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II DRAINAGE STUDIES ON DAYTON, AMITY, AND WIU.AMETTB 
SOILS IN THE \flLI.AMETTE VALLEY, OREGON 

lNTR.ODUCTION 

There is a problem of draining the excess wintelr' pre• 

cipitation from the flelds of Dayton, Amity,. and Willamette 

soils in the Wi11amet.te Valley of oregon. This problem o£ 

dl'ainage is caused by the low permeability and flat relief 

of the soils. These soils are found on the old valley fill 

which is found at higher elevations than the recent allu­

vial soils on the present flood plains of the rive~. 

These three soils occur on level to slightly rolling 

topography. Wi lla.mette and Amity soils are found on more 
I I 

rolling land than the Dayton soils. The Dayton soils have 

well defined claypans1 and consequently offer the most prob• 

!ems to artificial drainage . Amity is a moderately \"lell 

drained soil being mottled at 12-16 inches from the sur­

face,. \thile tvi11amette soil is the \>Jell drained membel!' of 

the catena2. Due to the \U,leven .annual rainfall pattern, 

an average o£ 30 inches betv¥een November and April, and 10 
I I 

inches for the rest of the year, high water tables are pre­

valent on these soils during most of the winter months . 

1 A claypan is defined as a compact horizon or layer 
rich in clay and separated more or less abruptly
from t he overlying horizon., 

2 A catena is defined as a group of soils within one 
2:onal region developed fr.om similar parent material 
but differing in characteristics of the solum (pro­
file) owing to differences in relief or drainage. 

http:Wi11amet.te
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The Dayton soil is often referred to as ''white land" 

because it has a bleached color which is associated with 

l'.mter aetion over ext·ended periods of time . Amity and 

\~illamette are not so bleached. 

There are other $oils in t.he \'lillamette Valley that 

have dt7ainage problems an4 not included in this study . Some 

of these soils are : Salem, Concord, Whiteson , Wapato , and 

Cove. It is believed that these soils have clays with an 

expanding lattice which helps restrict the t>~ate.t passage 

through the soil; Willa.mette and Salem soils are commonly 

well drained with occasional fields moderately well drain.ed.• 

Whiteson ; Amity , and Concord soils are commonly moderately 

well drained, while i1a-pato, Dayton , and Cove are commonly 

poorly drained soils1e 

The horizons of t he Dayton; Amity' and t/illamette soils 

increase the complexity o£ a mathematical analysis o£ the 

drainage problem;. This prevents the application of existing 

mathematical equations derived for more nearly homogenous 

soils to these soils , which in turn gives rise to the diver;. 

sity of opinions regarding proper tile installation. 

Current recomendations made to farmers tend to be of a 

general uature , disregarding soil type and any possible de~ 

velopment of surface drainage • These recomendations are 

·often found by the farmers to be inadequate::. Stop- gap 

http:drain.ed
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measures are sometimes taken which include laying n.e\·J tile 

betv;een existing tile laterals . In some cases this process 

is repeated, resulting in the use of three or four times 

the amount of tile originally recomnended. 

Some fields being tiled recently had been tiled sev­

eral years earlier , unknown to the present 0\'mcr . These 

old tile lines had not done the desired job, and shed some 

doubt as to the effectiveness of tile in these locations . 

This study was designed to evaluate the adequacy of in... 

stalled tile systems in Dayton , Amity, and Willamette soils 

and to relate the rate of drainage to the water conduc­

tivity of each soil . It is hoped that through this study 

and similar studies information will be gathered and methods 

developed that will allow more accurate drainage recom­

mendations to be given. 
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REVIEW OF LITBRATUR.B 

DEFINITION OF TBRMS USED 

In order to make the meaning of ords used in this 

thesis more clear the follmdng definitions have been taken 

from the Report of the Subcommittee on Permeability and 

Infiltration, Committee on Terminology, of the Soil Science 

Society of America. ( 27) 

t~apillary Conductivity (QUalitative ). The physical 

property relating to the readiness with vlhich unsaturated 

soils transmit water . ordinarily this \'lill include pri­

marily the transfer of liquid and film water but not vapor 

diffusion \"lhich involves a different physical mechanism. 

Drainage (soil). 1. The process of the discharge 

of \'iater from an area of soil by sheet or stream flo\IT (sur­

face drainage) and the removal of excess water from within 

soil by downward flow through the soil (internal drainage) . 

2. The means for effecting the removal of ~ter from the 

surface of soil and from uithin the soil , i . e ., sloping 

topography or stream channels (surface drainage) and open 

dit ches , underground tile lines , or pumped \'lells {artificial 

drainage ). 

Hydraulic Gradient (water in soil) . A vector (macro­

scopi c) point function \~ich is equal to the decrease in the 
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hydraulic head per unit distance through the soil in the 

direction of the greatest rate of decrease . In isotropic 

soils , this will be in the direction of the flow velocity. 

The water moving force per unit of mass of ·1.1ater is repre­

sented both in direction and magnitude by the hydraulic 

gradient •••••• The hydraulic gradient is dimensionless••• 

Hydraulic Head (wat~r in soil) (h) . Tae elevation 

~:lith respect to a standard datum at which :uater stands in 

a riser or manometer connected to the point in question in 

the soil . This ~11 include gravitational .hcad, pressure 

head , and velocity head, if the terminal opening of tlle 

sensing element is pointed upstream. For nonturbulent flow 

of \'later in soil , the vclosity head is negligible . In un .. 

saturated soil, a porous cup must be used for establishing 

hydraulic contact between the soil 1atcr and ~ater in t he 

manometer . D~ensionally, hydraulic head is a length , ••••• 

Hydraulic Conductivity 1. The ratio of the flow veloc­

ity to the driving force for the viscous flow under satur­

ated conditions of a specified liquid in a porous medium . 

Physical dil:tcnsions v.rill depend on the equations selected 

to express the flow •••••·••• 

Infiltration (soil) . The doum·.ra.rd entry of \'later 

into ·he soil . 

http:doum�.ra.rd


6 

Infiltration rate (soil). The maximum rate at which 

a soil, in a given condition at a g iven time, can absorb 

rain. Also , the maximum r te at which a soil will absorb 

water impom1ded on the surface at a shallow depth when ade­

quate precautions are taken regarding border or fringe 

effects. Defined as the volume of water passing into the 

soil per unit of area per unit of time, it has the dimen­

sions of velocity. 

Percolation (soil water). A qual1t~tiye term apply­

i ng to t he downward movement of water through soil. Espe­

cially, the dow~ward flow of water in saturated or nearly 

saturate0 soil at hydraulic gradients of the order of 1 or 

less. 

Permeability (soil) 1. (Qualitatative) The quality 

or state of a porous medium relating to the readiness with 

which auch a medium conducts or transmits fluids. 2. 

(Quantite.tive). The specific property designating the 

rate or readiness with which a porous medium transmits 

fluids under standard conditions. The equation used for 

expressing the flow will take into account the properties 

of the fluid so tl1at proper measurements on a given medium 

will give the same permeability value for ~11 fluids which 

do not alter the medium. The physical dimensions of the 
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permeability unit will be determined by the equation used 

to express the flow . 

vater conductivity (soil) 1. The ratio of flow 

velocity to the driving force for the viscous flow of water 

in soil. 2. (practical units) The ratio V/i = k, where 

V is the flow velocity and i is the hydraulic gradient in 

the Darcy equation V =ki . 

\fater Table (soil). The locus of points in the soil 

water at which the pressure is equal to atmospheric 

pressure . " 

THEORY 

Kirkham and Gaskell (18) referred to the work of 

Darcy (6) of 1856 in which he found that the rate of 

water flow through a porous medium is proportional to the 

hydraulic grad~ent . He found on the basis of investiga­

tions using water flow through sand that this was true and 

came to the conclusion, now referred to as Darcy's law, 

which is expressed in the general formula: 

v = ki 

where V is the velocity of moving water; k is the per­

meability or transmission conFtant; and 1 is the hydrau­

lic gradient . 

The rate water moves through the soil and the water 

conductivity of the soil are not the same in all cases. 
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The amount of \'!later that can be removed by the tile syst·em 

depends on the rate that water moves through the soil. 

Bvans , Kirkham , and Frevert (8 p . SO ) in 1950 discussed 

the relationship of water conductivity and infiltration 

rate . They stated that the water conductivity and in­

filtration will seldom be identical . The infiltration 

rate 1dll be greater when water is applied to a dry soil 

than the rate given by the water conductivity. The in­

filtration rate will be gt'eater because of some lateral 

movement and because; of necessity a head of surface 

water greater than zero. must be maintained. There is 

also a dO\~ward capi.llary pull which initially is not 

negligible compared to the weight of the water column 

in the soil . As the t\18.ter front moves downward lateral 

and vertical capi llary movements becomes negligible , the 

hydraulic gradient will approach unity, and the infil­

tration r ate will approach the value of the wate.t con­

ductivity . The infiltration rate \~11 become less than 

the water conductivity only after a re s tricting laye:a:: is 

encountered by the wa ter front . 

FLOW INTO TILE DRAINS 

Drain tiles commonly used to drain excess water from 

fields are kiln baked clay or concrete pipes, with dimen. 

sions of one inch or less in thickness, diameters of 3-8 
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inches , and usually aoo ut one foot long_. Tiles are laid 

end to end in a trench dug to a desired depth , with the 

grade of the trench carefully controlled to insure correct 

fall . Because the tiles are not jointed or sealed together 

it is possible for the 'l'lfater to enter the tile line through 

the cracks between the tiles providing the pressure in the 

water surrounding the tile is greater than atmosphere pres­

sure . The trench is filled above the pipes with various 
.. 

materials , often referred to as back- fill . Back- fill is 

usually the soil removed but is sometimes modified with 

layers of sand and gravel around the tiles or filling most 

of the trench. 

Kirkham and Gaskell (18) quoted Flodquist (10) as 

stating in 1931 that because of the high conductivity of 

back- filled soil in a tile tren,ch , a filled trench can act 

like an open ditch . Kirkham and Gaskell (18 p . 39) in 1950 

reported the same thing was observed at lO\~ Agricultural 

Experiment Station , at least for the first year after back­

filling the trench . Kirkham and Zeeuw (19 p . 292) in 1952 

concluded that the \~ter conductivity of the back-filled 

trenches must have been high compared to that of the sur­

rounding soil, and that back- filled trenches must ha~ be­

haved like open ditches , because experimental results for 

soil similar to Dayton compared unfavorably \nth electrical 
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model and theoretical results for cases ·1he.r;e the back­

fill material \\'aS asswned to have the same ·water conduc­

tivity as the rest of the soil . Kirkham (17 p . 442) in 

1951 found that if the soil contains layers of three or 

ntorc water conductivities the theory \'lill be extremely in­

volved. It is not considered worth \"ihile to extend the 

present theory (with homogenE-ous soils) to these soils 

where there are three or more water conductivities . 

~rkham and Gaskell (18 p . 40) in 1950 described the 

water flow of t; le drained soil and stated, ' 'as the \'Jater 

table becomes low at the dit ch edge the rate of fal l near 

the center of the ditch increases". They recommended , 

for uniform soil overlying an impermeable layer , a spacing 

between tile lines of 10- 20 times the distance from the 

soil surface to the impermeable layer (18 p . 41) . Tile 

time for the \'later table to drop one foot mid\'llay between 

ditches appears' to vary as about the square of the ditch 

separation . This quadratic relationship should apply t o 

tile drainage if the tile trench is back- filled with 

highly permeable material such as gravel . 

Sch~mb , Kirkham, and Johnson (29 p . 448 ) in 1957 

stated that the water table , outflow. and hydraulic con­

ductivity measurements for a planosol soil similar to 

Dayton seem t o indicate that water movement to the tile 
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is largely tl~ough the more permeable back·fill over the 

d:rains . The initial '.'later table midway bet,qeen the drains 

a few hours after a rain is lowe1: for the narrower spacings. 

Subse~rently the rate of drop is nearly the same for all 

spacings . After the first day following rainfall evapo. 

transpiration and other losses appear to influence the 

rate of drop more than the tile . 

Lutbin and Gaskill(30 p . S98) in 1950 \~rked ~ith a 

planoso·l similar to Dayton soil and found that layers of 

soil with different water conductivities are difficult or 

impossible problems to solve analytically, especially if 

the interface bet,~en the 2 layers is irregular. They 

concluded that if the soil had a conductivity ratio, be.. 
' 

twe~n the top and restricting layer of at least 10, very 

little flow takes place through the subsoil \/hen tile 

drains are placed at . 4 fee·t depths and the distance from 

the soil surface to the restricting layer is 2 feet . ost 

of the \'later must flow laterally through the surface soil 

in order to reach the tnore permeable trench- fill material . 

They compared the amount of water removed at 2 depths, 2 

feet and 4 feet . A reduction of 11.1 per cent resulted 

when the tile was placed at the 2 feet depth . (20 p . 601) 

They stated that the small increase in flow obtained by 

placing the tiles deeper probably did not justify the 
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addi tiona! cost of trench digging . Kirkham (16 p . 59) in 

1947 found that lovrering the drains onto or into an im­

pervious layer , although increasing the hydraulic head , 

decreases the flot1 rate , because the lower portion of the 

drain can not function effectively if at all . Drains 

should not be placed too near., on or in an impervious 

layer if a rapid initial drat~-down of the water table is 

desired . 

'IATBR COl DUCTIVITY 

The water conductivity of each horizon of each soil 

is important when the ~iscussion of \~ater flo\~ into tiles 

ensues . Decause of this importance there is a need for 

methods of measuring the v1ater conductivity. Reeve and 

Kirkham (28 p . 582) in 1951 compared four methods that have 

been developed . These are the piezometer , tube , auger hole, 

and the conventional undisturbed- core method. The first 

three are field methods and require the presence of a 

water table above the depth to be measured. The undis• 

turbed-core method is a laboratory method . The piezo­

meter me t hod measures a combination of the vertical and 

lateral conductivities of the soil . The tube measures 

primarily the vertical conductivity, and the auger hole 

measures primarily th~ lateral conductivity. The 
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conventional undisturbed-core metpod measures the, vertical 

conductivity if the core is taken vertically, 01: lateral 

conductivity if so taken . Because of the lateral as \iell 

as the vertical rnovement of wate,r to tile drains the pie• 

zometer method gives the truest picture of the \tater flow 

.and water conductivity. R~eve and K.irltham showed with 

the values obtained on tbeh: tests that the piezomet·er 

and the undisturbed-core methods to be correlated closely. 

The range of water conductivity of their soils t~as bet\'\'een 

39•. 1 and 0 . 13 in·ches per hour . Other discussions of 

methods for the determination of values for water conduc­

tivity we.re advanced by Luthin and Kirkham (20) in 1949, 

Van Savel and Kirkham (31) in 1948 ~ and Frevex;t and tl:l::kham 

(l.l) in 1948. 

Johnson, Frevertt and Bvans (14 p . 284) in 1952 showed 

a simplified method of computing the water conductivity 

below the water table with the piezometer and gave an 

accurate me thod of determining the A~ factor . l'be A- factor 

is a function of the geometry of the flow system \'thich 

depends upon the size of the cavity augere"d below the 

pipe , the dista..'tlce from the cavity to the impervious layer , 

and the distance belot"' the water table. They gave th·e 

following formula to be used l'li th the p iezometer method 

for a cavity 4 inches long, 1 and 15/16 inches in diameter, 
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and the cavi t y must be 12 inches above the impervious layer . 

K = 625 1n (h1- Lr)/(h2 - Lr) 

tl-t2 

\'/here h1 is the distance (feet) from the t op of the pipe 

to the wate r a t time (seconds); h2 is t he distance fromt 1 

the top of t he pipe (fee t) to the wate r at time t 2 (se conds) ; 

Lr is the dis t an ce from the top of the pipe to the water 

table (feet); r is the \~ter conductivi t y in inches per 

hour; and the constant 625 combine s R2 (R = radius of the 

cavi ty) , t he A- f actor, and 60 seconds . 

There are m::my factors affecting t he wate r conduc­

tivity of the soil . Reeve and Cirkham (28 p . 588 ) in 

1951 discussed t he effect of root holes on water conduc­

tivi ty . These holes vi ll cause a change i n the ve rtical 

flow paths . Nikiforoff and Drosdoff (22 p . 4 . 0) stated in 

1943 t hat t he numerous burrows of earth\~rms , partly 

filled wi th casts and partly empty, penetrate the who le 

A horizon and extend into the B hor izon of the Dayton 

soils in the ~· illamette Valley . Schwab , Kirkham , and 

Johnson (29 p . 448) in 1957 also stated that the actions 

of earthworms had affected the water conductivity of the 

planosol that they had worked with . 

Fireman (9 p . 338) in 1944 measured the water con­

ductivity of disturbed samples by a method similar to 
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the x.1e thod used on undisturbed-core samples in this study. 

The follo -dng formula was used to compute the · ter con­

ductivity of samples : 

y =QL-TAh 

where K is the \'later conductivity, A is the cross-sec­

tional area of the core, h is the loss in hydraulic head 

through length L, and Q is the volume of wate~ passing 

throug'1 the core in time T. 

lhree-inch core samples were used in this study as 

c~~plained in the procedure . Edminster t ' Turner , Lillard, 

and Steele (7 p . 419) found in 1950 that there was no sig­

nificant difference in the amount of water ll/hich perco­

lated through 3-inch and 4~inch long cores . They stated 

that the Uhland type of sampler proved to be far more 

efficient for field work than other modifications tested. 

The Uhland sampler is described .in detail in the experi• 

mental procedure of this thesis . 

DBSCRI TION OF SOILS 

The water conductivity of each of the soils , illamette, 

Amity, and Dayton is different . Furthermore, the horizons 

of each soil have different water conductivities. Allison 

(1 p . l2- 13) in 1953 stated that t he Willamette silts (the 

material moved into the valley by glacial \'later of 
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Pleistocene time) arc composed of quartz. several different 

feldspars , and a variety of other common minerals , mostly 

in angular grains or cleavage fragments . The silts came 

chiefly from the Columbia I iver and are presently weatbered 

to depths of 3 to 6 feet, mostly to ~ii llamette , Amity, and 

Dayton soils . A clayp·al'l from a few inches to a foot or 

mor·e thick has de'Velope.d in ~..reas of poor drainage.• 

Williams (32 p . 28) <.~eseribed the ·illamette series 

in 1955 a.s follows~ "V'illamette sories consists of very· 

deep bro\'m soils of moderate profile de.velopr;1ent on old 

valley filling materials having tbeir so1.1rce mainly in 

basaltie and sedimentary rocks. They occur on gently 

sloping , nearly level to slightly undul·ting stream valley 

terraces. and the valley flooJ: . They have developed under 

moderate rainfall, mild wet winters and dry warm summers , 

with cover of scrub oak., haze.l , and with occasional fir 

forests with open treeless prairie areas~ The surface is 

\'/ell drained,. fertile • moderately to slightly acid in re­

action~ occurring on level (0• 3 percent) to steeply slop• 

ing (21- 31+ percent) areas . 

The surface soils are brown , friable , moderate sub­

angular silt loams \d th a fet'l iron and manganese con•, 

cretions . The subsoils are lighter brmvn , firm , strong 

con1pact suba.ngular blocky silty clay loarus , slightly 
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mottled and having a few iron and mang nese concretions . 

illamette soils occur in association \'iitb Amity and 

Chelhalis soils . They are better drained than the Amity 

soils which have more highly mott led subsoils and have a 

stronger developed profile, and occupy higher terraces 

above the Chehalis soil . " 

~illiams (32 p . 38) described Amity soil in 1955 as 

follows: rtThe Amity series is comprised of very deep l i ght 

colored Podzolid soils developed under moderately high rain­

fall , wet mild winters and dry \~rm summers on old alluvial 

valley- filling materials having their source mainly in 

basaltic and sedimentary rocks under oalc , fir , and open 

prairie vegetation . The soils are formed on valley floors 

and low terraces , relatively flat , or slightly undulating , 

i ncluding shallow basin-like areas generally above stream 

overflow. The surface and subdrainage is poor , due to 

level surface areas and heavy subsoils . 

The soils are :very deep , \'llitb fine- textured compact 

moderately slow perme~ble subsoils . The soils are moder ­

ately acid in reaction . The surface soils are dark brown , 

friable , moderately medium subangular blocky silt loam 

containing a few iron and manganese concretions. The sub­

soils are grayish- brown friable , compact , fine subangular 

blocky silty clay loam mottled with gray and yellowish 
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brown with a few iron and manganese concretions . The sub­

stratum is light- colored friable clay loam with better 

permeability, n 

Williams (32 p . 49) described Dayton soils in 1955 as 

follo\~s : ' 'The Dayton soils are shall0\1 poorly drained 

grayish-brown soils developed under moderately high rain­

fall, ~~t mild winters , and dry \varm summers on old val­

ley- filling material having their source in basaltic and 

sedimentary rocks under native vegetation of grasses with 

scattered scrub oak. The soils are formed on old terraces 

with flat smooth surfaces with few drainage channels . The 

surface drainage is poor and the subdrainage is very slow 

due to the compact fine- textured subsoils . 

The soils are shallow ( 10• 20 inches) to a claypan and 

have a low organic matter content . They are moderately to 

strongly acid in reaction, and for profitable use require 

drainage . The surface soils are grayish- bro m , firm , 

slightly sticky silt loams l·.rith a fe\1/ iron and manganese 

concretions ,." 

Bl oss ( 2 p . 6) in 1893 estimated on the basis of his 

observations of Willamette Valley soils that ntiles should 

be placed 16 to 20 feet apart in some clayey ground , while 
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in certain loams equally sood drainage may be secure4 at 

40 to SO feet apart. tt He recommended a depth of 40 inches. 

Hedrick (12 p .• l2) in 18 97 estin1ated that soil with 

an ~mpervious subsurface ,i,n prune orchards in the \'lillamett·e 

v·alley ·could be drained \d th tiles at a distance of 36 to 

44 feet ~p~rt . The depth that he recommended "Vms tbt'·ee 

feet . Powers and T~eter (25 p . 24) discussed the work done 

by t he u. s. Office of D~ainage Investigations at Albany., 

Oregon , in 1908 , in l'lhich they stated that the laterals 

were placed 60 feet apart . The depth was varied from at 
to · 4t feet . They stated that '*A study of 'li'ater table con­

ditions in the vicinity of these drains indicates tbat the 

drains laid 4-l- feet deep are less effective than those 

laid to a depth of 33-36 inches , for at least 2 weeks or 

more after heavy precipitation. *f No mention. is made of 

the results from the at feet tile depths . Powers and 

Teeter ·(24 p . 25) conductect an e.xperiment dealing with tile 

spacing and depth in Dayton soil. The drainage expes:i• 

men ts in 1914 conducted at Oregon State College were on 

an area of Dayton soil . The spacing s bet\veen latetals on 

this experiment were 25 , 50 .,1 $ , , and 100 feet apart with 

depths averaging 33 inch:! s . Test wells \:.E re maintained 

to check levels of the water table . 'rhe test ~re lls \tre:te 

one rod from tile lines and one rod apart . 
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The conclusion was reached that tiles should be spaced 

at intervals of 60 to 66 feet . Powers and Teeters also 

stated "Laterals of this distance afford the most prac­

tical drainage for typical white land under present con­

ditions . This distance ~!~y be increased in less retentive 

phases of this soil. " (24 p . S) They state that the depth 

should be 33- 36 inches , in the ugritty silty clay layet" 

that they found was more porou~ . 

Powers and Teeters stated "A study should be made of 

the subsoil and ground water conditions and the drains so 

located as to encounter excess water in the most porous 

layers . " The fact \'las recognized that water cannot pass 

through the soil fast enough to drain completely even 

though the tile is amply large, so that surf"' ce runs or 

surface inlets are needed . 

It is obvious very little drainage research bas been 

done on these important but poorly drained soils in the 

'lillamette Valley . It is the authors hope that t he data 

collected and correlated in the follo\rlng pages 1::rill be 

an aid to future studies and to persons engaged in tbe 

drainage of excess water from their land. 



SPBCIFIC ODJECTlVBS 

ExPeriments conducted in 1908 and 1914 were performed 

at a l~nited number of locations . later table levels were 

checked during the months of ~arch and April in the 1914 

expc·riments , at distances of 16 feet from the tiles . 

Speculation was made as to the rate of draw- down be t ween 

tiles and the test wells 16 feet away . 

' The first objective of this study ttas to determine 

the status of the water table in tiled and non- tiled 

Dayton , Amity , and 'lillamette soils during the high rain­

fall months of December to April . It is a lwmm fact t hat 

tbe .\mter table is high during this tice on Dayton and 

A.m.i.:t-y soils and occasionally on tiled and non... tiled fields 

of tli llamette soil . The level of the \'iater table in re• 

lation to the distance from the tiles , the dra\'1--down after 

precipitation ceases , and fluctuations due to daily precipi­

tation during the season .are not lmown . With this informa­

tion about the \ atcr table an evaluation .of the spacing' s 

effectiveness can be nmde . 

The second objective was to determine the \'later con... 

ductivity of the different horizons of the above mentioned 

soils . An understanding of the ''~atcr conductivity of soils 

will give a more complete understanding of the functioning 

of the tile system as related to the soil . The \1tate.r 
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conductivity of the various borizons of tile soil should 

influence tbe depth to which tiles are placed. 
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JiXPEiti.lBNTAL PROCEDURES 

Description of locations Studies were made on four fields 

near: corvallis . Two of these fields had soils 1'lhich ranged 

from Dayton to \"'illamette; these were the Davis field \'lhich 

is approximately one mile southwest of the Corvallis 

Airport , and the Oregon Dairy Breeders Association field 

\l/hich is about one mile southwest of Cranger , oregon .. The 

other tt'ITO fields were chosen because they llad tile systems 

installed in Dayton soils~ These were the Hanson field 

which is about one rnile east of the Corvallis Airport and 

the Kowalski field 2 miles .north of Mo.nroe 1 Oregon -. The 

topography of the four fields is almost level \dtb. approxi­

mately 0 . 25 pe~eent fall . 

The Davis· field was tiled in October, 1956: ,. The 

three soil series intergrade from south to north through 

\V'i11.:lmette , Amity , and Dayton within a distance of 80 feet . 

The tile laterals are spaced 76 feet apart , in a grid pat ­

te,rn. and '~ere placed a.t a depth of 4t feet . The laterals 

drain to the north where a main carries the l>-.rater to the 

Muddy C£eek which is t1Test of the field . The field was in 

pasture during the winter and had approximately SO sheep 

grazing on it during the months of February and March . 

The pasture was poo~ and did not furnish sufficient forage 

to sustain the flock , necessitating feeding of baled hay. 
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The field contained about 30 acres . A legal description 

of this field is NWf , Nwt, sec. 32, T. l2S . R. sw. 
The Oregon Dairy Breeders Association field, which 

contained tlle three soil seties also . did not intergrade 

as rapidly as the previous field . These soils 'l'.'Cre :inter-­

graded ill a distance of 300 yards, witb o~yton soil 200 

yar~~ north of the ~nity soil t ruld ·the -Amity soil 100 

yards north of the Willatnette soil . The drain system in 

this soil was partially installed in Novetlter , 1951 and 

finished in April 1952,. to a depth .of 4 feet . The tile 

laterals spaced. 90 feet apart drain east to the main drain 

uhich drains the water south to the edge of the bench over­

looking a Willamette rivex meander scar . The field was 

in ungrazed mixture o£ forage plants -v;rhich did not have 

much growth u.ntil early .April . Heavy applications of 

shavings and manure, have been app lied to this field evet:y , 

yea~ from the animal pens south of the field . The l~gal 

description of this field is NE! ,S\t\4sec . 19 , T . llS1 ~ ,R. 4W. 

The Hanson field was Dayton soil with the tile system 

installed in september 1952 , The depth \Jas approximately 

2 . 7 feet \dth parallel. laterals 70 feet apart . Lateral 

tiles drained to the north where they joined t he main 

drain. wllich carried the wat~r to the east edge of the field 

t'lhere the bench overlooits a portion of' t he Willamette River. 
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The field was 1n pa ture d ,ring tncf"~inter w1th t ho only 

e;re.~1ng being done by soma g se . A legal d.eseription of 

the f1old. 1a S' ·;H SW. , e c . 28 , R . l2S ~ t R. 5W.e 

The Kot'lt.~.lak1 f1~ld , 2 miles north of l~:on.roe, or~gon, 

\tas Daytnn ao1l w1th a t11a syetem 1natallod 1n November , 

1956. The tiles re 'bU1'1ed. approximately 4 feat deep 

with pao1 between parallel til line of 80 fe t, 

t!bo sy tom drains to the south and eat h ·re i t empt1e 

l:nto a mall creel, Tho field -was in pe.etur during th 

Winter with o'Var 100 eh i).p gra.r.1ng it du:ting Ja.nuaey e.nd 

?~bru(;l.ry. A lognl. description 1 sw1; , NE! , eol6. T14S ; R5 • 

.~~~er ta~·~ mensyrg~en~Q Teat lls Qre holes dug in tho 

soil that nabla tho observation of tho "mte:r tabl 1n tho 

o11 . Tl~o to t uello in th1 ·t dy wa alma t perman nt 

1n that they had pipes ln e~t(;ld to a depth of fout- fe0t be­

l ow the ul"r&.oe :ror the dur tion or t1mo r$ad1ngs were tt1k• ' 

on , The pipos wore 4, - foot long., ono• inoh d1am tor i!ltocl 

boil r tub1ng ; perforated with 3/ 1neh holes olght 1nohes 

apart , except for t10 1~ inches ~t the uppor ond , Th top 

6 1uehee we~G ,above the soil surfaoa t:Uld a teol wa.shor wa 

plaoed G inche below th~ auJ:>faco , The eurta.oe eoil wa.e 

packed and te.mped a.ro'Ulld the pip a.bova th0 waehol" to pre­

vent eu:•fa.o dra.1Me;& 1nto the te t \.~ll ~ 

http:eurta.oe
http:ul"r&.oe
http:bru(;l.ry
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These tes t wells were p laced a measured distance 

from the buried tile lines ; which v;cre located with a 

sharpened steel rod or tile probe , approximately 4 feet 

long . 'l11e spacings \~ere measured using 100- foot engineet 

tapes . 'l'est \\'E!ll sites at the Davis field \'/ere 2 , 5 , 10 , 20 , 

and 38 feet , the midpoint distance,from the tile laterals . 

Other spacings -..-ere 21- , 5 , 10 , 20 , and the midpoint dis­

tance , uhich ,,;as 45 feet for the Oregon Dairy Breeders 

Association field , 35 feet for the Ilanson field , and 40 

feet for the Kowalski field . The lateral distance bet\\'E!en 

replications in each soil was 25 feet . Three replications 

of distances from tile lines of test \'lells \o.Terc placed in 

each soil . 

The holes for the pipes were dug Hith a one- inch 

King tube or a one - inch soil auger after a six- inch depth 

hole had been dug wi th a four - inch diameter orchard auger. 

The holes for the pipes were dug 4 feet deep . The King 

tube is a sharpened tube \ihi ch is driven into the soil 

with a haruner and Hhen revoved brings the soi l that \'las 

forced inside the tube out al so, leaving a hole . A soil 

auger is si1ailar to a uood bit , vJhich ·Jhen turned cuts 

into the soil leaving n hole . The soil auge r \v~s the 

method used to cut mos t of the hole s needed as it \·;as 

faster in the soils of this study than the King tube . 
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'he wa tcr table st· tus 'l:.ro.s observed but not measured 

Nhilc the installation of the test \ells lr.J<lS being done in 

iovembe r alld cccmber . Measurements and records were 

st~ ted in December 1956 . The depth of the \mter table 

was measured with a com..11on measuring sticlr uhich uas 

marked at 1/10 foot intervals . Measurements continued 

until the first ueck of April . 

\'la ···er conducti ity measurements 

I>iezometer method The procedure for installing the tubes 

was identical to that described by obnson , Frevert , and 

Evans . ( 14 ) They describe the rocedure as fo1lo vs: uA 

hole 1 15/16 inches in diameter is bored to a de~th of 6 

inches after trash and surface sod have been removed from 

the location chosen for a measurement . A ~harpened secti n 

of 2 inch (inside diameter) thin-"t-m.llcd electrical conduit 

is drivcn axially into the hole to a depth of c inches 

using light blO\;s from a maul . o prevent damat,e to the 

top of the tube it is desirable to use a driving head . 

The 1 15/16- inch soil auger is then inserted into the tube 

and the soil is removed to a depth 6 inches belot'l the 

bottom of the tube . The tube is again driven 5 inches 

deeper . This procedure is continued until the tube point 

is at the de ~:-' th desired for measurement . A cavity , 4 

inches in length and 1 15/16 inches in diameter , is then 
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carefully aucered below the bottom end of tbc tube . A 

stop may be attached to the ::mcer shat t to .•al:,:e contact 

ui th t i c top of the tube '!.·:Then the cavity is drilled to 

proper depth . 

he v:Jater seeping into the cavity is then pumped ou t 

t wo or three times to remove the effect of puddled soil 

on the cavity 1;ralls . To facili tate this , a hose attached 

to a small pitcher pump is inserted to the tube bottom . 

e producibility of results from an individual ho le indicates 

that puddling effects have been minimized . 

Soil \ilater is then allowed to rise in the tube . The 

equilibriwn \ - t e r level i s determined . In highly permeable 

soils as little as a fe't.z seconds may be required for the 

water table to reach e quilibritun; in t ight clay soils a 

longer time is required ." 

The data for calculat i ng the water conductivi ty was 

obtained by measuring the distance from t he top of the 

pii~ to the level of the water table after equilibrium has 

been reached . The '!.-.rater is remove d from the hole and the 

depth and time is recorded . At a later time the depth is 

measured and recorded along \ci th the time . At least three 

increments of rise nnd time \'J'Cre taken in each tube at e ach 

position . 
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Measurements ,;ere nade during the last wcelt of t.1arch 

in non- tiled area~ near the test ·Jel ls at the Davis , 

Ko ·mlsld and Hanson fie lds . No measurements \·.rere made at 

the Oregon Dairy Breeders ~ ssoci...tion field due to a low 

\·.rater t able . 

Core method To determine the water conductivity of soi l 

horizons that did not have a \-Jater table or ''~here the soil 

was almost coraple_tely impervious it was necessary to col­

lect soil in the undisturbed (as much so as t ossible) form . 

The use of the Uhland sampler allor..red this . This sat pler 

consists of an outside shell and cutting head into uhi ch 

is inserted a 3- by 3- inch aluminum cylinder sleeve . A 

cap is placed over this unit and the shell , with its inner 

sleeve , is driven into the soil through the use of a drop­

ping v1eight . The sampler is removed from the soil and the 

sleeve '"i th the enclosed soil is renoved from the sampler . 

Cores are trir:n, ed with a sharp knife and boxed in a \'llaxcd 

ice ere carton for transportation to the laboratory . By 

the collecting of cores and then forcing vr<iter thru them 

in the laboratory it is possible to measure their water 

conductivi ty 

The core samples were taken midway bet\-reen tile lat er­

als where ·water table measurements \Jere conducted . Samples 

were taken from the Davis and Hanson fields in July and 
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from the Orcaon Dairy Breeders !t.ssoc:iation and KotJalski 

fields in Aut:;ust . Tbe samples from the undisturbed... core 

method uerc taken at different locations tl!an -.r:1l";re the 

pi ezometer t"later conduc tivity measurements \vere made . 

The soils •l[ere tlUch drier i n August and July , compared 

to the soils in Mar ch , \'.rhen the piezometer measurements 

were taken . 

The neasurement of the \'later conductivity was do.ne 

afte1· the core samples had been moistened by capillarity 

for a period of at least 24 hours , and in some soils 7 

days .., The measureuent \·,ras taken using 2 to 27 incl:e s of 

hydraulic bead differences . 

Tbe apparatus used to ::.tpply the hydraulic he a d dif­

ference ac ross the core s~nplcs was similar to the ap ­

paratus described by Christiansen ( 4 ) and Pirenan (9 } in 

1944. The appa..r<:tus differed frolll theirs in that the 

't'..atcr moved through the core from the bottom to top in­

s t ead of the reverse . The base of the apparatus is com­

posed of an aluminum sheet and soldered to it are ten 

cylinders 1 inch long and 3 inches in diameter . Cen­

trally located in eac h cylinder is an inlet b.ol:e to sup­

ply a source of water . A s creen is held by a brass cy­

linder , to a height equal to that of the top of ·the 

alu1ninum cylinder . The core containers are ~' laced upon 
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the base , being separatzd by a 1:ubbc.r \tasher . Another 

cylinder is placed on top of the core container .-::.nd again 

seva:rated by a r ubber washer . The top cyli r,;.der has an 

outle t on t he side \'lhi ch provide s un overflow for tre 

\'later that passes t hr ough the soil . The entire unit is 

clamped together by tuo bolts.. The apparatus is s ho'l:iitl in 

Fi gure 1 . 

A constn.nt head is applied to the inlet and t he over­

-low provides a const nt head at the outlet . The v.ratcr 

fron1 the outlet is contained in a glass graduate cyl inder 

for ui.easuJ;ement . 

http:constn.nt
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Figure 1. Photograph of apparatus for measuring water oonduotivity 
of undisturbed-cor& samples. 
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RESULTS 

. 
Rainfall Data Rainfall data collected at the Corvallis 

Station of the U. s. Department of Commerce, \'leather 

Bureau, located at Granger , Oregon, are used to show the 

daily rainfall and are shown in Figure 2 and Table I . 

These show the fairly uniform distribution of rainfall 

during the last 2 days of February and the first 2 days of 

I4arch, when no additional rain fell . This break in the 

precipitation permitted the measurement of draw- down of 

t he wa ter table during the highest rainfall period . 

It would have been more desirable if daily data on 
-
precipitation could have been collected at each of the 

loca tions where studies were conducted. This would present 

a more accurate picture of the rainfall received at each 

location instead of a general picture such as t he case 

here . It was not possible to collect these data as it '\>Tas 

not possible to visit each field daily because of time 

limitations . 

Water Table Measurements 

Davis field . The non- tiled areas at the Davis field had 

a water table during the time that measurements were 
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Table I . The rainfall distribution in inches at t he 
Corvallis eather Station, during the five 
months \vhen \"later table measurements were made . 

Di\Y 
December 

1 
2 
3 

~ 8 : !~ 
6 0 . 31 
7 0 . 11 
8 0 . 13 
9 0 . 01 

10 0 . 78 
11 1 . 07 
12 0 . 18 
13 0 . 20 
14 0 . 06 
15 
16 0 . 37 
17 
18 0 . 19 
19 0 . 03 
20 0 . 01 
21 0 . 25 
22 0 . 02 
23 0 . 14 
24 0 . 13 
25 0 . 03 
26 
27 
28 
29 
30 
31 0 ~ 09 

TOTALS 4 . 56 

MONni 
January February 'larch April 

0 . 03 0 . 49 0. 18 
0 . 17 0 . 09 o . o1 

0 . 01 0 . 03 

8 : 8~ 8 : ~! 0 . 09 
0 . 66 0 . 23 

0 . 27 o . 76 
0 . 51 0 . 55 0 . 70 
0.21 0 . 20 o .56 
0 . 09 o . o1 0 . 25 
0 . 34 0 . 08 0 . 20 
0 . 06 0 . 47 0 . 45 

0 . 15 0 . 55 0 . 10 
0 . 20 0 . 11 0 . 15 
0 . 07 0 . 52 0 . 47 
0 . 01 0 . 04 

0 . 44 0 . 13 
0 . 03 0 . 11 
0 . 04 0 . 38 0 . 27 
0 . 02 0 . 72 .. 0 . 12 0 . 99 0 . 11 
0 . 03 0 . 36 0 . 03 

0 . 81 

0 . 06 
0 . 38 

0 . 14 0 . 53 

2 . 78 4 . 88 7 . 01 1 . 68 

Grand total = 20 . 91 
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tc.keu . The lteasurements on t1e non-t 'le area \le c n..en 

be -'n..cen <:!.nuary Jl and ~:n:::.l u, 10l':'7 . T~.e avcrace for 

t 1c non- tiled ity soil uas 2 . 27 feet belo th· surfu.ce 

and the :Ja:·tor. soil !"lvc race uc.:. s 0 . "'9 feet bclo\ the ~ur-

fn.cc . ':' .c ~.ve raee for t he non- tiled .!illru:wtte soil -rca 

uas net cci'l~'utcd p.s the .,_,~ t e:x: table \'J' s too l0\·1 to Lc 

r ead on three dates , which tmuld cause the avera e of the 

remaining values ·o be too hit;h. 

A graphic pittur for comparing the t hree are s of 

non- tiled soil at t he Davis field is shO\.n in Figure 3·. 

Figure 3 and ot'1e t figures showing depth of t he t:ater 

t~ble 1.dll show the de th ~ s the ordinate , and time or 

dist nee from. t he tile l ine as the abscissa·. The upper 

line in ieure 3 hcus t he lev ls of t he water tr..ble in 

the Dr..yton soil; the mi ddle line shows the leve l s of t he 

t . tcr table in thq Amity soi ; and t he bottom line shm.'ls 

t iJ.e levels of t he 1\vn.ter t~ble in illamette soil ~ The 

dotted l ine at th~ right side of the bottom line is used 

to indicate the level of the water table was lm·;er t han 

4 ~ 0 feet be low th~ surf ce on these las t three dates of 

measuremen t . The -Iater table in Dayton non- tiled soil 

"ms above t he soil surfa c on all dates Iheasurements lvere 

made excep t t\.."0 . The water t able in the·Amity and 

\ illamette soils i n non- tiled areas \-vas c....lways lo 'ler than 

http:surfu.ce
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the tmter table in the Dayton soil areas - The water table 

in the Amity soil was ah~ays higher than the t·;ater table 

in the \illamette soil . 

Measurements on the 1ilillamette soil t the Davis 

field in the tiled area indicate that the tl ter table was 

generally low l'li th an average reading of 2 . 64 feet below 

the surface . This average includes all test t·1ells for 

the 15 dates readings t·1cre recorded . The water table 

depth tvas usually bet1r1een 2 and 3 feet belm1 the soil 

surface . The t·rater table level in the tiled Willanette 

bett'leen December 12 and April 8 is sho·wn in Figure 4 . The 

three lines shot>~ the effect upon the level of the \'rater 

table due to distance from the tile lines . The distances 

of the test \'ll'Clls from the tiles, used for this graph , 

were 2 and 10 feet from the east tile line and the mid­

point distance of 38 feet . The line connecting the 33­

foot points is brolren to prevent the loss of continuity 

where the lines cross . The upper lines cross bee-use of 

a soil difference found bett'ITcen the tile laterals . The 

soil near the west lateral appeared more conductive to 

water than the s oil ncar the east lateral. The effects 

of soil difference may also be seen in Figure 5 , which 

shows the level of the water table at nine distances 

from t he tile later · ls on w:lllamette soil bet\.een two 
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tile laterals . The three curves are for three consecu­

tive readings during a single period of draw- do\m which 

occurred betv1een February 26 and March 2 lV"hen no addi tional 

rain was received and the initial water table status was 

high. The three different levels represent three measure­

ment dates, with the upper line connecting the water table 

measurements obtained the day rain ceased, or February 

26, the middle line shows the water table measurements of 

February 28, and the bottom line shows the water table 

measurements of March 1. The water table was higher the 

greater the distance from the tile lines. The highest 

measured water table in this tiled Willamette soil was on 

February 26 when the readings ,~re taken within 6 hours 

after rain ceased. It should be noted that the scale for 

the ordinate and the abs cissa are different which distorts 

the actual shape of the water table. Lines on this graph 

and other graphs showing relationship of water tables to 

tile spacing were drawn as straight lines between the tile 

and the water table level 2 or zt feet distance from the 

buried tile lines. This is an assumption based on a general 

opinion expressed in the literature revie1~. The large 

circles on the graph indicate the location of the center 

of the tiles but were not drawn to scale. 

The results from the tiled Amity soil of the Davis 

field during the season are sho1q,n in Figure 6. The three 
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lines sllol:J the level of tbc uat e r table on the different 

dates during the \'linter at the specified distances from the 

ti le laterals -. T'ne distances of the test l:vells from the 

tile laterals used in this graph are the same as for the 

Willamette soil , 2, 10 , and 38 feet . '!'he distances from 

t he tile laterals were measured from the cast lateral ., 

The 38-foot distance is shovm by the brol;:en lines . The 

\>1ate,r table was generally higher in the Amity soil than 

in the l illamette soil , 1.·d th the \vater table bet\-reen 1 

and 2·~ feet for most of the season . The 1.t~ater table depth 

was greater than one f oot except for the periods of late 

February and early March . The water table dropped very 

rapidly 1.\l"henever rain ceased. 

The level of the water table of Amity soil at the 

nine measured distance s from the tile l aterals is shmvn 

in Pigure 7 . The three curves are for the same three 

consecutive measurement dates dis cussed previously shotdng 

a single draw-do\rm period. The measurements obtained for 

the ity soil on February 26 (upper line) were the 

highest readings obtained on this soil during the measure­

ment season . The rate of draw- down of the Amity and 

Willamette soils was observed t o be about the same but 

t he '\'V3.ter table in the Amity soil was the higher of the 

two for all dates . The "!:.rater table lms 10\"er ncar one tile 
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tl~n.n it "\as at the other, which indicates a variation in 

soil wate.r cont..uctivity within tlle experimental site . The 

east tile is in the lower left corner of iligure 7 . 

Similar curves are shown for the Dayton soil in 

Ficure s 8 and 9, at t he · Davis field . The Dayton soil water 
• 

tables l:vere higher than the Amity soil's .. There '\liaS a 

greater diff~rence betneen the ~~ter table depth 2 feet 

and 10 feet from the tiles than on t!le Amity or Willamette 

soils . At distances over 10 feet from the tile t he water 

table \as ui thin 1-t feot of the surface during t he season . 

Figure 9 s l.lous that t he dra\'1- dmm is slight near the east 

lateral but greate r toward the .,,..,est tile lateral (lower 

right hand corner) but not as great as in the An1ity soil . 

Because t he three soil series intergrade at the Davis 

field it is possible to sho\f.r the \'1~. tcr table as it is 

influenced by the soi l changes . The distance beh..Yeten test 

wells in the direction of soil intergradation was 25 feet . 

Figure 10 is a graph of t he t~ter table as related to 

type of soil at three date s . The distcnces from the tile 

laterals were 2 feet , and 38 feet, with the 2 feet measured 

from the east tile line . The t\ o lines for :<ebruary 26 

show the variation of depth to the \vater table as influenced 

by distan ce from tile lines and in t he differen t soils ­

The t\vo lines at the 2 feet distance shou the effects of 
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drau- dotvn at that distance betHeen .. ebrua.ry 2 and arch 1 . 

The draH-d0'.11 bct,;een these t1:o dates Jas g en.tcr in the 

ayton zoil (at the 2 feet distance) t han in the 1illamette 

soil . he opposite i.n.s found at distances of 38 feet . The 

graph does not shmr the deptil of the tile lines, w'1ich was 

4r} feet . 

Oregon Dairy Breeders Association field . e Hater t·ble 

levels in the non- tiled areas of Dayton soil o f t he Oregon 

Dairy Breeders ssociation field and also t he non- tiled 

areas of the mnson an<.l · O\talski fields are graphed in 

Figure 11 . They are s houn to indicate the status of the 

\\~ter table in these Dayton soils during the season . The 

'l:rater table \ms less than 1 foot belou the surface at all 

times other tha~ :in early April . 

The water tc;l.ble levels in the .~-\rni ty and '·illaroett e 

soils at the Oregon D:liry Breeders Asscc:ia tion field \:rere 

not plotted for the season because ttc y uerc below the 

depth of the pipe most of the season . However, readings 

from the Uillame tte soil in tiled areas during the dates 

of highest measurement of the season \rere plotted as 

shot-m in Figure 12 . The water level uas occasionally 

observed to be higher beside t he tiles than at the midpoin t 

bet\1Ccn the tile l aterals . This is an indication that 

http:draH-d0'.11
http:ebrua.ry
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\·ater c0uld be entering the soil from the tile line s . 

Sit:1ilar curves were obtained for Amity soils but are not 

preserted. 

esults for t he tiled Dayton soil n.rca at the Oregon 

Dairy nreedcrs Assoc1ation field n.re s ho\m in Figure 13, 

'l~:. th the three lines connecting the levels of the t'later 

table at t~c specified distances from the tiles . The \later 

t able \·Jas r.bove the surface of the soil a portion of the 

season betueen t est \\Tells , especia lly near the north 

lateral (:r- L) in Figure 13 , \11bere the soii "1.-.'().S more restrict­

inG to Hater flow e.s evidenced by soi l examination . There 

'h"t'..S very little difference ·be tween the water table depth 

at distances of 45 feet and ~- feet from the nor th lateral . 

Hm·;cver 1 there was over 1 foot difference in dept h to the 

1.-:ater table at distances of 2-~- and 4r. feet from the south 

tile lateral .. The effects of this difference in \..rater 

conductivity may also be seen in Figure 14, l."lhich shows 

the uater table depth as influenced by distance f r om tile 

lines . The three lines show the shape of the uater tab.le 

on different dates of the season . The rate of t he 'later 

table ~raw-down following heavy rains is shown by the 

lines for February 26 and March 2 . The line for April 5 

represents the status of the water table the last day 

measurements were taken . 
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Hanson field . The water table at the Hanson field was 

high \ritb an average for all measurements of the tile d 

Dayton soil of 0 . 72 feet below the s urfa ce . Figure 15 

s hous the level of the water t able for the dates readings 

'"JCre taken . The depth of the uatc r table below the sur­

face 'r1ao almost the same at the midpoin t distance and the 

2t- foot dis t ance from the tile lateral . The three lines 

connect the "ater t able levels at me asured distances from 

t lle tile laterals . The drainage pattern as it is influ­

enced by t he distance from the tiles c an be seen i n Figure 

16 , which sho·ws the depth of t he water table at t hree 

dates of tneasurements , January 8 , February 28 , and March 4 . 

The se dates vJere chosen as they best show t he fluctuv.tion 

of t he water table during t he season , and not because t hey 

represent one continuous draw- dmm of t he water table . The 

measurements of january 8 were taken just after considerable 

r<:!.in. had fallen and the \\Tater table had r isen . The measure­

ments of February 28 were taken two days after rain had 

ceased ·t-Jhilc Mar ch 4 \JTa.S near the end of the sam.e rainless 

period , only 0 . 06 inches of rain fell be t v;een the las t two 

dates . The water level 2t fee t from t he tile line is no t 

connected to the drain as the water table was obse.rved to 

be high (at times water was ponded) over t he drains in­

dicating t hat t he tiles were p r obably not acting as open 
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ui t c ues as r.1en t ioned in the revie 11 of li-::erature on p a t e 

9 of this t hesis . 

Kowa lski fie ld . The wa ter t able at t he m·mlsl i field 

\mS high with an average f or all measurements fo..: the 

season on the tiled area of 0 . 69 feet below t he s ur face . 

The average for t he non-tiled area Has 0 . 25 feet bc lm'\T the 

surface . Figures 17 si.1ows t he measurement s of t he \•Jater 

table for t he se son in this Dayton soi l . At distance s 

greater thr.n 10 feet from the tile the dept n was never 

over lt feet to the \'later table . The t hree l ines s ho\·J t he 

ef fe cts t hat t he presence of tiles have up on the level of 

t he water table at distances of 2-f , 10 , and 40 feet. There 

,:ms very little difference between the leve l of the \Jater. 

table 10 feet fron the tile <;tnd t he 't·;ater table 40 feet fr om 

t he ti l e . The gr aph in Figure 18 s hows t he leve 1 of the 

'~~ter table between t he two tile l aterals on three di f ­

ferent dates . The water t ble level of january 29 \'laS t he 

highest l·mter table measured in t his f ield during the season 

and w~s plotted for this reascn . February 15 was selected 

for plotting because it represents t he s hape and dep th of 

the \11ater t able \'lhen it \11a s near t he lo\<Jest measured. April 

6 was t he last clay measurements uere made . The draw- down 
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pattern for the eas t tile uas almost identical wi th the 

draw-down pattern for the west lateral (rig.."lt hand corner 

of Fi gure 18). 

ATER CONDUCTIVI'l'Y !-1EASUREJ...1EN~' S 

Water conductivities were measured for each soil and 

their values are sholm in the following tables. These 

t ables show which method of me a.sur•ement i'tas employed w1 th 

each sample. The values obtained using the piezometer 

method o.re marked '\V'i th an a.steriak . All other ,,aluos 

were obtained using the undisturbed-core method . All 

values are in inches per hour . 

Davis field, The water conductivity of Willamette soil at 

the Davis field was highest in the A-3 horizon (with 12.92 

and 22 . 03* averages, shovm in Table II) and about the same 

values in the A-p horizon () . 78) and B-1 horizon (4.07 and 

6 . 06iq .• The variation was greatest in tho B-1 horizon. 

Generally, higher values were obtained using the piezome­

ter method because the measurements with the p iezometer 

were conducted at non-tiled locations 'tihilF: the core 

-
' 

me
.
'thod measurements were conducted at tiled locations. 

The Amity soil had about the same \'Tater conductivities 

as the Willamette soil and were generally in the same 

order, but ,.,ere slightly lower in each horizon. 



Table II. Water oonductivity values of soils in the Da.vis field.,. 

SOIL HORIZON DEl'!H WittER CONDUCTIVITY, I'OOHES PER HOUR 
Sample No. 

1 2 3 4 5 6 Average 

W111amette A-p 3" 8.49 .5.83 3.10 2.21 1.90 1.16 3e78 

.A.-3 17., 13.92 13.78 11.07 12.92 
35.19• 14.73• 2.5.18• 22.•03• 

B-1 25" 10.04 1.38 0.78 4.07 
15.42• 10.82• 1.46• 1.33• 1.29• 6 .•o6• 

Amity' A~ 3tt 5.00 3.17 2.15 1.15 1.23 1.05 
0.92 0.71 o.66 o.56 0.31 1.54 

A·-3 19" 14.68 12.04 11.56 10.56 9.52 8.02 1l.o6 

B-1 29" 1·29 3-47 3 .08 1.54 1.46 3 .•42 

Dayton A-p 2.15 1.~ 0 .27 0.11 o.o3 0 .• 894= 4.10• 5.55• 5.79• 5.-15• 

A•2 8" :;.13 2.78 1.04 o.zr 0.17 0.11 1 .• 25 

1711B-1 1.46 1.19 o.47 0.11 0.07 0 .• 66 

B•2 24'* 1.66 1.18 1.43 0.94 0.82 0.21 1 .•04 

• Values were obtained using the Piezome~er method • All other values were obtained with ·che 
undisturbedMOore method. 
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The Dayton soil \'later conductivities ranged fro ·1 1. 25 

inches per hour in the A- 2 horizon to 0 . 66 inches per hour 

in t he B- 1 horizon . These values are lower than those for 

t he .hmity or Willamette soil . The wat·er con<luctivi ties 

measured by the piezome ter method <t\fere again higher than 

those obtained by the core method. 

oregon Dairy Breeders Association field . The t-.rater con­

ductivity of the Willamette soil at the Oregon Dairy 

Breeders Associa tion field had the lol'lest conductivity in 

the B- 1 horizon at a depth of 23 inches . These values ar:e 

shmm in Table III . The A- p and A-3 horizons bad the 

highest uater conducti·..ri ties measured, \.Jhi ch 1.;1-ere 25 . 7 4 

and 2 . 40 inches per hour . 

In the Amity soil the lowest \'iater conductivities 

were also in the B-1 hori 
?. 
on at a depth of 25 inches . The 

highest \~ter: conductivities were 111easured in tile - p 

horizon . 

The w ter conductivities of the Dayton soil sho\1Ted that 

the \1atcr conductivity of the B- 1 horizon , in the center of 

the claypan , was the lowest . The highest values uere found 

in the - p horizon . 



'table III. Water oonduotivity values for the three soils in the Oregon Dairy reeders Aasooiation field 

SOIL HORIZON DEP'rH WATER CONDUCTIVITY., I NCHES PER HOUR 
Sample No. 

1 2 3 4 5 6 A.-eragea 
Willamette A-p 3" 328.05 123.20 45.42 33.39 16.70 7.46 25.741 

A-3 17" 38.08 30.28 13.84 27.40 

B-1 23" 9.08 2.86 2-.23 4-72 
B-1 33" 32.58 17.40 2.?3 17.4<> 

Amity A-p 3" 8.31 7.21. 6.15 1.90 1.83 1.39 4-47 
A-3 11' 4.91 1.lt3 1.27 o.n o.7o 0.59 1.61 

B-1 25" 1.21 o.26 0.30 ' 0.30 0.30 0.30 

B-1 33" 10.43 3.48 2.42 1.98 1.83 o.66 3-47 ,.Dayton A- p 12.04 6.77 6.15 1.42 1.39 5 -55 
..,.A-2 1.90 1.86 1.35 1.70 

B-1 16" 0.22 0.16 0.09 0.07 0.10 0.13 

B-2 29" o.ao 0.73 0.51 0.68 

# Average dows not inolude first two water oonduotivities. 
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Hanson and Kowalsl~i fields . The mter conductivities of 

the Dayton soils a t the Han son and Kowalski fields are 

sho\·n in T bles IV and v. The highest conductivities '!.-Jere 

obtaine d from soil samples froo the A horizons of both 

fields . . e 10\test measured water conductivity for the 

Cowalski field was in the D- 2 :10rizon at a depth of 33 

inches . 

Many of the samples had \-!late r conductivi tics which 

\Jere very dif -icult to measure and accura e values could 

not be ob·\:aincd "S t~e values for the se core sil!llp les 

"'ere observed to be less tllo.n 0 . 017 inches per hour . now 

L1uch less "·han 0 . 017 inches per hour could not be deter­

nined ,~th the apparatus used . 

The values obtained using the p iczcmeter method were 

lo\.rer t han the values obtaincc.i using the core me t hod , ltlhich 

is just the opposite from the results at t he Davis field . 

Tl~is nay be p~rtly attributed to insufficient time of 

so king the cores prior to measurement and to soil dif­

ferences of the different test sites as ex lained earlier • 

.;~oil s plcs ucrc t aken when t e soil \Jas almost dry and 

considerable time , as much as one ueel- , \·:~s required for 

the cores ·o exp~d . 



Table IV. Water conductivity values obtained at the Han son field. 

SOIL HORIZON DEPTH ATER CONDUCTIVITY. IIDHES PER HOUR 
Sample Do. 

1 2 3 4 5 6 Average 

Dayton A-p 3. 13.92 4.66 4.01 o.47 0.33 4.68 
4.07• 3.46• 3.78• 3·11• 

A-2 10" <0.017 (0.017 (0.017 <o.o17 

1511B·l <0.017 <.0.017 <0.017 

B-2 308 <0.017 <0.017 <0.017 

Table v. Water condu , tivity values obt ined at the Kowalski i'ield. 

SOIL HORIZON DEPTH ~ER COIIDUCTI TY, INCHES PER HO 
Sample No . 

1 2 3 4 5 6 Average 
Dayton A~ 3" 47.52 35.22 o.84 o.s1 0.40 0.35 12.21 

0.33 3.22• 1.43• 2.32• 

•• A-2 10" 1.24 1.12 0.51 0.51 o • .44 ( 0.017 ( 0.76 
5.o4• 1.49• 3.26• 

B-1 16" 2.93 2.90 1.35 0.51 0.18 o.O} 1.33 

B-2 33" 0.71 0.59 o.63 
• Values ere obtained using the Diezonet er method . All other values v•·et"e undisturb.,d-core values• . 

~ 
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DISCUSSIO 

The rainfall during the \'1/inter months was sufficient 

to cause a '\'later table to form at all locations w ere pipes 

\'1/ere installed . \vater tables occurred ,.,ri thin the depth of 

measurement at mos t of the si t(::s following the i1eavy rajn 

on December 11 . At r.1os t of tl:n loc tions the uater table 

un.s 2.bovc the 4-foot depth fro1-:1 Decet'lbc::: 1.1 until readings 

ceased in April . Tbc four day period in f~bruary and Mar ch 

·rithout rain , ond follouing .... period of heavy r .infall gave 

an opportunity to measure the rate of draw- do'l1n in tiled and 

untiled a:::cas . During the rest of the time the rainfall 

distribution was such that draw- down measurements \Jere not 

possible with the nearly continuous additions of \.rater from 

rain . It \'las impossible to follow the \·Jate r table levels 

f ur ther into the spring since the installations interferred 

\ith farming operations . 

The results from non- tiled areas may not be compar­

able to the results from nearby tiled arc-s . In some cases 

t 1e water table v:r.s lo\Jcr in the non-tiled area ·i:han the 

tiled aren. , uhich sug csts that tile poorer drained areas of 

t he fields 'tiCre tiled and ·i:i.le better drained soil \'iUS left 

untilcd . 
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Another form of bias ·n the data is in ·ue average 

dOpth of t 1C 'late r table over an extended period of time . 

cadings uere usually made more frequently just af ter a 

rtd.11 "!hen !he ~< tcr table was highe r , rather th n \'lhen the 

water table u::ts lot-r ~ ""'his irr.cgulari ty of readincs tend s 

·t.o make t he average s higher than the true average . 

The n1 tter of degree of d:a:ainage .1:equired in the 

::illanctte Valley for the g r otrt h of crops has no t bee n 

established. This would :i,.nvolve comprehensive experiments 

wi tb various crops and perh· ps fertility prac tices , '!.d th an 

economic analysis of the results t In t he Midwest states a 

"ru le of t humb u is often used which states that the \..ra t e r 

t able should be .lO'!.ilered one foot per day . Conditions are 

different in the ' illa.mette Valley from t hose in the Hid1.vest 

s ince the period o f high \vater tables is during a diffe r e n t 

scc.~on . I n the Valley t lle \·.rater table is high in the winter 

v. 1en piar...t grm'lth is small , while i n the Mid\..rest t he rainfall 

aurii g the sum."'le r :i.s suf 2icicut to cause a • igh water table 

in oorly drained soils . Duri11g th·s time plants are grow­

i ng rapidly and a brief ..;u'bmergence of t e plant roots may 

be qui te detrinental to t he crop . 

The degree of dr o.itJage obtained i n the three soi ls 

studied by tile spacings of around '10 feet was as expected; 

Wi.llamette , t he best drained; Amity , the next best; and 
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Da.· ton , tile ·oorcst . 'he · C&.SU m c cona.uctivi tics 

i ci • c tc -Le s" .1c ord r . It 's obvious from tl e fieures 

presc:r.- te · c<1rlier that very little 'mprovcd dr<..ina ge by 

tne use of iles is obtained in Dayton soil at the four 

loc~tions . The w er table is nearly level oct\roen tile 

l'nes and tc im .. rove the dra\:-c!O\m of the \'' ter tr..ble 

si ·nificantly , tile liLes would need to have a spacing of 

ap>rox· ately 20 feet . t is uoubtful if s~ch a spacing 

\:Joulcl be economic...lly feasible in such soils . erhaps a 

co pination of tile dr ins and be ding ould be ore fea­

sible . Ho ·1ever , no cxpe1:i1;Icnta1 results arc avuilable on 

til's aspect . 

he \·.rr.ter conducting )roperties of .tunity soils are 

better than those of he Dayton soils at tl c t\iO loc""tions • 

. !J.e results silou that spacings of 76 feet in uai ty soil 

had very _ittle effect on the water tabl e oi<l- uay between 

tile l'.es , at the Davis field . A spacing of 40 feet is 

indicr..ted as being neces.:.oary to have a significant effect 

upon the 12..tcr to.. le mid- \11ay betueen the lines . 1. t t 1e 

O~cgon Dairy Breeders ssociation field , a spacing of 90 

f et """-S adequate . This may be attributed to the numerous 

worm holes and uood shavings present in tile soil , as dis­

cussed previously . 
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At both locations, the Willamette soil is adequately 

drained with the present spacings, where the distances 

are 76 and 90 feet . It is felt that in soil with water 

conductivities like the Davis field , more effective 

draina0 e could be obtained if the spacing were reduced 

to 60 fact . 

The results show the importance of taking into con­

sideration the soil series ~resent when designing a drai n­

age syotem. Also, there is ~:a range of variab1lity \'ri thin 

given ooil series , 
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SU11-1ARY AND CONCLUSION 

A study was performed during the winter of 1956- 57 

to evaluate the water table status at certain locations 

near Corvallis, Oregon . At two of the locations tile 

·systems had been installed in '\'11llamette , Amity , and 

Dayton soils . At the other two locations tile systems 

had been installed in Dayton soil . In addition tho 

water conductivities of certain soil horizons were 

measured at each location . 

To measure the water table level perforated pipes 

t-rere installed in augcred holes to a depth of four feet . 

Thes\ pi~os were located o.t distances from the tile lines 

of 2~ , 5, 10, 20 feet and the midpoint distance, which 

varied from 35 to 45 feet . Keasurernents were made from 

December 12 to April 8 at irregular intervals. 

rater conductivity measurements wero made by the 

piezometer method and the undisturbed- core method . 

The following conclusions were dra'\m from the study: 

1 . The tillamettc, Amity , and Dayton soils vo.ry 

greatly in water conducting properties as one would 

expect by examining their morphological characteristics . 

The Willamette soil has been shown to be the best drained , 

followed by Amity and then Dayton, the poorest drained of 

the three . 
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2. Although drainage requirements have not been 

established in the Willamette Valley , the Willamette ·soils 

studied appeared to be adequately drained at spacings of 

76 and 90 feet. For Amity soils the spacings would need 

to be 40 feet to get significant effect on the water table 

midway between tile lines. For Dayton, the spacing 

required appears to be not more than 20 feet. 

3. The water conductivity measurements for Dayton 

soil show that almost all of the water movement to tiles 

occurs through the surface 12 inches of soil. 

4 . In certain eases the backfill material had low 

\'Tater conducting properties which resulted in the ponding 

of water immediately over the tile lines. The nature of 

the backfill should be given careful consideration when 

installing tile systems . 

5. The results indicate the need for taking into 

consideration the soil series present when designing a 

drainage system. It is doubtful whether some soils can 

be economically drained by tiles alone . 

6 . The study must be considered preliminary and 

emphasizes the need for further research on the drainage 

problems of the Willamette Valley . 
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