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INTRODUCTION

Puring the szlonder yeer 1955 there was a change in personnel
in the Fort Collinas office of Irrigetion and Dreinsge Investigetlons,
ARS, 83C, ¥r. Jook Xeller, who was employed as an‘ Irrigation Englnsey
(agent) in November, 1954, resigucd to acoept other employments Mre
Doneld Je. Sader was on militery leeve during 1956 and will be returne
ing to duty ebout Kovenmber 1, 19566.

Progress has been mede durinz the year on four piajao*:s.
These eres (1) Sespage Losses from Irrigction Chennels, (2) Perfore
werice Tests on Well Screens end Gravel Filters, (3) iHodel Study of a
Tile, Intercepior Drain, (4) Portable ¥easuring Desice. In sddition,
prelininery stulies have been made prior to the initietion of & new
project for the study scdiment ejeatars.' This projoct will be a

lsboratory end field investigetlon of the vortex tube seni trap,.
RETORTS BY INDIVIDUAL EXPERIVENTS

1. Vesgureomsnt of Seepaze losses from Irpigetion Channels, Lins Prow

Joot Hoe Re3w2=l, Work Plan Ho. 2.

Losation of Experinmont: Colerado A end ¥ Colleze, Fort Collins,
Coloradc snd Crand Vallay, Colorado. -

Pergonnol Involved: N. A. Evans, Coloredo A end ¥ Colleges

¥e M, Hostinze end A. R. Robinson, Soil end Water Conservation Re-
search Brench, ARSe

Dote of Initistion end Expscted Duretiont Prodct inftiated June

20, 1949, Duration: Recommended that the projoot be kept sctive to

investipgnte sposial seepoge mensuring problems es they erise.
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Objectivest Reference, Annusl Report, Celendar Yesr 1953.

Neod for Studyt Reference, Annusl Report, Calendar Yesr 1953,

Desipgn of Exvoriment end Procedursss Reference, Annuael Report,
Celerder Yaer 1963.

Exverimmtel Deta end Observationss During the yesr 1955, the

finel report on the initiel phases of the project wes revised in ece
sordance with the reconmendetion of roviswerse This report hes been
approved for publiocstion es & USDA Technical Bulletin. Ian eddition,
& papor on Scepage Measurement was prepsred snd published by the
Amoricen Seclety of Civll Englneerse Thls pepor which is ASCE Separate
Noe 728 containa a surmmary of methods of messurlng secpage end recom=
mondetions for use of these matholse

An edditionel sespage study wes mode in the Crand Velley,
Colorads for the pericd of Ysy-Outober, 1955, The purpose of this
study wes ¢o determine the seopsze retes from two ssctions of mein
censl end the relation of this seapage rate to the emount of sedlment
carried in the water. The stuly wes conducted on a portion of the
loin Line of the Grand Valley Irrigetion Company conel whore high
saopage loasses hed been dehermined the previous year as well es e
seotion on the Government High Line Cansle The seation én the Main
Line Canal ma,é 7,200 fest long end thet on the Nigh Line was 2,000
feet in lengthe

The procedure ixsad in corduoting the studies consisted of
inflow~outflow measurcments made with current reters end frequent
sodinent concentration masurmﬁts mode with a hand sediment samplore

The current reter measuremornts were made from catwalks et oither end of
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the sectiona sfiar periods of nser censtent stage as indlcsted by
wator etoge yeoorders installed in tho canalse For the Governnent

fHigh Line, both the inflow end culflow rwosarcvents wore rads in cone
orate fluzes of the seme sizes The inflow measurezenis for the Srande
velloy Fodn Line wore in & uniforn sarth ssobion with the outllow deing
mapsured in f conerets flume. Ib wes noocessory to measure all turnouts
{n the sectiong eo woll es waoste inflows Threo sols of discshoarge
ppssurenants wore roda in ssch secblon during the seorson.

The sadimont consentrotions wors detarcined st intorvels of
gpproxizatoly one wosk and were mede by using © hand sedirment sompler
of the typs dereleped by the Y. 8. foclopies) Surveye Duplicate samples
wore talen by the inlogrstion mothod ot esch ohsarvation. The consene
tretions vore doternined 6s & porgzntege of the tobtal welght of the
gomploe

The wrosulte of the inflowesubflow mossurements for the Greed
Valley tain Lins ere showa in Teble Yo This tadle shoss thoe totel ine
flow ent outflow for the cootion. A1) the modsuremonts mede during the
1005 sepeon ehov galne in the soction with the lergest geln messursd
in Detober, Also shown iz ond mensarsmont mde in August, 1854 in
which & logs wos determinad.

Teh) £ pives the resalts of sospege mersurercabs mede on the
Governmant Hign Line Conale Show ere the Jossos in quble fest por
sacont oudl in cuble oot per square foot por day over the wotted perle
meters For toch doterminotion o gaspars loss vwes npegured, wlith the
Righest loss fownd for the July 14 wmossuremonts Those losses renged
from 0,53 feet por squaro oot por day on Qotober 24 to 1.11 feobt por

duy on July 4. Hosulus of proviows seopres stullos mado by the T Se
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Buresu of Noolemesion ere also shown on Teble 2« These studles were
eoniucted over m resch thet included the section meesired in the pree
sent study. It should bo noted that thoe magnitude of the losses in
the previous study aro comparsble with those in the 1958 study,

Pipure 1 gives tho results of the determinations of sediment
consentrations for the Covernment High Line Censl for the periode Tis
concentretions varied from precoticslly 2400 per cent to & maximum of
.34 por cont or 55,400 perts per milllon vhich would be considered a
relatively heavy ssdiment loede The highest conoentrations were meksured
on Mey 13 ani egain on fugust 26.

Moo chovn in Figs 1 aro the results of the throo sespege
mengursmonts mede durlng the sceson on ths Government High Liune Canale
It is noted thet the ldwer ratos wers measured efisr perlods during
which tho sedimont concsntretions hed beea hizh which indicates thet
the sodimont was prodsbly fector in raducing the sespaze from the oansle
The resulte of the inflove-ocutflow messuremsnts on the Grend ‘Q‘alley Yein
Line ere not ehown on Fige 1 since peins were deternined for esch
nmoseuremsnt during the 1955 seasone

Cormonts end Intarpretetions: Thoe rasults of the mossuroments on

the Crend Velley Censl are inconclusive since gains were measured for
eeohi geeparo doterminetion. Bocauss of the limjtetions in the msthod,
$.0. eocurecy of from 25 por cent for current moter nessurements in
sootions such as wore used for ths Crend Valloy onncl, no definite cone
olusions should bs drewn. Howasver, thess messuroments do show that the
lovost goin was determined durivg the July pericle This compires to

the highost lots recorded for the Government fich Line which slso
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occcurred during the esme period. During August, 1954, e seapage loss
of 063 fast per day wes recorded for this seotion. As previously
stated there was probebly & loss in this section bdut ground water in=
flow end the li-itetions of the mothod of measurement were éuch thst
gelng wore measured.

The rouosons vhy seepege losses were found in 1954 whereoss
gains wore determined for the seme esotion in 1955 aere not knowne The
sediment discharge records for the Colorsdo River are not avellable
for the two poriods. There is a possibility that the sodigent concenw
tretions weore heavier in 1956 which ghould result in lower seopege
losseg in the canols bocause of a greater esount of sedirenting.

The measurements on the Covernmen$ fizh Line Canal give ree
sults which ere more conolusive. Ihese inflowe-outflow measurcments
ware mede in uniform concrete sections end good measuring decloes were
evaileble for meesuring turnouts so thst more confidence oould de
pleced on the messuremsnts. From Figure 1, it is secon thet the goepege
rates were lower after periods where the water was cerrying & high
sodiment concentration. However, more frequsant secpage and sediment
measurements would be desirsble for a more precise deteraminstion of the
effectse

In order to detormine more accurately the canal sespage eand
the resches over which excessive soepage is occurring, more precise
mothods of msesurenent must be employed. Fonding tests give the most
precige determinations but it is ususlly ispossible to use this mathoed
because the oenal rmust be teken out of oparetion for the period of the

tost.
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Surmeryt Seopege rossurements wers mads on two sootlons of main
conals in tho Grend Velloy of Colorals. In eddition, deterainations
of sadirent convontration ware wade ab frequont intervals during the
goggons 1% OO0 O0$0 Bo0pags Josses of felvrly high mopaitule wore delere
pdnod tut for the other tont seotlon gaing wors ressured. Thuse gains
were pbiributed to llsltetlon of the mothed of wessuring and ground water
inflow latp the canpdas For thet sestion from which loszes wore mesguvred
the hizhout lszs was dolarmined nser ths midile of the irrisetion sobsone

The relrtlonship of cedlosnt concontratlon to the sespags rate

vt not delinltely defined. Geonorally, the soupage rsbe was loxor eftor

pariods whan the water was earrying & hich sedinment eoneentrations
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2. Yodel Stuly of & Tile, Interceptor Drain, Line Projs ot No. SWCe
é~7~5-4, Codo Ro. Colp.~FCel, State Projcot No. 125,
Loostion of Experiment: Colorsio A &nd M Colliege, Fort Collins,
Colorado.
Pe-sonnol Involvedt A. R, Robinaoan end Jack Keller, Soil snd fiter

Coaservation Gesearch Drench, ARS; end Dre De F. Feterson, Coloredo

A and M Colleze.
Date of Initiation end Expeoted Durstion: Project initisted

September, 1954 Expected duration eés originslly pleaned, one ysarg
recommenied that the project continue indefiniiely until report is
ocompletbede

Objpotives: Reference, enzual report, Fiscal Year 1954.

Heed for Stuldy:t Reference, ennusl report, Fisoal Year 1954.

Desien of Exveriment end Procedurs to be Followsd: Referencs,

snnusl revort, Fiseal Yoar 1554.

Exparimentsl Dste end Obssrvations: Two distinct sspects of intere

ceptor dreins wore studied in the investigation. One espect can be
tormod the {low enslyses end includes the discharge that the drsin will
intercept, the inoreess in totel discherge after the installation of
the drein snd the flow thet will bypese the drain. Another portion of
the study was the doterminstion of the shepe of the drewlown curve rew
gulting from the iastalletion of sn intorceptor drsin. This ismrmed
the "ghepe enelysis® in tho discussion to follow.

In this study dimensional anslysis wes used to relste ths
pertinent paremstors for the varlous conlitlons of shspe end flow to be

studied. The laboratory experiment wes designzd to collect data useful
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for establishing this funobtlonsl relationships bebroon those parsmBlLere.
A sosond objectlive of the sxpordmenin wons te obinln data Lo somparison
with the flniings of other Invegtijjntors.

Flow Anslymes: Thore wors thres sosusptions thed were made in the

anslysed of the deta on flowe {1} theb the eapillery flow wos wsgliplble,
{2} thas tho drein was complotely effootive, feo thore waes no bridginy
ef flov over the deain {3) for the rolsl tests an open dltoh intsrooptor
gysten vas slmalesed in the model by shubtting off ell thy ¢ile dralins
end using the toll box to intercopt the flow.

The dironsiona) annldyses of the flow system rosulied §n the

fanotiounl relstionshlyp

Hepg (2,2 1
Go ﬁ(ﬁ*m’a‘ﬁ) ) @

where
g = the flow &n the draln eftor Instelistion
Go = flov dn the gystem kofore dealn Inebvolleticw
8 = slopa of irpernmoshle boundery

L » Jongth from draln So source of sugply
feoe 8n Lrrigetion conol

B = dopth fron inpermendle bod to proand wekep
earfacs in the sysien befere dreincge

h e Japth from Irporooshle bad o drsin afbos
drain instalistlon.

This ynlotlobship s shown pladttsd in Figure 8« Shown on
thiz pioy ero the data computed from thae expordrontal obisrvatinns.
This plot is vaed for dotormining the flow in & draln eftor the drain
installatlon end euplios 4o eay systom thore the longth from the

gource of seapope supply to tho polad vhare tho dreln 1o fnstalled is



Do

knowne A further limitetlon 1s Inmposed in that the source of szepsys
supply must te cne waere ths hsed et ths scuroe le not deoressed by
tho instellotlon of @ dreine This woull Lo ths ozce where ¢n intere
coptor drain was instellsd nser en irrizetion canel,

The spesial case where tho clops of the dumperresble leysr was
goro was &lso studicd. Tho dimensionnl enslyses of this cese ylelds

the functlonal relatlionship
Y ed (.31,.1: . (2)

Yihere k s the hydroulic corducii-ity enl ths other torms es have
been provivusly deflred. The exporimentel data for this relatlionship
ere shown plottoed in Figure 4. Shown on this plobt ero linss of conssond
values of 1/3 o The valuo of h/d ranges fron zoro to oze depending
on the position of theo drein tilo above the barrier layere

It should be pointed oab ut this point that thosse plots com
be used for all veluss of hydratlic coatuctivity. This is vrus sinze
the plots ere ln dimenslonless forme In tho par:meter qd/hg s (Fize 3),
k %s contelned in both ¢ enrd g4 80 thet k oan bo canceleds
The relatlionship ghowsn in Figures 2 end § ere velid for sll rences of
hydreulls conductivity.

Exemples of the use of thess plotes will ba glven in the sace
tion on cermanis end intsrpretationse

Shops Anslyssss For the shape anelyses the gssawptlons wers mde

thrt tho dreinsg wore completoly offestive snd thst the tell box soted
es en inte-ceptor dralne Trevious lavestigations heve ghown that hs

caplllery frinze dons not affoct the shaps of the drawdowa curve when
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the materisl being uscd is coerse metorisl. Tests on the modol shored
thet the dreine were completoly effostives From Figure 3, 4t is shown
that the tallbox ested es an interceptoer drein in the same manner os
the tile linese This is on the baols of sliznmont of points irrespece
tive of vwhethor tho tiles or teilhox g being usad,

For the shaps saslysos thoe funstionel reletionship was found

to be

HeSL?2L?’uU+sL?H +s

where x enl y ere ths coordinmates of any point on the drewicwm ocurve
cnd the other torms &s have bLeon previously dafinede The ploh of this
roletichship s showm in Firsuro 5. This plot epplies only to the case
vhore the interceptor draln i3 placed on the barrier lyers It should
be pointed oul that this plot can Yo used for ell conditions found in
the fiald whoro theo depth of water boering formation is knoen as woll

es the slops of the barrior leyor.

Fgsenbielly, Fiyure 6 shows ths releiive spssific energy
curves for tha coniitions bafore the drein is instelled end cftor
instellotions In other words this glves tho rolative pasition of *ha
water teble for both ozsed.

In Figure 5, tho 10 psr cent eni 63 psr cont drewdowa earves
ere ghowme. Those are curves conncctlng the points on the oripins] watew
surfece such that the insisllation of e droln couses the water surfece
to bo loweral by tha glven per ocont 4.6s 197 drevdiom equals 0.1 H o A
botior exvnlenation of thess curves caa b glven by using an oxamples

Given en i~permssble bod with a slope of 1 per cent overlasin by an
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equifer 10 foet thick. The drein is Yo be installed on the impermesble
bed end EOO feot from the source of recharge. How fer from ths drsin

will the wetcr teble be lowered 1 fﬁoto %hon H = 10 feet, 8 1 foot
dreviorn equals 10 per osat. The paramster &4& + sf) equala Q.€G.

From Figure ¢ ths 10 par csnt dravdown curves intersects the line rep-
rosenting /T + 8L)x 0,66 et x/L = 0468 4 Thug x = 0.66 x L = 0,66 x
600 » Z20 feob.

In Figure 5, only the 10 end £ per cont drewdovm curves &re
ghowne Any numter of per cen' drawdorm curves couald be placed on this
cherte Figzures sirilar to this oould be medle for other veluss of
h/1 + 6L L.¢. for oases when the drein is placed above the impermesble
barrier.

Another aneslyses wes mnle which is of interest, This cone
siders the ghspe of the freo water surfoce downsiresm from the interw
ceptor drein insteiletlon. Figure €6 1s & representstlve plot of the
results of the study. If the drain is completely effestive the shope
tepresented in Fijure 6 wes found %o epply. The ground weter surfece
vos found to be perallel to the berrier layer downslope from ths tile
except in the nesr vioinity of the dreine At this point there ves a
slight inorease in plerometrio he-de

Comperison of Deter JAn equetion for the solutlon the shepe of the

uphill dresdown curve resulting from en intercsptor drein hes besn

prosonted previously by Donnsne Thls equetlion is

x » H10%0 (ﬁ-h)/em'tl) = (y-h) (<)
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It wes found in this study thet this equstion wes only velid for the
oese whore the draln wes intercepting flow from soms source which wes
et e groat distence from the drein. In the teras of this stuly this

i3 et 8 distense such thet the term sl/I + sI) hed & velue grocter
than 0.85. For the cssus vhere the source was et & finite distance
from the drain it was necessery to meke an edjusiment in equation 1.
This edjustrent hes the effect of increcsing the walug of H to soms
velue greator then the orliginsl depth of flow through the systems This
valus cen be deterninal by essigning veluss to the terms in equetion 4
so that y equels the depth of ground water flow before drulnege end

X tho distence from the dreln to the sourss end solving for e new velue
of H.+ This veluo is termed H' and ths relationship is snown in
Figure 7.

Figure 7 thow & that equation 4 ylelds en incorrcect plot of
tho drewlown curve vhen H 1s taken s tho depth of waterbesring fore
matione However, when the edjustment is mrie 4n H to yileM H' the
corroletion botweosn sbserved &ta enl compubed déta is very good.

Whon the slope of the impermsable bourdery is zero, sguetion
1 is not usedls end the forzule levelopod by Duruit is used. This

formile is

HZ @ v 1, = x (5)

12 - ne L

This formuls wns chacked by using observed dete obteinad with
& horizontal barrier leyer in the molel. Shown on Figure 8 sre the
corroleslons for obsorved data end eeleoalated deta for the conditions

of h=0, 16,cnd 32 inchess In view of the correlotions of this
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e¢qustion with the exporl-cntel dets, equrtion § 1z ussble for solving
those proble ms conceralng the sheps of the drawiown curve efter the
fnstellation of en interceptor drein slLove @ horizontal barrier leyer.

rommants end Intovpratetionst The informsticn geined from this

atady mekes :ossible the solving of prodblems concerning interoophor
dreins which wos praviously impossiblee The best wey to illustrate the
rerilts 18 in solvinz & hypothesiesl prodlen. For this purpose cone
siter Fipure 9.

There is & f£iold situntion whosra {t ip desired te instell en

(See Fiq. 9

interceptor drein to slleviste & hizh weter table conditionA From field
ressaresents it is Jdetermined that the groundl water is 2 feot Lolow the
surfaco e&nd the saturated stretun overleying & bearrler layor is 4 fest
thicke The slope of tha barrier is 0401 end the hydreulio conductivity
is 4 inchos per houre Tho edge of the field 1g 100 feet from the cunel
which 38 tho source of ssopase flowe It is Jesired to loser the ground
rator to ob least 4 feet below the ground surfree et tho odge of the
fielde The tile line will be pleccd en ths impernsedle lsyer. The
problem is to determins how fer down the slope ghell the tile intere
coptor drein be instellei anl whet will be the {low in the dreln.

He 4! g @ 010 k ® 4.3"/nr. » 10™40t /500

ye 2! L= 100' + X!

© hwo % Provdovn = 2/4 ® o5 = 07

ke Locaﬁi&n of Grein

(1) Assums x = 309, thon L @ 130 fest end B w728,
I+ sL

Froa Fi ure b for this value of HAI + sL) enl for B2



per cont drewdown the valus for x/L s 0.192
x/L = 0,192 x w 130 x 0.192 = 25 £t
(2) Sinoe the first essumption is not correct the next
sgzsanption will bo thot x = 26' so thst L = 125'
ent H/(H + sL) is <762, Agzain from Figure 4
x/L = 2104 X ® 194 x 1256 = 25
The tile drein shoild then be placed at e depth of €
foat et & distence dovmslops from the cenal of 125 foeote

Be Flow in Dreins

h/1= 0 elL/(it + sL) = .24 fron Flzure %, ¢4/qo = 2.2.

Qo = Brs = (4)(1074)(.01) = & x 10°% £t3/s00/fo0t width

ag = 22 (4 x 1075) @ 8.8 x 1978 £t3/see/lincer foot of drain,

From this prodblem it cen e s9sa thet the seopage from the
cannl over the loncsth vhere tha drein was installed neardy wes inoressed
by 20 rer cent.

Sumnerys The objactives of tals study were to: (1) study the shepe
of the drswlowm ourve resulting froa the instellation of &n 1nteéea;;tcr
type drein, (2) determine the resulting discherge into drains efter
instelletion, (3) to chack existing theoretios) eguetions used for detore
mining the chepe of the waleretabls dreawlomm curvase The problem was
investizatel using e lerge laboretory model (Figure 2) of en ideslired,
uniformly slopiaz, homogeneous, water-saturated sende Verisbles incluied
tho slope 6 », the thlokness of the wa er baesring fornstion H , the
depth of the tile sbove ths irmpormoshle etretum h , end tho dlstenos

from the drain to the upstreoen scurce L .
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Graphlcel nmethods have boen doveloped for determining the
shepe of the drewdown carve for oeses vhere the slope is zaro or
grertor then geroes It was found from the flow enzlyses thet in the
ceae whore 6 dreln ls intercepting seepezo from & source vwhere & cone
sten’ hesd czn se meintalned such es 0 canel or lske that the seopajo
rete ney bo incretsol meny folde Installing the drefnm very nesr the
source noy inoreese tho sespage by seversl huuwired per cent.

It wes found thet the theoretiosl formile for dotormining
the drewdown curve for systems where the slope wos grostor then roro,

o 208 H Lop(ileh)/(iimy) = (yon)
5

b 4

wes eprlicshle for sysitems where the source of goepsge wrns &t e grouvt
distenso frem the drein. However, in the csse where the source wes
‘et 8 finite distencs from the dreln, an edjusiment wes necessery in
the velus of H « Thls sdjustment, in eff'ez&t; wes en increase in the
velue of H to somo value greater thesn the thicknees of ssturetsd
gitretun.

The investligrtion mlso shewed that the equaticon for deters
mining the shepe of the drewxldoan curve for the cese where ths berrier
leyer was horlzentel wes corrests This eguation §s

He - y2 _L-X
(I L

FPlots of observed oxperimontol dste checksd -ery oloso to the groph
of this cquation.
The cxpariment slso enswered & quostion vhich has erisen

regerdin: the ehnps of the frea water surfece devnsiresm from the tile



«lCe

{nstelletlone I wes fournd thet thero was a slisht recovery in pleroe
wotric heed In tho noar vicinifay dornslopa from the drain. After this
recovery the grouni water surfece remeined egsentlslly parellel to the
varrier leyor.

Thees tests were conlucted in moteriel hnving e espillery
rise of less than two dachose The effcets of cepillerity on the shope

end flow enslyses wers not determined.
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%. Portadle Yessurlang Device for Smell Slipform Consrete Cenvlse lLino
Frojoot §:GeduTedeq) Code lio: Coloe=iTe2

Loortion of Excorvirant: Coleredo A tnd ¥ Collepe, Fort Collins,

Coloredoe

Porsontel Involsedt 2o He Robinsony, Soil end Vieter Conservevion

Kecearah Hranthy AlSe

Date of Initiction erd Hxpested Direileny Frojoot initieted July

3, 1855, Durstion, ona yostre

Obicotivar The objesiive of this stuly is to dewlop & portasls
msosuring devies for moking quick snd reaaanébly ggours .o discharge
megsurcmants fn soll fora ditches. The 2ditshes for which the devics
is neolet ere cencrete lined end hevo uniform, tropezoidel oross seo'fnsde
Theze ditches ere limsd b+ the slipform rothol end have efther a )
foob bottom with 1:l slle slopes or & 2 foor bottomwith 1 1/4:1 cile
slopese |

Heed for Stulve In e numher of wostsorn statos there ore rmeny miles

of emsll fornm cunals end leterels of the sliyfornm typoe ‘he instole
letion of thia typs of lining is incressiag erch yoore Thore is nesd
for & methol cf dearrminlay dicshearges in thego censls for use by
techalclions of the SCS enl 28 in sskin: woter use studins,

Dosirn of Exverirents The purpose of this gtuly wes to dovelop or

oolibrate ca Instrament for dlachargs moasarament in tkase cenaloe
Thore werae soveral possidlo moethols which wore to bo investigated.
Thése nathods Inelules

(1) 2 modifisd pltot tube device.

(2) 2n olectdiecnl dovice emnloying e thernistor gride



elBe

(3) Current rator mossuremsnise
(4) 2 woiificd Pershell flums which could be plsced in
the lined seotion.
(8) A floeting disphrem devico.
(6) the deflsotion veno motare
Thega devices wero to bo investipnted end Af found saltable
were %o be teosted in the 1aboratcry gad also used in ths fiold,

bExnerimento)l Date end Obhservetionas During the period it wes

possibls o favestigete methods (1), (2), (5) end (6) from the sianle
point of existing literature snd current studice bolng conducted et
other locebtlonse ¥othed (1) wes found o b6 unsuiiedle sines in many
cases “ha volocitles ero 60 low thet the valoclty heed would not be

fn the orier of maznituio so thet 1t eould be reed on & whtor menomstere
¥othod (2) wo1ld raquire 8 great emount of instrumentetion &5 they it
would not be edepted to fleld use. Yethod (5) c0i1ld not be used since
the cenel vould need to b frea of dedris enl sedlmante I% was found
thet many of the cencls were onrrying a considerable emsunt of silst
with the rogalt Shet thers ware deroslts of podimont end send on the
csnel dottomss This would interfers with thse oparation of & floating
diaphrame ¥othol (8) wes thourht to be sulteble and wes investigeted

&8 to its elapitebility for msklng meesurceunts in this type of ceusle
The device wes developed for a permeneat mossuriny fnstelletion in m
rootaaculer gaotione Becsuss of delicmte indiceting mechenisms end

the construction of the peadulum 4t wns foand that the instrumant shoulld
not bo rovel from plece to place for uee es @ portable measuring devico.

Tosts wore nede to celibrato the dovice In the trepezoidsl crossegactlion



by personns) of e consultin: enzin-oring firm in Denver, Coloredo.
Theso tests have nes bosa succcssful wnd the devise cennot be recome
renled at this %ime for meking mesesurensnis in scotious other then
rootonzulsr in shepes Howevor, the devics is bsing, faproved snld roe
dosigned for tho tropezoldel chope eo shet 1t oy be avelledlo in
the future.

4 1iaited namdar of curront moloy meesuronsnis were mode io
8lipfora ditchese Theso messuremsnte inlfcate thab rergonadbly cosurats
detorminations of dischargs can bo mede quickly with current melerse
The mothod consists of making only two deteraminations of volosity st
the «2 ol o8 depth ab the conter of tho cro:g cootlone 2An averaze of
those two velositios udjusted by e esefflctont will yield wn eversze
velosity for the chennols This veloclty bines the ereas of flov will
then determine the dischorpo.

Represontetiva mocsuremuntes giving the relstionship ore
shomn in Teblo le The cooffiei-nt to be &pplicd to the cenbor veloel:y

wes detorpined $o Vo 0s83s It f& recozmonded thst this volus be used
until furthor tests can bo mede 4o substaatieto the veluse

Comnrents end Intorpreintionse Ths mothod which hes beon proposed

for reking discharge sossursmvenls $n slipfornm oonsls which ere cone
structeld with e 1 foot bobttonm should h&we sn mocureoy within 2 & per
oenbe Core must be exerclaecl in eelsction of the meassurin: stations
in order for the reosuremsnis to bo within this 11 ite The censl
should b6 in streight eligasent for e diatence of 200 feot or more upe
stroen frum the meeguring stetlons If thero is sodivent doposiied in
the bottomy the chennol should bto olezzed for severs) feob both evove

end Wolow the meecuring sectione
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Swwisryt Several proposed mothods were investlgated for rmaking
diechsrge pessuremsncs in wlipform csnwls eonsuructed vith a 1 fool
hottom end 1:1 slde slopese Yozt of the mothols were founi to be
unsultetle for meking this type of messurozout,.

A mathod utiliring current motere wos invesiipgeted end found
to bs edepteblse The procsdurc sonsists of deermining the velocity
et +2 end .8 of the depth of the centerline of the eonole #n aversgs
of theso “wo volocitles sives the evers-s velosity et tho mid point
of the csnele 7Tho voloosity &t the couterline {ires e coeffisiont of
0,83 multiplied by the cross ssotvionol erea yields the discharge.

From & 1initold number of tests it wes dotormined thet this
method will yeild dischergo measuremen & which heve en ecourcoy of *
6 por conte Furthsr investigetions of the mothed will be mede during

the coming socgon,
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4. Performance Tests of ¥oll Soreens eod Gravel Filters, Line Projeoh
Hoe KeJ=2~1y ¥ork Flan No. 2

Locstion of Experiment: Coloralo A and M College, Fort Collins,

Coloredoe

Personnol Involveds Cerl Rafiser, Senlor Irrlgetien Engineor

(rstired); 2. De Hsldermen, Grsdusts Studenty N A, Eveas, Asalstond
Professor, Civil Enginsering, Coloredo A end 4 Collezes and As Re
Robineon, Civil Enzimser (Irrigation) AuS.

Date of Initiation end Exvected Duration: Frof et inltiated:

May 155 1947. Expected durationm: 4ndafinlsa,.
Ohjectiwas Peforenss, Anausl Report, Celender Yeor 1963.

Nood for Studys Referoncs, Annuel Rovort Calendsr Year 1853.

Desien of Experimont and Prosedurs to be Followed: Referencs,

Anrmual Report 1953,

Experimsnial Date end Obssrvailonss Sevarsl investigators in the

past heve esteblished oriteris for ths gravel paocking of weter wells.
These oriteris were gensrelly esteblishod using unifora materisls snd
the critoria specify that tho paskeaquifer ratio should frll between
the 1i-its of 5 an2 8. Ths paokeznulfer retlo is doflned ne the ratio
of the BQ per cont size of tha grovel psok to the BO per cent size of
the e~uifar msterlele 7The etudy thet wes condusted durlnz 1984 indlcated
thet the P~ ratlo oriteris for uniform materisle should be sdjusted by
sows funetion of the uniformity of both the equifar and filter matorisl
in ordepr to sdept thoae coriterie to non-uniform materiale,.

The present tests were performed using stedle packe-aguifer

retios in which the uniformity coofficient of both the pack sd agquifer
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paberiels wore systenntioslly vericde Trekezgulifer revlos used wero
4404 5e6 vnl 84 Filtor uaiformxt? cocfilolonts wore 1.1 tnd 240
douifer uniformity eoelficlionte 335@ 1oly lefy, 147, 240, 3.0 5l 4406
Obsarvebions were maje on ths emount of snod moved imto the filter for
the different comdlnatlons of wutariale Obsorveslons woras mede on the
effech oa ths heed loss £% the indorfacs end tarcouzh the filtsr end
aqaifer ©s woll as the effoct of pore velasiity sad Reynolds nunder og
the emount - g2nd movede 4 constent discherge throush the erperatus
wos ussde This discharge corresponied fo & well diccherys whish wes
neayr the mexl ua vhleh could be expscteds #11 tests wore performed

on n model usinz o plestio eylinters Flrure 10 glows 4he equlipment.

Commontie end Intorproietiens: The funciion of a graval peck is

to contrel the movemsnt of send from the equifer into or throush the
gravele Tha effect of this srnd movement could result in elther en
inerenso in hosd loss through ths filter bayond ea sllowsble 1itit ory
for the exirema osse, could result in tho rurmplns of send by the pusy
uatil fellure of the entire sysiom zishbt oecure From this etudy the
moveman® of senl into the filver was uzod rs the eriterion for filter
performansas The tests woro van for S0 minules efter 1% hed been
fount thet this tims wos suffinlont o Acterrine the effect of the
filuare

Figave 11 shove the resalis »f usln squifors of difforent
uniforrity ooeffioionts on the movenent of stude I 48 notod thet
there 1z n2 definlite correletinn belwsen the uniforaisy of the eqguiley
ezd the wasant of sead moved in the renge of gtable perokepruifer ratios.

In gersvely rora sond moved in%o tho uniform £1lter up » 1.1) then



into the preded filter (Cup = 2.0)e It L8 clso noled thet tho upper
11+4¢t of peckesquifer ratio of 8 {9 bordering on the 1linit of stsblilluy
sinse the movemont of sanl is inorssaing et e high rate ab this point.

There &re two wmain feotors svhich govern the cmount of sand
moved Into en equifcre One s tho offect of smaller particles bridsing
ecross lergsr perticlese This effoct is greater in meterisls which
beve @ lergo dissribution of perticle pires de.ee ths uniformlty coe
efficient s preatere This bridzing rosulis in loss se2nd belng moved
for. meteriels es the uniformity coefiiolent iroressese #n opposite
effaot results in the porconteze of fine =aterisls which betrs an un=
stoble Yeb robio to the filtere #s the unifornity ceefliclent of ths
reterinl is inorossed, this percenteze is gonerslly incroased so thet
more send movement is ensourageds Those two effscts are compensating
in gome insionces which could explain the lack of increnzed sond povew
mant with en ineresse in noneuniformity of ths eaterisl.

Sumasrys Provious tosis perforzsd on uniform materlsls hsvo ase
teblished criteria for slloveble Pe=h rotics for the sisbility of &
packeaguifer systome The present teosts were mede to detormine if
these ellowehle ratliog were elso correc: for non-unifora materislse
&n enalysis of detn may be sumarized es followst

l¢ The emount of svnd moved &vponrad to‘QSﬁég littlo roe
letlionship to the uniformity coefficlant of the syuifere

8¢ lozz send moved into & proded £ilter thon into & unis
form flltere

3. The emount of ssnl moved wes not & functien of the hyw
dreulls grediont, pore veloolity or Leynolds number withe

in the raago of veluo ugsse.
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LIST OF FUBLICATIONG AND
RESEARCIE EELQRTS

“iolel Stuly of Interceptor ﬂrvina“,.by Jask Keller, Gratusnte
Thesis, Colorale A exd ¥ Collere, Fort Collins, Coloraloe
Oototer 1953,
“Gravel Fllters for Teter Wells® by 4. De flaldermen, Gredusts
Thesis, Colorsdo A end ¥ College, Fort Collins, Colaredo,
Fugpaet 1988,
Wigaguremant of Sespepa® Ly L. Re Rohinesn sad Cerl Tohwer,
Final Repors (Mmnuseript being procesesd for rublicstion es
& 3365.?échnical Mllatin. )
"Heaéu?em@nt of Cencl Seopage”™ by Ae ¥, Zebinson ond Cerl

Rehuor, A5CE Seperate Koe 728, June, 1355.
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RECOMYBN DA YIOHNS

Durirz pest investligsations in the stuly of sespaze it woe
founl thet thore wes en eppresletls variation in seepsze rotes over
& 24-hour raricode Thoso flustusticans wera of considerably xppeliule
in soma cnzes snd thoe seopase seemed to very laversely »ith tenjpor=
ature. Sevoral faolors wore Investigased bto deterszine the ossuse of
thaso flustustions bub nons wers found whioh woald explein the
phonomense Since this cecurence hed not bssn reospalred previcusly,
it should e invosiigrtsd further 4o dosoraine the frotors involvoed.

The stuly on tha effsnt of uniformity of the gravel peak
end egaifer maieriel on the allovasle U< reiios d4id not fully dtore
sine the reletionshipe The experimont wes of e lisdted nature eni
did not cover the compleio rence of field condizionse For this
reason, “he teshks should ve continued uslup & gret'or reags of Now
coniitions anl e lerger verimition of filltcr zeturisle.

Tho study of messuring devices sheald de contlwmed with -ha
purpcas of developing # gimple dovice nhileh could e ussd by che
farmor &3 w2ll oo techalolan-e Culivratlons of emel) Parshell fluwe
are neoldcd end should Lo mede with the purpore of stendardizing the
oguirnonte

It §5 rocoawenied thnt the f{iax) report om tho intecespioer
drein bo preporode There should probably e mso reperse,; ons fop
pitiliseticn in e techuicel Journa)l enl % he ether for use by field

teohninirnse
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