
Except iona l  s e r v i c e  in  the  nat iona l  in t ere s t

Produced	
  Water	
  Availability,	
  	
  
Applica4ons,	
  and	
  Trends	
  

	
  
ECOS	
  Webinar	
  -­‐	
  January	
  11,	
  2017	
  

	
  
Mike	
  Hightower	
  

Dis4nguished	
  Member	
  of	
  the	
  Technical	
  Staff	
  
Sandia	
  Na4onal	
  Laboratories	
  

mmhight@sandia.gov	
  	
  505-­‐844-­‐5499	
  	
  



2 

Discussion	
  Topics	
  	
  

n Growing	
  global	
  fresh	
  water	
  supply	
  challenges	
  
•  Regional	
  economic	
  and	
  social	
  impacts	
  	
  

n Growing	
  interest	
  in	
  use	
  of	
  new	
  technologies	
  and	
  
approaches	
  to	
  supplement	
  fresh	
  water	
  resources	
  with	
  
non-­‐tradi4onal	
  waters	
  

•  Sea	
  water,	
  brackish	
  water,	
  produced	
  water,	
  extracted	
  and	
  frack	
  
water,	
  storm	
  water,	
  municipal	
  and	
  industrial	
  reclaimed	
  water,	
  
even	
  cow	
  water	
  

n Considera4on	
  of	
  produced	
  water	
  for	
  beneficial	
  reuse	
  
•  Availability	
  
•  Regulatory,	
  quality,	
  and	
  cost	
  challenges	
  
•  Emerging	
  considera?ons,	
  applica?ons,	
  and	
  approaches	
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Southwest	
  Climate	
  History	
  	
  
Based	
  on	
  Tree	
  Ring	
  Data	
  

10

12

14

16

18

20

-15
0 50 25

0
45

0
65

0
85

0
10

50
12

50
14

50
16

50
18

50
20

50

Year

Avg. 
Precipitation 

(inches)

The	
  southern	
  U.S.	
  and	
  the	
  mid-­‐la4tudes	
  are	
  in	
  the	
  100th	
  year	
  of	
  a	
  300	
  
year	
  arid	
  cycle	
  -­‐	
  not	
  a	
  drought	
  cycle	
  

Univ.	
  of	
  Arizona	
  –	
  Tree	
  Ring	
  Research	
  Lab	
  –	
  50	
  year	
  averages	
  

Anasazi	
  	
  
abandonmemt	
  

Angkor	
  Wat	
  
	
  abandonment	
  

Mayan	
  	
  
Abandonment	
  

Next	
  	
  
Abandonment?	
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Climate	
  Changes	
  will	
  	
  Impact	
  Temperatures,	
  
Precipita4on,	
  Evapotranspira4on,	
  and	
  Runoff	
  	
  	
  	
  

Mid-­‐la4tude	
  popula4on	
  and	
  grain	
  belts	
  will	
  be	
  strongly	
  affected	
  
Nat.	
  Geo.	
  April	
  2009	
  from	
  IPCC	
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The	
  Energy	
  Intensity	
  of	
  Water	
  Supplies	
  	
  
Can	
  Vary	
  Greatly	
  Across	
  a	
  State	
  

Source:	
  California	
  Water	
  Plan	
  Update	
  2013	
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Energy	
  Requirements	
  of	
  Various	
  	
  
Water	
  Resource	
  Op4ons	
  

Water	
  Supply	
  Op4ons	
   Energy	
  Demand	
  
(kWhr/kgal)	
  

Fresh	
  Water	
  Importa4on	
  
(100-­‐300	
  miles)	
  

10-­‐18	
  

Seawater	
  Desalina4on	
  w/Reverse	
  Osmosis	
   12-­‐20	
  

Brackish	
  Groundwater	
  Desalina4on	
  
	
  	
  	
  	
  Reverse	
  Osmosis	
  Treatment	
  
	
  	
  	
  	
  Pumping	
  and	
  concentrate	
  management	
  
Total	
  

	
  
7-­‐9	
  
1-­‐3	
  
8-­‐12	
  

Aquifer	
  Storage	
  and	
  Recovery	
  
	
  	
  	
  	
  Pre-­‐treatment	
  	
  (as	
  needed)	
  
	
  	
  	
  	
  Post-­‐treatment	
  (as	
  needed)	
  
	
  	
  	
  	
  Pumping	
  
Total	
  

	
  
3-­‐4	
  
3-­‐4	
  
2-­‐3	
  
5-­‐11	
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Growing	
  Use	
  of	
  Non-­‐tradi4onal	
  	
  
Water	
  Resources	
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Power	
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U.S.	
  Trends	
  in	
  Desalina4on	
  and	
  Use	
  for	
  	
  
Nontradi4onal	
  Water	
  Resources	
  

n Over	
  300	
  desalina4on	
  plants	
  currently	
  in	
  the	
  U.S.	
  
n Desalina4on	
  growing	
  at	
  10%	
  per	
  year,	
  waste	
  water	
  reuse	
  at	
  
15%	
  per	
  year	
  

n By	
  2050,	
  40%	
  of	
  Texas	
  drinking	
  water	
  supply	
  will	
  be	
  from	
  
nontradi4onal	
  water	
  resources	
  per	
  TWDB	
  

n Fresh	
  water	
  supply	
  vs	
  demand	
  in	
  many	
  regions	
  is	
  decreasing	
  
due	
  to	
  popula4on	
  growth,	
  economic	
  growth,	
  and	
  climate	
  
impacts	
  

•  Number	
  of	
  nontradi?onal	
  water	
  supplies	
  -­‐	
  seawater	
  desalina?on	
  and	
  
brackish	
  water	
  desalina?on-­‐	
  are	
  increasingly	
  cost	
  compe??ve	
  

•  Other	
  nontradi?onal	
  waters	
  that	
  can	
  use	
  desalina?on	
  approaches	
  –	
  
produced	
  water,	
  coal	
  bed	
  methane,	
  municipal	
  and	
  industrial	
  reuse,	
  etc.	
  
–	
  could	
  become	
  much	
  more	
  cost	
  effec?ve	
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Produced	
  Water	
  References	
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Produced	
  Water	
  Is	
  from	
  Oil	
  and	
  Gas	
  Produc4on	
  
but	
  Quality	
  Overlaps	
  Many	
  Other	
  Waters	
  	
  

Fresh	
  Water	
  	
  -­‐	
  500	
  ppm	
  TDS	
  
Brackish	
  Water	
  –	
  1,000-­‐10,000	
  ppm	
  TDS	
  
Sea	
  Water	
  –	
  35,000	
  ppm	
  TDS	
  
	
  
Produced	
  Water	
  –	
  5,000	
  –	
  200,000	
  ppm	
  TDS	
  

	
  25%	
  	
  <	
  30,000	
  ppm	
  TDS	
  
	
  25%	
  	
  >	
  30,000	
  ppm	
  TDS	
  <	
  60,000	
  ppm	
  TDS	
  
	
  50%	
  	
  >	
  60,000	
  ppm	
  TDS	
  
	
  Includes	
  oils,	
  organic	
  acids,	
  naturally	
  	
  
	
  occurring	
  radioac?ve	
  materials	
  (NORM),	
  	
  
	
  boron,	
  beryllium,	
  lithium,	
  	
  
	
  hydrogen	
  sulfide,	
  etc.	
  

	
  
Frack	
  Water	
  

	
  Fresh	
  to	
  250,000	
  ppm	
  TDS	
  
	
  Flow	
  back	
  water	
  –	
  10,000	
  to	
  -­‐	
  200,000	
  ppm	
  TDS	
  

Extracted	
  Water	
  	
  
	
  Deep	
  saline	
  waters	
  for	
  carbon	
  storage	
  >	
  200,000	
  ppm	
  TDS	
  

	
  

Western	
  U.S.	
  Produced	
  Water	
  Holding	
  Pond	
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Oil	
  and	
  Gas	
  Produced	
  and	
  Frack	
  Water	
  	
  
Development	
  Areas	
  	
  	
  

 Oil	
  and	
  Gas	
  Produced	
  Water	
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Examples	
  of	
  Produced	
  Water	
  	
  
Produc4on	
  Ra4on	
  by	
  State	
  and	
  Region	
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U.S.	
  Produced	
  Water	
  Volume	
  Trend	
  	
  

Oil	
  produc?on	
  now	
  at	
  about	
  9	
  million	
  bbls/day	
  or	
  3.2	
  B	
  bbls	
  per	
  year	
  
Natural	
  gas	
  produc?on	
  now	
  at	
  75	
  Bcf/day	
  or	
  28	
  M	
  (mmcf/day)	
  

	
  
	
  ~9-­‐10	
  barrels	
  of	
  water	
  produced	
  for	
  every	
  barrel	
  of	
  oil	
  produced	
  

60-­‐80	
  %	
  of	
  the	
  produced	
  water	
  is	
  reinjected	
  for	
  disposal/oil	
  reservoir	
  management	
  (EOR)	
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Produced	
  Water	
  Poten4ally	
  	
  
Available	
  for	
  Regional	
  Reuse	
  	
  

State	
  Rank	
  in	
  
Produced	
  Water	
  

Generated	
  

Produced	
  Water	
  
Produc4on	
  

MGD	
  

Available	
  Water	
  
@30%	
  Reuse	
  

MGD	
  

Texas	
   860	
   258	
  

California	
   353	
   106	
  

Oklahoma	
   264	
   79	
  

Wyoming	
   250	
   75	
  

Kansas	
   122	
   37	
  

Louisiana	
   115	
   35	
  

New	
  Mexico	
   88	
   26	
  

Alaska	
   71	
   21	
  

Colorado	
   37	
   11	
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Alterna4ve	
  Uses	
  for	
  Produced	
  Water	
  to	
  	
  
Support	
  Water	
  Resource	
  Sustainability	
  

n  Reuse	
  in	
  oil	
  and	
  gas	
  produc4on	
  
•  Hydraulic	
  fracturing	
  up	
  to	
  250,000	
  TDS	
  
•  Steamflooding	
  (California)	
  5,000	
  TDS	
  

n  Irriga4on	
  (ader	
  treatment	
  or	
  dilu4on)	
  
•  Rangeland	
  rehabilita?on	
  up	
  to	
  12,000	
  TDS	
  
•  Non-­‐food	
  crops	
  -­‐	
  low	
  boron	
  and	
  3,000	
  TDS	
  
•  Algal	
  biofuel	
  produc?on	
  up	
  to	
  20,000	
  TDS	
  
•  Support	
  wetlands	
  up	
  to	
  20,000	
  TDS	
  

n  Injec4on/hydraulic	
  control	
  and	
  dust/ice	
  control	
  
•  Reduce	
  subsidence	
  and	
  salt	
  water	
  intrusion	
  

n Use	
  for	
  industrial	
  applica4ons	
  
•  Hybrid	
  cooling	
  towers	
  up	
  to	
  10,000	
  TDS	
  	
  
•  Pumped	
  hydro	
  –	
  high	
  TDS	
  
•  Solu?on	
  mining,	
  wash	
  water	
  



Growing	
  algae	
  in	
  Produced	
  Water	
  

Lab Scale-LANL 

Field Scale-Eldorado Biofuels 

Pilot Scale-Texas Agrilife Pecos 
N.	
  Salina	
  1776;	
  	
  
salinity	
  19,000-­‐28,000	
  mg/L	
  
OD=0.6-­‐0.8;	
  AFDW=0.35	
  g/L;	
  	
  
BI=8-­‐50	
  g/L	
  
Exhibited	
  low	
  tolerance	
  to	
  higher	
  
salinity	
  range	
  

Scenedesmus+Tetracys4s	
  (Jalgae™);	
  	
  
Salinity	
  11,000-­‐13,000	
  mg/L	
  
Growing	
  consistently	
  in	
  treated	
  PW	
  	
  
Low	
  concentra?on	
  commercial	
  fer?lizer	
  
sources	
  of	
  N,	
  P,	
  K	
  
HCO3

-­‐	
  concentra?ons	
  ~700-­‐900	
  mg/L	
  	
  
Diluent	
  fresh	
  water	
  from	
  local	
  stock	
  well	
  
Quality	
  is	
  similar	
  to	
  FW	
  samples	
  

N.	
  Salina	
  1776;	
  Scenedesmus+Tetracys4s	
  
Salinity	
  10,000-­‐30,000	
  mg/L	
  
Tes?ng	
  various	
  salinity	
  ranges	
  
(10,000-­‐30,000	
  mg/L);	
  Cu:Zn	
  ra?os;	
  
HCO3

-­‐	
  concentra?ons	
  (200-­‐1,000	
  mg/L)	
  
Modeling	
  used	
  to	
  op?mize	
  media	
  
recipes	
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Rangeland	
  Improvement	
  	
  

n Watered with ~4000, ~5000 and ~12,000 
TDS produced water  

•  Limited irrigation, focus to establish (jump start) 
grasses 

•  The Sodium Absorption Ratio (SAR) and Electrical 
Conductivity (EC) of the soil rose only slightly and 
remained under critical limits for forage production 
for most grasses planted  

n Chief Intermediate Wheatgrass, Hy-
Crest Crested Wheatgrass, and San 
Louis Slender Wheatgrass had best 
overall rating for stand establishment   

n  Land Management Guidance, ~1500 TDS 
water  
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Produced	
  Water	
  Treatment	
  for	
  use	
  in	
  
Rangeland	
  Rehabilita4on,	
  Bloomfield	
  NM	
  

Coal fines accumulating in the modified zeolite filtration medium. 

•  Coal	
  bed	
  methane	
  produced	
  water	
  was	
  treated	
  with	
  
mul?ple	
  steps	
  for	
  organic,	
  coal	
  fine,	
  and	
  salt	
  removal	
  

•  Water	
  was	
  discharged	
  to	
  compara?ve	
  rangeland	
  plots	
  
to	
  evaluate	
  most	
  appropriate	
  quality	
  for	
  vegeta?on	
  
rehabilita?on	
  

•  Collabora?ve	
  effort	
  between	
  Conoco	
  Phillips,	
  small	
  
businesses,	
  LANL,	
  Sandia,	
  Bureau	
  of	
  Land	
  
Management,	
  and	
  State	
  of	
  NM	
  



20 

Brackish/Produced	
  Water	
  	
  
Research	
  Facili4es	
  

30	
  MGD	
  El	
  Paso	
  Desal	
  Plant	
  
	
  Largest	
  Inland	
  Desal	
  Plant	
  in	
  the	
  World	
  

Brackish	
  Groundwater	
  Na4onal	
  Desalina4on	
  	
  
	
  Research	
  Facility,	
  Alamogordo	
  NM	
  

Unilever (Voltea) capacitive 
desalination testing with Bureau of 
Reclamation, of produced water  
from Artesia, New Mexico (8000 
ppm TDS)

NRS Inc. salt recovery from El 
Paso desalination plant, recovers 
66% of concentrate as fresh water 
(2 MGD) and chemicals

Additional produced water 
treatment facilities at Texas A&M 
and new facilities proposed in 
Texas with disposal wells



21 

Laminar	
  GO	
  membranes	
  are	
  Poten4ally	
  
Disrup4ve	
  for	
  Produced	
  Water	
  Treatment	
  

21	
  

47-­‐mm	
  	
  

Thin-­‐slit	
  permea?on	
  pathway	
  defined	
  by	
  oxygen	
  moiety	
  “nanopillars”	
  

Intrinsic	
  nanoscale	
  proper?es	
  of	
  laminar	
  graphene	
  oxide	
  (GO)	
  drive	
  water	
  
permea?on	
  and	
  are	
  op?mum	
  for	
  desalina?on	
  

SNL	
  GO/polyester	
  
membrane	
  

D	
   G	
   2D	
  

GO	
  structure	
  is	
  robust	
  to	
  1-­‐5ppm,	
  
one	
  month	
  free	
  chlorine	
  
exposure.	
  
	
  

GO	
  is	
  chemically	
  tolerant	
  to	
  many	
  
hydrocarbons	
  (eg:	
  toluene)	
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Example	
  of	
  Recoverable	
  	
  
Water	
  Ini4a4ves	
  

New	
  Mexico	
  Drought	
  Task	
  Force	
  
Chair, State Engineer  

Recoverable	
  Water	
  Ini?a?ve	
  
Chair, Secretary EMNRD 

Brackish	
  Water	
  
Subcommiqee	
  

Produced	
  Water	
  
Subcommiqee	
  

Work	
  Group	
   Work	
  Group	
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Example	
  of	
  New	
  Integrated	
  Brackish	
  Water	
  and	
  
Produced	
  Water	
  Rules	
  in	
  New	
  Mexico	
  

n Less	
  than	
  1,000	
  mg/L	
  TDS	
  
	
  or	
  

n Above	
  2,500	
  feet	
  below	
  
ground	
  surface	
  
Then	
  normal	
  water	
  permit	
  
applica?ons	
  and	
  
jurisdic?on	
  apply.	
  Water	
  
rights	
  are	
  assigned	
  for	
  
beneficial	
  use.	
  

n Greater	
  than	
  1,000	
  mg/L	
  TDS	
  
and	
  

n More	
  that	
  2,500	
  feet	
  below	
  
ground	
  surface	
  
Then	
  a	
  permit	
  is	
  required,	
  
but	
  no	
  beneficial	
  use	
  
assignment	
  is	
  needed.	
  	
  	
  

Addi4onally,	
  no	
  impairment	
  of	
  fresh	
  water	
  may	
  occur	
  by	
  extrac4on	
  of	
  the	
  BW.	
  
	
  
Therefore	
  most	
  produced	
  waters	
  are	
  not	
  a	
  water	
  of	
  the	
  state,	
  
and	
  can	
  be	
  sold	
  if	
  they	
  meet	
  environmental	
  water	
  quality	
  requirements.	
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U.S.	
  Water	
  Atlas	
  Mapping	
  Efforts	
  	
  
Include	
  Produced	
  Water	
  Availability	
  

Transmission  
Planning 

 
	
  

             Energy 
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Security 

 
	
  

	
  	
  	
  	
  Water    
Management 
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Currently	
  Informa4on	
  on	
  Western	
  Water	
  
Availability	
  –	
  Adding	
  Eastern	
  Water	
  Availability	
  



26 

	
  DOE	
  Energy	
  Water	
  Research	
  Includes	
  Produced	
  	
  
Water	
  Treatment	
  and	
  Management	
  

n Technology	
  RDD&D	
  	
  	
  
•  Thermoelectric	
  Cooling	
  Improvements	
  
•  Waste	
  Heat	
  Recovery	
  in	
  Energy	
  Systems	
  
•  Process	
  Water	
  Use	
  Efficiency	
  and	
  Quality	
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