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INTRODUCTION

Buring the cslendaer yeer 1955 there was a chenge in personnel
in the Fort Collins office of Irrigstion and Dreinege Investigetions,
ARS, 8iC, Mr. Jook Xeller, who was employed as an Irrigstion Engineop
(agent) in November, 1954, resligned to scoept other employment, Mre
Doneld Je. Sader was on military leeve during 1956 and will be returne
inz to duty ebout Kovenber 1, 1986,

Progress has tesn made durinz the year on four piojeats.
These ere: (1) Sespage Losses from Irrigetion Chennels, (2) Perfore
madce Tests on Well Screens end Gravel Filters, (3) Hodel Study of &
Tile, InSerceptor Drein, (4) Portable Yeasuring Device. In sddition,
prelininery stuiies have been made prior to the initietion of & new
project for the study sediment ejeabors.' This projoct will be a

laboratory snd field investigetlon of the vortex tube seni trsp.
RETORTS BY INDIVIDUAL EXPRRIVENTS

1. Veesuremont of Seepage Losses from Irrigetion Channels, Line Prow

Jeot Hoe Re3w2-1l, Work Plan Ho. 2.

Losation of Experimont: Colerado A end ¥ College, Fort Collins,
Coloradio snd Crand Valloy, Coloralo. |

Personnel Involved: N. A, Evans, Coloredo A exd ¥ Colleges

Me M. Hostinge end A. R. Robinson, Soi) end Water Convervation Ree
search Brench, ARSe

Dote eof Initistion end Exrnescted Duretions Projoct initiated June

20, 1949, Durationt Recommended that the projoot be kspt sotive to

investignte spooial seepage mensuring probloms es they erise.
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Cbjeotives: Reference, Annusl Report, Celendar Yeer 1053,

Nood for Studyt Reference, Annusl Report, Calender Year 1953,

Design of Exporiment snd Procedursss Reference, Annual Report,

Celerder Yeor 1953.

Experimontel Deta end Observetionss During the yesr 1985, the

finol report on the initiel phases of the project vkaa revised in soe
sordance with the recormendetion of reviswerse This report hes been
epproved for publiocstion es & USDA Technical Bulletine Ia sddition,
& papor oz Scepags Measurement was prepsred snd published by the
Mmoricen Scclety of Civil Englneers. Thls peper which 1s ASCE Separate
Noe 728 contains a sumnmery of methods of messurlng seepage end recom=
mondations for use of these matholise

An edditionel sespage study wes mnde in tho Crend Valley,
Colorado for the pericd of Msy-Ootober, 1955. The purpose of this
study wes to determine the seopeze retes from two sections of main
canal and the relation of this goepepe rate to the asmount of sodirsnt
corried in the water. The stuly wes conducted on & portion of the
toin Line of the Grand Valley Irrigetion Company osnsl where high
seopapge loases hed been dehsrmined the previcus yoar as well es a
seotion en the Government High Line Cansle The seation on the Mein
Line Cannl waé 7,200 feot long end that on the High Line was 2,000
feet in lengthe

The procedure ixeed. in conduoting the studies consisted of
foflow~outflow msasurcmonts made with current reters ent frequent
sodinent concentratlon masurmﬁts mode with a hand sediment semplore

The currant reter measurempnlts were made from catwalks et oither end of
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the sectionz sfiar perisds of nser censtent stage as inilceted by
wator etege yecorders installed in tho canalge For the Governnent

fiigh Line, both the inflow erd cuiflow rwcsarcevents wore rads in cone
orate Thues of the seme sizes The Inflow mensdrezents for the Cranle
velloy Fodn Line wore in & uwniform sarth ssobion with the ocutflow deing
menasured in f oonerets flume. Ib was nocessory to measure all turnouts
{1 the sectisng ee woll es waoste inTlows. Throo sols of dissharge
paesuremants vore radae in esch secblon during the sorson.

The sadimont consentrotions wors detarcined at intorvels o
goproxizatoly one wosk and were mede by using & hond sedirment sompler
of tha typs dereloped by the Y. 8. Becloplesd Surveye Dupliceto samplos
wore telan by the intoprstion mothod ot eech ohsorvation. The conocne
trabiony vore detornined g & perozninge of the todel welght of the
pomploe

The rosults of the inflowesutflow mossursments for the Graed
Valley Main Lins ere showd in Teble Yo This tadle shoss the otel ine
flow ent outflow for tho cootion. A1) the msosuremonts mede during the
18865 pepeon ghov polng in the sostion with the lergest galn nmeasurcd
in Octobers Also shown iz ons mensarsmont mde in August, 1554 in
which a8 Joga wes detarminad.

TobYy £ plves the resalis of sospepe rmersuremonts mede on the
Governmant Uign Lins Connlse Showm ere tho Jossos in cuble fest per
socont oul i cubie foot per square foos por day ovar the wotted porle
metors For cech doterminetion o gospars loss wes noamared, with the
Righest loss found for the July 14 wmomsuremonts Those losses renged
from 0,83 fead per squsro foot por day on Dotober 24 to 1.11 feot por

dny on July ¥4. Hosnlua of proviows seoprgs stulleos mado by tho Ue Se
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Buresa of Hoolametion ere also shown on Table 2. Thess stuiles were
eonlucted over m reach thet included the seotion rwasired in the pree
sent study. It ghould bo noted that the megnitule of ths losses in
the previous study aro comparsble with those in the 19568 stuly.,

Pigure 1 glves the rosulis of the determinations of sediment
oconoentrations for the Government Eigh Lins Cenel for the periol. The
ooncentretions verled from preoticslly 200 per cent to & maximum of
5+34 por cent or 5.;:,490 parts per milllon whieh would be oonsidered a
relativoly hoavy sadimsnt londe The highest conoenbretions were memsured
on Mey 123 and egzein on August 26.

2leo chown in Fige 1 aro the results of the throe sespage
monzursnonts mede during ths ceeson on tha Goverament High Lins Cenale
It is noted thet the ldwer ratos wers measured after periods during
which the seliment concentrations hed beea hizh whioch indiocates thet
the sedimont was prodebly fector in reducing tho sespaze from the o2nsle
The results of the inflow-outflow messuremaonts on the Grend Valley Yein
Line ere not ehown on Fig. 1 elnce geins were determined for esch
mossurerment durlng the 1555 sooson.

Cermonta end Intarpretetions: Thoe rosults of the mussuroments on

the Crend Velley Cenal are inconclusive sines gelns were measursd for
each- voepago determinetion. Bacauge of the lim)tetions in the msthed,
{.0, pocurscy of from 2«5 por cent for current moter nessuresents in
soctions such as wore used for the Orend Vallay onnsl, no definite cone
clusions should be drewn., Howover, thess messuromsnds do shosr that the
lowost gonin was determined during tha July pericle This compires to

the highost lots reoorded for the Uovernmsnt Zich Line which elso
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occurred during the same period. During August, 1954, e sespage loss
of 0463 fast per dey wes recorded for this seotion. As previously
stated there was probedbly & loss in thls section but ground water in-
flow end the li-itetions of the mothod of measurement were éuch thet
gelns wore measured.

The recsons vhy seepego losses were found in 1954 wheresas
geins wore determined for the seme ssotion in 1955 ere not known. The
sodiment discharge records for ths Coloredo River sre not avellable
for the two poricds. There is a possibility thaet the sodigent conocenw
tretions wore heavier in 1956 which cghould resalt in lower seopege
losseg in the canole because of a greater asount of sedireonting.

The measuroments on the Covernmen$d fizh Line Canal give re=
sults which ere more conolusive. Ihese inflow-outflow measurements
wore mede in uniform conorete sections end good moasuring decloes were
evaileble for meesuring turnouts so thst more confidence could dhe
pleced on tho messuremsnts. From Figure 1, it is geon thet the seepege
ratos were lovwer after periods wherse the water was cerrying a high
sediment concentration. However, more frequsnt secpage aud sediment
measuremants would be desirsdle for s more precise deterainstion of the
effects,

In order to detormine more accurately the canal seapage end
the recches over which excessive soepage is ococurring, more precise
mothods of moesurenont must be employed, Fonding tests give the most
precise detorminntions but it 4s ususlly ipossible to use this method
becauss the cenal rmust be teken out of oparation for the period of the

tost.
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Burmerye Seopope mossurements wore made on twe soctlons of main
cauals in tho Grond Velloy of Coloraise In cd3ition, determinmtioccs
of sadirent concontrition ware wade ot freguont intervals during the
gassons  Ja one ofso feopags lossas of felrly hiph nogaltule wore delore
pinod but for the other test seotion paing wore reasureds Those gains
wore pbiribubed to llsktatlon of the methed of vepsurlng end ground weter
inflow into the conelss For thel sestlon frem which loosss wore measured
the hishost Iszs wes delarnmined nose the middle of the irrdgetion sonsone
The relnidonship of sodlinumt concontrallon to e seapoze rate
woe nob definitely definsds Genorally, the sewpsge rade was lowor afiuyr

pariods whan the water was oarpylog & hizh sodinent eoncenbrations



Grand Valley Main Line Canel Seo. 3

Tobre /

Seopagy Myasuremsnts

Sta 108488 o 18040& L « 7342 Fto {Barth Ssotion)
(Yorth of ¢ Road exd Rico Fiums tc Conerete Fiume mear Appledton)

Inflcw Cutfliow
Inflow Woeteoway Total Out{lcw Total Soction Seotion Seepers
GH 106+g6 Inflow Inflow | OE  Sta 130¢08 Turnouts Outflew | Gain Loan Pt3/Fti/day
Date Ft ofs efs fo Ft ofs efs ¢l ofs ofe (?hé@ggl
5/%1/65 | G.707 109,23 C-48 109,71 {0,702 102,12 707 162.80 | 0.28 - -
7/12/86 | .02 123,08 0,85 125,88 {1.02 11E.33 8,08 125,98 | 0,10 - =
10/20/55! 0.782  109.56 0,056 109,80 {0,700 104,80 8080 131.88 | 2,06 - -
8/2/54 - 125.69 0o10 125,79 | = 134,47 8,23 124,30 1.89 00¢3




Tabre 2

Seopnge Mensurements
Government Hizh Lire Canal - 19863
Steations o IZAT3I+0Q - 1563400 = 28000 Pt.

Infien Cubslow Seotion vection
Infiew Wastewoye  Total Cutficw Total Secticn alonge Logs
Date o Ste 12873 inflow Inflecw GHR Sta 1553 Turnouts Outficw Toss Ft /" fdey 4 of
3065 Pt afa afe afs Pt ofe afs ¢fo ofy (F*k:/day} eige Llow
5/13 ? 3035 538,74 0.0 538,74 .20 453,08 78.€4 BSp.72 2.02 Q.84 2825
7/14 l 8.80 664,24 0.0 ES£.24 5.5 £49.74 88,84 B3B8, 68 15,08 2033 3.32%
16/24 i 4,84 413,93 0.Q 413.83 | 4.88 376.28 30.69 406,97 8,86 Q.58 1,7C¢H
H .

* USBR Publication = Uso of Water cn Federal Irrigetlon Projects, 1852 gilves euvmpareble data
from provious studlos o Sta. 940 - 1965

Yoap Loze (F/2ay)
1927 Co 8%
1928 104
5.3:59 6099
1850 o 87
1233 1568
2632 2,56

16883 107
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g. Yodel Stuly of & Tile, Interceptor Drain, Line Proje ot No. SiCe
é~7-9-4, Codo Ro. Colp.~FC~1l, State Frojoot No. 125
losstion of Experiment: Colorsio A sand M Coliege, Fort Collins,
Coloradoe

Pe-sonnel Involvedt A. R. Robinson end Jack Keller, Soil snd fdter

Coaservation fesearch Drenchy, AR5 end Dre De F. Poterson, Coloredo

A and M Colleze.
Date of Initiation and Expeoted Durstlon: Projeot initiated

September, 1954. Expocted duration es originally plenned, one ysarg
recommenied that the project continue indefinitely until report is
completede

Objeotives: Reference, ensual report, Fiscal Year 1954

Heed for Stuldys Reference, annuel report, Fiscsl Year 1954.

Desien of Exceriment end Procedurs to be Followsd: Referencs,

snnusl rejort, Fiseal Yoar 1564.

Exparirental Dste end Obsorvations: Two distinct sspests of intere

ceptor dreins were gstudied in the investigation. One espect can be
tormsd the {low enelyses end includes the digcharge that the drain will
intercept, the lnoreese in totel discharge sfter the installation of
the drein snd the flow thet will bypess the drain. Another portion of
the study was the doterminetion of tho shepe of the drewdown curve rew
sulting from the ilastalletion of en intorceptor dreine This is praad
the "ghepe enalysis®™ in the discussion to follow.

In this study dimensional anslysis wes used to relsts ths
pertinsnt paremetors for the varlous sonlitlons of shepe end flow to be

studiet. The lasboratory experiment wes designsd to collect deta useful
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for estsblishing this funobtlonsl relationships behsgen those paromelers.
A sooond objective of the oxperimenis wns te obisln data for vomparison
with the findinge of pther Investipntors.

Filow Anslymos: There wors thres rosusptions thet wers made in the

enslyse® of the deta on flowe {1} thet the espillery flow wos asgliplblae,
{2} thot tho drein was complotely effootlve, feos thore wee no bridgin:
of flov ovor tho drain {3) for the nolel tests an open dlbtoh inksrooptor
gysten was slmaleted in the molel by shutuing off adl thy tile dralns
end using the tll boz to intercopt the flow.

Ths dirzonsionn) anelyses of the low system rosulted in the

fanotiounl relsngionship

Heg [L2L ., 2 1
Ge ﬁ(ﬁ*m’;’ﬁ) ' )

whers
4z = the flow 4n the draln eftor Instelistion
Go ® $low dn tho sysiem hofors draln inctulleticw
& = alopa of irpornoshle boundery

L w jongth from draln to source of sugply
feoe an lyrigetion coasl

B = dopth frem Inpermondie bod o pround wekes
earfnes in the system befere drelncge

h e Jopth from Irporaoshle bad to drsin afbor
drain installstlen.

This yalatiohship s shown plattsd in Figure 8« Shown ou
thig pist ere the data comyuled from kha experdrontal ohasrvations.
This plot s used for dotormining the flow in & droin sftor the drain
instnlleblon and enpllos 4o eny systom thore the longth from the

sourse of seapopy Bupply to tho jolnt vhare the dreln g Sfostallicd is
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knowne A furtier limitetlion 1s Inposed in that ths source of seepsys
supply must te one waere tha hsed at the scurcoe i not deoresscd by
tho iastellstlsen of & dreine This would bo ths oc2co where sn intere
coptor driin was installsd nser en irrizetion eanel.

The special case where ths clops of the lupesrreable loysr vwas
goro was &lso studicde Tho dimensionzl epslyses of this crse ylelds

the functlonsl rsletionship
W ey (gz..x: . (2)

Yhere k 4&s the hydrsulic corducti-ity eni the other tornms es have
been previvualy defired. The experimsntel data for this relstlionship
ere shown plotiod in Figure 4. Shown on this plot ero lines of conssand
valuzs of Q/R o The value of h/i ranges fron zoro to oz derending
on the position of the drein tilo above the berrloer lsyev.

It ghould bo pointed oabt ut this point that thsse plots con
be used for all veluzs of hylrailic conluctivisy. This is trus sinoe
the plots ero in dimensionless form. In tho per:meter q3/f00 » (FiZe 3)s
k L8 contelned &n both qo erd ¢4 80 that k oan bo cancolsds
The reletlionship shosn in Fizures 2 end $§ ere valid for &ll ranges of
hydreulls conductivity.

Exemples of the use of thess plots will ba given in the szce
tion on cerments eunl interpretationse

Shons Anslyssss For the shape enelyses the sssanptions wers mmde

thet tho dreins wore complotely offestive snd thot the tall box eoted
es en inte-ceptor draine Trevious lavestigatlons heve shown thab hs

caplllery fringe dons not affoed the shape of the drawdewa curve when
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the meterial being uscd 1s conrpe meteorisl. Tests on the modol showed
that the dralns wero completely effostives From Figure 3, it is ghown
thot theo tallbox ected es an Intsrceeptor drein in ths some mannor es
the tile linecse. This is on the besis of eliznment of points irrespece
tive of vhethor the tiles or tallhox 4o being usad,

For the shaps sadlysos the funstlonel relationship was found

to be

y + Sx x H h
d(ﬁ+8L’L’u+SL’ﬁ+SL =0 )

-

where x enl y ere the coordimates of eny point on the drawicwm ocurve
end the othor terms &s have beon previously dafined. The plo% of this
relstichship is showm in Flruro 5. This plot epplies only to the case
whare the iunterceptor drain 13 placed on the barrier lyere It should
be pointed oul that this ploi can bo used for ell conditions found in
the fiald whore the depth of water boering formation is knoen as well

es the slops of the barrier loyor.

Fe3aentielly, ¥Flrure 6 showxs ths roletive speoific enerrcy
curves for tha ecniitions bafore ths drain is instelled erd oftex
fnstellotione In other words this glves the rolative pasitlion of *heo
woter teble for both otses.

In Figure §, tho 10 par cent and 53 per cont drewdowa curves
are ghomme Those are curves connoctling tho points on the oripines]l wateyr
surfece such that the instsllation of @ dreln couses the watcr surfece
to be lowsral by the given ver oont f.6. 107 drevdom equals 0.1 H o 4
bethor exnlenation of thzaa curves caa be glven by using an oxamples

CGiven tn i~rormssble bed with a slope of 1 per cent overlsalun by en
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gquifor 10 foet thicke The drein is to be instelled on the imparresbhle
bod end EOO fest from the source of recharge. Mow fer from ths drsin

will the weter teble be lowered 1 fﬁoto %hoen H = 10 feet, 8 1 foot
drevdorn equels 10 per cent. The paramster HA + sl) equela 0.65.

From Flpure 4 thos 10 par cent dravdoan curves intersects the line repe
rosencing /T + 8L)e 0,66 ot x/L = 0,68 + Thug x = 0.66 x L = 0,66 x
800 » 270 feotb.

In Figure 5, only the 10 end 50 per csnt drewdowm curves ere
ghowne Any numter of per cent drawdowm curves couald bes plsced on this
charte Fizures sirilar to this could be mele for other velues of
h/il + L L.¢. for ossss when the drein is ploced above the impermesble
barrier.

Another enslyses wes mole which is of interest, This cone
siders the ghsps of the freo water surfoce dovnstresm from the interw
ceptor droin insteilsilons Figure 6 1s & representritlve plot of the
results of the study. If the drain is completely effestive tho shops
rtepresented in Fijure b wes found to epplye. The ground weter su-foce
vps found to be perallel to the barrier layer downslope from ths tile
except in the nesr vioinity of the dreine At this point there ves a
slisht increase in plezomstric he-d.

Comperison of Deter JAn equetlon for the sclutlon the shepe of the

uphill dresdown curve resulting from en intercespior drain hes been

prosonted previously by Donnsne Thils equesion is

x = H1oz0 (u»h)/sm—y) = (y-n) (¢)
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It wos found in ihis study thet this oqustlion was only velid for the
cess vhere the draln wos intercepting flow from soms source which vwas
et v groat distence from the dreine. In tho terms of this study this

i3 et 8 distense such thet the term sl + si) hed & velus groater
then 0485, For the cssos where the source wes et & finite distance
from the drain it was necessery to meke aa cdjustment in egustion l.
This sdjustrent hes the effect of increasing the valus of H to soms
volue preoator then. the original depth of flow through the systems Thls
wvelus cen bo daeterminai by essigning veluss to ths terms in equetion 4
so thot y equels the depth of ground water flow before dralnege and

X theo distsnce from the drein to the sourse ond solving for e new velue
of Ha. This veluo is termed H' and tho relstionship is shown in
Figure 7,

Figure 7 thow & that eguation 4 ylelds en incorrect plot of
the drawdown curve vhen H 48 tekon &8s tho depth of waterbonring fore
matione However, when the sdjustment §s vede in H to yled H' the
corrolation botweon sbserved &ta anl conmpubed déte is very good.

When the slopo of the impermeeble bounmdery is zero, eguetion
1 is not usedle end the forzule levelored by Dupuit 19 usede This

formale is

HeZ « y& 1, & x (5)

2 « he L

This formuls wns chgocked by using observed dsia obtalned with
& horizontal barrier leyer in the moiel. BShown on Figure B sreo the
corroletlons for chsorved dete end eelenluted deta for the conditions

of h=0, 16,end 32 inchesse In view of the corrsletions of thils
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¢qustion with the experi-entel dete, egqustion § 1s ussble for solving
those prodble ms conoceralng the sheps of the drawiown curve efter the
instellation of en intercoptor drein eLove @ horiszontol barrier loyure

fomnents end Interpretetions: The informsticn gelned from this

s5ady mekes :o9sible theo solving of problems concerning interoeptor
dreins which wee praviously impossibles The best wey to fllustrate the
reszlts 18 in solvinz & hypothaeticsl prodlems For thie purposo cone
siter Firure 6.

There is & fioll sltustion whora it is desired to inctsll en

(Set Fiq. )

intergoptor drein to elleviste & hizh weter table conditiond Fronm field
reesarements 1t is determined that the grounl water is 2 fest bolow the
surfaco end the saturated stretunm overleying & berrler layor is 4 feot
thicke The slope of the barrier is 0401 und thoe hydreulio conduotivity
is 4 inchos per houre Tho edge of the field lag 100 feet from the eunsl
which 138 theo eource of ssopare fluwe It is Jesired to lovor the ground
rator to ab least & fect below the ground surfmoe et the odge of the
fielde The tile line will be plecod en tho impermsadle lnysr. The
problem s to deternins how fer doxn the slopse ehell the tile intere
coptor drain be instellel and vhat will be the {flow in the drelne

He 41 s = 010 k = 4,3"/ar. » 10"t /5ec

ye 2! L 100" ¢ X¢

©+ heo % Mrovdown = 2/4 » .6 w 504
ke Loczilon of Braln
(1) Aesums x = 307, thon L = 130 fssi end B w .728,

i+ sL
Fronm Fi ure 5 for this value of HAI + sL) end for 52
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per cont drewdown tho velus for x/L is 0.192
x/L = 0.192 x w 130 x 0,192 = 25 £t
(2) Sinee the first mssumption is not correct the next
sgzeanption will bo thot x = 26' so thet L = 125¢
ent H(H + sL) is 762, Azsin from Plgure 4
x/L = .164 X ® o194 x 125 = 25¢
The tile drein shoiltl then be placed et & depth of 6
foet et a distence dovmslore from the cenal of 125 fests

Be Flow in "reins

h/Te 0  elL/(it + sL) » 424 fron Fizure 3, g4/qo = 2.2.

Qo = ks = (4)(10°4)(.01) = 4 x 1070 £43/s00/fo0t width

ag = 2.2 (4 x 1075) = 8,8 x 19°8 £13/see/lincer foot of dretn.

From this problem it cen he sosa thet thse seepage from the
cansl over the lonsgth vhere the drein was installed nearby wes incressed
by 20 rer cent,

Sumnery: The objeotives of tals study were to: (1) study ths shepe
of the drewlowm curve resulting froa the insbtellstion of esn interceptor
type drein, (2) determine the resulting discherge inko drains efter
instelletion, (3) to chaeck existing theoretlosl eguetions used for detore
mining the chepe of the waber-tahles draswdomn curvese The problem was
investizated vsing & lerge Jaboretory model (Figure 2) of en ideslired,
uniformly slopinz, homogeneous, water-saturated sende Verisbles incluied
ths slope 8 , the thloknoss of tho wa er bsering fornstion H , the
depth of the tile sbove the irpormeeble eiratum h , end tho distencs

frem the drain to the upstresm scurce L .
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Graphlicel methods have boen doveloped for determining the
shepe of the drewdown curve for eeses vhere the slope is goro or
grertor then geros It wes found from the f’lowvanalyses thet in the
ceae whore 8 drein is Intercepting seepezo from & souroe where & conws
stent hetd cen te meintalned guch es 6 cancl or lske thet the seonn;o
rote ney be Sncreesol many folde Installing tho dreln very neer ihe
gource ey increegse tho sespage by seversl humired per cente

It wes found thet the thesretiesl formule for dotormining
the drewdown curve for systems where the 6lope woe gresntior then rero,

o Lo3 U lop Teh )/ (twy) = (yen)
&

x

wes eprlicehle for sysiems where tho source of soopsge wos &t 8 grovt
distanceo frem the drein. However, In the cese where tho source wos
et a finite distencs from the drelin, en eljustiment wes necossery in
the velus of i+ Thls edjusiment, in eff'eet; wes en increass in the
velue of H to somo value greater then the thicknees of saturetsd
streture

The investigrtion ulso showed that the equation for deters
mining the shepe of the drewdoan curve for the cese where the berrier
layer was horizentel was corrects This eguetion is

W -y _L-X
e p2 L

Plots of observed oxperimontol date checksd -ery olose to the greph
of this cquutione.
The expariment slso snswered & quostlion vhich hos erisen

regerdin: tho ehnps of the fres water surfece downstresm from the tile
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{nstellstione I wes found thet thero was a slight recovery in plerce
wotric heed ia tho noer vicinity dornslopo from the drain. After this
recovery the grouand water surfece remelined egseontlelly parellel to the
varrier leyer.

These tests were conducsed in moteriel huving e capillery
rise of leas than two danchose The effcets of cepillerity on the ghope

end flow enelyses were nct determinsd.
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Fig. 6 Example of an intercepfor drain drawdown curve.
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2’:;000 ‘ ’ === Glover's formula, H’=H
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Fig. 7 Comparison of observed drawdown curves with Glovers formula for slopes greater than zer
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%. Fortadle Mossurling Devies for &mell Slipform Conerete Cenulae lLino
Frojoot § Gwlalefety Code lio: (oloe=iTe?

Loortion of Excoviront: Celereds £ tnd ¥ Collepe, Vort Collins,

Coloredoe

Poarsoniel Involwede A, &, Robinson, Soil end Vietor Conservetion

Keseareh Hranchy Alile

Dote of Initiction end hxpected Dareticas Frojoot lnitlated July

3, 1855, Durstion, on2 yoere

Obicativar Tho objesiive of this shtuly is to deslop & portasls
msosuring devies for mokling quick snd reaannébly tcours .o dlischargs
meagurermsnts {n so:ll foras ditchose The dlishes for wihiich the devies
is neoiet ere concrste lined end heve uniform, irapezoidel orces sec'hnsge
These ditchen ere limd b the slipform rothol end have alither a )
foot bottom with 1:¢) slle slopes or & 2 foos bottomwith 1 1/4:1 sile
slopese

Heed for Stulv: In e nurder of wostorn states there are meny miles

of smell fornm cenels end leterels of the slirforam typoe ‘he instele
letion of this typs of lining is increzsing ecch yoore Thore is necd
for & mathol of deorainlay disoherges in theze cencls for use by
techalclons of tho SCS and 218 in »skins weter use stulios,

Dosirm of Exverirvents The purpose of this gtuly wes to devolop o

colibrate en instrament for dlachargs mossarenent in thesw eanalee
Thsre were saveral possiblo mothnls which worae to bo investigated.
These matholds Inclules

(1) £ modifisd pltod taube device.

(2) 2n olootdical dovice employing e thernistor rrid.
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(3) Current rator mossuremsnise
(4} » modificd Pershell flume which could be ploced in
the lined geotion.
(8) A floeting disphrem devicoe.
(6) the defleotion veno matars
Thege devices were to bo investigsted ¢nd Af found saltable
wore %o be togsted in the laboratcr} ead also used in ths field.

Exnerinonta)l Date end Ohsorvitionar During tho perlold it wes

possibls o Lavestigete methods (1), (2), (5) end (6) from the sinnle
point of existing literature sni current studice bolng coniucied et
other locetlions. Y¥othel (1) was found to Yo unsuitedle sines in meny
cagaes hoa volociiles ero 60 low thet the valoclty hoed would not be

$n the orier of maznituio eo thet 1t eould be reed on & whtor menomstere
¥othod (2) wo1ld raquire o great emount of instrumenteticon &5 they it
would not be edepiel to fleld use., Yethod (5) coild not be used since
the cenel vwould need to ba frea of debris enl sedlmsnte 1% vwas found
thet many of the cencls were osrrying e considerable esount of silt
with the regalt shet thers ware deroslts of sedimont end gand on the
cenel dottomss This would interfers with the opeoratien of & floasting
dlaphrem, ¥othod (6) was thourht to be sultable and wes investigeted
&8 to its elapiebility for msklng meesurconnis in this type of crusle
The device wes dovoloped for & permencat messuring 4nstelletion in o
rootnaguler ssenion. DBecoussd of deliente indicoting mechonisms end

the construstion of the peadulun 4% woe foirnd that the instrumsnt should
nob bo rovel from plece to placeo for uge es a portedble measuring devico.

Tosts wore nele to cslibrato the dovice In the trepreoidsl crossegection



by personns) of & consulting enzin-oring firm in Denver, Loloredae
These tests howe nes bosa auccossful tnd the deviee cennot be reccme
wenled at thls time for meking meesurencnts in scotliouns other then
reotoagzuler in shopes Howevor, the devics s belng inproved end ree
dosirnsl for the tropesoidel chepe eo shet it moy be avelledble in
the Matura.

4 1iaitced namdor of curront mater neasuromenis were mods in
slipfora ditchesse Theso meesuremsnte Snlicase thab reesonably sosurate
doetorcinsiions of dischargs can bo mede guickly with current relerse
The msthol conslets of msking only two determinatlons of volooity &%
the +2 ol o8 dopth 0% the conter of tho cro s cootione An averaze of
those two volocitles edjusted by e coefflciernt will yield sn everege
velozity for the chennols Thls veloclhy bioos ths eress of flow will
then determine the dischorgs.

Represontetive wocgurenonte giving the relstionship ore
ghovn in Tedls le The coolfffoi-ns to be &pplisd to the ceonbor weloelsy
wes deternined Yo bo 0e83e It ig recozmonded thst thls volus be used

until farthor tests enn Lo role to suvstaatleto the velus.

Comnonts snd Intorpreintionse Ths msothod which hes beoen proposed

for meking digcharge msessursncals $n sllipform consls which ere cone
structel with e 1 foot bobttom should hsve en eocursoy within ¢ § rev
ocnbe Tero must bo exerclesl in selsctlon of the messuring stations
in ordor for the mwoguromenis to be within rhis M 1te The consl
should b6 in strelght slizament for 6 distencse of 200 feot or pore uge
streen {run the meesuring sieblone I thero 1s sodiwent doposited in
the botisnm, ths chennel should bo oleornod for msevern) fest both above

erd Lolow the ragsurin: sootione
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Sumnzryt Several proposed methols wers investlgnted for raking
dleohtrge pessuremsnis in glijpform ornels eonsuructed with a 1 fool
bottem £ 1:1 side 8lopese Xost of the methols were founit to be
unsalitetle for moeking this type of messurezout.

A mathod utiliring current moters wos Invesiigeted snd found
to bs edepteslae Ths procadurc consists of dosermining the velocity
et +2 end 8 of tha depth of the centerline of the csnole #n sversge
of thoge “wo volocitles ylves the evers-~s velosiiy et tho mid point
of the consle The voloolty &t the couterline tires e cosffistent of
087 muliiplied Ly the cross gsotionol erea yields the discherga.

From e 1linited nunber of tests 14 wee dotormined :hrt this
method will yeild dischergo measurensu & whioh heve en acourcoy of #
6 per cente Furthor investigetions of the mothed will b mode during

the couing secson.
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4. Performance Taeste of ¥ell Soreens and Gravel Filters, line Projeoth
Hoe Re3=2~1y, Work Flan No. 2

Location of Exveriment: Coloralo A and M Collsge, Fort Collins,

Coloredos

Poraomnol Involveds Cerl Rafixer, Senlor Irrlgetion Engineer

(rstired); 2. De Hsldormen, Grsduste Studenty M. A, Eveas, Assistend
Professcr, Civil Enginsering, Coloredo A end Y Collezes; end Ae Re
Robingon, Civil Enzimaer (Irrigation) AiS.

Date of Initistion end Exvected Duration: Froket inltiated:

Moy 16y 1947 Expected durationt 4ndafinita,
Ohdootiwas Pefarenss, Anaunl Eeport, Celender Yeor 19563,

Noed for Stulys Referoncs, Annuel Rovort Caleondsr Year 1953.

Desirn of Experimmt unl Prosedurs to ba Followed: Reference,

Annual Report 1953.

Experimsnta)l Date apd Ohsorvetilonss Sevsersl investigators in the

past have eatoblished oriteria for ths gravel pooking of weter wells.
These oriteris were gensrelly esteblished using unifora materisls end
the critoria speoify that tho paskeasuifor ratio ghould frll between
ths 1i-its of 8 and 8. The peck-2nuifer retlo is deflned na tha raktis
of the BO por cent slrze of tha gruvel paock to ths BO psr cent sise of
the e~uifar nateriele 7The etudy thet wes condusted Quring 1854 &nilcated
thet the P=A patio oriteris for uniform materisle should be sdjusted by
somy funotion ef the uniformity of both the enquifar end £iliter materisl
in order to edept those oritsrie to non-uniform moterials.

The present tests were porformed using stadle packeaguifer

retios in whioh the uniformity cocfficient of both the pack snd squifer
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naterisls wore systemsblenlly vericvde Trek-zgulfer rrilos used were
4e0s HeB o1l Bs Flltor uniformit? coclilolonts wore i.l end 2406
boguifor uairormity scefficisnts Pova lody 1e4y 147, 2,0, 3.0 nnd 4404
Obsarvebions were maje on the emouns of sand moved into the filter for
the differont combinetlons of mubtariale Obsorvetlons wera mede on ths
effech on ths heed loss £% ths indorfaca end ﬁhécugh.tha filter end
aqaldfer cs woll as the effact of pore velaolty oad Revaelds pumder on
the wsouns ~f gend moveds £ consteat dlscherge throush the spperatus
wos uedde This dlscharge corrssponied to & well dicchergs whioh wes
neayr the mext ua vnlch could be expacteds #11 tests wore performed

on £ model uslnz o plestic eylintere Firure 10 giows 4ho equlpmonts

Commonte end Intarprotetions: The funesion of u graval paok is

to convrol the movement of sand from the equifer into or through the
grevele The effect of this send movement could result in elther sn
inerenss in hesd losa through tha filter bayond &n sllowsble 131t ory
for the exiroms oase, could result in she surplns of gend by she pusy
un%il fellure of the entirs sysiom ziht ccoure From this otudy the
mavegenﬁ of seni Into the filter was usecd rs the eriterican for filter
performanutae The tests wers ran for 80 ninules efter 4% hed boen
foun? thet this tiwe wos sulficlent to Aaterrine tha effect of the
filtare

Firurs 11 shore the resalss »f usin squifors of differsnt
uniforrity ooeffioionts on the movenent of stude It is notod that
there s n2 dafinite sorreletion bolwoon the uniforaisy of the emalfer
e2d tha wasant of aend moved §n the renge of stable prckepculfer ratios.

In gorsrsly rors sond moved into tho unlform £1lter Cup » 1.1) then
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into the greded filter (Cup @ 2.0)s It is clso noled thet ths upper
1174t of poskesquifer ratio of 8 45 borderling on the 1limdt of stebllisy
since the movemsnt of sanl is fnorssaing et e high rate ab this polnt.

There sre two woin foctors vhleh govern the emount of sond
poved Into on equifore Ons &s tho offect of gmaller particles bridszing
poross derger perticless This effcct is grester in meteriels which
heve € lergo dissribution of pertiole pleas dcee ths uniformity coe
efficient 48 greatere This bridzing resulis in loss se2nd belng moved
for. meteriels es the uniformisy cocfsyiolent iroressese #n opposite
effact rezults in the porcontezs of fine materisls which besrse an unw
steble Yeb robio to the filtere £s the unifornity ceeflliclent of tho
neterinl is irorossed, this percentsze 1s gonerslly incroassd so thet
more srnd movement $5 ensoursgeds These two effects ere compensating
in gore instounces which could explein the lack of incresced sond novee
mand with an inerezse in noneuniformity of ths ecaterisl.

Sumapryt Frovious tests performed on uniform materisls hsvo ese
teblishad criteria for slloweble P=A ratics for the stobility of e
packengulfer gyst-me The present tests were mede to detormine if
these ellowehle ratlios were elso correcs for non-unifora muterisls.

An enalysis of dese may be sumarired es followst
l¢ The emount of svnd moved aperred to ggtgé littlo roe
letionship o the uniformivy coefficlant of the euuifere
8¢ lozz send ooved into & groded £ilter thea into & unie
forn flltere
3. The smount of ssnl movel wes nobt & functien of the hyw
drsulio grediont, pore velooity or leynolds number withe

in the rengoe of veluo usese
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4e 1t & F=P retio of 8.0y tho hced loss at the interfece
dsoreesad during the tests, For other Feh rotice, the

losa renalned constense
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UBLICA TINNS AND

LIST OF F
RESEARCH ERIQHTS

“ualel Stuly of Interceptor Dr&ina“,.by Jask Eellor, Girealuste
Thesls, Colorale A end ¥ Collere, Fort Collins, Coloraloe
Oouodar 1953,

“Gravel Filters for Tetar Wells® by & De Aaldermen, Greducts
Thesie, Colersdo A end ¥ College, Fort Collins, Colaredo,
Lapuet 1985,

"igaguremsnt of Seepeza® by A Be Rowinean sad Cerl Tohwer,
Final 2epors (Mmnuseript beiny prosesssd for rubliestion es

& T304 Tachales) Pullatin.)

"%eaéuremant of Cenel Seepage”™ by Ae ¥, “ebinson ondl Cerl

Rehsor, 2908 Seperats Koe 728, June, 1555
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RECOMHER DA YIONS

Durirg pest investligations in the 2tuly of sespaze it wee
founl that thoere wes en epprecletls variaticn in ceopsze retes over
& 24-hour rariode Those flustusticas woera of considerably xopprlivie
in sona cnses snd the seopoge seemed to very laversely »ith tonjor=
eture,s Bevoral fastors wore Investigased to detersine the ozuse of
thasoe flustusblous dut nons wers found whiox woald exploin the
phonomense Since this cecurence hed nost bosn reosgaired previcusly,
it ahould be dnvosiigrtzd furthar 4o deseralns the feoiors involvsde

The stuly on the ¢ffseat of uniformity of the gravel peak
enl eqaifer meteriel on tho allowesle T«8 roilos did not fully dtere
nine the reletionshipe The experimont ves of e lisnited nature end
d32 not cover the tompleio renze of field condi:ionse For this
reason, “he tests should ve contloued uslng & gret or rengs of fNow
conditlons and e lerger verintion of flltcr metirisls.

Tho study of mecsuring devices shuald de eontlamed with -ha
purpcao of developing » gimple dovice whieh ocould e ussd by she
former 83 vell s e techulslance Callwratlons of gmel) Parshsll {lome
are nealcd 82l should be made with the purpesc of standardizing the
eoulrnont.

It 85 rocoanoniel thet the {ias) roport on the intecespior
drein bo preporode There should probebly e mio reperss, ony fop
ptilinestion in & technicel Journa}l enl % he ether for use by fisld

teohninlirnse.



