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SEDIMENTATION IN SMALL DRAINAGE BASINS

FLUVIAL SEDIMENT IN THE DRAINAGE AREA OF K-79
RESERVOIR, KIOWA CREEK BASIN, COLORADO

By James C. MUNDORFF

ABSTRACT

As part of a national investigation of trap efficiency of detention reservoirs, a
study was made of fluvial sediment in the drainage area of K-79 Reservoir in
north-central El Paso County, Colo. This study by the U.S. Geological Survey was
begun in 1956 and terminated in 1965. During this period, the average annual
precipitation was near normal, although annual precipitation ranged from much
below normal to much above normal. Drainage from most of the area passed
through one or more upstream structures before reaching K-79 Reservoir.

From August 29, 1956, when the original survey of the reservoir was made,
to July 27, 1965, when the final resurvey was made, observed sediment discharge
from the reservoir was about 2,610 tons, or 2.5 acre-feet; sediment deposi-
tion in the reservoir was about 7.5 acre-feet. Trap efficiency was 75 percent
as computed from computed volume of sediment outflow and measured
volume of sediment desposition. Trap efficiency was 83 percent computed from
the observed weight of sediment outflow and the computed weight of
sediment deposition ; the few available data on volume weight and particle sizes
of deposited sediment suggest a volume weight of 80 pounds per cubic foot, or
about 13,000 tons of sediment deposited in the reservoir.

Most of the sediment that entered K-79 Reservoir during 1956-60 originated in
the downstream one-third of the drainage area, and during 1961-65 originated in
a small area downstream from hydraulic structures puilt during 1960. All the
bedload discharge and most of the suspended-sediment discharge from a large
part of the drainage area were trapped before reaching K-79 Reservoir.

Flocculation of sediment within the reservoir probably is not a signiflcant cause
of deposition in the reservoir. The runoff from the area is of low mineralization
and is not conducive to rapid flocculation, and the detention time for runoff
is only a few hours.

Neither the amount of sediment deposition in, nor the trap efficiency of, K-79
Reservoir should be regarded necessarily as representative of similar but unstruc-
tured areas in the Colorado Piedmont or High Plains. Under present structured
conditions in the K-79 drainage area, the effective life of the reservoir should
be exceptionally long.
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D2 SEDIMENTATION IN SMALL DRAINAGE BASINS
INTRODUCTION

A study of the characteristics of fluvial sediment in the drainage
area of K-79 Reservoir, which is on Kiowa Creek in north-central El
Paso County, Colo., began in April 1956 and ended in September 1965.
This study was part of a national investigation of trap efficiency of
detention reservoirs and was made by the Water Resources Division
of the Geological Survey, U.S. Department of the Interior, in coopera-
tion with the Soil Conservation Service, U.S. Department of Agri-
culture. The main purpose of the study was to determine the quantity
and characteristics of sediment transported into, retained in, and dis-
charged from K-79 Reservoir.

CHARACTERISTICS OF THE DRAINAGE AREA

The drainage area of K-79 Reservoir is the headwaters of Kiowa
Creek. That part of the Kiowa Creek basin upstream from K-79
Reservoir has an area of 3.2 square miles. (See fig. 1.)

GEOLOGY AND DRAINAGE

Only two geologic formations have a direct influence on present
erosion and sedimentation in the K-79 drainage area. The Castle
Rock Conglomerate, of Oligocene age, is a conglomeratic arkose that
occurs principally as caprock in the forested divide areas in the south-
western part of the area. The Dawson Arkose, of Late Cretaceous
and Paleocene age, is predominantly arkosic sandstone and clay and
is the surface material in most of the basin.

Upstream from K-79 Reservoir, Kiowa Creek has an average fall
of about 100 feet per mile, and altitudes range from about 7,600 feet
in the forested headwaters to about 7,290 feet at the reservoir site.
Channels in most of the southwestern half of the K-79 drainage area
are broad grassy drains. From the extreme headwaters to State Route
157, the channel generally has a grass cover and shows little evidence
of rapid erosion. At the highway, the channel type changes abruptly
to a well-defined, actively eroding channel. Bank erosion and bank
caving are common between Route 157 and a small reservoir about
three-eighths of a mile downstream. Figure 2 shows the channel of
Kiowa Creek immediately downstream from Route 157.

Conspicuous erosion immediately downstream from reservoirs com-
monly is attributed to the “de-silting” of the water and the release
of relatively clear water. The channel downstream from K-79 Reser-
voir has steep banks and has a deep scour area immediately down-
stream from the outlet tube. The general characteristics of the channel
downstream from the reservoir, however, do not appear to be related
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Well-developed podzolic profiles were observed in some of the areas
of coniferous forest. These soils, probably of the Kettle series, have an
Ao horizon about 1 inch thick composed of fresh litter and pine needles
grading into the A, horizon of partially decomposed litter mixed with
mineral particles. The A, horizon, a sandy loam, is about 8 inches thick
and changes abruptly into the A, “bleicherde” horizon that ranges
from 8 to 14 inches in thickness and is a very light gray loamy fine
sand. The A, horizon is underlain by the B, horizon, approximately 18
inches thick, which is a compact sandy clay loam. The B. horizon is
underlain by an undetermined thickness of clayey to gravelly weath-
ered arkose. In some of the forested areas, weakly developed soils do
not have the profile typical of the Kettle series. For most of the for-
ested areas, the combination of thick surface litter, relatively gentle
slopes, high infiltration rate, and precipitation interception by the
forest cover probably results in low overland runoff and low sediment
yield. During short periods of early spring, however, some soil frost
commonly exists in the shaded forest areas after soil frost has disap-
peared from the open grassland. During such periods, runoff may be
high from the forest areas.

In general, the soils in the eastern half of the area show weaker de-
velopment and are more erodible than those in the western half.

PRECIPITATION

No long-term precipitation records are available for the immediate
vicinity of K~79 Reservoir. For the period 1921-63, unofficial records
kept by the Kiowa State Bank at Kiowa, Colo., about 20 miles down-
stream from K-79 Reservoir, show that average annual precipitation
was about 16.0 inches. During the period 1956-65, precipitation rec-
ords were obtained by the U.S. Weather Bureau at four stations near
the drainage area of K-T79. Precipitation data for these stations, all of
which are within 2 miles of the area, are given in the table below.

Precipitation, in inches

Year Eastonville 1 NNW Eastonville2 NNE Eastonville3 NW Eastonville 6 WSW
1956 __.__ 111. 35 1918 9. 07 11. 06
1957 o __ 25. 64 23.75 20. 28 27. 26
1958 . _____ 20. 00 17. 87 18. 00 18. 78
1959 .. ____ 19. 67 15. 43 12. 70 18. 34
1960 _________ 14. 59 13. 47 11. 06 17. 61
1961 _________ 18. 00 18. 14 14. 77 19. 83
1962 ________ 12, 59 7. 53 10. 99 12. 09
1963. . ______ 16. 32 14, 55 13. 15 13. 57
1964 . ______ 12. 50 8. 65 7.98 9. 36
1965 . ____. 25. 61 24. 60 224.6 21. 72

1 April thmuEh December.
2 Parily estimated.
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Fi1cURE 5.—Monthly cumulative percentage of precipitation in the vicinity of K-79
Reservoir, 1956-65.

The data show that average annual precipitation in the vicinity of
K-79 Reservoir during 1956-65 was about the same as the long-term
average at Kiowa, and that precipitation in the drainage area of K-79
probably was significantly above normal during 4 years, below normal
during 4 years, and about normal during 2 years. On the average,
about 60 percent of the annual precipitation occurs from May through
August (fig. 5). During 1956-65, precipitation for any given month
varied greatly ; for example, precipitation at Eastonville 1 NNW dur-
ing June 1964 was only 0.47 inch, but during June 1965 it was 11.46
inches. At the same location, total snowfall ranged from about 35
inches during the winter of 1962-63 to 141 inches during the winter
of 1956-57.

HYDRAULIC STRUCTURES

Two reservoirs existed on the main channel upstream from K-79
Reservoir throughout the period of investigation; in 1960 many small
hydraulic structures were completed in the downstream half of the
K-79 drainage area. (See fig. 6.) After 1960, runoff from only about
15 percent of the drainage area has entered K-79 Reservoir directly
without having first passed through one or more upstream structures.
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FLUVIAL SEDIMENT
METHODS OF COLLECTION AND ANALYSES OF DATA

Data on the quantity and characteristics of sediment transported
into and discharged from K-79 Reservoir were obtained by several
different instruments and methods. Most of the data on sediment
discharge from the reservoir were obtained by standard methods; a
U.S. DH48 suspended-sediment sampler was used to obtain samples
of outflow at the downstream end of the outflow tub (figs. 3 and 6).
Additional outflow samples were obtained with automatic single-
stage samplers near the drop structure in the reservoir (fig. 7) and,
during a few short periods, with an automatic continuous sampler
at the downstream end of the outflow tube. Reservoir inflow was
sampled with a U.S. DH-48 sampler and with automatic single-stage
samplers at a few inflow channels.

Problems arose in obtaining reliable outflow samples during some
periods when the lowest port of the drop structure was open or when
backwater in the channel submerged the lower part of the downstream
end of the outflow tube. If the lowest port was open during periods
of minor inflow, eoarse sediment could be transported directly through
the reservoir. This coarse sediment was not uniformly dispersed
throughout the depth of flow in the discharge tube, and extreme care
was necessary to obtain a representative depth-integrated sample at
the end of the outflow tube. During periods when backwater sub-
merged part of the outflow tube, scoured material from the channel
tended to mix immediately with water discharging at high velocity
from the end of the tube. During such periods, an effort was made
to keep the intake nozzle inside the tube although the high outflow
velocity tended to force the sampler away from the tube.

Concentration, particle size, and discharge of suspended sediment
were determined by the standard methods of the Geological Survey.

BASIC DATA

Monthly summaries of suspended-sediment discharge and tables of
particle size analyses of suspended sediment for the period 1956-65
are given in tables 2 and 3. Continuous records of water and sediment
discharges were not obtained during winter months, but periodic
observations indicated that no major runoff occurred during winter
months. Probably less than 5 percent of the water discharge and
less than 2 percent of the sediment discharge occurred during periods
when records were not obtained. Table 1 summarizes water and sedi-
ment discharges during significant observed outflow periods, Limited
data on chemical characteristics of inflow and outflow obtained during
the study are in table 4.
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TaBLE 1.—Summary of water and sediment discharge durmg major outflow periods
at K-79 Reservoir, 1956~65

Suspended sediment
Water ‘Water

Date discharge discharge Weighted
(cfs-days) (acre-ft) mean Load (tons)
concentration
1966
July 16-17 e 4.0 7.9 2,270 24.5
Aug. 1-2 il 2.1 4.1 1,600 9.1
1967
June14-15_ ... 5.9 1.7 1,910 30.4
July 10-11. il 6.8 13.5 1,510 27.8
July 23-24 . ... 3.0 6.0 1,570 12.7
July30-Aug. 1. ... 136 270 4,360 1,600
AUg. 6~ e 2.8 6 1,650 5
1958
Mar. 21-22_ ... 5.5 10.9 512 7.6
July 19-21_ ... 3.6 7.1 741 7.2
July 25-27. . 5.4 10.7 665 9.7
Sept. 9-10_ - ool 6.4 12.7 856 14.8
1969
July 16-17_ e 9.8 19.4 1,350 35.6
1960
Mar. 24-81 .. 39.1 77.6 527 56.6
1968
JUly 27 e 23.0 45.6 2,420 150
July 28. el 7.8 15.8 475 10.0
Aug. 24-25. oo 6.3 12.5 705 12.0
1964
Aug 36 ... 5.7 11.3 721 11.1
1965
June 17-18_ .. ... 181 359 1,080 530
June 19 i 18 35.7 154 7.5
Aug.4-5_ ... 4.7 9.3 400 5.1

SUSPENDED SEDIMENT

Water and sediment discharge into and from K-79 Reservoir
occurred mainly during the summer months, and then only occasion-
ally. The outflow periods summarized in table 1 represent about 76
percent of the water discharge, about 97 percent of the sediment dis-
charge, and only about 1 percent of the time during 1956-65. About 80
percent of the sediment discharge from the reservoir during the 10-
year period occurred during 5 days—July 80-August 1, 1957, and
June 17-18, 1965.

Data on particle size of suspended sediment (fig. 8; table 3) show
that nearly all the sand transported into the reservoir was retained
there. Probably less than 1 percent of the sediment discharged from
the reservoir was sand or gravel. The greatest quantities of sand prob-
ably were discharged when the lowest port of the drop structure was
open during periods of minor runoff and during the earliest and latest
parts of major runoff. Only during such periods were hydraulic condi-
tions at the drop structure suitable for the suspension of sand at the
point of discharge from the reservoir. Further, when the lowest port
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Ficure 8.—Percentages of sand, silt, and clay in suspended-sediment samples of inflow
and outflow, K-79 Reservoir. A, inflow; @, outflow.

was open and inflow to the reservoir did not exceed the discharge capac-
ity of the lowest port, sand may have moved as bedload into the dis-
charge tube and been observed as suspended sediment at the down-
stream end of the tube.

Neither the quantity nor the particle size of sediment transported
into or discharged from K-79 Reservoir is representative of the “sedi-
ment yield” of the drainage area upstream from the reservoir. Before
reaching K-79 Reservoir, drainage from most of the area must first
pass through one or more upstream reservoirs. A small reservoir about
three-eighths of a mile downstream from State Route 157 retained
much of the sedimant from the upstream half of the drainage area.
Another small reservoir about 1 mile upstream from K-79 dam prob-
ably trapped much of the sediment derived from the central part of the
area. Many other small dams and stabilization structures were built
in the downstream half of the area in 1960 (fig. 6) ; these structures
undoubtedly trapped appreciable quantities of sediment that otherwise
would have been deposited in, or transported through, K-79 Reservoir.

279646 0—68——3
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Maximum observed suspended-sediment concentration of inflow to
K-79 Reservoir was 94,000 ppm (parts per million) during the major
flood of July 30, 1957. This concentration probably was exceeded in
small tributary channels during the early part of several runoff periods,
but data could not be obtained from these many small channels
during storm periods. Percentage of sand generally was less than 10,
although the maximum observed percentage was 29. Most observations,
however, were made during the latter part of runoff periods or were
obtained by automatic samplers which sample only the extreme upper
part of flow where sand concentrations are expected to be less than the
mean concentration of sand in the entire depth of flow.

Concentration of outflow from the reservoir was generally less
than 3,000 ppm during major runoff periods, and commonly less than
10 ppm during prolonged periods of minor runoff. Sand in the outflow
generally did not exceed 1 percent. When the lowest port was open,
as on August 1, 1956 (see table 3), significant amounts of sand may
have been discharged from the reservoir. The sand probably was
transported as bedload across the reservoir and was discharged into
the drop structure; the sand would have been measured as suspended
sediment at the downstream end of the discharge tube.

During some periods, suspended-sediment concentrations were con-
stant as the water moved through the reservoir. For example, on March
22, 1958, the suspended-sediment concentration at the main inflow
point was 1,500 ppm, and the concentration of outflow also was 1,500
ppm. The following excerpts from the author’s field notes are
pertinent:

March 22, 1958: “At low discharges, inflow travels straight
through the reservoir with no dead-water storage. Low dis-
charges may actually increase in concentration as the water
travels across the easily eroded reservoir bottom.”

April 2, 1960: “The lower port in the drop inlet is again open,
so that a small gully is again being eroded in the reservoir
bottom. The water is dropping from the reservoir bottom into
the intake structure.”

During 1958-60, many small rills and gullies were observed in the
reservoir bottom. The largest gully, which in some reaches was 2 feet
deep, extended continuously from the main inflow point to within
a few feet of the drop inlet. Undoubtedly, a part of the suspended-
sediment discharge of the reservoir resulted from erosion of the origi-
nal reservoir bottom and of temporarily deposited sediment. Figure
9 shows the reservoir and the water level when the lowest port of the
drop structure was closed.
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Reservoir, and during 1961-65 about one-sixth of the drainage area
contributed. All the bedload discharge and most of the suspended-
sediment discharge from a large part of the drainage area were trapped
before reaching K~79. The upstream structures and a decreasing effec-
tive-drainage area during the period of investigation probably resulted
in a lower trap efficiency than would have resulted from a complete
absence of upstream structures. Although much less sediment entered
K-79 Reservoir as a result of upstream entrapment, the sediment that
was discharged from the upstream reservoirs probably was extremely
fine and had little tendency to settle during temporary detention in
K-79 Reservoir. Thus, although the trap efficiency of K-79 Reservoir
for sediment derived from the upstream two-thirds of the drainage
area probably was low, the amount of sediment delivered to K-79
Reservoir from this area probably was small. A low trap efficiency for
a reservoir in a basin having many upstream structures may indicate
only that the easily trapped coarse sediments were deposited in
upstream reservoirs and that the particle-size distribution of sediment
that entered the downstream reservoir was finer than it would have
been in the absence of upstream structures.

Flocculation of fine sediment within the reservoir probably was not
a significant cause of deposition in K-79 Reservoir. The runoff from
the area contained a low concentration of dissolved solids (table 4) and
was not conducive to rapid flocculation. Detention time for most run-
off was only a few hours. Even for the flood of July 30-August 1, 1957,
when the total inflow was 270 acre-feet, the detention time was short;
more than 50 percent of the total inflow was discharged from the reser-
voir during the first 6 hours, and about 90 percent was discharged
during the first 24 hours. Thus, the combination of water having low
dissolved-solids content and of short detention time probably pre-
vented significant deposition caused by flocculation of sediment.

SIGNIFICANCE OF RESULTS

The first data on suspended-sediment discharge from K-79 Reser-
voir were obtained in April 1956, and the last data, in September 1965.
The original survey of the reservoir was not made until August 29,
1956 ; and the final survey was made on July 27, 1965. Trap efficiency
of the reservoir must, therefore, be computed only for the period
between the first and last surveys, not for the period of data collection.
The trap efficiency of 72 percent represents a period during which aver-
age annual precipitation was about normal. About 50 percent of the
inflow to the reservoir and about 80 percent of the sediment discharge
occurred during only 5 days of a 10-year period, during two extremely
intense storms.
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Most of the eroded sediment from a large part of the drainage area
was deposited in upstream reservoirs. If the two dams on the main
channel upstream from K-79 Reservoir had not been present during
1956-60 and if the additional structures had not been present during
1961-65, much more sediment would have been transported into, and
deposited in, K-79 Reservoir. Although sediment discharge from the
reservoir probably would have been somewhat higher in the absence
of upstream structures, it would not have increased as much as sedi-
ment inflow. Thus both sediment deposition and trap efficiency of the
reservoir would have been appreciably greater in the absence of
upstream structures.

Neither the amount of sediment deposition in, nor the trap efficiency
of, K-79 Reservoir should necessarily be regarded as representative of
similar but unstructured areas in the Colorado Piedmont and High
Plains. Under present structured conditions in the K-79 drainage
area, the effective life of the reservoir should be exceptionally long.
Rapid silting in upstream reservoirs or sudden failure of several of
these structures during a short time could markedly alter the present
rate of sediment deposition in K-79 Reservoir.

SELECTED REFERENCES

Mundorff, J. C., 1964, Fluvial sediment in Kiowa Creek basin, Colorado: U.S.
Geol. Survey Water-Supply Paper 1798-A, 70 p.

U.S. Department of Agriculture, 1959, Watershed program evaluation, Kiowa
Creek, Colorado: Interim Prog. Rept. ARS 43-97.
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TasLE 2.—Monthly and annual summaries of water and suspended-sediment dis-
charge, Kiowa Creek at K~79 Reservoir near Eastonville, Colo., 1956—65

Number of Suspended sediment
Water dis- days when
Month charge mean dis- Weighted
(cfs-days) charge was mean ¢on- Load (tons)
0.1 cfs or centration
more (ppm)
0 0 s 0
0 0 o 0
8 3 1, 570 34
July.__. 4.4 6 2, 180 26.0
Augusb. .o .. 2.2 2 1,530 9.1
September. .. 0 [ 0
April-September, 1956 ... ___.____. 7.4 11 1,930 38.5
October. - oo (13 .............................
November._ ¢ R
December (D) e cicciie cmcccmcmmce cmmmccmmmeee
Ell) e e -
8 ——
5.4 30 137 2.0
5.7 30 195 3.0
8.0 21 1,440 310
143.1 15 4, 190 1,620.0
13.8 31 , 340
2.2 22 252 1.5
Water year 1057, . ...____ 178.2 149 3, 550 1,707.5
0.5 5 74 0.1
[ € R, - -
o
®
[ T, — -—
8.7 31 353 8.3
6.3 30 58 1.0
5.5 31 256 3.8
L0 10 37 .1
July oo 10.8 20 590 17.2
Auvgust. .. 2.6 15 285 2.0
September. .. 8.2 16 687 15 2
Water year 1958 __ ..o _.________ 38.6 158 458 47.7
October ... . 1.6 0 139 0.6
November_.__ 1
December- oo () it e e
January____.__. 0]
February [0}
March. 0] .- -
April. 6.4 30 40 7
ay-- 2.6 10 28 .2
June._ .8 3 93 .2
July.___ .. __ 10.7 2 1,240 35.8
August_ ... 1.8 2 164 .8
September_.__ . ... _________ 2.0 3 93 .5
Water year 1969 ... __.____..__._____ 25.9 50 555 3.8
October. . ... 3.3 21 11 0.1
November. . _ [ T
December.._____ . [ 2 U

See footnotes at end of table.
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TABLE 2.—Monthly and annual summaries of water and suspended-sediment dis-
charge, Kiowa Creek at K-79 Reservoir near Eastonville, Colo., 19566-656—Con.

Number of Suspended sediment
Water dis- days when

Month charge mean dis- Weighted
(cfs-days) charge was mean con- Load (tons)
0.1 cfs or centration
more (ppm)

4.3 6
2.8 .0
3.1 .0
.7 .1
3.2 .5
1.7 .1
18.0 3.5
October____ —- 2.7 1 110 0.8
November._ .. () emmeme emmmmmmmmman cmmmmcmm—m
December. ... . () oiiicif s mmmcemmmmaae
@
D]
O]
3.5 30 42 4
1.0 0 37 1
.3 0 35 Q]
.7 0 16 @
Auvgust. oo ool - .8 2 93 2
September. R .3 0 U @

Water year 1962__ ... __ 9.3 33 60 L5
October. ... o e 0.4 0 25 ®
November. . [ U,

December. .o [ T

8
.0
2.3
45.5
October__ ... ... 0.3 0 24 ®
November. . 1€
December________ ... 100 2SS

See footnotes at end of table.
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TABLE 2.—Monthly and annual summaries of water and suspended-sediment dis-
charge, Kiowa Creek at K—79 Reservoir near Eastonville, Colo., 1956-656—Con.

Number of Suspended sediment
Water dis- days when
Month charge mean dis- Weighted
(cfs-days) charge was mean con- Load (tons)
0.1 cfs or centration
more (ppm)

1964

.9 . 4
.1 .5

. 1
y. .7 . 8
August, - .8 .8
September_..____ ... .. . ____. .9 0 82 .2
Water year 1965. ... _______________._. 213.5 60 979 564. 5

1 Streamflow records not obtained. Discharge, if any, not included in annual totals.
2 Includes discharge only for March 21-31.
3 Less than 0.05 ton.



D23

K—-79 RESERVOIR, KIOWA CREEK BASIN, COLO.

-3[qB} JO PUD JB $970UJ00] 938

WOMdS 7777 TTTTT o Tmmem o mmmmm mmems 001 16 6 98 89 ¥e 0S¥ ‘2 006 ‘¢ medezig g T 9 -3ny
WNdJs ~770 Tttem et 001 66 66 86 16 66 28 8¢ 0641 ogL‘tr 8 .99 Tt 00:6 T
WOMdS ~~°7° Tttt omeme mmees 001 66 96 96 96 ¥8 99 008°1 09L°T TmeQ06 T TR 1¢ &nr
WOMIA 7777 "7 e (L)) S 08 €9 (44 i 9¢ 028 ‘¢ 000'8 TTTTTTTO0Y9 g
WOMdS ~7°7° TR Tmmmm e 001 66 84 9 19 t44 €8 0z0 ‘g 000°.  TTTTTTTTTLOoAT o TTTTTTT 66'¢ ¢
WOMJIA ~77°°° cTemmoTmmmmmmees 001 86 z8 29 ¢ Tt %% ‘g 0g¥‘9  "TTveUUTTopgt TTTTene 0g:¢ ¢
WOMJA "7 7ot e 001 26 06 29 34 (44 9¢ 8% 00g‘e (1 e ¥
WOMdA 777~ 00T 86 %6 98 8L 09 44 €g 14 118 010°8 008 ‘81 TGRS ¢ T 0¢ Amp
WOMJA ~°°°° 7T 00T 86 26 98 0L 89 9y 9¢ 4 09% ‘9 [ gy ¢ 0 T € Ay
womdgs ottt Tttt Tt [ S 66 66 96 18 gL 19 018 ‘1 00'% &% 9% o 0gg X
nWomgs "ttt Tttt Tt TTTem T 001 66 86 ¥6 8 69 0821 (1 S -3/ S 9%y 2
Womdgs ~TTT Trtm mmmm memem e 001 66 96 88 LL 09 08% ‘1 000°¢  TTTTTTTTTTLOoT'9T TR 0% 2
WOMdS 7770 TTTT et 0T 686 86 Sttttogg T 8 U 01g'g 000!, Tttt g TTTTTo o't 2
WOMJA ~77°7 =777~ 001 86 06 9L L8 ¥ 8¢ 0g ¥ 022 ‘g (1) S ogeg € 0 7T 01 &Mf
WOMdS ~°°° TTTTT mmmem memem mmees [111) SO [ 9L T 0591 098°2 TTTTTTTOO9 T
WOMdS ~°°7° TTTT Tmmm TTeee 001 66  TTT7C 86 7T 88 7T 009 ‘1 [0 Y 2 T e ¢
WNJA 777 ot TTTTT00T 96 18 29 4 0g g1 0987 096 °2 TTTTTTORE ¥
WOMIA ~°°77 =777 7T TTTTT 00T 96 gL £9 18 8¢ 63 0¥%0 ‘e 099 °L TTTTTTTOg'E ¥
WNJA 7777 =777 =777 001 86 16 1L ¥9 6¢ 9% 91 01g°g 00L°GT ~ "TTTTToTTT mmmememems mmemoos 0gg €
WOMJA ~°°°7 770 o 00T 86 @6 9L 19 8% 8¢ 0g 099 ‘g 004gT  TTTTTTTTTT mmmmmmmom mmeeees 0ogg ¢
WOMdS ~°°77 TTTTT Tt 00T 66 96  TTT7C 69 "7 [4 2 069 ‘% 0g6°‘L  TTTTTTTTTT mmmmmmmmom o mmeeoes gee ¥ 7T yroung
4961
WoMdg ~°TtT Tt TTmem e ST 86 86 96 06 8L £9 092°T 083 ‘2 Tt 08 T
WOoMdS =777 TTTTT 001 66 66 66 7T 86 7T [ I— 0¥e ‘1 [ ¥
Wwomdg "ttt TtTtm o memem o memen e 00T 66 96 8 bL 9 0¥6°1 091°¢ cTTTTTTTmT T €
WOMIS 26 16 06 88 18 2 98  TTUU (1 08 ‘% ey  TTTTTT 174 T
WomMd ~°TTT Tttt mmmmm mmmmm e gt T 86 T gL T 009 ‘2 096's  TTTTTTTTT €9 [4
WOoMds ~°°°° TThtm Tmmmm T 001 66 7T 06 7T [ S 090°8 0g0°'y TTTTTTTTTT mmmmmmTTeT 4
WOMdg =777 Tt e 00T 66 6 T [4: S e T 087 ‘% (174 O €
WOMdS -0 T 01 8 €8 06 7T [/ wooooT 098°2 %01  TTTTTTTTTT mmmmmemon €
WOMdS 7777 Tttt Tt 001 66 96  "TTUT g9 7T e T 081 ‘9 098°',  TTTomommoT mmmsmomens y T 130y
womg "ot temmm mmmmm TR TmT oot 00T 86 96 €6 88 0881 068  TTTTTTtTTo 1 r T AL
L - 00T 66 86 26 g8 99 090°‘T (1155 0 S g'ge 1
wnomdg Tt TTTTT mmmem o mmmemo mmees 66 86 26 g8 1 e 05L°T (1] 3 A g'€e I
WOoMg ~-°°7 TTTTm e mreem mmems 66 16 g8 69 44 52 099 ‘2 0oy Tt §'ge [
Womds "0t Tttt 7T 001 66 66 77T 88 R ¢ 000 ‘% 019 ‘% R g°€e [4
WOMds ~~7°° 00T 66 %6 TL (I 4 B 6 T 09T ‘% 1 S € et AWy
WOoMds =" " Tt T o (1)) S C % 0e9 ‘g 0gge Tt %0 T “oTUgeunf
9961
(mdd)
000°Z 000°'T 00S°0 020 SZI'0 290°0 TE0°0 9T0°0 8000 %00°0 200°0 Pozipeue (mdd)
uoisuedsns  uoyjeIl (do) (s19) 1 Jeqmnu
sisApeue Jouoyjeij -usduo)  omjered agreyo QUILT, U011800] 9jed
10 SPOYIRIN SIOJOUITIIIUI U ‘9Z[S PoJeaIpUl UBl[] JOUY JUddIog -u2ou0 -UI0] 1938 M -SIP 978 Suydureg

juetaIpas papuedsng

oqn} uorIB[M
“NY0B [BNSIA ‘A ‘posiodsTp A[peoruByodw ‘W {pestodsip A[[Botureyo ‘0 ray8m quamH_%E ‘M ‘I978M 0ATYBU UY ‘N ‘aaers ‘g {jedid ‘g faqng [BMBIPYILM-TI0390] ‘d iSISATRUS JO SPOUIeIN]

41004989 ¢)—3" ‘M0N0 PUD MO UL UL JULWIPIS PaPUIdSNS [0 SesAIPUD 9218-2)01UDJ—'C AIAV],



SEDIMENTATION IN SMALL DRAINAGE BASINS

D24

WOMd ~7°7" TTTTm TeoTo memmm o meees [170; S 66 T 8 oL 026°2 0L1‘1 So $1°8 I
WOMdA ~°777 001 66 26 L6 £6 TTTTTLeL Tt 2 44 0909 084'8 TEemommemn mmmmmeeses g
WOMJIA 770 T 001 66 86 9% T T 8L 1L 0102 TLL 189 99°9 I
WOMdA ~"°°° "ttt ottUte 001 66 %6 T 0L - ¥ 098'S 0% ‘e T ¥
WOMIA ~°77 Tt Tmomm Tt 0T 6 7 4 I 6¢ 09 098 ‘9 0992 o Toememee- g
WOMIA ~"°7° ~T7T 001 66 66 8 T 26 cTtttogl €9 029 ‘2 010ty  TTTTTTToTT mmemeeess ¥
WOMIA """ 777t Tt e 00T 66 T 86 7T 6L 99 08e ‘¥ 0041 ¥eo 06°¢ | S g Amge
lllllllllll 4 4, Q%%N
WOMJA ~7°77 001 88 L8 8L 1L (4 oe 62 08% ‘% 090 ‘% 89 4
WOMIA ~~7°7 ~tr 00T 86 L6 96 TTTtTo0L 4 W 029 ‘1 o¥2‘'c Tt ¥
WOMJIA 7777 001 66 26 26 £8 T T ag 62 027 ‘e 8L Tttt g R 2112
WOMJA ~7°77 001 28 28 18 QL ooy . 92 029 ‘9 0p‘eT  TTTTTTTTTC g
WOMJA "0 T 01 66 76 g T ¥ TTtttoge L3 026 ‘8 008°% e ¥
WOMJIA ~=77" "7t Tttt Tt I 66 o8 TTTtoeg ¥ 0587 0161 8F g
WOMdA "7 mmttmommtnn meemn o mmnes 60T “TTTT 66 TTTto88 P 08 ‘1 020 ‘T 54 L°01 I
WOMJA ~77°° ToTTT o memTmoeemmmeems 00T 96 T P €9 0.8°2 090 ‘7 W 202 I
WOMdA ~7777 mmToTommTTmommmmmeeees 001 ) 1L 19 082 ‘¢ 082 ‘7 54 6°12 I
WOMdA ~°777 -TTtnommTTmmmmem e 001 77T 96 T 0L 6¢ 069 ‘S 06¥ ‘2 b 128 I
WOMJA 7777 TTTimomemem o mmmem o mmme (110 S I 89 8¢ 02¢ ‘e 079 ‘7 4 0°3% I
WOMd ~TTT0 Tttt Tt TTtttoTmTm mmeer ¥ T L9 8 010 ‘% 0Z8 ‘2 W 9°'12 I
WOMdA ~~7°° T SmTTm mTTmmmmees 001 7T %6 UM £g 080 % 066 ‘2 14 €02 I
WOMdA ~"°°° =77 T e STTtto00T 88 TR ¢ ooe ‘e 082 8% 6°91 | S 91 Anp
6961
WOMd ~TTTC Tttt Tttt ttee R e 686 6F1 | S 97 "1deg
WOMIS 777 "TTTT Tt mmmem e 00 "7 96 Tttt 96 26 016 19¢ I =====01 3deg
WOMIS 777 TTTTT o tTToT mmmee e 0 7T - ] LL 018 5L 1
WOMIA ~~770 Tttt TTt T (171 S 6L 69 08T ‘1 090 ‘1 1
WOMIS "7 "ttt Trm mmmem o meees 010 S 96 T 2L 99 0122 i) | S -gg Alnp
WOMIS ~-770 Tt Tttt mmeee oor Tt 96 T 26 28 09% ‘1 j 1
WOMdS ~=°70 Tt Tttt TTTen e 01 "7 ) 6L a9 OFF ‘¢ 091 ‘1 1
WOMJA ~°7°0 Tttt ttmTm e 0L 66 T 68 T L9 L8 07 o1e ‘e ¥
WOMd " TTetT o tTTen e 00T "7 88 TTTTC 9 ag 098 ‘1 0881 g T 61 A[ng
Womdg T Tttt mTeem e 66 86 86 96 68 PL ¥oL 269 1
WOMdS ~°°70 T Tttt T e [110; S 6% T ¥ 8¢ 0291 08t 1 R £ 3 ¢
8961
(rrddy
000°Z 000°T 00S'0 0S2°0 92L0 Z90°0 TE0'0 9T0°0 800°0 00’0 200°0 poazAreue  (urdd)
uosuadsns  wov1g (o) (s19) 1 Isqumu
SISA[BUR jouorjer} -uaduo)  aimjerad 318D u011890] e
Jo spoyle SIOJSUIT[{IUL UT ‘9ZIS PaBOIPUT UBY) IOUY JUadIe I -uaduod -UI9) 19)8BA\ -SIP 1078 M Buydureg

Justa[pes pepuadsng

PONUNUOD)—420a4283Y 64— ‘MOYINO puv MOYur Ul Juawiipas papuadsns fo sasfiypup 2218-2)92040J—' ¢ 1AV ],



D25

ey Surgew wolj Apsou gouny g
‘urd go:g1-"wr"d 00:8 ‘UsoIN ¢

"8y JyS1ey-03e3 W0l POUNLIqO »
*93reyosIp ueewW AnR( ¢

*SpI00el JoyBeM pus o88]s IJ0AIesel TIOI} PRI Ise sTodures ojjewoIne 10§ oury) ‘ejewyxoiddy ;

°ZGT 99N0Y 93898 W] WESIISUMOD IS FBID BMOLY ‘g PUL II0AISR6T 0]
A1ginqug 943 Jo EUUBYD P ‘WD 62~ WI0JJ Trearjsdn o[wx ¥ JNo(B JO8I) BMOL ‘g ‘IfOAISSI UT 8INJONIS J9[IN0 ‘Z 9N} 93IBYISIP JO[IN0 JO PUS WLSIJSUMOD ‘T :Z 8IN3P 908 ¢
0- lllllllllllllll rerm. emmwe AAY  meer.  mmme.  e-cew . - o4 “»r T 0 meeme——-— h
= OMds 96 L8 81 we 0T I ToTefmg
Q o) e | S 26 L8 g Tt [ “--Uereung
o OMdS 77T TTTTToTTTTTommtm o ttTUR Q0T TTTTT TTTTToTTeme 9% 6L m ....... wmnm “
- § TTTTo oTTTT o memm mmees | S /< 2t SR . S : N
'z OMdS "TTTT TTTTT Tttt tTTTTottets oo TUTTT TRt <ttt 8 89 99 TTTTTTTO0MT 1 -- -y eung
@B 2961
= OMdS TTTTT TTIIT TTITT TTITT TTTToeor TTTTT LT T ¥ 8L 9°6 TIIIERIL 1
A omMds Tt TTo T e . Tt g6 L o1 TTTTTOOTE T
OMJA ~7077 TTITT TTTTT mmmmm mmmem meems eees [111] S 6L 99 1 2908 1
] QMds TTTTT Tttt Tt et | S V] S L QL 4 TIITTRGEL 1
2 OMdS ~TTTT TTIIT TITT TTTTT TTTTT oo I L] 6L L a1 TIagkL 1
A OMdA ~77T7 TTTTT TTTTT ottt mtte-ogg Tt 9% T L8 44 TTTTTrgeil 1
% ) £ | ') S 96 " 8 19 21 TTttwsel 1L .
75 gy | e i © o et v
§ TTITToTTTT Tttt ottt 00D TTTTTO®6 TTTTT P8 90 T o0¢g . et 0 el € g
m QMAS Tt T e e et gop e oor g8 9 6 ~wdoggs 1 T 9z Amg
o 1961
vl 0 - G 0L 66 46 96 g8 81 Twdorg 1 e
w%m DD T %m Mm mm mm m w“ ”Hmw%“mﬁ M e Any
o OMdS TTTTT Tt Tt et e T8 T 08 9 St TTTITeTOT 1 e,
) OMdS ~TTTT TTTTT Tttt ottt otemgop Ut 8 T 0 ¥ ¥y T 626 1 g 3y
= omds Tt Tt oo 66 8 86 96  ¥8 0 TToRe T
& OME T Tt et et e 0r 96 16 8. 19 Le T 0% 1
=] QMY TTTTT TTTTT tTTem mmmm mmmme meme ot 00T 86 26 gL 8¢ TTTege 1
® o : S 00T 66 %6 .8 89 6°¢ TTTTTTTRRS X
= 0 U I || S 6 U 08 0L 0% ey o1 .
=1 OMdS T TTTTT Tt Tttt g e 8 T 08 89 6'e TG L1 30V
OMES ~7770 Tttt Tt mmmem e 66 96 g6 98 08 09 -wdovrst T
o w - S Tt Tt e e 00T 66 96 68 m.m«, Tme mmnm " 82 Amf
e~ d T T T Tt memen e 01 T 8, 09  TTTTUTT 089T Tpe 9F  TTTTTU :
“_n %%%me ......................... DU/ B =» 9 Tordgrg !
.................... .
omds Tttt TTTTToTTToQ0T T g8 - 66 TP [
OMdA T T ST 00T 8 96 7T 8¢ Tttt ogg 08 TTTTTTTTTT 0GR Tttt Tt ¥ 13 Amg
8961
WOMJA ~-7°7 ~omte ste oees 00T 8 L 19 8% g U 0pg'9  TmTmTTTTm mommmomem momeses wy v T 8 snv



D26 SEDIMENTATION IN SMALL DRAINAGE BASINS

TABLE 4.-—Chemical quality of inflow and, outflow, K-79 Reservoir

[Chemical analyses, in parts per million]

Dissolved solids Specific
Sampling Hard- conduct-
Date of collection location Ca Mg Na K ness as ance pH
number ! Parts Tons per CaCO; (miero-
er  acre-foot mhos at
million 25°C)
July 17,1956_ ... ____ 1 50 13 32 60 74 0.10 18 79 7.2
August 4, 1959_..___. 4 53 21 L4 5.1 53 .07 22 81 6.5
3 7.5 25 50 10 89 W12 29 113 6.5
4 46 .9 .8 45 52 .07 15 46 6.2
3 65 26 564 4.7 80 11 27 100 6.4
April 14, 1960. ... ___ 1 12 3.4 3.5 64 ... ... 44 110 7.4
3 15 31 49 39 _._..___ ... 50 135 7.6
July 3,1960____.__.__ 1 56 1.0 28 7.9 72 10 18 89 6.7
3 82 11 32 7.2 86 12 25 131 6.6
4 7.6 15 1.3 49 72 10 25 90 6.7
June 18, 1965__.._____ 28 ...

1 See figure 7: 1, downstream end of outlet discharge tube; 3, Kiowa Creek about 34 mile upstream from
K-79 dam: 4, channel of right tributary to reservoir.

U.S. GOVERNMENT PRINTING OFFICE: 1968 O—279-646



