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Abstract:

A study of the salt status of the soil, groundwater,and irrigation water was carried out at the Huntley
Irrigation District in southcentral Montana. Evidence is presented which suggests that salt flux is
dependent on: (1) local site characteristics such,as soil texture, structure, and depth to groundwater, (2)
the special site position relative to its location on the piezometric surface of the underlying gravel
aquifer (salt concentrations increase from high to low piezometric head). Evidence is also presented
which demonstrates that there is leakage of the main irrigation canal.
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ABSTRACT

A study of the salt status of the soil, groundwater, and irriga-
tion water was carried out at the Huntley Irrigation District in
southcentral Montana. Evidence is presented which suggests that salt
flux is dependent on: (1) local site characteristics such as soil
texture, structure, and depth to groundwater,,h (2) the spacial site
position relative to its location on the piezometric surface of the
underlying gravel aquifer (salt concentrations increase from high to
low piezometric head). Evidence is also presented which demonstrates
that there is leakage of the main irrigation canal.
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CHAPTER I

INTRODUCTION

Study Area Description

The Huntléy Reclamation (irrigation) Project was bégun at the, turn
of the century by the Bureau of Reclamation. The main irrigation canal
diverted Yellowstone River water at Huntley, Montana, and brought an
area about 24 kilometers lomg and 5 kilometers wide under irrigation.

Soils of the project were developed in.generall§ fineé textured
alluvial fans (clays and clay loams) that originated from shale and
sandstone hills to the south and more recent alluvium in proximity to
the Yellowstone River.\ The soil material varies in depth from approxi-
mately 1 meter to greater than 5 meters and is underlain by coarse
gravel. Many of the soils are saline and/or sodic; it is estimated that
nearly one-third of the project is adversely affected by these factors.

Since the project opened for settlement in 1907, there has beeﬁ
concern for how irrigatioﬁ was affecting groundwater and soil salinity
and sodicity. ‘Evidence of seepage from the main canal and elevated
groundwater levels was documented early (ﬁansen, 1914; Hastings and
Hansen, 1945).

The work described here was undertaken in an attempt to deter-
mine any relatioﬁship between the salt status of soils at various
sites and underlying_groundwatér and the canal water and the degree

to which seepage from the canal influences the water table level.




PN 1)

Methods and Materials

The Study Area

Size

The study area is confined within the limits of the irrigated
land by that portion of the Huntléy Reclamation Project that is fed
by the main irrigation canal. It is bordered by the main irrigation
canal and the Yellowstone River. The main canal is diverted from the
Yellowstone River at Huntley, Montana and re~enters at Pompeys Pillar,

Montana (see Fig. I-1).

Geology

The soil of the entire study area is underlain by Bearpaw Shale
(see Fig. I-2). This is an upper Cretaceous, dark marine shale that
generally bears no water or yields very small quantities of poor water
(Hall and Howard, 1929). Except for the very outer fringe of the
Custer Couiee—A:row Creek-Fly Creek drainage basin, the entire drainage
is underlain by Bearpaw Shale. Hem (1959) illustrates a Na2804
dominated wéter of Bixby River, South Dakota which drains an area of
Pierre Shale. The Pierre Shale is 1ithologica11§ similar to the
Bearpaw Shale‘(Campbelllet al., 1915). Since most of the soils of the

study area have developed in a drainage basin dominated by Bearpaw

Shale, this is the probable source of salts within these soils.
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Fig. I-1. Surface hydrology and cultural features of study area.




Qal
T1
Kbp
Kjr
Keg
Ke
Ke
Kev

Legend

Recent Alluvium

Lance Formation
Bearpaw Shale

Judith River Formation
Clagget Formation
Eagle Sandstone
Colorado Shale
Cloverly Formation
Morrison Formation

soils of study area.

Geologic map and cross-section of source area of groundwater and alluvial
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Beneath the Bearpaw Shale lies the Judith River Formation which Halls
and Howard (1929) describe as "alternating sandstone and shales of |

fresh or brackish water origin which generally yield supplies of potable
water.'" Smith (1972) cautions that water of poorer quality is obtaiﬁed

where wells are drilled through the Bearpaw Shale because miqeralizéd

water from the shale can enter the sandstone at outcrops and along
faults and fractures. Above the Bearpaw Shale lies the Lance Formation
of Tertiary age. According to Smith, "sandstones in this formation
usually yield small to moderate supplies of potable water." The basé
of the Lance Formation forms the sandstone cap of Pompeys Pillaf (a

prominent butte at the eastern end of the study area on the Yellowstone
i

River). The Lance formation makes up the steep cliffs on the north .

side of the river. Renich (1923) found that water percolating through
- !
the Lance Formation became Na-dominated because of base exchange of '

Mg and Ca for Na by Leverrierite now recognized as Kaolinitel(Grim,"
1968). The strata in the study area dip to the NNE at about 7°. !

There is a fringe of Quaternary alluvium about .8 to 1.2 kilomeéers

Al

wide aloqg the south side of the Yellowstone River within the study‘;
area (Fig. I-2). Evidence of a period of uplift .and stability is shown

by a high gravel terrace about 183 to 335 meters above the Yellowstone

,

River. This terrace occurs south of Huntley and Ballantine and along

the entire length of Pryor Creek. It has been dissected and drained}

i
1
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but localized seeps and springs which provide a source of potable

water. A map by Hancock (1920) shows the extent of this gravel terrace.

Surface Hydrology

The surface flow in the study area is from south to north excepf'
for the eastern one-third of thé project where the general flow is
east. Four main creeks cross the study area: Pryor Creek, Custer
Coulee, Arrow Creek, and Fly Creek. Pryor Creek flows out'of the
Pryor Mountains to the éouth and crosses the study area on the west
end, Custer Coulee, an intermittent stream, flows acrosslfhe West
one~fourth to the area. The main stream draining.the hills to the
south and crossing the middle of the stud&‘area is Arrow Creek. Fly
Creek is at the east end of the study area. The main canal-is isolated
from Pryor,‘Custer, Fly, and Arrow Creeks by aquéducts. See Fig. I-1

for surface drainage patterns.

Topography

The study area is relatively level with a slope of about 2 meters
pér"kilometer‘of .2% within abou; 3 kiloﬁetefg of the river (Fig. I-3).
Along the central portion of the stu&& area withinl1;5 kilométers 6f Fhe
canal the slopé is about 8 meters per kilometer of .8%. The steeper

slope in this arealis due to the closer proximity of the alluvial fans




p— Yellowstone River -
885 m)
oI 3
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———

Main Canal ~

Interval = 15 m

Fig. I-3. Topography of study area and location of groundwater monitoring stations
labelled A-K.*

*Constructed from USGS 7.5' quadrangle.
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emanating from the hills to the south. The prominént bow to the north

at the western end of the canal is the Custer Coulee fan.
Establishing Groundwater Monitoring Stations

Site Selection

Site selection for groundwater monitoring stations was done from
aerial photographs of the study area. Establishment of the ground-
water monitoring stations was accomplished in late June 1975. Four
transects running north and south were established about 5 to 6 kilom—
eters apart. The individual monitoring stétions within each transect
were about 1.5 kilometers apart. The sites have been labelled A-K

(see Fig, I-3).

Groundwater Access Tubes

1

At each monitoring station a groundwater access tube and a séries
of from three to four piezometers were installed. The groundwater
access tube enabled groundwater samples to be taken throughout the
study period. The access ﬁubes used are polyvinyl chloride with an
inside diameter of 6 cm and are 3 m long. The bottom 1.5 m of the
tube is perforated with 2 mm holes in 4 vertical lines 90° apart with
holes about 15 cm apart within lines. The soil hole to accommodate
the tube was drilled with a hydraulic soil auger slightly larger in
diameter than the tubes. A rubber stopper was placed in the bottom

of the tube to prevent entry of soil material during tube installation.
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The access tubes were inserted to 3.0 m unless gravel was gncountered”
(the auger was unable to penetrate gravel horizoms). In thi; instance
the tube above the 'ground was cut off appropriately. The tubes were -
allowed to protrude about 8 to 10 cm above the ground to prevent
irrigation water from flowing in and then capped with a can to keep
out debris but allow equilibrium pressure with the atmosphere to be
maintained. The tubes were sampled about every ZVWeéks during the
summers of 1975 and 1976. The samples were frozen until lab analysis

in the fall.

Piezometers
The piezometers used were 1.3 cm inside diameter steel pipe. The

piezometers were installéd using the driving method (35a) described by

the U. S. Salinity Laboratory Staff (1954). The piezometers were not

tested for responsiveness.

The Soil

At each monitoring station the soil was sampled to a depth of 1.8 m

(unlessg impeded by gravel) at four modal locations within'6 m of the

groundwater access tube. All sites were sampled during a 2-week period

beginning the third week of June and ending the first week in July 1975.

The samples were taken with a hydraulic.soil sampler using a steel

sampling tube 3.8 cm in diameter. Each .3 m increment soil sample
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was hand textured as it was withdrawn from the sampler tube. The
results of the textural horizonation are found in individual site
discussion. Each of the depth increments were combined with the
corresponding increments to make up a composite sample. The samples
were then bagged and kept in a cooler until facilities were availlable
for freezing (less than 4 hours). The samples were kept frozen té

halt microbial activity until lab analysis in late summer.

Chemical Analysis

At the time of analysis the soil samples were thawed and oven
dried at 60°C. They were then ground to pass a 2 mm screen, For
chemical methods of analysis and references, see Table I-1.

The water samples were thawed and analyzed for NO_-N immediately.

3
The samples were kept refrigerated until the remaining analysis was
completed. See Table I-2 for summary of analyses run for the 2-year

study period.
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Analysis

Method

Reference

N03—N

Available K

Water soluble
Ca-Mg~-Na-K

pH

Electrical
Conductivity

Saturation
moisture
percent

Ca~Mg~Na~K

(water samples)

'SO4

C1

Phenoldisulfonic acid method
analyzed with Bausch and Lomb

Spectronic. 20 spectrophotometer

Saturated paste extracts
analyzed by atomic absorption
spectrophotometry

Saturated paste extracts
analyzed by potentiometric
(calomel electrode) means

Saturated paste extracts
analyzed by wheatstone bridge
type conductivity meter

Saturation percentage from
volume of water added

Afomic absorption spectro~
photometry 1/
Turbidimetric method

Argentometric method

\

Bremner (1965)

.U, S. Salinity Lab

Staff (1954)

U. S. Salinity Lab
Staff (1954)

U. S. Salinity Lab
Staff (1954)

U. S. Salinity Lab
Staff (1954)

Amer. Public Health
Assoc., Inc, (1965)

Amer. Public Health
Assoc., Inc. (1965)

1/ Atomic absorption spectrophotometer Perkin-Elmer model 290-B;
solutions in a .57 Sr. matrix to minimize anion interference.
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"TABLE I-2, SUMMARY OF ANALYSES ON WATER -AND SOIL SAMPLES.

Ca Mg Na X pH EC 50, c1 N0, ,Ext‘;igcgélc;lé K f&?iﬁiﬁid
Water
1975 X X X X X X X X
1976 X X X X X X X
Soil 1/
© 1975 X x x x- x x x x X

o

1/ Except for NO and NH OAc extractable K all other determinations
are of the sagurated xtract. .
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CHAPTER II

REVIEW OF LITERATURE

Early Research~Huntley Project Groundwater Fluctuations and Quality

Soon after the'Huhtley project was establishéd there was a recbg—
nized need for agricultural research. The main problem was a seasonally
high water table and accumulation of salts due to a combination of
canal leakage and irrigation. In 1910, the United Sfates Department
of Agriculture founded an experimental farm onlthe project. This was
primarily to deal with the problems §f irrigated agriculture with the
specific set of circumstances inherent to this project. In 1910, a
saline soil reclamation study was initiated near Worden, Montana
(Hansen, 1914). The soil in this area is a‘heavy clay overlying
stratified sands and gravel at a depth of 1,5-2.4 m. The groundwater
level at the site fluctuated from a low in January of 1.14 m below the
ground surface to a high in late Seftember of .61 m with the sharpest
ingrease during the latter part of the irrigation season. The major
cation was Na with moderate amounts of Ca and Mg. The major anion was

SO4 with only trace amounts of Cl and HCO The soil at this site had

‘3.
about five times greater concentration of salts than the groundwater
below.

In 1923, a series of observation wells were established on the

Huntley Experiment Station (Hastings and Hansen, 1945).' The averaged

data from 1924 to 1936 show a gradient in groundwater level from the
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main canal to the Custer Coulee drain, about 366 m away. ‘Thg gradient
paraileled the topography ana decreased in the direction of Custer
Coulee. The seasénél fiuctuations in groundwater level increased in
" the direction of the canal, In 1936, the cbéervation weils were '
relocated td‘yield more Information. The obsérvétion wells céve:eq a
greater area and some were iocated on non-irrigated land, In the
summarized data from '1938-42 the same conclusion that the seasonal
water level change increésed in the direction of the main canal was
obtaine&. More con&incing data were presented, illuétrating the effect
of canal leakagé on the groundwater level.

In the time lag from water enteriné the main irrigation canal and
the beginning of ir;igafion, severai sites exhibited a sharp rise in
groﬁndwater level.’ Aléo, the seasonal fluctuations were similar for
both irrigated and non-irrigated fields. It is argued thatAthe f;uctua—
tions in gro;ndwater level are mainly due to canal 1eakage.aﬁd not‘
irrigation. j |

The groundwater guality was unaffected by irrigation.’ That is,
the salt content was similar at irrigated and non-irrigated sites. The
salt geﬁerally increased with increasing qistance from the.main' canal.

The salts of the groundwater in the study area did not change appre-

ciably in the 19-year study period.‘
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Ion and Water Movement Through Soils

The soil-water-plant continuum is a dynamic system which is rarely
at equilibrium. Water flux is analogous to electrical flux. That is,
the flux is proportional to the resistance and potential difference
in a given circuit or soil. In a soil situatiQn there are many inter-
acting factors influencing potential gradients and resistance to flow.
These include aggregate size and stability, clay type and amount,
jonic species and concentration, pore size distribution, swelling,
temperature and salt gradients, and biological activity.,

Swelling leads to a reduction in size of the larger pores and
in some cases total blocking, This results in a reduction of hydraulic
conductivity. If clay particles afe moved far enoﬁgh apart in
swelling to reach a situation where forces of attraction are less “
than those of repulsion, dispersiop occurs, This can also block
larger pores.‘ Both of these processes éah'result in structural
changes and reduction in large pore sizes. This has been shown by
Chen and Banin (1975) with the aid of a scanning electron microscépe.
Shainberg and Caiserman (1971) found‘that Na moving to the external
surfaces of tactoids resulted in blocking of large pores. McNeal
and Coleman (1966) also found that the "domain" model of Na-Ca areas
in clay inflﬁence swelling. Kissel and Ritchié (1974) found that over-~

burden pressure decreased water and Cl1 flow in a swelling clay soil
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and speculated that it was due to a reduction in pore size and the nega-
tive charge of clays. Ritchie et al. (1572) demonstrated that water
contained in soil structure units is inactive in flow processes.

Early reports in the literature show gypsum can improve the physi-
cal properties of soils with high sodium adsorption tratios (SAR)
(Antipov-Karataev and Filippova, 1936 énd Mozheiko, 1936). The solu-
bility of gypsum is so low that in some cases it is ineffective'in a
soil in which the permeability is initially low (Reeve ‘and Tamoddoﬁi;
1965). The anionic spécies present will influence the exchange equi~-
libria of cationic species. Babcock and Schuly (1963) found that with
soils 1eached‘with either Na

2

with 804, probably due to differences in activities. Dutt and Doneen

SO4 or NaCl, more exchangeable Na resulted

(1963) salinized a Ca soil with a solution of NaZSO4 and NaCl which
resulted in precipitation of gypsum. Rao et al. (1968) found that
apparent equilibria by batch equilibration (in terms of concentration)
of Na-Ca and Na~Mg, was explained better when solutioﬁ‘phase activities
and ion association of Ca -and Mg with 304 was considered in comparing

4

than that of leaching solution when gypsum was present whereas Na

Cl and SO, systems. Dutt (1964) found that Mg in leachate was less

was unaffected. Sevéral researchers have assessed the effect .of bio-
logical influences. Phytocycling of salts:resﬁlted in an estimated
20-60 kg/ha of salts (Kovda, 1944). Ogata and Bower (1965) showed

the reduction of SO4 results in formation of CaCOB, raising the SAR.
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The velocity and concentration of leaching solution influence
movement of salt. Abrol and Bhumbla (1973) found .that bpre size
distribution and velocity distribution of water flowing through small
pores influenced salt leaching in a saline-sodic soil. Biggar and
Nielsen (1960), Dutt and Doneen (1963), and Biggdar et al. (1966),
showed that as the velocity of a solution moving through a soil is
reduced, the point of inflection of the break through curve for a
solute occurs with a smaller volume of soiution owing to diffusion of
the solute. Krupp et al. (1972) combined Gouy theogy for ion distribu-
tion in soil pores and a hydrodynamic equation for mixing of two
miscible solutions in a porous medium and degcribed movement of ions
related to charge and zones of mobile and immobile solution., Gardner
et al. (1959) found that on a Pachappa sandy loam soil there was a
tenfold increase in water diffusivity under K saturation compared to
Na saturation. Quirk and Scholfiéld (1955) found that the thréshold
values for ion concentrations below'which a decrease in soil perimeabil- .
ity resulted were ranked: Na <K < Mg < Ca. Clay type and ilonic
species and concentration affect hydrauiic conductivity. Mpntmofillo—
nite and micaceous type clays disperse more at ‘low SAR's, reducing
hydraulic conductivity and high salt concentration increases permea-
bility (Velasco-Molina et al., 1971; Christenson and-Ferguson, 1966

and McNeal and Coleman, 1966). -
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Groundwater Quality vs. Soil Quélity: B
Cause and Effect .

The effect of irrigation and groundwater om soil salinization has
been given much consideration in the literature. The reverse situa-
tion (effect of soil formation on groundwaters) has received less
attention until the recent coming of environmental awareness. Zénn
(1944) cites only one reference to tﬁe fact that the degree and nature
of salinity of groundwaters may be dependent on the type of soil above
them. It becomes a question of, "Is salinity of groundwater am effect
of the soil above or vice versa?" The answer is both, depending on
the situation. The direction of net salt flux is, in most instances,
dependent on the timé frame in which it is viewed. The system is
highly dynamié-with daily fluctuations superimpozed on seasonal
changes, and those, on trends ;f the order of décédes.' Salts, in most
cases, are éarried upward into soil by water movement. Concentration
gradients become important in instances where water velocity is small.

Upward movement of groundwater depen&s on pressure head, soil
. structure ;nd texture, and depth to groundwater. The capillary fringe
advances upward ahead of the saturated zonme.

‘Davis and DeWiest (1966) class water-level fluctuations into |
four basic types: (1) fluctuations due to changes in groundwater
storage, (2) fluctuations caused by direct fluctuations of atmospheric

pressure in contact with the water 'surface in wells, (3) fluctuations

|
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caused by deformation of aquifers, and (4) fluctuations caused by
disturbances within the wells. Long term fluctpations are us;ally the
result of gradual depletion or recharge of water sorted in an aquifer
(Hutchinson, 1957). Water level change maps are useful in determining
local effects of recharge and discharge as a result of irrigation
(Dévis and DeWiest, 1966).

Ivanova (1939), found’that zonal soil types of Russia were associ-
ated with the anionic character of the groundwater. Deserts were char-
acterized by groundwater anionic composition'of HCOB, SO4, and C1;
still waters of all zones were dominantly Cl and 804; forest-steppe

soils had groundwater dominated by HCO He cited sources of soil salts

3
as béing due to capillary rise, surface water, or soil forming rocks.
Ivanova considered biologic factors the most important consideration
of groundwater salts. Gatewood et al. (195) concluded that as ground-
~ water moved th;ough a vegetated area, increased Cl content reflected
evapotranspiration. Zonn (1945) attacked the problem of assessing
the influence of soil formation on groundwater composition and found
the following:
1. An increase in so0il salinity was associated with an
increase in soil Na and a decrease in Ca, Mg, Cl, and
SO4 which are leached out of soil solution.

2. A solonetz soil with a high degree of salinity had more

relative amounts of Na and less Ca in the groundwater
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than a chestnut soloneté indicating that the groundwater
under the solonetz soil was influenced by the soil pro-
file above.

3. In another chestnut solonetz soil the groundwater had
much more Na and less Mg apd~Calthan the soil indicating
a leaching condition.

4., 1In a comparison of groundwater\éf'slightly and moderately
leached solonetz soils, the soil with more leaching
resulted in higher groundwater concentrations of Na

.and less Ca and Mg.

5. He cited a source stating that alkaline groundwater is
related to alkaline igneous rocks and sgggesped that
his data showiit.was also reiated to the soil above'the
groundwater.

6. Concluded that each soil type of the alluvial series such
as podzoiized chernozen and‘chestnut\solonetz, ﬁay be
supplying soil solutipns of widely different character
which affecté the cheﬁical coﬁposition of the ground-
waters.

More recently environmental awareness has focg;ed attention to

groundwater pollutants, such as NOB’ in addition to total salts.

Nightingale (1972) found a correlation with érop_species and NO3

level in the groundwater and also soil NO, level with groundwater NO

3 3
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level. In a paper 2 years later he reported a similar correlation
with crop classes and éroundwater salinity on a large irrigated area
near Fresno, California. Howevér, he élso found groundwater salinity
was poorly correlated with soil salinity nearby. .Nightingale and
Bianchi (1974) showed that irrigation with groundwater resulted in an
increase in the electrical conductivity (EC), N03, and Cl1 of ground-
water whereas these decreased Whehfgoo& quality surface water was used
for irrigationm.

Brigham et al. (1971) found that no appreciable salinizat;on of a
study area occurred even though the irrigation Wa?er had an EC of 1.2 ‘
mmhos/cm. Salts accumulating in the soil profile were C:;SO4 and CaSQB.
Nitrate losses were 45% of that applied.

Critical Depth to Water Table

Soil salinization can result from evaporation from a shallow
water table and will be accelerated if there is substantial salt in
the groundwater (Gardner and Fireman, 1958). There are several related

factors that determine the magnitude of the salt and water flux.

Gardner (1958) found that the evaporization rate can be limited by the 1

atmospheric conditions at the soil surface or the hydraulic conduc-
tivity of the soil. If the depth to the satur;ted zone is shallow,
atmospheric conditions were more important. Conversely, if the depth
is great, transmission properties of the soil dominate evaporation

rate (Wind, 1959 and Talsma, 1963)..
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When salts are a problem, it is desirable to maintain the
capillary fringe belo& the root zone. If the existing water table
during the growing period is too high to dccomplish this, drainage is:
an available option. Of course the crop would have little water avail-
able from below. Russian investigators suggest that a layer of fresh
water above saline groundwater would alldw crops to use water from
below (Krimgold, 1945; Kovda, 1961; and Legostaev, 1958).

The critical depth to groﬁndwater 1s related to soil salt concen-
tration, gradients opbosite to upward watér flux (Quazzum and Kemper,
1962), soil texture and structure, temperature gradients, and atmos-
pheric conditions. Hence, many different."critical depths" have been
offered in the literature. Burgess (1928) fouﬁd that water tables
must be at about 3 m in order to not have salinization with fine
grained soils in an arid environment. Krimgold (1945) suggested water
table depthsyin‘saline areas of Russia to be 1.5 to 2.5 m. éhoonover
et al. (1957) found salt accumuiations when water depths &ere lesé
than 1 m. Groenewegéﬁ (1959) found salting was no problem on fine
textured soils with groupdwatér at 1-1.5 m. Talsma (1963) found the
critical depth was tha;lwhich corresponded to a net surface evaporation
of 1 mm/day. This was approximately 1.2‘m belowibafé soil or below
the root zone of crops. : |

More recently, attention has been focused on soil horizonation

and critical depth to'groundwater. Hassan and Ghaibch (1977) found
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that 1) the salt peak near the soil surfaqe was probably due to the
polyphasic natﬁre of upward moisture flow, 2) ionic dispersion moved
salt down and water flux up, 3) the theorétical predictions of salt
flux are good for homogeneous soils by higher than the measured rates.
for heterogeneous soils. Willis (1960) evaluated ﬁpward movement of
water and depth to the waterﬁtable with various combinations of
stratified sand and -loam. It was concluded that tﬁe difference in
evaporation rate of a fine textured soil overlying a coarse soil is
similar to a homogeneous situation. The reverse situation can result
in a large reducfion in evaporation rate. When the water table is
greater than 2.8 m, soil horizonatiou is of little influence. Hadas
~and Hillel (1972) found similarly that evaporation is reduced 1) when
a coarse layer is ovef a fine layer, 2) Qhen a tillage-induced coarse
structured léyer overlies a fine structﬁred layer. They also speculated

that 3) an interlayer contact zone may impede water flow.

Hydrochemical Facies

Hydrochemical facies is defined byimaksimqﬁich (1949) as’ that

)

part of a groundwater basin or stream having the same hydrochemical
characteristics. Among the zones of soil types observed in Russia,
4—Na and HCOB—Na
in chemical makeup. Maksimovich (1949) also noted that facies change

steppes have groundwater which is predominantly SO

as one goes deeper and encounters different geologlc strata. Several

hydrochemical facies in close proximity to the Huntley Irrigation
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District study area have been identified in the literature (Renich,
1923) and likely serve as a source of ionic species present in both
soll and groundwater. Maksimovich (1950) presented data showing the
composition of rivers, lakes, and groundwaters are related to soil
solutions of different zonal type soils; Riffenburg (1925) showed
chemical analysis of the Moreau River at Bixby, South Dakota which,
has a high concentration of Na and HCO3° This river drains an out- !
cropping of Pierre shale which is the same<geologic formation as the ;
Bearpaw shale outcropping of the Huntley Irrigation District. This
undoubtedly serves as an important source of these ions to the soils

and groundwater at Huntley. White et al. (1963) offered a well water ;

analysis of Pierre shale, Langdon, North Dakota with a SO,-Cl ratio

4
of 45:1, well in excess of the Moreau River ratio of 1:10 of Riffenburg

(1925). Hem (1959) suggested that the dominance of Na and HCO, may be

3 !

the result of reduction of the sulfur in original anhydrite or gypsum
present.

CaSO, + CH, + CaS + 2H.0 + CO

4 4 2 2 ;

CaS + 200, + 2H,0 + H,S + Ca(HCO,),
The dominant iéns of the Huntley Irrigation District groundwater are
Na—SO4 éuggesting the Bearpaw shale as the primary sourcé in ‘the.
absence of reducing conditions. Hem (1959) also illustrated a well
water analysis-froﬁ the Fort Union‘(sandséone and ghale) formation at

Rosebud County, Montana with Na and HCO, as the two major ions, and é

3




Ll

L )

25
suggests SO4 reduction and cation exchange are responsible_for its
makeup. Torrey and Swensen (1951) showed a well analysis of the lpwer
member of the Fort Union formation having Na, Mg, and Ca in equal pro-
poftions with SO4, the dominant anion. This formation could serve as
a source of ions from outcroppings upstream from the Huntley Irriga-
tion District, although there would be considerable dilution. Table
II-1 shows ion concentra?ions at the Yellowstone River at the source
of the main irrigation canal and also at the mouth of Fly Creek which
drains the hills to the north. The Fly Creek analysis has a higher
SAR and ion concentration than the Yellowstone River. Although the
&ominant anion is SO4 in both analyses the ratio of SO4:C1 is higher

in Fly Creek.

Water Flow Through a Gravel Aquifer

The soils of the Huntley Irrigation District vary in depth from
1 to 5 meters and are underlain by coarse gravel. It will be shown in
the streamline discussion that the hydraulic gradient decreases from
the west to east in éhe study area from .28 to .15%./ The length of
étreamline increases in tﬂe same direction from about 5 to 15 kilo-
- meters. Several investigators have measured groundwater velocity in
coarsé gravel aquifers similar to the study area aquifer. Tolman (1937) -
published a value of 33 m/day average velocity in coarse gravel for a

1% hydraulic gradient. Sugisake (1961) used dissolved gases to deter-

1]
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mine the effective velocity in a coarse gravel aquifer ranging from 36
to 58 m/day along a similar 1% hydraulic gradient. If we assuﬁe an

aVeraée velocity of 45 m/day, given the range in hydraulic gradient of
the study area and length of streamlines, groundwater could move from
the main irrigation canal to the Yellowstone River in 1.1 years in the

west and 6.1 years along eastern streamlines.

ION CONCENTRATIONS OF THE YELLOWSTONE RIVER AT THE SOURCE
OF THE HUNTLEY MAIN IRRIGATION CANAL AND AT THE MOUTH OF
FLY CREEK (USGS, 1975).

Dissolved Jons

Date (1975) Ca Mg Na K 50, Cl  SAR  pH
- meq/1
Yellowstone River
June 25 .95 .49 .39 .038 416,056 .5 8.2
July 29 1.05 .53 .56 .054 _ .,707 .028 6 7.2
Aug. 28 1.85 1.07 .96 .066 1.25 144 .8 8.0
Sept. 18 2.00 1.23 1.26 .082 1,91 . .183 1.0 8.3
Fly Creek
June 2 2.54 2,39 3.61 .077 5.20 228 2.3 -
July 14 5.99 6.00 10.00 .1200 17.06 423 4.1 -
Aug. 27 4.29 4,28 5,22 .,102 8.73 276 2.5 -
Sept. 18 2.94 2.39 2.96 .098 4,78 248 1.8 -

FIN TR A Y S T 3
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CHAPTER III

RESULTS AND DISCUSSION

Main Canal

Ion concentrations of salt constituents in the canal are shown in
Figures III-1 through IIi-3. The curves of individual cations were of
similar magnitude and shape with the ;xception of Cé. The canal water
varied between summers in total salt.

The cation fractions as a function of EC are shown in Figure III-4.
The Mg percentage varied about the same magnitude both years but was
higher the second year. The Ca percentage was lower the second year.

Gregorian and Julian dates of piezometer readings and sampliﬁg gf
groundwater during study period are given in Table III-1. Summary
statistics for canal variables are given in Tables III-2 and -III-3.
The Na énd Mg mean concentrations are close to being equal and slightiy
largef than Ca. Calcium varies the least. Changes in canal EC are
correlated with Mg. The Mg percentage 1s the most stable.

With ;n average SAR of .8 and EC of .1 mmhos/cm, the sodium and
salinity hazard is extremely low. According to the classification of
irrigation water developed by the United States Salinity Laboratory
Staff (1954), this water would be classified Ci%Sl.’ This classifica-
tion is the optimum for irrigation use.

If small amounts of net leachiné are maintained there is little
chance of "problem soil" development. In the case of the saline-sodic
sites the combined effects of heavy texture, expanding type clays, and

high SAR severely restrict downward water movement.
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TABLE III-1. GREGORIAN AND JULIAN DATES OF PIEZOMETER READINGS AND
SAMPLING OF GROUNDWATER DURING STUDY PERIOD. GROUND-
WATER SAMPLING DATES ARE INDICATED BY #*,

Date Code 1/

Gregorian Date

Julian Date

N =

LW

*7/3/75
*7/21/75
*8/11/75
8/20/75
*9/1/75
*9/11/75
10/31/75
11/10/75
11/24/75
*7/12/76
*7/26/76
*8/10/76
*8/26/76
*9/14/76
10/3/76
10/15/76
2/23/77
4/25/77
5/4/77
5/12/77

184
202
223
232
244
254
304
314
328
193
207
222
238
257
276
288

54
115
124
132

Groundwater sampling dates have been'numbered sequentially
during each summer from 1 to 5.
is the vertical axis on groundwater graphs in the individual

site discussions.

This i1s called Date Code and
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TABLE III- 2. CANAL WATER CORRELATIONS WITH EC, AND MEANS AND
STANDARD DEVIATIONS OF CONCENTRATIONS (meq/l) AND
PERGENTAGES. 1/

Correlation Mean Std. Dev. cv

Coeff. w/EC
Na .602 .631 . | .324 51.3
Mg . 710% .502 ,221 44.0
Ca -.004 .670 : .251 26.7
K .604 .0213 L0145 68.1
Cation Fraction
Na . 540 ‘ 33.5 .0614 18.3
Mg 614 C27.4 .0371 13.5
Ca ~.620 38.0 .0942 © 24,8
K .525 1.08 .00465 43.1
SAR .625 .803 - .331 41,2
EC o ,137 .0738 53.9
1/ N =8, T g5 = .621, and T g9 = .789.
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TABLE III- 3. CANAL WATER CATION RATIO CORRELATIONS WITH EC, AND
MEANS AND STANDARD DEVIATIONS OF CONCENTRATIONS

(meq/1). 1/

is .986.

For example, the mean Na/Ca

Correlation Coeff. w/EC Mean
Mg - Ca ) Mg Ca
Na .062 .682% Na 1.22 .986
Ca | ~.572 Ca 1.45
N =38 Std. Dev.
r‘95 = ,621 Mg Ca
’ Na .165 .578
t g9 .789.
) Ca .527
1/ The vertical numbers of the tables are numerators and the horizon-
al numbers are denominators. value




L - Lulad St Ll Li il

35

Carbonate Precipitation

The anion compliment of the canal water rank as follows: HCO3 >

S04 > Cl1 >> NO3., Sulfate and HCO3 are about equal and are the most

abundant anions. As the soil solution carbonates become more concen-

trated Mg and Ca precipitate. This results in a higher sodium per-

centage. The United States\Salinity Laboratory included the following

three equations to assess the effect of carbonate precipitation of

Ca and Mg.

1.

Soluble sodium percentage "found" =
(Na x 100)/Ca + Mg£+ Na ‘
substituting mean canal values yields:
(.63 x 100)/.67 + .50 + .63 = 35

Soluble sodium percentage "possible" =

" (Na x 100)/Ca + Mg + Na - (coé + HCO,)

where t‘rie‘CO3 + HCO,4 deduction does not exceed Ca + Mg.

Substituting mean canal values yields:
(.63 x 100)/.67 + .50 + .63 - 1.0 = 81

Residual Na2003 =
COg + HNCO3 - Ca + Mg

substituting mean canal values yields:

1.0 - (.67 + .50) = 0.
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The soluble sodium percentage of the mean canal cation concentra-
tions is 35 whereas after precipitated carbonates there is a possible

‘percentagé of 8l1. This is about that of the groundwater in some of the

sites with elevated sodium percentages (Fig..11I-22, p. 257).
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Individual Site Discussion

Introduction

The discussion of individual sites.is divided into three sections:
(1) site description, (2) soil-groundwater relationships, and (3) site
summary. The location of individual sites is shown in Figure I-~3. -

The sites have been assigned one of the four foliowing produc~
tivity ratings from high to low: (1) excellent, (2) good, (3) fair,
(4) poor. The productivity evaluation was made by visually assessing
the relative crop growth at each site. The site location, productivity
rating, and unusual features observed at the site are included in the
"site description' section. |

The "soil-groundwater relationships' section is divided into
three subsections. These are presented in the following order within
the prose of this section: (1) profile horizonation and séil chemical
properties, (2) plezometer data, and (3) groundwater-chemical prop-
erties.

At the end of each site discussion a summary is presented'for
that individual site. The sites are discussed by transects as they
occur from west to east and from south to north within transects. They
have been assigﬁed identification letters from A to K (Fig. I—3)./,

To aid inﬂthe interpretation of soil and groundwater data nine

figures and three tables are included with each site discussion. The
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textural horizonation of individual samples of the composite at each
site is diagrammatically represented in the first figure. fhe next
three figures show the distribution with depth of the measured soil
constituents. The piezometric head at various depths over time is
shown in the next figure.

The depth of piezometers was dictated by how deep the gravel was
at each site. A series of frém 3 to 5 piezometers which were distri-
buted through the saturated zone above the gravel layer Weée installed
as close fo the groundwatef access tube as possible.

The next three figures show the change_in concentra;ion of ground-
water chemistry over time. Groundwater samples and plezometer readings
were taken concurrently at about 2-week intervals throughout gﬁe
summer. The last figure shows the cation fraction vs. EC for ground-
water and soil data. Cation percentage and cation fraction are used
synonymously throughout the discussion. The cation fraction equals
the cation in question over the sum of cations.

Following the site figures are three tables. The first two show
site summa?} statistics for the following groundwater and soil (of the
saturated extract) chemical properties: Na, Mg, Ca, K, SAR, and EC.
The cation concentrations are evaluated as absolute values and as a
fraction of the total cation concentration. Correlation coefficients

of cations and cation fractions with EC are given. This is provided

to show the relationship between changes in individual cation concen-
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trations and cation fractions with changes in EC. If an individual
cation 1s chiefly responsible for ;hanges in soil or groundwater EC
it will have a significant positive correlation. The means and
standard deviatiéns are also given. The coefficient of variaéioﬁ’is
used to evaluate the .variability of the measured variables within. the

soil profile or over time in the case of groundwater values.' )
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Site A

Site Description

This site is located on the Southern Montana Agricultural Experi- _

ment Station in Field O several hundred yards from the main irrigation
canal (Fig. I-3). The productivity is estimated as being good. Small
grain was grown both years of the study. This field was irrigated

only once the second year.

Soil-Groundwater Relationships

The texture of the soil profile at Site A is predominately silty
clay loam with interstratified lensgs of_coarser material (Fig. ILI-Al).
Figures III-A2, A3, and A4 show the value of the measuréd variables in
a saturated extract from a composite by depth iﬁcrement of the four
profiles taken at the site. The sand-sandy loam lens at about 0.9 m
had a major influence on most of the measured variables, especially
EC, saturated water content, pH, and NO3TN' Soluble Ca generally
decreased with depth, with a minimum below the sandy lens. Magnesium
changed little with depth except for a strong maximum at 1.2 m just
below the sandy zone. : Sodium and SAR incrgased significantly with
depth and were not affected by the sandy zone.l The solgbilities of
the cations are generally Na > Mg > Cé. Thus,, undér the normal

leaching process, the distribution of the cations in the soil is as
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would be expected; however, the.sandy lens may have, in some way,
affected both Ca and Mg distribution. The sandy lens would be expected
to modify the unsaturated water flow process of the site. The potas-—
sium distribution in the profile seems té be consistent with its -

mobility in a soil system (Fig. III-A4). Ammonium acetate extractable

.K, potassium adsorption ratio (PAR), and water soluble K have about

the same shape with a maximum at the surface.

Soil groundwater levels in both the water access tﬁbe and the
plezometer tubes are shown in Figure III-A5, The water level in the
access tube reached a maximum heiéht of about 1 m below the ground

surface. In general, groundwater levels and piezometric heads. increased

. when water was in the main canal. Since this site was only irrigated

once during 1976, it appears‘that the groundwater level at this site
is influenced by canal leakage. The rapid reponse of the 5 m plezom~-
eter after emptying of the canal indicates high hydraulic association
between the site and the canal.. Héﬁever, the éignificant rise of
plezometer heads in the 3.6 and 5 m tubes and the géneral fall in ghe"

2.3 m tube indicates that some external water source, other than canal

'leakage, influenced the lower depths.

On each date that the groundwater height was read'in the access
tube and the piezometers, a sample of water was removed from the
access tube and analyzed for various constituents. These data are

shown in Figures III-A6, A7, and A8. The dates correspond toithe
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dates of Figure III;AS; that is, date one 1976 was sampled on Jul;an
date 194. 1In 1976 the samples‘We?e'not analyzed for HC03, Cl, and SO

The water constituents measured varied greatly, both at dates
within years and between yéars. The between-year variations in the
more soluble constituents (Mg, Na, NO3) are especially striking; they
tend to be mirror images between years at specific dates. This may be
associated with the fact that the site received less irrigation due to
above normal precipitation in 1976. The concentration of the less
soluble constituents (Ca and K) varied considerable between years but
had the same general shape as a function of date. We can explain
neither the difference between dates nor years,

Sodium and Mg are the major cations of the groundwater, making
up 72.7% and 18.5%, respectively, and largely control the EC and
SAR. The pH curve is similar in shape to Na and SAR suggesting
interdependence. The Na in the soil is similar in magnitude to that
in the groundwater at the lower depths. The calcium concentration is
generally much higher in the soil than in the groundwater. Ground-
water Mg concentrations are twice that of the lower soil profile.

The major anion of the groundwater is SOA'with about half as
much HCO3 and small amounts of Cl and NOS' The relative amounts of
anions are about constant over time as indicated by the similar shape

of the curves.

4
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The percentage of the cations in the groundwater and saturated
extracts (henceforth referred to as the soil) as a fuﬁction of the ﬁC
of the sample is shown in Figure III-A9, The percentage of Na and Mg
in the groundwater was less than the soil in 1975 and higher than the
soil in 1976, This difference may be associated with the difference
in irrigation.

Summary statistics of these data are presented in Tables III-Al
and A2. The EC of the groundwater is largely a function of Na. This
is indicated by a significant positive correlation of Na concentration
and EC. The variability of the major cations are about equal,
indicated by similar coefficients of variation (CV).

The ratio of specific cations can be used to evaluate their rela-
tive concentrations. Cation rafios are dependent on soil and aquifer
chemistry. Summary statistics for cation ratios are ghown in Table
ITI-A3., There is more than twice as much Mg as Ca in the groundwater
(Ca/Mg ratio = ,451). This can be contrasted with a Ca/Mg ratio of
3.28 in the soil. This ratio is much less variable in the soil than
in the groundwater indicated by the size of the standard deviation

relative to the mean.

Summary

It seems that the 1ower.part of the soil profile is being

influenced by the elevated levels of Na and Mg in the groundwater.
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The EC of thé groupdwater is mainly a function of Na and ‘to a 1esse;
degree Mg. The salt of the ground&ater is generally slightly higher
than the soil profile, It appears that.the upper meter is being
leached of the more mobile cations (Na and Mg) while tﬂe next meter
seems to be leached of Na but an.accumulation of Mg ié found below the
sand layer and above the seasonal high water depth. Na and Mg concen-
trations in the groundwater graph appear as mirror images for the t%o
years of the study. The changes of Ca and K in the éfoundwater pro-
duced thé saﬁe shape curve both summers and although the salt
increased the second year, the levels of these cations decreased.
Potassium is concentrated at the surface and water soluble K is corre-
vlated with ammonium acetate extractable‘K. The majof anion present

is S0, with lesser amounts of HCO,, Cl, and NO

3 3
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Fig. III-Al. Horizonation of soil profile at four sampling sites
adjacent to groundwater
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TABLE III-Al. SUMMARY STATISTICS OF SOiL VARIABLES, 1/

54

gg:;?%aSigg Mean Std. Dev. cv
Na 714 4.98 3.11 62.4
Mg .362 1.85 .564 30.5
Ca -.185 5.83 1.40 24.0
K -.261 443 447 101.0

Cation Fraction

Na . 540 .365 .189 51.8
Mg ~.157 .143 .0394 27.6
Ca -.597 457 ' .140 30.6
K ~.333 .0351 .0360 103.0
SAR .605 2.70 1.90 70.4
EC .860 .179 20.8

1/ All values for cations are expressed in meq/l of the saturated

extract. Percentages are calculate as follows:
Mg+Ca+K. N=6, 71

.729, and ¥ g9 = .782.

cation (x)/Na +
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TABLE III-A2. SUMMARY STATISTICS OF GROUNDWATER VARIABLES. l/’

gg:xla;}gg Mean Std. Dev. cv
Na AL 1.7 5.84 49.9
Mg - 496 2.78 1.32 47.4
Ca | -.461 - 1.14 .552 - 48.4
K -.181 ' .0289 .00994 '34.4

Cation Fraction

Na 599%  72.7 11.2 15.4
Mg -.318 18.5 6.68 36.1
Ca -.766%% 8.59 5.87 68.3
K -.705% .213 .130 61.0
SAR L781%% 8.73 4.52 51.8
EC 1.16 .565 48,7

1/ All values are expressed in meq/1l. Percentages are calculated

as follows: cation (x)/Mg + Na + K + Ca.
and r 99 = .715, o

N=10, r

.95

= ,549,
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TABLE III-A3,

56

SUMMARY STATISTICS OF CATION RATIOS, 1/

Correlation Coeff. w/EC

Mg ‘ Ca
Na . 490 .618%
Ca -.688%
N =10
r g5 = .549
T g9 = .715

Correlation Coeff. w/EC

Mg Ca
Na 487 .514
Ca | -.306
N=6
r.95 = .729
T g9 = .882

GROUNDWATER

SOIL

Na

Ca

Na

Ca

Na |

Ca

Na |

Ca

Means
Mg Ca
4.69 14.5
451 .
Std. Dev.
Mg Ca
2.51 10.9
« 245
Means
Mg Ca
3.11 .990
3.28
Std. Dev.
Mg Ca
2.74 .766
.810

1/ The vertical numbers of the tables are numerators and the horizontal
numbers are denominators. For example, the mean Na/Ca value is

14050_
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Site B

Site Description

Site B is located on the west end of the study area about halfway
between the Yellowstone River and the main canal (Fig. I-3). This
field is in pasture and has a fair level of productivit&. Strong
angular blocky structure was found in the surface .6 m. Soil structure

was unique to this site and Site F.

Soil-Groundwater Relationships

' The sbil texture is silty clay loam for about the first meter (Fig.
ITI-Bl). Gravel or 1§amy sand exists at 1.2 m. Figures III-B2, B3,’
and B4 show the value of the measured variables in a saturated exgract
from a composite by depth increment of the four profiles taken at the
site. The EC (Fig. III-B2) is approximaﬁely 1.2 to the gravel—éénd
lens and then drops to about .75. The EC relative to the study area
mean is below average. The range in pH of the soil profile is narrow.
There is a small amount of NO3—N evenly distributed through thé profile.

The concentrations of Ca, Mg, and Na with soil depth are shown in
Figure III-B3. The concentrations of Ca and Mg are relatively.high
near the surface and decrease with depth to a low in the sand-gravel

layer. The Ca and Mg have the same pattern of distribution in the

profile with a maximum at about .6 m and .9 m, respectively. They both
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then decrease until sandy textures are reached at 1.5 m where botbj

seem to stabilize, The Na increases with aepth to a maximnm at abbut
l.5 m where it stabilizes. This distribution of Na, Ca, and Mg results
in an SAR of about 2 at the surface that increases to about 4 at 1. 2 m.

The K distribution (Fig. III-B4) is similar to that of most sites with

the maximum at the surface and decreasing with depth. The cation peaks

occur with depth in the order K; Ca, Mg, Na.

The piezometer data are shown in Figure IIl-BS. The saperimposi-
tion of all piezometer.and access tube measurements suggest little
vertical movement of groundwater, Changes in piezometric head at dif-
ferent depths between observations are realized throughout the entire
aquifer resulting in equal piezometric head. There appears'to be hy-
draulic assoeiation with the canal or irrigation. The water table
reaches a peak in mio-summer at about 1 m bélow the surface, but for the
mogt part is about 1.5 m below the soil surface.

Groundwater concentrations are shown in'Figares,Bé, B7, and.BS.

The Na and Mg concentrations of the groundwater‘are about equal. The
Ca levels are comparable althougb'sligntly less. The Na in the groond-
vater is about one-third the concentration of that in the saturation
extract from the soil profile just above it. The Mg coneentration in
the groundwater is slightly more. than the profile immediately above |
in the spring -but equal to or less in the late summer (the soil samples

were taken in the.spring). The Mg and Ca concentrations are about




Lol

59

two-thirds of that in the profile directly above the water table (Figs.

III-B3 and B6). Sodium, magnesium, calcium, and SAR of the groundwater

all have the same gross shape with time over the two summers. The
increase in SAR about mid-summer is probably due to a rise in the water
table allowing Na of the lower profile to enter the grodndwatér. The
3> cl > N03.

The individual cation pefcentages of the groundwater and saturated

anions at this site rank as follows: SO4 > HCO

extracts as a‘function of the EC of the sample is shown in Figure III-
B9. The groundwater has a smaller percentage-of Na, Ca, and K than -
the soil profile. - The soil has about twice the total salts as the
groundwater. Mg makes up a higher perceﬁtage of cations in the ground-
water than in the soil. | |

Summary statistics of groundwater and soil data are shown in
Tables III-B1l and.BZ. There is a significant positive correlation of
EC with Na in the groundwater. Profile means reVeai that Na >‘Ca > Mg
whereas the ranking is Mg > Na > Ca in the groundwater. The variétidn
of Na, Mg, and Ca ovér time in the groundwater is about equal. The
groundwater fractions of Na and Mg have about the same GV but Ca has
about twice as much‘Variability. The CV for K is about threefold |
higher than the other cations.

Cation ratios are summarized in Table ITI-B3. The Ca/Mg ratio‘iﬁ
the soil is about twice that of the grodndwater (.884 Vs, 1.67). The

Na/Ca ratio is only slightly highef in the soil than ground%éter
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whereas the Na/Mg ratio is three times as much in the soil as in the
groundwater. This is because of the disproportionate increase of Na
in the soil. This aiso accounts for an SAR in the soil that is twice

that in the groundwater.

Summary

The textgres of this site are silty clay loam over gravel or 16amy
sand. The piezometric head at the various depths measured were similar.
The mean soil concentrations 9f major cations within the saturated
extract are Na > Mg > Ca. The peak concentrations occur with depth
in the reverse order. The K is most abundant at the surface. The Na
concentration in the groundwater is about one-third that of the soil
profile just above the water‘table; Mg and Ca concentrations are about
two—-thirds that of the soil. The major cation conceﬁtrations are
ranked Mg > Na > Ca. They all have similar shape curves with time in

both summers. The dominant anion is SO Changes in groundwater EC

4.

are associated with changes in Na concentrations.
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TABLE ITI-Bl. SUMMARY STATISTICS OF SOIL VARIABLES. 1/

70

Correlation 3
Coeff. w/EC . Mean Std. Dev: cv
Na .697% 2.33 .869 37.3
Mg .520 2.49 .870 34,9
Ca .192 1.95 .625 32.1
K -.130 .206 .169 82.0
Cation Fraction
Na .485 .331 .052 15.7.
Mg -.008 .355 .053 14.9
Ca -.241 .286 .077 26.9
K. -.376 .028 .017 60.7
SAR .699% 1.55 431 27.8
EC .516 .135 26.1
1/ N =10, Y g5 = 549, and r oo = .715.
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TABLE ITI-B2. SUMMARY STATISTICS OF GROUNDWATER VARIABLES. 1/

Correlation

Coeff. w/EC Mean Std. Dev. . CV
Na . 628 5.71 1.05 18.4
Mg .865% 2.22 .773 34.8
Ca .682 4.07 1.43 35.1
K .492 .500 .192 38.4
Cation Fraction
Na -.483 467 .0957 20.5
Mg .691 174 .0354 31.0
Ca .343 .319 .0623 19.5
K .031 .0401 .0131 32.7
SAR -.185 3.36 .738 21.9
EC . 1.05 .212 20.2
1/ N=6, r = .729, and r = ,882,
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TABLE III-B3. SUMMARY STATISTICS OF CATION RATIOS., 1/

GROUNDWATER:
Correlation Coeff, w/EC
Mg Ca
Na [ .3720 . .386 © Na
Ca -.079 Ca'
N = 10
T g5 = . 348 .
Tt gg = -715
' Ca
SOIL
Correlation Coeff. w/EC
Mg Ca '
Na -.705 -.437 Na
Ca -, 461 , Ca
N =6 '
¥ g5 = ,729
: Na
T = ,882 .
.99
Ca

Means
Mg Ca
.951 1.29
.844

Std. Dev.

Mg Ca
190 .577
.323

Means
Mg Ca
2.88 1.56
1.87

Std. Dev. -
Mg Ca
1l.16 .577

. 312

lj The vertical numbers of the~tab1es are numeratbrs and the horizon-

tal numbers are denominators.. For example, the mean Na/Ca value

is 1.29.




L3 I 7Y

Site C

Site Description

This site 1s located nmear the west-center of the project and about
three~-fourths of the distance from the main canal to the Yellowstone
River (Fig. I-3). The productivity is:estimated as good.  Corn was:

grown the first summer and sugar beets the second.

Soil-Groundwater Relationships

This site has a surface texture of silt loam with underlying
lighter textures and gravel at about 2 m (Fig. III-Cl). The distribu-
tion of analyzed chemical variables with &epth are ;hown in Figures
fII—Z, C3, and C4. The salt in the soil profile peaks ;t about .9 m.
This is just above the water table (Fig. III-C5).

The sudden drop in EC at about 1.5 m seems to'be correlated with
a change in texture. This soil depth is below the water table for much
Iof the summer. The pH‘follows changes iﬁ SAR with depth. The rather

high level of NO3

lizers, and the decrease below .9 m may be due to reducing conditions.

-N at the surface is probably due to chemical ferti-

The depfh of maximum EC corresponds with the Mg and Na peaks.
Peaks of the major cations occur with increasing depth in the order:
Ca, Mg, Na. The SAR curve follpws that of Na since it is the dominant

cation of the soil profile by a factor of 4 and 5 to Mg and Ca,
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respectively. The K is distributed typically. The increase in NH, OAc
extractable K at 1.5 m is probably due to the ¢lay textured horizon
just above the gravel. The increase in water soluble K at the lower
portion of the profile is atypical.

The piezometric head at various depths with time is ﬁresented in
Figure III-C5. The access tube fluctuations are similar to those of
the 2.1 m piezometer in late summer but higher. in early summer. The
1.5 m and 2.1 m piezometers have about the same head throughout the
summer indicating little vertical water movement in this zone. The
3.3 m piezometer had a slightly higher head indicating water moving up
from deeper strata. Since the texture and hence the water-bearing
properties of the lower depths greater than 1.8 m is not known it can
only be speculated that the 3.3 m piezometer is not in a semiconfined
aquifer and the higher head will result in water movement into éhe
more shallow saturated zone.

The groundwater concentrations with time for both‘summers are shown
in Figures III-C6, C7, and C8. The second data point during the first
summer appears to be an outlier. Depending on the texture it takes
from one to several irrigations to develop a good seal around the
access pipe. It is reasoned that the second data point the first
summer 1s an instance where leakage éround the tube occurred bécause:
(1) the elevated levels of‘ions agree with soil surface concenérations,

i.e., Mg, Ca, K, NO3 (compare Figs. III-C6-G8 and III-C2-C4); (2) Na
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does not appear in the groundwater in excessive qﬁantity for this

sample and it is also low at the surface kcompére Figs. III-C8 and C3).

If it is assumed that leakage occurred during the first sampling period
\and the data point in question is given little weight, then there is
little variation of Ca, Mg, and K at this site tﬁroughqut both summer
sampling periods. The Na increases in .concentration throughout the
summer and consequently the SAR increases. This is probably due to
leaching of the profile for the followiné reagsons: (1) the texture ié
coarse enough that the permeability would permit net leaching of irri-
gation water; (2) the maximum Na .concentration is located just above
the water table and the lighter textured zone of the profile. it is
difficult to corroborate this net leaching by the piezometer\data
because piezometers can be read only under saturated conditions.

The cation fractions of soil and groundﬁater as a function of EC
are shown in Figure III-C9. The value removed from the others is
assumed an outlier. The EC of the soil is ﬁigher than the gréundwater.
The soil data points that are in close proximity to‘groundwater values
are those of the iower profile. The cétion fractionsyof Na and K are
higher in the soil, Ca is aboqt the'same, and Mg is lower than in
groundwater.

The summary statistics of cations, cation fractions,vEC, and SAR
are shown in Tables III-Cl and C2, The mean sodium value is much

higher in the soil. Magnesium and calcium are only slightly higher in
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the soil. The cations rank Na > Mg > Ca in both groundwater and soil.
Sodium is most variable in the soil and léast variable inm the gr;uhq—
water. There is no one groundwater cation that is chiefly reéponsible
for changes in EC. The SAR and EC are higher in the soil profile than
in groundwater.

Cation ratios are shown in Table III-C3. The Na/Ca‘is similar in
both groundwater and soil. The soil Na/Mg r;tio is double that of
the groundwater. The Ca/Mg ratio of the soii 1s considerably highe;

than the groundwater.

Summary

Site productivity is good. The textures at this site are
generally light with gravel at about 2 m. The cation peaks occur with
depth in'the order Ca > Mg > Na. The groundwater Na and SAR pfobably .
increase‘over the summer because of 1eaéhed soil Na. Cation concentra-
tions are.higher in the soil. They maintain the same rank in both soil
and water (Na > Mg > Ca). The concentration of soil sodium is three
times that of the groundwater. In addition to leached water entering
tﬁe groundwater, piezometer data indicate movement of water from 3.3 m

to more shallow depths,
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TABLE III-Cl. 'SUMMARY STATISTICS OF SOIL VARIABLES. 1/

Correlation
Coeff. w/EC Mean Std. Dev. cv
Na 97 7%% 11.0 6.92 _ 62.9
Mg .821% 2.74 1.28 46.7
Ca .205 2.46 1.06 43.1
K -.345 .213 .0662 31.0
Cation Fraction
Na .618 .633 .165 26.1
Mg -.454 .175 .0537 30.7
Ca -.634 .175 .109 62.3
K -.802% .0164 . 0104 63.4
SAR .840 6.93 3.86 55.7
EC 1.28 .639 49.9
1/ N =6, T g5 = .729, and r_99 = _882.
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TABLE III-C2.
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SUMMARY STATISTICS OF GROUNDWATER VARIABLES. 1/

Correlation

Coeff. w/EC Mean Std. Dev cv
Na . 148 4,87 2.49 51.2
Mg " ~.398 2.38 1.61 67.6
Ca -.046 1.67 2.50 149.7
K .034 . 0449 .0793 176.6
Cation Fraction
Na .260 .548 .226 41.2
Mg ~-.411 .284 .130 45.8
Ca -.047 .164 ..119 72.6
K .105 .00428 .00379 88.6
SAR 420 4.03 2.46 61.0
EC .539 .140 25.9
;/ N=10, r = ,549, and r = ,715.
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TABLE III-C3. SUMMARY STATISTICS OF CATION RATIOS. 1/

Correlation Coeff. w/EC

Mg Ca
Na .571% .516
Ca .131
N = 10
T g5 = .549
r‘99 = .715

Correlation Coeff., w/EC

Mg Ca
Na Jab4 .589
Ca | -.648

N=6

r.95 = ,729

r.99 = ,882

GROUNDWATER

SOIL

Means
- Mg Ca
Na’*é.67 5.84
Ca . «566 .
Std. Dev.
Mg Ca

‘Na[ 1.96 4.76
ca| .309

Means

Mg Ca
Na 4,15 5.28
Ca .957

Std. Dev.

Mg Ca
Na 2,25 3.61
Ca . 389

l/ The vertical numbers of the tables are numerators and the horizon—

tal numbers are denominators.

is 5.84.

For example, the mean Na/Ca value
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Site'D

Site Description

This site is about one-half mile from the river on the western end
of the study area (Fig. I-3). The soil is developed in recent alluv-
ium. The productivify is rated as poor. Small grain was grown the

first summer and sugar beets the second.

So1l-Groundwater Relationships

The texture at this site is shallow loam over gravel (Fig. III-D1).

The depth to gravel varies from .5 to 1.2 m. Figures III—ﬁZ, D3, ana,
D4 show the distribution of the measured soil properties with depth.
The peak salt concentration i1s just above the water table at about l-m.

The saturated moistﬁre content and pH.véry very little with depth.
The N03—N decreases with depth. The depth of the EC peak corresponds
with the Na and SAR peaks as well. The Mg and Ca reach a peak of .é m
and have similar shapes. The K is tyﬁically~distribufed except for a
low surface level of water soluble K.

The ehanges in piezoﬁetric and é$cess tube headsvover time are -
shown in Figure III-D5. The piezometric ﬁead of the lower depths
reaches a peak in éarly.summer. The water is at 1.2 m through ‘most of
the summer. |

The groundwater access tube was reinstalled at the beginning of‘

the second summer at this site. The concentrations of groundwater
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constituents vs. time are shown in Figures III-D6, D7, and D8. The
ionic concentrations of the first sampling date the second year seem
to be unusually high. It is possible that the soil hadn't sealed
around the access tube.- In this light textured soil one irrigation
would adequately seal the access tube. Movement of irrigation water
down along sides of the tube would result in contaminétion of the
groundwater sample with concentrations more in line with those of the
upper soil profile.

The EC of the groundwater is about one~fourth that of the profile
directly above. The SARs are of similar magnitude. Sulfate is the
major anion present. The sulfate and nitrate decrease throughout the
summer. The major cations were less variable the first summer. The
pH increased from 8,6 to 9.1 during the second summer,

Cation fractions are shown for groundwater and soil data vs. EC
in Figure III-D9. This enables a comparison to be made between rela-
tive amounts of cations in the soil and grqundwater while also being
able to assess the absolute magnitude of salts present (EC). Relative
to the soils, percent Na is higher in phe groundwater, éa lower, and Mg
and K similar. The difference of total salts between,soii and ground-
water can be seen by the amount the soil values are displaced to the
right of the groundwater values.

Summary statistics for this site are shown in Tables III-D1 and D2.

There is a significant positive correlation between groundwater Na,
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Mg, K, and SAR, compared to EC. The CVs reveal that Ca is the most
variable groundwater cation and Mg the least. The CVs of the catiop
percentages show that the Na fraction‘ié the ﬁost stable, Mg inter-
mediate, and Ca and K the most variable.

The variaBility of the soil cations are about the same., As the
total salt in the profile increases the percentage Mg also increases
while the fraction of Ca and K decreases. The percent Na is the least
variable but is not correlated with EC.

The cation ratios are shown in Table III-D3. The Na ratios are
higher in the groundwater whileAthe'Ca/Mg ratio is higher in the soil.

The Ca/Mg ratio decreases as the total salt decreases.

Summary

The soil at this site is shallow and‘light textured.. The EC ofl
the groundwater is one-fourth that of the soil‘profile just‘abbve‘the
water tabie. The Ca, Mg, Na, SAR, and EC all have a similér distribu~
tion in the soil profile. The peak concentrations of soil cations and
SAR occur in the order Ca = Mg.at «6 m, SAR = EC = Na at .9 m. The
water table is at about 1.2 m through the summer. In the soil an&
groundwater percent Na is the least variable chemical constituent. The

cations have about the same variability in the soil.
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Horizonation of soil profile at four sampling sites

adjacent to groundwater access tube.

Fig. III-D1.
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TABLE III-DI.
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SUMMARY STATISTICS OF GROUNDWATER VARIABLES. 1/

Correlation \
Coeff. w/EC Mean Std. Dev. CV
Na . 909%% 15.1 9,88, 65.4
Mg .896%* 3.22 1.85 57.4
Ca L411 : 2.23 2.11 94.6
K . 768%% L0454 .0273 60.1
Cation Fraction
Na .509 71.6 6.86 9.6
Mg -.288 17.1 4.97 29.0
Ca -.296 11.0 6.77 61.5
K -.383 .250 .126 50.4
SAR . 84,2k% 8.80 3.66 41.6
EC 1.35 .903 66.9
1/ N =10, rogs = .549, and r g = .715,
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TABLE ITI-D2. SUMMARY STATISTICS OF SOIL VARIABLES. 1/

Correlation

Coeff. w/EC Mean Std. Dev. Cv
Na . 999%% 36.2 21.6 59.7
Mg .981%* 10.6 6.63 '62.5
Ca .956% 14.2 : 7.98 56.2
K .533 .373 .216 57.9
Catlon Fraction
Na .502 58.5 2,72 4.6
Mg .946% ' 16.0 2.80 18.1
Ca ~.909% C 24,5 3,52 14.4
K ~.948% 1.00 . 961 96.1
SAR . 966%% 9.69 4.16 42.9
EC 3.89 2.13 54.8
1/ N =4, T g5 = .886, and r.99 = _989,
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TABLE III-D3. SUMMARY STATISTICS FOR CATION RATIOS. 1/

Correlation Coeff. w/EC

Mg Ca
Na 285 .332
Ca |-.104
N = 10
¥ g5 = . 549
r.99 = ,715

Correlation Coeff. w/EC

Mg Ca
Na -.885 .775
Ca | -.999%%

N=4

r.95 = ,886

r.99 = ,989

GROUNDWATER

SOIL

Na
Ca

Na
Ca

Na
Ca

Na
Ca

Means
Mg Ca
4.60 8.94
. 781
Std. Dev«
Mg Ca
1.60 5.39
.822
Means
Mg Ca
3.75 2.44
1.60
Std. Dev.
Mg . Ca
.762 472
.565

;/ The vertical numbers of the tables are numerators and the horizon-

tal numbers are denominators.

is 8.94.

For example, the mean Na/Ca value
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Site E

Site Description

This site is located close to the main canal (rig. I-3). Sugar
beets were raised the first year and corn the second. The productivity

is rated as excellent.

Soil-Groundwater Relationships

Figure III-El shows that the textural distribution with depth is

a sandy loam for about the upper .5 meter and a sandy clay throughout

the rest of the profile.

The measured soil variables are shown in Figures III-E2, E3, and
E4. The EC is relatively low thrOughout[the profile but has a strong
peak at about .9 m. This depth is slightly below the textural change
gnd slightly above the groundwater maximum.: h

The profile NO.,-N is generally high. The surface saturation

3
pércentagé is possibly high because of organic matter accumulation.
As expected, the EC-depth curve corresponds closely with the Na

and Mg-depth curves. The Ca, Mg, and Na curves have very similar

shapes. Calcium is higher at the surface than Mg or Na but is less
than either for the remainder of the profile. The'K content is higher
near the surface and drops off rapidly with depth.

Piezometer height over time is shown in Figure III-E5. All of the

piezometers and the access tube responded the same so only the data for
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the 4.5 m piezometer are presented. During the irrigation season the
groundwater height remained relatively stable at 1.0 to 1.5 m. The
groundwater level at this site is highly dependent upon irrigation
or the canal.

The groundwater variables for the two seasons are shown in
Figures III-E6, E7, and E8, The access tube installed in 1976 was ‘
destroyed by cultivation and had to be replaced; thus, only four ;
groundwater samples were obtained. The ion concentration of the ground-
water was generally low but higher in 1976 than 1975. The reason for
the fluctuation both within and between years is not apparent but may
be associated with irrigations. The EC data are particularly striking;
during 1975 EC decreased with time but increased wi£h time during 1976.

Except for a high level in the first sample, NO remained stable at

3
about .5 meq/l both years.

For both years the Mg concentration was generall& higher than the
godium.

The anions of the groundwater followed similar changes in concen-
tration over time, being high in early summer but quickly approaching
a smaller more stable concentration.

Relative levels of cations vs. EC are shown in Figure III-E9.

At this site.the relative amount of any of fhe cations is about the

same for the soil and groundwater. This is different from other sites

where the groundwater contained more sodium and the soil more calcium.
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A statistical summary of groundwater and soil variableg is given
in Tables III-El, ‘E2, and E3. Oﬁly fluctuations in Mg had a statis-
tically significant influence on the EC of the groundwater.‘ As wéulJ
be expected, fluctuations in the relatively soluble ions (Mg and Na)
had a significant influence on the EC of the soil. Calcium is the ieast
variable of the groundwater cations. Soéium was the least variable.
on a percentage basis. Percent Mg had a positive correlation with EC
but Ca a ﬁegati&e. The quality index rgtios of Na/Mg, Ca/Mg, and NaVCa‘

of both the groundwater and the soil are approximately 1; ‘this is

different from other sites.

Summary o -
The produétivity is excellent. The EC is low throughout the pro-
file. The Ca, Mg, and Na curves have similar distribution with depth.

1

They have similar means although Na > Mg > Ca. ,
The piezometers and access tube had similar heads over timé. The
groundwater level is dependent upon canal flow or irrigatioﬁ.
Mg 1s the dominant cation of.the groundwaéer. Sulfate is by far

the dominant anion. Magnesium had a significant influence on the EC

of the groundwater. Cation ratios are approximately 1.




107

SITE E

g m g - O
= — =
= = E]-»
h e 67
H
1
- 09 I
cH u
'1.2 H
!H E
i
«1.,5 E
ﬁ R
S
' «1,8
[ Sandy
=
]
[ar &=

Fig. ITI-El. Horizonation of soil profile at four sampling sites
adjacent to groundwater access tube.
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TABLE III-El. SUMMARY STATISTICS OF SOIL VARIABLES. 1/

.Correlation
Coeff. w/EC Mean Std. Dev. cv
Na L 941%% 4.10 1.23 30.0
Mg . 968%% 3.62 .953 26.3
Ca .681 3.25 1.65 50.8
K -, 249 .705 .517 73.3
Cation Fraction
Na .037 .356 .0685 19.2
Mg -.162 .318 .0616 19.4 -
Ca .315 . 264 .0927 35.1
K -.486 .0621 .0448 72.1
SAR .608 s 2,22 Lh44 20.0
EC .879 .302 34.4
1/ N =6, T g5 = .729, énd T g9 = .882.
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TABLE III-E2. SUMMARY STATISTICS OF GROUNDWATER VARIABLES. 1/

Correlation :
Coeff. w/EC Mean Std. Dev. cv
Na .534 2.27 1.39 61.2
Mg .617% 2.85 1.99 69.8
Ca 437 1.64 445 27.1
K .233 .103 . ,0566 54.9
Cation Fraction
Na .202 .318 .0543 17.1
Mg .788%% 372 .113 30.4
Ca - 724% .289 .125 43.3
K -.555 .0211 .0175 82.9
SAR .509 1.44 ’ ©,592 “41.1
EC .439 . 248 56.5
1/ N=9,r = ,582, and r = _750.

.95 99
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TABLE ITI-E3. SUMMARY STATISTICS OF CATION RATIOS. 1/

GROUNDWATER
Correlation Coeff. w/EC ] Means
Mg Ca Mg Ca
Na [ -.743% .568 i Na .927 1.33.
Ca | ~.785%% ) Cal .969 '
N=29 , i Std. Dev.
T g5 = .582 Mg Ca
‘ 3 Na .308 .657
r 99 = .750
‘ Ca . 746
SOIL
Correlation Coeff. w/EC Means
Mg Ca Mg Ca
Na .338 ~-.360 Na| 1.13 1.62
Ca .167 Ca .906
‘N = 6 Std. Dev.
¥ g5 = .729 Mg Ca
* Na .138 .930
¥ g9 = .882
: Ca 463

l/ .The vertical numbers of the tables are numerators and the horizon-
tal numbers are denominators. For example, the mean Na/Ca value
is 1.33.
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Site F

Site Description

Site F is located just south of the "shallow to gravel" area in
the center of‘the study area (Fig.'i—B). The productivity at this site
is rated as good. There is a well-established stand of alfalfa at this
site. Blocky structure was found to a depth of .45 to .60 m. This
site and the pasture at Site B were the only two sites to have well-

developed structure. This is probably a result of a low SAR.

_ Soil-Groundwater Relationships

The top 1.6 m is clay loam with sandy clay the remginder of the
profile (Fig. III-Fl). The concenérations of soil variables with depth
are shown in Figures III-F2, F3, and F4. There is little salt the
first .6 m, At the structural boundary there is a sudden increase in
salt and again at the textural change. The saturation moisture per-
centage is constant for the top meter and then decreases with depth.
The profile has a low level of NO3-N except for the surface depth
increment. The range in pH is from 7.5 to 8.7 in upper profile but is
less variable with depth. \

The Na, Mg, and Ca have similar distributions with depth. The
Mg and Ca decreasé in the first .6 m and then inérease to a .maximum at

1.2 and .9 m, respedfiVely. The Na peak is at 1.5 m, Typically the

3
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three major cations peak with depth in the order Ca > Mg > Na. The SAR
is lowest in the top .9 m and then increases with depth. Thé Klof the
saturated extract does not parallel a decrease with depth of ammonium
acetate extractable K but peaks at mid profile.

The change in piezometric heads at various depths with time is
shown in Figure III-F5. The pilezometer data indicate that water is
moving into the 2.7 'm depth from above and below presumably due to
irrigation and the gravel aquifer, respectively. The groundwater in
the access tube averages about 1.8 m throughout the summer.

The concentration of groundwater variables with time is shown
in Figures III-F6, F7, and F8. The EC of the groundwater is much less
than that of the profile. The pH increased through the summer. The K
‘concentration seems to control PAR.

The SAR of the groundwater reaches a peak of between 7 and 10 by
the end of the summer which coincides with the Na maximum and Ca minimum.
Magnesium had similar early and late  summer concentrations. Ground-
water pH increases with increasing SAR, Sulfate is by far the dominant
anion of the groundwater. Cation fractions of soil and groundwater
vs. EC are shown in Figure III-F9. The Na fraction is higher in the
groundwater than in the soil, percent K and Ca are less, and Mg about
the same.

Summary statistics of groundwater and soil cati?n concentrations,

ratios, EC, and SAR are given in Tables III-F1, F2, and F3. Major
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cation concentration means rank Na > Ca > Mg in both soil and ground-
water. Changes in groundwater concentratioqs of Na and Mg are chiefly
responsible for changes in EC. There is a significant negative corre-
lation between the cation fraction of Mg and K with EC of the soil
profile. Magnesium (both absolute concentrations and the cation frac-
tion) 1is the least variable soil and grouﬁdwater cation. The average
groundwater EC is 1.14 mmhos/cm as opposed to an EC of 8 of the.satu—
rated extract of the profile just above the water table (compare Fig.
ITI-F3 and Table III-F2). The SAR is higher in the groundwéter'than in
the soil. The groundwater ratios of Na/Mg and Na/Ca are both greater
than 4, whereas in the soil these ratios are 2.8 anq 1.1, respectively.
This illustrates the relative ﬁobility of the three cations (more Na

relative to Mg and Ca in groundwater than in soil).

Summary

The soil texture at this site is clay loam over sandy clay. There

is an increase in salt at the structural boundary and textural change.

The Na, Mg, -and Ca have similar distributions in the soil profile. The

peaks occur with depth in ghe order Ca < Mg < Na. The cation concen~
trations rank Na > Ca > Mg in both the groundwater and soil profile.
The movement of groundwater is‘:into the 2.7 m depth from above and
below. Changes in Na and Mg concentrations in the groundwater are
chiefly responsible for chqnges in EC. The EC is higher in the soil

and SAR higher in the groundwater.

s




122

SITE F

AMAERE HE =EAEEAMN0

N 'g} @
L d > °
ov ~ ~ ~

3
.6

S e R R N
2 o G N B e B SRV RN Uy
r/////////////////////////,/////Il
ARARANREN AN AN N NN KA R R NN AR T

NN A NN \ & o

NN N A A NN SN N R NN N AN RN Nt
N NN AN A AN AR N AN R R A NN NN AN N AU NN N
NN N AN AR AN N ORI N SN RN NN
AR NS N N AR AN R NSENNAAANANNAATR NN
NAN N RN N N AN RN NN N NN NN

AN NN N RN RN AR NN NS ///////////.,/\I[
////////,,//////,, ANNOENN NN N N NNt
AAARRR AR R ,///,,,,/,// NT

- NN ONNN \ \ NN NN N\ N

N NN NN NN Y ////////\uj

Va4
S LA
LSS

Sandy
Clay

A W W v e o s 2

SNRNNNNNN

T "
AN NNANN RANNNANNANN
ORI RN NN
NN
NN\

~
NN
ANN AN RN NN NN NS
/////////////// N
///////// NN NN LY
// S

NN AUNCNENN,

SANNNNNNN

SELVRIRT 8

Horizonation of soil profile at four sampling sites

adjacent to groundwater access tube.

III-F1.

Fig.




.’....0....*... ......'...C.

e -.c"oo‘.*.o...oo.o eceeoVeoeoo
g 8 - « D - ‘ % 3
180 + F & § 180 +F ¢
P s / - P B

T : 3 Sl . B .
& 3 s « 3 . Ay .
- / L ES 4
£ T80t - Ll O e \F;
' e / e M ® y
£ : ; i
.fuooofoaoo"ooo-"o.o.*-cl.*- 0'0*0.'0"'001"--0.’-...’ x
1.75 5025 3.75 '3 36 Sy

C. 00 .50 7.00 LT o

L SAT H20

essetscsecteccostecectocssetoce paie Teue itk + + 4+
2 ik > ; 0 2 eV o0 ees TeeovoeTososotasoseo
80 ¢ F BO  #F ¢
P . \ ® g : : .I :
" : Reamt i o5 .
9 Nt : sl A
€ 9000 F ol G R :
e - M P P
3 Fé B oF %
- F @ 5 =
0...*0...*.-..*.I..*...I*.‘. o'."‘oo.o*oo + + + 3
S 3. B.7 1.3 e 00001.5000 esese

'7.:) d.l’ 102 2." 4 3.6

PH ¥033 -N

Fig. ITI-F2. Distribution of electrical conductivity (mmhos/cm), NO3-N (ppm), pH, and
saturated water percentage of the soil with depth. The pH and EC are of
the saturated extract.

£




2 180
4
T
H
C 90.
A
0
€ 180
P
T
H
C 50.
8

.Q"’...."‘..’....’..‘.'...

- F
ofF
eecstocseteocectoe
S 1o
10

NA

o0 ® 0 %0 g ¢ a2 4o 0

B 4o b
St

RG

® 4o g ¢ o »
1

.0.’0..0+0-

25

."'Q..O"oo.o".l."’o-o.+....

'..'.0.."....{....*0...

7«5

*
&
a
o
°
©
&
°
L J
@
s

2
.
2
.
e
@
=
+
=
-
°
«

L-~40Mmc

xC

O I-vmo

180

189

90,

% 0 8 ho 0 0 8 %o

n
o
s
o
=T
Do 600 0 005 0 &

® 0 8 0 H® o 0 ¢ o 0

“...‘..."' '..".."....‘.

+.oo.*.¢.o"l QO.*QQ..’....'

Ce 12 24
Ca
.-.0+...."-...*.l..‘.....’..

=
o
B 8
F

© 000 oo 0 o Ho

l.."...."‘.}.'.*.'..4
L]

5 s, 8.
3.0 6e 35

SAR

wie

Fig. ITI- F3. Distribution of major cations (meq/l) of saturated extract and sodium
adsorption ratio (SAR) with soil depth.

%CT




125

seccetecsetescotocostoncotes

? 180 + F b
' : \C L
" : Bl 4
I | F/:
# o / B

.F\ S

- }- ®

..-o-‘o--o"ooo-’o...{'o'c-’.

15 .25 .38
«29 «30
K

ooa.’.ooo'..o.’.0.."0.."...
B 1m0 t% ‘
; - \L i
“ : T .
£ 5 408 3 T B
# . F/ N

'.-o*ogc.*oou.*...o'o-."-..

225 b b
150 300 450
K NH4OAC

.-".-.."..c.'....‘.oo.+.....
D . .
$ o0 :
N PR Sk .
RS R iz ¢
. X \r °

F

- \

. F oo

oo"ootofo.-o"oo..*...o"c...

.U?‘:‘ 0105
« 06C «050 «120
> AR

Fig. III-F4. Distribution of water soluble K (meq/l), ammonium
acetate extractable K (ppm), and the potassium adsorp-
tion ratio with depth.




4 Access Tube

1 2.1 m
O 25 m
03,3 'm
canal canal canal canal
off on off on
0.9 | l l |
‘ I l
@ ! | |
-8 B iy | s
&
o P
8 L
£2.1- I - o
. ' '
A |
32.7—' | '
| |
33 ] ] IJ T T ‘}\l T T L] T T Wﬁ—‘
N N L ¥V ] = N N N nN N U | =
o\
g E e g B Bl adla iR R 8 e
- 1975 == 1976 > < 1977 ——>

Day of the Year

Figure III-F5. Piezometric head with time. Data points connected with dashed lines repre-
sent unsaturated conditions at the depth sampled by the piezometer.




ll’.o..’....*

.0..*...0"..O.*...."o...’..

..o."‘...."‘...‘

D . . D ;
fo 5.0 + F R 'g 5.0 ¢+ /i/________,.gz
: : Q\\ o : R§\ :
C . . Sk v IR R 2
0 ek 2.3 40 e T S AT :
3 2 - g F ! s
: ‘:/,——"ST; : :F/ Q\Q °
o..o-fcooo’oooo*ocoo".ooo"oo "f”“‘*"’o 0--."'...."...:
e 750 1.25 .15 <175 0525 .C87S
1-‘:)': 1.5“ ‘O3>ﬂ 00700
FC K
D estecsoteccetececteccoctocece s T esaveotsenes®ssveorTaesstesees®e
& S50 8 i;___———"”—ﬂ——_ﬂﬂaq : 2 5.0 + Ré
C e R b i : ) M
D 2e5 :F/ / : 5 2.5 *9/ :
.| / . i .
oF R . L8 L
.o*.a.c*o.Qo"--oo*-.o.'ooo.o .-}....#....f....’...."...o’o
«0125 «0375 «015625 Be> Hnot 3.9
0325(\ QQSJ:} '{./o 3.6 '3-3
P AR PH

Fig. IIT-F6. Electrical conductivity (mmhos/cm), K (meq/1), potassium adsorption ratio
(PAR), and pH of groundwater vs. time. The F and R data points are for
1975 and 1976, respectively. The date code (DATE CD) represents the five
sampling dates approximately two weeks apart. The actual dates are those
of Fig. III-F5; the second date of 1975 is Julian day 224, the first date
of 1976 is Julian day 207, etc.

Leh




O MepO

OO M-ipO

Fig. III-F7.

25

....’........ .'....‘....’...

3 /,< '
: Q\\\\\Q R; 4
R g e
X o F”’/””/” :
..'.+....+...'+.‘..’...‘*...
3e ;i 15
5 12
NA

+ AR +
L R L]
: F‘/r)f :
..+'...*..'.+'...’....*.....
s 750 el 315
1.50 3.00
L1

water vs. time.

OO MO

OO MO

S0

N
(%]

5.0

.'.+.0l.’...0’....*....’...

S0 F *
A \// .
o \\ >
o h s
+ ‘<::::::‘--_‘_~_~__ re
© Q F L J
= E—_~——____;:=><::::::\\ ®
] L Q 3
.'..+....+... .*O..."..'.*‘.'
2eB0 o «50 12.5
SeNd 109
EA

'...*....'....*....*O.."..

n
=
(=]
00 0 0 00 0 &

R F
R///’ \\\\\F
....‘....’.t..‘..OO"....’.
. Ge
te Oe
SAR

Concentrations of major cations (meq/l1) and sodium adsorption ratio of ground-
The F and R data points are for 1975 and 1976, respectively.

The date code (DATE CD) represents the five sampling dates approximately two

weeks apart.

The actual dates are those of Fig. III-F5; the second date of

1975 is Julian day 224, the first date of 1976 is Julian day 207, etc.

BZI




.....‘....’...I'... “....‘..

D 2
‘ 50 + 2 .
g . \ :
¢ : v e
2e5 + \ >
- ’//F =
<F "
.....‘....‘....’....*‘....*..
b 24.5
1444 21. 0 2840
504
stsseetesseteas setecoctoceat,
$ Hw S ‘
o + R_F +
Vi :
LR r »
ol X .
o R E °
R S A +
. R F .
. I -
e T \F :
s UTS .l 3
0.00 «150 g «300 e
ND3-N

O Me O

OO Meung®

5.0

245

5.0

.
>3
L ]
°
>
®
*
o
.
°
.
@
°
®
°
°
>
®
)
)
°
*
°
®
°
®
*
®

T =T T}

+ M=

% 0 0 %o ¢ 0 0 $o
J
[
o]
N
q;
e
°
Vie o ¢ ¢ 0 00 0 o

.
N
<
.
N
-
o
]
N
-~
(o}

.’....*....*0.. .*....*....’.

+ F

+
e o :
. F\\\\\\\ .
+ +
5 e
.’....*....*..."....*....’.
.60 1.4 3.0

0.0 $52 2.4

nCo3

Fig. III-F8. Anion concentrations of groundwater (mea/l) vs. time. These data are for 1975
only. The date code (DATE CD) represents the five sampling dates approximately
two weeks apart. The actual dates are those of Fig. III-F5; the second date
of 1975 is Julian day 224, the first date of 1976 is Julian day 207, etc.

621




»Z

-

sescateccetecectecsctecectacsosctacant

- ? .
- Li L -
- R L B 4
+ 2 F +
. 3 » C
B L « A
3 9 3
. n .
:#-...4....*.-..‘....*....4.-..'....'.
125 3.5 25 8.15
U.00 2e30 5«00 7.50
rc
etessstoecectscnctecsntanccteiccntecacts
2 -
+ <
- -2
- o K
- % -
+ RR +
- L E -
- %2 o
E3 = -
- *1 .
+ -
| =<
- .
etascstenscstocoeotecncsetocsstacectoneat,
1.2% 3.7%5 6e25 Be75
JeCC 2450 5.00 750

«025¢C

«0125

0.000

teeootocvatonsctecentoccatacentenaat

- o
- .
R
. ! .
. o
+ -
o o
- P K .
1=
- °
- L -
+ E -
Fe

- -
. n L .
- LL .
. 1 .
s¥sssatenns tansetessstansctussatesscts

A 1.2 3.75 6.25 Re TS
0.G0 25 >«C0 7«50

£C

etocectencstecectocsetecectanantanaat,
N . <
- F .
B -
- .
- F .
. -
- .
+ +
- .
- F “
& RR P e 5 e
- R = L -
+ L L +
etesestecnctoceetascatecestecneatocaants

125 3«75 6425 Be 15

0.00 2.5° 5.00 750

EC

0€T

Fig. III-F9. Individual cation fractions (cation/total cations) as a function of EC for
groundwater and soil. Data points F, L, and R represent soil, groundwater

1975 and groundwater 1976, respectively.




TABLE III-F1.

131

SUMMARY STATISTICS OF SOIL VARIABLES. 1/

Correlation
Coeff. w/EC Mean Std. Dev. cv
Na .571 12.7 11.3 88.9
Mg 121 5.06 3.21 63.4
Ca .229 16.7 13.3 79.6
K ~.029 . 240 .0955 39.8
Cation Fraction
Na 416 .375 .193 51.5
Mg -,826% - .178 .0814 45.7
Ca -.035 434 170 39.2
K -.732% .0115 .00944 82.1
SAR . 753% 3.93 2.77 70.5
EC 3.22 2.79 86.6
1/ N=6, r = .729, and r = ,882.

.95

929
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TABLE TII-F2, SUMMARY -STATISTICS OF GROUNDWATER VARIABLES. 1/,

Cofrelation
Coeff. w/EC Mean Std. Dev. cv
 Na .576% 9,69 5.08 ° 52.4
Mg .892%* 2.55 .910 35.7
Ca © 263 4,50 4,23 94.0
K .314 .0415 .0275 66.3
Cation Fraction
Na .007 .583 .222 38.1
T Mg .254 .153 .030 19.6
Ca ~-.043 .261 - .213 81.6
K -.019 .00271 .00187 69.0
SAR: .330 5.96 3.21 53.9
_EC 1.14 .379: 33,2,
1/ N = 10, r g5 = .549, and T g9 = ,715.
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TABLE III-F3. SUMMARY STATISTICS OF CATION RATIOS. 1/

GROUNDWATER
Correlation Coeff., w/EC . o Mean
Mg _Ca Mg Ca
Na |-.194  .396 ‘ Na 4.03  4.64
ca | -.068 ' Ca 1.70 '
N = 10 , Std. Dev.
Tg5 = +349 , Mg Ca
r = ,715 Na 1.85 4,42
.99 . ,
. Ca 1.30
SOIL
Correlation Coeff. w/EC Mean
Mg Ca Mg Ca
Na . 841% .151 Na 2.76 1.12
Ca .712 Ca 2.80
N==6 q Std. Dev,
r g5 = -729 Mg Ca
r.99 = ,882. . Na 2.27 .874
Ca 1.27 .

;/ The vertical numbers of the tables are numerators and the horizon-
tal numbers are denominators. For example, the mean Na/Ca value
is 4.64. o
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Site G

Site Description

Site G is located close to the Yellowstone River near the center
of the project (Fig. I-3). The productivity is estimated as poor.
Corn was grown both years. The soil at this site has déveloped on

recent alluvium.

Soil-Groundwater Relationships

The profile is relatively shallow at this site. There is a clay

loam horizon about .5 m thick overlying sand with some interstratified

sandy clay lenses (Fig. III-Gl). Gravel. is encountered at about 1.2 m.

The distribution of soil vafiables with depth is shown in Figufes
III-G2, G3, and G4. The EC reaches a maximum of 3.5 mmhos/cm at .9 m
and is about 0.6 to 1.2 above and below this depth. The pH is near 8.4
at the surfape and at about 1 m. The N03-N is a maximum near the
surface and decreases with depﬁh.

The major cations show a maximum concentration at about .9 m; in
the same zone as the high EC and pH. ' Calcium and Mg have identical
profile distribution although the Ca is about- five times fhe concentra-
tion of Mg. Soﬁium concentrations are slightly less than Ca. The SAR
reaches a firét‘peak at .9 m and a makimﬁ? at 1.5 m. iﬁelow l.é ﬁ the
Na increases but Mg and Ca decrease. This results in an SAR maximum

of 10 at 1.5 m.
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Tﬁe amménium acetate extractable K is not typigally distributed
through the profile and is not closely correlated with water soiuble K.
Changes in piezometric head at various depths are shown in Figuré
II1-G5. The piezometer data indicate the groun&water is mQ?ing from
3mto 2.4m. The 2.4 m to 5.1 m piezometers had little difference

in piezometric head. The water within the access tube was about 1.2 m

'throughouf the first summer and 1.5 m the second. The 3-meter piezo-

metric tube appeared to be especially responsive to canal-irrigation
water, especially during the second winter and spring.

Concentration of groundwater variables, with time, are shown in
Figures II1I-G6, G7, and G8. The ground‘wa‘tef EC varied significantly
between years; during the second summer it was almost double that of
the first. The absolute value ‘of the K Varied’between years but had
the same general shape with time. The PAR was almost identical between .
years. The pH varied little with time. '

The Na and Mg of the gfoundwater each varied significantly
between years but, within’a yeér, were strikingly similar in shape
although éhe Na concentration was about twice that of Mg. Within a year,
the EC curves were almost identical to these cations. The absolute
concentration of Ca was about double in the second year that of the
first, but the fluctuations with time were almost identical both
summers. This may héve been due to the almost identical treatment‘of

the corn crop the two years.
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Cation fractions as a function of EC of the groundwater and soil
are shown in Figure III-G9. Magnesium is the only cation fraction
that obviously differs from that of the profile and is higher in the
groundwater. The relative percentages seem to be grouped by year.

The cation fractions of K and Na decreased and Mg and Ca increased in
the groundwater the second summer compared to the first, but the
absolute value of all cations increased the second summer.

Summary statistics of cation concentrations, ratios, EC, and SAR
are shown in Tables III-Gl, G2, and G3.  Major cations rank as follows:
Na > Ca > Mg in both soil and groundwater. Sodium and Ca means are
about double in the soil profile compared to groundwater whereas Mg
is almost equal. Correlations indicate that increased concentrations
of all four cations are responsible for increased groundwater EC. The
percentages varied less than absolute values of groundwater cations.
This holds true for all but K in the soil. The cation ratios of Na/Mg,
Na/Ca, and Ca/Mg are higher in the soil than groundwater b& 3, 1.5,

and 2.5 times, respectively.

Summary

Site G has a poor level of productivity, probabiy because of the
shallow soil. The soil profile is comprised of clay loam over sand
with interstratified sandy clay. All major cation concentrations peak
at about .9 m. Mean conceﬁtrations ranked Na > Ca > Mg in both

groundwater and soil. Ammonium acetate extractable K is at a minimum
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at about the .9 m depth. Water soluble K ié poorly correlated to
ammonium aceéate K. The water table was higher the first summer.
Cation concentrations of the groundwater were higher the second summer .
Na and Mg have dissimilar curves while Ca has similar curves for the
two summers. All cation concentration in the groundwater have a
significant positive correlation with EC. Ratios of Na/Mg, Na/Ca,

arid Ca/Mg are higher in the soil than groundwater.
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TABLE III-Gl. SUMMARY STATISTICS OF SOIL VARIABLES. lf

.95

99

Correlation
Coeff. w/EC Mean Std, Dev,. Cv
Na .953%% 9.80 7.51 76.6
Mg . 883% 2.80 2.41 86.1
Ca .857% 10.1 8.29 82.1
R .267 .510 .359 70.4
Cation Fraction
Na .179 425 .217 51.1
Mg -.051 117 .0394 33.7
Ca -.163 432 .165 38.2
K -.450 .0260 .0220 . 84.6
SAR +.378 4.48 3.78 84.4
EC 1.51 1.11 73.5
1/ N=5,r = ,805, and r = ,934,
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SUMMARY STATISTICS OF GROUNDWATER VARIABLES. 1/

- Correlation,
Coeff. w/EC Mean Std. Dev. cv
Na JOL5%% 4.85 3.72 76.7
Mg . 953%% 2.99 1.95 65.2
Ca . 908%% 4,40 2.60 59.1
K . 594% .170 .0737 43.4
Cation Fraction
Na . 081 ' . 384 .105 27.3
Mg .140 : .238 .0532 22.4
Ca -.098 . 360 .0899 24.9
K -.653% .0176 .0108 61.4
SAR . 730%% 2.45 1.27 51.8
EC .853 .596 69.9
1/ N=10, r oo = .549, and r o = .715.

'95
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TABLE III-G3. SUMMARY STATISTICS OF CATION RATIOS. ;/
GROUNDWATER
Correlation Coeff. w/EC Mean
Mg Ca Mg Ca
Na [ -.076 .083 Na 1.72  1.17
Ca’ -.183 Ca 1.57
N=10 Std. Dev,
T g5 = -549 Mg Ca
¥ g9 = ,715 Na .760 .536
Ca .493
SOIL
Correlation Coeff. w/EC Mean
Mg Ca Mg Ca
Na .051 .056 Na | 5.38 1.64
Ca | ~-.344 Ca 3.63
N=5 Std. Dev.
r.95 = .805 Mg Ca
r = ,934 Na 6.44 2.18
.99
Ca .439

is 1.17.

—

tal numbers are denominators.

‘l/ The vertical numbers of the tables are numerators and the horizon-
For example, the mean Na/Ca value
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Site H

Site Description

This site is located close to the canal on the eastern end of the
study area (Fig. I-3). The site productivity is fair. It was in
pasture both years. There is a feedlot about one-half mile south of

this site next to the canal.

Soil-Groundwater Relationships

The upper 1.5 meters at-this site have a clay texture with sandy
clay the remainder of the profile (Fig. III-H1). The distribution of
soil vériables with depth are shown in Figures III-H2, H3, and H4.

Except for an unusually high EC at the surface the EC increases
with depth to a maximum of 5 mmhos/cm. The saturation moisture per-
centage decreases slowly from 47 to 457 at .9 m and then drops sharply
to 35%. It then increases to 437 at l.é m. The pH is fairly stable
with depth at 8.3, Nitrate~nitrogen is stable at .9 ppm except for
the surface depth increment.

The range of Na‘concentration is tﬁe greatest of the three major
cations, It is 9 meq/l at the surface and 45 meq/l at 1.8 m. It is
also the most abundant cation. Calcium has about one-half the range
and is the next most abundant cation. Magnesium has a relatively nar-

row range and is less abundant than Ca or Na. Magnesium and calcium both
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increase with depth to about .9 m, After decreasing for the next..3.m,
Mg again increases to a maximum at 1.8 m.. Célcium decreases for .6 m -
and is stable the remainder of the profile. Sodium increases with
depth‘rather‘rapidly until 1.2 m where its conc¢entration is stable for
the next .6 m. It then increases at about the previous rate. The SAR
increasés with depth throughout the entire profile. Wafer soluble K
does not seem to be correlated with amﬁonium acetate extractable K

and varies little throughout the profile.

Changes in piezometric head at various depths with time are shown
in Figure III-H5. The piezometer data are of limited value at this site
because of the lack of responsiveness in the heavy textured soils.“The
4,6 m plezometer rose for the entiré study period. The 3.0 and 2.1 m
piezomeéers show a very slight increase in head dﬁring the irrigation
season. The water level in the acce;s tube was about 1 meter below
the ground surface indicating that it was influenced.by a horizon not
sampled by the pilezometers which had a higher head.

Groundwater variable concentrations with time are shown in Figures
ITI-H6, H7, and H8., The groundwater access tube had to be relocated
the second summer. It was movéﬁ to the edge of the field, about 35
meters from its original position. The EC of the groundwater was much

higher at the relocated site. The EC, potassium, and pH curves are

similar in shape.
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Na is by far the dominant groundwater cation followed by Mg a;d
Ca. The Ca curve is similar in shape and magqitude both years while
Na and Mg differ both-iﬁ magnitude and shape between summers. All
four cations ﬁave the same shape curves the summer of 1976 and éa
was the only one different the summer of 1975. |

By far the dominant anion at this site is 50,. The 50, decreased
by more than one-~half its initial concentration the first summer as
was true of the major cations and EC.

Relative proportions of the major cations vs. EC of the groundwater
and soil are shown in Pigure III-H9. The EC of-thg groundwater at the
first access tube location is lower than that of the soil. The EC of

the groundwater at the'reiocated site is higher than the soii profile
at the original location. The percent Na is higher in the gréundwater.
Percentages of Ca and K are higher in the soil. Mg percentaées are
similar in the soil and water. Summary statistics for soil and water
‘cations are shown in Tables III-Hl and H2.

The groundwater Na, SAR, and K are correlated with EC. Percent
Na also has a positive correlation with EC while ZCa and 7”Mg have a
negative correlation with EC. Ca has the lowest CV and Na the highest.
Percent Na has the smallest CV, There were not significant correla-
tions of soil cations and EC but Mg and K were the least variable.

Summary statistics for cation ratios are given in Table III-H3.

The Ca/Mg ratio is half as large in the gfoundwater as in the soil.




S o L, Wl e Ll

LI_U

153
The Na/Mg ratio is twice as large in the groundwater and the Na/Ca

ratio increases by a-factor of 5. -

Summary

The texture at this site is clay over sandy clay. The productivity
is fair. Cation peaks occur with depth in the order Ca = Mg < Na.
Magnesium peaks again at‘l.8 m, Cation concentration means rank
Na > Ca > Mg for soil and Na > Mg > Ca for groundwater. All cations

had positive correlations with EC of the groundwater.
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Fig. III-H1. Horizonation of soil profile at four sampling sites
adjacent to groundwater access tube.
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TABLE III-H1.

SUMMARY STATISTICS OF SOIL VARIABLES. 1/
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" Cortrelation .
) Corr. w/EC Mean Std. Dev. cv
Na .426 30.9 13.8 44,7
Mg .430 14.8 2.75 18.6
Ca 307 22.9 16.3 71.2
K .097 .545 . .0668 12.3
Cation Fraction
Na .184 425 .0884 20.8
Mg -.129 .226 50439 21.6
Ca -.229 .339 L0411 12.1
K -.159 .00878 .00365 41.6
SAR .372 6.93 '2.66 38.4
EC 4.35 .782 17.9
1/ N=6,r = ,729, and r 99 = .882,




TABLE III-H2.
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SUMMARY STATISTICS OF GROUNDWATER VARIABLES. 1/

Correlation

.95

Coeff. w/EC Mean Std. Dev. cv
Na L 924%% 70.2 . 50.0 71.2
Mg 42k 16.7 8.73 52.3
Ca .418 10.8 2.28 21.1
K .870%% © .0483 .0292 60.5
Cation Fraction
Na . 853%% .669 .124 18.5
Mg ~.758% .187 .0596 30.4
Ca —~.780%* .144 .0768 53.3
K -.283 " .000528 .000157 29.7
SAR .951%% 18.4 11.6 63.0
EC 4.46 3.43 76.9
1/ N=8,r = ,621, and = ,789.
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TABLE III-H3. SUMMARY STATISTICS OF CATION RATIOS. l/
GROUNDWATER
Correlation Coeff, w/EC Mean
Mg Ca Mg Ca
Na . 749% .956%% Na 4.26 6.44
Ca -.498 Ca .764
N=28 Std. Dev,
T 95~ -621 Mg Ca
T g9 = .789 Na | 2.64 4,14
Ca .301
SOIL
Correlation Coeff. w/EC Mean
Mg Ca ) Mg Ca-
Na .292 .281 Na 1.99 1.29
Ca .053 Ca 1.53
N=2¢6 Std. Dev.
r g5 = *729 M Ca
r.99 = _882 Na .671 .402
Ca .193

1/ _The vertical numbers of the tables are numerators and the horizon-
For example, the mean Na/Ca value

tal numbers are denominators.

is 6.44.
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Site I

Site Description

This site is located on the eastern end of the project (Fig. I-3).
The soils are made up of heavy clays (Fig. III-I1). The productivity
level is rated as fair. Suggr beets were grown the first summer and
small grain the second. The growth of the beet crop in the area of
the access tube was quite heFerbgeneous. Areas of above-average

growth seemed to be distributed throughout a matrix of a suppressed

stand of beets.

Soil-Groundwater Relationships

The texture of this site is clay (Fig. III-I1). Distribution of
soil variables with depth are shown in Figures ITI-I2, IS,\and 14,
The level of salt throughout the profile is generally high with a
peak at 1.2 m. The soil at this site is saline-sodic with an average
profile SAR of 29 and EC of 12.6 mmhos/cm. The pH seems to be a mirror
image of the profile EC. Its minimum is at the same depth as the EC-
maximum. The pH ranges more than one pH unit from a surface high of
8.8 to 7.5 at 1.2 m,

The saturation percentage is generally high and varies between
48 and 547 after the s;rface .3 m., Except for the surface .6 m there

s

is Iittle NO3-N present.
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The major cations have similar profile .distributions. The Ca
and Mg peaks occur at the same depth of 1.2 m. The Ca has‘a sharp
peak and is stable for the next .6 m below; Mg has a similar shape
curve. The Ca and Mg levels of the profile are similar in magnitude.
The profile Na is by far the dominant cation with a peak at .9 m of
more than 200 meq/1l of the s;turated extract, -The Na peak occurs
above the Ca and Mg peaks. This suggests net water movement toward
the surface. Potassium distributiin is ;typical in that it has the
same éhape curve as the major cations.

" The changé of piezometric head at various depths with time is
shown in Figure III-I5.

The groundwater at this site was relatively deep. The water level
in the access tube was about 1.8 ﬁ the first summer and 2.2 m the
second. The piezometers did not seem to be responsive tolirrigation
or canal leakage . The piezometer data at this site suggest that the
aquifer supplying groundwater at this site'is about 3 m deép.

The accesé tube at this site was reinstalled at the beginning
of the second summer and again between the second and third sampling.
* This was due to tube damage from tillage. ' The last installation was
at the edge of the field (about 50 m from the original site).

Concentrations of groundwater constituents with time are shown in

Figures III-16, I7, and I8. The EC of the groundwater is about one-
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fourth of that of the profile just‘above the water table (compare

Fig. III-I3 and Fig. III-I6).

There is very little groundwater NO5 at this site which is con-
sistent with that in the soil profile. The pH of the groundwater is
higher than that of the profile. This is probably due to the lower
amount of salts present. Pptassium concentratibns seem to follow

changes in EC.

Groundwater averages of Na, Mg, and Ca are about one~third, one-

.

foufth, and one~-sixth, fespectively, of the soil profile immediately
above (Figs. III-I2 and I7). This results in a slightly lower
average groundwater SAR (19.6 vs. 25.8). The shapes of the major
cation curves for the three groundwater samples taken during the
latter part of the summer seem to be similar, The variation of the
early summer values between years could be due to leakage aroﬁnd

the access tube after installation. The dominant anion, by far, is

SO4.
The re;ative values of the major cations can be seen in Figure
III-I9. The percent Na is higher in the groundwater. Calcium and K
percentages are higher in the soil. Magnesium isn't as obvious but
seems to be lower in the soil.
The relative variation in percentages between soil and ground-

water cations can be compared by the vertical spread of data points

for a given year of the soil profile. The Ca and Na fractions are




N[5 PR .. "4 Judl L bobed ol

169

more variabie in the groundwater ;han in the soil whiie Mg and K have.
a similar range in both. The difference ianC.is apparenf ﬁ& them
distance between soil and groundwater values.

Summary statistics of groun@water and soil cations, cation
fractions, c?tion ratios, EC, and SAR are shown in Tables III-I1,
I2, and I3. An increase in groundwater'EC is associated with an
increase in Na. The major mean cation concentrations rgnk Na >> Mg > Ca
in both soil and groundwater. The EC of the groundwater is much less |
than that of the soil profiie. The Na fraction is extremely stable
throughout the profile and groundwater. The Ca/Mg ratio is twice as
high in the soil as groundwater. The ratio of Na/Mg is about the

same in both:

Summarz

This site has a heavy clay texture and is saline~sodic. The
profile EC peaks at 1.2 m. The major cation peaks occur with depth
in the order Na < Mg = Ca. Their mean concentrations of the profile-
and groundwater rank Na >> Mg > Ca. The groundwater is relatively

deep. The percent Na is very stable in the soil and groundwater.
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adjacent to groundwater access tube.
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dates approximately two weeks apart. The actual dates are those of Fig.
ITI-I5; the second date of 1975 is Julian day 224, the first date of 1976

is Julian day 207, etc.
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TABLE III-Il.

179

SUMMARY STATISTICS OF SOIL VARIABLES. 1/

Correlation o,
Coeff. w/EC Mean Std. Dev. Cv.
Na .986%% 143.7 - 67.3 46.8
Mg .965%% 23.3 12.8 54.9
Ca .956%% 22.7 8.85 38.9
K .981%% .787 .350 44.5
Cation Fraction
Na ~.331 .757 .0249 3.3
Mg .859% .111 .0369 33.2
Ca - 912%% ‘128 .0250 19.5
K ~.847% .00439 .000836  19.0
SAR .955%% 29.0 9.04 31.2
EC 12.6 5,59 44 .4
1/ N=6, r .. = .729, and r ., = .882.

99

|

|
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95

= ,549, and r

99

TABLE III-I2. SUMMARY STATISTICS OF GROUNDWATER VARIABLES. ;/-
Correlation’
Coeff. w/EC Mean Std. Dev. cv
Na .619% 47.0 24.5 58.3
Mg .390 6.99 3.40 48.6
Ca 204 4.71 4.00 84.9 ]
K .125 . 0466 .0118 25.3 o \
Cation Fraction _ .‘
Na 415 .793 .0803 10.1° | i
Mg -.336 .130 .0656 50.5 ‘
Ca -.371 .0765 .0298 38.9 S |
K -.564% .000958 .000416  43.4 o
|
SAR L7 31%% 19.6 6.51 33.2 i
EC 2.87 1.62 56.4 |
i
1/ N=10, r = .715.,




TABLE III-I3,
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SUMMARY STATISTICS OF CATION RATIOS, 1/

Correlation Coeff. w/EC

Mg Ca
Na .243 . 406
Ca| -.101
N =10
r.95 = ,549
r.99 = ,715

Correlation Coeff. w/EC

Mg Ca
Na -.930%*% ,792%
Ca| =~,975%%

N=26

¥ g5 = . 729

¥ g9 = . 882

GROUNDWATER

SOIL

Na
Ca

Na
Ca

Na
Ca '

Na
Ca

Mean

Mg

Ca

2.80

.655

Mg

13.4

Std. Dev.

Ca

3.03
.311

Mean

Mg

9.64

Ca

" 7.96

1.42

Mg

6.10

Std. Dev.

Ca

4,23
1.02

1.21

1/ The vertical numbers of the tables are numerators and the horizon-

tal numbers are denominators. For example, the mean Na/Ca value

is 13.4.
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Site J

Site Description

Site J is located close to the main canal on the eastern end of
the study area (Fig. I-3). The productivity is rated as poor. It
was in pasture for the duration of the study. There are visible sur~

face salt deposits at this site. This soil is saline-~sodic.

Soil-Groundwater Relationships

The soil has a heavy clay texture to 1.8 m (Fig. II1I-J1). Because
of this and the plasticity associated with this site, we were unéble
to sample below 1.2 m with the equipment available,

Th; distribution of soil variables with depth are shown in Figures
IT1-J2, J3, and J4. The EC of the soil profile reaches a peak at .6 m.
The pH of this site is low relative to the rest of the study area
(Fig. I1I-J2). The saturation percentage is high. The soil NOB-N is
low and constant with depth.

The major cation and SAR peaks are consistent with‘that of the

profile EC. The soil Mg is three times the concentration of Ca at

this site. The surface ammonium acetate extractable K is high. It

drops to half of this and is constant the rest of the profile.

The changes in piezometric head at various depths are shown in

Figure ITI-J5. The 3.3 and 4.6 m piezometer data do not closely
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follow canal actiﬁity. The 2.1 meter data does seem to be hydrau;ically
associated with main canal activation in the spring and terminatioﬁ
in the fall. The soil peak for EC and SAR indicate there is no net
movement of irrigation water beyond:.6 m. The texture alone (with a
favorable SAR) would severely restrict water movement.

Concentfations of groundwater conétituents with time'are shown
in Figures ITI-J6, J7, and J8. The groundwater EC at this site is
well below that of the soil. The first th?ee samples of 1955 are so
enormously high that it suggests leakage of irrigation water down the
side of the access tube., The other possibilities are a lateral source °
of groundwater with extremely variable salt céntent or contamination
of the_sample by irrigation water somehow entering the tube from the-
surface. The groundwater ion concentrations are much less than that
of the profile if the initial three samples are not con;idered. The
great difference in soil and groundwgfer salts suggest that the water
movement at this site is upward. The surface .3 m seem to be
relatively éepleted of salt from downward movement of irrigation water.

Cation fractions as a function of EC are shown.in Figure III-J9.
The percentages of individual cations are very stable throughout the
profile. Groundwater percentages are quite variable. Tﬂis is
especially true during lower salt c&ncentrations.

Summary statistics for groundwatef and soil variables are shown

in Tables III-J1, J2, and J3. The percentage of Na is extremely
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stable throughout the profile., The Na percentage in the groundwater
is stable also. The absolute values of the major catioms within £he
groundwater were variable and all were correlated with EC. The Na/Mg

ratio was almost constant while all others changed with changing EC

(Table III—JS).

Summary

This site has a heavy clay texture and is saline-sodic. Thé
productivity is poor. The major cations peak at .6 m. Their‘concen—
trations rank as Na >> Mg > Ca in both soil and grouﬁdwater. The

groundwater concentrations are well below those of the profile.

¥ T . .4 Lo,
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Fig. III-J1. Horizonation of soil profile at four sampling sites
adjacent to groundwater access tube.
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TABLE III-JI1.

194

SUMMARY STATISTICS OF SOIL VARIABLES. 1/

Correlation
Coeff. w/EC Mean Std. Dev. cv
Na .984% 20.1 61.9 30.8
Mg .994%% 79.7 29.6 37.1
Ca .098 25.2 2,82 11.2
K -.999%% 1.36 .116 8.5
Cation Fraction
Na .823 .652 .0102 1.6
Mg .981%* .253 .0302 11.9
Ca -.980 .0897 .0363 40.5
K -1.00%% .00498 .00251 50.4
SAR . 988%% 27.4 4.97 18.1
EC 19.4 4,23 21.8
1/ N=4, r = .886, and r g4 = .989.

.95
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TABLE III-J2.

SUMMARY STATISTICS OF GROUNDWATER VARIABLES. 1/

Correlation ‘ .
Coeff. w/EC Mean hStd. Dev. Cv
Na .998%%* 29.4 59.3 201.7
Mg . 1.00%% 4.25 © 8.58 201.9
Ca . 930% 2.40 '2.69 112.1
K .118 .128 ,0815 63.7
Cation Fraction
Na .491 .616 .223 36.2
Mg ~.249 .153 .0734 47.9
Ca -.585 .209 .138 66.0
K - -.576 .0217 .0180 82.9
SAR .955%% 10.6 14.3 134.9
EC 1.90 3.85 202.6
1/ =7, r = .669, and‘r ‘

.95

= ,833.
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TABLE III-J3. SUMMARY STATISTICS OF CATION RATIOS. 1/

Correlation Coeff. w/EC

Mg Ca
Na | .093 J867%%
Ca . 948%%
N=7
r.95 = _,669
T g9 = .833

Correlation Coeff. w/EC

Mg Ca
Na -.975% .951%
Ca -.985%
N =4
r.95 = ,886
r.99 = ,989

GROUNDWATER

SOIL

Na
Ca

Na
Ca

Na
Ca

Na
Ca

Mean
Mg Ca
6.04 6.48
1.31
Std. Dev.
Mg Ca
5.44 7.37
.458
Mean
Mg Ca
2.60 . 8.01
.373
Std. Dev.
Mg Ca
. 317 2.45
.213

Y

1/ The vertical numbers of the tables are numerators and the horizon-

tal numbers are denominators.

is 6.48,

For éxample, the mean Na/Ca value
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Site K

Site Description

This site is located on the eastern end of the study area close
to the River (Fig. I~3). The access tube is located in an alfalfa

field. The productivity is rated as good.

Soil~-Groundwater Relationships

The textural horizonation at this site consists of 1 m of loam
over sandy clay or sand. Gravel is encountered at about 1.5 m (Fig.
III-K1). Concentrations of selected soil chemical constituents are
shown in Figures III~K2, K3, and K4. The EC of the soil profile peaks
shérply at 1.2 m. The pH varies more than one unit and is minimum at

the EC maximum. There is ‘a small quantity of NO.,-N at the surface.

3
The saturation percentage is low and the mirror image of the profile
SAR.

Ca is the dominant cation of the soil profile. Magnesium‘and Ca
have sharp peaks at 12 m. Na generally increases with dépth. The SAR
also increases with depth except for the location of the Mg and Ca
peaks where it is somewhat depressed. The ammonium acetate extractable
K is'relatively.uniform below .3 m and not correlated with water sol-
uble K.

Changes in piezometric Head at various depths with time are sﬁown

in Figure III-K5. The piezometer data indicate that the 1.8 m depth
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responds to canal activity and during the irrigation season hgsvthe
highest piezbmetfic head., |

Concentrations of groundwater chemical variables-with'time are‘
shown in Figures ITI-K6, K7, and K8. The groundwater EC followed the
same pattern both.Summers although it was lower the second year.
Potassium coﬁcentraéioﬁ with time graphed as mirror images betweeﬂ
years, . ;

The cufvés of the major cations are similar in shape to that of
the EC. The groundwater Na is greater tﬁan that of the profile where;
as Mg and Ca are lesé. This results in an’average groundwater SAR
that is double that of the prbfile immediately above.

The major anion, as with all sifes,’is 504. There is very little
groundwater NO3-N at this site.

Cation fractions of soil and groundwater as a function of EC are
shown in Figure III-K9.

Percentages of individual cations vary less within the soil pro-
file, The groundwater samples with an EC less than .4 mmhos/cm have
quite variable cation percentages while those above this are stable.

Summary sta;iséics‘of groundwater gnd soll variables are shown in
Tables ITI-K1, K2, and K3. All major cations are associated with
increased EC of the groundwater. As the percent Na increases the EC
increases while other. cation percentages decrease., Cation mean con-

centrations rank Na > Ca > Mg in the groundwater and Ca > Na > Mg in
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the soil., This site is unique in having Ca as the most abundant soil
cation. Tﬁe‘EC of the profile is about twice that of the grouﬁdwafer.‘
The Ca/Mg ratios of the:soil and groundwater are high at this site.

Sodium ratios are much lower in the soil.

Summary

Textures at this site are sandy and the soil is shallow. The . o
productivity is good. The major cations peak with depth in the order
Ca = Mg < Na. Their mean concentrations rank Na > Ca > Mg in the

groundwater and Ca > Na > Mg in the soil.
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TABLE III-K1. SUMMARY STATISTICS OF SOIL VARIABLES. 1/

{Correlation '
Coaff. w/EC ~Mean Std. Dev. cv
Na 478 , 5,17 1.49 28.8
Mg L 974%% 3.32 1.80 54,2
ca L 962%% 10.2 6.42 62.9"
K 675 .265 - . 0665 25.1
‘Cation Fraction ‘ ‘
Na © -,592 - .293 .0899. 30.7
Mg .255 .173 .0209 12.1
Ca : .641 . .518 .0795 15.3
K -.818% .0150 .00393 ' 26.2
SAR -.247 2.11 .701 - 33.2
EC 1.19 .545 45.8
1/ N=6, T o5 = _729, and r.99 = ﬂ882.
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TABLE ITI-K2, SUMMARY STATISTICS OF GROUNDWATER VARIABLES. 1/
Correlation. .
Coeff. w/EC Mean Std. Dev. cv

Na .834%% 7.79 7.08 90.9
Mg . 920%% .892 .496 55.6
Ca .852%% 1.40 .805 57.5
K -.007 ,0408 .0197 48.3

Cation Fraction 5
Na .586% .635 .231 36.4
Mg -.564% 141 .0925 65.6
Ca -,581%* .213 .131 61.5
K -.579 . 0107 .0121 113.1
SAR . 649 6.67 5.51 82.6
EC .613 494 80.6

1l/ N=10, r = ,549, and r = ,715.
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TABLE ITI-K3. SUMMARY STATISTICS OF CATION RATIOS. l/
~ GROUNDWATER
Correlation Coeff. w/EC Mean
Mg Ca__ o Mg Ca
Na [ .503 .506 Na [ 7.79  5.08
Ca -.032 Ca 1.56
N =10 Std, Dev.
T g5 = .549 Mg Ca.
r =.,715 Na 6.09 4,12
-99 1_
Ca .299
SOIL
Correlation Coeff. w/EC ' Mean
Mg Ca Mg Ca
‘Na [ -.533 - ~-.504 Na [ 1.74 . .603
Ca .379 Ca | 3.00
N=6 Std. Dev.
r.gs 0729 . * Mg Ca
r g9 = -882 Na [T.672 301
Ca 473

tal numbers are denominators.

is 5.08.

;j The vertical numbers of the tables are numeratorsyand the horizon-,
For example, the mean Na/Ca value
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Streamline Discussion

In order to consider the groundwater flow of the area certain
assumptions must be made. It is assumed that the gravel layer is
continuous. In respect to waterftransmitting properties, the soils
of the area are very heterogeneous and anisotropic. The‘hydraulic
conductivity of the gravel aquifer is so much greafer than overlying
soil that it is assuﬁed most of the lateral water movement toward the
river is through this aquifer. The gravel layer acts as a semi-
confined aquifer. Since the thickness of the gravel aquifer is not
known, no atfempt will be made to quantify groundwater flow.

The groundwater flow parallels topography. The piezometric sur-
face of the study area for the gvavel aquifer is shown in Figure III-
5. The deepest piezometer at most sites is in contact with the gravel
aquifer. The sites where contact was not made are A, E, H, I, and J.

In most of these sites the coarser textures above the gravel were

‘penetrated so changes in the piezémetric head of the gravel aquifer

are reflected by these piezometers. Site H is the only site-thatlhad
an unrespbnsivé lower piezometer which rose during the entire study
period as it came into eduilibrium with the head at this depth. The"
assumption of penetration of coarse-textured strata above the gravel
is based on (1) unpublished Bureau of Reclamation depth-to-gravel map
(this also supports the gravel continuity assumption since the drill

logs used to comnstruct this map were much more numerous than those of




Fig. III-5, Piezometric surface of the study area on 10/15/76. Solid lines are lines of
equipotential (in meters above sea level) and dashed lines are streamlines.
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this study and gravel was encountered between 1 to 7 meters in all
cases), (2) the rapi& change in piezometric head with time suggest;
coarse textures, and (3) the resistance to piezometer insertion throuéh
coarse textures could be felt. In most sites there was little
difference in piezometric head with depth at a given site. This
suggests little vertical movement of groundwater.

The groundwater flow parallels tobography. Figure III-5 was
ﬁonstructed by plotting the piézometric head of the deepesf piezdméter
at each site. The piezometric heads are expressed in meters above .
sea levei. Equipotential lines were then drawn and streamlines were
constructed perpendicular to equipotential lines. The groundwater flow
is almost due north on the western end of the study but becomes almost
due east on the eastern end. The potential gradient decreases from
west to east (.ZSZ.in streamline ABCD to .15% in streamline HK),.
Streamline EFI has the highest potential gradient between sites E and
F and a much lower gradient the remainder, .36% and .167%, respectively.

Most sites fall on common streamlines. These-are labeled stream-
lines ABCD, EFI, and HK where the letters are previously established
site labels. Sites G and J did not fall on streémlines common to any
other site and are considered only as individual sites. The chemical
properties of the soil and groundwater of these streamlines are con-

sidered in. the following section.
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Streamline ABCD
Groundwaéer monito?ing sites A, B, C, and D are in the same
approximate streamline. According to piezometric surface mépé ground-
water flow is from site A-B—C—D; from the main canal to the Yellowstone
River. Gfoundwate; flow is almost due north, Figures III-6, 7, 8, 9,
and 10 show the distribution of ;ations_and SAR with depth in‘the
soil at sites A, B, C, and D. The small figures in the lower right

corner represent groundwater means for the two summers of the respec-

" tive cation in the soil -graph. :All concentrations are in

meq/liter.

Soil
, There are three obvious possibilities for the presgntldistribution
of salts in the soil profiles: (1) It is possible that the distribu-
tions are an expressi;n of salt concéntrations of the original alluvium
in which these soils have developed and the project has no£ changed

the original situation. Although this is a possibility, it is unlikely;
(2) Soil salts could have been leached along this streaﬁline and carried
toward the river where they entered "down streamline" soils duriﬁg
periods of upward séil water movement; or (3) The distribution could

be a sole function of leaching with no effect from upward movement

from the aquifer. It is probable that the salt distributions are
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the result of a combination of all three mechanisms and predominately
the latter two.

| Most soils of the study are developed on marine shale. Oniy the
sites close to the river have developed in different parent material.
In this streamline Site D is developed in Quaternary alluvium.

Since 1océl soil conditions that determine water movement within
the soil profile are a likely cause of salt distribution, they will be
discussed in more detail. | |

The depth to the water table is one factor that influences| the
movement of salts and water in the soil profile, The water table is

closer to the surface in the direction of the river (Table III-4).

Depending on local properties that determine pore sizes within the soil

profile'(texture,_structure, SAR, etc.), a critical depth to gréund—
water for a given site is reached where there is a net upwa;d m?vement
of water which tends to accumulate salts in the soil. Thus, aniupward
movement of water will result in inc?eased s0il salts above the water
table. During periods of irrigation or other conditions conducive to
dovnward movement of soil water the increased salts of the soil would
be leached in£o the groundwater. This could also occﬁr by diffusion

of salt if the concentration gradient moves salt downward faster than
it is being moved upward by water. Other factors being equal, the
higher watef table iﬁ the sites toward the river would ténd to increase

soil salts.
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TAﬁLE ITI-4, MEAN DEPTH TO THE WATER TABLE (ACCESS TUBE) EOR‘STREAﬁ—

LINES ABCD, EFI, AND HK. 1/ '

Depth to Depth to Depth to
Site Water Site Water Site Water
A 1.4 E 1.2 H .9
B 1.2 F 1.6 K .6
C .9 1 2.2
D .9

1/ Values are those of 1976 to minimize effect of erratic readings
assoclated with initial installation (equilibration time and
leakage around tube). All values are in meters.
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The dynamics of the soil-water system tend to, in many cases,
&etermine the depth in the soil profile where the maximum salt concen-
tration is found. The depth of maximum concentration of a given salt
will depend in part on its mobility which is determined by its solu-
bility and tendenéy for adsorption in a soil system., Tﬁe major anion
of the groundwater is su;fate with an aﬁpreciable amount of bicarbonafe
at the less saline sites. The solubility of the major cations in such
a system would be Na > Mg > Ca. It would seem that the positioﬁ of
the Na peak concentration in the profile relative to‘the Mg and Ca
peaks could be used to determine the direction of net water movement
in many cases; that is, the Na will be transported further by ﬁater .
movement.

At Site A the Na concentration increases with depth throughout
the entire soil profile. Magnesium peaks near mid-profile and Ca
peaks near the surface. It would seem that net leaching is occurring
at Site A. At Site B the Na and Mg peaks are at about 1.2 m. The Ca
again peaks near the surface, It appears that leaching'has occurred
to a more shallow depth than Site A. At Site G the Na feak is similar
to the Mg peak and is more shallow than Site B. The Na peak at Site'D
is just below the Mg.and Ca reaches a peak at about the same depth as
Site C. It appears that the depth of maximumrconcgntration of Na and

Mg is related to the depth'to the water table in this.streamline.

Ll il Lo .l
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Let us now consider the soil variables individually. The Na con~-
centrations of soil and groun&water are shown in Figure III-6. Ali
sites have simillar surface concentrations of Na. Profile Na increases
in the direction of the river. The Na concentration of Sites A, B, and
C converge at 1.5 m but diverge again below the water table. If the
small graph of the Na groundwater means is compared to the level of Na
at the deepest point in the soil profile,‘it can be seen that the four
sites rank in the same order for soil and groundwater Na levels (B > C
> A > D). Upper soil profile concentrations of Na seem to be inde«--
pendent of groundwater concentrations.

Streamline Mg vaiues are shown in Figure III-7. The profile Mg
behaves similar to Na. As with Na, the surface concentrations are
similar for all sites. The Mg concentrations of the upper profile
increase in the direction of the river. The Mg peaks in the profile
are nearer the surface than those &f Na in the profile. The peaks are
larger, sharper and closer to the surface in the direction of the riv;r.
The sharp peak at Site A at 1.2 m is associated with a sand layer.
Although upper profile concentrations‘of Mg are different, they seem to
approach a common lesser concentration with depth in Sites A, B, and C.

Calcium concentrations are shown in Figure III-8, The profile Ca
decreases in the direction of the river with the exception of Site D.
The first three sites are highest at the surface an& decrease with

depth. Site D has developed in different pareﬁt material (Quaternary

!
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The large graph shows the distribution of Mg with depth of the soil profiles

of streamline ABCD. The concentrations are in meq/l of the saturated extract.

The small graph shows the 2-year groundwater means for the streamline sites.
The concentrations are in meq/l. The horizontal axis shows the relative
positions of sites along the streamline from the main irrigation canal to
the Yellowstone River.
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The large graph shows the distribution of Ca with depth of the soil profiles

of streamline ABCD.
The small graph shows the 2-year
The concentrations are in meq/l.

The concentrations are in meq/l of the saturated extract.

groundwater means for the streamline sites.
The horizontal axis shows the relative

positions of sites along the streamline from the main irrigation canal to

the Yellowstone River.
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alluvium) which might be the reason for differences in profile concen-
trations.
The K concentrations are shown in Figure III-9. Surface concen-
trations of K decrease in the direction of the riverlbut the lower pro-
file concentrations are similar in magnitude. Site D does not have a

typical distribution of K for this part of the study area. Typically

K concentrations are high at the surface and decrease with depth. The

»

lower profile concentration of K at Site B is clearly higher than the
other three sites. This ié also true of the groundwater means sugges-
ting that groundwater concentrations of K are dependent on profile
levels.

. The SAR of streamline ABCD soil and groundwater are shown in Fig,
IIT-10. The soil SAR curves are simiiar to those of Na. Both soil and
groundwater SAR increase in the direction of the river. This suggests
that Na is becoming higher in relative concentration in both the soil
and groundwater "down streamline." The soils of the area are predomi-
nately heavy textured with expanding type clays. Problems of permea-~
bility due to dispersion of clays at Sites C and D would be expected at

\

the 1 m depth.

Groundwater

The groundwater concentrations of Ca generally increase in the
direction of the river. The groundwater concentrations have a reverse

gradient to that of the soil profile. This suggests that the ground-
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The large graph shows the distribution of K with depth of the soil profiles of
streamline ABCD. The concentrations are in meq/l of the saturated extract.
The small graph shows the 2-year groundwater means for the streamline sites.
The concentrations are in meq/l. The horizontal axis shows the relative
positions of sites along the streamline from the main irrigation canal to

the Yellowstone River.
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Fig. III-10. The large graph shows the distribution of SAR with depth of the soil profiles
of streamline ABCD. The small graph shows the 2-year groundwater means for
the streamline sites. The horizontal axis shows the relative positions of
sites along the streamline from the main irrigation canal to the Yellowstone River.
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water Ca becomes more concentrated as a function of horizontal accumula-
tion in the direction of the river,

The concentrations of Na, Mg, and Ca of the groundwater are similar
in magnitude to that of the soil profile close to the water table for
Sites A, B, and C. Groundwater concentrations at Site D are much less
than that of the profile. This suggests that the critical depth to
the water table has been reached which allows net movement of water

toward the surface increasing the level of profile salt.

Summary

The soil Na, SAR, and Mg increase in the direction of the river.
Also, the peaks are closer éo the surface as is the water table. Soil
concentrations of calcium decrease in the diréction of the river. Site
D is anomalous in its Ca and K distribution. The surface K also
decréases in the direction of the river.

The groundwater concentrations of Ca increased in the direction
of the river which is the reverse of soil concentrations. This suggests
that the groundwater concentrations are dependent on the 1ocat16n within
the streamline and not préfile concentrations. The Na, Mg, and K
concentrations are similar in the lower soil profile and groundwater.
The Na and Mg of the groundwater follow similar trends within the |
streamline. This is consistent with thefr relative mobility within a

soil-water system.

'
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The increased SAR "down streamline" is reaching levels which

would adversely affect the structure of clay soils.
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Streamline EFI
Streamline EFI is located in the middle of the study area (Fig.
III-5). This is the transition zone where the groundwater flow
changes from north to east. Tﬁe salt of both the soil and groundwater

increases in the direction of the river.

Soil

The distribution of cations and SAR with depth of the three sites
contained in this streamline and the groundwater means for those sites
are shown in Figures III-11, 12, 13, 14, anq 15. The surface concen~
trations of each of the major cations are similar at all sites. The

Na, Mg, and Ca increase in both the soil and groundwater in the direc-

" tion of the river. The water table at all sites is deep and increases

in depth in the direction of the river (Table ITI-5).

‘ Soil profile sodium distribution aﬁd groundwater concentrations
are shown in Figure III-11. The position within the profile of the
Na peaks of Sites E and F are consistent with water table levels. As
the water becomes deeper so does the Na peak. Site I is a saline-~
sodic soil. The water table is deeper than the other two sites but the
Na peak is about the same depth or higher in the profile, This would
suggest that the depth of the water table is not a major influence on

soll water and salt movement at Site I.
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The large graph shows the distribution of Na with depth of the soil profiles
of streamline EFI. The concentrations are in meq/1l of the saturated extract.
The small graph shows the 2-year groundwater means for the streamline sites.

The concentrations are in meq/l. The horizontal axis shows the relative
positions of sites along the streamline from the main irrigation canal to
the Yellowstone River.
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The Mg concentrations of this streamline are shown in Figure iII—
12. The Mg peak of Site I is below that of Na whereas those of E and F
are equal or above the Na peak suggestiné that net water movement of
Site I is upward. This secems to be responsible for the excessive level
of salts, especially Na and Mg, in this ﬁrofile.

The Ca concentrations of soil and groundwaéer are shown in Figure
III-13. The Ca peaks of F and I are equal in both concentration and
profile location. Their peaks are both deeper than Site F. The simi-
larity of the Ca distribution at Sites F and I is striking. The rela-
tive concentrations of Na and Mg are very different. There seems to be
several possibilities to explain this. It would seem that the Ca con-
centrations are a result of some pre-existing mechanism of deposition
whereas the more mobile cations are a function of soil water movement

within the profile. The contrast between Sites F and I could be the

result of a cultural change. A stand of well-establisﬁed alfalfa is

being grown at Site F. This has regulted in well-developed soil struc—
ture which would greatly enhance permeability. It is possible that at
some previous time Sites F and I had similar salt concentrations but the
improved pérmeability at Site F has resulted in leached salés.,

The K concentrations of soil and groundwater are shown in Figure
ITI-14. Potassium distribution in the soil proéile is different at

each site. The potassium concentration at Site E is highest at
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The large graph shows the distribution of Mg with depth of the soil profiles
of streamline EFI. The concentrations are in meq/1 of the saturated extract.
The small graph shows the 2-year groundwater means for the streamline sites.
The concentrations are in meq/l. The horizontal axis shows the relative
positions of sites along the streamline from the main irrigation canal to
the Yellowstone River.
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the surface. This is true in the gfoundwater also. The distribution
at Site I follows that of the other cations.

The SAR of both the soil and water increase in the direction of
the river (Fig. III-15)., The SAR of the lower profile and groundvater
are similar in magnitude. The large bulge at about 1 m at Site I
suggests that this is the point of equilibrium between upward and
downward water movement, The SAR at Site I’with its heavy clay texture
would severely restrict water movement. Because of this, it seems
that diffusion of salts would be a viable possibility to explain ele-
vated groundwater salt concentrations at Site I. The SAR at Sites E

and F would not be detrimental.

Groundwater

The relative concentrations of the major cations of'the lower soil
profile and groundwater are similar. The salt increases in concentra-
tion in the dzrection of the river in both groundwater and soil.
Potassium levels of the groundwater seem to'be associated with upper

\

profile concentrations,

Summary

The salt and SAR of both the groundwater and soil increase innfhe
direction of the river. The water table is relatively deep at all

sites within the streamline and increases ih depth toward the river.n
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Fig. III-15,. The large graph shows the distribution of SAR with depth of the soil profiles
of streamline EFI. The small graph shows the 2-year groundwater means for
the streamline sites. The horizontal axis shows the relative positions of
sites along the streamline from the main irrigation canal to the Yellowstone
River.
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The profile concentrations of the more mobile cations seem to be depend-
ent on permeability due to soil structure, textural horizonation, and
SAR. The relative positions of profile peaks seem to be dependent

on the dominant &irection of soil water movement.
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Streamline HK
Streamline HK is located on the eastern-end of the study area

(Fig. III-5). The groundwater flow is edst, almost parallel to the

canal and river.

The concentration of cations and SAR of the soil and groundwater
is shown in Figures III-16, 17, 18, 19, and 20.- All soil and ground-
water constituents considered are higher at Site H.

Soil and groundwater Na éoncentrations are shown in Figure III-16.
The sodium of the groundwater at each site is higher than anywhere in
the soil profile. This and the increase with depth of Na suggest net
leaching at both sites. -

Soil and groundwafer Mg and Ca are shown in Figures III-17 & 18,
respéctively. The soil Mg and Ca peaks are at the same depth but the
Ca peaks are larger than Mg at each site. The peaks are'slightly deeper
at Site K. Consilstent with the lower mobility of Mg and Ca in a soil
system the groundwater concentrations are less than the soil profiles.
The relative positions of cation peaks support net leaching.

The potassium distribution of the soil profiles are atypiéal (Fig.
III-19). Typically K is high at the surface and decreases with depth.
At Site K the potassium peak corresponds with Mg and Ca peaks. At
Site H the potassium varies little with depth. Groundwater concentra-

tions are consistent with soil levels.
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The large graph shows the distribution of Na with depth of the soil profiles
of streamline HK. The concentrations are in meq/l of the saturated extract.
The small graph shows the 2-year groundwater means for the streamline sites.
The concentrations are in meq/l. The horizontal axis shows the relative
positions of sites along the streamline from the main irrigation canal to
the Yellowstone River.
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The large graph shows the distribution of Mg with depth of the soil profiles
of streamline HK. The concentrations are in meq/l of the saturated extract.
The small graph shows the 2-year groundwater means for the streamline sites.
The concentrations are in meq/l. The horizontal axis shows the relative
positions of sites along the streamline from the main irrigation canal to
the Yellowstone River.
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The large graph shows the distribution of Ca with depth of the soil profiles
of streamline HK. The concentrations are in meq/l1 of the saturated extract.
The small graph shows the 2-year groundwater means for the streamline sites.
The concentrations are in meq/l. The horizontal axis shows the relative

positions of sites along the streamline from the main irrigation canal
to the Yellowstone River.
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The large graph shows the distribution of K with depth of the soil profiles

of streamline HK. The concentrations are in meq/l of the saturated extract.
The small graph shows the 2-year groundwater means for the streamline sites.

The concentrations are in meq/l. The horizontal axis shows the relative
positions of sites along the streamline from the main irrigation canal to
the Yellowstone River.

T%C




2C0
D 154
b
H

1CQ
k

5C.

Fig. III-20.

.+.'..4.0..’..Q‘+.'.".-C.Q...I’....’...x*... ."-..*....’....

: A

+ K H +

3 k/ P/ 2

RS o :

. K H .

J / / .

2 K .

+ / /
=K >
:.* x.'*..‘.’....*.... ‘...*....+...."QO..*....+....+....‘...':
2250 3.750 250 el ol S Yel50

1.500 3.006G0 4.500 o000 7 500 3.000

....-‘...Q*....’....’.‘

SAR Y =

PR F | +

9 ¢ :

. K o

..‘..,....’...,.’.‘._.’.Y
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The SAR values of soil and groundwater of streamline HK are shown
in Figure III-20. The SAR of the groundwater is greater than the pro-
file at both sites. This is the result of elevated concentrations of
Na., The lowest SAR of the profile at Site H is marginal for the.heavy
textured soil with a high proportion Qf expanding clays at this sige
An SAR of this magnitude can disperse the clay enough to cause permea-
bility to be severely reduced.

The coarse texture and low SAR at Site K allows for more leaching
of soil salts. This is supported by little variation in profile Na
concentration and Ca and Mg peaks that occur at a deeper depth than
Site H. This could account for the lower groundwater concentration
of salts at K, and even ghough it is "down streamline," could be the
effect of dilution from irrigation water leached through a soil pro-
file which ié relatively low in salts and very permeable. Another
possibility 1s that Sites H and K are hydraulically isolated from omne
. another. The‘aécess tube at K is in contact with the.gravel layer
whereas Site H groundwater samples represent only water that has
passed through the soil at the 1ower.dep£hs above the‘gravel.

The surface hydrology in this area is irregular. The general
flow is east but the topography is géntlg and the drainage pattern
irregular. The potential gradient of the groundwater is small.

The monitoring stations in this part of the study could ;ell belestab-

lished in an isolated or non-typical area.
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Summary .

The Na of the groundwater is higher than that of‘the soil sugges-
ting net leaching. The Ca and Mg peaks afe prominent. Potassium ‘
distribution is atypical and groundwater levels are correlated with
soll concentrations. The SAR of the groundwater is higher than that
of the soil profile.

The salts of the soi; and groundwater are distributed in a reverse
concent;ation gradient becoming more concentrated at the canal. This

could be a function of soil influences on groundﬁater at both sites

or anomalies in groundwater flow.
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Summary of Streamline Soll and droundwater Quality
Soil and groundwater means for stfeamlines are shown 1in Table
III-5. The groundwater mean cation concentrations and SAR of the

streamlines increase from west to east., The maximum soil concentra-

tions of sodium and magnesium are found:in streamline EFI. The water

table'is relatively deep and tbé‘textures are heavy in this stream-
line. The soil Ca maximum is found in streamline HK. The ground-
water K decreases from west to east although the peak soll concentra-
tion is in the middle streamline (EFI) aﬁd groundwater concentrations
seem to be independent of soi; concentrations. Potassium of the
groundwater is distributed in a reverse Fradient to the major catioms.
In general, the salts and SAR éf the groundwater increase within
streamlines in the direction of the river and between streamlines from
west to east (down river). The salt is leached from the soil along
the length of a given streamline and' is accumulated "down streamline.”
The increased concentrétions of salt may then enter the soils above
the saturated zone at lower streamline positions. This accounts for
soils hajing more salt as the river is approached within a given stream-

line. In some cases the distribution of soil salts seems to be

dependent on local soil properties.




TABLE ITII-S5.

246

SOIL AND GROUNDWATER MEANS FOR STREAMLINES, 1/

Streamline Means (Soil/Groundwater)

Streamline Na Mg Ca K 'SAR
ABCD 12.5 3.79 5.95 .38 5.30
8.50 2.72 1.75 .0813 4,72

EFI 53.5 10.7 14,2 .57 11.7
19.7 4.13 3.62 .064 9.0

HK 18.0 9.07 16.6 .40 k.5

‘ 39.0 .8.80 6.10 . 0455 12.5

saturated extracts.

1/ ..Cation concentrations are in meq/1.

Soil values are those of the
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Discussion of Study Summary Statistics

.S0il Cation and Cation Fractionms

The'summary statistics of concentrations of cations and cation
fractions of the soil are shown in Table III-6. The first coiumn con~
tains correlation coefficients with EC. Absolute values of the cations
considered have a significant positive correlation with EC. The means
reveal that Na is the dominant cation of the soil, Calcium and Mg
are about equal and about one-third the concentration of Na. The CVs
of the Na and Mg concentrations are well above 100. The variation in
concentrations across the study area of these two cations is large.
The variation of Ca and K is léss than half that of Na and Mg.

The cation fractions are summarized in the middle section of
Table III-6. The fraction of Na increased significantly as EC
increased whereas Ca and K fractions decreased. The Mg fraction was °
not correlated with EC., About half of the cation total is Na, one-
third Ca, and one-fifth Mg, Cation fractions of the major cations
are less variable than absolute concentrations.

The SAR of the study area increased with EC. The standard devia-
tion of the SAR and EC is larger than thé mean. The mean EC is above
four and would be classified saline. The SAR of 8.42 is equivalent to

an exchangeaEle sodium percentage (ESP) of about 10 accorﬁing to the
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TABLE III-6. SUMMARY STATISTICS OF SOIL CATION CONCENTRATIONS (MEQ/L)
OF SATURATED EXTRACT) AND CATION FRACTIONS.

Correlation Standard
with EC Mean Deviation ‘ Ccv
| Na . 981%% 37.8  6b.b 170
Mg .909%% 11.7. ' 20.8 178
Ca .688%% 12.0 10.0 83
K .632%% 0.52 0.385 74 .
Cation Fractions
Na . 514%% 0.48 0.186 38
Mg .024 0.18 0.072 40
Ca —.534%% 0.32 0.164 51
K ~.390%% 0.02 0.025 125
SAR .926%x 8.42 9,83 117
EC . 4,15 5,73 138
N = 61
= &
A r.95 214

= &k
¥ 99 .300
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relationship established by the Salinity Laboratory Staff (1954). This
is approaghing the sodic classification of 15 ESP,

The summary. statistics of the groundwater ion concentrations and
ion fractioms ére shown in Table III~7. The félationship of cation
concentrations and cation fractions with EC are shown by their correla-
tion coefficients. Iﬁcreases iﬁ concentrations of the three major
cations were responéible for increases In EC. However, the percentage
of Mg, Ca, and K decreased with increasing EC, This is supported by
an increase in SAR wi;h increasing EC. 'V

The mean values of cations show.Na to be the dqminant cation with
. Mg and Ca similar in concentratioq. The CVs of all cations are above
100. Sodium makes up well over half of the total cations present.
Magnesium and calcium are both about one-fifth of the total. The per-
cent Na has the least amount of variation and generally the cation
fractions are less variable than absolute values., R

The SAR and EC standard deviations are larger than the means. ,The
groundwater SAR is similar in magnitude to that of the soil. However,
the soil EC is three times that of the groundwater.

The summary statistics of groundwater anions are shown in Table
III-7. Sulfateuwas correlated with changes in EC. It is by far the
dominant anion. Bicarbonate is found in moderate quantities. Nitrate

and Cl exist in small concentrations, The variation of all anions is

high (standard deviations 1érgerkthan means) .
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SUMMARY STATISTICS OF GROUNDWATER IONS (MEQ/L) AND ION
FRACTIONS.

3]
|

= 0328

Correlation Standard
with EC Mean Deviation Ccv
Cations
Na f942** 1715 29-1 166
Mg . 782%% 4.15 5.22 125
Ca . 546%% 3.24 3.46 107
K - -.045 0.081 0.089 110
Cation Fractions
Na 455%% 0.57 21.4 37
Mg —. 340%% 0.22 11.0 50
Ca -.396%*% 0.20 14.0 70
K ~.345%% 0.01 0.0136 136
SAR .873%% 7.81 8.17 104
EC 1.37 1.83 133
N = 104
r.95 .165
r.99 = 2,32
Anions
SO4 . 850%% 21.4 29.2 136
HCO3 ?143 3.10 3.64 117
NO3 -.137 0.41 0.49 119
Ccl .=.059 0.32 0.47 146
Anion Fractions
SO_4 . 578%% 0.68 0.28 41
'Hco3 ~.507%% 0.26 0.24 92
.N03 -, 463%%* 0.04 0.06 150
c1 - 271% 0.03 0.05 167
N = 56
r.95 = ,235
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The SO4 frgction is about two-thirds and bicarbonate makes up about
a fourth of the total anion concentration. The sulfate fraction was
the least variable. As the total concentration of salts increases, so
does the percentage of 504'whereas the other three anion fractioms
decrease. The groundwater below the three saline sites (H, I, and J)

" had a sulfate fraction ongreater than .90. The dominant electrolyte
at the saline sites is Na2504. Appreciable bicarbonate (anion fraction.
>.50) was found only in’the 1es$ saline sites. This could be due to

. the following reaction: Cas0, +'Na2003 * Na,50, + CaCO5¥. Regreséion
lines and data point distributions are shown in Appendii Figures

8-11.

The proportional makeup of the canal water, groundwafer and soil
are shown in Table III-8. It is apparent that the level of salt ranks
soil >> groundwater >> canal water. The percentage of cations fér the
soil groundwater and canal show that: (1) sbdiuﬁ is clearly the
dominant cation of the soll and groundwater an& has a higher percentage
in the groundwater; (2) the major cation pércentagesof the canal water
are similar in size with Ca being slightly higher; and (3) the Ca
percentage is higher in the soil than groundwater whereas the reverse
is tfue of Mg. 7
The summary statistics of cation ratiés are shown in Table III-9,

The mean ratios of Ca/Mg show that Ca is about equal to Mg in the

groundwater whereas Ca is twice the concentration of Mg in the soil.
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CANAL, SOIL, AND GROUNDWATER CATION PROPORTIONS.

Na

) Mg Ca ’K
Absolute values meq/1:
Canal 63 .50 .67 .02
Groundwater 16.2 3.9 . 3.1 .08
Soil (saturated ' 37.8 11.7 12.0 .52
extract)
Cation fractions
Cangl .33 .27 .38 .01
Groundwater .56 .22 .21 .01
Soil .48 .18 .32 .02
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TABLE III-9. GROUNDWATER AND SOIL CATION RATIOS FOR ALL SITES. 1/

GROUNDWATER 1975 & 1976

Correlation Coeff. w/EC Mean '
Mg Ca . Mg Ca
Na «294%% LA41%% ' Na 4.06 6.32
Ca |~.221% ' ' ca |1.01
N = 104 . Standard Deviation
T g5 = .165 . ' Mg Ca
L = ,232 Na 3.59 7.08
! Ca .718
SOIL
Correlation Coeff. w/EC : Mean
) Mg Ca ‘ Mg Ca
Na .141 .706%% Na 3.39 2.65
Ca | —.441%%  Ca 1.98 \
' . N = 61 Standard Deviation
} A ‘ r.95 = ,214 ' Mg Ca
\ - C
| r g9 .300 Na 3.09 2.70
Ca 1 1.17

1/ The vertical numbers of the tables are numerators and the horizon-
tal numbers are denominators. For example: The mean of the
~ groundwater ratio for Na/Ca is 6.32.
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Sodium ratios are higher in the groundwater. These ratios illustrate
the reiative mobility of the major cations in a soil system. Sodium

is the most mobile and Ca the least. The cation ratios of all sites
and EC for the groundwater and soil at individual sites are .shown in
Table III-10. Groundwater at site A is not typical of the less saline
sites in tﬁat it has elevated relative levels of sodium. The ground-
water ratios at site A are similar to those of site I although site I
has more than three times the EC. Site I has a high relative abundance
of Na within the soil profilé,as evidenced by high Na ratios. The
godium ratios at site A are lower. This seems to suggest an outside
source of groundwater Na at site A. Site B is the only site with all
cation ratios near one. This is similar to those of the canal water.
Site J and I contrast in that site J has the greatest difference in
soil and groundwater salts. Site H has about thg same level of salt
in both. This suggests substantial leaching at site H and almost total
upward flux of salt ‘at J which is the most saline site. This is also
supported by the high relative levels of Na and Mg of the soil at

site J which are the most mobile of the cations (it has the highest

Na/Ca ratio and the lowest Ca/Mg ratio).




255

TABLE III-10. MEAN CATION RATIOS AND ELECTRICAIL CONDUCTIVITY FOR
SOIL AND GROUNDWATER OF INDIVIDUAL SITES.
Groundwater X Soil
Site Mean cation ratios Mean EC Mean-cation ratios Mean EC
Mg Ca Mg Ca
A Na 4.69 14.5 (.860) Na 3.11 .990 (.860)
Ca 451 Ca 3.28
B . 951 1.29 (1.05) 2.88 1.56 (1.1)
.844 1.87 :
c 2.67 5.84 (.539) 4.15 5.28 (1.3)
.566 .957 '
D 4.60 . 8.94 (1.35) 3.75 2.44 (3.9)
.781 . 1.60
E 927 1.33  (.439) 1.13  1.62 (.88)
: .969 . 906 .
F . 4,03 4,64 (1.14) 2.76 1.12 (3.2)
1.70 . 2.80
G 1.72 1.17 (.853) 5.38 1.64 (1.5)
1 1.57 3.63
A
H . 4.26 6.44 (4.46) 1.99 1.29 - (4.4)
.764 1.53
I 7.30 13.4 (2.87) 7.96 6.10 (13)
.655 1.42
J 6.04 6.48 (1.90) 2.60 8.01 (19)
1.31 .373
K 7.79 5.08 (.613) 1.74 .603 (1.2)
1.56 3.00
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Contour Maps of Salt Distribution

Groundwater N

Contour maps facilitate analysis of spacial distribution of salts.
Groundwater contours are plotted on Figures III-21 and 22 for EC and
SAR, respectively. The limited number of sites makes it difficult to
construct detailed maps but general trends are apparent. The salt and
SAR are highest in the eastern part of the study. The distribution of
Na, Mg, and Ca of the groundwater 1s similar to the EC distribution.
The EC and SAR contours are similar which supports the positive corre-

lation of EC with Na.

Soil

i

The soil contour maps of EC and SAR are shown in Figures III-23
and 24, respectively. The soil salts and SAR are generally higher in
the eastern part of the study. The similarity of the two maps show
the relationship between SAR and EC.' As with groundwater values the
cation cdncentrétions have a ﬁositive correlation with EC. The SAR and
EC increase from the canal to the river and also down river. Soil Na
and Mg ‘are distributed similar to the EC map of Figure III-23. The

, .
soil Ca distribution 1s shown in Figurg ITI-25, The calcium is more
evenly distributed ove£ a larger area. than Na and Mg which afe higher

at sites I and J.




Figure III-21.

interval = 1 mmho/cm

Spacial distribution of mean groundwater electrical conductivity (mmhos/cm)
for the two year study period.
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Figure III-22.

interval = 4

Spacial distribution of mean groundwater sodium adsorption ratios for
the two year study period.
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Figure III-23.
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Spacial distribution of mean soil electrical conductivity (of saturated
extract in mmhos/cm).
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Figure III-24.

Interval = 5

Spacial distribution of mean soil sodium adsorption ratios.
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Figure III-25.
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Spacial distribution of mean soil Ca concentrations (of saturated
extract in meq/1).
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Potentiometric Change

The change in piezometric head over time can be used to determine
the local effects of discharge and recharge of an aquifer. Changes in

piezometric head can be caused by changes in barometric pressure,

.dgformation of aquifers, and changes in groundwater storage. Changes

in groundwater storage are usually responsiblé for large changes in
plezometric head.

Changes in piezometric head within the study area during the
summer are mainly due to irrigation activity (canal seepage and irriga-
tion). These changes are superimpoéed on natural background changes
due to seasonal fluctuations. Yearly trends are'shown in the individual
site discussions. Geﬂerally the piezometric head maximum is during
early summer and the minimum in mid-winter.

The piezometric change over the study area during selected time
intervals is shown in Figures III-26 through III-30. The time inter-
vals of the first two figures (I11-26 and III-27) are during canal
water termination in the fall of 1975 and 1976, respectively. It
takes from two to three days for the water to drain out of the canal
after terminating flow at the point where it is diverted from the
Yellowstone River. This 1s why during canal termination in 1975 when
the canal was turned off on October 1, the interval for potentiometric

change did not register in the piezometers until October 3, 1976 (Fig.




Interval of Change = 09/11/75-10/31/75
Canal turned off 10/09/75

€92

Figure ITI-26. Potentiometric change during canal water termination, fall of 1975 (values
are in cm). The piezometers at site A were destroyed by tillage operationms.
Data for 10/31/75 are missing for site H. The pieziometric head at site K
was below all piezometers on both dates.




Figure III-27.

Interval of Change = 10/03/76-10/15/76
Canal turned off 10/01/76

Potentiometric change during canal water termination, fall of 1976 (values
are in cm). Site D had a trace of water in the piezometer on 10/03/76 and

more on 10/15/76. Site A did not have water in the deepest piezometer
on 10/03/76.

%92
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IIT-27). 1In some instances head measurements were only possible on one

of the two dates of the time interval under consideration because the
piezometric head féll belbw the depth sampled by the deepest piezometer
of the nest at that particular site. In this case a "greater than'

sign appears in front of the change value. If, for various reasons,
piezometer readings are unavailable for either date of the cﬂange inter-
val, a questionrmark appears at the site concerned.

Both figures with time intervals during canal termination generally
show a drop in piezometric head. This would seem to indicate that the
drop is due to the curtailment of canal leakage and percolated irriga-
tion water entering the groundwater. éite A does seem to follow the
trend of most sites. Ihe changes in piezometric head at Site A seems
to be associated with an aquifer that is, in part, isolated from the
main gravel aquiver underlying the study. ‘Piezometric changes in the
eastern half of the study are of limited value in assessing canal
leakage because ;f lack of good connection with the gravel aquifer:
and responsiveness in the heavier textures of this area. Site E seems
to be bighly responsive to canal activity.

In order to assesé the background change in head due to seasonally
induced changes in groundwater flux, time intervals from after canal
termination in the fall to mid~winter and from mid-winter to before
canal initiation in the spring-were plottéd. These are show in

Figures III-28 and III-29. The potentiometric change in the spring




Figure III-28.

Interval of Change = 10/15/76-02/23/77

Potentiometric change from fall to mid-winter (valus are in cn)is At sitelD
the depth of the piezometer in contact with the gravel was above the saturated
zone both dates. The piezometers at site K were destroyed by tilling opera-
tions. The sites with greater than (>) had pieziometric heads below the
deepest piezometer at one date.

99¢




Figure III-29.

Ie +2.5

Interval of Change = 02/23/77-04/25/77

L92

Potentiometric change from mid-winter to spring (values are in cm). - At 'site D
the depth of the piezometer in contact with the gravel was above the saturated
zone at both dates. The piezometers at site K were destroyed by tilling opera-
tions. The sites with greater than (>) had pieziometric heads below the

deepest piezometer at one date.
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is éenerally positive and in the féll negative: This is independent
of ;anal activity since the canal was inactive during these periods.
Figure III-30 shows changes in piezometric head during canal

activation in the spring of 1977. Generally the change is positife,

In some cases the change in this relatively short period (about 2 1/2
weeks) is almost as great or greater than that due to seasonal changes
of the preceding three months. This would seem to indicate that tﬁe
rpaid change during the canal activation period is due to canal leakage

and/or irrigation.

Summary
The piezometric changé maps show a seasonally induced change in
head. The maximum is in early summer and the minimum in mid-winter.
The rate of change of piezometric head is highest during activation
of the canal in the spring and deactivation in the fall. This is due

to canal leakage and/or irrigation.




G e>+127

Ie+10
Jet2

D ®>+36

C *+109

Be +41

Interval of Change = 04/25/77-05/12/77

Canal turned on 04/26/77
A®* O

69¢

Figure ITI-30. Potentiometric change during canal initiation, spring 1977 (values are in cm).
The piezometers at site K were destroyed by tilling operations. The sites

with greater than (>) had pieziometric heads below the deepest piezometer
at one date.
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CHAPTER IV

SUMMARY AND CONCLUSIONS

Individual Sites
The contrast between salt concentrations (saturated soil extract)

above the saturated zone and in the unsaturated suggest the

.direction of net salt flux between the two. Generally, clay

textured sites have higher salt eoncentrations above the saturated
zone while the sandy loam to loaﬁ sites have higher salt concentra-
tions in the groundwater. This sﬁggests movement of salt from
groundwater to soil in fine textured profiies and the reverse in
coarse profiles. .
Textural and structural boundaries in a given profile are associ-:
ated with abrupt changes in ion concentrations. This is evidence
of‘net salt flux dependency on local site profile horizonation.
The dépthvto groundwater affects the direction of salt movement
through the profile. When the depth is sufficiently shallow to
allow surface evaporation of the capillary fringe an upwérd net
salt flux results. This is, of course, dependent also on texture.
The sequence of occurrence of maximum concentration of the various
cations, vertically, in the soil profile in most cases agrees with
their relative mobilities and assumed direction of net water flux.

Generally, Na, and to a lesser degree Mg, are responsible for

temporal changes in groundwater EC.
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Streamlines

The cation concentrations of‘soil and groundwater increase toward
the river within streamlines, Concentrations also increase améng
streamlines from high to low water potential, The depth to groundwater
is less as the river is approached within a given streamline. All
sites in"closé proximity to the Yellowstone River have groundﬁater
shallow enough to permit salt acéumulation in the upper préfile. The
time réquired for groundwater to move from the cénél to the Yellowstone

River 1s estimated to vary from 1.1 to 6.1 years from west to east

within the streamline defined.

Potentiometric Change

The piezometric change is seasonally induced being negati&e in
thé fall and positive in the spring. The réte of change of pilezometric
head is highest duriné activation of the canal in‘the‘spring an&
deactivation in the fall. This is due to canal leakage and/or‘éo a

lesser extent to irrigation.
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Appendix Figure 1.

L 50
Main Canal

08¢

Appendix ID vs. text ID for groundwater monitoring stations. Groundwater
monitoring sites are located on four north-south transects numbered

from 1 to 4 from west to east. This is the first number of the two
number site ID. Sites within transects are numbered sequentially from
south to north. This is the second number in the site ID. The corres-
ponding letters appear in the text whereas a numerical ID is used in
appendix data.
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DESCRIPTION OF TABLE COLUMNS

Description

Identification Number
Na (meq/1)

Mg (meq/1)

Ca Gmed/l)

K (meq/1)

SAR

pH

EC (mmhos/cm)

PAR

NO,-N (ppm)

Descrigtion'
Identification Number

Na

Vg

Ca

K .

SAR

pH

EC (mmhos/cm)

. PAR

SO4

C1

NO3
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Appendix Table 1. Measured soil variables at groundwater monitoring
stations. The soil ID numbers are preceded by a 3.
The next two numbers of the ID represent site loca-—
tions (Appendix Fig. 1). Theé last column of numbers
in the ID is the depth increment in feet. The first
seven variables are of the saturated extract. The

. second line for each depth increment contains ‘the

saturation percentage and ammonium acetate extract-
able K (ppm) in that .order.

7250 1330 1.01 B8.5 .786 .6235 .9

311 I 2eib0 14850
311 I 745,90 '570.C )
311 ¢ 2ei00 1,85C 7,250 4470 .98 8.7 751 22203 2.0
311 2 " 36.27 305,0 -
311 3 34020  1.850 60000 +240 1.5 Bol <681 «1211 6.4
311 3 719,68 115,0 X ) :
341 b 64160 24RT0 64000 0250 2093 Bo6 1el20 «1187 5.8
111 4 0,39 16640
311 5 6:480  1e440 34630 o170 4407 Bel o772 <1068 1.4
311 5 35,56 31440 ,
311 6 9.940 14230 44880 .200 5.69 R.8 1.050 <1144 2.0
311 6 34,85 23220
11> 1 4,100 20670 4.8BB0C oT9G <Zell Heh L.050 .84066 o9
312 1 56489 73940
312 2 60160 2.67Tu 6.000 660 2.96 Ruk 1.230 o317C .9
31¢ g 53:84 44150
317 3 6.28 2.€70 4.880 .340 3,18 8.6 1.110 1727 .9
312 1 47,89 294,00 .
312 4 7130 2.670 30630 4520 4,02 Be6 1.310 02930 .9
312 4 34,71 26040
312 S 5,180 14230 2500 4330 3.79 8.3 o751 .2416 .9
312 5 "19,65 155.0 -
312 6 50400° 1,230 24500 <360 3.95 8.6 o872 #2636 .9
3le 6 22429 95,0 g : -
13 1 3¢460 2,670 3.630 . 340 1.95 8.3 .752 .191619.1
313 1 "36.43 316.0
13 2 162960 4,210 3.630 4210 B8.51 8.6 2.010 1054 8.8
313 2 30023 1iC.0
313 220,520 - 49310 2.500 o180 11,12 8.7 2.050 0975 3.0
313 3 ""30.16 110.0
313 4 13,280 1,640 10250 o170 11.05 8.6 1.440 1414 .9
313 4 27,49 105.0 .
313 5 5,720 1,640 2,500 4160 3.98 6.6 +688 41112 .9
313 5 24,35 136,0
313 6 04160 1,850 1.250 4220 4.95 Be6 4766 1767 .9
313 6 22,80 106.0
314 1 49970 1,030 2.500 4210 3.74 8.5 4781 .1581 2.5
314 1 29,74 21C.u
314 2 484700 15,790 20.500 o690 11e44 Be3 5.010 <1620 2,0
114 2 31,33 180.0 ,
314 3 529380 142150 164880 4320 13,30 Bo6 5.490 .0812 2,0
314 3 T 28.74 12040
314 4 38,770 11,480 164880 4270 1030 8.3 40270 «0T1T 1.4
316 4 732,25 T110.0
321 1 256480 20670 3e630 10380 1040 846 o632 o777510.0
331 1 33,96 491,

.32 2 4,320 3,280 446880 1,360 2.14 Be6 o891 46733 13.3
321 2 28433 213.0
321 3 s.a3 5,320 40880 4440 2.58 8ol 14410 41948 13.3
321 3 26065 241.0
321 4 5.080. 4o100 3.630 .340 . 2.58 8.5 1.010 1729 4.1
321 §& 21,571 213.0
371 5 3,670 2,280 1.250 390 2444 8.3 .T11 42591 1.0
321 5 ,28:85 d51.0
3él 6 342600 3,080 14250 .320 2.20 8.7 .619 2175 3.0
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continued,

Appendix Table 1.
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Appendix Table 2.

for 1976.

Fig. 1).

and day).
4110701  6§.816
4110718 43826
4110911  6.276
41i0811 14.473
4110901  B.B842
4120811 -968
6120961 2,128,
4120911 1.468
4120701 30252
4120718 3.224
©1308if 1.908
4130701  4.004
4130718 5.296
4130901  9.032
4130911 4.714
4140811 16.883
4140901 16.005
4140911  8.260
4140701 .17.322
4140718 164225
42108411 -859
4210961 .881

Measured groundwater variables at monitoring stations and the main canal.
Groundwater and main canal ID numbers are preceded by a 4 for 1975 and 5

The next two numbers of the ID represent site locations (Appendix

All concentrations are in meq/l.

2.656
2-.580
2,402
6.095
22535
«$95
"2.446
2.808
2.854
3,476
2.184
~ 3.329
6,285
3.13¢
24625
2,270
20535
1.972
3.775
2.716
«851
=575

1.882
1.7CS
1.485
1.002
1.353
« 647

20335
20415

2,617
1,942

2914
1.090
8-700
1.17¢
1e6€1
6.911

1.397 -

1.573
2.713
1.178
l.661

<870

«022
-041
=46
«036
2031
«07¢

«207
<170

636
.281
.027
.031
270
012
<012
046
056

0036

<056
061
2173
«118

6.28
3.30
§.5U
71.68
634
1.07

1.38
«90

1.97
1,96
1.53
2469
1.93
€.15
3.22
T.88
11+41
6020
9.62
11.63

=580
«4B0
2450
1.8C0
1.200
-280

<450
+360

<430
<610
<430
<290
2560
0450
0440
1.200
«930
.710
<900
2,000
0240
«160

.0157
<0280
.0310
. 6191
.0222
.0839

«1339
01046

<3845
J1T44
0217
<0209
.C98E
.6082
L0082
.0215

.0399

0270
<0311
«0437
«1544
-1368

6.079
3.934
4.787
16,447
5.787
«895

24331
2,477

3.934
1,581
1.707
2.352
5,204
10,305
2.789
14.698
12.679
7.515
23.755
16.218
.832
1.540

0247
<141
«176
247
=211
529

"lol64&

1,093
1.762
1.551
-000
o141
2000
=000
.000
2353
.353
0176
«000
2353
.60C
.070

The last four columns of the ID contain the sampling date (month

10.5
12.4
3.8
16,5
7.3
1.0

11.3
2.0

4.0
.5
1140
3.0
23.3
602
£a6
1.8
1.2
1.6
8.8
3.4
11.6
4.9

782

™




Appendix Table 2. continued.
4210912 «686
6210630 40539
4210721 3.658
4220811 15.129
4220911 11.638
4220721 15.129
4220703  9.151
4220901 14.692
4240705 24508
6260721  2.567
64240911 4,539

© 4240901  1.425
4240811  1.732
4310701 98.T10
§310725 21.420
4310811 35.770
4310911 20.620
4310901 27.690
4320912 29,740
4320705 12.296
4320811 35.180"
4320901 42.410

«575
6.6¢8

3.378°

2.3i4

20,625
4.083

1.564
3.421
20446
l1.806
1.330
«851
=-81lé
32.38C
15,940
11.82¢
B. 240
10,520

" 64860

6090
3.920
E.EBL

1.310
2.100
i.9217
2,713

20713
11.786

1.705
1.765
24475
3.751
2.016
1,397
1.222
14.410
12.660
T.810
10.900
9.580
3.530
1,970
40650
4,210

-081
<092
«G31
«G22

«021
«027

012
027
«071
215G
«097
«156
-123
«051
«036
027
2027
<036
-036
<031
056
«051

oT1
2.17
2025
9.54

T.12
5037

T.16
917
1.60
1.54
2.51
le34
1.72
20041
B.31
11.42
6067
8.73
13.05
6012
16.99
18017

«110
.« &40
2330
«95C

1.200
1.6C0

.670
1.700
<550
<380
<430
«160
<260
3.500
2300

1.500‘

1.600
2000

«200
1.800
1.900
1.660

6834
20439
-019¢
<0139

0130
-009¢

«0094
« 0169
«0453
-09GC
«075¢C

21471

.1218
.0165
0095
.6086
.0087
. 0114
.0158
«0154
.0271
.0218

<895
11,950
T.786
18,217

14.948
28.044

11.409
21,236
15.948

3.352-
.000

1.957

1.622

1270230
75.888
71.870
46,678
54.715
36.434
65.811
50.696
57.088

- 000
2353
-387
«282

2282
.21!

0211
«282
2.327
.176
+000
-000
.000

.282

-000
2000
<000
-000
« 247
599
317
<494

1.0
le.6
2.0
1.4
2.4
3.3
4.6

G8¢

T™TT




Appendix Table 2.

4320725
441G711

4410725
4410811

44149901

4410912

4420710
4420912
4420901
4420725
£420811
4500912
4500718
4500811
45009C1
5110712
5110726
5110826
5110810
5110914
5120810
51206914
5120712

continued.

94.300
Juu.TCO

867670
845.670

15.780
13,380
17.980
10.040
10.840
19.780
T.480
<770
<420
.440
«940
12.400
13.700
14.000
8.260
254300
1.840
1.600
3.500

13.610 14.410
154,450 22.430

3180340 25.690
27T€.570 19.710

2,270
20140
20,220
=959
- EEC
1.03C
«18¢C
<643
<337
378
2609
2.97C
3,430
1.92¢
1.130
2.€70
2.C6C
1e460
3.58¢C

3,600
3.310
3.38¢
1.540
1.660
1.520
1,660
1.040
730
2820
«780
1.670
«684
«469
«313
883
1.920

1.940

1,900

<061
366

«593
000

«219
=249
2061

027 ,

0017
=036
«022
«027
017
«003
«036
«020
«026
021
o015
2031
«251
U586
ol43

25.19
95.78

b6bel6
69.48

9.72
€a11
9.89
8.34
9062

17.52
7.93

<84
<58
.57
1.13
8.14
9455
12.81
9.72

18.98
1.30
1.23
z.11

3,000
3.000

7.000
6.000

1.200
.780
1.800
550

<550
1.000
.1340

<120

<130

.086

.067

Bo6 1.318
8.8 1.380
8.8 1.395
8.5 o838
9.0 2.125
8e6' o535
BeS o528
8.5 713

<0163 132.310
20389 262.750
« 0452 282.750

«0000 202,180 14.103"
«1349
<1568

<0335
20224
20151
.€219
.02213
. 0294
20233
.0039
0 €432
20134
.G178
.0188
.0180
20230
<1775
. 0432
<0864

25.358
17.925
14.844
9.244
10409
16.96¢
13.928
2916
333
«479
1.623

«49%
10.224
15,512

<494
.53
o141
.088
0071
<071
. e071
.088
<000
+000
.211

1.2
.7
o7
.7

10.5

13.0

13.0

6.5
o5
20
z.5

-0

98z




Appendix-Table 2. continued.

5120726 2.930,
5120826  2.340
.5130826  5.960
5130914 7.610
5130712 2383
5130726  4.920
5130810 4.920
5140726 2.170
5140914 164500
"5140810 9.530
5140712 39.200
5140826  6.700
“5210826 1.980
5210726 1,740
5210810 24530
5210914 3520
5220914 13.700
5220712 1.600
5220726 4520

5220810 ° 7.000
5220826 44330

5240914 62390
5240826 3,920

3.270
1.520
1,110
1.33¢C
"1.25C
1.390
1.19¢
<872
4,350
2976
7.720
20570
3.120
20570
3,120
4.350
20810
2.810
2.810

2,210
T o821

3.730
4.51¢C

1.180
2.540
«449
«569
<144
.609
.783
664
.803
.923
5.090
.983
14630
1.370
2.350
1.530
.923
13.000
644U

2.350
1.676

64090
4.690

«123
107
«0G21
« 021
.02¢C
«015
«020
«020
2026
«036
2107
«010
<082
-041
«1G2
+205
«097
<061
«056

<067
<015

179
«266

1.96
1.57
6.75
1081
-38
4.92
4.95
2.48
10.28
€18
15.49
6.19
1.28
1l.18
1.53
2405
10.03
«57
2.10

4,64

3.88

? .88
1.82

8.1
Be5
8.8
B.8
8.€
8.8
8.8
8.6
9.1
8.9
8.6
8.8
847
8.3
8.5
8.7
8.9
8.4

‘Be4

8.5
8.5

8.5

84S

<600
. =650
+650
.780
+653
2580
.555
.353
1.800
1.043
3,525
1.060
0647
.528
.673
-625
1.540
1.166
1.060

<847
.635

1.222
1.010

o825
.0717
<0232
« 02190
<0204
<0153
.c2cs
«0223
.0159
.0255
20623
.€C72
. 0521
.0278
.0617
.1196
.0711
.0216
€262

<0440
«0137

-68C#

«1232

o5
5
1.0
€e5
5

.5
o5
.5

60
25.0
2.5
1.0
5.5
5.0
1.5
1.0
o5
o5

.0
o0

-5
S5

18T

TT

Tr




Appendix Table 2. continued.

5240126
5240712
5240810
5310810

5310826

5310914
5320810
5320826
5320712
5320726
5320914
5410712
5410726
5410810
5410825
5410914

5420914
5420826

5420712
5420726
5420810
5500712
5500726
550U8¢b
5500914

2.730
11.000
11.700

115.000
Té40c00

158.000
53,400
74.200
45,300
234400
594600,

=805
o414
.331
12,000
163,000

1,170
o161

8.050
1060
«122
392

174

1.130
783

2.810
40820
6740
25.200
8-560
26.60¢C
50,610
10.400
5.450
1.770
9.540
<609
2263
«162
<106
230,600

o577
«530

o674
<641
625
«273
2162
o821
°689

Te4%40
6640
80230
10.400
84230

12,460

1.410
8,630
3,710
1.2E0

3,320

1.040
2332
«254

1,020

7.830

1.060
<823

883
1.060
<664
.529
<196
0529

<733

«194
0143
0297
« 077
«026
«167
«036
<046
o067
041
0041
« 092
056
«026
123
«133

«051
<067

<015
<051
«G61
«0LT
=005
G4l
<031

l1.21
4060
4.28
27.26
25061
3E.90
28.50
24005
21.17
18095
23,50
-89
87
<73
12.92
41l.12

1.29
«93

9.12
1.15
«90
58
o4l
1,38
«33

8.4 2980
8.5 1.700
Be5 14840
8.8 8,800
8.6 5.800
8.810.200
8.9 4.250
9.2 5.350
8.5 3.520
8.9 2.260
8.7 44850
8e4 o229
Be4 o120
8.3 o125
8.5 <308
87104600
8.5 300
Bet 236
B.6 o850
8.7 265
Bl 242
Bat o130
7.1 066
B.4 0269
8.3 .225

« (857
20597
-108¢
«0182

.0088

«0263
-0191
<0149
«0311
20331
«0161

<1014

21022
«0561
21324

«0336°

20565
- 0809

<0173
«0554
0765
-0152
«0121
« 0498
«0364

8.5
6.0
13.0
5
5

1.0
1.0

88¢
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