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STUDY PARAMETERS

143 PUBLIC SUPPLY WELLS - HIGH CAPACITY (500 TO
2500 GPM, 500 to 1500 feet deep)

IDENTIFIED HIGHEST MASS BALANCED
CONCENTRATION ALONG WELL SCREEN PROFILE (Cyay)

IDENTIFIED SEDIMENT TYPE of Cy .y interval

IDENTIFIED PERCENTAGE OF TOTAL FLOW of Cy A Non-compliant wells: ~55%
interval

Compliant wells: ~45%

2



How Cy.x, Sediment Type and Flow Data were Collected from Each Well

. ‘Well ID: 300548 Tatal depth: 780 Ft. BGS Latitwde [N]: 34.5465504 .
Scenarlu 2 WEII 2E Project: White Fence Farms  Casing diameter: 15.38 in Longitude {E|: -11E. 1486838 Arsen Ic
Lacation: Lancaster, Ci Production rat=: ~718 GPM Surface elevation: 2537 Ft.
Year drillad: 1693 Pump intake [Ft. BES): 507  Elevation datum: Gaogle Earth Total Flow Rate: +716 GPM

o6 16,24 Drilling method: Mud Rotary  Screened intervals(Fr. BGS|

Created by: MIG 440-760 Well Head Average: 11 ug/L
Rewievwed by AKE MCL 10 IJEI‘L

Depth Lithelogy &
|Ft. BGS: Waell Canstruction

Legends

Fine to coarse sand with “‘Pump column OD and bowls
clay lenses estimated. J Injection 0.0
Well Construction . S amale

= - |
[ sereened casing 479 (PWL) - 520 # 1.00 —
Il ih Lithalagy '

. Fump calurmn . SW
. Sump bovds S0 520-535 h 1.00
[] Reduced blank casing Bl cH

Fine to coarse sand % Sereened casing 2

*Sereened Casing: 0.080-inch slots
*Screened Casing 2: D.040-nch slots

L]

35 - 550* :—\ 86,0H 15,7|

550 - 590 E@I\_E
510

590 - 620 Pump # 29 ‘2.48'
520
Erowon cl th d B35

Firie to course sand with G60

clay lenses :JE 630 - 650 P <2.00~

Fine to medium sand B0

wirlh clay lenses -
f o ) [

"
i ko rmediurm sand 640

with 30% clay 650 P
= 680 -715 (infill) _

Brown clay B0
Ga0
Blue clay Baa
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injection and Sampling Depths {Ft. BGS)
Injection Lample
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M Arsenic ug/L  MZonal Flow Contribution GPM

*Bottom of well as seen in video ]
survey at 713 ft. BTOC




ZONAL CHEMISTRY VERSUS

FROM EXISTING C,,,x SCREEN INTERVALS

B Fine
200 : 3 -
FLOW CONTRIBUTION AS A L e Arsenic . oms —
180 77%obs.>MCL o Coarse 11000 1 66 % obs. > SMCL
RETURN ON INVESTMENT (ROI) o Gomersomiay 1000 | it
140 = = =MCLorSMCL 9000 4
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A | 2000 {A 8 n
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2 | | ey oo |
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A : : E !
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143 PSWs and LSTWs

Cmax As, Fe, Mn, NO; Interval
Associated Zonal Flow
Lithology Logs E-Logs v/

Identify interval with
maximum mass-balanced
concentration: Cy, v

Associated Flow with
maximum mass-balanced
concentration: Cy,y v

Sediment type
classification

Statistical Data
analysis

Geotech
Classification

High Depositional Energy

GP-GW

Hydrogeological
Sedimentological Classification

Sediment Classification Within the Selected C,,,y Interval
Drilling Method = Reverse Circulation and Mud Rotary

SM-SC GC

Mixed by
Drill Bit

Blend Aquitard-Aquifer Boundary
|(Inferred Interbedded) (Inferred)

CH-CL-MU COARSE + BOUNDARY

nferred Transitional High Yield Fraction = HYF
pEedimentary Facies

Low Depositional Energy

Interbedded, Blend and Boundary = Recommended Hydrogeologic Descriptors
for Public Supply Well Design to better Control Geochemical Outcomes




Examples of Interbedded (Blend) Deposits

And Alternating Depositional Energies

Fluvial Crevasse Splay Tidal

Detail mn inset:
l|| ||1 ed | n|||1||| |n||




Alluvial Fan Interfingering with Playa Lakebed

N —— l i dlls ':] Cp 05 i. [ 5 Rockfall rF_xl:;.';ﬁ“ E:-gmhg::m.;mﬁ —
interfinger laterally

_ Fans deposits interfinger
down-dip with salt lake
deposits .




Beach Sands — Mineralogical Interlayering




Methods and Other Results

» Data visualization: scatter plots and » '(;‘Wh'Ch Seqlmf\r;\jrt]ypés s
histograms Max OCCUrring: atis

p” . the % flow contribution?
e Statistical Analysis

* Magnitude of Cy,, (normalized to the » For which sediment types
wellhead concentration) across is Cyax the largest?

sediment types: Welch’s ANOVA

* Cuax In depth intervals that include or do

| Is Cyax More elevated in
not include boundaries: Student’s t test

intervals that include a
boundary?



Fine - C

Arsenic Fine - NonC 12000 - Iron
SRR s F‘::: ::m: 11000 1 66 % obs. = SMCL

Coarse + Bd - C 10000

oy Cumax Values above and

Coarse - C

e W20 below the MCL/SMCL

= 7000
6000 4
5000 4

4000 1 . For CMAX> MCL/SMCL,
vy | what is the % of non-
0] $”" o0 H# 0 © compliant wells?
X 10 15 20 As: 58 %

Flow contribution % per 10 ft of screen
Fe: 37 %

Manganese Nitrate Mn: 62 %

80 % obs. > SMCL | 48 % obs. > MCL

NO,: 50%

Manganese (ug/L)
Nitrate (mg/L)

. 15 20
3 . [ ¥ o o
Flow Contribution % per 10 ft of screen Flow contribution % per 10 ft of screen




Data Plots: Flow Contribution

Percentage of observations

Arsenic

0-5 5-10 10-15 15-20 20-25 25-30 30-35 =35

Flow contribution % per 10 ft of screen

Manganese

0-5 5-10 10-15 15-20 20-25 25-30 30-35 =35

Flow contribution % per 10 ft of screen

5-10  10-15 15-20 20-25 25-30 30-35
Flow contribution % per 10 ft of screen

Nitrate

5-10  10-15 15-20 20-25 25-30 30-35

Flow contribution % per 10 ft of screen

Cuax intervals often
associated with flow
contributions <5 %

Consider potential
effect on wellhead
concentration —worth
the risk?



Scenario 2 Well 2B

‘Well ID: 300548

Prapect: White Fence Farmsz
Lacation: Lamcastar, CA
Year drilled: 1893

Tatal depth: 780 Ft. BGS Latitwde (M]: 34.64656504
Cazing dizmeter: 1538 in.  Longitude (E|: -11E 1456836
Production rate: ~715 GFM Surface elevation: 2537 Ft.
Pumpintake {Ft. BE5); 607 Elevation datum: Google Earth

061624 Drilling methed: Mud Rotary  Screened intervals(Fr BGE)
Created By WG 340-760
Revievwed by AKE
Depth Lithology & Lespnds
[Ft. BGS) Wall Construction
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Fine to coarse sand with
clay lenses

"Fump column Q0D and bowls
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estimated. +r Injecticn
Well Canstruction . Sample
E Sereened casing
. Infil Lithalagy
. Fump zalurmn . SW
. Pump bowils sC

[] Reduced blank casing B cH
% Sereened casing 2

*hereened Casing: 0.DED-inch slots
*Sereened Casing 2: D.040-inch slots

Injection and Sampling Depths (FL BGS)
Injection sample
500
510
520 320
Erowmn clay with sand 535 535
lenses 550 550
Fine to course sand with )
clay lenses 570
580
Fine to medium sand 540 55(0)
with clay lenses 530 —r
630 630
Fin fo rrediurm sand =
with 30% clay 650 650
]
Brown clay 670
540 680
Blue clay 690
L]
R0

*Botiom of well 35 seen in video

survey at 715 ft. BTOC

Depth Interval (Ft. BGS)

0- 479 (PWL)

479 (PWL) - 520

520-535

[ 9]
(%]

!

5 - 550%

550 - 590

590 - 620 Pump

620 - 630

630 - 650

650 - 680

680 -715 (infill)

B Arsenic pg/L

Arseni

C

Total Flow Rate: +716 GPM

Well Head Average: 11 pg/L

A

MCL: 10 pg/L
0.00 || 0.00
1.00
_ 45.1// 1.00

86.0|

15.7

29][2a8]

27.8

<2.00~

=
=
—

233/ <2.00~|

31.6

264

B 7onal Flow Contribution GPM

Zone Test
60 GPM

Zone Test
50 GPM

Zone Test

50 GPM

CMAX




BESST dataset compared to GAMA wells

3D Chem. (X-Y-Z Coordinates ) 2D Chem. (X-Y Coordinates)

GAMA shows wellhead
concentrations - only

e Areformation concentrations
uniformly elevated or only
elevated in discrete intervals?

BESST study includes full zonal
flow and chemistry profiles

143 wells 5
PSWs and long Ch %
screened test wells 7.

Show
also>8

L]

‘dag dofa bo— ULLIG Natcna Lacsprial Progoa—

Heller et al. 2025b GAMA
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2D Chem. (X-Y COORDINATES ) 5,300 PSWs and domestic wells in
Fra 3D Well Construction and L|th. "L, glacial till sediments

Domestic wells with shorter screens
adjacent to or < 4 ft from confining
layers had more As exceedances at
the wellhead than PSWs

Public WWater
System Yells

PSW DOMESTIC

Ground surface

Example public water Example domestic
system well well

Confining unit

unit and aquifer

/ Interface of confining

AU

Aquifer unit
Statewide Arsenic Study Wells

« MN-GCDC MDH
» MN- GWMAPS

«  ND- NDWC MARS Wells

= BD-80GS | stern Minne sota
] Ypper Midwast \ o ;

Short well screen
set adjacent to

\ Long well screen set confining unit

away from confining
unit

(A

Erickson and Barnes 2005

Fig. 1. Illustration of well-construction characteristics.




Groundwater quality issues are widespread in California
2025 GAMA DATA

Nitrate

Category  Concentration PSW

Arsenic i et >0 ° _ _ Manganese

Category Concentration PSW D07 L Category Concentration PSW 0 (D - Category Concentration PSW

High =10 o = o High =300 o 75 2 e High High =10

rson « Moderate  5-10 @ 8 &) Moderate  150-300 Moderate  5-10

<5 o g <150 <5

~13%>8.0 pg/L =

https://ca.water.usgs.gov/projects/gama/public-well-water-quality-trends/
GAMA: Groundwater Ambient Monitoring and Assessment Program
Data collected since 2015 (past 10 years).

@ Asand Nitrate = 80% of MCL
Fe and Mn = 100% SMCL
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Groundwater quality issues are widespread in California
2025 GAMA DATA

Arsenic

Category Concentration PSW Category Concentration PSW

High =300

High =10

Moderate 5-10 Moderate 150-300

~24 % > 300 ug/L -

Localized Wellhead Averages ca

be Higher Or Lower

Localized Spending on Treatment
can be higher or lower

Nitrate

Category  Concentration PSW

Manganese

Category Concentration PSW
High High =10
_ Moderate  5-10

Low =5

~13% > 8.0 mg/L -

https://ca.water.usgs.gov/projects/gama/public-well-water-quality-trends/
GAMA: Groundwater Ambient Monitoring and Assessment Program
Data collected since 2015 (past 10 years).

@ Asand Nitrate = 80% of MCL
Fe and Mn = 100% SMCL
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Fate and Transport Processes



Many types of RD and many ingredients and recipes

Re d u Ctive Ingredients Transport Mechanisms

Pyrite (Fe, S) Dissolution

o o Arsenopyrite (As, Fe, S) e 4 Diffusion
DISSOlUtlon (RD) Manganese ; . Desorption

Organic Matter Pressure

Microbes Over Pumping
Anoxic vs. Oxic

Reductive dissolution = a mineral is pH &

dissolved due to the reduction of a Redox Potential

specific element within its structure,

such asiron.

- AQUIFER
This process is often driven by "
biogeochemical or chemical
mechanisms. In simple terms, it's the 1
breakdown of a mineral by a reduction

reaction, leading to the release of

dissolved ions. * t ﬁ

"\
)
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Reductive dissolution processes

Microbial-mediated reductive

Microbes dissolution of Fe (hydr)oxides
Org C
Environ. conditions Fe (|||) . Fe (”)
(precipitate) (aqueous)
Fe (I11) hydr(oxide) As (V) > As (Il
coatings on clay
particles

. Desorption of As (lll) and As (V) (and
Aquifer as (i) others, e.g., Mn)

» Pumping Influence

Metal transport into adjacent aquifers

19



Overpumping

>
Shallow-source Deep-source
mobile arsenic pumping land subsidence
‘
010 Ccen -_A....
& i Pleistocene ‘ I I I ol
FeumlAs{V) » ‘ 2 i i clay compaction
&Fe mﬁ\s IJQa e B ! e .

— o Pliocene
Fe(m As(m]i é’ |

[TTNTTITT

L4

=

Miocene

[ICITTATTa
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EXAMPLE OF IRON, MANGANESE AND ARSENIC MINERALIZATION AT CLAY BOUNDARY

“This image shows iron and manganese oxide coatings on the
surfaces of mineral grains adjacent to fine-textured, reduced
lacustrine deposits. The arsenic concentration in the coatings
are as high as 310 mg/kg. For comparison the arsenic
concentration in the bulk continental crust is 1 mg/kg and the
concentration in the unaltered host material was less than 4
mg/kg. Needless to say, there are high arsenic concentrations
in some wells in the area”

John Izbicki, Ph.D. USGS, Email, November 8th, 2022
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Potential Issues with Downhole Sediment Sampling
Using Rotary and Reverse Circulation Drilling Methods

Missed Cy . Layers <10 Ft.

Key intervals may be missed!

Loss of Fine-Grained Sediments.

Disaggregation and loss of fines may result in an interpreted bias = Coarser Sed.

Loss of Texture and Depositional Context.
Potential mis-identification of water chemistry sampling target.

24
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Geochemical Failures in Municipal Supply Wells

6” FIBERGLASS LONG-SCREENED TEST WELL - UPLAND, CA
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Geologic
Application of
Long
Screened Test




T p—— Flow and Mass Balanced Chemistry Results
SAWCo it e

Replacement LSTW 19 Casing Damener §° Zonal Flow Chioride Fluaride Nitrate as N Sulfate TDS TOX
i 3t | Soreened intervels 318-1114 it BGS % mg/L mg/L mg/L mg/L mg/L mg/L
o B 7 2 B v« 2 002328 w2 2% 080" . _ -
. p——
0
%0
a !
100 v

= o

AT A S 1 e o AP
) 4
R

veer SRALLOW ¥ 407 e o 10%
Well Construction SRR R 3 . s R - Lithology v Pumping Water Level
Blank casing Screened casing et . am B ow SW-SM SC W static water level
Shroud BB Bentonite seal ®» P . B sw I om ML e
- - inlection
B Pump column B Packer mandrel B aw-Gm GC B a pecion
" o] W -
No pump engagement PVC access pipe - OW-G( ™ . Sample

6” FIBERGLASS LONG SCREENED TEST WELL -
UPLAN D, CA o g;?glr::ic\xter

Association
" o Califomia

grac.org




Reaming Fiberglass Test Well to Construct Municipal Supply Well
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SAWCO-19R PRODUCTION WELL
FINAL DESIGN

10/25/2023

WELL CASING [TOP)

CONDUCT ASING [TOP)

FROM
i

20-EA 508 BAGS

4 HILA Blank C

DIAMETER OF HOLE {INCHES)
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Main Takeaways — Reaching New PSW Water Quality Compliance

* Screen placement matters.

* Not all sediment types produce geochemically equal groundwater (i.e., Clay vs.
Sand.

* Sedimentary context is important.
* Fine
* |Interbedded
* Coarse-Boundary (Aquifer-Aquitard)
* Coarse

* Cyax Intervals may or may not be diluted sufficiently to construct a compliant well.
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How many of these wells could have been compliant?

Arsenic e Iron _ %, Manganese Nitrate

Category Concentration Psw [l 50 ' Category Concentration PsW [ll*O¢ So. APRR Category Concentration PSW Category  Concentration  PSW

High =10 V- & High =300 P& 2 e High High =10
arson « Moderate  5-10 ® £¢  Moderate 150-300

=5 A (7 e W =150

https://ca.water.usgs.gov/projects/gama/public-well-water-quality-trends/
GAMA: Groundwater Ambient Monitoring and Assessment Program
Data collected since 2015 (past 10 years).

. As and Nitrate = 80% of MCL
Fe and Mn = 100% SMCL
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CONSIDERATIONS

WATER QUALITY OPTIMIZATION:

Balance maximizing production with the potential
treatment cost.

ROI:

Marginal increase in groundwater yield may be a
risky investment if water treatment is needed for
compliance.

LOCATION

Localized Risks may be much higher than State
Averages




Future Directions

* Treatment Avoidance or Reduction in Non-Compliant Wells

* Using Granular Well Profiling and Customized Well Modification (packers, sleeves,
engineered suctions, etc.)

* Treatment Optimization or Increased Capture

* Using Granular Well Profiling and Customized Well Modification (packers, sleeves,
engineered suctions, etc.)

* Cross-Sectional Mapping and Modeling of Zonal Flow and Chemistry Profiling
Data from PSWs and Monitoring Wells.

* We see the potential intersection of Environmental Sequence Straigraphy and
Geochemical Sequence Stratigraphy — Particularly as it applies to SGMA.
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Any Questions

Noah Heller, MS PG
Principal Hydrogeologist
BESST, Inc.

50 Tiburon Street, #7
San Rafael, CA 94901

M: 415.302.7354

E: nheller@besst-inc.com

Marina Feraud, Ph.D.

Research Scientist Advisors and Contributors

BESST, Inc. Chris Bonds, California Department of Water Resources
Kim Miles, BESST, Inc.

James Bohan, BESST, Inc.

E: mferaud@besst-inc.com Christian Leach, BESST, Inc.

M: 805.403.3130
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