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DATE:

September 26, 2019

TO:

Chair and members, Northern Nevada Water Planning Commission (“NNWPC”)

FROM:

Jim Smitherman, Water Resources Program Manager, Western Regional Water
Commission (“WRWC”)

SUBJECT:

Report on the Bedell Flat Hydrogeologic Investigation by the Truckee Meadows Water
Authority (“TMWA”), and possible direction to staff.

SUMMARY
Christian Kropf, Senior Hydrogeologist, TMWA, will give a presentation on the Bedell Flat
Hydrogeologic Investigation.
TMWA, in collaboration with other northern Nevada public water agencies, is investigating the feasibility
of aquifer recharge with water that meets the State of Nevada quality standards for category A+ reclaimed
water within the Truckee Meadows and valleys north of Reno. The feasibility study at the Bedell Flat
hydrographic basin north of Lemmon Valley is being conducted in phases. The initial phase, completed in
early 2019, was limited to understanding the potential infiltration capacity of near-surface soils in the
southwest part of the basin. Additional phases will investigate the infiltration capacity of adjacent areas
and will assess the geology, hydrogeology, aquifer properties, potential storage volume, long-term
infiltration, and recoverability of recharged water in the study area.
This initial phase of work was partially funded by the Western Regional Water Commission (“WRWC”).
This phase included coarse field surveys to assess the feasibility of recharging water through surface soils
for storage underground. The permitting process began in 2016 and was approved in 2018. Field work for
this project was conducted between August and October 2018.
Work completed in 2018 and 2019 indicates that near-surface soils in the southwestern part of the Bedell
Flat basin are favorable for infiltration (See Attachment 1). Additional geologic and hydrogeologic
investigations are underway to assess the infiltration capacity of deeper unsaturated zone soils, the
occurrence, quality, and flow of groundwater, and the climatic variability in these areas. These
assessments will be conducted jointly with the U. S. Geological Survey (“USGS”) through the installation
of monitoring wells, soil sample collection and analyses, and weather station monitoring. In addition to
the USGS, current work is also supported by funding made available by the WRWC. (See Attachments 2
and 3).
List of Attachments:
1. Bedell Flat Managed Aquifer Recharge Prefeasibility Report, January 2019
2. 2019 Scope of Work, Bedell Flat Aquifer Storage and Recovery Investigation
3. USGS – TMWA Joint Funding Agreement
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BACKGROUND
The Bedell Flat Hydrogeologic Investigation is being conducted as part of OneWater Nevada, a feasibility
study to evaluate whether the State of Nevada’s newly adopted “A+” reclaimed water category offers
significant water resource management benefits for the Truckee Meadows region, including improving
water utilization efficiency, providing operating flexibility during periods of water scarcity, and
diversifying the region’s water supply portfolio. OneWater Nevada is being conducted jointly by a
regional team consisting of: City of Reno, City of Sparks, TMWA, NNWPC, WRWC, University of
Nevada, Reno, and Washoe County.
FISCAL IMPACT
None.
RECOMMENDATION
Staff recommends that the NNWPC accept the report and provide appropriate direction to staff, if any.
Attachments
JS:jp
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EXECUTIVE SUMMARY
GeoSystems Analysis, Inc. is assisting the Truckee Meadows Water Authority in assessing the
feasibility of managed aquifer recharge (MAR) of approximately 3,400 acre-ft/yr of advanced
treatment reclaimed water via surface infiltration basins in Bedell Flat, Nevada. In support of
this assessment, a near surface investigation test program was completed that consisted of:
1. Test pit geologic logs to a depth of 8 ft below ground surface (bgs);
2. Cylinder infiltrometer (CI) testing;
3. Large trench infiltration testing, and;
4. Laboratory physical property and chemical testing of test pit samples.
Test pit sediments were generally coarse textured, consisting of sandy loam to sandy soils with
little to no gravel. In general, the observed sediments were finer textured over the top 1 to 2 feet
of the profile and became coarser at depth.
Effective saturated hydraulic conductivity (Ksat) values increased with proximity to the Sand
Hills wash and Bird Springs drainage and the percentage of sand in the sediments. The
geometric mean effective Ksat for non-wash/drainage locations were 3.6 ft/day and 2.1 ft/day for
trench and CI test methods, respectively. The geometric mean effective Ksat values for
wash/drainage locations were 14.5 ft/day and 8.7 ft/day for trench and CI test methods,
respectively.
The estimated recharge basin area needed to recharge 3,400 ac-ft/yr assuming basin operations 8
out of 12 months of the year (e.g. allowing four months for service interruptions and
maintenance) and trench and CI geometric mean effective Ksat values ranges from 3.9 to 6.5
acres for non-wash/drainage basin areas and from 1.0 to 1.6 acres for wash/drainage basin areas.
The CI estimated basin area represents a more conservative estimate because the CI
measurements were generally performed on the soil surface, whereas the trench estimated basin
area represents conditions in which the finer textured soil near the surface is removed.
Additionally, the CI measurements account for lateral flow whereas the trench infiltration
measurements do not. Test pit and effective Ksat results indicate areas within and adjacent to the
Sand Hills wash and Bird Springs drainage have near surface soils that are sufficiently permeable
for MAR.
Chemical soil tests indicate that MAR is not likely to degrade groundwater quality from flushing
of existing arsenic or nitrate nor do salt affected soils exist at the test pit locations.
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To refine MAR estimates, we recommend a borehole exploration program be implemented
which focuses on defining the shallow subsurface lithology to 100 feet bgs (or groundwater if
shallower) to identify the lateral extent of a previously observed compacted layer as well as
deeper fine-grained layers that may be encountered. If the compacted layer or other fine-grained
layers are extensive, we recommend an integrated vadose zone characterization approach which
incorporates borehole exploration and in-situ testing to determine the hydraulic properties and
influence of the fine-grained layers. Investigation should be focused at locations that have high
near surface effective Ksat (e.g. near wash and drainages).

GeoSystems Analysis, Inc.
/GSA_Staff/Jobs/1849 - Truckee Meadows Water Authority - Bedell Flat Managed Aquifer Recharge Feasibility Support/Report/Bedell Flat
MAR Prefeasibility Report.docx

v

Truckee Meadows Water Authority
Bedell Flat MAR Prefeasibility Report
1.0

1/22/2019

INTRODUCTION

GeoSystems Analysis, Inc. (GSA) is assisting the Truckee Meadows Water Authority (TMWA)
in assessing the feasibility of managed aquifer recharge (MAR) of approximately 3,400 acre-ft/yr
of advanced treatment reclaimed water via surface infiltration basins in Bedell Flat, Nevada.
This report summarizes results from a test pit and infiltration testing program conducted by
TMWA and GSA as well as recommendation for future characterization. Figure 1 shows the
location of Bedell Flat and the test program area.
TMWA developed a near surface investigation test program that consisted of:
1. Test pit geologic logs to a depth of 8 ft below ground surface (bgs);
2. Cylinder infiltrometer testing;
3. Large trench infiltration testing, and;
4. Laboratory physical property and chemical testing of test pit samples.
Test locations focused along Bird Springs Road and Sand Hills wash north of Bird Springs Rd.
(Figure 2). This area was targeted for investigation due to earlier soil borings indicating the area
may be suitable for infiltration basins (ECO:LOGIC Engineering, 2007).
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Figure 2. Soil log locations (A) and trench (B) and
cylinder (C) infiltrometer test locations
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2.0

METHODS

2.1

Test Pit Geologic Logging and Sample Laboratory Testing

Near-surface (0 to 8 ft bgs) soil physical property evaluations were conducted to characterize the
near surface lithology. Fifteen test pits were excavated at the locations shown in Figure 2A.
Test pit locations were geologically logged by GSA using visual-manual methods (ASTM D
2488) over one-foot depth intervals. Representative grab samples were collected for laboratory
physical and chemical analysis.
Laboratory physical property test methods and the number of samples tested are provided in
Table 1. Samples tested for particle size distribution (PSD) were selected to represent the range
of observed field textures to allow for laboratory calibration of the field texture estimates. Two
samples with higher fines (silt and clay) fraction were selected for Atterberg limits testing to
evaluate the presence of swelling type clays. Laboratory physical property testing was
performed by Black Eagle Consulting, Inc. (Reno, NV).
Table 1. Standard test method for physical property laboratory testing and number of samples
Test

Standard Method1

Number Samples Tested

Particle Size Distribution

ASTM C136 / ASTM D6913-17

12

Atterberg Limits

ASTM D4318 - 17

2

1American

Society for Testing and Materials, Volume 4.08. 2009. West Conshohocken, Pennsylvania

Soil chemical analysis tests, test method and the number of samples tested are provided in Table
2. Two samples per test pit were tested, a shallow sample (2 or 3 ft bgs) and a sample collected
at the maximum depth of the test pit (8 ft bgs). Soil chemical testing was performed by Western
Environmental Testing Laboratory (Sparks, NV).

GeoSystems Analysis, Inc.
GSA_Staff/Jobs/1849 - Truckee Meadows Water Authority - Bedell Flat Managed Aquifer Recharge Feasibility Support/Report/Bedell Flat
MAR Prefeasibility Report.docx

4

Truckee Meadows Water Authority
Bedell Flat MAR Prefeasibility Report

1/22/2019

Table 2. Standard test method for chemical property laboratory testing and number of samples
Test
pH

Standard Method
SW846 9045D

Number Samples Tested
24

Chloride

EPA 300.0

24

Nitrate Nitrogen

EPA 300.0

24

Sodium Adsorption Ratio

Calculated

24

Electrical Conductivity

SM 2510B

24

Arsenic

EPA 200.7

24

Calcium

EPA 200.7

24

Magnesium

EPA 200.7

24

Sodium

EPA 200.7

24

Total Organic Carbon

EPA 9060A

24

2.2

Trench Infiltration Testing

Trench infiltration tests were conducted to estimate the near surface in-situ saturated hydraulic
conductivity (Ksat), which represents the rate at which water infiltrates into the soil under field
saturated conditions. Trench infiltration tests were performed by TMWA at the locations shown
in Figure 2B. Trench test locations were selected based on the presence of coarse soil materials
characterized during pit testing. Testing was performed by excavating a trench to a depth of
approximately 3 to 4 ft, inserting a 4-foot diameter steel culvert in the trench, adding
approximately 2 ft of water inside the culvert, and monitoring the rate of water decline using a
Rugged TROLL 100 ® datalogger (In-Situ, Ft. Collins, CO). Effective Ksat was calculated from
the measured infiltration rates using the Green and Ampt equation with time-varying ponded
water depth (Warrick et al., 2005). The calculation did not correct for lateral divergence of
subsurface water flow, which can result in an overestimate of Ksat (Rice et al., 2014).
2.3

Cylinder Infiltrometer Testing

Single-ring cylinder infiltrometer (CI) tests with lateral divergence correction (Bouwer et al.,
1999) were conducted to assess the effective near-surface Ksat. The CI testing procedure is
provided in Appendix A. CI tests were performed by GSA at the locations shown in Figure 2C.
CI testing locations were generally near trench infiltration testing locations, apart from location
BF-CI-08 which was in the Sand Hills wash approximately 325 ft south of the nearest trench
infiltration test location (BF-T-08).

GeoSystems Analysis, Inc.
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3.0

RESULTS

3.1

Laboratory Physical Testing and Geologic Logs

Laboratory PSD results are summarized in Table 3. PSD sample gravel fraction was 9% or less.
Sand fraction (0.075 mm – 4.75 mm) ranged from 49.7% to 91.1% and percent fines (silt + clay
(<0.075 mm)) ranged from 8.9% to 50.3%. Though located in the Bird Springs drainage, sample
BF-P-5 at 3 ft bgs was the finest textured sample tested. The occurrence of fines in the otherwise
coarse drainage material may be due to fine sediment washing off the dirt road and entering the
drainage at this location.
Field geologic logging estimates of percent gravel, sand, silt and clay were adjusted by using the
results from the laboratory PSD testing. Regression equations were determined for the
laboratory derived percent sand and silt versus manual field texture estimations to obtain lab to
field correction parameters (Figure 3). These correction parameters were then applied to all field
log estimates of soil texture. Field geologic log sheets for the test pits are provided in Appendix
B. Laboratory PSD and Atterberg limits test results are provided in Appendix C.
Table 3. Laboratory sample percent gravel, sand, silt, and clay
Sample

Gravel (>4.75
mm)

Sand (0.075 mm - 4.75
mm)

Silt (0.002 0.075 mm)

Clay (<0.002 mm)

Percent
BF-P-1 at 3'

1.0

57.7

41.3

BF-P-2 at 4'

2.0

77.0

BF-P-3 at 5'

0.0

49.7

BF-P-4 at 3'

0.0

91.1

BF-P-5 at 3'

3.0

79.5

16.2

1.3

BF-P-6 at 3'

2.0

84.5

11.7

1.9

BF-P-7 at 3'

2.0

83.3

13.1

1.6

BF-P-8 at 3'

1.0

76.9

19.2

2.9

BF-P-9 at 4'

1.0

79.0

17.3

2.7

30.3

21.0
39.6

10.7
8.9

BF-P-10' at 2'

0.0

60.4

BF-P-11 at 8'

2.0

85.4

12.6

9.3

BF-P-12 at 8'

9.0

75.4

15.6

GeoSystems Analysis, Inc.
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Figure 3. Laboratory calibration to field measured sand and silt size fraction
The estimated percent fines in each test pit as a function of depth are provided in Table 4. Test
pit sediments are generally coarse textured, consisting of sandy loam to sandy soils with little to
no gravel (10% or less), with greater than 60% sand size fraction and less than 40% fines. In
general, the observed sediments were finer textured over the top 1 to 2 feet of the profile and
became coarser at depth. Test pit BF-P-3 was finer textured than all other locations, consisting
of clay loam and loam soils with greater than 45% fines to a depth of 4 ft bgs. Test pit BF-P-13
was not hand textured, though was noted by TMWA to consist of silty sands with interbedded
clay and silt and not ideally suited for a recharge basin.
Atterberg limits test results are summarized in Table 5. The Atterberg limits derived plasticity
index (PI) provides an indicator of the clay content and type, where material with a PI between 0
and 3 is non-plastic, between 3 and 15 is slightly plastic, between 15 and 30 is moderately
plastic, and greater than 30 is highly plastic. The PIs for samples BF-P-3 at 5 ft bgs and BF-P-10
at 2 ft bgs were 9 and 7, respectively, indicating slight plasticity and low to moderate clay
content. These results agree with the PSD measured clay content of 10.7% and 9.3% for samples
P-3 at 5 ft bgs and BF-P-10 at 2 ft bgs, respectively (Table 3).

GeoSystems Analysis, Inc.
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Table 4. Test pit percent fine earth fraction (<0.075 mm)
Test Pit
Depth
(ft BF-P-1 BF-P-2 BF-P-3 BF-P-4 BF-P-5 BF-P-6 BF-P-7 BF-P-8 BF-P-9 BF-P-10 BF-P-11 BF-P-12
bgs)
Percent Fines (<0.075 mm)
0.5

28

39

61

19

19

28

28

28

28

34

56

17

1.5

34

39

61

17

18

39

22

22

22

39

50

12

2.5

34

34

50

11

17

17

17

17

17

34

28

12

3.5

28

22

45

11

17

11

11

28

17

28

28

12

4.5

28

22

39

11

17

11

12

11

28

17

17

17

5.5

28

22

34

11

17

11

23

22

17

22

17

17

6.5

22

22

34

11

34

11

17

17

22

29

17

18

7.5

22

28

34

11

12

11

22

17

22

28

11

18

Table 5. Atterberg limits test results
Sample

Liquid Limit
(LL)

Plastic Limit
(PL)

Plasticity Index
(PI)

Clay
Activity
(PI/% Clay)

Clay
Type

BF-P-03 at 5'

28

19

9

0.84

Normal

BF-P-10 at 2'

24

17

7

0.75

Normal

Clay activity provides an indication of the dominant clay type present and is calculated as the PI
divided by the clay content. Clay activity values between 0.75 and 1.25 indicate normal clays
(e.g. illites), clay activity values less than 0.75 indicate inactive clays (e.g. kaolinites), and clay
activity values greater than 1.25 indicate active clays (e.g. smectites). Both Atterberg limits
samples have a clay activity between 0.75 and 1.25, indicating low shrink-swell tendencies.
3.2

Trench and Cylinder Infiltrometer Tests

Measured effective Ksat values at the trench and cylinder infiltrometer test locations are provided
in Table 6 and Table 7, respectively. Effective Ksat values are shown spatially in Figure 4 and
Figure 5 for the trench and cylinder infiltrometer tests, respectively. Trench effective Ksat values
were typically greater than CI measured effective Ksat values. The difference in effective Ksat
results may be due to trench testing having occurred at depths ranging from 2.5 ft to 5 ft bgs
(Table 6), whereas the CI tests were typically performed at the soil surface (Table 7) where finer
textured and less permeable soils are present (Section 3.1). Additionally, the distance of lateral
water movement (e.g. at the contact of differing soil textures) was not measured (e.g. via posttest excavation) and the uncorrected lateral divergence in the trench tests may have also
GeoSystems Analysis, Inc.
GSA_Staff/Jobs/1849 - Truckee Meadows Water Authority - Bedell Flat Managed Aquifer Recharge Feasibility Support/Report/Bedell Flat
MAR Prefeasibility Report.docx
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contributed to greater trench effective Ksat. Rice et al. (2014) reported up to 6X overestimate of
effective Ksat when not accounting for lateral divergence.
Effective Ksat values increased depending on the proximity to a wash or drainage and the
percentage of sand in the sediments. For example, test locations BF-T-12 and BF-T-13 were
conducted within the Bird Spring drainage in predominately sandy soils with high effective Ksat
values (54 ft/day and 20 ft/day, respectively). Likewise, CI tests BF-CI-8 and BF-CI-12 were
performed within the Bird Spring drainage and Sand Hills wash and showed greater effective
Ksat values (8.1 ft/day and 9.3 ft/day) than other CI test locations. The geometric mean effective
Ksat for non-wash/drainage locations were 3.6 ft/day and 2.1 ft/day for trench and CI test
methods, respectively. The geometric mean effective Ksat values for wash/drainage locations
were 14.5 ft/day and 8.7 ft/day for trench and CI test methods, respectively.
Table 8 summarizes the estimated recharge basin area needed to recharge 3,400 ac-ft/yr (3
MGD) assuming basin operations 8 out of 12 months of the year (e.g. allowing four months for
service interruptions and maintenance) and the trench and CI measured geometric mean effective
Ksat. The estimated non-wash/drainage basin area ranges from 3.9 acres to 6.5 acres and the
estimated wash/drainage basin area ranges from 1.0 acres to 1.6 acres. The CI estimated basin
area represents a more conservative estimate because the CI measurements were generally
performed on the soil surface, whereas the trench estimated basin area represents conditions in
which the finer textured soil near the surface is removed. Additionally, the CI measurements
account for lateral flow whereas the trench infiltration measurements do not.

GeoSystems Analysis, Inc.
GSA_Staff/Jobs/1849 - Truckee Meadows Water Authority - Bedell Flat Managed Aquifer Recharge Feasibility Support/Report/Bedell Flat
MAR Prefeasibility Report.docx

9

BF-T-06: 11.9 ft/day

BF-T-11: 9.4 ft/day

!
(

Alum

!
(

Rock
Rd

BF-T-10: 1.1 ft/day

!
(
BF-T-04: 33.5 ft/day

BF-T-09: 3.4 ft/day
BF-T-08: 1.9 ft/day
BF-T-07: 1.6 ft/day

!
(

nd
Sa

s
Hi ll

W

!
(

!
(

BF-T-01: 0.8 ft/day

!
(

(
!

ash

BF-T-05: 2.8 ft/day

!
(

!
(

Bi
rd

Sp

rin

gs
R

d

BF-T-12: 54.0 ft/day

!
(

0

0.175

!
(

0.35

D

BF-T-14: 2.7 ft/day

ra
in a

ge

BF-T-13: 20.0 ft/day

rin

p
dS
B ir

gs

Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus
DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community

0.7

1.05

Legend
Effective Ksat
(
!

< 1 ft/day

!
(

1.0 - 5.0 ft/day

!
(

5.1 - 10.0 ft/day

!
(

Roads
Drainages

> 10 ft/day

Figure 4. Trench infiltration measured effective saturated hydraulic conductivity

1.4
Miles

Ü

!
(

BF-CI-06: 3.7 ft/day

Alum
Rock
Rd

!
(

!
(

BF-CI-07: 1.8 ft/day S a nd

BF-CI-09: 2.8 ft/day

!
(BF-CI-08: 8.1 ft/day

a sh
lls W
i
H

!
(

BF-CI-05: 1.2 ft/day

!
(e BF-CI-12: 9.3 ft/day

d
Bi
rd

Sp

rin g

gs
R
rin
Sp
Bi
rd

g
na

s Dr

ai

Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus
DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community

0

0.175

0.35

0.7

1.05

Legend
Effective Ksat
(
!

< 1 ft/day

!
(

1.0 - 5.0 ft/day

!
(

5.1 - 10.0 ft/day

!
(

Roads
Drainages

> 10 ft/day

Figure 5. Cylinder infiltration measured effective saturated hydraulic conductivity

1.4
Miles

Ü

Image from

Truckee Meadows Water Authority
Bedell Flat MAR Prefeasibility Report

1/22/2019

Table 6. Trench infiltration measured effective saturated hydraulic conductivity
Test Depth

Effective Saturated Hydraulic
Conductivity

Location

USDA Soil Texture

(ft bgs)

(cm/s)

(ft/day)

BF-T-01

Sandy loam / Loamy sand

4.0

2.9E-04

0.8

BF-T-04

Sand

4.5

1.2E-02

33.5

BF-T-05*

Loamy sand

2.5

9.8E-04

2.8

BF-T-06

Sand

4.5

4.2E-03

11.9

BF-T-07

Sand / Loamy sand

3.0

5.7E-04

1.6

BF-T-08

Sandy loam / Loamy sand

3.0

6.8E-04

1.9

BF-T-09

Loamy sand

3.0

1.2E-03

3.4

BF-T-10

Sandy loam / Loamy sand

5.0

3.7E-04

1.1

BF-T-11

Sandy loam / Loamy sand

3.4

3.3E-03

9.4

BF-T-12*

Sand / Loamy sand

4.0

1.9E-02

54.0

BF-T-13*

Sand

4.0

7.1E-03

20.0

BF-T-14

Sandy loam / Loamy sand

4.0

9.5E-04

2.7

Non-Wash Area Geometric Mean

1.2E-03

3.6

Wash Area Geometric Mean

1.2E-02

14.5

*wash/drainage location

Table 7. Cylinder infiltrometer measured effective saturated hydraulic conductivity
Effective Saturated Hydraulic
Conductivity

USDA Soil
Texture

Test Depth
(ft bgs)

(cm/s)

(ft/day)

BF-CI-05

Loamy sand

0.0

4.1E-04

1.2

BF-CI-06

Sandy loam

0.2

1.3E-03

3.7

BF-CI-07

Loamy sand

2

6.3E-04

1.8

BF-CI-08*

Sand

0.0

2.8E-03

8.1

BF-CI-09

Sandy loam

0.0

9.8E-04

2.8

BF-CI-12*

Sand

0.0

3.3E-03

9.3

Non-Wash Area Geometric Mean

7.6E-04

2.1

Wash Area Geometric Mean

3.1E-03

8.7

Location

*wash/drainage location
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Table 8. Estimated basin area to recharge 3,400 acre-ft/yr

Location

Non-Wash
Wash

Test Method

Saturated Hydraulic
Conductivity (ft/day)

Estimated Basin Area for 3,400
acre-ft/yr Recharge (acres)1

Trench Infiltration

3.6

3.9

Cylinder Infiltration

2.1

6.5

Trench Infiltration

14.5

1.0

Cylinder Infiltration

8.7

1.6

1

assumes basin operations 8 months of the year

3.3

Chemical Soil Tests

Chemical soil test results are provided in Appendix D and indicate that MAR is not likely to
degrade groundwater quality from flushing of existing arsenic or nitrate. Arsenic is below
detection limit (<0.46 mg/kg) for all samples tested. Nitrate-nitrogen concentrations are low,
ranging from 10.0 mg/kg to below detection limit (<1.0 mg/kg). Chloride concentrations are
also low, ranging from 25 mg/kg to below detection limit (<10 mg/kg), indicating minimal
evapo-concentration of chloride to a depth of 8 ft bgs.
Sodium absorption ratio (SAR) and electrical conductivity results indicate that salt affected soils
that may result in reduced soil Ksat are not present. The pH ranged from 6.9 to 9.0, indicating
soils are circumneutral to moderately alkaline. Total organic carbon was also low, ranging from
1,800 mg/kg to below the detection limit.
4.0

CONCLUSIONS AND RECOMMENDATIONS

Test pit and effective Ksat results indicate areas within and adjacent to the Sand Hills wash and
Bird Springs drainage have near surface soils that are sufficiently permeable for MAR. CI
measured effective Ksat provides a more conservative estimate of Ksat and yet still indicates good
feasibility for MAR. Locations near BF-P-13, BF-P-3, BF-P-2, and BF-P-1 have less permeable
near surface soils and should be excluded from further investigation. As a note, preliminary
investigations south of BF-P-1 indicate coarse textured soils are present (C. Kropf, personal
communication) and this area may be considered for a future test pit and infiltration testing
program. Chemical soil tests indicate that MAR is not likely to degrade groundwater quality
from flushing of existing arsenic or nitrate nor do salt affected soils exist at the test pit locations.
The driller’s log for a stock well installed near the east end of Bird Springs Road (Figure 6)
indicates silty sands from 2 ft to 13 ft bgs, alternating medium to coarse sands to approximately
87 ft bgs, and coarse sand with clay and silt layers (87 ft to 103 ft and 126 ft to 181 ft bgs) and
GeoSystems Analysis, Inc.
GSA_Staff/Jobs/1849 - Truckee Meadows Water Authority - Bedell Flat Managed Aquifer Recharge Feasibility Support/Report/Bedell Flat
MAR Prefeasibility Report.docx

13

Truckee Meadows Water Authority
Bedell Flat MAR Prefeasibility Report

1/22/2019

coarse sand layers (103 ft to 126 ft bgs) to the static water level at 181 ft bgs. Exploratory
boreholes drilled in 2007 (ECO:LOGIC Engineering, 2007) encountered highly compacted sand
and silty sand material at depths ranging from 15 to 20 ft bgs to the maximum drill depth of
approximately 30 ft bgs (Figure 6). If present, this highly compacted layer or deeper clay and
silt layers could act as a hydraulically controlling layer that creates shallow perched water
conditions and decreases basin infiltration rates. To refine MAR estimates, we recommend a
borehole exploration program be implemented which focuses on defining the shallow subsurface
lithology to 100 feet bgs (or groundwater if shallower) to identify the lateral extent of the
previously observed compacted layer as well as deeper fine-grained layers that may be
encountered. If the compacted layer or other fine-grained layers are extensive, we recommend
an integrated vadose zone characterization approach based on Milczarek et al. (2003) which
incorporates borehole exploration and in-situ testing to determine the hydraulic properties and
influence of the fine-grained layers. Investigation should be focused at locations that have high
near surface effective Ksat. These areas should be located near wash and drainages (e.g. BF-T12, BF-T-13, BF-CI-8) and near the mouth of the wash and drainages (e.g. BF-T-4, BF-T-11,
BF-T-6). Recommended investigation areas are identified in Figure 6. Based on the difficulty
with hollow-stem auger drilling and sample collection in the compacted material layer
(ECO:LOGIC Engineering, 2007), we recommend that sonic drilling be used for the exploratory
boreholes.
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2019 Scope of Work
Bedell Flat Aquifer Storage and Recovery Investigation

Introduction
The 2007 Washoe County 208 Water Quality Management Plan contemplates a small number of longterm regional alternatives for the management of treated wastewater effluent. Alternatives include
new and innovative treatment technology and aquifer recharge using highly treated effluent, also
known as “advanced purified water”. A 2010 report entitled “Regional Integrated Wastewater System
Planning”, funded in part by the Nevada Division of Environmental Protection’s (“NDEP”) 604(b) Water
Quality Planning fund, identifies Bedell Flat as an area for possible aquifer storage or aquifer recharge
using advanced purified water. This concept also appears in the 2011-2030 Comprehensive Regional
Water Management Plan, and more recently in the Truckee Meadows Water Authority’s (“TMWA”)
2016-2035 Water Resource Plan, as a potential site for an integrated water resource aquifer storage and
recovery (“ASR”) program.
The program would provide for the management of advanced purified water from one or more water
reclamation facilities and enhance drought and/or emergency water reserves. Integrated water resource
management alternatives in Bedell Flat include infiltration of advanced purified water through a
proposed rapid infiltration basin (“RIB”) or along a natural drainage referred to as Bird Springs Drainage,
injection of potable water using ASR wells and North Valley Importation Project (“NVIP”) water, or a
combination of these. The Western Regional Water Commission (“WRWC”) has partnered with the City
of Reno, Washoe County, and TMWA to assess the feasibility of an ASR program in Bedell Flat.
Proposal
Through these partnerships, and a 2017 grant from the WRWC, TMWA has initiated the ASR feasibility
assessment. WRWC grant-funded work completed in 2018 and 2019 indicated that near-surface soils in
the southwestern part of the basin are favorable for RIBs. Additional geologic and hydrogeologic
investigations are planned for Fall 2019 to assess the infiltration capacity of deeper unsaturated zone
soils, the occurrence, quality, and flow of groundwater, and the climatic variability in these areas. These
assessments will be conducted through the installation of monitoring wells and a weather station.
This proposal is for the installation of a weather station and analysis of soil samples. Under this
proposal, a weather station will be installed in southwest Bedell Flat to collect, store, and transmit data
on air temperature, relative humidity, vapor pressure, barometric pressure, wind speed and direction,
solar radiation, precipitation, lightning strike, and soil moisture. This information will be used to help
predict storms for deployment of flow measurement devices in Bird Springs Drainage, the onset of melt
from snow pack, infiltration of snow melt and precipitation into the soil, and evaporation due to
temperature and solar radiation.
TMWA will construct ten monitoring wells in southwest Bedell Flat using the resonant sonic method to
obtain high-quality lithologic information and reduce the impact to native soils. Under this proposal,
approximately 10 to 20 soil samples from each borehole will be collected along the entire borehole
length, focusing on the unsaturated zone. Soil samples will be collected from the borings using a split-

spoon sampler or other viable methodology, prior to monitoring well installation. Samples will be
collected and prepared in the field and delivered to the Colorado State University soils lab for analyses.
Soil samples will be analyzed for porosity, permeability, saturated hydraulic conductivity, and grain size
distribution. This information will be used to determine the location and hydraulic properties of highlyconductive zones as well as low-conductivity zones to help estimate the storage capacity and
connectivity of the unsaturated and saturated aquifers.
Deliverables
A brief technical memo describing the soil sample collection locations, conclusions drawn from the
laboratory analyses, and the location and functionality of the weather station will be submitted to the
WRWC and NDEP upon completion.
Estimated Project Budget
The total project costs are estimated at $260,000 for 1) weather station purchase and installation
(includes installation assistance and programming from the USGS as shown in the table below) and 2)
soil sample collection and analyses (includes the construction of monitoring wells as shown in the table
below). The 604(b) grant funds will cover $40,000 of the total costs.
The cost estimate assumes no additional parts or components for the weather station, as quoted and
that 10-20 soil samples will be collected and analyzed at approximately $175/sample.
TMWA will submit invoices to WRWC for reimbursement up to $40,000. Following this, WRWC will
submit an invoice and other required documentation to the NDEP for reimbursement.
Table 1. Budget Summary
Item
Weather Station
Weather Station Install (USGS)
Monitoring Well Installation
Soil Sample Lab Analyses
TOTAL

Total Project
$7,000
$3,000
$215,000
$35,000
$260,000

604(b) Contribution
$5,000
$0
$0
$35,000
$40,000

Local Contribution
$2,000
$3,000
$215,000
$0
$220,000
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Feasibility Assessment of Bedell Flat Hydrographic Basin for Aquifer Storage
and Recovery using Geophysics, Geochemistry, and Recharge Testing
Ramon C. Naranjo, Todd G. Caldwell
U.S Geological Survey (USGS), Nevada Water Science Center
Period of performance: July 2019 to August 2022
Phase 4: Geophysics, Alluvium Characterization, and Geochemistry at Boreholes 1-8 (7/19 – 12/20)
Phase 5: Geophysics, Alluvium Characterization, and Geochemistry at Boreholes 9+ (1/21 – 7/21)
Phase 7: Recharge tests in pilot RIB zones (7/21 – 11/21)

INTRODUCTION
The feasibility of managed aquifer recharge using land-based methods such as rapid infiltration basins
(RIB) or subsurface injection depends on both the geologic and hydraulic characteristics of the aquifer
and overlying vadose zone. Recharging treated effluent water (A+ or other) through the unsaturated soil
zone filters out unwanted constituents while also encouraging microbial reduction. Ultimately, such
methods of aquifer storage and recovery (ASR) provide resilient water supply sources to meet the needs
of a growing community and improve water system sustainability to adapt to a changing climate. The
feasibility of ASR relies on several considerations: 1) availability and quality of water being artificially
recharged; 2) capacity of unsaturated material to accept this additional source of water, 3) availability of
adequate storage in the unconfined aquifer; and 4) some assurance that recharge water will not be readily
lost to evapotranspiration, leakage from the storage aquifer or improperly placed recovery operations.
Furthermore, ASR efficiency can be affected by degradation of aquifer properties due to chemical
reactions between recharged and native waters. Other common water quality concerns with ASR projects
are elevated concentrations of dissolved solids and major ions, and the potential to mobilize naturally
occurring constituents such as nitrate and perchlorate from unsaturated soils.
A fair amount of effort has already been invested into answering a few key questions on the potential
suitability of Bedell Flat basin for ASR (Figure 1). Mainly the suitability of using Bird Springs drainage
for natural transport of flow from its upper reaches into the alluvial basin of Bedell Flat where it could be
efficiently and effectively stored below ground. Preliminary evaluations are encouraging and proposed
additional monitoring for this scope of work will provide infiltration rates, borehole and geochemical
characterization of deeper lithologies in areas where favorable conditions exist.
The Truckee Meadows Water Authority (TMWA) is considering several ASR options within Bedell Flat.
These options include infiltration of advanced purified water 1) along a natural drainage (Bird Springs
drainage), 2) along a proposed engineered infiltration gallery (i.e. RIB), and 3) direct injection of potable
water into the subsurface. However, a thorough understanding of site hydrologic, hydrogeologic, and
geochemical characteristics is needed to determine the potential success of a long-term ASR program.

OBJECTIVES
The objective of this study is to evaluate the feasibility for a successful ASR program in the Bedell Flat
basin using a combination of methods including surface and borehole geophysics, infiltration
experiments, geochemical analysis, and numerical simulations.

Figure 1. Location of Bedell Flat and North Valleys, southern Washoe County, Nevada.

APPROACH
This scope of work will expand on the previous work which evaluated infiltration rates in Bird Springs
channel deposits by evaluating unsaturated zone properties and characteristics along alluvial fan and
valley fill deposits in Bedell Flat using a combination of downhole and surface geophysics. Within the
framework of TMWA’s plan, the USGS will be contributing to TMWA Phase 4 – Geophysics, Aquifer
Tests, and Geochemistry, Phase 5 – Additional Infiltration Feasibility, and Phase 7 – Recharge Testing.
In Phases 4 and 5, the USGS will perform weather monitoring, estimation of annual peak flow, assist in
lithologic descriptions during sonic drilling and collection of soil samples for hydrologic and chemical
analysis, and modeling of unsaturated zone flow and geochemical suitability for ASR. The scope of this
project also includes data collection during large-ring infiltration experiments conducted by TMWA in
alluvial basin sediments. In Phase 7, the location of the test RIBs will be selected, and a large-scale pilot
infiltration test will be performed, during which a combination of surface and borehole geophysics will be
used to evaluate effectiveness and penetration of infiltrated waters through the unsaturated zone to the
water table.
This four-year project will consist of data collection, analysis and reporting beginning in FY 2019 and
completing in FY 2022. Work will begin third quarter FY19 with well and borehole drilling at locations
shown in Figure 2 and installation of a weather station. Geophysics and runoff monitoring will begin in
FY20. Borehole and monitoring sites selected in FY19 may continue to be monitored in FY20 along with
potentially 8 additional wells/boreholes. In FY21, infiltration testing will be performed at up to 4 sites and
evaluated for long-term efficacy. Findings will be published in a USGS Scientific Investigation Report by
the end of Fiscal Year 22 (Table 1), with semi-annual progress reports presented throughout the Project.
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Figure 2. The potential location of boreholes (circles) and weather station (triangles) and infiltration transects (stars). Dash lines
represent paths where surface geophysics EM (GEM-2) will take place. Additional transects pending BLM review and approval.
Location of infiltration transects for will include monitoring runoff stage, sediment temperatures. Geophysics will measure
wetting front transport caused by runoff in the Bird Springs runoff.

TMWA PHASES 1, 4 and 5: (FY19-21)
TWMA Phases 1, 4 and 5 involve collection of surface and borehole data. USGS Tasks 1 through 4 are
continuations of ongoing work in Bedell Flat including runoff duration, peak flow and channel infiltration
rates, while Tasks 5 through 8 will develop more understanding of the subsurface lithology and
unsaturated zone characteristics related to TMWA Phases 4 and 5. Meteorological data will be collected
to monitor precipitation events that may induce changes to soil moisture and produce runoff in drainages.
Changes in soil water content following runoff events will be monitored for wetting front movement and
potential perching using a combination of surface and borehole geophysics at these new boreholes. Soil
hydraulic and chemical properties will be analyzed from core samples collected during drilling. A
geochemical compatibility assessment will help determine the potential for adverse reactions that may
3

impact vadose zone hydrology and groundwater water quality. Together, these data will provide the
foundation for RIB site selection and implementation of ASR in Bedell Flat.
Task 1: Stakeholder Engagement/ Site Visits / Project Management/ Meetings
This task involves meetings, project updates, presentations, and additional field support as requested by
TMWA. At the initiation of this agreement, we will meet with TMWA staff and discuss a strategy for
beginning the work and reviewing our research methodology. USGS will formally communicate with
TWMA as needed to discuss and evaluate methodologies, logistics, and the progress towards decision
points.
Task 2: Meteorological monitoring
Basic weather data will be collected on site from June 2019 through September 2021 to monitor local
conditions and water balance (precipitation and potential evapotranspiration) data in Bedell Flat basin.
Such data will also inform future modeling efforts. We will deploy a compact weather sensor
(ClimaVue50) that measures wind speed and direction (2D ultrasonic), a drop-counter precipitation gage,
total incoming solar radiation, barometric pressure, temperature, and relative humidity. In addition, we
will add a tipping bucket rain gage (TE525) with snowfall adapter (CS705) and a 1-m soil
moisture/temperature profile sensor (SOILVUE10) to measure total precipitation and snowmelt timing.
All data will be recorded at 30-min intervals to a remote data acquisition system and transmitted via a
cellular data modem approximately every two-hours. Data will be automatically decoded and uploaded
online to the National Water Information System (NWIS) for near real-time availability. All
instrumentation, environmental enclosure, battery, antenna, and solar panel are mounted to a small steel
tripod in the previously disturbed area near the existing Bureau of Land Management (BLM) well
(Figure 2). The footprint is <40 ft2 area. No site disturbance or modification is required for this
installation. Note, this system is extremely compact and portable for use later in Phase 7.
Task 3: Runoff duration and maximum annual flow
Task 3 will monitor runoff stage and duration, and estimate annual peak discharge by indirect methods
following major streamflow events (Rantz, 1982). Two locations in the Bird Springs drainage will be
instrumented with pressure transducers to measure stage near the top of the drainage and in a channelized
section upgradient of the BLM well. Indirect methods use physical characteristics of the channel (i.e.
slope, wetted perimeter, roughness) and water surface elevation at peak stage to estimate peak discharge.
This task will involve one indirect measurement per year to determine the peak discharge in FY20 and
FY21. Major tributary inputs to Bird Springs drainage may cause flash flood conditions along the alluvial
fan posing a risk to infrastructure such as roads, wells and potentially RIB. Infrastructure (pipelines,
roads, culverts) may require engineered structures designed to limit damage caused by sediment and flood
runoff will require a comprehensive hydrologic and hydraulic analysis (i.e. HEC-1/ HEC-RAS).
Precipitation (Task 2), infiltration (Task 4) and runoff data can be used to calibrate such models for flood
potential assessment to ensure adequate structures are designed to protect infrastructure and can be
completed by the USGS in a future scope if requested by TMWA.
Task 4: Bird Springs drainage infiltration
During natural flow events, low-volume Parshall flumes (rated for <1 cfs) will be temporarily installed at
two locations along a reach of Bird Springs drainage to measure discharge and flow loss (i.e. total
infiltration) along the selected reach. Stage measurements inside the flume will be measured over a period
of 20 minutes, then the flumes will be removed. Infiltration loss will be calculated from the difference
between discharges over the length of channel between measurements. Flume installation involves the use
of simple hand tools (shovel, level) and requires no modification to the channel.
Flow events that exceed the low-flow Parshall ratings will be monitored for stage and duration of flow per
event using pressure transducers, capacitance probes and game cameras at two transects (Figure 2).
4

Temperature probes installed in channel alluvium will be used with stage data to construct a time-series of
infiltration rates based on numerical heat and flow models. Surface geophysical surveys using GEM-2
(method discussed in Task 5.2) will be conducted across the channel to characterize infiltration depth and
lateral spreading following flow events. This data will be used to calibrate infiltration patterns simulated
by the model and find any potential low conductivity lithologies limiting downward infiltration.
In TMWA Phase 4 (FY20), two transects across the channel will be established in the Bird Springs
drainage and monitored continuously during the winter and spring period (Nov-April). In Phase 5 (FY21),
the equipment will be moved to two different transects down gradient to estimate infiltration rates. The
purpose of additional locations each year is to provide infiltration characteristics as a function of channel
distance along the alluvial fan deposits. Infiltration rates greater than 4 cfs/mi would be sufficient to
infiltrate water if Bird Springs drainage were used as a natural infiltration feature.
Task 5: Unsaturated Zone Characterization
Heterogeneity and vertical anisotropy of the unsaturated zone and unconfined aquifer system must be
identified and evaluated to ensure an efficient ASR system, particularly under a RIB where less
permeable strata and local variability may perch and reject recharging water. More conductive zones
(coarse sands and gravels) are typically lenticular deposits and more difficult to spatially characterize. We
will use a combination of borehole geophysics and surface geophysics to refine our conceptual
hydrogeological understanding of potential infiltration areas and the overall hydrogeological model of
Bedell Flat. Repeat measurements will be taken from defined transects and wells to track changes in
moisture content (Figure 2). We anticipate collecting geophysical observations from 8 wells during
Phase 4 with the potential of 8 additional wells in Phase 5. We have selected a variety of geophysical
methods and will refine these in time. Some measurements (e.g. neutron probe and surface EM) are fast
and relatively simple but may lack sufficient signal or spatial resolution. We will also explore some more
robust surface and borehole geophysics, and likely refine our methodologies over the course of TMWA
Phase 4.
Task 5.1: Borehole Geophysics – Vertical Soil Water Content and Hydraulic Properties
Borehole geophysics data collection during this task will be used to characterize the porosity and
permeability and to monitor changes in moisture content along a continuous profile. In TMWA Phases 4
and 5, borehole logging will include two downhole tools (see review by Maliva et al., 2009): nuclear
magnetic resonance (NMR) and thermalized neutron probe (NP). Borehole logging locations are
tentatively shown in Figure 3. NMR consists of a large permanent magnet and a frequency-induced
electromagnetic field (Behroozmand et al. 2015; Knight et al., 2016). Together, these create an alignment
of water molecules within the radial sphere around the borehole. A series of magnetic pulses causes a
weak oscillating radio signal that is detected by the tool. The relaxation of the water molecules after each
pulse allows the NMR to determine the soil water content (or total fluid-filled porosity if saturated) and
pore-size distribution at ~10 cm shell radius away from the borehole. The bound and moveable water
distribution provides an estimate of hydraulic conductivity, as well. Data collection will be from 0-200 ft,
with 1 ft depth intervals from 0-25 ft and with 3 ft intervals below 25 ft. The NMR is a rental tool
available from the USGS Hydrogeophysics Lab.
NP consists of a fast neutron source (50 mCi 241Am-Be) and a slow neutron detector (3He); both are
lowered into the borehole (IAEA, 2002). As fast neutrons from the source collide with hydrogen in water,
they are thermalized (i.e. slowed) and detected. The number of thermalized neutrons over time (e.g.
counts per second) is a direct measure of hydrogen within a given cross section that includes the borehole,
borehole material (PVC), the surrounding disturbed fill material, and finally the soil. An accurate
calibration is required to remove these confounding factors. We will use field calibration of water content
data collected during sonic drilling to correct the count ratio of NP downhole. Data collection will be
from 0-200 ft, with 1ft depth intervals from 0-25 ft and with 3 ft intervals below 25 ft. The NP is inhouse
(NV WSC) technology that is needed primarily to continue monitoring when the NMR is unavailable.
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The measurement schedule (Table 2) will measure dry (October) and wet (April) conditions annually with
NMR during Phases 4 and 5; however, we anticipate that some of the Phase 4 boreholes will not be
included in Phase 5. In other words, we expect some Phase 4 boreholes will be unnecessary or redundant
by Phase 5 as we improve our estimation of the best location(s) for the RIB tests in Phase 7. Both NMR
and NP measure actual soil water; however, the NMR has several advantages: the shell radius of
measurement is well beyond the disturbed borehole, bound and mobile water is quantified and used to
estimate hydraulic conductivity, and it has no radioactive source requiring licensing and dosimeters.
Task 5.2: Surface Geophysics- Lateral Monitoring of Infiltrating Water
The use of non-intrusive surface geophysical techniques in this task will allow for measuring vertical and
lateral migration of infiltrating water. The lateral extent of soil and sediment horizons, and depth-tobedrock are critical components for estimating and scaling the potential for infiltrated waters to reach the
unconfined groundwater system. Electromagnetic induction (EMI) and electrical resistance tomography
(ERT) will be used to detect changes in subsurface electrical properties primarily reflective of changes in
vadose zone lithology and moisture content. Figure 2 shows where ground surveys using EMI and GEM2 system (Geophex LTD, Raleigh, NC) will be conducted. Transects will be along 50 ft transects
perpendicular to drainage channels at each borehole (Task 5.1) and parallel to the drainage between Bird
Springs drainage monitoring points (Task 4). Multiple frequency EMI will target the upper 20 ft of the
soil to determine the extent of lateral flow during channel flow and the continuity of lithology along the
drainage network. These data will be inverted into a laterally constrained 2D profile. Surface EMI at
multiple frequencies can potentially penetrate >90 ft; however, the actual depth of investigation can be
considerably lower in high conductivity (e.g. wet or fine-grained) materials or in areas of high electrical
noise. GEM-2 is easy to deploy but the geometry of the induced electrical field is difficult to constrain.
Time-lapse ERT will be collected using a 2D resistivity survey (Supersting, AGI, Austin, TX) that
measures the apparent resistivity distribution of the subsurface. Here, the electrodes are in a fixed array;
however, it takes considerably more effort to lay them out and electrode locations must be surveyed.
Subsurface resistivity distribution is determined by injecting electrical current into the ground into two
electrodes and measuring the potential difference between two other electrodes along a linear transect of
28 equally spaced electrodes. Field data are inverted to model the resistivity distribution of the subsurface
using Res2Dinv software. After a complete permutation of resistivity between all electrodes, a full
resistivity map of the transect is obtained to a depth of around 25% of the survey transect length. With 28
electrodes at 2, 3 or 4 m spacings, our depth of exploration would be 44, 66, or 89 ft, respectively with
total transect lengths of 184, 276 or 367 ft. Our goal is the minimize the spacing based on wetting front
depth. Minimal spacing improves the resolution of the inverted profiles and takes less time to deploy.
The advantage of ERT is a fixed geometry that allows the depth of exploration to be determined;
however, it is more cumbersome to implement. EMI data collection is fast, but the depth of exploration is
less constrained and a function of both the applied frequency, and conductivity of the subsurface. In other
words, EMI is a good field mapping tool, while ERT is more quantitative. Unlike NMR and NP, both
methods infer soil water from changes in electrical conductivity. We are generally not interested in twoor three-dimensional subsurface profiles of electrical conductivity, so these data are inverted using
numerical models that require direct measurements of water content (e.g. NP/NMR) conducted
concurrently in Task 5.1.
TMWA will also be performing large ring infiltration tests in areas with favorable characteristics for RIB.
During these tests, infiltration will be measured directly by monitoring the change in water levels within
the upright culvert. However, lateral spreading of water occurs due to capillarity of the unsaturated zone
and low permeable sedimentary deposits beneath the surface. To characterize the extent of both vertical
and lateral infiltration, ERT and/or GEM-2 surveys will be conducted at selected sites as noted above.
Task 5.3: Seismic Geophysics- Locating depth to Bedrock and Faults
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Seismic geophysics is an efficient technique in identifying faults and depth to bedrock in areas where
exploratory holes or wells are not available. Gravity and seismic-refraction methods used by Berger and
others (2001) identified depth to bedrock along transects within the Bedell Flat basin. The study
identified metamorphic rocks of Triassic and Jurassic age, plutonic rocks consisting mostly of
granodiorite of Jurassic to Tertiary age and older basin fill of Quaternary and Tertiary age, and younger
basin fill of Quaternary age deposits. The study also identified structural depressions that could represent
faulting along the range front (Figure 3). In the Bedell Flat alluvial basin, the greatest depths to bedrock
are in the region of the BLM well. In the Berger and others (2001) study, along the Bird Springs and Sand
Hill drainage, data to clearly define the fault location was not collected. This critical information is
needed for RIB site identification as faults could be a potential impedance to groundwater flow into the
Bedell Flat alluvial basin. In this study, we intend to collect seismic-refraction data in FY20 (Table 2) to
supplement data from Berger and others, (2001) collected along the range front and faults located within
the Bird Springs and Sand Hill drainage basins.
Task 5.4: Development of Subsurface Conceptual model
In general, conceptual models are valuable graphical tools that aid in the representation of field conditions
and processes in a manner that are simplified and easy to understand. For this study, data from surface
and borehole geophysics will be compiled and interpreted to develop a conceptual model of the
unsaturated zone along survey transect and boreholes. The major components of the conceptual model
will include processes and features such as channel infiltration rates estimated from surface runoff events,
contrasts in subsurface deposits with emphasis on identification of and continuity of low permeable
sedimentary deposits, occurrence of perched water, distribution of sediment with high potential
infiltration rates, and location of faults. As information is gained from new data, the conceptual model
will be revised.
Task 6: Unsaturated Zone Modeling – Test for Rapid Infiltration Basin locations
The purpose of developing site-specific unsaturated models is to simulate the feasibility of potential RIB
locations. Lithological descriptions from three boreholes will be used to define and constrain subsurface
properties. The change in moisture content measured by borehole and surface geophysics in previous
tasks will guide the modeling effort to constrain hydraulic properties and aid in the determination of the
rate of infiltration, potential regions where lateral flow may occur, and the arrival time to the aquifer.
Task 7: Geochemical Compatibility/Assessment
This task includes evaluation of source water quality data such as redox parameters, anions, cations,
creating piper diagrams and development of geochemical models. Geochemical models provide insight to
the compatibility of mixing different sources of water. Compatibility of waters are commonly evaluated
for potential adverse chemical reactions (i.e. mineral precipitation, cation exchange, etc.), clogging of the
aquifer as well as compliance with antidegradation policy under the state water quality standards (NRS
445A.490.3, NRS 445A.465.3).
This task includes geochemical modeling of the interactions from mixing different source waters with the
alluvial groundwater. The modeling will use site specific water chemistry data obtained for the receiving
water (e.g. monitoring wells) and the recharging water (i.e. imported A+ water for land-based water
disposal and Fish Springs water). The models will be used to determine potential geochemical issues
arising from mixing of these different sourced waters. A simple Phreeqc (Parkhurst et al., 1980) model
will be developed to evaluate geochemical mixing of differing water compositions under differing
assumptions of the potential percentages of water. The model will be used to determine whether a simple
mixing of waters will have negative affect on water quality. The model will then be applied to the
following sources of water 1) A+ water mixed with native groundwater, and 2) Fish Springs water mixed
with native groundwater. Additional modeling that uses observation data collected from pore-water to
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constrain model simulations will be performed using a coupled Phreeqc and unsaturated flow model
(VS2DRT) in Task 7. The approach is discussed in more detail in Task 9.4.

Figure 3. Faults identified by Berger and others (2001). Data collected for this effort will identify the location of the fault
through Bird Springs and Sand Hills Drainage.

Task 8: Soil Hydraulic and Chemical Properties from Boreholes
Soil samples will be collected from boreholes in FY19 (Table 1) at discrete depths to characterize
hydraulic properties to gain insight on subsurface lithological variations, parameterize unsaturated zone
models, and aid in the interpretation of landscape and borehole geophysics data. Samples will also be
collected for chemical analysis to inform the geochemical compatibility assessment. Thus, for this task
the USGS will collect ~10 samples per borehole during sonic drilling of test boreholes for hydrologic and
chemical analysis. Samples will be collected from either a split spoon sampler to get an intact sample
(ideal) or disturbed samples extruded from the sonic tube. Disturbed samples cannot be used for direct
hydraulic characterization but can be estimated using transfer functions. Samples will be shipped to the
Soil, Water, and Plant Testing Laboratory at Colorado State University (CSU) for analysis of grain size,
moisture content, and extractable pore-water chemistry. For intact soil samples (cores), the saturated
hydraulic conductivity, soil water retention, and bulk density will be determined at CSU. USGS will
determine ideal lithologic units to submit for analysis in the field and collect/package these samples.
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TMWA PHASE 7 (FY21-22)
The efforts in Phases 4 and 5 will provide the information needed by TMWA to identify the most
favorable locations for pilot-scale infiltration tests. These infiltration tests (Phase 7) involve delivering
water from the Fish Springs Pipeline to potentially four, ½-acre test RIB. Each test RIB will likely be
located at or near an existing Phase 4 or 5 boreholes. After construction, this phase will monitor water
inflow levels in the RIB and moisture distribution around it, again using a combination of surface and
borehole geophysics. We will also collect pore-water samples from multiple depths to monitor changes in
chemistry of infiltrating water due to biogeochemical processes. Testing will pond water in each RIB over
a 6-month period. The infiltration characteristics and hydraulic connectivity to the aquifer will dictate
whether this location is feasible for long-term use for aquifer recharge.
It is important to note that the use of Fish Springs water for this evaluation will provide an excellent
opportunity to evaluate the physical processes that control infiltration (layering deposits, heterogeneity,
anisotropy). However, chemical reactions that occur with treated effluent (A+ or other) would ideally
need to be evaluated separately to obtain a complete understanding of nutrient reactions and clogging that
may occur in the unsaturated and saturated zone. Using source water that has chemical and biological
composition of treated effluent (A+ or other) in the test RIB would provide the opportunity to monitor
changes and potential long-term water quality consequences, if any, that may occur in the unsaturated and
saturated zone. The reactive transport model developed in Task 9.4 provides baseline information of the
potential changes that may occur with the use of Fish Springs and A+ source water, but field data are
needed from beneath a RIB with treated effluent (A+ or other) to fully understand potential biological and
chemical changes that may occur when these two distinct sources of water mix.
Task 9: Recharge Testing
The USGS will assist TMWA in evaluating RIB feasibility by collecting and analyzing data during large
scale infiltration testing activities. Groundwater will be applied to four, ½-acre test RIBs (Figure 4) for
up to six months. These infiltration tests will include similar methods of data collection and modeling
described in Task 5.1, 5.2, 6, 7, and 8. Given the expected duration of the test, data collection will be at a
higher frequency and more focused around the spreading basins. Subsurface moisture content will be
monitored along two orthogonal transects using ERT and within available boreholes (NMR) located
adjacent to the test RIB (Table 2). Infiltration rates and lateral spreading will be evaluated with an
unsaturated flow model to predict arrival times and potential impacts of layering deposits on recharge to
the aquifer. Water quality data collected from the vadose zone, the receiving aquifer, and source water
will be evaluated for adverse incompatibility using geochemical modeling.
The sub-tasks from Phase 4 and 5 involved in this scope will essentially be repeated for Phase 7. Subtasks listed below briefly describe the approach used for this phase. This scope of work assumes TMWA
will lead the installation of monitoring wells, boreholes, and multi-depth pore-water samplers (suction
lysimeters) with the USGS helping as necessary. USGS will collect soil samples during borehole
installation and submit them to the CSU laboratory for analysis. Pore-water and monitoring well sampling
will be conducted by the USGS. Specific water quality constituents and laboratory analysis will be
identified by TMWA.
Task 9.1: Borehole geophysics- RIB Soil Water Content and Vertical Hydraulic Properties
The USGS will evaluate moisture content changes at fixed locations around the test RIB at a monthly
frequency using NMR (method discussed in more detail in Task 5.1). During RIB pilot tests, we will
retain the NMR for the duration of infiltrating water. Borehole NMR will allow a direct vertical
measurement of the saturation levels beneath the RIB and guide sampling of the pore-waters via suction
lysimeters.
Task 9.2: Surface Geophysics - Lateral Monitoring of infiltrating RIB Water
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The USGS will monitor the changes in subsurface conductivity (e.g. moisture content) along two
orthogonal transects between borehole locations using the ERT (Task 5.2). The ERT will also allow for
monitoring apparent lateral spreading beyond the borehole locations. Data collected along transects will
provide a two-dimensional cross-section of the changes in the wetting front and moisture content during
the experiment.
Task 9.3: Unsaturated Zone Modeling – RIB Evaluation
To simulate infiltration rates, lateral spreading, and recharge to the aquifer, the USGS will develop an
unsaturated flow model (VS2DH) using the spatial dimensions, lithological interpretation of subsurface
from borehole samples, and inflow rates to the spreading basin. The numerical unsaturated flow model
will be calibrated using soil hydraulic moisture characteristic properties from soil cores and geophysics,
field-measured transit time for the moisture front, and field-observed textural patterns. Simulation of
arrival times and groundwater flow and mounding will be compared to field observations from
monitoring wells.
Task 9.4: Geochemical Compatibility/Assessment during RIB tests
This task is divided into three subtasks: 1) pore-water sampling, 2) groundwater sampling, and 3)
geochemical modeling. The number of monitoring wells, boreholes, and multi-depth sampling locations
may change if new information dictates that modifications are necessary. For example, geophysical
survey data will be used to help guide the pore-water sampling frequency as the wetting front moves
down; however, if the duration of this pilot test is not enough to reach the water table or if infiltrating
water becomes perched on low-permeable sediments, sampling strategies may change. In addition,
boreholes and multi-level samplers should be drilled to the water table to characterize the unsaturated
zone and to accommodate future use if this location is to be used for full implementation of infiltrating
treated water.
Task 9.4.1. Pore-water sampling
The quality of Fish Springs water is likely similar in chemical composition to local groundwater in the
Bedell Flat area. However, changes in pore-water and the aquifer will occur initially as salts
(cations/anions) are being flushed out of storage from the unsaturated zone. Sampling the pore-water
from multiple depths will populate baseline and time-series datasets that will be used for understanding
potential changes that may occur if Fish Springs water or treated effluent water is used over the longterm. Pore-water data collected from the unsaturated zone will confirm effectiveness of treatment through
percolation of treated effluent within the biologically and chemically active soil environment. This
subtask involves sampling pore-water at approximately five discrete depths (5, 20, 40, 60, and 100 ft) for
analysis of cations and anions on a weekly interval dictated by the arrival of the wetting front to each
depth (based on NMR/NP measurements). Upon arrival, the sample frequency will then shift to monthly.
The total number of samples will depend on the number of ½-acre spreading basins used for the pilot test.
As an estimate, 20 samples will be needed for the four-month duration of the pilot test if only one
spreading basin is used. If all four ½-acre spreading basins are used, 80 pore-water samples will be
collected. Suction lysimeters (UMS SICS20 100 cm pore water samplers) require a negative vacuum be
applied (~85 kPa) for 12 hours. Given the depths, positive pressure is needed to push the water collected
in the sampler to the surface. The recommended samplers have silicon carbide cups and dual lines for
vacuum and sampling. Pore-water samplers can be installed in a borehole with bentonite seals between
samplers with all tubing routed to a dry location. Samples can only be collected when pore-water
pressures are greater than the applied vacuum (i.e., just drier than field capacity).
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Figure 4. Schematic showing a ½-acre test RIB with monitoring wells and ERT transects. The pilot-test will be performed with
controlled inputs from Fish Springs or recovery well groundwater. The three monitoring wells will be used to monitor changes in
moisture content using NMR and EM. Along two transects, moisture content will be monitored using ERT. Pore-water will be
collected from within the basin from multiple depths below land surface using lysimeters. Monitoring wells will be used to
collect water quality samples and monitor water levels. Data collected by both land surface and borehole geophysical methods
along with water levels from monitoring wells will help determine whether subsurface geology create adverse conditions that
may lead to inadequate vertical connectivity to the aquifer.

9.4.2. Groundwater sampling
Samples collected from three shallow and one deep monitoring wells will be used to measure changes to
water quality at the same intervals as pore-water sampling. Water levels will be monitored continuously at
these four wells located around the RIB experiment using pressure transducers by TMWA.
9.4.3. Geochemical modeling
The use of unsaturated flow and geochemical transport model VS2DRT (Healy and others, 2018)
calibrated to field data from pore-water sampling, geophysical surveys and laboratory analysis of textures
and hydraulic properties will be used to simulate geochemical processes from the land surface to the
aquifer. Data collected from pore-water samples and groundwater will be used to constrain a geochemical
model of Fish Springs source water transport through the unsaturated zone. Using the same flow model, a
second scenario will be simulated using treated effluent water (A+ or other). This model will be used to
simulate and predict nitrate loading to the aquifer caused by biofilm development on near surface
sediment. Biofilm development can promote storage of organic nitrogen and phosphorus in near surface
sediments and could potentially lead to nutrient loading to the aquifer. For example, nitrate production
through mineralization of organic nitrogen could lead to aquifer loading of nitrate (Sumner and others,
1998). Clogging caused by biofilms and algal growth can also reduce permeability of sediments (Bouwer
and Rice, 1984, Bouwer, 2002). In addition, it is possible to have redox reactions involving dissolved
oxygen, organic matter, iron and sulfur (Aiken and Kuniansky, 2002). These important considerations
should be closely evaluated to assess their relevance to the future RIB implementation at Bedell Flat.
Task 9.5: Soil Hydraulic and Chemical Properties from Boreholes
Like Phases 4 and 5, the USGS will collect ~10 samples per borehole during sonic drilling of new
boreholes for hydrologic and chemical analysis in the test RIB. Samples will be shipped CSU for
analysis of grain size, moisture content, and extractable pore-water chemistry.
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Task 10: Documentation
This task involves compilation of data, analysis and interpretation documented in a USGS Scientific
Investigations Report (SIR). All data collected will be quality assured using standard USGS methods and
made available online to the public through NWIS or as data releases published on USGS
ScienceBase web services. The courtesy review copy of the SIR will be provided to TMWA prior to
publication. This work includes addressing review comments provided by TMWA, as well as technical
and editorial review required by the USGS policy. The report will also include a thorough review of the
scientific literature on the long-term efficacy of infiltrating treated effluent in spreading basins such as
RIBs and subsequent implications to Bedell Flat.
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SCHEDULE
Table 1. Schedule of work performed by the USGS for Phase 4, 5, and 7.
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Table 2. Schedule of geophysical work performed by the USGS for Phase 4, 5, ad 7 to capture wet and
dry conditions in boreholes near ephemeral channels and during RIB experiments.

Phase 4
Initial
characterization

Phase 5
Additional
Characterization

Phase 7
Recharge Testing

Oct
(dry)

Feb

Mar

Apr (wet)

Year

2019

2020

2020

2020

NMR
NP

x
x

x

x

x
x

GEM2
ERT

x
x
Oct
(dry)

x

x

x
x

Feb

Mar

Apr (wet)
2021
x
x

Year
NMR
NP

2020
x
x

2021

2021

x

x

GEM2
ERT

x
x

x

x

x
x

Year
NMR

Sept
2021
x

Oct
2021
x

Nov
2021
x

Dec
2021
x

ERT

x

x

x

x

8, 200' boreholes
8, 200' boreholes
8, Lateral (20 m), 1
longitudinal (200 m)
6 lateral transects

8+, 200' boreholes
8+, 200' boreholes
8+ Lateral (20 m), 1
longitudinal (200 m)
6 lateral transects

12, 100' boreholes/wells
4 orthogonal transects at
each RIB

BUDGET
The USGS has worked in cooperation with TMWA through Technical Assistance Agreements initiated in
FY 2017-18. The scope of the previous work has been to assist TMWA in developing an overall
comprehensive study design to evaluate the suitability of Bedell Flat for use in large scale ASR and to
evaluate the suitability of Bird Springs drainage and nearby alluvial basin sediments for infiltration of
water. In total, $174,817 has been spent on monitoring runoff and estimating near surface infiltration
rates and providing technical assistance. Of this total, TMWA has contributed $99,817 (57%) and the
USGS has contributed $75,000 (43%) from federal matching funds. The budget for the scope of work for
this four-year project to assist TMWA with Phases 4, 5, and 7 is $1,117,000 (Table 3) with a requested
contribution from TMWA of $637,000 (57%) and the USGS contribution of $480,000 (43%).
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Table 3. Budget request for Phases 4, 5, and 7 along with USGS contributions from federal matching funds.

Phase
4,5,7
4,5
4,5
4,5
4,5,7
4,5,7
4,5,7
4,5,7
7
4,5,7

Task No
1
2
3
4
5
6
7
8
9
‐

Task
Stakeholder Engagement/ Site Visits/ Project Management/ Meetings
Meteorological monitoring
Runoff duration and maximum annual flow
Bird Springs drainage infiltration
Unsaturated Zone Characterization
Unsaturated Zone Modeling ‐ Test for RIB locations
Geochemical Compatability/ Assessment
Soil Hydraulic and Chemical properties from Boreholes
Documentation
Geoph. Equip. rental, misc equipment
Total
USGS Contribution
TMWA Contribution
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Phase 4
FY19&20
41,000
22,000
10,000
25,000
188,000
6,500
33,000
34,000

Phase 5
FY21
28,000
15,500
10,000
26,000
164,000
6,500
33,000
34,000

34,000
393,500
169,000
224,500

31,500
348,500
150,000
198,500

Phase 7
FY22
13,000

124,000
7,000
75,000
36,000
86,000
34,000 Project total
375,000
1,117,000
161,000
480,000
214,000
637,000
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