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ABSTRA CT

i
o

F1eld tests were conducted at Woodston, Bartley, and Super1or Courtland _
D1verS1on Dams in the Kansas River ‘Basin during August 1960 to determine:
the efficiencies of sedimient cdntrol structures for excludmg sediment from. -
the candl system “"Datd were also obtained at Cambmdge Diversion Dam '
where a sedlment problem“existed but ‘the dam® had no sediment, control

._:-structure. Sed1ment :samples and hydrauhc data were collected for ‘com-

puting-the amourt.of sediment’ transported in-the rivers and the amount of
sediment transported through the sluiceway and canal at the headworks of . .
'e_ach diversion dam. At Woodston Bartley, and Supermr (“ourtland D1ver—
sion'Dams where curved gu1de walls were used as'a- sediment. control struc-.
ture, -the sand load of ‘the river-was depos1t1ng in'the river basin. above the
diversion dam’at the time’of the tests. Very little sand was: ‘entering the .
guide walls at the canal headworks whlch did not’ permit .a quant1tat1ve evalua-
tion of the amount of sand excluded from éntering the canal.  However, the
'operatmg personnel are. extremely satisfied with the curved- gu1de walls. !
The curved guide walls provide an efficient means for. ﬂushmg sediments
\depos1ted -above the dam intothe downstream river channel e1ther bv con'
tmuous slulcmg or by 1nterm1ttent slulcmg o : : ‘

_ '_-:sedlrnent control/ *sed1ment sarnplmg/ suspended sedl- o
“ménts} sedimen .concentration/ bedloads/ -r-d1vers1on dams/ eff1c1enc1es/
‘ slu1ce_}gates/ slu1ces/ d1versmn works ; o .

--Woodston D1vers1on Dam / *Bartley D1vers1on Dam e
*Superlor Courtland Diversion Dam/ *Cambndge Dlversmn Darn / sed1ment
exclu rs/“*g'mde walls/ sedlment samplers :
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INTRODUC TION

S F1e1d tests were conducted dur1ng the perlod August 1-8, 1960 at
L four diversion dams in the Kansas River Basin to-determine the amount
. of sediment transported in"the rivers and the amount mov1ng through .
* the sluiceway and canal at the headworks of each diversion'dam. This == ..
=" information would show tle eff1c1ency of the diversions for slu1c1ng sedl-‘-' g
i '_:ments at the#frevailing river conditions and for the flows tested.’ [Tests
Cooin the field:on the ability of the ‘diversion structure to exclude" sedlment
R from the canal system are 1mportant for pro;|ect investigations, for. -
T de51gns of d_wersmn headworks, and for cornparlson w1th the hydrauhc
‘ model tests e - : : :

'f'.The tests were conducted w1th the cooperatmn of the Kansas Rlver
= Pro;ects Offlce ‘McCook; Nebraska. Water was released from the

~various storage dams upstream to prov1de adequate ﬂows in whlch the
tests could be made . PP - : :

"-‘Hydrauhc model studles had been made to develop sedlment control
-arrangements: for Woodston, 1/“‘ Bartley, 2/ and Superior= Courtland3/
-__;Dlversmn Dams, and the resultlng de51gned structures were. mcorpo-
rated.in: their: construction.  The test program was established pri-. . .
v-marlly to obtain'data-at these diversion dams to check the: efflclency_ e
of the- operatlon of. the sediment control structuzés. Durlng the; testmg,
he Projects Office’ ‘tequested. that observations’ and measurements also
be made at the' Cambrldge D1ver510n Dam, where a sedlment problem=




‘_excludmg efflc1ency of ‘each. d1vers1on dam hairmg
*-structure. -.The: 10cat10n of each chver 1on (zam tested 15 shown on the

*map in Flgure ]

The 1r.,t.s ep. m the data collectlon program cons1sted of selectmg a i
uniform reach of river far enough- upstream to be above any backwater
mﬂuence of the dlversmn dam-. .The cross’ ‘section’ selected for samphng _
-w1th1n each test reach was su1tab1e for rehable dlscharge measurements, :

.\

alohg the channel Imdpomt to deﬁne the: water surface slope The RPN
m reach length was, 1 000 feet s EER




“for the Courtland Canal. The DH- 59 sampler welghmg 24 pounds was :
‘designed for handline suspension operation and was used from a boat
- or from the Handrail in front of sluice gates or headworks as illustrated
in Figure 8B. The D-49 weighs 62 pounds and was used where high
. velocities were encountered such as in the Woodston D1vers1on Da.m
slu1ceway shown in Flgure 2B. :

e Samplmg procedures for collection of the total sediment load deerted
into the canal or discharged through' the sluice gates at each diversion
dam are desciibed-=in-the-seéction of the report coverlng the partlcular

; dlversmn dam ' : .

- Bed materlal samples were obta1ned by using the BMH 604/ bed mate-
~ rial sampler or by hand dipping from.the channel bottom with a_ sample :
" carton. /The BMH-60 was a newly developed bed material sampler simi-~ :-
. 'lar to but lighter in weight than the 100- -pound BM-54 bed material sam-
' pler. ‘The BMH-60 is presently avalleble in three wecights, 30, 35, and
-40 pounds made of cast aluminum and equipped with tail fins. The . .
spring-loaded bucket'is cocked when the weight of the sampler is sup- -
2 ported from the steel cable. When the tension on the cable is released
. - by resting the sampler on: the streambed a constant torque spring swings -
. the bucket out of the sampler body and’it scoops up and completely sur-.
"+ rounds a sample of about 160 cc {cubic centimeters) taken from the top -
_2'inches of the streambed The bed material sample is enclosed in the
" bucket so that it is not washed out when the sampler is ra1sed through
i the water to the surface ‘ S

"'.'_"Woodston D1vers1on Dam

i

. t - - o

r "jIT‘A plan view, of the locatlon of Woodston Dlverslon Dam5/ in ) e South °
.- Fork.Solomon Rlver and the river measurlng reach is shown in: Flgure 3.
ER. .Approprlate test data were collected at the. representat1ve Cross section
- -and the river reach located about 4.1 iles upstream;, *'J'fm Woodston
..+ Diversion Dam. Suspended sediment samples were céliected with a

. ~DH-48 sampler by the' ETR method. Bed material samples were taken’

- by hand:dipping at five locations. in the ‘measuring section. Slope meas-
- uréments of the: water surface were: ‘made’ by surveying elevations at
‘“about:100-foot intervals throughout a reach which exténded 500 feet

‘upstream and 500 feet downstream from the measurlng sect1on

Suspended sed1ment samples were collected at three locatlons near

‘the headworks of Woodston Diversion Dam A DH-48 sampler was .
‘used to- sample the: suspended sediment’ 1n the flow at the upstream’end -
of the. guide walls, ‘and at:.the downstream end of the ‘canal. headworks:
‘closed conduit.: Suspended seédimient samples were alsg obtained at a o
fsectlon downstream from the sluice gate Ywith the D-49: sample aS - i

: shown 1n Flgure 2B The samples at all three locatlons were cons1d-‘ R




A dlscharge measur ~ement 67 the ﬂow in® the canal by current meter _
“indicated a diversion .of 46 cfs (cubic.feet'per second).” The: d.1$charge o
B through the slulce 'gate was computed from the orl_flce formula'- : &

area of gate c,pemng i " : S :
‘acceleration of gramty (32 2 feet per second per Second)
-='head'of water acting.on-the. gate : 4
=" coefﬁc1ent for the gate REn

‘Wlththe slu1ce gate open 0 156 foot (between the musm note seal and

‘the. gate ‘seat):and with'a. head upstream from the sluice gate of 10, 1 feet ‘
‘the discharge was’ 22 efs. The ﬂow over the ogee crest was estlmateu\
-'tobe5cfs.,.;- S 1 oo . , S .

Qbservatlons made at Woodston D1vers1on Dam clearly 1nd1cated that
water and sediment: dlscharge in‘the river had not stabilized upstream
Afrom- the.dam. ‘Backwater inthe river from: Woodston Diversion. Dam
‘extended upstream approximately 1-3/4 miles. A view of the ‘back-
water area:near-the diversion damis. -shown:in Flgure 2A.; Ata pomt
about:one-half:mile. above the dam, the water depths: along the bank:’
were- from 6:t0:8 feet. “With these conditions, very little: of the- coarse
or_sand size material’ ‘was reachlng the-diversion-dam,-even: though the
iv ttom was ina: narrow channel A proflle of the fI‘lVEI‘, 1nc1ud1ng




surface slope was measured ina. 1 OOO-foot reach by standard survey
jprocedures. ‘The suspended ‘sediment sarnples were: obtalned using
‘;'—the DH 48 hand sampler, : and bed materlal samples were hand d1pped

Suspended sedlment samples were-collected from t mee locatlons at -
“‘the Bartley Diversion headworks: "A DH<5¢ handline sampler- was -
.used totake 'samples from a ‘boat at the’ upstream entrance to the .
-guide’ walls -and from:a ‘handrail-at the headworks. 1mmed1a‘te1y above
‘the:sluice’ gate Suspended .sediment samples were ‘also taken of - BT
candl flows ata: point’ 1mmed1ately ‘downstreanmfrom the .closed" ‘con~;
duit:of the headworks using.a-DH-48. sampler Soundmgs made’at:
all three locations showed the concrete bottom 1o be free'of sed:.ment“'

: S Therefore, the sediment’ samples represented the total
sedn‘nent"'n movement at each"of th : hree locatlons R

-.\establlshed by: prev1ously plottmg ‘current meter measurements- W1th _
f:gage helght measurements:. The canal: ‘Was ﬂowmg_ at 101 cfs fora I




.flthe test soundmgs between the gu1de wall and the bank on the Super1or e

‘" 'side of the diversion disclosed the:bed to be free of coarse sed1ment
“--and just.a small ‘amount. of fine sediment deposited. However, some
e sed:.ment was dep051ted upstream from the gu1de wall. : :

Suspended Sedlment saInples were taken at four 1ocat1ons 1n the v1c1n1ty L
‘of both:the Supermr and: Courtland’ Canal headworks and slu1ceway. -
7 samples wére collected with the DH-48 sampler from a boat at the up-
*.stream-end of the guide walls (F1gure 9A), ‘and from the concrete head-~
wall at the downstream end of the canal headworks tunnels {Figure SB) '
_:'The handline DH-59" sampler was used to collect ‘suspended samples
o upstream and downstream from the slulce gate, Flgure BB

"_:"'--A ﬂow o 127 cfs was, measured in Superlor Canal and found to be sllghtly
.'lower than the dlscharge of 133 cfs: 1nd1cated by the Parshall ﬂurne ratmg

”To obta1n cond1t1ons in the prototype as nearly comparable to those for
‘which the modeél was tested 3/ the slulce gates of the Superior and . -
‘Courtland: d1vers1ons were opened 0 2 and 0.3 foot respectlvely, durmg
'samplmg.‘ Ve : L G

_1though_ here was: an. apprec1able suspended sand’ load in the
the Repubhcan RJ. 'er about 3. 2 rn1les upstream from the dam,

“ BMH- 60. ’I‘h15 mater1a1 was mostly
: -l indicated that ‘very. little sand was enterlng
‘the guide wall area at‘the _.Cou land headworks. The proflle of the:.

planview o Cambrldge\Dlversmn':Dam152 / nd he measuring reach on
Republican Rive Figure T '




i Q;Pr:.or to.the slu1c1ng operatmns on August 6, suspended sedlment
;aamples were collected upstream from each of the four gates divert- -
' img water to the canal. A view of the diversion dam showing the four

.7-.\-:.._‘:.:,..Jcana1 gate entrances 1s 'shown in Flgures 12A and 13A.,

. ‘Bed materlal samples were collected w1th the BMI—I— 60.in the r1ver

- , 'upstream from the headworks to the- Cambrldge Canal.

'Prlor to the measurements arrangements were made 1:0 release
_from Medicine Creek Dam on the evening of August 5, a flow of
approx:mately 115 cfs in excess of canal diversions. It took about
12 hours for the.additional flow to reach the Cambridge Diversion
Dam. The left sluice gate at Cambridge Diversion was opened 0.87

.' _ foot .for a sluiceway dlscharge of approximately 97 cfs. The rating

_ tables indicated a discharge in Cambridge Canal of 273 cfs and ap- =
= proximately 10 cfs over the Ogee crest. These gate Settings had been '

”made on the evemng before samplmg.- ;)

. The s1u1ce gates were opened W1de about 2 p. m. on Aug'ust 6, for ap-""—
- prox:Lmately 30 minutes. At 5:30 p.in. on August 6,.the left sluice" o
. gate'was again opened completely, and the right sluice gate was opened
. to within about 1 foot'from the water surface, Flg'ure 13B. The gates
' ‘Were closed after about 20 minutes of sluicing.: At 1 a.m on August Ty

the gates were: opened agam for about 45 mlnutes

' --'?{;Soundmgs were rnace upstream fI'Om the headworks gates and slulce .

.“gates on August 6 wh11e the sluice gate was partially opened, Fig-
“ure 13A. -Depths- offwater varied from 1.5 feet upstream frons the
left headgate to. 4.5 feet upstream from the sluice gate.. With the
:sluice gates closed, soundings on August 7, showed water depths of

- about:1 foot upstream from'the left headgate to 4 feet upstream from .

~.the sluice" gate. :One noticeable effect of the intermittent sluicing

o '__.;operatlons was the. flrmness -and stability of the: r1verbed upstream - . |
. fromy the. headworks and sluiceway caused. by sand movement and in-
*  .creased veloc¢ities at the time of sluicing, Very little scour was noted

inthe riverbed d1rectly upstream from the headworks and sluice gates;

- '-'31._‘however, conS1der‘ab1e sand appeared to be. moving during the sluicing -

“‘operation. There was no‘pool upstream from the’ Cambndge D1ver51on
Dam such as. ‘was observed at the other leEI‘SlOIl dams ' S :

.The rlver proflle above and below the d rsion dam. is shown in. Flg-
Sinre-16; F1gure 12B. shows the channel cond1t10ns upstream from the o
:."-:dlversmn dam. SR e i :

i 'ANALYSIS OF DATA

'=upstream from the d1ver81on dams ‘are summanzed in‘Table 1! ,.,-’Hydrau;-‘:
':.'_.11c data taken at th_ : representatlve rlver cross sectlon along w1th the '




:was measured 500 feet upstream and downstream from the samplmg-
cross sect1on : S : _ _

Laboratory An alys1s

Table 2" glves a llst of all suspended sed1ment samples taken during
theseé field meastirements giving-type: .of 'sarnpler iised;’ rnethods of .-
‘-{samplmg, : number of verticals in the cross section used fér saJ:n-‘
pling,: average water depth and d:;scharges e1ther computed from
-.measurements or estlrnated : o

About 33 samples ot' bed mater1al were collected at the d1ver51on St
. dams,'and at other afeas in the Kansas River*Basin.: These bed -
material” samples Were. analyzed in the laboratory for:-size grada-" :
7t1on and the ‘results are ShOWn 1n Table 3 The 1nd1v1dual or aver-

_:The bed mater1al samples taken at’ locatlons other than at or up—‘
"stream of the d1ver51on dams are not pert1nent to th1s report but

Lal‘wonatory analyses us1ng the bottom w1thdrawal tube method were
made of the 30 suSpended “sediment samples fo determme both con- ..
_eentratmn -and size analysis. ‘The:results of the. suspended: sedlment
-i'analyses are: shown<in Table 4 with the appropmate breakdown by the

clay, silt, and.sand size fractions. -Plots of the size analyses of sus- .
-perided sed1rnent :samples obtained from ‘the’ r1ver reaches upst_ream“ Lo

iof th d1vers1on dams are shown 1n F1gure 19

;Sed1ment Load Computatwns

;*The hydraullc data’ |
ct1on .:along w1th suspended andk
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‘Sedlment E*:cluamn at Diversion Dams

"'The curved gulde wall type of sedlmerrt control arrangement was

- ..developed to control the movement of the sand load moving on or
‘near the streambed (bedload) and through a curved guide wall

~ channel, The flow in the curved guide wall channel would: cause .
.-the-coarse sand to move to the inside. {concave side of the flowing -
‘Water) of the curve because of the secondary currents produced by

. super: elevatlon of the water surface as it flowed around the. curve.
.+ Probing ‘in the’ curved channels revealed that there was no sand
.- load moving:in contact with the charnel bottoms. It was obvious
" that'the coarse 'sand was. dep051t1ng before it arrived at Woodston
L f'-'_"Bartley, or Superlor ~-Courtland D1vers1on Dams. :

_ | The operatlonal eff1c1ency of each sed1ment control structure could
.not be. determined.-because almost all the sand. load in the river ..

‘moving in:suspension and as bedload was depositing upstream from

“the three diversion dams. An evaluation of such efficiencies can be_

o j_:_;made at some future time when conditions indicate the pools, ‘above -

“the .dams’ have. filled with sediment and.the sand load is transported
: 1nto the v1c1n1ty of the sedlment control fac111t1es " ;

"'-:":Ii:Samples were collected to determme 11‘ the- sed1ment control arrange-‘ '

.. ments at the three d1verS1on dams would cause more of the suspended -

. load, particularly the coarser (sand) fractions, to go to the outside’ S
S (concave side} of the flow in'the curved channels and through the sluice-

- "way.. This.type of study (suspended sediment’load transported 1nto the
' -"__‘_fheadworks and slu1ceway) was. not made in the model studles ‘
;!TThe data shown in Table 6 were analyzed in a. study of the sedlment ‘
“exclusion actually taklng place at various-diversion dams. At the
Woodston, Bartley, and Superior- ~-Courtland Diversion Dams which -
included. sedlment control structures there was very little sand. load

in the‘flow at the dams for a quantitative evaluation of the structure :_3 j--,“’"‘"- L

1n'exc1ud1ng sediment from the canals. Observatlons of upstream
..river conditions showed that’ most of’ the sand. load was bemg dep031ted
above the d1vers1on dam . PRI .
Flgure 20 shows a’ plot of the observed concentratlons in- the r1ver :' RS
above ‘Woodston Diversion Dam in the flow ibetween guide walls up- e
stream fromthe ‘headworks, in the canal, and. in-the ‘sluiceway. - The
are broken down 1nto clay, s11t sand and total sedl—?r- ;




.,»_."l-_j'Therefore these cond1t10ns preclude maklng a computat1on of the. .
--':-.eff1c1ency of the sed1ment control structure for excludmg sand from
.f-the canal : -

_'j_'A compar150n of concentrat1ons at the Courtland Canal headworks ‘ :
“Tand.the. Superlor Canal headworks of the Superior-Courtland Diversion -
© o Damis shown in Figures 22 and 23, Here again the sand ‘concentration -
2 “in‘the river upstream from ‘the dlver51on dam was very. low and there: .
' ‘was little sand observed at the ‘guide walls in front of the headworks,

~'In the case of the Courtland Canal headworks, ‘the sand concentration

in the canal was lower than at a point .10 feet upstream of the slu1eeway

- gate which would indicate the arrangement was efficient in transport- *

.ing suspended sand through-the sluiceway. The true efficiency could

'-:not be determmed from these extremely low sand concentratlons

For Cambrldge Dlversmn Dam the concentratlon of the sand fract1on
) __11n the water flowing' through the headworks and sluiceway remained
~ ‘about.the same or was .even higher ‘than ‘the concentration of the sand -

fraction measured in.the: Repub11can ‘River' upstream. 'Observations

- and probings of the riverbed upstream from the headworks and sluice-. :

way. gates revealed that there was considerable coarse sediment mov- = -

~ing on or near the bed.  The’ samples collected at the dam verified the

'.observations and the problems encountéred with sediment, "The con- "
Centrations of 'sand in'the vicinity’ of thie headworks wexe. ‘even h1gher i
£than those observed in the upstream river. ‘Although.no sediment-con~ . -

" trol structure was built into the Cambrldge Diversion Dam, the results Co
) ,shown ‘on Flgure 24:are presented for comparlson purposes and to 1llus- oL

. trate what can thappen when sediment:causes a problem. From; Flgure 24

‘it'is noted'that the sand concentration-in the slu1ceway was much” h1gher

~ than e1ther in the canal or above the headworks The slu1cewav Was-

 operated:on’an intermittent basis, and to some extent.on a cont1nuat1on B
‘basis both'before and after- the observations. Operations at Cambr1dge :-, ‘
Diversion -Dam do ‘show that.even whenino excludlng device is:incor- "
‘porated in the .dam ‘and when 'water is. .available ‘for slu1c1ng some 'sand

n be slulced mto the downstream iver. channel : :

SUMMARY AND CONC_LUSIONS




o -.:_'."headworks and therefore it was not p0551b1e to make a quant1tat1ve
.. Tevaluation of the amount of sand slulced on down the slulceway and
e ,-excluded from entermg the canal ' SR

' -....Curved gulde walls do prowde a means of slu1t:1ng hedload sedlment
~.past:the headworks, through the slulceway and into the downstream ;
Crrivers channel ~Model studies show they work well for controlling -
:sediment on a continuous basis. -Field perSOnnel have also found -

E ,that they:work well when opérated on an intermittent basis. Obser- .
vations by operatlng personnel ‘have shown- that sedlment will build

up.in front of the headworks, and by sluicing'on an intermittent

-ba51s much of the sedlment in the fine sizes as well-as sand is ..
: moved on down the river through the: slulceway Based on the suc-
-~ cegs.of those operations, ‘the’ structures are effectzve in excludlng
v sed.lment from the canal. Although ‘the. dlvercton dams were de- ' -
_sighed to. Operate with the slulceway contlnuously open for: slu1c1ng S
".sedlment the 1nterm1ttent slu1c1ng 1s an effectlve method of. operatlon o

: t 1s des1rab1e that “in the future tests sumlar to those performed in- -
_August 1960 be’ made again at these d1ver51on dams. This:interim re- =7
" port represents an. initial step-in outlining the field procedures and
+data reduction analyses for . use as’'guides in. pert‘ormmg future tests
at the diversion dams in the’ Kansas River Basins. Information on.
the: amounts of sediments that can be excluded from canals'by var1ousj :
- sediment’ control structures is of value in project investigations stages '
“aswell'as in the de51gn of a d1verS1on dam and for mak.lng hydraullc
N model studles R _ ‘ B _ L

Hydraullc Modell ‘Studles :
Progress Repor‘t No 3 on General :
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Figure 2

Photograph showing backwater upstream of
Woodston Diversion Dam on South Fork Solomon
River.

B. Obtaining suspended sediment sample in sluice-
way with D-48 sampler.
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Figure 5

BARTLEY DIVERSION DAM

A. Obtaining suspended sediment samgple from a boat
upstream of the right sluice gate, vsing a DH-48
gsampler.

Photograph looking upstream tnward Bariley
Diversion Dam.










e AT




Figure 8

SUPERIOR-COURTLAND DIVERSION DAM

A. Sampling with DH-48 sediment sampler in
Republican River upstream from Superior-
Courtland Diversion Dam.

Sampling with suspended sediment sampler DH-59
at entrance to sluiceway--Superior Canal head-
works,




Figure 9

SUFPERIOR-COURTLAND DIVERSION DAM

B. Obtaining suspended sediment sample with DH-48
sampler downstream of Courtland headworks.
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Figure 12
CAMBRIDGE DIVERSION DAM

A. Photograph looking toward headworks and sluice-
way on the left bank.

B, Photograph of Republican River upstream.




Fignre 13

CAMBRIDGE DIVERSION DAM

A. Measuring water depth and sediment deposit upstream
from headworks and sluiceway.

B. Photograph showing sluicing operation.
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