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Branch LibrarY 

The rssearch on thi.a prujP-c.t is �arrif.\dj on ao parativel 

tween the Agri��:;u.l tural R,.stiarch Seni�e 1 SWC flDd tha Colorado 

Agricultural ll� rime t Station� Both the Civil Engineering 

Agricultural Engineering S�?ctions of the EJ.:perimsnt S�atiolll are 

involved& The Soil Conservation Services is ��parating in the 

studies con..,erned wi +b drainage to the extent of furnishing 

information and limited assistance& 

P rso�me�l: 

The emplorees at the Fort C�llins oftics con5iet or 

R. Wo Nelson� Agri:oultural Engineer (Conservation), Gordon Kruae, 

Agrito':ul tural Enginltlex· r- vho reported for duty on March 4 tJ 1957 

and A., R. Robinson. Agr·cultural Engineer (General) vho is 

employed co�par� ti vel..y bet ree the Experiment S. a ion am th 

Agricultural Re �rt .::-,h Servi" , SWC. Mr. Carl PliOhver, fo�erl.7 

Senior !rrigati n Engineer, nov retired �s recently appoint 

collaborator in the Fort Collins officeo 



Res arch fr.qQiects 

1� laboratory and Field ln estigation of the Vort x 

Tube Sand Trap .. 

Objectives: 

le To mak an analysis r existing d a  on th vortex 

tube which were taken previouely but neV&r analyzedo 

2o To make a d tailed study' in the laboratory or the 

vortex tu sand trap using a sloping flume and a 

recirculating sediment system. Under laborator.r 

conditions many of the war1bles which should etfec 

the operation of the device can be controlledo 

J. To conduc.t a field study or axis ing inatalla ions 

ot sand traps to d termine their effectivenesso 

4o To ch ck the operation or the field installations 

vi th the la ooratocy findings. 

So To d velop gen ralizsd criteria for the design or 

vortex tubes which may be appli vi th confid n�f9 

b,y d�signing engineers. 

6o To publish a general report on the entire s� 

inaluding the pre ious studiese 

Results: 

The flume used in this expcrime t was available in th9 

Hydraulics Laboratory at Colorado A & M College. 'lbe slope or 
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th flume is jus table ay ja ... ks J e J"·ox· a :t L"lg c..·f slop s normally 

ncountexred in canals.. '.lhe flume has a leng· ,b of 160 feet , a 

vidth of 8 feet and is nquipped with a recirculating system so 

that the suspended sediment can oo �irculated vitb t.he waten•., 

The onl1 major modification or the xisting faoilities 

was the construction of a test section (see figure 1). Thi 

section ws constru"ted to contain a vortex tube, the shape and 

size of which vas d termined from previous datae The total 

water discharge through the flume was measured through a pipe 

orifice with the flow from the tube measured b,y a 6=inch Parshall 

flume and b7 weighing. The sediment discharge in the chann 1 

vas determined using a traversing sampler across the overfall 

from the flume. A diverter aDd weighing tank was used to 

measure the sediment discharge from the tube. The concentrations 

of sediment were determined in parts per million by weight., 

Figure 2 shove the sediment removal efficiency for 

the tube tested. Th� efficien�y is defined as the ratio in 

percent of sediment moving in the channel to that removed by 

the tube� The Froude; number is a ratio of velocity- to depth 

ot tlowB Tbe efficiencies are plott� aa an overall afficieno� 

nsidering the total sediment load and alEo for four size 

fractions� Al�o shovn , is th efficiency assuming that the 

sediment removen is in diree proportion to the amount �f vats� 



r, moved., Shown above each set of data is the tot.a.l load of 

s nt (pJa bjr weight) which vas tloving 1n the channel at the 

t.t. that the test was made .. 

The amount or wa. ter removed bf the tube varied tr 

approximately 10 to 19 percent d pending on the velocity and depth 

ot nov ross the tube. Generally, the efficiency ot trapping 

vas very good tor the coarser fractions or materialo For th 

range ot material sizes greater than 0.,295 11111 (Oo012 inches) 

an efficiency or trapping or approximatel.7 80 percent is indicatedo 

As would be expected the efficiency in trapping the finer traction 

(in this case less than 0.,295 mm) is much lover. Even tor this 

material som trapping vas accOllplisbed over and above the 

percentage ot water which vas removed b7 the tubeo 

2o Measuring Devices for Small CaDals 

ObJectives: 

the objective ot this st� is to d��lop and calibrate 

tar measuring devicea and to improve existing d viceso 

Results a 

A standard d sign for 1 and 2-incb Parshall f1 s 

s developed. Flumea were const ted and calibrations e 

in the Hydra ics Laboratoey utilising a small f'lum • Accurate 

determinations vere made or depth or flov aDd discharge tor 

both tree f'lov and submerged tlov condi tiona o 'lbe dep s were 



a ad usii g hook g�g:>.z an .. ·lls :md ,.,. di cha. g\ t 

min by we ghing. 

At l�ast two flumes of each size v re colibratedo 

The flumes were found to be accura d vie s for measuring 

small flows provided care uas exercised in th construction 

and installation. Accurate discharge measUI menta <.an be 

mad even under submerged flov conditions. 

The results of this study are pft sente in d&tail 

in the Colorado Experiment StaUon Te�hnioal Bulletin Noo 61o 

3o Devel�pmant of Drainage Design Criteria for Irrigated 

Lands 

Objectiv6s: 

'Ib general objective is to prorld& drainag 

ngineers with depen1able criteria upon which to base the 

design of nev drains on irriga· ed lands in Colorado.. The 

following specific objectives amplify the general obje tivev 

lo To determin it a r�la'donship betwe n maasur 

discharg , farm watar supply, physical features or 

the drain system and drainage chax"aateristias 0f th1� 

soils can be used to pJrodict wa1t.er yl.elds to ba 

e�oted from new drainso 

26 To .he�k by field dat the taeGI�tically d�riv.d 

rela ionshi ps ba tweer� soil dra:i.na.ga pA•op-:tl ties, 

ahapeo of the wa -cer ir:,a.blP drawdovn and boundary 

CCDi it·· OnSo 



Resulta· -oc:l� 

th:� t"irdlng:J f � Otl the pr vious .. nt l"<:J�"'pt ' drain mod 1 

st 1 to actual field conditionao 

'ril-a dre.in syotnms •a studied on n .farms in 

Nor l·ast rn ·::olorado th· f. st :::ea.son. 'l'ha a nine systems 

are of the intereeptetr t.ype end re ho:J n to be. t r-epr-esen"'' 

'I'he disc.ha.'t"g -rom he drain ue ., QOl • c:·.e by 

meane of' autcinatic reeor e o attaehed to smlll mc·'"'Sl.ll"ing flumHn< 

The physical featurea and soils data w�re asssmblcd from Soil 

Consorva ion Se rice. records� GTou.nd wa 'ife 1 val"' uer collec-tej 

from sed observation hol0a ·natalled in lines no1�l vo 

drain lines. Hydraulic •.onducltivity me.'lsu.t men a omph.ying 

ths auger hcle method "Were macn .. 

lr1 olld��tr to haw some mthod of ola sify:l.ng the 

drainage situation fox· each .fa..."'m, a el:1::;sifieation :ind"'.T. 

•.1as adapted.. 'fuis ind{'x io ohoun in fig; ·e l" 

Cn 'b.e- fc.ur·os st'l....'di.ed there ... - ·- · to ro no r�le.tior. 
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'l'a.ble 1 
F� laesification Scheme 

for ChQ.racterizing the Drainage SitUDtion 

Stratification or uniformity of soil: 

Noo 1 highly stratified -

2 moderatel7 stratified -

J uniform ... 

- 50% of profile is 
unlike me. terial 
10 = 50% or profile is 
unlike material 
< 10% of profile above 
rock is unlike material 

Hydraulic Conductivity - average value by auger hole method& 

No. 1 very slow <0.,06 inches/hr. 

2 slow 0.07 - 0.29 inch/ hr. 

J moderate O.JO - J.O inch/hr. 

4 rapid 3.1 = 6.0 inch/hr. 

5 very rapid >6e0 inch/hr. 

Thickness of soil material over barrier: 

No. l < 48 inches 

2 48- 72 

3 72 = 120 

4 >120 

Slope or land (in vicinity of effective drain line): 

A 0 ... 1% 

B 1 = 3 

c 3 � 6 

D >6 

Probable source of ground waters 

F Canal 

G Canal and irrigation 

H Irrigation 



•arm Farm l 
Classiti-
cation 

ranci 2co3 
Jn 

EPH Corp. 343 BF 
'oot.e 353 AG 

:auver .33) Bl 
-I.e Cormick 242 AH 

6 gan 243 CH 
I Spangler 232 AH 

Sprenger 353 AF 
Stewart 333 Bl 

• I 

�ble 2-5UD:IIIIa17 ot Tile Interceptor Drain Stuq, 1956 

Lenctb ot �ullo MaxiJIUil nov JulY 
Pi kup *2 Conduc- date eta £fa eta 9&:1 
Line tivit;y 1000 ft 1000 rt 
, t in./hi-. 

15.39 7-21 1.13 0.74 0.71 0.46 
1045 4.6 7-12 0.042 0.040 0.026 0.025 
2645 9.8 8-17 0.60 0.23 0.35 0.13 
1200 1.8 
1436 4tt8 7-30 0.51 0.35 0.025 0.017 

600 5o6 8-19 0.28 0.47 0.12 0.20 
1990 2.0 8-21 0.047 0.024 0.022 o.ou 

600 6.4 7-27 0.095 0.158 0.026 o.o43 
1570 2•6 8-25 0.068 0.043 0.0)9 0.025 

Awruet Se;�!tember 
eta ctl crs c.fg 

1000 rt 1000 .ft 

0.57 0.)7 0.47 0 .. .)1 
0.029 0.028 0.015 0.014 
0 • .36 0.14 0 • .)0 0.11 
0.22 0.18 0.20 0.17 
o.013 0.009 0.0.35 0.024 
0.15 0. 25 OclO 0.17 
0.028 0.014 0.029 0.015 
0.030 o.oso dry 
Oo04S o.OJO· 0.0.)7 o.o24 
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FJGURE I 

SECTIO.f" f.-A 
Scale I = 4 

LAYOUT OF VORTEX TUBE SAND ·TRAP 

A 

t 



:::!! 0 

>-(.) c 
Q) 
(.) 

-
� 

01 
.£ 
Q. 
Q. 
0 
.... 

1-

� 0 
� 1 3 

;l 
0 c 0 

(.) 

I 
-
,.._ 
,., 

§I 
ll: ,._ 

10 IL 

� 

:;.., ' • II 

I I I 
CD lOa:� 

,.,(%) N 
1'- m,., C\1 

m� �. --

/ 0 

',� v � 
� 

8 

6 
\ � 0 

'\\ I 

K 
\ I 

')� \ 
4 

\ 
0 \ 1� 

\ I '-
� 

-�� 

I I I b I I 
- N 10 0 0 In 
v 10 (%) 10 • � rt) rt) m 10 en C\1 N I (\J N 
0 .A <::t 

I 

� - <D - - N -

I � 

� � I--
� � I � � 

I '" � 

�: 
� " 

" I 
'\. I 1\� '\ � 

� 

\� I � - - -- -� - - ---1 I � / 
"\ '� 

I� 
�-

�� / 
� \ K, -t--r--

� -

�. 
..... 

� � � 
2 0 

... 

0.6 0.8 1.0 . v 
Froude Nurn ber ...rgcr 

1 .2 

.,:r 

1.4 1.6 

LEGEND 

� Total efficiency 

X Ratio of water removed 
total f l o w 

c G·reo ter t h on 0.833 r:nm. 
0 0.589- 0.833mm. 

9 0.295- 0.58 9mm. 

-o- Less than 0 .2 95mm. 

Run NO 90051 r S rn Tube 
12 Deposits in m1ddle half. 

to 

13 Small deposits full length. 

14 Tube clean. 

15 Small deposits fu ll length 
Partly full '1.,1 Yz, 'Is pomts 

16 Tube clean 

17 Deposits middle 213. 
18 Deposi t s end 1.fl. Cowoy 

from outlet. 
19 De posit s middle 1.!J. 

20 Deposits at '13 +'%points. 
21 Tube 6/s full 31+ of length 

from closed end_ 

22 Tube· clean. 

FI GURE 2 TRAPPING EFFICIENCY OF THE VORTEX TUBE SAND I RAP 


