3.34 Comparison of Applied and Measured Soil Concentrations

3.3.4.1 Uranium

It was assumed when planning the irrigation program that all the uranium would be deposited in
the upper 1-ft of soil (ERG and HYDRO, 1999). It was estimated that water containing 0.44
mg/l of uranium applied at 3 ac-ft/year would conservatively increase the concentration of
uranium in the upper 1-ft of soil by 0.92 mg/kg per year. The actual average uranium
concentrations in the applied water have always been lower than 0.44 mg/l. Actual irrigation
application rates have range from significantly below to slightly above 3 ac-ft/yr.

The predictions of uranium accumulation in the soil have been superseded by actual
measurements of uranium concentration in the irrigated areas. The measurements indicate that
the applied uranium occurs beyond the upper three feet of the soil profile.

It is reasonable to adopt a cumulative mass balance approach to track the fate of the applied
uranium since the beginning of the Airrigation program for each area. Actual applied uranium
concentrations, application rates of irrigation water, and calculated increases in soil are presented
in Tables 3-7 and 3-8. The sums of measured concentrations minus background concentrations
(gain) are from Table 3-6. Only the upper 7 feet was summed for the Section 34 clay soils to
obtain the gain while the entire 17 feet of the Section 28 and 33 center pivot soils were used.

The calculated data in Tables 3-7 and 3-8 are determined as follows:

a = cumulative masses of uranium applied per irrigation area, mg = Z;g00-2010{(average
‘concentration in water, mg/l) (volume of water in ac-ft) (28.3 Vft’) (43,560 ft*/ac)]

b = mass of soil per irrigation area, kg = (footage of soil used)(no. of acres)(90 Ibs/ft’) (454
g/1b)(43,560 ft*/ac)(10~kg/g)

€ = gain in uranium concentration, mg/kg = (sum of measured concentrations of uranium minus
mean background concentrations)

d = measured mass of uranium, mg = (b)(c)/footage of soil used
e = ratio of measured to applied masses of uranium, unitless = d/a

The assumptions are consistent with those reported previously (ERG and HYDRO, 1999). For
example, typical soil density is assumed to be 90 pounds per cubic foot (Ib/ft).
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The above-background concentrations (gain) of uranium in each section, in mg/kg are tabulated
- in Table 3-6 and are: Section 33 Center Pivot (6.08); Section 33 Flood (1.55); Section 34 (4.88);
and Section 28 (3.83). Based on this series of calculations, the ratios of measured to applied
masses of uranium in the total footage of soil are: Sections 33 Pivot (1.44), 33 Flood (0.76), 34
(1.00), and 28 (1.02).

In Section 33 Pivot and Section 28, 144 and 102 percent of the applied uranium is accounted for,
respectively, indicating that all of the applied uranium is likely still in the soil profile. Gains in
the upper 17 feet of soil were used in calculating these percentages. The presence of more
applied uranium deeper in the soil profile in these fields may be due to the sandy loam soils,
which have less adsorptive capacity than clay soils.. On the other hand, most of the uranium
applied to Section 34 has been retained in the upper seven feet and this is attributed to the
presence of clay soils. Only the results in the upper seven feet are thought to indicate some gain
in the treated soil in Section 34. The measured concentrations in Section 33 Flood are thought to
not produce a reliable retention value.

Accumulating uranium concentrations for each of the upper three layers in each irrigation area
are shown in Figures 3-8 (Sections 33 and 34 Flood), 3-12 (Section 28 Center Pivot) and 3-16
(Section 33 Center Pivot). Each figure is subdivided into upper, middle, and lower intervals.
The horizontal line on each figure represents the mean background concentration. ‘

Table 3-7. Uranium Applied in Irrigation Water

Uranium Concentratian Acreages "~ Volume of Irrigation Water Applied (ft)
{mg/ha
Sections Section 33 | Section 33 Section 28 | Section 33 | Section 33 | Section 34
Year Section 28 33/34 Section 28 Flood Pivot Section 34 Pivot Flood Pivot Flood
2000 NA 0.27 NA NA 150 120 NA’ NA 2.29 3.1
2001 NA 0.26 NA NA 150 120 NA NA 211 2.85
© 2002 0.23 0.23 60 NA 150 120 2.2 NA 2.36 3.3
2003 0.24 0.22 60 NA 150 120 2.57 NA 2.62 3.34
. 2004 0.27 0.26 60 24 150 120 3.04 1.26 2.85 3.23
2005 0.35 0.27 100 24 150 120 2.38 0.84 2.67 3.13
- 2006 0.35 0.29 100 NA 150 120 2.33 NA 1.94 2.61
2007 0.36 0.28 100 NA 150 120 2.42 NA 2.86 0.98
2008 036 - 0.24 100 24 150 120 2.76 1.93 2.75 2.69
" 2009 0.39 . 024 100 24 150 120 1.85 6.13 1.43 1.53
. 2010 NA 0.136 NA NA NA 120 NA NA NA 1.67

Notes
NA =not lmgated

Table 3-8. Cumulative Buildup of Uranium in Soils
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Section
2010 28 Pivot 33 Flood 33 Pivot 34 Flood
Applied Mass of Uranium (mg), a 665,802,264 73,633,517 1,130,664,138 1,039,638,519 .
Sum of Measured Concentrations Minus ’
Background (mg/kg), ¢ 382 1.55 6.08 488
" |mass of Soil (kg), b 3,025,764,720 469,883,462 4,538,647,080 1,495,083,744
|Measured Mass of Uranium (mg), d 679,907,131 56,024,567 1,623,233,779 1,042,286,953
Ratio of Measured to Applied Masses, e 1.02 0.76 1.44 1.00
Grants Reclamation Project




3.3.4.2 Selenium

" The applied and measured selenium concentrations in the soil were calculated in a manner
similar to that for uranium, and are presented in Tables 3-9 and 3-10.

The above-background concentrati(_)ris of selenium in each section for the soil layers, in mg/kg,
are: Section 33 Center Pivot (0.95); Section 33 Flood 0.28); Section 34 (1.01); and Section 28
(0.81). Based on the same series of calculations shown above in Section 3.3.4.1, the ratios of -
measured to applied masses of selenium in the soil are: Sections 33 Pivot (0.74), 33 Flood (0.71),
34 (0.67), and 28 (0.94). '

In the Section 28 Pivot nearly all the applied selenium is accounted for. The 2010 selenium
results indicate that some of the applied selenium may have moved beyond the 17 foot interval of
soil.

Actual selenium measurements are also shown in Figures 3-10 (Sections 33 and 34 Flood), 3-14

“(Section 28 Center Pivot) and 3-18 (Section 33 Center Pivot). Each figure is subdivided into
upper, middle, and lower intervals. The horizontal lines on each figure represent the mean
background concentration of each layer. :

There are indications that selenium, when retained, may partly be in a dissolved phase, rather
than being completely absorbed in soils. A review of Figures 3-11 through 3-13 indicates that
some retention of selenium appears to be occurring. Only 32, 52 and 48 percent of the chloride
concentration applied was measured in the soil in 2009 for Sections 28, 33 and 34, respectively.
These percentages are much less than those observed for selenium, showing that a very large
percentage of the chloride added to the Section 28, 33 and 34 irrigation areas was not retained in
the soil interval. The higher percentage for selenium indicates some retention of this constituent
in the soil profile. ‘

N

Table 3-9. Selenium Applied in Irrigation Water

Selenium Concentration Acreages Volume of irrigation Water Applied (ft)
(mg/l)a -
Sections -| Section 33 | Section 33 Section 28 | Section 33 | Section 33 | Section 34

Year Section 28 33134 Section 28 Flood Pivot Section 34 Pivot Flood Pivot Flood
2000 NA 0.12 NA NA 150 120 NA NA © 229 3.1
2001 NA 0.1 NA NA 150 120 NA NA 2.11 2.85
2002 0.08 0.1 60 NA 150 120 2.2 NA 2.36 3.3
2003 0.08 0.08 60 NA 150 120 2.57 NA 262 3.34
2004 0.07 0.09 60 24 150 120 ©3.04 1.26 2.85 3.23
2005 0.08 0.06 100 24 150 120 ) 2.38 0.84 2.67 3.13
2006 0.08 0.07 100 NA 150 120 2.33 NA’ 1.94 2.61
2007 0.08 0.06 100 NA 150 120 242 NA 2.86 0.98
2008 0.07 0.05 100 .24 ) 150 120 2.76 1.93 2.75 2.69
2009 0.07 0.05 100 24 150 120 1.85 6.13 143 1.53
2010 NA 0.045 NA NA NA 120 NA NA © NA 1.67

Notes: a. 2003 concentration of selenium is assumed. The value was reported as <0.005 mg/1, which is assumed tobea
laboratory artifact.
NA = not irrigated
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Table 3-10. Cumulative Buildup of Selenium in Soils

Section . .

2010 28 Pivot 33 Flood 33 Pivot 34 Flood
Applied Mass of Selenium {mg), a 154,061,449 16,769,318 344,768,797 323,256,112
Sum of Measured Concentrations Minus
Background (mg/kg), ¢ 0.81 0.28 0.95 1.01
Mass of Soil (kg), b -3,025,764,720 555,316,819 4,538,647,080 1,495,083,744
Measured Mass of Selenium (mg), d 144,168,790 11,960,670 253,630,278 215,719,226
Ratio of Measured to Applied Masses, e 0.94 0.71 0.74 0.67

3.3.5 Summary of Seil Concentration Comparison

The data collected to date indicate that soil attenuation of uranium is of the same order of
magnitude as that predicted by the pre-operational model.

The soil properties and method of irrigation differed for the Section 33 and 28 sites and the
Section 33 flood and Section 34 flood areas. The irrigation water for the Section 33 and 28 sites
was applied using center pivot systems while Section 34 was flood irrigated. An additional 24,
acres of flood irrigation area was added in eastern Section 33 at the beginning of the 2004
season. The small incremental changes in concentrations in uranium and selenium along with
the natural variability in both the center pivot and flood irrigation areas make it difficult to
accurately determine the amount of increase in concentrations in the soil from year to year. The
2001 and 2002 data indicate that the soil concentrations were not continuing to increase with
time for either type of irrigation among the three irrigation sites. The 2003 and 2004 data show
some increase in Sections 33 and 34 while concentrations slightly increased in 2004 in Section,
28. A slight decrease was observed at all three sites in 2005. In 2006, an increase was observed
in all sites except Section 28 and 33, where selenium decreased slightly in the two lower fr
intervals. Concentrations generally increased or were fairly steady in 2007, followed by a
general decrease in 2008. Uranium concentrations in 2009 increased in the Section 33 and 28 :
soils. The upper foot uranium concentration in the two center pivot soils decreased in 2010,
possibly due to the lack of irrigation in 2010. Future sampling may further diminish the effects
of analytical and natural variability and more clearly reveal trends in the accumulation of
uranium and selenium. ' ’

The 2010 results indicate that uranium is being retained in upper seven feet with a small amount
of retention in some intervals down to the top of the basalt in Sections 28 and 33, whereas ‘
uranium is only being retained in the upper four feet interval in the Section 34 flood area. The
2010 results also indicate selenium is being retained to similar depths but these results need to be
confirmed with future measurements.

In 2010, the measured uranium soil concentrations in the irrigated areas ranged from 0.19 to 4.64
mg/kg. The laboratory reported uranium MDL and PQL in 2003 and 2004 were 0.03 and 0.1
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mg/kg, respectively and 0.05 and 0.3 mg/kg in 2005 to 2009. The selenium concentrations in the
irrigated areas for 2009 ranged from less than 0.05 to 0.97 mg/kg. The laboratory reported
. selenium MDL and PQL for the soil analysis was 0.05 and 0.3 mg/kg.

The mass balance approach to tracking uranium and selenium in soil indicates that irrigation can
‘continue without concern for excessive accumulation of these constituents.

34 Observed Soil Moisture Concentrations

Lysimeters have been installed in the irrigation field areas to collect soil moisture samples and
enable the measurement of the soil moisture constituent concentrations. The lysimeters were
installed in augured holes at the desired depths. The porous cups were sand packed with a very
fine flour sand to enhance their ability to pull moisture into the cup. A vacuum is placed on the
lysimeter, which causes the soil moisture water to enter the cup. The soil moisture samples are
then collected by purging the lysimeter cup. Lysimeters have been placed in each of the
irrigation areas. Table 3-11 presents the completion information for the eight lysimeters in -
Section 33. Table 3-12 presents the lithology of the alluvium at each lysimeter. The sand pack
interval is given in the fourth column of Table 3-11 while the depth to the top of the basalt is
noted in the third column. A bentonite seal was placed above the sand pack that exists around
the lysimeter to prevent soil moisture from readily moving down the annulus. Tables 3-13 and
3-14 present the soil moisture concentration data collected from the lysimeters.

34.1 Section 34

Four lysimeters have been placed in the clay soils in Section 34 and 33 flood areas. Lysimeters
LY34-1, 1LY34-2 and LY34-3 are in the Section 34 flood while' LY34-4 is in the Section 33 flood
area. Figure 3-1 shows the location of these lysimeters. Three lysimeters were installed in the
Section 34 area and were completed at intervals 8-10 feet below the land surface. The
completion interval for the 34-4 lysimeter was 10-11 feet (see Table 3-11 for completion details).
The Section 34 lysimeters were installed in October 2009. LY-34-1 produced a sample in
October and December of 2009 and then continual from February of 2010. Lysimeters LY34-2
and LY34-3 have produced samples for each month. 1Y34-4 produced a sample for each month
until February of 2010 and then again in August and September of 2010.

The soil moisture concentration time plot for lysimeter LY34-1 is presented in Figures 3-20 and
3-21. These plots show that the TDS, sulfate, uranium and selenium have been typically 3500,
1500, 0.33 and.0.06 mg/] respectively in 2010. The higher values in October and November of
2010 need additional samples before they are given much significant. Figure 3-22 presents’
TDS, sulfate and chloride concentrations for lysimeter LY34-2. These concentrations generally -
show an increasing trend with time and a TDS and a sulfate of 4400 and 1900 mg/1 are thought
to-best represent the 2010 values. The uranium, selenium and molybdenum concentrations for
lysimeter L'Y34-2 are presented in Figure 3-23 which shows and increasing trend for uranium
and selenium but a decreasing trend for molybdenum. This data indicates that a uranium and
selenium of 0.22 and 0.06 are representative of the 2010 values for LY34-2. The results from
lysimeters LY34-3 are fairly similar (see Figures 3-24 and 3-25). The TDS, sulfate, chloride,
uranium and selenium concentrations of 2800, 1200, 0.3 and 0.08 mg/l are representative of the
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2010 values for LY34-3. Figures 3-25 and 3-26 present the concentration plots for lysimeter
LY34-4 which is located in the Section 33 Flood Area. This data shows increasing trends for
TDS, sulfate, chloride and selenium concentrations and relatively steady concentrations for
uranium and molybdenum except for a higher molybdenum in September of 2010.

Table 3-11. Irrigation Field Lysimeter Completion Information

LYSIMETER __ DEPTH TO TOP OF  INTERVAL OF INTERVAL OF
LYSIMETER INTERVAL BASALT ~ SANDPACK  BENTONITE SEAL
NUMBER (FT-LSD) (FT-LSD) (FT-LSD) - (FT-LSD)
_ SECTION 33 : :
LYI 16-17 17 1517 0-15
LY2 15-16 16 14-16 0-14
LY3 6-7 7 57 0-5
LY3M : 30-31 7. ' 29-31 0-29
LY4 14-15 15 13-15 0-13
LY4MU 2425 14 24-25 0-24
CLY4AML 44-45 ‘ 14 44-45 25-44
Lys 3-4 4 34 0-3
SECTION 28 .
LY28-1 15-16 16 14-16 0-14
LY28-1M 20-21 16 19-21 0-19
LY28-2 6-7 7 5.7 0-5
LY282M 20-21 . 14 1921 - 0-19
LY28-3 9-10 10 | 8-10 0-8
SECTION 34 AND 33 FLOOD
LY34-1 8-9 " DNE 79 0-7
LY34-2 10-11 DNE - 9-11 0-9
LY34-3 10-11 DNE 911 0-9
LY34-4 10-11 2 : 8-10 0-8
NOTE: DNE= DOES NOT EXIST AT THIS LOCATION
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Table 3-12. Lithology of the Alluvium at the Lysimeters

. : SECTION 33 SOUTH PIVOT
‘ LY33-1 :
SAMPLE DEPTH SOIL TYPE MOISTURE CONT. COLOR
0-1 ~_ SANDJSILT/CLAY WET BROWN
1-2.5 SAND/SILT WET BROWN
2.5-4 SAND/CLAY VERY MOIST RED
4-5 SAND/CLAY VERY MOIST RED
5-7 SAND/CLAY VERY MOIST RED
7-9 SAND/CLAY VERY MOIST RED
9-11 SAND/CLAY VERY MOIST RED
11-12 SAND/CLAY VERY MOIST RED
12-12.8 SAND/CLAY VERY MOIST RED
12.8-13.8 CLAY VERY MOIST BROWN
13.8 BASALT

»

SECTION 33 SOUTH PIVOT

LY33-2
SAMPLE DEPTH SOIL TYPE " MOISTURE CONT. COLOR

02 VERY FINE SAND/SILT/CLAY MOIST RED

2.4 - VERY FINE SAND/SILT/CLAY MOIST RED

455 VERY FINE SAND MOIST RED

556 VERY FINE SAND MOIST RED

68 VERY FINE SAND MOIST RED

8.10 VERY FINE SAND MOIST RED
‘ 10-12 VERY FINE SAND ~ MOIST RED

: 12-14 CLAY : MOIST RED

1416 CLAY . MOIST RED

16-16.5 , CLAY _ MOIST RED

16.5 BASALT
SECTION 33 SOUTH PIVOT
LY33-3/M

SAMPLE DEPTH SOIL TYPE ~ MOISTURE CONT. COLOR

0-1 SAND/SILT . - DRY RED

1-15 V.F. SAND MOIST RED
152 V.F.SAND - MOIST RED

24 V.F. SAND MOIST RED

46 V.F. SAND MOIST RED

6-6.6 V.F. SAND MOIST RED

6.6-35 BASALT
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Table 3-12. Lithology of the Alluvium at the Lysimeters (continued)

SECTION 33 SOUTH PIVOT
LY33-4/M
SAMPLE DEPTH SOIL TYPE MOISTURE CONT. COLOR
0-2 V.F. SAND ‘ DRY RED
2-4 V.F. SAND ' ‘DRY RED
4-6 V.F. SAND . DRY RED
6-8 V.F. SAND DRY RED
8-10 V.F. SAND . DRY RED
10-12 V.F. SAND DRY RED
12-14 V.F. SAND DRY RED
14-25 . BASALT MOIST
25-50 BASALT
SECTION,33 SOUTH PIVOT
LY33-5
SAMPLE DEPTH SOIL TYPE MOISTURE CONT. COLOR
0-1 CLAY DRY RED
1-2 - CLAY DAMP RED
2-3 CLAY DAMP - RED
3-3.5 CLAY DAMP RED
3.5 . BASALT
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Table 3-12. Lithtology of the Alluvium at the Lysimeters (continued)

SECTION 33/34 FLOOD

LY34-1 :
SAMPLE DEPTH SOIL TYPE MOISTURE CONT. COLOR
0-1 CLAY/SAND DAMP BROWN
1-2 “CLAY DAMP BROWN
23 CLAY/SAND DAMP BROWN
34 SAND DAMP BLACK
45 SAND/LITTLE CLAY MOIST GREY
56 SAND MOIST “GREY
6-7 SAND/GRAVEL MOIST GREY
7-8 CLAY/SAND MOIST ~ TAN/GREY
8-9 CLAY/SAND MOIST TAN/ORANGE
9-10 SAND MOIST TAN/ORANGE
SECTION 33/34 FLOOD
LY34-2 ‘
SAMPLEDEPTH . SOIL TYPE MOISTURE CONT. COLOR
0-1 CLAY MOIST BROWN
12 CLAY MOIST BROWN
23 CLAY/LITTLE SAND | SOME MOISTURE BROWN
3-4 CLAY/SAND DRY LIGHT BROWN
45 SAND DRY GREY/TAN
5-6 SAND DRY GREY
6-7 F. SAND/LITTLE CLAY | SOME MOISTURE | GREY/ORANGE
78 F. SAND/LITTLE CLAY | SOME MOISTURE | GREY/ORANGE
8-9 F. SAND/LITTLE CLAY MOIST BROWN/ORANGE
9-10 CLAY/FINE SAND MOIST BROWN/ORANGE
10-11 CLAY/FINE SAND MOIST BROWN
11-12 SAND/LITTLE CLAY MOIST _ BROWN/TAN
SECTION 33/34 FLOOD
LY34-3 ‘
SAMPLE DEPTH SOIL TYPE MOISTURE CONT. COLOR
0-1 CLAY ~ DAMP BROWN
12 CLAY DAMP BROWN
23 CLAY/SAND DAMP DARK BROWN
34 FINE SAND MOIST BROWN/BLACK
45 SAND DAMP BROWN/TAN
56 SAND DAMP TAN
6-7 SAND/CLAY "MOIST TAN/ORANGE
7-8 CLAY/SAND MOIST GREY/ORANGE
89 CLAY/SAND MOIST BROWN/ORANGE
9-10 CLAY/SAND MOIST BROWN/RED
SAND/GRAVEL MOIST _ TAN/ORANGE

10-11
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Table 3-12. Lithology of the Alluvium at the Lysimeters (continued)

. 'SECTION 33/34 FLOOD
LY34-4
SAMPLE DEPTH SOIL TYPE MOISTURE CONT. COLOR
0-1 ‘ CLAY : DRY BROWN
1-2 CLAY DRY BROWN
2-3 CLAY DRY BROWN
3-4 CLAY/SAND DRY BROWN/GREY
4-5 SAND/CLAY DRY LIGHT GREY
5-6 SAND/CLAY DRY LIGHT GREY
6-7 : SAND DRY LIGHT GREY
7-8 SAND DRY LIGHT GREY
8-9 CLAY/SAND SOME MOISTURE | BROWN/LIGHT GREY
9-10 . CLAY/SAND MOIST BROWN/LIGHT GREY
10-11 CLAY/SAND MOIST BROWN/LIGHT GREY
11-12 SAND/CLAY/COARSE | SOME MOISTURE | BROWN/LIGHT GREY
12-13 SAND/CLAY/COARSE | SOME MOISTURE BROWN
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Table 3-12. Lithology of the Alluvium at the Lysimeters (continued)

SECTION 28 NORTH PIVOT
LY28-1
SAMPLE DEPTH SOIL TYPE MOISTURE CONT. COLOR
0-1 SAND MOIST LIGHT BROWN
1-2 SAND MOIST LIGHT BROWN
23 SAND MOIST LIGHT BROWN
34 SAND DAMP LIGHT BROWN
45 SAND DAMP LIGHT BROWN
56 SAND/LITTLE CLAY DAMP | LIGHT BROWN /ORANGE
6-7 SAND/LITTLE CLAY MOIST BROWN
7-8 SAND/LITTLE CLAY MOIST BROWN
8-9 SAND/CLAY MOIST BROWN
9-10 _SANDICLAY MOIST TAN
10-11 CLAY/SAND MOIST TAN
11-12 CLAY/LITTLE SAND DAMP BROWN/ORANGE
12-13 CLAY/LITTLE SAND DAMP BROWN/RED
13-14 CLAY/LITTLE SAND DAMP BROWN/TAN
14-15 CLAY DAMP TAN
15-15.6 CLAY DAMP TAN
15.6 BASALT
SECTION 28 NORTH PIVOT
LY28-2
SAMPLE DEPTH SOIL TYPE MOISTURE CONT. COLOR
0-1 SAND “MOIST "BROWN
12 SAND/CLAY MOIST BROWN
2-3 SAND/CLAY DAMP LIGHT BROWN
34 SAND/CLAY DAMP BROWN /ORANGE
45 SAND DAMP BROWN/RED’
56 SAND/CLAY DAMP BROWN/GREY
6-7 CLAY DAMP BROWN /ORANGE
7-7.3 CLAY DAMP BROWN /ORANGE
73 BASALT - - .
o SECTION 28 NORTH PIVOT
LY28-3 .
SAMPLE DEPTH SOIL TYPE MOISTURE CONT. COLOR
0-1 F. SAND MOIST LIGHT BROWN
12 SAND MOIST BROWN
2-3 SAND/CLAY MOIST BROWN
34 SAND/CLAY DAMP BROWN
45 SANDI/CLAY DAMP LIGHT BROWN
5-6 . SAND/CLAY DAMP BROWN/RED_
6-7 CLAY/SAND _DAMP__ — BROWN/TAN
7-8 CLAY DAMP BROWN/TAN
8-8.6 CLAY DAMP BROWN
8.6 BASALT '
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TABLE 3-13. WATER QUALITY ANALYSIS.FOR LYSIMETER (cont)
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3.4.2 Section 28

Lysimeters were installed at three locations in the Section 28 Center Pivot area. Table 3-11
shows that five lysimeters were installed at these three locations. In addition to the alluvial
lysimeters at the LY28-1 and LY28-2 locations, there is also a basalt lysimeter. The completion
details of these lysimeters are presented in Table 3-11.

Tables 3-13 and 3-14 presents the water quality results obtained from the LY28 series of
lysimeters. Only one sample was obtained from the basalt lysimeter LY28-1M. Monthly
samples have been obtained from lysimeter LY28-1. Only an initial sample was collected from
LY28-2 which indicates that there in not adequate soil moisture at this location to consistently
produce a sample. Monthly samples have been obtained from the basalt lysimeter at LY28-2M
and monthly samples were collected from lysimeter LY28-3 through August of 2010 prior to it
becommg non-functional. :

The time concentration plots for lysimeter LY28-1 are presented in Figure 3-28 and 3-29. The
TDS, sulfate and chloride concentrations each are gradually increasing with time and values ‘of
2700, 1300 and 120 'mg/l are typical of 2010 values for this lysimeter. The uranium and
selenium concentrations show a similar pattern with an small increase in concentration with time
with typical 2010 values of 0.2 and 0.05 mg/l. The molybdenum concentrations have been low
in lysimeter LY28-1. The monitoring data for lysimeter LY28-2M is presented in Figures 3-30
and 3-31. Chloride and sulfate concentrations in this lysimeter are decreasing with time while
the TDS concentration has shown a gradual increase in the last half of 2010. The uranium
concentrations generally have shown a gradual decrease in concentration in the last half of 2010
while the selenium concentrations have stayed very small. An overall steady molybdenum
concentration has been observed in this basalt lysimeter location if the first two values are not
used. The low major constituent concentrations indicate that all of the concentrations occurrmg
in LY28-2M may be natural. :

The soil moisture sample concentrations for lysimeter LY28-3 show an increasing trend for the
major constituents of TDS, sulfate and chloride (see Figure 3-32). An increasing trend is also
observed for uranium in this soil moisture (see Figure 3-33). This data indicates that less soﬂ
moisture has moved past this lysimeter in 2010 than previously.

3.4.3 Section 33

A total of eight lysimeters have been installed in Section 33 Center Pivot irrigation area. These
lysimeters have been installed at five different locations. Figure 3-5 shows the five lysimeter
locations. Lysimeters were placed in the alluvial material above the basalt except at the locations
LY-3 and LY-4. A hole was drilled to a depth of 31 feet at LY-3M and the lysimeter placed in
the bottom of this hole with the top of the lysimeter being located 23 feet below the top of the -
basalt. Two lysimeters were installed in a drill hole at the LY-4M site. These lysimeters were
installed ten and thirty feet below the top of the basalt at this location.

Vacuum was applied to each of the lysimeters during each sampling event. Some of the
lysimeters have not produced soil moisture samples while some have produced a sample each
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time a vacuum has been applied. Tables 3-13 and 3-14 present the water quality analysis of the
soil moisture for the lysimeters. Lysimeter LY-1 was installed in July, 2009 and monthly
samples have been obtained for this lysimeter each time the vacuum has been applied through
July 2010. LY-2 was installed in June of 2009 and only a sample shortly after installation was
obtained from this lysimeter. This inability to extract a sample with this lysimeter likely
indicates adequate soil moisture is not available at this location. Lysimeters LY-3 and LY-3M
were installed in June 2009 and neither of these lysimeters have ever produced a soil moisture
sample. LY-4 was installed in December of 2008 and samples from this lysimeter have been
obtained each time the vacuum was applied to the lysimeter. Lysimeter LY-4ML was installed
in June of 2009 and monthly samples were collected from this lysimeter through December
2009. LY-4ML did not produce a sample in January, February and March of 2010. Lysimeter
LY-4MU was installed in July of 2009 and samples from this lysimeter have been collected each
month except December 2009.

Lysimeter LY-1, which is installed 16 feet below the land surface, has been monitored monthly
and has consistently produced a sample. Figure 3-34 shows the TDS, sulfate and chloride
concentrations for samples from LY-1. These concentrations have generally been gradually
increasing during the last half of 2009 and 2010, possibly arising from a decrease in the rate of
flow. Figure 3-35 presents the uranium, selenium and molybdenum concentrations for LY-1,
which shows an overall low concentrations in each of these constituents w1th an increase in
selenium concentrations in 2010. ‘

Figure 3-36 presents the TDS, sulfate, chloride concentrations for lysimeter LY-4. The TDS and
sulfate scales are shown on the left of the graph and the chloride scale is presented on the right. -
The chloride concentrations are presented with the green triangles. The first 2 to 3 samples from
this lysimeter likely show some effect from the water that was used to install the fine flour sand
pack around this lysimeter. Subsequent sample results indicate a very gradual increasing trend in-
concentrations. Figure 3-37 presents the uranium, selenium and molybdenum concentrations for
LY-4 lysimeter. These three constituents show in general a fairly steady concentration with
time. A typical uranium concentration of 0.08 is significantly less than the concentration of 0.24
mg/l that was present in irrigation water applied in 2009. The representative selenium
concentration of 0.05 mg/l in the lysimeter is slightly less than the selenium concentration of the
irrigation water. No measurable molybdenum concentrations above the detection limit of 0.03
mg/l.is indicated at this lysimeter. This data indicates that a similar amount of soil moisture has
been moving past this lysimeter in the two years.

The TDS, sulfate and chloride concentrations for the lysimeter that was placed ten feet below the
top of the basalt (LY-4MU) is presented in Figure 3-38. The constituent concentrations in the
soil moisture gradually declined to early 2010, when the TDS and sulfate concentrations became
fairly steady and the chloride concentrations gradually increased. The first sample from this
lysimeter may have been biased by water used in installation, and results should not be given any
significance. This data shows a much higher TDS, sulfate and chloride concentrations existing
in the soil moisture until the last part of 2009. The concentrations then declined to levels that are
fairly similar to the levels in lysimeter LY-4 which is located at a shallower depth at the base of
the alluvial material above the basalt. Figure 3-39 presents the uranium concentrations for LY-
.4MU. This data shows that a gradual increasing trend in uranium concentrations was observed
in the soil moisture samples from LY-4MU during 2010. The November 2009 value from LY-
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4MU and LY-4ML should not be given much significance because it appears that these two
samples may have been switched in November 2009. This plot.indicates that the uranium
concentrations are not decreasing at the same rate as the major constituents and its concentrations
indicate that the soil moisture passing LY-4MU is getting some uranium that previously
migrated to this interval of the basalt. The selenium concentration in Figure 3-39 have been
steady while the molybdenum concentration decreased to a low value in late 2009.

Figure 3-40 and 3-41 present the concentration plots for the lower lysimeter LY-4ML. These
plots show that in general the concentrations are decreasing with time. Again, the November
2009 value should be viewed with skepticism because the samples from LY-4ML and LY-4MU
are thought to have been switch based on the concentration results. The TDS, sulfate and
chloride concentrations are each generally declining with time. This indicates that the rate of soil
moisture water entering this area is increasing. The load (concentrations times flow rate) of
major.constituents is expected to be fairly constant through the soil profile. The concentrations
in the soil moisture would be expected to increase when the rate of water passing through an
interval decreases as a result of the crop using more water. The alfalfa that existed in this field
prior to 2008 likely used more water than the present vegetation that consists primarily of grass,

and therefore, the concentrations are probably declining due to a larger rate of water movmg in
the soil proﬁle

3.5 ‘Predicted Soil Moisture Concentrations

The 2000-2015 irrigation monitoring report also presents information that indicates ground-water
uranium concentrations are not increasing in the irrigation areas. The partially saturated
numerical model LEACHP model was used to predict the movement of constituents in soil
moisture below the irrigation areas with time. This section presents the predicted soil m01sture
concentrations for each of the irrigated areas.

!
Homestake proposes to reduce the irrigation water quality limits with time as the alternate
treatment processes are employed to reduce the concentrations. Table 3-15 below shows the
proposed schedule to reduce the maximum concentrations for uranium, selenium, TDS and
sulfate in irrigation water applied to these fields. Uranium concentrations in the irrigation water
are proposed to be decreased from 0.16 mg/L in 2011 to 0.03 in 2015. The selenium “
concentrations are proposed to be reduced from 0.1 to 0.05 by 2014. A maximum TDS and
sulfate concentration of 2000 and 900 mg/1 is proposed for the irrigation water.

Table 3-15. Proposed Irrigation Supply Upper Limits for Uranium, Selenium, TDS and
Sulfate and Anticipated Irrigation Amourit

] Maximum Concentration Applied, mg/] Anticipated Irrigation (Ft of Water) ‘
Year .U Se TDS S04 } Sec 33 and 34 Flood | Sec 28 Pivot | Sec 33 Pivot
2011 - 0.16 0.1 2000 900 2:4 2.3 0.4
2012 0.16 0.1 2000 900 - 2.4 2.3 0.4
2013 0.12 0.08 2000 900 1.04 0.5 0
2014 0.05 0.05 2000 900 1.04 0.5 0
2015 0.03 0.05 2000 900 1.04 0.5 0
2016 0.03 0.05 2000 900 1.04 0.5 0o
2017 0.03 0.05 2000 900 1.04 0.5 0
. . k
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Some San Andres water will have to be used in early years until the alternate restoration reduces
alluvial water constituent concentrations to a level which meets the irrigation concentration
limits. The insitu restoration concentrations will be reduced in the western portion of the plume
initially, and therefore this area of the restoration area will initially supply more water to the
irrigation supply program. '

"Table 3-15 also presents the anticipated feet of irrigation water applied each year. Irrigation
rates of 2.4 feet/year and 2.3 feet/year are planned to be applied to the Section 34 and Section 28
irrigation areas, respectively in 2011 and 2012. A limited amount of irrigation is proposed to be
applied to the Section 33 center pivot to establish permanent grass. The amount of irrigation will
decrease significantly after the full implementation of the alternative restoration program. These
irrigation rates may vary due to the combination of restoration programs actually used. The
continuing use of the irrigation program after the alternative restoration program is implemented
will aid in controlling the restoration zone on its downgradient side.

3.5.1 Section 34

‘Figure 3-42 presents the predicted soil solution TDS concentrations for the flood irrigation for
2010. The observed lysimeter soil moisture TDS concentrations are also shown on this figure for
lysimeters LY34-1, LY34-2 and LY 34-3 for 2010. This shows that model prediction of
concentrations for 2010 (blue line) are higher than those observed in the lysimeter. The
predictions show that the soil solution concentrations have not increased below 25 feet in the soil
profile. This figure also presents the predicted soil moisture concentrations for TDS for the flood
area for 2030, 2050 and 2100 after operation of the irrigation program through 2017. This figure
shows that the maximum concentration in the upper soil profile will increase but very little
change in the soil profile is projected for depths greater than 20 feet. The very small change in
the soil moisture concentration between 2030, 2050 and 2100 are due to the very limited driving
force without irrigation. This prediction shows that the TDS concentrations from the flood
irrigation essentially should never reach the water table. The long-term drainage of soil moisture
from the bottom of the soil profile into the ground water is predicted to be roughly 3 mm/year or
0.73 gpm for the 120 acre flood area. Table C-1 in Appendix C presents the inputs and results
from the LEACHP soil moisture model for the flood irrigation. The column labeled interval rain
in Table C-1 includes both rainfall and irrigations depths.

The predicted soil solution sulfate concentrations for the flood irrigation for 2010 are presented
in Figure 3-43. The observed lysimeter soil moisture sulfate concentrations are also shown on
this figure for lysimeters LY34-1, L'Y34-2 and LY34-3 for 2010. This shows that model
predictions (blue line) are greater than those observed in the lysimeter. The predictions show
that the soil solution concentrations have not increased below 25 feet in the soil profile. This
figure also presents the predicted soil moisture concentrations for sulfate for the flood area for
2030, 2050 and 2100 after operation of the irrigation program through 2017. This figure shows
that the maximum concentration in the upper soil profile will increase but very little change in
the soil profile is projected for depths greater than 20 feet. The very small change in constituent
concentrations in soil moisture concentration between 2030, 2050 and 2100 is due to the very
limited driving force without irrigation. This prediction shows that the sulfate concentrations
from the flood irrigation essentially should never reach the water table. The long term drainage
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of soil moisture from the bottom of the soil profile into the ground water is predicted to be .
roughly 3 mm/year or 0.73 gpm for the 120 acre flood area. ‘
The predicted soil solution chloride concentrations for Section 34 flood irrigation for 2010 are

presented in Figure 3-43A. The observed lysimeters soil moisture chloride concentrations are

also shown on this figure for lysimeters LY34-1, LY34-2, and LY34-3 for 2010. This model

shows that the predictions (blue line) are greater than the observed concentrations in the

lysimeters for two of the lysimeters but fits the LY34-2 lysimeter very well. This prediction

shows that the chloride soil solution concentrations should not increase below 251t in the soil

profile. This figure also presents the predicted $oil moisture concentrations for chloride for the

Section 34 flood area for 2030, 2050, and 2100 after operation of irrigation program through

2017. The prediction shows that the chloride concentrations in the upper portion of the soil

profile will decrease with time and some increase will occur in the soil profile before the upper

few feet. This prediction shows that the chloride concentrations from the flood irrigation

essentially should never reach the water table in the Section 34 flood area for 2010 and the other

three simulations. This shows that our predictions are slightly higher from the numerical model.

The predictions for the uranium soil solution uranium concentrations in the flood area are
presented in the Figure 4-16. The blue line shows the predicted concentrations after the 2010
irrigation season in the soil moisture for uranium and the figure also shows the uranium
concentrations in the three lysimeters in the flood area. The prediction is slightly higher than the
observed concentrations in the three lysimeters. The figure also shows the predicted ;
concentrations for 2030 and 2050 which indicate essentially no increase in uranium “
concentrations below a depth of 15ft. Uranium concentrations in the soil moisture should never
reach the water table in flood area. :

Selenium transport in the soil was also modeled for the flood irrigation area and the results are
presented in Figure 3-45. This figure also shows the 2010 observed selenium concentrations in
the 3 lysimeters in the flood area. The prediction for 2010 is slightly greater than the observed
selenium concentrations and indicates that no change in the soil moisture concentrations have '
occurred below 15 feet. The 2030, 2050 and 2100 soil moisture movements show only a very
small change in the selenium concentrations in the future and that the downward movement rate
of this soil moisture is very slow. This predicts that selenium from the irrigation will not reach

the water table in the foreseeable future.
3.5.2 Section 28

The Section 28 soil moisture and constituent migration was simulated, but this simulation is also
considered representative of the Section 33 profile except that the depth to water is greater in
Section 33. The center pivot areas, which contain sandy soils and a large thickness of basalt
below the soils, have soil moisture movement rates much greater than those of the clay soils in,
the flood area. Figure 3-46 presents the predicted and observed soil solution TDS concentrations
for the Section 28 center pivot irrigation. The soil solution concentration data for the Section 28
lysimeters are presented on this figure. This data shows that, in general, the TDS soil moisture
concentration for 2010 is slightly greater than the observed TDS concentrations from the |
lysimeters, except for lysimeter LY28-3. The simulation indicates that significant TDS
concentrations should exist in the soil moisture that is reaching the water table in 2010. Figure
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3-46 also presents the predicted soil moisture concentrations for years 2030, 2050 and 2100 with
irrigation discontinued after the 2017 season. This data shows that the soil moisture
concentration of TDS for the lower soil profile should essentially be equal for each of these four
simulations.

Figure 3-47 presents the predicted and observed soil solution sulfate concentrations for the
Section 28 center pivot irrigation.” The lysimeter data for the Section 28 lysimeters are presented
on this figure. This data shows that in general, the sulfate soil moisture concentration for 2010 is
slightly greater than the observed sulfate concentrations from the lysimeters, except for lysimeter
LY28-3. Simulation indicates that significant sulfate concentrations should exist in the soil
moisture that is reaching the water table in 2010. Figure 3-47 also presents the predicted soil
moisture concentrations for years 2030, 2050 and 2100 after irrigation is discontinued in 2017.
This data shows that the soil moisture concentration of sulfate near the water table should
essentially be equal for each of these four simulations.

The predicted chloride concentrations in the Section 28 center pivot irrigation area are presented
in Figure 3-47A. The lysimeter data for Section 28 are also presented on this figure with the
chloride concentration in lysimeter LY28-3 larger than the 2010 prediction while the other two
chloride concentrations of soil moisture from lysimeters LY28-1 and LY28-2M are less than the
2010 prediction. The 2010 and the remainder of the three additional simulations for 2030, 2050,
and 2100 all indicate that the chloride concentration should be approximately 370 mg/l in the
water table with time.

The predicted uranium concentrations in the Section 28 center pivot irrigation areas are
presented in Figure 3-48. This figure also shows the uranium soil moisture concentrations for
the Section 28 lysimeters. This shows that two of the observed soil moisture concentrations are
significantly less than the predicted concentration. The observed concentration for lysimeter
LY28-3 is slightly greater than the 2010 prediction. The 2030, 2050 and 2100 predictions of soil
solution uranium concentration are very similar and indicate essentially no change in the
uranium concentration below 50 feet. Movement of the uranium soil moisture concentrations
will essentially stop without continued irrigation due to the lack of driving moisture. Therefore,
uranium concentrations are not expected to reach the water table in the Section 28 center pivot
areas in the foreseeable ﬁJture

Figure 3-49 presents the predicted and observed soil solution selenium concentrations for the
Section 28 center pivot irrigation area. The observed soil moisture concentrations in these
lysimeters are all less than 2010 predictions. The observed concentration in Section 28 lysimeter
LY28-3 is closest to the predicted 2010 soil moisture selenium concentration. This figure also
presents the predicted 2030, 2050 and 2100 soil moisture concentrations after irrigation through
2017. This shows that very little change in the selenium concentration occurs below 45 feet
between 2030, 2050 and 2100.

3.5.3 Section 33

Limited irrigation in Section 33 in 2011 and 2012 is proposed to establish a permzinent grass on
this area. A simulation of the soil moisture migration for Section 33 was made with the much
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applications from 2000 through 2009. The same soil profile was used for the Section 33 and
Section 28 simulations with the recognition that thickness of alluvial material above the alluvial
water table in Section 33 is thirty feet greater than that in Section 28. This additional thirty feet
would not measurably change the model predictions for the upper 65 feet. The much smaller
irrigation amount for 2011 and 2012 for the Section 33 area results in a smaller flux rate through
_ the soil profile. The soil moisture predictions for Section 33 are presented in Figures 3-50
through 3-53. A flux rate during irrigation of 40 mm is representative of the Section 33 area.
Figure 3-50 presents the predicted and observed soil solution TDS concentrations for the Section
33 center pivot irrigation. The lysimeter data for the Section 33 lysimeters are presented on this
figure. This plot shows that the predicted soil moisture TDS concentration for 2010 fit the
observed TDS concentrations from the Section 33 lysimeters. Simulation indicates that a TDS of
3,400 mg/l should exist in the soil moisture that is reaching the water table in 2010. Figure 3-50
also presents the predicted soil moisture concentrations for 2030, 2050 and 2100 with
discontinuation of irrigation after the 2012 season. This data shows that the soil moisture TDS
concentration should essentially be equal below a depth of 25 feet for each of these four
simulations.

smaller planned irrigation (see Table 3-15) in 2011 and 2012 and with the actual irrigation ‘

Figure 3-51 presents the predicted and observed soil solution sulfate concentrations for the
Section 33 center pivot irrigation. The lysimeter data for the Section 33 lysimeters are presented
on this figure. Data shows that in general, the predicted sulfate soil moisture concentrations for
2010 are slightly greater than or equal to the observed sulfate concentrations from the lysimeters,
except for lysimeter LY4. These simulations indicate that a sulfate concentration of 1,500 mg/1
should exist in the soil moisture that is reaching the water table in 2010. Figure 3-51 also
presents the predicted soil moisture concentrations for 2030, 2050 and 2100 after discontinuation
of irrigation in 2012. This data shows that the soil moisture concentration of sulfate near the
‘water table should essentially be equal for each of these four simulations.

Figure 3-51A presents the predicted and observed soil solution chloride concentrations for the
Section 33 center pivot. Four lysimeter 2010 data values are also presented on this figure and
shows a good fit for the 2010 prediction for LY 1 and LY4. The soil moisture concentrations
observed in 2010 in LY4MU and LY4ML are significantly above the predicted values. These
predictions indicate that the chloride concentration of approximately 300 mg/1 should exist in the
soil moisture that is reaching the water table in 2010. The predictions for 2030, 2050 and 2100
also indicate a very similar concentration of chloride in the soil moisture near the water table.

The predicted uranium concentrations in the Section 33 center pivot irrigation areas are
presented in Figure 3-52. This figure also shows the soil moisture uranium concentrations for
the Section 33 lysimeters. This shows that the observed soil moisture concentrations are similar
to the predicted concentrations. The observed concentrations for lysimeters LY4MU and
LYA4ML are slightly greater than the 2010 prediction. The 2030, 2050 and 2100 prediction of
uranium concentration are very similar and indicate essentially no change in the uranium
concentration below 50 feet. The movement of the uranium soil moisture concentrations will
essentially cease without continued irrigation due to the lack of driving moisture. Therefore,
uranium concentrations are not expected to reach the water table in the Section 33 center pivot
areas in the foreseeable future. :
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Figure 3-53 presents the predicted and observed soil solution selenium concentrations for the
Section 33 center pivot simulations. The observed soil moisture concentrations in these
lysimeters are all less than 2010 predictions except for a very good fit of the sample result from
lysimeter LY4ML. This figure also presents the predicted 2030, 2050 and 2100 soil moisture
concentrations after irrigation through 2012. This shows that very little change in the selenium
concentration occurs below 50 feet between 2030, 2050 and 2100.

Additional LEACHP model runs were made for the Section 33 area without any additional
irrigation beyond 2009. These results are useful to see the difference in the model predictions
with and without the limited 2011 and 2012 irrigation. Figures 3-54 through 3-57 present the
predictions for the Section 33 soil moisture without any additional irrigation. Figure 3-54 shows
that there is a small difference between the results without any additional irrigation and the
results with the two years of additional irrigation in the upper 25 feet of the soil profile (see
Figure 4-23). No difference in the soil moisture TDS concentrations is expected below 25 feet
in the future with and without the two years of limited irrigation. The difference for sulfate soil
moisture concentrations between no additional irrigation in Section 33 (see Figure 3-55) and two
years of additional irrigation (see Figure 3-51) is very similar to the TDS concentration :
difference. :

Figure 3-55A presents the predicted and observed soil solution chloride concentrations for the
Section 33 center pivot with irrigation through 2009. This prediction is very similar to that
observed for the Section 33 center pivot irrigation through 2012 which is presented in Figure 3-
51A. The two additional years of irrigation in Section 33 should not significantly change the soil
moisture chloride concentrations in Section 33.

Figure 3-56 presents the uranium predictions for the soil moisture for Section 33 without any
additional irrigation. When compared to Figure 3-52, which portrays limited irrigation through
2012, Figure 3-56 shows that a small uranium concentration difference exists in the upper 10 feet
of the soil profile but no difference should exist below 10 feet in the future. A comparison of
Figures 3-57 and 3-53 also shows that the predicted selenium concentrations without and with
the limited two years of irrigations are the same below a depth of 10 feet.

The limited irrigation in Section 33 in 2011 and 2012 to establish grass will not increase the TDS
and sulfate concentrations in the soil moisture below 25 feet in the future. Also the uranium and
selenium concentrations in the soil moisture will not increase below a depth of 10 feet. The
small increase in soil moisture concentrations in the upper portion of the soil profile will not
affect the future use of this land. -

354 Section 33 Flood

Results from the Section 34 soil moisture simulations can be used for the Section 33 Flood. The
Section 34 Flood predictions would be conservative (high) for the Section 33 Flood area. The
Section 33 Flood area is irrigated with the same concentration in the irrigation water. Section 33
Flood area has been irrigated four years verses the eleven years of irrigation in the Section 34
Flood. The Section 33 Flood area upper soil profile is set very similar to the Section 34 soil
profile. The Section 34 predictions indicate that soil moisture constituents will move down to a
maximum of approximately 25ft. The basalt in the section 33 Flood area typically starts at a
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depth of 25ft. Therefore the basalt should not effect the m1grat10n of the soil moisture due to the
movement above 25ft.

“The soil moisture solution concentration predictions from Section 3.5.1 therefore should be used
for the Section 33 Slood area. The soil moisture concentration should be greater than those
observed in the Section 33 Flood area and therefore are conservatively high.

3.6 Soil Health

Soil health as related to irrigated crop production is generally monitored as a function of the salt
loading of the soils and potential adverse affects on soils due to excessive sodium in the
irrigation water and in the soils. In order to understand the possible effects of these parameters
on the irrigated soils, it is desirable to know other characteristics of the soil including soil
particle size and texture, natural salt and sodium levels, bulk density, clay mineralogy,
infiltration rates, hydraulic conductivity, and depth to bedrock. The following sections describe
. the soil conditions at the Grants irrigation sites and the affects of many years of irrigation on the
soil health

3.6.1 Irrigated Soil Physical Characteristics

Prior to establishment of the irrigated areas, a detailed assessment of the potential soils to be
irrigated was conducted ‘in 1998. - Originally, SCS (now NRCS) soil mapping was used to
establish baseline conditions at the site and then backhoe trenching was utilized to refine the
characteristics of the irrigation areas. Following is a general description of those soils prior to
irrigation.

For the Section 33 Center Pivot area, the majority of the area is comprised of the Mespun sandy
loam to sandy soil series with minor acreages of Sparank sandy clay loam to clay loam and the
Aparejo silty clay loam series. Following the backhoe examination, it was determined that the
soils located under the pivot were comprised largely of the Mespun series and another sandy
series referred to as the Glenberg, or Glenberg- variant soil series. Both soils have sandy loam to
loam surface textures. The Mespun soil developed in wind blown sands and the surface sandy
loam layer is shallow, generally 10 inches or less. Below 10 inches are high permeability
stratified fine to medium sands. The Glenberg soils developed in fluvial deposits and the sandy
loam to loam surface layer is up to 24 inches thick. Below 24 inches are highly permeable
stratified fine to medium sands. The Glenberg soils generally have slopes of 1% or less and the
Mespun soil slopes range from 1% to 6%.

Irrigation suitability of these soils was based on NRCS suitability ratings, field 1nvest1gat10ns
including backhoe trench analyses and laboratory analyses, and double ring infiltrometer tests.
These soils are generally unsuitable for flood irrigation due to their sandy nature, rolling
topography, and extremely rapid infiltration rates. While these soils were considered by NRCS
to be marginal for sprinkler irrigation due to their droughty nature and rapid infiltration rate, with
proper irrigation application rates and pivot cycles, these soils were determmed to be acceptable :
for the establishment of a center pivot irrigation system.

The Section 28 Center Pivot was initially established as a 60 acre system and later expanded to
cover 100 acres. The NRCS mapped this area as the Glenberg soil series with San Mateo soils -
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occurring in swale areas. The backhoe examination confirmed the NRCS mappmg and the
majority of the area under the Section 28 center pivot is comprised of Glenberg sandy loam soils.
This soil generally has sandy loam surface and subsurface soils ranging up to 24 inches in depth.
Below 24 inches are stratified medium and fine sands. Swales are dominated by the San Mateo
sandy clay loam soils consisting of loam to sandy clay loam surface and subsurface textures up
to 28 inches deep. Below 28 inches are fins to medium stratified sands.

The NRCS rated the sprinkler irrigation suitability of the Glenberg soil as somewhat limited due
to droughty condition and relatively low water holding capacities. However, these soils were
determined to be adequate to support sprinkler irrigation as long: as proper irrigation application
~ rates and cycles were maintained. .
The Section 34 flood irrigated soils were mapped by the NRCS with the majority of these soils
described as the Sparank clay loam soils. These soils are characterized as having clay loam
surface horizons with clay loam to clay subsurface horizons ranging up to 24 to 36 inches deep.
Generally, stratified clay loam, sandy clay loam, and silty clay loam soils are found below these
depths. Field examinations, including backhoe trenches, indicate that the northern one third of
these soils in the flood irrigation area are the San Mateo soils with sandy clay loam to clay loam
surface textures and clay loam sub-surface textures to 24 inch depths. Below 24 inches in these
soils are stratified fine and medium sands. The remaining soils were determined to be the
Sparank series as described by the NRCS. However, these soils were found to have stratified
- fine and medium sands located at depths of about 36 inches.
The NRCS rated these soils as somewhat limited for flood irrigation due to very slow percolation
or infiltration rates. However, these soils had been flood irrigated historically since the 1950’s.
The biggest factor in flood irrigation of these soils was excessive cracking if they were allowed
to dry. Extensive laser leveling was conducted on the site prior to irrigation in 2000 and the site
was seeded to alfalfa forage production. Irrlgatlon was accomplished through gated irrigation

piping.

The Section 33 flood irrigated soils were mapped by the NRCS as the Sparank soils. These soils
are characterized as having clay loam surface horizons and clay loam to clay subsurface horizons
to depths of 72 inches. Field investigations for these soils showed that the southwest portion of
the Section 33 flood irrigated soils were comprised of the Aparejo clay loam soil series, sandy
substratum phase.- The remainder of the soil was the Sparank clay loam soils as mapped by
NRCS. Like some of the Section 34 flood irrigated soils, these soils had fine to medium sands
at depths of 24 to 36 inches. As with the Section 34 flood irrigated area, these soils were
historically flood irrigated in the 1950’s and 1960’s. These soils were seeded to grasses and
irrigated in 2004, 2005 and 2008. They were tilled and seeded to triticale in the fall of 2008.

3.6.2 Soil Salt and Sodium Relationships with Irrigation Water Quality
‘Measurement of soil chemistry, particularly sodium levels and salt (Electrical Conductivity - EC)

levels provides an understanding of the amount of soil constituents that remain in the soil after an
irrigation season. In the case of soil salinity, it is desirable to leach salts through the root zone to
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prevent crop toxicity from occurring.  The concentration of sodium and salt in the site irrigation
water has been examined to assess their affect on the irrigated soils.

Sodium affects soil physical properties by causing soil clays to expand and disperse. The
expansion of clay results in a significant decrease in soil permeability making it difficult to push
irrigation water through the soil profile. Because potential adverse affects of sodium on soils are -
related to the amount of exchangeable sodium that can adsorb on the soil cation exchange
complex, measurement of the exchangeable sodium and cation exchange capacity provides a
valuable tool for predicting and monitoring potential adverse affects on soil health due to sodium
in the irrigation water.

Since soil clays are d1rectly affected by sodium, it stands to reason that sandy center pivot soﬂs
are not generally affected by the presence of high sodium levels. Conversely, heavy clay
irrigated soils have a higher risk for being adversely affected by higher sodium levels. In
addition, the salinity concentrations in the soil and irrigation water will alter how significant the
affect of sodium is on the soil clays. Salts tend to flocculate clays, reducing the amount of
expansion. When salts are significant, soil permeability may not be affected by hlgher
concentrations of the sodium.

Historically, since ESP and CEC are more difficult and expensive to analyze, scientist developed
an empirical relationship comparing soluble sodium to exchangeable sodium (US.D.A.
Handbook 60) and assumes the soils are in chemical equilibrium. The sodium adsorption ratio
(SAR) compares soluble sodium concentrations to the concentration of soluble calcium and
magnesium in the soil. In soils that were in chemical equilibrium, a SAR of 12 was comparable
to an ESP of 15. For irrigated soils like those at the Grants irrigation sites, the soil may not be in
chemical equilibrium and the historical comparison of SAR to ESP may not be as accurate.
However, SAR is still a useful parameter to examine for potential sodium risks to soil health.
Irrigation wells have been analyzed for sodium and salinity concentrations. This data is useful in
assessing the current and potential adverse risk to the soil associated with the irrigation water.
The mean SAR of these wells was 5.2 and the SAR range was 4.2 to 6.1. The mean electrical
conductivity (EC) of these wells was 2690 umhos and the range was 2205 to 3440 umhos.

As described previously, the concentration of salts in irrigation water can be useful to counteract
the possible adverse effects of sodium on expanding soil clays. Table B-1 in Appendix B shoWs
the level of exchangeable sodium, at varying clay contents, which would cause a 25% reduction
in soil hydraulic conductivity at three concentrations of salt in the irrigation water. Without
considering all other factors that ameliorate the effects of sodium on soils, an ESP of 15% (SAR
12) was historically considered risky for successful irrigation of all soils.

For the Section 33 and 28 center pivot soils, the average clay content would be approximately
15%. Referring to Table B-1, the estimated critical ESP of these soils would be 25%, 30%, and
40% for irrigation water with salt concentrations of 1000 umhos/cm, 2000 umhos/cm, and 4000
umhos/cm, respectively. Essentially, this data confirms that because of low clay content, llttle
risk exists for irrigation of these soils in relation to adverse affects due to sodiumn.

For the Section 33 and 34 flood irrigated areas, the average clay content will be 35 to 40%
Referring to Table B-1, the critical ESP for these soils would be 15%, 21%, and 28% for the
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1000 umhos/cm, 2000 umhos/cm, and 4000 umhos/cm salt levels, respectively. In relation to the
average site irrigation water electrical conductivity of 2690 umhos/cm, adverse soil problems
associated with sodium would not likely occur as long as the ESP of the soils stayed below about
25% (SAR < 20).

Table B-2 in Appendix B shows the soil health risk when the sodium level (SAR) of the
irrigation water is included with the salinity concentrations effects. The table summarizes the
associated risk for all soil textural families ranging from sandy (center pivot irrigation) soils to
fine loamy to fine clay (flood irrigation) soils. The average SAR of the irrigation water is 5.2
and, when coupled with the 2690 umhos/cm salinity levels, the resulting irrigation water quality
class is a C4S1. For the sandy center pivot irrigated soils, the soil health risk associated with
irrigation of the C4S1 water will be very low to low in relation to possible reductions in
permeability and hydraulic conductivity. For the fine loamy to clayey flood 1rr1gated soils, the
soil health risk is low.

While sodium effects are primarily a physical problem in soils, high salinity levels could cause
problems related to crop toxicity to salts. Without specific crop knowledge, a soil salinity level
in excess of 2200 umhos/cm may be considered toxic to plants. However, individual crops
respond differently to salinity levels. The primary crops grown at the site are alfalfa and grass.
Both of these crops are adapted to the growing conditions for the Grants area and are moderately
to strongly salt tolerant. Soil salt levels around 4500 umhos/cm may prevent some germination
of these crops. However, once geminated they are strongly salt tolerant and can withstand salt
concentrations in excess of 4500 umhos/cm. Regardless of the individual crop salt tolerance, it is
important for all crops to overall soil health to leach a portion of the salts below the root zone to
prevent the buildup of salts over time.

3.6.3 Effects of Current Irrigation Practices on Soil Health

ESP is not generally available in the HMC irrigated soil data base; therefore, any discussions in
this report on possible sodium soil changes will focus on the use of SAR. Table 3-4 provides a
summary of the soluble sodium, calcium, magnesium, SAR, and EC annual monitoring data for
both background and irrigated soils for the life of the irrigation project. Note that the Section 33
and 28 center pivot soils did not receive irrigation water in the 2010 irrigation season. -

For the Section 33 center pivot area, the SAR for background soil samples before irrigation was
approximately 1.0. After the 2009 irrigation season, the reported SAR under the center pivot for
the 1 foot, 2 foot, and 3 foot sampling depths was 6.71, 8.53, and7.856, respectively. While
these values appear to have increased significantly over the past ten years, these SAR values
more appropriately reflect the migration of the soluble constituents in the irrigation water. And,
as stated before, sodium- at these levels will have limited adverse affects on the sandy center
pivot soils.

The background electrical conductivity levels for this site ranged from 200 to 1740 umhos/cm.
After 'the 2009 season, the average EC for the three sampling depths for all years was 3472,
3906, and 4271 umhos/cm. Keep in mind that the EC of the irrigation water can range up to
3400 umhos/cm and while the EC has increased over time, the salinity levels are reflective of the
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migration of the irrigation water constituents and are lower than levels- that will create concern
over potential toxicity for the crops that have been grown.

For Section 28, the average background SAR in the soil for all depths is 1.21. After the 2010
irrigation season, the average SAR in the 3 foot sampling depth was 5.56 and the SAR for the 1
foot depth, 2 foot depth, and 3 foot depth was 5.78, 5.07, and 5.84, respectively. Again, the
presence of an apparent increase in SAR is indicative of the movement of the irrigation water
through the soil profile. Evidence of this process is that the SAR increased immediately after the
first irrigation season. Again, the sodium has little effect on the permeability of sandy soils.

The average EC of the 3 foot soil profile for Section 28 is 773 umhos/cm and the individual 1
foot depth, 2 foot depth, and 3 foot depth averages for all years was 704, 802, and 814
umhos/cm, respectively. In 2010 the average EC was 4193 umhos/cm and the 1 foot, 2 foot, and
3 foot depths were 4290, 4130, and 4160 umhos/cm, respectively. Again, these increases
occurred immediately after the first irrigation and are reflective of the irrigation water quality
and mass water balance.  All EC levels are lower than levels expected to cause salt toxicity
problems in the site crops. ‘ ' ”

For the Section 34 flood area the average background SAR for the 3 foot root zone is 4.43 and
the average for all years of the individual 1.foot, 2 foot, and 3 foot sampling depths was 4.10,

4.70, and 4.48, respectively. Following the 2010 irrigation season, the average SAR level for all

depths was 6.27 and the 1 foot, 2 foot, and 3 foot depths were 6.56, 7.06, and 5.19, respective}y.
Review of the yearly data shows that the SAR, reflective of the soluble sodium, is variable from
year to year. That is, depending on the amount of leaching through the soil profile, the SAR
goes up or down on a yearly basis. Based on SAR numbers and irrigation infiltration
observations, these soils are not showing any significant reduction in 'soil permeability or
hydraulic conductivity. These findings are consistent with the predictions described in Section

.6.2 for the C4S1 water quality class.

The average background EC of the 3 foot sampling depth is 3265 umhos/cm and for the 1 foot, 2
foot, and 3. foot depths the EC was 2555, 3358, and 3873 umhos/cm, respectively. After the
2010 irrigation season, the average EC for the 3 foot sampling depth was 4165 umhos/cm and
for the 1 foot, 2 foot, and 3 foot depths, the EC were 4110, 4560, and 4090 umhos/cm
respectlvely Keep in mind that this area was irrigated previously and the background salt levels
are indicative of that previous irrigation. However, review of the yearly EC data as shown in
Table 7 shows that the salts concentrations can vary up or down on a yearly basis and are directly
related to the amount of yearly leaching of the salts through the root zone. While these EC levels
may be marginal for some crops, particularly some row crops, they are suitable for the hay and
grass crops grown on the site. “

For the Section 33 flood irrigated soils, the average background SAR was 1.43 and the average
for all years of the individual 1 foot, 2 foot, and 3 foot sampling depths was 1.49, 1.27, and 1.52,
respectively. At the end of the 2010 irrigation season, the average SAR for all depths was 3.26
and the 1 foot, 2 foot, and 3 foot SAR values were 3.57, 3.14, and 3.07, respectively. As with
the other irrigated areas, the increase in SAR was immediately reflected in the first year and the
values move up or down annual depending in leaching. The SAR value after five years of
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irrigation is still well below levels of concern f0r>reducing hydraulic conductivities and
permeability.

The average background EC for the 3 foot sample depth is 828 umhos/cm and the background
EC for the 1 foot, 2 foot, and 3 foot individual sample depths is 876, 754, and 855 umhos/cm,
respectively. At the end of the 2010 irrigation season, the average 3 foot EC was 2348 umhos
and the individual 1 foot, 2 foot, and 3 foot depth EC was 1610, 1170, and 2530 umhos/cm,
respectively. Again, as with all sites, the increases were evident immediately after ‘the first
irrigation season and are reflective of the overall water balance and the quality of the irrigation
water. These EC levels are well within the desired toxicity range for the crops grown at the site.
As noted earlier, it is important to leach salts from the root zone to prevent buildup of salts to
the level that they affect crop production. The combined irrigation well water.is routinely
~ analyzed for chloride, a major component of soil salts. By measuring the applied irrigation water
chloride and comparing that data to the mass soil chloride concentrations, the net chloride
passing through the root zone over time can be determined on a mass balance basis. This
measurement is directly related to salt concentrations and allows for a direct assessment of the
yearly and-cumulative leaching of salts through the root zone.

Detailed tabular data on chloride leaching for all sites is provided in Table 7. For Section 33 .
center pivot soils, a net 82percent of all applied chloride for all the years of irrigation has been
leached through the soils. Evaluation of the data shows that the leaching may be variable and in
one year, no leaching occurred although the net leaching is significant over time. Routine
irrigation practices are sufficient to allow for leaching of salts from the sandy soils.

For the Section 28 center pivot site, 86 percent of the applied chloride has passed through the .
root zone for all of the years of irrigation. As with the Section 33 irrigation, salts are easily
leached below the root zone. ‘

For the Section 34 flood irrigated soils, the mass balance of applied chloride versus stored soil
chloride indicates that 68 percent of the chloride has been leached through the root zone or did
not enter the soil. Since this is a mass balance calculation using total applied chloride, the
percent leaching is likely distorted because the calculation has not been corrected for chloride not
entering the soil profile due to tail water losses. If one assumes that tail water accounts for 25
percent of the applied water only 51 percent of the chloride was leached. This data is reflected in
the annual residual concentration of salts (EC) in the Section 34 flood irrigated soils. The very
heavy clay soils make it more difficult to maintain salt leaching and prevent salt toxicities over
time. However, review of the soil EC data on a yearly basis shows that sufficient salts are
leached over time to prevent the concern to soil health for salt toxicity.

While EC levels are lower in the Section 33 flood irrigation area than in the Section 34 area, the
relationship is very similar. Note that the differences are related primarily to the lower
background EC levels at the start of irrigation. When accounting for chloride lost due to tail
-water, the net leaching level of the chloride in Section 33 flooded soils is 46%. As in Section 34,
the leaching has been sufficient so far to prevent concern for salt toxicity to occur.
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3.6.4 Conclusions

Soil Health associated with irrigation programs is generally centered around the affects of excess
sodium on soil physical properties and on salt buildup to potentially toxic levels for vegetation or

. crops. The potential risk that these elements pose is much different for sandy soils than for

heavier clay or clay loam soils. The low clay content of sandy soils allows for much higher

sodium concentrations because sodium has no adverse affect on sand particles. The irrigation |

water quality for the site wells can be classified as C4S1 water with SAR levels less than 10 and
EC levels greater than 2250 umhos/cm. The average SAR for the site water is 5.2 and the
average EC is 2690 umhos/cm. This water quality is rated as very low to low sodium risk on

sandy soils and low sodium risk on ﬁne loamy soils, due to the flocculation effects that salts have

on soil clays.

While salt concentrations are important to counteract the affect of higher sodium levels on soil
clays, the salts may have a toxic affect on vegetation. For the alfalfa and grasses grown at the
site, the soil salt toxicity level of concern is in excess of 4500 umhos/cm. Leaching of salts at all

- sprinkler and flood irrigated sites has prevented the buildup of salts to toxic levels. Review of the

annual data indicates that the soil health, as related to salts and sodium, has not been adversely
affected over the years.

The above-background concentrations (gain) of uranium in each section, in mg/kg are tabulated
in Table 3-6 and are: Section 33 Center Pivot (6.08); Section 33 Flood (1.55); Section 34 (4.88);
and Section 28 (3.83). Based on this series of calculations, the ratios of measured to applied
masses of uranium in the total footage of soil are: Sections 33 Pivot (1.44), 33 Flood (0.76), 34
(1.00), and 28 (1.02).

In Section 33 Pivot and Section 28, 144 and 102 percent of the applied uranium is accounted for,
respectively, indicating that all of the applied uranium is likely still in the soil profile. Gains in
the upper 17 feet of soil were used in calculating these percentages. The presence of more .
applied uranium deeper in the soil profile in these fields may be due to the sandy loam soils,

‘which have less adsorptive capacity than clay soils. On the other hand, most of the uranium

applied to Section 34 has been retained in the upper seven feet and this is attributed to the
presence of clay soils. Only the results in the upper seven feet are thought to indicate some gain
in the treated soil in Section 34. The measured concentrations in Section 33 Flood are thought:to
not produce a reliable retention value. ‘

Accumulating uranium concentrations for each of the upper three layers in each irrigation area
are shown in Figures 3-8 (Sections 33 and 34 Flood), 3-12 (Section 28 Center Pivot) and 3-16
(Section 33 Center Pivot). Each figure is subdivided into upper, middle, and lower intervals.
The horizontal line on each figure represents the mean background concentration.
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FIGURE 3-32. TDS, SULFATE AND CHLORIDE CONCENTRATIONS FROM LY28-3.
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Figure 3-42. Predicted and Observed Soil Solution TDS Concentration, (mg/l), for

the Section 34 Flood Irrigation
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Figure 3-43. Predicted and Observed Soil Solution Sulfate Concentration, (mg/l), for the
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Figure 3-43A. Predicted and Observed Soil Solution Chloride Concentration, (mg/l), for the
Section 34 Flood Irrigation
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Section 34 Flood Irrigation Area
Soil Solution Uranium Concentration
Irrigation Through 2017
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Figure 3-44. Predicted and Observed Soil Solution Uranium Concentration, (mg/l),
for the Section 34 Flood Irrigation
Grants Reclamation Project 3117

Evaluation of Years 2000-2010
Irrigation with Alluvial Ground Water




Depth in Soil Profile (feet)

Section 34 Flood Irrigation Area
Predicted Selenium Concentration
with Irrigation Through 2017

N
o

25

30

—&— Year 2010
==Y ear 2030
==Y ear 2050

—— Year 2100

® Section 34 Lysimeter

35 T
0 0.5

T T T

1 1.5 2

25

Figure 3-45. Predicted and Observed Soil Solution Selenium Concentration, (mg/l),

for the Section 34 Flood Irrigation
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Figure 3-46. Predicted and Observed Soil Solution TDS Concentration, (mg/l), for
the Section 28 Center Pivot Irrigation
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Section 28 Pivot Irrigation Area
Predicted Sulfate Concentration
with Irrigation Through 2017
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Figure 3-47. Predicted and Observed Soil Solution Sulfate Concentration, (mg/l),
for the Section 28 Center Pivot Irrigation
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Figure 3-47A. Predicted and Observed Soil Solution Chloride Concentration,
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Figure 3-48. Predicted and Observed Soil Solution Uranium Concentration, (mg/l),

for the Section 28 Center Pivot Irrigation
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Figure 3-49. Predicted and Observed Soil Solution Selenium Concentration, (mg/l),

for the Section 28 Center Pivot Irrigation
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Predicted TDS Concentration
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Figure 3-50. Predicted and Observed Soil Solution TDS Concentration, (mg/l), for the
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