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SUMMARY

Irrigation by pumping affords an independent source of water,
Over-irrigation by pumping where every acre-inch represents a cash out-
lay is less probable. Pumping is the only means of supplying water to
some situations. According to Fourteenth United State Census almost
fourteen percent of the irrigated area of the United States was entirely
dependent on pumped water, and this percentage is increasing.

Soils best suited to supplemental irrigation in the Willamette Val-
ley are those that are free working, without being either too heavy or
sticky or too coarse and sieve-like. The sandy loam soils occurring
along the Willamette and other stream bottoms, or soils belonging to
the Newberg and Chehalis series, and the lighter types of soils on the
Valley floor, such as Willamette loam or silt loam, are suitable for irri-
gation. Soil suxveys of this Valley recently completed indicate that per-
haps a half-million acres, or about one-sixth of the improved land in the
Valley, will give good response to supplemental irrigation.

Crops found to give best response to supplemental irrigation here
are the truck crops, those crops grown for intensive dairying, such as
late cuttings of legume crops, or row crops that make their maximum
growth late in the season, such as roots and corn. Potatoes and beans
are cash crops which give large returns from irrigation and are likely to
pay for proper irrigation.

The chief advantages of supplemental irrigation for free working,
naturally drained Willamette Valley soils, are as follows: (1) irrigation
controls soil moisture, overcomes drouth; (2) provides green pasture and
green feed late in the summer; (3) saves the clover stand and makes a
cutting the first season; (4) makes double cropping possiblelate crops
after early crops; (5) aids the beneficial bacterial and chemical activities
in soil; (6) aids control of crop pests and diseases; (7) increases efficien-
cy of soil moisture during the best growing weather; (8) is an aid to
deep or early plowing and intensive cropping; (9) softens clods and dis-
solves plant foods; (10) if properly planned, pays in increased yields, net
profits, and productive values.

The water available for irrigation in the Willamette Valley is of
good quality and a suitable supply will usually be found in the "under-
flow," which occurs in the gravel substratum under the river-bottom
soils, or along the bottoms of other large streams. Water can also be
pumped for irrigation from perennial streams entering the Valley from
the foot-hills. In the old Valley filling, or Valley floor above the second
bottom, it is not certain that wells of moderate depth will develop suf-
ficient water to give a continuous supply for centrifugal pumps in vol.
umes sufficient for field use.

There is urgent need for (1) a study of ground-water resources here
and of (2) a stovepipe type of well driller with operator experienced in
developing wells for irrigation.

Pumps: The simple, horizontal, centrifugal pump will be suitable
for many purposes in this Valley. Any good standard make will supply
the water needed. The size of the centrifugal pump refers to the inside



diameter of inlet and outlet openings. A number four, or four-inch
centrifugal pump, will discharge about a cubic foot per second, or 450
gallons of water per minute, under a head up to about 70. One cubic foot
of water each second will amount to one inch deep over an acre in one
hour, and is called an acre-inch. The Turbine type of pump has been im-
proved and is suitable on stovepipe wells and where large fluctuations in
water-table occur.

7. Motive power: An electric motor with direct connection with the
pump is a most satisfactory source of power as it avoids loss in belting
and requires minimum attention. Any difference in cost between the use
of distillate and electricity as a source of energy is more than made up
by saving in attendance where the electric power can be employed. In
the case of small plants, in fact, the saving in the labor with the electric
plant may often amount to more than the total fuel bill. As a twenty-
year average, figuring pumped water at the maximum price of one dollar
an acre-inch, an average depth of 6.13 inches has yielded an average net
gain in profit from irrigation of $9.61 (Table I). The economic limit of
irrigation will vary with amount and value of crop increase, quantity of
water required, amount of lift, and other factors. Data indicate that in
the Willamette Valley it should pay to pump about 20 feet for pasture,
25 to 40 feet for alfalfa or clover, and twice this height for potatoes
(Table VII).

The crop-producing power of water, based on net use under good
modern methods of farming and giving maximum net profit each season,
averages approximately:

5.0 inches per ton alfalfa hay
1.2 inches per bushel beans
.25 inches per ton beets

4.0 inches per 100 bushels potatoes.

Efficient use of water in connection with good modern methods of
irrigation farming is essential to success with pumped water. Crop
rotation and manure each rotation with supplemental irrigation has
more than doubled the yield and profit an acre-inch and has cut in two
the water requirement per pound of dry matter (Table V). The farmer
who plans to pump for supplemental irrigation should start early, make
a filing through the State Engineer's Office on the water to be utilized,
level land before seeding to perennial crops, and have the well tested out
with a cheap pump; he should have the permanent pumping equipment
installed and in operation at the beginning of the dry season or earlier.



The Economic Limit of Pumping
for Irrigation

(With Special Reference to Willamette Valley)

By

W. L. Pownss
Chief, Department of Soils

The soil survey of the Willamette Valley, recently completed, indi-
cates that there are nearly one-half million acres of free working soils
with natural drainage located in the river and stream bottoms or within
reach of irrigation obtainable by gravity or with moderate lift and favor-
able for supplemental irrigation. Several hundred filings for irrigation
have been made in the 'vVillamette Valley and the larger part of these
are obtaining water from open streams or wells by means of the indi-
vidual pumping plant. Interest in supplemental irrigation in the Willa-
mette Valley is increasing with the growth of hops, intensive dairying,
small fruit culture, and specialized intensive agriculture that requires late
ceason growth for highest success.

7

Fig. 1. Irrigation makes late cuttings of ciover, dry plot in foreground.

Advantages of irrigation. The advantages of supplemental irrigation
for suitable soils in the Willaniette Valley are: (1) irrigation controls
soil moisture; (2) provides green pasture or green feed late in the sum-
mer; (3) saves the clover stands and makes a cutting the first season;

'The author is indebted to Dean 1-1. S. Rogers and Professor W. J. Gilmore for
helpful suggestions relative to pumping-plant equipment. Also to J. C. Maur, U. S.
Div. Ag. Engr. for Figs. 5, 6, 16, and 17, and cover cut.
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makes double cropping possible, such as late crops after early crops;
aids beneficial bacteria and chemical activities in the soil; (6) aids

control of crop-pests and diseases; (7) increases efficiency of soil
moisture during the best growing weather; (8) aids deep or early fall
plowing; (9) softens clods and dissolves plant food; and, (10) where
properly used on free working soils and obtained at a moderate cost,
pays in increased yields, better quality, larger net profits, and higher
product-ve land values. Truck growers find that supplemental irrigation
here improves quality, aids in forcing crops with soluble fertilizers, and
permits growth of more legume green manure crops.

Fig. 2. Irrigated alfalfa, fourth cutting, vs. dry plot in foreground.

With irrigation it is possible to crop all of the land each year, to
plow deeper, to use more manure with safety, and to grow and incor-
porate more legume sod into the land. This improves the tilth and
builds up the fertility and water capacity so as to lessen the irrigation
requirement.

Irrigation farming requires more detailed attention. In dry weather,
rodents are attracted and weeds encouraged by water. It is highly im-
portant, especially in connection with irrigation by pumping, that a rota-
tion of crops be practiced which will include cultivated cash crops and
legumes, with legume sod and manure plowed in every few years, thus
building up the water-capacity and nitrogen content of the soil and per-
mitting the most permanentlyprofitable returns.

Irrigation by pumping. A pumping plant affords an independent
source of water for irrigation. With no vexing regulations imposed,
and especially where electric power is obtainable, a pumping plant gives
a reliable source of water. Over-irrigation is unlikely where every acre-
foot pumped represents a direct cash outlay. Much land that would be
greatly benefited by irrigation is so situated that the only means of sup-
plying water is by pumping.
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If each irrigation project were to obtain part of its water supply by
pumping there would be far less drainage and alkali trouble. Many large
hydro-electric plants are now in use where water is lifted and delivered
through canals to supply large areas. Plants supplying single farms are
more numerous and are less likely to be carefully engineered, and it is
chiefly to bring together results of experiments and experience with the
small pumping plant that this bulletin is written.

Fig. 3. Early cabbage and blackcap raspberriesirrigated farm, Vest Stayton.

Fig. 4. Effect of irrigation on marketability of potatoes.

The increased use of mechanical equipment, development of hydro-
electric power, and accessibility of water at moderate lifts have con-
tributed to the extension of irrigation by pumping. About 50,000 acres
in Oregon are now so irrigated. Under prevailing conditions it is be-
lieved feasible approximately to double the area so watered.
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Factors affecting profitableness of lift irrigation. "Will it pay?"
The problem confronting the landowner who contemplates irrigation by
pumping is: Will it pay? VThat is the minimum amount of water which,
together with the best time and manner of use and of cultivation, will
yield the crop of highest value and greatest returns upon the water and
land used? Where the cost of irrigation is low, where the crop raised
is large, where the amount of increase due to irrigation is sufficient, and
where the crop obtained through irrigation is valuable, pumping for irri-
gation at moderate lifts will generally pay.

The total cost of pumping increases rapidly with the increased lift,
and fuel cost increases almost directly with the lift. The local price of
energy and the factors affecting duty of water, such as amount and value

Fig. 5. Hollov tools and jar for stovepipe type ol well driller.

of crop increase, sols, climate, rainfall, evaporation, drainage conditions,
skill of the irrigator, and amount of water needed or available, and other
factors, will have their effect on the profitableness of the enterprise, and
should be considered for each case.

Experiment station pioneers in well irrigation development. The
United States Department of Agriculture in cooperation with the Oregon
Agricultural Experiment Station began simple irrigation tests on the
Experiment Station Farm at Corvallis in 1907 to determine the value of
irrigation water to supplement the limited summer rainfall as a means of
increasing production and profit, particularly with more intensive crops
used in connection with dairying. The experiments were extended in
1910 to include soil-moisture investigations, water variation trials and
studies to develop practices for obtaining the highest efficiency and the
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greatest net profit from pumped water on representative soils and crops.
The Oregon Agricultural Experiment Station installed an experimental
well on river-bottom land one mile east of Corvallis in 1926 to test fur-
ther the economic value of well irrigation of small fruits and field crops
on free working river-bottom land. The state legislature recently pro-

Fig. 6. Stovepipe type well drillet showing starter and extra 18-inch 10-gauge sections.

vided for construction of a well and pumping plant to test the economic
feasibility of irrigation for an 80-acre farm unit at the Harney Branch
Experiment Station.

Two present needs are: (1) A thorough investigation of under-
ground water supply by a ground-water geologist and (2) introduction
of a stovepipe type of well construction by well drillers experienced in
the development of wells for irrigation.

Soils best suited to supplemental irrigation in the Willamette Valley
are those which are free working and neither too heavy or sticky nor
too coarse and sieve-like. The sandy-loam soils belonging to the New-
berg and Chehalis series in the river-bottoms of which there are about
200,000 acres, and the lighter types of soils on the Valley floor, such as
Willamette loam and silt loam, are suitable for irrigation.

Crops found to give best response to supplemental irrigation here
2re the truck crops, certain small fruits, and the pasture and green forage
crops grown for intensive dairying, such as late summer pasture and late
cuttings of legume crops, or row crops that make their maximum growth
late in season, such as roots and corn. Potatoes, beans and clover for
seed are cash crops which give large returns from a little water and are
likely to pay for proper supplemental irrigation. According to Pro-
fessor A. G. B. Bouquet, truck crops responding well to irrigation include
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celery, cabbage, tomato, squash, cauliflower, sweet corn, carrots, and
beets. Professor C. E. Schuster reports that Marshall strawberries re-
sponded better to water than Ettersburg, the former giving more than a
ton increase. Raspberries not irrigated developed fall blossoms and
later winter-killed, while with irrigation this did not occur. A heavier
stand of berry plants is desirable with irrigation and cover crops are
greatly aided thereby.

L

Fig. 7. Well driller emptying sand bucket. Fig. 8. Direct connected No. 10 turbine
yields 750 G. P. M.

Water required for supplemental irrigation. The depth of water
used as an average of all trials extending over a period of twenty years,
is approximately six acre-inches per acre each season. This is a net
duty of six acre-inches per acre for our most extensive irrigable soil
type, or Willamette brown silt loam, allowing for little loss in distribu-
tion. The twenty-year average temperature for the five summer months
was slightly warmer than normal and the rainfall for May to September
inclusive was .08 inch above normal. Evaporation for the period aver-
aged $26.66 inches. The studies indicate the net profit from the irrigation
and the total cost of production and irrigation, as well as the value of
crops with and without irrigation, obtained by using average market
values.

Results for ordinary field crops from twenty years' experiments
with irrigation by pumping at the Oregon Agricultural Experiment Sta-
tion are shown in Table I. Using a maximum total annual cost of irri-
gation, one dollar an acre-inch, the average gain in net profit from irri-
gation is $9.61 an acre for all crops. Results show the importance of
using some cash crops of low water requirement.
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If it pays to pump irrigation water a moderate lift for ordinary
field crops, it will surely pay when applied to the more valuable truck
crops or in the more arid sections of the state.

Cost of a small pumping plant. In order to direct attention to the
various operating and maintenance charges involved in pumping for irri-
gation and to arrive at the actual profit or loss incurred from the irri-
gation of crops on the Oregon Agricultural Experiment Station at Cor-
vallis, the cost of irrigation treatment is here given. This plant, which
was installed on Oak Creek in 1919, consists of a four-inch horizontal
centrifugal, double suction, split casing pump direct c&nnected to a five
horse-pGwer, three-phase electric motor. The cost of the plant (Fig. 11)
may be summarized as follows:

COST OF DIRECT-CONNECTED PUMPING UNITOAK CREEK
Installed 1919. Irrigation field, Oregon Agricultural Experiment Station, Corvallis.

A. First cost.
Pump and motor - $ 430.00
Pipe and fittings 81.52
Wiring for motor 16.00
Foundation - 10.00
Installation 80.00
Transportation 20.00
Shelter 50.00
Flume and leveling - 45.sO

$ 733.02
Not included as necessary expense, 1000' of 8" concrete pipe, including K. T. valves

and installation $370.00.

The cost per acre-foot would be less for larger areas and larger
pumping plants of like type. The motor or engine is the largest single
item of expense, yet this may be used for other farm purposes outside the
irrigation season. Pumping 20 acre-feet with the present four-inch pump
and motor electricity at 3c a kilowatt would place the total annual cost
of the plant at 9lc an acre-inch and a 40-acre-foot run with electricity at 2c
KWH. brings the cost to 63c an acre-inch. A maximum cost of $1.00
an acre-inch, however, is used in calculating the profits for irrigation of
crops.

A summary of the results obtained for the twenty-year period 1907-
1928 is given in Table I.

B. Maintenance.

20 acre
ft. run

40 acre
ft. run

Interest and depreciation on $733.02 @ 14 percent -------- $102.62 $102.62
C. Operating expense.

To pump 20 acre-feet (discharge acre-inch an hour, 360
hr. run required).

Power, ave. 3c KWH. (at meter rates) 42.50 @ 2c 55.32
Labor 360 hrs. @ 30c - 72.00 144.00
Lubricating oil (2 mills an hour) .96 1.92

D. Total annual cost.
This is the sum of (B) and (C).
Cost of irrigation (20 A. or 40 A.) 1 foot deep 218.08 303.86
Cost per acre-foot . 10.904 7.59
Cost per acre.inch - .91 .63
Cost per acre-foot per foot of lift. .54 .38



Crop

TABLE 1. COST AND VALUE OF SUPPLEMENTAL IRRIGATION BY PUMPING
All Crop Sumtnary-I907 to 1928 inclusive (20-year average, all comparisons.)

Oregon Agricultural Experiment Station--Department of Soils.

Column 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Gain in
net prof-
it from
irrigation

.---Increase due to irrigation, Pounds water Average
-Yield------, ,-Money Value-, per pound dry of all

Per Per -. Net profitt_, matter compari-
Length ,-Yield per acre-, acre- acre- ,-Whole crop-. ,-Whole crop-, sons

of Water Irri- Per inch Per inch Irri- Irri- (columns
trial applied Dry gated acre water acre water Dry gated Dry gated 10 and 11)

yrs. in. . Ions or bu. . lbs.

Alfalfa 14 9.31 3.478 5.974 1.557 .330 $12.40 $ 1.45 $23.90 $32.30 801 546 $ 8.41
Clover 15 7.555 4.550 6.630 2.150 .453 6.08 1.10 29.36 33.82 584 615 4.46
Potatoes 20 3.75 130.00 191.00 53.10 15.20 27.40 6.36 52.57 78.49 594 1133 25.92
Beans 15 3.27 10.84 15.60 5.18 1.66 13.12 4.34 19.06 30.69 250.5 1793 11.63
Corn . 15 5.30 6.407 9.18 2.90 .60 4.89 .93 11.41 14.20 295 649 2.80
Grass 8 11.20 3.330 5.130 1.810 .17 21.72 1.94 24.96 34.71 522 468 9.75
Kale 3 4.30 10.610 13.950 3.340 .78 16.70 3.88 33.05 44.60 945 937 11.55
Beets 8 4.40 10.817 13.884 3.078 1.28 4.49 1.12 9.84 12.22 566 535 2.38

6.13 9.61

1Proflt above cost of production, taxes not included.
2Cost of production dry alfalfa, clover and grass figured at $15 per acre. Corn, kale, and beans at $20 and potatoes at $40 per acre.

Water at $1 per acre-inch. A charge of $2.00 per ton or 20 cwt., or $0.12 per bushel is made for harvesting the increase due to irriga.
tion. Crop values used (1927), hay, $12 per ton; corn and kale, $5 per ton; potatoes, $0.90 per bushel; beans, $0.06 per pound.
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An average depth of 6.13 acre-inches an acre of irrigation per season
for the twenty-year period calculated at the maximum price of $1.00 per
acre-inch has given a net profit per acre from irrigation of $9.61. The
results show the importance of using some cash crops of low irrigation
requirement.

Where a convenient reservoir site is obtainable, particularly with a
small electric plant, more continuous operation will permit a smaller
plant with lower first cost. The design and cost estimate for other typi-
cal installations is given in the appendix to this bulletin.

Fig. 9. Pump House and discharge 750 G. P. H.

Plant No. 2 (Fig. 14), represents the type of installation on the
river-bottom or East Farm of the Oregon Agricultural Experiment Sta-
tion. The necessary items for such a plant are approximately as follows:

Total annual cost of pumping with such a plant when discharging
900 gallons per minute is estimated as follows:

Plant No. 3 (Fig. 13), is of the type installed the past year at Harney
Branch Experiment Station, except that it is direct connected and dcc-

For 60
acre-feet

run

For 90
acre-feet

run
Interest and depreciation 14 percent on first cost $ 280.00 $ 28000
Labor, 360 hours @ 30c per hour 108.00 162.00
Electric poiver @ 25c per hour, 360 hrs. (meter rates) 90.00 135.00
Lubricating oil - 18.00 27.00
Total annual cost for season's run 496.00 604.00
Total annual cost per acre-foot -- 8.27 6.71
Total annual cost per acre-inch .69 .56
Total annual cost per foot acre-foot, total head 35'

(includes drawdown and friction)
.24 .19

Well pit 6" x 8' x 20' deer and well-curb roof._ $ 483.S9
Two driven wells below pit, including casings 341.30
5-n1h pump directly connected ivith 10 Isp. motor 440.00
Fittings and installation 497.84
Necessary flumes, leveling, and laterals 236.97

Total $2,000.00
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trically driven. The Branch Station plant is a stovepipe type of well
with deep well turbine-pump belted to a 25 h.p. oil engine, with pump-
house and tank for cooling and priming system. The total cost of this
installation, according to Superintendent Shattuck, is approximately
$3,780.00, including:

Total $3,388.72

This plant yields 2 second-feet, a lift of 55 feet, or yields 20 acre-
inches in a ten-hour day. The well cost $2.50 per foot down to 50 feet
and $3 per foot below that depth.

Fig. 10. Belt pulley and head of turbine, Harney Valley.

Total annual cost estimate for 80 acre-feet pumped and distributed
on 80 acres is:

Operating expense: Per hour Per day
1. Labor, I man, 10 hrs. @ $0.40 $0.40 $4.00
2. Fuel 1.3 gal. hr. c $01586 0.1586 1.586
3. Lubricant .079 g. @ $0.0438 0.0438 .438

$00624 $6024
To pump 80 acre-feet (48 days of 10 hours) total 480 hours. $289.15
Interest @ 6 percent on $3388.72 203.32
Depreciation on pumping unit except well @ 7 percent 207.09

Total cost, 80 acres $689.56
Total annual cost per acre or per acre-foot 8.81
Total annual cost per acre-inch 73

Well drilling 86' 24" well and casing 60'
25 h.p. oil engine and belt Lob. Burns
Turbine pump 8-inch fob. Burns
Installation
Pump-house and priming and cooling equipment, weir, and flume.
Two weeks leveling 12 days @ $5 per day (man and team)

-$ 430.20
1,769.14

896.26
127.25
105.87
60.00

U

3
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TABLE II. AVERAGED QUANTITY OF WATER GIVING MOST PROFITABLE
RETURNS

Oregon Agricultural Experiment Station, Corvallis, 1907-1928

Water requirement
(Rain, soil and irrigation)

Total Pounds water Inches
Irriga- inches to one pound per ton

Crop tion used Yield dry matter

Amount of water required. Where obtained by pumping, the duty
of water or hmount of water required by crops is usually moderate in
amount. In more arid sections more water will be required for sandy
soils and also for larger yields of dry matter even though good modern
methods of irrigation farming are practiced. The crop-producing power
of water is indicated in Table II.

--4 -F it II
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Fig. 11. Design of Oak Creek pumping plant.

in. in. tons or bushels lbs. in.
Alfalfa 7.96 20.39 4.656 604 4.4
Clover 5.62 17.75 5.012 544 4.0
Corn 4.93 11.81 10.815 663 4.8
Beans 3.53 8.39 19.99 1636 12.1 per 10 bu.
Grass 11.0 19.91 5.72 484 3.6
Beets 5.3 11.38 16.556 .521 0.25
Potatoes 4.1 9.90 244.2 703 5.3 per 100 bu.
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The quantity of water required for alfalfa is not likely to be less
than five acre-inches, equivalent to five inches of rainfall, for each ton
increase cbtained by irrigation. On this basis ajour-ton crop will re-
quire about twenty to twenty-four inches of soil water or rain or irriga-
tion water. Meadow crops require relatively large amounts of irrigation,
grains and field peas a moderate amount, and cultivated crops com-
paratively small amounts for each season. There are few places in Ore-
gon where potatoes will require more than six acre-inches irrigation or
other row crops more than twelve inches of irrigation for each season.
Under similar conditions grain and peas may require nine to fifteen inch-
es depth an acre a season.

k
-

CJicJi viIe

Cenfrituga/ Pt.in
6ate valve

S.

Fig. 12. Design for gasoline plant.

The minimum depth it is feasible to apply to row crops is usually
two or three inches at an irrigation; meadow crops will usually require
from four to six inches.

The head or size of stream or pump capacity should be sufficient to
cover the area served every three or four weeks, and an irrigating stream
of less than 225 gallons a minute for field crops is not economical. It
may be advisable to provide a small reservoir with the smaller pumping
plants, especially for truck crops, so that some water will be available
at any hour without pumping or to enable more continuous operation by
storing at night to afford a larger irrigating head by day.

Sources of water. Frequently the source of water for pumping is a
running stream, although wells, ponds, or other sufficient supply may be

'-
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Fig. 13. Design for turbine type of installation United States Department Agriculture.
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used. Where lake or river valleys are underlaid with a layer of sand and
gravel in which a strong underfiow may be encountered, a favorable con-
dition exists for well irrigation. A small test well may be necessary to
determine whether the proper quantity and quality of water is present.
The average dug well suitable for domestic uses is generally inadequate
for irrigation, due to its relatively small capacity.

Water in certain regions may be saline or alkaline. Water to be
desirable for irrigation should neither be so saline as to contain more
than 400 parts per 100,000 total salts nor so alkaline as to contain more
than 100 parts per million of sodium carbonate. Much depends, however,
upon the nature of the salts contained and various other factors so that
any general statement as to water quality must be modified for particular
conditions at hand.

Ground-water resources of the Willamette Valley. Information as
to earlier wells and well logs in the Willamette Valley was collected by
F. C. Dillard and the author, and reported in 1916 in connection with
Oregon cooperative work.1 Later information as to existing wells in the
Willamette Valley has been obtained in part by Professor George W.
Kable and by several well drillers operating in the Valley.

In the Canby plateau and most places in the Valley, water is en-
countered after penetrating alluvial deposits ranging from coarse gravel
to clay. The water here is encountered in water-bearing sand, with a
depth of 80 to 100 feet, and rises to a depth of about 40 feet.

In the area between Canby and Salem the main water-bearing ma-
terial is a gravelly layer at a depth of 80 to 130 feet. The water en-
countered rises and stands at 20 to 40 feet from the surface. In this
area, several wells have been developed, with yields approximating one
cubic foot per second. The draw down when pumping is eight to twelve
feet. Mr. A. P. Evans, well driller, of Salem, has constructed approxi-
mately 2,000 wells between Woodburn and Albany, largely on the east
side of the river, and states that he has never failed to obtain a good
flow of water at a depth of 100 to 140 feet in the area north of Salem.

Between Salem and Albany the area of gravelly soil presents some
cemented layers underneath, and a hard-pan must frequently be pene-
trated to reach the best water-bearing layer. At Stayton the town well,
which is 200 feet deep, is said to yield 400 gallons per minute. The water
stands at 14 feet and draws down to 27 feet from the surface when
pumping.

In the Waldo Hills and other residual and igneous "red hill" lands,
the yield of water is from veins or seams in the basalt or the shale, and
the yield may not exceed 100 gallons per minute, or the lift may be
excessive.

At Salem a new well at the Oregon Linen Mills is 240 feet deep
and has yielded 200 gallons per minute. According to the Division
Engineer, Mr. G. Hazelton, the Southern Pacific well, near the passenger
station at Salem, yielded 240 gallons per minute, with the water at about
23 feet from the surface.

'Whistler, J. T. and Lewis, J. HRogue River Valley project and Willaniette Val-
ley Investigations, U. S. Reclamation Bureau, 191&
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Fig. 14. Design for pit type of centrifugal pump installation United States Department
of Agriculture.
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From Albany to Harrisburg the water-bearing gravels are encount-
ered below cemented gravel, and frequently yield hard water which is
desirable for irrigation. One well four miles west of Halsey is said to
have yielded 500 gallons per hour of salty Artesian water. At Junction
City- a seven-foot steel casing sunk to a depth of 45 feet in river gravel
yields 400 gallons per minute. East of the Calapooia toward Lebanon
the gravel is reported to be less permeable and less in amount.

Between Harrisburg and Eugene a gravelly layer is said to be en-
countered at 30 to 100 feet, and below this a "sand rock" is reported
which yields pure water. Water is said to rise within a few feet of the
surface. Well points driven to a depth of 15 to 25 feet in the vicinity of
Eugene yield water for domestic use. '[his water is believed to have a
source in the seepage from the Willamette and Mackenzie rivers. In the
area north of Eugene it is said that the further one goes west from the
Willamette the heavier and more impervious the soil is found to be until
a point is reached where the wisdom of attempting irrigation is ques-
tionable. Near the river the soil texture is suitable but the ground is
uneven. Several large well points are used to irrigate a number of acres
by sprinkling on good-pasture island. On the springfield peninsula
Mr. F. B. Chase has irrigated by pumping far about 25 years. He pumps
from an open 22-foot well in the river-bottom, and the plant is said to
deliver 225 gallons per minute, with a draw down of 18 to 20 inches.

Between Junction City and Corvallis wells have been obtained in the
old Valley filling, with water obtained from 20 to 40 feet depth, in dark
colored sand and gravel. Mr. M. L. Walker has a 30-foot well at Alpine
said to give a steady flow of Artesian water. This well is located on the
side of a hill, and is probably outside of the old Valley filling. The Ex-
periment Station well on the East college farm is in the recent alluvial
bottom-land and yields 900 gallons per minute with a draw down of
about 12 feet and total lift of 32 feet.

In the vicinity of Independence Sloper Brothers have installed many
successful irrigation wells in the river-bottom, with yield as much as
600 and 800 gallons a minute. In the old Valley filling the water-bearing
gravel decreased with distance from the river, and only a small yield of
water is likely to be encountered in the west side of the Valley floor in
the vicinity of Monmouth and Dallas.

A number of wells in the vicinity of Hillsboro are used for irrigation.
Mr. George L. Woodward has a well 40 feet deep, in which water-bearing
quicksand was encountered at 12 to 14 feet; the next flow was from
dark colored sand at 40 feet. This well did not pump dry when used for
irrigating several acres of berries. Mr. Ferd Groner has a well at Oren-
co, the flow from which is used for irrigation and for operating a hy-
draulic ram. The casing is 8 inch, and the well is drilled more than 100
feet. The Ralph Jenkins Estate, at Hazeldale, has an irrigation well 200
or more feet deep, used for irrigating lawn and garden. The Robinson
place west of Farmington in Washington county has a flowing well, the
Portland Golf Club well pumps 150 gallons per minute, and Multnoinah
Club irrigates from a well 63 feet deep.

In general, good irrigation wells should be obtained in the river-
bottom or recent alluvial deposits along larger stream bottoms of the
Valley. More caution is needed in locating wells to obtain adequate
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yield for irrigation in the second bottom (Chehalis soil series) than in
the first bottom (Newberg soil series).

Well drillers' reports as to logs and water-bearing formations, based
on several thousand wells driven for do-mestic supplies in the old Valley
filling indicate that wells of good diameter properly developed will yield
a fair to good supply of water for irrigation covering a considerable
part of the Valley floor. The permeable gravels seem to be more favor-
able for irrigation well development nearer the bottom-lands of the
Willamette and near the confluence of larger streams. The gravelly
water-yielding strata seem to diminish with distance from the river and
some relatively dry areas are indicated. The old alluvial filling is fairly
deep from Aurora and Orenco south to Junction City.

Fig. 15. Types of well strainers and perforated casings.

The shale and basalt foot-hills yield water of good quality from
seams, veins, disrupted layers, or cinder layers at variable depths and in
moderate quantities. The yield may frequently be less than 100 gallons
per minute and in places the lift will be excessive or uneconomic for
practical irrigation purposes.

Relatively poor yields have been obtained from fairly deep holes at
Nebergall Meat Plant in Albany; in the soapstone ridge just east of
Orleans Station; in the basalt hills south of Molalla and in similar ma-
terial at Cottage Farm, southeast of Salem; also, in the vicinity of the
State Fair Grounds.

:000 Ill Ill
1000 III lilt
1100 III [I III
1001 I'll loll
1000 Ill Ill
1001 Ill' Ill'
000 Ill Ill
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A list of some of the better yielding wells is appended (Table XII).
It should be remembered that comparatively few wells have been in-
stalled for irrigation purposes and minimum yield or amount of draw
down with heavy pumping on many existing wells is unknown.

Well location and construction. A well may be located on a high
point so that water can be distributed by gravity. Inquiry should be
made as to the formations encountered and water developed in existing
wells in the neighborhood; if necessary, a small test well should be put
down to learn the formations to be dealt with. A careful log of the
well should be recorded daily so that the nature of formation encount-
ered and the location of water-bearing strata may be definitely known.
When the well is sufficiently deep, it should be developed by pumping
continuously for twenty-four to forty-eight hours and a test of the
amount of water that the well can be made to yield should be made by
measurement of the stream discharged before investment is made in cx-

Fig. 16. Well strainer used with gravel envelope to secure large yield in fine material.

pensive machinery. Such measurements will indicate the amount of
draw down of the water-table when pumping is in progress and the yield
of the well with economic draw down and capacity of machinery needed.
Well contracts should stipulate that a careful log of the well should be
kept. It is best to contract for a minimum depth with provision for con-
struction of a deeper well at the option of the owner at a given price
per foot or a price per foot graduated according to depth. It may be
desirable in the case of a drilled well with standard casing to drill two
holes in different corners of the well pit and install a double suction
leading to the pump. This should lessen the amount of draw down or
suction lift when pumping. With the stovepipe type of bored well water
may be admitted at different levels and the turbine pump is submerged.
Perforations should not be large enough to admit gravel more than
inch in diameter. A careful log of the well should be kept in any case.
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Types of wells. Wells for irrigation under the conditions such as
exist in Willamette Valley may be of two types: (1) standard casing
or (2) stovepipe casing.

The first of these would be constructed by digging an open pit seven
feet in diameter nearly to the water line where the water is at moderate
depth and then drilling in the bottom of this pit and driving a standard
well casing below the water plane far enough to insure a head which will
force water into the well during pumping. A standard casing four inches
to ten inches or more in diameter, depending on the size of pump, should
be extended below the water plane, say 30 feet or more, to overcome
the greatest possible draw down of the water plane about the well when
pumping. The lower half of this casing should be thoroughly perforated

Fig. 17. Jacks used in installing stovepipe well casing. Casing perforator at right.

with half-inch holes or slotted with a torch before being driven or, in
case of quicksand, a patent strainer may be inserted and exposed by
jacking the casing up 12 to 15 feet in the water.bearing stratum to allow
water to enter. Patent strainers are usually of amalgam or composition
metal that will not corrode and the openings are made in a metal screen
or slitted by cutting from the inside so that sand grains starting through
will not lodge and clog the screen. Typical strainers are shown (Fig.
15). The lower end of the perforated casing or strainer should be
screened or plugged. The diameter of the casing should be at least one-
third to one-half larger than the diameter of the pump desired and per.
forations should provide a total area of at ]east twelve to eighteen times
that of the cross-section of the casing. With this condition fulfilled some
sand will be pumped out and the flow may be increased without the
eroding or carrying of coarse material into the casing. A larger casing
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driven first, followed by a smaller casing set inside, then the filling of
the space between with gravel is sometimes necessary. This gravel
envelope will tend to keep out sand but is more expensive.

A second type of well may be installed in alluvial deposits with a
stovepipe type of well driller. Such wells are made from 10 to 26 inches
in diameter and are started with a well point and casing with one or two
thicknesses of 10- to 16-gauge riveted iron pipe. The heavier gauge is
sometimes employed alone in sections 24 to 30 inches long which are
joined with bands and riveted together. When two courses of pipe are
employed they are arranged so as to break joints and dented with a pick
so that they will retain their position relative to each other. Such a
well has the advantage of permitting holes to be made with a perforator

Fig. 18. Small gasoline outfitNorth of Lebanon, Santiam River.

throughout any water.bearing stratum. This well is suitable for receiving
a turbine type of pump which will be a desirable type of installation
where there is considerable draw down and considerable seasonal fluc-
tuation in the level of the water-table. This pump is more expensive but
often the cost of the well is less. Such wells have not been used in
the Willamette Valley, yet there is much reason for believing that they
will be successful.

Home-made wells have been installed which yielded sufficient water
for irrigation of small areas of truck crops. Mr. F. E. Price, Soils Exten-
sion Specialist, has built several such wells with an extension post hole
auger. Cement gravel hard-pan in Benton and Linn counties in the old
Valley filling has been encountered in this work and before a strong
flow can be reached it must be drilled through.

Pumps and pipes. Two kinds of pumps may be considered: (1) the
centrifugal pump and (2) the deep well turbine. Choice of kind of
pump will vary with depth to water, amount of draw down, amount of
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fluctuation of the water-table, first cost, and length of irrigation season.
For the short irrigation season here a side suction pump may be more
economical than the higher priced and more efficient double suction
type.

The centrifugal pump. The centrifugal pump is most suitable for
large quantities of water and moderate lifts. Such a pump may be oper-
ated by a vertical or horizontal shaft. Frequently the suction lift will
not exceed a few feet, and the pump may be placed at or near the water
surface and be of the horizontal type. It can then be mounted and sup-
ported better than the vertical type. Where the low-water level is not
more than 18 feet below the surface, the pump may be installed in a
pit and operated by a belt running in an inclined position. High-grade
centrifugal pumps are constructed with split casing to facilitate cleaning
and with double suction to reduce friction and to balance the force of
the water, while the casing is water sealed. The approximate capacity
of centrifugal pumps is shown in Table III.

The turbine pump may be installed in bored wells one to two feet in
diameter. The outside diameter of the bowls should be at least two
inches less than the inside diameter of the well casing. The bowls of
the pump are submerged and above the corners are blades that direct
the flow of the water into the discharge pipe. Certain types of turbine
pumps can be very easily extended by adding to the number of bowls,
thus increasing the head under which they will operate effectively. The
turbine pump, while somewhat more expensive and a little more com-
plicated and less durable than the horizontal centrifugal is nevertheless
well adapted to irrigation where the level of the water shows consider-
able fluctuation. Also the motor can be on the surface so that it is
unnecessary to take up equipment during high water.

In any case it is desirable to get the dealer's guarantee of the per-
formance of the pump under the given conditions. Farmers are cau-
tioned against investing in freak pumps as it is unwise to experiment
with any but standardized equipment.

Suction pipes. Suction pipes must be air tight and, in order to re-
duce friction, from thirty-five to fifty percent greater in diameter than
the pump.

The suction lift should be as short as practicable, not more than
twelve feet in length. It should be placed either vertically or on an in-
cline, avoiding air pockets. If a foot valve is used, a vertical position
should be arranged for the suction end of the pipe. The suction end
should be submerged from three to six feet, depending on the size of
the pipe. If the pipe is more than four inches in diameter, screwed
casing should be avoided. Flanged connections are desirable for four-
inch pipe or larger unless in a pit where space is limited. Where tight
casing extends twenty-five feet below the water plane, it is possible
though not desirable to connect suction directly to the casing. Ninety
percent of centrifugal pump trouble is on the suction side.
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TABLE III. APPROXIMATE SIZE AND COST OF PUMPING UNITS FOR
DIFFERENT QUANTITIES AND HEADS, NOV. 1927'

Horizontal side suction direct connected centrifugal pumping units with starter.

'Prices given by dealers.

TABLE IV. APPROXIMATE COST OF TURBINE PUMPING UNITS.
NOV. 1927'

For belt-drive pump only

Pump No. GPM HP-40 foot Price Weight RPM

1Prices given by dealers.

Discharge pipes. To reduce friction it is desirable that the discharge
pipe should be not less than one-third larger in diameter than the pump
discharge. When the pump is above the level of the discharge the end
of the discharge pipe, if short, should be submerged. This is to utilize
the siphon effect which is an important item in large installations. The
mounting of the pump and pipes should be such as to avoid undue
strain on the pump, since the weight of large pipes is considerable. A
check valve placed between the pump and the discharge pipe retains
water and closes the discharge pipe when producing a vacuum for prim.
ing and also protects the pump and motor. For high lifts a gate valve
should also be provided in the discharge pipe just above the pump.
Large radius elbows should be used to reduce friction. It is advisable
to anchor discharge pipe on a steep hillside.

Direct-connected motor included

Pump No. GPM HP-40 foot Price Weight RPM

Quantity
(approxi-
mate) per

minute
Size

pump
Shipping

weight Head
Horse-power Cost FOB.
recommended Portland

in. lbs. ft. hp.
300 3 530 20 5 (Liberal) $270
300 3 775 40 7ii 331
300 3 810 60 10 347
500 GPM 4 775 20 7 351
500 4 810 40 10 367
500 4 955 60 15 398
500 5 875 20 75 386
500 5 910 40 10 402
500 5 1035 60 15 433
700 5 910 20 10 402
700 5 1035 40 15 433
700 5 1245 60 20 462
900 6 1110 20 10 446
900 6 1235 40 15 477
900 6 1445 60 20 506

lbs.
6 360 $606 1500 1730
7 525 10 745 1900 1730
9 900 15 670 2400 1730

10 1100 20 1044 3200 1160

lbs.
6 360 6 $400 1100 1730
7 525 9t 520 1500 1730
9 900 15 580 2000 1730

10 1100 17 640 2400 1160
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Installation of pump. The horizontal centrifugal pump does not re-
quire an extra heavy foundation, but it should be sufficiently heavy to
hold against belt strain, weight of pipes, the water column in pipes, and
vibration. Foundations for pump and motor may be of wood or con-
crete. If concrete is used, a mixture of one part cement, two parts clean,
coarse sand, and three and one-half parts coarse aggregate should be
used after being well mixed. Figure 12 shows method of locating bolts
in concrete to conform to base holes of pump and motor. After concrete
is placed in form, it should be kept moist for several days to cure before
the machines are set. Direct-connected pumping units are assembled at
the factory and shaft alignment adjusted. If subsequent disalignment
occurs it causes the motor to heat and run noisily. This is corrected by
use of wedges and is facilitated by use of a steel testing gauge.

Operation. The pump must run at the proper speed and before
power is applied it should be tested to see that it runs freely and that it
runs in the right direction. The pump and engine shafts should be
parallel and level and the pulleys of both in line. To level pump and
engine make use of nuts below bases as shown in Fig. 12. Allow 16 to
20 feet between engine and pump shafts to obtain proper weight of belt.
The gate valve on the discharge of high-gear pumps should be closed
while priming is being done and opened gradually after the pump is
operating at full speed. This will prevent water hammer in the pipes and
overloading of the motor in starting. As soon as the pump reaches full
speed, the gate-valve should be opened slightly to prevent churning and
undue warming of runners. No damage will result from over-pressure
by operating the pump at full speed with the gate-valve closed.

For lifts of more than a few feet a stand pipe, air chamber, or quick-
acting release valve should be provided to avoid churning and water
hammer, especially where pumping into a concrete distribution pipe line.

Priming and starting. Suction results from creating a partial vac-
uum, which is then filled with water by atmospheric pressure. A cen-
trifugal pump cannot act as an air pump and must oper.ate below the
water to prime itself. A pitcher pump, attached to the jacket of the
main pump by means of a short gas pipe, may be used to pump out the
air in priming, as is shown in Fig. 14. The pump should be started with
the gate-valve closed, if a friction clutch is provided. The pipe must be
provided with an air-tight valve to close it after priming.

Failure of pump to work. When the pump delivers a full stream at
the level of the pump but not at a higher discharge point, the speed of
the pump runner is too low. If the pump fails to deliver a full stream of
water, the speed and water supply being unchanged, -the suction pipe is
probably obstructed. Lack of sufficient lubrication, poor alignment, or
too tight a belt, will cause bearings to heat unduly.

When ordering a pump to go with an engine or vice versa diameter
of pulley and revolutions per minute should be given, so that the pump
will run up to rated economic speed. Flexible couplings should be pro-
vided between pump and motor in a direct connected unit. Where water
is obtained from an open stream a screen should be provided in the
intake channel.
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POWER
Kinds of power. The success of a pumping plant is affected by the

power used. The selection of an efficient kind of power for the condi-
tions is of vital importance. Where electric power can be obtained at a
reasonable cost, it offers very desirable energy with a small operating
expense, because the cost of attendance may be almost entirely elimi-
nated. Distillate or crude oil engine power is fairly reliable in the hands
of a man with fair mechanical ability, and is the power that will be used
in many cases. Such a form of power is usually available on the aver-
age farm and may be used for irrigation purposes when it otherwise
would be idle.

Fig. 19. Harney Station pump house and engine cooling system.

Motors. A three phase motor is much used when power is available.
Such a motor tends to start promptly and requires little attention. If it
is kept oiled and not overloaded little difficulty should be encountered.
A direct connected motor saves loss in belting. The efficiency of such a
unit may be 60 percent whereas a gasoline engine belted to a centrifugal
pump will give a plant efficiency of 50 percent under good conditions. A
motor must be located where it is certain to be kept dry. In ordering
a motor that is not to be direct connected, the speed of the pump and
size of pulley should be reported and specifications should include suit-
able pulley for the motor, which should be on an adjustable base with
slide rails to permit tightening the joints. A starting compensator will
usually be needed. Two hundred and twenty volt motors are commonly
used with s.peeds of from 720 to 1750 revolutions per minute. Excessive
Iseat indicates that the motor is overloaded. If the motor starts to rotate
in the wrong direction when connected it should be stopped at once and
two of the connecting wires should be reversed. In most cases an
overload release is provided which trips out the starter when the mot&r
becomes overloaded. The oil level should be kept fairly constant in the
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oil ring bearings by frequent additions of small amounts of special motor
oil. The motor should be set rigidly on a concrete foundation. Pumping
machinery should be protected from the weather by a plain, small house
that is fire proof and provided with ventilation and light. Frequently
a small amount of line and a transformer will be required as a part of
the installation cost. Meters are usually, furnished by the power com-
pany. A switch, fuses, and possibly a lightning arrester will be required
with the electric installation

Selecting a gas engine. Care should be exercised itt selecting the
gas engine. The present high price of gasoline demands that only an
engine which uses the heavier fuels such as distillate, ketosene or crude
oil should be purchased A throttling engine should be given prefer
ence. A magneto is more reliable than dry cells. In some cases the
crude-oil engine will be preferable, since fuel may then be ttsd costing
as low as four or five cents a gallon. The ease of getting and replacing

Fig. 20. An inefficient assembly. Note unnecessary lift and turns in pipe.

parts for repair at low cost should be considered. Repairs will be needed
and delays are often serious. In some localities it will be desirable to
use an engine which has the greatest provision for excluding blowing
sand from bearings in moving parts. It is much better to select an
engine a little too large than too small.

Calculation of power required. A horse-power will lift a cubic foot
of water 8.8 feet per second (or lift 33,000 pounds one foot per minute),
and is then called a water horse-power. To the apparent vertical lift
must be added the friction head for the length of pipe used in the pro-
posed discharge, also the friction head due to bends in suction and dis-
charge. The friction value for straight pipes is given in Table VI. For
each 90 turn of a given-sized pipe add friction equal to fifty feet of
straight pipe and for suction one foot and discharge one-half foot, addi-
tional lift. Suppose the total head is found to be 26.4 feet and we are
to elevate continuously one cubic foot per second or 450 gallons per
minute. This should be reduced to actual foot pounds of work per
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minute: 26.4 x 62.5 x 60 = 99,000, or the number of foot pounds per
minute. Dividing this by 33,000, or the foot pounds of work in a horse-
power, we obtain three horse-power; therefore, making the ordinary al-
lowance for the efficiency of machinery at 50 percent at least six horse-
power would be required. A little extra power is desirable.

Efficient design needed for profitable pump irrigation. Few small
pumping plants in the Valley have been installed so as to give the high-
est possible efficiency. Piping should be arranged to reduce friction to a
minimum and to discharge the water at the lowest practicable elevation.
Shelter and good care of pumping machinery are necessary to maintain
its efficiency. (Fig. 18 shows inefficient arrangement of piping.)

Fig. 22. Laying concrete pipe.

Economical use of pumped water necessary. Careful use of pumped
water is necessary if the greatest profits are to be realized. Modern
irrigation demands that water be measured and applied to the root
zone according to the usable water capacity of the soil (Fig. 28). Ex-
cessive use of water may injure the quality of soil and crop to the point
of unprofitable production even in arid climates. The water therefore
should be carefully measured and skillfully applied. Land should be
carefully leveled to a uniform slope and laterals should be as near water
tight as practicable. Frequently it will be desirable to use underground
concrete, wood or iron pipe for laterals. To distribute water from
hydrants along this pipe, overhead pipe, portable canvas hose, or slip-
joint black tin pipe may be used. Small furrows or corrugations for dis-
tributing water on the field will save water as compared to flooding
where the stream is small. The furrows may be three to four feet apart
and 220 to 440 feet long, being shorter on sandy soils. Normal soils
should be cultivated, whenever possible, just as soon after irrigation as
the soil is dry enough to crumble and form a mulch, kill weed seedlings,
and restore desirable soil structure.
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Crop rotation and use of manure saves water. In connection with
experiments at the Oregon Agricultural Experiment Station it became
obvious that rotation which permitted plowing down of legume sod and
turning under manure each rotation was of great value in increasing
efficiency of water supplied. An experiment was therefore arranged to
measure the value of crop rotation and manure for increasing the yield
per unit of water employed. Four plots each of grain, alsike clover, and
white beans were grown each year and rotated in the order named. One
plot of each crop was dry-farmed, the second manured and dry-farmed,
the third irrigated, and the fourth irrigated and manured. Two addition-
al plots, one irrigated and one dry-farmed, were provided adjacent to
these rotations and cropped to beans continuously. The results obtained
from 12 years of this trial covering four rotations are given in Table V.

1 -1

Fig. 23. Discharge from hydrant 900 G. P. M., East Farm, Oregon Agriculturai
Experiment Station.

At the beginning of this experiment the average yield of all plots was
about 12 bushels of beans per acre. Continuous cropping has reduced
the yield to less than six bushels, while rotation, irrigation, and manure
have increased the yield to more than 20 bushels and have resulted in
twice the yield, as a twelve-year average. This was obtained at one-half
the water cost of that for the crops grown on continuously cropped
plots. Rotation is especially important on our rather heavy soils and is
likewise important in building up sandy land under irrigation (Fig. 29).

Laying concrete irrigation pipe. Where irrigation has been found
profitable and becomes an established practice it will often be advisable
to install permanent underground concrete laterals especially with in-
tensive crops or on sandy undulating bottom-land. Concrete pipe for
irrigation water conduits should be placed on a surveyed grade with
the top of the pipeline fully two feet below the soil surface. The joints
are banded" with rich cement made of about two parts clean sharp
sand to one of Portland cement. The dry mixture should be moistened
to the consistency of slightly stiff mush, using lime-water to give tenaci-
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ty and quick setting qualities. A collar 1 to 2 inches thick should be
formed about the joint. Then a long-handled brush thay be used to
spread a wet cement mixture over the inside of the joint and "grout"
the inside of the pipe. A brush dipped into water and drawn over the
collar will smooth off the surface. Within a few minutes damp earth
should be placed about the collars to prevent rapid drying. The trench
should be filled before water is pumped through the newly placed pipe-
line. Air vents are advisable near the pump and at high points. Outlet
valves and portable hydrants may be obtained from dealers. Carrying ca-
pacity of concrete pipe is given in Table IX.

Fig. 24. Furrow irrigation ol cabbage, after peas.

TABLE V. VALUE OF MANURE, ROTATION. AND IRRIGATION IN GROW-
ING BEANS IN THE WILLAMETTE VALLEY

12-year average

Units
,Average net profit water

Gain by per
Yield rotation Per pound

Water per Per and acre- dry-
Treatment applied acre Gain acre manure inch matter

in. bu. bu. lbs.
Dry

Continuous 7.28 . $ 620 ..._ 3279
Rotation ... 11.07 3.79 19.40 $13.64 2601
Rotation and manure .. 13.07 6.49 28.77 22.61 1984

Irrigated
Continuous 3.0 9.49 2.21 10.92 .. 3.65 3759
Rotation 3.0 15.76 8.48 32.73 19.57 10.91 2562
Rotation and manure 3.0 19.93 12.65 47.25. 37.58 15.75 1868
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TABLE VI. LOSS OF HEAD IN FEET, DUE TO FRICTION IN VARIOUS
SIZES OF SMOOTH, STRAIGHT CAST IRON PIPE FOR EVERY 100 FEET

USED. THE FRICTION LOSSES ON WOOD PIPE WILL BE LESS
THAN THAT GIVEN IN THIS TABLE'

Gallons pe
minute ho. 2ju. 3m. 4. 6jn. 7jn. 8in. 9in.lOin.l2in.

1.9 .09 .01
10 7.3 .28 .05
15 16.1 .57 .09 .02
20 28.0 .96 .13 .03 .01
25 43.7 1.7 .23 .05 .02 .01
30 63.2 2.1 .30 .07 .03 .01
35 85.1 2.7 .39 .11 .04 .02
40 110. 3.7 .53 .14 .05 .02
45 145. 4.6 .64 .16 .07 .02
50 185. 5.6 .80 .20 .09 .03 .01 .01
60 253. 8.0 1.2 .30 .11 .05 .01 .01
70 340. 11.0 1.4 .44 .16 .06 .02 .01
75 393. 12.2 1.7 .48 .17 .07 .02 .02
80 . 442. 14.5 2.0 .53 .18 .07 .03 .02
90 580. 17.9 2.5 .60 .21 .09 .04 .02

100 21.7 2.9 .74 .27 .11 .05 .03 .01 .01
125 34.3 4.6 1.2 .39 .16 .07 .04 .02 .01
150 48.8 6.5 1.6 .57 .23 .09 .06 .03 .02 .01
175 64.6 8.6 2.1 .78 .30 .11 .07 .04 .03 .01
200 86.2 11.5 2.8 .96 39 .16 .10 .05 .04 .02
250 137. 17.7 4.3 1.5 .60 .28 .15 .09 .05 .02
300 195. 25.7 6.2 2.1 .85 .39 .21 .11 .07 .03
350 . 258. 34.9 8.4 2.9 1.1 .53 .28 .16 .10 .04
400 345. 44.9 10.9 3.7 1.5 .69 .37 .21 .13 .05
450 439. 57.5 13.8 4.6 1.8 .85 .43 .25 .15 .06
500 549. 70.8 17.1 5.5 2.3 1.0 .56 .32 .20 .08
750 159. 38.7 13.5 5.1 2.3 1.4 .69 .41 .18

1000 283. 68.4 22.0 9.0 4.1 2.2 1.2 .73 .30
1250 442. 107. 37.5 13.8 6.6 3.7 1.9 1.1 .46
1500.......... 637. 154. 49.5 19.8 10.4 5.0 2.7 1.6 .66
1800 220. 73.6 28.8 13.6 6.9 4.0 2.3 .94
2000 273. 88. 35.6 16.4 8.5 4.8 2.8 1.2
3000 615. 198. 81. 36.9 19.8 10.8 6.3 2.6

'After table by 0. W. Wailer, Washington State College Bulletin.

To find friction loss in pounds multiply figures by1 0.434.
Figures given are for clean, straight pipe and do not allow for fric-

tion in elbows or short bends. If many short-radius elbows are used
they should be taken into account in making calculation.

The economic limit of lift irrigation. The economic limit of irriga-
tion by pumping will depend on a number of factors, the chief of which
are (1) lift, (2) price of energy, (3) amount of water required, (4) yield
increase due to irrigation, (5) value of the crop increase, (6) skill and
economy of the irrigator.

The fuel cost of pumping varies almost directly with the lift and the
total cost increases rapidly although not directly with the lift; the crop
obtained by the irrigation for twice the lift will therefore need to be
more than twice the value. Since the draw down may increase for larger
quantities pumped, the economic capacity may be lees than the maximum
yield of a well.

The cost of energy in recent years has been fairly stable where
power can be obtained. Electric power will be found most reliable and
convenient where electric current is available in th vicinity of the pro-
posed pumping plant. Otherwise, a crude oil or a Diesel engine will fre-
quently be the most economic source of energy. In a test to determine
the cost of pumping 10 acre-feet, with a lift of 20 feet, where a gas en-
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gine and an electric motor were set so that the belt would be attached
to either as a source of power, there was found to be a difference of $10
in favor of the gas engine for the 10 acre-feet pumped, for energy. The
saving in labor with the electric installation, however, amounted to more
than the total fuel bill. \Vith the short irrigation season it is frequently
possible to pay for the months during which power is connected at the
regular meter rates. Where the irrigating can be completed in a two or
three months' run, with fairly steady operation the cost of energy will be
of the order o.f two cents to three cents per kilowatt hour. The trans-
portation of fuel to remote districts, or power-line extensions, may result
iii a cost that will eliminate the profit.

Fig. 25. Portable hydrant.

The amount of water required based on 20 years' measurement of
the crop producing power of water under good modern field methods
of irrigation farming has been found to be about five inches per ton
alfalfa and four inches per 100 bushels potatoes, etc. (Table II.)

The average proportion of the total water needed to be supplied arti-
ficially in the old Valley filling soils of the Willamette should not exceed
six acre-inches an acre for row crops or 12 acre-inches for meadow, ex-
cept pasture, which may require 18 or 20 inches to maintain a thrifty
condition for the season. The average net duty of water for the Valley
floor may be taken at 12 acre-inches per acre for Valley floor. Recent
experiments indicate that it may be 18 inches an acre for the free work-
ing soils of the river-bottom.

The increase in yield obtained by irrigation and its value will have
an important bearing on the economic limit of lift irrigation. A fair
degree of mechanical ability and skill in use of irrigation water are
necessary to successful irrigation by pumping. A well balanced system
of cropping built around staple enterprises adapted to the area and good
farm practices are necessary. A good growing climate and good distri-
bution system together with proper preparation of land for irrigation
will affect the profitableness of lift irrigation.

During the period from 1907 to 1928 the average amount of water
used on alfalfa at the Oregon Agricultural Experiment Station has been



Fig. 26. Furrow irrigation of potatoes, Oregon Agricultural Experiment Station.
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about 10 acre-inches an acre. The average cost is taken at the maximum
price of one dollar per acre-inch. The average increase in yield has been
slightly more than two tons per acre sold on an average at $10 per ton,
leaving a net profit of about $10 per acre.

If a profit of $10 per acre is realized with a two-ton increase when
hay is $10 a ton, the economic limit would be exceeded in case the price
is decreased to $5 per ton or if the increase obtained shrinks to one ton,
for it would cost something to harvest the increase.

If a net profit of $10 per acre is realized from the irrigation of alfalfa
under a 20 foot lift when the cost is SOc per acre-foot per foot of lift, then
40 feet will be the economic limit of lift.

If the total annual cost of pumping water for a given condition is
one dollar an acre-inch, and the average net profit is $10 an acre, then the
economic limit of irrigation would be met for a sandier soil requiring an
additional 10 acre-inches of irrigation provided the value of the increase
in crop obtained remained the same.

Fig. 27. Irrigated blackcap raspberries East Farm, Oregon Agricultural Experiment
tation.

TABLE VII. PROFIT FROM PUMPING FOR DIFFERENT LIFTS AND CROPS
WHEN TOTAL ANNUAL COST OF IRRIGATION IS 50c PER ACRE-

FOOT PER FOOT OF LIFT
Increase Net

from value Net
irrigation per value .----Dollars net profit

Water bushels bushel of in- 20 foot 30 foot 40 foot 60 foot
Crop applied or tons or ton crease lift lift lift lift

$ 8.00 T. $10.°0 3 50 -175 -9.00 -2t.50
Alfalfa 15 2.00 T. 10.00 T. 20.00 750 1.25 -5.00 .17.50

12.00 T. 24.00 11.50 5.25 -1.00 -13.50

Potatoes 9 50.00 bu. .60 bu. 30.00 22.50 18.75 15.00 7.50
.90 bu. 45.00 37.50 33.75 30.00 22.50

Berries 12 1.00 T. 80.00 T. 80.00 70.00 65.00 60.00 50.00
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Profit from pumping for different lifts and crops. (Table VII.) Ta-
ble VI has been prepared based on quantities of water and increases in
crop yields induced thereby which experiment and observation have
shown to be reasonable. The total annual cost of water is taken at 50
cents per acre-foot per foot of lift. With alfalfa on the Willamette Val-
ley floor soils it is not likely that it will pay to lift water 40 feet with
water costing 50 cents a foot acre-foot when hay is worth $10 a ton, net
or above the cost of harvesting the increase. A cash crop like potatoes
will stand twice the lift under the conditions or may pay for water
pumped 60 feet. The economic limit of pumping to irrigate berries for
the case cited would be considerably more. The importance of irrigating
some cash crops of low water requirement is demonstrated herein.

T obtain the minimum power rate an electric unit should be oper-
ated at least 24 ten-hour days or 240 hours per month or better 15 twen-
ty-four hour days or .360 hours per month. If a four-inch pump is oper-
ated one-half of the total time per month it should pump about 25 acre-
feet (twenty-five twelve-hour days), and a five h.p. motor would handle
this load with a 20-foot lift.

Pasture irrigation. During the summer of 1925 a cooperative study
of the carrying capacity of irrigated sheep pasture was initiated by the
departments of Animal Husbandry and Soils. The grass plots and their
irrigation system was extended to include four half-acre lots, two of
which were chiefly old grassy sod and the other newly seeded grasses
and clovers. The soil is Amity silty clay loam with only fair natural
drainage. It is watered by the corrugation method. The stand of pas-
ture plants is being improved by top dressing and seeding in Ladino
clover and has not yet reached a maximum carrying capacity. Results
for the first two years since the trial has been under full headway are
presented in Table VIII.
TABLE VIII. CARRYING CAPACITY OF IRRIGATED PASTURES. COOPER-

ATIVE PASTURE EXPERIMENTDEPARTMENTS OF SOILS AND ANIMAL
HUSBANDRY, OREGON AGRICULTURAL EXPERIMENT STATION

Year

Total sheep
days per acre

per season
Acre-inches

per acre

Total sheep
days per
acre-inch

Cost per head
per day

It appears that irrigated pasture can be provided for sheep at a total
cost of one cent per head per day and using the maximum price for
water or one dollar per acre-inch. With the. establishment of Ladino
clover, the carrying capacity should be considerably improved. For
finishing spring lambs or sustaining the milk flow with high-producing
dairy cows, green summer pastures, where obtainable with irrigation by
gravity or low pump lift, should be of great importance for improving
Willamette Valley agriculture.

Under alkaline conditions, a meadow of good carrying capacity has
been established at Vale Experiment field by seeding in the alkali brush
without clearing where a drain has been provided and the surface is
smooth enough to permit copious irrigation. Shading lessens evapora-
tion and high temperatures; the former increases the concentration and
the latter the activity of alkali salts.

1926 1032.5 20 51.6 $0019
1927 1672.6 21 79.65 0.013
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Fig. 28. Usable waler capacity of soil classes. (From Soil Sci. 14:163.)
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Two alkali-resistant forage plants have been successfully grown at
Vale Experiment field on very alkaline land (with a reaction value of
10.4)

These plants are strawberry clover (Trifoliuni frangiferiusn L.) collect-
ed by Superintendent H. K. Dean from Umatilla meadow and slender
meadow grass or Yawadka grass (Piecenillia nultalliaria L.) Both of these
plants have good feeding value. Ladino clover, also alkali-resistant, is
being tested at Vale.

Early spring seeding for pasture is advisable on land that is clean,
in good fertility, has fairly good natural drainage and is smoothed to
slope in one plane so that water can be applied evenly and cheaply be-
tween borders or through corrugations where head is small. Corruga-
tions should be made soon after seeding and on silt loam soil about fo.ur
feet apart. Light, frequent irrigation, say three inches each two weeks
or four inches each three weeks, is desirable. Avoid pasturing new
seeding heavily and arrange two lots so that one can be grazed while
the other is being replenished by irrigation. Clipping is preferable to
grazing the first few months.

Fig. 29. Manured vs. uninanured plot, irrigation rotation experiment.

A grain seed mixture suitable for good bottom-land with natural
drainage according to the department of Farm Crops is:

Rye-grass S to 10 pounds
Kentucky blue.grass 2 to 3 pounds
Orchard 5 to 5 pounds
Timothy 3 to 5 pounds
Meadow fescue 5 to 10 pounds
Red top 2 to 3 pounds
Red clover 3 to 5 pounds

On more acid soil alsike clover may be substituted and blue-grass
omitted.
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Irrigation will greatly increase the carrying capacity of pastures.
Pasturing may be started when established meadow is two to four inches
high and the soil dry enough to be firm. Irrigation on the Valley floor
soils should begin by June 1, or before the soil is dried out and growth
checked. Carrying capacity of good average irrigated pasture will be
approximately eight sheep, two high producing cows or 1600 pounds of
hogs per acre for the season.



TABLE IX. FOR ESTIMATiNG THE CAPACITY OF MODERN CONCRETE PIPE LINES' MADE BY DRY-MIXTURE PROCESS'
V = Velocity. H = Friction head.

'Scobey, Fred C. 'Flow of Water in Concrete Pipe." U. S. Dept. of Agric. Tech. Ilul. 852, 1920.
'This is the table that should be used in the design of pipe lines made from units 2 to 3 feet long, as ordinarily made by hand in the pipe

yards of the Paci6c Coast States.

For example, 2 second-feet of water, the equivalent of 80 miner's inches measured under a 6-inch
measured under a 4-inch pressure, or of 898 gallons per minute, will be conveyed by a 12-inch pipe, with
with a loss of head (grade) of 3.04 feet for each 1,000 feet of pipe.

pressure, or of 100 miner's inches
a velocity of 2.55 feet per second

Quantity (Q)
Inside diameter,8-, in inches

V

,-10----,and corresponding area, A, in square
-12------, ,-14----,
A=0.785 A=l.069

V H V

feet

Sec.
Ft.

Miner's
inches

A B
(40) (50)

-,
Gal.
Ions
per
mm.

6 -16---,
A1.396
V

A=0.196
V H

A=0.349
V H

A0.545
H H H

ft ft. ft. ft. ft. ft. ft. ii. ft. ft ft. ft.
0.1 4 5 45 0.51 0.28 0.29 0.07 ....

.2 8 10 90 1.02 1.06 .57 .15 ... ............

.3 12 15 135 1.53 2.60 .86 .57

.4 16 20 180 2.04 4.61 1.14 1.00

.5 20 25 225 2.55 7.24 1.43 1.58 .._..

.6 24 30 270 3.06 10.40 1.72 2.30 1.10 0.7t 0.76 0.27

.7 28 35 315 3.56 14.00 2.01 3.15 1.28 .96 .89 .37

.8 32 40 360 4.08 18.40 2.29 4.07 1.47 1.26 1.02 .48 0.75 0.22

.9 36 45 405 4.58 23.40 2.58 5.16 1.65 1.60 1.14 .61 .84 .27
1.0 40 50 449 5.10 28.80 2.87 6.38 1.83 1.96 1.27 .75 .94 .34
1.2 48 60 539 6.11 42.00 3.44 9.15 2.20 2.84 1.53 1.09 1.12 .48 0.86 0.24
1.4 56 70 629 7.13 56.00 4.01 12.50 2.57 3.88 1.78 1.48 1.31 .66 1.00 .33
1.6 64 80 719 8.15 74.00 4.58 16.30 2.93 5.07 2.04 1.95 1.50 .84 1.15 .43
1.8 72 90 809 9.17 93.00 5.16 20.70 3.30 6.46 2.29 2.44 1.68 1.09 1.29 .54
2.0 80 100 898 10.20 105.00 5.73 25.40 3.67 7.95 2.55 3.04 1.87 1.35 1.43 .67
2.2 88 110 988 11.20 140.00 6.30 30.80 4.03 9.50 2.80 3.66 2.06 1.63 .1.58 .82
2.4 96 120 1,089 12.20 165.00 6.87 36.50 4.40 11.40 3.06 4.37 2.24 1.93 1.72 .97
2.6 104 130 1,168 ......... . 7.45 43.00 4.77 13.30 3.31 5.11 2.43 2.28 1.86 1.13
2.8 112 140 1,258 8.02 50.00 5.13 15.50 3.56 5.92 2.62 2.64 2.00 1.30
3.0 120 150 1,348 8.59 57.30 5.50 17.80 3.82 6.81 2.81 3.04 2.15 1.50
3.2 128 160 1,438 9.17 65.30 5.87 20.20 4.07 7.74 2.99 3.44 2.29 1.71
3.4 136 170 1,528 9.74 73.50 6.23 22.80 4.33 8.77 3.18 3.90 2.44 1.94
3.6 144 180 1,618 10.30 82.50 6.60 25.60 4.58 9.82 3.37 4.37 2.59 2.18
3.8 152 190 1,708 10.90 92.20 6.97 28.50 4.84 10.80 3.55 4.86 2.72 2.41
4.0 160 200 1,797 ...... 7.33 31.50 5.09 12.20 3.74 5.39 2.86 2.67
4.5 180 225 2,022 8.25 39.70 5.73 15.30 4.2! 6.81 3.24 3.64
5.0 200 250 2,247 9.17 49.10 6.37 18.80 4.68 8.41 3.58 4.53
5.5 220 275 2,472 10.10 59.60 7.00 22.80 5.15 10.20 3.94 5.49
6.0 240 300 2,697 11.00 70.70 7.64 27.10 5.61 12.10 4.30 6.54
6.5 260 325 2,922 11.90 82.70 8.27 31.80 6.08 14.20 4.66 7.67
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TABLE X. DISCHARGE OF STANDARD1 CIPOIETTI AND STANDARD SUP-
PRESSED RECTANGULAR WEIRS TN CUBIC FEET PER SECOND

1Cipoletti weir has side slopes of 1:4.
A suppressed weir is one in which weir is same width as channel of approach.

The body of the table gives the flow in second-feet when given
depths of water flow over weirs of various widths.

Head
depth in

inches

Head
depth in

feet
feetWidth of weir

1.0 1.5 2.0 2.5 3.0 4.0

.20 .30 .45 .60 .75 .90 1.20
2f .21 .32 .49 .65 .81 .97 1.30

.22 .35 .52 .69 .87 1.04 1.39
25 .23 .37 .56 .74 .93 1.11 1.48

.24 .40 .59 .79 .99 1.19 1.58
3 .25 .42 .63 .84 1.05 1.26 1.68

.26 .45 .67 .89 1.11 1.34 1.78
35 .27 .47 .71 .94 1.18 1.42 1.89

.28 .50 .75 1.00 1.25 1.50 1.99
3 .29 .53 .79 1.05 1.32 1.58 2.10

.30 .55 .83 1.11 1.39 1.66 2.21
35 .31 .58 .87 1.16 1.45 1.74 2.32

.32 .61 .91 1.22 1.53 1.83 2.44
4 .33 .64 .96 1.28 1.60 1.91 2.56

.34 .67 1.00 1.33 1.69 2.00 2.67
45 .35 .70 1.05 1.39 1.74 2.09 2.79

.36 .73 1.09 1.45 1.82 2.18 2.91
45 .37 .76 1.14 1.52 1.90 2.27 3.03

.38 .79 1.19 1.58 1.98 2.37 3.15

.39 .82 1.23 1.64 2.05 2.46 3.28
45 .40 .85 1.28 1.70 2.13 2.56 3.41

.41 .88 1.33 1.77 2.21 2.65 3.53
5 .42 .92 1.37 1.83 2.29 2.75 3.66

.43 .95 1.42 1.90 2.38 2.85 3.80
55 .44 .98 1.47 1.97 2.46 2.95 3.93

.45 1.02 1.52 2.03 2.54 3.05 4.06
SI .46 1.05 1.58 2.10 2.63 3.15 4.20

.47 1.09 1.63 2.17 2.71 3.25 4.34
35 .48 1.12 1.65 2.24 2.80 3.36 4.48

.49 1.16 1.73 2.31 2.89 3.46 4.62
6 .50 1.19 1.79 2.38 2.98 3.57 4.76

.51 1.23 1.84 2.45 3.07 3.68 4.90
61, .52

.53
1.26
1.30

1.89
1.95

2.52
2.60

3.16
3.25

3.79
3.90

5.05
5.20

6I .54 1.34 2.00 2.67 3.34 4.01 5.34
.55 1.37 2.06 2.75 3.44 4.12 5.49

65 .56 1.41 2.12 2.82 3.53 4.23 5.64
.57 1.45 2.17 2.90 3.63 4.35 5.79

7 . .58 1.49 2.23 2.97 3.72 4.46 5.95
.59 1.53 2.29 3.05 3.52 4.58 6.10

75 .60 1.57 2.35 3.13 3.91 4.69 6.26
.61 1.60 2.41 3.21 4.01 4.51 6.42

75 .62 1.64 2.47 3.29 . 4.11 4.93 6.57
.63 1.68 2.53 3.37 4.21 5.05 6.73
.64 1.72 2.59 3.45 4.31 5.17 6.89

75 .65 1.76 2.65 3.53 4.41 5.29 7.06
.66 1.81 2.71 3.61 4.52 5.42 7.22

8 .67 1.85 2.77 3.69 4.62 5.54 7.38
.68 1.89 2.83 3.81 4.72 5.66 7.55

85 .69 1.93 2.89 3.59 4.83 5.79 7.72
.70 1.97 2.95 3.98 4.93 5.92 7.89

55 .71 2.01 3.02 4.06 5.04 6.04 8.06
.72 3.08 4.15 5.14 6.17 8.23

85 .73 3.15 4.24 5.25 6.30 8.40
.74 3.21 4.33 5.36 6.43 8.57

9 .75 3.28 4.41 5.47 6.56 8.75
.76 4.51 5.58 6.69 8.92

95 .77 4.60 5.69 6.82 9.10
.78 4.69 5.80 6.96 9.28

95 .79 4.78 5.91 7.09 9.46
.80 4.87 6.03 7.23 9.64

95 .81 4.96 6.14 7.36 9.82
.82 5.05 6.25 7.50 10.00
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Example: A stream 0.54 foot deep over a weir 3 feet wide delivers
4.01 cubic feet per second.

Full directions for weir construction and water measurement may
be obtained from the Oregon Agricultural Experiment Station.

APPENDIX
Tables giving the flow of water in ditches and pipe lines and over

weirs and the time required for given applications of water are appended.

TABLE XI. CARRYING CAPACITY IN SECOND.FEET OF EARTH DITCHES

Bottom width 1.25 to 3 feet with side slope 11 to I and with water 3 to 15 inches deep.

Fall 1 foot pet 1000 feet

The body of the table gives the flow in second-feet in ditches with
different grades and depths of water. Example: A stream 9 inches
deep in a ditch 3.0 feet wide with a grade of one foot per 1,000 feet
delivers 3.38 cubic-feet per second.

Width
Depth of water

3 inches 6 inches 9 inches 12 incItes 15 inches

1.25
1.50

0.19 0.72
0.22 0.96

1.66
1.91

2.00 1.19 2.35 4.20
3.00 3.38 5.85 9.15

Fall 0.5 foot pet 1000 ft.

2.00 0.84 1 .66 2.98
3.00 2.34 4.05 6.35



S. I'. Co. Shops
Portland Golf Club.
Rock Creek W. Dist
i'ublic Utility Bldg......
Rii'erview Dairy
Louie Ching Gardens
1.. Franks...........
L. T. Williams
Catholic School
S. P. Co.
State Hospital
City Well
City Well
Ore. Linen Mill
S. P. Co.....
G. Slolz
C. C. 1-brat
Sloper Bros......- ............
F. College Farm -
Shell Oil Company
S. P. Co.
J. M. Dixon & Son.
Mt. States Power Co...._.
S. P. Co
City Well
Mt. States Power Co
F. B. Chase
City Well
City Well
Sidwell Bros.

TABLE XII. SOME WELLS YIELDING 100 G. P. H. OR MORE -WIl.LAMETTE VALLEY

ft.
S. F. Portland 20 (it.)

Alluvium
7 mi. F. Portland 10 Basalt 200
Portland 10 Old alluvium
E. Portland 8 & 10 Old alluvium
N. Portland 10 Old alluvium 100
Duittliorpe 10 Basalt
Clackam as 6 Gravel and shale
Oswego 12 Basalt 500
IF ill shcmro 20 Old alluvium 40
C. Salem 12 Old alluvium 112
Woodburn 12" Old alluvium 186
Stay toil 12" Old alluvium 200
N. Salem 10 Alluvium awl shale 240
Salem Alluvium and rock 200
Salem 8" Old alluvium 55
Independence 12" Recent alluvium 35
[edependence 6" Recent alluvium 35
Corvallis -- 2-8" Recent alluvium 50
S. Corvallis 3 Old alltmviumn - 30
Shedd 8 Old alluvium 40
Shedd ..... 3 & 4 Old alluvium .... 45
Lebanon 6 Old alluviuimt 100
Junction City 7 ft. Recent alluvium . 45
Junction City 4 Alluvium and rock 189

Springfield - 3 Alluvium and basalt
Springfield 4 x 4 ft. Recent alluvium ._........ 20
Creswell 8 Alluvium and 'sand rock" 181
Gervais 10" Old alluvium 128
Coburg 6 x 6 ft.Recent alluvium 25

ft.

Gravel
Gravel
Seams
Seams
Grave
Grave
Grave
Grave
Grave
Grave
Grave
Grave -

Grave
Seaitis
Seams
Gravel
Seams
Gravel
Gravel

200
150
100
100
100

50
250
80±

500
150

50 225
30 600
14 400
17 200
15 240
45 100
25 400
15 500
20 900
20 100

70±
30 300

130
400

10 250
100

16 225
50±

40 200
22 400

Geological Water bear- Static Yield Draw
Name Location Diameter formation Dept It ing material lift G.P.M. down

ft. H
P1

none 0
z0

10

30 (1
60
13
9

'-I
10 0
10
12

10
z

3 0
N

N
N
C-)

0
z

Seam
Gravel -

Gravel
Gravel flows
Seams 200

Lava cinders 125
Gravel -
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SOILS MIMEOGRAPHS AND BULLETINS AVAILABLE
Oregon Agricultural Experiment Station

MT Ii EO GRAPHS

Fundamental Principles of Irrigation Practice.
Measurement of Irrigation Water.
Time, Amount, and Frequency of Irrigation.
Irrigation of Potatoes.
Irrigation of Meadow Crops.
Materials and Structures for Irrigation Distributaries.
Maintenance of Irrigation Systems.
Delivery of Water to Irrigators.
Construction of Farm Drainage Systems.
Drainage of Irrigated Lands.
Origin and Formation of Soils.
Classification of Soils.
Physical Properties of Soils and Their Improvement.
Organic Matter of Soils.
Use of Land Plaster.
Use of Fertilizers in Oregon.
Crop Rotation and Permanent Irrigation Agriculture.

BULLETINS

Ore. Agr. Exp. Sta. Bul. 18i The Management of Willamette Valley
Soils.

Ore. Agr. F,xp. Sta. Bul. 199. Sulfur in Relation to Soil Fertility.
Ore. Agr. Exp. Sta. Bul. 210. A Progress Report of Alkali Land Recla-

mation Investigations in Eastern Oregon.
Ore. .gr. Exp. Sta. Bul. 211. A Study of the Biological Activities in

Certain Acid Soils.
Ore, Agr. Exp. Sta. Circ. 83. Drainage and Improvement of White Land

and Similar Wet Land.
County Soil Survey Reports for Yarnhill, Washington, Multnomah,

Clackamas, Polk, Benton, and Josephine counties are available.


