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FOREWORD

This progress ropord By George B. Bradshaw contains a detailed
account of the drainage and alkali reclamation studies that have
been carried on in the Emmett Valley, Gem County, Idaho since the
start of the investigation in August 1951,

The author has searched the records for all information
gathered by previous investigators and has ineluded some of the
information along with his original data, so that when the investis
gation is completed there will be a comprehensive plan for the
drainage and reclamation of these lands,

The procedures and results presented in this report, together
with some of the conclusions reached in the Emmett Valley, can be

used in solving drainage and reclamation problems in other areas.,

Claude He Pair
Project Supervisor
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ORGANIZATION

The Gem County Drainage Investigation is being conducted under
a memorandum of understanding between the Idaho Department of Reclas
mation, the Idaho Agricultural Experiment Station, the Bureau of
Plant Industry, Soils, and Agricultural Engineering, the U. S.
Regional Salinity Iaboratory, Agricultural Research Administration,
the Soil Conservation Service, U. S. Department of Agriculture and
the Bureau of Reclamations; U., Se. Department of Interior.

A joint working plan entitled "Payebte Valley Drainage Investie
gations, Gem County, Idaho} describing the procedures to be used,
was signed by the following cooperating agencies,

1. U. S, Department of Agriculture, Soil Conservation Service.
(2) Division of Irrigation Engineering and Water ConserVatlon.
(b) Operations Division

2., Idaho Agricultural Experiment Station

3. Gem County Board of Commissioners

L. U, S. Bureau of Reelamation

5. Qem County Production and Marketing Administration.

Members of the Emmett Valley Drainage Committee weres

George D, Clyde, Chairman m = - « =~ = = = « goil Conservation Service,
Researeh,
Re No Irving = = « =« =« @ = = « =« = « = = w 50il Conservation Service,
State Conservationist.
= Soil Conservation Service,
Regional Office
John Be Hull = = = = = = = = = « = « = =« « Soil Conservation Service,
Area Conservationist,
Victor Myers = w « » @ = o = » = » = = - « University of Idaho
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«~ Bureau of Reclamation
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Keith Anderson

State Commissioner of
Reclamation
Re In NaCE = = = = = = « = @« = o =« « =« = = [, S. Geclogical Survey

$

BWen DiX = m = = @« = = @ o« « = =« =« PMA,, Gem County
ROy KnOX = = w = @ w @ = =« = =« = = « = = ~ (em County Board of
, Commissioners
Charles Prit2l = « = = = = = = = = = = « « Canyon County Drainage
District No. 1
Savis Stoher -~ @ » = « = = = = = = = = - « (anyon County Drainage
) District No. 2
Irl BiShOp = @ = « m @ = @ = = = « =~ « -~ =~ Gem County Drainage
District No. 1

Over=all direction of the investigation was under the Division
of Irrigation Engineering and Water Conservation, Soil Conservation
Service,
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SUMMARY

The present Emmett Valley Drainage Investigation was started
in Avgust of 1951 as the result of recommendations made in May of
1951 by representatives of the Soil Conservation Service of the
Department of Agriculture, Idaho Agricultural Experiment Station,
Gem County Board of Commissioners, U. S. Bureau of Reclamation,

Us S. Geological Survey and the Gem County Production and Marketing
Administration.

The objectives of the drainage investigation have been:

ls To obtain basic physical data necessary to design drainage
systems and reclaim water-logged and alkali-saline landsgin
the Emmett Valley.

2. To develop methods and techniques that might be applied to the
solution of drainage and salt problems on lands in the inter-
mountain and northwestern states.

The purpose of this report is to present a fairly detailed account
of the significant work done to date and the results obtained since
inception of the investigation.

The Emmett Valley, located in Soutilwestern Idaho, has an area of
about 80 square miles of which about 50 are farmed under irrigation.
(See Figure 1 for location)

The climate of Emmett Valley is characterized by fairly low annual
rainfall, light snowfall and moderate winter temperatures.

The problem area is characterized by barren spots, native alkali
or salt tolerant plants. Native plants found in the water-logged alkali
area includersaltgrass, salt brush, alkali weed, greasewood, poverty
weed and foxtail., Stunted growth and off color plants can be observed
in most of the affected area.

Practically all the farmland in Emmett Valley is irrigated.
The principal crops are fruit, hay, grain, corn and sugar beets. Most
of the hay and corn is grown on the valley benches; the major portion
of the fruit is grown on the alluvial fans south of the river. The
poorly drained land south and southwest of Emmett is used primarily
as native pasture, Some of the water.logged areas have been re=
claimed and are presently producing fairly good crops.

The problem soils of the Emmett Valley are generally characterized
by high water table conditions, low salinity, high pH, high soluble and
“exchangeable sodium percentages and low rates of infiltration and per-
meability. Water-logging in the valley is probably due to an aggrega~
tion of the following water sources.

w Xili =



l. Artesian water rising from below the surface
2, Overwirrigation

3. Seepage from canals and ditches

L, Seepage from adjacent hills

The procedure followed during the investigation has been to
initiate various studies and then follow through with sufficient
routine observations so that reliable conclusions can be drawn.
Observations on the major portion of the studies will be continued
for a period of time to check the initial conclusions and to observe
any beneficial or detrimental effects from the reolamation work,

Methods of securing data,

The methods of securing the basic data on the various studies
were generally adapted from research in other areas, Additional
needed techniques were developed as the investigation progressed.
Thesc techniques and methods have been modified and simplified to
aid in deriving meximum production with limited personnel and equip-
ment,

| Topographie survey.

A topographic survey was made by Hays, Sloan and Lewis in 1920,
The survey covered the southeastern portion of the valley., A copy of
the survey, scale 8 inches to the mile, is filed in the Smokc Ine
surance Ageney Office in Emmectt,

Soil gurvey.

A soil survey of the Emmett Vallcy was made under a cooperative
agrcement bebween the Idaho Agricultural Experiment Station and the
Division of Soil Survey, B.P,I.S. & A.E. The following major soil
scries were mapped in the Emmett Valley.

1, Prower 7« 91 Scries
2. Bramwcll 8. Reed

3. lectha 9. Moulton
. Emcrson 10. Wardwell
5. Cannon 11. Muek

6. Nolan 12, Snow

Alkall salinity survey.

An alkali and salinity survey of the Emmett Valley area was made
in eonjunction with the soil survey. The various classes or degree
of alkali coneentration were based mainly on obvious conditions of
alkali and salinity as evidenced by salt accumlation, natural vegeta-
tion, crop growth, and the morphology of the soils, These field obw
servations were correlated by laboratory analysis = such as conductivity
-and pH tests. In the alkali salinity survey the following conditions
were delincateds
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l. Alkali free

2. Surface free - alkali in the subestrata
3. Slightly alkali

lis Moderately alkali

5. Strongly alkali

Chemical analysis of selected soil samples.

During 1950 the U. Se. Regional Salinity and Rubidoux ILaboratories,
Division of Soil Surveys and the Idaho Agricultural Experiment Station
published a bulletin entitled, "Characteristics of Saline and Alkali
Soils in the Emmett Valley Area, Idaho"; +the location, chemical and
physical characteristics of the 35 selected soil sample locations are
included in the appendix of the report.

Artesian well survey.

The returns on a card questionaire mailed on April 7th indicates
that the artesian aquifer underlies the water-logged—alkali area very
closely.

Ground water survey.

A total of 91 wells were installed and observations have been made
by the Bureau of Reclamation since 1936, A table of the high and low
water table elevations, by years are given in appendix table 5, The
ground water fluctuation varies with the wells., In some areas the
fluctuation is very slight and in other areas the fluctuations may be
10 to 1L feet between the low and high ground water ‘cycle,

Drainage investigations,.

An investigation to determine the range of influence and the per=
formance of open drains in five of the major soil series in the Emmeti
Valley was initiated during the past year. Drainage investigations
were set up on seven farms in the valley,

The following tentative conclusions have been drawn from the data
gathered to date.

le The present drainage system is not adequate to completely
reclaim all of the lands of the ranches investigated. Addition-
al tile; open drains or wells will be required to complete the
drainage job.

2. A rather close spacing of tile or open drains will be re-
Quired to lower and maintain the ground water table at &
safe depth of Ly feet. Drains 6% feet deep, spaced at 200
feet intervals may bs rgquired ¢o adequately drain the
slowly permesable soils and artesian areas having conditions
simila» to the Muck soils imwestigated. This spacing of
drains will expand to 7 or 8 hundred feet dspending upon the
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depth to and the presence of the permeable gravel substrata,

3s A valley wide study of the irrigation efficiencies and length
of run for furrows and borders should be initiated, A high
irrigdation efficiency will keep the amount of water lost to
the ground water table at a minimum and aid in the over-all
drainage problem.

Drainage installation in the Emmett Valley since 1927.

More than 100 miles of open drains have been installed in the
Emmett Valley since 1927. Since 194l more than 215 farms have had
drainage systems installed., There is one tile drainage system in the
valley and no vertical drains.

Crop increases due to drainage and reclamation.

With drainage good erop increases were generally obtained on the
alkali free or very slightly alkali landse Some of these lands were
formerly very wet and supported bogs or tules, Drainage was all that
was required on the farms that responded rapidly. Very slight crop
increases,; if any, were obtained on the moderately to strongly alkali
soils following drainage.

Alkali reclamation investigations,

Observations to date indicate that artesian water is considerably
better for reclamation than either the river or the drain water and
that the overw-all difference between river and drain water is very
slight, The artesian water gave the best results, the river water
second and the drain water gave the poorest results. The intake rate
was influenced more by the application of gypsum than by the type of
leaching water.

Vertical drainage investigations.

An estimate of the installation and operational costs of vertical
drainage was obtained from the Pioneer Irrigation District at Caldwell,
Idaho, The costs on 30 wells were assembled to obtain the estimates,
The cost of installing drainage wells averaged about $6.58 an acre
and the operational costs for power and maintenance averaged about
38 cents an acre per year for the area drained,

Future scope of the investigations.

Observations will be continued on the following:

l. Open drainage investigations.

2, Alkali reclamation

3. Continue and refine the artesian well location survey.
The following investigations are to be initiated during 1953.

l, Artesian aguifer survey.

2. Vertical drainage investigations,

3« Extending the U. S. Bureau of Reclamation observation welld
lines to the Payette River.
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PROGRESS REPCRT ON
DRAINAGE INVESTIGATIONS
FOR
EMMETT VALLEY
GEM COUNTY, IDAHO 1/ (L) 2/

By
George B. Bradshaw

INTRODUCTION

The present Bmett Valley Drainage Investigation was started in
August 1951 as the result of recommendations made in May 1951 by
representatives of the Soil Conservation Service of the Department of
Agriculture, Idaho Agricultural Experiment Station, Gem County Board
of Commissioners, U, Se. Bureau of Reclamation, U, Ss Geological Survey
and the Gem County Production and Marketing Administration. The ine
vestigation has been conducted by the Soil Conservation Service under
the guidance of the Emmett Valley Drainage Committee, representing the
above~named agencies,

The objectives of the drainage study in the Emmett Valley were set
forth in the Joint Working Plan for the Payette Valley Drainage In~
vestigations:

le To obtain basic physical data necessary to design drainage
systems and reclaim water-logged and saline-alkali lands
in the Bimett Valley,

2¢ To develop methods and techniques that might be applied to
the solution of drainage and salt problems on lands in the
intermountain and nortlwestern states,

It is the purpose of this report to present a fairly detailed
account of the work done and the results obtained since inception of
the investigation,

1/ Prepared under the direction of George De Clyde, Chief, Division

T of Irrigation Engineering and Water Conservation, Soil Conservation
Service, Us Se Department of Agriculture, February 1953.

2/ Figures in parentheses refer to Literature Cited,



Deseription of the area.

The Emmett Valley, located in soutlwestern Idaho, has an area
of about 80 square miles, of which about 50 square miles are farmed
under irrigation. (See figure 1l,) The valley is approximately 1L
miles long and varies from 5 to 6 miles in width. The valley is
fairly flat south of the river and slopes gently upward for about
three miles to a low range of steep hills, The major part of this
land lies a few feet above the level of the Payette River and is
poorly drained., There is a narrow strip of bottom land between the
river and the bench escarpment. This narrow strip is poorly drained
and varies from slightly to severely water-logged., The steep escarp-
ment is about 60 to 100 feet high. This escarpment is the southern
boundary of the two to three miles of sloping river terracess

Precipitation and temperature,

The climate of Emmett Valley is characterized by feirly low annual
rainfall, light snowfall and moderate winter temperatures, The
temperature, rainfall and frost=free periods of the Weather Bureau
Stations at Emmett, Caldwell and Parma are presented in tables 1 and 2,

The average temperatures for January 1952 and July 1952 were
slightly lower than the length of record normal for the three stations,

The precipitation records (table 2) show the annual precipitation
(October 1, 1951 to October 1, 1952) at Emmett to be 4l.8 percent
above normal, at Caldwell to be 26.L percent above normal and at
Parma lL.3 percent above normal,

Crops of the Emmett Valley.

Practically all the farms in the Emmett Valley are under irrigation,
The principal crops are fruity; hay, graing corn and sugar beets, Most
of the hay and corm is grown on the valley benches; the major portion
of the fruit is grown on the alluvial fans south of the river, The
poorly drained land south and southwest of Emmett is used primarily
as native pasture, Some of the water<logged areas have been reclaimed
and are presently producing fairly good crops.

A summary of the acreage planted and the production per acre or
per tree from 1919 to 1949, in Gem County, is presented in table 3,
This table was summaxized from the U. S. Department of Commerce, Bureau
of the Census Reports, The increases in yields for the various crops
do not necessarily indicate an increase in soil productivity. Better
crop breeding and more resistant types of plants contribute greatly
to the increase in yields,

The increase in yields of wild hay from 0,98 in 1919 to 1,72
tons per acre in 1949 gives the best indication of increased pro-
duction in the water-logged area south and southwest of Emmett.
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Table l. Temperatures, frost-free periods, and frost dates from
Weather Bureau Stations in and near the Emmett Valley.

¢ Caldwell, Idaho Emmett, Idaho : Parma, Idaho
s LT<year: s+ Lb=year: s 29=year s
: period : 1952 : period : 1952 : period ¢ 1952
Jan, avg. temps °Fe 28,3 26,0 29,1 2747 27,8 26.5
July avge tempe °Fe  73.5 72,0 7540 7140 Thel 7249
Maximm temp, CFe 10740 99,0 109,0  100,0  111,0 102,0
Minimm tempe °F, -3l 2.0 =35 =10 <27 1.0
Date of last spring
killing frost
(lower than 32°) 5/7 L/11  L/30 L/29 L/eh L/l
Date of first fall
killing frost : ‘ :
(lower than 32°) 10/3 10/, 9/26  10/15  10/9  10/15
Iongth of growing
season in days L9 186 L9 169 168 187




Table 2, Monthly precipitation at three locations in and near
the Emmett Valley.

: Caldwell, Idaho : TEmmett, Idaho : Parma, Idaho

$ tIength ofs sTength of'¢ : Length of

: s record ¢ record 1 record

: 1951=52 ¢ average : 1951=52 : average s 1951-52 : average

Inches Inches Inches Inches Inches Inches

October 1.76 0,78 2,73 0690 1.25 0,77
November 1,39 l.1L 2.36 la31 0,90 0.98
December 2,52 1.1h 363 1.39 1.38 1.00
January 1,12 1e26 1,55 1.38 0672 1.13
February 1,06 1.1 1,60 120 089 0.89
March 1,25 1,04 1,30 120 0459 OuTh
April 1,00 094 0.72 140k 094 0.83
May 0,88 0.98 1,35 1,02 0,91 0,69
June 1eli3 0,77 1,00 0oSk 1.05 0.79
July 0637 033 Trace 0s28 0,08 0.13
August 0,00 0e22 Trace 0e21 0,06 0623
September 0413 06Li7 0,00 0658 0,22 Oolily
Annual 12,91 10,21 1642 11.L5 8499 8,62



Table 3. Crop acreages and production figures for Gem County, Idaho
from 1919 to 1949,

1919 1g2h 193h 1939  19Lh  19L9

Corn

“TAcres 1127 1459 1582 1943 952 1ig?
Bu. ACo 28 29 3k L5 36 55
Wheat Winter
fores 1306 689 152 2085
Bu AC»s 15 18 23 23
6887 2677
13 18
Wheat Spring
Acres 2948 2350 1438 2107
Bue ACe )-ll 31 : 38 32
Qats
Acres 935 1426 2661 2318 2863 3630
Bue ACs 55 3h 37 33. 50 L3
Barley \
Acres 1267 1240 1579 1825 3528 2106
Bus ACe 17 27 36 35 35 32
Alfalfa -
Acres 17365 12265 18665 16785 12932  123L5
Tons ACe 2°85 2018 2.08 2&51 ) 2.68
Clover & Timothy
Acres 1595 1510 1908 1802 116 1567
Tons ACe 1,92 1s85 1653 1,91 1.76
Wild Hay
Acres 31L 558 1213 864 1420 1L8L
TODS A,Co 0998 1'19 1639 l.lh 1O72
"Peaches
“Trecs L6L20 24918 28538 29130 L0016
Bue.per tree 1.6 1.3 0.9 1,1 1,0
Cherries
Trees 13115 33830 37268 L8436 51870
Ibe per tree 37 60 30 63 38
Plums
“Trees 6597L 90593  69LhL 85617 89436  9ohL3lL
Bu. per tree Ooli 1.3 1.7 2.7 1.9
Apricots
T Trees 15076 709L 3351
Bue per tree 061 0,91 0,74

1/ Table summarized from the Bureau of the Census Reports,
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With drainage and better reclamation practices the yields of wild hay
have nearly doubled, During the same period ths yield per acrs of
alfalfa, clover and timothy dropped to aboub 93 pexcent, Ih has
been estimated that 60 percent of the wild hay acrsage in Cem County
is in the Emmett Valley. The other L0 percenh is apztream a’ong the
Payette River,

History of the Emmett Valley. (6) (1)

In the early 1870ts James Wardwell built a sewmill o “he Poyette
River at the head of the lower valley, where the Umtilila stige line
crossed the river. A postoffice callsd Emmettsviile was built a Ffew
miies below the sawmill, A village grew up around *the sawmill and in
a few years the postoffice and name were transferred to the new settle-
ment, Eventually, the settlement became a trading point for the lumber-
men and stock raisers of the Payette Valleye The surrounding hills of
unoccupied public lands made stock raising one of the natural industries
of the early settlers, The fertile lands, the abundance of water, and
the easy methods of irrigation soon made farming an indushrial come
panion to stock raising. The soils, climate and other factors were
very favorable for the growing of prunes and other fruit. Mere fruit
was shipped from Bmmett during 1919 and 1920 than from any other
point in Idaho. Nearly 15,000 acres of land in the vicinity of Fmmett
was planted to orchards. When Gem County was created on March 19, 1915,
Exmett was made the County Seate.

The first record indicating a drainage and alkali problem was ob-
tained from "The Emmett Index," published on December 31, 1903,

"The Block House Swamps" 1/: "Almost anyone in the Payette Valley
can tell you where the Block House swamps are located, but very few
can tell you where the name, which is a peculiar one, originated."

"The swamps, which lie about three miles soutlwest of Emmett have
been in existence ever since the first settlers came to this valley,
The reason of their being so well known, is that the swampy nature of
the ground afforded great pasture for horses and cattle. It is said
that the Indians would come down from the mountains in the winter and
camp along the rivere They would then turn their horses loose in the
swamps and have no fear of not finding them in the spring, as they
would not stray away, the country surrounding the swamps being ex=-
tremely barren, devoid of all vegetation except sagebrush.

1/ The Emmett Index - December 31, 1903.



"In the early 60!'s four bachelors, George Andrews, Mose Rice, Tom
Anderson and Jack Howard, took up a thousand acres of the swamp land
and fenced it in for grazing purposes., They livel in a large house,
which resembled an old time block house., It was located near the
present road to Falkts store, about a half mile below the McNish sawe
mill, These old bachelors lived there a nunber of years. Because of
the odd appearance of the house and their owning most of the swamp,
someone started calling the swamps the Block House and it has been
kept up ever since.

There is only one drawback to the swamps as an ideal pasture land,
It is full of pot holes, which are alkali gathering, reminding one of a
boil being of the same shape. The center is full of very soft alkali
mud .in which a person or animal would sink from sight in a very short
space of time if not rescued. Cattle have got into them and sunk.
Some of the holes are as much as forty or fifty feet in circumference.

Attempts have been made to drain the swamps to convert them into
farming land, but it is probable that they will be there for years, a
great place for mallards, but no good for.agricultural purposes.’

The problem.

The problem areas of the Emmett Valley are generally characterized
by high water table conditions and the soils have low salinity, high pH,
high soluble and exchangeable sodium percentages and low rates of in=
filtration and permeability. (5)

Water-~logging and alkalil conditions have reduced the value and
production of the soils of a large portion of the Emmett Valley, Watere
logging has damaged approximately 35 square miles of land in the valley,
This ranges from barely visible damage to bogs, swamps and complete
abandonment, Water-logging in the valley is probably due to an aggrega-
tion of the following water sources.

1. Artesian water raising from below the surface soil,
2, Over-irrigation.

Seepage from canals and ditches,.
s Seepage from adjacent hills.

A fairly large water-logged acreage is also atiributed to soil
changes, Soil changes occur where a horizontal soil stratum changes
from a more to a less permeable one, These soil changes may be very
slight from a sandy loam to a silt loam, or they may be very great and
change from a coarse sand or gravel to a very slowly permeable clay,
Ground water moving down from higher elevations is retarded by these soil
changes. The ground water table is built up and water-logging occurs,

Alkali elements have damaged approximately 25 square miles in the
valleyes The part dameged is very extensive and is characterized by
areas of poor germination or stunted plant growth,; or by areas entirely
barren, These unproductive areas are principally on the following soilsg
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1. Ietha clay loams to sandy loams,
2. Reed silty clays to loams.
3. Cannon clays to gravelly clay loams

Alkali and saline soils are usually formed as a result of 2 high
water table or water=logged conditions, The ground water which combains
dissolved salts rise to the surface by capillary action and evaporates,
leaving soluble salts in the surface soil., The low rates of infiltra-
tion and permeability are possibly due to the alkali condition., The
soil colloids tend to become saturated with sodium which generally re-
sults in poor soil structure and impaired permeability,

Native vegetation of the problem area.

The problem area is characterized by barren spots and native alkali
or salt tolerant plants, Native plants found in the water-logged alkali
area include saltgrass, salt brush, alkali weed, greasewood, poverty
weed and foxtail, Stunted growth and off color plants can be observed
in the most of the affected area.

Previous Investigations,

At various times since 1915 Federal, County and private agencies
have made investigations in the Emmett Valley. Much progress has been
made towards solving the drainage and reclamation problems. Some of
these studies and investigations are listed below,

1., An investigation was started in 1915 on the Canyon County
Drainage District No, 1 by Mr. E, O. Iarson. Test wells were
installed and readings made,

2. During 1918 crop survey maps were prepared for the Canyon
County District No, l.

3. f&n iHVestigation was made in the Canyon County Drainage
District No, 2 with 75 test wells and 6 measuring stations
for drainage flow,

L, An investigation was made in the Canyon County Drainage
District No. 1 with 23 wells,

S. In 1936 the Bureau of Reclamation began an extensive study of
the water tables around the southern edge of the valley
adjacent to and below its Black Canyon Canal.

6, In 1940 an alkali and soil survey was initiated by the Idaho
Agricultural Experiment Station and the Division of Soil
Survey B.P,I.S5, and A.E.

7. In 1947 the Idaho Agricultural Experiment Station, the Division
of Soil Surveys and the U. S. Regional Salinity Laboratory ’
B.P,I.5. and A,E. initiated an investigation to study character-
istics of the saline and alkali soils and other soil problems
of the area, ‘ B
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Glossary of terms

Aggrogatess Fragments or clods the soil forms during the
drying and eracking process.

Alkali soils Soils which have an excessive degree of saturation
of exchangeablc sodium in the basc exchange complex., The exchangecable
sodium percentage is greater than 15 and the conductivity of the satu-
ration extraect is less than -l millimhos per em = pH values 8,5 to 10,

Artesian agpifer: A confincd water-bearing strata in the soil,

The water is genorally confined by a layer of slowly permeable clay or
shale ovor the aguifer,.
Color indicators: A complex dyc which changes color with slight

changes of pH valucs, Uscd in elassifying soils with reospoct to acidity
or alkalinity,

Electrical conductivitys: The reciprocal of the electrical ree

sistance in ohms of a conductor which is 1 em, Jong and has a cross=
sectional area of 1l sq, cm, A quantitative method of determining the
degree of salinity in soil or water samples.

Evaporation ring: A twelve inch length of well casing with a

bottom welded on. Used in measuring the water lost to evaporation,

Exchangeable sodium percentages The degree of saturation of the

soil base exchange complex with sodium,

Exchangeable sodium x 100
Cation exchange capacity

Geochemical chart: A graphical method of analyzing ionie analysis

€oSeDo ®

da.b&.
Ground water table:s The upper boundary for ground water. It is

the point at which the pressure in the water is equal to the atmospheric

pressure,



Glossary of terms(continued)

Hydraulic gradient: The decrease in hydraulic head per unit

distance in the direction of flow in the soil,

Infiltration rate: The rate of movement of water into the soil

per unit of time,

Infiltration ring: A twelve inch length of pipe or well casing

to be used in measuring the infiltration rate of the soil,

Ionic analysis: The quantitative determination of the major

cations and anions in the soil or water, Usuwally includes the following

cations Ca, Nay K, Mgy anions Cl, S0}, HCO3 and G03.

Irrigation efficiency: The percentage of irrigation water de-

livered to the farm or field that is available in the soil for consumpe

tive use by the cropse.

Iength of runs The distance water must travel in furrows or over
the surface of the field from the head diteh Yo the end of the field,

Observation well: Hole in the ground used to determine the depth

to wator or hydrostatic pressure of the entire underground soil profile
to the depth of the well, The well indicates the level of the sur-
rounding ground water table.

'pH: An expression of acidity or alkalinity, pHof 7 is neutral,
Values grading below 7 become morec acid and valucs rafging above,
indicate stronger alkalinity,

Permeability: The volume of water crossing unit area in unit time

with wnit hydraulis gradient and at a standard temperature of 68°F.

Expressed in inches per hour or centimeters per hour,



Glossary of torms(continued)

Piezometer: A pipe driven into the soil so that thore is no
leakage down the oubside of the pipe and all centrance of water into the
pipe is from the bottom. The piezomecter indicates pressure at the
point of entrance rather than the level of the ground water table.

Proctor nccdles Equipment for measuring the bearing load, in

pounds per sguare inch, on a soil surface before the necdle penctrates
the soil,
Saline soils Conductivity of the saturation cgiract is greater

than L millimhos per eme (ab 25%) and the exchangeableoesodium percent
is greater than 15. The pH is gencrally above 8.5.

Soll change: A point where a soil stratigraphy changes from a

more to a less pcrmeable profile. This change may interfere with the
movement of watcr through the soil.,

Solublc sodiumepcreontages This term is uscd in conncetilon with

irrigation waters and soil extracts to indieate the propertion of
sodium ions in solubion in relation to the total cation conecentration,

Soil amcndmentsg The most gencral soil amendments are gypsum,

sulphur, limestone and sulfuric acid. Thoy are applied to an alkali
soll to reduce the cxchangeablessodium-perecntage to a good crop-

growing lovel,



PROCEDURE. FOLLOWED

The proccdure followed during the investigation has been to initiate
various studies and then follow through with sufficient routine obe
servations so that relisble conclusions can be drawn., Observations on
the major portion of these studies will be continued over the next year
or two to check the initial conclusions and to observe any eneficial
or detrimental effects from the reclamation work,

The following is a calendar of events sinece this investigation
was initiated.

L.

2,
3.
be

5o

6o
To

8.
9e

10.

il,

15,

& ‘topographic survey was obtained for the southeastern
portion of the valley.

A soil survey was obtained for the Emmett Valley.
An alkali survey was obtained for the Emmett Valley.

The soil sample locations from Research Bulletin No. 17 (5)
were relocated in the field and the field conditions were studied,

The U, S. Bureau of Reclamation well locations and well
readings were obtained.

The soil and alkali surveys were checked,

Piezometers (3) were installed in Ranch A& to observe the ine
fluence of opéen drains in the Ietha Soil Series.

The soil and alkali surveys were checked on Ranch B,

Piezometers were installed in Ranch B to observe the ine
fluence of open drains in the Muck soils,

The soil and alkali surveys were chetked on Ranch C.

Piezometers were installed in Ranch C to obtain the in-
fluence of open drains above a soil change,

The soil and alkali surveys were checked on Ranch D.
Piezometers were installed in Ranch D to obtain the ine
fluence of open interception drains above soil changes and
in Snow soils,

The soil and alkali surveys were checked on Ranch E,

Plezometers were installed in Ranch E te obtain the ine
f3dence of tile drains in letha soils,
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16,

17.

18,

22.

23,

2o

25,

26.

27,

The soil and alkali surveys were checked on Ranch F,

Pilezometers were installed in Ranch F to obtain the
influence of open drains in the Moulton soil series.

Chservations were initiated on Rench G to determine the
iniTluence of open drains on the Reed soil series.

Waterr samples of the Payette River, drain water and
artesian water were obtained and an lonic analysis made
by the U, S, Bureau of Reclamation.

The soil and alkali surveys were checked on the Ranch I recla-
mation plots,

Twenty-seven infiltration rings were driven on the Ranch I
reclamation plots. (8ilty clay - highly alkaline 5oils)
Three ring replicates were set up = river, drain and artesgian
water was applied as leaching water - zero, five and ten tons
of gypsum were applied to the soil in the various rings.

The soil and alkali surveys were checked on the Ranch H
Greasewood reclamation plot. The soils are moderately
alkaline, rapidly permeable and have a drainable gravel strata
at 3% feet.

Twenty=seven infiltration rings were driven on the Ranch H
Greasewood alkali reclamation plot, Three replicates
identical to the Ranch I plot were set up.

The soil and alkali surveys were checked on the Ranch H
Saltgrass alkali reclamation plot, The soils are
moderately alkali, moderately to rapidly permeable and have
a drainable gravel strata at 6 1/L feet.

Twenty=seven infiltration rings and one evaporation ring
were driven on the Ranch H Saltgrass alkali reclamation
plots Three replicates identical to the Ranch I plot
were set up. ,

One evaporation ring was also installed on the Ranch

I plot.

The installation, operational and maintenance costs on
vertical drainage wells were obtained from the Ploneer
Irrigation District at Caldwell, Idaho,

An artesian well location survey was initiated in the
Emmett Valley,



METHODS OF OBTAINING DATA

The methods of securing the basic data on the various studies were
generally adapted from research in other areas, Additional needed
techniques were developed as the investigation progressed, These
techniques and methods have been modified and simplified to aid in de=
riving maximum production with limited personnel and equipment.

The following methods and techniques were used in obtaining the
various sections of the report.

1.

3e

Fe

10.

12,

All available records were checked for information and
data pertaining to the problem area. The more valuable
data was assenbled and included in this report.

An artesian well location survey was made on the portion of
the valley south of the river. Questionaires were sent out
to all the farm owners in that area.

Piezometers and wells were used to obtain the hydraulic
gradient of the ground water table and to detect artesian
pressures on the various farms studied,

Water applied to the various farms was obtained from the
water companies. Drain water effluent was measured at
drain outlets. Surface waste was measured or estimated.

Crop increases were obtained from individual farmers for the
various farms studied,

Chemical analysis on various soil and webter samples were made
by the Bureau of Reclamation,

Water samples were analyzed with a conductance bridge during
the alkali reclamation studies,

Infiltrometer rings were used to measure the effect of gypsum
and various reclamation waters on the alkali soils.

Aggregates were recorded during the alkali reclamation studies
on the Ranch I plot.

The inches of water applied to each ring was measured.

The structure, workability and amount of visible gypsum was
recorded after each leaching pericd,

Proctor needle readings were made in each ring after each
leaching period to determine swurface hardness.
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13, The intake rate was measured in the rings with a standard
evaporation hook gage.

1. The soil and water temperature was recorded for each ine
filtration period. These temperature readings were used to
convert the intake rate to a standard temperature.

15, Barometric readings were made at the beginning and end of
each infiltration period to determine the effect if any on
the infiltration.

16, pH readings were made at each infiltration run to aid in
analyzing the results in each ring.

DATA GATHERED

This section includes a summary of the data gathered since the
drainage investigation was initiated in August 1951 on the following
subjects:

1., Topographic survey

. Soil Survey

Alkali survey

Artesian well survey
Ground water survey
Drainage Investigations
Alkali reclamation
Vertical drainage

L]

L]

L -

o
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Topographic Survey

Emmett Valley comprises the principal body of valley lands of the
Payette River within the county. The valley begins at the mouth of
the basalt bordered Black Canyon near the Black Canyon Dam about
5 miles northeast of Emmett. This alluvial valley widens out to a width
of L to 6 miles and extends down the river about 1L miles, The alti-
tude varies from 2200 to 2500 feet. A& strip of bottom land 1/L to 3/L
miles wide borders the river., & nearly level alluvial terrace, 2 to 5
feet or so above the bottom lands extend soutlward for 1 to 2% miles,
This alluvial terrace contains many old partially filled channels,
sloughs and playa-like flats, Northeast of Emmett this terrace is
slightly higher above the bottom lands. South and west of Ietha, in
the southwestern part of the valley, a second nearly level terrace
lies aboub 2 to 5 feeb above the first terrace., These low terraces
grade into a continuous 1/ to 1/2 mile wide belt of sloping coalescing
alluvial fans. These fans were built up by streams emerging from the
nearby hills., Above these fans a strongly dissected berrace or upe
land plain rises steeply some 300 to 700 feet to a crest and slopes
gently towards the Boise river, The Payette river flows along or near
a 30 to 50 foot escarpment on its north side., This escarpment leads
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up to a gently sloping terrace or bench, This terrace is 1 to 3 miles
wide and comprises the greater part of the valley on the north side
of the river,

During 1920 a topographic survey was completed on the south-
eastern porticn of the Emmett Valley, The survey was made by Hays,
Sloan, and Lewis. A copy of the survey, 8 inches to the mile, with
a two foob contour interval, is in the Smoke Imsurance Office in the
bank building in Emmett, & copy of the survey with a ten foot con-
tour interval is shown in figure 2., The valley east-west slope is
roughly ten feet per mile, The north south slope is relatively flat,
In some locations the slope is towards the south rather than north
towards the river, This flat north-south slope and the high river
level with respect to the farm land makes drainage towards the river
unfeasible in a large part of the problem area.

Soil Survey

A soil survey of the Emmett Valley area was initiated August 26,
1939 under a survey work plan for Gem County, Idaho in which the entire
county outside of the National Forest was to be included. This area
amounted to about L22 square miles. The Bureau of Plant Industry,
Idaho Agricultural Experiment Station and Soil Conservation Service
were listed as cooperating agencies,

In 1940 the survey was continued under a cooperative agreement
between the Idaho Agricultural Experiment Station and the Division of
Soil Survey, Bureau of Plant Industry Soils and Agricultural Engineering.

The terraces above the river probably were formed of river trans-
ported material mixed with material from the adjoining uplands of the
Payette and Idaho formationsy; whereas, the river bottom lands and the
soils south of the river are derived from more recent, mixed transported
soil materials, The alluvial material deposited by the Payette River
had its origin prineipally from acid to somewhat subbasic igneous rocks,
such as quartz, monzonite, granodiorite, quartz diorite, and granite,
which predominate in the drainage basin of the river above Emmett. A
minor proportion probably was derived from basalt, which underlies a.
small part of the drainage basin, particularly Squaw Butte and the ad-
joining area north of Black Canyon., It is likely that a considerable
admixture of quartz and other acid igneous material has been derived
from the Payette and Idaho formations, A description of each soil
series followsg

Power series

The Power series includes most of the soils on the Bench lying north
of the Payette River. fn area of aboult one square mile lies south of
Ietha in an old high alluvial fan or remmant of this terrace. The
soils have light gray silt loam surface horizons with brown compact
subsoils and are underlain with mixed and stratified deposits of sand,
gravel and cobbles. In the virgin state the soil had a characteristic
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microrelief of slight mounds and depressions and a cover of sagebrush
and sparse grass, In many places leveling operations have exposed
the less permeable and presumably highesodium "B" horizon, which has
resulted in a spotted growth pattern in many cultivated fields. The
parent material consists ef old alluvium, mainly of medium and some-
what light textures, deposited by the Payette River.

The internal drainage of the soil is wvariable but probably domie
nantly somewhat slow, ranging to very slow in the spots of poor vege-
tation., The water table is low enough so as not to interfere with
drainage at the present time.

Soils of the Power series have the following textural range:
Clay, silty clay, sandy clay, silty clay loam, clay loam, silt loam;
sandy loam, coarse sandy loam and gravelly clay loam.

Bramwell series.

Most of the Bramwell soils lie on a continuous belt of sloping
coalescing alluvial fans between the main valley and the steep hills
facing the valley from the south. The soils are principally quartzic
and micaceous alluvium washed more or less locally from the Payette
formation and other soils in the hilly uplands underlain by the
Payette geologic formation.

The remaining Bramwell soils are alluvial soils having a grayishe
brown surface soils of a wide range in texture and stratified sub~
soils. The soils generally have loose loamy coaXse sand or coarse
sand below a depth of 12 to L5 inches, They are well drained, The
coarser = textured soils generally lie higher on the fans and are
lighter colored., The finer . textured soils lie on the flatter lower
edges of the fans and have stratified subsoils in which the strata
range from heavy textures to loamy coarse sand to at least moderate
depths.

Soils of the Bramwell series have the following textural range:
Coarse sandy clay, clay loam, loam, sandy loam, coarse sandy loam,
loamy coarse sand, gravelly loamy coarse sand, sand, gravelly coarse
sand,

Ietha series.

The soils of the Ietha series occur extensively on the level lands
in the valley west of Emmett, fairly close to the Payette River, and
extend to the Payette, Gem County line, The soils are poorly drained
and have a fluctuating water teble at depths ef 20 to L5 inches. The
soils lie on a nearly level low terrace only a few feet above the
present flood plain ef the river, The surface is very gently undu=
lating and has a relief of 6 to 2L inches between the broad swells
of ridges and the narrow meandering channels of an old flood plain,



The alluvium is medium to very light textured and was deposited
by the Payette River with mixtures of outwash from the nearby Payette
hills, The soils are moderately alkali and non-saline, The subsoil
strata are generally heavier textured.

Soils of the Letha series have the following textural range:
Clay loam, silt loam, fine sandy loam, loam, sandy loam, gravelly
loam, gravelly clay loam, gravelly coarse sandy loam,sand,

Emerson series

Soils of the Emerson series occur south of the Payette River in
an arc extending from the Black Canyon Dam to an area generally south
of Wmmett., These soils are not generally effected by a high water
table., The water table averaged about L to 5 feet below land surface
in the area south of Emmett. The soils occur on nearly level low
terraces and are from medium to coarse-textured older alluvium of the
Payette River.

Soils of the Emerson series have the following textural range:
Ioam, gravelly loam, fine sandy loam, loamy fine sand, sand, gravelly
sand loam, gravelly sand, gravelly loam, sand,

Cannon series,

The soils of the Cannon series are light colored and are found in
the flat backwater settling basins of the low terraces or old flood
plains of the river, The soils are medium to heavy textured and are
underlain by loose porous strata of gravel or sand at depths of 20 to
60 inches, '

Flood waters of the intermittent streams from the Payette hills
deposited their coarser load on the fans while the finer material
was carried farther down into the flat basins below the fans, The
soils were evidentally formed under poor or somewhat poor drainage
and more or less saline and alkali conditions.

Soil types of the Cannon series include the folowing textural
range: Clay, gravelly clay, silty clay, sandy clay, silty clay loam,
clay loam, gravelly clay loam.

Nolan series.

The Nolan soils were formed in very poorly drained marshy areas
with abundant growth of water-loving plants. The soils are fairly
dark colored but contain less organic matter than the muck soils,
They are generally non-alkali, The surface soils are generally dark-
gray fine granuler silt loam or heavy silt loam. The surface soil
extends to 15 or 30 inches and grades into a medium textured light
brownish gray soil, Ioose gravel or micaceous sand generally under-
lies the medium textured strata at 35 to L5 inches,

Soils of the Nolan series have the following textural range:
Silty clay loam, gravelly silty clay loam; loam, clay, silty clay.
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91 series.

it

The surface soils are dark colored and very heavy, The subsoils
are medium to slightly heavy textured, The soils have moderate internal
drainage, They occur in level backwater settling basins in association
with the Cannon, Nolan and Muck soils, The soils are lighter colored and
somewhat more calcareous than the Nolan soils but resemble them in
their friable nature. The soils are slightly to moderately affected by
salts or alkali,

Soils of the 91 series have the following textural range: Clay,
silty clay, clay loam, silty clay loam, loam,

Reed series.

The Reed soils are light colored saline=alkali or alkali soils
formed from laminated fine silty sediments relatively free of gravel,
They occur in a nearly level to very gently undulating terrace in the
southwest corner of the valley, These deposits probably represent the
rements of a lake terrace formed in the valley of the Payette River.

These heavy soills extend downward 15 feet or more to gravel. Internal
drainage is slow to very slow,

Soils of the Reed series have the following textural range:
Silty clay, silty clay loam, silt loam, loam,

Moulton series.

The Moulton soils include imperfectly to poorly drained soils
occurring in medium positions on flood plains, Textures range from
very light to medium. The subsoils are stratified but chiefly light
or very light textured. Strata of loose gravel and sand lie below a
depth of 20 to 35 inches., The soils may be slightly saline and
highly alkalin,

Soils of the Moulton series have the following textural range:
Clay loam, loam, sandy loam, very fine sandy loam, loamy fine sand,
gravelly loam, gravelly fine sandy loam, loamy coarse sand, gravelly
sand, gravelly coarse sand.

Wardwell series.

The Wardwell soils lie on a terrace about 20 feet above the flood
plain in an area northeast of Emmett. The soils are not effected by a
high water table, The soils have moderate to strong textural and
structural profile development. The deep subsoils generally have a
high pH and may contain some soluble saltse

The following soil btypes are included in the Moulton series:
Clay loam, loam, fine sandy loam, sandy loam, gravelly loam, sand.
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Muck series.

Several areas of muck and peaty muck soils occur in the lower
parts of the low terrace or old flood plain in the south portion of
the valley, Before drainage was initiated the vegetation consisted
of tules, sedges and reeds, The muck varies in depth from a few
inches to more than 72, The Muck soils are generally underlain by
sandy strata. The soils are neutral to slightly alkalin in some areas.

The Mack soils were delineated as follows: Shallow muck 6% to 12%
muck 12" to 36", Peaty muck, deep peaty muck 72" plus,

Snow series.

The Snow soils occur in the nearly level floors or flood plains of
the small valleys crossing the Bench north of the river, A& few areas
occur as small alluvial fans of these streams where they emerge from
the Bench on to the Payette River flood plain. The surface soils are
generally darkegrayish brown, The surface texbtures are primarily
medium to heavy. The subsoils are similar in color and stratified
with sandy loam and light clay loam layers to a depth of 35 to 60 inches,

Below 60 inches loose loamy sand, sand, and gravel occur,

The Snow soils have the following textural range:s Clay, silty
clay loam, clay loamy coarse sandy loam, silt loam, loam, sandy loam,
coarse sandy loam, :

The general location and extent of the various soils series are
shown in figure 3. The severely water=logged and problem area occurs
primarily in areas of letha, Reed, Canon and Muck soils, The Reed
and some Muck soils do not lend themselves favorably to open or tile
drains because of their thickness and low permesbilities,

41lkali Survey.

An alkali survey, including alkali and saline conditons of the
Emmett Valley area, was initiated in 1941 by the same personnel thab
made the soil survey. The alkali swrvey was conducted in conjunction
with the soil survey., The various classes or degree of salinity and
alkali were based mainly on obvious conditions of alkali and salinity
as evidenced by salt accumulation, natural vegetation, crop growth
and the morphology of the soils. These field observations were checked
by conductivity and pH tests,

In the alkali survey the soils were delineated into the following
classes:

Alkali free,

Natural cover of sagebrush and cheatgrass or of cheatgrass and
annual weeds, as well as cropland and irrigated pasture on soils not con=-
sidered to be inherently alkali or saline,



FIGURE 3

SOIL SURVEY

GEM COUNTY, IDAHO
EMMETT VALLEY
Survey made by

Idaho Agricultural Experiment Station
& Division of Soil Survey, B.P.I.S.
& AE,

Legend
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4 ~ Bremwell-Cashmere
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Surface free of alkali, alkali in the sub~-strata.

Cropland or irrigated pasture supporting a uniform fair to good
vegative cover, apparently free of salt and alkali, but because of the
inherent characteristics of the soil, usually have salt and alkali in
the deeper subsoil, ;

Slightly alkali,

Cropland supporting a fair but uneven or spotty vegetative cover
with fair to good crop growth on 75% or more of the area, or irrigated
pasture supporting 60 to 654 or more cover of palatable grasses and
legumes., In cropland of this class the visibly affected alkali or
saline spots are barren. In irrigated pasture the visibly affected
alkali and saline spois support a dominant cover of saltgrass and
Greasewood,

Moderately alkali.,

A natural greasewood cover, with or without saltgrass, or a uniform
revegetated cover of which saltgrass comprises 35 to L0% or more of the
vegetation,

Strongly alkali,

Alkali and saline affected areas in which alkali spots occupy 25%
or more of the area with the intervening areas supporting saltgrass,
and greasewood or a poor to good growth of crops. If allowed to lie
idle, these lands will in a few years time have a uniform saltgrass
cover,

The general location and extent of the various classes are shown
in figure L., The alkali area generally occurs on the Letha, Reed and
Cannon soil series, The Ietha soils are generally moderately permeable
and should reclaim falrly rapidly following drainage, The Cannon soils
will be slightly more difficult to reclaim due to a slower permeability
in the surface soil, However, open or tile drainage is very feasible
on the Cannon soils due to the permeable substrata. The Reed soils will
be the most difficult to reclaim duvue to the slow permeability and
thickness of the strata, The 15 feet or more of slowly permeable soil
makes the efficiency of open or tile drains very low. This requires a
very close spacing of drains and coupled with the gypsum required for
reclamation on heavy alkaline soils makes reclamation very costly.

Chemical Analysis of Selected Soil Semples in the Emmett Valley, (5)

During 1950 the U. S. Regional Salinity and Rubidoux Iaboratories,
Division of Soil Surveys and the Idaho Agricultural Experiment Station
published a bulletin entitled "Characterigtics of Saline and Alkali
Soils in the Emmett Valley area, Idaho,®
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Soil Survey, B.P.I1.S., and A.E.

FIGURE 4

ALKALI SURVEY
EMMETT VALLEY
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Survey made by
Idaho Agri. Exp. Station and Division of
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The chemical and physical characteristics of 35 selected soil
samples were given in the Appendix of the above mentioned publication.
The location of the soil samples are shown in figure 5. A major part
of the soil samples are located in the acute problem area., (See figure L)
The chemical and physical characteristics of the soils sampled are
given in Appendix tables 1, 2, 3, and L,

The chemical analysis can be used to obtain a fairly reliable
estimate of the tonage ef gypsum required to remove the sodium from a
given soil sample and establish a permanent reclamation. The following
calculation is an example of the methods generally used to determinethe
amount of gypsum required for reclamation.

Sample calculation of gypsum required to reclaim the soil profile
analysis presented in Appendix Table 2, sample No. 23.

: : ¢ ¢ Gypsum s :  Gypsum

: : : s required s srequired
Depth H ¢ Base ¢t to replace sPortion ofe for

of :Exch, ¢ Safe  sexchange : one m.e,/100:foot sreclama=
Sample ssodium : sodium scapacity :grams of sollsanalyzed : tion
Inches Z % Mmee,/100 grm Tons Ft. Tons
0=8 ( 53.8 « 15) x 39,6 x 1.75 x 0,666 = 20,6
8-16 (73,7 - 15)x 50.6 x 1,75 x 0,666 = 34.6

1628 (81,9 - 15)x 51,7 x 175 x 1 = Lo.6

28«35 (83,5 = 15)x 55.3 x 1.75 x 0,583 = 26,0

39-52 (o0 -~ 15)x 12.8 x 1,75 x 1,083 = 20.6
Total tons of gypsum required to reclaim soil

to 52 inches L2k

Artesian Well Survey

An artesian well survey of the Emmett Valley was initiated during
1952, On April 7th a card questionnaire was mailed out to farm owners
in the problem area south of the Payette River. A 65 percent return
was obtained on the questionnaire.

The results ef the questionnaire are given in figure 6. The
artesian aquifer underlies the water~logged alkali area very accurately
(See figure L). However, the area is water-logged and alkali for a
distance of about 1L miles above the farm furthermost east, having a
flowing artesian well This 1} miles can possibly be accounted for in
two ways:

1. The artesian aquifer probably extends east of the last farm
indicating an artesian well, However, a number of artesian
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FIGURE 5

SOIL SAMPLE LOCATIONS
EMMETT VALLEY
GEM COUNTY, IDAMO

U,S, Regional Salinity and Rubidoux
Laboratories, Division of Soil Survey
and Idaho Agricultural Experiment Station..
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wells were attempted a half to three-quarters of a mile east
of the last known well and no free flowing artesian aquifers
were encountered. ‘

2. Artesian water moving toward the surface forms a water
mound and retards unconfined ground water moving down from
upslope, The water table is slowly raised until the areas
become water=logged and alkali,

Ground Water Survey.

During 1936 the U. S. Bureau of Reclamation initiated a ground
water investigation in the area bordering the Black Canyon Canal on
the southern edge of the Emmett Valley. A total of 91 observation
wells were installed and monthly readings were made from 1936 to 19L5.
The observations were discontined from 1946 to 1950, The observations
were resumed in 1950 and have been continued to date.

The well locations are shown on figure 7. The observation wells
are located an eight of a mile up to two miles below the Black Canyon
Canal.

A table of the high and low water table elevations, by years, are
given in appendix table 5. The ground water fluctuation varies with
the well location, In some areas the fluctuation is very small and
in other areas the fluctuation may be 10 to 1L feet between the low
and high ground water cycle,

Drainage Investigations.

An investigation to determine the range of influence and the
performance of open drains in five of the major soil series in the
Emmett Valley was initiated during the past year., Plezometers were
installed at right angles to the proposed drain Jocations to determine
the ground water level prior to drainage., Observations on the soil
profile and the draints effect upon the ground water table were ob-
served during the drain construction periods, Piezometer observations
were continued during the fall and winter to obtain the minimum and
maximum ground water level following drainage. The effective range .
of influence varied from about 100 feet or less in the silty clays to
LOO feet or more in the sandy loams underlain with gravel,

Drainage investigations were set up on seven farms in the valley,
They covered the following soil series and textures:
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Ranch Soil Series Texture

A Ietha Sandy loam

B Muck Silty clays

C Snow Clay loam

D Snow Clay loam

E Letha Clay loams and
gravelly fine
sandy loams

F Moulton Ioam to loamy fine
sand

G Reed & Nolan Silty clay loams

The ranch locations are shown on figure 8, Five of the ranches
are located in the general problem area south of the Payette River and
the remaining two, Ranches C and D, are located on problem areas north
of the river. Ranch D is located at the toe of the bench escarpment,
and Ranch C is located at the toe of the escarpment on Bissell Creek,

The observations, field work, and conclusions are given individually
and alphabetically for the various ranches,

Ranch nAN,

Ranch "A" is located east of the artesian aquifer water mound or
dam, It 1s in the area where the ground water from the upper valley
backs up against this water dam and slowly water-logs the area.

The ranch has several small cultivated areas, but has been used
primarily for pasture, Figure 9 was taken looking north from a central
point on the ranch and shows the native vegetation and slight undulating
topography. The ranch had several low wet areas prior to drainage and
leveling,

Figure 10 shows the open drain from the northeast corner of the
farm looking west, The drain is approximately six feet deep, This
drain extends around three sides of the ranch (See figure 11). It goes
up the west side, along the north side and nearly across the east end
of the farm, Figure 10 shows approximately 18 to 20 inches of soil ‘
mantle over a coarse sand and gravel strata., The spoil bank was segre-
gated at the time of construction, The coarse gravel was piled adjacent
to the drain and the soil mantle was deposited in the field. The soil
mantle was utilized in leveling the ranch and the coarse gravel was
smoothed out and used as a berm along the drain.

A soil and alkali map for the ranch is shown in figure 1l. The
soils are primarily Letha with eight bars or islands of Emerson. (See
figure 11) The soil mantle is primarily a sandy loam with mantles of
loam on some of the Emerson soil areas, It is roughly L to 5 feet
from the surface to gravel and cobble in the Ietha soils and 20 to LO
inches in the Emerson soils. At several places the Emerson gravel bars
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U.S. DEPARTMENT OF AGRICULTURE , SOIL CONSERVATION SERVIGE, RESEARCH

DRAINAGE INVESTIGATIONS
RANCH "A"

Emmett Valley
Gem County, ldaho

Figure 9. Looking north fromcenter of farm. Soils belong to the Letha and
Emerson series and agre primarily fine sandy loams.

Figure 10. Looking west along open drain, from the north east corner of the
farm. Drainable strota of sand and gravel is visible below a two foot
soil cap.
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FIGURE 11}
RANCH %A
EMMETT VALLEY
GEM COUNTY, IDAHO
( 8 inches to the mile)
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extended to within several inches of the surface, The soils lend
themselves very favorably to open or tile drainage as the coarse
gravel and cobble makes an excellent aguifer,

The soils range from alkali free to moderately alkali, There
are three alkali free areas on the ranch, These areas are farmed and
produce fairly good crops, About 60 percent of the ranch is slightly
alkali and the remainder is moderately alkali, A few spots in the
moderately alkali area indicated a very high pH (9.6¢) with Thymol Blue.
This high pH suggests that some spots in the moderately alkali area may
be strongly alkali,.

The ranch is being leveled from virgin soil and will be cropped
during 1953. No irrigation information is available on the ranch this
year, Irrigation observations will be made during the 1953 irrigation
season,

Some spots on the ranch indicated a very high ground water table
prier to drainage. There were several springs or seeps on the ranch
that dried up following drainage; however, some small areas remained
wet during the 1952 irrigation season. These low wet areas may be ime
proved considerably following leveling.

Twelve pilezometers were installed on the ranch in an east-west and
a northesouth line, (See figure 11) The ground surface and ground
water profiles are shown in figure 12,

The east-west piezometer line indicates that ground water is moving
inte the farm from areas to the east, Water is probably also seeping
from the canal on the east side of the ranch as the water table came up
three feet at a distance of 100 feet from the drain during the high
ground water period, The interception drain along the east side of the
ranch is a foot shallower than the adjacent irrigation canal and
probably allows a large quantity of ground water to enter the farm,

The northesouth piezometer line indicates that the ground water
comes to within two feet of the surface on the south side during the
irrigation season. The ground water moves slowly towards the south
during the low ground water period and towards the center of the ranch
from both the north and south sides during the high groeund water period.
The elevated head ditch along the south side of the ranch is evidently
contributing considerable water to the ground water problem guring the
irrigation season,

The areas cropped during the 1952 season indicates a slight to fair
crop increase due to the drainage,

Conclusions on Ranch tAM,

l. The present drainage system will not completely reclaim the
entire ranch, o

2. A& tile drain or an open drain will be required in the southern
portion of the ranch. A shallow east-west drain exists at about the
300 foot south piezometer (see the north-south piezometer line, figure 12)
This existing shallow drain could be deepened and extended to drain the
southern portion of the ranch,
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3s The east interception drain is too shallow and should be
deepened., It is a foot shallower than the irrigation canal just east
Of the drainc

li. Better drainage system would have been obtained with a drain
along the east-west piezometer line with a foot and a half deeper "TH
interceptor drain paralleling the canal on the east.

5. The ranch should be border irrigated to keep as much of the
land as possible under water during irrigations. This helps prevent
alkali moving to the surface along furrow ridges.

6. &1l drains should be kept clean and open to pick up a. maximum i
gquantity of ground water, i

Ranch n"gn,

Ranch "B" is located at the southern edge of the valley, (see figureB .
for location) The problem area was severely water-logged prior to drainage
Three bog holes existed in the area and were so soft and fluid that a :
post or timber could be pushed down seven or eight feet with ease. The
water-logged area has been used as pasture,

Figure 13 was taken looking northwest from a point midway along
the new drain, Small rose bushes are shown in the picture. The black
spoil band at the right is the muck spoil bank from the new drain,

Figure 1h is looking north along the partially constructed drain,
The view shows the sloughing and caving characteristics of the muck
soils, The shallow portion of the drain was constructed in 1951, A
year was allowed for the drain to stabilize prior to completion., During
1952 the drain was deepened and cleaned out, Another stabilization
period will be required before the drain can be completed.

The new open drain cuts through Cannon and Nolan clays prior to
the entering the water-logged Muck soils, The soils and alkali maps
are shown in Figure 15, The Nolan and Cannon soils are underlain with
sand and gravel within the drain depth and are readily drainable. The
Muck soils vary in depth, In some locations along the drain the Muck
was underlain with sand within the drain depth and in other sections
the muck was very deep and boiled into the drain faster than it could
be bailed out. The muck soils are slowly permeable and have a very
Jow intake rate.

The alkali concentration on the ranch varies from alkali free to
moderately alkali. The acutely water~logged Muck soils are surprisingly
alkali free, (see figure 15) This phenomenon is attributed to the de-
caying peat giving off an acid that tends to counteract the alkali con=
dition., The entire Muck soil series is alkali free and shows up as an
alkali free island on the Alkali Survey Map of the valley. (See
figure L = T 6 N R 2 W Sec, 23)
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DRAINAGE INVESTIGATIONS
RANCH "B"

Emmett Valley
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Figure |3, Looking north west from center of new drain. The soils belong to
to the Muck series. Wild rose bushes in foreground.

Figure 14. Looking north along partially constructed drain. Caving
and sloughing tendency of drain bank is shown.
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FIGURE 15
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The water-logged area on the ranch is currently being leveled and
has not been irrigated since the study was initiated; consequently no
irrigation information is available,

The general ground water table, prior to drainage, was very high,
Springs occurred in several areas and the water table averaged a few
inches from the surface under most of the Muck soils, Two flowing
artesian wells exist in the general area. One four-inch artesian well
is located in the center of the newly constructed drain, The well casing
was cut off at drain bottom level and works very effectively as a
vertical drain in the artesian aquifer,

Fourteen piczometers were installed in the ranch to obtain the
open drains effect upon the high water table in the Muck soils, Twelve
plezometers were installed in an eastw-west line, two plezometers in a
north=south line off the stub end of the drain, The piezometer line
locations are shown on figure 15, The ground surface and ground water
profiles are shown in figure 16. The easte~west piezometer line indi-
cates that the open drain is only partially effective in the Muck soils,
The east line indicates a greater effective distance than the west
section, The water table stood within a foot of the surface at a point
200 feet west of the drain during the high ground water table. The
ground water table was within two feet from the ground surface at a
point 300 feet west of the drain during the low ground water period.

The north piezometer line at the stub end of the drain, (see figure 16),
indicates very slight effect beyond one or two hundred feet from the
drain.

Conclusions on Ranch "BM

, 1. The present drainage system will not completely reclaim the
water-logged area on the ranch.

2. Tile drains would be unfeasible in the Muck soils due to caving,
sloughing and heaving tendencies of the soil, It would be practically
impossible to install tile drains, also, there is very little chance of
keeping them intact following installation,

3. The installation of open drains in the Muck soils at the present
time is too costly for the benefits derived., It cost $162L.00 to dig
1186 feet of drain on Ranch "B", More than half of the 1186 feet of
drain was in the Nolan and Cannon soils and would run about 50 cents a
foot to digs consequently, the cost of digging the six to seven and one=-
half foot drain in the Muck soils cost approximately $2.50 a foot, This
is too high a cost for the effective area drained,

i, Pumping from wells in the artesian aquifer would be the most
economical metiwd of draining the Muck soils.

5. The Muck soils will be very difficult to maintain level enough
to surface irrigate., The soils heave out of level and may require a
level touch-up nearly avery year.

6. Sprinkler irrigation may be feasible on the Muck soils for some
high priced crops. Sprinkler costs coupled with drainage costs will be
very high,
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7. The maintenance cost on the drain will be very high in com-
parison with the more stable soils, Cleaning to remove the sloughing
and heaving muck soil may be required yearly for several years,

8, If additional open dréinage work is done on the Muck soils,
it should be done with a light dragline and jarring kept at a minimum,

RANCH "CY

Ranch "C" is located in one of the perennial stream channels
cutting across the Bench north of the Payette River, This drainage
problem is due to a soil change coupled with a break in grade, The
water-logged area is located between the bench escarpment and the creek.

The water-logged area is used as pasture during the low ground water
period,

Figure 17 shows a view north along the proposed route of the tile
or open drain., The proposed drain would be located at the break in
grade and follow the contour of the escarpment toe, The seepage line
can be seen eight or ten feet above the basin floor on the toe of the
escarpment.

Figure 18 shows a view looking north over the bog area. The bog
supports a luxuriant growth of water-loving plants, During the summer
months, the seepage water accumulates and stands two or three inches
deep on the surface. Muskrats live in the bog and apparently thrive
very well,

The soils and alkali maps and a cross section of the bog area are
shown in figure 19. The soils in the bogiarea belong to the Snow series
and are primarily clay loam. This slowly permeable clay loam strata
overlies a sandy loam strata. (See figure 19 cross section at "A")

The sandy loam soils extend upstream from the problem area a distance
of a mile or more., The soil change from a sandy loam to a clay loam
gives a good key to the cause of water-~logging.

An alkali map of the problem area is given in figure 19, The soils
are alkali free and will respond very rapidly following drainage, No
soil amondments will be required as with the alkali soils,

The bog area is waste land consequen®ly no irrigation or cropping
information is available.

The general ground water table is very high during the summer
months, Water stands several inches deep on the surface and the soil
gets fairly soft and fluid., This condition is generally due to the
quicksand condition caused by wabter moving to the surface from deeper
strata,
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DRAINAGE INVESTIGATIONS
RANCH "c"

Emmett Valley
Gem County, Idaho

Figure |7. Looking north along proposed route of intereeptor drain. The soils
belong to the Snow series and are primarily clay loam.

Figure 18. Looking north west over the bog section. During the summer
months seepage water accumulates and stands 2 or 3 inches deep on the
surface.
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Ten piezometers were installed in the bog area in . 1 east-west
and north eastesouthwest lines. (See figure 19) The ground surface
and ground water profiles are given in figure 20, The east-west
piezometer line indicates a hydrostatic pressure in the sandy loanm
soil below the clay loam cap., This pressure stends one foot above
the ground surface at the escarpment toe and drops down to ground
level at a point 300 feet east of the escarpment. The east-west
piezometer line indicates the ground water moves towards the west
during the low ground water period and towards the east during the
high part of the cycle, The north=ecast south-west piezometer line
indicates that considerable ground water is moving down from up-
stream as well as at right angles off the bench, The hpdrostatic
pressure drops nearly four feet during the low ground water cycle.

Conclusions on Ranch g,

1. The water-logging is due to a soil change in conjunction with
a. break in slope,

2. Seepage water is moving into the area from the bench lands
and down the creek bottom. The Bench seepage water is probably due
to over-irrigation, canal and ditch losses. The water moving down the
creek bottom is possibly due to creek seepage losses in the sandy
loam soils. ,

3. A tile or open drainage system will reclaim the bog area,
The drain should follow the escarpment toe and then east-west along
the north edge of the bog. An intereception drain in this location would
cut off seepage water from the bench and that moving down stream in the
sandy loam soil,

. The bog area will respond very rapidly fellowing drainage. No
gypsum or soil amendments will be required for reclamation.

Ranch up»

Ranch "D" is located on a narrow stretch of land between the toe
of the bench escarpment and the Payette River. (See figure 8 for
location.) Water-logging on Ranch "D" is possibly coming from twe
sources: The primary source is probably from the bench area and the
secondary source from the Payette River adjacent lands and the artesian
aquifer, An open interceptor drain was installed during 1952 along
the toe of the bench escarpment. This drain has worked very we

Figure 21 shows the flat level terrace and the Bench escarpment
in the background, The ranch has several slightly low areas that form
bogs or mud holes Hollowing rains or irrigations, This condition is
primarily due to the very low intake rate. of the soils and the topog-

raphy,

Figure 22 shows the open interception drain along the toe of the
Bench escarpment, The drain is in a clay loam soil and cuts into a
more permeable substrata in sections alon§ the drain, Watercress and
moss raise the water level in the drain lz to 2% feet during the late
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DRAINAGE INVESTIGATIONS
RANCH "D"

Emmett Valley
Gem County, idaho

Figure 21. Looking north towards the Emmett Bench escarpment. The soils
belong to the Snow series and are primarily loam ond clay loam.

Figure 22. Looking west along the interception drain. The drain 1s
located at the break in grade and soil change to intercept seepage water
from the bench.
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summer and fall when the water table problem is most acute. This
watercress condition reduces the effective depth of the drain at the
time it is needed the most.

A soil and alkali map for the ranch are shown in figure 23. The
soils are primarily of the Snow and Moulton series. The textures
range from clays to sandy loams in the surface soils and are underlain
by a sand and gravel strata at a depth of 35 to 60 inches, The
drainage problem is very similar to the Ranch "C" problem in that it
is @ soil change condition coupled with a break in grade. This heavy
soil cap was transported down the small gullies or valleys by perennial
streams and flash floods and deposited at the mouth of the gulley.
This condition is shown on figure 3 at Township 7 North, Range 2 West
Section 31,

The soils range from alkali free to strongly alkalia. The area
being studied to determine the effect of drainage upstream from a soil
change is alkali free. The area shown as slightly alkali shows up in
the crop growbth and the area shown as strongly alkali is generally dee
void of crop plants.

The irrigation efficiency was relatively low during 1952, Howe
ever, this low irrigation efficiency was probably due to the poor level
wondition of the field., The field is to be leveled during 1953 and
shouwld alleviate this condition,

The general ground water condition prior to drainage was comparable
t¢ Ranch "C", The area was very wet and swampy according to farmers
living in the area., The area responded very rapidly after the drain
was dug,

Six piezometers were installed at 100 foot intervals in a line at
right angles to the drain to determine the draints range of influence.
(See figure 23 for plezometer location line) The ground surface and
ground water profiles are shown in figure 2L,

The north=east, south-west piezometer line indicates that seepage
water from the bench has been effectively cut off. The drain &ffects
the water teble in the field for a distance of about 100 feet, This
is a rather short distance, however, the soils are very slowly per=-
meable and a 100 foot influence is about all that can be expected.

The ground water table is approximately two feet lower during the low

part of the cycle. Very little ground water is moving under the farm

either toward or away from the drain. The chief function of the drain
appears to be }ntercepting seepage water from the bench,

The crop responses have been very good following drainage. The
field was used as pasture prior to drainage and has since dried up
enough to be cropped. During the 1951 se ason L ton of corn per acre
were harvested and during the 1952 season 2820 pounds of oats and grain
per acre were harvested.
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Conclusions on Ranch wD#

l. The drain should be cleaned and graded to its outlet., This
will give a maximum depth drain at the farm,

2. Controlled wasteways should be constructed at the points
where waste water from the Bench is being dumped into the drain., This
will help prevent plugging of the drain by silt, sand, and gravel
from the Bench escarpment.

3. Weed and moss eradicators should be used in the drain to con=-
trol the watercress and moss. This will contribute 1} to 2 feet to
the effective depth of the drain,

. 1Increased irrigation efficiency should be attained. A& high
irrigation efficiency would help the overall drainage problem,

S. The feasibility of another open or tile drain in the more
permeable Moulton soils should be investigated.

Ranch "EN .

Ranch "E" is located in the Ietha soil series, This series makes
up the bulk of the water-logged and alkali soils in the Emmett Valley,
(See figure 8 for location), The field investigated has an acutely
high water table and the soils are slightly to strongly alkali.

Figure 25 depicts the gently undulating surface characteristics
typical of the Letha soils. The soils on the left of figure 25 are
slightly alkali and those on the right are moderately alkali, The
area supports a good growth of water loving plants and grasses,

Figure 26 shows the wide shallow canal located on the north edge
of the field, The canal has a coarse gravel bottom and evidentally
loses considerable water to the surrounding ground water table.

A soils and alkali map and a cross section soil profile are shown
in figure 27, The soils belong to the Letha series and range from ‘
clay loam to gravelly fine sandy loam, The loamy sand and gravelly
fine sandy loam are adjacent to and under the canal. This condition
contributes to the water=logging problem, A cross section along the
piezometer line at section A, is shown at the bottom of figure 27,
The field has a soil change condition where the more permeable strata
is pinched off, This is effected by the clay loam strata getting
deeper or thicker.

The soils range from slightly to strongly alkali, There is one
strongly alkali spot in the field; however, some of the area indicated
as moderately alkali is very close to being strongly alkali. The
field averages about 50 percent sllghtly alkali and 50 percent moder-
ately to strongly alkali,

The very low irrigation efficiency on the field is primarily due
to the poor topographic condition of the field which needs leveling.
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DRAINAGE INVESTIGATIONS
RANCH “E"

Emmett Valley
Gem County, ldaho

Figure 25, Looking north east along proposed route of tile drain,
The area is slightly to strongly alkalin.

Figure 26. Looking east along shallow ditch at the north side of
the farm. The ditch i1s | I/2 feet deep and approximately 12 feet
wide.
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The general ground water table is very high during the irriga-
tion season. It is high enough to cause seepage water to stand in
the low swales in the field following heavy irrigations. Water will
flow from an open auger hole in the low swales following these heavy
irrigations.,

Seven pilezometers and four wells were installed on the field in
a north<south line. (See figure 27) The ground surface and four
ground water profiles are shown in figure 28, The north-south pieze
ometer and well line gives the following indications for the four
dates shown in figure 28, The observations en April 1l, 1952 were
made when the canal was dry and the ground water table had a chance to
level off or to partially drain out through natural and installed
drainage. The profile indicates that there is a slight natural
drainage towards the south and away from the river, The uneven profile
line is probably due to an east-west ground water movement through
soils at varying rates.

The observations on September 3, 1952 were made when the canal was
half full and the field had just been heavily irrigated. The profile
indicates that considerable water is going into the ground water table
when the gravelly fine sandy loam and sandy loam soils are irrigated,
(8ee the soils map on figure 27 for the gravelly soil locations) Free
artesian pressures were indicated at two of the observation stations.
The water teble also drops off very rapidly towards the south which
indicates ground water is entering the farm from the north side,

The observations on Septenber 10, 1952 were made when the canal
was full and irrigation had just started. The profile indicates that
considerable water is being lost from the wide shallow canal to the
ground water table, Nabural drainage at this time is also towards
the south.

The observations on December 17, 1952 were made when the canal was
practically dry and bhad only a few pools of standing water. The field
was not being irrigated at the time of observations. The profile ine
dicates that considerable ground water is moving into the field from
the adjacent fields to the south, The natural drainage at this ob-
servation was towards the sloughs and river on the north.

The pasture response on the field is fairly poor. Some of the
strongly alkali area production is very poor and another section on
the extreme west corner is swampy and produces very little feed.

Conclusions on Ranch "En

l. Over-irrigation is contributing very heavily to the water-
logged condition of the field., The irrigation efficiency should be
increased on the field - especially on the gravelly fine sandy loam
and sandy loamn.

2, The wide shallow irrigation canal is contributing considerable
water to the ground water table through seepage losses, The canal
should be narrowed and lined through the gravel sections to prevent
seepage losses,

3. A tile drain should be installed in the low "Y!" shaped swale
on the farm, This "Y" shaped drain would effectively drain the field.

w5l -



U.Ss DEPARTMENT OF AGRICULTURE, SOIL CONSERVATION SERVICE, RESEFARCH

FIGURE 28

RANCH "m"
GROUND-WATER PROFILE
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12=17=52 Canal had few pools of standing water.
. . Ground surface.
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The drain should be aboub S% feet deep for best results,

L. Any leveling on the field should be done only after a good
soil survey has been made., The soil mantle is very shallow in some
areas and a six inch cut may expose a gravel bar,

Ranch upn

Ranch "F" is located in the artesian aquifer area with its north
boundary bordering on the Payette River. (See figure 8 for location)
The north one=third of the ranch produces fairly good crops. The
other two=thirds of the ranch is used as pasture.

Figure 29 shows the ranch from a central location ~ looking northe
west. The ranch is cut by numerous easte=west sloughs that will eventu=
ally be cleaned and deepened and used for drains or they will be drained
and filled in, The section shown in figure 29 is slightly to moderately
alkali, ' /

Figure 30 shows a dragline at work in one of the east-west sloughs
which contain stagnant water, The slough is being cleaned and deepened
and will be used as an interceptor drainage channel., The slough is in
readily drainable soils, The drain spoil bank was segregated as in

Ranch "A" and the soil mantle will be used in leveling the fields and —

filling the sloughs that will not be used as drains.

Soils and alkali maps for the ranch are shown in figure 31. The
soils are primarily of the Moulton and Ietha series with isolated bars
of Emerson, 7l series and Ietha, The soil mantle texture ranges from
loam to gravelly loamy sand with the largest percentage of the ranch
being fine sandy loam and loamy fine sand. The ranch is underlain with
a strata of loose gravel and sand below a depth of 20 to LO inches,

The highly permeable substrata reacts very favorably to drdinage and
a good range of influence is obtained with 5 to 8 foot open drains,

The soils range from alkali free on the north one-third of the
ranch, adjacent to the Payette River, to moderately alkali in the
south—onenhalf of the ranch, A few spets in the moderately alkali
area border on being strongly alkali.

The ranch has been generally over-irrigated on the bad areas,
This over-irrigation was primarily due to low areas and poor leveling.
As the ranch is leveled, the irrigation efficiencies should increase,

The ground water table prior to drainage was wvery high over the
greater portion of the ranch, Dead sloughs and small bogs stood at
the free ground water level. A number of these sloughs have dried
up since the open interceptor drain was installed. (See figure 31
for drain location)

Fourteen pieZometers were installed on the ranch in north=south
and east-west lines., (See figure 31 for location of these piezometer
lines) The ground surface and the ground water profiles are shown in
figure 32,
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Figure 29. Looking north west from center of farm. Sloughs are to be
cleaned, deepened and used for drainage channels.

Figure 30. Looking west from south center of farm. Slough is being
cleaned and deepened and will be used as an interceptor drain.
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The north~south piezometer line indicates that the ground water
table during the high ground water period is due to seepage from
sloughs and over-irrigation. The slough shown on the northesouth
line between stations 680 and 980 is recharged by irrigation waste
water, If this slough was cleaned out and deepened, it would lower
the ground water table in the center of the farm, During August 1952,
the water table stood within a six inches of the surface at station 980
on the northesouth line, During the low ground water period,

. &7 the water table at this point dropped 3 feet,

The east-west piezometer line indicated better overall drainage
on the north portion of the ranch. This area prior to drainage had a
high water table under most of it., The major ground water source was
cut off by the interceptor drain, The ground water table dropped
about 1% feet during the low ground water period.

Approximately one=~third of the ranch was cropped during 1952.
The crop production figures indicated a fairly good increase on the
north third of the ranch. The first wild hay c¢ rop was cut from the
slightly alkali area, (See the alkali map on figure 31 for location)
However, the general use of the southern twoethirds of the ranch during
1952 was for pasture.

Conclusions on Ranch npt

1. The standing stagnant sloughs should be drained,

2. Waste ditches should be constructed to get the surface waste
water off the farm as soon as possible,

3. The east~west slough between stations 680 and 980 on the
north~south piezometer line should be cleaned, deepened and used as a
drain, A tile drain would be very desirable as it would not take up
farm land and hinder farming operations, ’

e The drain on the east side of the ranch should be extended to
the south boundary and the shallow open drain running along the south
boundary should be connected to it,

5. A& very high irrigation efficiency should be attained on the
ranch, This would reduce the amount of water pereolating to the ground
water table,

6. CGypsum or other soil amendments will be required to reclaim the
southern portion of the farm.

Ranch n"Gn

Ranch G is located in the artesian aquifer area at the western end
of the Payette Valley. (See figure 8 for location) The soils are
slowly to moderately permeable, The surface is slightly undulating
and about half of the ranch is covered with a native vegetation,

Figure 33 shows a sectien of the ranch looking west from the
north-south county road which divides the ranch., The area on the
left of the picture is being used as hay and pasture land, During
the 1952 season it produced 2760 pounds of alfalfa per acre, The
ereca shown on the right of the picture is slightly to moderately
alkali,
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DRAINAGE INVESTIGATIONS
RANCH "G"

Emmett Valley
Gem County, ldaho

Figure 33. Looking west along proposed drain route from the north
south road disecting the farm. Land on right side of the fence Is
strongly alkalin.

Figure 34. Looking north along section of drain that was installed
during 1952. This section of drain i1s in slowly permeable soil.
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The slough in figure 33 will be eventually cleamed out, deepened
and used as a drain to help reclaim the land shown, and to drein a
standing swamp at the extreme east end of the ranch,

Figure 3L shows a section of the drain that was constructed during
1951, The section shown is in Reed silty clay loam soil,

- Soils and alkali maps for the ranch are shown in figure 35. The
soils are primarily Reed, Nolan, Ietha and 91 series. The textures
range from silty clays to loamy sands, The Reed soils are generally
heavy to a depth of 15 feet or more before the gravel strata is en-
countered. Internal drainage is slow or very slow and makes drainage
rather costly, The Nolan soils are slowly permeable; however, they
are underlain with loose gravel or micaceous sand at a depth of four
to six feet, The Ietha soils gre lighter surface texture and have a
drainable gravel strata at depths of 2 to 5 feet, The drain location
with respect to the soils and alkali is shown in figure 35.

The soils range from slightly to strongly alkali, The Reed soils
that are moderately to strongly alkali are going to be very difficult
and costly to reclaim,

Ground water observations were not made during 1952 due to a
personnel shortage. However, it is anticipated that a ground water
study will be made on the Reed soils during 1953,

The alfalfa adjacent to the drain showed a slight increase the
first year following drainage, The area cropped produced 1660 lbs.
of alfalfa per acre prior to drainage and 2160 pounds the first year
following drainage.

Conclusions on Ranch ng"

1, Reclametion of the moderately to strongly alkali Reed soils
will be very diffiecult and costly.

2., Gypsum or other soll amendments will be necessary to reclaim
the moderately to strongly alkali Ietha soils,

3. The drain completed during 1951 should not be extended to the
bog area at the east end of the ranch before arrangements are made to
apply gypsum or some other soil amendment to the moderately and
strongly alkali soils.

Summary of the Drainage Investigations to date

A summary of the water table information collected on the seven
ranches investigated is given in table li, The work done to date is
not conclusive due to a lack of irrigation information on one~half of
the soils studies and ones=third of the farms studied still to be
drained. Observatlons on the various ranches will be continued during

oo © the drainage investigation., The ground water elevatione

will be observed with plezometers and wells as the various ranches are
drained, leveled and put into production,
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SOILS MAP

FIGURE 35
RANCH "G"

EMMETT VALLEY
GEM COUNTY, IDAHO
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Table 4.
For the Six Ranches Investigated

Water Table Elevations

: : : : Maximum Water Table : Minimum Water Table
: : : Depth: :Distance :Distance from drain or :Distance: Distance from drain or
RanchiArea: Soils ¢ of @ ‘to max ‘slough to a drawdown ofito max. : slough tc a drawdown of
No. : : ¢ draintDur. : water ¢ 4 £4¢ 3 £t: 2 £4t: 1 £+: water : 4 £ 3 £ 2 ftia 1 %
: tSeries:Texture: tirrig:table : : : :table : : : :
she : s ft. ¢ £t. ft. ft. ft. ft; ft. i £t, i Y
A 80 6 SL 6:2 No 2 150 850 950 - 2 950 - -
B 105 M C-M 75 No 0.5 ~ 40 80 200 2 120 260 -
C 6 S CL - Ne 1 Arst, 205
D 80 S CL-L 6.0 Yes 1 20 60 133 533 4 - - -
- B 20 6 CL-L5-GSL —- Yes 0,7.Art. l.4
oF 71 24 L-FSL-IFS 6,0 Yes 045 - 80 410 580 3 280 - -
=
| S
So0ils
_Series Texture
6 ~ Letha M -~ Slowly permeable Muck
24— Moulton C - Clay
M- Muck CL - Clay loam
S~ Snow L ~ Loam

FSL ~ Fine sandy loam
SL ~ Sandy loam

IFS ~ Isamy fine sand
LS -~ Loamy sand

GSL - Gravelly sandy loam




The following tentative conclusions have been formed from the
investigations to date.

1. The present drainage system is not adequate to completely
reclaim any of the ranches investigated., Additional tile, open
drains or wells will be required to complete the drainage job.

2. A rather close spacing of tile or open drains will be re-
quired to lower and maintain the ground water level at a safe depth
of Uy feet, Drains 6% feet deep, spaced at 200 foot intervals will
be required to adequately drain the slowly permesble soils and .
artesian areas similar to the muck soils investigated, This spacing
of drains will expand to 7 or 8 hundred feet depending upon the depth
to and the presence of the permeable gravel substrata.

3. A valley wide study of irrigation efficieneies and length of
run for furrows and borders should be initiated, A high irrigation
efficiency will keep the amount of water lost to the ground water
table at a minimum and aid in the overall drainage problem,

Drainage Installation in the Emmett Valley, Idaho from 1927 to 1953

A summary of the open and tile drains installed in the Emmett
Valley since 1927 is shown in table 5, During that period 100 miles or
more of open drains were installed, Since 19Ul drainage
systems have been installed on at least 215 farms, There is one tile
drpin in the valley and no vertical drainage wells,

Crop Increases Due to Drainage and Reclamation

X summary of the crop production figures on the various ranches
investigated is presented in table 6, Crop production on land used
prior to drainage is also shown. It will be noted that the good crop
increases were generally obtained on the alkali free or slightly
alkali lands. Some of these lands were very wet and supported bogs
or tule patches, All that was needed on the farms that responded rapidly
was drainage, Very slight crop increases if any were obtained on the
moderately to strongly alkali soils following drainage, 8Soil amend=
ments will be required on these strongly alkali soils before signifi-
cant increases in crop production will occur.
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Table 5. Drainage Installations in the Emmett Valley, Idaho from
1927 to 1953,

voar %ﬁimdﬁali | Drainage Installation
¢ Drains - :T1le Drains sOpen Drains : Vertical Drains
: tPer Yr, Total :Per Years: Total : Per Year s Total
Number Miles  Miles JMiles Viles Nunber  Number
1927-28 19,96 19,96
- - 10,66 30,62
35 =36 ' 3.L5 3L, 07
38 =Lo 2,16 36454
Lh 8 1,06 110,60
L5 6 2,01 L2,61
L6 2h 8.2 50485
L7 5k 17,02 67487
L8 39 0,15 0.15 9.7 7740l
L9 27 10.65 87.69
50 Lo 6,72 9l il
5. 12 L, 60 99,01
52 L 0,99 100400
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Table 6. Crop increases due %0 drainage and reclamation.

H : Open : Drainage: : Farm 1949 1950 1951 1952

No,:Area: Drains: Cost @ Soils :leveled:leached:Cropt Fert: Crep: Fert: Crop : Fert: Crep : Fert
AC e Dollars Seriegt Texbure ¢ Alkali: -~ - ILb. ac, Lb.,ac;lbeac Lb. ac. Ib. Ac.Ib .Ac Lb.Ac
A 80 7340 3906 6 SL Fe3-M - No P - P - B @ - p -
B 105 1186 1624 M-18-9 C-M F-S-M - Ne P - P - P p- ¥ -
¢ 6 S CL F No  No S - S - S - 5 -
D 8o 2804 S CL-L ¥ No Nc @ - c-8000 - oG 2820 M-light
B 20 6 CL-1S~G3I. S-M~-H No No P - P - P2 - P - -
F o 12.3 2030 843 24 Irs 3light No P P U-0. 678 A-3740 ~
F 12,9 24 L Yes No C~1000 N-200 G-36308N-150 A-3720 -
F 6,8 28 FsL Yes Ne A-8000 - A-8000 - A~8000§ - G-18000 N-150
F o 6.9 247 L-FSL~LFS Yes No 0-1600 -~ G-3030g - 0-1600 N-150
F 32,2 246 FSL-IFS No  No U-0,678 - U-0,67 -
G 24 1200 444 21-18 SCL S-M-H Yes No P - C~1240 - A—~1660§ - A-2160 -
H 280 6 Legh M No No P - P - P - P -
I 160 21 SC-SCL H No No P - P - p - P -
T2 800 144 24-39 SL F Yes  No S B -~ 0-2560 - A-1000 - 4~10,000M~1igh
J 5 M~39 SL F Yes Yo 3 & — 0~1600 - A-1600 ~ C-4000 M-lighi
J T M-39 S F Yes No S f ¢-10,000 ~ A-7428 ~  A-12,000 M-ligh’
J 16 M=3%9 SL ¥ Yes No S f - 0-1600 - 0-1600 -~  0-960 M-lighi
Legend
Soils Crop Ferterlizer
Series Texture Alkali A « Alfalfa M - Manure
6 - Letha M ~ Slowly permeable B - Barley N - Ammonium Nitrate
T - Emersoxn C ~ Clay F — Alkali free C ~ Sweet corn
38.- galnnon SC - Silty Clay S ~ Slightly alkali G « Grain
« Nolan SCL~ Silty Clay Loam M -~ Moderately alkalil 0 -~ Oats ' .

21~ Reed CL ~ Clay loam H - Strongly Zlkali P ~ Pasture B Drainage Installed
24~-Moulton L ~ Loam S - Swamp
39-39 Series  FSL — Fine Sandy Loam U - 4nimal Units

M - Muck
S - Snow

L3 ~ Loamy Sand
GSL ~ Gravelly Sandy Loam

per acre



Alkali Reclamation Investigations

An investigation to determine the effect of various leaching waters
and various amounts of soil amendments on the alkali soils in the
Emmett Valley was initiated during the past year. Three types of leache
ing water was used during the investigation, These types available for
large scale use were river water, drainage water and artesian water,
Various applications at the rate of 5§ and 10 toms of gypsum per acre
were used for the soil amendments., Checks were made on Soils having no
soil amendments added.

Twelve inch long sections of steel well casing were used to form
the cheek plots, These sections of well casings were driven seven inches
into the soil, This left five inches of ring above ground to act as a
leaching pond well, The various types of leaching water and amounts of
soil amendments were applied to the soil inside these rings.

Eighty=one rings were installed on three of the most typlca,l alkali
problem areas, Twenty=seven rings were installed in a slowly permeable
strongly alkal{ soil, Two other sets of 27 rings each were installed
in moderately permeable and alkali soils, Rings with a welded, leak
proof, bottom were installed at each set of ring locations, These rings
were used as evaporation pans and rain gages,

The following observations and records were obtained on the ring
studiess

l, Inches of water applied

2. Water and soil temperature at a depth of approximately one inch
below the soil surface in the rings,

3. Berometric pressure at the time of measurements

i, Bvaporation during the measurements and an aggregate or total
evaporation during the period of leaching

5. TIntake rates

6. pH r?adings of the soil surface and leaching water during each
run:{2)

7o Aggregation of the soil in the rings following leaching periods,

8, So0il structure during the investigation

9. 80il workability during the investigation

10, Visible gypsum between leaching peyriods,

11. pentrometer or Proctor needle readings between leaching periods

Chemical analysis of the river, drain and artesian waters used in the
investigavion

A chemical analysis of the various reclamation waters used in the
rings is presented in table 7. The analysis was made by Dre V. C.
Bushnell of the U, S. Bureau of Reclamation, A summary and several
computations made from the analysis in table 7 is shown in table 8, The
last colum in table 8 indicates that 0,6 of a pound of usable gypsum
is applied to the soil in one acre foot of river water. 397 pounds of

=68 =



Table 7, Chemical analysis of the river, drain and artesian waters used 1n the
Alkali Reclamation Investigations., 1/ '
April 24, 1952
s : ECx10° :Boron : - - , . ) «Residual? : malinity
Sample : DH ¢ at 25°C:p.p;mei—hBions, m.e./1 Cations, m.e./l *Nap C03 : Percent Sodium : Laboratory
No. s . . s 0048 HGO; $CL ¢ »SOA ¢ Cat Mg :Na ¢ K1 m.e./1 : Found $: Possible: Rating
1 2/ 7.50Q 12 0.23 Oy00 0,91 0.03 0,78 0.48 0,16 0645 0,06 0,27 391 100 Good
2 3/ 7.70 65 0,07 0,00 4,36 0,46 2,00 1,69 0,63 3.84 0,14 2,04 61.9 100 Doubtful
3 ﬁ/ 7.97 44 0.25 0,00 2.97 0.4 1,17 2.73 017 1.47 0.04 0,07 3343 100 Good
1
N
“: 1/ Analysis by the U. S. Bureau of Reclamation
2/ TPayette River water = Sec. 31, T. TN, R 2W., 4/22/52
3/ Forgy drain water - Sec. 31 T TN R 2W., 4/22/52
4/ Soulen artesian water = Secs 36, T. TN., R 3W,, 4/22/52



Teble 8, Percentages of various anions, cations and available gypsum
in the river, drain and artesian waters used in the Alkali
Reclamation Investigations, Emmett Valley, Idaho

' Total Total ¢ Effective

Samples HCO: CL ¢ SOh Ca s Na s Ca SO’.LF Ca Soh: Ca excesst gypsum in one

" No., @ : g 3 : over Na t ac. foobt of water

T o/6  o/o  ojo o/o o/o  P.P.M, Ib/A.c.:E“b F.P. M, Ib/Ac. Ft. ;
1 53 2 s L2 39 33 88 0,06 0.6

2 6L 7 29 27 6L 10x 27k - 13 -=397

3 6 10 26 62 33 186 500 25 233



gypsum will be required to counteract the effept of an acre foot of
drain water, However, with the application of one aere foot of
artesian water, 233 pounds of usable gypsum is applied to ‘the soil,
This is a very significant difference and shows up in the field work
presented later in the report.

The chemical. analysis data from table 7 is shown in figure 36
on a Geochemical chart. The plotted percentages of anions and cations
are merged together and give the sample locations on the chart. The
shaded portion of the diagram designates good irrigation water and
the area outside the smaller shaded diamond is generally classified
as irrigation sewage and unfit for use as irrigation water, The ar=-
tesian water rates the highest on the chart, the river water is second
and the drain water rates as unsatisfactory. The Payette River water
plots fairly close to the borderline between good and poor irrigation
water.

Electrical conduetance fluctuations of the various leaching waters
during the investigation,

Water samples were run on a conductance bridge for the various
river, drain and artesian waters., This was done to determine the
fluctuation or trends in the saline concentration during the investie
gation, The electrical conductance at various times during the ine
vestigation is presented in table 9.

The eleetrical conductance for the artesian water remained fairly
constants however, the river and drain water had considerable fluctua~-
tion. The river was high during May and June and tapered to a low
during September, The drain water was high during April and low during
September, This low period during September was due to surface waste
water diluting the drain water,

Table 9, Electrical conductance (k x lOS at 25%)Y of the various
leaching waters applied during the 1952 alkali recla«
mation investigations.

L/ Lfe3  bfeh 8/5 6/uL 6/17  6/19  9/8  9/9
River 7o 11 12 19 26 10 13 5 1

Drain 61 67 6L, 36 g, 3L 31 22 23
Art. 37 L3 Ll L3 L9 56 53 L6 L1

The artesian water was lower during the winter months and higher
during the summer. The drain water fluctuation should have a noticeable
effect upon the results of the rings the drain water is used in,
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Ranch 7I% alkali Reclamstion Investigation

Ranch "I is located in the eastern end of the Emmett Valley on
one of the old undulating terraces adjacent to the Payette river,
(See figure 8 for ranch location) The soils are strongly alkali and
silty clay to a depth of 10 to 20 feet., The soils respond very slowly
to tile or open drains and require considerable gypsum or other soil
amendments to effect a complete reclamation, Reclamation on this
ranch has been very costly and has proven very unsatisfactory to date,

Infiltrometer ring layoubt: The infiltrometer ring layout and a
general view of the farm are shown in figure 37, The rings were ine
stalled about 50 feet from a six foot open drain, This drain maintains
a sufficiently low water table under the rings to permit reclamation
with soil amendments., The rings were also located in an area that was
completely devoid of any pasture or native weeds, When water is
applied to this barren spot a black crayon color or scum forms on the
surface or evaporation edges of the wet area. The ranch is used as a&
part time pasture during the year. The pasture is very spotty and
varies from absolutely barren areas to some small areas that have very
poor pasture growth,

The infiltrometer ring layout, the rings using river, drain, and
artesian water, and the amount of gypsum applied to each ring is showm
in figure 38, River water was applied in the upper left nine rings,
drain water in the upper right nine rings,and artesian water was
applied in the lower center nine rings. The tons of gypsum per acre
that were applied to each ring are shown by the number immediately
agbove each ring, This layout of 27 rings gave three replicates of
each treatment, The rings were not all the same size and were ine
stalled so that there was an equal number of large, intermediate, and
small rings for each treatment and set of replicates, The evaporation
ring shown on figurc 38 consisted of a 12 inch long section of 12 inch
diameter well casing with a plate welded in the bottom, The ring was
used as a combination evaporation pan and rain gage.

Ranch "I® goils at the plot location: The general valley soil
survey shows the Reed soils are very s.lowly permeable to a depth of -
fifteen feet or more. 4 ten foot soil survey at the plot location is
presented on a 8$5>il Profile Chart, figure 39. The soils were found to
be silty clay loam and clay to a depth of 10 feet, Two thin hard
crunbly fractured clay strata were found at 3,6 and 8,2 feet. A
fairly large quantity of ground water was being carried in the fractured
clay strata, The water table was measured at 3,6 feet which indica-
ted the strata was not under pressure at this location in the field,

k& pH reading with a color indicator (Thymol Blue) was made at each
six inch interval and soil change for the 10 foot soil log. The pH
was found to be very high at the surface, but was below &5 at a depth
of three feeb. The pH was very low for the remainder of the 10 feet,
The pH also indicates that the alkali is concentrated in the upper one
to two feet of soil,
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ALKALI RECLAMATION INVESTIGATIONS

RANCH "I"

Emmett Valley
Gem County, Idaho

Figure 37. Looking north over the Ranch"|" alkali reclamation plot. The
soils are silty clay to 10 feet and strongly alkalin in the top two feet.
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Figure 3 8. Infiltration Ring layout on the Ranch |
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& sample "Ring Infiltration Test!" sheet for ring number 1l is shown
in figure L0. The pH was run on the soil prior to leaching, on the
water in the ring during the leaching, and on the soils during the
drying period, The gallons of water applied, the inches of rain, and
other pertinent data is recorded under the remarks column,

Soll aggregates formed in the infiltration rings during drying:
During the drying belween leaching periods, it was observed that the
soils in the various rings cracked into aggregates or clods, It was
also observed that the number of aggregates correlated very closely
- to the type of water used in the rings and the amount of soil amend-
ment added to each ring, The aggregates formed following the first
leaching periocd are presented in figure L1, The top set of pictures
were obtained from the rings having no soil amendments added and the
bottom set were obtained from the rings having a gypsum application of
10 tons per acre., The upper set of rings show an interesting indica=-
tion. The ring using river water had no aggregates, the one using drain
water had one large crack through the center, and the ring using
artesian water had four large distinet eraeks in it. The rings having
a 10 ton application of gypsum showed comparable results.

A summary of the aggregates following the firsH, second, and
third leaching periods are given in table 10, The aggregate numbers
shown are an average of the three replicates for each treatment,

Table 10, Summary of the aggregates in the Ranch "It infile
tration rings, following the first, second, and third leaching

periods,
Type s Gypsum sFollowing gFollowing :Following
water ¢ applied sthe first sthe second sthe third
used ¢ per :leaching period:leaching period :leaching period
s acre s O=22=52 s (=20e=52 "¢ 10=20=52
Tons Aggregates Aggregates Aggregates
River 0 1 1 1
5 L 3 1
1O 8 7 L
Total I3 T &
Drain 0 1 3 2
5 L n 2
10 9 7 L
Total o - B
Artesian 0 1 L 3
5 10 3 L
10 6 7 L
Total —I7 -1 )
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Figure 4 |. infiltration Ring aggregates on the Ranch"l" alkali reclamation plot following the first leaching period.
(June 11,1952)

No gypsum applied to rings

River Water Drain Water Artesian Water

10 Tons of gypsum per acre applied torings

River Water Drain Woter Artesian Water
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The aggregate totals shown in table 10 indicates that the drain
and artesian water have a more pronounced effect upon the structure
of the soil than the river water has. Comparison of the soils having
no soil amendments added indicates that the river water has very little
effect upon the aggregation of the soils, the drain water is second
and the artesian water has the greatest effect upon aggregation. Tt
also appears that the gypsum is being used up and the structure tempor-
arily created in the soils by the application of gypsum is being lost.
One interesting point obtained from the table is that some structure
is being built up by the drain and artesian water without the appli=
cation of gypsum,

Structure, workability and visible gypsum: A summary of structure,
workability and visible gypsum following the three leaching periods
is' presented in table 1l, The observations were made in the field,
vigually and with respeet to working the soil in the various rings
with a2 3/L inch wood chisel,

Table 11, Summary of structure, workability and visible gypsum
following the three leaching periods on the
Ranch "I" Tnvestigation,

10 Tons of gypsum

per acre
Ist :2nd ¢ 3rd ’
6/11 :7/31 : 10/20/52

. No gypsum : 5 Tons of H
: applied to soil : gypsum per acre &
:

used slst ¢ 2nd-e 3rd ¢ Ist ¢ Z2nd & 3xd
1952 :6/11: 7/31 : 10/20 :6/11 :7/31 :10/20

Structure
River poor poor poor fair fair poor fair fair poor
Drain poor poor peoor fair poor  poor fair good fair

Artesian poor poor poor fair good fair fair good fair
Workability

River hard hard hard mod, mod, Tmod, easy ' easy mod,

Drain Mod, hard hard mod, mod, mod,  mod, easy easy

Artesian Mod., Mod, hard easy mod, mod, mod, easy easy

Visible Gypsum

River T - - mod, +trace none consid, ‘trace trace
Drain - - - mod, trace none consid, mod, trace
Artesian = - - mod, ‘trace trace consid, mod., trace

Analysis of table 11 indicates that some structure is being developed
in the slowly permeable soils with an application of 10 tons of gypsum
per acre, It would appear, however, that the strueture degenerated
during the third leaching period. The application of gypsum had a
marked effect upon the workability of the soil., The check plots, with
no gypsum applied remained hard to work after the three leaching periods,
The rings having an application of five tons of gypsum per acre worked
up moderately, The rings having an application of 10 tons of gypsum
per acre worked up easily. It would appear that the soil structure
decreased and the workability increased as the gypsum applied to the
soil was used up. 79

o> L4



Proctor needle tests: A series of 10 tests were made in each
ring Wwith a Proctor needle, Pentrometer , following the 2nd and 3rd
leaching periods to determine the bearing in pounds per square inch
for the soils under the various treatments, This makes 30 replicates
for each treatment shown, A summary of the pentrometer data is pre-
sented in table 12,

Table 12, Summary of the Proctor Needle data following the
second and third leaching periods on the
Ranch "I" investigations,

Proctor Needle
value following

Proctor Needle value
following the 3rd

w0 ap es]

o8 do se e
Q8 a4 ¢4 an

Water Gypsum the 2nd leaching leaching period
applied : applied period 7/31/52 10/20/52
Tons/ac, Ib, 58Qe 1ne. Lb. sq. inc,
River 0 © 3047 2185
5 1911 216l
10 2222 1853
Drain 0 3L09 2317
5 1911 2056
10 170L 1881
Artesian 0 3099 2150
5 1911 201l
10 1859 1888
Ground surface : 2051 260l

outside the rings

The three different waters used give very similar results. The
drain water without gypsum gave slightly higher values than the river
or artesian waters. A considerable reduction in bearing load was
recorded between the 0,5 and 10 ton applications of gypsum, The rings
without gypsum showed approximately a 33% reduction in bearing load
between the second and third leaching period,

Intake rates: A summary of the intake rates for the three leache
ing periods are presented in table 13, The intake rates have been
corrected for evaporation and a viscosity correction has been applied
to convert the intake rates to a standard temperature of 60 degrees
Fahrenhel‘b.

The final intake rates indicate a slightly higher intake for
both the river and artesian waters on the rings having no gypsum
applied, The finall intake rate for the rings using artesian water
and having 10 tons of gypsum applied to the soil was double the rates
for the river or drain water with 10 tons of gypsum.

The intake rates are still very low and will make reclamtlon
very long and costly.
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Table 13. Summary of the intake rate data for the 1st, 2nd, and 3rd leaching periods on the
Ranch "I" investigation. 1/

First Leaching Period K TRITI leaching Period

Second Leaching Period :

ae s

Water 1Gyp.

applied tappl.: 4/22 :4/24 :4/25 : 4/28 : 5/2 : 5/5 : 5/9 :6/11 :6/12 : 6/13 : 6/17 + 9/8 & 9/9 & 9/10 3 9/11
T/ac. In.hr. In.hr.In.hr. In.hr.In.hr.In.hr.InhroInahre,Inuhr.Inhr, Inchr. In,hr. In.hr. In.hr. In,hr,

River 0 0,04 0,02 0.01 0.00 0,00 0.01 0,01 0.04 0,02 0,01 0,02 0,08 0,02 0,02 0602
5 0.07 0,03 0,01 0,02 0,01 0,02 0.01 0,06 0,02 0,01 0,03 0,11 0,03 0.03 0,02
10 0.06 0,03 0,02 0s01 0.01 0,02 0,01 0.05 0,02 0.02 0.03 0,11 0.04 0.04 0,03

Drain 0 0406 0,03 0,00 0.00 0,00 0,01 0,00 0.03 0,01 0,02 0,09 0,02 0,02 0.02 0,01
5 0.10 0.03 0,03 0.02 0,01 0.02 0.0l 0,06 0,02 0.02 0,02 0,10 0,02 0,02 0,01
10 0,10 0,03 0.03 0403 0,01 0,02 0.01 0.09 04,03 0,03 0.06 0,13 0.06 0.05 0,03

Artesian O 0,03 0,02 0,01 0.00 0,00 0,01 0,01 0,02 0,0L 0,01 0,02 0408 0,02 0,02 0,02
5 0,10 0,03 0,03 0,02 0,01 0,02 0,01 0,06 0,02 0,01 0,02  0s13 0603 0,03 0,02
10 0,07 0,03 0,02 0602 0,01 0402 0s01 0413 0,03 0402 0,04 0,15 0407 0,06 0606

1/ The intake rates have been corrected for evaperation and to a standard temperature of 60 degrees Fahrenheit,

;/ The pH values shown are an average of three replicatess

- Table 14, Summary ef the pH values on the Ranch "I" investigation from April 22 te €ctober 20, 1952.
F : : First leaching Period: ) : Dry s Second Leaching Period
tWater :Gyp. Dates - : H
applied iappl.: 4/22 : 4/25 3+ 4/30: 5/2 : 5/5 3 5/9 5/14 5/19 : 6/11 ¢ /12 6/1% 6/16 s 6/11
River 0 9o b4 946 946 9.6 9.6 9.6 = 966 966 946 9.6 9.6 9.6 9.6
5 9o b+ 846 8.6 87 Beb 8.7 8e4 843 8e5 8e2 8e2 8.5 8s4
10 946+ 8od 8.9 87 847 8.7 843 843 8e5 8.1 8.1 8.5 83
Drain 0 9e6+ 9 9,5 9.4 945 9.5 946 9.5 946 9,2 9,1 9.1 9.1
5 9.6+ 8, 9¢O 8@9 8 6 9¢l 9.0 809 8.6 8Q5 8.5 8'8 868
10 996+ 8; 8.7 8.5 8 2 8‘7 8.7 807 804 8.3 8.3 8.3 8-4
Artesian O 906+ 965 943 966 9.5 946 966 9.6 946 946 93 9e4 9e3
5 96 b+ Bt 8.5 8o 865 Bo3 885 Beb ~Beb 8o4 8e2 843 83
10 946+ 8al 8,1 801 8ol 8,1  8el 8.4 843 843 8l 842 8.2



Table 14 (continued) . Summary of the pH values on the Ranch "I" investigation
' from April 22 to October 20, 1952,

“ ag e

: Second leaching Period i iThird Leaching Period
Water : Gyp. 1§ : 3 : : s s K
applied : appl.: 6/19 « 6/20 3 6/23 3 6/24 : 6/25 = 6/26 2 6/27 2 6/30 : 1/7 ¢ 1/31 k- 9/8 2 9/9 ¢ 9/10
River O | 945 946 946 946 946 946 946 9.5 1 9.5 9.4} 8.7 91 9.2
5 1 846 8.5 8.8 Bab 8.4 8u4  Beb i 8,3 8.4 Be4i 8,2 8.3 8.3
10 g 8,6 845 84 804 8e3 8e3 8.2 | 8.2 843 8.1 8.1 8.1 842
Drain 0 E 942 9.1 9ol 9.1 940 9.0 9.1 9.1 i 9.4 9¢3: B85 8.7 8.7
5 1 9,0 942 849 9.0 849 B8 8.9 8.8 Be6  Beai B4 844 8.5
10 g 8.8 8&5 803 8d3 803 802 8‘2 8¢3 8!3 8'2 8.3 8:3 865
Artesian O | 943 95 946 946 945 96 9ab 9660 9.5  9a3i Beb  BaT 89
5 E 805 803 805 8-4 805 834 _____ Qtﬁ _______ ? 8#3 8‘4 802 8'3 80} 803
10 © 8.3 843 843 8.3 804 Bed i 8,5 = 83 8a2 8e2i 8,2 8¢3 Bod
Third Leaching 3 ; Drying Period
9/11 9/23 ¢ 9/25 : 9/29 ¢ 10/1 : 10/3 : 10/14 : 10/20
River 0 9.4- 9;0 . 902 9-4 905 904' 905 9'5
5 843 8.4 8e5 84 845 8¢5 8.5 845
10 8.3 843 : 84 8.2 82 8e3 863 Be3
Drain 0 8¢7 8.8 809 9.2 9-3 904 904 905
5 847 847 87 8.6 87 8e7 8.5 8.6
10 8.7 8e2 : 8.4 862 8.3 82 84 862
Artesian 0 9ol 942 | 9,3 9,3 904 9.4 9,6 943
5 8s2 8e4 8.5 845 865 845 Be5 Be6
10 8,0 8e2 i 843 8,2 8s2 8.3 B4 8.1



. pHvalues: A summary of the pH values from fpril 22 to October 20,
1952 on the Ranch I alkali reclamation plot is presented in table 1.
The pH values shown in table 1l are an average of three replicates. The
pH values were obtained on the soil surface in the rings dwring the
drying periods and the pH of the leaching water was obtained during
leaching periods. The pH values were obtained with Thymol Blue (Color
Indicator)

The pH values c¢ompare very favorably with the amount of gypsum
applied to the soil in the rings. The final pH values compare very
closely between the rings using river, drain and artesian water, The
average pH of the soil in the rings having no gypsum applied runs aboub
9,5 in the rings having 5 tons of gypsum added %0 the soily, it is about
8.6, and the rings having 10 tons added, the pH is about 8.2. in inter=-
esting trend occurred in the series of tests over the period from
April 22 to October 20, The pH in the rings using river and drain water
and having a 10 ton application of gypsum dropped very slowly during the
study, They had a final pH of 8,2 to 8,4, The average pH on the rings
using artesian waters and having a 1O ton gypsum application dropped
from 9,64 to 8.1 immediately. The pH average increased to about 8.4
during the second leaching period and then dropped again at the end of
the season,

- K plotting of the pH values during the study are presented on
figure L2, The pH values were fairly well jumbled up during the three
leaching periods, but ended in three definite groups following the third
leaching period, ,

The pH values of the rings having no gypsum applied to the soil:
ended with 9.3 to 9.5, the soils having a 5 ton gypsum application,
ended at 8,5 to 8,6, and the soils having a 10 ton application ended
at 8.1 to 8.3, )

Depth of water applied: A summary ef the depth of water applied
during the three leaching periods is presented in table 15, The inches
of water shown in table 15 are the differences between the depths applied
and the evaporation during the leaching period, An intake rate figure
cannot be eomputed directly from the inches of water applied and the
length of leaching period because of different drying times at the end
of the leaching periods and some of the rings went dry during the
leaching periods,
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Table 15, Summary of water applied to the various treatments
in the Ranch "I" alkali reclamation rings.

Water : Ieaching : No gypsum : 5 tons of ¢ 10 tons of
applied : period : applied s gypsum per acre : gypsum per acre
No., In, water In, Water In, water
River lst 3.6 7.8 : 8.6
2nd 2.7 700 569
3rd )J-oh 6:7 603
TQ'bal me ; 21:? 250 8
Prain 1st L3 10.h 12.0
2nd 22 5.2 9.7
3rd 5 WO 5 -6 8.5
“Tetal T 2L.2 30.2
Artesian Ist 2.8 9.1 8.1
2nd 1.4 5e2 8.6
3rd L7 S.lt 749
Total 8&9 I9o l 2Eo§

lst leaching period had an average 30 day duration
2nd leaching perioed had an average 22 day duration
3rd leaching period had an average 21 day duration

Summary of the Ranch "I" alkali reclamation study:

1. The Reed soils are slowly permeable to a depth of 15 feet or
more,

2, The soil profile is strongly alkali . im the top foot, moderately
alkaline in the second and third foot and alkali free below three feet.

3., Ground water is moving laterally in a fractured clay strata at
a depth of 3% feet.

. The drain and artesian water tend to aggregate the soil without
the application of gypsum,

5. The aggregation in the soils having gypsum applied decreased
with each leaching period. This was evidently due to the gypsum being
used up in the soil,

6. The structure and workability of the soil was initially ime -
proved, but was decreasing at the end ef the third leaching period.

7. The application of 5 and 10 toms of gypsum decreased the
bearing load of the soil about 6 and 15 percent. The pentrometer
test 1s a very good indication of workabllity and structure in the soil,

8., The artesian water with ten tons of gypsum applied to the soil
gave the highest intake rate, It was about twice the intake rate of the
river and drain water, The intake rate increased with each leaching
period, ‘

9. The pH observetions indicate very beneficial results from the
application of gypsum., Five tons of gypsum gives comparable results
with 10-ten applications, This may be very valuable to the farmer in
that the application of gypsum can be pub on a pay as you go basis,

This will not alter the total amount of gypsum required, but may allow
the gypsum to be applied in smaller quantities, The rings using artesian
water generally had lower pH readings,
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10, Nine to thirty inches of water percolated the soil in the.
three leaching periods that totaled 63 days of continuous ponding or
leaChi'ﬂgo

1l. Reclamation of the slowly permeable Reed soil will be very
slow and expensive and may not be feasible at the present time. The
cost of open or tile drains would be very high and the gypsum appli=
cation required to reclaim the soil may run as high as 30 tons per
acre in some areas to completely reclaim the soil,

12, OQbservations will be continued on the ring tests to observe
any future trend and to determine when the gypsum is used up.

Ranch "H" Greasewood Alkali Reclamation Investigation

Ranch "H® is located in central part of the Emmett Valley, south of
the Payette River on a nearly level low terrace a few feet gbove the
river flood plain. The area has a water table that fluctuates between
20 and L5 inehes. The surface is very gently undulating and has a re=
lief of 6 to 2k inches between the broad swells of ridges and the narrow
meandering channels of an eld flood plain., (See figure 8 for ranch
location) The soils are moderately to strongly alkali and rapidly pers
mezble to a depth of 3.5 feet. A& coarse sand and gravel bar lics below

305 feete The soils will respond very rapidly to drainage and recla=
mation,

Infiltrometer ring layout: The infoltrometer ring layout and a
general view of the farm are shown in figure 1j3. The rings were ine
stalled on one of the gently undulating ridges.

Tt was debermined that the water teble under the rings would be low
enough to permit experimental reclamation with soil amendments, The
ranch is in a virgin condition and has a native vegetation cover of
greasewood and saltgrass, The ranch is used as pasture during the year.
The area produces some pasture during the spring, however, the over-all
pasture production is very poor.

The infiltrometer ring layout, the rings using river, drain and
artesian water, and the amount of gypsum applied t0 =each ring is shown
in figure L), River water was applied to the right 9 rings, drain water
to the middle nine rings and artesian water was applied to the left
nine rings, The tong of gypsﬂm per acre applied to each ring is shown
by the number above the rings. This layout of 27 rings gave 3 replicates
of each treatment. The rings were all 12 inches in diameter. The
evaporation ring shown on figure Ll consisted of a 12 inch long section
of 12 inch diameter well casing with a welded-in bottom, The ring was
used as a eonbination eveporation pan and rain gauge.

Ranch "Ht, greasewood, Soils at the plot location: The general
valley soll survey shows the levha soils 1s mediuwm to very light surface
textured with some heavier subsoils, Gravel strata msy underlie these
soils at dep’bhs of 3 to 8 ft. A four foot depth soil survey at the
plot location is presented on a soil profile char’b figure 45. The soils
were primarily a loamy fine sand to a depth of 3% feet and gra'vel below
that, Two thin cemembted sand strata were found at depths of 13 and 3
feety, The water table during January was below the four foot survey,
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Emmett Valley
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Figure 43. Looking west over the Ranch H , Greasewood, alkali
reclamation plot. The soils are rapidly permeable to the gravel strata
and moderately alkalin to a depth ot four feet.
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Figure 4 4. Infiltration Ring layout on the Ranch "H", Greasewood, plot. Numbers
refer to the tons of gypsum applied per acre.

ADR-WCE-PORTCAND, GRE. FEN. 1983



FNTE D). S,

U. S. DEPARTMENT OF AGRICULTURE

Soil Conservation Service

SOIL PROFILE CHART

For Drainage Investigations

Property Ranch l/'{‘?/” Grease Woeod /)lka//'ﬁec,/g/of

Boring No. __L_ Land Use Graz; 7q Crop Condition Nonme

(Ve TR RV B, SN, BP RN LS O o

- Clay ‘
-~ Silty clay loam-
= Clay loam

~ Silt Loam

- Leam

- Sandy loam

« Loamy fine sand
- Sand

-~ Coarse sand gnd

fine gravel

360

[ Lt .6 Cemertied Sate
........................ Calcoreqws.. ...

0 2D .
,P ................... Caurse Gravel.

..........

’ + 10 « Coarse gravel
Technician G. B B.  Date Survey //22)53 Symbol Letha 11 - Cobble
:Depth Permeability
" in | Texture| Special Features Siow Yoderate | Rapid Vory Rapid
Feet 1213 4 516 1 9 10 11
N 0;0 i
R DO JPOLL BB
S V- A 2SR,
1.0 | T —— e
NN /0% SN Y MO S e v o S A IO D
N VWA 10 AT A TN o LY - 48 0 NN A DO KOS It N S O MY Y O
B FEW TOCKS b U S USROG W
200 /9/7/ 88 z...l;.

9.0

.........................

............

......................

...........................................




A pH reading with a color indicator (Thymol Blue) was made in the
profile at each six ineh depth or soil change, The pH was found to be
fairly low right at the swrface, high at a depbh of six inches(9.2) and
generally remained above 8,6 to a depth of 3% feet, The pH indicates
a fairly uniform distribution of alkali in the soil profile.

Structure, worksbility and visible gypsum: KL summary of structure,
workabTIity and visible gypsum prior to and following the two leaching
periods is presented in table 16, The observations were made in the
field, visually and with respect to the difficulbty of working up the
soil in the various rings with a 3/L inch wood chidsel.

Table 16, Summary of structure, workability and visible gypsum
prior to and following the two leaching periods on the
Ranch WHt greasewood investigation,

¢ Prior s No gypsum T 5 tons of gypsums 10 tons of
Water ¢ to ¢ applied to soil @ per acre ¢ gypsum per acre
used 1Ieaching: Ist ¢ 2nd : Ist ¢ Znd s Ist ¢ 2nd
) $ 0 s : 3 ]
Structure ,
River pooy poor poor fair poor fair fair
Drain poor poor poor mod, mod., fair fair
Artesian poor mod, mod, mod, fair fair fair
Workability
River mod, mod, mod, mod, mod, easy easy
Drain mod, mod, mod, mod, mode easy mod,
Artesian mod,. mode easy mod, easy easy easy
Visible Gypsum
River - - - mod, trace mod., mod,
Drain - - - trace trace mod, mod,
Aregsion o - ® Bode rage mod, nod,

Analysis of teble 16 indicates that a fair structure is being
developed in the soils with a 10-ton sppliecation of gypsum. The table
also indicates that the artesian water without any gypsum applied is
developing some structure in the soil, The applicatien of gypsum has a
good effect upon the workability of the soil, The artesian water alone,
without any gypsum, had a good effect upon the werkability of the soil,
There was still considerable gypsum visible follewing the two short
leaching periods,

Proctor needle teste: & series of 10 tests were made in each ring
with a Proctor Needle(Pentrometer) following the two leaching periods to
determine the bearing in pounds per square inch for the soils under the
various treatments., This makes 30 replicates for each treatment shown,
A summary of the pentrometer data is presented in table 17.
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Table 17. Summary of the Proctor Needle data following the first
and second leaching periods on the Ranch "H' Greasewood

investigations,.
+ Gypsum : Proctor Needle ¢ Proctor Needle
¢ applied ¢ values following s values following
s + the 1st leaching period : <the 2nd leaChing pers
g s (/31/52 $ 10/20/52
Tons/ac., Ib. sg.in. Ibe SQ. 1n.
River 0 1833 1583
5 1630 1406
10 b6 : 1406
Drain 0 1772 1489
5 1609 1575
0 1,87 1550
Artesian 0 1589 1387
5 1222 1279
10 26 > 1536
ground Surface
outside the rings 1365 1799

The Proctor Needle results for the three different waters following
the lst and 2nd leaching period were fairly errabtic and indicated no defins’
ite trend. The artesian water showed a lower value on all averages eXe
cept for the 10 ton application. Without the application of gypsum,
The artesian water indicated the best effect, the drain water second, and
the river water last., The final Proctor Needle average indicated the
soils using artesian water to be 100 pounds per square inch less than
the drain and 200 pounds less than the river water. The results are very
favorable towards the artesian water, ‘

Intake rates: A summary of the intake rates for the two leaching
periods are presented in table 18, The intake rates have been corrected
for evaporation and a viscosity correction has been applied to convert
the intake rates to a standard temperature of 60 degrees Fahrenheit,
The final intake rates indicate a higher intake for both the river and
the artesian waters., The fhree waters in respect to intake are artesian
first, river second, and drain the slowest. The rate of increase for
all waters, with the respect to the application of gypsum, was: 100% ine
crease with 5 tons and 200% increase with the 10 ton application. The
intake rate increased very favorably with the gypsum applications.

pH values: A summary of the pH values from June 17 to October 20, 1952
on the Ranch "H' greasewood alkali reclamation plot is presented in
table 19, The pH values shown in table 19 are an average of three
replicates, The pH values were obtained from the surface soil in the
rings during the drying periods and the pH of the leaching water was
obtained during the leaching periods.
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Table 18.

Summary of the intake rate data for the first
Ranch "H" greasewood investigation, ;/

and second leaching periods on the

¥irst leaching Period

Second Leaching Period

. os

P 3
Water ; Gype i
applied ¢ apple: 6/17 & 6/18 : 6/19 : 6/20 3 6/2% = 6/24 ¢ 9/8 : 9/9 :0o/10 & 9/11
T/ac. In.hr. Inshre. Inehre Inshre In.hre In.hr. Inghre In.hre Inohre In,hr,
River 0 0.37 0,08 0.06 0605 0,01 0.00 | 023 0.09 0405 0,06
5 0653 Oeld 0,18 0,07 0626 0,20 0el2 0,14
10 0449 0s21 0,24 — 042 0,31 Oelb 0,20
Drain 0 036 0,06 0405 0.04 0,01 0,01 § 0¢17 0,07 0,04 0404
5 0e49 0,08 0,11 0.08 i 0428 0,12 0.08 0,08
10 0470 0el5 0,11 032 0020 0613 0.14
Artesian 0 048 0,11 0,08 0,06 0el9 0,08 0,06 0409
5 0.57 0022 0,19 030 0.26 0,18 0420
10 0653 0.21 0.19 0443 0,40 0633 0.27

0
;/ The intake rates have been corrected for evaporation and to a standard temperature of 60 degrees T,



Table 19, Summary of the pH values on the Ranch "H" greasewood investigation from Junme 17 to October 20, 1952.1

3 : Dry: First Leaching Period 3 Drying Period i Second Ieaching Period

Water Gype 3 i : 3 ;

applied apple: 6/174 6/17 s 6/18 1+ 6/18 = 6/19 : 6/20 : 6/23 : 6/30 5 /7 s 9/8 ¢ 9/5 1 9/9 : 9/10 i
T/ac. In.hre Inshre In.hr, In.hreln.hr. Inehr. InchreiIne. hr. Ip, hr. In. hr. In.hr, In.br. In,hrd

+

River 0 9.6 | 966 8.8 8.8 8.6 8.2 8,4 8,5 9.0 9.l 8.2 8.1 8,2
5 9.4 8.8 8.1 8e3 B.2 . 8.1 [ 8.2 8.3 8.6 8.5 8.2 8.0 862
10 9,3 8.8 8.1 8.1 8,2 8a2 8.1 8,2 B3 B,3 8.1 8,0 8.2
Drain 0 942 940 8.6 8.6 8e2 8ot 8.4 845 9l 943 8.2 8,0 83
5 9.6 9.1 8.2 8a4 842 8,3 8u4 8.6 8s7 8.6 8ol 8.0 8e2
10 945 8.7 82 8.4 8,2 8.2 843 8e3 B8ed Bo2 8.2 ) Bo2
Artesian O 966 8.8 8,1 Bed  8e3 843 | 843 87 B8 9.2 8.2 8,0 Be?2
5 946 848 8.1 83 Ba2 | Be2 8.2 83 B8ed 845 83 8.0 8e3
10 946 8 o4 8.1 8sd Bs2 842 8.3 83 Be3 843 802 840 Bel

1/ The pH values shown are an average of three replicates.

: : Drying Period
Water Gyps ¢
applied tapple ¢ 9/23 ¢ 9/25 = 9/29 : 10/1 : 10/3 : 10/14 : 10/20
T/ac. Inshr. In. hr. In, hr. In. hr. Ipe.hr. In.,hr. In.hr,

River 0] 8.4 8:7 8 8 990 9*0 8.7 8.9
5 864 863 842 8e3 8e5 8e2 848
10 862 842 8e1 8e3 8e2 8s2 8e2

Drain 0 8.6 940 9,0 9ol 9.0 809 8e9
5 8ed 844 863 863 8e4 83 8.4

10 8,3 83 8e2 843 860 B2 8.3

Artesian 0 8;5 8.4 8'4 807 8.6 806 8.5
5 843 Be3 843 8e2 8e2 842 8.3

S 100 BeFiii BaZit .82 7 Be2. Bed. - 8l 8.2



The pH values compare very favorably with the amounts of gypsum
applied to the soil, For gypsum applications of 0,5, and 10 tons per
acre, the finak pH of the soil in the various test rings was:
river = 8,9,8.8 and 8,23 drain ~ 8,9, 8.l, 8,33 artesian - 8,5,8.3 and
8+2e The over=all pH values for soil in the rings using artesian water
are slightly lower than those using the river and drain water, The pH
readings on the soil in the rings without gypsum were O.L of a pH in
favor of the artesian water. The pH values rose considerably on the un=
treated plots during the drying period. The pH values have not formed
in a definite pattern as they did in the Ranch WI% investigation (See
figure L2)

Depth of water applied: A summary of the depth of water applied
during the two leaching periods are presented in table 20, The inches
of water shown in the table are the differences between the depths
applied and the evaporation during the leaching periods,

Table 20, Amount of water applied to bhe various treatments in the
Ranch "HW greasewood alkali reclamation rings,

Water :+ Ieaching ¢ No gypsum ¢ 5 tons of ¢ 10 tons of gypsm
applied ¢ period ¢ applied ¢ gypsum per asre : per acre ‘
No. In, water In, water In, water
River 1st 1/ 9.3 13,0 1,3
end 2/ 1L, o3 16.L
) TOtaI EGIZ 2; ¢3 360 i
Drain ist 10,0 13.L 13.h
2nd 9.9 12‘8 léoh
Total I15.9 26,2 29.8
Artesian 1st 12,0 1 13.9
ond 12,1 13.5 16k
Total m ? ; .6 §6¢ §

1/ 1st leaching period had an average of li to 8 days duration
7/ 2nd leaching period had an average of li days duration

Sumary of the Ranch "H" greasewood alkali reclamation study:

1. The soils are rapidly permeable and should reclaim very rapidly
following drainage.
2. The soils ave moderately alkali to a depth of 3% feeb. A very

permeable gravel bar lies below 3% feet.

3. A fair structure is being developed in the soils with the applie .
cation of gypsum. The artesian water alone is developing some structure
in the soil,

L. The Proctor Needle indicated the following effects on the soil
due to the river, drain, and artesian waters: artesian water indicated
the best effect, the drain water second, and the river water poorest,

5. The ring tests using artesian water showed highest intake rate,
river second, and drain water lowest.

6. The over=zll pH values for the rings using artesisn water are
slightly lower than those for bthe river and drain water.
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Ranch "H' galtgrass alkali reclamation investigation

The saltgrass plot is located about 150 feet southeast from the
greasewood plot. The general description of the area and soils are
identical to the greasewood plot, The soils are moderately alkali to
a depth of 6 feet, A& coarse sand and gravel bar lies below 6 feet,
The soils will respond rapidly to drainage and reclamation.

Infiltrometer ring layoubt: The infiltrometer ring layout and a
general view of the farm are shown in figure 46, The rings were ine
stalled in one of the gently undulating valleys on the terrace. The
water table is sufficiently low to permit reclamation during the study.
The soil is in its native condition and has a cover of salitgrass,

The area is used as pasture,

The infilirometer ring layout, the rings using river, drain and
artesian water, and the amount of gypsum applied to each ring is shown
in figure L7, River waber was applied to the right 9 rings, drain water
to the middle 9 rings, and artesian water was applied to the left 9 rings.
The amount of gypsum in tons per acre that was applied %o each ring is
shown by the number above the rings. This layoub of 27 rings gave 3
replicates for each treatment. The rings were all 12 inches in diameter,
The evaporation ring results from the greasewocod plots was applied to
the saltgrass plot data,

Ranch "H" saltgrass soils at the plot location: Soil swrvey to a
depth™of seven feet at the plot location is presented on a Soil Profile
Chart, figure 48, The soils were primarily sandy loam to a depth of
six feet with strata of silt loam and sand in the profile. A coarse
sand and gravel bar lies at a depth of six feet. A pH reading was ob=-
tained at each six inch interval or soil chenge, The pH was found to
be fairly low at the swrface, high at a depth of 0,3 feet (9.0) and
generally remained above 8,6 to a depth of six feet., The pH indicates
a fairly uniform distribution of alkali in the soil profile,

Structure, workability and visible gypsum: A summary of structure,
workability and visible gypsum prior to and following the first leaching
period is presented in table 21. The observations were made identical
to those on the Ranch "I% and Ranch WHW greasewood imvestigations,
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ALKAL!I RECLAMATION INVESTIGATIONS
"~ RANCH "H"

Emmett Volley
Gem County  ldaho

SALT GRASS

Figure 46 Looking north over the Ranch"H", Salt Grass,alkali
reclamation plot. The soils are moderately to rapidly permeableand

alkalin to a depth of six feet.
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Figure 47 Infiltration Ring layout on the Ranch"H", Salt Grass, plot. Numbers
refer to tons of gypsum applied per acre.
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Table 21. Summary of structure, workability and visible gypsum
prior to and following the first leaching period on
the Ranch "HY saltgrass investigations,

Type ¢ Prior ¢ No gypsum ¢ 5 tons of ¢ 10 tons of
water e to s applied to ¢ gypsum s gypsum
used : leaching 3 the soil ¢ ©per aere 3 per acre,
6/5/52 10/20/52 10/20 /52 10/20/52
Structure:
River poor fair fair fair
Drain poor fair fair fair
Artesian poor poor fair fair
Workability
River hard easy —__ easy easy
Drain hard easy easy easy
Artesian mod, mod, casy easy
Visible gypsum
River - - mod. considerable
Drain - - mod, f
Artesian - - mods 1

Analysis of table 21 indicates that a fair structure is being devels
oped in the soils. The artesian water does not show up as favorably as
the river and drain water in table 21, The workability was increased by
all three treatments,

Proctor Needle tests: A series of 10 penctration tests were made
in eaCh ring with a Proctor Nee dlc (pentrometer) prior to and following
the first leaching period., A summary of the data is presented in
table 22, The Proctor Needle results for the first leaching period ine
dicates an improvement from all the treatments, The rings using ar-
tesian water had slightly lower readings than either the river or drain

water.,

Intake rates: A& summary of the intake rates for the first leaching

period is presented in table 23,

The intake rates have been corrected
for evaporation and a viscosity correction has been applied %0 convert
the intake rates to a standard temperature of ‘60 degrees Fahrenheit,



Table 22. Summary of the Proctor Needle data priocr to and following
the first leaching period on the Ranch "' saltgrass
investigation.

H t Proctor Needle s Proctor Needle
Water : Gypsum values prior to the : values following the

applied applied 1st leaching period lst leaching period
Tons acres 175752 10/20/52
Ib, sg. in, Ib. sq, in,

River 0 1817 471

5 22L9 1361

10 2139 1300
Drain 0 2051 lh93

5 2178 1577

10 2330 155l
Artesian 0 1921 120l

5 1518 1049

10 2063 1265

Ground surface
outside the rings 2100

Table 23, Summary of the intake rate for the lst leaching period on
the Ranch "H" saltgrass investigation. 1/

Water : Gypsum s First Leaching period
applied ¢ applied ¢ =~ 9/8/52 1 9/9 : 9/10 ¢ 9711

Tons In. Hr. In, Hr. In. Hr, In, Hr,
River 0 0,08 0,03 0,03 0,01
5 0.12 0,0l 0,0k 0.03
10 0,09 0.03 0,03 0,02
Drain 0 0,10 0,05 0,03 0,02
.5 0,13 0.0k 0.03 0,02
10 0el3 0,0l 0.0l 0,02
Artesian 0 0.1y 0,08 0,05 0,03
5 001)4 0.16 O.ll O. 08
10 0,22 0,11 0,07 0.0L

1/ The intake rates have been corrected for evaporation and to a
T standard temperature of .60 degrees Fahrenheit,

The final intake rates indicate that the river and drain water give
about equal rates. The artesian water has about double the rate ob=-
tained using the river or drain water, The rates were relatively erratic,
but should stabilize in subsequent leaching periods. )
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PH values: A summary of the pH values from September 8 to
October 20, 1952 on the Ranch "H" saltgrass alkali reclamation plot is
presented in table 2L, The pH values shown in table 2h, are an average
of three replicades. The pH values were obtained in tne same mammer as
those on the Ranch "I" and Ranch "HT® greasewood investigations, The
pH values shown on September 8, prior to leaching were from surface
samples and were low due to a recent rain, The pH at a depth of 0.3
feet was 9,0 or higher. This same condition was obtained in January
when the soil log was made. (See figure L8) The pH values dropped to
8.1 or 8,2 in all rings as soon as the leaching water was applied. As
the rings dried out following leaching, the pH values increased in the
soils not having an application of gypsum. The rings using artesian
water without the application of gypsum remained low for the duration
of the observations. The pH values have not formed a definite pattern
to date.

Depth of water applied: A summary of the depth of water applied
during the first leaching period is presented in table 25, The inches
of water shown in table 25 are the differences between the depths applied
and the evaporation during the leaching period.

Table 25, Summary of water applied to the various treatments in
the Rench "HW saltgrass alkali reclamation rings, {/

Water ¢ Ieaching 1/ ¢ No gypsum : 5 tons of gypsums 10 T. of gypsum
applied ¢ period s+ applied s per acre s per acre
No. In. water In, water In. water
River 1st 645 Tolt 6.7
Drain Ist 7,0 10.1 7.0
Artesian 1st 869 i2.3 11.6

1/ 1st leaching period had an average of 8 days duration,

Summary of the Ranch "H' saltgrass alkali reclamation studys

le The soils are moderate to rapidly permeable and should reclaim
rapidly following drainage and the application of soil amendments.

2, The soils are moderatd y alkali to a depbh of six feet.

3. A fair structure is being developed in the soil and the work=
ability is being improved with all treatments.

L. The Proctor Needle indicates that all treatments are improving
the soil, The rings using artesian water had slightly lower readings
than either the river or drain water.

5. The rings in which artesian water was used showed about double
the intake rate of the rings where river or drain water was used,

6. The pH values dropped to 8,1 or 8,2 in all rings as soon as the
water was applied. As the rings dried out following leaching, the pH
values increased in the soils where gypsum wasntt applied. In soils
having gypsum appliedy the pH remained low during the leaching and
drying period,



Table 24, Summary of the pH values on the Ranch "H" Saltgrass investigation from Sept. 8 to Oct. 20, 1952, _l/

: : Dry 1lst Ieaching Period Drying Period
Water : Gyps ¢ : '

appl.: 9/8 & 9/8 s 9/9 3 9/10

.
:
.
b
&
4

applied 9/23 ¢ 9/25 29/29 110/1 : 10/3 : 10/14 ¢ 10/20
T/aCQ In. hfu In. hr. In.hro Inihlo In‘hro Ina hr. Inghr. Inchrc In-hrq Ino hr. In‘hr.

River 0 8.8 ! 8.1 8i2 842 18,5 9.1 849 8.7 . 846 8.6 847
5 &.3 8«1 802 802 8.1 805 802 8‘3 801 892 8.2

10 845 8.1 8.2 8.1 8.0 Be2 8e2 8e3 8o4 8e4 8.2

Dl‘ain 0 8.5 802 8-’2 802 8.5 8.7 8.7 808 8.7 8.7 805
5 8.1 i 8,2 8.1 841 8ol 8,3 843 B3 8.0 83 8,1

10 842 8.1 8.2 8,2 8.1 8.1 8.1 8e2 8.0 Be2 Be2

Artesian 0 8.3 | 8ol Be2 B840 84,2  Bet 83 843 8.2 802 8,2
5 8s6 i 8,2 Bo2 8.l 86l 8,1 8el 840 8.1 8.1 8ol

10 8.0 8.1 842 84l 8.1 8.1 8.1 840 8ol 8.1 8.1

L]
8
§

y The pH values shown .are an awerage of three replicates,



Summary of data on the three alkali reclamation plots

A summary of the observations and data on the three alkali recla=-
mation plote is presented in table 26, A total of ThOO observations
and field measurements were summarized and condensed to form the table,
It contains a summary of the aggregates, Proctor Needle readings, intake
rates, and pH readings for the total of six leaching periods, Three
leaching periods on the Ranch "IM, two on the greasewood and one on the
saltgrass plot have been made to date., The averages of the results
from each set of three replicates were classified as first, second,
third ete., according to the number of aggregates, softness from the
Proctor Needle tests, rapidity of the intake rate, and alkali improve=
ment indicated by the pH values. The spread of the rings using artesian
water 1s blocked in with a dotted line, The blocked~in area indicates
that the artesian water is in the upper portion of the table and possibly
indicates an over=-all advantage in using the artesian water to reclaim
the alkali land in the valley, By assigning a figure of 10 to a rating
of first, 9 to second, 8 to third, etc., and adding up the totals of the
river, drain and artesian waters,; a figure was obtained showing the over-
all desirability of water for use in reclamation of alkali areas. The
totals obtained weresy

Artesian water = = = ~ = = = = = = 230 points
River watere- = = « = = « = = « = « 159 points
Droin wakele = = = = o = - - - - = 151 points

This tabulation indicates that the artesian water gives considerably
better results and that the over-all difference between river and drain
water is rather slight, Observations were made on December 9th = two
days following a five day rain which totaled 1,72 inches, to determine
the number of rings that had rain water standn.ng on the surface, A
summary of these observations are presented in table 27. There was no
water standing on any of the solls having a lO-ton application of gypsum,
eight out of the 27 rings having 5 tons of gypsum added, had water stand-
ing on themy, and 20 out of the 27 having no gypsum added had water stande
ing on the surface. The test rings using artesian water had 7 rings or
26% with standing water, the rings using river water had 9 rings or 33%
with water standing on the surface, and the rings using drain water had
12 rings or LL% with water standing on the surface,
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Table 26, Summary rating for the aggregates, Proctor Needle, intake
rates, and pH values for the Ranch "I", Ranch "H" grease=-
wood and the Ranch "H' saltgrass alkali reclamation ine
vestigations,

PH

tAggregatess Proctor Needle g Intake Rate
final readings

Ratings final ¢ final readings : final readings

Wim 3 WL s G,W. 3 8.0t "I"  GuW. O.G. : "I"  G.W. S.G.
lst D=10 Re=l0 | A=5 A=5 A=10 A=10 A=5  A-10 A=1l0 A=~10 !
2nd _R=l0 D=10 | A=0 A=0 D=10 A=5 A=l0 D10 R=10 A=5
3rd CASIOTTTTES10" R=5 A=10 R=10 R=l0 A=O0  R=10 D=10 D=5
Lth . A5 A=5  R=-10D/R=IG'{ g=5  D=10; R=5 T} R~5 A~ Del0 |
Sth . As0 D=5 D=0 {R=5 {R=5 R~5 | D=lO i A=5 D=5 D=5 |
6th D= i A=0  AwlOiR«0 {R=0  A=0 ' D=0 i D=5 A=0 4-0
Tth D=0 Be5 D10 D0 iA~0 D=5 D=5 : A=0 :'R=bR=10"
8th R=5 R=0 D=5 D=l0 D=5 R=0 Rel0 D=0 R=0 D=0
9th R=0 DO RO D=5 D0 D=0 Re0 R=0 D=0 BR=0

Iegends

nI" = Ranch "I Alkali reclamation plot

S5G - Ranch "H" Saltgrass alkali reclamation plot

GW = Ranch "H" (reasewood alkali reclamation plot

R=0 = River Water - No gypsum applied to soil

R=5 = River water 5 tons of gypsum applied to soil

R=1l0~ River water 10 tons of gypsum applied to soil

D=0 ~ Drain water = No gypsum applied to soil

D=5 « Drain water 5 tons of gypsum applied %o soil

D=10 =Drain water 10 tons of gypsum applied to soil

A=0 = Artesian water - No gypsum applied to soil

 A=5 = Artesian water 5 tons of gypsum applied to soil
A=10- Artesian water 10 tons of gypsum applied to soil

Table 27. Summary of the rings that retained rain water on the sur=
fagce the second day following a 1,72 inch period of
heavy precipitation.

Rings With Tain water

" Comparison Item standing on the surface
Number Percentage

Gypsum 10 tons gypsum 0

5 tons gypsum 8 30

None 20 Th
Water Artesian 7 26

River 9 33

Drain 12 L
Artesian + 10 tons gypsum 0 0
River + 10 tons gypsum 0 0
Drain + 10 tons gypsum 0 0
Lrtesian + 5 tons gypsum 2 22
River + 5 tons gypsum 2 22
Brain + 5 tons gypsum L Ll
Artesian 5 56
River 7 78
Drain 8 89

= 102 =



Table 27 indicates the application of gypsum has a greater effect
upon the intake rate than the type of leaching water. This was exw
pected from the water analysis prior to the investigations, The
bottom section of the tabulation compares the water and gypsum and
indicates the artesian waber as being the most beneficialy the river
water, second, and the drain water was the poorest.

Vertical Drainage Investigations

During the course of the investigation, it was concluded that the
use of pumped wells could have an important place in the over=-all
drainage plan for the Emmett Valley. As a forerunner to making a
vertical drainage investigation in the valley, it was decided that
some initial costs, maintenance and operation figures and radius of
influence data be obtained on existing wells in the Emmett Valley.

It was found that there were no drainage wells in operation in the

valley and that these cost estimates would have to be obtained from
other areas which were similar in nature and had a similar drainage
problem,

The Pioneer Irrigation District with offices at Caldwell, Idaho
was selected as a comparison area., The Ploneer Irrigation District
has thirty wells ranging in depth from 60 to 165 feet, These wells
are used jointly as drainage and irrigation wells. Mr. John Turner
former president of the Pioneer Irrigation District Board stated, "That
during the low ground water table years when drainage was not a probbm,
the wells had been pumped to supplement the short supply of irrigation
"water, During years of adequate irrigation water supply, the wells
had been primerily used for drainage; and that the wells had paid for
themselves either as irrigation or drainage wells,™

A summary of the installation costs and operational costs were obe
tained from the Pioneer Irrigation District office in Caldwell, The
initial costs for the 30 wells, installed from 1936 to 1950 is pre=
sented in Appendix Table 6, Well numbers 29 and 30 gave the best cost
estimates as they were installed during 1949 and 50, Well No. 29 is
13 feet deep and cost a total of $5L6Ls well No, 30 is 98 feet deep
and cost $L395.75. The wells both have 20 inch casings.

A summary of the available operating costs during 1950, 51 and 52
are presented in Appendix Table 7. Wells 29, 30 and 12 were selected
because of their date of installation and their drainage range of ine-

fluence,

o 103 o



A summary of the number of acre feet pumped from 10 wells during
the period from 1926 to 193L is presented in Appendix Table 8. During
this period 83 acre feet of water was removed per day, 2490 acre feet
per month, and 12,150 acre feet during a five month period, :The ex-
tent of the area drained was satisfactory to both the Pioneer Irriga=
tion District and the local farmers,

Detailed information concerning the Franklin Road Well, No, 12,
for the year 193l and on estimate cost for 1953 is presented in Appendix
Table 9, The over«all well efficiency would probably be higher in 1953
than it was in 193l, T

The cost information and drainage estimates presented in Appendix
Tables 6 to 9 inelusive may not apply completely to the Bmmett Valley
and they will be adjusted following further investigation into drainage
and the possible installation of a test vertical drainage well in the
valley. ,

FUTURE SCOPE OF THE INVESTIGATIONS

Continued investigations

The following investigations will be continued:

l. Open drainage investigations
a. Continue ground water observations on the ranches investi=
gated during the last year.
b. Observations will be initiated on several additional ranches
to give an observation on each of the major soil series.
. Co Increase the number of ranches obsexved for crop production
' figures,
2. Alkali reclamation
a, Continue the alkali investigations using the ring method on
the three plots,
3, Continue and refine the artesian well location survey,

New investigations

1, Artesian well survey.

A representative number of artesian wells, approximately 20
scattered over the area, will be selected in the valley and surveyed
for the following items:

ae Depth

b 'Y Size

C. Pressure

d. Temperature

e. Discharge

fs Chemical analysis
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2. Approximately 20 artesian wells will be selected, scattered
throughout the valley, and the following measurements made each week
or month depending upon the fluectuation,

8, Pressure
b, Temperature
¢es Conductance

3. Vertical drainage investigation.

The transmissibility of both confined and unconfined aguifers will
be measured on as many artesian and pumped wells as possible, The
thickness and extent of both confined and unconfined aquifers will be
determined,

L. Install additional observation wells to extend the Bureau of
Reclamation observation well lines from their terminal points to the
Payette River on at least two or three lines,
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APFENDIX

Chemical and physical characteristics of selected soil samples
from Emmett Valley Area, Idaho(table copied from characteristics
of saline and alkall soils in the Emmett Valley area, Idaho (5)

Chemical and physical characteristics of selected soil samples
from the Emmett Valley area, Idaho (5)

Chemical analysis of saturation extracts of selected soil samples
from the Emmett Valley area, Idaho (5)

Permeability, pH, capillary rise, and settling volume of selected
soil samples from the Emmett Valley area, Idaho (5)

Observation well readings (data collected by the U,S.B.R.)

Initial costs of drainage and irrigation wells in the Pioneer
Irrigation District at Caldwell, Idaho,

Operating costs of drainage and irrigation wells in the Pioneer
Irrigation District at Caldwell; Idaho.

Summary of the wnbor . pumped from 10 wells in the Pioneer
Irrigation District during the period of 1926 to 193k,

Detailed information concerning the Franklin Road well, No, 12
for the year 193L.



Appendix Table 1, = Chemical and physical characteristics of selected soa.l

samples from Emett Valley Area, Idaho, 1/

:Sclzg}e So Exch

No. Iocation °So:Ll type Depth : Hs}} Sal'b- EC;L

Inches mAosx 105 M.e./.L m.e./l Moo J_oo
1 SE of SB Letha f£i, 9.3 3,00 125.0 611,5 0,11
Sec, 8 sa, loam 1/2«5 10,2 0.L3 11,50 62.35 0.12 6.9 :
T6N R2W S=12 10,3 0.2 3,60 L1.57 o.L1 8.4
2’-'»""36 9!9 0020 2000 22559 Ooh:L Bql
36~48 9.6 - 0.94 9,48 0.3Lh 7.9
h8"'60 9.2 had Ov7s 7.15 0021. 8.7
ZNE of N& Tetha fi. 0= 6 5.6 - ~I.80 16,98 0.6 3.5
Sec, 8 sa, loam 6=12 9.8 - 3.10 13,63 13.48 k.7
TEN RIW 2«24 91 = 1,20  11.89 0.l5 6,9
‘ . 2’4"33 806 had 0070 6.70 0953 306
378W of oW Tetha Ti. 0= 56 7.0 - 0.27 1,53 1,02~ 0,08
Sec, I sa loam Hl? 6,8 - 0,28 0,78 1.17 0,02
TN RIW Cle-2l -
2)4-"36 8.0 "' 0038 1059 1031 0502
[ SWof NBE  wWardwelle 0~ 8 6.6 - 0.15 1,12 0.2 0,03
Sec, 27 Tetha. 8-20 6.6 = 0,20 1.13 0,18 1.7
TTN RIW loan 20=25 749 - 0,60 5,78 Q. 2.1
25“'36 800 haad Oth 3076 Oob)—l 107
36=48 8.0 - 0,50 3,96 0,66 1.7
h8~60 7«9 - 0‘51 hoSB Oe37 QS
S NE of SW  Vander=- 0- 8 6.8 - 0,60 1.23 1,25 0,6
Sec, 3l dasson - 8«16 7.5 = 050 2,61 0.8 1.2
TTN Rlw si. clay  16=30 Toh = 0,110 2,50 0,59 1.h
6 NW of NE  Wardwelle 0= 7 Te0 = 0032 2.28 0,32 0.0
Secs L Ietha T=1l Tel - 0,17 1,72 0,17 1.6
TN RIW £i, Sae 1h-22 B = 0.2l 6.3h 0.24 3.8
loan 22-736
36=ll 9.1 w 0,27 2,70 0,27 1.7
7 SW of o8 Letha fi, 0="7 6.8 - 1.9L 0,62 1.9 0.06
Sec. 18 sa, loam Tedly 8.0 - 0,19 3,08 0,19 1.5
T6N RIW =2l 8o - 0.24 8.9h 0,24 8.0
2li=36 9l = 0629 8.7 0.29 6.7
3648 8.6 = 0,17 6.37 0,17 B.h
8 NE of NE Wardwelle O 6 8,0 - 1,23 3,09 1.23 0.5
Sec, 13 Ietha 6=10 B - 052 o952 0,52 1.8
76N R2W fi. sa,. 10=18 91 = 1.22 8,85 1,22 8,9
loam 18=26 9.3 - C 5,60 8l 18,46 8.6
26"’36 903 has 0096 8(59 1000 )448
9 NE of NE Ietha 0- 6 807 - 0083 7¢39 0.77T 2.0
Sec, 2ii fi. 823, 6=12 942 - 1,07 10,51 0.6L 3.2
T6N R2W loam 12«2} 85 0,68 L5 0,30 1.9
- 10 NW of W  Ietha O~ 6 10,2 = 3,20 21,98 16,52 7.k
Sec. 18 fi. S8e 6"’32 9‘7 ont lg).l.o 3-3‘06 l‘?h e)-,.
T6N RIW  loam 12-24 9,3 = 078 7.51 0,19 6.4

1/ Taken from University of Idaho Research Bulletin No. 17.
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szpendm Table ls « Chemical and physical characteristics of selected soil
ontinued ) samples from Emmett Valley Area, Idaho. 1/

¢Soluples Sol :Sol. B,
Sofl type + Depth 3 pisd/s sa1td moy & 3 N v/ et et
mhos x m.e, fi me./l m.e./lOOgm

No. Iocation

Inches A
11 NE of NE Iletha O= & 8,8 1,13 10.23 1.12 2,7 :
Sec. 22  fi. sa. 612 90 = 0,61 6426  0.87 3.0
T6N R2W Lloam 12«2]; 8.8 - 0,60 7.05 0.19 5.5
2L=29 9.1 - 0.72 7.93 0,10 6.0
29eliy 9,0 = 1.80 1.80  9.72 3,3
12 NE of NE Vandere O= 6 10,2 - 340 38,57 0,27 11,0
See, 22 dasson bm12 10.1 - 6.80 23,75 21,38 12,1
T6N REW  si. cle 12-28 10l = 2.08 23,01 0.79 10,3
loam 2836 10.1 - 140 13.80 0,10 5.1 -
) 36“}46 9!1 - 1.09 3’4—077 0007 5.5 L
13 SW of S¥ ILetha 0= 6 722 - 0.26 0.72  0.82 046
‘ Sec, 9 flo Sa, 6“'12 709 i Oohs 3-32 Onhl lcl
TéN ReW Joam 12"‘16 Beh - 0052 5.00 0.22 13‘8 P
16"30 8-)4 had O-hs 3075 0.18 302
1 NE of SE Bramwell  O= 3 8.8 =~ 2,10 23,63 1,53 8.3 -
Sec, 2 si, loam %= L 9,2 - 2.37 25.59 1,03  13.9 ~
TTN R3W © el 9.5 = 2,85 33,98 1,16 114
122l 97 = 2,85 33.69 0,38 12,2
32-48 9.0

y Samples collected by H, E. Dregne, G. M. Schafer, and C. A. Mogen, July, 19L7.
Analyses made at Idaho Agricultural Experiment Station by G. C. Iewis, C. L.
Tyler, and C. G. Thomas,

3/ pH of saturated paste.

T/ Per cent salt, dry basis, from paste resistance and Bureau of Soils table foy

T mixed neutral salts,

5/ Electrical conductivity of lsl soil-~water extract in millimhos per cm.

Soluble sodium and calcium in l:1 extract in milliequivalents per liter,
Exchangeable sodium from difference between total extractable sodium and
soluble sodium in l:l extract in millequivalents per 100 gm,
Iess than 0,20 per cent salt.
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Appendix Table 2, — Chemical and Dysical characteristics of selected soil samples from the Emme¢t Valley
area, Idaho

Fxe
No. ILocation ¢ Soil type: Depth 2 SP2 s pH33 s Sa1t4: Limes ¢ Na : B.E.C.T: E“SgP.8 $ Sand 9:8121.1;9 ¢ Clay 7
Inches A 7 mee./100 gm. 1 % A yA
15 NWiSW; letha 0~ 3 29,0 8,7 0.06 3 573 26,2 21,8 = 76,0 18,7 503
Sec., 16 f1 sa. 3-11 272 1043 0.13 4 13,24 2769 4745 117 1945 848
TéN R2W loam 11-24 35,3 1044 0.23 3 16468 2647 62 .4 729 1763 9.8
; 24-36 3762 1042 0.21 4 18,16 23,9 7640 7449 15,1 10.0
7 %649 34,7 9.7 0,08 4 8,64 24,5  36.1 87.3 Te5 502
16 NELNWE Ietha ‘Orust 9.6 3,0
Sec. 15 fi, sae 0~ 7 28,5 1040 0014 3 10,92 26.1 4169
T6N R2W loam 7-16 29,7 9.1 0.06 3 13,84 30,2 4549
16-24 3244 8.8 0405 2 8,34 1449 56,0
17 NWZNWL  Bramwell 0~ 6 A4 44 8o7 0433 4 19441 26,6 730 2843 4644 2503
Sece 3 si. loam 6-18 49,1 9od 0650 4 25,05 2846 8747 2792 4746 25,42
T6N R3W 18-30 47,8 86 0.18 4 15,58 2649 571749 2940 4447 2643
48 SWSWE  Bramwell 0-6 - 5042 7.8 0,05 4 0,76 21,1 366
Sec. 34 si, loanm 6—1} 4300 7.9 0005 2 1.01 24 .4 4.1
TIN R3W 13-24 5342 Te9 0.07 4 122 12,7 9.6
) " 24-410 5% 05 709 0'08 4 1080 18 .7 9 56
19 NWzNEX Power 0~ 17 40,5 6e5 0603 0 090 135 6o7 5644 2967 1349
E™ secs 33 si. loam  7-14 5046 7.2 0,10 O 4,14 24,2 171 43,9 27,8 2843
' TN R2W < 14-23 4345 7.8 0.18 2 5408 25.6 19,8 = 5342 25,8 21,0
2332 42,1 7146 0633 3 3473 2543 14,7 58,6 30,8 1046
20 SEZNWE  Moulton 0- 6 49,5  8a2 0,20 3 4510 12,9  31.8
Sec., 11 fi. sas 612 36,0 8e5 0,08 1 4612 104 3946
T6N ReW loam 12-24 31l ToT 003 0 057 8,0 Tel
21 NE; NW: Vander~ 0- 17 43,0  Teb 0407 4 4093 21,2 2342
Secs 26 dasson 1-16 4042 8ol 0.12 4 13435 2445 5445
T6N R2W si, clay 10-23 49,1 940 0,17 4 15,01 18,7 8043
2328 4845 902 0617 4 12,50 1440 8943
28~41 48,8 9.4 0,16 3 12,21 1148 10040
22 (10 ft+ from-Vander- O~ 7 49,0 78 0.06 4 347 1749 1944
above) dasson  7-.16 4% 49 8el 0,06 4 3486 1645 2% o4
si. clay 16~23% 4648 749 0.05 4 C1e47 17.9 8.2
23-28 38,0 Teb 0.04 1 1.47 154 9e5
28-41 39 42 Teb 005 1 3 42 1469 23,0

1/ Taken from University of Idaho ResearchizBulletin.No. 17s



Appendix Table 2 (Conte.) ~ Chemical and physical cha
« Emmett Valley area, Idah

cterlstics of seleeted soll samples frem the

<p2 3 50 Lxghs 8 9
No, Location: Soil type: Depth ¢ SP": pHs’ ¢ Sait 2 Jdme”: Na® BaBaGols E.8.P.0: Sara?e S1147 3 Clay
I - Inches % A mees/100gm : L A A A
23 (200 Ygds. .Vander- 0- 8 87.5 8.2 0,30 4 21,29 396 5348 2345 36,8 39,7
from above) dasson B-16 57«7 849 0,34 4 374277 50,6 73571 1562 4447 40,1
si. clay 16~28 55,0 8.9 0635 4 42448 51a7 81e9 18,0 4847 33,3
28-35 11040 9,0 0,40 4 46,07 55e2 8365 26,7 3944 3369
39592 54,0 943 0,14 1 1%,28 12,8 100,0 114 1246 11,0
24 (10 ft. Vander- 0- 8 726  Ta5 0,09 4 1,57 43,1 346
from above} dasson 8-16 6746 748 0.0 4 2,33 Al.4 5eb
si. clay 16-28 S 0,09 4 2,96 41 .4 Tel
28-35 5961 7.8 0.09 4 3433 3542 95
35-52 6244 T4b 0,10 4 3407 4043 T b
25 SWESWz Vander- 0~ 3 570 7.0 0.11L © 5450 2846 1942 21.1 40,1 38,8
Sec. 24 dasson 3~ 8 T1e0 7o' 0,15 3 12,01 4561 2661 1446 51e7 33,7
T6N R2W si. clay 8~22 T5s3 8,60 0,20 3 22,06 6642 3449 3503 4043 24 44
22~32 7249 8.2 0,18 4 21402 51e2 4142 4349 43 46 1245
%638 41,8 844 005 O 2635 547 4102 . 8849 6,9 442
V26 Swiswt Wardwell  O- 2 49,0 b6o7 0604 O 0a57 11.6 4.9  Tle2  21e5 Te3
E} Sece 7 fi, sae 2-11 33,7  Teh <0403 O le51 86 176 719 2144 67
§ T6N RI1W 3@8111 n"’l5 33;4 7Q8 0.08 0 5o73 1538 36'2 63 56 18.8 17.6
1522 33,9 Bed 0.07 3 6416 1449 4144 676 1843 14,1
22~30 3040 846 005 3 3.1 1ls1 3344 170 1306 9.4
27 NWzNw: Bramwell 0- 6 5040 840 0,04 2 0675 2348 3al
Sec, 11 si, loam 6--13 37.1 862 0e05 O 293 1842 161
T6N R3W 13-25 T0el 843 0.21 2 10,80 35,7 3043
28~28 944§ 8.6 0,14 4 7,12 2745 2509
28 NWLSWL Brarwell O 1 51s0 9.8 0eb2
Sece 2 si, loam 1~ 6 48,0 942 0,19
T6N R3W
29 SWESWE Letha O 7 %643 T2 <003 O 0o46 108 4e2
Secs 27 fi. sae 7-13 23440 Ted <0403 O 0edd 962 4,8
T']N RBW loam 13“'32 3252 7.6 O¢04 1 1.70 1801 9ed
3240 2%307  Te7 <0403 O 1e26 860 1548
30 (same field Bramwell O 6 849 O0el9 4 16,03 27,1 5942
as ¥’ sie. loam 612 86 0,17 4 16+7%. 288 5842
1230 4 10,80 27 8 28,49

804
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Appendix Table 2 {sont,} ~ Chemiecal and physical characterisfics of selected soil samples from the
Emmett, Valley area, Idaho 1/

2 3 4 i LR g 8, 9. 9 ., 9
No., Jocation 2 Soil type: Depth ¢ SP": ©pHs’: Snité Lime- : : BuEeCo! ¢ EeSePa ¢ Band’ ¢ Sil$’ § Clay
Inches % % mees/100 gn % % T A
31 {5 ft. Bramwell 0~ 6 8.2 04,08 3 4,41 2469 177
from above) si, loam 612 8.3 0.13 0 6.18 18.0 3403
12-30 8.6 0,17 4 12455 279 45,0
32 SWZNWg Letha Crus%
Sece 7 fi. sae O 6 31«7 8'6 0547 4 7.92 17.1 46§3
T6N R2W loam 6-12 2944 8.8 083 4 10,61 1645 6404
12-24 29,4 849 0.16 4 15424 1847 81la6
24-34 35,9 8,8 0,10 4 9,98 13,5 T% 69
33 (10 fte  Letha 0~ 6 31,1 Beb 0,08 3 Te33 1647 43 49
from above) fi. sae 614 3146 844 0406 3 T¢13 1648 4204
‘ 1428 29,6 B4 0,05 3 6,70 1867 3548
28*‘32 34.0 8@2 0004 4 1066 ll.O 1501
34 SWZNW: Letha 0= 6 3747 940 0¢l5 3 13671 1965 T0a4
- Sec, 1 cly loam 6—414 4044 808 Ou12 4 12;04 19.2 6208
T6N R3W 1428  41eb 94D Del3 2 11.61 1448 7885
E?s (15 rt Letha O-~ 6 43,1 8,1 0,06 3 196 206 905
¢  from above] cl. leam 6-14 52.1 840 0,05 4 179 1622 1le®
14-28 41,9 8.1 0406 4 230 1.4 1640
28-34 40,4 8,1 0,05 4 2.56 lbel 178

Analyses by Use Se Regional Salinity Laboratory
Saturation percentage

pH of saturated paste

Per cent salb from paste resistence and Bureau of Solls
tables for mixed neutral salise. \

Relative lime econtent as estimated from effervescence with ascid: O = RO effervescence,
14 indicate increasing effervescences

Exchangeable scdium content, millieguivalent per 100 gme

Bagse exchange capacity

Exchangeable sodium percentage, lsecey exchangeable sedium content times 100 divided by base exchange capacitye
Mechanical analyses by Dive Soil Mgt. & Irriges under direction of Dr, L. T. Alexandera

Sand: 20002 mme; Silt: 0602~0,002 mms; Clay: less than 0,002 mme

iRyt Ll



Appendix Table 3, ~ Chemical analysis of saturation extracts of sel

soil samples from the Emmett Valley area, Ida

ted
%

No. Depth : ECe2: N s Ca ¢ Mg ¢ Co3 ¢ HCO3 3 E‘xalt3
Inches Me€o/L mMeeo/l mee,/l mee./l mee./Lk %
15 0= 3 2,50 25,8 1,07 Oell 0 1,7 206
3"'11 506)4 6600 0.!&0 Oahé 3709 Soh Oolh
2)4"36 )4073 SSVh lQOl 0062 3003 7-6 Oels
3649 2,32 25,1 0,31 0,10 8.5 7.1 0,07
I5 Crust  101.0 5380.0 O 0 3510.0 1066.0 18,80
O~ 7 5.52 T73.2 1.51 0.9L 27.5 2L.2 0,15
T=16 Ll7 15.6 0.64  1.57 0 25,1 0.0l
16=20 0,99 11,2 0,k2 074 © 8.5 0,03
I7 0= 56 e85 71.9 0 50.7 0.23
6m18 8.63 102.8 0.83 0.31 38,9 27.5 0.141
18~30 1,52 17,2 0Ll 0.15 0 12.8 0,06
I8 0= 6 0180 2,82 L.1L 0,92 0 6,6 0,03
6-16 0,50 2,55 2,15 0.61 0 Lo2 0,02
1324 06 3,13 149 ol O L2 0,02
2L=30 0,51 3,80 1.2 0,5L © 3.3 0,02
D 0~ 7 0.60  2.29 0.86  0.3% 0 3.3 0,0L
71l 0,91 9,34 0.75 0.3 © 6.1  0.0L4
123 2,80 25.4 2.81 2,52 0 5.2 0,09
23=32 6,57 51,7 31.18 8.00 ) 3.8 0,27
20 6“ 6 5038 5&06 5.88 2000 0 31401 0022
6-12 2.3 22,2 1.55 0.68 0 15.1 0,08
12-2) 0.73 Le93 2,06 0,63 0 Lhe2 0,02
2 0="7 1,58 15.7 3.07 0.52 ) I7.5 0,06
T=16 L7k 22,1 1,29 o9 O 15,6 0,07
23-28 1.61 20,7 e 60 0,00 0 1,7 0.07
281l 1,60 19,1 0.5 0,09 0 5.1 0,07
72 0= 7 .18 12,5 1,67 Do 3L [4) 13.2 0.05
T=16 L.05 135 1.16 0.25 0 10.9 0.05
16=23 0,79 8,06 1,29 0.19 0,03
23=28 0,73 T.12 2.37 0.27 : 0.03
28=l11, 0,78 6.8L 1.7L 0,29 O 3.8 0,02
773 G- 8 236 30.1  2.13 043 T 5.1 0,20
816 3.2h 33.9 1,67 0,30 T 23,7 0,17
16=28 312 379 1.03 1,01 1.9 18,0 0.15
28«35 1.96 26,6 1,40  1.56 965 8.5 0.23
39,52 1.50 17,1 0.97 0. 07 12,8 0,08
AN 0= 8 .02 3.87T 2.18 0.67 0 5ol 0,03
8=16 0.9 3.2% 1,80 04L0 0 3.3 0,02
16=28 Ouli6 3,41  1.38 0.3 © 3.3 0,02
3552 0,50 3,72 le29 0,39 0 2,8 0,02

# Taken from University of Idaho Researeh Bullebtin No. 17.
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Appendix Table 3(Cont. ). = Chemical analysis of saturation extracts
of selected soil sain?les from the Emmett
Valley areay Idaho :

Noe Depth 3 ECe? : Na ¢ Ca Mg ¢ Co3 g HCO3 & Salt3i

Inches Moo/l Moo/l m.ea/l meee/1l mee./l A

25 0= 3 1.35  15.3 2632 0,31 0 1,7 0.07

3"" 8 0097 10.7 0095 0009 0 10.0 Oa06

B=22 0.95 11,1 2.l3 0,75 0 8,0 0.07

2232 1,01 11,2 3.35 0.8l 0 8.0 0,08

36=38 2,30 22,k 0.71  0.07 0 5.7 0,08

25 0= 2 0.75 8,38 Te13  0.77 0 6.6 0, 0L

2-11 0,61 6142 0.61L 0,27 0 5.2 0,02

11-15 0,95 12.6 0,07 0,39 Lok 7.6 0,03

15=22 0,99 11.1 0,63 0,27 T 8,0 0,03

22=30 0,87 10,3 0,32 0,27 1ol 4.7 0,02

27 O 6 0.71  3.25 2.5 1,57 0 56 0.02

6“"13 0097 9035 0070 0.76 0 761 0.03

13=25 2,08 22,8 0e59 0,71 0 9,0 0,12

: 2836 1l.20 12,2 0.l8 0.0 ) 11,8 0,09

28 O"‘ 1 15@02 22600 2 039 0.00 L&9a2 116.@0 Og 92,

1= 6 L,00 8.9 2.39 0.73 2,8 35,0 0,18

29 O~ 7 0,50  2.50 1.80 0.LL 0 LT 0.0L

Tw=13 0,38  2.3L 1.79 0.L4o 0 3.3 0,0L

13«32 - 0,48 3,35 1.79 0.k42 0 5.2 0.0L

32440 0,56 5,10 0.92 0,11 0 L2 0,01

30 O"’ 6 3023 )J)-‘.Ql 1'38 0060 N 0.16

b=12 2,18 30,1 1.10 L.z 0,11

12"'30 loh? 17‘8 0052 0¢h8 ) 0607

31 0= 6 Loy 15,2 1,56 0,15 0,06
b=l 20,8

1230 1,55 18,3 0.6 0,30 0,07

32 Crust 130,0 62400 847 2.19 oL,8  137,0 21,90

0= 6 23,8 326,0 9.1l  L.k2 0 10,9 0475

612 8.TT 9745 1.8 0,61 0e5 10.9 0620

12-2] hg81 57.1 0.77 0,16 Lo 13.3 0,12

2h»3h Lkho 21,1 0.51 0,25 ; 0,06

33 0= & I3 13.2 2430 0.73 1L 11.8 0.10

=1l 2,37 28,7 1.5L 0,61 Lok 12,8 0,07

=28 1,67 20.L 1.07 0.kl Lokt 8,0 0.0L

2832 1,32 11.7 0.92 0,26 ' 3.8 0,03

3k 0 B .70 39.5 1,93 0,56 0.1T

Genlly 166 25,1 129 0,62 ‘ 0,08

il-28 L2 19,1 0.06

283l 162  21.L . 0,07

35 0= 6 1.2 2.3 2.45 1,12 T 8e5 0,08

6mlly 086 10,1 1,38  0.50 0 52 0.0l

128 0.89 9450 0.92 0.L1L T 3,3 0,03

283l 0,86 9,39 0.83 0.36 T 3.8 0,03

1/ Analyses by U. S. Regional Salinity ILaboratory
%’/ ECe = Conductivity of saturation extract in millimhos per centimeber.
/ Salt @ Per cent salt, dry weight basis, calculated from chemfcal
analyses data on typilcal extracts.
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Appendix Table l, - Permeability, pH, capillary rise, and settling
volume of selected soil samples from the Emmett
Valley area, Idaho 1/

1 Permeabllity 2 ¢ s : . rise Lg.
3 River Gypsmn : pHQB s : pH603 : =r h : Set, 5
No. pepth ¢ Water Added ¢ ¢ P 1 hr, 24 hrs,: Vol.
Inches in./hr, in./hr em. om, ml,
15 0=3 0,122 0,175 8.8 10,0 10,0 9.3 32,1 21
3-11 0,082 0,234 10,2 10,6 10k 8,9 32,6 29
=2k 0,135 0.4, 10,7 0.4 20,1 32.h 25
ah-86 0,024 10.2 10,5 10,3 1i,L  35.0 25
36=L9 0,010 0.35L 9.8 10,5 10,2 6,1  1h.8 34
16 Crust 9&6
O 7 0,035 0,213 10,0 10,7 103 6o T 21,0 23
7-16 0.025 0,112 9,2 10,2 10.2 3,8 15,0 22
16=24 0,149 9.2 10,2 9,9 8,6  3L.0ox 19
i 0,009 0,039 9.0 10,5 10,5 2.8 9.5 30
6wl8 0,029 0,078 10,0 10,6 10,6  L,1  13.k 32
18«30 0,032 0,151 8,9 10,5 10.L 3.5 3.4 32
I8 0=56 0,082 0,178 8.0 8.7 9.k 6.3 25,9 28
6=13 0,072 0,173 8,5 8,9 9.4 5.1 23.B 25
13-21 0,230 8.4 9.2 9.6 5.6 249 27
21#"'30 0060 8¢6 9.2 907 738 3005 30
o 0=7 0,118 0,378 8.2 1.L  T.L 9.9  3L.7 23
7""3i¥ 00057 OQSSO 900 805 V 805 }-Ln9 1302 30
lll""23 00222 805 9.1 905 B 808 '3900* 25
23"‘32 0.89 8.1 7;8 8¢O 1365 72b0* 23
20 0= 6 0.5T 8.0 9.6 9.8 9.5 28,4 30
6“12 0533 898 966 906 1593 36.8 28
12“*2h- 1657 80}4 801 708 2102 9700* 20
2l 0= 0,090  0.4lLb 8.0 Ge2 9«5 59 23,5 20
7"16 00005 00181 9&1 906 909 358 900 29
16=23 0,037 0,248 963 10,0 10,1 5,3 13.6 29
23=28 0,002 9.3 10,2 10,2 59 9.6 Lo
2811 0,001 9.4 10,2 10,3 2,6 h.3 81
22 0= 1 0.55 366 Bad 903 9e5 9e5 30,7 20
716 0.58 3.7 9.1 9.4 9.6 13,5 56.0% 28
16-23 1L.L2 8.6 9,0 9.4 16,9  61,0% 29
2328 1,92 8.6 8.8 8.9 21,1  72.,0% 25
28~} 2,05 8.6 8,9 8,9 21,2  91,0% 30
75 O= B 0.001 0,006 8,9 9.7 10,1 L,0 2.0 15
816 0.00L, 0,016 9.3 10,0 10.3 1.5 5.1 5k
1628 0,039 0,193 9.3 10,0 10,3 5,5 19,1 35 .
28«35 0,028 0,228 9.4 10,1 10,2 40 8,0 Lo
39-52 0,013 0,252 9,5 10,2 9,8 6.2 1.4 30
2L 0= 8 0.7h 3.1 8.0 B B.9 9.0  2L.3 28
8=16 0,57 1.82 845 8,6 9.1 10,2 304 35
16-28 Te7 8.5 8.7 9.2 10,0 33.0 32
28“’35 302 8011- 806 9.-2 1207 284)-‘- 38 .
25 O= 3 0016 0. 157 8.8 B.6  B.6 2.8 B.5 30
3 8 0@026 O.hl3 F.0 9.2 97 2,0 308 32 .
822 0,056 0,271 8e9 9e3 9.8 3.0 7.8 32
22w32 0,178 0,76 8,8 9.5 966 5,5 19,8 35

Taken from University of Idaho Researeh-Bulletin No, 17,
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%ppenc}:bc ToRYe L. « Permeability, pH, capillary rise, and settling
continued) volume of selected 575_1 samples from the Emmett

e Va%;gy: area, Jdaho 1
Permeability 2¢ Cap. rise % g

) .
¢ River Gypsum ¢ pHe3 pH603, ¢ Se¥b.

e 50 ae
&
% oo

L4
aa

No. Depth ¢ Water Added s 1 . 2L hrss Vol.

Inches in./l» in./hr cm, ©m, ml,

% O 2 3»5 8&3 608 8‘1 1)405 hBQO* 26
S 2«1l 0,21 0.L8 8.6 8.0  Ta7 11,6  Ll.0% 29
11-15 0,019 0,217 9.2 8elt 6.0  16.8 27
15«22 0,135 0,L2 9.0 9,6 9.7 Teh 28,9 23
22=30 0,018 9.0 9.7 95 7.0 19,2 30

27 O= 6  0.33 8.6 8e7 8¢5 8,0 29,0 30
6-=13 0,067 8.8 9.1 8.6 L5 17.8 25
13"'25 Oi Oh? 0!35 ’ 900 90 6 9- 9 ' 6:9 1600 29
28-38 0,021 1.0L 9,0 9.6 9.9 2.8 6.0 6l

28 0= 1 0,010 0,018 945 10.5 10,3 3.9 12.3 39
1~ 6 0,003 9.4 10.1  10.L 3.6 10.3 38

29 0= 17 0693 Ba3 Telk 8.2 19,0  6bL0# 25
T=l3 0,36 8.4 7.6 73 15,8 55.0% 23
13=32 0,38 8.5 8.8 8.7 1.7 - Lb.Osx 20
32-440 1,27 8,6 8,7 8.5 12,7 66,0% 20

# BExtrapolated values from eight-hour run,

1/ Analyses by Us S. Regional Salinity Iaboratory

?/ Permeability in inches per hour of disturbed soil samples for first

=  2h=hour run, Synthetic Payette river water used in first permeabilivy
column; in the second column the equivalent ef 10 tons of gypsum per acre
of soil was added to the soil surface.

3/ pH of saturation extract, 1:5, and 1160 soil-water suspensions rew

= speetively.

i/ Height of rise of wetting front by capillarity in dry sieved soil in

~ 1 and 2l hours respectively,

5/ vVolume occupied by 15 grams of soil after flosculation from 1:60 soile

T  water suspension with CaQlp,
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Table 5. = Obgervation well readirgs data eollecked by the U,S,B.R.
Iow and high elevabions by years.

¢ (Cround
¢ surface 3 1936 1937 - 1939
L;Lne° No,: eleve, : L H ¢ i H H i H
“3 1 2l57.2 D D. D D D D .
: 2 2419,6 8.8 16.1L 18.8 18.L 13,7 13.8
3 2h13.h 08.9 Okl 09,5 05.1L 99,3 06,6
L 1 2hea.7 23,0 18,3  23.0 Destroyed :
2 2L1l.2 12,9 1.2 12,1 Destroyed
la 3 2Lo9.k 09,5  05.5 09,7 08.1 D 08.1
5 1 2hh6.7 D D D D D D
% 2 24143 14,0 08,8 11,6 11,2 05.5 13.9
3 2395.0 Sl 89.5 93.4 93.2 D 89,5 .
6 1  2L08.0 07.7  03.0  07.5 0.4  OLs7 0742
2 2397.0 9he2 D 9ho% 95,8 D 91,1
3 2391.7 88.6 D 89,2 89.1 8.0 88,3
7 1  2L50.0 D D D D D D D
2 2L39.1 37 D 36,2 D 35,8 D 35.5
3 2398.9 90,1 D 90,3 D 89.7 D 90 9
8 1 2L66. 1 D D D D D D
'» 2 2359.0 D D 86.0 D 859 D 85 7
3 2386,1 8l 76.8 81,8 79,0  8l.9 78,7  8L.9
9 1 2L86.7 D D D D D D D
2 239O¢l 8209 D 83707 D 83‘3 D 83 9
3 23775 Tha3 7L 76,3 72,0 7645 TL.7 75.8
L 2369,1 67,8  63.9  67.6 6.l  67.8 6Ll 67 L
0 1 2317.7 D D D D D D ,
2 2390,5 80,6 D 80,7 D 80,0 D 85 b
11 2365.9 60,5 D 60,5 6L 581 60,6
2 2367.9 65.8 61.0 65,1 65.9 61,2 67,1
12 1 2379.7 D D D
2 23585 Sh. 5107 gk.% Sh S 51,9 Sh.h
13 1 2378.0 66,8 67,0 686 D
2 2357.0 53» L 5005 " 5349 5346 5l.1 56.5
L 1 2378,5 D D D D D
2 2351,8 51.2 50,2 51,9 51.8 50.5 51.6
15 1 2b55.7 D D D D D D
2 2389,0 7844 D 853 811 D B ‘
6 1L 237L6 62444 D 597 6642 D
2 2347,0 Lk.9 39.2 L5 LhoX ~ 39.3 h3.5
3 233963 3647 35.8 372 36.9 D 36,7
17 1 2351,9 hB.h D 43.8 42,9 D 43,9
18 1 2369.6 D D D D D
2 233063 28.1 27 e 2749 28,0
19 1 2333.3 28,2 D 25,9 254% D 21166
20 1 2326,1 19.6 17.5  19.6 19.8 D 19,4
21 L 23263 D D D D D D
2 232663 22,2 15,9 22,7 21,8 D 22,3
22 L 2393,0 D D D D D D
2 2308,6 07.2 05,4  07.% 06.8 05,6 06,6
23 1 2137,.7 D D D D D D
2 2382,4 D D D 8242 D 7247
2l :BL gé?,g D D D 39,6 D 38.8
o D D Y
z 2950 18.8  16.0 20,7 18,5 B 1B



Table 5 (Conk.) - Observation well reading. data collecked by the U,S.B.R.
Iow and high elevations by yeard.

IS0 1on1 1oLZ 503 JOLL
Lines No.:L © H L H L H L H L H
“3 1 D D D i) D D D D D D
o2 D 17,k D 17,9 D 18,5 15,6 18,6 13.6 18.8
; 3 99,8 07,5 99,6 07.6 99,7 10,1 00,5 09,0 00,0 08,1
L 1  Dpestroyed
‘ 2 Destroyed :
bl 3 D 08,5 D 07.h D 02,9 D  08.8 D 06.5
‘51 D D D D D D D D D D
2 0Obel  1he2 Ohel 104 05,9 13,9 06,7 13.9 07.5 08,8
3 D 90,3 D 90.7 D 951 D 92.h4 D 912
6 1 05,7 O07.2 0ke8 07,7 OLi6  07.3 07.5 07.7 03 06,8
2 D 90,6 D 9Ll.L D 9345 D 92,0 D 90.2
3 D 88,2 D 87.2 D 895 838 89.0 8L0O 88,3
7 1 D D D D D Lhl D D D D
2 D 36,2 D 36,0 D 36.L D 3L.9 D 334
3 D 88,8 D 90.4 D 919 D 91.3 D 89..
"8 1 D D D D D D D D D
2 D 8542 D 87.4 D 88,1 D 87.2 D 86 6
3 77,1 BLaB  Tbeli  B2.7 7.0 8643 79,0 82.5 79.9 8lL.3
9 1 D D D D D D D D D
2 D 83.9 D 85.k D 85,6 D  85.3 80.h 8L.2
3 7l6 770 T7le2 T7.2 T3.0 760 The9 76k 73.h  77.6
L 6heB 6765  Ble3 675  6lebd  67.3 65 67.9  bL.6  67.6
0 1 D D D D 0349 D D D
11 1 58,1 65,2 D 60,3 D 60,9 58.Lh 60,9 58,3 60,5
2 Blolh 65,0 BLl.0 66,0 615 65T 62,7 67.9 61,9 66,0
12 1 D D D D D D D D D D
‘2 52,0 55¢3 51,1 5he5 5Le8 Shol 52,4 Shlli 52,4 She3
3 1 D D D  Destroyed
2 B50.2 55,1 50.7 51lsi 50,9 She6 5L,k 57,1 510 5643
o 1 D D D D D D D D D D
L2 50,8 51,7
B 1 D D D D D D D 12,2 D D
2 D D D D D D D 78,0 D D
16 1 D D D 68,6 D blie6 D 65,0 D 63.5
2 D hh.l D )4306 D Mvé ' 39-9 14307 D )-1208
3 D 35.8 D D D 35,2 D 35,5 D 35.3
7 1 D L3.7 D LbJh D L6.5 D L3.6 D L3.6
18 1 Destroyed
z
19 1 23,7 2560 D 2503 D 25,5 D 2he? D 243
20 1 17,1 20,3 D 17.8 D 2Ll D ® D D
21 1 D D D D
2 D 18,9 D 1765 D 19,1 D 19,0 D 1%L
22 1 D D D D D D D D D D
2 05,6 0749 052 06,9 05,1 06,6 06,1 06,8 06,3 07,0
23 1 D D D D D D D D D D
2 D 72.9 D 75e5 D 8Lk D D D D
3 D Lk D LL.8 D L2.8 D L6,T D Lb.L
2 1 D D- D D D D D D D D
2 16,0 18,1 16,0 - 18,3 16l 18.h 17,0 18,8 18,7  18.5



Table 5 (Cont,) = Observation well readings data collected by the U,S5.B.R.
Iow and high elevations by years.

‘ : : 195 1950 1951 1952
Line t Noo @ L H L H L H L H
3 1 D D D D D D D D
2 16,0 17,3 1.5 17,1 14,8  18.8 13,5 18.9
3 00,8 06.i Filled in
Ly 1 Destroyed
2 Bestroyed
Iy 3 D 06,0 D 08.8 D 08.8 D 08,2
5 1 D D Destroyed
2 08,3 08s5 10,5 13,9 10.1 13.9 12,0 13.9
3 D 9l.L D 93.8 D 93,7 D 91,7
6 1 OL.7 07.1 Olk.k 07.6 oL.9 06,8 05.2 07.0
2 D 90,5 D 92,0 D 9%.9 D 90,7
3 83.9 88,0 Destroyed
7 1 D D D 9.5 p D D D -
2 D 3Le.li  Destroyed
3 86,9 88.0 87,7 9.2  88.6 98,6 88.Lk  90.2
8 1 Destroyed :
2 D D D 88,9 D D D D
3 8.l 83.1 80,5 82.5 79.3 83,0 78.5 = 85.1
9 L D D D D D D D D
2 79+6 83,8 D 83.L D 83.5 D 81,5
3 133 755 73,0 75:% D 75.8 72,9 75.6
L 65,5 6T7s1 65,6 Destroyed
10 1 D D D D D D D D -
2 D 82,4 D D D 7946 D 801
11 hA 58.3 60x9 Destroyed
2 62.6 65,0 Destroyed
12 1 D D D D D D D 69,6
2 52,7 Slhe2 53,6 58.9 56,1 58,6 57,6 58,6
13 L Destroyed ‘ ’
2 52,8 5663 51,3 55.7 51.9 56.8 52.1  57.1
Y 1 D D D D D Destroyed
2 Destroyed ‘
15 1 D D D D D b2.3 D L347
2 D D D D D D D D
16 1 D D Destroyed
2 3940 1.6 Destroyed
3 D 35.4 Destroyed - :
17 1 D 2.8 D Lheh D 48.2 D h3.3
18 1 Destroyed
2 Destroyed
19 1 D 26,1 Destroyed
20 1 Destroyed
21 1 Desgtroyed
2 18,2 Destroyed
22 1 D D D D D D. D D
2 057 07.2 05,6 06,8  0blt  07.7 06,0  07.7
23 1 D D D D D D D D
2 D 8l.9 Destroyed ‘ ‘
3 D D D D D D D . D
2L 1 D D Destroyed :
2 1‘6'8 l7p6 1643 17.8 16.3 18‘}4 16.5 18914

ollQu



Table 5 (Cont.) Observation well reading data collected by the U.5,B.Re
Iew and high elevations by years,

¢+ (Ground 3
o : surfaces 1936 1937 1938 1939

Lin93 NOoo: eleVo s L H L H L H L H
25 1 2339.8 D D D D D D D D
2 230597 Ozth 0507 0108 0501 02.6 ®0£ 02.1 OStl

26 1 23361 D 3L9 D k2 D 3.0 D 33.4
27 1 233L.0 D 2769 D 28,6 21,6 26,3 D 28,7
28 1 2342,0 D D D D D D D D
s 2 22960)4 9007 9353 91.O 9203 900:9 9306 9001-‘ %c?
29 2 233L.5 D 22,3 D 22,0 D 25,6 D D
: 3 2300.1 98 96,9 954 9769 9542 973 95.1 97+C
30 1 2358.8 D D D D D D D D -
f 2 2288,7 81.8 83.1 8L.2 83,0 8loly 83,1 81,3 83,0
31 1 237h.6 D 66,5 D 65 D D D D
32 1 2305.8 D Ohe? D 07e7 D Ol 7 D 03.5
2 22767 70,0 73,3 D 7342 D 72,8 D 7304

3 2267.6 58,0 6163 D 63.% D 61, D 61,5

o 220 »






