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" DELTA SALINITY STUDY "

"BACKGROUND: - | 'l _h 3

Research conducted t0rinvestigaté the relationship between cfop yield and
soil saiinity indicates that once a cef£ain thrgshéld value of soi1~salinity.
is reached, subsequent increases in salinity will result in crop-yield reductions.
-Maas and Hoffman (1977) state that the relationship betwéen crop yield and soil

salinity can be expressed by

Y

100-3'(Ece-A)

Y= relative yield for any soil salinity exceeding the threshold
' value. , Lo

A= thfeshold value (mmhos/cm)

B

percent yield decrease per unit salinity decrease.
ECe= electrical conductivity of saturated soil extract,
Ayers (1977) summarized the results of past research on salinity effects on crop

.yield for most crops.

In developing these data, it was assumed that good soil drainage exists and

.that the water used by plants is the applied irrigation water. As a result, soil

salinity is directly related to the irrigation water quality.

In the Delta, the method 6f irrigatién of peat soils is primarily subsurface
irrigation. This method consists of flowing irrigation water through shallow
ﬁspud" ditches spaced at regular intervals. The irrigation water percolates down
to the water table (which is initially about three feet below the ground surface),
thus cauéing the water table rise. The water is maintained inﬁtheu"spud" ditches
until the water table has risen to a depth such that the soil moisture in the root

zone is replenished from the subsurface water supply.
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.~ Groundwater f£low theory indicates that as water percolates down to the water
w : as_

table from a spud ditch, groundwater may be displaced by the égunuzmiJ!EEEQléEiEE_

N ar—a

"' water as illustrated in Figure 1.

Therefore; for the subsurface irrigatidn method

groundwater may be involved in replenishing the soil moisture in the root zone.

The water quality of this groundwater may be significantly different than that of

the irrigation water. Therefore, soil salinity mngbe affected by groundwater

quality if this displacement process does occur... Knowledge of the.grotndwater.
quality, and the relationship between groﬁnd&ater quality and irrigation water
quality.may be necessary to determine the effect of channel water quality changes
on soil saiinity. Thus, information on subsurface water movement is necegsary to

.3dentify the source of the water used by plants,

OBJECTIVES:
The primary objectives of this research are:

a. To determine the source of water used by plants under subsurface irrigation
i } methods practiced in the peat soils of the Sacramento-San Joaquin Delta.
b. To determine the water quality of the subsurface water and any relationship

between ground water quality and irrigation water quality if the displace-

ment process does occur,

PROGEDURES :

The source of water used by the plants can be determined if the subsurface water

water flow pattern occurring during subsurface irrigation is known, This flow pattern
can be obtained by installing a grid of piezometers between two spud ditches and
down to some depth below the surface. These instruments measure the hydraulic head
at each pbint on the grid. Using these values, lines of equal hydraulic.head or
equipotentialvlines can be sketched between spud ditches, Since water movement is in

the direction of decreasing hydraulic head, subsurface-water flow can be determined

-2 -
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]

- “from these lines, A brief discussion of flow netvfhedry‘and the effect of éoil .

stratification on tﬁe'theory is presented in Appendix A.

- Grlds were established for three sites;.iwo on MacDonald Island and one on
Bacon Ié%and. The MacDonald Island sites were co-located with the Centfai Delta
Water Agency salinity experiment, The instruments wére installed in Plots A'and
B of the salinity exberiment. | |

The grid used on MacDonald Island (see Figure 23) consisted of eight columns

CA thru H) of piezometers located between two spud ditches, The instruments terminated
at depths of 0.30, 0.61, 0.91, 1.22, 1.52, 2.44 and 3.35 meters, respectively. The
distapcé between the spud ditches was about 13.72 meters. A clay layer at a depth of
3.35 meters was considered to be the lower boundéry of the flow';ystem; ﬁo attempt

was made to install instruments at deéper depths., (This layer is at least 1.52 meters

- thick (determinéd by augering into the layexr), " ’

The Bacon Island grid system (Figure 2b) consisted of seven columns (A thru G)

of instruments. The distance between spud ditches was about 11.0 meters. The

" instruments terminated at depths of 0,30, 0,61, 0.91, 1.22, 1.52, and 2.13 meters,

respectively. A clay layer at a depth of 2,13 meters was the lower boundary of this

.

system. Since this layer was about 0.15 meter thick, an attempt was made to install
instruments in the underlying sand. This was unsuccessful because of compactness
and lack of cohesion of the sand underlying the clay layer.

v ’
The piezometers were made of 1/2 inch; Schedule 80 PVC pipe, A porous ceramic.

" cup with_a'bubbling pressure of about 1 bar was cemented at the bottom of the pipe.

The cup prevented soil from clogging the pipe and also allowed either positive or

negative water pressures to be measured.

-7 -
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- Rubber stoppers, each with two small diameter (I.D. 1,lmm) mylon tubes inserted

through them, sealed the piezometers. One nylon tube was the manometer and'was

-, terminated in a reservoir of mercury located on a manometer board. The second tube

was used to flush water through the manometer to remove any air bﬁbbles. »This tube .
was sealed at all times except during flushing;; An illustration of an-instfument }s
in Appendix B.

The manometer board was consisted éf a scale (meter stick or 10 x 10 cm graph
paper) attached to a board or plexiglass.sheet.: Glass tubing glued on thé board
or piexiglass supported the nylon manometexr tube, A mercury reservoir was located
- at ﬁhe bottom of the board.  The nylon tube used for the manometer.ﬁas inserted
down‘through'the glass tubing and into thé mercﬁry reservoir,

Elevations at the top of the piezometer and on thefmanometer board were establishec
The hydraulic head wés determined by first reading the height of the mercury column
in the manometer tube and height of the fr;e surface 6f the mercury in the-reservoir.
These values were then used in the equation (Zj to caiculate the hydraulic head at

each point of the grid.

H=. ~0.1255 hm + 0,1355 hr + Em -1 ~0.12
hydraulic head (meters)
height of mercury column in manometer tube (cm)

height of free surface of mercury in reservoir (cm)

F o

E = elevation of top of manometer board above an arhitrary reference
point (meters). .

The constant, 0.12, is a correction factor used to account for the capillary depression
of the mercury-water interface in the manometer tube, Appendii B contains the deri-
vation of this equation,

A grid of water quality probes was also installed at each eiperiment site, These
systems were colocated with the piezometer grids and were of the same dimensions, Sub-
surface water samples were periodically obtained from these probes and analyzed for

electrical conductivity and Na and Cl concentrations,

-8 -
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Ih.addition to these samples, samples of.irrigation watér (at théAexperiment"
sites), the channel water (at the ferry) and the drain water (at the drainage pump
:f?)by Zuckerman's shop) were also taken throughout the growing seas;n.
.U,J?f' 5611 samples at each site and at plot C of the Central Delta Water'Agency
experiment were taken at the beginning and end of the experiment. Samples wére

analyzed for EC, Na, and Cl.

RESULTS AND DISCUSSION:

Flow Nets

- The flow patterns occurring at Plot B on MacDonald Island during the third
irrigation ére illustrated in Figures 3 thru 7. Flow patterns at Plot A were similar
to those at Plot B. The directions of the streamlines (dashed lines) are approximate

-

-only, since Kv and KH are unknown (See Appendix A).

Flow nets for the Bacon Island were not obtained. No irrigations occurred
[ . .

after iristallation of the instruments,

iﬁ Figure 3 is the flow pattern existing three days prior to the irrigation, which

i

occurred on Augusf 15, 1977. (The preceeding irrigation was terminated on July 24, 1977
At this time the water table depth below the'ground surfaée was about 0.8 meters.

Above the water table, hydraulic head decreased as depth below the ground surface
decreased. Thus upward flow from the water table into the root zone was occurring. b/(
The cause of this flow pattern is believed‘to be increasing soil suction in the root
zone as a result of evapotranspiration.

Upward flow below the water table was also occurring,.This‘ flow is believed to
be due to subsurface wéter movement near the clay layer (evidence for this movement

is discussed later),

-9 -
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= The irrigation was started at about 10:00 a.m. on Angust 15, 1977. By noon on
”t‘the same day, the flow pattern 111ustrated in Figure 4 had developed. This_shows
that at about the 0:21—92333~252321.the horlzontal movement of water is much‘greater V//
than the vertictl downward movement of water. This is reflected by the ‘'distortion"
of the equipotential line§ in the horizottal direction.
The probable reason fo: this flow pattern is a layer of silt and clay at about
O.Gi meter below the surface. The permeability of this layer is believed to be 1e§s
than that of the overlying material. Consequently, irrigation water is primarily

horlzontal along the top of the silt layer.

Figure 5 111ustrates the flow pattern after. about 3 5 hours tf irrigatlonk2// S
Agaln, horlzontal movement of water is greater than vertical movement, At this time,
the wetting front was about 3-4 meters away from each spud ditch. Unsaturated
conditionis still exist at the 0.30 meter depth at all positions and at 0.61 metet for
éi}positions D and E. Water pressure head at these positions was still negative. No
changes in hydraulic head have occurred at positions D and E,
| The flow pattern indicates that some displacement of:subsurface water may have

. been occurring., However it is believed that any displacement was minor due to the

small time period over which this flow pattern existed.

e —————— —— .t e = -

-15-
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Ten hours after irrigation commenced, the flow pattern in Figure 6 existed, -
The wetting fronts appear to have moved into the center area of the plot as a

result, horizontal movement of water in that area is probably very small. Water

N

novement in that area is primarily vertical with water moving upward into the root

/

iégg and also moving downward through the silt layer,

. .Any.upward displacement precess has‘a?parently ceased sipce;the vertical'
component of the streamlines is downwerd'at_depths greater than 0,61 meter, Un~
saturated conditions still eiist at locatiens D1 aﬁd El. |

Figure 7 is the flow pattern twenty-four hours after irrigation commenced.
The flow pattern is essentially the same as that fer ten hours but the valuee of v)///

hydrauli¢ head have increased. This reflects the rise of the water table during

this period of time.
The flow pattern after 54 hours of irrigating indicate that a near-static
situation existed during the remainder of the irrigation. Water movement was slight,

and was probably in response to evapotranspiration and water movement out of the

; system towards a drain located about 37 meters away.

The irrigation was terminated on August 20, 1977. The wi;fr table depth at

that time was about 0.15-0.20 meter below the ground surface.
After termination of the irrigation, the near-static condition continued

although the magnitude of the hydraulic heads at each grid point decreaeed. An

interesting observation is that the hydraulic head at the 0.30 meter depth remain

approximately the same as the head at other depths until about six days after

—

cessation of the. irrigation. This indicates that during this time period, little,

if any, water was moving up into the root zone, although the water table during

————

this time period dropped to nearly 0.61 meter below the surface,

- 16 -
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From an analyéis of these flow patterns, it appears that little, if any,

disPlacement'of the subsurface-water occurred durihg'the irrigation'and that

i{ﬁ movement of the irrigation water was primarily horizontal due to the silt and

clay layer. Thus, it is felt that the irrigation water replenished the root-zone\///

moisture supply at these sites.
Figure 8 illustrates changes with time in the soil water pressure for.the

D set 6f instruments at Plot B that occurred'throughout the duration of the

experiment. Changes in water pressure head with time for the other instrument

Sets on MacDonald Island were similar.

From this figure, it can be seen that at the 0.30 meter, the water-pressure

" head was about 0.15 meter just after the second irrigation at the end of July.

During the next three weeks, the water—pres;gre head decreased (becaﬁe more
negative), due to evapotranspifation. A ninimum of about -8.0 meters of preséure
head existed just prior to the Augu;t 15 irrigation. The soil pressure head then
increased to élmost zero within one day as a result'bf the irrigation. For a

period of about three days, positive water pressures existed indicating that the

.water table was less than one foot deep, After the last irrigation, the water

pressure head again decreased,

The water pressure head at the 0,61 meter depth was about -0.25 meters just
before to the last irrigation. This indicates that the soil at this depth was
still very wet at that time.

A c&mparison of the water-pressure head changes at the 0.30 meter depth with
those at the 0.61 meter depth provides.infofmation on roﬁt development, At the
0.30 meter deeg, the water-pressure head decreased to about -8.0 meters of water
just before the last irrigation indicating substantial depletion of the soil

moisture, However, at the 0.61 meter depth, the water-pressure head decreased to

3

- 17 -
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.ghout'-ﬂ;és meter indicating litﬁle, depletion df the soil moisture, The;efore,
Toot activity appears to be primarily within the fop O.SO-meter below the surféée./’//f
o : ﬁater-pressur@ head changes at depths of 0.91, 1.22, 1.52 and 2.44 meters,
respecfively, were siﬁilar to those at 0.61 meter,
'Ax the dgpth of 3.35 meters, there was liftle or no measurable.change in

th; water;pressure head during the irrigation period. This was also observed for
the other instrument sets. A possible reason for this lack of change is the
possibility that a layer of highly permeéble (compare to that elsewherej ‘material
exists betweén 2.44 meters andA3.35 meters and that the hydraulic ﬁéad of the water
in this layer is controlled by bouhdary conditions external to the flow system
under study. If this is the case, then the instruments located 3.35 meters deep
would respond only to changes in the external boundary condition and not to changes
occurring within Plots A and B. The small decrease in the water-pressure head that

occurred during this study may reflect changes in external conditioms.

o Subsurface Water Quality
Results of wéter quality analysis are shown in Tables 1-3 for Plot A on
. MacDonald Island and in Table 4 for Bacon Island. .Similér results were found for
samples taken in Plot B. These values represent the water quality of saturated soil v
oﬁly. |

It can be seen that the water quality at the lower depths is better than that

nearer to the surface, The gradual change in the water quality with depth may

indicate that mixing of the groundwater at the lower depths with the subsurface water

at the higher depth is occurring,

From Table 1, it can be seen that at the 0,61 meter depth, the EC of water

samples obtained at D and E was higher than that at the other sampling points at

that depth, A similar pattern was found for Plot B, This may be due to salts being

- 19 -
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"éarried into this area by the horizontal flow of subsurface water above the silt

. ‘.)
-l

layer. At the center of the plot, a stagnation point with regard to horizontal

flow (no horizontal flow) would exist. This means that watef movement would be

"in the vertical direction only. Since vertical flow is thought to be small, salt

removal in this area may have been slight. Thus, EC values in the center aréa
should be higher than those at points nearer to the spud ditches.

The EC values of water samples taken at Bacon Island are. considerably hlgher

y

than those taken at MacDonald Island. This difference may reflect water quality

dszerences of river water at each location. The irrigation water EC was about
0.6 mmhos/cm at MacDonald Island and about 1.1 mmhos/cm at Bacon Island. Sub-
surface seepage from the channel into the island may also be a contribdting

L

factor to these differences in subsurface water quality.

By observing changes in the subsurface water quality with time throughout the

grid system, it was believed that the irrigation water used as a tracer would aid

in developing flow patterns. Because of the difference between the water quality

of the irrigation water (EC* 0.6 mmhos/cm) and that at locations near the spud

ditch (EC= 0.8-1.0), it is felt that significant changes should have occurred at

least near the spud ditches. However; no significant changes with time occurred

-in the subsurface water quality, even at points next tc the spud ditches. Reasons

for this phenomenon are not known at this time.

Soil Saiiﬁity

Soil salinity measurements of the top 0.30 meter of the éoil profile are shown
in Table 5 for Plots A, B, and C on MacDonald Island and for Bacon Island. Each
value is the average of five to seven samples. The irrigation water of Plot C was

salinized by the Central Delta Water Agency. The data for Bacon Island is a

- 20 -

D—030208

D-030208



o

e

Table 1. Electrical conductivity of water quality samples from Plot A,
MacDonald Island (mmhos/cm). Locations of probes are shown in
Figure 2a. Sampling date was August 18, 1977.
A ‘ Location of Probe Between Spud Ditches
Depth (meters) A B C D E _ F G H
. ' e
0.30 - 1.03 1.16 1.23 1.02 - - -
0.61 - 0.80 0.88 1.06 1.06 1.00 1.02 -
0.91 0.90 0.60 0.53 0.88 0.89 0.76 0.94 0.74
11.22 0.54 0.46 0.45 0.64 0.75  0.50 0.80  0.49
1.52 0.37 0.35 0.34 0.46 0.54 0.35 0.49 0.39
2.44 0.27 0.24 0.26 0.30 0.28 0.25 0.25 0.22
0.33 0.28 0.36 0.32 0.29. 0.32 0.23 -

3.35

~21-
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Depth (meters)

0.30
0.61
0.91
1.22
1.52
2.44

3.35

Location of Probe Between Spud Ditches

Table 2. Na‘t concentration of water quality samples from Plot A (méq/l).
- Sampling date was August 18, 1977.

A B c D E F G H

- 3.96  4.47  3.91 3.65 - - -

- 2.52  2.30 - 3.09  3.13  2.65 - )
3.00 2.17  1i.73  2.50  2.78  2.17  2.44  2.76
2.03  1.81 - 2.16 2.32  2.05 2.16  1.83
1.48  1.51° 1.39 1.66 1.74 1.57 - 1.56
0.95 0.80 0.82 1.04 1.04 0.90 0.86  0.85
0.91 0.85 0.86 0.87 - 0.87 0.84  0.79 -

D—030210
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Table 3. Cl™ concentration of water quality sampies from Plot A (meq/1).
Sampling date was August 18, 1977.

" Location of Probe Between Spud Ditches

Depth (meter) A B c D E F G H
0.30 - - 4.00 - 5.25 - - -
0.61 - - 2.50. 2.25 2.50 2.75 - - 2.7 -
- 0.91 - 3.25 1.50 1.50 2.00 - 2.25 1.75  2.00  3.00
1.22 2.00 1.75 1.50 1.75  2.00 1.75  2.00  2.00
1.52 175  1.25  1.25  1.75  1.75  1.50 1.50  1.75
o 2.44 1.00 1.00 1.00 1.25 1.25 - 1.00  1.25
3.35 1.00 1.00 1.00 1.25 1.25 0.75  0.75 -
-23-
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Table 4, Electrical.conductivity of water quality samples from Bacon Iéland
(mmhos/cm). Locations are shown in Figure 2b. Samples were taken
on August 30, 1977. : :

_ o, Location of Probe Between Spud Ditches

Depth (meter) A B c D E = F - G

0.30 - - - - . - -

0.61 . - - - - - -
0.1 - 1.50 1.32 1.58 1.73 1.18  2.00  1.60

1.22 0.77  1.26  1.04 1.32  0.85  1.49 -

d 1.52 0.96  0.98 - 0.96 1.04  1.10 -
2.13 0.80  0.93 - 0.83 _ 0.90  0.90 1.08
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‘comparison of soil salinity occurring under sprinkler irrigation and under

subsurface irrigation.

'ﬁﬁ On MacDonald Island the soil saiinity was higher for the latter measurements.

However, at a level of significance of 0.01, differences between the two sets of

sampleé

were not statistically significant. Reasons for this lack of‘significance

are believed to be the small number of samples from each depth,’the spatial

variability of soil salinity, and the interval between sampling dates and the time

of sampling with respect to the growing season. At least two-thirds of the growing

season had passed when the first set of samples was obtained.

CONCLUSIONS;

Based upen the results of this research, the following conclusions are made:

a)

b)

d)

During the irrigation, flow of the irrigation water was primarily horizontal.

A layer of silt located at about 0,61 meter below the surface is the cause

—

of this flow, Little displacement of groundwater appeared to occur. Thus,

applied irrigation was primarily responsible for replenishing the root zone

molsture,

Root activity below 0,30-0,45 meter in depth was negligible based upon change

in the pressure head at 0,3 meter and 0.61 meter,

 The subsurface water quality increased as the depth increased., At MacDonald

Island, the EC ranged from an average of 0,30 at 3.35 meters deep to an
average of 1.1 at 0,30 meter, The range at Bacon Island was about 0.91 at
2.13 meters to about 1,56 at Q,91 meter,

No significant transport of salt in the profile was observed during the

irrigation,

e

Soil sélinity~in the top 0.30 meter increased slightly between the earlier

and later sampling dates, The Increase was statistically insignificant for

a level of significance of 0,01,

Sprinkler irrigation substantially reduced soil salinity in the top 0,30 met
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Table 5. Electrical conductivity of saturated soil extract of soil samples
: obtained from the first 0.30 meter (mmhos/cm). Each value Tepresents
the average at each depth of samples taken at the locations shown in
Figure 2a, i.e. A, B C,ee-. .
-Depth Plot A Plot B Plot C Bacon Island
Interval ‘ 1/ 2/
(cm) July 11  Oct 27 | July 15 Oct 27 | July 11 Nov 2 | Aug 18~ Aug 19~
0-5 9.0 12.3 10.2 12.5 12.8 14.5 7.9 2.9
5-10 4.6 4.4/’ 4.4 - 4.2 5.3 8.4 | 5.3 2:1
10-15 3.9 3.6 4.2 . 3.8 | 4.6 6.4 | 3.9 2.2
H
15-20 3.8 3.3 / 3.7 3.5 |- 4.2 6.2 3.5 2.5
., 20-25 3.3 2.7 3.4 2.9 4.1 4.9 2.9 2.5
25-30 3.1 - 2.1 3.1 3.1 4.0 4.7 2.4 2.1

1/ Subsurface irrigation.

2/ Sprinkler irrigation.
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