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INTRODTCTION

5

During the ealcondar year 1955 thap

]

sore changes in perscennel
in tho Fort Colling officaz. Mro R, Y. lelscn, Agrieulitural
Enginear, was tranzforsed to Ford Colling frem Polss, Idaho to
conduet draimage resgesreile Mo We We Sayre who was cmpleyed
half-time while comnleting a Master's degrse resigned to acespd
other cmpleyment,

Progyress has besn mada Curing tho yesy ca three approved

C=]

[u]

projects. Those aras (1) Iaboratory cad Field Investlgation

v
4
)
&
2
&)
%u-l
el

of the Vortox tubzc sand trap, {(2) Measuring Device
Canals, (3) Development of Diainage Design Criteria for Irrigatod
Lands. Anothsz projecy, Performancs Teats of Well Screems and
Gravel Filtars, vas incctivo during the year., This project will
be roactivated et an eexly dais and carried to camplotion,

Preliminary studies wore mado on & propossd projeet using an

eloctivical eralogua for the study of drainzge problems.
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(1) Loborotory amd Field Investigation of the Vortex
Tubs Sand Trep

Ao
Bo

Co

D,

B,

Expsrinsnt Colopado - FC-5 Lins Projects SWC-cO=4
leeation of Exverimsnts Coloredo A & M College

Fort Collins, Colorado

Personnol involveds A. R. Robinsen, D. P, Peterson,

Chief, Civil Engineszring Section,
Experinont Station, Colorado A & M
Collegs

Data of initiation and expsctsd durations

Initiated: February 1, 1956

Durations 2 years

Oblectivass

b

2

3.

4o

5

6,

To rmeka an analysis of exdsting data on the vortex tubs
vhich woro taken previously but naver analyzed,

To rake a dotailed study in the laboratory of the

Vortiex Tuba eand trap using a egloping fiums and a

recirculating szdimont system., Under laboratory

corditions many of the wvariables which should affect the

opseration of the davies can be controlled,

To conrduct a field study of existing installations of
sand traps to determins their effectivensess.

To check the operation of the field installations with
the laboratesy i‘indingso

To develop generalized criteria for the design of vortex
tubes which may be applied with confidencs by designing

enginsars.

To publish a general report on the entire study including
the previous studies,
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Nezd for otvds:

In some parts of the United Stalcs, ono of tho most
important pmbl@'&s in vater tsenspo® is the removal of
sedinzont and bed lsad from irpigatien and powsr canals,

This sediment usuzlly has 3i¢s origin in ths main sivean

and is diverisd by the besdworks into the camal, A progerly
designed divarsion works will excluds rush of this ssdiment
from cansls, Fousver, meny diversion works were congtrveted
before mueh was knowm ebout the propor dosign for removing
or bypassing sedimsnt, thus, many dans aet as sediment traps
g0 that imueh more sand entors the canals than is nessssazy,
This sediment needs to be yemoved bafore it silis up the
cansls, doposits on the irrigatcd lands, or rcaches pouer
plants whewe considarable damnge could be dons to impallers
end penstocks,

A conziderable smount of work has lLsen done in India
on sedinent excluders and ejectors. Two highly effeetive
types of sedimont ejeetors were doveleped at Foxrdt Collins
by Mr. Ralph Parshall and Mr. Card Rohuer, Senior Irpigation
Enginzers, rotized. There ars & muzber of sucesssful
ingtallations of these ejectors -in exlstance whiehk wors
dosigned by Mw, Parshall, Howsvsr, thsre are also install-
ations which were not successful, Reagons which have bacn
advanced for foilvre of these installationg are that the
velocity in the cannl was too low or that the tubs was sst
belew grode in the charmel. In sors casas, ro spseific

reason for follure coild bz assigned,



ol

Conslderable experimsntsl work has besen done to develep the
vbrtax tubs for specific installations, Informaticn frem these
studies has alded materially in providing design infopmation,
However, gonaral dosign information 1s lacking for asslsting the
field englinser in designing a vortex tubs sand trup, No publi-
cations bkave been issued that give genoral design information for
this {ype of ejecter. MNuch of the pravieus rescarch was baged
on visuval obssrvationa rather than quantitative messurements,

G. Dsslgn of exparimen? end procsdure followod:

The flume vsed in this experimant was available in ths
Hydraulics Laboratsry at Celorado A & M Csllege. Ths slops of
the flume is adjustable by jacks to cover a range of slopes
normally encountered in canzls. Tho flume has a length of 160
feat, a wldth of & feet and is equipped with a yecirculating
system so that the susponded sedimant can bs circulated with thae
vater,

The only major medification of the exlisting facilitios was
the construction of a test ssction {See figure 1), This section
vas conetructsd to contain a vortex tube, the shaps and gizs of
vhich vas dotsraired fram provious data., The total water dischargs
through the flume wos maasursd through a pipe orifice with the
flow from the tube moasugod by & 6-inch Parshall flumzs end by
woighing. Tha sediment discharge in the channsl was detammins?

using a traversing sampler across the overfall from the flums,




A diverter and weighing tank was ussd to measure the ssedimsnt

discharge from the tubs, The conssntrationa of sediment weore

dotarmined in pards por millicn by woight, The water surfaca

profile was measured using a movablo point gegae.

1,

2.
3.

4o

5¢

6.
7.

8.

9%

Tho procedure followsd in conducting the expsriments wass
The flume was filled with sand of a predetormined size
to & level which was 2-inches lower than the test section,
The flums was edjusted to a constant slops.
A guantity of wator was clrculated through the flums
for a periocd of 2 - 4 howrs until equilibrium corditions
were established. %ha dopth of water was rogulated using
an adjustable tail galeo
Af%sr the 2 = 4 hour perlod, the total water dischargs
and the discharge through the vortex tube were dotermined,
VWater surface profiles wsre mado using the traveling
point gageo
Samples for sedimant concontration measurcements vara taken,
Sedinent weighis wars determinad by deeanting the water
end valghing the dry sadiment.
The dspth of water on the dischargs was then chenged to
introducs & nsw sltuation,
The data was obtained 5o that a range of Froude nunbors
(ratio of kinotie to potontisl energy) from 0.4 to 1.4

uare covered.



Ho Expozimontal data end cbscrvationgs

Som» exporimsntal uwork has been dona in tho past cn tha
design and oparation of the vortex {tube sand trap., An analysis
was first made of provicus data and econcluglions vare mads
regarding the proper shaps and angle to plaecs the tuvbo, The dssign
of the tubz was taeged on theao findings ard the performanss was
checked undsr a range of oparating conditions,

Figures 2 and 3 are the results of the analysis of flow
from the vortex tubs, From the pravious work, a relationship

was detormined:

U q 2 1,26
( ) [P

s>

D

d
Fr062( 5-) O (1)

for rolating thoe total {low and depth in the ehannal to ths flou
from the vortex tuba, In this relationship Qp -is the flow in
the tubo, Qp the flou in the flumo, d the dspth of flow 0.5
feat upstreanm from ths tubta, 'D the width of tha tubs opening

end Fr is the Frouds numbor 3%3 o This relationship is plstisd
on figurs 2,

It can bs seen that tho reledionsbip 1s falrly well dsterainsd
for the data talken in 1935 and 1950, Howsver, the data vhieh
was taken in this siudy to exterd tho seops shoued considsrable
geatter, The 1935 data wes tokon using & tube of sirdlar shope
and dirmsnsions ca tha ons presently used with the excaptioa that
the 1935 tubs was tapored,
| A simple rolationship of depth versus the dié@harge from the

tuba is chowm in figura 3. Here appin there is considorabls doviation
botusen the tuo setis of dats,
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Pigure 4 gives scma idsa on the ssdiment removal qualities
of the vortex tube. Showa are the removal efficiencies (E) versus
tho Froude Kumber (Fr). Tae efficiency is defined as the ratio
in parcent of ssdimsnt roving in the channel to that removed by
the tube, The efficlerncies are plotted ag an ovaerall efficiency
considering the total gsdiment lcad arnd are alzo shown for four
size fracilons., Also shown, is the efficlency assuming that ths
sediment removed is in direct proportion to the amount of water
removed, Shown above each set of data 1s the total lead of
sediment (ppm by woight) which was flowing in the channel at ths
tine that the test was mads,

I. Commsnts and interprotations:

The inconsistancies in the flow analysis which are ghown in
figures 2 and 3 cannot bo explainsd at this tima. Tahs tubo used
in 1935 end the present ono ars similar except that the 1935
tube wvas tapored, but Jaclk had the same average dimensions.

The dischargs from each vas msasured through emall Parshall flumes.

Generally the efficiency of trapping was very good for theo
coarser fractions of tho material ms shoum in figure 4. For the
range of material sizss greater then 0,295 tm (0,012 inches) an
efficiency of trapping of approxiwately 80% is indicated, As
would be expzcted the efficiency in trapping the finer fraction
(in this cace less than 0,295 mn) is much less than ths coarser,
Even for this meterial scms trapping vwas accomplished over and

above the percontage of waisr vhich was removed by the tubs,
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Jo Suzmary:

Tests wero mado on a laboratory installation of a vortex
tubs sand trap to supplemont data which were previously obtained,
Data takon to datormins the relationship of wvater discharge
from the vortex tuba to the velecity and depth of flow in the
channel wore generally ingonclusive,

Very good results related to the efficlency of trapping
were obtained for the coarser material. For matorial finsr
than 0,295 mm the efficlency was reduced., The total sedinmsnt
load varied from 300 to 5400 ppm by weight and the size rangs
was from 0.1 to 2,3 ma (0,004 - 09-inch)

The tests are to be continued using highor concentrations
of sedimant and different sizes of tubes. Fiold tests will

also be made on existing vortex tubse installaticns,
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(2) Msasuring Devices for Small Canals

Ao

Bo

C.

D.

E.

F.

G.

Experiment: Colorado-FC-2 Line Project SWC=c%=4

Iocation of Expsrimant: Colorado A & M College
Fort Collins, Colcrado

Personnel involved: A. R. Robinson

Data of initiation & exvoeted duvation:

Injitinted: July 1, 1955
Duration: Indefinite
Objective:
The objectives of this study are to devslop and calibrate
vater ceasuring devices and to improve existing davices.

Need for study:

The need for good wvater measuring devices cannot be over
emphasized. Although scme progress has besn rade in daveloping
measuring equipment, thero is still a need for devices which
can be adapted for which they were never intended. These
need to be calibrated to fit the gensral situation., This
phass of the study had as its purposa the starndardigation
of dssign end calibration of small Parshall flumas,

Design of FExpsriment and Prosasdura:

A standard design for 1 and 2 inch Parsghall flumes was
developad using largor flumes as & pattern. Flumes were
congtructed and calibrations made in the Hydraulies Lakoratery,
The calibrationg were made utilizing a small flums., The

flumss were attached to the ond of the flumaz and accurate
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I
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determinations rmade of dopth of f£lov arnd dlsolorgs. The
depths wore nesowred usling bhook goses and wells and the
discharge deitsrmined by waighlrg,

Exparirental data and obmervntionss

At least two flvmes of each oize were eallbrated. In
addition to determiratiocns of free flou discharges the flumss
vors also calibrated for submerged flov conditioms, Submerged
floy exists vhen the dspith of water dounstrecom exceocds
epproximately 50 percent of the depth upstream from the throat,

Cermants end intarpretaticng:

Srall Parshall flumss wore found to be accwrate devicas
for measuring emall flous of watsr, Caro must ba exsrecised
in the coastruction of the fluros es woll as in the installa-
tion, Accurats discharge moasurements can be made evon
under sukumierged flow conditioﬁso
Surmary

A stondord deoign was developed for 1 and 2 inch Parshall
measuring fluwmos, These flumzs wevre calibrated for toth
fres flow.and svbzmerged flov conditions, The resvlls of this
ét&dy are preseated in dstail in the Colorado Exporiment

Station Techmical Bulletin Noo. 61,
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(3) Performance Tosats of Well Screens and Gravel Filters

A.

B.

C.

Do

E.
Fo
G.

Ho

Experimont Colorade FC: Line Project SWC-c9-4

location of Exporiment: Colorado A & M College
Fort Collins, Colerado

Personnel involved: A. R. Robinson,
Carl Rohwer

Date of initiation and expacted duration:

Initiated: May 15, 1947
Expacted duration: Indefinits

Objoctives: Reference, Annual Report, CY 1953

Need for Study: Reference, Annual Report, CY 1953

Pasien of experiment end proczdure to be followsd:

Referencs, Annual Repert, CY 1953

Exparimental data and observations:

There was no progress on this project during the past
year, A roview was made of past studies in the prepgration
of a report vhich was prosented at the Joint AcR.S5,-S.C.Se
confercnce in January, 1957. It ic anticipated that the
work will bs reactivated at an early date and carried to
completion., A revised experimental outline will be prepared
at ths time that ths project is reactivated.
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(4) Development of Drainage Design Criteria for Irrigated Lands
A. Experiment: Colorado-FC-1(Revised) Line Project SWC-c¢9-3

B. Jocation of experimant: Colorado A & M College
. Fort Collins, Colorado

Cs Personnel invo&ved: A. R. Robinscn, N, A, Evans, Chief,
Agricultural Engineering Section,
Experiment Station, Colorado A & M College

De Date of Initlation and Exvected Duration:

Initiated: September, 1954
Expacted Duration: Indefinite

E. Objectives:
The genoral objective is to provide drainage engincers

with dependable eriteria upon which to bass the design of
new drains on irrigated lands in Colorado. The following
specific objectives amplify the goneral objective. |
l, 7To determine if a relationchip botween measured dischargs,
farm water supply, pbysical features of the drain system
and drainage characteristics of the soils can be used
to predict water ylelds to be expscted from now drains,
‘2. To check by field data the theoretically derived relation-
ships botween soil drainage proparties, éhspe of the
vater table drav down end boundary conditions,
3. To determine by field observation the applicability
of the findings from the previous interceptor drain
model study to actual field conditions,



F. MNaed for Study:

Drainage design in the irrigated regions of the Western
States has not been given adequats ressarch attention. The
criteria dovoloped in Eastern humid raogions for rslief drains
has praétically no application in the Western region. As
irrigation progresses to new lands and as older irrigated
lands develop drainage problems, the demand and need for
design criteria increases,

In ths'case of tile draing, the estimation of water
Yield from a drain system is necessary in ordsr to specify
the size of tile to be uszed. An under-estimats of yield
results in falilure of the drain to function efficiently,
while over-estimation results in oversized tile and undue cost
of installation. Since the cost of tile increases rapidly
with sizs, an accurate prediction of water yield is économia
cally important.

In tho case of open drains in flat lands, whsre slope
is a limiting faclor, an accurate estimate of yield ie
necessary to proporly design the drain cross section.

In addition to the nced for estimtes of drain yield,

“there 18 nced for information to bstter design the tile
system, Information is also needed on the l§cation and
depth of the tile system for maximum bemefit,

Ge Dpsign of Experiment and Procseduras:

Tile drain systems wers selected on nins farms in rorth-

eastern Colorado for study the first season., Thess nine systenms
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are of the interceptor type and wers chosen to best represent
the most prevalent drainags problems, The Soil Conssrvation
Service pergonnel assisted in the sslection of drains to bs
studied,

The discharge from the drains were collected by means
of automatic recorders attached to small measuring flumes.
The physical featurss and tho goils date were assembled from
S.C.5. records, Greund watsr data were collected from cased
observation holes installed in lines normal to drain lines.
Bydraulic conductivity measurements employing the auger hole
method were made.

Procedura to be Folloued in Conducting the Expariment

After installation of measuring flumes and recordors, the
sites were visited once a woek to remove the charts and to sgervics
recorders. The farmers were consulted relative to time or
irrigation ard rainfsll ard the effect of those occurances noted
on the charts., The ground water levels as indicated bty the
test holes were mezgured at two weck intsrvals or at shorter
periods if rainfall or irrigation occurs. - Hydraulic conductivity
tests were made during the irrigation geason., Meaguroment of
tile discharge were made during wintor months by visual obzor-
vation of gage heights made onrce each woek,

The tests will bs condusted on each fara for at least ons
year so that a complete record of flow and ground water levels

may ba secured,



Ho & I, Esmpervimontal dats and oboarvations:

Maps of the nirve farms vhich wsre studied durlng 1956
are ghown in figures 5 through 13, These systems generally
ubilige 6 inch lateral lines placed with an envelope of
filter materials, Thelr pickup lateral lines varied in
length from 600 to 2600 feet, Thz lecation of observation
holes, measuring flumes and hydrauvlic conductivity messure-=
ments ars shoun, In soms cases, the source of ground water
vas a canal, while on othors thes source wasg from both irri-
gation and canals or just from irrigation,

Continuous records of discharge from the drains given
in average daily flows are shown in figures 14 to 22,

There was a considerable range of dischargss from the drains
for different fayms and also a wide fluctuvation in dischargs
for a givsn farm., As would b3 expscled, irrigation, heavy
rains or siage of water in a nrearly canal were ths cauvse of
these fluctvuations. In many cases, the peak flow oxceeded the
averago flow for a period by sseveral times,

In order to hsve soms methed of clagsifying ths drainage
condition for each farm, a clagsification index vas sdapted
from the S.0.S. system. This index is shown in table 1. As
an example in ucing this table, a drein system given the
code of 232AF would mean modorately stratified, modarate
hydraulic conductiviity, ths thicknsss of soil over a barrier
layer of from 48-72 inches, the surfaco slope is from O to 1
percent and a canal is the probable source of scepage. Table
2 summarizes the Indexes for the farms as well as length of

line, bydranlic conductivities, azd diccharges,
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A plot of the relationship of hydraulie conductivity to

maximmm flow for the gystems studied is given on figure 23,

Also ghown ere ths farm c¢lassification index for each point,

A relationship daveloped by G. B. Bradshaw, S.C.S. for datormining
interceptor drain yield is alss shown on figure 23. From this
plot it scems there 1s no defined relationship batween the two
variables, discharge arnd hydraulic conductivity. as shown by
Bradshav. FHowever, only limited data are available.

The ground water profiles for the systems are shown in
figurss 24 through 31. As would be expescted the shaps of the
drawdown curve was deperdent on times of irrigation, rainfall
and water being in or oul of a canal., The flov from the drain
wvas dependent on the shape of the drawiown curve in that a
stecper or flatter graedient irnduced a greater or smaller outflow.

No analysis has been made regarding the location of the
intoerceptor drain on ths resulting flow and chape of the
drawdown curve.

Jo Surmary

Meagurements were rade on nins farms in the Northern
Colerado of tile discharge, water table positions, and hydraulic
conductivity. The purpose is to study typical intercepter drains
in order to predict tile discharge in future installations
with a furthor objsctive of developing dosign criteria.

On the farms stedied there secemed to be no relationship
betwoen the peak flows and hydrawlic conductivity. There was
a considerable flucivation from mest of the drains during the
seagon. The shaps of the grournd water profile varied depending

on Irrigation, rainfall and flow in a nearby canal,
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{5) Preliminary Worlt Uzon & Peglonsl Appieach to Qvﬂntitativeky

Ao
B,

Co

D.

E.

Obtain ths DRelative Briveuvile Condvastivity of Nenc-homogensous
Soils over an Eabirse Area Reguiring Drainsgs
Femerimant: line Project SWC-¢9-3

Location of Ex Colerado £ & M Collega

Forv Collins, Colorado

Pergonnel invol

s Glaude H. Pair, R, Hilliam Nalson
and Varren Y, Rasmusson of ths
Westeorn Soil and Waier Conserve®ion
Regsarch Branch, AR.S.; Zinri B
Mills, Jebhn B n~naré and Clauds
Sworthout ol the Soil Consservaticn
Ssrvica

Dats_of initiaitisn:

Explaratory work was started in the spring of 1956 and
baged upon thegs rasulis an experimzntal outline is
currantlv baing prapared to examline the sppreach in
more dstall,

Objectives:

1. Obtain a mathed of quantitively chavacterizing the water
q g

trancnitting ablility of variable sa3ils in the gaturated

2. Develop a msthod or methods of utiliszing the piezomalric
head distribviion to delerxinina the ralative ssliert
chapges in hydeauvlic condustivity ovsr an arss,

3, Devise an orderly procsdure of changing tho pateatisl
distribution on & unifora shiet of electrical conductsnce
paper ‘o the distribution dessirsd (analog approsch).

4., Exemine the feasibility of a finifz differencs ssluticn

of the pliozometyric hoad distribution to obiain relative
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Fo. Need for Study:

The more consideration given to Interceptlion Drainage of
irrigated lands, the mors vital appears the need for soms
wvay of rationally scleciting the best drain location, Such
a procedure would seem to require measuring thosse variables
acting to provide a basis from vhich densficial results
after drainage could be pradicted. A procedure to have
wvide application must congider the time and expenditure
required to measure theseo varizbles,

In vorking with soils and after 211 drainage is s
goils problam, tuo factors stand out as paramounts

l. Soils as fourd in nature are variable and

non-homogeneous,

2. Flow in soils and soils thewmselves make up

& dynamic systom.

Realizing these facts the present need is to devise a
method of quantitively characterizing the water transmitting
ablility of variable solls over the entive area affected
by poor drainage. Such a characterization must be accomplished
vithin the limits of justifiaﬁle engineering costs,

Considoration of the owerall saturated flow problem sescms
to indicate that s2lient changes in hydraulic conductivity
over the arca can ba found through on analysis of the
piezencirie head distzibution, Hﬁwever, this possibility
pust be examinsd in further detail btefore a high degres of

sureness can bs expressed regarding its validity.
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Ho & 1,
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Once the inherent tranasmitting propsrties of the variable
system have bsen cataloged, then solutions in ths non-homogsnoous
system are required if predictions of conditions efter
drainage are to be made. Solutions for variable cases arse
not presently available so possibilities for relaxation
nust ba exenined.

Design of experiment and procsdures:

This is boing vorked out in conjunction with preparing the
experimental outline,

Exverinsntel) Obzervailong and Interpretations:

In the spring of 1956 field work was started on the
Grandview, Idaho area for which the Soil Conservation Service
was developing a drairage plan, Banks of four piszomoters
(3» pipes) uith each terminating at a different depth were
irstalled on approximately & 500 foot grid on about 600 acres.
Thoss pilezometers were read about oncs a wesk during ths
1956 grouing season axd ars currently being read at longer
Intsrvals. On ths game area the Soil Conservation Servies
Bed readings for the two provious years on plezomsters located
at the corners of each 40 acres, thereby providing some
fnformation on whether the 1956 season was a representative
year insofar as the drainsge problem was concerasd,

Upon comparing the water levels in the plezomsters,
1t vas found that the levels stood at approximately the same
elevation in each of the four or five plezcmeters which made

uwp & particular bank, This indicated the flow was essentially
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lateral under the area, It was further found that four
times during the scason a steady state condition was approached
sufficiently clese to allow ccomparison of values of hydraulic
conductivity to be found by the suggested method, Since the
flow was found to be essentlally lateral, a two dimensional
analog can be used thereby simplifying the procedure considerably,

Conductance paper can be ussd for the two-dimonsionsl
ecaso, but since it is a uniform material, it will not be o
trus model of the field problen until it is modified suffi-
ciently to repregent the non-uniformity in field hydraulic
conductivity. Accordingly ths need for an orderly nsthod
of making the initially uniform conductance paper into a
wariable medium, It is proposed to vary thes potential
distribution by selecting a ecircular cut of 1/8" diameter
as the shape to bo used. Using this circular cut, suffi-
cient holes must be placed in the conductance paper and
at such a location that ths potential disiribution obtained
on the conductanscs paper is identical to that msasured in
the field,

In order to apscify a cut location consider a hydrodynsmic
source and sink of equal strength and axially separated by
a distance d . If the source and sink are moved closer
and cleser together, then in the limit as 4 approaches
goro there would bs no resulting flow as the sink would

absord all the flov from the source, Yet no flow from an



extexricr field could move across the combined gource and
sink of adsguate strenzth, It is nealizasd then that a
cireular cut in the wiform conducsianse papes is a doublet
(i.s. combined source and sink) for vhich the potential

funetion @ in poler form is
7

Y

2
U ~%~ cos © (1)

vharas

# = complexz potentizl at sny point

&)= change in potentlal due to introducing
the doublet

U = unid veloalty poteniield
a = radius of doublet

r = digtance from center of deublet to any peint

i

e = angle {rom polar coordinats axls

Taking any tuwo adjacent points in a vniform fiald and

ingerting a circuler eud will result in changing the potantisl

at cach of the points in accordoacs with Equatien 1,

AL U-22 ceos o
= r) 1 ‘ﬁ%ﬁf £
Cucular Cut 74
and zzéfffﬁ
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- 2. co® U
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Taking the ratio of @'s

U §i ce8 ©
r
fi1_ = 1 = T2, _gos e (2)
92 2 Ty  ©OS Gy
U 82 cos C@
r =3
2

For every other sucrounding point which can be paired with point
1, an equation similar to equation 2 can be writien. Each
eguation will specify a cul logcatien such thatl the incremental
change at each of ths survounding points i1s in the correct
proportion to the total change desired at each of the points
considered,

Having obtzined an equation to spacify the cut lecation
thore remains a need for en over—-all progrem to diract the
manner in vhich to proceed to out over the entire conductancs
wodel., The following appreach bas bsen deviseds

Take the difference bstwaen ths measured voltage V, and
the voltage wanted TV, , thereby giving the required changs
fn voltage A ¥ for every reforence point on the cvonductanes

papsr. Adopt the convention that if V,

a7 Vy then &F

is nogative and converssly if V&V thengne':ﬁ is defincd as
positive, Selsct the point requiring the greatest negative

— , A 9 one point
ehenge (-AF = rpaxinum), Caleulate oo edjmment soint

for all adjzcent points on the corduclance paper. Take two

ratios of £ 9 ono_poin

th t
& @ adjacent point and solve for the location

to cut out & circular hole using Eguaticns 2,
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This procedure as doscribed above must bs repesated over
and over again until the veoltages have been reduced to the
values desired. Although extremsly time consuming to work
out manually, a set procedure is available which can bs
used for machine programming. Further, by gaining more
experience short cuts undoubtedly can bs devised to
simplify this procedure.

Surmary
Ideas and suggestlons have been prosented based upon

prosent experience with a regional approach to studying

grourd water problems. The approach includes:

(1) A method of taking into account variability of hydraulic
conductivity over an area through the use of an
electrical analog procedure,

(2) The piezometric head distribution in the field is
utilized for constructing the model,

(3) For the Grandview Area, the problem is a two-dimensional
one, which simplifies the electrical analog.

(4) Procedures have bsen worked out for obtaining the
desired potontial distribution for the two-dimensional

case,.
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Summation of Significant Findings by Line Prcjects
SHC-¢2-3: From limlted data available it seems that
the flow from a tile interceptor drain cannot be
predicted using the hydraulic conductivity alone,
Other important factors such as location and depth

of drain and source of ground uater also determine the
amount of flow,

Present indicatlons are thet relative hydraulic
conductivities can bs found for non-uniform, saturated
solls over an entire area having drainags problems.
This can be accomplished by an analysis of the piezo-
metric head distribution oveyr the area using an
epproach similar to relasation techniques.

SWC-c2-4: Small Parshall messuring flumes offer a means
of accurate reasurement of smsll flows of water, Thesa
flures will measure flows under submerged conditions
vhere there is a very small amount of head loss,

The Vortex Tubs sand trap is efficient in removing
sand from & channal under most operating éonditions
for particle sizes greater than 0.012°, Effieciencies
of aboul 80% were observed for the larger size particles.
The amount of watsr removed by the tube varied from
10 to 20 percent depending on the depth and velocity
of flou,
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Enginesrs, December, 1956.
R. W, Nelson - ®Interception Drainage with Ideas on
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Conference, Colorado Springs, Colorado, January, 1957,
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Colorado Experiment Station Technical Bulletin No. 61,
January, 1957.
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of Canal Seepage®, A.S.C.E. Transactions, 1956,
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Tabls 1
Fagin Clepsification Schemo
for Charactorizing the Drainaege Situation

Stratification or wnifozxity of soil:

fo. 1 highly stratifisd - 502 of profile is
unlike rmaterial
2 podorately stratificd - 10 - 503 of profile is
v unlike ma2terial
3 uniforam ~ < 10% of profile akove
roeck is unlike materlael

Hydraulic Conductiviiy - average value by auger hole msthods

No. 1 wery slow £0,06 inches/hr.
2 glow 0,07 = 0,29 inch/ by,
3 moderate 0630 - 3,0 4nch/hr.
4 rapid 3.1 = 6.0 inch/hr.
5 very rapid 6,0 inch/he,

Thickness of soil material ovar barrier:
No. 1 <48 inches
2 48 -T2
3 72 =120
4 2120
Slops of land (in vicinity of effecotive drain lina):
A 0-121%
B 1-3
C 3-6
D >6
Probsblo eourss of ground waters
F  Cancl
G Cansl and irrigation

H Irrigation



cpoyjow ooy Jodne Aq peupwresed T

We384? UOTBOTIFESEIO JO UOTRBUBTAXG J0F T STQWL 995 Ta

L£0°0

0£0°0 870°0 G20°0 &£0°0 £Y0°0 890°0 ¢Z=-8 9°g 0LST o €CE IO 6
- £p  060°0 0£0°*0 £Y0°0 920°0 8510 G600 LZ=L ¥°9 009 Jv €6  aeSusads @
¢T0*0 620°0 YI0°0 820°C TT0°0 220°0 Y¥20°0 L70°0 12=8 0z 0561 HV 2€2 JoT8uedg L
LT°0 OT°0  G2°0 ST°0  0Z°0 2T°0 Ly*0 gz'o 618 9°¢ 009 HO €Y uadey 9
Y20°0 SE€0°0  600°0 €T10°0 LTO*0 $20%0 GE*0 TS0 Of=L 8%y 9EYT HY 2%¢ MOTWIODOW
LT°0 02°0 810 22*0 e w= T 8T 074 § DE €EC Joanyy ¥
IT°0 0£°0 9TI°0 9¢°0 €1°0 G€°0 £2°0 09°0 LI-8 8%6 §v9e DY €£6€ 83008 ¢
710°0 $T0°0 920°0 620°0 S20°0 920°0 o700 e70*0 2T=L 94 S0t Jg €% edxop H3T €
€0 LY°0 LE°0  LS°O 97°0 TL'C L0 ETI'T =L == 6251 o2 €=2 jously T
*ay/rug 36064

23 000T 23 0001 13 000T 23 000T L7479 QU1 YO e
T840 830 640 830 836 930 T SJ@ 830 938p =0oupuwod Zw dnyjotd ~TITSSYD *of
Z6qued6g enany ATap AOTS WARTFXE) oFIneIpdy Jo ujBueg Ty wiug WwIey WIef

96T “Apnys upsxq J03dedsJejul OTR] JOo Areuumgew~y 0TqWl



.Qé>+ MECG«.W M.U,JJ.«. XN%»QN/ ..wO .K&OM‘WGJ .ﬁ mu}ﬁmv,.hw

1V omal BSOS

V-V NCILD3S

prgura.

LELLLLLLLEL fEerd 4 RN RNIIIINIIRNIINININIIINYi \\w: LLLLLLL YRTITRTNIIIINIIINEENI AN IINIINNINS I VIR NN IR 1 NIaNi \R\m\\w\ 17270821802 801074
- « T
m.m syl -~ w
A
—_— — BN I - A
—~—
VL AT ‘.).N;TC;
Pl
WD &, 0 Wyovg
g-¢ NolLo3as
Bl A
edsaeg |2
i
m &
$ Eer T .
m NV a A Syt
/M i ¢ ol i
A
#
W
B —— ;Owl‘w
Y

< e



o968l doay pues Pgny ADLAON A0y SISN{OVUO Aoy 2 Sanbi gy
] 4
+.ﬂ@mwd.vh&m\®:h %o.v
< e% = B2 2 2 22 0z gi kil +i 21 ol g . 4 o
¢
< 4
_ e 14
[ ssa) 9eh1 | K
; puos Mojg @ o~ 5
oF os
wraL seu { pums a8
S5y | wOWMSUOOY ~O- .
gy 3937 T 8
AN
0,
¢
X
Av b% o
<
AN V.9
Y M 8- %a 2l
M_ ONO D 4o \K
. v
& bl
Y]
|9
. - . 19/
a H
1193 oy i,
T3 ., 8l
Lo
. )
22
2 ¢

2

AO.LJ‘OJ\.LXE
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Fiqure 5 Map of tile m‘fercegf‘or Jram Arenct Feavem 1956
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