400 feet long and 30 feet high, including 12- by 25-
foot taintor gates on top. Earth embankments on either side of th
conerete section extend to the valley sides. '

Date of completion: August 1930.

Length of lake at crest stage: Qriginal, approximately 30 miles at
the 530-foot contour level.

Awea of lake at crest stage: Original, 7,000 acres.

Storage capacity to crest level: Original undetermined. Loss of
storage not determined but relatively slight. See remarks on silting
conditions.

Area of watershed: Approximately 3,500 square miles,

General character of watershed: Of the total watershed, approxi-
mately 1,500 square miles lie in the Coastal Plain and 2.000 square
miles in the Ptedmont. This section is the center of the Georgia
agricnltural country, where the principal crop is cotton, although

= Acknowledgients are sratefully made to the Crisp Cooniy Power Commilssion for

previding honts and outhoard motor, fnd to E. 8. Killebrew, clief engineer for the com-
milsslob, for his generous cooperation durlng this work.
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peach and pecan orchards are now of considerable importance. The
country is rolling dissected Piedmont and more gently undulating
Coastal Plain. ]ﬁuch of the watershed is in an advanced stage of
erosion due to intensive cultivation and depletion of the natural
forest cover.

Mean annual rainfall: Approximately 50 inches.

Installed power equipment; Two generators with a total capacity of
8,000 kilovolt-amperes. No. 1 generator has a capacity of 3,000
kilovolt-amperes and No. 2, 5,000 kilovolt-amperes. The present
operating head is 23 feet.

History of investigations: Tests of silting conditions on Warwick
Reservoir were carried on during a period oéf‘ 6 days between January
24 and 31, 1933, by the southeastern party under the direction of Carl
B. Brown, chief of party.

A complete quantitative survey of this reservoir had been antici-
pated before field work was begun, but the peculiar conditions
described below made this impracticable. Howeaver, tests made with
the sampling spud at more or less regular intervals in the channel and
bordering swamps over the entire length of the lake proved interest-
ing and significant in showing factors affecting silting and future ex-
pectations of silting,

The first few spud tests showed that the bottom deposits of this
lake contain so little bonding material that they either will not
adhere to the spud at all or only for a space of 1 or 2 inches where
some mud is present in the layers of sand. To satisfactorily retain
a sample, one side of the spud wus smeared with ordinary automobile
cup grease; this proved eflicient in bringing up a continuous celumnar

record of the deposits })enetrated, while the opposite (clean) side

of the spud retained only such layers of silty material as might be
present, Soundings to determine the depth of water were taken at
most of the test points simultaneously with spuddings.

In all, 78 spud tests were made between the dam and head of back-
water. Near Cox’s Ferry two ranges were established and sounded
to obtain average cross-section profiles of the lake. At Cox’s Ferry,
level readings were obtained on several high-water lines as shown
by mud on nearby trees and buildings. These elevations were
established by plane table and stadia nsing water surface as a datum,
the elevation of which is continuously recorded at the dam.

Conditions affecting silting : Warwick Reservoir is in the Coastal
Plain of southeastern United States, 60 miles south of the Fall Line
which passes through Macon, Ga.

The dam has its foundation on Vicksburg limestone (Oligocene)
(49, pp. 314-316), which also underlies most of the reservoir, at
lesst as far up as the Seaboard Air Line Railway trestle. Good
exposures are found at the dam, in numerous bluffs where the river
swings against its banks, and in an abandoned quarry just east of the
reservoir. In several spuddings in the old channel soft marly lime-
stone of this formation was the only material penetrated.

On the uplands away from the reservoir the surface formation
consists of reddish sands or sandy clays in which chert is abundant.
Much of this clay appears to be residual from the underlying lime-
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stone, whereas the sand, at least in part, is derived from Pleistocene
terrace formations, the youngest deposits of the Coastal Plain.

The Flint River south of the Falt Line is bordered by swampy food
lains which increass in width southward as the river flows into
atter, less rolling country neuarer the coast. In the section covered

by this reservoir the original swamps varied from one-half to three-
quarters of a mile wide, including the river which meandered from
bank to bank., The original swamp growth consisted of CYPress,
gum, and other water-loving trees ang plants characteristic of coastal
SWamps.

Most of the original swamp growth, especially the larger trees,
was left standing when the reservoir was flooded. This makes it
virtually impossible, except in a few selected spots, to navigate even
a small boat through the swamps from channel to bank., Water
over the swamp areas is rarely more than 10 feet deep, and in many
places is less than 5 feet. This condition, fully as much as the char-
acter of the deposits, made it impracticable to carry out a quantitative
sedimentation survey.

Of the 78 spuddings taken between the dam and the upper limit of
backwater, 53 were taken in the old river chanmel and 19 in the
bordering swamps, Of the 59 in the channel, 26 showed no silt
or insuificient silt to act ac a binder for the sand. In these spuddings
no sample would have heen obtained without the use of grease to
make the sand adhere to the spud. The sand is coarse textured, the
grains ranging from less than 14 to 2 millimeters or more in diameter,
and is composed chiefly of quartz, but includes some accessory min-
erals such as garnet and magnetite as well as oceasional fragments
of calcareous and siliceons fossils. It is light to dark gray in color
when free of mud. Most of the sand is believed to have been derived
from the surface formations of the uplands adjacent to the reservoir
or in the country between the rveservoir and the Fall Line. It is of
type more characteristic of the coastal-terrace formations than of the
coarser, unassorted, residua! sand derived from the Piedmont crystal-
line rocks.

No silt or finer material whatever was found in the upper 2 miles
of the reservoir. A slight current moves through this part of the lake,
becoming stronger townard the head even under normal water condi.
tions, During high water this area is subject to extensive seour and
shifting of sand bars.

Of the remaining 33 spuddings in the channel, 31 showed 0.1 to
0.5 foot of fill, which in most instances varied from sandy to very
sancly silt. Inmany places the material was actuelly muddy sand, but
has been classified as silt when the bonding content of mud was
sufficient to canse the sample to adhere to the clean side of the spud.
The muddy sand or sandy mud was usually found as a layer 0.1 to 0.3
foot thick on top of clean, fine-textured white or gray sand. Ocea-
sionally a layer of sand-free mud 0.1 foot or less in thickness ocours
on the extreme top of the column. In other cases & layer of sandy
silt as much as 0.8 foot thick cceurs below the top of the column,
being overlain by clean sand. In still other instances the entire
column of sand 1s muddy though without sufficient mud to cause
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adherence to the clean spud. The probable explanation for occur-
rences of this typse is found in the recurrence of periodic floods.

Two spuddings showed more than 0.5 foot of silt in the channel.
Test 28 was made on a big bend in the river where it swings sharply
against and has undercut its banks., At this point the maximum
depth of water ‘350.2 feet} in the whole lake was recorded. It is
apparent that o deep bole (probably an eddy hole) was scoured out
on this bend before the area was inundated. The silt (1.8 feet plus)
hias subsequently settled or flowed into this depression where it has
remained below the depth of effective currents of later floods, which
have periodically stirred up the bottom deposits at shallower places.
In test 44, 1.4 feet of silt was found, apparently in another eddy hole.

Of the 19 tests made in the swamp area in water 0.5 to 12 feet
deep at distances of 100 to 300 feet from the channel, all but 5
showed less than 0.5 foot of silt, and these showed only 0.5 or 0.6 foot.
The new deposits are less compacted, lighter in color, and lack the
amount of organic matter found in the old swamp sediment on which
it has been deposited. In other ways the two types of material are
very similar in composition, were derived from the same sources,
and deposited in the same manner, except that later sediment has
generally settled from somewhet deeper water. There were sev-
eral old lazkes in the original swamps, notably Lake Cannon, which
probably originated when cut off from the channel by natural levees
and normal meandering of the river.

The Flint River is subject to periodic floods which profoundly
affect silting in the reservoir and disturb the bottom depesits to such
an extent as to prevent sccurate guantitative measurements of the
amount or rate of silting,

During a large flood m 1925, when the dam was under construe-
tion, the water level rose 40 feet above normal, washing out one
cofferdam and seriously damaging the construction work. The water
is reported to have risen to the level of the floor of the Seaboard Air
Line Railway trestle {(elévation 540.322’.

The level of the lake is now held between 520 and 521 feet. In
March 1934 the water rose to 5322 and for a period of 2 weeks
stood about 528 feet. In April 1932, high water reached 530.4 feet.
These elevations were determined from mud lines on trees and
buildings at Cox’s Ferry, 7 miles above the dam. The respective
dates that mud lines formed were obtained from local residents.

During the April 1932 and March 1934 floods, all faintor gates on
the dam were opened fo their maximum, yet for a period of 2 weeks
in 1984 the water level remained more than 8 feet higher than nor-
mal. During these floods a strong current is reported to have Howed
through the entire reservoir, putting the ferry out of commission for
several weeks. Undoubtedly the current must have been of equal or
greater magnitude than that normally found in the river alwove or
below the reservoir. Even in periods of normal flow one or two gates
are usually raised about 2 feet to drain excess water that cannot be
used through the turbines. It is noteworthy that only half the equip-
ment for which the powerhouse was designed has been installed, angd
that while the dam is designed to impound water to the 530-foot
contour, the present level is ﬁeld at 520 to 521 feet.
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These facts lead to the conclusion that during flood periods, in
particular, and to a lesser extent constantly, the bottom deposits in
the reservoir are picked up, shifted, and redeposited; and much silt
that would settle under other conditions is eavried pust the dam in
suspension.  Some of the silt resettles in mixture with sand to form a
muddy sand layer a foot or more thick. In the few places, where lay-
ers of sandy siit were found below clean sand, or two layers of sandy
silt were separated by clean sand, it seems likely that the lower layer
represents a deposit which settled after an earlier flood, and was
not subsequently disturbed by later flood carvents because it was
in a more favorably sheltered position or had received enough clean
sand on top to serve as a protection. In a few deeps or eddy holes
fine silt is accumulating where it will be protected from future floods.
All the sandy silt now gencrally present as a luyer 0.1 to 0.5 foot
thick is believed to have settled entfirely since the Inst flood in Mareh
1334, and therefore does not give a true measure of total silting since
the reservoir was impounded.

Deposits at the head of the lake are identical with those in the
Tower reaches, and, in the absence of original contour maps, delta
areas eannot be distinguished. Prvobably little or none of the coarser
seciment now being deposited comes from erosion in the Piedmont
portion of the watershed. Only the finer sediment. carrvied mostl ¥y in
suspension. seems to be coming from above the Fall Line, and ‘this
type of material is being largely carvied through the reservoir, with
at most only a temporary halt. ~ As long as present conditions persist,
ineluding periodic floods, sedimentation will be confined largely to
coarser bottom-load material carried by traction. Filling should thus
take place to an appreciable extent only at the head of the lake,

FLINT RIVER AND MUCKAFOONE RESERVOIRS, ALBANY, GA.

Flint River Reservoir is on the Flint River, 2 miles north of Albany,
Ga. It was completed in 1920 as a hydroelectric power development,
and is owned by the Georgia Power Co. The lake cavers approxi-
mately 2,500 acres and drains about 5000 square miles. The rein-
forced-concrete hollow dam is 464 feet long and 26 fect high and is
capped by 16 taintor gates 25 feet wide and 10 fect hifﬁl, which
give the dam a total height of 36 feet. An earth embankment 250
feet long connects the concrete dam to the valley side on the east.
On the west, an earth embankment, 5 to 12 feet high, extends for
2,600 feet to a concrete spillway, 12 feet high and 500 feet longr, which
was constructed as an extension of the old Muckafoone Dam, 22 feet
high.

The Muckafoone Dam was constructed in 1905 and impounded a
reservoir on Muckafoone Creek and its tributaries, Muckalee and
Kinchafoone Creeks, After completion of Flint River Reservoir o
canal was cut to divert water of the old reservoir into the Flint River,
entering 1,000 feet wbove the latter dam. The drainage aren of
Muckafoone Creek adds about 300 squave miles to the 5000 square
miles above Flint River Dam. The Flint River power plant develops
8,250 horsepower,

The southeastern party spent 1 day, January 30, 1933, measiring
sediment depths on Flint River Reservoir between the dam and o
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point 214 miles up the lake, and in the lower mile of old Muckafoone
Reservoir, The results showed that silting conditions are similar in
all respects to those encountered in Warwick Reservoir 25 miles up-
stream. The two dams are of like construction with reservoirs of
comparable size and on the same river.

Periodic floods have the same effect on sedimentation in each
reservoir, inasmuch as no surplus storage is available in Warwick
Reservoir as long as its present lake level is maintained. Probably
as much suspended matter comes inte Flint River Reservoir as into
Warwick Reservoir during flood stages when virtually no desilting
takes place in the upper reservoir, although it does retain sand car-
ried as a bed load in Flint River. Neither reservoir basin was cleared
of swamp timber before impounding of the lake.

A notable difference between Muckafoone and Flint River Reser-
voirs is the turbidity of the water, which is strikingly shown where
the Muckafoone Canal enters the IFlint River 1,000 feet above the
dam. A sharp boundary line divides the milky to muddy water of
the Flint River from the almost crystul-clear water of Muckafoone
Creek. Muckafoone Lake 15 20 ¢lear that the outline of objects under
6 feet of water may be recognized easily in bright sunlight. ‘The
water has the slightly brownish color chuaracteristic of natural coastal
lakes,

The difference in turbidity results fromi the fact thai the 300-
square-mile watershed of Muckafoone Creek lies wholly in the Coastal
Plain whereas part of the drainage area of the Flint River is in the
Piedmont. Spud tests show that the bottom deposits of Muckatoone
Reservoir consist either of sand alone or sand with only a slight
admixture of fine grayish-white mud.

Tests on these reservoirs have led to the conclusion that no satis-
factory measurements by direct sediment sampling can be made on
southeastern Coastal Plain lakes because of innbility to distinguish
new deposits from old. Only in lakes where accurate contour maps
of the original basin are available can the volume of accumulated
sediment be determined within the degree of precision demanded by
the present standards of accuracy,

LAKE MARTIN, DADEVILLE, ALA.

Lake Martin, on the Tallapoosa River, is impounded by a dam 188
feet high which backs water 31 miles up the main valley to form
a lake 40,000 acres in area. It was completed in 1927 and was 7 years
old at the time of the following measurements.

Measurements on five ranges across the main lake and a series of
measurements in the Sandy Creek arm are shown in table 17.
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Tazmee 17T—Mceasurements on ranges ocross Lake Martin, Dadeville, Alg.

Relation af
average sedi-
ment depth
to sverage
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raent)

Range lovatlon and observation No. :?;?Eg ?ﬁf;i":e"sg

7 miles betow head of reservolr, United States Righway 242 Bridge,
wosk of Dndevilie: Pereent

7 to 10 mllgs helow head of reservoir, between Highway 21) Bridge
nnc} Qid Wallrer Ferry line:
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TasLe 1T.—Measurements on renges across Lake Mariin, Dadeville, Ala—lon.

Relation of
avera:gg segiti‘-
; Water | Sediment | Te1E C0p
Raoge loeation and obsarvation No. e Lo nvernge

dapth thickness origingl depth

{watert-sedi-

ment}

2 to 4 miles above dem, main valley: Feel

1 106, 3
126. 6
153. 0

Total. oo e aaee 385.0 |
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Grand tot8lee oo ooveeeeea . . 4.grui 130.2 | 1.7

Farther up Sandy Creek Valley a Jarge delta was built during high
water from 1932 to early 1934. This is reported to have measured
600 yards in length. The valley is about 100 yards in average width.
Checked against a Imown profile of the original valley bottom, the
average depth is said to have been about 10 yards, giving a total
volume of some 600,000 cubic yards or roughly 860 acre-feet of sand
discharged from Sandy and Buck Creel basine in 2 years. This
would be at a rate of 180 acre-feet a year from the drainage area
of 180 square miles or 100 acre-feet a year per 100 square miles of
drainage area,

This delta was largely scoured and carried farther down the arm
during the low-water season of 1934,

In contrast with the Sandy Creek arm, the arms on Elkahatchee,
Blue, Kowaliga, and other creeks have relatively small delta deposits.
Measurements of general bottom depesit in them showed very small
ratios of sediment thickness to original depth. Furthermore, wher-
ever the draw-downs of 50 to 60 feet have exposed banks to wave
action, sediment. deposits have been largely removed and carried out
to Jower parts of the reservoir.

The following additional data on silting in Lake Martin are based
on a survey made by the Alabama Power Co. in November 1935,
in which 15 cross-section ranges, established before the basin was
flooded in 1926, were resounded to the lower limit of draw-down, or
60 feet below crest. As all but three of the cross sections across
the main lake extend below the limit of sounding the maximum
depths of sediment were not determined in most cases. Table 18
includes data only for the ranges on which a complete record as
obtained.
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TapLE 18.—=8ediment depths in Lake Mariin, Dadeville, Ala., based on the 1535
sedimeniation survey by the Alabamae Power Co,

Mazximum | Sediment thickness
otfginel [
Range location water
depth Maxbnum | Averspe
Tuallapoosa River: Keel Feet Feel

9 miles bolow head of1ake. . oo oo 2 18.0 1.2
5 miles below head oflake........... - 43 1.4 5.3
445 miles below head of lake - 47 15. 0 1.1
Blue Creek . . a0 L0 L0
Bandy Creak 144 miles abovemouth____..____...__ GO 1.0 1.g
Kowaliga Creek (.7 mile shove moth &0 2.6 19
Small tributary oear hend of lako. _... 31 L5 LG

COMPLETELY FILLED PIEDMONT RESERVOIRS

Practically all small reservoirs in the Piedmont and many others
of major size that are more than a few decades old were found to be
completely filled, except for a normal alluvial stream channel through
the region of the original pond (pls. 13 and 143.

Typical of the smaller reservoirs are those of the Deep River, down-
stream from the municipal reservoir of High Point, N, C.; Gil Reath’s
Mill on a tributary of the South Tiger River, near Greer, 8. C.;
Jenkins Mill on (Glade Creek northeast of Gainesville, Ga.; and
Barrett Mill Dam on East Sandy Creek (pl. 15, 4), Athens, Ga. In
all the Piedmont there are literally scores of such smaller reservoirs,
with dams 10 to 20 feet high, equipped to generate various amounts
of power running generally from 15 or 20 upwards to 75 or 80 horse-
power. Altogether, these smaller plants generate a really Important
aggregate power. Their intimate distribution and service among the
rural commurnities of the Southern States for gristmiil and other%oca]
uses makes their gradual deterioration particularly grievous to a
considerable part of the population.

Detailed description of individual plants of this class would be
tedious repetition for the most part of complex histories of small dams
having been constructed, filled, raised, and filled again. At the
present time most, of these small dams are practically without useful
storage and, consequently, reduced in power capacity during low-
water season to the ordinary discharge from small drainage basins.

Larger reservoirs filled to the point of practically complete elimina-
tion of storage as a factor of power production, are those of the Broud
River at Gaston Shosals near Gaffney, Nipety-nine Islands, south
of Blacksburg, and Parr Shoals, north of Columbia, 8. C.; those of the
Enoree River at Van Patton Shoals near Woodruff, and at the River-
dale Mill near Encree, S. C.; those of the Saluda River at the Saluda
Dam near Greenville, Ware Shoals at Ware Shoals and Holiday
Dam near Belton, S. C.; those of the Savannah River basin at Port-
man Shoals, the Seneca River near Anderson, and Gregg Shoals, the
Savannah River near Iva, S. C.; those of the Oconee River at Tallas-
see Shoals (pl. 15, B), Mitchell’s Bridge, and Barnett Shoals near
Athens, Gu.; that of the Yellow River at the Millstend Dam, near
Conyers, Gua.; and those of the Chattahoochee River at the Dunlap
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Dam near Gainesville (pl. 16) ; at Morgan Falls near Roswell and at
Langdale and Riverview Dams near West Point, Ga.

An appreciation of the magnitude and rapidity of loss of storayge-
capacity assets of these power plunts can he conveyed better, perhaps,
by table 19 than by detailed description of each individual case. The
height of dam relates rather closely in most cases to original size of
reservoir. The age given is the maximum time required for complete
filling. In severa) instances the reservoir has heen filled in shorter
fime, and stream-horne mnterinls, including sand, have been passing
over the dams for several years.

TapLs 19.—Completcly sitted resorroivs in voaviouy seetions of Sonth Carolive
and (leargi
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All these dams are fivst-class concrete or masonry structures, and
represent large initial investments. More than hall are 30 to 50
feet in height and impound water for distances of 4 to T miles up-
stremm.  The fate of these dums indientes clemrdy the serious inroads
already mude upon developed power resources of the sonthern indus-
{rial region hy necumulation of erosional waste, and the magnitude
of the continuing menuce to other power developments that have
been or may be made in the eredible Pledmont region. This sifua-
tion in the Piedmont would appenr to present one of the major
problems of erosion control.

SILTING OF SOUTHERN APPALACHTAN MOUNTAIN RESERVOIRS

LITTLE RIVER RESERVOIR, NEAR BREVARD, N. C.

The drainage basin of the Little River, some 60 square miles in avea
above the reservoir, hends on the northerly slopes of the Blue Ridge,
It has been logged off to a considerable extent in the pust, but natural
reforestation oceurs very rapidly in this area and the basin is gener-
ally well covered. cleaved land heing limited to a few agricultural
plots near Cedwr Mountain, perhaps 50 acres in all.

The suils are derived from granite and gneiss that differ little in
depth of decay and evodibility from the same formations in the
Piedmont. The slopes on the whole are Jonger and somewhat steeper
than in the Pledmont,

Little River Reservoir is nhout 315 miles long in the main valley
and extends in minor bays into the valleys of several small tribu-
tares.
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At the time of examination, July 25, 1634, it was raining and there
had been rather heavy thundershowers during the previous week.
The river itself and the reserveir waters were both very clear, This
was stated by the plant operator, a man of 12 years’ service, to be
their comimon condition under all ordinary rainfall. Only after a
week of extraordinary rainfall does any turbidity appear in the tail
wafer.

The stream enters the reservoir in a well-formed rock-bottom chun-
nel.  Although the dam has been built 25 years this has not been
filled at the edge of the lake and no deltn is in evidence,

GREEN RIVER RESERVOIR, NEAR TUXEDO, K. (.

The Green River drainage basin, like that of the Little River fur-
ther west, is generally well forested. In areas cleaved and in cultiva-
tion the soils, where observed, seem fully as erodible us those of the
Piedmont.

This reservoir also was observed on July 25, 1934. Except for ihe
muddy waters which showers brought into the bays along the north-
erly side of the reservoir, from cleared Innd and the drains of a newly
graded road, the reservoir waters were beautifully cleuar. The plant
foreman, familiar with the reservoir since it was constructed in
1918, stated that the water at the dam has been turbid only a few
times since that date.

The river has not developed any extensive mud flats at the head
of the reservoir, 7 miles above the dam; a little sand is said to appear
there when the reservoir is drawn well down. The total accumu}ution
must be relatively small, however, in the absence of characteristic
deita features.

BRIGGEWATER RESERVQOIR (LAKE JAMES)., UPPERl CATAWBA RIVER, WEST OF
MORGANTON, N, C.

Bridgewater Reserveoir, impounded by three earthen dams com-
pleted 1n 1919, has a total storage capacity of 292,341 acre-feet. An
exrthen dam with a concrete spillway ac oss the Catawba River di-
verts water through a canel into Paddy Creek Valley, from which
it is again diverted across a low saddle into the Linville River Valley
by u second earth and conerete dam. The third earthen dam, on
the Linville River, has no spillwry buf containg the outlets to the
power plant at its base, The Linville dam has » maximuu: height of
1590 feet, 10 feet of which is above spillway crest level.

The drainage basin embraces 380 square miles of rugged mountain-
ous country on the east slope of the Blue Ridge, of which 75 pereent
is forested, 10 percent is in pasture, and 15 percent, largely in the
valley bottoms, is cultivated.

The depth measurements shown in table 20 were made in the fall
of 1937.
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TAaBLy 20.—Scdiment and water-depth measuremenis in Bridgewater Resercoir,
upper Cutawba River, west of Morganton, N. C.
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BURTON, RABUN, NACOOCHEE, AND TALLULAH RESERVOIRS, UPPER TUGALOO
RIVER BASIN NEAR: TALLULAH FALLS, GA.

These reservoirs were all clear at the time visited, August 28, 1934,
except near the heads of tributary bays that were receiving discharge
from road drains and from small cultivated patches under heavy
showers throughout most of the day. The heavy discharges of
streams from undisturbed forest tracts at the same (ime were per-
fectly clear.

Confirming these observations was the statement of a resident,
that during recent complete draw-down of Lake Rabun only a few
inches of mud were seen generally over the lake bottom. In view of
this statement and the great predominance of clear rnn-off over
the limited discharge from rouc{J drains and small cleared patches, it
appears certain that the rate of silting in these mountain reservoirs
is practically negligibie.

Considerable new road work has been done recently under Civilian
Conservation Corps auspices along the east side of Lake Rabun.
The depths and erodible qualities of the clays exposed by this work,
and demonstrated by thick muddy waters 1n the drains, show con-
clusively that it is due mainly, if not altogether, to the forested con-
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ditions of the area that the southern Appalachian mountain resetvoirs
are silted so slowly in comparison +with those of the Piedmont
agricultural region.

SEDIMENT MEASUREMENTS IN OTHER SOUTH-CENTRAL RESERVOIRS
LAKE DALLAS NEAR DENTON, TEX.

Lake Dallas is about 23 miles northwest of Dallas, Tex., on Elm
Forlk of the Trinity River. The dam is an earth embankment slightly
more than 2 miles in length and 20 to 45 feet in height zbove original
land level. The spillway is a concrete structure 520 feet long with
crest level 525 feet above sea level, and 67 feet above original stream
level. A main highway traverses the dam from end to end, passing
over the spillway on a steel bridge which surmounts the concrete
structure.

Backswater at crest stage extends about 104 miles up the valley.
The area of the lalke at this level is 10,900 acres and the original
capacity 180,750 acre-feet. The drainage basin is 1,174 square miles
in area, of moderate relief and covered in part with sandy soil.
The vegetative cover is for the most part seasonal cultivated crops,
scattered mesquite, and pasture grasses. Sheet erosion generally, and
moderate gully development Jloeally, are in evidence. Trosional
waste includes much sand but flood flows are generally turbid with
considerable charges of suspended silt and clay. Annual rainfall
is about 35 inches.

The dam was completed in February 1928 and stored nearly all of
the basin run-off for the first 6 years.

Sediment measurements made on ranges across Lake Dallas on
September 21, 1937, gave the results shown in table 21.

TanLe 21.—Sediment meosurements on Lake Deallus, Dentow, Tew.,

Relation 3{
Original average sedi-
Range loention and observation No, depth (water tSﬁf:li};nunt meat thick-
- sadiment) ickness ness to over-
aga oripinal
depth

Range No. 1, from southwesl to northeost, approximately 2,000
fect above main dom: Feet Feet 0 Pereent

Toanpe Mo 2, lrom enst to west aeross moin lake, approximataly
1 mile ebove dom:
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TaBLE 21-—Sediment measurcments on Lake Dalles, Denton, Tew—~Continued
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The marked increase in sediment thickness below water depths of
40 feet is probably significant of underflow of heavy sediment-charged
waters along the reservoir bottom, If so, the sediment-water depth
ratic may be somewhat less in the infermediate region of the reser-
voir. No observations have been made of delta conditions at the head
of the lake, but it is reported locally that a great expanse of sediment
is exposed for 4 miles down the reservoir when lake level is 18 feet
below crest.

On the basis of the data in table 21 and other observations, it is
estimated that the total volume of reservolr sediment at the time of
the measurements was 13,000 scre-fest.

LAKE WORTH, FORT WORTH, TEX.

Lake Worth is on the West Fork of the Trinity River about 5 miles
northwest of Fort Worth, Tex. The dam is an earth structure with
concrete spillway, one-half mile long and 36 feet in maximum height
above the old stream channel. Backwater at spillway crest level
extends about 10 miles up the valley., The original lake area at this
stage was 3,770 acres, and the capacity 47,177 acre-feet. The drain-
ageharea is 1,969 33 gquare miles. Mean annual rainfall is about 31
inches.

The dam was completed in 1915 and has functioned for 28 years.

A resurvey of Lake Worth in 1928 reported by Tayler (16, p. 85}
gave a capacity of 83,340 acre-feet, indicating a total accumulation
of 13,837 acre-feet of sediment in 13 years. This amounts to 54 acre-
feet a year per 100 square miles of drainage area, and to an average
storage depletion of 226 percent a year.

Table 22 gives the results of measurements made on September 24,
1984. These data indicate an average sediment depth near the dam of
2.3 feet, compared with a depth of 2 feet shown by the 1928 survey.

In 1833 the effective drainage area above Lake Worth had been
reduced to 94 square miles by the construction of Bridgeport and
Eagle Mountain Reservoirs upstream ou the West Fork. By project-
ing the rate of silting determined by the 1928 survey and allewing for
the reduction in effective drainage area, the total amount of sediment
accumulated to the end of 1337 has been computed as 18,371 acre-
feet, or 39 percent of the original capacity.

If it is assumed that the rate of sediment output per unit of
drainage area indicated by the 1928 survey is now the same on the
remaining 94 square miles of effective drainage ares as in the whole
drainage basin, and that no sediment passes the first dam upstream,
the average rate of storage de]ﬁetion in Lake Worth since the com-
pletion of Bridgeport and Eagle Mountain Reservoirs should be only
about 0.11 percent a yesr.

= Thig Agure, ot varianee with the 1,880 sgunve miles given by TaFler (15, i?‘ a2), is
153

bwsed on réecent plapimeter mepsurements of he most accurnte maps now pvailnble, A
gtiil trore mecurate determinntion of the area will be possible on the completion of nerial

mepping of the Trinity watershed now Io progress,
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Tapry 22 —Sediment measurements in Luko Worth, newr Fort Worth, Tez.

Rooge locetion snd Water |Sedimont Range loeation and Whoter | Sediment
obiservation No. depth | thickness obsorvation Mo, depthh | thicknass

Range 1, 1,500 feet shove dam, Range I, 1,500 foot nbove dam.
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1] Feet shore—Continued, Feet

3 6.

6.2
25.0

]
2,

5 138.9

!

1 ‘I‘ht: relation of average sodituent thickness Lo everige origival denth (sediment plus water) i 10,4
ToTCant,

LAKE PENICK NEAR LUEDERS, TEX,

Lake Penick is near Lueders, Tex., on the Clear Fork of the Brazos
River. The dam is of earth construction in overbank areas and of
conerete for a section of 900 feet in the old channel area, the Jatter
serving as spillway. The spillway crest is about 40 feet above the
lowest point of the old bedroek channel.

Backwater originally extended shout 7 miles above the dam in
Clear Fork Valley and 21% miles in the valley of Cottonwood Creek
which joins the former three-quarters of a mile above the dam. The
original capacity of the reservoir was 8,096 acre-fect. The direct
drainage area, according to Taylor, is 2,500 square miles for the whole
basin of Clear Fork above Lueders, less 250 sguare miles tributary
to headwater reservoirs, or 2,250 square miles net (16, p. 101). The
soils, according to the same authority, are dominantly sandy clay
loam, aboub 80 percent cultivated and 70 percent in pasture with
mesquite growth at lower and scrub oak at higher elevations. Both
sheet and gully erosion are pronounced in many parts of the basin,
The mean annual rainfall is a little more than 23 inches. The dam
was completed in 1920,

The present reservoir floods an older dam, 41/, miles up Clear Fork
Valley, behind which considerable sediment had accumulated before
1t was flooded. Gravel and sand bars have extended down the hesad
of the present reservoir over this fill nearly to its lower end. Wide-
spread deposits farther down have reduced depths so that flood fows
maintain effective velocities and carry much sediment through the
length of the reservoir and over the dam,

Measurements just above the dam gave water depths of only 8 to
10 feet where original depths approached 34 feet., At the railroad
bridge one-half mile sbove the dam, measurements gave & maximum
depth of 18.4 feet and an average of 12.4 feet. Penetrations of 6 to 10
feet in the sediment were obtained with the sampling spud withont
reaching its bottom. The soft condition of the deposit thus indicated
suggests that much of it is scoured out by each flood and the space
refilled during subsiding stages. In other words, the reservoir has
been converted essentiaﬁy into an alluvial channel with low grade,
large cross-section area, and subject to readjustment, according to
stage, to the fixed base level determined by the spillway.

A resurvey of Lake Penick in 1927 showed a capacity of 2,126 acre-
feet, a reduction from original capacity of 970 acre-feet, or an
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annual rate of 6.2 acre-feet per 100 square miles of drainage area.
The very low rate of silting per unit of drainage area compared with
Lake Worth and other Texas reservoirs would appear to have little
significance, except as an indication that perhaps a much lavger pare
of the sediment carried into the reservoir had continued to travel
through its length and over the dam.

LAKE HENRYETTA, HENRYETTA, OKHLA.

Lieke Henryetta is approximately 10 miles east of Henryetts,
QOkla., which it serves for munieipuf’ water supply., The dam is of
earth-fill construction with a concrete spillway and has a maximom
height of 42 feet. It was completed 1n January 1929. The lake
covers 500 acres and stores approximately 21,000 acre-feet (6.8 bil-
lion gallons) on which there is an average daily drvaft of 800,000
gellons. The drainage area of the lake is 23 square miles.

Measurements made in the lower part of the lake showed 1.0 foot
of sediment in the old channel and 0.1 to 0.2 foot on the adjacent sub-
merged flood plains.

LAKE OKMULGEE, CKMULGEE, OKLA.

Lake Okmulgee is about 6 miles west of Okmulgee, Okla., which
it serves for municipal water supplr. The dam is of earth-f1l con-
struction with a concrete spillway and has a maximum height of G5
feet. It was completed in 1927. The lake is 614 miles long and has
25 miles of shore line. It covers 710 acres and stores approximately
13,000 acre-feet (4.3 billion gallons). The average daily draft is
about 2.5 million gallons,

Measurements mads at the dum in 80 feet of water showed 0.7 foot
of sediment, The sediment thickness increases ]ln'ogressivel.y to 3 feet
at the upper end of the wide body of the lake at the rim of the
delta.

LALE McALESTER, McALESTER, OKLA.

Lake McAlester is 8 miles northwest of McAlester, Okla., and is
owned by that city, which it serves for municipal water supply. The
Iake was completed in 1923 and had an original length of 4.6 miles
and 22 miles of shore line. Tt covers 1,645 acres, drains 33 square
miles, and stores approximately 20,000 acre-feet (6.5 billion gallons)
of water.

Measurements over many parts of the lake showed only 0.1 to 0.3
foot of sediment, although m the extreme upper end 8.3 feet wus
measured in the old chammel. The winding channel and dense vege-
tation at the upper end are responsible for helding back much sedi-
ment from the main body of the lalke.

SEDIMENT MEASUREMENTS IN RESERVOIRS OF THE PACIFIC
SOUTHWEST

SANTIAGO CREEK RESERVOIR, SANTA ANA, CALIF.

Santiago Creek Reservoir is on Santiago Creek, an easterly trib-
utary of the Santa Ana River, about 11 miles east of the city of Santa
Ana, Calif.
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The dam is of earth- and vock-fill construction, 110 feet high and
1,400 feet long, with concrete pavement on the reserveir slope and a
concrete spillway 20 feet Jower than the top of the dam. Backwuter,
at spillway level, extends 2 miles up the valley and forms a lake of
590 acres with a maximum depth of about 95 feet and a storage ca-
pe;g,ity of about 25,000 acre-feet. The drainage area is 62.8 sguare
miles.

The dam was completed in 1981; its uge in Qctober 1934, was &
little under 3 years.

Owing to subnormal rainfall in the ares the past several years the
reservoir has not yet been completely filled. The stage on October 7,
1934, when the measurements shown in table 23 were taken, was 62
feet below spillway level.

TanLy 28.~Sediment ineasuremenis on Sentingo Creock Reserveir, segr
Sania Ane. Colif.

) Water Water
Eaupe location nnd observa- | depth  |Sediment]] Ruoge loealion and ebserva- depih | Sediment

tion No. {helow | thickoes: tian No., thelow | ihlekness
Brestt

Range 1, enst to wost, 000 feet Hooge 1, east {0 wesk, 200 feal
nbove dom: N Feeé
3 5

I

I The relation of average sediment thickness to average eriginad {sedimmentbwatery depth is 0.50 porcent.

In June 1938, direct measurement of the sediment thickness at
45 well-distributed points in the reservoir showed an average deposit
of 1.3 feet. By applying this thickness to the 590 acres of surface
area, a volume of 707 acre-feet, or 3 percent of the original capacity,
is obtained as the volume of sediment accumulated in the T-year
period of storage. The average rate of storage depletion thus mdi-
cated is only about 0.04 percent a year.

This very low rate 0¥ silting relates in part to subnormal inflow
into the reservoir but also reflects the generally intact condition of
vegetal cover over the drainage basin. The only burn of any conse-
quence in the basin was the few square miles of Harding Canyon
drainage about 6 miles ap the valley from the Santiango Creek Reser-
voir., The sediment procuction froin this area has been reduced in
considerable measure by regrowth of vegetation on the slopes and
treatment of gullies by extensive use of checlk dams. The sediment
now finds an effective screen in the thickly vegetated area ot and
above the old Harding Reservoir, where most of 1t settles.

HARDING RESERVOIR, NEAR SANTA ANA, CALIF.

Harding Reservoir is in Harding Canyon, an easterly tributary of
Santiago Creek about § miles above Santingo Creelk Reservoir.

The original dam was bwilt shortly after 1900, This was ralsed in
1924 to a height of about 40 feet, forming a reservoir half a mile long,
mostly in the narrew canyon section,
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The watershed is a mountain basin about 5 miles long and largely
floored with disintegrated granite soils. Practically ull the basin
above the reservoir was burned over in the late summer of 1926. The
reservoir is said to have siited but little prior to this fire. Following
the firs, in February 1927, a series of heavy rains caused drastic ero-
sion of the denuded soils and practically filled the reservoir within a
single month.

In subsequent years the filled area of the reservoir and section of
valley immediately above has grown up with a heavy stand of willows
or “water anemones,” which has provided an effective screen for settle-
ment of debris that has come from later stages of gully erosion. Also,
in view of construction of the new and larger reservoir below on
Santiago Creek, considerable control work has been done on the larger
gullies of the Harding Canyon burned area. Hundreds of check
dams have been built which have not only arrested much sediment
but are said also to reduce the size of flood crests and to delay arrival
of crest discharge into Santiago Creek by a space of about 3 hours.

The fate of the Harding Reserveir demonstrates the erodible char-
acter of local soils and the importance of fire prevention elsewhers in
the Santiago Creek basin if the indicated slow rate of silting in the
new reservolr is to be long continued.

BARRETT RESERVOIR, 26 MILES EAST OF SAN DIEGO, CALIF.

Barrett Reservoir is on Cottonwoed Creek, 26 miles east of San
Diego, Calif, by air line. It is a part of the San Diego city water
supply system,

The dam is a gravity-arch type constructed of large aggreﬂ'ate con-

crete masonry and was completed in 1922. Its total 1eig?1t above
river bed is approximately 179 feet. The spillway is integral with
the dam and is controlled by automatic flashgates which give a maxi-
mum storage level 169 feet above stream bed or at elevation 1,615
above sea level. The lake at crest stage originally had an area of
862 acres and a capacity of 42,765 acre-feet,

The watershed comprises 130 square miles of generally high moun-
tain country, not including the 112 square miles of the Cottonwood
Creek drainage basin above Morena Dam, 8 miles upstream from
Barrett Dam. The granitic rocks that underlie the district have
weathered deeply in places to produce sandy soils. These are gen-
erally well covered with brush and other vegetation, but locally are
subject to considerable sheet wach and gully erosion. The debris thus
produced is mainly sand, which has accumulated in well-developed
deltas at the heads of the principal arms of the lake. Smaller
amounts of finer materials have settled farther down the lake 21l the
way to the dam. The average annual rainfall at the dam is sbous
18 inches.

Measurements of sediment in the lower end of the lake made on
Qctober 10, 1984, are given in table 24.
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Tanng 24 —Sediment observations, Barrelt Reservoir, sicer Dulnira, Calif.
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The foregoing depths of sediment apply only to the true hottom-set.
clays that have accumulated in the lower part of the reservoirs sub-
sequent fo deep flooding of the basin. A considerable depth of
sediment, mostly sand, was deposited against the dam by a flood
that cccurred with the reservoir almost empty when the gates were
first closed. The soundings indicate a maximum depth of these
earlier deposits of about 27 feet.

The Jow ratios of sediment to water depth shown in table 24 relate
in part to a smaller production of fine silis and clays than of sands
in weathering and erosion in granite areas. They would appear to
be due in part also to a rather low rate of silting of the reservoir as
a whole.

SUMMARY

The foregoing data on significant reservoirs in the southeastarn,
south-central, and southwestern type areas of the United States show
that silting of reservoirs is a practical problem of the first order of
importance in all three regions, wherever accelerated erosion occurs.
Ohservations made on many other reservoirs visited but not yet sur-
veyed, and on erosion conditions along all routes traveled, emphasize
the dependence of high rates of silting upon man-induced erosion and
the general prevalence of these conditions over broad areas of the
country.

In the Southeuast, reservoir silting results chiefly from accelerated
erosion of deep residual soils induced by human occupation. Lower
rates prevail in mountainous and other sections wherever the natural
forest cover is largely intact. Higher rates go with agricultural
practices in the lower Piedmont country—practices which, by gen-
eral consent, can be preatly improved upon from the standpoint of
erosion prevention, Organized cooperation of the agricultural popu-
lation toward better terrace and crop practices, and rededication of
oversteep lands to noncultivated crops or forest is eminently in order.
There is no doubt that large benefits to downstream investments can
come from structural and vegetational gully control and treatment of
highways and country roads.
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In the southern Great Plains higher rates of silting relate to ac-
celerated erosion of soils from sedimentary rocks under agricultursl
and grazing practices. Greater aliention to terrace and contour
cultivation, cover and strip eropping, and control of incipient gullies
ean effect material improvement. Range restoration and more re.
stricted grazing are needed in many places. Detention of sediment
above reservoir level in broad tributary valleys in many reservoir
drainage basins also can be effectively and profitably employed.

In the Southwest higher rates of silting are in considerable mneasare
the result of overgrazing and its consequence of extraordinary sheet
and gully erosion. Sheet erosion, perkaps, can be reduced in time
through further restriction of grazing beyond that already imposed
by the sparseness of remaining grasses. Arroyo and gully cutting
and attendant excessive production of sediment can be reduced, or
even prevented from increasing, in many cases only by direct engi-
neering methods. Sediment defention above reservoir level in broad
tributary vaileys by earth barriers and by growth of vegetative
screens in delta areas is practicable in many cases.

1t would also appear, in view of the indications of underflow and
concentration of muddy floocd waters against the dams in this region,
that important reduction of rate of silting is prebably feasible
through selective wastage of these more heavily sediment-charged
waters through properly placed outlet gates, Such sediment-and-
water mixtuzres remain fluid after considerable settling and concentra-
tion of the mud charge and are capable of selective movement toward
a lower outlet. Sludges carrying 20 to perhaps 30 percent of solid
matter should be subject to such selective movement, under laws of
stratification of liquids of different densities, for long distances above
dams, provided selective evucuation be practiced from the start to
maintain bottom slope and deep sludge pockets near the dum. Sedi.
ment deposits against the dam and in adjacent deeps of the reservoir
reduce the forces of selective flow and the thickness of muddy water
accumuiation at the dam, and thus preclude the possibility of de-
ferred development of opfimum mud-evacuation practice.

Without such practice it is not an unlmown oceurrence for clear
waters which have deposited their load in the reservoir to be wasted
over the spillway, thus making room at the bottom for a new body
of very muddy water. This would appear to he the most fuvorable
arrangement for shortening reservoir life. On the other hand, since
most of the solid matter that encroaches upon the storage capacity of
these Southwestern reservoirs is composed of finer-grained silt and
clay, long held in suspension before final settlement and compuction,
1t appears that a very notable lengthening of useful life of present
and future reservoirs in this region should follow successful de-
velopment of a practical system of mud evacuation. The (uestion
of disposal of mud thus passed through the dam would probably be
the crux of the problem in mast cases and positively preclude adop-
tion of such a practice where continuous eclear-water discharge ‘is
imperative.

In California higher rates of reservoir silting relate, for the
most part, to fires in tributary drainage arens. Fire prevention, quick
reseeding of burned-over areas, and treatment of gullies in their
incipient stage would appear to be generaily in order to keep rates in
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nonagricultural areas al a minimum. YWhen erosion of cultivated
Junds is involved, as at Lake Hodges and other reservoirs of the
lower foothills. modern erosion-control methods are upplicable.

In broad national view. it appeurs with unmistukable clearness
that exorbitant rutes of depletion of reservoir storage by silting are
widely prevalent and that the problem of protection of reservoirs
from this menace goes hand in hand with that of saving farm and
range lands from impairment and destruetion by uncontrolled
erosion. While some supplementary practices of debris disposal may
be emploved to conserve storage from sediment encroachment. they
are generally subject to speciail difficulties and TIimiftations,

Main reliznce for malerial and permanent conservation of reservoir
resources therefore must rest upon control of sediment productien at
primary sources through more widespread and cffective application
of established methods of erosion control.
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APPENDIX

The following instructions are pow in effect for reservoir snrveys made by
the Soli Conservation Service.

INSTRUCTIONS FOR RESERVOIR SEDIMENTATION SURVEYS
PURF(USE

The immediate objective of each survey will he the determination of the volume
and distribution of sediment accumulated within the storage basin durlng o
specific period of time, either the entire period of the reserveir's existence or o
shorter period between an earlier and the current survey.

The ultimate objeetives are (1) to establish information on the factors in-
volved in reservoir silting, the rates of silting, the effects of different seil, slope,
and climatie eonditions and to correlate these results with lund use in the
drainage areg, and {2} to develop new methods of sediment control supplementary
to existing srosion-control proctices.

GENERAL PLAN OF SURVEY

Survey operations, in all ceses, will be desigred to establish cccurate basic
data and feld lay-out, o facilitate future resurveys 0s well as to check previous
surveys and indieate past rates of siltinp.

The nature of field work will depend upon cholee of surveying methods, but
will inelude under different counditions triungwlation control, aresl and topo-
graphic mapping, range location, sounding and leveling range cross sections, and
direet measurement of sedimoent deposits.

Offce work will include preparation of & reserveir map, showing resulis of
field work, plotting and plunimetering cross sections, computation of original
capaeity and sediment volumes, and preparation of a prolect report.

CHOICE OF RESERVYOIRS

Choice of reservoirs for survey will be based on a Nation-wide reconnaissance
pow in progress. Factors to be considered are original storage capucity per
square mile of drainape orer in relation to annaal rainfail, distinetiveness and
eharacter of drazinoge area, amount of sediment, avallubility of previous bhase
maps, and ceoperction of owners,

Recommendations of reservoirs for detailed survey and recommendation of a
program fo be followed will be submitted by the field specialists in chnrge of recon-
naissance, but final cheice and approval will be made by the Washington office.

CHOICE OF SURYEY METHODS

Choice of methods fo be followed in making the detailed survey will depend
on the amount gond distribution of sediment g¢s indicated hy reconnaissunee,
and ox the availability and character of previcus hase maps.

Sediment voluine and distribution may be derived by mapping contours—Tfor
comparisun with clder maps—on the surface of the deposits over the entire Iake,
by establising, sounding, and measuring sediment depth on ranges, or by a com-
bination of the two methods. Choice of methods will depend on the conditions
indicated below.
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Coxrore Meriion

The principal advantage of the contour moethod is that it shows both the
vertical and horizontal distribution of sediment and allows plotting of eipirity
curves. On the elher hund, it generally necessitates a longer period of survey
aud increases the chanee of error unless the original busin maps nre of a
high standnrd of iceurney,

The contonr methed enn be used only where acewriaie base nus o suitiable
scale with contour interval not over 10 foet nre wvailublo. Cantouring should
not bo resorted to on those parts of the juke where penotration wirh 1he Al oay
be universally ubltained, providing these areas ninount to 50 perevnt or more of the
total area of the original basin,

Raxar MeTiion

The range method has the advautnge of shortcning the time of survey and of
allowing aetual sediment-thickness measurements, It i to be used where move
than 50 percent of the lake ares is eovered by depesits that enn be penetratod
with the sampiing spud, In rhe absence of contour maps, it may be used on the
deltas If original eruss seetions can be established by horings or from kinown
elevations in the old villey.

CoMuINATION 0F RAKGES ANp CoNTOUHS

A combination of the two methods will be applieable 1o many of the reservairs
surveyed. It will consizt of setting up and measuring ranges over the lower prrt
uf the lake where penetratious are generally obtainable, nnd mapping contours on
the delfa portions of the lake, provided previons contonr maps arve available for
comparisen,  Previous wtps will be vheeked by well-distribured borings wlerever
possibie.

RANGE METHOD

TrrsxeuLaTION CONTROL

Triangulation control Is {n be ostablislied on lakos where adequate provious hase
meps are not available,  Where maps of suitable geule and aceuraey can be
obtained ranges may he tied together by stadin conivel with freguent reforonge
lines to prominen{ points shown on the maps, sueh as benchmarks, property
corners, bridges, houses, Junetion of stremms or eouspienons irreguluritios of con-
tours, Observed crrors in previous maps, cspecially in shore lige, should, how-
¢ver, be ecorrected by remapping, using adjncent correct points for conirol,

Triangulation control may be used for establishing ranges where distanees ave
so great that stadin readings eannot be made.

Trinngulntion control, where it is necessury, will be ostablished by plang-fable
methods, starling from a ebained and reeheckoed base line, and will be further
cherked by ¢hain measurcnent betwoeon loeated points in the outer reaches of eneh
major exiension of the main network.

AMapping seales will be adjusted to the size of the roservoir with 1 view to
Ffacilitating progress and keeping the number of field sheets within praetienl
lmits.  On reservoirs a mile or two lang, seales of 1 ineli==100 feot to 1 inch=
400 feet will serve. On larger reservoirg seales of 1 ineh==509 feet to 1 ehi=
3,000 feet should he used,

Base lines 2,000 to 5,000 feet long, necording to the seale of the map, are prof-
erable te shorter lines. In general, hase lines should be as long nyg the greutost
distance Detween duy two adjacent or opposite trinngulution stiations.

BUPPLEMENTARY CONTROL

Supplementary conirol will be tied (o trinugulntion stntiong where {hey have
been established ; otherwise, to well-located fentures shown on the map, It will
be extended by stadin traverse, depending on foresight and hucksight orientarion
of the pline tuble. In smnll bays or nareow winding Iake arms that involve no
grear distances, mignetic prientation may he substitnted loeally, usivg o i genetic
line drawn at the Inst baeksight confrol siation.

The prin¢ipal use of supplementary control in the runge tethod will be for
mapping shore line,
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Raxare LocdsTonN

Where the range method s applicable, the maln body of tiwe lake and its prin-
cipal arms will be subdivided by cross runges so that the silted conditlon of ench
subdivislon will be represented, insofar nsg possible, by the average of conditions
ou the bordering ranges,

The ranges should extend rather directly neross the lake from shore to shore
where it ig praeticable, but of greater importance s the nced for having the
upstream and downstreum ranges approximacely parallel. A divergenee of not
more than 10° may be tolceated for convenience in locating the rauges, but not
more than 30° should be permitted in any ease except as stated boelow, The
series of ranges should begin with an initial range just above the dam on the
main body of the lake, or directly neross the mouth on the arms, and should extend
upstream to its head or to a final cross range below the delta aren to he mapped
in detnil by contours.

Frequently there will be bends or curves in the reservoir that will render the
maintenance of the above limit of dlvergenec for the entire series impracticable.
In sueh eases the series is to be broken up into sets where the limit of divergence
is malntained withirz each set. In ihe segment between the sets the ranges may
have any divergence nol greater thun $0°. In these transition segmenis it is
desirable to have the end runges set voery close together, or starting from 2 com-
mon peiut, the purpose being to concentrate the irregulavity into the smallest aren
so that it will hizve the leust effoct,

Where g tributary enters or an arm of the lake Is cut off, a new series of ranges
is started without regard to the directlon of the two main ranges of the segment.
The first range should be across the month of the teibutary aud perpendicuior to
its general direction or as near to this position ns practical considerntions will
permit,

RANGE ELEVATION

The elevation of each end point of & runge must be established. Where the
end point of the range s not more than 500 feet from the water's edge, the plane
table may be used as a Ievel in estnblishing this elevation. The elevation of the
range end on the opposite side of the lake may he establishied by level or plane
table, provided the shots to the end peint and te the water's edge are neither
more than 1,000 feet Iong, and the differcnce iu the length of these two shots s
not more than 200 feef, TFhe difference between the two rod readings Is added
to the lnke level to give tle elevation of the range end,

If range ends are fur removed from water surface, & level should he used to
carty elevations to the range ends; and if ar entirve scetion of the reservoir hasin
is above bacltwater at the tlme of survey, level lines must be carried either from
nceurately determined water surface helow the lower zone of flowage into the
reserveir or from establisbed benchmarks known to be correct with respect to
water-elevation goges nsed for other parts of the lake.

Where water surface is used for clevetions, the height of water should be
cbirined hourly to the nearest tenth of a foet. In most power reservoirs, a
perpe is loented on the dam or power-house,

In snch cases arrangements should be made in advance with the operators in
charge to furunish hourly water-level readihgs during field hours. In other
cazes, on many smallexr lnkes, it will be nocessary to establish & tomporary water
goge. A simple type for field use ean he made Ly gradunting a leng piece of
lumber in feet and tenths and driving it inte the battom of the Inke near the dmn
or pier where the depth of water is greater than the probable draw-down in the
lgke during the course of survey. The gage should be tied by levels to a porma-
nent benchmark if ene is availible within reasonnble distance. Otlierwise assume
ot datum for height of water at the begimming of the survey. With a temporary
gage it may be necessary to employ a local resident to take water reudings
hourly,

RANGA I'ROFILES

Elevations on top of the sediment deposits will be taken nlong each range below
water level ot regular intervuls by soundings, Flevations nbove water will be
}aken by levels up to the rapge-end monument, which must be set ubove spillway
avel,

Sounding intervals of about 20 feet are suitable on ranges up to 500 feet in
length, O longer ranges with generally reguiny profle, intervals of 50 to 100 feet
may be ured without material inerense in error,
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DiRecT MEABUREMENT OF SEDIMENT

Direct measurement of sediment with the sampling spud (fig. 27) to the nearest
tenth of a foot is to be made at Intervals on fll ranges wherever ponetrntions to
the underlying basin soil can be obtained.
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Fuirne U7.—Svdlment-snmpling spuds,

Water depths are to be measuraed and recorded at each point of direct sediment
mensurement. The elevation of old soll surface is to be computed from this
depth and the determined sedimneut thickness, both below water and on exposed
shore if the lake is drawn down below erest level.
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Spud observations on ranges 500 feet or less in length shonld be taken at in-
tervals of 20 to 50 feet, or with ench second sounding. On ranges 500 to 1,000
feet long, spuddings should be taken every 50 feet, or with every second sound-
ing. Oun ranges from 1,000 to 2,000 feet long, spuddings should be taken every
100 fect, or with every third sounding. On longer ranges spuddings may be 200
feet or more apart. Spacing of spuddings will depend on silting conditions, nnd
rigid rules need not be followed. The main obicet is to obtuin n measurement
with each appreeciable change of sediment depth. Thus sprddings showld be closer
together where the range crosses the oviginal stream channel, and may be farther
apart over broad flat arens. The edge of the sediment toward each range end
should be determined and located on the map either by probing with the spud or by
senreh between the waier's edge and range mounument,

Spuddings should be taken simultanconsly with soundings on one rip across
the range.

Ust 0F SEDIMERT SAMPLER OR SPUD

The sediment sampler or spud will be used on range ot clsewhere only when the
bont is held stationary either by the boatman or by anchor,

The spud wiil be plunged from sufficient height to give penetration throngh
the sediment and slightly into the underlying original goil. The longer more
stender spud will be used where deeper penetration is required.

Distinetion between old soil and lake deposits genernlly depends npon compara-
tive softness and iack of grit in the deposits. Often there is o marked difference in
color. Where old soil is elayey it genernlly cliugs to the spud more stiffly than
the sediment; where sandy, it may fail to come up on the spud, in which case a
clean section of spud marks the lower limit of the deposit.

In many places the sediment contsins leaf fragments thal are absent in the
old scil, or the old soil may contain roots and rootlets that are absent in the
sediment.

In very deep water ol where the deposits are gritty and the spud sample tends to
wash off on the way to the surface, if may be advantageous to smear one side
of the spud with ordinary automebile eup grease. This bas been found efficient
in retnining a somple of sand.

MEASURBMENT OF YOLUME OF DELTA DEPOSETS

Where delias are present and original contour maps of the basin are avail-
able, the contour method described below is to be followed in surveying that
portion of the lake or lake arm between the last range where sediment penetra-
tion ran be obtgined and a point where backwater is coofined entirely to the
original channel. .

Between the point where backwater is confined entirely fo the original chan-
nel and the acinal upper limit of backwater, ranges from bank to bank along
the channe! will give the present cross section. The original cross sections
may be reconsiructed from such data as are available, partienlarly original
river profiles and borings.

ProrrIiNG AND PLANIMETERING

Ranpe proflies are fo be piotted on cross-section paper ruled 10 sguares to
the inch. For most ranges a4 horizontnl scale of 50 feet to the inch and a
vertical seale of § feet to the inch will be satisfactory. In some more detailed
work or with small sediment thickness it may be necessary to use a vertical seale
of 2 feet to the inelt. In speciul coses, seazles mury be vavied te fit & particular
problem at hang.

The elevation of the sediment surface, or of the otiginal bottom where sediment
is absent, should be calculated for each point of sounding by subiracting the depth
of water from the elevation of water surface during the hour of seunding, as
gbtained from gage readings.

The elevations caleculated for ezeh sounding ure to be plotted as a proflle
eross sectlon of the range. Distances of soundings from one end of the range
are sealed from the plane-table sheet, read to the nearest foot by using magnifying
plass, and recorded in the notebook. Distances #nd elevationsg being determined,
the points are plotted and are joined by straight-line segments to form the range
cToss section.

The elevation of the cld soil st esch point of spudding may be plotted easily
after the sediment surfsce cross section iy completed by plotting 2 point dlrectly
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below the sounding equal to the sediment thickness recorded. The thickness of
sediment at each point of sounding between spud measurements should be
plotted by interpolation.

Where the thickness of sediment requires boring by auger for penetration,
ihe present surface may have little relation to the original surface, now buried,
and in such eases interpolation should not he done hy rule of thumb, but rather
in the light of circumstances, using all available data on origingl valley slopes
and profiles to supplement borlng data.

The erogs-section area enclosed by the old-soil or bottom curve below crest level
is to be obtnined by planimeter in square feet. The cross-section arer enclosed
by the sediment surface or upper curve below erest level is mensured in the
same way. The difference between these two guantities represents the cross-
secfion aren of sediment. Results on the above seale should be accurate o
within 1 percent and should he recorded on each cross section.

Range lengths for use in calculations are to be scaled from the eroks gections
hetween shore lines which are taken as the points where the vld soil curve
erosses the spillway elevation contour, Ranges are o be drafted on the bare
map. Where the range lengths do not agree with the distances between shore
lines, the shore lines are to be adjusted, on the basis of field data, prefecably
by remapping.

The total area enclosed by all the ranges and intervening shore line hounding
cach segment of the lake is to be planimetered. The quadrilateral ares, which
ijg formed by the two main ranges and- straight lines connecting the points
where they intersect the shore lines, ig then obtained by planimetering or
scnling nnd computation. These areas, total and guadrilateral, will be con-
verted into acres to the seeond decimal place, recorded on the base map, and
laheled 4 and A4°, respectively,

The plenimeter work mmust be earcfully done. At least four separnte meas-
nrements within 1 peorcent variation must be mnde and averaged on each
curve and segment for correct resgults.

CoMPUTATION oF ORIGINAL CAPacITY AND S1um VOLUME

The segments, or subdivisions, of ilie lalke may he houuded by any number
of ranges rnd intervening stretches of shore line. Arens with two ranges mny
have one or two stretches of shore line and arens with three or more ratges
may be closed flgures with no shore line or may have any number of stretehes
up to the number of ranges.

The original enpacity and sediment volume for all segments except the one next
to the dam will be computed by the following general formuln;

A -E1+E'_l A E; Eg) h:gE:;‘l-!th'{" -
V=g Wt Wg)‘!‘:a(w i, )t 130,680
vhere: P=O0riginal eapaeity ar sediment volome, in aere-feet.

'=The quadrilateral area, i. ., the area in acres of the quadrilaternl
formed by connecting the points of range intersection with erest
caontonr between the two principal or most nearly parallel ranges.

A=The lake area of the spgment in acres.

B=The cross-scetional areu, in squure feet, of original eapacity vv sedi-
ment volume cut hy o hounding range.

W=%Width (length of bounding range) at crest elevation in feet.

#=The perpendicular distance from the range on a tributary to the
junetion of the tributary with the main stream, or if this junction
is outside the serment, to the point where the thalweg of the
tributary intersects the downstream range.

The subhzcripts of B, TF, and % identify these quantities with the respective
ranges of fhe segment,

The formula is general and covers all eases except the special ease of the
segment next to the dam where the eflect 0of the shape of the dam does not
Jend itself to intlusion in the formula, The application of the formula js
exactly the same for sediment volume as for original capacity and all quantities
used, except those for F, will have the same values.

For each segment, the numbers of the ranges, which are the subscripts in
the formula, will penerally he taken so that Ne. 1 is the dowunstream range,
No. 2 the upstream, and Nos. 8 and higher are ranges on tributaries or arms
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of the lake. In enses where the range on a tributary, or arm of the lake, is
tiearer paraliel to range No. 1 thon the upstream range it is taken as No. 2 and
the upstream range as No. 3.

It will be zeen from the derivation of the general formula, as given below,
that, theoretically, there must be pt least two ranges in a segment. Where
only cne sppears, as on a tributary or lake ammn, No. 2 must be considered
as a point at the exireme upper end of the arm, Here then, is a range with
zero cross-sectional arem, B.=0, and zero width, W.=0, although 4’ i8 not zern.
The quadrilateral area, 4°, in this case has one side, V., that is zero and has
the shape of o triangle with T, as the base and the point of hypothetieal range
No. 2, os its apex. In this case the formnla redices to:

vt (B A(B) =454 ()
RN A 3I\NW, 3 W,
The use of the formula for segments having two or more ranpges is obvions;
the quantities bearing subscripis greater than the number of TILges are equal
to zero pnd vapish.

The erginal capacity and sediment volome for the segment next io the dam,
which has only one range, will be eomputted hy the formula,

v—a_v,

where the values of V, 4, B, and W, are the snme as above and Fo is the
volume, in acre-feet, displaced by the upstream face of the dam. For concrete
dams with verticul or nenrly vertical upstream face, Ve=0. For dums with an
upstream siope, ¥ is computed, ns follows:

For original capacity,

HBL
Vo=171,247
and for sediment volume,
L( 38—%3)%
Vo=
130,680

where L=Length of dam in feetf.
B=Width of base of dam at originnl bottom of roservoir.
H=Height of dam, original bottom of reservoir to crestline,
s=3lope of upstream face of dam.

DervaTioN or TaEE ForMuLa

A formula is desired that will give the most probable values for original
capacity and sedinent volume when the available data cousist of {1) The liake
aren of the snbdivision; (2) the width and eross-sectiona! areas of the ranges
and (3) the points where the thalweg of the streams intersect the FANgeS.
These represent in most enses the extent of data available where the range
method is nsed. In using the general formula, the values of the quantities &,
tor ranges Nos. 3 and higher, must be known in addition to the piven data.
Wherever possible these are to be obtained by plotting original ehannels from
previcus maps on present survey maps. Where the location of old channels is
not shown on previous maps the points of junction of the tributaries and the
main strenxm must be plotted from judgment, using as guides the shape of the
shore line and the points where the thalwegs intersect the ranges 0s pletied
crom the range cross sections. These vaiues of & may nof be ns peenvnte as
cneired but they represent the most probabie from the sveilabie data.

When an engineer wants the most accurate velue of the ¥ardage in a eut, fil
or levee from cross sections, he uses the prismeidal formula. This formula
gives exact resulis when the figure is a true prismoid, and for many fipures
that are prismoids only by liberal definition. In the problem at Bmand, (e
figure is never a true prismoid, but the formula makes o good point of beginning.

Consider, first, an imuginary segment with two parallel ranges and shore lines
that are straight lnes connecting the ends of the ranges. The most probable
capacity of this segment can be represented by a prismoid having either
rectanglea or triangles, wlth aress equal to the actual areas, for end faces,
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E 2B .
The width, W, and the ﬂepth,W or g vary uniformly from one end face to

the other. These prismoeids nre shown in figure 28, 4, B, and G.

Using the notatien of the general formmula, #', for the perpendicular distance
hetween the ranges, and the subseript, 1, for the computed midrange, the
volume of either of these prismoids can be computed as follows by the pris-
moidal formula:

V=t Bt an,+ B
where :
1 B, B
Ep= (W + Wy ('ﬁrl; + TV;)
which gives
i B BN
V== é [E, 4 (W W) 'il;; +i, )t Ez]
but
A =}‘2+(W. + W)

, AT Bt By B BN
V=3 [(W1+Wz)+(m"‘ Wz)]

It gill IEJ?E seen tgom gl:is cquation that the average depth of this sepment is
‘%[ T’F’:ilén)—l_('ﬁ_’:-]'ii‘%)]' Thig volume can be obtained, in the case of fignre

27, 4, by breaking the prismold down info prisms, wedges, and prramids and
taking the summ of their volumes; but iu the case of figure 28, &, this meihoil

\

5 A

Figure 28.—Eguivalent prismoids: A, rectangular; B, triangular with warped
surfaces; C, composed of three pyramids,

cannct be used because the slope faces are warped surfnces, By resorting to
calculus the volume can be proved correet in the latter case.

If the prismold shown in figure 28, &, is changed to the one in figure 28, @,
it will be bounded by eight triangnlar and one quadrilateral plane surfaces and
by the prismnoidal formula will have the same volume. That this volume is cor-
rect for the new prismoid can readily be proved by breaking it down into three
pyramids.

In boilding up the formula so far, only straight shore lines have been con-
sidered nnd the area used, A', is the quadrilateral area of the general formula.
The width of the lake is usually greater between the ranges than at the ranges.
This i$ to be expecled Leennse the narrow places are the most practieal places
to locate ranges. In the large majority of cases, this makes the lake aren, the
4 in the formuig, greater than the quadrilateral area, 4. The total velume can
be regarded ng made up of the volume alrendy established for straight shore
lings (fig. 28, €'} plus the volume contribnted by the excess aren, A—A'. This
latter volume might be vegarded as equivaleni to a wedgelike figare hnving the
maximum depth line as its edge, or a pyramid baving the depth to the midpoint
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of the maximum depth line as its altitnde. If we consider figare 28, €, as the
mest probable equivalent of the volume for straight shore line and picture the
ghore line as bent outward in curves the added veolume tnkes the form of the
pyramid. A study of the shape of contours in untural reservoirs provides con-
vineing evidence that the pyramid is the form to use rather than the wedge for
the excess volume. This gives for the excess volume,

=1 £ Ez.)
V”‘-— 3 (Ai""A')(Wi'i' H"’s
This volume added to the velume for straight shore fine gives,
- A B BN ACE | B
V= V?+ ?#" I\W+ W:)+ 3 ( W1+TV2)

From the form of this equation and from the shape of the Sgure developed
as the equivalent of the most probable volume, it will be seen that, had it been
self-evident that this was the shape te use, the above formmls could have been
derived by taking the sum of the volumes of three gimple pyramids.

When tribuiaries enter the subdivision, or arms of the iake are tut off by
ranges, {here will be more than two ranges to consider. The formula devel-
opett for two ranges is the sum of the volumps of three pyramids with bases
equal to the lake area and the two end areas. The alfitude of the latter fwo
are antomatically cared for in the quadriluteral area, 4’. The third and
higher numbered ranges will also enter as pyramids with the range end-areas
as bases and with altitudes to be determined. Bearing in mind that the shape used
in obtaining the most probable volume was an equivalent shape and not the
aetual shape, g study of natura) conditions indicantes that the sititude shonid
be the perpendieular distance from the range to the junction of the streams
if the junction Is ingide the sabdivision or, if not, to the point where tho
thalweg of the tribufary intersects the lower vange.

A1l the foregeing assumes that ranges Nos. 1 and 2 are parailel, a condition
seldom encountered in practiee. The only part of the formuls affected by di-
verging ranges is the expression involving 4’ as g direct factor. The compu-
tation of the error caused by this condition for any segment is impracticat
beeguse it involves the unknown location of the interscction of the thalwey
with an imjaginary midrange. Carcful investigntion Indicates, however, that
this error is insignifieant up to a 16° divergence of ranges and that it tends to
compensate In the sum of the volumes of the segments.

CONTOUR METHOD
TRIARGULATION {ONTROL

Triangualation control is ta be established on lakes where adequate previeus hase
maps are not available. Where maps of suifable seale and accoracy can be
obiained, surface or subsurface contour mapping shonld he controlled by fre-
qiient reference shols to prominent peints shown on the original maps. It is
esgential that the crest contour as previousty mapped should be used, with cor-
rections If necessary, in order that the remapped surface may correspond with
the oviginal surface at a level above sediment deposits. The ovigival npd present
contonrs below ecrest will beth be siiown on one finsl map by different symbols.

Trinpgulation may be nsed where it is deemed necessary 25 a base for random
or radial soundings used to plot subsurface contours. Because of the time re-
quired, however, it should be dispensed with wherever the eriginal maps afford
gntisfactory base for accurnte Location of points,

Sunrace CoNTOUR MAPPING

Sarfaee contour mapping is to be used on delte nrens where the lower por-
tions of the ke are surveyed by the range method, and on a8l sediment deposits
sthove water ut the time of survey where the contour rmethed is used over the
entire Like,

Contours must be mapped &t not more than 5-foob intervals. On the fiatter
portions of the sediment deposits, elevations shonid be obtnined at sufficientiy fre-
quent intervals to map 1l-foot contours which should be drawn on the plane-

80832°—30——I1
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table sheets. On the final map, only those contoury which correspond te the
original contours peed bhe shown Thuat is, if the original meps show 5-foot
contours, then the same contaurs on the present surface shouid be drawn,
although on the plane-tgble sheets the 1-fool contours are alse shown.

In surface mapping, stadia fraverse aed intersection should be used, tying to
established locations. Sitadia shots should be taken in ail the visible area from
each {raverse statlon, and separate traverses, sach frequently tied to control
points, ghould be made in sufficient number to thoroughly cover the surface.

Three-point Tocaticn should not be resorted fo except in specizl ciuses where
time required for traverse would be excessive. No traverse shounld be run from
a three-point location,

SuBsUnFAcE CONTOUR MAPPING

Several methods may be used for obtaining acenrate location in snbsurface
contour mapping. BEach will doubtless be found of advantage af one time or
another during the course of subsequent surveys. It is n prime reguisite, of
course, that an adeguate number of accurziely loented soundings be taken to
afford o sure basis for interpolafing contours on an invisible surface. Natur-
ally, the more irregular the sediment surfree, the more soundings required, and,
conversely, the flatter the fewer.

{1} A radial fan of lines covering & section of the Inke may be drawn on the
plane table at any previously established station at snitable angle-intervals of
10° or 15% A cui-in sfation is established by sindia and so lceated that
suitable intersecticns may be obiained on il radial lines. A transit is set up
gver the pivetal station and the angles furned ans pletted on tue plane-table
gheets. The boat moves aloog the lines directed by sigoals from the transit-
man. Soundings are located on the plane table at a cnt-in station by a divection
line drawn to cross the radial line oz which the boat is moving.

(2} A control network of stations covering both banks of the lake may be es-
tablished. From alternating stntions on each hank radial iines are plotted on
the plane-table sheets at suitnble angle-intervals, unsundly 10°, bepinuing with
the orienfation line foward another station in the previcusiy established mef.
Adjacent stations in the net may serve as cuf-In points. A transit is set up at
the apex of & set of radinl lines and oriented on one end station of the radial
pattern. The boat moves along this initinl line divected by signals from the
transitman. The plane-tuble operator ot the ent-in station signnls for sound-
ings. As this subrange is complete the transit is turned 10° and the boat
directed along the second subrange. The process is continuned until this radial
pattern of subranpes is completed, whereupon the transit is moved to the spex
of an adicining radinl pattern ¢n the opposite shore to continue the soundings,

{3) The system of transit and plane tabie operated at adjreent stations in a
previously established net may be psed without establishing a radial pattern of
renges. In this ease, the bostman may direet progress of his movements, and
on his signals an angle is read on the transit with each sounding and a direction
line drawn on the plane teble. Thia permits boat movements in a zigzag course
under cenditions that permit eniry only along cerfain channels.

{4) The underwnter surrace may be contoured by estabiishing ranges sufii-
clently close together in the same‘manner s in normal range work. This is
sm{rjletimes advisable and time-saving where the sediment surface is especiaily flat
and even,

() Under unusual conditions and in quiet water, sounding pesitions may be
located from a stadin rod held firmly in the center of the boat., This method
should be used only in emergencies, however, as it is especially susceptible to
erroT.

COMPUTATION OF ORIGINAL (JAPACITY AND SEDIMENT VOLUME

Where an original contour map is available and the sediment surface has subse-
quently been remnpped on fhe same scele and contour interval, the following
modified prismeidal formula will be uged for eomputing the original capacity and
sediment volume between two adjeining contours. The formula may be used for
either o segment of the lake bounded by one or more ranges and intervening
atretches of shore line, or for the loke #s a whole bounded only by the dam
and ghore line.
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V=L/3 (44 +AB+B) acre-feet,
where V=0riginal capacity or sedinent volume in acre-feet,

L=Contour interval in feet. In the lowest prismoid, L is the vertical
distance between the lowest contour and the lowest point in the
bottom of the reservoir.

A=Areg, in acres, of the original lower contour for original capaeity, or
difference between the areas of the original lower contour and the
present lower contour for sediment veolume. In the lowest prismoid
4 equals zere for both original enpacity and sediment volmme.

B==Aren, in acres, of the original upper contour for ariginal enpacity, or
difference between the areas of the original uuper contour and the
present npper contour for sediment volume.

The formaula is applied progressively to the prismoids, or volumes between the
coniours, beginning with the prismoid between the lowest contour and the bot-
tom of the reservoir. The sum of these volumes will give the desired total.

This method of computation has the fdvantage of establishing distribution of
original capacity and total sediment in the vertical as well as areal plan of the
reservoir, which is of great praetical importance from the viewpoint of reservoir
utility.

FURTHER COMPUTATIONS

The following additional computations should be made and the resulés tabu-
lated, s shown in the fabular summary at the end of the following section
on preparation of final reports.

1. Original area at crest stage. (Sum of all surface areas planimetered from
original base maps or remapped original crestline contour. (Acres,)

2, Area at crest stage at date of survey, {(Sum of ail surface areas to present
crestline contour. Should be less by the amount of delta fill to and above crest,
and greater by the amonnt of bank erosion.) (Acres.)

3. Original storage capacity. (In range method, sum of capacities of various
segments. )In contour method, obtained by planimetering original base maps.)
{Acre-feet.

4. Storage capacity nt date of survey. {In range method, sum of original
capacities of varicus segments less sun) of sediment deposited. {Aere-feet.)

0. Btorage per square mile of drainage area.

acre-feet of original storage
square miles of drainage area

Original= {Acre-feet)

acre-feet of remaining storage A
square miles of draingge area (Acre-feet)

At date of sorvey

Compute to second decimal place.

6. Deltn deposits. (Sum of all volume computations of delta deposits in
various segments.) {Acre-feet.)

7. Bottom-set beds. {Sum of all volume computations of bottom-set beds in
various segments,) (Acre-feet.)

8. Total sediment. (Sum of 6 and 7.) (Acre-feet. )

9. Average annual accumulation= 'i?mlyz‘;__d:;nﬂt_( Acre-feet).

Compute to second decimal place. Years should be determined to a fraction
representing nearest month when filling began.
10. Annual accumulation per 100 square miles of drainage area=

Annual necumulntion (determined in & X100
Square miles of drainage area

(Acre-feat)
Compute to second decimal place.
11. Annual seewmulption per aere of draingge area=

Anmual aceumulation (determined In 9) X 48560
Square miles of drainage area XG40

(Cubic feet)

Compate to second decimal place.
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1% Also,

where s==Average dry weightf of sediment in pounds per cnbie foot, as deter-
mined from undisturbed samples.

Cubie feet (determined in 11)Xn,
5000 {Tons}

13. Loss of original capacity per year—

Aceamuiniion per yenr (acre-feet defermined in 9) X100
QOrigingl capacity {acre-feet determined in 3}

{ Percent}

Compute to second decimsal place.
14. Loss of original capacity fo date of survey.

Total sediment {gere-feef deterniined in 8) X100
Original capacity (acre-fect determined in 8}

NOTE KEEPING

{Pergent}

Field notes should be kept in standard engineering field books which may
be obtained on reguisition from ihe Washington office. All notes shonld be
neatly and uniformly printed. The Byleaf in the front of each notebook shouid
contain a legend after the foliowing pattern:

SEDIMENTATION SURVEY
of

Boomer Lake

Stiliwater, Oklahoms
June 4-18, 1935

Sedimentation Studies

Soil Conservation Service
U. S. Department of Agriculture

Field Book No. 1 of 8 Thomns L. Kesler,
Chief of party.

The sname legend should appear on the fronf cover of the notebook.

Immediately following the 8yleaf should be o complete index of all notebooks
of the survey if more than one book is vused. There shouid follow a separanfe
index of the filrst notebook, aund etch succeeding notebook shiould have an
individual index.

Foliowing the last index of the first notebook, all gencral deseription of the
reservolr, namely, the luformation reqguired in the reservoir inventory report,
should be given. Also any additional infermation of imporfance regarding the
sarvey.

Notes of various types such as triangnlation, stadia traverse, range sounding,
ete., shall be segregated on separate pages but may be given in anuy order in a
properly indexed notebook. Notes shull conform to standard engineering prae-
tice, care being taken that sounding and spud notes contain adequate legend
for use by engincers uninmiliar with this type of survey. Weathvr conditions
and daties of each engineer should be recorded daily.

Planineter measurements and computations of arens and eapacities should be
recorded in the iast notebook following field notes, All factors scaled from maps
and sections, such as range widths and lengths of lines erected for height of
prramid in side nrm computations, must be recorded.

No field book should contain notes on more than one lake.
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TARULATIONS
RANGE BURVEYS
- Ranges
Orlglnalerass:| o ooocontion | Sedim
- enk
Rangs No. Length (feat} %fv“:i‘;‘: ;{32 area at times of | cross-Section
‘sediment) survey {watar) area
Surfgce areas
Rangas bounding
Begment Ne. Squsre feet Acres Segment
Total ||t
Segmoent volumes
Originaleappelty | Copacityatdatol o 00 )
Segment No. {acre-feat) of su:f\;easbr}(acra- (acre-feet)
Total o e e m e e e e
CONTOUR SURVEYS
Aregs enclosed by contours
Origingl araa Aren at dats of Difference
Contour elevation {acres) survoy (acres) tncras)
Capacities by contour intervdls
{apacity at dale
. Original capacity
Hounding contouts of survey (sere- | Sediment (acre-
{aere-feet) fect) feot)
Total oo e e e e
Capacitics to cach conlour
: Capoacity st date
Elevallon Orl%ml-:;gécity of surfvo{)(acrel
(.1}

SURVEY MONUMENTS

All trinsgulation stations, range ends, and other important survey points
will be marked by substantizl concrete monuments set 2 to 8 feet in the ground,
depending on the depth of freezipg, Elevations will be determined on the top

center of ench mosument, which will be marked with the stotion number and
properly recorded in the feld book.
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PREPARATION OF REFORTS

In the preparation of reports on each reservoir survey, the following outline
should be foliowed as rigidly as possible in order to insure uniformlity of treat-
ment in the several pnrts. It will not, of course, be possible tv obtain all
the information suggested here for ench report, mor will a pilace be found in
this outline for every cluss of information that muay be of loeal importance. Ik
should be borne 1n mind that the prireipal objective in these reports 15 to present
a systematic, clenr, and concize arrangement of data and observations in uni-
form style. Tabulations should be used as much ns pessible, s0 long s they ara
readily understandiable even to casuitl inspection.

QUTLINE OF REPORT
ABSTRACT

A concize summary, in four or five paragraphs, of the important facts contained
in the report, including short deseriptions of the reservoir, drainnge basin, and
sediment deposits; the more significant quantitative results of the survey; and
a brief statement of the principal conclusions expressed,

INTRODTCTION

A brief statement of the project of which this survey is & part; dates of surveyx
period ; names of purty and of party chief and other personnel ; and acknowlede-
ments of gll assistance and cooperation received In making the gurvey.

GENERAL INFORMATION
Lovation.

State—. .

County (or eounties).—{Give also sections, townships, and ranges where
possible.}

Distance and direction fronm: nearest city.—

Drainage and backwater—(Give drainage on which dam is located and all
important tributary streams cn which backwater is impounded.)

Ownership.—

Purpose served.—{If dual purpose, as water supply and power, compare use
for the two purposes.}

Description of dan—{Give type, material of construction, length, height, thick-
ness, elevation of spillway, nnd any specinl features such ns floodgates, mud
eates, character of foundation, ete.)

Dale of completion—{To nearest month, alsc average date of survey and totnl
age to date of survey.)

Length of leke—{From dam to head of backwater nlong axis of reservoir. Glve
also length of major arms.)

Criginal

At time of survey

Amount shortened

{When unchanged write: Original and at time of surver)._
Area of lake at spillicay stuge—

Miles {or foct)

Originnal _

At time of survey

Reduection

Blorage capacity to spitheay tevel.— (I n water-supply reservoir give gallons also,
Show whethet original capacity determined by this or earlier survey.)}

Adere-feet

Original
At time of survey -
Loss due to silting____

General characier of reservoir basin.—{General discuseion of physieal charac-
teristics of reservoir basin.}

Former sedimentation surveys.—(Glve in detail 2}l information obtainable on
former surveys, incloding type of surver, date, name of persons or apency
making survey, and results obtained.)

Areg of drainage basin.~—{ Square miles or acres.}
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General characier of drainage basin.—( Brief description, usunlly to be confined
to one or two paragraphs on each of the following topics, in order) :

{1} Geology.

{2) Topography and drainage,
{3) -Boils,

{4} Land use.

{5} FErosicn conditions.

Mean annyal roinfall—(Weather Buresu reports, Soll Survey reports, Soil
Conservation Service regional office datn.}

Iﬂ;fow into reserveir—(U. 8. Geological Survey gapging records where avail-
able.

Boaporation—{Available only in certain places. Often determined by owners
of reserveir,)

Draft on municipul veservoir—{Usnal daily or monthly draft. Season of
greatest use and draft during this period.)

Power development—{Installed power equiptnent ; number of units, rating of
each and of plant as & whole, in horsepower, kilowatts, or kilovoli-amperes:
aperating head under full reservoir; avernge daily or seasonal draw-down of
reserveir below spillway crest level ; draft in cubic feet per second under full plant
operation with full reservoir.}

Irripation—{Annual draft or amount of water used during the whole grow-
ing season, in acre-feet; either from records or from number of acres irrigated
multiplied by usual depth in feet of water applied to typical crops during &
fnll semson.}

MeETHOD OF SURVEY

Summarize work done, as the number of triangulstion stations, number of
ranges, miles of shore line mapped, acres contoured. Refer to general method
used in survey. Give mapping scale and description of previous base maps
avallable.

Deseription of any local pecullnrities thaf necessitnted methods not covered
in general instruetions. Complete deseripticn of any methods used that did not
conform to general standards.

SepiMeENT DEPOSITS

Character of sediment.—Describe the sediment as to texture, color, and con-
sistence in various parts of {he lake. Inciude resulis of laboratory studies.

Distribution of sediment—Discuss the general distribution of sediment, illus-
trating where feasible with tablez and graphs (loagitudinal preflles, eapacity
curves, sediment curves, ete.) the average and specific sediment depths in variouy
parts of the basin, actual and percentage volumes by natural units, aod by contour
intervals where the contour method was used.

This section sheunld include a discussion of factors inftuencing distribution,
such &s configuration of basin, nature of incoming sediment, underflow, history
of teservoir operation {draw-down, change in dam height, ete.}, wave action,
magg movements of sediment, and other factors whose effects are evident, Where
laboratory studies bearing on distribution have been made these should also
be included.

Origin of sediment—Interpret the character and distribution of sediment
in terms of source materinl, slope, climate, land use, erssion conditions, ete.
Digcuss the relative importance of specific arets and soils of the drainage
‘basin ag sources of reservoir sediment.

CONCLUBIONS

All interpretaticns, conclusicns, and recommendations based on the completed
study and digest of silting and watershed conditions {unless adequately brought
gut under the preceding headiings) should be presented in n fingl sectlion. This
sectlon will always include the tabular sammary of quantitative respits of the
survey.

Treatment of special fleld studies, as of wnve erosion, npstream deposition
induced by the reserveir, and mass mevement of sediment, may be placed under
separate headings where this seems desirable for emphnsis. Otherwise they
will be included under one of the preceding headings,
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Summary of date on

(Reservolr)  (Clty or county) {State)
Apge? FOATE .-
Watersired area? square miles__
Reservoir:

Area at spillway stnge:

Original
At time of survey

Storage capacity to spillway level:

Original nere-fept_ .
At time of survey do___

Capacity per square mile of drainage areu:?®
Originnl o
At time of survey do

Sedimentation:

Total eediment do
Delta deposits {1 J—
Bottom-set beds__. do____

Averapge annual secumulation:

From entire drainage area do
Per 100 square miles of drainage area” acre-feet__

Per acre of drainage area® cubic feet._

tons i _
Depletion of stornge:
Laoss of original capacity:
Per year ——-pereent. . _
To date of survey
T Btorage began in 1 average date of sarvey,
{Month} (Xvar) (Month)
o Imeluding area of reservolr.
3 Excluding aren of reservoir,
i Based on zn average dry welght of ___. pounds per cuble foot, s determlned from o
undiaturbed samples,

PREPARATION OF MAPS, ILLUSTRATIONS, AND SUPPLEMENTAL MATERIAL

(1) A general map of the lnke showing shore line and otler contours, all tri-
angulntion and supplementary eontrol stations, ranges, and range ends should be
prepured for planimeter measurements. This map should be labeled with range
widths and acreage within segments. Where original maps of suitable nceuracy
are available all surveying dntn and legend may be drafted on these providing no
confusion will arise from crowding of lines. Where only plane-table sheeta are
available, a single composite map must be drafted.

All maps will be redrafied in the Wishington office. Therefore, maps sub-
mlitted from the field need follow only the requirement that all intormation
thereon be accurate, lepible, and subject to no confusion of detail.

(2) A compact systematic folio, prefernbly bound in covers, of range ecross
sections and other graphs shall be submitted.

(3) Field notebooks properly prepared ns outlined above shall Le submitted
with the final report.

{4) Plane-tnble sheets properly nnmbered and labeled for identification shall
be forwnrded to the Washington office,

(3) All film exposed in the ficld will be developed in the Washington office
and a sct of prints supplied to the field for inclusion in reports. {Additional
prints availzble on request.) Al exposed fentures of sedimentation should be
nmply illustrated with photographs in the final report,
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