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Valleys and Basins

« The San Joaquin Valley occupies
the southern two-thirds of the
Central Valley.

» The San Joaquin Valley is
separated into the San Joaquin
Basin to the north and the Tulare
Basin to the south.

* Nearly all unlined produced water
ponds are in the Tulare Basin
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Produced Water Ponds

An active produced water pond is An inactive produced water pond has a physical

currently receiving produced water connection to a produced water source, but not

(SWRCB 2019). currently receiving produced water (SWRCB
2019).

Aerial image of McKittrick 1-1 from Geotracker
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Aerial image of McKittrick 6A, 6B from Geotracker

In large complexes, produced water enters smaller unlined ponds that provide for
floatation and skimming of remaining undissolved oil prior to flowing into larger
unlined ponds for evaporation and percolation (Jordon et al. 2015). Disposal of
produced water into unlined pits, sumps, or ponds has been ongoing in California
since at least the early 1900s (Bean and Logan 1983). P.SE




Previous Work on
Unlined Produced
Water Ponds in the
San Joaquin Valley
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Soon to be Released Report

An Assessment of Oil and Gas
Water Cycle Reporting in California:

Evaluation of Data Collected Pursuant to
California Senate Bill 1281, Phase |l Report

CCST
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An Independent Review of Scientific and Technical Information
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Chapter 4 (DiGiulio and Shonkoff 2019)
Potential Impact to Groundwater Resources from Disposal of

Produced Water into Unlined Produced Water Ponds in the San
Joaquin Valley



Tracking of Unlined
Produced Water Ponds

PSC



Tracking of Disposal Volumes by the Division of
Oil, Gas, and Geothermal Resources (DOGGR)

Code |Well Production and In 2014, the California Legislature passed SB 1281 (CALI 2014) which required owners
Injection Summary of production wells to report the volume and disposition (see codes) of produced
Reports (from 1977) fluids from any well to DOGGR starting Q1 2015.

0 Not Applicable

1 Evaporation-Percolation |[Sump (unlined) - Evaporation and Percolation (infiltration): Water is placed into an unlined
sump, allowed to percolate into the ground and/or evaporate into the atmosphere.

2 Evaporation (lined sump) [Sump (lined) — Evaporation: Water is placed into a lined sump, open tank, or similar
container for evaporation into the atmosphere.

3 Surface Water Body Surface Water Discharge: Water is discharged into a surface body of water such as an
ocean, lake, pond, river, creek, aqueduct, canal, stream, or watercourse.

4 Sewer System Domestic Sewer System: Water is placed into a sewage disposal or treatment system,
which is generally operated by a municipality or consortium for domestic waste.

5 Subsurface Injection Subsurface Injection: Water is injected into the subsurface of the same oil field and
operator, from which it was produced.

6 Other (i.e. turned over to Other: Water is disposed of by another method, such as commercial disposal, industrial use,

commercial water disposal) |non-class Il wells, etc...

7 Sale/Transfer — To other operator or oil field: Water is sold or transferred to another operator
or oil field.

8 Surface Discharge: Water is used on oil field land or surface for dust control, landscaping,
pasture augmentation, infiltration, evaporation, etc...

9 Operator’s facilities within oil field: Water is used for operator's facilities within the oil field
(i.e., tankage, equipment operation, onsite storage, equipment/facilities cleaning and testing,
etc...)

10 Well Stimulation Treatment: Water is used in a well stimulation treatment operation (i.e.,
hydraulic fracturing, acid matrix, acid fracturing, etc...)

L Sale/Transfer — Domestic Use: Water is used for agriculture, irrigation, water replenishment,
water banking, livestock, etc..

12 Drilling, well work, and well abandonments: Water is used to support well drilling, rework,

and abandonment operations, for such things as well control fluid, drilling mud, cementing,

etc...
I SH



State Water Resources Control Board Geotracker

SB 1281 also required
DOGGR to provide the
State Water Resources
Control Board (SWRCB)
with an annual inventory
of all unlined oil and gas
field produced water
ponds or sumps.

Water Boards

= Produced Water Ponds Status Report: January 31, 2019

GEOTRACKER

= Cleanup Sites

() I wusT Cleanup Sites
() M cleanup Program Sites
(| Military Cleanup Sites
) A pTsc Cleanup Sites

B Permitted Facilities
O E waste Discharge Requirements
(WDR) Sites
() M Permitted USTs - INFO
[ A\ DTSC Hazardous Waste Sites
() M Land Disposal Sites
om Irrigated Lands Regulatory
Program Sites
| 0il / Gas Sites
| Il Other Oil and Gas Projects
¥ Ml Produced Water Ponds
.l | Underground Injection Control (UIC)
_| [ well Stimulation Project - Exclusion

| [ well Stimulation Project -
Groundwater Monitoring Plan

| B well stimulation Projects - Property
Owner Sampling

(J  confined Animal Sites

& Sites and Facilities - N

=] Other Sites

oo Project Sites

[J' [ Non-Case Information Sites
() [ sampling Points - Public
' O Field Points

) @ AGLand Domestic Wells
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Tools
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Screenshot of Lined and Unlined Produced Water Pond Facilities from the SWRCB
Geotracker Graphical Interface



State Water Resources Control Board Geotracker
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SITE / FACILITY NAME

'NICHOLAS 4' WELL, VALLECITOS
OIL FIELD

25 HILL PROPERTIES, INC., MIDWAY-
SUNSET, SHELL LEASE

ACL LEASE

AERA ENERGY, NORTH BELRIDGE
DISPOSAL PONDS

ALISO CANYON OIL FIELD SUMP,
POND, AND PIT ORDERS

ANDERSON TF #1

ANDERSON TF #2

ANDERSON TF #3

ANT HILL, ALL LEASES

ANT HILL, SIEGFUS

ANT HILL, SIEGFUS LEASE

ANT HILL, SPA

ANTELOPE HILLS OIL FIELD,
HOPKINS A LEASE (AKA:
EVAPORATION PONDS)

ANTELOPE HILLS OIL FIELD
HOPKINS A SOUTH LEASE

ANTELOPE HILLS OIL FIELD,
PHIPPEN LEASE

ANTELOPE HILLS OIL FIELD

SITE /
FACILITY
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PRODUCED
WATER
PONDS

PRODUCED
WATER
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WATER
PONDS
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WATER
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WATER
PONDS
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WATER
PONDS
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WATER
PONDS
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WATER
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WATER
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WATER
PONDS
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WATER
PONDS
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WATER
PONDS
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WATER
PONDS
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WATER
PONDS
PRODUCED
WATER
PONDS

PRODUCED
WATFR

STATE WATER RESOURCES CONTROL BOARD

GEOTRACKER

VIEW RESULTS ON MAP

Case Closures

Information

EXPORT TO EXCEL

CLEANUP STATUS OILFIELD  OIL FIELD OPERATOR

OPEN - SITE

ASSESSMENT

OPEN - SITE MIDWAY -

L it 25 HILL PROPERTIES, INC
CANADA

HISTORIC CANAD HAMMOND CANYON #2

) BELRIDGE.  ,rps errmay

INACTIVE - PERMITTED  BELRID AERA ENERGY LLC

OPEN - INACTIVE HLED TERMO /CRIMSON /SO CAL GAS
CANYON
RUSSELL E & B NATURAL RESOURCES

HISTORIC RANCH MANAGEMENT CORPORATION

HISTORIC RUSSELL E & B NATURAL RESOURCES
RANCH MANAGEMENT CORPORATION
RUSSELL E & B NATURAL RESOURCES

HISTORIC RANCH MANAGEMENT CORPORATION

OPEN - INACTIVE

OPEN - INACTIVE

OPEN - INACTIVE

OPEN - INACTIVE
ANTELOPE  E&B NATURAL RESOURCES

AP E = HEL T EY HILLS MANAGEMENT CORPORATION

, ) ANTELOPE  E&B NATURAL RESOURCES

ACTIVE - PERMITTED HILLS MANAGEMENT CORPORATION
ANTELOPE  E&B NATURAL RESOURCES

HETNES mELITAL HILLS MANAGEMENT CORPORATION
ANTELOPE

ACTIVF . PFRMITTFD

Screenshot of Geotracker Database

E&B NATURAL RESOURCES

ADDRESS (OR PARTIAL
ADDRESS)

NEW IDRIA ROAD

7026 DARNOCH WAY
SULPHUR CANYON ROAD
HIGHWAY 33

0 PETER ROZE FOOTHILLS,
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1848 PERKINS ROAD
1848 PERKINS ROAD

1848 PERKINS ROAD
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15,168&22 7295 R29E MDBEM
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MDB&M
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Locations of Produced
Water Ponds in California

Regional Active Ponds Inactive Ponds
Water Board

Lined | Unlined |Lined [ Unlined
Central Coast |32 9 15 0
Los Angeles 76 0 0 2
Central Valley |31 530 25 507
Santa Ana 0 2 0 0
Total 139 541 40 509

Data Source: SWRCB January 2019 Produced
Water Pond Status Report (SWRCB 2019)

1,229 produced water ponds in California

1,050 of 1,229 produced water ponds (85%) are
unlined

1037 of 1050 (99%) of unlined produced water
ponds are in the Central Valley jurisdiction

530 of 1050 (50%) of unlined produced water
ponds in the Central Valley jurisdiction are
active.

Map

Central Valley /

\ Sa

Geotracker Screenshot of produced water pond
facilities by state water board jurisdiction
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Produced Water Disposition Between 1977 to 2017

I Not Applicable [ ] Evaporation-Percolation
I Evaporation (lined sump) I Surface Water Body
| Sewer System I Subsurface Injection
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Data from DOGGR Well Production and Injection Summary Reports



In 2007, disposal of
produced water into
evaporation-
percolation ponds
was at least 25.6
billion gallons. In
2017, disposal into
evaporation
percolation ponds
was at least 1.9
billion gallons.

Evaporation-Percolation and “Other”
Water Disposition Between 1977 to 2017

—

Volume (acre-feet

[ ]| Evaporation-Percolation

140000 - [ | Other (commercial water disposal) ~ 456
120000 39.1
0
100000 32.6 5
©
o
80000 - 26.1 ©
(2}
C
S
60000 - 19.6 5
o
S
40000 — 13.0 %
>
20000 6.5
0 - 0.0
1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 2016
Year

Data from DOGGR Well Production and Injection Summary Reports
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Percent Disposal Volume of Produced Water Disposed in
Evaporation-Percolation Ponds, “Other”, and Combined

In 2003, disposal of
produced water into
evaporation-percolation
ponds was at least
24.5% of produced water
generated. In 2017, only
1.4% of produced water
was reported as
disposed in evaporation-
percolation ponds.

[\ O8]
o) (o)

Percent Disposal Volume
o B o 8

N

Evaporation-Percolation
—— Other (commercial water disposal)
Combined

|98}
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Data Source: DOGGR Well Production and Injection Summary Reports
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Beginning of Regulatory Action in 2014

In May 2014, the Central Valley
Regional Water Quality Control
Board (CVRWAQCB) located 326
facilities with 1100 produced water
ponds and evaluated Waste
Discharge Requirements (WDRs).

® NoWDR = WDR>20yr Old
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Cumulative Disposal Volumes
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Groundwater Resources in the Tulare
Basin of the San Joaquin Valley
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Groundwater Resources
in the Tulare Basin of the
San Joaquin Valley

The Tulare Basin has 7
groundwater subbasins (locations
of nearly all unlined ponds)

Salinity of Groundwater
Determined in Part by:

+ Origin of sediments (marine versus
continental)

» Sources (stream, irrigation) and
salinity of recharge water

« Evaporation and transpiration

» (Geochemical processes such as ion
exchange, mineral dissolution, and
precipitation and associated depth and
residence time

 Biological reactions that affect the
oxidation/reduction state of
groundwater
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Hydrogeology of the Kern River Subbasin Area

Nonmarine Kern River and Tulare Southeast Stable Shelf AU
Formations are the primary formations A s . :
used for water supply. i ¢ s 3 % ; 15 i
. . t 0 s g £ r
The Kern River Formation in the T e 10 if
eastern portion contains sediment from o T b
the Sierra Nevada Mountains. g S P Fomain
] ] ‘\ kﬁ"’*’ﬁrm Kern River
Groundwater in the eastern portion of '1%‘ Excogein Fomton
the Kern subbasin is primarily calcium RN :
. . 'Ni-. cang Etchegoin /4
bicarbonate waters in the shallow \\ o P, Extogon P~ §
zones, increasing in sodium with depth. \2\(\’_ - z /
The Tulare Formation in the central and B/ SR mmﬂmf
western portion contains sediments [ bagony e Tl AT
from Coast Range sources. % % 4
Bicarbonate is replaced by sulfate and
to a lesser degree by chloride in an east Steenssmdal RS 104
to west trend across the subbasin. S —
West-side waters are primarily sodium Pottersand of Callsway (1%2)
sulfate to calcium-sodium sulfate type
TDS increases from east to west.

Figure from Gautier and Hosford Scheirer (2003)
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Locations of Produced Water Ponds and
Concentrations of TDS in Water Wells
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Water Well TDS (mg/L)
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|:| Oil and Gas Field
Geologic Basin

<500
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>= 10,000

Active

Inactive

Active or Idle

Plugged & Abandoned
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Data from Stanton et al. 2017, Qi
and Harris 2017, Metzger et al.
2018, Metzger and Landon
(2018a, b), GAMA Geotracker
System, DOGGR (2019)
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Salinity Profiles in USGS Study Areas
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Salinity of Groundwater in Water Wells in Kern County
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Salinity of Groundwater in Water and
Production Wells in Kern County
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Effluent Limits

Tulare Basin Effluent 100000 n=392 =392 [ 125%~75%
Limits (CVRWQCB 2018) I S — Mt
« 1000 pS/cm electrical 10000 - i A > Outiors
conductivity ~ :
S - — 1 n=227
« 200 mg/L chloride E 100 s
c | 3
* 1 mg/L boron -% 100 - ‘1‘
g ——
TDS (mg/L) SV (%) || & 4]
>10,000 96.28 | 8 ]
<10,000 3.70 1
Unknown 0.02 :
Data from DOGGR SB 1281 reporting 0.1 4 | : ——
SJV - San Joaquin Valley DS cl B

Data from USGS Produced Water Database
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Treatment

SJV
Treatment (%)
Deoiling 94.87
Deoiling + Other Treatment [0.25
No Method 2.06
Membrane Treatment 0.00003
Desalination 0
Untreated 2.82

Data reported to DOGGR under SB 1281

SJV - San Joaquin Valley

Only 0.25% of produced water
discharged to unlined ponds is

treated beyond deoiling.

Photo credit - Clean Water Action




Beneficial Use: Maximum Allowable TDS Levels for
Protection of Groundwater Resources for Oil and Gas
Development and Disposal of Produced Water in

California
Maximum TDS | Applicability to O&G | Enforceability Overseeing
(mg/lL) Industry Agencies
3,000 mg/L or Land disposal, States Sources of Drinking Water Policy | SWRCB
EC < 5,000 produced water ponds | (SWRCB Res No. 88-63 (SWRCB
puS/cm for 2006). TDS and EC not defined for
municipal water other beneficial use such as that used
supply (MUN) for agriculture (AGR).
Undefined Conventional O&G PRC § 1722.22 for casing requirements | DOGGR
Development
10,000 Well stimulation USDW, CA Water Code § 10783(k)(2) DOGGR,
SWRCB
10,000 UIC Program UDSW, protected unless exempted, 40 | EPA,
C.F.R. 1443 DOGGR
10,000 O&G development on | Onshore Oil & Gas Order No. 2, 53 BLM,
federal or tribal land Federal Register 46798 DOGGR,
SWRCB
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Evaluation of Groundwater Contamination at
the McKittrick 1 & 1-3 Facility

The public record is extensive and
easily accessible.

The first Waste Discharge
Requirement permit was issued in
1961 - an example of the long-term
practice of disposal of saline (>
10,000 mg/L TDS) produced water
into unlined produced water ponds.
Discharge rates average 67,000
bbd (~ 1 billion gallons per year).
Disposal volume over a 60-year
operating period is estimated > 60
billion gallons.

Complex hydrogeological and
geochemical conditions that
underlie and are in proximity to the
facility are likely typical of
numerous produced water ponds
throughout the Tulare basin.

Land utilized for agriculture with
irrigation water supplied by water
wells is located 457 m north of the
McKittrick 1 & 1-3 Facility.
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Location on
Monitoring Wells
at the McKittrick
1 & 1-3 Facility

Eacility Monitoring Wells Clean Harbors Monitoring Wells 4  Pond Sample Points (WL elevation) —w—w—w State Highway

Q Upper Tulare Q Upper Perched Zone Cross Sections PLSS Sections
Cross sections A— A'and B - B'

G Deeper Tulare Q Intermediate Perched Zone  are presented in Attachment F 2

Lower Water Table
$ Lower Water Tabled Zone . Water Supply Well

Figure from CVRWQCB (2019) P-S-E



Perched and
Regional Aquifer
Conditions at the
McKittrick 1 & 1-3
Facility

Figure from CVRWQCB (2019)
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Levels of TDS, CYM-21D1 Total Dissolved Solids (mg/L)
Chloride, and o
Boron in CYM-21D1
at the McKittrick 1 o ——
& 1-3 Facility s —

CYM-21D1 Chloride (mg/L)

3500

1500

CYM-21D1 Boron (mg/L)

Figure from CVRWQCB (2019)
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Conclusions

As stated by the California Council on
Science & Technology and the Lawrence
Berkeley National Laboratory in 2015:

lv.. ’ e
vt y’
b: W 20

- Unlined produced water ponds poses a
risk to groundwater resources in
California.

2 HJ f-‘n ',uJ _JJ/JJ’,JJU‘;J-‘JJ rku’
Jfrl.‘[r]f.J'JJJ rr..n:ru,rip_)
Cagd ,\ ik .;,.Jm.; .;M}uu :.:’;:"’f”» e
|- If concentrations of salinity and
constituents of concern cannot be
reduced to levels protective of
groundwater resources, this practice

LawrenceBerkele); ShOUId be phased Out.

Natlonal Laboratory
LAB

Jordon et al. (2015) - Groundwater investigations should be
Stringfellow et al. (2015) .

expanded to determine the extent of
groundwater impact from past disposal.
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