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A large number of hectares in the Willamette Valley have water

tables at or near the surface most of the winter. This poor drainage

is caused by the large amount of precipitation received during this

period and a relatively impermeable clay layer in the soil subsurface.
/
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These soils could be managed more efficiently or at a highr level of

productivity if they were drained.

A large field drainage facility was installed to evaluate the

performance of various drainage designs. Water table depths below the

soil surface and rainfall were measured continuously over the six-

month rainy period for three years. From these data the fluctuating

water tables were quantitatively evaluated and combined with crop yield

data and performance of drainage design.

The duration and frequency of water table fluctuations were quan-

titatively evaluated by 1E30 values. The 1E30 value is the integrated

excess water table above 30 cm during November 1 to April 30, expressed

in cm-days. These values were obtained from the continuously recorded

water table curves of the various plots. The 1E30 values are an ef-

fective and meaningful quantitative evaluation of fluctuating water

tables.
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Integrating the water table curves f or soils of the Willamette

Catena without artificial drainage showed quantitative differences

among the natural drainage characteristics of the five soil series.

These differences are very significant and should be useful in making

decisions regarding crop rotation and land use planning.

The levels of drainage in the crop drainage requirement study

were evaluated in terms of 1E30 values and correlated with the yields

of crops grown on these levels of drainage. In general, forage crops

will survive the winter and produce maximum yields with 1E30 values

less than 900 cm-days. Winter annual grains such as wheat and barley

can withstand 1E30 values up to about 1300 cm-days and still produce

maximum yields.

1E30 values were used to evaluate the performance of various

drainage designs installed in Dayton and Concord soils. Three years

of data showed that the performance of drains installed in these non-

isotropic profiles is a function of the placement of the drains in

relation to the clay layer. So, the shallow depth and relatively

close spacing design provides better control of the water table.
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QUANTITATIVE EVALUATION OF WINTER FLUCTUATING
WATER TABLES FOR DRAINAGE CRITERIA IN THE WILLAMETTE VALLEY

I. INTRODUCTION

The Willamette Valley in Northwestern Oregon has approximately

200,000 hectares of poorly drained soil, with water tables near the soil

surface six months of the year. Effective and economical drainage of

these soils would make them more productive and provide more cropping

alternatives for the growers.

These soils have poor natural drainage due to primarily two fac-

tors. First, the annual precipitation of the Valley averages about 100

centimeters per year. Four-fifths of this precipitation occurs between

October and April when the evapotranspiration is low. The distribution

of rainfall and evapotranspiration during the year is schematically

shown in Figure 1. 1 The shaded area represents most of the excess water

to be drained. Secondly, these soils called the Willamette Catena typi-

cally have fertile permeable surface layers underlain by a subsurface

layer of less permeable clay that restricts the downward movement of

water. The poorest drained soils of the catena have a more shallow

surface layer and a thicker and less permeable clay layer.

About one-half or 100,000 hectares of these shallow soils are corn-

posed of the Concord and Dayton soil series. These soils have a per-

meable silty clay loam surface layer, 35-50 cm thick. Besides the re-

strictive layer, these soils are usually down slope from the rest of

the catena and receive their runoff. Also, the surface slopes are flat

which decreases the natural surface drainage and increases the diff 1-

'The consumptive use of alfalfa was computed using the Blainly Criddle
formula.
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Figure 1 Seventy year average of rainfall data from Corvallis,

Oregon versus the consumptive use of alfalfa.

culty of water removal by artificial subsurface drainage systems be-

cause of the few suitable outlets

Grass seed crops are the main agricultural crops grown on these

soils The grasses are dormant during the high winter water tables and

are relatively tolerant to the saturated soils. A common cultural prac-

tice among grass seed growers is open field burning of the straw resi-

dues to provide an economical means for removal of straw and disease

control However, this practice has created a pollution problem in

the Valley and the state legislature has voted to ban open field burning

by 1975 Drainage would provide these growers with more cropping alter-

natives
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Needf or S ty_

Most drainage research has dealt with water tables qualitatively,

i.e., a water table curve pictorially compared to another. A quanti-

tative evaluation of water table fluctuations that is simple and easy

to use has many advantages and would serve at least three useful pur-

poses.

First, a quantitative evaluation of the water table fluctuations

would allow a numerical value to be given to soils according to their

natural drainage characteristics. Many soils are classified according

to their natural drainage but usually with qualitative terms such as:

well, moderate, and poorly drained.

Secondly, a numerical value representing the frequency and duration

of fluctuating winter water tables that could relate to the yield of

crops would be useful in specifying a winter drainage requirement. Most

of the studies concerning crop drainage requirements have been qualita-

tive in nature and conducted during the growing season. Hardly any

research has been conducted on drainage requirements of crops during the

winter or dormant season. Drainage in the Willamette Valley during this

period is necessary to allow the survival and economic yield of some

perennials and winter annuals by allowing sufficient aeration, decrease

in manganese toxicity, and warmer soil temperatures in the spring.

Finally, a quantitative evaluation of water table fluctuations

that could be correlated with drainage system design would be useful in

allowing growers or managers to select designs based upon performance.

Usually drainage systems are designed or evaluated by the discharge from

the system, a steady state water table position, or the rate of fall of
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the water table. Evaluations of fluctuating water tables are usually

qualitative and seldom considered in drainage design.

Obj ectives

The main objective of this thesis is to develop a numerical quan-

titative evaluation of winter water table fluctuations. The secondary

objective is to relate quantitatively evaluated water tables to the

following criteria for the Willamette Valley:

1. Classification of the natural drainage characteristics of the
Willamette catena soils.

2. The determination of winter crop drainage requirements.

3. Evaluation of drainage system designs.



II. REVIEW OF LITERATURE

Water Table Descriptions

Researchers have employed many different techniques in order to

place a quantitative value on water tables. Excellent reviews of this

subject have been written by Bouwer, Hiler, and Williamson (4, 9, 29).

Most of he quantitative methods can be classified under the headings

of static water ..ables, falling water tables, and fluctuating water

tables.

Static Water Table

The easiest and most common method of describing or evaluating

water tables is to assume that the water table remains at a constant

depth during a period of time. However, this method is difficult. to

achieve in field conditions. The static water table evaluation is often

used when comparing the relationship of the yield of various crops

during their growing season to the height of the water table. Many in-

vestigators have used this approach (8, 23, 28, 30).

Fluctuating water tables may be expressed in terms of a static

description by taking an average of the water table heights for a given

period and determining the mean water table level. Nicholson and Firth

(14) used this approach to determine the effect of water table height

on the yield of some crops.

Rate of Fall of Water Table

The rate of fall of the water table midway between the drains is

another method of quantitatively evaluating the water table. This is

a non-steady state approach and is closer to field conditions. The
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value is expressed in terms of water table height changed per unit of

time. Bouwer and Van Schilfgaarde (5) presented a review and comparison

of the methods used to predict the rate of the water table recession.

Most of the work concerning rate of fall of the water table has

been used for evaluating drainage system, designs. Neal (12) determined

the rate of fall of the water table for various soil types and drain

spacings by measuring midpoint water table heights. From his data he

determined the depths and spacings of drains for various soil types

and rates of fall. Luthin (10) concluded from field data that doubling

the drain spacing decreases the rate of fall by about 40 percent instead

of 50 percent.

Fluctuating Water Table

Fluctuating water tables usually are found in the field situation

but are the most difficult to analyze and evaluate. Often, the value

is expressed as the length of time a certain water table height is at

or exceeds a given level. Considerable research has been conducted to

predict the probability distribution of water table heights given cer-

tain conditions such as: soil characteristics, precipitation, and

drainage design (25, 26).

Tovey (22, 24) researched the effect of duration and frequency of

water table heights on the growth of alfalfa. He evaluated the water

table by counting the number of days it was above a certain level.

Tovey concluded that excess water must be removed from the root zone of

an alfalfa plant (adapted to 61 cm static water table), within three

days to insure optimum crop production. Deterioration of the root
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system of alfalfa plants became progressively worse as the fluctuation

intervals exceeded four days.

Sieben's (20) research in The Netherlands of evaluating winter

fluctuating water tables is related to the subject of this thesis. He

expressed the water table in terms of a single SEW30 value which has

the units of cm-days. SEW30 is defined as the sum of the daily values

by which the water table exceeds (during the winter, November to March)

a level of 30 cm below the soil surface, midway between the drains. He

found that there was a good correlation between SEW30 values and the

yield of certain crops. Higher SEW30 values meant greater frequency

and duration of exceedence of the datum, thus a decrease in the crop

yields. Yields were essentially maximum when the SEW30 values did not

exceed 200 cm-days.

Willamette Valley Research

Drainage investigations in the Willamette Valley have concentrated

mainly on the soils of the Willamette Catena. Montgomery (11) presented

a general and qualitative background concerning the drainage ?roblems

of the Valley. Most of the research has been concerned with design and

performance of drainage systems and not the factors relating to drainage

criteria.

Water table fluctuations of Willamette Catena soils without drain-

age have been studied by Boersma, Simonson, and Watts (1, 2, 3). From

these studies a model was constructed that predicted the water table

fluctuations given soil characteristics and rainfall. With this infor-

mation, the number of days a water table was at or above a certain depth

could be determined for the various soil series.
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Crop drainage requirement is an important criteria for drainage

design but little work has been done in this region. Nibler and Brooks

(13) discussed the effect winter drainage has on the yields of crops

but the results were qualitative in nature.

Early In this century, Powers (17, 18, 19) studied drainage system

performance in Willamette Valley soils. Powers suggested that the

drains be placed about one meter deep and 20 meters apart f or good

drainage. Also, the drainage coefficient should be 1.27 cm per day.

More recently Floyd (7) studied the performance of various drainage de-

signs on Willamette Catena soils. He concluded that the drains should

be spaced from 27.4 meters on Willamette soils (the best drained of the

Catena) to 6.1 meters on Dayton soils (the poorest drained). Taylor

(21) collected data mainly on the performance of drains in the Amity

soils. From these data he was able to predict the water table heights

for certain system designs given the precipitation for that period.

Watts (16) conducted drainage investigations on Dayton soils. He

found that poor drainage on these soils caused conditions of poor aera-

tion which resulted in high concentrations of manganese oxide. This

manganese oxide is toxic to some plants but artificial drainage suf-

ficiently reduced the toxicity to permit favorable growth conditions.

The latest drainage research has been conducted on Dayton and Con-

cord soils by Brooks and Nibler (6). Their studies have shown that

relatively shallow drains may provide the best control of the water

table in these soils.



III. BACKGROUND AND THEORY

A discussion of water table fluctuations in the Willamette Catena

soils will be presented as a preface to the development of the theory

and method used to evaluate the fluctuating water tables.

Fluctuation of Water Tables

The Dayton and Concord soil series of the Willamette Catena have

definite restrictive clay layers in their subsoil profiles that have

pernieabilities ranging from zero to 0.015 cm per hour (27). The ef-

fects of evapotranspiration and rainfall shown in Figure 1 combined

with the slowly permeable subsurface layers produces water tables near

the surface most of the winter months. Also, the slopes are relatively

flat and runoff is small. Therefore, natural drainage would seem to be

negligible. But, fluctuations occur and the rise and decline of the

water table is due largely to precipitation and deep seepage.

A water table is defined as the locus of points where the pressure

of the soil-water is zero. Only a relatively small amount of deep

seepage in this shallow profile is needed to change the locus of points

where the pressure is zero. A fluctuation of 15 or 30 cm is relatively

small but for shallow surface layers 45 to 60 cm thick, this represents

a large percentage of the total profile. Fluctuations of only 10 cm

are as important as fluctuations of a meter in deeper profiles. The

magnitude of the fluctuations are relative and should not be considered

of little consequence. In a humid region where salinity is not a factor,

these shallow water tables can be tolerated as long as the frequency and

duration of surface flooding is sufficiently small to permit adequate

aeration for the crop.
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F luc in Wa t er Thble s

A typical fluctuating water table under natural drainage condi-

tions is shown in Figure 2. Recessions occur during periods of no pre-

cipitation. In general, the rate of rise and fall of the water table

is steep above 30 cm and is indicative of the fact that little drainage

or precipitation is required to change the height of the water table.

A single numerical value could be given to the water table fluc-

tuation shown in Figure 2 by using the equation for calculating the

mean given as:

X = (Xi) (1)

i=l

where X is the mean, Xi is the sum of the daily observations, and N is

the number of observations. This method would give a mean of 21.2 cm

below the soil surface for the data shown in Figure 2. This value does

not, however, express the important factors of the frequency or dura-

tion of the water table at the soil surface. If the water table had a

static depth of 21.2 cm every day during the month, the mean wuld be

the same as for the fluctuating example above.

Another numerical value could be given to the data of Figure 2 by

expressing the water table as the number of times it was above a given

depth. This scheme does not give any weight to the duration, only the

frequency. In other words, if the water table reaches the soil surface

for one hour during the day and the soil surface was the datum, the

value would imply that the water table was at the surface for the full

day. For the data in Figure 2, the water table came to the surface six

times over a 30 day period or an average of once in five days over a 30
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30 day period. Actually, the water table was at the soil surface for

only 27 hours or 1.13 days. While these two methods produce a qualita-

tive evaluation of the water table in Figure 2, both evaluations are

misleading and do not closely approximate duration and frequency of

fluctuation.

If a continuous record of water table height above a datum as a

function of time is availabe, i.e., H = f(t), the area of the curve

above a prescribed datum may be much more meaningful as an evaluation

than any averaging scheme such as those previously described.

The method proposed herein for evaluating fluctuating water tables

is expressed by the relation:

H3o dt = 1E30 (2)

where 1E30 is the Integrated Excess water table above 30 cm and H30 is

the height of the water table above 30 cm. The 1E30 value includes

both du'ration and frequency of fluctuation as well as depth above a

prescribed datum. Also, the 1E30 value may be thought of in terms of

an average depth or the number of continuous days above the datum. For

example, in Figure 2, the 1E30 value for the month of December is

263.6 cm-days. If this value is divided by 31 days a value of 8.5 is

obtained that may be interpreted as having the water table at an average

height of 8.5 cm above the datum for 31 days. Dividing 263.6 cm-days

by the value of the datum, 30 cm, would give a value of 8.8 which may be

interpreted as the water table being above the 30 cm datum f or 8.8 days.

The datum of 30 cm below the soil surface was selected because

most of the water table fluctuations during the winter months occur above
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30 cm and the fluctuations above this datum probably have the greatest

effect on plant growth. Also, Sieben used this value of datum for his

research in The Netherlands. He found that the choice of the datum

seemed rather unimportant because good correlations were found between

SEW values with bases 10, 20, 30, 40, and 50 cm. With this datum and

a 181 day rainy period, the total possible seasonal 1E30 value for a

water table is 5430 cm-days. In order to achieve this value the water

table would have to be at the soil surface from November 1 to April 30.

The time interval used in equation 2 for evaluatIon of the water

tables was from November 1 to April 30. This period was chosen for a

number of reasons. First, four-fifths of the annual precipitation

falls during these months which usually causes water tables to be at

or near the soil surface during this period. Secondly, the time of

surface flooding is considered the critical period which determines the

winter survival and/or satisfactory production of some crops. The

crop growth rate greatly decreases when the mean monthly air temperature

falls below 100 C. This temperature usually occurs between 0c1 ber and

November in the Willamette Valley. Also, that is normally the time

when water table exceeds the 30 cm datum. Conversely, the crop growth

rate greatly increases when the mean monthly temperature exceeds 10° C.

and this usually occurs towards the end of April for this area. (See

Table 1 in Appendix A.) Likewise this is the time when the water table

usually drops below the 30 cm datum. Therefore, the high water tables

between November and April have the greatest effect upon the yield and

survival of some crops in the Willamette Valley. And lastly, the evapo-

transpiration during this time appears to be negligible and the fluctua-

tions are predominantly due to deep seepage and precipitation.
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IV. EQUIPMENT AND PROCEDURES

A field research facility was installed during the summer of 1969

on a 7.3 hectare tract of typical poorly drained soil consisting mainly

of the Dayton and Concord soil series for the purpose of studying

drainage requirements and drainage design. It is located In the south-

em half of the Willamette Valley about 6.4 kilometers west of Lebanon,

Oregon. An oblique aerial photo of the facility taken during construc-

tion is shown in Figure 3. The drainage requirement study is located

in the upper part of the photograph and the drainage design study area

in the lower part.

Crop Drainage Requirement

The purpose of the crop drainage requirement study is to develop

a relationship between different levels of drainage and crop yields.

The area consists of 27 plots, (three replications of nine plots) each

24.4 x 48.8 meters. These plots are grouped into blocks of three, each

block being separated from the others by a roadway for accessibility

(see Figure 4a). Each plot has four clay tile drain lines (dashed lines)

spaced 6.1 meters apart and .76 meters deep, Installed on a slope so

that the drainage flow is to the north. The north-south roadway

separating the blocks of plots have clay drain tile installed in the

center of the road. The solid lines in the east-west roads are sub-

mains with arrows to indicate direction of flow. Vertical plastic bar-

riers surround each plot and extend well into the relatively impermeable

clay layer to hydraulically isolate the plots from each other. There-
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fore, drainage levels in one plot have a negligible effect on the other

plots,

The drainage water from each individual plot is collected in a

solid plastic collector line that lies along the north boundary of the

plot. The drainage water flows up in a vertical riser as shown in

Figure 4b. This riser is the device for controlling the water table in

the plot. The minimum height of the riser is equal to average eleva-

tion of the drains in the plot. The height of the riser can be in-

creased by adding additional pipe to the riser, thus allowing the water

table in the plots to be controlled at depths ranging from .76 meters

to the soil surface. The drainage water spills over the top of the

riser and discharges through a vertical slot in the outer pipe to the

branch main line. These control devices are located at the northwest

corners of each plot and are denoted by open circles in Figure 4a.

Drainage Design

A system of drains of various designs was installed to study drain-

age performance on these soils. The designs consisted of drains in-

stalled at various depths and spacings. The study area consists of 19

plots, 24.4 meters long and of various widths, depending upon the tile

spacing, as shown in Figure 5.

With the exception of three plots located in the northeast corner

of the area, the A and B rows of plots have plastic drain lines installed

at a depth of .46 meters. The C and D rows of plots have clay tile

drains installed at a depth of .92 meters. The drains are denoted as

dashed lines in Figure 5. These plots also are hydraulically isolated

from one another by a vertical plastic barrier. The spacing of drains
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in each plot has been selected such that the ratio of spacing to depth

is equal to 10, 20, 30, and 40. Table 2 shows the plot dimensions and

the diameters, depths, and spacing of drains.

The scheme of collecting drainage water from the plots is similar

to the method described for the drainage requirement study. The branch

mains are denoted as dotted lines in Figure 5. The main drain dis-

charges into a 3 x 3 x 2.5 meter sump. A 5 hp pump, controlled by

electrodes which actuate the pump switch, empties the Bump.

During the summer of 1972, three more plots were installed north

of the area described above. The plots are 152.4 m. long and 48.8 m.

wide. Ploy Y has four 0.10 m. diameter plastic drain lines installed

12.2 m. apart and 1.22 m. deep. Plots X and Z have 0.52 m. diameter

plastic drain lines installed with a mole plow type machine. The

eight lines in these plots are 6.1 meters apart and 0.46 meters deep.

The lines in Plot Z were installed at a constant grade to the soil

surface. All of the lines discharge directly into a county road ditch

except for Plot Y which has a small sump.

Procedure

For the large field installation described in the equipment section

above it is difficult to impose water table conditions that meet a

specified criterion of duration and frequency of surface flooding.

However, the water table control device shown in Figure 4b constricts

the drainage discharge, and In combination with the frequency of natural

precipitation imposes alevel of drainage.

Three levels of drainage were imposed upon the 27 plots previously
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TABLE I. PLOT AND DESIGN DIMENSIONS FOR THE DEPTH AND SPACING STUDY,
(METERS).

Drain Plot
Plot Depth Spacing diameter width

0.46 9.14 0.05 3 58

A2 0.46 18.29 0.05 36.58

A3 0.46 4.57 0.05 36.58

A1, 0.46 13.72 0.05 27.43

A5 1.22 18.29 0.10 36.58

B5 1.22 9.14 0.10 27.43

B5 1.22 13.72 0.10 27.43

C1 0.91 9.14 0.10 36.58

C2 0.91 18.29 0.10 36.58

C3 0.91 36.58 0.10 73.15

C1, 0.91 27.43 0.10 54.86

Note: Plots B1-B1, and D1-D1, are replicates of plots Aj-A1, and C1-Cz,
respectively.
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described. The numerals 0, 1, and 2 shown in the upper left-hand cor-

ner of each plot in Figure 4a represent the level of drainage set for

that plot. The numeral 0 indicates no water leaves the plot through

the drainage system. While the numeral 1 means drainage water leaves

the plot through the drains when the water table in the plot is above

the 0.30 meter depth, the numeral 2 means the drainage water leaves the

plot at all times when there is a water table above the drains.

Water tables were continually recorded from November through April

on representative plots and were used as the basis for comparing per-

formance of various drainage plots. The data were taken by Stevens

type F water stage recorders set up over open 12.7 cm diameter observa-

tion wells located midway between the drains in the center of the plots.

The time scale on the recorders was 3.05 cm per day and the ratio of

float displacement to chart movement was 1:1.

All of the continuous water table curves from the Stevens recorders

were reduced in scale, and redrawn in monthlj periods with the use

a Hewlett Packard calculator, digitizer, and X-Y plotter (see igure 6).

Then, the 30 cm datum line was drawn on the replotted curve and the

Hewlett Packard digitizer was used to integrate the curve above the

datum.

Rainfall was continually monitored with a tipping bucket rain gage

which recorded the precipitation on 0.025 cm increments on an event

recorder. The event recorder also recorded the frequency and duration

of the sump pump operation.

The crops grown on the drainage requirement study were selected on

their adaptability to the growers present operations and their market
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Figure 6. Hewlett Packard calculator, plotter, digitizer,
and cursor board used to obtain 1E30 values
from water table data.

and economic feasibility. The crops chosen for study were alfalfa, red

clover, white clover orchard grass mixture, wheat, barley, and silage

corn. Horticultural crops such as bush beans and sweet corn could have

been grown as was demonstrated by the Soils Department (15, 16). How-

ever, most of these crops are grown under contract with processors, and

acreages are limited. Presently, there is not sufficient demand to grow

these crops on these soils. Winter grains were grown to study the time-

liness of operations and the effect of high water tables on their yields.

The forage crops were chosen to determine their winter survival and be-

cause of their contribution to possible livestock operations and utili-

zation of the growers existing machinery.

The six crops selected were replicas d three times and randomly

located in each replication. Each replication received the same cul-

tural management so the levels of drainage were the only variable.
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Fertilization and irrigation rates were applied according to the general

practice of the area, The yields were taken when the crops were suf-

ficiently mature and the weather was agreeable. The yields of the

forage and grain crops were harvested with conventional equipment on

a whole plot basis.

Classification of Natural Drainge

The water table data used in the drainage classification of the

Willamette Catena soils were collected by Boersma, Simonson and Watts

(3) during the winters of 1963-65. These data were used because they

are the only continuous water table data available for the Willainette

Catena soils without artificial drainage.

A complete explanation of the sites and data is presented in their

report. But essentially, three representative sites for each of the

five soil series in the Willamette Catena were located in a 48 square

kilometer area between Albany and Halsey, Oregon. Soil descriptions

were taken of all 15 sites. Shallow and deep observation wells were

dug and equipped with maximum-minimum water table gauges. Precipitation

and water table depths were recorded each day. The daily water table

depths were given to a computer which drew continuous water table

curves. These curves for each site were used to obtain the 1E30 values

defined by equation 2 in chapter three.

The water table curves for the 15 sites during the 1963-64 and

1964-65 season were evaluated with the Hewlett Packard calculator.

Seasonal 1E30 values were obtained for each of the 15 soil sites for

the two seasons. Then monthly 1E30 values were obtained from the sites
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most representative of each soil series. The site closest to the

average of the three for the soil series was considered the most repre-

sentative of that series.
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V. PRESENTATION AND DISCUSSION OF RESULTS

In this chapter, IEø values obtained from sites on the five soil

series of the Willamette Catena are correlated with measurable soil

profile characteristics so that a more quantitative evaluation of their

natural drainage characteristics may be determined.

In addition, the 1E30 values obtained from the drainage require-

ment plots are correlated with yields of various crops to show how fluc-

tuating water tables of various frequencies and durations affect yields.

Finally, the effect of depth and spacing of drains upon the 1E30

values obtained from the drainage design plots are used to evaluate the

various designs.

Since the 1E30 values are time dependent, it was decided to examine

monthly 1E30 values and determine their total seasonal value and season-

al variation in time. The water table data from all sites and plots

were evaluated by arbitrarily integrating between the first and last

day of the calendar month. This 1E30 value is called the monthly tE30

value and is the shortest time period used for integrating the water

table curves. Cumulative 1E30 values are obtained by cumulating the

Individual monthly values (November 1 to April 30). The seasonal 1E30

values are the total of all the monthly values over the six month period

and have the same value as the total cumulative monthly 1E30 value. For

some of the data subsequently presented cumulative and monthly 1E30

values are plotted as a function of time. The time scale is divided

into equal increments designated as months and the 1E30 values are

plotted for that particular month.
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Classification of Natural Drainage

The IE3Q value is a quantitative evaluation of a water table which

is the total interaction of precipitation and the soil characteristics

such as, permeability and clay content of the restricting layer. The

curve in Figure 7 shows the average of the 1963-64 and 1964-65 seasonal

IE30 values plotted against soil series designations of the Willamette

Catena. These 1E30 values are the average of the values obtained from

three sites of each soil series. The scale on the X axis is arbitrary

but the curves show the different degrees of natural drainage among

the soil series. It would be desirable to correlate these drainage

differences with some measurable quantity of the soil profile.

The restrictive clay layer in the profiles impedes the movement

of water through the profile. If the clay layer is truly restrictive,

the depth of the clay layer below the surface would be independent of

the 1E30 value once the profile was saturated. Figure 8 shows the

average of the 1963-64 and 1964-65 seasonal IE3rj values correlated

with the depth of the A horizon or depth to the B horizon where a layer

of finer texture material seems tooccur. These 1E30 values also may be

correlated with depths where distinct soil mottling occurs as shown in

Figure 8. Distinct mottling occurs when the water table remains at the

same level for a period of time and causes the iron concentrations to

stain the soil. Obviously, the data from Figure 8 indicate the deeper

the distinct mottling, the more permeable the restrictive layer. Ac-

cording. to soil survey information, as one moves from the Willamette to

Dayton series, the "restrictive layer" becomes thicker and the clay con-

tent increases (15). Since the thickness and clay content of the layer
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Figure 7. Average seasonal IE0 values for 1963-64 and 1964-65 for
the various soil series of the Willamette Catena.
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may largely control the deep seepage by affecting the hydraulic gradient

and soil permeability, the product of layer thickness and percent clay

was related to 1963-64 seasonal 1E30 values as shown in Figure 9 (see

Table 9 in Appendix A).

It may be possible to apply the results of Figure 9 in predicting

the natural drainage characteristics of any soil profile in the Willa-

mette Valley by an examination of the profile depth and the clay content

of the soil layers.

It is of interest to determine the seasonal variation of the month-

ly 1E30 values for purposes of showing times when the water tables are

closest to the soil surface. The monthly 1E30 values for the five soil

series of the Willamette Catena are shown in Figure 10. The maximum

possible monthly value is 930 cm-days which would occur if the water

table was at the surface for 31 days. These data indicate that the

water tables for the Dayton aud Concord soil series during the 1963-64

season were at the soil surface every day during the month of January.

However, the Willamette soil series has a water table above thc. 30 cm

depth only during the month of January. At all other times, the water

table is greater than 30 cm below the soil surface.

The cumulative monthly 1E30 values are shown in Figure 11 as a

function of seasonal time for soils of the Willamette Catena. These

data show quantitative differences among the drainage characteristics

of these five soil series. The total cumulative 1E30 value for the

Dayton soil series during 1963-64 is nearly 3500 cm-days while the Con-

cord soil series is 2500 cm-days and the amity is 1500 cm-days or a dif-

ference among each other of about 1000 cm-days. Therefore, the Amity
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soil series is about as different in drainage characteristics from Con-

cord as Concord is different from Dayton. A difference of 1000 cm-days

is equivalent to the water table being at the surface for one month.

This difference is very significant and should be useful in making de-

cisions with respect to crop planning and rotation. For instance, if

the drainage requirements of crops are known in terms of 1E30 values,

one should be able to predict what crops will satisfactorily grow in

any soil without artificial drainage with known seasonal 1E30 water

table values.

Land use planning by zoning agencies may find this method of soil

classification very helpful provided the 1E30 values can be correlated

with land use.

Crop Drainage Requirements

The plots described in chapter IV for the drainage requirement

study were adjusted to produce different levels of drainage in order

to study crop response. These drainage levels were arbitrarily imposed

with no knowledge of how the level would affect the drainage in the plot.

By maintaining the outflow elevation of the drain outlet fixed and re-

lying upon natural precipitation, deep seepage, and the drains, a "degree"

of drainage could be achieved that would be similar to that obtained

from natural soil profiles or by a drainage system.

Water fluctuations at the midpoint of these plots were collected

for three years along with yields of various crops. Yields of the crops

were correlated with drainage levels of the plots. The method proposed

in this thesis for describing drainage in a quantitative manner has per-

mitted a quantitative drainage evaluation of each plot.
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Levels of Drainage

Data presented in this section shows cumulative monthly or season-

al 1E30 values during the winter months for the three drainage levels.

The three levels of drainage were defined as 0, 1, and 2. The "0" level

means that no artificial drainage was permitted. The medium level re-

presented by "1" means that drainage occurred when the water table in

the plot was greater than 30 cm below the soil surface. The best drain-

age condition is represented by "2" which means that drainage occurred

at all times when the water table was above the drains. An analysis

of the data showed that some of the plots responded differently than

their setting so they were analyzed according to their response (see

Table 7 in Appendix A).

The data shown in Figure 12 are for three representative drainage

requirement PThts (E5, F5, and G5) during the 1970-71 season where cumu-

lative 1E30 values were plotted during the season for the three drainage

levels. These data show that the 1E30 values for the drainage levels

during this period were not significantly different. The rainfall

during this period was about 14 cm above normal, but surface flooding

was generally absent. In retrospect, this may be attributed to two

factors: (1) an extraordinarily large amount of deep seepage that oc-

curred after installation of the drains. This is attributed to large

cracks that developed when the trenches were open during a two month

installation period. And (2) the incidence of low intensity precipitation.

During the second winter (1971-72) the cumulative monthly 1E30

values were greatly affected by the three drainage levels of Plots Ea,

F7, and G7, shown in figure 13. Rainfall during the period was 18 cm
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above the normal. Deep seepage apparently had been greatly reduced as

indicated by an increase in the frequency and duration of surface

flooding from visual observations. The IE3c, values for the three plots

shown in Figure 13 were considered typical of all drainage levels for

the 1971-72 winter.

During the 1972-73 season, rainfall was 30 cm below normal for a

total of only 51.4 cm. Obviously, frequency and duration of precipi-

tation has a direct influence upon 1E30 values and one would expect

correspondingly low 1E30 values for this period of precipitation. The

cumulative 1E30 value during the 1972-73 season for three drainage levels

(Plots F,, F5, and F6) are shown in Figure 14. The XE30 values are

lower than during the 1971-72 season but are still significantly dif-

ferent. The "no drainage" level f or the 1972-73 season where the rain-

fall was 30 cm below normal is more than 500 cm-days larger for the

season than for the 1970-71 season where rainfall was 14 cm above nor-

mal. This shows again the significant effect of the drain installation

procedure upon the deep seepage. Under normal construction practice,

drain ditches would be closed within a few hours if not immediately,

after opening and cracking or drying of subsurface clay layers would be

absent. Therefore, the drainage results obtained from the drainage

plots during the 1970-71 season would not be normally experienced after

drain installations.

The average 1E30 values for the levels of drainage during the 1971-

72 and 1972-73 seasons are shown in Figure 15. These average seasonal

1E30 values are for precipitation periods that were considerably above

and below normal precipitation and therefore from a probability point
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of view, represent a large return period. Since the abnormal deep seep-

age was absent during the 1971-72 and 1972-73 seasons, the average

seasonal IE3Q values for these two seasons were correlated with the

crop yields.

Crp Yields

The drainage requirements of crops often may be expressed in terms

of satisfying aeration requirements of the plant in humid regions or

for purposes of salinity control in arid regions. These requirements

usually are expressed in terms of some water table criteria. This sec-

tion of the results shows how a drainage requirement in a humid region

may be specified in terms of 1E30 values and the effect that these

values have upon the yield of various crops. The crop yield data from

three replications of drainage plots were obtained for three growing

seasons, 1971, 1972, and 1973. However, the yields from the 1971 season

are not presented because of the deep seepage effect described earlier.

The average yields for 1972 and 1973 of alfalfa and red clover in

percent of the maximum yield are shown plotted against the seasonal

average 1E30 values for the two growing seasons in Figure 16. The

average yields were obtained by averaging the average yields of the three

replications of each drainage level for 1972 and 1973. These yields are

expressed as a percentage of the maximum yields obtained from the "best"

replicated drainage plots. These yields were similar to those obtained

on "well-drained" soils in the Willamette Valley. The average seasonal

1E30 values were obtained by averaging the seasonal 1E30 values November 1

to April 30 of the 1971-72 and 1972-73 winters for the representative

plots from which the yields were taken.
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From the data shown in Figure 16, alfalfa apparently is more sen-

sitive to drainage than red clover. When the water table has a seasonal

1E30 value in excess of 2000 cm-days, yields of alfalfa may be reduced

more than 35 percent. 1E30 values in excess of 2000 cm-days normally

occur in Dayton and Concord soils without artificial drainage. The

data in Figure 16 indicate that no reduction in the yield of alfalfa

will occur if the seasonal 1E30 value does not exceed 800 cm-days. For

values less than 800 cm-days the yields did not appreciably increase.

The yields for the maximum yielding plots were the same during 1971 for

1E30 values of about 500 cm-days as for 800 cm-days during 1972. There-

fore, some artificial drainage is required for all soil series of the

Willamette Catena, except the Willamette series, in order to insure

maximum production of alfalfa.

The drainage requirement of red clover for maximum production in

terms of seasonal 1E30 value, is about thesame as alfalfa. However,

red clover is more tolerant to high water table conditions than alfalfa.

For example, if the seasonal 1E30 value does not exceed 2000 cm-days,

the reduction in yield of red clover forage may be no greater than 18

percent.

Since these seasonal 1E30 values are determined at least one month

before the first cutting of either alfalfa or red clover, it may be

possible to use the data collected during the preceeding dormant season

to forecast yields. Such forcasts may be helpful during years with

above normal precipitation.

The decrease in yield of alfalfa and red clover forage may be due

largely to two factors: (1) demise of the plant and (2) a stunting of
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growth because of inadequate root respiration below the water table.

Both factors would have an effect upon the yield obtained at the time

of the first cutting. However, plant growth after the first cutting

usually occurs in the absence of a water table and many or all viable

roots may recover their ability to respire and produce higher yields

than before the first cutting.

This effect is shown graphically in Figures 17 and 18, where the

average yields obtained during 1972 and 1973 from the first and second

cuttings of alfalfa and red clover are plotted as a function of average

seasonal 1E30 values for the 1971-72 seasons. Under optimum conditions

the absolute yield from the second cutting is always less than the

first cutting. But, when expressed in terms of percentage of the maxi-

mum yielding replication for that cutting, the yields of the second

cutting are relatively higher than the first. By expressing the yields

in this manner, the data in Figures 17 and 18 shows the percent of stand

depressed by water table conditions during the period between November 1

and April 30.

In Figure 17, the total yield decrement of alfalfa was 50 percent

(represented by D) at the time of the first cutting. Of that amount,

the percentage of the total stand "killed out" by the severe water table

condition was 26 percent which is represented by K. In other words,

plots where the seasonal 1E30 values were 2200 cm-days, 26 percent of

the total stand was lost due to adverse water table conditions. How-

ever, 24 percent was stunted, represented by S, but recovered after the

first cutting, other things being equal.

Figure 18 shows the amount "S" that the yield of red clover was
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reduced at the time of the first cutting. However, unlike alfalfa, red

clover plants apparently are not "killed out" but only stunted and corn-

pletely recovered after the first cutting.

The relative yields of two wheat varieties and barley are correlated

with seasonal 1E30 values in Figure 19. The yields of all grains are

averages from three replications expressed as a percentage of the max-

imuin yield of the best drained plots. Yields of Ilyslop wheat were ob-

tained a year later than those shown for the Nu Gaines variety. The

seasonal 1E30 values were obtained from three representative drainage

level Plots, F7, E8, and G7 during 1971-72 and Plots Ft,, F5, and F

during 1972-73.

The rainfall for the 1971-72 season was unusually high and there-

fore produced correspondingly high seasonal 1E30 values. As shown in

Figure 19, the yields of Nu Gaines wheat and Wade barley were not de-

pressed appreciably with 1E30 values less than 1200 cm-days. However,

Nu Gaines wheat is more tolerant to poor drainage than Wade barley.

The relative yieldsofHyslop wheat shown in Figure 19 are for the

1972-73 growing season where the poorest drained plot had a seasonal

1E30 value of only 1600 cm-days. This was due to precipitation being

about 30 cm below normal.

All yields of the grains shown in Figure 19 were obtained without

irrigation. One of the benefits of drainage is that it allows the

plants to devlop a vigorous and deep rooting system. Under conditions

of high water tables the rooting systems are usually less developed

and more shallow. In areas where most of the precipitation occurs

during the winter and is fairly dry during the growing season, drought
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conditions may occur without irrigation.

It is interesting to note that the 1973 yield data for the Hyslop

variety of wheat appears to have an optimum 1E30 value. Values of 1E30

above or below 850 cm-days depressed the yields. The monthly 1E30

values f or the well-drained plots were only 11.2 cm-days during the

month of April. These low 1E30 values during the early stages of growth

indicate little precipitation and therefore indicate a drought condition

had developed that depressed the yields on the well drained plot. The

well drained plots probably had deeper rooting but less soil moisture

was available to the plants. This drought condition may have depressed

the yields on the poorly drained plots as well. Also, the plants in the

poorly drained plots probably developed a shallow rooting system which

further reduced yields. Therefore, the effect of drainage upon the

yield on Hyslop wheat may be subject to question and additional data is

needed. But, drainage producing an 1E30 value of 850 cm-days seems to

have an optimum effect upon yield in this particular Instance. Apparent-

ly, drainage was sufficient to allow fairly deep rooting but did not

cause a moisture deficit.

A summary of the drainage requirements as measured by seasonal 1E30

values for the crops studied are shown in Table 3. This table shows

the average maximum seasonal 1E30 values that were obtained from the

drainage plots without a yield depression. In general, seasonal 1E30

values up to about 1000 cm-days will insure forage crop survival and

satisfactory yields. Satisfactory yields are considered to be a three

percent depression. The winter annual grains such as wheat and barley

can withstand 1E30 values up to about 1500 cm-days and still yield satis-

factorily.
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TABLE II. PERCENT YIELD OF CROPS FOR VARIOUS SEASONAL 1E30 VALUES.

1E30 values
(cm-days) Alfalfa Red Clover Wheat Barley

750 100 100 100 100
1000 98 97 100 100
1250 92 94 100 99
1500 84 90 99 97
1750 74 86 98 95
2000 65 83 97 90

Drainage System Evaluation

Drainage system evaluation by 1E30 values makes it possible to

specify drainage requirements in terms of design criteria, as well as

make comparisons among various designs.

In this section of chapter V, comparisons among various designs

will be made where the principal design criteria are spacing and the

depth of drains relative to the clay layer. The performance of drains

installed in the depth and spacing study area, as measured by midpoint

water table fluctuations were quantitatively evaluate1 using cumulative

1E30 values.

Performance of Designs

Various drain depths and spacings are shown in Figure 20 as a func-

tion of cumulative monthly 1E30 values for 1970-71. The best control

of the water table was obtained with drains 0.46 m deep and 4.57 apart.

The total seasonal IE3 value for this design was only 450 cm-days.

In homogeneous isotropic profiles the closer spacing will provide

better control of the water table than wide spacings, other things being

equal. As shown in Figure 20, drains placed 1.2 m deep and 18.28 m

apart performed better than drains 0.91 m deep and 9.14 m apart. This
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can be attributed to the fact that the soil profile is nonisotropic.

In Plot C1, the drains are in a clay layer where as in Plots A3 and

A5 the drains are above and below the clay layer, respectively. This

suggests that the placement of the drains in relation to the clay layer

may be a more Important factor than the spacing.

The performance and evaluation of some additional drainage systems

for the 1971-72 season are shown in Figure 21. Drainage plots con-

taining four different spacings and two different depths are compared.

For a given drain depth, the closer spacing will provide better water

table control. This will always be true, other things being equal. If

the soil profile were isotropic, the curves for Plots B3 and D1 should

be the same since the ratio of depth to spacing (1:10) is the same for

both. Therefore, the 2130 cm-day difference between the seasonal 1E30

values for Plots D1 and B3 is primarily due to the location of the

drain with respect to the clay layer.

In Figures 20 and 21, drainage Plots C1 and D1 are replicates as

far as depth and spacing is concerned as are Plots A3 and B3. The

distribution and total rainfall shown in these two figures for 1970-71

and 1971-72 are nearly the same. (See Appendix A, Table VI.) The

seasonal 1E30 values for Plots A3 and B3 are also nearly the same.

However, the total 1E30 value for Plot C1 is 500 cm-days greater than

for Plot D1. This cannot be attributed to rainfall, since the data for

C1 was taken in a year when the total rainfall was slightly less than

the year represented by D1. This difference in 1E30 values for the

curves of Plots C1 and D1 in Figures 20 and 21 is largely due to the

placement of the drain with respect to the clay layer. Some difference
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may be attributed to the permeability of the clay layer in the two

plots. However, the plots are physically close together and they are

of the same soil series.

In Figure 22, drains placed at the same spacing but two different

depths are compared with no drainage during the 1972-73 season which

had about one-half the amount of rainfall as the preceeding season.

In Plots X and F drains are spaced 6.1 m apart and at depths of 0.46 m

and 0.91 m respectively. The shallow drains are located near the top

of the clay layer while the drains in are placed near the center of

the clay layer. These data show again the superior control of the water

table by the shallow depth design. The drains in Plot A5 are located

near the bottom of the clay layer but because the spacing is three times

that of Plots X or Fk, the water table is not controlled as well. Even

though the total rainfall is nearly 50 cm below the previous years

shown in Figure 20 and 21, the "no drainage" seasonal 1E30 value for

Plot Y shown in Figure 22 is significantly larger than for any drainage

design thus showing the beneficial effect of drainage.

Determination of Design

Knowledge of the seasonal 1E30 values for individual drainage de-

signs could enable an effective and economical drainage system to be

chosen, if needed, to provide adequate control of the water table.

The water table data collected over the three year period reported

in this thesis was either considerably above or below normal. To show

how drainage system design may affect the cumulative monthly 1E30 value

for a near normal precipitation year, the 1970-71 and 1972-73 seasonal
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1E30 values were averaged for three different drain designs. The re-

sults are shown in Figure 23. The design assumes that a clay layer

exists near the 0.46 m depth and the profile is either of the Concord

or Dayton series. The shallow depth and close spacing design controls

the water table at about 560 cm-days. The 1.2 rn depth and 18.28 spacing

design has a seasonal value of 1780 cm-days. Therefore, a design

having drains located near the top of the clay layer at a shallow depth

and relatively close spacing seems to provide the best control of the

water table in these soils.
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VI. SUN4ARY AND CONCLUSIONS

A large number of hectares in the Willamette Valley have water

tables at or near the surface most of the winter. This poor drainage

is caused by the large amount of precipitation received during this

period and a relatively impermeable clay layer In the soil subsurface.

These soils could be managed more efficiently or at a higher level of

productivity if they were drained.

The water tables fluctuate because of the frequency and duration

of rainfall and natural deep seepage. The frequency and duration of

flooding due to high water tables is important to the winter survival

of some crops. In order to design the best drainage system and to

satisfy the crop drainage requirements, these fluctuating water tables

must be quantitatively defined and then related to the factors in drain-

age design and to the requirements of crops.

A large field drainage facility was installed to evaluate the

fluctuating water tables, determine some crop drainage requirements, and

evaluate the performance of various drainage designs. Water table depths

below the soil surface and rainfall were measured continuously over the

six month rainy period for three years. From these data the fluctuating

water tables were quantitatively evaluated and combined with crop yield

data and performance of drainage design.

The duration and frequency of water table fluctuations were quan-

titatively evaluated by 1E30 values. The 1E30 value is the integrated

excess water table above 30 cm during November 1 to April 30, expressed

in cm-days. These values were obtained from the continuously recorded

water table curves of the various plots. The 1E33 values are an effec-

tive and meaningful quantitative evaluation of fluctuating water tables.



57

Integrating the water table curves of the Willamette Catena with-

out artificial drainage showed quantitative differences among the

natural drainage characteristics of the five soil series. The seasonal

1E30 value for the Dayton soil was nearly 3500 cm-days while the Wil-

lamette series wasonly 350. These differences are very significant

and should be useful in making decisions regarding crop rotation and

land use planning. For instance, given the drainage requirements of

crops in terms of 1E30 values, one should be able to predict which crops

will satisfactorily grow on these soils without artificial drainage.

Also, this approach may be useful to land use planning agencies in

determining the "best use" of the land provided the 1E30 values can be

correlated with land use.

The levels of drainage in the crop drainage requirement study are

evaluated in terms of 1E30 values and correlated with the yields of

crops grown on these levels of drainage. These seasonal 1E30 values

and yields are obtained and averaged from two years of data which had

both unusually high and low rainfall seasons. In general, forage crops

will survive the winter and produce maximum yields with 1E30 values

less than 900 cm-days. Winter annual grains such as wheat and barley

can withstand 1E30 values up to about 1300 cm-days and still produce

maximum yields.

1E30 values are used to evaluate the performance of various drainage

designs installed in Dayton and Concord soils. Three years of data

showed that the performance of drains installed in these nonisotropic

profiles is a function of the placement of the drains in relation to the

clay layer. For example, drains 0.46 m deep and 4.57 in apart during



the 1972-73 season had a 1E30 value of 368 cm-days. But, drains 0.91 m

deep and 9.14 apart had seasonal lB30 values of 2400 cm-days for the

same period because they were located in the clay layer. So, the

shallow depth and relatively close spacing provides better control of

the water table. Also, this design is suited for installation by the

plow-in method which can be much faster and therefore less expensive.

The information acquired from the sections above can be combined

to show some interesting results. It can be concluded that grain crops

could usually be satisfactorily grown on Willamette, Woodburn, and

Amity soils without artificial drainage because they have seasonal 1E30

values less than 1500 cm-days. However, a drainage system design of

0.46 or 1.2 m depth and about 15 m spacing would be necessary to obtain

similar satisfactory yields of grains on Concord and Dayton soils.

Alfalfa and red clover forage crops require seasonal lB30 values less

than 1000 cm-days f or near maximum production. The forage crops could

be grown on most Willamette and Woodburn soils without artificial drain-

age and survive the winter and produce satisfactorily. However, to

raise these _---1 j

system desig

to obtain tli
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VII. FUTURE RESEARCH

If more research is conducted in the future I feel that it should be

directed toward the following areas:

1. Use IE3Q values to classify the natural drainage of Willamette

Catena soils for land use planning such as zoning and place-

ment of septic tanks.

2. Obtain yield data and IE30 values for the crops mentioned

over a longer period and also for some additional crops.

3. Observe the performance of the shallow depth and close spacing

deisgn for a longer time and study the commercial feasibility

of employing the plow-in method to install these shallow

drains.

4, Conduct an economical analysis of the costs and benefits re-

lated to drainage of these soils.
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TABLE A-I. VAlUES FOR THE FACTORS USED TO DETERMINE THE CONSUMPTIVE USE BY THE BLANEY-CRIDDLE FORMULA.

Climatic Crop Consumptive
Precipitation Temperature coefficient coefficient Daylight hrs. Use

Month r (cm) T (°C) kr k.. P (7.) U (cm)

January 16.71 3.33 0.34 0.64 6.40 1.34

February 13.08 5.56 0.41 0.73 6.54 2.09

March 10.62 7.78 0.48 0.85 8.29 3.97

April 6.15 10.56 0.57 0.98 9.08 6.59

May 4.70 13.33 0.66 1.08 10.31 10.48

June 2.99 16.39 0.75 1.13 10.46 13.85

July 0.74 19.17 0.84 1.11 10.57 16.68

August 1.02 18.89 0.83 1.06 9.75 14.41

September 3.84 16.67 0.76 0.99 8.42 9.98

October 7.95 12.22 0.62 0.90 7.61 5.82

November 15.88 7.50 0.47 0.79 6.43 2.75

December 16.76 5.00 0.40 0.64 6.14 2.54

TOTAL 100.42 90.50

I-.,



TABLE A-tI. SEASONAL AND AVERAGE SEASONAl 1E30 VALUES FOR THREE DIFFERENT SITES ON FIVE SOIL SERIES
IN THE WILLAMETTE CATENA, (cm-days).

1E30 value 1E30 value
cm-days Average cm-days Average Average

Soil 11/1/1963- 1E30 value 11/1/1964- 1E30 value 1E30 value
series Site 4/30/64 1963-64 4/30/65 1964-65 1963-64/1964-65

Willamette 234 110.7 129.7
236 288.5 325.3 597.0 539.7 432.5
239 576.6 892.4

Woodburn 226 1015.2 966.6
229 629.9 887.3 965.2 926.3

240 1016.9 963.8

Amity 228 1576.0 1331.1
231 794.5 1230.3 931.4 1176.8 1203.6
233 1320.5 1267.9

Concord 230 2709.6 2203.7
235 1455.8 2180.0 1108.0 1970.6 2075.3
238 2374.6 2599.9

Dayton 227 3390.8 2696.8
232 3303.0 3551.5 2647.5 2759.0 3155.2
237 3960.7 2932.6
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TABLE A-Ill. DEPTH BELOW SOIL SURFACE TO THE RESTRICTIVE LAYER AND
TO DISTINCT MOTTLING, (cm).

Depth to Depth to
restrictive Average distinct Average

layer depth mottling depth
Soil series Site (cm) (cm) (cm) (cm)

Willamette 234 >152.4

236 no distinct layer >152.4 >152.4

239 >152.4

Woodburn 226 76.2 132.1

229 81.3 79.5 114.3 114.3

240 81.3 96.5

ftjnity 228 58.4 68.6

231 71.1 62.7 101.6 98.2

233 58.4 124.5

Concord 230 55.9 7.6

235 30.5 45.0 17.8 11.0

238 48.3 7.6

Dayton 227 33.0 7.6

232 45.7 37.3 7.6 8.5

237 33.0 10.2
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TABLE A-IV. PRODUCT OF THE THICKNESS OF CLAY LAYER AND PERCENT CLAY
IN THE LAYER, (cm).

Thickness range Thickness of Average Product of
of clay layer clay layer % of clay (% clay)

Soil series (cm) (cm) in layer (thickness)

Willamette no definite restrictive layer

Woodburn 76.2 - 96,5 20.3 22.0 4.5

Amity 58.4 - 104.0 45.7 23.0 10.5

Concord 38.0- 96.5 58.4 26.0 15.2

Dayton 38.0 109.2 71.1 30.5 21.7
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TABLE A-V. CUMULATIVE MONTHLY 1E30 VALUES FOR REPRESENTATIVE SITES
OF THE SOIL SERIES, (cm-days).

Willamette Woodburn Amity Concord Dayton
Season 236 226 233 238 227

1963-64
November 56.1 287.8
December 3.9 36.8 457.3 931.7
January 288.5 674.0 679.8 1379.3 1887.3
February 750.6 910.3 1773.8 2473.9
March 1045.0 1337.9 2418.2 3274.8
April 1341.3 2434.5 3575.8

TOTAL SEASONAL
1E30 VALUES 288.5 1045.0 1341.3 2434.5 3575.8

1964-65
November 11.4 135.4
December 287.6 325.5 404.5 731.2 976.8
January 597.4 888.8 1008.7 1726.6 1891.7
February 959.3 1186.4 2430.0 2515.7
March 1223.6 2596.7 2640.9
April 1266.1 2707.3

TOTAL SEASONAL
1E30 VALUES 597.4 959.3 1266.1 2596.7 2707.3



TABLE A-VI. MONTHLY RAINFALL TOTALS FOR FIVE SEASONS, (CM).

Month 1963-64 1964-65 1970-71 1971-72 1972-73

November 17.88 19.15 18.11 .19.23 8.00

December 6.73 33.91 19.48 16.41 18.82

January 24.43 22.20 17.25 23.90 11.25

February 1.83 3.30 11.33 12.07 3.94

March 9.98 1.17 16.15 13.21 6.91

April 2.26 5.03 11.96 13.31 2.51

TOTAL 63.11 84.76 93.78 98.13 51.43

TABLE A-VU. COMULATIVE RAINFALL TOTALS BY MONTHS FOR FIVE SEASONS,
(CM).

Month 1963-64 1964-65 1970-71 1971-72 1972-73

November 17.88 19.15 18.11 19.23 8.00

December 24.61 53.06 37.59 35.64 26.82

January 49.04 75.26 54.84 59.54 38.07

February 50.87 78.56 66.17 71.61 42.01

March 60.85 79.73 82.32 84.82 48.92

April 63.11 84.76 93.78 98.13 51.43
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TABLE A-VIII. LEVEL OF DRAINAGE SETTINGS AND RESPONSES FOR THE PLOTS
IN THE DRAINAGE REQUIREMENT STUDY

Plot Setting Response

E1 1 1

0 0

E3 2 2

2 0

E5 0 2

E6 1 1

E7 0 0

E8 2 2

E9 1 1

F1 1 2

F2 0 1

F3 2 0

F 2 1

F5 1 2

F6 0 0

F7 1 1

F8 2 2

F9 0 0

G1 0 1

G2 2 2

G3 1 0

2 1

G5 1 2

G6 0 0

G7 0 0

G8 1 1

G9 2 2



TABLE A-IX. MONTHLY AJD SEASONAL 1E30 VALUES FOR THREE DRAINAGE LEVELS DURING THREE SEASONS, (cm-days).

Drainage Total monthly 1E30 values (cm-days) Total seasonal
Season level Plot November December January February March April 1E30 (cm-days)

1970-71 0 E5 150.0 247.2 277.3 54.2 150.0 110.9 989.6

1 F5 125.0 158.8 238.9 95.4 153.2 61.2 832.5

2 G5 100.0 100.0 117.2 63.1 98.3 117.9 596.5

1971-72 0 C7 183.5 694.2 553.4 636.5 455.8 378.9 2902.3

1 E8 129.7 413.9 360.7 493.5 331.5 279.9 2009.2

2 F7 92.9 191.8 187.9 204.6 171.8 131.3 980.3

1972-73 0 F6 492.0 506.8 96.6 403.2 38.2 1536.8

1 F 325.2 309.1 74.5 135.2 20.5 864.5

2 F5 302.2 214.6 38.8 124.0 11.2 690.8

-4
0



TABLE A-X. CUMULATIVE MONTHLY 1E30 VAI.UES FOR THREE DRAINAGE LEVELS DURING THREE SEASONS, (cm-days).

Drainage Cumulative monthly IE3p values (cm-days)Season level Plot November December January February March April

1970-71 0 Es 150.0 397.2 674.5 728.7 878.7 989.6

1 F 125.0 283.8 522.7 618.1 771.3 832.5

2 G5 100.0 200.0 317.2 380.2 478.6 596.5

1971-72 0 G7 183.5 877.7 1431.1 2067.6 2523.3 2902.3

1 EB 129.7 543.7 904.4 1397.9 1729.4 2009.2

2 F7 92.9 284.6 472.6 677.2 849.8 980.3

1972-73 0 F6 492.0 998.8 1095.4 1498.6 1536.8

1 325.2 634.3 708.8 844.1 864.5

2 F5 302.2 516.8 555.6 679.6 690.8

-.4



TABLE A-XI. CUMULATIVE AVERACE MONTHLY 1E30 VALUES FOR VARIOUS DRAINAGE SYSTEMS DURING HIGH AND LOW
PRECIPITATION YEARS, (cm-days).

Average Cumulative average monthly
of Drainage 1E30 values (cm-day)

seasons level Plot Nov Dec Jan Feb Mar April

1971-72 0 F6&G7 91.8 684.9 1214.9 1581.5 2011.0 2219.6
+

1972-73 1 Fk&E8 64.8 434.5 769.4 1053.4 1286.8 1436.9

2 F5&F7 46.5 293.4 494.7 616.4 764.7 835.6

1970-71 .46-6.lOm A3&X 55.7 249.9 406.3 444.9 534.0 564.4
+

1972-73 .91-6.lOm G5&F, 50.0 262.6 475.8 544.5 661.4 730.5

l.22-18.28m A5&A5 186.6 607.0 994.9 1288.9 1686.6 1786.5

-4
F.,,



TABLE A-XII. CUMULATIVE MONTHLY IE30 VALUES FOR DIFFERENT DRAINAGE SYSTEM DESIGNS DURING THREE
SEASONS, (cm-days).

Drainage
system design
depth-spacing Cumulative monthly 1E30 values (cm-days)Season (meters) Plot November December January February March April

1970-71 0.46 4.57 A3 111.3 188.4 278.9 313.3 395.5 450.0

1.22 - 18.28 A5 373.1 875.2 1315.5 1814.2 2369.9 2553.6

0.91 - 9.14 C1 518.1 1126.2 1605.6 2122.5 2738.5 3009.2

1971-72 0.91 - 9.14 D1 171.3 696.9 1103.4 1663.6 2062.7 2402.8

0.46 - 4.57 B3 53.4 146.9 234.3 274.3 335.3 368.5

0.46 13.71 Bi, 111.6 342.3 558.1 768.6 941.4 1104.8

0.91 36.58 D3 182.2 828.4 1328.4 2018.1 2551.9 2979.6

1972-73 1.22 18.28 A5 - 338.7 674.3 763.6 1003.3 1019.3

0.46 - 6.10 X - 311.4 533.6 576.4 672.4 678.8

None Y - 524.2 1271.3 1531.8 2160.6 2234.0
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TABLE A-XIII. MONTHLY 1E30 VALUES FOR VARIOUS DRAINAGE DESIGNS DURING
THE 1972-73 SEASON, (cm-days).

Month
1.2-18.28 m

A5

.46-6.10 m

X
none
Y

November

December 338.7 311.4 524.2

January 335.6 222.2 747.1

February 89.3 42.8 260.4

March 239.6 95.9 628.9

April 15.9 6.4 73.4

Total seasonal 1019.1 678.7 2252.0

1E30 (cm-days)
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TABLE B-I. YIELDS OF ALFALFA FOR THE LEVELS OF DRAINAGE DURING 1971,
(METRIC TONS/HECTARE.)

Date of
Year harvest Plot

Level of
0 Plot

drainage
1 Plot 2

1971 June 15 Eg 5.16 E 5.83 E7 6.50

F6 7.40 Fz 7.85 Fs 7.85

G3 7.18 Gi 6.95 G2 7.63

average 6.57 6.89 7.33

July 20 Eg 3.39 E 3.52 E7 3.63

F6 4.31 Fk 4.35 F5 4.44

G3 3.61 G1 2.96 G2 3.84

average 3.77 3.61 3.97

Sept 14 Eg 4.10 E8 4.10 E7 4.10

F6 4.60 F. 4.60 F5 4.60
3.72 G1 3.72 G2 3.72

average 4.15 4.15 4.15

yearly
average 14.49 14.67 15.43
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TABLE B-Il. YIELDS OF ALFALFA FOR LEVELS
(METRIC TONS/HECTARE).

OF DRAINAGE DURING 1972,

Date of Level of drainage
Year harvest Plot 0 Plot 1 Plot 2

1972 June 1 E7 1.95 E9 3.01 E8 3.57
F6 1.68 F 7.07 F5 785
C3 2.74 G1 2.98 G2 5.00

average 2.13 4.35 5.47

July 17 E7 2.18 E9 3.05 E8 3.54
F6 2.20 F 4.60 F5 4.64
C3 1.86 G1 2.56 G2 4.08

average 2.09 3.41 4.13

Aug 22 E7 2.24 Eg 3.18 E8 3.75
F6 2.69 F 4.28 F5 4.28
G3 2.27 C1 2.98 G2 3.86

average 2.40 3.48 3.97

Sept 29 E7 0.70 E9 1.48 E8 1.46
F6 1.17 Fk 2.04 F5 2.09
C3 0.70 G1 1.28 C2 1.64

average 0.85 1.61 1.73

yearly
average 7.47 12.83 15.30
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TABLE B-Ill. YIELDS OF ALFALFA FOR LEVELS OF DRAINAGE DURING 1973,
(METRIC TONS/IIECTARE).

Date of Level of drainage
Year harvest Plot 0 Plot 1 Plot 2

1973 May 29 E7 2.85 E9 4.37 E8 4.62
F6 4.49 F, 6.01 F5 6.64
G3 2.53 G1 3.77 G 4.58

average 3.30 4.71 5.27

July 8 E7 2.51 Eg 3.21 E8 2.69
F6 3.05 F 4.53 F5 4.98
03 2.83 G1 3.14 G2 4.22

average 2.80 3.63 3.97

Aug 13 E7 2.24 Eg 3.34 E8 3.61
F6 3.03 F 3.79 F5 4.13
C3 1.95 C1 251 G2 3.39

average 2.40 3.21 3.70

Sept 27 E7 1.10 Eg 1.86 E8 1.70
F6 1.48 Fk 2.11 F5 2.15
G3 0.96 01 1.35 G2 1.86

average 1.19 1.77 1.91

yearly
average 9.69 13.32 14.85
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TABLE B-IV. AVERAGE YIELDS OF ALFALFA FOR THE LEVELS OF DRAINAGE
DURING THREE YEARS, (METRIC TONS/HECTARE).

Level of drainage
Year Harvest 0 1 2

1971 1 6.57 6.89 7.33
2 3.77 3.61 3.97
3 4.15 4.15 4.15

Total
yearly

average 14.49 14.67 15.43

1972 1 2.13 4.35 5.47
2 2.09 3.41 4.13
3 2.40 3.48 3.97
4 0.85 1.59 1.73

Total
yearly

average 7.47 12.83 15.30

1973 1 3.30 4.71 5.27
2 2.80 3.63 3.97
3 2.40 3.21 3.70
4 1.19 1.77 1.91

Total
yearly

average 9.69 13.32 14.85

1972-73 average
1st harvest 2.71 4.53 5.38

yield - 0.50 0.84 1.00

1972-73 average
2nd harvest 3.01 3.52 4.06

yield - 0.74 0.87 1.00

1972-73 average
total yield 8.59 13.08 15.07

yield - % 0.57 0.87 1.0
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TABLE B-V. YIELDS OF RED CLOVER FOR LEVELS OF DRAINAGE DURING 1971,
(METRIC TONS/HECTARE).

Date of Level of drainage
Year harvest Plot 0 Plot 1 Plot 2

1971 June 14 E2 5.83 E1 6.28 E3 6.50
F9 6.95 F7 7.18 F8 7.18
G6 6.50 Gk 6.73 G5 6.95

average 6.50 6.73 6.95

July 20 E2 3.23 E1 3.21 E3 3.30
F9 5.07 F7 5.38 F8 5.07
G6 5.32 G 4.89 G5 4.78

average 4.53 4.55 4.37

Sept 14 E2 4.42 E1 4.42 E3 4.42
Fg 4.60 F7 4.60 F8 4.60
G6 4.89 G 4.89 C5 4.89

average 4.64 4.64 4.64

yearly
average 15.68 15.93 15.97
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TABLE B-VI. YIELDS OF RED CLOVER FOR LEVELS OF DRAINAGE DURING 1972,
(METRIC TONS/HECTARE).

Date of Level of drainage
Year harvest Plot 0 Plot 1 Plot 2

1972 June 1 E2 4.33 E1 4.82 E3 6.12
F9 4.55 F7 5.56 F8 7.22
C6 3.97 G 6.06 G5 5.99

average 4.28 5.52 6.44

July 17 E2 3.81 E1 3.88 E3 3.99
F9 3.63 F7 3.52 F8 3.84
C6 3.70 G 3.95 G5 3.93

average 3.72 3.79 3.93

Aug 22 E2 3.05 E1 2.94 E3 3.57
F9 3.70 F7 3.16 F8 3.27
C6 2.92 G 3.27 C5 3.45

average 3.23 3.12 3.43

yearly
average 11.24 12.43 13.79
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- TABLE B-Vu. YIELDS OF RED CLOVER FOR LEVELS OF DRAINAGE DURING 1973,
(METRIC TONS/HECTARE).

Date of
Year harvester Plot

Level of
0 Plot

drainage
1 Plot 2

1973 May 29 E2 2.53 E2 3.59 E2 3.86
Fg 3.50 F9 3.70 Fg 3.84
G6 2.06 G6 3.72 G6 4.04

average 2.69 3.68 3.90

July 8 E2 2.96 E2 2.40 E2 2.80
Fg 3.03 Fg 2.76 F9 2.98
G6 2.44 C6 2.15 G6 2.20

average 2.80 2.44 2.67
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TABLE B-V III AVERAGE YIELDS OF RED CLOVER FOR LEVELS OF DRAINAGE
DURING THREE YEARS, (METRIC TONS/HECTARE)

Level of drainage

Year Harvest 0 1 2

1971 1 6.50 6.73 6.95

2 4.53 4.55 4.37

3 4.64 4.64 4.64

Total
yearly
average 15.68 15.93 15.97

1972 1 4.28 5.52 6.44
2 3.72 3.79 3.93

3 3.23 3.12 3.43

Total
yearly
average 11.24 12.43 13.79

1973* 1 2.69 3.68 3.90
2 2.80 2.44 2.67

1972-73 average
1st harvest 3.50 4.60 5.18

yield - 0.68 0.89 1.00

1972-73 average
2nd harvest 3.27 3.12 3.30

yield 7. 0.99 0.95 1.00

1972-73 average
1st & 2nd harvest 6.77 7.72 8.48

yield - 0.80 0.91 1.00

* Note: Crop taken out after 2nd harvest.
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TABLE B-IX. YIELDS OF GRAINS FOR LEVELS OF DRAINAGE DURING 1972-73,
(METRIC TONS/HECTARE).

Year
Date of
harvest Plot 0 Plot 1 Plot 2

Nu Gaines Wheat

1972 Aug 3 E1 5.94 E6 5.79 E5 6.08
F3 4.10 F2 4.37 F1 4.69

5.63 C8 6.08 C9 6.01

average 5.23 5.41 5.53

yield - 0.94 0.97 1.00

Hyslop Wheat

1973 July 30 Ek 6.77 E6 6.24 E5 6.75
F3 5.14 F2 6.44 F1 5.92

7.96 Ge 8.23 G9 7.54

average 5.88 6.98 6.73

yield - 0.84 1.00 0.97

Wade Barley

1972 July 12 E4 2.89 E6 3.23 E5 3.45
F3 3.10 F2 2.33 F1 2.85
G7 1.19 G8 3.57 G9 3.72

average 2.40 3.05 3.34

yield - 0.72 0.91 1.00




