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Introduction

- Many dams and sills have been conatructed on Chorry C*eek
for the purpose of preventing ‘degradation of ‘the ‘channel in ‘and ‘above
the city limits of Denver. The existence of ‘these .degradation checks
affords an excellent opportunity to compare the 'total :sediment load -
with ‘the suapended sediment lcad as measured with & D-48 hand ampler.'
When the:Corps of Engineers announced that water which had been im~ -
pounded behind the Cherry:Creek Dam:as to be releasad on. April 11,
1950, it was decided to utilige the opportunity to ‘take :some aunpendnd
and total-load sediment -samples. This study was undertaken: primily
for the purpose of obtaining data on the ‘amount .and type of bed load
carried by Cherry Creek. Bed load, as defined for this report, is
the :difference between the meaaured total load and the measured sus-
pended load within a given section of the stream. It was also hoped -
that some information could be obtained on aggradation or dezradaticn »
of the channel between the Cherry Creek Dam and the confluonce m. “
Cherry Creek- and the South Platte. Rd.ver. ,

‘Aclmailedébnt

This :study was initiated by.E. ‘W. Lane. Both he and :
W. ‘M. Borland provided superviaion and technical :advice. Charts a.nd
‘special sampling equipment were ‘furnished by the District Office,

Corps of Engineers, ‘U, 'S, Department of the Army, Dénver,, »Colorado.-‘.

Prel Field Work

On April 10, 1950, an inspection trip of the Cherry Creek
channel, from the mouth upstream to the Cherry Creek Dam, was.completed
by E. W, Lane, E. J. Carlson, and C. R. Miller. :Notes on the channel
condition were taken, and measurements of :the drop in water .surface .at
the various dams and sills were made for future reference relative to
aggradation or degradation.

“Two dams or- atream-bed drops -were chosen for ‘the locatione
of the sediment sampling during the period of water release. These
drops were approximately 4.18 and 4.46 miles, respectively, below - the
Cherry Creek Dam as indicated on Figure 1. Typical -samples of the =
bed material were taken at these drops for future .analysis,




Field Work

The field work of the sampling program was carried out
on April 12, 1950, under the supervision of L. M. Seavy. Assisting
in the field work were E. L. Pemberton, F. T, Brand, A. C, Carter,
0. C, Hansen, and C. R. Miller.

The two drops which were chosen during the preliminary
field trip were numbered Drop No. 1 and Drop No. 2, respectively,
in a downstream direction. These drops. which include the rosach
immediately upstream, will be referenced by this nomenclature through-
out this report.

The procedure in the v1cinity of each drop consisted of the
following operations:

1. The slope of the water surface was determined for a
distance of 1,000 feet above the drop by levelling to stakes driven
to the water surface near the drop and at a point located 1,000
feet above the drop. The elevations obtained were checked at the
completion of sampling to see that no major change in the water
stage occurred,

2. A cross section located approximately 500 .feet above
each drop was selected for the suspended sediment sampling and
discharge determinations. Sediment samples were taken at various

points across the stream as determined by dividing the stream into
portions of equal flow-volumes and taking two samples in each flow
division. Standard procedure was foilowed using a D=48 ‘suspended-
sediment hand sampler.

3. Total-load samples were taken at the drop with the D-48
suspended sediment hand sampler. Because of the nature of the
drops, it was possible to lower the nozzle of the sampler to the
stream bottom and thereby measure the total load (Figures 5 and 6).
Samples referred to as open-neck samples were those obtained by
lowering a bottle without the sampler apparatus to obtain sediment
sizes larger than accommodated by the nozzle of the sampler,

4. The number of sediment samples taken at each cross
section are shown in the followlng table:




No. of susp. No. of total No. of open
Drop samples load samples neck samples

No. 1 16 14

No. 2 1l 12
TOTAL 30 ; 6

Photographs of the stream cross sections used for the
sampling operation and of the D-48 hand sampler appear in Figures 2, 3,
4, 5, 6, and 7.

A 1/4~inch nozzle was used with the D-48 hand sampler;
however, in taking the total-load samples as stated in Item 4 of the
procedure, it was apparent that some of the particles were of a sige
not likely to enter the nozzle. The open-neck samples, therefore,
were taken in an attempt to pick up this unmeasured load. Because of
the limited supply of sampling bottles, it was not possible to take
more open-neck samples. However, examination of the sige-analysis
curves indicates that the sizes larger than the nozazle diameter were
a small percent of the total measured sediment load. In measuring
the total load the nozzle, or bottle, in the case of the open-neck
samples, was lowered until it touched the edge of the drop. In the
process of taking the suspended samples, it was noted that the stream

bed was shifting. Visible evidence of this condition was provided by
moving sand bars. :

The following is a table of the results of the measurements
made in the field:

Drop Slope Width . Mean depth Discharge Temp.
No. 1 00469 145 ft. 0.35 ft. 156.8 cfs 53° F

No. 2 .00420 1Ak ft. 0.3 ft. ©156.6 cfs = 520 F

Graphs of width versus depth and velocity relationships
appear in Figures 8 and 9.




Laborsatory Work

The 60 samples taken in this program were analyzed for con-
centration and size distribution under the supervision of O. S. Hanson
in the sediment analysis laboratory of the Hydraulic Laboratory, Re-
search and Geology Division, Branch of Design and Construction.

The bottle and entire sample as received 1in the laboratory
were weighed on a balance to the nearest 0.1 g. The samples were then
allowed to stand for a period of at least 48 hours and the clear water
siphoned off, The sediment samples were washed intc 50 ml beakers of
known weight and dried in an electric oven at a temperature of 110° F.
Empty sample bottles were then weighed, and the net weight of total
sample was computed. After thorough drying the 50 ml beakers containing
the sediment samples were reweighed to find the net weight of the sedi- -
ment., From these data the concentration in each sample was found by
the formula:

Concentration in s  _weight of sediment x 1,000,000
PP weight of total sample P

The following table shows the concentration found for eachvsample,and'
the average concentration in each section:

Drop Sample Verticals

No.l Suspended 3290 2950 2943
3974 272, 24,06

Total : 4946 42900 18780
8693 20051 20959

#Open neck ‘ 3009

No.2 Suspended

Total

#0Open neck

#0pen neck samples taken in attempt to pick up particlea too largo
to enter 1/4-inch nozzlo during total load. aampling '




After obtaining the concentrat;ona of the individual aamplea,
the samples ware combined for the purpose of making a size analysis.
In this opwration all of the samples of a particular typc, i.e.4
suspended-load, or total-load, or open-neck, which were obtained st a
cross sectlon, were composited. These composite samples were then
, washed through a 200-mesh screen. The sand retained on the screen was
. analyzed by sieving through:U. S. Standard screens Nos. 10, 18, 35, 60,
o . 120, and 230. That portion of each composited sample that pasaad the
200-mesh screen was allowed to settl.e and the clear water siphoned off,
S The balance of the sample was split into two portions, redispersed in
ol distilled water, and analyzed by the / bottom withdrawal tube method.
D The open-neck sample from Drop No. 1 contained such a small quantity
of sand that the emtire sample was analyzed by this method. =

Procedures used in the bottom withdrawal tube anaLyais were
those r&-ommended in Report No. 7, "A Study of New Methods for Size
Analysis of Suspendsd Sediment Samples,” June 1943, published by
St. Paul U. S. Enginsers District Sub-Office, Iowa City, Iowa., With-
drawal fractions were filtered through Gooch crucibles using asbestos
filter mats. All weighing was done on a chain-o-matic balance with
an accuracy of 0.0001 g.

Figures 10 and 11 show size analysis curves for the suspended-
and total-load samples.

A sieve analysis was also made of the two bed—material samples
taken from the dry bed of the stream immediately above Drops No. 1 and
. No. 2 before the release of the impounded water. Figure 12 shows the
size~analysis curves for these samples.

Summary

Since very little change occurred in the stream~bed elevations
during this release, no information was obtained on .aggradation or on
degradation of the stream bed. Data obtained at this time will be kept
on file and used for future reference after releases of larger and longer
duration are made.

Analyses of these data ashow that practically the entire silt-
size load carried by this stream moves in.suspension. The concentra-
tion of silt :slzes was the same 'in both suspended- and total-load
samples., Since there was no .silt size present in the bed material,

~ this entire silt load must be coming from some upstream location and is
carried through this reach without . aettling 4o the bed. The following
'table -shows suapendod and total loads and silt fraction therao




Susp. Total Silt fraction
load load Silt fraction Susp. Totel

tons per tons per Susp. Total tons per tons per

Drop day day percent percent _day day
No.l 1335 6690 52,0 11.0 694 735
No.2 1208 2339 43.5 28.5 525 666

To arrive at a figure for the bed load carried by Cherry
Creek, the difference between the measured suspended and total loads
was assumed to be the bed load. As can be seen in the table iabove,
the samples taken at the two sections agree very well as far as the
suspended load 1s concerned. The total-load measurements, however,
show a wide variation, This results in a rather wide variation in
the bed-load figures, The table below shows the bed load as determined
in’ this manner and that obtained by various bed-load formulas. In
computing the bed load by use of the formulas, a mean dismeter of 0.64 mm
at Drop -No. 1 and 0.53 mm at Drop No. 2 was used, except in applying
Binstein's formula where the diameter used was 0.46 mm. The bed-material
load is that portion of the total load which contains the bed-material
sizes and which jis determined from the size-analysis curves.

’Bed— -Computed bed load
Drop Topoyred foac Bed ol Streub Y/  Einstein 2/ ritoen ¥/
No.l 6690 1335 5355 5220 24,28 1302 909
No.2 2339 1208 1131 1265 2003 ‘Lo22 836

In order to provide a means of estimating the bed load
carried by streams where suspended-load data are available, an attempt
has been made to develop the bed load as a percentage of the suspended
load or of the total load. The perceniage figures f«ur these data are
shown below: '

;/ "Detritus Transportation,” House Document No. 238,
73d Congress, 2d session, Missouri River, 1935, pp. 1124-115C

2/ Einstein, H. A., "Formulas for the Transportation of Bed
load," Transactions, A.S.C.E., New York, A.S.C.E., 1942, Vol. 107,

Shulits, S., "The Schoklitsch Eed Load Formula," Engineering
London, June 1935, pp. 644-646 and 687




:DROP:NO, 1

Bed load = ‘tons “per B ‘4O percent
Suspended load 1335 tons:per day o ; C

_Bed load = : ‘
Total load , ‘ "482~percont

'DROP NO. 2

Bed load _ 11 tons :per- » EN e X
Suspended load 1208 tons par day : 94 percen

Bed load 111!1 tons per - |
Total load 2339 tons per day : : 48 percent

AVERAGE OF ALL ‘SAMPLES

Bed load 2581 tons per: -
Suspended load = 1271 tons per day

‘Bed load 2;1 tons per day
Total load 52 tons per day -




'Before definite ﬁgnrus and- eonclu:lcns cean bo ~uub1:|.ahod,
‘many -additional ‘studies:such as:this- one;:mst be:made on Cherry:Creek .
‘and ‘on-any: other :similar: ‘stroami: having: drop«atmct.ma*wbon .the? total
‘load:can be measured, ‘It:was also: apparent.from ‘these ‘data‘that‘the
‘total load of a:‘stream: ‘Tluctuates quite: v:ldoly wdth “tho, rand idn« ordor
-to obtain-a satisfactory: ‘&verags ‘valuo, a-great: many ' total-load, unp.'l.u
-should be taken: at.each: uet.‘l.on mr & poriod of: amral honra. -
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(a) Gaglng station 500 feet above lst drop downstream from
Cherry Creek Dam.

. (b) ZLocation the same as in (a) asbove. View from left bank
looking towards right bank and slightly upstream. '

DISCHARGE & SEDIMENT MEASUREMENTS
CHERRY CREEK, COIO. L /2/50

FIGURE 2



() 1st drop on Cherry Creek BN
below Cherry Creek Dam. [
Total losd sediment L
meapurements being -
obtained. :

Coy
b

(b) Geging station 195 feet above 2nd drop downstream from . "
Cherry Creek Danm.

DISCHARGE & SEDIMENT MEASUREMENTS
; CEERRY CREEX, COLO. k/2/50 |

FIGURE 3




(b) View taken from left bank at 2nd drop below Cherry Creek
Dam - looking upstream - lst drop in background.

DISCHAKGE & SEDIMENT MEASUREMENTS
CHERRY CREEK, COIO. k/2/50

FIGURE &




Drop No. 1l--Site of totael load samples.
Iocation: 4.18 miles downstreem from Cherry Creek Dam.

FIGURE 5




Drop Ho. 2-~<8ite of total load samples.
Iocation: 4.46 miles downetream from Cherry Creek Dam.

FIGURE 6




Type D-48--Suspended sediment hand sampler used in suspended
and total load sampling of Cherry Creek.

FIGURE 7
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