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1 Executive Summary 
The	
  Orange	
  County	
  Water	
  District	
  (OCWD)	
  is	
  considering	
  a	
  commitment	
  to	
  purchase	
  water	
  
to	
  be	
  produced	
  by	
  a	
  new	
  50	
  mgd	
  desalination	
  plant	
  to	
  be	
  built	
  by	
  Poseidon	
  in	
  Huntington	
  
Beach	
  and	
  has	
  signed	
  a	
  Water	
  Reliability	
  Agreement	
  (WRA)	
  with	
  Poseidon.	
  	
  Included	
  in	
  the	
  
WRA	
  is	
  Attachment	
  A,	
  a	
  proposed	
  specification	
  regarding	
  the	
  quality	
  of	
  the	
  water	
  to	
  be	
  
delivered.	
  	
  The	
  purpose	
  of	
  this	
  study	
  is	
  to	
  assess	
  the	
  water	
  quality	
  impacts	
  and	
  any	
  related	
  
regulatory	
  compliance	
  issues	
  that	
  may	
  be	
  caused	
  by	
  the	
  introduction	
  of	
  the	
  desalinated	
  
ocean	
  water	
  on:	
  a)	
  the	
  distribution	
  system	
  and	
  related	
  infrastructure,	
  b)	
  end	
  user	
  water	
  
quality	
  for	
  direct	
  delivery	
  customers,	
  and	
  c)	
  resulting	
  groundwater	
  quality	
  from	
  recharge	
  
and	
  injection	
  of	
  desalinated	
  ocean	
  water.	
  	
  	
  
	
  
This	
  report	
  compares	
  the	
  requirements	
  of	
  Attachment	
  A	
  with	
  the	
  specifications	
  used	
  for	
  17	
  
other	
  desalination	
  projects;	
  examines	
  which	
  requirements	
  are	
  most	
  important	
  to	
  the	
  cost	
  
of	
  the	
  desalination	
  project;	
  summarizes	
  research	
  recently	
  conducted	
  on	
  a	
  wide	
  variety	
  of	
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issues	
  which	
  have	
  been	
  raised	
  with	
  respect	
  to	
  desalination	
  and	
  water	
  quality;	
  uses	
  
Poseidon’s	
  Intake	
  Water	
  Quality	
  Specifications,	
  data	
  from	
  the	
  Southern	
  California	
  Coastal	
  
Ocean	
  Observing	
  System	
  and	
  a	
  commercial	
  model	
  of	
  desalination	
  systems	
  to	
  characterize	
  
the	
  overall	
  water	
  quality	
  likely	
  to	
  be	
  produced	
  by	
  the	
  project;	
  uses	
  that	
  data	
  to	
  examine	
  
several	
  possible	
  scenarios	
  OCWD	
  is	
  considering	
  for	
  the	
  use	
  of	
  the	
  desalinated	
  water;	
  and	
  
proposes	
  changes	
  in	
  Attachment	
  A	
  for	
  OCWD’s	
  consideration.	
  
	
  

1.1 Introduction 
The	
  composition	
  of	
  seawater	
  is	
  remarkably	
  consistent	
  worldwide,	
  particularly	
  along	
  the	
  
coast	
  of	
  California.	
  	
  The	
  typical	
  mineral	
  composition	
  of	
  seawater	
  is	
  shown	
  in	
  Table	
  ES-­‐1	
  and	
  
illustrated	
  in	
  Figure	
  ES-­‐1.	
  	
  Together,	
  sodium,	
  chloride,	
  sulfate	
  and	
  magnesium	
  constitute	
  
more	
  than	
  97%	
  of	
  the	
  minerals	
  in	
  seawater.	
  	
  Most	
  RO	
  membranes	
  being	
  used	
  for	
  seawater	
  
desalination	
  today	
  are	
  very	
  efficient	
  at	
  removing	
  sodium	
  and	
  chloride,	
  even	
  more	
  efficient	
  
at	
  removing	
  magnesium	
  and	
  sulfate,	
  but	
  much	
  less	
  effective	
  in	
  removing	
  boron.	
  	
  As	
  a	
  
consequence,	
  the	
  important	
  constituents	
  of	
  desalinated	
  water	
  are	
  usually	
  sodium,	
  chloride	
  
and	
  boron.	
  	
  	
  
	
  
Table	
  ES-­‐1	
  and	
  Figure	
  ES-­‐1	
  Major	
  Minerals	
  in	
  Seawater	
  
(Adapted	
  from	
  Millero,	
  2013,	
  4th	
  Edition	
  for	
  25°C	
  and	
  a	
  density	
  of	
  1.025	
  Kg/L)	
  	
  
	
  
Mineral	
   mg/L	
  
Chloride	
   19,837	
  
Sodium	
   11,051	
  
Sulfate	
   2,780	
  
Magnesium	
   1,316	
  
Calcium	
   422	
  
Potassium	
   409	
  
Bicarbonate	
   107	
  
Bromide	
   69	
  
Strontium	
   8.1	
  
Boron	
   4.6	
  
Fluoride	
   1.3	
  
.	
  
	
  
	
  
The	
  specifications	
  for	
  17	
  other	
  desalination	
  projects	
  were	
  examined	
  and	
  compared	
  with	
  
Attachment	
  A.	
  Thirteen	
  of	
  those	
  projects	
  are	
  operating	
  today	
  or	
  have	
  recently	
  been	
  
operational.	
  	
  Also	
  included	
  is	
  the	
  	
  Charles	
  E.	
  Meyer	
  Plant	
  in	
  Santa	
  Barbara,	
  currently	
  under	
  
refurbishment;	
  the	
  Monterey	
  Peninsula	
  Desalination	
  Plant,	
  which	
  is	
  under	
  contract,	
  and	
  
waiting	
  for	
  the	
  finalization	
  of	
  its	
  EIR;	
  and	
  the	
  West	
  Basin	
  Municipal	
  Water	
  District	
  
(WBMWD),	
  project	
  EIR	
  is	
  to	
  be	
  completed	
  in	
  June	
  2016.	
  	
  Table	
  ES-­‐2	
  summarizes	
  the	
  water	
  
quality	
  specifications	
  for	
  the	
  minerals	
  that	
  likely	
  had	
  the	
  greatest	
  influence	
  on	
  each	
  of	
  these	
  
desalination	
  plant	
  designs.	
  These	
  are	
  shown	
  in	
  red	
  in	
  the	
  table.	
  	
  The	
  quality	
  being	
  produced	
  
by	
  the	
  GWRS	
  is	
  included	
  for	
  comparison.	
  
	
  
	
   	
  

Chloride	
  
55%	
  

sodium	
  
31%	
  

Sulfate	
  
8%	
  

magnesium	
  
3%	
  

others	
  
3%	
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Table	
  ES-­‐2.	
  	
  Critical	
  Water	
  Quality	
  Specifications1	
  

Project	
   2nd	
  
Pass	
   TDS	
   Chloride	
   Bromide	
   Boron	
   Sodium	
  

Tampa	
  (Ph	
  2)	
   Partial	
   500	
   100	
   0.45	
   -­‐	
   80	
  
Ashkelon	
   Partial	
   407	
   20	
   -­‐	
   0.4	
   -­‐	
  
Tuas	
  1	
   Full	
   415µS/cm	
   100	
   -­‐	
   0.5	
   -­‐	
  
Perth	
  1	
   Full	
   200	
   250	
   0.1	
   2	
   180	
  
Valdelentisco	
   None3	
   2,500µS/cm	
   250	
   -­‐	
   1	
   -­‐	
  
Gold	
  Coast	
   Partial	
   220	
   50	
   0.1	
   1	
   -­‐	
  
Sur	
   Partial	
   200-­‐500	
   250	
   -­‐	
   0.5	
   -­‐	
  
Barcelona	
   Partial	
   -­‐	
   100	
   -­‐	
   1	
   -­‐	
  
Sydney	
   Partial	
  	
   115	
   40	
   0.1	
   1	
   -­‐	
  
Fujairah	
  2	
   Partial	
   100-­‐200	
   100	
   -­‐	
   1	
   -­‐	
  
Perth	
  2	
   Full	
   200	
   -­‐	
   0.1	
   2	
   -­‐	
  
Melbourne	
   Full	
   120/1406	
   60	
   0.1	
   0.5	
   -­‐	
  
WBMWD	
   Partial	
   450	
   100	
   0.3	
   0.5	
   -­‐	
  
Carlsbad8	
   Partial	
   320/375/600	
   120/150/-­‐	
   0.4/0.7/-­‐	
   0.752/1.09/-­‐	
   -­‐	
  
Santa	
  Barbara	
   TBD	
   450	
   155	
   0.8	
   1.1	
   1109	
  
Monterey5	
   Partial	
   -­‐/500	
   60/100	
   0.3/0.5	
   0.5/0.7	
   35/60	
  
Attachment	
  A5	
   TBD	
   350/500	
   75/1005	
   -­‐	
   0.75/1.0	
   60/80	
  

GWRS4	
   -­‐	
   54	
   7.5	
   0.01	
   0.26	
   9.6	
  
1-­‐Generally	
  an	
  average	
  that	
  cannot	
  be	
  exceeded.	
  	
  At	
  Carlsbad,	
  cannot	
  be	
  exceeded	
  more	
  then	
  50%	
  of	
  the	
  time.	
  
2-­‐Allows	
  for	
  adjustments	
  if	
  the	
  water	
  temperature	
  exceeds	
  73.4°C	
  
3-­‐Substantial	
  pH	
  adjustment	
  is	
  used	
  to	
  enhance	
  boron	
  removal	
  
4	
  -­‐	
  -­‐	
  Average	
  for	
  2014	
  
5	
  –	
  Mean/maximum	
  
6	
  -­‐	
  ≥	
  120	
  mg/l	
  for	
  no	
  more	
  than	
  1800	
  minutes/month	
  (4%	
  of	
  time);	
  ≥	
  140	
  mg/l	
  for	
  no	
  more	
  than	
  600	
  minutes	
  per	
  month	
  
	
  	
  	
  	
  	
  (2%	
  of	
  time)	
  
7	
  –	
  before	
  post	
  treatment	
  
8	
  –	
  central	
  tendency	
  (mean	
  or	
  median)/extreme	
  (90%)/Maximum	
  –	
  Sodium	
  Adsorption	
  Ratio	
  	
  <	
  9	
  to	
  12;	
  	
  	
  
9	
  –	
  95%	
  of	
  daily	
  samples	
  must	
  be	
  below	
  1.0	
  (can	
  be	
  exceeded	
  no	
  more	
  than	
  18	
  days	
  per	
  year)	
  
	
  

1.2  Considerations for Poseidon in complying with the Term Sheet 
As	
  OCWD	
  discusses	
  water	
  quality	
  requirements	
  with	
  Poseidon,	
  its	
  important	
  that	
  both	
  
parties	
  have	
  perspective	
  on	
  which	
  constituents	
  may	
  have	
  the	
  most	
  impact	
  on	
  the	
  project	
  
cost;	
  which	
  constituents	
  may	
  control	
  the	
  design,	
  specifically	
  the	
  influence	
  of	
  temperature.	
  	
  
	
  
Certain	
  water	
  quality	
  requirements	
  have	
  more	
  impact	
  on	
  design	
  and	
  operation	
  and,	
  as	
  a	
  
result,	
  the	
  cost	
  of	
  water	
  than	
  do	
  the	
  others.	
  	
  Divalent	
  ions	
  like	
  calcium,	
  magnesium	
  and	
  
sulfate	
  are	
  almost	
  completely	
  removed	
  by	
  SWRO.	
  	
  The	
  monovalent	
  ions,	
  like	
  sodium	
  and	
  
chloride	
  are	
  also	
  well	
  removed,	
  nevertheless	
  they	
  make	
  up	
  the	
  bulk	
  of	
  the	
  TDS	
  in	
  the	
  SWRO	
  
permeate,	
  thus	
  setting	
  lower	
  criteria	
  for	
  either	
  of	
  these	
  may	
  impact	
  cost.	
  	
  Boron	
  is	
  poorly	
  
removed	
  by	
  conventional	
  SWRO	
  membranes,	
  so	
  requirements	
  for	
  lower	
  levels	
  of	
  boron	
  
often	
  have	
  an	
  important	
  impact.	
  	
  Limits	
  on	
  bromide	
  are	
  sometimes	
  imposed	
  and	
  these	
  have	
  
similar	
  impact	
  as	
  does	
  chloride.	
  	
  The	
  temperature	
  of	
  the	
  water	
  coming	
  into	
  the	
  desalter	
  is	
  
also	
  important.	
  A	
  higher	
  influent	
  temperature	
  reduces	
  the	
  pressure	
  required	
  to	
  operate	
  the	
  
reverse	
  osmosis	
  process	
  but,	
  at	
  the	
  same	
  time,	
  increasing	
  temperature	
  also	
  reduces	
  salt	
  
removal.	
  	
  As	
  a	
  result,	
  the	
  design	
  of	
  the	
  SWRO	
  facility	
  is	
  generally	
  focused	
  around	
  meeting	
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the	
  water	
  quality	
  specifications	
  during	
  the	
  warmest	
  period	
  of	
  operation.	
  	
  When	
  a	
  plant	
  
draws	
  water	
  directly	
  from	
  the	
  ocean	
  this	
  means	
  the	
  times	
  of	
  the	
  year	
  with	
  the	
  warmest	
  
temperature	
  control	
  design	
  –	
  usually	
  the	
  late	
  summer.	
  SWRO	
  plants	
  that	
  are	
  located	
  near	
  
power	
  plants	
  also	
  have	
  the	
  option	
  of	
  drawing	
  warmer	
  water	
  from	
  the	
  power	
  plant’s	
  
condenser.	
  	
  The	
  condenser	
  in	
  a	
  power	
  plant	
  uses	
  water	
  drawn	
  from	
  the	
  ocean	
  to	
  cool	
  the	
  
exhaust	
  steam	
  from	
  the	
  plant	
  turbines.	
  	
  Cooling	
  the	
  exhaust	
  steam	
  improves	
  the	
  efficiency	
  
of	
  the	
  turbines	
  in	
  producing	
  power.	
  	
  	
  When	
  a	
  SWRO	
  plant	
  draws	
  warmer	
  water	
  from	
  the	
  
condenser	
  then	
  both	
  the	
  season	
  of	
  the	
  year	
  and	
  the	
  load	
  on	
  the	
  power	
  plant	
  influence	
  the	
  
temperature.	
  Poseidon	
  has	
  indicated	
  that	
  they	
  do	
  plan	
  to	
  take	
  warmer	
  water	
  after	
  the	
  
power	
  plant	
  condenser	
  while	
  it	
  is	
  available.	
  

1.3 Estimating the quality of the desalinated water. 
For	
  this	
  project,	
  a	
  commonly	
  used	
  commercial	
  RO	
  model	
  (ToraySD™)	
  was	
  used	
  to	
  estimate	
  
the	
  quality	
  of	
  the	
  water	
  to	
  be	
  produced	
  by	
  the	
  HB	
  desalter.	
  	
  Given	
  the	
  temperature	
  and	
  
complete	
  composition	
  of	
  the	
  seawater	
  this	
  model	
  can	
  be	
  used	
  to	
  examine	
  the	
  relationship	
  
between	
  the	
  design	
  of	
  desalination	
  system	
  and	
  the	
  water	
  quality	
  requirements	
  being	
  
considered	
  –	
  like	
  those	
  in	
  the	
  term	
  sheet	
  	
  (Attachment	
  A).	
  	
  The	
  model	
  can	
  be	
  used	
  to	
  
explore	
  which	
  requirements	
  in	
  Attachment	
  A	
  is	
  most	
  difficult	
  to	
  meet	
  and	
  to	
  round	
  out	
  the	
  
rest	
  of	
  the	
  water	
  quality	
  produced	
  by	
  a	
  given	
  design.	
  	
  

1.3.1 The mineral quality of the feed water 
Table	
  ES-­‐3	
  summarizes	
  results	
  of	
  the	
  effort	
  to	
  estimate	
  the	
  mineral	
  quality	
  of	
  the	
  seawater	
  
entering	
  the	
  desalter.	
  	
  Poseidon	
  provided	
  a	
  preliminary	
  summary	
  of	
  their	
  Intake	
  Water	
  
Quality	
  Specifications,	
  the	
  maximum	
  water	
  quality	
  conditions	
  that	
  might	
  be	
  used	
  in	
  a	
  
contract	
  to	
  build	
  the	
  desalination	
  plant	
  at	
  Huntington	
  Beach.	
  	
  The	
  table	
  compares	
  the	
  
Poseidon	
  Specification	
  with	
  the	
  requirements	
  of	
  Attachment	
  A,	
  the	
  results	
  of	
  a	
  balanced	
  
model	
  of	
  seawater	
  developed	
  by	
  Frank	
  Millero,	
  and,	
  finally	
  in	
  the	
  right	
  hand	
  column	
  is	
  	
  the	
  
mineral	
  quality	
  used	
  in	
  the	
  modeling	
  effort.	
  	
  The	
  details	
  are	
  discussed	
  in	
  section	
  3.3.1	
  on	
  
feedwater	
  quality.	
  
Table	
  ES-­‐3.	
  Feedwater	
  Quality	
  Modelinga	
  

Constituent Intake WQ 
Specification 

Draft Term 
Sheet 

Attachment A 

Millero 
Model 

Used in RO 
Model 

Chloride 18,500 75 18,500 18,500 
Sodium 11,000 60 10,309 10,309 
Sulfate 2,800 - 2,593 2,593 
Magnesium 2,520 TBD 1,227 1,227 
Potassium 822 - 382 382 
Calcium 500 20 394 394 
Alkalinity 150 - 109   
Bromide 75 - 64  64 
Boron 5.0 0.75 - 5.0 
TDS 34,500 350 33,621  33,594 
a-­‐Intake	
  WQ	
  specification	
  is	
  for	
  maximums.	
  	
  Average	
  values	
  are	
  shown	
  for	
  term	
  sheet.	
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1.3.2  Temperature 

Feed	
  water	
  temperature	
  is	
  an	
  important	
  consideration	
  in	
  the	
  design	
  and	
  operation	
  of	
  the	
  
desalination	
  plant	
  at	
  Huntington	
  Beach.	
  	
  Three	
  cases	
  with	
  respect	
  to	
  temperature	
  were	
  
considered	
  in	
  the	
  evaluation	
  of	
  the	
  water	
  quality	
  at	
  the	
  Huntington	
  Beach	
  Desalination	
  
plant.	
  	
  These	
  are	
  summarized	
  below:	
  

• Case	
  1	
  –	
  Normal	
  Operations	
  on	
  cold	
  seawater	
  (based	
  on	
  2010-­‐15	
  average	
  
temperature)	
  

• Case	
  2	
  –	
  Normal	
  Operations	
  on	
  warm	
  seawater	
  from	
  power	
  plant	
  condenser	
  (based	
  
on	
  Case	
  1	
  +	
  11	
  °F)	
  

• Case	
  3	
  –	
  Estimated	
  Warmest	
  Day	
  on	
  seawater	
  from	
  power	
  plant	
  condenser	
  
(warmest	
  month	
  elevated	
  to	
  achieve	
  an	
  average	
  of	
  85°F)	
  

The	
  first	
  two	
  cases	
  are	
  the	
  most	
  important	
  for	
  operations	
  and	
  are	
  intended	
  to	
  represent	
  
normal	
  operations	
  once	
  the	
  plant	
  is	
  built.	
  	
  The	
  first	
  case	
  being	
  the	
  average	
  temperature	
  of	
  
seawater	
  in	
  the	
  area	
  near	
  the	
  Huntington	
  Beach	
  intake	
  and	
  the	
  second	
  case	
  being	
  that	
  same	
  
temperature	
  elevated	
  11°F	
  by	
  the	
  condenser	
  at	
  the	
  Huntington	
  beach	
  power	
  plant.	
  	
  	
  The	
  
third	
  case	
  relates	
  to	
  the	
  highest	
  temperature	
  the	
  desalter	
  is	
  likely	
  to	
  experience	
  during	
  the	
  
warmest	
  month	
  allowed	
  in	
  Attachment	
  A	
  (a	
  month	
  with	
  an	
  average	
  temperature	
  of	
  85°F).	
  
	
  
In	
  order	
  to	
  understand	
  what	
  those	
  temperatures	
  might	
  be,	
  six	
  years	
  of	
  data	
  were	
  
downloaded	
  from	
  the	
  Southern	
  California	
  Coastal	
  Ocean	
  Observing	
  System	
  (SCCOOS)	
  for	
  
temperatures	
  at	
  the	
  Newport	
  Beach	
  Pier.	
  	
  The	
  proximity	
  of	
  the	
  pier	
  to	
  the	
  AES	
  site	
  is	
  shown	
  
in	
  Figure	
  ES-­‐2.	
  The	
  SCCOOS	
  database	
  at	
  the	
  Newport	
  Pier	
  includes	
  measurements	
  made	
  
every	
  5	
  minutes,	
  more	
  than	
  600,000	
  measurements	
  over	
  the	
  6-­‐year	
  period.	
  
	
  

	
  
Figure	
  ES-­‐2.	
  Proximity	
  of	
  Newport	
  Beach	
  Pier	
  to	
  the	
  Desalination	
  Facility	
  co-­‐located	
  
with	
  AES	
  Huntington	
  Beach	
  

AES	
  Huntington	
  Beach	
  

Newport	
  Beach	
  Pier	
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Table	
  ES-­‐4	
  summarizes	
  the	
  data	
  gathered.	
  	
  From	
  this	
  data	
  it	
  was	
  concluded	
  that	
  Case	
  1	
  
would	
  be	
  63°F,	
  Case	
  2	
  would	
  be	
  74°F	
  and	
  Case	
  3	
  would	
  be	
  87°F.	
  

Table	
  ES-­‐4	
  .	
  	
  Determination	
  of	
  Average	
  Temperature	
  and	
  Max.	
  Month	
  2010-­‐15.	
  	
  

Month avg Temperature (°F) 
2010 2011 2012 2013 2014 2015 

Jan avg 59.2 57.5 58.2 56.0 59.9 61.5 
Feb avg 59.7 58.3 58.3 56.7 60.3 62.7 
Mar avg 59.5 57.6 56.2 58.3 61.8 63.4 
Apr avg 59.7 60.3 57.6 59.7 58.7 62.5 
May avg 60.4 56.5 64.8 66.0 64.1 61.7 
Jun avg 66.3 63.4 66.0 66.9 68.2 66.1 
Jul avg 65.5 65.9 64.5 67.1 69.3 68.2 
Aug avg 59.6 65.3 68.7 64.2 67.9 71.3 
Sep avg 62.8 64.6 66.8 64.7 69.2 73.8 
Oct avg 59.2 62.7 67.5 66.1 69.8 71.7 
Nov avg 59.7 60.9 61.9 62.9 66.1 67.0 
Dec avg No data 58.4 60.0 60.2 64.2 No Data 

YEARLY AVERAGE 61.0 61.0 62.5 62.4 65.0 66.4 
AVERAGE 2010-2015 Case 1:  63 °F (normal operations cold water) 
AVERAGE + 11 °F Case 2:  74 °F (normal operations warm water) 
YEARLY MAX  
MONTHLY AVERAGE 

66.3 65.9 68.7 67.1 69.8 73.8 
June July August July October September 

MAX MONTHLY  
AVERAGE 2010-15 

74 
Sep 2015 

Max Monthly + 11 °F 85 °F 
Variation to Peak Day +2 °F 
MAXIMUM DAY (85+2) Case 3: 87 °F (warm water, hottest day and mo.) 
	
  
The	
  Case	
  1	
  and	
  Case	
  2	
  temperatures	
  are	
  the	
  most	
  important	
  as	
  they	
  provide	
  information	
  on	
  
the	
  typical	
  performance	
  of	
  the	
  SWRO	
  system	
  and	
  also	
  on	
  the	
  typical	
  water	
  quality	
  it	
  might	
  
produce.	
  	
  Nevertheless	
  the	
  information	
  behind	
  Case	
  3	
  is	
  also	
  informative	
  because	
  it	
  
illustrates	
  how	
  warm	
  the	
  oceans	
  have	
  recently	
  become	
  in	
  Southern	
  California	
  (Figure	
  ES-­‐
3).	
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Figure	
  ES-­‐3.	
  	
  Temperature	
  Data	
  from	
  SCCOOS	
  for	
  Newport	
  Beach	
  Pier	
  for	
  

Summer/Fall	
  2015.	
  
	
  

1.3.3 Model Estimate of Water Quality to be Delivered From the Desalter 
Using	
  the	
  information	
  described	
  above	
  a	
  model	
  was	
  configured	
  in	
  ToraySD™	
  and	
  estimates	
  
were	
  made	
  of	
  the	
  permeate	
  to	
  be	
  produced	
  from	
  the	
  desalination	
  system.	
  	
  Then	
  a	
  post	
  
treatment	
  model	
  Trussell	
  Technologies,	
  Inc.	
  maintains	
  in-­‐house	
  was	
  used	
  to	
  produce	
  an	
  
estimate	
  of	
  the	
  final	
  desalinated	
  product	
  water.	
  

1.3.3.1 Design Configuration 
The	
  assumed	
  RO	
  design	
  configuration	
  consists	
  of	
  a	
  first	
  pass	
  with	
  a	
  partial	
  second	
  pass.	
  The	
  
first	
  pass	
  is	
  assumed	
  to	
  be	
  a	
  seawater	
  reverse	
  osmosis	
  (SWRO)	
  system,	
  and	
  the	
  second	
  
pass	
  is	
  assumed	
  to	
  be	
  a	
  brackish	
  water	
  reverse	
  osmosis	
  (BWRO)	
  system.	
  There	
  will	
  be	
  a	
  
greater	
  amount	
  of	
  second	
  pass	
  as	
  temperature	
  increases	
  due	
  to	
  greater	
  salt	
  leakage,	
  
provided	
  the	
  water	
  quality	
  goals	
  are	
  the	
  same.	
  	
  There	
  is	
  assumed	
  to	
  be	
  no	
  second	
  pass	
  
concentrate	
  recycle.	
  	
  	
  

	
  
Figure	
  ES-­‐4	
  Overall	
  Configuration	
  Assumed	
  in	
  Simplified	
  RO	
  Model	
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1.3.3.2 Model Results 
The	
  results	
  from	
  the	
  modeling	
  runs	
  are	
  summarized	
  in	
  Table	
  ES-­‐4.	
  	
  Chloride	
  is	
  highlighted	
  
because	
  it	
  turned	
  out	
  that	
  chloride	
  was	
  the	
  controlling	
  variable	
  in	
  all	
  the	
  modeling	
  runs.	
  	
  
Cases	
  1	
  and	
  2	
  are	
  designed	
  to	
  comply	
  with	
  the	
  required	
  annual	
  average	
  from	
  Attachment	
  A,	
  
shown	
  in	
  column	
  2.	
  	
  Case	
  3	
  is	
  designed	
  to	
  comply	
  with	
  the	
  required	
  maximum	
  in	
  
Attachment	
  A,	
  shown	
  in	
  the	
  last	
  column.	
  	
  It	
  should	
  be	
  noted	
  that	
  a	
  second	
  pass	
  would	
  only	
  
be	
  required	
  for	
  5	
  percent	
  of	
  the	
  SWRO	
  permeate	
  for	
  Case	
  1,	
  whereas	
  both	
  Cases	
  2	
  and	
  3	
  call	
  
for	
  a	
  20	
  percent	
  second	
  pass.	
  
	
  	
  
Table	
  ES-­‐4.	
  Results	
  From	
  RO	
  Model	
  

Parameter or 
Constituent 

Required 
Annual 

Averagea 
Case 1 Case 2 Case 3 Required 

Maximuma 

Temperature ≤ 74°F 63°F 74°F 87°F 85°Fb 
Second Pass - 5% 20% 20% - 
TDS, mg/L ≤ 350 129 124 170 500 
Boron, mg/L ≤ 0.75 0.54 0.60 0.87 1.0 
Chloride, mg/L ≤ 75 74 71 98 100 
Sodium, mg/L ≤ 60 45 44 60 80 
a -  From Attachment A 
b – The maximum is a monthly average.  Temperature studies showed a month averaging 85°F 

may reach 87°F for one day 
	
  

1.3.3.3 Estimate of typical water quality produced 
As	
  is	
  the	
  case	
  for	
  the	
  GWRS,	
  desalinated	
  water	
  requires	
  post	
  treatment	
  to	
  manage	
  its	
  
corrosive	
  character.	
  	
  Experimental	
  testing	
  by	
  McGuire	
  at	
  Carlsbad	
  for	
  the	
  Poseidon	
  
desalination	
  project	
  there	
  concluded	
  that	
  an	
  alkalinity	
  target	
  of	
  60	
  mg/L	
  as	
  CaCO3	
  was	
  
appropriate.	
  At	
  the	
  same	
  time,	
  desalination	
  projects	
  typically	
  target	
  a	
  positive	
  LSI.	
  	
  For	
  this	
  
reason,	
  an	
  alkalinity	
  of	
  60	
  mg/L	
  as	
  CaCO3	
  and	
  a	
  LSI	
  of	
  0.15	
  were	
  targeted	
  in	
  this	
  effort.	
  	
  The	
  
result	
  of	
  adding	
  lime	
  and	
  carbon	
  dioxide	
  to	
  achieve	
  an	
  alkalinity	
  of	
  60	
  mg/L	
  as	
  CaCO3	
  is	
  
shown	
  in	
  Table	
  ES-­‐5	
  for	
  case	
  1	
  and	
  2	
  studied	
  earlier.	
  	
  The	
  lime	
  and	
  CO2	
  doses	
  required	
  to	
  
hit	
  the	
  alkalinity	
  and	
  LSI	
  targets	
  are	
  also	
  summarized.	
  	
  It	
  should	
  be	
  noted	
  that	
  adding	
  lime	
  
to	
  achieve	
  the	
  same	
  alkalinity	
  as	
  Poseidon	
  used	
  in	
  the	
  corrosion	
  tests	
  with	
  Carlsbad	
  causes	
  
the	
  calcium	
  to	
  rise	
  to	
  24	
  mg/L	
  when	
  attachment	
  A	
  calls	
  for	
  a	
  limit	
  on	
  calcium	
  of	
  20	
  mg/L.	
  	
  
Sticking	
  to	
  the	
  20	
  mg/L	
  limit	
  would	
  mean	
  limiting	
  the	
  alkalinity	
  to	
  50	
  mg/L.	
  	
  
	
  
Table	
  ES-­‐6	
  summarizes	
  the	
  post	
  treatment	
  results	
  are	
  of	
  the	
  earlier	
  RO	
  modeling,	
  the	
  
modifications	
  resulting	
  from	
  post	
  treatment	
  and	
  compares	
  them	
  with	
  the	
  requirements	
  in	
  
Attachment	
  A.	
  These	
  results	
  show	
  a	
  very	
  good	
  quality	
  water	
  with	
  a	
  low	
  TDS.	
  	
  As	
  mentioned	
  
before	
  the	
  calcium	
  is	
  20	
  percent	
  above	
  the	
  requirements	
  in	
  Attachment	
  A,	
  but	
  these	
  levels	
  
are	
  consistent	
  with	
  the	
  Carlsbad	
  tests.	
  	
  If	
  the	
  post	
  treatment	
  were	
  operated	
  to	
  the	
  same	
  LSI	
  
and	
  the	
  lower	
  hardness,	
  the	
  alkalinity	
  would	
  drop	
  to	
  50	
  mg/L	
  as	
  CaCO3	
  and	
  the	
  pH	
  would	
  
rise	
  to	
  8.6.	
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Table	
  ES-­‐5	
  Summary	
  of	
  Results	
  of	
  Post	
  Treatment	
  Strategy	
  

Constituent or Case 1 Case 2 Term Sheet 

Chemical Dose  T = 63 °F T =74 
°F Avg. Maxi-

mum 
Calcium (mg/L as Ca) 24.2 24.1 20 < 20 
Alkalinity (mg/L as 
CaCO3) 

60 60 - - 

pH 8.4 8.3 7.0-8.0 >6.5,<8.5 
TDS (mg/L) 153 148 350 500 
Temperature, °F 63 74 74 85 
Temperature, °C 17 23 - - 
Lime Dose (mg/L) 33 33 - - 
CO2 Dose (mg/L) 37 42 - - 
LSI 0.15 0.14 - - 
CCPP (mg/L) 0.83 0.81 - - 

	
  

Table	
  ES-­‐6	
  –	
  Estimated	
  Product	
  Water	
  Quality:	
  RO	
  Product	
  Water	
  and	
  Final	
  Product	
  
Water	
  After	
  Post-­‐Treatment	
  for	
  Case	
  1	
  (Normal	
  Operations	
  for	
  Cold	
  Seawater,	
  63°F)	
  	
  

Parameter	
   Units	
  
RO	
  

Product	
  
Water	
  

Final	
  
Product	
  
Water	
  

Attachment	
  A	
  
Requirements	
  

TDS	
   mg/L	
   129	
   153	
   ≤	
  500	
  
Sodium	
   mg/L	
   45	
   45	
   ≤	
  80	
  
Magnesium	
   mg/L	
   1.4	
   1.4	
   -­‐	
  
Calcium	
   mg/L	
   0.45	
   24	
   <	
  20	
  
Potassium	
   mg/L	
   2.4	
   2.4-­‐	
   -­‐	
  
Strontium	
   mg/L	
   0.0086	
   0.0086	
   -­‐	
  
Chloride	
   mg/L	
   74	
   74	
   ≤75	
  
Nitrate	
  nitrogen	
   mg/L	
   0	
   0	
   -­‐	
  
Sulfate	
   mg/L	
   3.3	
   3.3	
   -­‐	
  
Fluoride	
   mg/L	
   0.009	
   0.009	
   -­‐	
  
Bromide	
   mg/L	
   0.26	
   0.26	
   -­‐	
  

Hardness	
   mg/L	
  as	
  
CaCO3	
  

6.8	
   60	
   -­‐	
  

Bicarbonate	
   mg/L	
   0.85	
   71	
   -­‐	
  
Carbonate	
  	
   mg/L	
   0.0008	
   	
   -­‐	
  
Silica	
   mg/L	
   0.04	
   0.9	
   -­‐	
  
Barium	
   µg/L	
   0	
   0	
   -­‐	
  
Boron	
   mg/L	
   0.54	
   0.54	
   ≤	
  0.75	
  
pH	
   pH	
  units	
   5.17	
   8.4	
   -­‐	
  

Alkalinity	
   mg/L	
  as	
  
CaCO3	
  

0.7	
   60	
   -­‐	
  

1.4 Water Quality Issues of Concern in Desalination 
A	
  number	
  of	
  water	
  quality	
  issues	
  have	
  either	
  been	
  suggested	
  and/or	
  identified	
  in	
  
connection	
  with	
  the	
  use	
  of	
  desalinated	
  water.	
  	
  The	
  purpose	
  of	
  this	
  chapter	
  is	
  to	
  review	
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what	
  is	
  known	
  about	
  each	
  of	
  these	
  issues	
  and	
  to	
  do	
  preliminary	
  assessment	
  of	
  their	
  
significance	
  for	
  the	
  application	
  anticipated	
  in	
  Orange	
  County.	
  	
  

1.4.1 Corrosion 
The	
  corrosiveness	
  of	
  desalinated	
  water	
  has	
  been	
  known	
  for	
  more	
  than	
  50	
  years,	
  since	
  it	
  
was	
  first	
  studied	
  full-­‐scale	
  in	
  San	
  Diego.	
  	
  Subsequently	
  studies,	
  many	
  of	
  them	
  shown	
  in	
  
figure	
  ES-­‐5	
  have	
  examined	
  each	
  of	
  the	
  issues	
  of	
  importance.	
  
	
  
Where	
  lead	
  and	
  copper	
  corrosion	
  are	
  concerned	
  these	
  studies	
  have	
  shown	
  that	
  desalinated	
  
water	
  re-­‐mineralized	
  to	
  achieve	
  CaCO3	
  saturation	
  meets	
  lead	
  and	
  copper	
  rule	
  
requirements.	
  	
  Also,	
  in	
  California,	
  regulation	
  of	
  lead	
  is	
  tight	
  and	
  sources	
  of	
  lead	
  in	
  consumer	
  
plumbing	
  are	
  rapidly	
  diminishing.	
  	
  Because	
  of	
  EPA	
  and	
  DDW	
  requirements,	
  The	
  City	
  of	
  
Huntington	
  Beach	
  will	
  probably	
  be	
  required	
  to	
  do	
  extra	
  monitoring	
  in	
  the	
  first	
  six	
  months	
  
of	
  their	
  new	
  supply.	
  	
  	
  
	
  
Where	
  red	
  water	
  is	
  concerned,	
  studies	
  have	
  shown	
  that	
  in	
  systems	
  with	
  unlined	
  cast	
  iron,	
  
ductile	
  iron	
  and	
  galvanized	
  iron	
  piping,	
  desalinated	
  waters	
  re-­‐mineralized	
  to	
  achieve	
  
CaCO3	
  saturation	
  may	
  cause	
  iron	
  or	
  manganese	
  release	
  to	
  	
  increase	
  in	
  the	
  first	
  few	
  weeks	
  
but	
  will	
  eventually	
  stabilize	
  and	
  frequent	
  changes	
  from	
  one	
  water	
  quality	
  to	
  another	
  should	
  
be	
  avoided.	
  	
  These	
  studies	
  also	
  show	
  desalinated,	
  water	
  re-­‐mineralized	
  to	
  achieve	
  Calcium	
  
carbonate	
  saturation,	
  gives	
  satisfactory	
  service	
  with	
  cement	
  mortar	
  lined	
  pipe	
  
	
  

	
  
Figure	
  ES-­‐5	
  A	
  Graphical	
  Summary	
  of	
  the	
  eight	
  corrosion	
  studies	
  that	
  have	
  been	
  
carried	
  out	
  on	
  desalinated	
  water	
  over	
  the	
  past	
  several	
  decades	
  

2005	
Tampa		
Bay	

2006	
Carlsbad	

2010	
WRF	

2011	
CalAm		
Monterey	

2012	
Long		
Beach	

2014	
West	
Basin	
MWD	

8	Studies:	
5	looked	at	Pb	&	Cu	
8	looked	at	Distribu6on	Materials	

Figure	4-2:	Tes6ng	on	Integra6on		
of	Desalinated	
Seawater	

1965	
San	
Diego	

1970	
San	
Diego	
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1.4.2 Health Issues 
Several	
  health	
  issues	
  have	
  been	
  raised	
  in	
  connection	
  with	
  desalinated	
  water	
  but	
  few	
  of	
  
these	
  have	
  significance	
  for	
  the	
  Huntington	
  Beach	
  Project.	
  	
  
	
  

1.4.2.1 Disinfection 
Several	
  studies	
  have	
  examined	
  the	
  significance	
  of	
  disinfection	
  byproducts	
  formed	
  in	
  
desalinated	
  water.	
  	
  These	
  studies	
  show	
  that	
  DBPs	
  are	
  rarely	
  a	
  problem	
  in	
  desalinated	
  
water.	
  	
  There	
  are	
  exceptions	
  when	
  desalinated	
  water	
  high	
  in	
  bromide	
  is	
  blended	
  with	
  
groundwater	
  high	
  in	
  TOC	
  –	
  not	
  expected	
  to	
  be	
  an	
  issue	
  in	
  Orange	
  County.	
  	
  	
  The	
  stability	
  of	
  
disinfectant	
  residuals,	
  has,	
  on	
  the	
  other	
  hand,	
  been	
  demonstrated	
  to	
  be	
  a	
  problem.	
  	
  This	
  
was,	
  in	
  fact,	
  discovered	
  in	
  early	
  work	
  for	
  the	
  Huntington	
  Beach	
  project	
  and	
  has	
  
subsequently	
  been	
  studies	
  in	
  several	
  other	
  places.	
  	
  High	
  bromide	
  in	
  desalinated	
  water	
  has	
  
been	
  shown	
  to	
  cause	
  short-­‐term	
  instability	
  in	
  chloramine	
  residuals.	
  	
  While	
  this	
  problem	
  
can	
  be	
  successfully	
  managed,	
  no	
  bromide-­‐related	
  residual	
  instability	
  is	
  anticipated	
  if	
  OCWD	
  
and	
  Huntington	
  Beach	
  continue	
  with	
  their	
  plans	
  to	
  use	
  a	
  free	
  chlorine	
  residual	
  
	
  

	
  
Figure	
  ES-­‐6.	
  	
  Influence	
  of	
  bromide	
  ion	
  on	
  the	
  decay	
  of	
  total	
  combined	
  chlorine	
  
residuals	
  in	
  Desalinated	
  water.	
  	
  Symbols	
  are	
  lab	
  results,	
  dashed	
  lines	
  are	
  model	
  
results	
  (after	
  Tiwari	
  &	
  Trussell,	
  2013	
  
	
  	
  

1.4.2.2 Boron 
Boron	
  was	
  once	
  the	
  principal	
  health	
  issue	
  raised	
  in	
  connection	
  with	
  desalinated	
  water,	
  but	
  
our	
  understanding	
  of	
  the	
  toxicity	
  of	
  boron	
  to	
  humans	
  has	
  changed	
  significantly	
  during	
  the	
  
past	
  decade	
  and	
  guidance	
  values,	
  once	
  as	
  low	
  as	
  0.5	
  mg/L,	
  now	
  range	
  from	
  1.4	
  to	
  6.7	
  mg/L.	
  	
  
Nevertheless	
  the	
  Notification	
  limit	
  in	
  California	
  is	
  1	
  mg/L.	
  	
  OCWD	
  may	
  benefit	
  from	
  



Trussell Technologies, Inc. • Pasadena • San Diego • Oakland 	
   12 

discussions	
  with	
  DDW	
  regarding	
  enforcement.	
  	
  Boron	
  is	
  also	
  a	
  horticultural	
  issue	
  and	
  
circumstances	
  are	
  such	
  that	
  boron	
  is	
  likely	
  to	
  accumulate	
  in	
  the	
  groundwater	
  basin	
  …	
  this	
  
will	
  be	
  discussed	
  later.	
  
	
  

1.4.2.3 Algal toxins 
Biotoxins,	
  such	
  as	
  domoic	
  acid,	
  released	
  by	
  harmful	
  algal	
  blooms,	
  like	
  the	
  red	
  tide,	
  are	
  
frequently	
  found	
  along	
  the	
  California	
  coast.	
  	
  In	
  fact	
  this	
  season,	
  conditions	
  favoring	
  red	
  
tides	
  all	
  along	
  the	
  coast	
  have	
  decimated	
  the	
  Dungeness	
  crab	
  season	
  in	
  Northen	
  California.	
  
Fortunately	
  rigorous	
  conducted	
  by	
  SPI,	
  Trussell	
  Tech	
  and	
  USC	
  on	
  behalf	
  of	
  West	
  Basin	
  
Municipal	
  Water	
  District	
  has	
  	
  shown	
  that	
  these	
  algal	
  toxins	
  are	
  consistently	
  removed	
  by	
  
SWRO	
  
	
  

1.4.3 The Consumer Experience 
The	
  consumer	
  experience	
  is	
  another	
  important	
  consideration	
  for	
  any	
  drinking	
  water	
  
source.	
  	
  Issues	
  to	
  be	
  considered	
  are	
  the	
  flavor	
  of	
  desalinated	
  water,	
  its	
  temperature	
  relative	
  
to	
  conventional	
  supplies	
  and	
  its	
  influence	
  on	
  scaling	
  or	
  corrosion	
  of	
  home	
  appliances.	
  	
  	
  

1.4.3.1 Taste 
Extensive	
  testing	
  by	
  McGuire	
  Environmental	
  Consultants	
  on	
  behalf	
  of	
  the	
  San	
  Diego	
  Water	
  
Authority	
  demonstrated	
  that	
  consumers	
  can	
  easily	
  distinguish	
  desalinated	
  water	
  from	
  
conventional	
  supplies	
  and	
  would	
  generally	
  prefer	
  the	
  latter.	
  	
  Nevertheless,	
  the	
  flavor	
  of	
  
desalinated	
  water	
  is	
  acceptable.	
  	
  The	
  lesson	
  may	
  be	
  that	
  changes	
  from	
  one	
  to	
  the	
  other	
  and	
  
back	
  again	
  should	
  be	
  avoided	
  

1.4.3.2 Temperature 
It	
  is	
  expensive	
  to	
  heat	
  water.	
  	
  Cooling	
  it	
  less	
  expensive	
  but	
  still,	
  it	
  is	
  not	
  ordinary	
  practice	
  
for	
  drinking	
  water.	
  	
  As	
  a	
  nation,	
  Americans	
  are	
  fond	
  of	
  cold	
  beverages,	
  including	
  water.	
  	
  
The	
  idea	
  of	
  a	
  “tepid”	
  water	
  supply	
  does	
  not	
  appeal	
  to	
  some.	
  	
  On	
  the	
  other	
  hand,	
  acceptable	
  
temperatures	
  are	
  poorly	
  defined.	
  	
  Because	
  of	
  its	
  exceptionally	
  high	
  heat	
  capacity	
  the	
  water	
  
is	
  likely	
  to	
  stay	
  warm	
  to	
  the	
  consumer’s	
  tap	
  –	
  even	
  when	
  it	
  is	
  in	
  the	
  ground.	
  	
  If	
  Poseidon	
  
plans	
  to	
  operate	
  on	
  the	
  warm	
  side	
  of	
  the	
  power	
  plant	
  for	
  extended	
  periods,	
  this	
  may	
  be	
  an	
  
issue	
  worth	
  further	
  exploration.	
  

1.4.3.3 Scaling of Home Appliances 
Calcium	
  carbonate	
  is	
  the	
  principal	
  mineral	
  of	
  interest	
  where	
  the	
  scaling	
  of	
  consumer	
  
appliances	
  is	
  concerned.	
  	
  It	
  turns	
  out	
  that	
  calcium	
  carbonate	
  management	
  is	
  of	
  general	
  
interest	
  to	
  the	
  water	
  districts	
  as	
  well.	
  	
  The	
  water	
  purchase	
  agreement	
  should	
  have	
  the	
  
flexibility	
  to	
  allow	
  for	
  changes	
  in	
  the	
  future.	
  	
  	
  

1.4.4 Horticulture (irrigation at the home and in public landscapes) 
There	
  are	
  a	
  number	
  of	
  ways	
  to	
  judge	
  the	
  suitability	
  of	
  a	
  water	
  for	
  irrigation.	
  	
  Generally	
  
published	
  criteria	
  address	
  impacts	
  on	
  agricultural	
  production,	
  but	
  homeowners	
  and	
  
managers	
  of	
  public	
  landscapes	
  are	
  concerned	
  about	
  appearance,	
  not	
  just	
  production	
  and	
  
generally	
  this	
  is	
  a	
  more	
  sensitive	
  criterion.	
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A	
  classic	
  criterion	
  where	
  the	
  tightness	
  of	
  soil	
  is	
  concerned	
  is	
  the	
  sodium	
  adsorption	
  ratio	
  
(SAR).	
  This	
  ratio	
  is	
  already	
  adequately	
  addressed	
  in	
  the	
  criteria	
  proposed	
  by	
  Poseidon.	
  	
  
Additional	
  concerns	
  are	
  the	
  toxicity	
  of	
  boron,	
  chloride	
  and	
  sodium.	
  	
  These	
  are	
  illustrated	
  in	
  
Figure	
  ES-­‐7.	
  	
  The	
  sensitivity	
  to	
  each	
  of	
  these	
  toxicants	
  varies	
  a	
  great	
  deal	
  from	
  one	
  plant	
  to	
  
the	
  next.	
  	
  For	
  sensitive	
  plants	
  these	
  effects	
  are	
  often	
  observed	
  in	
  areas	
  irrigated	
  by	
  
reclaimed	
  water,	
  because	
  of	
  its	
  high	
  TDS.	
  	
  Neither	
  the	
  chloride	
  or	
  sodium	
  levels	
  proposed	
  
in	
  Attachment	
  A	
  are	
  of	
  much	
  concern.	
  	
  Boron	
  is	
  a	
  more	
  complicated	
  matter.	
  	
  An	
  extensive	
  
study	
  was	
  conducted	
  in	
  2005	
  to	
  determine	
  the	
  possible	
  effects	
  on	
  Carlsbad’s	
  landscapes	
  
and	
  acceptable	
  landscape	
  appearance	
  by	
  irrigating	
  with	
  desalinated	
  water.	
  	
  Common	
  plants	
  
found	
  to	
  be	
  adversely	
  affected	
  were:	
  Camelia, Crape Myrtle, Gardenia, Giant Bird of Paradise, 
Heavenly Bamboo, Hydrangea, Lily of the Nile, Orange, Lemon, Philodendron, Photinia, Pink 
Trumpet Vine, Rose, Southern Magnolia, Violet trumpet vine, Wheeler’s dwarf pittosporum, and 
xylosma 
	
  
	
  

	
  
Figure	
  ES-­‐7	
  Examples	
  of	
  leaf	
  damage	
  caused	
  by	
  boron,	
  chloride	
  and	
  sodium	
  toxicity	
  
	
  
Given	
  the	
  large	
  number	
  of	
  common	
  plants	
  that	
  may	
  be	
  impacted	
  by	
  the	
  elevated	
  boron	
  that	
  
might	
  be	
  expected	
  with	
  a	
  desalination	
  water	
  source	
  and	
  noting	
  that	
  the	
  study	
  is	
  dependent	
  
on	
  local	
  conditions	
  such	
  that	
  the	
  results	
  from	
  Carlsbad	
  are	
  not	
  directly	
  applicable	
  to	
  
Huntington	
  Beach,	
  a	
  similar	
  study	
  would	
  be	
  advantageous	
  for	
  consideration	
  in	
  Huntington	
  
Beach.	
  Factors	
  affecting	
  horticulture	
  that	
  necessitate	
  a	
  localized	
  study	
  in	
  Huntington	
  Beach	
  
include	
  the	
  specific	
  plants	
  common	
  in	
  the	
  community,	
  the	
  local	
  microclimate,	
  soil	
  
conditions	
  and	
  the	
  preferences	
  of	
  stakeholders	
  in	
  the	
  community	
  (e.g.	
  the	
  president	
  of	
  the	
  
garden	
  club,	
  nursery	
  owners,	
  park	
  managers,	
  etc.).	
  	
  	
  

1.4.5 Boron Accumulation in the Orange County Aquifer 
Chances	
  are	
  that	
  at	
  the	
  beginning	
  of	
  the	
  20th	
  century	
  the	
  Orange	
  County	
  aquifer	
  had	
  very	
  
little	
  boron.	
  But,	
  the	
  Santa	
  Ana	
  River	
  is	
  importing	
  boron	
  into	
  the	
  Orange	
  County	
  basin.	
  	
  
Between	
  1976	
  and	
  2005,	
  most	
  of	
  the	
  boron	
  in	
  Orange	
  County’s	
  domestic	
  sewage	
  went	
  to	
  
the	
  ocean	
  but	
  a	
  small	
  portion	
  was	
  introduced	
  into	
  the	
  Talbert	
  Aquifer	
  through	
  Water	
  
Factory	
  21.	
  	
  Since	
  2008,	
  the	
  GWRS	
  has	
  captured	
  an	
  increasing	
  fraction	
  of	
  the	
  OCSD	
  

Clorosis	of	leaves	caused		
by	excess	boron		

Necrosis	of	leaf	4ps	and	margins		
caused	by	excess	chloride		 Yellowing	and	burning	of	leaf	

	4ps	caused	by	excess	sodium		
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discharge	
  and	
  has	
  purified	
  it	
  to	
  make	
  drinking	
  water.	
  	
  The	
  GWRS	
  is	
  not	
  particularly	
  
efficient	
  at	
  removing	
  boron	
  so	
  the	
  GWRS	
  has	
  now	
  become	
  the	
  most	
  important	
  contributor	
  
to	
  boron	
  in	
  the	
  basin.	
  	
  If	
  the	
  Huntington	
  Beach	
  desalter	
  operates	
  at	
  boron	
  of	
  0.54	
  mg/L,	
  the	
  
concentration	
  estimated	
  in	
  the	
  RO	
  product	
  water	
  above,	
  it	
  will	
  contribute	
  more	
  boron	
  to	
  
the	
  basin	
  than	
  the	
  GWRS.	
  	
  Figure	
  ES-­‐8	
  illustrates	
  the	
  situation.	
  	
  If	
  the	
  Huntington	
  Beach	
  
desalter	
  were	
  to	
  operate	
  with	
  a	
  boron	
  concentration	
  of	
  0.75	
  mg/L,	
  the	
  situation	
  would	
  be	
  
more	
  dramatic,	
  with	
  57	
  tons	
  per	
  year	
  (TPY)	
  from	
  desalination	
  compared	
  to	
  38	
  TPY	
  from	
  
the	
  GWRS.	
  	
  A	
  detailed	
  examination	
  of	
  this	
  question	
  is	
  beyond	
  the	
  scope	
  of	
  this	
  report,	
  so	
  all	
  
the	
  numbers	
  in	
  the	
  figure	
  are	
  rough	
  approximations.	
  
	
  

	
  
Figure	
  ES-­‐8	
  Approximations	
  of	
  the	
  changing	
  mass	
  balances	
  of	
  boron	
  in	
  the	
  Orange	
  
County	
  Groundwater	
  Basin.	
  	
  a)	
  Prior	
  to	
  GWRS,	
  b)	
  as	
  of	
  today,	
  and	
  c)	
  with	
  the	
  
proposed	
  50	
  mgd	
  desalter.	
  
	
  
From	
  this	
  analysis,	
  it	
  is	
  clear	
  that	
  changes	
  have	
  already	
  taken	
  place	
  with	
  regard	
  to	
  the	
  
importation	
  of	
  boron	
  into	
  the	
  Orange	
  County	
  Groundwater	
  Basin	
  in	
  the	
  past	
  and	
  that	
  the	
  
operation	
  of	
  the	
  proposed	
  Huntington	
  Beach	
  Desalter	
  would	
  substantially	
  accelerate	
  those	
  
changes.	
  	
  What	
  is	
  less	
  clear	
  is	
  the	
  consequence	
  of	
  these	
  changes	
  and	
  the	
  time	
  period	
  over	
  
which	
  these	
  changes	
  might	
  have	
  impact.	
  Any	
  impacts	
  are	
  likely	
  to	
  be	
  slow	
  to	
  develop	
  and	
  
their	
  consequences	
  are	
  not	
  likely	
  to	
  be	
  felt	
  for	
  some	
  time.	
  	
  Nevertheless,	
  beginning	
  with	
  the	
  
imports	
  from	
  the	
  Santa	
  Ana	
  River	
  and	
  Water	
  Factory	
  21,	
  some	
  of	
  these	
  changes	
  have	
  been	
  
in	
  place	
  a	
  long	
  time	
  and	
  a	
  simple	
  survey	
  of	
  boron	
  levels	
  in	
  groundwater	
  illustrates	
  some	
  
effects.	
  Table	
  4-­‐2	
  lists	
  the	
  concentrations	
  of	
  boron	
  in	
  the	
  groundwater	
  near	
  the	
  Santa	
  Ana	
  
River	
  (SAR)	
  based	
  some	
  OCWD	
  data	
  and	
  on	
  the	
  Annual	
  Water	
  Quality	
  Reports	
  for	
  various	
  
cities	
  in	
  the	
  basin.	
  	
  	
  Figure	
  4-­‐22	
  shows	
  the	
  levels	
  of	
  boron	
  throughout	
  the	
  basin	
  based	
  some	
  
OCWD	
  data	
  and	
  on	
  the	
  Annual	
  Water	
  Quality	
  Reports	
  for	
  various	
  cities	
  in	
  therein.	
  	
  Impacts	
  
from	
  the	
  SAR	
  and	
  recycled	
  water	
  activities	
  are	
  evident.	
  	
  For	
  the	
  moment,	
  there	
  are	
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important	
  new	
  sources	
  of	
  boron	
  being	
  introduced	
  into	
  the	
  basin,	
  but	
  there	
  is	
  no	
  clear	
  
mechanism	
  for	
  export	
  and	
  the	
  basin’s	
  long-­‐term	
  trajectory	
  is	
  not	
  clear.	
  	
  	
  
Studies	
  to	
  gain	
  a	
  better	
  perspective	
  on	
  the	
  long	
  term	
  prognosis	
  are	
  recommended.	
  

	
  
Figure ES-9 – Map of the SAR basin showing average boron concentration (mg/L)   
	
  

1.5 A Review of the Three Scenarios Posed by OCWD 
Three	
  operational	
  scenarios	
  were	
  proposed	
  by	
  OCWD:	
  

• Scenario	
  1	
  -­‐	
  Winter/Low	
  Overdraft	
  Operations	
  
• Scenario	
  2	
  -­‐	
  Summer/High	
  Overdraft	
  Operations	
  
• 100%	
  Desalination	
  Operations	
  (during	
  shutdown	
  of	
  GWRS	
  AWPF)	
  

	
  
The	
  scenarios	
  are	
  described	
  as	
  follows.	
  
	
  

Scenario	
  1)	
  -­‐	
  Winter	
  operations	
  	
  
a. 3	
  MGD	
  desalinated	
  water	
  to	
  City	
  of	
  Huntington	
  Beach	
  	
  
b. 15	
  MGD	
  desalinated	
  water	
  to	
  Talbert	
  Intrusion	
  Barrier	
  
c. 35	
  MGD	
  desalinated	
  water	
  +	
  100	
  MGD	
  GWRS	
  blend	
  to	
  all	
  other	
  injection	
  wells	
  +	
  Forebay	
  

basins	
  
	
  
Scenario	
  2)	
  	
  -­‐	
  Summer	
  operations	
  	
  

a. 3	
  MGD	
  desalinated	
  water	
  to	
  City	
  of	
  Huntington	
  Beach	
  	
  

!(

IRVINE

ANAHEIM

ORANGE

SANTA ANA

BREA

FULLERTON

NEWPORT BEACH

YORBA LINDA

TUSTIN

COSTA MESA

LAKE FOREST

GARDEN GROVE

BUENA PARK

CYPRESS

SEAL BEACH

LA HABRA

HUNTINGTON BEACH

WESTMINSTER

PLACENTIA

FOUNTAIN VALLEY

MISSION VIEJO

STANTON

LOS ALAMITOS

LA PALMA

VILLA PARK

LAGUNA WOODS

LAGUNA HILLS RANCHO SANTA MARGARITA

LAGUNA BEACH

0 2.5 5

Miles

®

Boron Level

!( Orange County Water District

<0.1

0.1-0.2

>=0.2



Trussell Technologies, Inc. • Pasadena • San Diego • Oakland 	
   16 

b. 36	
  MGD	
  desalinated	
  water	
  to	
  Talbert	
  Intrusion	
  Barrier	
  
c. 14	
  MGD	
  desalinated	
  water	
  +	
  100	
  MGD	
  GWRS	
  blend	
  to	
  all	
  other	
  injection	
  wells	
  +	
  

Forebay	
  basins	
  
	
  
Scenario	
  3)	
  100%	
  Desalination	
  operations	
  (during	
  a	
  shutdown	
  of	
  the	
  GWRS	
  AWPF)	
  	
  

a. 3	
  MGD	
  desalinated	
  water	
  to	
  City	
  of	
  Huntington	
  Beach	
  	
  
b. 50	
  MGD	
  of	
  unblended	
  desalinated	
  water	
  to	
  all	
  injection	
  and	
  recharge	
  locations	
  

	
  
Groundwater	
  mass	
  loading	
  of	
  key	
  constituents	
  was	
  addressed	
  during	
  the	
  scenarios	
  
analysis.	
  	
  Key	
  constituents	
  evaluated	
  with	
  respect	
  to	
  the	
  scenarios	
  were	
  TDS,	
  sodium,	
  
chloride,	
  and	
  boron.	
  	
  A	
  summary	
  of	
  concentrations	
  for	
  key	
  constituents	
  for	
  all	
  scenarios	
  is	
  
provided	
  in	
  Figure	
  ES-­‐7.	
  	
  The	
  100%	
  desalination	
  cases	
  were	
  determined	
  based	
  on	
  the	
  RO	
  
modeling	
  results	
  presented	
  above.	
  	
  The	
  GWRS	
  concentrations	
  used	
  to	
  produce	
  the	
  blend	
  
were	
  taken	
  from	
  the	
  2014	
  GWRS	
  annual	
  report.	
  	
  Data	
  for	
  Huntington	
  Beach	
  groundwater	
  
was	
  provided	
  by	
  the	
  City	
  of	
  Huntington	
  Beach,	
  along	
  with	
  demand	
  data	
  for	
  2014.	
  	
  The	
  
MWD	
  data	
  largely	
  from	
  Diemer	
  Water	
  Treatment	
  Plant	
  (MWD)	
  was	
  taken	
  from	
  the	
  City	
  of	
  
Huntington	
  Beach	
  2014	
  Annual	
  Water	
  Quality	
  Report.	
  
	
  
Table	
  ES-­‐7.	
  	
  Summary	
  of	
  concentrations	
  for	
  constituents	
  of	
  most	
  interest	
  including	
  
TDS,	
  Sodium,	
  Chloride,	
  and	
  Boron	
  for	
  all	
  scenarios	
  

Parameter 

Scenario 

1a/2a/3a  
(HB Blend) 

1b 
(Talbert) 

1c 
(Forebay + Other 
Injection Blend) 

2b 
(Talbert) 

2c 
(Forebay + Other 
Injection Blend) 

3b         
(HB + 

Talbert + 
Forebay) 

Total Flow 
(mgd) 24.8 15 135 36 114 50 

%Desal 12.1% 100% 25.9% 100% 12.3% 100% 
TDS (mg/L) 373 148 78.4 148 66.5 148 
Sodium 
(mg/L) 53.3 45.4 18.9 45.4 14.0 45.4 

Chloride 
(mg/L) 72.3 74.1 24.8 74.1 15.7 74.1 

Boron 
(mg/L) 0.123 0.536 0.332 0.536 0.294 0.536 

	
  

1.5.1 Scenarios 1a, 2a, and 3a – 3 mgd of desalinated water to City of Huntington Beach 
All	
  three	
  scenarios	
  involve	
  distribution	
  of	
  the	
  same	
  about	
  of	
  water	
  to	
  Huntington	
  Beach	
  	
  in	
  
terms	
  of	
  potential	
  direct	
  impacts	
  to	
  the	
  City.	
  	
  As	
  such,	
  all	
  three	
  of	
  these	
  scenarios	
  are	
  
identical	
  and	
  were	
  treated	
  as	
  such	
  in	
  the	
  analysis.	
  	
  The	
  City	
  takes	
  water	
  from	
  local	
  
groundwater	
  wells,	
  imports	
  water	
  from	
  MWD	
  and	
  would	
  take	
  3	
  mgd	
  of	
  desalinated	
  water	
  
from	
  the	
  Huntington	
  Beach	
  desalter.	
  	
  The	
  3	
  mgd	
  desalinated	
  water	
  will	
  allow	
  the	
  City	
  to	
  
import	
  3	
  mgd	
  less	
  water	
  from	
  MWD	
  to	
  levels	
  shown	
  in	
  Table	
  ES-­‐8.	
  A	
  proportional	
  blend	
  of	
  
the	
  three	
  water	
  sources	
  is	
  presented	
  in	
  Table	
  ES-­‐8.	
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Table	
  ES-­‐8.	
  Huntington	
  Beach	
  Blended	
  Water	
  Quality	
  for	
  Scenarios	
  1a,	
  2a,	
  and	
  3a1,2,3	
  

Constituent or 
Parameter 

Desal  
Water HB GW Imported  

MWD Blended  
Water 

12% 72% 16% 

Flow (mgd) 3 17.9 3.86 24.8 
TDS (mg/L) 148 375 540 373 
Sodium (mg/L) 45.4 48 84 53.3 
Chloride (mg/L) 74.1 69 86 72.3 
Boron (mg/L) 0.536 0.05 0.14 0.123 
Alkalinity (mg/L) 60 155 110 137 
Calcium (mg/L) 24.2 65 60 59.3 
Magnesium (mg/L) 1.40 9.9 22 10.8 
Fluoride 0.01 0.8 0.8 0.70 
pH 8.3 8.0 8.1 7.83 
Temperature (°F) 63 69.9 68 68.2 
SAR 2.43 1.34 2.01 1.51 
LSI 0.15 0.57 0.44 0.30 
CCPP 0.83 13.8 6.16 6.83 

1	
  TT	
  freely	
  available	
  blending	
  model	
  (www.trusselltech.com)	
  used	
  to	
  determine	
  pH,	
  alkalinity,	
  and	
  
temperature	
  of	
  blends	
  with	
  other	
  parameters	
  determined	
  by	
  mass	
  balance	
  
2TT	
  freely	
  available	
  CaCO3	
  indices	
  model	
  (www.trusselltech.com)	
  used	
  to	
  determine	
  LSI	
  and	
  CCPP	
  
3No	
  mass	
  loadings	
  are	
  presented	
  for	
  Scenarios	
  1a,	
  2a,	
  and	
  3a	
  because	
  water	
  is	
  going	
  to	
  the	
  HB	
  distribution	
  
system	
  and	
  none	
  of	
  this	
  water	
  is	
  going	
  to	
  the	
  injection	
  or	
  recharge	
  basins.	
  
	
  
From	
  Table	
  ES-­‐8,	
  it	
  is	
  observed	
  for	
  the	
  blend	
  that	
  the	
  LSI	
  of	
  0.3	
  is	
  within	
  the	
  range	
  of	
  0	
  to	
  
0.5	
  often	
  used	
  as	
  a	
  target	
  for	
  LSI	
  for	
  desal.	
  	
  The	
  CCPP	
  at	
  6.83	
  is	
  also	
  in	
  a	
  range	
  common	
  for	
  
drinking	
  water.	
  While	
  there	
  are	
  no	
  problems	
  expected	
  for	
  this	
  water	
  given	
  the	
  limited	
  
amount	
  of	
  iron	
  pipe	
  in	
  the	
  system	
  and	
  the	
  relatively	
  small	
  fraction	
  of	
  desalinated	
  water	
  
compared	
  to	
  the	
  total	
  supply,	
  care	
  should	
  be	
  taken	
  when	
  the	
  system	
  goes	
  online	
  to	
  be	
  
prepared	
  for	
  concerns	
  expressed	
  related	
  to	
  the	
  differing	
  water	
  quality.	
  
	
  

1.5.2 Scenario 1 – Winter Operations – distribution to injection and recharge basins 
The	
  results	
  of	
  Scenarios	
  1b	
  and	
  1c	
  that	
  involve	
  discharge	
  to	
  the	
  recharge	
  and	
  injection	
  
basins	
  in	
  OCWD	
  are	
  summarized	
  in	
  Table	
  ES-­‐9.	
  	
  This	
  scenario	
  involves	
  sending	
  15	
  mgd	
  of	
  
desalinated	
  water	
  to	
  Talbert	
  Seawater	
  Intrusion	
  Basin	
  (100%	
  desal)	
  and	
  blending	
  35	
  mgd	
  
of	
  desalinated	
  water	
  with	
  100	
  mgd	
  from	
  the	
  GWRS.	
  	
  Mass	
  loading	
  was	
  determined	
  based	
  on	
  
concentrations	
  presented	
  in	
  Table	
  ES-­‐7	
  and	
  also	
  on	
  additional	
  concentrations	
  for	
  the	
  
breakdown	
  of	
  the	
  GWRS/desal	
  blend	
  provided	
  in	
  Section	
  6	
  of	
  the	
  report.	
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Table	
  ES-­‐9.	
  	
  Summary	
  of	
  groundwater	
  mass	
  loadings	
  for	
  Scenario	
  1	
  in	
  tons	
  per	
  year	
  
(TPY)	
  for	
  constituents	
  of	
  most	
  interest	
  including	
  TDS,	
  Sodium,	
  Chloride,	
  and	
  Boron	
  
(excludes	
  distribution	
  to	
  City	
  of	
  Huntington	
  Beach).	
  

Parameter 

Scenario (Mass Loadings in TPY) 

1b 
Talbert 
(desal) 

1c 

Forebay + 
Other 

Injection 
(desal) 

1c 

Forebay + 
Other 

Injection 
(GWRS) 

1c 

Forebay + 
Other 

Injection 
(blend) 

SCENARIO 
1 

(TOTAL) 

Total Flow 
(mgd) 15 35 100 135 150 

%Flow=Desal 100% 100% 0% 26% 33% 
TDS 3,380 7,900 8,200 16,100 19,500 
Sodium 1,035 2,420 1,460 3,880 4,900 
Chloride 1,690 3,960 1,140 5,100 6,800 
Boron 12.3 28.5 39.6 68 80 
	
  
	
  
Results	
  for	
  TDS,	
  boron,	
  chloride,	
  and	
  boron	
  are	
  presented.	
  	
  As	
  an	
  example,	
  with	
  respect	
  to	
  
the	
  desalination	
  source,	
  TDS	
  varied	
  from	
  mass	
  loading	
  of	
  3,380	
  TPY	
  at	
  15	
  mgd	
  (1b)	
  to	
  
7,900	
  TPY	
  at	
  35	
  mgd	
  (desal	
  portion	
  of	
  1c).	
  	
  The	
  total	
  mass	
  loading	
  of	
  TDS	
  in	
  the	
  blend	
  of	
  
GWRS/desal	
  water	
  was	
  16,100	
  TPY.	
  	
  The	
  total	
  mass	
  loading	
  for	
  each	
  constituent	
  for	
  
Scenario	
  1	
  is	
  shown	
  in	
  the	
  far	
  right	
  column,	
  to	
  be	
  discussed	
  below.	
  
	
  

1.5.3 Scenario 2 – Summer Operations – distribution to injection and recharge basins 
The	
  results	
  of	
  Scenarios	
  2b	
  and	
  2c	
  that	
  involve	
  discharge	
  to	
  the	
  recharge	
  and	
  injection	
  
basins	
  in	
  OCWD	
  are	
  summarized	
  in	
  Table	
  ES-­‐10.	
  	
  This	
  scenario	
  involves	
  sending	
  36	
  mgd	
  of	
  
desalinated	
  water	
  to	
  Talbert	
  Seawater	
  Intrusion	
  Basin	
  (100%	
  desal)	
  and	
  blending	
  14	
  mgd	
  
of	
  desalinated	
  water	
  with	
  100	
  mgd	
  from	
  the	
  GWRS.	
  	
  Mass	
  loading	
  was	
  determined	
  based	
  on	
  
concentrations	
  presented	
  in	
  Table	
  ES-­‐7	
  and	
  also	
  on	
  additional	
  concentrations	
  for	
  the	
  
breakdown	
  of	
  the	
  GWRS/desal	
  blend	
  provided	
  in	
  Section	
  6	
  of	
  the	
  report.	
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Table	
  ES-­‐10.	
  	
  Summary	
  of	
  groundwater	
  mass	
  loadings	
  for	
  Scenario	
  2	
  in	
  tons	
  per	
  year	
  
(TPY)	
  for	
  constituents	
  of	
  most	
  interest	
  including	
  TDS,	
  Sodium,	
  Chloride,	
  and	
  Boron	
  
(excludes	
  distribution	
  to	
  City	
  of	
  Huntington	
  Beach).	
  

Parameter 

Scenario (Mass Loadings in TPY) 

2b 
Talbert 
(desal) 

2c 
Forebay + 

Other 
Injection 
(desal) 

2c 
Forebay + 

Other 
Injection 
(GWRS) 

2c 
Forebay + 

Other 
Injection 
(blend) 

SCENARIO 
2 

(TOTAL) 

Total Flow 
(mgd) 36 14 100 114 150 

%Flow=Desal 100% 100% 0% 12.3% 33% 
TDS 8,100 3,150 8,200 11,350 19,500 
Sodium 2,490 970 1,460 2,430 4,900 
Chloride 4,060 1,580 1,140 2,720 6,800 
Boron 29.4 11 40 51.0 80 
Results	
  for	
  TDS,	
  boron,	
  chloride,	
  and	
  boron	
  are	
  presented.	
  	
  As	
  an	
  example,	
  boron	
  varies	
  
from	
  mass	
  loading	
  of	
  29	
  TPY	
  at	
  36	
  mgd	
  (2b)	
  to	
  11	
  TPY	
  at	
  35	
  mgd	
  (desal	
  portion	
  of	
  1c).	
  	
  
Boron	
  also	
  varies	
  from	
  29	
  TPY	
  in	
  2b	
  (Talbert)	
  to	
  51	
  TPY	
  in	
  the	
  blend	
  of	
  GWRS/desal	
  water	
  
2c).	
  	
  The	
  total	
  mass	
  loading	
  for	
  each	
  constituent	
  for	
  Scenario	
  2	
  is	
  shown	
  in	
  the	
  far	
  right	
  
column.	
  It	
  should	
  be	
  observed	
  in	
  Tables	
  ES-­‐9	
  and	
  ES-­‐10	
  that	
  while	
  the	
  distribution	
  of	
  mass	
  
loadings	
  at	
  the	
  different	
  injection	
  and	
  recharge	
  locations	
  for	
  different	
  constituents	
  varies,	
  
the	
  total	
  amount	
  of	
  mass	
  loading	
  is	
  identical	
  for	
  both	
  Scenario	
  1	
  and	
  Scenario	
  2.	
  	
  This	
  is	
  
because	
  both	
  scenarios	
  involve	
  injection	
  and/or	
  recharge	
  of	
  100	
  mgd	
  of	
  GWRS	
  water	
  and	
  
50	
  mgd	
  of	
  desalinated	
  water	
  from	
  the	
  Huntington	
  Beach	
  desalter.	
  
	
  

1.5.4 Scenario 3 – 100% desalination @ 50 mgd (GWRS AWPF shutdown) 
Mass	
  loadings	
  in	
  pounds	
  per	
  year	
  for	
  TDS,	
  sodium,	
  chloride,	
  and	
  boron	
  are	
  presented	
  in	
  
Table	
  6-­‐15	
  for	
  Scenario	
  3	
  (100%	
  Desalination	
  for	
  GWRS	
  Emergency	
  Shutdown).	
  	
  The	
  100%	
  
desalination.	
  	
  For	
  50	
  mgd	
  of	
  desalinated	
  water,	
  the	
  mass	
  loading	
  of	
  boron	
  at	
  41	
  TPY	
  agrees	
  
with	
  the	
  mass	
  balance	
  conducted	
  in	
  Section	
  4.3.2.	
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Table	
  ES-­‐11.	
  	
  Summary	
  of	
  groundwater	
  mass	
  loadings	
  for	
  Scenario	
  3	
  for	
  TDS,	
  
Sodium,	
  Chloride,	
  and	
  Boron	
  (excludes	
  distribution	
  to	
  City	
  of	
  Huntington	
  Beach).	
  

Parameter 
(mass loadings 

in TPY) 

Scenario  
3b 

(100% 
Desal 
Alone) 

SCENARIO 
3 

(TOTAL) 

Total Flow (mgd) 50 50 
%Flow=Desal 100% 100% 
TDS 11,300 11,300 
Sodium 3,450 3,450 
Chloride 5,650 5,650 
Boron 41 41 
	
  
The	
  groundwater	
  mass	
  loadings	
  associated	
  with	
  the	
  proposed	
  Huntington	
  Beach	
  desalter	
  
can	
  be	
  compared	
  to	
  those	
  associated	
  with	
  the	
  current	
  GWRS	
  project	
  by	
  comparing	
  the	
  
Scenario	
  3	
  100%	
  Desal	
  results	
  (Table	
  ES-­‐11)	
  with	
  the	
  100%	
  GWRS	
  results	
  (Tables	
  ES-­‐9	
  
and	
  ES-­‐10).	
  	
  The	
  50	
  MGD	
  Huntington	
  Beach	
  desalter	
  would	
  contribute	
  38%	
  more	
  TDS,	
  
136%	
  more	
  sodium,	
  396%	
  more	
  chloride,	
  and	
  3%	
  more	
  boron	
  than	
  the	
  current	
  100	
  MGD	
  
GWRS	
  project.	
  

1.6 A Review of Possible Changes in Attachment A 
A	
  revised	
  version	
  of	
  Attachment	
  A	
  is	
  provided	
  in	
  Table	
  ES-­‐12.	
  	
  The	
  parameters	
  in	
  the	
  
revised	
  table	
  are	
  broken	
  into	
  four	
  categories	
  with	
  respect	
  to	
  water	
  quality	
  and	
  two	
  
categories	
  with	
  respect	
  to	
  operations.	
  	
  Where	
  water	
  quality	
  is	
  concerned,	
  the	
  four	
  
categories	
  are	
  1)	
  mineral	
  quality,	
  2)	
  disinfection,	
  3)	
  physical	
  properties	
  and	
  4)	
  control	
  of	
  
corrosion	
  and	
  aquifer	
  interface.	
  	
  Where	
  operations	
  are	
  concerned	
  the	
  two	
  categories	
  are:	
  1)	
  
quality	
  parameters	
  where	
  the	
  target	
  and	
  maximum	
  values	
  will	
  be	
  set	
  in	
  the	
  Term	
  Sheet	
  and	
  
2)	
  quality	
  parameters	
  which	
  shall	
  be	
  adjustable	
  at	
  OCWD’s	
  discretion,	
  from	
  time	
  to	
  time,	
  
during	
  the	
  course	
  of	
  the	
  project’s	
  operation.	
  	
  For	
  the	
  latter,	
  a	
  range	
  within	
  which	
  OCWD	
  
may	
  select	
  is	
  specified	
  in	
  the	
  term	
  sheet	
  in	
  order	
  to	
  facilitate	
  design.	
  	
  The	
  adjustable	
  quality	
  
parameters	
  all	
  address	
  the	
  operation	
  of	
  the	
  desalination	
  plant’s	
  post	
  treatment	
  system,	
  
recognizing	
  that	
  there	
  is	
  uncertainty	
  in	
  the	
  information	
  available	
  today	
  for	
  making	
  some	
  of	
  
these	
  operational	
  choices.	
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Table	
  ES-­‐12	
  Proposed	
  Revised	
  Term	
  Sheet	
  

Parameter units 
Sampling1 Concentration Selected by OCWD4 

Compliance 
period 

Measurement 
frequency Target2 Maximum3 Target Range4 Required 

Precision4 
Minerals 
  Sodium mg/L one year bi-weekly5 60 80 - - 
  Chloride mg/L one year bi-weekly5 75 100 - - 
  Bromide mg/L one year bi-weekly5 0.25* 0.4* - - 
  Boron mg/L one year bi-weekly5 0.5* 1.0 - - 
  TDS mg/L one year bi-weekly5 350 500 - - 
Disinfection 
  SDS-THM µg/L one year monthly ≤ 64 72 - - 
  SDS-HAA5 µg/L one year monthly ≤ 36 56 - - 
  SDS-NDMA µg/L one year monthly ≤ 8 9 - - 

  Total chlorine 
residual mg/L daily continuous6 - - 1.0 to 4.0 ±10% 

  Cl2/NH3-N ratio - daily daily7 - - 3.0 to 5.0 ±0.3 
Physical properties 
  Temperature °F one year continuous6 65 75 - - 

  Turbidity ntu daily continuous6 0.5 1.0 - - 

  SDI - one year daily7 1.0* 2.0* - - 
Control of Corrosion and Aquifer Interface 
  Calcium mg/L as CaCO3 one year bi-weekly5 60* - 40 to 120 ±10% 

  Magnesium mg/L one year bi-weekly5 - - tbd ±10% 

  pH   daily continuous6 8.4* - 7.5 to 8.7 ±10% 

  LSI   monthly daily7 0.15* - (-0.2) to 
(+0.2) ±10% 

  
Orthophosphat
e mg/L as P weekly daily7 - - 0 to 4.0 ±10% 

  Alkalinity mg/L as CaCO3 monthly daily7 60* - 40 to 120 ±10% 

  CCPP mg/L as CaCO3 monthly daily7 0.8* - (-5) to (+15) ±10% 

         * - This Parameter is proposed as a placeholder as further study may be required 
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1 - All samples to be taken at mutually agreed upon delivery point and analyzed using mutually agreed Standard Methods (EPA, ASTM or SM On Line)  
2 - Average over compliance period must less than or equal to this value 
3 - No measurement may exceed this value 

4 - The desalination plant is to be designed so that it is capable of meeting any concentration in the Target Range.  OCWD shall, from time to time, select a 
concentration in the Target Range and Poseidon shall be responsible for meeting the target with the Required Precision  

5 - every other week.   

6- Continuously monitored by instrument ith values stored in SCADA every 15 minutes 
7 - Measured daily or calculated daily, using most up-to-date information available 
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The	
  following	
  is	
  a	
  brief	
  discussion	
  of	
  differences	
  in	
  requirements	
  between	
  the	
  Table	
  ES-­‐12	
  
and	
  Attachment	
  A	
  as	
  presented	
  by	
  Poseidon	
  in	
  in	
  October:	
  

1.6.1 Table Format 
The	
  format	
  of	
  the	
  table	
  has	
  been	
  revised	
  to	
  display	
  only	
  the	
  basic	
  requirements	
  necessary	
  
for	
  negotiation	
  of	
  the	
  Term	
  Sheet.	
  	
  Parameters	
  of	
  interest	
  are	
  noted,	
  along	
  with	
  their	
  
frequency	
  of	
  measurement	
  and	
  compliance	
  period.	
  	
  Two	
  types	
  of	
  targets	
  are	
  described:	
  1)	
  
targets,	
  which	
  will	
  be	
  determined	
  in	
  the	
  negotiations	
  and	
  2)	
  target	
  ranges	
  for	
  areas	
  of	
  
water	
  quality	
  where	
  it	
  is	
  recommended	
  that	
  OCWD	
  retain	
  the	
  right	
  to	
  designate	
  a	
  water	
  
quality	
  target	
  being	
  sought,	
  changing	
  it	
  from	
  time	
  to	
  time	
  as	
  the	
  District	
  deems	
  appropriate.	
  	
  
Parameters	
  in	
  this	
  target	
  range	
  are	
  all	
  selected	
  so	
  that	
  they	
  can	
  be	
  manipulated	
  by	
  
Poseidon	
  in	
  the	
  post	
  treatment	
  process.	
  	
  For	
  all	
  parameters	
  the	
  point	
  of	
  compliance	
  is	
  a	
  
mutually	
  agreed	
  upon	
  point	
  of	
  delivery	
  and	
  all	
  measurement	
  methods	
  are	
  to	
  be	
  selected	
  by	
  
mutual	
  agreement	
  between	
  the	
  two	
  parties.	
  	
  For	
  water	
  quality	
  targets	
  where	
  it	
  is	
  
recommended	
  that	
  OCWD	
  retain	
  the	
  right	
  to	
  change	
  water	
  quality	
  targets	
  from	
  time	
  to	
  
time,	
  the	
  cost	
  of	
  chemicals	
  should	
  be	
  a	
  pass	
  through	
  in	
  the	
  contract.	
  	
  	
  
	
  
Discussion	
  of	
  several	
  specific	
  parameters	
  follows.	
  
	
  

1.6.2 Bromide ion 
A	
  target	
  of	
  0.25	
  mg/L	
  has	
  been	
  tentatively	
  proposed	
  for	
  bromide	
  ion.	
  	
  This	
  target	
  is	
  
proposed	
  in	
  order	
  to	
  facilitate	
  more	
  effective	
  management	
  of	
  chloramine	
  residuals.	
  	
  As	
  
illustrated	
  in	
  Figure	
  ES-­‐6,	
  reducing	
  bromide	
  ion	
  to	
  0.25	
  mg/L	
  or	
  below	
  limits	
  short-­‐term	
  
effects	
  on	
  residual	
  stability	
  to	
  less	
  than	
  15%.	
  	
  The	
  necessity	
  for	
  this	
  requirement	
  is	
  closely	
  
linked	
  to	
  the	
  use	
  of	
  chloramines.	
  There	
  is	
  some	
  uncertainty	
  about	
  the	
  need	
  to	
  
accommodate	
  the	
  management	
  of	
  chloramine	
  residuals	
  in	
  the	
  project.	
  	
  In	
  early	
  meetings	
  
with	
  OCWD	
  and	
  Huntington	
  Beach,	
  both	
  utilities	
  indicated	
  an	
  intention	
  to	
  continue	
  using	
  a	
  
free	
  chlorine	
  residual.	
  	
  However,	
  	
  should	
  distribution	
  be	
  extended	
  to	
  utilities	
  using	
  a	
  	
  
chloramine	
  residual,	
  additional	
  accommodation	
  would	
  be	
  required.	
  	
  For	
  this	
  reason,	
  the	
  
bromide	
  targets	
  in	
  Table	
  ES-­‐12	
  are	
  marked	
  with	
  an	
  asterisk,	
  indicating	
  that	
  they	
  a	
  
proposed	
  as	
  a	
  “placeholder	
  as	
  further	
  study	
  may	
  be	
  required”.	
  	
  Based	
  on	
  the	
  modeling	
  
work	
  done	
  in	
  this	
  report,	
  a	
  plant	
  designed	
  to	
  meet	
  the	
  chloride	
  and	
  boron	
  requirements	
  in	
  
the	
  October	
  version	
  of	
  Attachment	
  A	
  (75	
  and	
  0.75	
  mg/L,	
  respectively)	
  would	
  produce	
  
water	
  with	
  bromide	
  level	
  of	
  approximately	
  0.25	
  mg/L	
  (Table	
  3-­‐15,	
  Combined	
  RO	
  product	
  
water),	
  so	
  this	
  requirement	
  should	
  not	
  place	
  additional	
  stress	
  on	
  the	
  design.	
  	
  It	
  will,	
  
however,	
  join	
  the	
  chloride	
  requirement	
  of	
  75	
  mg/L	
  as	
  one	
  of	
  the	
  principal	
  constraints	
  on	
  
the	
  design.	
  	
  

	
  

1.6.3 Boron 
A	
  target	
  of	
  between	
  0.4	
  and	
  0.5	
  mg/L	
  has	
  been	
  proposed	
  for	
  boron.	
  The	
  level	
  of	
  0.5	
  mg/L	
  is	
  
included	
  in	
  Figure	
  ES-­‐12	
  as	
  a	
  placeholder	
  in	
  the	
  draft,	
  revised	
  Attachment	
  A	
  until	
  the	
  issue	
  
can	
  be	
  evaluated	
  further	
  for	
  the	
  reasons	
  discussed	
  below.	
  	
  This	
  requirement	
  is	
  proposed	
  in	
  
an	
  attempt	
  to	
  reduce	
  the	
  amount	
  of	
  boron	
  imported	
  into	
  the	
  Orange	
  County	
  Aquifer	
  and	
  
possible	
  long-­‐term	
  impacts	
  on	
  horticulture	
  (Section	
  4.1.8).	
  	
  A	
  review	
  of	
  the	
  requirements	
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imposed	
  on	
  other	
  projects	
  (Table	
  ES-­‐2)	
  shows	
  that,	
  while	
  a	
  requirement	
  of	
  0.5	
  mg/L	
  for	
  
boron	
  is	
  not	
  unusual,	
  there	
  are	
  several	
  projects	
  that	
  have	
  a	
  goal	
  of	
  1	
  mg/L.	
  	
  Carlsbad	
  has	
  a	
  
limit	
  of	
  average	
  boron	
  of	
  0.75	
  mg/L	
  and	
  a	
  maximum	
  of	
  1	
  mg/L.	
  	
  The	
  differences	
  in	
  these	
  
requirements	
  are,	
  in	
  part,	
  a	
  reflection	
  of	
  changes	
  in	
  our	
  understanding	
  of	
  the	
  health	
  effects	
  
of	
  boron	
  during	
  the	
  last	
  decade.	
  	
  The	
  Huntington	
  Beach	
  project	
  is	
  somewhat	
  unique	
  in	
  that	
  
most	
  of	
  the	
  water	
  will	
  be	
  used	
  to	
  recharge	
  a	
  groundwater	
  basin,	
  thus	
  there	
  is	
  a	
  need	
  to	
  
review	
  the	
  mass	
  balance	
  of	
  boron	
  in	
  the	
  basin	
  and	
  the	
  prospects	
  for	
  long-­‐term	
  changes.	
  	
  
This	
  report	
  contains	
  the	
  very	
  preliminary	
  aspects	
  of	
  a	
  mass	
  balance	
  for	
  boron	
  and	
  it	
  would	
  
appear	
  that	
  the	
  project	
  as	
  originally	
  proposed	
  (boron	
  of	
  0.75	
  mg/L)	
  would	
  substantially	
  
increase	
  the	
  importation	
  of	
  boron	
  into	
  the	
  basin.	
  	
  Importantly	
  the	
  GWRS	
  project,	
  which	
  is	
  
the	
  largest	
  salt	
  exporter	
  out	
  of	
  the	
  basin	
  is	
  relatively	
  ineffective	
  in	
  rejecting	
  boron.	
  	
  It	
  is	
  
recommended	
  that	
  OCWD	
  pursue	
  resolution	
  of	
  the	
  issue	
  in	
  three	
  parallel	
  paths:	
  1)	
  propose	
  
a	
  stricter	
  boron	
  standard	
  on	
  the	
  desalter,	
  2)	
  conduct	
  a	
  study	
  on	
  the	
  impacts	
  of	
  boron	
  and	
  
chloride	
  changes	
  on	
  horticulture	
  in	
  the	
  area	
  and	
  3)	
  conduct	
  a	
  study	
  on	
  long-­‐term	
  
projections	
  on	
  of	
  boron	
  levels	
  in	
  the	
  aquifer	
  given	
  increased	
  boron	
  imports.	
  
	
  

Modeling	
  work	
  conducted	
  as	
  part	
  of	
  this	
  study	
  suggests	
  that	
  complying	
  with	
  a	
  boron	
  level	
  
of	
  between	
  0.4	
  and	
  0.5	
  mg/L	
  may	
  have	
  a	
  substantial	
  impact	
  on	
  the	
  design	
  of	
  the	
  desalter.	
  	
  A	
  
design	
  striving	
  to	
  meet	
  the	
  requirements	
  of	
  the	
  October	
  version	
  of	
  Attachment	
  A	
  is	
  
estimate	
  to	
  produce	
  boron	
  levels	
  between	
  0.5	
  to	
  0.6	
  mg/L.	
  	
  	
  
	
  

1.6.4 Disinfection 
The	
  revised	
  attachment	
  includes	
  the	
  same	
  requirements	
  for	
  disinfection	
  byproducts	
  but	
  
provisions	
  are	
  also	
  made	
  in	
  the	
  contract	
  for	
  Poseidon	
  to	
  provide	
  the	
  capability	
  to	
  deliver	
  a	
  
chlorine	
  residual	
  between	
  1.0	
  and	
  4.0	
  mg/L	
  and	
  also	
  to	
  deliver	
  chloraminated	
  water	
  should	
  
that	
  be	
  desirable.	
  	
  As	
  written	
  the	
  document	
  envisions	
  that	
  OCWD	
  may	
  desire	
  to	
  change	
  
either	
  the	
  form	
  of	
  residual	
  or	
  its	
  concentration	
  from	
  time	
  to	
  time	
  in	
  the	
  future.	
  
	
  

1.6.5 Temperature 
As	
  proposed	
  by	
  Poseidon,	
  Attachment	
  A	
  allows	
  for	
  a	
  maximum	
  average	
  monthly	
  
temperature	
  of	
  85°F	
  and,	
  according	
  to	
  the	
  data	
  collected	
  at	
  the	
  Newport	
  Beach	
  Pier,	
  this	
  
would	
  allow	
  maximum	
  days	
  as	
  high	
  as	
  87°F.	
  	
  Thus	
  this	
  requirement	
  is	
  designed	
  to	
  permit	
  
operation	
  of	
  the	
  SWRO	
  on	
  the	
  condenser	
  side	
  of	
  the	
  power	
  plant,	
  which	
  allows	
  for	
  more	
  
efficient	
  operation	
  of	
  the	
  desalter.	
  	
  On	
  the	
  other	
  hand	
  the	
  use	
  of	
  warm	
  water	
  raises	
  
consumer	
  acceptance	
  issues	
  that	
  must	
  be	
  resolved	
  and	
  it	
  also	
  results	
  in	
  some	
  increased	
  
costs	
  in	
  the	
  operation	
  of	
  the	
  desalter.	
  	
  None	
  of	
  these	
  considerations	
  necessarily	
  make	
  the	
  
project	
  unacceptable,	
  but	
  they	
  do	
  require	
  resolution	
  and	
  they	
  make	
  the	
  negotiations	
  
between	
  the	
  parties	
  more	
  complex	
  and	
  it	
  appears	
  that	
  the	
  power	
  plant	
  won’t	
  be	
  operating	
  
its	
  cooling	
  system	
  much	
  longer,	
  as	
  a	
  result	
  it’s	
  not	
  clear	
  that	
  the	
  economic	
  gains	
  to	
  be	
  
achieved	
  by	
  warmer	
  operation	
  are	
  sufficient	
  to	
  justify	
  the	
  additional	
  complexity.	
  	
  Thus,	
  
lower	
  limits	
  are	
  included	
  in	
  the	
  proposed	
  criteria,	
  designed	
  to	
  be	
  consistent	
  with	
  ambient	
  
seawater	
  temperatures.	
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1.6.6 Silting Density Index 
The	
  revised	
  attachment	
  includes	
  an	
  additional	
  requirement	
  for	
  the	
  Silting	
  Density	
  Index	
  
(SDI).	
  	
  OCWD	
  has	
  long	
  maintained	
  a	
  focus	
  on	
  doing	
  everything	
  it	
  can	
  to	
  minimize	
  clogging	
  
of	
  both	
  in	
  its	
  spreading	
  basins	
  and	
  injection	
  well	
  operations.	
  	
  Historically	
  clogging	
  has	
  also	
  
been	
  an	
  issue	
  in	
  other	
  Southern	
  California	
  seawater	
  injection	
  barriers	
  as	
  well.	
  	
  Evidence	
  
suggests	
  that	
  turbidity	
  is	
  not	
  an	
  adequate	
  index	
  for	
  this	
  purpose.	
  	
  In	
  recent	
  years,	
  OCWD	
  
has	
  maintained	
  an	
  SDI	
  for	
  GWRS	
  between	
  3	
  and	
  4.	
  	
  With	
  recent	
  investments	
  OCWD	
  has	
  
brought	
  SDI	
  levels	
  to	
  between	
  1	
  and	
  2.	
  	
  The	
  proposal	
  is	
  that	
  Poseidon	
  be	
  asked	
  to	
  provide	
  
water	
  with	
  an	
  SDI	
  comparable	
  to	
  that	
  which	
  OCWD	
  has	
  been	
  able	
  to	
  maintain,	
  averaging	
  
2.0	
  or	
  less	
  and	
  not	
  exceeding	
  3.0.	
  	
  
	
  

1.6.7 Corrosion Control 
The	
  revised	
  attachment	
  includes	
  several	
  additional	
  provisions	
  designed	
  to	
  manage	
  
corrosion	
  control.	
  	
  First,	
  although	
  management	
  of	
  calcium	
  carbonate	
  saturation	
  had	
  been	
  
successful	
  in	
  desalination	
  projects	
  to	
  date,	
  the	
  addition	
  of	
  orthophosphate	
  is	
  the	
  gold	
  
standard	
  for	
  control	
  of	
  both	
  lead	
  and	
  copper	
  corrosion,	
  but	
  also	
  for	
  corrosion	
  of	
  iron.	
  	
  For	
  
this	
  reason	
  the	
  specification	
  has	
  been	
  written	
  to	
  require	
  that	
  provisions	
  be	
  made	
  to	
  make	
  
the	
  addition	
  of	
  this	
  chemical	
  possible	
  should	
  it	
  become	
  necessary.	
  	
  The	
  remaining	
  
requirements	
  all	
  pertain	
  to	
  requiring	
  facilities	
  that	
  will	
  enable	
  Poseidon	
  to	
  provide	
  a	
  water	
  
designed	
  to	
  meet	
  the	
  level	
  of	
  alkalinity	
  and	
  hardness	
  and	
  the	
  degree	
  of	
  calcium	
  carbonate	
  
saturation	
  that	
  OCWD	
  deems	
  necessary	
  for	
  the	
  optimum	
  protection	
  of	
  its	
  distribution	
  
system.	
  	
  Each	
  provision,	
  pH,	
  calcium	
  hardness,	
  alkalinity,	
  Langelier	
  Saturation	
  Index	
  (LSI)	
  
and	
  calcium	
  carbonate	
  precipitation	
  potential	
  (	
  CCPP)	
  is	
  set	
  up	
  with	
  the	
  idea	
  that	
  a	
  flexible	
  
system	
  should	
  be	
  provided,	
  such	
  as	
  is	
  currently	
  available	
  at	
  the	
  GWRS	
  that	
  can	
  “dial	
  in”	
  the	
  
specific	
  goals	
  which	
  OCWD	
  seeks	
  to	
  attain.	
  	
  Once	
  again,	
  a	
  system	
  with	
  excellent	
  control	
  will	
  
be	
  necessary	
  because	
  the	
  District	
  will	
  be	
  balancing	
  the	
  need	
  for	
  saturation	
  with	
  calcium	
  
carbonate	
  in	
  its	
  distribution	
  system	
  over	
  against	
  the	
  need	
  to	
  avoid	
  excessive	
  calcium	
  
saturation,	
  which	
  might	
  cause	
  cementation	
  in	
  its	
  aquifer	
  injection	
  systems.	
  	
  Although	
  the	
  
Attachment	
  envisions	
  a	
  system	
  capable	
  of	
  operating	
  over	
  a	
  wide	
  range	
  (LSI	
  -­‐0.2	
  to	
  LSI	
  +0.2)	
  
and	
  a	
  wide	
  range	
  of	
  pHs	
  (7.5	
  to	
  8.7),	
  it	
  seems	
  likely	
  that	
  operations	
  will	
  be	
  much	
  closer	
  a	
  
neutral	
  LSI.	
  	
  A	
  much	
  wider	
  range	
  of	
  calcium	
  and	
  alkalinity	
  are	
  also	
  provided	
  ranging	
  from	
  
the	
  low	
  levels	
  found	
  in	
  some	
  mountain	
  supplies	
  to	
  levels	
  approaching	
  those	
  in	
  local	
  
groundwaters.	
  	
  These	
  will	
  allow	
  for	
  a	
  positive	
  LSI	
  at	
  lower	
  temperatures	
  as	
  well	
  as	
  higher	
  
levels	
  of	
  calcium	
  to	
  aid	
  in	
  the	
  control	
  of	
  arsenic	
  adsorption	
  in	
  the	
  aquifer.	
  	
  As	
  shown	
  in	
  
figure	
  4-­‐20,	
  	
  the	
  more	
  alkalinity	
  that	
  is	
  added	
  in	
  the	
  post	
  treatment	
  system	
  the	
  lower	
  the	
  
pH	
  that	
  can	
  be	
  maintained	
  while	
  still	
  providing	
  the	
  protection	
  of	
  calcium	
  carbonate	
  
saturation.	
  	
  Higher	
  alkalinities	
  are	
  also	
  thought	
  to	
  be	
  beneficial	
  in	
  protecting	
  mortar	
  linings	
  
because	
  a	
  high	
  alkalinity	
  can	
  react	
  quickly	
  to	
  precipitate	
  calcium	
  hydroxide	
  as	
  it	
  seeks	
  to	
  
leach	
  out	
  of	
  the	
  cement	
  matrix,	
  forming	
  a	
  CaCO3	
  “plug”	
  in	
  any	
  pores	
  where	
  calcium	
  
hydroxide	
  may	
  leach	
  out	
  of	
  the	
  cement	
  paste.	
  	
  Placeholders	
  have	
  been	
  proposed	
  for	
  
consideration	
  as	
  the	
  project	
  begins.	
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1.6.8 Aquifer Interface, Arsenic release 
Results	
  of	
  work	
  conducted	
  at	
  Stanford	
  University	
  show	
  that	
  both	
  calcium	
  and	
  magnesium	
  
reduce	
  the	
  release	
  of	
  arsenic	
  from	
  aquifer	
  sediments	
  to	
  groundwater,	
  but	
  magnesium	
  is	
  
more	
  effective.	
  Recognizing	
  the	
  need	
  to	
  suppress	
  arsenic	
  release	
  near	
  new	
  injection	
  wells,	
  a	
  
higher	
  level	
  of	
  calcium	
  and	
  alkalinity	
  could	
  be	
  proposed	
  than	
  that	
  shown	
  in	
  the	
  proposed	
  
revision.	
  	
  At	
  present	
  the	
  table	
  leaves	
  room	
  for	
  include	
  discussions	
  about	
  provisions	
  for	
  
magnesium	
  addition	
  (TBD).	
  	
  That	
  having	
  been	
  said,	
  from	
  the	
  standpoint	
  of	
  technology,	
  
adding	
  more	
  calcium	
  is	
  much	
  more	
  straight-­‐forward	
  than	
  adding	
  both	
  calcium	
  and	
  
magnesium.	
  	
  Chemical	
  feed	
  systems	
  for	
  adding	
  calcium	
  are	
  much	
  better	
  established.	
  	
  
Magnesium	
  oxide	
  does	
  not	
  have	
  the	
  same	
  properties	
  as	
  does	
  lime.	
  	
  Moreover	
  almost	
  all	
  
magnesium	
  salts	
  are	
  hygroscopic	
  (they	
  adsorb	
  water	
  from	
  the	
  air),	
  hence	
  they	
  are	
  difficult	
  
to	
  handle	
  and	
  feed.	
  It	
  is	
  expected	
  significant	
  additional	
  study	
  will	
  be	
  required	
  before	
  it	
  is	
  
clear	
  whether	
  the	
  insight	
  from	
  the	
  Stanford	
  study	
  can	
  be	
  translated	
  into	
  a	
  practical	
  
outcome.	
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2 Introduction 
The	
  Orange	
  County	
  Water	
  District	
  (OCWD)	
  is	
  considering	
  a	
  commitment	
  to	
  purchase	
  water	
  
to	
  be	
  produced	
  by	
  a	
  new	
  50	
  mgd	
  desalination	
  plant	
  to	
  be	
  built	
  by	
  Poseidon	
  in	
  Huntington	
  
Beach	
  and	
  has	
  signed	
  a	
  Water	
  Reliability	
  Agreement	
  (WRA)	
  with	
  Poseidon.	
  	
  Included	
  in	
  the	
  
WRA	
  is	
  Attachment	
  A,	
  a	
  proposed	
  specification	
  regarding	
  the	
  quality	
  of	
  the	
  water	
  to	
  be	
  
delivered.	
  	
  The	
  purpose	
  of	
  this	
  study	
  is	
  to	
  assess	
  the	
  water	
  quality	
  impacts	
  and	
  any	
  related	
  
regulatory	
  compliance	
  issues	
  that	
  may	
  be	
  caused	
  by	
  the	
  introduction	
  of	
  the	
  desalinated	
  
ocean	
  water	
  on:	
  a)	
  the	
  distribution	
  system	
  and	
  related	
  infrastructure,	
  b)	
  end	
  user	
  water	
  
quality	
  for	
  direct	
  delivery	
  customers,	
  and	
  c)	
  resulting	
  groundwater	
  quality	
  from	
  recharge	
  
and	
  injection	
  of	
  desalinated	
  ocean	
  water.	
  	
  	
  

2.1 Background  
OCWD	
  is	
  a	
  special	
  District	
  formed	
  in	
  1933	
  by	
  an	
  act	
  of	
  the	
  California	
  Legislature	
  in	
  
response	
  to	
  declining	
  groundwater	
  supplies.	
  Groundwater	
  has	
  been	
  the	
  main	
  source	
  of	
  
water	
  supply	
  in	
  the	
  watershed,	
  providing	
  about	
  70	
  percent	
  of	
  the	
  consumptive	
  water	
  
demand.	
  This	
  supply	
  needs	
  to	
  be	
  managed	
  and	
  used	
  responsibly	
  to	
  avoid	
  depletion	
  of	
  this	
  
important	
  freshwater	
  source	
  and	
  to	
  be	
  able	
  to	
  support	
  an	
  ever-­‐growing	
  population.	
  A	
  
managed	
  aquifer	
  recharge	
  program	
  comprised	
  of	
  local	
  surface	
  water,	
  stormwater,	
  	
  
imported	
  surface	
  water,	
  and	
  recycled	
  water	
  is	
  an	
  important	
  component	
  of	
  the	
  hydrologic	
  
cycle	
  in	
  the	
  Santa	
  Ana	
  Basin.	
  Also	
  discharge	
  from	
  upstream	
  wastewater-­‐treatment	
  facilities	
  
is	
  an	
  important	
  part	
  of	
  the	
  hydrologic	
  cycle.	
  These	
  activities	
  describe	
  the	
  many	
  factors	
  
affecting	
  water	
  availability	
  and	
  quality	
  in	
  the	
  Basin.	
  
	
  	
  
Recently,	
  OCWD	
  has	
  been	
  negotiating	
  a	
  partnership	
  with	
  Poseidon	
  Water	
  to	
  acquire	
  water	
  
produced	
  by	
  the	
  proposed	
  Huntington	
  Beach	
  desalter.	
  The	
  desalinated	
  water	
  will	
  be	
  taken	
  
from	
  the	
  proposed	
  Huntington	
  Beach	
  Desalination	
  Facility	
  and	
  distributed	
  into	
  OCWD’s	
  
distribution	
  system,	
  including	
  direct	
  delivery	
  to	
  end	
  users	
  and	
  groundwater	
  recharge.	
  	
  
	
  
The	
  main	
  purpose	
  of	
  this	
  work	
  is	
  to	
  evaluate	
  the	
  potential	
  water	
  quality	
  impacts	
  of	
  
desalinated	
  seawater	
  on	
  the	
  OCWD	
  distribution	
  system	
  and	
  infrastructure	
  and	
  analyze	
  
water	
  quality	
  impacts	
  under	
  different	
  operational	
  scenarios.	
  	
  
 

2.2 Project Approach 
In	
  this	
  report	
  the	
  following	
  issues	
  are	
  considered	
  and	
  analyzed:	
  
1)	
  Estimate	
  the	
  water	
  quality	
  to	
  be	
  supplied	
  by	
  Poseidon	
  by	
  modeling	
  RO	
  permeate	
  water	
  
quality	
  and	
  comparing	
  results	
  with	
  key	
  water	
  quality	
  goals	
  based	
  on	
  the	
  term	
  sheet	
  
(Attachment	
  A).	
  
	
  
2)	
  Summarize	
  the	
  water	
  quality	
  issues	
  which	
  commonly	
  arise	
  in	
  seawater	
  desalination	
  
projects,	
  such	
  as:	
  corrosion	
  and	
  mobilization	
  of	
  dissolved	
  materials	
  associated	
  with	
  scale	
  in	
  
the	
  distribution	
  system	
  piping;	
  health	
  issues	
  such	
  as	
  boron,	
  disinfectant	
  residual	
  stability,	
  
algal	
  toxins	
  or	
  impact	
  on	
  DBPs;	
  consumer	
  issues	
  like	
  off-­‐flavors,	
  tepid	
  water,	
  impacts	
  on	
  
consumer	
  appliances,	
  and	
  impacts	
  on	
  irrigated	
  agriculture	
  or	
  horticulture.	
  	
  



Trussell Technologies, Inc. • Pasadena • San Diego • Oakland 	
   30 

3)	
  Identify	
  water	
  quality	
  issues	
  of	
  potential	
  concern	
  in	
  projects	
  due	
  to	
  groundwater	
  
recharge,	
  mainly	
  the	
  possibility	
  for	
  clogging	
  of	
  the	
  injection	
  wells	
  and	
  the	
  mobilization	
  of	
  
contaminants	
  in	
  the	
  aquifer	
  itself,	
  particularly	
  arsenic.	
  	
  	
  
4)	
  Review	
  of	
  the	
  conduit	
  materials	
  in	
  the	
  OCWD	
  &	
  Huntington	
  Beach	
  distribution	
  systems	
  
to	
  examine	
  the	
  effect	
  of	
  desalinated	
  water	
  specifically	
  on	
  old,	
  unlined	
  iron	
  pipes	
  (mostly	
  
galvanized,	
  cast	
  or	
  ductile	
  iron)	
  such	
  as	
  corrosion	
  and	
  mobilization	
  of	
  dissolved	
  materials	
  
associated	
  with	
  scale	
  in	
  the	
  distribution	
  system	
  piping.	
  	
  Impacts	
  on	
  cement-­‐based	
  surfaces	
  
will	
  also	
  be	
  addressed.	
  
5)	
  Analyze	
  water	
  quality	
  impacts	
  for	
  each	
  of	
  the	
  three	
  operational	
  scenarios,	
  listed	
  below,	
  
identified	
  by	
  the	
  District	
  for	
  the	
  distribution	
  system	
  and	
  related	
  infrastructure,	
  for	
  the	
  end	
  
user	
  for	
  direct	
  delivery	
  customers	
  and	
  for	
  the	
  resulting	
  groundwater	
  from	
  recharge	
  and	
  
injection	
  of	
  desalinated	
  water:	
  

	
  
Scenario	
  1)	
  -­‐	
  Winter	
  operations	
  	
  

d. 3	
  MGD	
  desalinated	
  water	
  to	
  City	
  of	
  Huntington	
  Beach	
  	
  
e. 15	
  MGD	
  desalinated	
  water	
  to	
  Talbert	
  Intrusion	
  Barrier	
  
f. 35	
  MGD	
  desalinated	
  water	
  +	
  100	
  MGD	
  GWRS	
  blend	
  to	
  all	
  other	
  injection	
  

wells	
  +	
  Forebay	
  basins	
  
	
  
Scenario	
  2)	
  	
  -­‐	
  Summer	
  operations	
  	
  

d. 3	
  MGD	
  desalinated	
  water	
  to	
  City	
  of	
  Huntington	
  Beach	
  	
  
e. 36	
  MGD	
  desalinated	
  water	
  to	
  Talbert	
  Intrusion	
  Barrier	
  
f. 14	
  MGD	
  desalinated	
  water	
  +	
  100	
  MGD	
  GWRS	
  blend	
  to	
  all	
  other	
  injection	
  

wells	
  +	
  Forebay	
  basins	
  
	
  
Scenario	
  3)	
  100%	
  Desalination	
  operations	
  (during	
  a	
  shutdown	
  of	
  the	
  GWRS	
  AWPF)	
  	
  

c. 3	
  MGD	
  desalinated	
  water	
  to	
  City	
  of	
  Huntington	
  Beach	
  	
  
d. 50	
  MGD	
  of	
  unblended	
  desalinated	
  water	
  to	
  all	
  injection	
  and	
  recharge	
  

locations	
  
	
  
6)	
  Identify	
  possible	
  changes	
  to	
  Attachment	
  A	
  that	
  would	
  benefit	
  OCWD	
  

3 The quality of the water likely to be supplied by Poseidon  
The	
  quality	
  of	
  water	
  provided	
  by	
  Poseidon	
  will	
  be	
  governed	
  by	
  water	
  quality	
  requirements	
  
of	
  the	
  water	
  purchase	
  agreement.	
  	
  A	
  draft	
  of	
  these	
  requirements	
  is	
  shown	
  as	
  Attachment	
  A	
  
in	
  the	
  Water	
  Reliability	
  Term	
  Sheet.	
  	
  Once	
  the	
  necessary	
  water	
  purchase	
  agreements	
  and	
  
regulatory	
  permits	
  are	
  in	
  place,	
  Poseidon	
  will	
  organize	
  a	
  team	
  to	
  design	
  and	
  operate	
  the	
  
desalination	
  facility	
  to	
  meet	
  requirements	
  like	
  those	
  in	
  Attachment	
  A	
  over	
  the	
  term	
  of	
  the	
  
project.	
  	
  Which	
  of	
  these	
  requirements	
  has	
  the	
  most	
  impact	
  on	
  the	
  design	
  and	
  operation	
  of	
  
the	
  facility	
  depends	
  on	
  the	
  details	
  of	
  design,	
  but,	
  where	
  water	
  quality	
  is	
  concerned,	
  	
  
normally	
  chloride,	
  bromide	
  and	
  boron	
  are	
  the	
  most	
  important	
  considerations.	
  	
  
	
  
Historically	
  desalination	
  projects,	
  both	
  inside	
  and	
  outside	
  the	
  U.S.	
  have	
  been	
  implemented	
  
with	
  a	
  greater	
  degree	
  of	
  private	
  sector	
  involvement	
  than	
  is	
  customary	
  in	
  conventional	
  
water	
  sector	
  projects	
  in	
  the	
  U.S.	
  	
  As	
  a	
  consequence	
  these	
  projects	
  almost	
  always	
  include	
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formal	
  requirements	
  for	
  the	
  minimum	
  water	
  quality	
  that	
  must	
  be	
  delivered	
  by	
  the	
  project.	
  	
  
The	
  project	
  proposed	
  at	
  Huntington	
  Beach	
  is	
  no	
  exception.	
  	
  Typically,	
  these	
  requirements	
  
are	
  broken	
  into	
  two	
  parts.	
  	
  The	
  first	
  part	
  is	
  a	
  requirement	
  that	
  the	
  water	
  comply	
  with	
  all	
  
Federal,	
  State	
  and	
  local	
  requirements	
  for	
  potable	
  water,	
  including	
  all	
  maximum	
  
contaminant	
  limits	
  (MCLs)	
  specified	
  by	
  the	
  State	
  of	
  California	
  and/or	
  the	
  U.S.	
  EPA	
  as	
  well	
  
as	
  California	
  Notification	
  Levels	
  (NLs).	
  	
  The	
  second	
  part	
  has	
  to	
  do	
  with	
  unique	
  
requirements	
  that	
  derive	
  from	
  special	
  considerations	
  that	
  arise	
  when	
  seawater	
  
desalination	
  is	
  proposed	
  as	
  a	
  new	
  water	
  source.	
  	
  These	
  are	
  often	
  modified	
  to	
  reflect	
  the	
  
circumstances	
  of	
  the	
  local	
  community	
  to	
  be	
  served.	
  
	
  
The	
  term	
  sheet	
  should	
  not	
  be	
  viewed	
  as	
  a	
  simple	
  summary	
  of	
  the	
  quality	
  of	
  the	
  water	
  to	
  be	
  
provided	
  by	
  the	
  project.	
  	
  Rather	
  the	
  quality	
  specifications	
  in	
  the	
  term	
  sheet	
  present	
  
constraints,	
  which	
  the	
  designers	
  and	
  operators	
  of	
  the	
  desalination	
  plant	
  must	
  meet.	
  	
  The	
  
actual	
  quality	
  of	
  the	
  water	
  the	
  plant	
  will	
  produce	
  depends	
  on	
  how	
  the	
  Poseidon	
  team	
  
chooses	
  to	
  meet	
  these	
  constraints.	
  	
  	
  
	
  
It	
  is	
  likely	
  that	
  the	
  desalination	
  plant	
  will	
  provide	
  the	
  best	
  water	
  quality	
  when	
  its	
  
membranes	
  are	
  new	
  and	
  when	
  the	
  water	
  being	
  treated	
  is	
  cold	
  –	
  though	
  flexibility	
  of	
  design	
  
and	
  operation	
  can	
  compensate	
  for	
  these	
  circumstances	
  as	
  well.	
  	
  	
  
	
  
This	
  section	
  introduces	
  the	
  proposed	
  term	
  sheet,	
  compares	
  it	
  to	
  several	
  others,	
  which	
  have	
  
been	
  used	
  for	
  desalination	
  projects	
  around	
  the	
  world	
  and	
  uses	
  a	
  model	
  of	
  a	
  typical,	
  but	
  
simple,	
  desalination	
  plant	
  design	
  to	
  estimate	
  the	
  overall	
  quality	
  of	
  the	
  final	
  product	
  water.	
  
	
  
The	
  composition	
  of	
  seawater	
  is	
  remarkably	
  consistent	
  worldwide,	
  particularly	
  along	
  the	
  
coast	
  of	
  California.	
  	
  The	
  typical	
  mineral	
  composition	
  of	
  seawater	
  is	
  shown	
  in	
  Table	
  3-­‐1	
  and	
  
illustrated	
  in	
  Figure	
  3-­‐1.	
  	
  Together,	
  sodium,	
  chloride,	
  sulfate	
  and	
  magnesium	
  constitute	
  
more	
  than	
  97%	
  of	
  the	
  minerals	
  in	
  seawater.	
  	
  Most	
  RO	
  membranes	
  being	
  used	
  for	
  seawater	
  
desalination	
  today	
  are	
  very	
  efficient	
  at	
  removing	
  sodium	
  and	
  chloride,	
  even	
  more	
  efficient	
  
at	
  removing	
  magnesium	
  and	
  sulfate,	
  but	
  much	
  less	
  effective	
  in	
  removing	
  boron.	
  	
  As	
  a	
  
consequence,	
  the	
  important	
  constituents	
  of	
  desalinated	
  water	
  are	
  usually	
  sodium,	
  chloride	
  
and	
  boron.	
  	
  	
  
	
  
Table	
  3-­‐1	
  and	
  Figure	
  3-­‐1	
  Major	
  Minerals	
  in	
  Seawater	
  
(Adapted	
  from	
  Millero,	
  2013,	
  4th	
  Edition	
  for	
  25°C	
  and	
  a	
  density	
  of	
  1.025	
  Kg/L)	
  	
  
Mineral	
   mg/L	
  
Chloride	
   19,837	
  
Sodium	
   11,051	
  
Sulfate	
   2,780	
  
Magnesium	
   1,316	
  
Calcium	
   422	
  
Potassium	
   409	
  
Bicarbonate	
   107	
  
Bromide	
   69	
  
Strontium	
   8.1	
  
Boron	
   4.6	
  
Fluoride	
   1.3	
  

Chloride	
  
55%	
  

sodium	
  
31%	
  

Sulfate	
  
8%	
  

magnesium	
  
3%	
  

others	
  
3%	
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3.1 Comparison of Attachment A with other water quality specifications 
	
  Attachment	
  A	
  to	
  the	
  Water	
  Reliability	
  Agreement	
  Term	
  sheet	
  is	
  included	
  in	
  Appendix	
  1	
  to	
  
this	
  report.	
  	
  Also	
  included,	
  as	
  Supplement	
  1,	
  is	
  a	
  report	
  prepared	
  by	
  Arcadis	
  for	
  MWD	
  in	
  
2012,	
  which	
  summarizes	
  similar	
  specifications	
  for	
  10	
  desalination	
  plants	
  throughout	
  the	
  
world	
  (Arcadis,	
  2012);	
  as	
  Supplement	
  2,	
  Table	
  5-­‐5	
  from	
  Appendix	
  5	
  of	
  the	
  
Poseidon/SDCWA	
  water	
  purchase	
  agreement,	
  as	
  well	
  as	
  the	
  specifications	
  from	
  Appendix	
  5	
  
of	
  the	
  Carlsbad	
  project	
  water	
  purchase	
  agreement;	
  and,	
  as	
  Supplement	
  3,	
  Appendix	
  2-­‐	
  
Attachment	
  3	
  from	
  the	
  Monterey	
  RFP	
  by	
  California	
  American	
  Water,	
  the	
  specifications	
  for	
  
the	
  Monterey	
  Peninsula	
  Water	
  Supply	
  Project;	
  the	
  performance	
  guarantees	
  from	
  the	
  Perth	
  
1	
  and	
  Perth	
  2	
  projects	
  in	
  Australia;	
  Table	
  3-­‐7a	
  specifying	
  the	
  current	
  product	
  water	
  quality	
  
standards	
  for	
  Tampa	
  Bay	
  and	
  Table	
  H.1,	
  the	
  finished	
  water	
  quality	
  standards	
  for	
  Santa	
  
Barbara.	
  	
  	
  Table	
  3-­‐2	
  provides	
  a	
  brief	
  summary	
  of	
  the	
  projects	
  reviewed.	
  	
  	
  
	
  
Table	
  3-­‐2.	
  Summary	
  of	
  the	
  Seventeen	
  Desalination	
  Projects	
  Reviewed	
  
Date	
   Project	
   Country	
   Capacity	
  

mgd	
  
Second	
  
pass	
   Post	
  Treatment	
  

2003	
   Tampa	
   USA	
   25	
   Partial	
   Lime+CO2	
  
2005	
   Ashkelon	
   Israel	
   98	
   Partial	
   Lime+CO2	
  
2005	
   TUAS	
   Singapore	
   36	
   Full	
   Lime+CO2	
  
2006	
   Perth	
  1	
   Australia	
   33	
   Full	
   Lime+CO2	
  
2007	
   Valdelentisco	
   Spain	
   36	
   None	
   Lime+CO2	
  
2009	
   Gold	
  Coast	
   Australia	
   33	
   Partial	
   Lime+CO2	
  
2009	
   Sur	
   Oman	
   21	
   Partial	
   Limestone	
  
2009	
   Barcelona	
   Spain	
   53	
   Partial	
   Limestone	
  
2010	
   Sydney	
   Australia	
   66	
   Partial	
   Lime+CO2	
  
2010	
   Fujairah	
  2	
   UAE	
   36	
   Partial	
   Lime+CO2	
  
2011	
   Perth	
  2	
   Australia	
   66	
   Partial	
   Lime+CO2	
  
2012	
   Melbourne	
   Australia	
   108	
   Full	
   Lime+CO2	
  
2015	
   Carlsbad	
   USA	
   53	
   Partial	
   Limestone	
  
2016	
   Santa	
  Barbara	
   USA	
   3	
   TBD	
   TBD	
  
2018	
  
(est)	
   Monterey	
   USA	
   9.6	
   Partial	
   Lime+CO21	
  

2020	
   WBMWD2	
   USA	
   -­‐	
   Partial	
   -­‐	
  

-­‐	
   Huntington	
  
Beach	
   USA	
   56	
   TBD	
   TBD	
  

1-­‐lime	
  system	
  will	
  use	
  CalFlo™	
  rather	
  than	
  using	
  a	
  lime	
  saturator	
  
2-­‐Criteria	
  used	
  for	
  West	
  Basin	
  Municipal	
  Water	
  District’s	
  (WBMWD)	
  Temporary	
  Desal	
  Demonstation	
  in	
  
Redondo	
  Beach	
  
	
  
The	
  first	
  twelve	
  projects	
  are	
  operating	
  today.	
  	
  The	
  Charles	
  E.	
  Meyer	
  Plant	
  in	
  Santa	
  Barbara	
  
is	
  currently	
  under	
  refurbishment;	
  The	
  Monterey	
  Peninsula	
  Desalination	
  Plant	
  is	
  under	
  
contract,	
  and	
  is	
  now	
  waiting	
  for	
  the	
  results	
  of	
  its	
  EIR;	
  and	
  the	
  West	
  Basin	
  Municipal	
  Water	
  
District	
  (WBMWD)	
  project	
  EIR	
  is	
  to	
  be	
  completed	
  in	
  June	
  2016.	
  	
  Monterey	
  is	
  included	
  
because	
  it	
  is	
  the	
  most	
  recent	
  specification	
  and	
  because,	
  as	
  envisioned	
  in	
  Orange	
  County,	
  
this	
  project	
  is	
  designed	
  with	
  the	
  idea	
  that	
  some	
  of	
  the	
  water	
  produced	
  will	
  be	
  used	
  for	
  
groundwater	
  injection.	
  	
  WBMWD	
  is	
  included	
  because	
  extensive	
  studies	
  have	
  been	
  
conducted	
  on	
  integration	
  issues.	
  These	
  projects	
  represent	
  the	
  full	
  range	
  of	
  experience,	
  from	
  
smaller	
  to	
  larger	
  and	
  including	
  both	
  those	
  with	
  no	
  second	
  pass	
  (Valdelentisco),	
  several	
  
with	
  a	
  partial	
  second	
  pass	
  and	
  those	
  with	
  a	
  full	
  second	
  pass	
  (TUAS,	
  Perth	
  1	
  and	
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Melbourne).	
  	
  Post	
  treatment	
  options	
  include	
  both	
  the	
  lime	
  and	
  CO2,	
  the	
  option	
  that	
  OCWD	
  
uses	
  with	
  its	
  GWRS	
  and	
  limestone	
  contactors	
  (Sur	
  and	
  Carlsbad).	
  	
  Calcite	
  contactor	
  
experience	
  has	
  also	
  been	
  gained	
  by	
  interviewing	
  the	
  Barcelona	
  facility,	
  a	
  53	
  mgd	
  
desalination	
  plant	
  that	
  uses	
  Drintec™	
  contactors.	
  
	
  

3.1.1  Critical Minerals  
Table	
  3-­‐3	
  summarizes	
  the	
  water	
  quality	
  specifications	
  for	
  the	
  minerals	
  that	
  likely	
  had	
  the	
  
greatest	
  influence	
  on	
  these	
  desalination	
  plant	
  designs.	
  	
  It	
  is	
  difficult	
  to	
  predict	
  which	
  of	
  
these	
  water	
  quality	
  parameters	
  has	
  the	
  most	
  impact	
  on	
  the	
  seawater	
  reverse	
  osmosis	
  
(SWRO)	
  system	
  design.	
  	
  This	
  is	
  particularly	
  true	
  where	
  boron	
  is	
  concerned	
  as	
  some	
  
strategies	
  for	
  boron	
  removal	
  can	
  operate	
  independently	
  from	
  processes	
  that	
  remove	
  
sodium,	
  chloride,	
  and	
  bromide.	
  	
  Nevertheless,	
  most	
  of	
  these	
  projects	
  chose	
  to	
  address	
  these	
  
water	
  quality	
  requirements	
  	
  by	
  employing	
  a	
  brackish	
  water	
  RO	
  system	
  that	
  treats	
  the	
  
permeate	
  from	
  the	
  main	
  SWRO	
  process,	
  usually	
  referred	
  to	
  as	
  a	
  “second	
  pass”	
  RO	
  system.	
  	
  
Assuming	
  a	
  simple	
  strategy	
  of	
  that	
  kind,	
  the	
  water	
  quality	
  parameter(s)	
  that	
  may	
  control	
  
the	
  design	
  (i.e.,	
  most	
  difficult	
  to	
  meet)	
  were	
  identified	
  for	
  each	
  project.	
  	
  These	
  are	
  shown	
  in	
  
red	
  in	
  the	
  table.	
  	
  	
  
	
  
Table	
  3-­‐3.	
  	
  Critical	
  Water	
  Quality	
  Specifications1	
  

Project	
   2nd	
  
Pass	
   TDS	
   Chloride	
   Bromide	
   Boron	
   Sodium	
  

Tampa	
  (Ph	
  2)	
   Partial	
   500	
   100	
   0.45	
   -­‐	
   80	
  
Ashkelon	
   Partial	
   407	
   20	
   -­‐	
   0.4	
   -­‐	
  
Tuas	
  1	
   Full	
   415µS/cm	
   100	
   -­‐	
   0.5	
   -­‐	
  
Perth	
  1	
   Full	
   200	
   250	
   0.1	
   2	
   180	
  
Valdelentisco	
   None3	
   2,500µS/cm	
   250	
   -­‐	
   1	
   -­‐	
  
Gold	
  Coast	
   Partial	
   220	
   50	
   0.1	
   1	
   -­‐	
  
Sur	
   Partial	
   200-­‐500	
   250	
   -­‐	
   0.5	
   -­‐	
  
Barcelona	
   Partial	
   -­‐	
   100	
   -­‐	
   1	
   -­‐	
  
Sydney	
   Partial	
  	
   115	
   40	
   0.1	
   1	
   -­‐	
  
Fujairah	
  2	
   Partial	
   100-­‐200	
   100	
   -­‐	
   1	
   -­‐	
  
Perth	
  2	
   Full	
   200	
   -­‐	
   0.1	
   2	
   -­‐	
  
Melbourne	
   Full	
   120/1406	
   60	
   0.1	
   0.5	
   -­‐	
  
WBMWD	
   Partial	
   450	
   100	
   0.3	
   0.5	
   -­‐	
  
Carlsbad8	
   Partial	
   320/375/600	
   120/150/-­‐	
   0.4/0.7/-­‐	
   0.752/1.09/-­‐	
   -­‐	
  
Santa	
  Barbara	
   TBD	
   450	
   155	
   0.8	
   1.1	
   1109	
  
Monterey5	
   Partial	
   -­‐/500	
   60/100	
   0.3/0.5	
   0.5/0.7	
   35/60	
  
Attachment	
  A5	
   TBD	
   350/500	
   75/1005	
   -­‐	
   0.75/1.0	
   60/80	
  

GWRS4	
   -­‐	
   54	
   7.5	
   0.01	
   0.26	
   9.6	
  
1-­‐Generally	
  an	
  average	
  that	
  cannot	
  be	
  exceeded.	
  	
  At	
  Carlsbad,	
  cannot	
  be	
  exceeded	
  more	
  then	
  50%	
  of	
  the	
  time.	
  
2-­‐Allows	
  for	
  adjustments	
  if	
  the	
  water	
  temperature	
  exceeds	
  73.4°C	
  
3-­‐Substantial	
  pH	
  adjustment	
  is	
  used	
  to	
  enhance	
  boron	
  removal	
  
4	
  -­‐	
  -­‐	
  Average	
  for	
  2014	
  
5	
  –	
  Mean/maximum	
  
6	
  -­‐	
  ≥	
  120	
  mg/l	
  for	
  no	
  more	
  than	
  1800	
  minutes/month	
  (4%	
  of	
  time);	
  ≥	
  140	
  mg/l	
  for	
  no	
  more	
  than	
  600	
  minutes	
  per	
  month	
  
	
  	
  	
  	
  	
  (2%	
  of	
  time)	
  
7	
  –	
  before	
  post	
  treatment	
  
8	
  –	
  central	
  tendency	
  (mean	
  or	
  median)/extreme	
  (90%)/Maximum	
  –	
  Sodium	
  Adsorption	
  Ratio	
  	
  <	
  9	
  to	
  12;	
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9	
  –	
  95%	
  of	
  daily	
  samples	
  must	
  be	
  below	
  1.0	
  (can	
  be	
  exceeded	
  no	
  more	
  than	
  18	
  days	
  per	
  year)	
  
	
  

3.1.2 Corrosion-related Criteria 
Table	
  3-­‐4	
  Summarizes	
  the	
  water	
  quality	
  specifications	
  for	
  control	
  of	
  corrosion	
  and	
  
corrosion	
  by-­‐products.	
  	
  Chloride	
  is	
  included	
  because	
  it	
  is	
  the	
  most	
  aggressive	
  ion	
  in	
  most	
  
water	
  systems	
  (Crittenden,	
  et	
  al.	
  2013)	
  and	
  alkalinity,	
  calcium	
  hardness	
  (in	
  footnotes),	
  and	
  
pH	
  are	
  the	
  principal	
  components	
  which	
  are	
  managed	
  to	
  adjust	
  the	
  solubility	
  of	
  calcium	
  
carbonate,	
  the	
  most	
  common	
  method	
  for	
  adjusting	
  the	
  impact	
  of	
  desalinated	
  water	
  on	
  
corrosion	
  and	
  the	
  release	
  of	
  corrosion	
  by-­‐products.	
  	
  Two	
  corrosion	
  indices	
  commonly	
  used	
  
to	
  evaluate	
  calcium	
  carbonate	
  saturation	
  are	
  Langelier	
  Saturation	
  Index	
  (LSI)	
  and	
  calcium	
  
carbonate	
  precipitation	
  potential	
  (CCPP),	
  both	
  of	
  which	
  are	
  presented	
  throughout	
  this	
  
report.	
  
	
  
Table	
  3-­‐4.	
  	
  Corrosion-­‐Related	
  	
  Water	
  Quality	
  Specifications	
  	
  
Project	
   Post	
  

Treatment	
   Chloride	
   Alk1	
   pH	
   LSI	
   CCPP1	
  

Tampa	
  (Ph	
  2)	
   Lime+CO2	
   100	
   >40	
   6.5-­‐8.5	
   >	
  0	
   >	
  0	
  
Ashkelon	
   Partial	
   20	
   -­‐	
   -­‐	
   0	
  to	
  0.5	
   -­‐	
  
Tuas	
  1	
   Full	
   100	
   -­‐	
   7-­‐9	
   -­‐	
   -­‐	
  
Perth	
  16	
   Full	
   250	
   -­‐2	
   7.5-­‐8	
   >	
  -­‐0.5	
   -­‐	
  
Valdelentisco	
   None3	
   250	
   -­‐	
   9.5	
   -­‐	
   	
  
Gold	
  Coast	
   Partial	
   50	
   -­‐	
   -­‐	
   -­‐	
   -­‐5	
  to	
  -­‐3	
  
Sur	
   Partial	
   250	
   -­‐	
   6.5-­‐8.5	
   -­‐	
   -­‐	
  

Sydney	
   Partial	
   40	
   40-­‐50	
   7.2-­‐8.3	
   -­‐0.3	
  to	
  
-­‐0.5	
   -­‐	
  

Fujairah	
  2	
   Partial	
   100	
   -­‐	
   7-­‐9.2	
   0	
  to	
  0.5	
   -­‐	
  
Perth	
  2	
   Full	
   -­‐	
   >	
  50	
   7.5-­‐8.0	
   -­‐0.5-­‐0	
   -­‐	
  
Melbourne	
   Full	
   60	
   50	
   -­‐	
   -­‐	
   -­‐5	
  to	
  0	
  
WBMWD	
   Partial	
   100	
   0.3	
   0.5	
   -­‐	
   	
  
Carlsbad	
   Partial	
   120	
   >	
  455	
   8.5±0.3	
   >	
  0	
   >	
  0	
  
Santa	
  Barbara6	
   TBD	
   155	
   ≥	
  30	
   8.0-­‐8.9	
   -­‐	
   3-­‐10	
  
Monterey3	
   Partial	
   60	
   40-­‐1003	
   7.7-­‐8.73	
   0-­‐0.23	
   0-­‐53	
  
Attachment	
  A	
   TBD	
   75	
   -­‐	
   7.0-­‐8.0	
   -­‐	
   -­‐	
  
GWRS4	
   Lime+CO2	
   7.5	
   28	
   8.2	
   -­‐0.7	
   -­‐2.7	
  
1-­‐mg/L	
  as	
  CaCO3	
  
2-­‐Ca	
  Hardness;	
  50	
  to	
  250	
  in	
  Tampa;	
  	
  >	
  50	
  	
  in	
  Perth	
  1	
   	
  
3-­‐Owner	
  can	
  select	
  in	
  this	
  range	
  (Hardness	
  also	
  40-­‐100).	
  	
  Orthophosphate	
  can	
  also	
  be	
  specified	
  (≤	
  3.5	
  mg/L	
  as	
  PO4)	
  
4	
  –	
  Calculated	
  for	
  25°C	
  
5	
  –	
  Also	
  Ca-­‐hardness	
  >	
  40	
  mg/L	
  as	
  CaCO3	
  
6	
  –	
  Larson’s	
  ratio	
  also	
  specified	
  as	
  <	
  5	
  

3.1.3 Miscellaneous criteria 
There	
  are	
  also	
  other	
  considerations	
  that	
  come	
  up	
  from	
  time	
  to	
  time.	
  	
  For	
  example,	
  using	
  
warmer	
  seawater	
  can	
  reduce	
  its	
  viscosity	
  and,	
  hence	
  the	
  operating	
  pressure	
  (i.e.,	
  the	
  
operating	
  cost)	
  of	
  SWRO.	
  	
  Hence	
  designers	
  are	
  often	
  tempted	
  to	
  select	
  designs	
  that	
  use	
  
warmer	
  water,	
  but	
  warm	
  water	
  is	
  generally	
  not	
  viewed	
  as	
  aesthetically	
  attractive	
  for	
  
consumers.	
  	
  Warmer	
  water	
  has	
  also	
  been	
  associated	
  with	
  higher	
  rates	
  of	
  corrosion.	
  	
  As	
  a	
  
result,	
  some	
  projects	
  have	
  attempted	
  to	
  incorporate	
  temperature	
  into	
  the	
  water	
  quality	
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specification.	
  	
  The	
  Carlsbad	
  specification	
  calls	
  for	
  a	
  maximum	
  monthly	
  average	
  
temperature	
  of	
  85°F.	
  	
  Perth	
  1	
  limits	
  the	
  temperature	
  to	
  25°C	
  (77°F).	
  Perth	
  2	
  limits	
  the	
  
desalinated	
  water	
  to	
  a	
  temperature	
  no	
  more	
  than	
  2C°	
  warmer	
  than	
  the	
  seawater.	
  	
  The	
  
other	
  specifications	
  are	
  silent	
  on	
  temperature.	
  	
  It	
  is	
  not	
  particularly	
  costly	
  to	
  cool	
  warm	
  
water	
  with	
  an	
  evaporative	
  cooler,	
  but	
  doing	
  so	
  would	
  probably	
  eliminate	
  the	
  cost	
  benefit	
  
from	
  using	
  warmer	
  water	
  in	
  the	
  first	
  place.	
  	
  Some	
  specifications	
  also	
  include	
  parameters	
  
appropriate	
  for	
  irrigation,	
  such	
  as	
  the	
  sodium	
  adsorption	
  ratio.	
  	
  Others	
  include	
  provision	
  
for	
  control	
  of	
  MCLs,	
  which	
  EPA	
  enforces	
  in	
  the	
  distribution	
  system,	
  like	
  the	
  Disinfectants	
  
and	
  Disinfection	
  Byproducts	
  Rules	
  or	
  in	
  consumer	
  plumbing,	
  like	
  the	
  Lead	
  and	
  Copper	
  
Rule.	
  	
  For	
  example,	
  Monterey	
  envisions	
  that	
  the	
  water	
  purveyor	
  may	
  try	
  several	
  strategies	
  
for	
  corrosion	
  control	
  before	
  a	
  final	
  choice	
  is	
  selected.	
  	
  The	
  Orange	
  County	
  Water	
  District	
  
strategy	
  envisions	
  using	
  the	
  bulk	
  of	
  the	
  desalinated	
  water	
  to	
  help	
  replenish	
  the	
  aquifers	
  of	
  
the	
  Orange	
  County	
  groundwater	
  basin,	
  partially	
  through	
  spreading,	
  but	
  also	
  partially	
  
through	
  injection.	
  	
  This	
  means	
  that	
  the	
  quality	
  of	
  the	
  desalinated	
  water	
  must	
  be	
  examined	
  
for	
  its	
  suitability	
  for	
  groundwater	
  injection	
  and	
  also	
  for	
  cumulative	
  impact	
  it	
  might	
  have	
  on	
  
the	
  quality	
  of	
  the	
  water	
  in	
  the	
  basin	
  in	
  the	
  coming	
  decades.	
  	
  	
  

3.2 Considerations for Poseidon in meeting the term sheet 
The	
  Pacific	
  Ocean	
  of	
  Huntington	
  Beach	
  has	
  an	
  average	
  salinity	
  near	
  34,000	
  mg/L.	
  	
  Most	
  
potable	
  water	
  supplies	
  have	
  a	
  salinity	
  between	
  50	
  and	
  500	
  mg/L.	
  	
  The	
  basic	
  purpose	
  of	
  a	
  
seawater	
  desalination	
  plant	
  is	
  to	
  bring	
  the	
  salinity	
  of	
  the	
  seawater	
  down	
  to	
  potable	
  levels.	
  	
  
But	
  experience	
  using	
  desalted	
  seawater	
  and	
  speculation	
  about	
  certain	
  water	
  quality	
  
problems	
  that	
  might	
  occur,	
  have	
  brought	
  certain	
  issues	
  to	
  the	
  fore.	
  It	
  is	
  appropriate	
  to	
  
review	
  these	
  issues	
  in	
  order	
  to	
  make	
  a	
  determination	
  as	
  to	
  which	
  might	
  be	
  relevant	
  to	
  the	
  
OCWD	
  situation	
  and	
  how	
  they	
  might	
  be	
  addressed.	
  	
  The	
  following	
  sections	
  discuss	
  some	
  of	
  
the	
  more	
  salient	
  points	
  regarding	
  factors	
  that	
  influence	
  performance	
  and,	
  hence	
  the	
  design	
  
and	
  operation	
  of	
  the	
  plant.	
  

3.2.1 Which constituent controls the design 
Certain	
  water	
  quality	
  requirements	
  have	
  more	
  impact	
  on	
  design	
  and	
  operation	
  and,	
  as	
  a	
  
result,	
  the	
  cost	
  of	
  water	
  than	
  do	
  the	
  others.	
  	
  Divalent	
  ions	
  like	
  calcium,	
  magnesium	
  and	
  
sulfate	
  are	
  almost	
  completely	
  removed	
  by	
  SWRO.	
  	
  The	
  monovalent	
  ions,	
  sodium	
  and	
  
chloride	
  are	
  also	
  well	
  removed,	
  nevertheless	
  they	
  make	
  up	
  the	
  bulk	
  of	
  the	
  TDS	
  in	
  the	
  SWRO	
  
permeate,	
  thus	
  setting	
  lower	
  criteria	
  for	
  either	
  of	
  these	
  may	
  impact	
  cost.	
  	
  Boron	
  is	
  poorly	
  
removed	
  by	
  conventional	
  SWRO	
  membranes,	
  so	
  lower	
  standards	
  for	
  boron	
  often	
  have	
  
important	
  impact.	
  	
  Limits	
  on	
  bromide	
  have	
  similar	
  impact	
  on	
  SWRO	
  costs	
  as	
  do	
  limits	
  on	
  
chloride.	
  	
  Some	
  strategies,	
  like	
  the	
  use	
  of	
  a	
  simple	
  second	
  pass	
  using	
  brackish	
  water	
  RO	
  
membranes	
  (operating	
  at	
  higher	
  flux,	
  lower	
  pressure	
  and	
  cost	
  than	
  the	
  primary	
  SWRO	
  
membranes)	
  can	
  impact	
  all	
  these	
  parameters.	
  	
  Other	
  treatment	
  options,	
  like	
  ion	
  exchange,	
  
influence	
  only	
  one	
  of	
  them	
  (usually	
  boron).	
  

3.2.2 Influence of temperature 
Greater	
  influent	
  temperature	
  does	
  reduce	
  the	
  pressure	
  required	
  to	
  operate	
  the	
  reverse	
  
osmosis	
  process	
  but,	
  at	
  the	
  same	
  time,	
  increasing	
  temperature	
  also	
  increases	
  salt	
  passage	
  
(i.e.,	
  reduces	
  salt	
  removal).	
  	
  As	
  a	
  result,	
  the	
  design	
  of	
  the	
  SWRO	
  facility	
  is	
  generally	
  focused	
  
around	
  meeting	
  the	
  water	
  quality	
  specifications	
  during	
  the	
  warmest	
  period	
  of	
  operation.	
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When	
  a	
  plant	
  draws	
  water	
  directly	
  from	
  the	
  ocean	
  this	
  means	
  the	
  times	
  of	
  the	
  year	
  with	
  the	
  
warmest	
  temperature	
  control	
  design	
  –	
  usually	
  the	
  late	
  summer.	
  SWRO	
  plants	
  are	
  located	
  
near	
  power	
  plants	
  also	
  have	
  the	
  option	
  of	
  drawing	
  warmer	
  water	
  from	
  the	
  power	
  plant’s	
  
condenser.	
  	
  The	
  condenser	
  in	
  such	
  a	
  power	
  plant	
  uses	
  water	
  drawn	
  from	
  the	
  ocean	
  to	
  cool	
  
the	
  exhaust	
  steam	
  from	
  the	
  power	
  plant	
  turbines.	
  	
  Cooling	
  the	
  exhaust	
  steam	
  improves	
  the	
  
efficiency	
  of	
  the	
  turbines	
  in	
  producing	
  power.	
  	
  	
  When	
  a	
  SWRO	
  plant	
  draws	
  warmer	
  water	
  
from	
  the	
  condenser	
  then	
  both	
  the	
  season	
  of	
  the	
  year	
  and	
  the	
  load	
  on	
  the	
  power	
  plant	
  
influence	
  the	
  temperature,	
  but	
  generally	
  the	
  SWRO	
  must	
  be	
  designed	
  for	
  a	
  temperature	
  of	
  
5	
  to	
  6	
  °C	
  (9	
  to	
  11	
  °F)	
  above	
  the	
  warmest	
  ambient	
  temperature	
  in	
  the	
  ocean.	
  Temperature	
  
could	
  be	
  an	
  important	
  design	
  consideration	
  and	
  in	
  early	
  meetings	
  Poseidon	
  has	
  indicated	
  
that	
  they	
  do	
  plan	
  to	
  take	
  water	
  after	
  the	
  power	
  plant	
  condenser	
  while	
  it	
  is	
  available.	
  

3.2.3 Influence of membrane age 
The	
  original	
  cellulose	
  acetate	
  RO	
  membranes	
  of	
  the	
  last	
  century	
  showed	
  serious	
  decline	
  in	
  
performance	
  with	
  age	
  and	
  this	
  decline	
  was	
  inherent	
  in	
  the	
  basic	
  chemistry	
  of	
  the	
  
membrane	
  material.	
  	
  While	
  modern	
  thin	
  film	
  composite	
  membranes	
  do	
  not	
  show	
  the	
  same	
  
rate	
  of	
  decline,	
  salt	
  leakage	
  does	
  increase	
  with	
  time,	
  particularly	
  after	
  exposure	
  to	
  oxidants,	
  
fouling	
  and/or	
  cleaning	
  that	
  occur	
  during	
  normal	
  SWRO	
  operations.	
  	
  Thus	
  as	
  a	
  rule,	
  some	
  
rate	
  of	
  increase	
  in	
  salt	
  leakage	
  is	
  assumed	
  for	
  each	
  year	
  of	
  membrane	
  aging.	
  	
  This	
  decline	
  in	
  
salt	
  rejection	
  can	
  be	
  counter-­‐balanced	
  by	
  more	
  frequent	
  membrane	
  replacement,	
  but	
  
frequent	
  membrane	
  replacement	
  is	
  costly.	
  	
  	
  For	
  the	
  purposes	
  of	
  this	
  analysis,	
  membrane	
  
replacement	
  is	
  assumed	
  to	
  be	
  at	
  5	
  year	
  intervals	
  and	
  the	
  increase	
  in	
  salt	
  leakage	
  is	
  assumed	
  
to	
  be	
  7%	
  per	
  year.	
  	
  These	
  assumptions	
  were	
  developed	
  during	
  the	
  concept	
  design	
  of	
  the	
  10	
  
mgd	
  desalter	
  for	
  the	
  Monterey	
  Peninsula	
  Water	
  Supply	
  Project	
  after	
  extensive	
  discussions	
  
with	
  membrane	
  manufacturers	
  and	
  candidate	
  project	
  design	
  teams.	
  

3.2.4 Influence of membrane fouling 
Membrane	
  fouling	
  also	
  has	
  important	
  impact	
  on	
  performance	
  and	
  membrane	
  life.	
  	
  In	
  spite	
  
of	
  the	
  fact	
  that	
  seawater	
  is	
  very	
  low	
  in	
  nutrients	
  when	
  compared	
  to	
  most	
  fresh	
  water	
  
supplies,	
  most	
  plants	
  drawing	
  water	
  from	
  the	
  open	
  ocean	
  are	
  exposed	
  to	
  a	
  serious	
  risk	
  of	
  
biological	
  fouling,	
  which	
  must	
  be	
  successfully	
  managed.	
  	
  In	
  wastewater	
  reuse	
  applications	
  
this	
  problem	
  has	
  been	
  largely	
  resolved	
  through	
  1)	
  the	
  use	
  of	
  membrane	
  filtration	
  (e.g.,	
  
microfiltration	
  or	
  ultrafiltration)	
  prior	
  to	
  reverse	
  osmosis	
  to	
  reduce	
  the	
  number	
  of	
  seed	
  
organisms	
  reaching	
  the	
  membrane	
  and	
  2)	
  the	
  maintenance	
  of	
  a	
  chloramine	
  residual	
  
through	
  the	
  reverse	
  osmosis	
  process	
  itself.	
  	
  Fortunately,	
  chloramine	
  is	
  effective	
  in	
  
preventing	
  biofilm	
  growth	
  without	
  causing	
  undue	
  oxidation	
  of	
  the	
  rejection	
  layer	
  on	
  
modern	
  RO	
  membranes.	
  	
  Unfortunately	
  this	
  strategy	
  has	
  not,	
  so	
  far,	
  proven	
  successful	
  in	
  
SWRO	
  because	
  when	
  chlorine	
  is	
  added	
  to	
  seawater	
  it	
  rapidly	
  reacts	
  with	
  bromide	
  ion	
  and	
  
the	
  combined	
  chloramine	
  residual	
  formed	
  includes	
  bromamine,	
  which	
  is	
  very	
  aggressive	
  to	
  
SWRO	
  membranes.	
  	
  Thus	
  biological	
  fouling	
  remains	
  an	
  important	
  consideration	
  in	
  the	
  
operation	
  and	
  maintenance	
  of	
  SWRO	
  systems.	
  	
  This	
  issue	
  has	
  important	
  impacts	
  on	
  the	
  life	
  
of	
  the	
  membranes	
  in	
  an	
  SWRO	
  system,	
  but	
  it’s	
  not	
  clear	
  that	
  it	
  is	
  influenced	
  in	
  any	
  way	
  by	
  
the	
  specifications	
  for	
  finished	
  water.	
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3.2.5 Influence of design strategy and the use of a second pass 
The	
  strategy	
  for	
  the	
  design	
  of	
  SWRO	
  systems	
  and	
  the	
  specifications	
  for	
  finished	
  water	
  
quality	
  can	
  interact	
  in	
  complex	
  ways.	
  	
  Perhaps	
  the	
  most	
  common	
  way	
  of	
  improving	
  
performance	
  is	
  the	
  installation	
  of	
  a	
  second	
  pass	
  of	
  RO	
  using	
  brackish	
  water	
  membranes.	
  	
  
Because	
  the	
  permeate	
  from	
  the	
  first	
  stage	
  SWRO	
  is	
  nearly	
  dead	
  soft	
  (i.e.,	
  contains	
  no	
  
divalent	
  ions)	
  and	
  has	
  almost	
  no	
  TOC,	
  both	
  the	
  recovery	
  and	
  the	
  design	
  flux	
  in	
  these	
  second	
  
pass	
  systems	
  can	
  be	
  very	
  high.	
  	
  Often	
  the	
  pH	
  in	
  the	
  second	
  pass	
  influent	
  is	
  also	
  elevated	
  in	
  
order	
  to	
  improve	
  the	
  removal	
  of	
  boron	
  by	
  converting	
  it	
  to	
  a	
  large	
  proportion	
  of	
  the	
  ionized	
  
form	
  near	
  pH	
  10.	
  	
  More	
  recently	
  designs	
  segregate	
  the	
  permeate	
  from	
  the	
  first	
  and	
  second	
  
half	
  of	
  the	
  first	
  stage	
  SWRO	
  vessels,	
  using	
  the	
  better	
  quality	
  permeate	
  from	
  the	
  first	
  half	
  
directly	
  and	
  sending	
  the	
  permeate	
  from	
  the	
  second	
  half	
  through	
  a	
  second	
  pass.	
  	
  The	
  
Poseidon	
  project	
  in	
  Carlsbad	
  reportedly	
  uses	
  a	
  Four-­‐stage	
  cascade	
  process	
  patented	
  by	
  
IDE,	
  the	
  plant’s	
  designer	
  (Gasia	
  et	
  al.	
  2015).	
  This	
  is	
  a	
  further	
  enhancement	
  of	
  the	
  permeate	
  
split	
  idea	
  where	
  the	
  poorer	
  quality	
  permeate	
  from	
  the	
  second	
  half	
  of	
  the	
  first	
  stage	
  is	
  
further	
  polished	
  through	
  a	
  second	
  pass	
  containing	
  a	
  cascade	
  of	
  four	
  RO	
  stages	
  where	
  
removal	
  of	
  TDS	
  and	
  other	
  contaminants	
  can	
  occur	
  through	
  a	
  flexible	
  combination	
  of	
  
different	
  membrane	
  types	
  working	
  at	
  different	
  pH	
  levels	
  (Figure	
  3-­‐2).	
  

	
  
Figure	
  3-­‐2.	
  Diagram	
  of	
  IDE’s	
  patented	
  Four	
  Stage	
  Cascade	
  Process	
  adapted	
  from	
  
(Gasia	
  et	
  al.	
  2015)	
  
	
  
Most	
  RO	
  manufacturers	
  also	
  offer	
  tighter	
  membranes,	
  which	
  can	
  meet	
  lower	
  boron	
  
objectives	
  in	
  a	
  single	
  pass,	
  but	
  generally	
  these	
  are	
  not	
  seeing	
  a	
  lot	
  of	
  use	
  as	
  they	
  also	
  lead	
  to	
  
higher	
  pressures,	
  energy	
  requirements,	
  and	
  operating	
  costs.	
  

3.3 Application of RO modeling to predict water quality  

The	
  RO	
  membrane	
  manufacturers	
  maintain	
  models,	
  which	
  can	
  predict	
  the	
  performance	
  of	
  
desalination	
  systems	
  using	
  their	
  membrane	
  elements.	
  	
  These	
  models	
  are	
  publicly	
  available	
  
at	
  no	
  cost	
  through	
  their	
  websites	
  and	
  can	
  be	
  used	
  to	
  examine	
  the	
  relationship	
  between	
  the	
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cost	
  of	
  constructing	
  and	
  operating	
  the	
  desalination	
  system	
  and	
  the	
  water	
  quality	
  
requirements	
  being	
  considered	
  –	
  like	
  those	
  in	
  the	
  term	
  sheet	
  	
  (Attachment	
  A).	
  	
  For	
  the	
  
purposes	
  of	
  this	
  project,	
  an	
  RO	
  model	
  developed	
  by	
  Toray	
  Industries	
  Inc.	
  called	
  TorayDS™	
  
was	
  used.	
  The	
  software	
  is	
  available	
  for	
  download	
  from	
  www.toraywater.com.	
  	
  The	
  model	
  
was	
  configured	
  to	
  use	
  a	
  first	
  pass	
  with	
  seawater	
  RO	
  (SWRO	
  membranes)	
  and	
  a	
  partial	
  
second	
  pass	
  with	
  brackish	
  water	
  RO	
  (BWRO	
  membranes).	
  	
  As	
  discussed	
  earlier,	
  membrane	
  
age	
  influences	
  performance,	
  so	
  the	
  model	
  was	
  set	
  to	
  examine	
  performance	
  in	
  the	
  5th	
  year	
  
of	
  operation	
  assuming	
  a	
  7%	
  increase	
  in	
  salt	
  leakage	
  during	
  each	
  year	
  of	
  operation.	
  	
  As	
  
discussed	
  above	
  in	
  Section	
  3.2.5	
  a	
  second	
  pass	
  of	
  BWRO	
  is	
  one	
  of	
  the	
  most	
  common	
  ways	
  to	
  
meet	
  targets	
  for	
  chloride	
  and	
  boron.	
  The	
  purpose	
  of	
  the	
  simplified	
  second	
  pass	
  modeling	
  is	
  
to	
  provide	
  a	
  general	
  discussion	
  of	
  impact	
  that	
  water	
  quality	
  conditions	
  may	
  have	
  on	
  the	
  
seawater	
  desalination	
  project,	
  not	
  to	
  provide	
  a	
  specific	
  discussion	
  of	
  the	
  alternatives	
  a	
  
specific	
  vendor	
  might	
  provide	
  to	
  meet	
  these	
  requirements,	
  such	
  as	
  the	
  IDE	
  4-­‐stage	
  
cascading	
  design	
  implemented	
  by	
  IDE	
  for	
  Poseidon	
  in	
  Carlsbad.	
  	
  

3.3.1 Feedwater Quality  
To	
  predict	
  the	
  performance	
  of	
  the	
  desalination	
  system	
  with	
  an	
  RO	
  model,	
  it	
  is	
  necessary	
  to	
  
know	
  the	
  quality	
  of	
  the	
  seawater	
  entering	
  the	
  desalter.	
  	
  Poseidon	
  provided	
  a	
  preliminary	
  
summary	
  of	
  the	
  maximum	
  water	
  quality	
  conditions	
  that	
  might	
  be	
  used	
  in	
  a	
  contract	
  to	
  
build	
  the	
  desalination	
  plant	
  at	
  Huntington	
  Beach.	
  	
  The	
  important	
  aspects	
  of	
  the	
  seawater’s	
  
mineral	
  quality	
  in	
  that	
  specification	
  are	
  shown	
  in	
  column	
  one	
  of	
  Table	
  3-­‐5	
  and	
  labeled,	
  
“Intake	
  WQ	
  Specification”.	
  This	
  quality	
  information	
  cannot	
  be	
  used	
  in	
  the	
  model	
  without	
  
alteration,	
  because	
  an	
  RO	
  model	
  requires	
  that	
  the	
  input	
  water	
  quality	
  comply	
  with	
  the	
  
principle	
  of	
  electroneutrality	
  (cations	
  and	
  anions	
  must	
  be	
  equal	
  when	
  expressed	
  in	
  meq/L)	
  
and	
  Poseidon’s	
  specification	
  is	
  intended	
  to	
  set	
  a	
  maximum	
  for	
  each	
  individual	
  parameter	
  
but	
  does	
  not	
  address	
  electroneutrality.	
  	
  	
  
	
  
For	
  years	
  ocean	
  chemists	
  have	
  known	
  that	
  the	
  major	
  minerals	
  in	
  seawater	
  maintain	
  the	
  
same	
  relationship	
  to	
  each	
  other	
  in	
  all	
  the	
  seas	
  around	
  the	
  world.	
  	
  Thus	
  a	
  fairly	
  accurate,	
  
balanced	
  estimate	
  of	
  the	
  detailed	
  mineral	
  quality	
  of	
  seawater	
  from	
  a	
  particular	
  locale	
  can	
  
be	
  produced	
  if	
  its	
  salinity	
  is	
  known.	
  	
  For	
  the	
  purposes	
  of	
  this	
  exercise	
  the	
  model	
  of	
  F.	
  
Millero	
  was	
  used	
  (Millero,	
  2013).	
  Even	
  then	
  the	
  salinity	
  used	
  to	
  develop	
  a	
  balanced	
  mineral	
  
profile	
  must	
  correspond	
  to	
  the	
  salinity,	
  which	
  would	
  have	
  the	
  most	
  impact	
  on	
  the	
  desalter’s	
  
ability	
  to	
  meet	
  the	
  water	
  quality	
  specified	
  in	
  the	
  term	
  sheet	
  and	
  yet	
  comply	
  with	
  the	
  
Poseidon	
  specification.	
  	
  Thus	
  the	
  second	
  column	
  in	
  Table	
  3-­‐5,	
  labeled,	
  “Term	
  Sheet,	
  
Attachment	
  A”	
  displays	
  some	
  key	
  mineral	
  quality	
  requirements	
  on	
  the	
  term	
  sheet.	
  	
  
Comparing	
  columns	
  1	
  and	
  2	
  in	
  the	
  table,	
  based	
  on	
  experience	
  with	
  other	
  desalination	
  
projects,	
  it	
  is	
  clear	
  that	
  the	
  requirements	
  for	
  boron	
  and	
  chloride	
  will	
  be	
  the	
  most	
  difficult	
  to	
  
meet.	
  	
  Boron	
  is	
  not	
  a	
  charged	
  ion,	
  so	
  its	
  concentration	
  does	
  not	
  influence	
  electroneutrality	
  
and	
  can	
  be	
  directly	
  used	
  in	
  the	
  model’s	
  feed	
  water	
  quality.	
  	
  Thus	
  the	
  Millero	
  model	
  was	
  
used	
  to	
  produce	
  an	
  estimate	
  of	
  all	
  the	
  minerals	
  in	
  a	
  balanced	
  seawater	
  with	
  a	
  chloride	
  
concentration	
  of	
  18,500	
  mg/L	
  and	
  boron	
  was	
  directly	
  entered	
  at	
  5	
  mg/L.	
  	
  The	
  results	
  used	
  
in	
  the	
  desalination	
  model	
  are	
  shown	
  in	
  column	
  three	
  of	
  Table	
  3-­‐5	
  and	
  labeled	
  “Millero	
  
results”.	
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Table	
  3-­‐5.	
  Feedwater	
  Quality	
  Modelinga	
  

Constituent Intake WQ 
Specification 

Draft Term 
Sheet 

Attachment A 

Millero 
Model 

Used in RO 
Model 

Chloride 18,500 75 18,500 18,500 
Sodium 11,000 60 10,309 10,309 
Sulfate 2,800 - 2,593 2,593 
Magnesium 2,520 TBD 1,227 1,227 
Potassium 822 - 382 382 
Calcium 500 20 394 394 
Alkalinity 150 - 109 109 
Bromide 75 - 64  64 
Boron 5.0 0.75 - 5.0 
TDS 34,500 350 33,589  33,594 

a-Intake WQ specification is for maximums.  Average values are shown for term sheet. 

3.3.2 Varying temperature in RO modeling  

Feed	
  water	
  temperature	
  is	
  an	
  important	
  consideration	
  in	
  the	
  design	
  and	
  operation	
  of	
  the	
  
desalination	
  plant	
  at	
  Huntington	
  Beach.	
  	
  Three	
  cases	
  with	
  respect	
  to	
  temperature	
  were	
  
considered	
  in	
  the	
  evaluation	
  of	
  the	
  water	
  quality	
  at	
  the	
  Huntington	
  Beach	
  Desalination	
  
plant.	
  	
  The	
  first	
  two	
  cases	
  are	
  the	
  most	
  important	
  for	
  operations	
  and	
  are	
  intended	
  to	
  
represent	
  normal	
  operations	
  once	
  the	
  plant	
  is	
  built.	
  	
  The	
  first	
  case	
  being	
  the	
  average	
  
temperature	
  of	
  seawater	
  in	
  the	
  area	
  near	
  the	
  Huntington	
  Beach	
  intake	
  and	
  the	
  second	
  case	
  
being	
  that	
  same	
  temperature	
  elevated	
  11°F	
  by	
  the	
  condenser	
  at	
  the	
  Huntington	
  Beach	
  AES	
  
power	
  plant.	
  	
  	
  The	
  third	
  case	
  relates	
  to	
  the	
  highest	
  temperature	
  the	
  desalter	
  is	
  likely	
  to	
  
experience	
  during	
  the	
  warmest	
  month	
  allowed	
  in	
  Attachment	
  A	
  (a	
  month	
  with	
  an	
  average	
  
temperature	
  of	
  85°F).	
  The	
  three	
  temperature	
  cases	
  are	
  summarized	
  below:	
  

• Case	
  1	
  –	
  Normal	
  Operations	
  on	
  cold	
  seawater	
  (based	
  on	
  2010-­‐15	
  average	
  
temperature)	
  

• Case	
  2	
  –	
  Normal	
  Operations	
  on	
  warm	
  seawater	
  from	
  power	
  plant	
  condenser	
  (based	
  
on	
  Case	
  1	
  +	
  11	
  °F)	
  

• Case	
  3	
  –	
  Estimated	
  Warmest	
  Day	
  on	
  seawater	
  from	
  power	
  plant	
  condenser	
  
(warmest	
  month	
  elevated	
  to	
  achieve	
  an	
  average	
  of	
  85°F)	
  

Each	
  case	
  will	
  be	
  explained	
  further	
  below.	
  

The	
  temperature	
  data	
  was	
  taken	
  from	
  the	
  Southern	
  California	
  Coastal	
  Ocean	
  Observing	
  
System	
  (SCCOOS)	
  for	
  seawater	
  at	
  the	
  Newport	
  Beach	
  Pier.	
  	
  This	
  location	
  is	
  in	
  close	
  
proximity	
  to	
  the	
  Huntington	
  Beach	
  desalination	
  plant	
  intake,	
  as	
  shown	
  on	
  Figure	
  3-­‐3,	
  and	
  
representative	
  of	
  the	
  temperature	
  to	
  be	
  experienced	
  at	
  the	
  desalination	
  facility.	
  	
  It	
  is	
  
important	
  to	
  note	
  that	
  the	
  temperature	
  data	
  used	
  in	
  this	
  evaluation	
  was	
  from	
  the	
  ocean	
  and	
  
did	
  not	
  consider	
  any	
  change	
  in	
  temperature	
  that	
  may	
  occur	
  in	
  the	
  condenser	
  at	
  the	
  AES	
  
plant.	
  	
  Over	
  the	
  six	
  years,	
  data	
  was	
  continuously	
  recorded	
  online	
  every	
  two	
  to	
  four	
  seconds	
  
resulting	
  in	
  about	
  350	
  to	
  700	
  data	
  points	
  to	
  analyze	
  in	
  a	
  single	
  day,	
  about	
  10,000	
  to	
  20,000	
  
data	
  points	
  per	
  month.	
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Figure	
  3-­‐3.	
  Proximity	
  of	
  Newport	
  Beach	
  Pier	
  to	
  the	
  Desalination	
  Facility	
  co-­‐located	
  
with	
  AES	
  Huntington	
  Beach	
  

Case	
  1	
  –	
  RO	
  Modeling	
  for	
  Normal	
  Operations	
  on	
  Cold	
  Seawater.	
  	
  The	
  temperature	
  data	
  
for	
  Case	
  1	
  represents	
  the	
  average	
  temperature	
  at	
  Newport	
  Beach	
  Pier	
  collected	
  over	
  nearly	
  
six	
  years.	
  	
  This	
  temperature	
  data	
  is	
  representative	
  of	
  the	
  power	
  plant	
  intake.	
  The	
  average	
  
temperature	
  determined	
  based	
  on	
  the	
  2010-­‐15	
  data	
  was	
  63	
  °F,	
  the	
  temperature	
  used	
  for	
  
the	
  RO	
  modeling	
  in	
  Case	
  1.	
  	
  The	
  method	
  of	
  determination	
  of	
  this	
  temperature	
  is	
  
summarized	
  in	
  Table	
  3-­‐6.	
  	
  The	
  data	
  was	
  averaged	
  for	
  each	
  of	
  the	
  six	
  years,	
  with	
  the	
  average	
  
over	
  all	
  the	
  years	
  determined	
  to	
  be	
  the	
  63	
  °F.	
  	
  This	
  case	
  is	
  assumed	
  to	
  be	
  representative	
  of	
  
the	
  temperature	
  at	
  which	
  actual	
  operations	
  will	
  typically	
  occur	
  in	
  the	
  desalter	
  when	
  
operating	
  on	
  cold	
  seawater,	
  given	
  the	
  basis	
  of	
  several	
  years	
  of	
  data.	
  	
  In	
  the	
  RO	
  modeling,	
  
the	
  average	
  (mean)	
  performance	
  allowed	
  in	
  the	
  draft	
  Term	
  Sheet	
  (Attachment	
  A)	
  was	
  
assumed	
  as	
  a	
  basis	
  to	
  determine	
  the	
  controlling	
  constituent	
  for	
  Case	
  1	
  (and	
  also	
  for	
  Case	
  2).	
  	
  
The	
  Term	
  Sheet	
  average	
  (mean)	
  levels	
  for	
  constituents	
  with	
  a	
  possibility	
  to	
  control	
  are:	
  
Cl≤75	
  mg/L,	
  B≤0.75	
  mg/L,	
  or	
  Na≤60	
  mg/L).	
  

Case	
  2	
  -­‐	
  Normal	
  Operations	
  on	
  warm	
  seawater	
  from	
  power	
  plant	
  condenser	
  (based	
  
on	
  Case	
  1	
  +	
  11	
  °F):	
  The	
  temperature	
  data	
  for	
  Case	
  2	
  represents	
  the	
  average	
  temperature	
  
estimated	
  for	
  normal	
  operations	
  on	
  warm	
  seawater.	
  This	
  temperature	
  data	
  is	
  
representative	
  of	
  the	
  power	
  plant	
  condenser.	
  The	
  average	
  temperature	
  from	
  the	
  power	
  
plant	
  condenser	
  was	
  estimated	
  to	
  be	
  74	
  °F	
  by	
  adding	
  11	
  °F	
  to	
  the	
  normal	
  operations	
  
temperature	
  for	
  cold	
  seawater.	
  Therefore,	
  74	
  °F	
  was	
  the	
  temperature	
  used	
  for	
  the	
  RO	
  
modeling	
  in	
  Case	
  2.	
  	
  The	
  method	
  of	
  determination	
  of	
  this	
  temperature	
  is	
  summarized	
  in	
  
Table	
  3-­‐6.	
  In	
  the	
  RO	
  modeling,	
  the	
  average	
  (mean)	
  performance	
  allowed	
  in	
  the	
  draft	
  Term	
  
Sheet	
  (Attachment	
  A)	
  was	
  assumed	
  as	
  a	
  basis	
  to	
  determine	
  the	
  controlling	
  constituent	
  for	
  
Case	
  2	
  (like	
  for	
  Case	
  1)	
  as	
  Case	
  2	
  represents	
  normal	
  operations	
  for	
  warm	
  water.	
  	
  The	
  Term	
  
Sheet	
  average	
  (mean)	
  levels	
  for	
  constituents	
  with	
  a	
  possibility	
  to	
  control	
  are:	
  Cl≤75	
  mg/L,	
  

AES	
  Huntington	
  Beach	
  

Newport	
  Beach	
  Pier	
  



Trussell Technologies, Inc. • Pasadena • San Diego • Oakland 	
   41 

B≤0.75	
  mg/L,	
  or	
  Na≤60	
  mg/L).	
  	
  This	
  temperature	
  of	
  74	
  ºF	
  is	
  also	
  the	
  average	
  (mean)	
  
temperature	
  allowed	
  in	
  draft	
  Attachment	
  A.	
  	
  With	
  its	
  elevated	
  temperature,	
  Case	
  2	
  may	
  
require	
  more	
  stringent	
  design	
  conditions	
  to	
  allow	
  the	
  plant	
  to	
  meet	
  the	
  Term	
  Sheet	
  
(Attachment	
  A).	
  	
  	
  

Table	
  3-­‐6	
  .	
  	
  Determination	
  of	
  Average	
  Temperature	
  and	
  Max.	
  Month	
  2010-­‐15.	
  	
  

Month avg Temperature (°F) 
2010 2011 2012 2013 2014 2015 

Jan avg 59.2 57.5 58.2 56.0 59.9 61.5 
Feb avg 59.7 58.3 58.3 56.7 60.3 62.7 
Mar avg 59.5 57.6 56.2 58.3 61.8 63.4 
Apr avg 59.7 60.3 57.6 59.7 58.7 62.5 
May avg 60.4 56.5 64.8 66.0 64.1 61.7 
Jun avg 66.3 63.4 66.0 66.9 68.2 66.1 
Jul avg 65.5 65.9 64.5 67.1 69.3 68.2 
Aug avg 59.6 65.3 68.7 64.2 67.9 71.3 
Sep avg 62.8 64.6 66.8 64.7 69.2 73.8 
Oct avg 59.2 62.7 67.5 66.1 69.8 71.7 
Nov avg 59.7 60.9 61.9 62.9 66.1 67.0 
Dec avg No data 58.4 60.0 60.2 64.2 No Data 

YEARLY AVERAGE 61.0 61.0 62.5 62.4 65.0 66.4 

AVERAGE 2010-2015 Case 1:  63 °F (normal operations cold water) 
AVERAGE + 11 °F Case 2:  74 °F (normal operations warm water) 
YEARLY MAX  
MONTHLY AVERAGE 

66.3 65.9 68.7 67.1 69.8 73.8 
June July August July October September 

MAX MONTHLY  
AVERAGE 2010-15 

74 
Sep 2015 

Max Monthly + 11 °F 85 °F 
Variation to Peak Day +2 °F 
MAXIMUM DAY (85+2) Case 3: 87 °F (warm water, hottest day and mo.) 

Case	
  3	
  –	
  RO	
  Modeling	
  for	
  Estimated	
  Warmest	
  Day	
  on	
  seawater	
  from	
  power	
  plant	
  
condenser	
  (hottest	
  day	
  in	
  warmest	
  month	
  elevated	
  to	
  achieve	
  an	
  average	
  of	
  85°F).	
  	
  
The	
  draft	
  Term	
  Sheet	
  (Attachment	
  A)	
  specifies	
  a	
  maximum	
  temperature	
  of	
  85	
  °F	
  to	
  be	
  
determined	
  on	
  a	
  monthly	
  average	
  basis.	
  	
  To	
  estimate	
  the	
  warmest	
  day	
  that	
  might	
  occur	
  in	
  a	
  
month,	
  consideration	
  of	
  the	
  temperature	
  of	
  the	
  warmest	
  day	
  of	
  the	
  warmest	
  month	
  
assuming	
  the	
  desalter	
  runs	
  on	
  warm	
  water	
  from	
  the	
  power	
  plant	
  condenser	
  is	
  an	
  
appropriate	
  approach	
  to	
  use.	
  	
  Temperature	
  data	
  from	
  the	
  power	
  plant	
  condenser	
  was	
  not	
  
available	
  at	
  the	
  time	
  of	
  the	
  analysis,	
  so	
  an	
  estimate	
  of	
  the	
  warmest	
  day	
  based	
  on	
  ocean	
  
water	
  data	
  from	
  Newport	
  Beach	
  Pier	
  discussed	
  above	
  was	
  employed.	
  	
  The	
  maximum	
  
month	
  was	
  determined	
  for	
  each	
  of	
  the	
  six	
  years	
  based	
  on	
  the	
  monthly	
  average	
  data	
  at	
  the	
  
top	
  of	
  Table	
  3-­‐6.	
  	
  This	
  data	
  is	
  summarized	
  in	
  the	
  row	
  called	
  Yearly	
  Max	
  Monthly	
  Average	
  in	
  
Table	
  3-­‐6.	
  	
  Based	
  on	
  this	
  data,	
  it	
  is	
  shown	
  that	
  the	
  maximum	
  month	
  occurred	
  in	
  September	
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2015,	
  at	
  a	
  value	
  of	
  74	
  °F.	
  	
  It	
  appears	
  to	
  be	
  coincidental	
  that	
  the	
  maximum	
  monthly	
  
temperature	
  over	
  six	
  years	
  of	
  data	
  is	
  identical	
  to	
  the	
  draft	
  Term	
  Sheet	
  (Attachment	
  A)	
  
average	
  (mean)	
  temperature	
  allowed.	
  	
  The	
  maximum	
  monthly	
  data	
  for	
  September	
  2015	
  
was	
  adjusted	
  so	
  the	
  monthly	
  average	
  would	
  be	
  85	
  °F	
  to	
  estimate	
  the	
  impact	
  of	
  using	
  power	
  
plant	
  condenser	
  feed	
  water.	
  	
  This	
  was	
  accomplished	
  by	
  adding	
  11	
  °F	
  (the	
  difference	
  
between	
  the	
  target	
  of	
  85	
  °F	
  and	
  the	
  monthly	
  average	
  of	
  74	
  °F	
  for	
  Sep.	
  2015	
  in	
  Table	
  3-­‐6)	
  to	
  
the	
  data	
  for	
  each	
  day	
  in	
  the	
  month	
  of	
  September	
  2015.	
  	
  This	
  resulted	
  in	
  an	
  average	
  monthly	
  
temperature	
  of	
  85	
  °F	
  as	
  expected,	
  but	
  the	
  temperature	
  of	
  interest	
  is	
  the	
  estimated	
  
maximum	
  day	
  in	
  this	
  estimated	
  maximum	
  month	
  at	
  average	
  temperature	
  of	
  85	
  °,	
  which	
  is	
  
determined	
  as	
  87°F	
  based	
  on	
  the	
  variation	
  that	
  was	
  observed	
  in	
  the	
  maximum	
  month.	
  	
  This	
  
estimated	
  maxima	
  (warmest	
  day	
  of	
  warmest	
  month	
  of	
  warmest	
  year	
  with	
  the	
  desalter	
  on	
  
warm	
  water	
  from	
  the	
  power	
  plant	
  condenser)	
  essentially	
  occurred	
  in	
  a	
  mid-­‐September	
  
time	
  frame.	
  	
  Case	
  3	
  is	
  to	
  be	
  considered	
  as	
  a	
  design	
  issue,	
  more	
  than	
  as	
  an	
  operational	
  issue.	
  	
  
In	
  the	
  RO	
  modeling,	
  the	
  maximum	
  performance	
  allowed	
  in	
  the	
  draft	
  Term	
  Sheet	
  
(Attachment	
  A)	
  was	
  assumed	
  as	
  a	
  basis	
  to	
  determine	
  the	
  controlling	
  constituent	
  for	
  Case	
  3	
  
(unlike	
  Cases	
  1	
  and	
  2).	
  	
  The	
  draft	
  Term	
  Sheet	
  maximum	
  levels	
  for	
  constituents	
  with	
  a	
  
possibility	
  to	
  control	
  are:	
  Cl≤100	
  mg/L,	
  B≤1.0	
  mg/L,	
  or	
  Na≤80	
  mg/L).	
  	
  This	
  temperature	
  of	
  
87	
  ºF	
  exceeds	
  the	
  maximum	
  temperature	
  of	
  85°F	
  allowed	
  in	
  the	
  draft	
  Term	
  Sheet	
  
(Attachment	
  A).	
  	
  The	
  implication	
  is	
  that	
  a	
  month	
  with	
  a	
  30-­‐day	
  average	
  of	
  85	
  °F	
  will	
  have	
  
the	
  possibility	
  to	
  exceed	
  the	
  maximum	
  temperature	
  on	
  a	
  given	
  day.	
  	
  This	
  is	
  a	
  facet	
  that	
  
Poseidon	
  may	
  want	
  to	
  consider	
  in	
  the	
  design.	
  	
  That	
  said,	
  the	
  hottest	
  day	
  greater	
  than	
  the	
  
draft	
  Term	
  Sheet	
  requirement	
  does	
  not	
  represent	
  non-­‐compliance	
  as	
  long	
  as	
  the	
  30-­‐day	
  
average	
  temperature	
  meets	
  the	
  85	
  °F	
  requirement.	
  	
  As	
  discussed	
  above,	
  Sep.	
  2015	
  was	
  the	
  
warmest	
  month	
  over	
  2010	
  –	
  2015.	
  	
  The	
  year	
  2015	
  was	
  also	
  the	
  warmest	
  year	
  as	
  shown	
  in	
  
Table	
  3-­‐6.	
  	
  For	
  this	
  reason,	
  it	
  is	
  useful	
  to	
  look	
  the	
  data	
  shown	
  on	
  Figure	
  3-­‐4	
  that	
  
encompasses	
  the	
  summer	
  months	
  of	
  2015	
  to	
  observe	
  the	
  variation	
  of	
  temperature	
  
seasonally	
  and	
  the	
  maximum	
  month	
  itself	
  in	
  September	
  2015.	
  

	
  
Figure	
  3-­‐4.	
  	
  Temperature	
  Data	
  from	
  SCCOOS	
  for	
  NBP	
  for	
  Summer/Fall	
  2015.	
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3.3.3 Summary of Water Quality Goals  

The	
  water	
  quality	
  goals	
  for	
  the	
  combined	
  RO	
  permeate	
  are	
  summarized	
  in	
  Table	
  3-­‐7.	
  	
  The	
  
simplified	
  second	
  pass	
  approach	
  to	
  RO	
  modeling	
  will	
  be	
  applied	
  to	
  each	
  case.	
  	
  The	
  criterion	
  
for	
  completing	
  the	
  RO	
  modeling	
  for	
  Case	
  1,	
  2,	
  and	
  3	
  will	
  be	
  meeting	
  each	
  of	
  the	
  criteria	
  
shown	
  in	
  Table	
  3-­‐7	
  with	
  a	
  minimum	
  amount	
  of	
  flow	
  treated	
  by	
  the	
  partial	
  second	
  pass.	
  
	
  

Table	
  3-­‐7	
  –	
  Water	
  Quality	
  Goals	
  for	
  the	
  Combined	
  RO	
  Permeate	
  

Parameter	
   Units	
  
Combined	
  RO	
  Permeate	
  

Case	
  1	
   Case	
  2	
   Case	
  3	
  

RO	
  	
  Modeling	
  Conditions	
  

Brief	
  Case	
  Description	
   Normal	
  Operations	
  on	
  
Cold	
  Seawater	
  

Normal	
  Operations	
  on	
  
Warm	
  Seawater	
  from	
  
Power	
  Plant	
  Condenser	
  

Warm	
  Water	
  from	
  
Power	
  Plant	
  Condenser	
  
Hottest	
  day,	
  hottest	
  mo.	
  

Temperature	
   °F	
   63	
   74	
   87	
  

Water	
  Quality	
  Goals	
  from	
  Draft	
  Term	
  Sheet	
  (Attachment	
  A)	
  
Term	
  Sheet	
  Conditions	
   Average	
  (Mean)	
   Average	
  (Mean)	
   Maximum	
  
Total	
  Dissolved	
  
Solids	
  (TDS)	
   mg/L	
   350	
   350	
   500	
  

Boron	
   mg/L	
   0.75	
   0.75	
   1	
  
Chloride	
   mg/L	
   75	
   75	
   100	
  
Sodium	
   mg/L	
   60	
   60	
   80	
  
	
  

3.3.4 Design Configuration 
	
  
Figure	
  3-­‐5	
  details	
  the	
  RO	
  design	
  configuration	
  assumed	
  for	
  the	
  RO	
  modeling	
  presented	
  in	
  
this	
  report.	
  	
  As	
  mentioned	
  above	
  the	
  TorayDS	
  model	
  from	
  Toray	
  Industries	
  was	
  used	
  to	
  
predict	
  the	
  performance	
  of	
  RO	
  throughout	
  this	
  report.	
  	
  	
  The	
  assumed	
  RO	
  design	
  
configuration	
  consists	
  of	
  a	
  first	
  pass	
  with	
  a	
  partial	
  second	
  pass.	
  The	
  first	
  pass	
  is	
  assumed	
  to	
  
be	
  a	
  seawater	
  reverse	
  osmosis	
  (SWRO)	
  system,	
  and	
  the	
  second	
  pass	
  is	
  assumed	
  to	
  be	
  a	
  
brackish	
  water	
  reverse	
  osmosis	
  (BWRO)	
  system.	
  	
  There	
  will	
  be	
  a	
  greater	
  amount	
  of	
  second	
  
pass	
  as	
  temperature	
  increases	
  due	
  to	
  greater	
  salt	
  leakage,	
  provided	
  the	
  water	
  quality	
  goals	
  
are	
  the	
  same.	
  	
  There	
  is	
  assumed	
  to	
  be	
  no	
  second	
  pass	
  concentrate	
  recycle.	
  	
  Table	
  3-­‐8	
  
describes	
  further	
  the	
  RO	
  system	
  design	
  assumptions.	
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Figure	
  3-­‐5–	
  RO	
  Design	
  Configuration	
  for	
  Modeling	
  

	
  
Table	
  3-­‐8	
  –	
  First	
  and	
  Second	
  Pass	
  RO	
  System	
  Design	
  Assumptions	
  

Parameter	
   Units	
   Value	
  
Combined	
  RO	
  System	
  
Total	
  Product	
  Flowrate	
   gpm	
   1110	
  
Total	
  Product	
  Flowrate	
   MGD	
   1.6	
  

First	
  Pass	
  (SWRO)	
  Membrane	
  System	
  
Maximum	
  Flux	
  Rate	
   gfd	
   8.75	
  
Recovery	
   %	
   45	
  
Number	
  of	
  Pressure	
  Vessels	
  Per	
  Train	
   no.	
   70	
  
SWRO	
  Membrane	
  Element	
  Diameter	
   in	
   8	
  
SWRO	
  Membrane	
  Elements	
  per	
  Vessel	
   no.	
   7	
  
SWRO	
  Membrane	
  Surface	
  Area	
  per	
  Element	
   sf	
   400	
  
SWRO	
  Membrane	
  Age	
   yr	
   5	
  
SWRO	
  Fouling	
  Factor	
   -­‐	
   0.77	
  
SWRO	
  Salt	
  Passage	
  Increase	
   %/yr	
   7.0	
  
First	
  Pass	
  Feed	
  pH	
   -­‐	
   8.3	
  

Second	
  Pass	
  (BWRO)	
  Membrane	
  System	
  
Maximum	
  Flux	
  Rate	
   gfd	
   18	
  
Recovery	
   %	
   85	
  
BWRO	
  Membrane	
  Element	
  Diameter	
   in	
   8	
  
BWRO	
  Membrane	
  Elements	
  per	
  Vessel	
   no.	
   7	
  
BWRO	
  Membrane	
  Surface	
  Area	
  per	
  Element	
   sf	
   400	
  
BWRO	
  Membrane	
  Age	
   yr	
   5	
  
BWRO	
  Fouling	
  Factor	
   -­‐	
   0.77	
  
BWRO	
  Salt	
  Passage	
  Increase	
   %/yr	
   7.0	
  
Second	
  Pass	
  Feed	
  pH	
   -­‐	
   10.0	
  

3.3.5 RO Modeling Results 

The	
  parameters	
  varied	
  for	
  RO	
  modeling	
  included	
  feedwater	
  temperature	
  and	
  percent	
  of	
  
first	
  pass	
  RO	
  permeate	
  fed	
  to	
  a	
  second	
  pass.	
  	
  The	
  three	
  feedwater	
  temperatures	
  for	
  each	
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case	
  (63	
  °F,	
  74	
  °F,	
  and	
  87	
  °F)	
  were	
  input	
  and	
  the	
  percent	
  second	
  pass	
  was	
  varied	
  multiple	
  
times	
  for	
  each	
  case	
  (1,	
  2,	
  and	
  3)	
  to	
  find	
  the	
  minimum	
  percent	
  second	
  pass,	
  at	
  which,	
  all	
  the	
  
water	
  quality	
  goals	
  in	
  Table	
  3-­‐7	
  were	
  met.	
  Table	
  3-­‐9	
  shows	
  the	
  parameters	
  varied	
  for	
  RO	
  
modeling	
  for	
  each	
  of	
  the	
  three	
  cases,	
  with	
  feedwater	
  quality	
  held	
  constant	
  (see	
  Table	
  3-­‐5)	
  
and	
  water	
  quality	
  goals	
  as	
  shown	
  in	
  Table	
  3-­‐7.	
  
	
  
Table	
  3-­‐9	
  –	
  Parameters	
  Varied	
  for	
  RO	
  Modeling1	
  

Parameter	
   Case	
  1	
   Case	
  2	
   Case	
  3	
  

Brief	
  Case	
  Description	
   Normal	
  Operations	
  
on	
  Cold	
  Seawater	
  

Normal	
  Operations	
  
on	
  Warm	
  Seawater	
  
from	
  Power	
  Plant	
  

Condenser	
  

Warm	
  Water	
  from	
  
Power	
  Plant	
  Condenser	
  
Hottest	
  day,	
  hottest	
  mo.	
  

Feedwater	
  Temperature	
   63	
  °F	
   74	
  °F	
   87	
  °F	
  
Percent	
  Second	
  Pass2	
   5%	
   20%	
   20%	
  

1%	
  2nd	
  Pass	
  Same	
  for	
  Case	
  2	
  and	
  Case	
  3	
  despite	
  different	
  temperature	
  due	
  to	
  different	
  water	
  quality	
  goals	
  
2Multiple	
  RO	
  model	
  runs	
  were	
  performed	
  for	
  each	
  case	
  with	
  different	
  2nd	
  pass	
  percentages	
  until	
  minimum	
  2nd	
  
pass	
  percentage	
  meeting	
  the	
  water	
  quality	
  goals	
  was	
  determined.	
  
	
  
Table	
  3-­‐10	
  shows	
  the	
  configuration	
  of	
  the	
  second	
  pass	
  vessels	
  for	
  each	
  train	
  in	
  the	
  TorayDS	
  
model.	
  	
  The	
  results	
  are	
  presented	
  for	
  Case	
  1,	
  Case	
  2,	
  and	
  Case	
  3,	
  each	
  of	
  which	
  has	
  a	
  
different	
  fraction	
  of	
  water	
  purveyed	
  through	
  the	
  second	
  pass	
  and	
  a	
  different	
  configuration	
  
of	
  second	
  pass	
  vessels.	
  	
  	
  
	
  
Table	
  3-­‐10	
  –	
  Second	
  Pass	
  Vessel	
  Configuration	
  per	
  Train	
  

Parameter	
   No.	
  of	
  Vessels1	
  
(Stage	
  1:Stage	
  2)	
  

Case	
  1:	
  	
  5%	
  2nd	
  Pass	
   2:1	
  	
  
Case	
  2:	
  	
  20%	
  2nd	
  Pass	
   4:2	
  
Case	
  3:	
  	
  20%	
  2nd	
  Pass	
   4:2	
  
1Seven	
  elements	
  per	
  vessel	
  
	
  
Table	
  3-­‐11	
  summarizes	
  the	
  specific	
  model	
  numbers	
  and	
  characteristics	
  of	
  the	
  first	
  pass	
  
SWRO	
  and	
  second	
  pass	
  BWRO	
  Toray	
  membranes.	
  	
  As	
  discussed	
  above,	
  the	
  SWRO	
  
membranes	
  are	
  high	
  pressure	
  membranes	
  to	
  treat	
  the	
  high	
  levels	
  of	
  salts	
  in	
  the	
  seawater.	
  	
  
The	
  BWRO	
  membranes	
  for	
  the	
  second	
  pass	
  are	
  low	
  pressure,	
  as	
  the	
  quality	
  of	
  the	
  first	
  pass	
  
RO	
  permeate	
  is	
  really	
  high.	
  
	
  
Table	
  3-­‐11	
  –	
  Membrane	
  Model	
  and	
  Characteristics	
  
Manufacturer	
   Model	
   Characteristics	
  

Toray	
  
TM	
  820	
  V	
  –	
  400	
   SWRO,	
  High	
  Permeability,	
  High	
  Pressure,	
  400	
  

sf	
  (I	
  pass)	
  

TM	
  720	
  –	
  400	
   BWRO,	
  High	
  Rejection,	
  Low	
  Pressure,	
  400sf	
  
(II	
  pass)	
  

As	
  shown	
  on	
  Figure	
  3-­‐4,	
  with	
  a	
  partial	
  second	
  pass,	
  a	
  portion	
  of	
  the	
  first	
  pass	
  RO	
  permeate	
  
is	
  fed	
  to	
  the	
  second	
  pass	
  and	
  another	
  portion	
  bypasses	
  the	
  2nd	
  pass	
  and	
  is	
  later	
  blended	
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with	
  the	
  2nd	
  pass	
  permeate	
  to	
  produce	
  the	
  combined	
  RO	
  product	
  water.	
  	
  The	
  combined	
  1st	
  
pass	
  RO	
  permeate	
  refers	
  to	
  the	
  portion	
  that	
  feeds	
  the	
  2nd	
  pass	
  and	
  the	
  portion	
  that	
  
bypasses	
  the	
  second	
  pass,	
  which	
  are	
  of	
  differing	
  quality.	
  	
  The	
  bypass	
  is	
  taken	
  from	
  the	
  lead	
  
part	
  of	
  the	
  elements	
  and	
  of	
  higher	
  water	
  quality	
  while	
  the	
  tail	
  end	
  elements	
  feed	
  the	
  second	
  
pass	
  at	
  lower	
  water	
  quality.	
  	
  The	
  combined	
  1st	
  pass	
  RO	
  water	
  quality	
  would	
  represent	
  the	
  
quality	
  of	
  the	
  combined	
  RO	
  product	
  water	
  with	
  the	
  SWRO	
  Toray	
  elements	
  evaluated,	
  if	
  
there	
  were	
  no	
  2nd	
  pass	
  in	
  place.	
  	
  Table	
  3-­‐12	
  shows	
  the	
  combined	
  1st	
  pass	
  RO	
  permeate	
  and	
  
the	
  combined	
  product	
  water	
  permeate	
  concentrations	
  for	
  Case	
  1:	
  Normal	
  Operations	
  on	
  
Cold	
  Seawater	
  (T=63	
  °F).	
  	
  RO	
  modeling	
  results	
  are	
  shown	
  for	
  constituents	
  of	
  interest	
  TDS,	
  
boron,	
  chloride,	
  bromide,	
  and	
  sodium.	
  	
  As	
  discussed	
  above,	
  chloride,	
  boron,	
  and	
  sodium	
  are	
  
most	
  likely	
  to	
  be	
  the	
  controlling	
  constituents.	
  	
  TDS	
  and	
  bromide	
  are	
  included	
  as	
  they	
  are	
  
important	
  constituents	
  with	
  respect	
  to	
  desalination	
  water	
  quality.	
  	
  As	
  shown	
  in	
  Table	
  3-­‐12,	
  
the	
  first	
  pass	
  RO	
  permeate	
  does	
  not	
  meet	
  all	
  the	
  water	
  quality	
  goals	
  in	
  Table	
  3-­‐7.	
  	
  Most	
  
notably,	
  the	
  chloride	
  concentration	
  is	
  77.6	
  mg/L	
  in	
  the	
  combined	
  first	
  pass	
  permeate	
  
compared	
  to	
  the	
  water	
  quality	
  goal	
  of	
  75	
  mg/L	
  (see	
  yellow	
  highlight).	
  	
  With	
  the	
  5%	
  second	
  
pass,	
  the	
  chloride	
  at	
  74.1	
  mg/L	
  meets	
  the	
  treatment	
  objective	
  of	
  75	
  mg/L	
  and	
  all	
  
constituents	
  shown	
  in	
  Table	
  3-­‐12	
  meet	
  their	
  water	
  quality	
  goals	
  in	
  the	
  combined	
  RO	
  
product	
  water.	
  	
  The	
  controlling	
  contaminant,	
  chloride,	
  is	
  highlighted	
  in	
  light	
  blue	
  in	
  the	
  
table	
  in	
  the	
  combined	
  RO	
  product	
  water	
  column.	
  
	
  
Table	
  3-­‐12.	
  RO	
  Modeling	
  Results	
  for	
  Case	
  1:	
  Normal	
  Operations	
  on	
  Cold	
  seawater)	
  

Parameter	
  or	
  Constituent	
   Combined	
  1st	
  Pass	
  
RO	
  Permeate	
  

Combined	
  RO	
  
Product	
  Water	
  

Requirement	
  
(Table	
  3-­‐7)	
  

RO	
  No.	
  of	
  Elements	
   1st	
  Pass:	
  490;	
  2nd	
  Pass:	
  11	
   	
  
T	
  (	
  ºF)	
   63	
   63	
   74	
  
Percent	
  Second	
  Pass	
   5%	
  
TDS	
  (mg/L)	
   135	
   129	
   350	
  
Boron	
  (mg/L)	
   0.553	
   0.536	
   0.75	
  
Chloride	
  (mg/L)	
   77.6	
   74.1	
   75	
  
Sodium	
  (mg/L)	
   47.4	
   45.4	
   60	
  
Bromide	
  (mg/L)	
   0.269	
   0.258	
   -­‐	
  

Table	
  3-­‐13	
  shows	
  the	
  combined	
  RO	
  first	
  pass	
  permeate	
  and	
  the	
  combined	
  product	
  water	
  
permeate	
  concentrations	
  for	
  Case	
  2:	
  Normal	
  Operations	
  on	
  warm	
  seawater	
  from	
  the	
  power	
  
plant	
  condenser	
  (T=74	
  °F).	
  	
  RO	
  modeling	
  results	
  are	
  shown	
  for	
  constituents	
  of	
  interest	
  TDS,	
  
boron,	
  chloride,	
  bromide,	
  and	
  sodium.	
  	
  As	
  shown	
  in	
  Table	
  3-­‐13,	
  the	
  combined	
  first	
  pass	
  RO	
  
permeate	
  does	
  not	
  meet	
  all	
  the	
  water	
  quality	
  goals	
  in	
  Table	
  3-­‐7.	
  	
  Most	
  notably,	
  the	
  chloride	
  
concentration	
  is	
  90.8	
  mg/L	
  in	
  the	
  combined	
  first	
  pass	
  permeate	
  compared	
  to	
  the	
  water	
  
quality	
  goal	
  of	
  75	
  mg/L,	
  much	
  more	
  significantly	
  over	
  the	
  requirement	
  than	
  for	
  Case	
  1	
  (see	
  
yellow	
  highlight	
  in	
  Table	
  3-­‐13).	
  	
  	
  Additionally,	
  while	
  boron	
  and	
  sodium	
  did	
  not	
  exceed	
  their	
  
water	
  quality	
  goals	
  for	
  the	
  combined	
  1st	
  pass	
  RO	
  permeate,	
  it	
  was	
  close	
  (0.694	
  mg/L	
  
compared	
  to	
  the	
  goal	
  of	
  0.75	
  mg/L	
  for	
  boron;	
  55.6	
  mg/L	
  compared	
  to	
  the	
  goal	
  of	
  60	
  mg/L	
  
for	
  sodium).	
  	
  With	
  the	
  20%	
  second	
  pass,	
  the	
  chloride	
  meets	
  the	
  treatment	
  objective	
  of	
  75	
  
mg/L,	
  the	
  boron	
  and	
  sodium	
  easily	
  meet	
  their	
  water	
  quality	
  goals,	
  and	
  all	
  constituents	
  
shown	
  in	
  Table	
  3-­‐13	
  meet	
  their	
  water	
  quality	
  goals.	
  	
  The	
  controlling	
  contaminant,	
  chloride,	
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is	
  highlighted	
  in	
  light	
  blue	
  in	
  the	
  table.	
  	
  In	
  considering	
  the	
  results,	
  recall	
  that	
  Case	
  2	
  is	
  most	
  
useful	
  for	
  design	
  to	
  assure	
  the	
  plant	
  meets	
  the	
  term	
  sheet	
  on	
  challenging	
  days	
  as	
  it	
  is	
  not	
  
representative	
  of	
  normal	
  operations.	
  
	
  
Table	
  3-­‐13.	
  RO	
  Modeling	
  Results	
  for	
  Case	
  2:	
  Normal	
  Operations	
  on	
  warm	
  seawater	
  
from	
  power	
  plant	
  condenser	
  

Parameter	
  or	
  Constituent	
   Combined	
  1st	
  Pass	
  
RO	
  Permeate	
  

Combined	
  RO	
  
Product	
  Water	
  

Requirement	
  
(Table	
  3-­‐7)	
  

RO	
  No.	
  of	
  Elements	
   1st	
  Pass:	
  490;	
  2nd	
  Pass:	
  42	
   	
  
T	
  (	
  ºF)	
   74	
   74	
   74	
  
Percent	
  Second	
  Pass	
   20%	
  
TDS	
  (mg/L)	
   158	
   124	
   350	
  
Boron	
  (mg/L)	
   0.694	
   0.595	
   0.75	
  
Chloride	
  (mg/L)	
   90.8	
   71.1	
   75	
  
Sodium	
  (mg/L)	
   55.6	
   43.5	
   60	
  
Bromide	
  (mg/L)	
   0.315	
   0.247	
   -­‐	
  
	
  
Table	
  3-­‐14	
  shows	
  the	
  combined	
  RO	
  first	
  pass	
  permeate	
  and	
  the	
  combined	
  product	
  water	
  
permeate	
  concentrations	
  for	
  Case	
  3:	
  Warm	
  Water	
  from	
  Power	
  Plant	
  Condenser	
  on	
  the	
  
Hottest	
  day	
  in	
  the	
  Hottest	
  Month	
  (T=87	
  °F).	
  	
  This	
  is	
  the	
  highest	
  temperature	
  case,	
  as	
  
described	
  above.	
  	
  As	
  such,	
  the	
  maximum	
  concentration	
  requirements	
  from	
  the	
  draft	
  Term	
  
Sheet	
  (Attachment	
  A)	
  were	
  used	
  in	
  the	
  RO	
  modeling	
  for	
  this	
  case	
  (see	
  Table	
  3-­‐7).	
  RO	
  
modeling	
  results	
  are	
  shown	
  for	
  constituents	
  of	
  interest	
  TDS,	
  boron,	
  chloride,	
  bromide,	
  and	
  
sodium.	
  	
  As	
  shown	
  in	
  Table	
  3-­‐14,	
  the	
  combined	
  first	
  pass	
  RO	
  permeate	
  does	
  not	
  meet	
  all	
  
the	
  water	
  quality	
  goals	
  in	
  Table	
  3-­‐7.	
  	
  Most	
  notably,	
  the	
  chloride	
  concentration	
  is	
  126	
  mg/L	
  
in	
  the	
  combined	
  first	
  pass	
  permeate	
  compared	
  to	
  the	
  water	
  quality	
  goal	
  of	
  100	
  mg/L	
  for	
  
this	
  high	
  temperature	
  case	
  (see	
  yellow	
  highlight	
  in	
  Table	
  3-­‐14).	
  Boron	
  did	
  not	
  exceed	
  its	
  
water	
  quality	
  goal	
  for	
  the	
  combined	
  1st	
  pass	
  RO	
  permeate	
  but	
  it	
  was	
  right	
  on	
  the	
  target	
  
(1.00	
  mg/L	
  compared	
  to	
  the	
  goal	
  of	
  1.0	
  mg/L,	
  see	
  gray	
  highlight).	
  	
  Sodium	
  again	
  was	
  
slightly	
  below	
  the	
  requirement	
  for	
  Case	
  3	
  (77.3	
  mg/L	
  compared	
  to	
  the	
  water	
  quality	
  goal	
  of	
  
80	
  mg/L,	
  see	
  yellow	
  highlight).	
  With	
  a	
  20%	
  second	
  pass,	
  the	
  chloride	
  meets	
  the	
  treatment	
  
objective	
  of	
  100	
  mg/L,	
  the	
  sodium	
  easily	
  meets	
  the	
  80	
  mg/L	
  treatment	
  objective,	
  the	
  boron	
  
meets	
  the	
  1.0	
  mg/L	
  treatment	
  objective	
  and	
  all	
  constituents	
  shown	
  in	
  Table	
  3-­‐12	
  meet	
  
their	
  water	
  quality	
  goals.	
  	
  The	
  controlling	
  contaminant,	
  chloride,	
  is	
  highlighted	
  in	
  light	
  blue	
  
in	
  the	
  table.	
  	
  The	
  20%	
  2nd	
  pass	
  requirements	
  are	
  the	
  same	
  for	
  Case	
  2	
  and	
  Case	
  3,	
  which	
  
seems	
  counterintuitive	
  given	
  the	
  higher	
  temperature	
  and	
  greater	
  salt	
  passage	
  in	
  Case	
  3	
  
(see	
  Column	
  2	
  in	
  Tables	
  3-­‐13	
  and	
  3-­‐14).	
  	
  The	
  reason	
  is	
  that	
  the	
  water	
  quality	
  goals	
  are	
  
different	
  in	
  Case	
  2	
  (Average/Mean)	
  and	
  Case	
  3	
  (Maximum)	
  from	
  the	
  draft	
  Term	
  Sheet	
  
(Attachment	
  A)	
  and	
  the	
  chloride	
  concentration	
  is	
  allowed	
  to	
  go	
  higher	
  (to	
  100	
  mg/L	
  in	
  Case	
  
3	
  versus	
  75	
  mg/L	
  in	
  Case	
  2)	
  and	
  still	
  meet	
  the	
  draft	
  Term	
  Sheet	
  (Attachment	
  A).	
  	
  In	
  
considering	
  the	
  results,	
  recall	
  that	
  Case	
  3	
  is	
  most	
  useful	
  for	
  design	
  as	
  it	
  is	
  not	
  
representative	
  of	
  normal	
  operations.	
  	
  As	
  discussed	
  above,	
  the	
  estimated	
  hottest	
  day	
  in	
  the	
  
hottest	
  month	
  of	
  87	
  °F	
  does	
  not	
  represent	
  non-­‐compliance	
  with	
  the	
  draft	
  Term	
  Sheet	
  
(Attachment	
  A)	
  as	
  it	
  represents	
  a	
  single	
  day	
  temperature	
  and	
  compliance	
  with	
  the	
  
temperature	
  requirements	
  in	
  the	
  term	
  sheet	
  are	
  based	
  on	
  a	
  30-­‐day	
  average.	
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Table	
  3-­‐14.	
  RO	
  Modeling	
  Results	
  for	
  Case	
  2:	
  Warm	
  Water	
  from	
  Power	
  Plant	
  
Condenser	
  on	
  the	
  Hottest	
  day	
  in	
  the	
  Hottest	
  Month	
  

Parameter	
  or	
  Constituent	
   Combined	
  1st	
  Pass	
  
RO	
  Permeate	
  

Combined	
  RO	
  
Product	
  Water	
  

Requirement	
  
(Table	
  3-­‐7)	
  

RO	
  No.	
  of	
  Elements	
   1st	
  Pass:	
  490;	
  2nd	
  Pass:	
  42	
   	
  
T	
  (	
  ºF)	
   87	
   87	
   85	
  
Percent	
  Second	
  Pass	
   20%	
  
TDS	
  (mg/L)	
   219	
   170	
   500	
  
Boron	
  (mg/L)	
   1.00	
   0.872	
   1.0	
  
Chloride	
  (mg/L)	
   126	
   97.9	
   100	
  
Sodium	
  (mg/L)	
   77.3	
   60.0	
   80	
  
Bromide	
  (mg/L)	
   0.439	
   0.341	
   -­‐	
  
	
  
From	
  Table	
  3-­‐12,	
  it	
  is	
  observed	
  that	
  the	
  combined	
  first	
  pass	
  RO	
  permeate	
  exceeds	
  the	
  draft	
  
Term	
  Sheet	
  (Attachment	
  A)	
  average	
  (mean)	
  concentration	
  for	
  chloride,	
  necessitating	
  a	
  
second	
  pass	
  based	
  on	
  the	
  Toray	
  membranes	
  used	
  in	
  the	
  analysis,	
  representative	
  of	
  SWRO	
  
membranes	
  commercially	
  available.	
  	
  	
  From	
  Table	
  3-­‐13,	
  it	
  is	
  observed	
  that	
  the	
  combined	
  
first	
  pass	
  RO	
  permeate	
  exceeds	
  the	
  term	
  sheet	
  average	
  concentrations	
  for	
  chloride,	
  
necessitating	
  a	
  second	
  pass.	
  	
  From	
  Table	
  3-­‐14,	
  it	
  is	
  observed	
  that	
  the	
  combined	
  first	
  pass	
  
RO	
  permeate	
  exceeds	
  the	
  term	
  sheet	
  average	
  concentrations	
  for	
  chloride,	
  necessitating	
  a	
  
second	
  pass,	
  with	
  boron	
  in	
  the	
  1st	
  pass	
  RO	
  permeate	
  right	
  at	
  the	
  requirement.	
  	
  It	
  is	
  also	
  
observed	
  that	
  salt	
  passage	
  increases	
  as	
  temperature	
  increases,	
  affecting	
  the	
  fraction	
  of	
  
partial	
  second	
  pass	
  required.	
  
	
  

3.3.6 Selection of Case (1, 2, and/or 3) to use in continued water quality evaluation and in 
development of Scenarios 

As	
  discussed	
  above,	
  RO	
  modeling	
  was	
  conducted	
  for	
  three	
  cases,	
  each	
  at	
  a	
  different	
  
temperature.	
  As	
  temperature	
  increases	
  salt	
  passage	
  increases,	
  which	
  may	
  have	
  an	
  impact	
  
on	
  the	
  design.	
  	
  In	
  the	
  evaluation,	
  three	
  temperature	
  cases	
  were	
  considered.	
  	
  Selection,	
  if	
  
appropriate,	
  of	
  a	
  specific	
  case,	
  as	
  opposed	
  to	
  multiple	
  cases,	
  to	
  carry	
  forward	
  in	
  developing	
  
the	
  operational	
  scenarios	
  will	
  now	
  be	
  discussed.	
  	
  Case	
  1	
  represented	
  normal	
  operations	
  
with	
  cold	
  seawater	
  (T=63	
  °F).	
  	
  Case	
  2	
  represented	
  normal	
  operations	
  for	
  warm	
  seawater	
  
from	
  the	
  condenser	
  (T=74	
  °F).	
  	
  Case	
  3	
  represented	
  warm	
  seawater	
  from	
  the	
  condenser	
  on	
  
the	
  hottest	
  day	
  in	
  the	
  hottest	
  month.	
  	
  As	
  mentioned	
  above,	
  Case	
  3	
  represents	
  an	
  atypical	
  
situation	
  with	
  warm	
  water	
  from	
  the	
  condenser	
  on	
  the	
  hottest	
  day	
  in	
  the	
  hottest	
  month.	
  	
  It	
  
is	
  appropriate	
  to	
  evaluate	
  for	
  design	
  considerations,	
  but	
  not	
  for	
  normal	
  operations.	
  	
  
Therefore,	
  Case	
  3	
  is	
  ruled	
  out	
  with	
  respect	
  to	
  evaluating	
  the	
  operational	
  scenarios.	
  	
  	
  
	
  
A	
  summary	
  of	
  the	
  RO	
  modeling	
  results	
  presented	
  above	
  for	
  Case	
  1	
  and	
  Case	
  2	
  is	
  shown	
  
below	
  in	
  Table	
  3-­‐15	
  for	
  key	
  constituents	
  TDS,	
  boron,	
  chloride,	
  sodium,	
  and	
  bromide.	
  	
  A	
  
comparison	
  to	
  the	
  term	
  sheet	
  (Column	
  6)	
  is	
  made	
  both	
  for	
  the	
  combined	
  1st	
  pass	
  RO	
  
permeate	
  (Columns	
  2	
  and	
  3)	
  and	
  the	
  combined	
  RO	
  product	
  water	
  (Columns	
  4	
  and	
  5).	
  	
  What	
  
is	
  observed	
  is	
  that	
  the	
  results	
  for	
  Case	
  1	
  (cold	
  seawater)	
  and	
  Case	
  2	
  (warm	
  seawater)	
  are	
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not	
  dramatically	
  different	
  noting	
  that	
  a	
  5%	
  second	
  pass	
  is	
  required	
  for	
  Case	
  1	
  and	
  a	
  20%	
  
2nd	
  pass	
  is	
  required	
  for	
  Case	
  2.	
  	
  In	
  particular,	
  the	
  water	
  qualities	
  of	
  the	
  combined	
  RO	
  
product	
  water	
  are	
  especially	
  similar.	
  	
  For	
  this	
  reason,	
  only	
  Case	
  1	
  (normal	
  operations	
  with	
  
cold	
  seawater	
  at	
  T	
  =	
  63	
  °F)	
  will	
  be	
  carried	
  forward	
  in	
  the	
  additional	
  water	
  quality	
  
discussion	
  below	
  and	
  in	
  the	
  Scenarios	
  Evaluation.	
  	
  
	
  
Table	
  3-­‐15	
  –	
  Comparison	
  of	
  RO	
  Modeling	
  Results	
  for	
  Case	
  1	
  and	
  Case	
  2:	
  	
  Combined	
  
First	
  Pass	
  RO	
  versus	
  Combined	
  RO	
  Product	
  Water	
  

Constituent 

Combined 1st Pass  
RO Permeate 

Combined RO  
Product Water 

Term 
Sheet 

(average) 
Case 1 

Normal Ops 
Cold Water 
Plant Intake 

Case 2 
Normal Ops 
Warm Water 
Condenser 

Case 1 
Normal Ops 
Cold Water 
Plant Intake 

Case 2 
Normal Ops 
Warm Water 
Condenser 

Temperature (° 
F) 63 74 63 74 74 

TDS (mg/L) 135 158 129 124 350 
Boron (mg/L) 0.553 0.694 0.536 0.595 0.75 
Chloride (mg/L) 77.6 90.8 74.1 71.1 75 
Sodium (mg/L) 47.4 55.6 45.4 43.5 60 
Bromide (mg/L) 0.269 0.315 0.258 0.247 - 
	
  

3.3.7 Estimate WQ to be delivered by Poseidon: Ca, Mg, Na, K, Cl, Br, SO4, F, B, pH, LSI and 
CCPP 

	
  
Additional	
  constituents	
  and	
  physical	
  properties	
  are	
  presented	
  for	
  Case	
  1	
  beyond	
  what	
  was	
  
presented	
  in	
  the	
  analysis	
  above	
  that	
  focused	
  on	
  the	
  constituents	
  most	
  likely	
  to	
  control	
  the	
  
operation	
  (e.g.	
  TDS,	
  boron,	
  chloride,	
  and	
  sodium).	
  	
  The	
  purpose	
  of	
  including	
  additional	
  
constituents	
  of	
  interest	
  is	
  to	
  address	
  additional	
  parts	
  of	
  the	
  evaluation	
  (e.g.	
  for	
  corrosion	
  
control	
  evaluation	
  and	
  for	
  OCWD’s	
  specific	
  areas	
  of	
  concern	
  (Scenarios	
  1-­‐3,	
  etc.).	
  
	
  
The	
  product	
  water	
  quality	
  for	
  the	
  desalinated	
  water	
  prior	
  to	
  post-­‐treatment	
  is	
  compared	
  to	
  
the	
  current	
  draft	
  of	
  the	
  Term	
  Sheet	
  (Attachment	
  A)	
  in	
  Table	
  3-­‐16.	
  	
  The	
  column	
  labeled	
  
“Term	
  Sheet	
  Requirement”	
  presents	
  the	
  term	
  sheet	
  water	
  quality	
  targets.	
  	
  As	
  discussed	
  
above,	
  the	
  RO	
  modeling	
  was	
  conducted	
  to	
  achieve	
  the	
  water	
  quality	
  objectives	
  in	
  Table	
  3-­‐7.	
  	
  
For	
  the	
  average	
  case,	
  chloride	
  controlled	
  the	
  operation,	
  which	
  is	
  demonstrated	
  again	
  in	
  
Table	
  3-­‐16	
  by	
  comparing	
  product	
  water	
  quality	
  to	
  term	
  sheet	
  requirements.	
  	
  Finally,	
  there	
  
is	
  a	
  comparison	
  to	
  the	
  GWRS	
  permit	
  for	
  a	
  limited	
  number	
  of	
  constituents	
  that	
  are	
  in	
  the	
  
permit.	
  	
  As	
  shown	
  in	
  the	
  table,	
  the	
  only	
  constituent	
  of	
  concern	
  is	
  chloride,	
  with	
  levels	
  in	
  the	
  
GWRS	
  permit	
  lower	
  than	
  the	
  levels	
  in	
  the	
  desalinated	
  water.	
  	
  It	
  is	
  important	
  that	
  the	
  GWRS	
  
permit	
  chloride	
  level	
  applies	
  only	
  to	
  the	
  GWRS	
  recycled	
  water	
  and	
  not	
  to	
  the	
  desalinated	
  
water.	
  	
  There	
  is	
  also	
  no	
  issue	
  with	
  the	
  current	
  basin	
  plan	
  standards	
  of	
  580	
  mg/L	
  for	
  TDS	
  
and	
  nitrate-­‐N	
  of	
  3.4	
  mg/L.	
  	
  The	
  TOC	
  levels	
  are	
  expected	
  to	
  be	
  extremely	
  low	
  out	
  of	
  
seawater	
  RO	
  membranes,	
  likely	
  <0.1	
  mg/L	
  and	
  no	
  more	
  than	
  0.2	
  mg/L	
  as	
  the	
  membranes	
  
age,	
  on	
  an	
  average	
  basis.	
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Table	
  3-­‐16	
  –	
  Estimated	
  Product	
  Water	
  Quality	
  from	
  RO	
  Modeling	
  Prior	
  to	
  Post-­‐
Treatment	
  for	
  Case	
  1	
  (Normal	
  Operations	
  for	
  Cold	
  Seawater)	
  at	
  63	
  ºF	
  

Parameter	
   Units	
  
RO	
  

Product	
  
Water(1)	
  

Requirement	
  
in	
  Attachment	
  

A(2)	
  

GWRS	
  Permit	
  Table	
  IV	
  
Talbert	
  Gap	
  Barrier–
Kraemer/Miller	
  Basins	
  

TDS	
   mg/L	
   129	
   350	
   500	
   600	
  

Sodium	
   mg/L	
   45.4	
   60	
   45	
   60	
  

Magnesium	
   mg/L	
   1.40	
   TBD	
   -­‐	
   -­‐	
  

Calcium	
   mg/L	
   0.449	
   20	
   -­‐	
   -­‐	
  

Potassium	
   mg/L	
   2.35	
   -­‐	
   -­‐	
   -­‐	
  

Strontium	
   mg/L	
   0.0086	
   -­‐	
   -­‐	
   -­‐	
  

Chloride	
   mg/L	
   74.1	
   75	
   55(3,4)	
   65(3,4)	
  

Nitrate	
  nitrogen	
   mg/L	
   0.0	
   -­‐	
   3	
   3	
  

Sulfate	
   mg/L	
   3.32	
   -­‐	
   100	
   120	
  

Fluoride	
   mg/L	
   0.0086	
   -­‐	
   -­‐	
   -­‐	
  

Bromide	
   mg/L	
   0.258	
   -­‐	
   -­‐	
   -­‐	
  

Hardness	
   mg/L	
  as	
  
CaCO3	
   6.84	
   -­‐	
   240	
   290	
  

Bicarbonate	
   mg/L	
   0.852	
   -­‐	
   -­‐	
   -­‐	
  

Carbonate	
  	
   mg/L	
   0.0008	
   -­‐	
   -­‐	
   -­‐	
  

Silica	
   mg/L	
   0.0362	
   -­‐	
   -­‐	
   -­‐	
  

Barium	
   µg/L	
   0	
   -­‐	
   -­‐	
   -­‐	
  
Boron	
   mg/L	
   0.536	
   0.75	
   -­‐	
   -­‐	
  
pH	
   pH	
  units	
   5.17	
   7.0-­‐8.0	
   -­‐	
   -­‐	
  

Alkalinity	
   mg/L	
  as	
  
CaCO3	
  

0.700	
   -­‐	
   -­‐	
   -­‐	
  

1-­‐	
  Prior	
  to	
  post	
  treatment	
  	
  
2-­‐	
  Water	
  quality	
  requirements	
  in	
  Term	
  sheet	
  Attachment	
  A	
  (average)	
  
3-­‐Regulations	
  only	
  apply	
  to	
  GWRS	
  water	
  per	
  conversations	
  with	
  OCWD	
  
4-­‐While	
  not	
  expected	
  by	
  OCWD,	
  if	
  desalinated	
  water	
  held	
  to	
  the	
  same	
  standard,	
  a	
  greater	
  second	
  pass	
  would	
  
be	
  required.	
  
	
  

3.3.8 Post Treatment  
Post	
  	
  treatment	
  concepts	
  were	
  discussed	
  in	
  detail	
  elsewhere	
  in	
  this	
  report.	
  	
  Column	
  2	
  in	
  
Table	
  3-­‐17	
  shows	
  the	
  corrosion	
  indices	
  LSI	
  and	
  CCPP	
  prior	
  to	
  post	
  treatment.	
  	
  It	
  is	
  
observed	
  that	
  desalinated	
  water	
  is	
  dead	
  soft	
  (LSI	
  =	
  -­‐6.5)	
  and	
  requires	
  post	
  treatment	
  prior	
  
to	
  distribution	
  to	
  consumers.	
  	
  The	
  approach	
  used	
  in	
  the	
  evaluation	
  was	
  to	
  add	
  lime	
  and	
  
carbon	
  dioxide	
  to	
  achieve	
  water	
  quality	
  targets	
  for	
  alkalinity	
  and	
  LSI.	
  	
  This	
  is	
  a	
  common	
  
approach	
  in	
  the	
  water	
  industry.	
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Experimental	
  testing	
  by	
  McGuire	
  at	
  Carlsbad	
  for	
  the	
  Poseidon	
  desalination	
  project	
  there	
  
concluded	
  that	
  an	
  alkalinity	
  target	
  of	
  60	
  mg/L	
  as	
  CaCO3	
  was	
  appropriate.	
  At	
  the	
  same	
  time,	
  
desalination	
  projects	
  typically	
  target	
  a	
  positive	
  LSI.	
  	
  For	
  this	
  reason,	
  an	
  alkalinity	
  of	
  60	
  
mg/L	
  as	
  CaCO3	
  and	
  a	
  LSI	
  of	
  0.15	
  were	
  targeted	
  in	
  this	
  project.	
  	
  The	
  result	
  of	
  adding	
  lime	
  
and	
  carbon	
  dioxide	
  to	
  achieve	
  an	
  alkalinity	
  of	
  60	
  mg/L	
  as	
  CaCO3	
  is	
  shown	
  in	
  Table	
  3-­‐17	
  for	
  
each	
  of	
  the	
  three	
  cases	
  studied	
  in	
  the	
  RO	
  modeling	
  section	
  of	
  this	
  report.	
  	
  Trussell	
  Tech	
  
maintains	
  a	
  corrosion	
  indices	
  model	
  freely	
  available	
  on	
  its	
  web	
  site,	
  which	
  was	
  used	
  for	
  the	
  
calculations	
  (Kenny	
  et	
  al.,	
  2015).	
  	
  The	
  strategy	
  was	
  to	
  add	
  enough	
  lime	
  to	
  hit	
  the	
  alkalinity	
  
target	
  of	
  60	
  mg/L	
  as	
  CaCO3	
  	
  and	
  enough	
  CO2	
  to	
  hit	
  the	
  LSI	
  target.	
  	
  It	
  should	
  be	
  observed	
  that	
  
the	
  pH	
  ranges	
  from	
  8.2	
  to	
  8.4,	
  below	
  the	
  pH	
  8.5	
  upper	
  limit	
  (maximum	
  in	
  draft	
  Term	
  Sheet	
  
(Attachment	
  A).	
  
	
  
The	
  lime	
  and	
  CO2	
  doses	
  required	
  to	
  hit	
  the	
  alkalinity	
  and	
  LSI	
  targets	
  are	
  summarized	
  in	
  
Table	
  3-­‐17	
  (Columns	
  2-­‐4,	
  rows	
  8-­‐9).	
  	
  It	
  should	
  be	
  observed	
  that	
  the	
  lime	
  dose	
  is	
  33.2	
  mg/L	
  
in	
  all	
  cases	
  and	
  that	
  there	
  is	
  a	
  relatively	
  small	
  variation	
  in	
  CO2	
  dose	
  from	
  37	
  for	
  Case	
  1	
  
(T=63	
  °F	
  normal	
  operations	
  for	
  cold	
  seawater	
  to	
  approximately	
  42	
  for	
  Cases	
  2	
  and	
  3).	
  	
  It	
  
should	
  also	
  be	
  observed	
  that	
  for	
  each	
  temperature,	
  the	
  resultant	
  calcium	
  was	
  nearly	
  
identical	
  (which	
  is	
  obvious	
  given	
  the	
  constant	
  lime	
  dose)	
  with	
  a	
  small	
  variation	
  in	
  pH	
  to	
  
achieve	
  the	
  target	
  LSI.	
  The	
  calcium	
  hardness	
  in	
  mg/L	
  as	
  CaCO3	
  is	
  also	
  presented	
  in	
  Table	
  
17.	
  	
  When	
  adding	
  lime	
  to	
  achieve	
  an	
  alkalinity	
  target,	
  the	
  same	
  amount	
  of	
  Ca	
  in	
  mg/L	
  as	
  
CaCO3	
  is	
  added.	
  	
  The	
  addition	
  of	
  this	
  amount	
  of	
  calcium	
  is	
  not	
  expected	
  to	
  not	
  cause	
  a	
  
problem	
  for	
  the	
  finished	
  water.	
  Additional	
  considerations	
  for	
  proposed	
  changes	
  for	
  calcium	
  
levels	
  in	
  the	
  Term	
  Sheet	
  were	
  shown	
  in	
  the	
  Executive	
  Summary	
  and	
  will	
  be	
  discussed	
  in	
  
Section	
  7	
  on	
  proposed	
  changes	
  to	
  the	
  Term	
  Sheet.	
  The	
  maximum	
  level	
  of	
  <	
  20	
  in	
  the	
  draft	
  
Term	
  Sheet	
  would	
  not	
  allow	
  for	
  achieving	
  the	
  alkalinity	
  target	
  of	
  60,	
  so	
  a	
  change	
  in	
  calcium	
  
limits	
  in	
  the	
  term	
  sheet	
  will	
  be	
  recommended.	
  
	
  
Impact	
  of	
  Post	
  Treatment	
  on	
  Sodium	
  Adsorption	
  Ratio	
  
	
  
It	
  should	
  be	
  observed	
  that	
  the	
  RO	
  modeling	
  results	
  presented	
  above	
  focused	
  on	
  the	
  
constituents	
  most	
  likely	
  to	
  control	
  desalination	
  operations	
  based	
  on	
  past	
  experience,	
  
namely	
  boron,	
  chloride,	
  sodium,	
  and	
  bromide.	
  	
  Because	
  RO	
  is	
  so	
  effective	
  at	
  removing	
  
divalent	
  ions,	
  the	
  calcium	
  and	
  magnesium	
  concentrations	
  are	
  extraordinarily	
  low	
  and	
  
approach	
  non-­‐detect	
  levels	
  using	
  standard	
  analytical	
  methods.	
  	
  Monovalent	
  sodium,	
  while	
  
still	
  extremely	
  low,	
  is	
  an	
  order	
  of	
  magnitude	
  higher	
  than	
  magnesium	
  or	
  calcium.	
  	
  This	
  
results	
  in	
  an	
  elevated	
  level	
  of	
  sodium	
  adsorption	
  ratio	
  for	
  desalinated	
  water	
  prior	
  to	
  post	
  
treatment.	
  	
  The	
  sodium	
  adsorption	
  ratio	
  is	
  a	
  measure	
  of	
  whether	
  sodium	
  present	
  in	
  a	
  water	
  
to	
  be	
  discharged	
  (e.g.,	
  for	
  recharge/irrigation,	
  etc.)	
  will	
  cause	
  problems	
  with	
  respect	
  to	
  soil	
  
permeability.	
  	
  A	
  more	
  detailed	
  discussion	
  of	
  sodium	
  adsorption	
  ratio	
  is	
  provided	
  in	
  Section	
  
4.1.8	
  on	
  horticulture.	
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Table	
  3-­‐17	
  Summary	
  of	
  Results	
  of	
  Post	
  Treatment	
  Strategy	
  Targeting	
  Alkalinity	
  of	
  60	
  
and	
  LSI	
  of	
  0.15	
  

Constituent or  
Chemical Dose 

Case 1 
 T = 63 °F 

Case 2 
T =  

74 °F 
 

After 
Post 

Treat- 
ment 

Case 3 
T =  

87 °F 
 

After 
Post 

Treat- 
ment 

Term Sheet 

Prior  
to  

Post  
Treat- 
ment 

After  
Post 

Treat- 
ment 

Avg/ 
Mean 

Maxi-
mum 

Calcium (mg/L 
as Ca) 0.449 24.2 24.1 24.3 20 <20 

Calcium (mg/L 
as CaCO3) 

1.12 60.5 60.2 60.8 503 <503 

Alkalinity (mg/L 
as CaCO3) 

0.700 60 60 60 - - 

pH 5.17 8.4 8.3 8.2 7.0-8.0 >6.5,<8.5 
TDS (mg/L) 129 153 148 194 350 500 
Temperature, °F 63 63 74 87 74 85 
Temperature, °C 17.2 17.2 23.3 30.6 - - 
Lime Dose 
(mg/L)1 none 33.2 33.2 33.2 - - 

CO2 Dose 
(mg/L)2 none 36.7 41.5 42.7 - - 

LSI -6.5 0.15 0.14 0.15 - - 
CCPP (mg/L) -36 0.83 0.81 0.96 - - 

1In	
  Trussell	
  Tech	
  corrosion	
  model,	
  first	
  add	
  enough	
  lime	
  to	
  hit	
  the	
  alkalinity	
  target	
  of	
  60	
  mg/L	
  as	
  CaCO3	
  
2Then	
  add	
  enough	
  carbon	
  dioxide	
  to	
  hit	
  the	
  LSI	
  target	
  of	
  +0.15	
  
3Values	
  for	
  CaCO3	
  in	
  mg/L	
  as	
  CaCO3	
  do	
  not	
  appear	
  in	
  the	
  term	
  sheet,	
  these	
  values	
  are	
  calculated	
  based	
  on	
  the	
  
term	
  sheet	
  limits	
  (20	
  mg/L	
  and	
  <20	
  mg/L).	
  	
  Ca	
  (mg/L	
  as	
  CaCO3)	
  =	
  Ca	
  (mg/L)	
  ×	
  50/20.	
  
	
  
The	
  equation	
  for	
  determining	
  Sodium	
  Adsorption	
  Ratio	
  (SAR)	
  as	
  provided	
  in	
  the	
  draft	
  
Term	
  Sheet	
  (Attachment	
  A)	
  is:	
  

𝑆𝐴𝑅 =
𝑁𝑎!

!
!
𝐶𝑎!! +𝑀𝑔!!

	
  

in	
  which	
  Na+	
  =	
  sodium	
  (meq/L),	
  Ca2+	
  =	
  calcium	
  (meq/L),	
  and	
  Mg2+	
  =	
  magnesium	
  (meq/L).	
  
	
  
The	
  	
  impact	
  on	
  Sodium	
  Adsorption	
  Ratio	
  by	
  the	
  post	
  treatment	
  strategy	
  is	
  shown	
  in	
  Table	
  
3-­‐18.	
  	
  The	
  SAR	
  varies	
  from	
  2.3	
  to	
  3.2	
  for	
  the	
  three	
  cases	
  after	
  post	
  treatment	
  with	
  the	
  target	
  
alkalinity	
  discussed	
  above.	
  	
  The	
  post	
  treatment	
  strategy	
  increased	
  calcium	
  to	
  24	
  mg/L,	
  
which	
  is	
  the	
  reason	
  for	
  the	
  decrease	
  in	
  SAR	
  (sodium	
  and	
  magnesium	
  did	
  not	
  change).	
  
As	
  shown	
  in	
  Table	
  3-­‐18,	
  the	
  sodium	
  adsorption	
  ratio	
  for	
  the	
  RO	
  modeling	
  for	
  the	
  normal	
  
operations	
  for	
  cold	
  seawater	
  case	
  (Case	
  1)	
  demonstrated	
  an	
  estimated	
  product	
  water	
  
sodium	
  adsorption	
  ratio	
  of	
  7.55	
  in	
  exceedance	
  of	
  the	
  term	
  sheet	
  level	
  of	
  5	
  prior	
  to	
  post	
  
treatment.	
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This	
  is	
  not	
  a	
  significant	
  issue	
  in	
  terms	
  of	
  compliance	
  with	
  the	
  Term	
  Sheet	
  provided	
  the	
  post	
  
treatment,	
  as	
  expected,	
  will	
  raise	
  the	
  calcium	
  and	
  reduce	
  the	
  sodium	
  adsorption	
  ratio	
  to	
  a	
  
level	
  that	
  meets	
  the	
  term	
  sheet.	
  	
  At	
  the	
  level	
  of	
  calcium	
  shown	
  in	
  Table	
  3-­‐18	
  after	
  post	
  
treatment	
  at	
  63	
  °F,	
  the	
  sodium	
  adsorption	
  ration	
  will	
  decrease	
  to	
  2.43	
  and	
  meet	
  the	
  term	
  
sheet	
  easily.	
  	
  For	
  Case	
  2	
  (normal	
  operations	
  for	
  warm	
  seawater)	
  after	
  post	
  treatment,	
  the	
  
SAR	
  is	
  2.33,	
  again	
  complying	
  with	
  the	
  term	
  sheet	
  value	
  of	
  5.	
  	
  For	
  Case	
  3,	
  the	
  SAR	
  at	
  3.16	
  
complies	
  with	
  the	
  term	
  sheet	
  value	
  of	
  6	
  for	
  this	
  maximum	
  case.	
  
	
  
	
  
Table	
  3-­‐18	
  -­‐	
  Summary	
  of	
  Results	
  of	
  Post	
  Treatment	
  Strategy	
  Targeting	
  Alkalinity	
  of	
  
60	
  and	
  LSI	
  of	
  0.15	
  on	
  Sodium	
  Adsorption	
  Ratio	
  

Constituent or  
Chemical Dose 

Case 1 - T = 63 °F 
Case 2 

T =  
74 °F 
After 
Post 

Treat- 
ment 

Case 3 
T =  

87 °F 
After 
Post 

Treat- 
ment 

Term Sheet 

Prior to  
Post  

Treat- 
ment 

After  
Post 
Treat 
ment 

Avg/ 
Mean 

Max- 
mum 

Concentrations in mg/L 

Sodium (mg/L) 45.4 45.4 43.5 60 - - 
Calcium (mg/L as 
Ca) 0.449 24.2 24.1 24.3 20 <20 

Magnesium (mg/L) 1.4 1.4 1.33 1.82 - - 

Concentrations in meq/L 
Sodium (meq/L) 1.97 1.97 1.89 2.61 - - 
Calcium (meq/L) 0.0225 1.21 1.21 1.22 - - 
Magnesium (meq/L) 0.114 0.114 0.1086 0.1486 - - 

Sodium Adsorption Ratio (SAR) 

SAR 7.55 2.43 2.33 3.16 5 6 
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4 Water quality issues of concern regarding the introduction of 
seawater into the OCWD system  

A	
  number	
  of	
  water	
  quality	
  issues	
  have	
  either	
  been	
  suggested	
  and/or	
  identified	
  in	
  
connection	
  with	
  the	
  use	
  of	
  desalinated	
  water.	
  	
  The	
  purpose	
  of	
  this	
  chapter	
  is	
  to	
  review	
  
what	
  is	
  known	
  about	
  each	
  of	
  these	
  issues	
  and	
  to	
  do	
  preliminary	
  assessment	
  of	
  their	
  
significance	
  for	
  the	
  application	
  anticipated	
  in	
  Orange	
  County.	
  	
  

4.1 Issues that commonly arise in desalination projects. 
Issues	
  that	
  commonly	
  arise	
  in	
  connection	
  with	
  desalination	
  projects	
  include:	
  corrosion	
  and	
  
the	
  mobilization	
  of	
  dissolved	
  materials	
  associated	
  with	
  scale	
  in	
  the	
  distribution	
  system	
  
piping;	
  health	
  issues	
  such	
  as	
  boron,	
  disinfectant	
  residual	
  stability,	
  algal	
  toxins	
  or	
  impact	
  on	
  
DBPs;	
  consumer	
  issues	
  like	
  off-­‐flavors,	
  
tepid	
  water,	
  impacts	
  on	
  consumer	
  
appliances,	
  and	
  impacts	
  on	
  irrigated	
  
agriculture	
  or	
  horticulture.	
  

4.1.1 Previous Studies on corrosion 
Even	
  before	
  reverse	
  osmosis,	
  the	
  dream	
  of	
  
seawater	
  desalting	
  was	
  first	
  studied	
  at	
  full	
  
scale	
  in	
  San	
  Diego.	
  	
  Many	
  of	
  the	
  issues	
  we	
  
face	
  today	
  came	
  up	
  in	
  that	
  work.	
  	
  There	
  
was	
  concern	
  that	
  the	
  low	
  TDS	
  water	
  would	
  
be	
  "tasteless",	
  not	
  acceptable	
  to	
  the	
  
consumer;	
  that	
  the	
  desalination	
  plant	
  
would	
  have	
  to	
  operate	
  at	
  a	
  fixed	
  rate,	
  
independent	
  of	
  consumer	
  demand;	
  and	
  
that	
  the	
  water	
  would	
  be	
  aggressive	
  to	
  
both	
  cement	
  and	
  metal	
  water	
  
distribution	
  facilities.	
  	
  In	
  fact	
  early	
  
studies	
  conducted	
  by	
  the	
  City	
  confirmed	
  
that	
  desalinated	
  water	
  did	
  cause	
  immediate	
  disruption	
  of	
  the	
  accumulated	
  deposits	
  of	
  
corrosion	
  products	
  on	
  pipes	
  from	
  the	
  City’s	
  distribution	
  system	
  as	
  well	
  as	
  softening	
  of	
  
Portland	
  cement	
  in	
  asbestos-­‐cement	
  pipe	
  or	
  in	
  cement-­‐lined	
  cast-­‐iron	
  pipe	
  (Dodson,	
  et	
  al.	
  
1965).	
  	
  In	
  extensive	
  subsequent	
  testing	
  (see	
  Figure	
  4-­‐1),	
  the	
  City,	
  in	
  cooperation	
  with	
  Cal	
  
American	
  Water,	
  identified	
  many	
  of	
  the	
  solutions	
  we	
  see	
  proposed	
  today.	
  	
  Problems	
  could	
  
be	
  overcome	
  through	
  blending	
  with	
  higher	
  TDS	
  water	
  or	
  by	
  adjustment	
  of	
  the	
  pH,	
  hardness	
  
and	
  alkalinity	
  of	
  the	
  desalinated	
  water	
  itself	
  (Crossley	
  and	
  Waters,	
  1970).	
  	
  	
  
	
  
Following	
  the	
  studies	
  conducted	
  in	
  San	
  Diego,	
  there	
  was	
  little	
  desalination	
  activity	
  in	
  the	
  
United	
  States	
  but	
  extensive	
  desalination	
  activity	
  in	
  the	
  Middle	
  East.	
  	
  In	
  the	
  Middle	
  East,	
  re-­‐
mineralization	
  to	
  through	
  the	
  addition	
  of	
  lime	
  and	
  carbon	
  dioxide	
  to	
  adjust	
  calcium	
  
carbonate	
  saturation	
  became	
  the	
  accepted	
  standard	
  for	
  treatment.	
  	
  
	
  
Around	
  the	
  turn	
  of	
  the	
  century	
  interest	
  in	
  desalination	
  has	
  seen	
  renewed	
  interest	
  in	
  the	
  
U.S.	
  	
  Although	
  remineralization	
  to	
  achieve	
  calcium	
  carbonate	
  saturation	
  had	
  been	
  
successful	
  in	
  the	
  Middle	
  East	
  a	
  few	
  additional	
  issues	
  remained	
  unresolved.	
  	
  The	
  first	
  was	
  

What	
  we	
  knew	
  in	
  2005:	
  
1. Left	
  untreated,	
  desalinated	
  water	
  is	
  corrosive	
  to	
  

metal	
  and	
  cement-­‐based	
  surfaces	
  
2. Experience	
  in	
  the	
  Middle	
  East	
  had	
  shown	
  that	
  

post	
  treatment	
  to	
  adjust	
  calcium	
  carbonate	
  
saturation	
  solves	
  this	
  problem	
  

3. Left	
  untreated,	
  desalinated	
  water	
  is	
  known	
  to	
  
cause	
  red	
  water	
  in	
  systems	
  with	
  old,	
  unlined	
  
iron	
  pipe.	
  

4. Low	
  TDS	
  water	
  supplies	
  experienced	
  more	
  
difficulty	
  in	
  meeting	
  EPA’s	
  lead	
  and	
  copper	
  rule.	
  	
  

Figure	4-1	Author	Eugene	Crossley	looking	over		
One	of	San	Diego’s	four	corrosion	test	beds	
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the	
  problem	
  of	
  meeting	
  the	
  lead	
  and	
  copper	
  rule,	
  promulgated	
  in	
  the	
  U.S.	
  in	
  1992	
  and	
  
further	
  revised	
  in	
  2007.	
  	
  U.S.	
  experience	
  had	
  been	
  that	
  water	
  systems	
  with	
  low	
  TDS	
  water	
  
supplies	
  were	
  more	
  likely	
  to	
  have	
  difficulty	
  in	
  meeting	
  the	
  requirements	
  of	
  this	
  rule	
  
(Snoeyink,	
  and	
  Wagner,	
  1996).	
  	
  The	
  second	
  problem	
  was	
  that	
  of	
  red	
  water	
  and	
  other	
  
problems	
  associated	
  with	
  the	
  deposits	
  on	
  pipe,	
  particularly	
  old,	
  unlined	
  iron	
  pipe	
  
(galvanized	
  iron,	
  cast	
  iron	
  or	
  ductile	
  iron).	
  	
  It	
  was	
  uncertain	
  whether	
  Middle	
  Eastern	
  
experience	
  was	
  applicable	
  here.	
  
	
  
Since	
  the	
  renewed	
  interest	
  in	
  desalination	
  in	
  the	
  
U.S.,	
  numerous	
  studies	
  have	
  been	
  conducted	
  to	
  
further	
  examine	
  the	
  effects	
  of	
  desalinated	
  water.	
  	
  
Eight	
  of	
  these	
  studies	
  are	
  summarized	
  in	
  Figure	
  4-­‐
2.	
  	
  	
  All	
  eight	
  looked	
  at	
  the	
  impact	
  of	
  desalinated	
  
water	
  on	
  distribution	
  materials	
  and	
  five	
  looked	
  at	
  
the	
  impact	
  of	
  a	
  system	
  using	
  desalinated	
  water	
  to	
  
meet	
  the	
  requirements	
  of	
  EPA’s	
  lead	
  and	
  copper	
  rule.	
  

	
   	
  
 

 

4.1.2 Lead and copper 
Overall,	
  the	
  American	
  water	
  industry’s	
  approach	
  to	
  studying	
  lead	
  and	
  copper	
  rule	
  
compliance	
  is	
  well	
  developed.	
  	
  Pipe	
  loop	
  studies	
  of	
  copper	
  with	
  50/50	
  lead/tin	
  solder	
  in	
  
standing	
  water	
  have	
  been	
  shown	
  to	
  be	
  a	
  reliable	
  predictor	
  of	
  performance	
  in	
  consumer	
  
plumbing	
  (Kirmeyer	
  et	
  al.,	
  1994;	
  Snoeyink	
  &	
  Wagner,	
  1996).	
  	
  Five	
  pipe-­‐loop	
  studies	
  of	
  this	
  

2005	
Tampa		
Bay	

2006	
Carlsbad	

2010	
WRF	

2011	
CalAm		
Monterey	

2012	
Long		
Beach	

2014	
West	
Basin	
MWD	

8	Studies:	
5	looked	at	Pb	&	Cu	
8	looked	at	Distribu6on	Materials	

Figure	4-2:	Tes6ng	on	Integra6on		
of	Desalinated	
Seawater	

1965	
San	
Diego	

1970	
San	
Diego	

What	
  we	
  did	
  not	
  know	
  in	
  2005:	
  
5. Will	
  remineralized,	
  desalinated	
  

water	
  meet	
  EPA’s	
  lead	
  and	
  copper	
  
rule	
  

6. Will	
  remineralized,	
  desalinated	
  
water	
  prevent	
  red	
  water	
  in	
  existing	
  
systems	
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kind	
  have	
  been	
  conducted	
  with	
  desalinated	
  water:	
  1)	
  Tampa	
  Bay	
  Water	
  (Taylor	
  et	
  al.	
  
2005),	
  2)	
  Poseidon-­‐Carlsbad	
  (McGuire	
  et	
  al.	
  2006),	
  3)	
  WRF	
  (Loveland	
  ,	
  2010),	
  4)	
  Long	
  
Beach	
  (Zhang,	
  et	
  al.	
  2011)	
  and	
  5)	
  West	
  Basin	
  (Pickard,	
  J.,	
  et	
  al.	
  2014).	
  	
  Important	
  portions	
  
of	
  the	
  WRF	
  study	
  were	
  done	
  at	
  El	
  Segundo	
  with	
  West	
  Basin	
  support	
  (Figure	
  4-­‐3).	
  There	
  
were	
  also	
  two	
  bench	
  top	
  studies	
  conducted:	
  1)	
  Marin	
  Municipal	
  MWD	
  (Ryder,	
  et	
  al.	
  2006)	
  

and	
  2)	
  Santa	
  Cruz/Soquel	
  Creek	
  (Liu,	
  et	
  
al.	
  2009).	
  	
  None	
  of	
  the	
  studies	
  found	
  
significant	
  problems	
  in	
  meeting	
  lead	
  and	
  
copper	
  rule	
  requirements,	
  with	
  
desalinated	
  water,	
  which	
  had	
  been	
  re-­‐
mineralized	
  to	
  achieve	
  calcium	
  
carbonate	
  saturation,	
  although	
  in	
  most	
  
cases	
  a	
  period	
  of	
  one	
  to	
  three	
  months	
  of	
  
elevated	
  metal	
  levels	
  were	
  observed	
  
before	
  the	
  metal	
  surfaces	
  in	
  the	
  system	
  
came	
  to	
  equilibrium	
  with	
  the	
  new	
  water	
  
quality.	
  	
  	
  
	
  
Lead	
  has	
  also	
  been	
  effectively	
  banned	
  

from	
  solder	
  and	
  lead	
  service	
  lines	
  are	
  no	
  longer	
  allowed.	
  	
  The	
  1986	
  SDWA	
  prohibited	
  both	
  
50/50	
  lead	
  solder	
  and	
  lead	
  service	
  lines.	
  	
  The	
  same	
  act	
  also	
  required	
  that	
  brass	
  be	
  “lead	
  
free”	
  (defined	
  as	
  ≤	
  8%	
  by	
  weight),	
  but	
  it	
  soon	
  became	
  clear	
  that	
  8%	
  was	
  too	
  high	
  and	
  new	
  
brass	
  faucets	
  were	
  the	
  cause	
  of	
  high	
  lead	
  at	
  the	
  tap	
  in	
  many	
  places.	
  	
  California’s	
  Prop	
  65	
  
(passed	
  in	
  1986)	
  eventually	
  resulted	
  in	
  very	
  strict	
  limits	
  on	
  the	
  leaching	
  of	
  lead	
  from	
  brass	
  
faucets	
  in	
  California.	
  In	
  1997,	
  national	
  legislation	
  set	
  requirements	
  on	
  leaching	
  of	
  lead	
  from	
  
brass	
  (a	
  test	
  run	
  by	
  NSF,	
  which	
  proved	
  much	
  more	
  liberal	
  than	
  Prop	
  65).	
  	
  Then	
  in	
  2006,	
  the	
  
AB1953	
  Lead	
  Law	
  was	
  passed	
  which	
  redefined	
  “lead	
  free”	
  as	
  ≤	
  0.25%	
  lead.	
  	
  The	
  net	
  result	
  
is	
  that	
  new	
  faucets	
  in	
  California	
  have	
  been	
  truly	
  “lead	
  free”	
  for	
  the	
  past	
  decade.	
  	
  
	
  
Thus	
  changes	
  in	
  plumbing	
  practice,	
  particularly	
  
in	
  California,	
  have	
  made	
  lead	
  much	
  less	
  
common	
  in	
  consumer	
  plumbing	
  and	
  research	
  
available	
  today	
  has	
  demonstrated	
  that	
  lead	
  and	
  
copper	
  issues	
  can	
  be	
  effectively	
  managed	
  using	
  
the	
  traditional	
  practice	
  of	
  managing	
  calcium	
  
carbonate	
  saturation	
  even	
  when	
  50/50	
  lead	
  
solder	
  is	
  present.	
  	
  Nevertheless	
  the	
  2007	
  Lead	
  
and	
  Copper	
  Rule	
  Revisions	
  (U.S.	
  EPA,	
  2007),	
  
require	
  that	
  the	
  State	
  be	
  notified	
  of	
  changes	
  in	
  
treatment	
  or	
  introduction	
  of	
  a	
  new	
  source	
  
water,	
  and	
  that	
  the	
  water	
  utility	
  receive	
  State	
  approval	
  of	
  any	
  treatment	
  change(s)	
  or	
  new	
  
source	
  water	
  prior	
  to	
  implementation.	
  	
  These	
  new	
  rules	
  may	
  necessitate	
  a	
  change	
  in	
  the	
  
Corrosion	
  Control	
  Treatment	
  (CCT)	
  plan	
  and/or	
  in	
  the	
  optimal	
  water	
  quality	
  parameter	
  
(OWQP)	
  specifications	
  (i.e.,	
  optimal	
  range	
  for	
  pH,	
  alkalinity,	
  orthophosphate,	
  etc.	
  set	
  as	
  part	
  
of	
  the	
  CCT	
  plan),	
  particularly	
  for	
  the	
  City	
  of	
  Huntington	
  Beach.	
  	
  Also	
  in	
  accordance	
  with	
  the	
  
Lead	
  and	
  Copper	
  rule	
  (LCR),	
  as	
  adopted	
  by	
  the	
  State	
  of	
  California,	
  the	
  City	
  of	
  Huntington	
  

Conclusions	
  on	
  lead	
  and	
  copper:	
  	
  
1-­‐Studies	
  show	
  desalinated	
  water	
  re-­‐
mineralized	
  to	
  achieve	
  CaCO3	
  saturation	
  
meets	
  lead	
  and	
  copper	
  rule	
  requirements.	
  	
  	
  
2-­‐In	
  CA,	
  sources	
  of	
  lead	
  in	
  consumer	
  
plumbing	
  are	
  rapidly	
  diminishing.	
  	
  	
  
3-­‐The	
  City	
  of	
  Huntington	
  Beach	
  may	
  be	
  
required	
  to	
  do	
  extra	
  monitoring.	
  
4-­‐Groundwater	
  changes	
  should	
  be	
  slow	
  to	
  
come	
  but	
  similar	
  in	
  the	
  results	
  of	
  GWRS.	
  

Figure	4-3	Lead	levels	in	West	Basin	Test	Loops	
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Beach	
  may	
  be	
  required	
  to	
  conduct	
  a	
  full	
  round	
  of	
  LCR	
  compliance	
  monitoring	
  within	
  six	
  
months	
  following	
  the	
  introduction	
  of	
  the	
  new	
  water	
  supply,	
  to	
  be	
  followed	
  by	
  another	
  full	
  
round	
  of	
  monitoring	
  within	
  the	
  following	
  six	
  months.	
  	
  Once	
  it	
  demonstrates	
  optimal	
  
Corrosion	
  Control	
  Treatment	
  in	
  two	
  successive	
  sample	
  periods,	
  the	
  City	
  will	
  be	
  able	
  return	
  
to	
  the	
  reduced	
  monitoring	
  schedule.	
  	
  	
  
	
  
Where	
  the	
  Orange	
  County	
  Groundwater	
  basin	
  is	
  concerned,	
  water	
  quality	
  changes	
  will	
  be	
  
much	
  more	
  gradual,	
  and,	
  where	
  the	
  lead	
  and	
  copper	
  rule	
  is	
  concerned,	
  it	
  seems	
  unlikely	
  
that	
  there	
  will	
  be	
  any	
  consequences	
  to	
  the	
  use	
  of	
  desalinated	
  water	
  beyond	
  those	
  already	
  in	
  
play	
  as	
  a	
  result	
  of	
  the	
  introduction	
  of	
  GWRS	
  water.	
  
	
  

4.1.3 Corrosion and Red Water  
The red water question is more complex. It is well-known that red water sometimes occurs when 
a new water source is introduced into an existing system. Experiences at Tucson, Tampa and 
Fresno are notable examples. Red water has also long been a concern with desalinated water 
(Dodson et al. 1965). Red water complaints are typically associated with iron pipe, especially 
unlined cast iron and galvanized mains and galvanized service connections. New galvanized pipe 
does not cause red water, but it behaves like iron pipe once the protective galvanized layer has 
corroded away, usually after less than ten years of service (Snoeyink & Wagner, 1996; 
Crittenden, et al. 2013). It was once thought that controlling the corrosion of iron pipe was the 
key to controlling red water and the water industry spent decades studying the subject, however, 
in the past few decades it has become clear that managing the stability of the “Scale” of 
corrosion products on the interior surface of the pipe is often more important.  
 
As a result, in recent years tests conducted to assess 
the alternatives for controlling red water typically rely on 
unlined cast iron or galvanized pipe harvested from the 
distribution system. Samples of the pipe are exposed 
to waters of different qualities under controlled 
conditions in order to assess the impact of water quality 
on iron release. Such studies have been conducted by the 
Municipalities in Boston, MA; Tucson, AZ; Fresno, 
Coachella and La Crescenta in CA; Corpus Cristi, San 
Antonio, Austin, and Sugarland in TX and the City of 
Tampa in FL and probably many others. Studies focused 
on desalinated water have been also conducted for Tampa 
Bay Water (Taylor et al. 2005) Poseidon‐Carlsbad 
(McGuire et al., 2006), for Cal American-
Monterey (Sekeroglu, 2011, see Figure 4-4), by the City of 
Long Beach (Zhang, et al. 2012, see Figure 4-5) and for West Basin MWD (Pickard, et al. 2014).  
More limited benchtop studies were also conducted for Santa Cruz and Monterey Municipal.   
 
The	
  following	
  are	
  some	
  of	
  the	
  key	
  findings	
  of	
  these	
  studies	
  and	
  others	
  on	
  red	
  water	
  in	
  
general:	
  

Figure	4-4.	Tuburculated	CI	Pipe	in		
tes8ng	for	CalAM	Monterey	
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1. The	
  scales	
  on	
  existing	
  pipes	
  are	
  most	
  stable	
  when	
  the	
  new	
  supply	
  and	
  existing	
  
supplies	
  have	
  the	
  same	
  quality,	
  specifically	
  the	
  same	
  pH,	
  hardness,	
  alkalinity	
  and	
  
redox	
  potential	
  (DO,	
  type	
  and	
  level	
  of	
  chlorine	
  residual,	
  etc.).	
  

2. The	
  calcium	
  carbonate	
  re-­‐
mineralization	
  strategy	
  has	
  been	
  
shown	
  to	
  be	
  a	
  successful	
  strategy	
  for	
  
establishing	
  a	
  stable	
  scale	
  on	
  the	
  
surface	
  of	
  old	
  iron	
  pipe,	
  but	
  often	
  a	
  
period	
  of	
  instability	
  generally	
  occurs	
  
for	
  the	
  first	
  30	
  to	
  60	
  days.	
  

3. Frequent	
  changes	
  in	
  water	
  quality	
  
increase	
  he	
  risk	
  of	
  continuing	
  red	
  
water	
  problems.	
  

	
  

4.1.4 Manganese Mobilization 
Manganese	
  release	
  can	
  also	
  be	
  a	
  problem	
  
as	
  was	
  demonstrated	
  for	
  desalinated	
  
water,	
  in	
  particular,	
  by	
  the	
  recent	
  study	
  
conducted	
  by	
  Hazen	
  and	
  Sawyer	
  for	
  West	
  
Basin	
  MWD	
  (Hazen	
  and	
  Sawyer,	
  2014),	
  
but	
  like	
  iron	
  release,	
  it	
  settled	
  to	
  normal	
  
levels	
  after	
  a	
  period	
  of	
  stabilization.	
  
According	
  to	
  Reiber	
  (February	
  2015)	
  if	
  the	
  manganese	
  is	
  bound	
  up	
  in	
  the	
  mortar	
  or	
  
concrete	
  lining,	
  the	
  manganese	
  will	
  remain	
  fixed	
  to	
  the	
  mortar	
  (or	
  leach	
  only	
  slowly)	
  as	
  
long	
  as	
  the	
  stability	
  of	
  the	
  mortar	
  is	
  maintained.	
  	
  If	
  the	
  manganese	
  exists	
  as	
  manganese	
  

dioxide	
  (MnO2)	
  and	
  is	
  simply	
  deposited	
  on	
  
the	
  pipe	
  walls,	
  it	
  may	
  be	
  subject	
  to	
  
scouring	
  and	
  entrainment	
  in	
  the	
  bulk	
  
water,	
  and	
  thus	
  a	
  hydraulic	
  issue.	
  	
  If	
  
particulate	
  MnO2	
  becomes	
  a	
  problem	
  when	
  
new	
  water	
  is	
  introduced,	
  polyphosphates	
  
can	
  be	
  added	
  to	
  the	
  water	
  to	
  possibly	
  
sequester	
  the	
  manganese,	
  but	
  the	
  most	
  
effective	
  immediate	
  response	
  to	
  
particulate	
  MnO2	
  problems	
  associated	
  with	
  
entrainment	
  of	
  loose	
  sediments	
  is	
  
unidirectional	
  flushing.	
  	
  Polyphosphates	
  
are	
  most	
  effective	
  at	
  preventing	
  oxidation	
  
of	
  reduced	
  manganese	
  (Mn2+)	
  by	
  chlorine	
  

and	
  subsequent	
  precipitation	
  as	
  MnO2.	
  The	
  use	
  of	
  polyphosphates	
  to	
  sequester	
  
manganese	
  is	
  also	
  discussed	
  in	
  a	
  report	
  by	
  HDR	
  (USEPA,	
  2006).	
  	
  	
  

4.1.5 Cementitious materials 

Conclusions	
  Manganese	
  Mobilization:	
  	
  
Studies	
  show	
  desalinated	
  water	
  re-­‐
mineralized	
  to	
  achieve	
  CaCO3	
  saturation	
  
may	
  cause	
  manganese	
  release	
  in	
  the	
  first	
  
few	
  weeks	
  but	
  will	
  eventually	
  stabilize.	
  
	
  

Conclusions	
  Red	
  Water:	
  	
  
1-­‐Studies	
  show	
  desalinated	
  water	
  re-­‐
mineralized	
  to	
  achieve	
  CaCO3	
  saturation	
  may	
  
cause	
  iron	
  release	
  to	
  increase	
  in	
  the	
  first	
  few	
  
weeks	
  but	
  will	
  eventually	
  stabilize.	
  
2-­‐Frequent	
  changes	
  in	
  water	
  quality	
  should	
  be	
  
avoided	
  
	
  

Figure	4-5.	Long	Beach	Test	Loops	
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The	
  studies	
  conducted	
  by	
  San	
  Diego	
  showed	
  that	
  desalinated	
  water,	
  without	
  additional	
  
post-­‐treatment	
  is	
  aggressive	
  to	
  cementitious	
  materials	
  (Crossley,	
  1970).	
  	
  Three	
  subsequent	
  
studies	
  examined	
  the	
  aggressiveness	
  of	
  re-­‐mineralized,	
  desalinated	
  water	
  to	
  cement	
  
mortar	
  linings:	
  1)	
  Tampa	
  bay	
  (Taylor,	
  et	
  al.	
  2005),	
  2)	
  Carlsbad	
  (McGuire,	
  et	
  al.	
  2006),	
  and	
  
3)	
  West	
  Basin	
  (Pickard,	
  2014)	
  and	
  none	
  of	
  these	
  studies	
  identified	
  deleterious	
  effects.	
  	
  The	
  
principal	
  observations	
  made	
  were	
  the	
  leaching	
  of	
  calcium	
  and	
  aluminum	
  from	
  the	
  pipe	
  
surface,	
  but	
  even	
  here	
  leaching	
  levels	
  were	
  beneath	
  levels	
  of	
  concern	
  and	
  the	
  re-­‐
mineralization/calcium	
  carbonate	
  stabilization	
  strategy	
  reduced	
  leaching	
  to	
  levels	
  below	
  
those	
  associated	
  with	
  each	
  of	
  the	
  domestic	
  supplies.	
  	
  The	
  Long	
  Beach	
  tests	
  included	
  new	
  
cement	
  mortar	
  lined	
  ductile	
  iron	
  pipe	
  (CML-­‐DI)	
  and	
  new	
  cement	
  mortar	
  lined	
  AC	
  pipe	
  
(CML-­‐AC),	
  the	
  former	
  differed	
  in	
  that	
  it	
  also	
  had	
  an	
  epoxy-­‐like	
  seal	
  coating	
  covering	
  the	
  
CML.	
  	
  Whereas	
  the	
  CML-­‐AC	
  pipe	
  showed	
  evidence	
  of	
  leaching	
  of	
  the	
  components	
  of	
  the	
  
cement	
  mortar	
  lining	
  the	
  CML-­‐DI	
  did	
  not,	
  an	
  indication	
  that	
  the	
  seal	
  coating	
  on	
  new	
  pipe	
  
provides	
  additional	
  protection.	
  	
  The	
  only	
  other	
  observations	
  of	
  interest	
  were	
  that	
  chlorine	
  
residuals	
  were	
  generally	
  more	
  stable	
  in	
  mortar-­‐lined	
  pipe	
  –	
  because	
  the	
  corrosion	
  reaction	
  
on	
  the	
  surface	
  of	
  the	
  iron	
  reduces	
  chlorine.	
  	
  So	
  no	
  unusual	
  adverse	
  effects	
  are	
  expected	
  
with	
  desalinated	
  water	
  in	
  mortar-­‐lined	
  pipe,	
  provided	
  the	
  water	
  has	
  been	
  re-­‐mineralized	
  to	
  
achieve	
  calcium	
  carbonate	
  stabilization.	
  	
  	
  
	
  
The	
  other	
  relevant	
  question	
  is	
  what	
  measures	
  should	
  be	
  taken	
  to	
  maximize	
  the	
  long-­‐term	
  
life	
  of	
  the	
  mortar	
  lining.	
  	
  This	
  topic	
  is	
  beyond	
  the	
  scope	
  of	
  this	
  report,	
  but	
  the	
  following	
  is	
  a	
  
brief	
  summary	
  of	
  	
  our	
  understanding	
  of	
  the	
  situation:	
  	
  Whereas	
  cement-­‐based	
  surfaces	
  
were	
  once	
  thought	
  to	
  be	
  stable	
  in	
  water	
  for	
  the	
  long	
  term,	
  it	
  is	
  now	
  clear	
  that	
  this	
  is	
  not	
  
true	
  (Trussell,	
  2015).	
  	
  The	
  calcium	
  silicate	
  matrix	
  that	
  makes	
  up	
  the	
  bulk	
  of	
  hardened	
  
cement	
  paste	
  in	
  concrete	
  structures	
  and	
  mortar	
  linings	
  is	
  inherently	
  unstable	
  in	
  water	
  but	
  
is	
  protected	
  by	
  the	
  high	
  pH	
  of	
  the	
  paste	
  matrix,	
  which	
  is	
  maintained	
  by	
  the	
  pockets	
  of	
  
saturated	
  calcium	
  hydroxide	
  located	
  throughout	
  (Mehta	
  &	
  Monteiro,	
  1996).	
  	
  When	
  the	
  
calcium	
  hydroxide	
  is	
  removed	
  the	
  calcium	
  silicates	
  deteriorate	
  by	
  a	
  process	
  called	
  
incongruent	
  dissolution	
  (or	
  calcium	
  leaching)	
  resulting	
  in	
  an	
  amorphous	
  material	
  with	
  
little	
  strength.	
  	
  This	
  can	
  be	
  observed	
  in	
  many	
  older	
  cement	
  mortar	
  linings.	
  	
  Actions	
  that	
  
prevent	
  the	
  leaching	
  of	
  calcium	
  hydroxide	
  from	
  of	
  the	
  cement	
  paste	
  delay	
  the	
  time	
  when	
  
the	
  paste	
  will	
  deteriorate.	
  	
  A	
  simple	
  example	
  of	
  such	
  an	
  action	
  is	
  maintaining	
  the	
  water	
  in	
  
the	
  pipe	
  saturated	
  with	
  respect	
  to	
  calcium	
  carbonate.	
  	
  Such	
  an	
  action	
  requires	
  careful	
  
control	
  however,	
  because	
  maintaining	
  saturation	
  at	
  too	
  high	
  a	
  level	
  could	
  result	
  in	
  the	
  
formation	
  of	
  deposits	
  in	
  the	
  injection	
  wells.	
  	
  The	
  goal	
  should	
  be	
  to	
  maintain	
  a	
  very	
  low	
  level	
  
of	
  calcium	
  carbonate	
  supersaturation	
  (i.e.	
  an	
  LSI	
  between	
  approximately	
  0	
  and	
  0.2)	
  to	
  
protect	
  cement-­‐based	
  surfaces	
  but	
  to	
  avoid	
  excessive	
  supersaturation	
  (high	
  LSI)	
  in	
  order	
  to	
  
prevent	
  cementation	
  in	
  the	
  aquifer.	
  	
  
OCWD	
  would	
  be	
  wise	
  to	
  negotiate	
  terms	
  
where	
  it	
  retains	
  control	
  of	
  the	
  
parameters	
  of	
  calcium	
  carbonate	
  
saturation	
  so	
  changes	
  can	
  be	
  made	
  in	
  the	
  
future.	
  The	
  best	
  measure	
  of	
  calcium	
  
carbonate	
  saturation	
  is	
  the	
  Langelier	
  
Saturation	
  Index	
  (LSI),	
  which	
  may	
  be	
  accurately	
  calculated	
  using	
  a	
  free	
  spreadsheet,	
  which	
  
can	
  be	
  downloaded	
  from	
  the	
  Trussell	
  Technologies,	
  Inc.	
  website	
  (Kenney	
  et	
  al,	
  2015).	
  	
  The	
  

Conclusions	
  Cementitious	
  Materials:	
  	
  
Studies	
  show	
  desalinated	
  water	
  re-­‐
mineralized	
  to	
  achieve	
  Calcium	
  carbonate	
  
saturation	
  gives	
  satisfactory	
  service	
  with	
  
cement	
  mortar	
  lined	
  pipe.	
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aggressiveness	
  index	
  is	
  a	
  simplification	
  of	
  the	
  LSI	
  that	
  was	
  developed	
  by	
  the	
  manufacturers	
  
of	
  cement-­‐based	
  pipe	
  (specifically	
  the	
  Johns-­‐Manville	
  Co.	
  for	
  their	
  asbestos	
  cement	
  pipe)	
  in	
  
the	
  1960’s	
  before	
  the	
  advent	
  of	
  personal	
  computers.	
  	
  In	
  today’s	
  world	
  the	
  value	
  of	
  the	
  
additional	
  accuracy	
  of	
  a	
  proper	
  LSI	
  calculation	
  far	
  outweighs	
  the	
  convenience	
  afforded	
  by	
  
the	
  AI	
  calculation,	
  which	
  makes	
  no	
  corrections	
  for	
  temperature	
  or	
  ionic	
  strength.	
  
	
  

4.1.6 Health issues 

4.1.6.1 DBP formation 
The	
  type	
  of	
  DBPs	
  formed	
  during	
  the	
  chlorination	
  of	
  low-­‐bromide	
  waters	
  (e.g.,	
  surface	
  and	
  
groundwater)	
  is	
  altered	
  when	
  higher	
  bromide	
  waters	
  are	
  used	
  (e.g.,	
  desalinated	
  seawater).	
  	
  
This	
  switch	
  leads	
  to	
  a	
  greater	
  preponderance	
  of	
  brominated	
  trihalomethanes	
  (THMs)	
  and	
  
halo-­‐acetic	
  acids	
  (HAAs),	
  both	
  of	
  which	
  are	
  carcinogenic	
  DBPs.	
  	
  As	
  a	
  result,	
  bromide-­‐
containing	
  DBPs	
  have	
  become	
  a	
  problem	
  that	
  has	
  characterized	
  State	
  Project	
  Water	
  (SPW),	
  
particularly	
  during	
  periods	
  when	
  seawater	
  intrusion	
  into	
  the	
  Delta	
  becomes	
  an	
  issue.	
  	
  As	
  a	
  
rule	
  of	
  thumb,	
  bromide-­‐containing	
  DBPs	
  begin	
  to	
  surface	
  in	
  SPW	
  when	
  bromide	
  exceeds	
  
0.2	
  mg/L	
  but	
  become	
  more	
  critical	
  as	
  concentrations	
  rise	
  above	
  these	
  levels.	
  	
  
Concentrations	
  as	
  high	
  as	
  0.6	
  mg/L	
  have	
  been	
  observed	
  for	
  short	
  periods	
  and	
  these	
  have	
  
caused	
  concern.	
  There	
  is	
  also	
  evidence	
  that	
  the	
  presence	
  of	
  bromide	
  ion	
  increases	
  the	
  
molar	
  yield	
  of	
  DBP	
  formation	
  (Trussell	
  and	
  Umphres,	
  1978).	
  	
  Finally	
  because	
  bromine’s	
  
atomic	
  weight	
  is	
  more	
  than	
  double	
  that	
  of	
  chlorine,	
  even	
  at	
  the	
  same	
  molar	
  yield,	
  DBPs	
  
containing	
  bromide	
  result	
  in	
  higher	
  DBP	
  concentrations	
  on	
  a	
  mass	
  basis.	
  	
  All	
  this	
  is	
  
generally	
  not	
  an	
  issue	
  in	
  100%	
  desalinated	
  water	
  because	
  of	
  its	
  low	
  TOC.	
  	
  Keep	
  in	
  mind,	
  the	
  
DBPs	
  are	
  reformed	
  when	
  halogens	
  act	
  on	
  the	
  natural	
  organic	
  matter	
  in	
  the	
  water.	
  	
  
Fortunately	
  SWRO	
  reduces	
  the	
  TOC	
  to	
  extremely	
  low	
  levels.	
  
	
  
Another	
  side	
  of	
  the	
  same	
  issue	
  is	
  the	
  possible	
  formation	
  of	
  DBPs	
  within	
  the	
  distribution	
  
system	
  when	
  disinfected	
  seawater	
  is	
  mixed	
  with	
  existing	
  drinking	
  water	
  sources.	
  	
  Although	
  
this	
  question	
  was	
  examined	
  in	
  several	
  studies,	
  Huntington	
  Beach	
  (McGuire,	
  2004;	
  Reich,	
  
2004),	
  Tampa	
  Bay	
  Water	
  (Taylor,	
  et	
  al,	
  2005),	
  WRF	
  (Loveland,	
  et	
  al.	
  2010),	
  Santa	
  Cruz	
  
(CDM,	
  2010),	
  Long	
  Beach,	
  (Zhang,	
  et	
  al,	
  2012),	
  and	
  West	
  Basin(	
  Pickard,	
  2014)),	
  the	
  
problem	
  was	
  only	
  observed	
  to	
  be	
  significant	
  in	
  the	
  Santa	
  Cruz	
  studies.	
  	
  In	
  this	
  case	
  two	
  
water	
  sources	
  that	
  did	
  not	
  have	
  DBP	
  problems	
  individually,	
  but	
  the	
  act	
  of	
  blending	
  them	
  
did	
  increase	
  DBP	
  formation.	
  	
  Such	
  a	
  problem	
  is	
  more	
  likely	
  if	
  the	
  existing	
  water	
  sources	
  

have	
  organic	
  precursors	
  not	
  present	
  in	
  the	
  
desalinated	
  water	
  itself.	
  	
  As	
  mostly	
  
groundwater	
  sources	
  are	
  involved	
  and	
  
these	
  sources	
  do	
  not	
  s	
  how	
  elevated	
  DBPs	
  
at	
  the	
  present	
  time,	
  a	
  scenario	
  with	
  DBPs	
  
elevated	
  to	
  a	
  level	
  of	
  concern	
  seems	
  
unlikely.	
  	
  The	
  simulated	
  distribution	
  

system	
  (SDS)	
  test	
  can	
  be	
  used	
  to	
  further	
  reduce	
  any	
  uncertainty	
  about	
  this	
  outcome.	
  	
  The	
  
SDS	
  test	
  measures	
  changes	
  in	
  DBPs	
  in	
  a	
  test	
  designed	
  to	
  simulate	
  DBP	
  formation	
  within	
  the	
  
distribution	
  system.	
  	
  Various	
  scenarios	
  can	
  be	
  easily	
  assayed	
  to	
  cover	
  the	
  wide	
  range	
  of	
  
conditions	
  encountered	
  in	
  the	
  distribution	
  systems.	
  	
  This	
  includes	
  measuring	
  the	
  DBP	
  

Conclusions	
  DBP	
  Formation:	
  	
  
Studies	
  show	
  that	
  DBPs	
  are	
  rarely	
  a	
  problem	
  
in	
  desalinated	
  water.	
  	
  There	
  are	
  exceptions	
  
when	
  desalinated	
  water	
  high	
  in	
  bromide	
  is	
  
blended	
  with	
  groundwater	
  high	
  in	
  TOC.	
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formation	
  of	
  the	
  unblended	
  water	
  sources	
  alone,	
  in	
  addition	
  to	
  the	
  different	
  possible	
  
blends.	
  	
  	
  

4.1.6.2 Residual stability 
Another	
  issue	
  with	
  desalination	
  is	
  the	
  stability	
  of	
  residuals	
  of	
  combined	
  chlorine.	
  	
  This	
  
issue	
  was	
  identified	
  by	
  the	
  McGuire	
  group	
  in	
  their	
  first	
  work	
  on	
  SDS	
  DBP	
  formation	
  for	
  the	
  
Huntington	
  Beach	
  project	
  (McGuire,	
  2004).	
  	
  Subsequent	
  research	
  has	
  confirmed	
  that	
  this	
  
problem	
  is	
  caused	
  by	
  the	
  rapid	
  decay	
  of	
  a	
  brominated	
  component	
  of	
  the	
  total	
  chorine	
  	
  
residual,	
  which	
  rapidly	
  decays	
  over	
  the	
  first	
  24-­‐h	
  (Zhang	
  et	
  al.	
  ,	
  2012;	
  Tiwari	
  &	
  Trussell,	
  
2013).	
  	
  Work	
  done	
  by	
  Tiwari	
  and	
  Trussell	
  (2013)	
  illustrates	
  the	
  problem	
  (Figure	
  4-­‐6).	
  	
  
	
  

	
  
Figure	
  4-­‐6.	
  	
  Influence	
  of	
  bromide	
  ion	
  on	
  the	
  decay	
  of	
  total	
  combined	
  chlorine	
  
residuals	
  in	
  Desalinated	
  water.	
  	
  Symbols	
  are	
  lab	
  results,	
  dashed	
  lines	
  are	
  model	
  
results	
  (after	
  Tiwari	
  &	
  Trussell,	
  2013)	
  
	
  
Zhang	
  et	
  al.	
  (2012)	
  found	
  similar	
  results	
  in	
  desalinated	
  water	
  at	
  Long	
  Beach.	
  	
  It	
  should	
  be	
  
noted	
  that	
  the	
  residual	
  becomes	
  much	
  more	
  stable	
  after	
  a	
  period	
  of	
  time.	
  	
  Consequently,	
  
work	
  done	
  in	
  support	
  of	
  the	
  Poseidon/SDCWA	
  project	
  in	
  Carlsbad	
  (McGuire,	
  2005;	
  Erdal,	
  et	
  
al.	
  2013)	
  and	
  in	
  support	
  of	
  the	
  West	
  Basin	
  Integration	
  study	
  (Pickard,	
  2014)	
  has	
  
demonstrated	
  that	
  this	
  issue	
  can	
  be	
  resolved	
  by	
  delivering	
  water	
  that	
  has	
  been	
  held	
  for	
  
period	
  of	
  time	
  (typically	
  24-­‐h)	
  following	
  the	
  ammonia	
  addition	
  (McGuire,	
  2004).	
  	
  
Significantly	
  these	
  same	
  studies	
  have	
  shown	
  little	
  or	
  no	
  impact	
  of	
  bromide	
  on	
  the	
  stability	
  
of	
  free	
  chlorine	
  residuals	
  –	
  presumably	
  because	
  the	
  instability	
  results	
  from	
  the	
  short	
  half	
  
life	
  of	
  bromamines	
  formed	
  in	
  the	
  chloramine	
  formation	
  process.	
  	
  Also	
  the	
  work	
  conducted	
  
on	
  behalf	
  of	
  the	
  SDCWA	
  also	
  demonstrated	
  that	
  rechlorination	
  of	
  these	
  stabilized	
  residuals	
  
in	
  desalinated	
  seawater	
  does	
  not	
  cause	
  the	
  stability	
  problem	
  to	
  reappear	
  (Erdal,	
  et	
  al.	
  



Trussell Technologies, Inc. • Pasadena • San Diego • Oakland 	
   62 

2013).	
  	
  In	
  the	
  case	
  of	
  both	
  OCWD	
  and	
  
Huntington	
  Beach,	
  discussions	
  in	
  our	
  kick-­‐
off	
  meeting	
  envision	
  the	
  use	
  free	
  chlorine.	
  	
  
So	
  long	
  as	
  free	
  chlorine	
  is	
  the	
  method	
  
chosen	
  for	
  maintaining	
  a	
  residual	
  in	
  the	
  
distribution	
  system,	
  no	
  bromide-­‐related	
  
residual	
  instability	
  is	
  anticipated,	
  however	
  
if	
  direct	
  distribution	
  customers	
  who	
  use	
  
chloramines	
  are	
  to	
  be	
  considered,	
  then	
  a	
  
specific	
  limit	
  to	
  bromide	
  would	
  become	
  a	
  
consideration	
  in	
  the	
  term	
  sheet	
  –	
  or	
  other	
  specific	
  outcomes	
  to	
  achieve	
  chloramine	
  
stability.	
  	
  Australian	
  projects	
  typically	
  sought	
  a	
  bromide	
  level	
  of	
  less	
  than	
  0.1	
  mg/L	
  to	
  
address	
  this	
  issue.	
  	
  Figure	
  4-­‐6	
  and	
  the	
  equation	
  beneath	
  it	
  will	
  allow	
  OCWD	
  and	
  its	
  
customers	
  to	
  explore	
  the	
  effects	
  of	
  various	
  bromide	
  levels.	
  
	
  
Boron	
  
The	
  boron	
  in	
  SWRO	
  permeate	
  exists	
  as	
  boric	
  acid	
  and	
  boric	
  acid	
  in	
  drinking	
  water	
  is	
  
absorbed	
  from	
  the	
  gastrointestinal	
  tract	
  and	
  appears	
  in	
  the	
  blood,	
  tissues,	
  and	
  urine.	
  	
  
Elimination	
  of	
  boron	
  is	
  largely	
  by	
  excretion	
  in	
  the	
  urine.	
  	
  Toxic	
  effects	
  have	
  been	
  observed,	
  
but	
  generally	
  at	
  very	
  high	
  doses	
  (USEPA	
  2008b).	
  	
  The	
  recent	
  history	
  on	
  boron	
  regulation	
  
has	
  been	
  dynamic	
  and	
  OCWD	
  may	
  find	
  it	
  useful	
  to	
  discuss	
  the	
  matter	
  with	
  the	
  Division	
  of	
  
Drinking	
  Water	
  (DDW).	
  	
  
	
  
The	
  notification	
  level	
  for	
  boron	
  in	
  California	
  today	
  is	
  1	
  mg/L.	
  	
  Other	
  states	
  also	
  have	
  similar	
  
regulatory	
  limits:	
  Wisconsin,	
  0.9	
  mg/L;	
  Florida,	
  Maine,	
  and	
  New	
  Hampshire,	
  0.63	
  mg/L;	
  
and	
  Minnesota,	
  0.6	
  mg/L	
  (USEPA,	
  2008b).	
  	
  The	
  detailed	
  nature	
  of	
  these	
  limits	
  is	
  not	
  known.	
  
It	
  is	
  likely	
  that	
  these	
  limits	
  are	
  largely	
  based	
  on	
  a	
  1972	
  study,	
  which	
  observed	
  that	
  boric	
  
acid	
  fed	
  to	
  beagles	
  caused	
  atrophy	
  of	
  their	
  testes	
  (Weir	
  and	
  Fischer,	
  1972).	
  	
  As	
  of	
  1998,	
  
WHO	
  had	
  a	
  provisional	
  guideline	
  of	
  0.5	
  mg/L	
  for	
  boron	
  in	
  drinking	
  water	
  (WHO,	
  1998)	
  and	
  
this	
  guideline	
  was	
  reissued	
  in	
  2003	
  (WHO,	
  2003).	
  	
  	
  
	
  
Since	
  Weir	
  and	
  Fischer,	
  numerous	
  additional	
  studies	
  have	
  been	
  conducted	
  and	
  these	
  are	
  
summarized	
  in	
  an	
  EPA	
  Health	
  Effects	
  Support	
  Document	
  for	
  Boron	
  (USEPA	
  2008a).	
  	
  In	
  light	
  
of	
  these	
  studies	
  both	
  WHO	
  and	
  EPA	
  have	
  now	
  proposed	
  more	
  liberal	
  guidelines.	
  	
  In	
  2008,	
  
EPA	
  issued	
  a	
  new	
  assessment	
  as	
  part	
  of	
  
the	
  CCL2	
  process	
  (USEPA,	
  2008a,	
  2008b,	
  
2008c),	
  proposing	
  a	
  health	
  advisory	
  
level	
  of	
  6.7	
  mg/L	
  (USEPA,	
  2008b)	
  and	
  a	
  
health	
  reference	
  level	
  of	
  1.4	
  mg/L	
  
(USEPA	
  2008a)	
  and	
  announcing	
  a	
  
decision	
  not	
  to	
  promulgate	
  a	
  boron	
  MCL	
  
as	
  doing	
  so	
  did	
  not	
  present	
  a	
  meaningful	
  
opportunity	
  for	
  health	
  risk	
  reduction	
  
(USEPA	
  2008c).	
  	
  	
  In	
  2009,	
  WHO	
  did	
  a	
  
new	
  background	
  document	
  on	
  boron	
  in	
  drinking	
  water	
  (WHO,	
  2009)	
  and	
  revised	
  its	
  
guideline	
  value	
  from	
  0.5	
  mg/L	
  to	
  2.4	
  mg/L	
  (WHO,	
  2011).	
  	
  	
  

Conclusions	
  Residual	
  Stability:	
  	
  
High	
  bromide	
  in	
  desalinated	
  water	
  has	
  been	
  
shown	
  to	
  cause	
  short-­‐term	
  instability	
  in	
  
chloramine	
  residuals.	
  	
  While	
  this	
  problem	
  can	
  
be	
  successfully	
  managed,	
  no	
  bromide-­‐related	
  
residual	
  instability	
  is	
  anticipated	
  if	
  OCWD	
  and	
  
Huntington	
  Beach	
  continue	
  with	
  their	
  plans	
  to	
  
use	
  a	
  free	
  chlorine	
  residual.	
  

Conclusions	
  on	
  Boron	
  as	
  a	
  Health	
  Issue:	
  	
  
Our	
  understanding	
  of	
  the	
  toxicity	
  of	
  boron	
  to	
  
humans	
  has	
  changed	
  significantly	
  during	
  the	
  
past	
  decade	
  and	
  guidance	
  values,	
  once	
  as	
  low	
  
as	
  0.5	
  mg/L,	
  now	
  range	
  from	
  1.4	
  to	
  6.7	
  mg/L.	
  	
  
Nevertheless	
  the	
  Notification	
  limit	
  in	
  
California	
  is	
  1	
  mg/L.	
  	
  OCWD	
  may	
  benefit	
  from	
  
discussions	
  with	
  DDW	
  regarding	
  enforcement.	
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As	
  it	
  stands	
  today,	
  DDW	
  still	
  has	
  a	
  Notification	
  Limit	
  (NL)	
  of	
  1	
  mg/L,	
  there	
  is	
  little	
  prospect	
  
that	
  EPA	
  will	
  promulgate	
  an	
  MCL	
  and	
  California’s	
  Office	
  of	
  Environmental	
  Health	
  Hazard	
  
Assessment	
  (OEEHA)	
  has	
  not	
  published	
  Public	
  Health	
  Goal	
  on	
  the	
  matter.	
  	
  Strictly	
  speaking,	
  
monitoring	
  for	
  chemicals	
  with	
  notification	
  levels	
  is	
  not	
  required,	
  but	
  it	
  would	
  seem	
  
appropriate	
  since	
  boron	
  is	
  known	
  to	
  be	
  an	
  issue	
  in	
  desalination	
  and	
  the	
  boron	
  in	
  seawater	
  
is	
  between	
  4	
  and	
  5	
  mg/L.	
  	
  Notification	
  levels	
  are	
  advisory,	
  not	
  enforceable,	
  but	
  if	
  an	
  NL	
  is	
  
exceeded	
  chemical	
  is	
  present	
  over	
  its	
  notification	
  level,	
  	
  §116455	
  of	
  the	
  Health	
  and	
  Safety	
  
Code	
  requires	
  notification	
  and,	
  when	
  a	
  water	
  system	
  continues	
  to	
  serve	
  water	
  with	
  a	
  
contaminant	
  above	
  the	
  NL,	
  DDW	
  recommends	
  notification	
  of	
  local	
  governments	
  and	
  direct	
  
notification	
  of	
  consumers	
  about	
  the	
  exceedance,	
  the	
  degree	
  of	
  exceedance	
  and	
  the	
  reasons	
  
for	
  continued	
  use	
  of	
  the	
  water.	
  	
  Unlike	
  MCLs,	
  NLs	
  do	
  not	
  have	
  an	
  official	
  sampling	
  period,	
  
so	
  potentially	
  these	
  actions	
  could	
  be	
  required	
  following	
  the	
  occurrence	
  of	
  one	
  exceedance	
  
followed	
  by	
  a	
  follow-­‐up	
  sample	
  whose	
  value	
  is	
  high	
  enough	
  so	
  that	
  the	
  two	
  average	
  above	
  
the	
  NL.	
  	
  In	
  a	
  desalination	
  plant,	
  both	
  these	
  samples	
  might	
  be	
  taken	
  during	
  one	
  hot	
  summer	
  
week	
  when	
  boron	
  levels	
  in	
  the	
  SWRO	
  permeate	
  are	
  unusually	
  high.	
  

4.1.6.3 Algal Toxins 
Phytoplankton	
  blooms,	
  commonly	
  referred	
  to	
  as	
  ‘red	
  tides’	
  or	
  harmful	
  algal	
  blooms	
  (HABs),	
  
are	
  capable	
  of	
  producing	
  toxic	
  metabolic	
  byproducts	
  exhibiting	
  a	
  variety	
  of	
  size,	
  structure	
  
and	
  reactivity	
  characteristics.	
  Although	
  scientific	
  research	
  has	
  identified	
  specific	
  marine	
  
biotoxins	
  produced	
  by	
  various	
  phytoplankton	
  species,	
  the	
  underlying	
  conditions	
  and	
  
mechanisms	
  contributing	
  to	
  the	
  biotoxin	
  production	
  are	
  poorly	
  understood.	
  A	
  literature	
  
review	
  prepared	
  by	
  Dr.	
  David	
  Caron	
  on	
  behalf	
  of	
  West	
  Basin	
  MWD	
  identified	
  domoic	
  acid,	
  
saxitoxin,	
  brevetoxin,	
  okadaic	
  acid	
  and	
  yessotoxin	
  as	
  the	
  biotoxins	
  of	
  concern	
  for	
  southern	
  
California	
  (Caron	
  et	
  al,	
  2010),	
  illustrated	
  in	
  Figure	
  4-­‐7	
  below.	
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Figure	
  4-­‐7.	
  Chemical	
  structures	
  of	
  commonly	
  encountered	
  toxins	
  produced	
  by	
  
microalgae	
  in	
  U.S.	
  coastal	
  waters	
  (after	
  Caron	
  et	
  al,	
  2010).	
  
	
  
These	
  toxins	
  vary	
  in	
  molecular	
  weight	
  from	
  299	
  for	
  saxitoxin	
  to	
  1,145	
  for	
  yessotoxin,	
  so	
  
none	
  of	
  them	
  are	
  likely	
  to	
  pass	
  through	
  reverse	
  osmosis.	
  	
  Of	
  these,	
  by	
  far	
  the	
  most	
  common	
  
biotoxin	
  identified	
  along	
  the	
  California	
  coast	
  is	
  domoic	
  acid	
  (MW	
  311	
  amu).	
  	
  Figure	
  4-­‐8,	
  
also	
  from	
  Caron,	
  shows	
  the	
  mean	
  monthly	
  averages	
  and	
  maximum	
  values	
  of	
  domoic	
  acid	
  
measured	
  on	
  the	
  California	
  coast.	
  
	
  

Domoic	Acid	

Saxitoxin	

Okadaic	Acid	

Yessotoxin	

Dynophysis	toxin	

Pectenotoxin	

Brevetoxin	
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Figure	
  4-­‐8	
  Seasonal	
  levels	
  of	
  domoic	
  acid	
  long	
  the	
  CA	
  coast.	
  	
  Bars	
  are	
  monthly	
  means	
  
for	
  15	
  coastal	
  counties	
  for	
  the	
  years	
  2007-­‐2007.	
  	
  Also	
  shown	
  is	
  the	
  maximum	
  value	
  
observed	
  along	
  the	
  entire	
  coast	
  for	
  each	
  month	
  (Caron,	
  et	
  al,	
  2010).	
  	
  	
  
	
  
Clearly	
  the	
  marine	
  biotoxins	
  are	
  sometimes	
  present	
  in	
  ocean	
  waters.	
  	
  Studies	
  on	
  removal	
  
were	
  conducted	
  by	
  Poseidon	
  at	
  Carlsbad,	
  by	
  CDM	
  at	
  the	
  Santa	
  Cruz	
  pilot	
  plant	
  and	
  more	
  
extensively	
  by	
  West	
  Basin	
  MWD.	
  	
  West	
  Basin	
  conducted	
  bench	
  studies,	
  pilot	
  studies	
  in	
  El	
  
Segundo	
  and	
  full-­‐scale	
  studies	
  at	
  their	
  Redondo	
  Beach	
  demonstration	
  facility	
  (Hokanson,	
  et	
  
al.	
  2009;	
  Seubert,	
  et	
  al,	
  2012).	
  	
  Figure	
  4-­‐9	
  displays	
  the	
  Domoic	
  acid	
  concentrations	
  in	
  the	
  El	
  
Segundo	
  pilot	
  plant	
  intake	
  during	
  a	
  period	
  of	
  slightly	
  more	
  than	
  two	
  years.	
  	
  The	
  biotoxin	
  
was	
  observed	
  in	
  slightly	
  more	
  than	
  40	
  
percent	
  of	
  the	
  samples	
  taken,	
  the	
  median	
  
sample	
  likely	
  to	
  be	
  between	
  10	
  and	
  100	
  
ng/L	
  (below	
  the	
  detection	
  limit	
  of	
  the	
  
method	
  used).	
  	
  Although	
  the	
  toxin	
  was	
  
observed	
  on	
  numerous	
  occasions	
  in	
  the	
  
intake,	
  it	
  was	
  never	
  found	
  in	
  the	
  Pilot’s	
  
SWRO	
  permeate.	
  	
  This	
  was	
  still	
  true	
  later	
  in	
  
2008/2009	
  when	
  the	
  detection	
  limit	
  was	
  moved	
  to	
  below	
  10	
  ng/L.	
  	
  Bench	
  work,	
  conducted	
  
with	
  seeded	
  domoic	
  acid,	
  saxitoxin	
  and	
  brevetoxin	
  also	
  showed	
  complete	
  rejection	
  
(Seubert	
  te	
  al.,	
  2012).	
  	
  	
  
	
  

Conclusions	
  Algal	
  Toxins:	
  	
  
Biotoxins,	
  such	
  as	
  domoic	
  acid,	
  released	
  by	
  
harmful	
  algal	
  blooms,	
  like	
  the	
  red	
  tide,	
  are	
  
frequently	
  found	
  along	
  the	
  California	
  
coast.	
  	
  Fortunately	
  testing	
  has	
  shown	
  that	
  
they	
  are	
  consistently	
  removed	
  by	
  SWRO.	
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Figure	
  4-­‐9.	
  Probability	
  plot	
  of	
  Domoic	
  acid	
  concentrations	
  in	
  the	
  el	
  Segundo	
  pilot	
  
intake	
  over	
  a	
  period	
  between	
  May	
  2005	
  and	
  March	
  2008.	
  	
  	
  
	
  

4.1.7 The consumer experience 
The	
  consumer	
  experience	
  is	
  another	
  important	
  consideration	
  for	
  any	
  drinking	
  water	
  
source.	
  	
  Issues	
  to	
  be	
  considered	
  are	
  the	
  flavor	
  of	
  desalinated	
  water,	
  its	
  temperature	
  relative	
  
to	
  conventional	
  supplies	
  and	
  its	
  influence	
  on	
  scaling	
  or	
  corrosion	
  of	
  home	
  appliances.	
  	
  	
  

4.1.7.1 Taste 
Many	
  factors	
  can	
  influence	
  the	
  flavor	
  of	
  water.	
  	
  Perhaps	
  the	
  most	
  noticeable	
  where	
  
desalinated	
  water	
  is	
  concerned	
  is	
  its	
  mineral	
  content	
  and	
  mineral	
  content	
  does	
  make	
  
important	
  contribution	
  to	
  the	
  flavor	
  of	
  a	
  water	
  (Deitrich	
  et	
  al,	
  2013).	
  	
  	
  	
  Not	
  that	
  the	
  low	
  
mineral	
  content	
  of	
  desalinated	
  water	
  is	
  a	
  bad	
  thing,	
  on	
  the	
  contrary,	
  low	
  mineral	
  content	
  is	
  
generally	
  a	
  good	
  thing,	
  although	
  distilled	
  water	
  is	
  often	
  perceived	
  as	
  “Flat”.	
  	
  Many	
  projects	
  
featuring	
  desalination	
  components,	
  like	
  the	
  GWRS,	
  have	
  engaged	
  in	
  informal	
  consumer	
  
taste	
  testing.	
  	
  Such	
  consumer	
  tasting	
  was	
  conducted	
  at	
  the	
  Carlsbad	
  pilot	
  plant,	
  at	
  West	
  
Basin’s	
  Redondo	
  Beach	
  Temporary	
  Demonstration	
  Facility,	
  and	
  at	
  the	
  Santa	
  Cruz/Soquel	
  
Creek	
  (SCWWD2)	
  Pilot	
  plant.	
  	
  In	
  a	
  publically	
  held	
  “blind”	
  water	
  taste	
  event,	
  using	
  a	
  panel	
  
including	
  prominent	
  citizens	
  elected	
  officials	
  and	
  media,	
  the	
  SCWWD2	
  project	
  concluded	
  
that,	
  “desalinated	
  water	
  tasted	
  similar	
  to	
  treated	
  water	
  from	
  the	
  existing	
  supplies.”	
  West	
  
Basin	
  maintained	
  a	
  Tasting	
  station	
  at	
  its	
  Redondo	
  Beach	
  facility	
  and	
  offered	
  a	
  tasting	
  
experience	
  to	
  most	
  visitors.	
  	
  On	
  its	
  website,	
  they	
  report,	
  “Thousands	
  of	
  visitors	
  to	
  our	
  desal	
  
demonstration	
  facility	
  have	
  tasted	
  the	
  desal	
  water	
  and	
  tap	
  water	
  for	
  a	
  taste	
  comparison.	
  
Some	
  cannot	
  tell	
  the	
  difference,	
  but	
  most	
  can	
  taste	
  a	
  difference	
  and	
  prefer	
  the	
  taste	
  of	
  the	
  
desalted	
  ocean	
  water.”	
  	
  The	
  West	
  Basin	
  taste	
  tests	
  compared	
  desalinated	
  water,	
  which	
  had	
  
undergone	
  post	
  treatment	
  with	
  the	
  local	
  municipal	
  supply.	
  	
  Perhaps	
  the	
  most	
  serious	
  effort	
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to	
  examine	
  this	
  question	
  was	
  the	
  2004	
  study	
  that	
  McGuire	
  Environmental	
  Consultants	
  
(MEC)	
  undertook	
  on	
  behalf	
  of	
  the	
  San	
  Diego	
  Water	
  Authority	
  as	
  the	
  Authority	
  first	
  began	
  to	
  
investigate	
  its	
  own	
  independent	
  seawater	
  desalination	
  program	
  (MEC,	
  2004;	
  McGuire	
  et	
  al.	
  
2007).	
  	
  This	
  study	
  used	
  professional	
  flavor	
  profile	
  panels	
  and	
  carefully	
  designed	
  consumer	
  
panels	
  to	
  evaluate	
  and	
  compare	
  desalinated	
  water	
  (DW)	
  with	
  treated	
  water	
  from	
  the	
  State	
  
Project	
  (SPW)	
  and	
  the	
  Colorado	
  River	
  (CRW).	
  	
  The	
  consumer	
  panels	
  included	
  72	
  persons	
  
from	
  44	
  zip	
  codes	
  in	
  the	
  San	
  Diego	
  area	
  and	
  at	
  all	
  levels	
  of	
  both	
  age	
  and	
  income.	
  	
  	
  
	
  
The	
  qualities	
  of	
  the	
  three	
  waters	
  tested	
  are	
  summarized	
  in	
  Table	
  4-­‐1.	
  	
  The	
  professional	
  
panels	
  managed	
  by	
  MEC	
  looked	
  at:	
  1)	
  Varying	
  the	
  alkalinity	
  in	
  steps	
  from	
  0	
  to	
  100	
  mg/L,	
  2)	
  
Free	
  and	
  combined	
  chlorine	
  residuals	
  ranging	
  from	
  0.2	
  to	
  1.6	
  mg/L	
  and	
  0	
  to	
  4.4	
  mg/L,	
  
respectively,	
  and	
  at	
  temperatures	
  of	
  72.5	
  &	
  86°F,	
  and	
  3)	
  Blends	
  of	
  DW,	
  SPW	
  and	
  CRW.	
  	
  
Table	
  4-­‐2	
  presents	
  a	
  summary	
  of	
  the	
  water	
  quality	
  scenarios	
  examined	
  by	
  both	
  the	
  
professional	
  and	
  consumer	
  panels.	
  	
  “Skinner	
  Water”	
  	
  (SW)	
  was	
  simulated	
  with	
  a	
  50/50	
  
blend	
  of	
  SPR	
  and	
  CRW.	
  	
  
	
  
Table	
  4-­‐1.	
  Summary	
  of	
  the	
  mineral	
  quality	
  of	
  the	
  three	
  waters	
  evaluated	
  in	
  MEC	
  
testing.	
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TABLE	
  4-­‐2-­‐A	
  Summary	
  of	
  the	
  blend	
  scenarios	
  examined	
  by	
  the	
  MEC/SDCWA	
  consumer	
  
panels	
  
	
  

	
  
	
  
The	
  following	
  are	
  a	
  few	
  of	
  the	
  highlights	
  that	
  came	
  out	
  of	
  the	
  MEC/SDCWA	
  study:	
  
	
  

1. When	
  comparing	
  unblended	
  DW	
  with	
  SW,	
  consumers	
  could	
  easily	
  distinguish	
  
between	
  the	
  two	
  (>97%)	
  and,	
  of	
  panelists	
  that	
  correctly	
  made	
  the	
  distinction,	
  93%	
  
preferred	
  the	
  SW.	
  	
  

2. Although	
  panelists	
  could	
  distinguish	
  the	
  two	
  and	
  generally	
  preferred	
  the	
  
conventional	
  supply	
  (SW),	
  they	
  also	
  found	
  the	
  DW	
  acceptable.	
  

3. Increasing	
  the	
  alkalinity	
  of	
  the	
  DW	
  had	
  little	
  impact	
  on	
  the	
  consumer	
  experience.	
  
4. Consumers	
  found	
  it	
  difficult	
  to	
  distinguish	
  among	
  the	
  blends	
  of	
  SW	
  and	
  DW.	
  
5. At	
  the	
  levels	
  tested,	
  chlorine	
  residuals	
  (free	
  or	
  combined)	
  had	
  little	
  impact	
  on	
  the	
  

consumer	
  experience.	
  
6. Based	
  on	
  this	
  work,	
  MEC	
  did	
   not	
  

believe	
  the	
  difference	
  in	
  
consumer	
  perception	
  was	
  
significant	
  enough	
  to	
  warrant	
  
special	
  blending	
  facilities	
  to	
  
mitigate	
  the	
  aesthetic	
  quality	
  
differences	
  between	
  imported	
  
water	
  supplies	
  and	
  desalinated	
  
seawater.	
  

4.1.7.2 Temperature 
Among	
  world	
  travelers,	
  it	
  is	
  well	
  known	
  that	
  one	
  of	
  the	
  unique	
  things	
  about	
  Americans	
  is	
  
that	
  we	
  like	
  our	
  water	
  cold	
  …	
  we	
  even	
  like	
  it	
  with	
  ice	
  in	
  it.	
  	
  In	
  fact	
  our	
  love	
  of	
  cold	
  drinks	
  
extends	
  beyond	
  water	
  to	
  drinks	
  of	
  all	
  kinds.	
  	
  Americans	
  are	
  well	
  known	
  for	
  going	
  overseas	
  
and	
  rejecting	
  a	
  beer,	
  because	
  it	
  was	
  served	
  to	
  them	
  at	
  room	
  temperature.	
  	
  No	
  one	
  knows	
  
exactly	
  why	
  that	
  is,	
  but	
  one	
  plausible	
  story	
  ties	
  this	
  to	
  the	
  history	
  of	
  marketing	
  ice	
  and	
  a	
  

Taste:	
  	
  
Testing	
  by	
  MEC	
  showed	
  consumers	
  can	
  easily	
  
distinguish	
  desalinated	
  water	
  from	
  
conventional	
  supplies	
  and	
  would	
  generally	
  
prefer	
  the	
  latter.	
  	
  Nevertheless,	
  the	
  flavor	
  of	
  
desalinated	
  water	
  is	
  acceptable.	
  	
  The	
  lesson	
  
may	
  be	
  that	
  changes	
  from	
  one	
  to	
  the	
  other	
  and	
  
back	
  again	
  should	
  be	
  avoided	
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certain	
  enterprising	
  entrepreneur	
  in	
  Boston,	
  name	
  Frederic	
  Tudor	
  (“the	
  Ice	
  king”).	
  	
  Rumor	
  
has	
  it	
  that	
  he	
  revolutionized	
  the	
  ice	
  trade	
  when	
  he	
  promoted	
  the	
  idea	
  of	
  iced	
  cocktails.	
  	
  
Soon	
  any	
  drink	
  served	
  with	
  ice	
  was	
  viewed	
  as	
  special.	
  	
  In	
  any	
  case	
  the	
  idea	
  that	
  “tepid”	
  
drinking	
  water	
  is	
  undesirable	
  is	
  probably	
  more	
  an	
  issue	
  in	
  the	
  U.S.	
  than	
  any	
  other	
  country.	
  	
  
What	
  is	
  tepid?	
  	
  No	
  one	
  is	
  certain,	
  but	
  probably	
  at	
  or	
  above	
  room	
  temperature.	
  	
  	
  
	
  
There	
  have	
  been	
  few	
  studies	
  directly	
  examining	
  the	
  impact	
  of	
  temperature	
  on	
  the	
  
consumer’s	
  perception	
  of	
  drinking	
  water.	
  	
  The	
  MEC/SDCWA	
  study	
  looked	
  at	
  the	
  effect	
  of	
  
very	
  warm	
  water	
  (90°F)	
  on	
  their	
  professional	
  panel’s	
  judgment	
  of	
  the	
  intensity	
  of	
  
chlorinous	
  odors	
  and	
  found	
  little	
  effect	
  (McGuire,	
  2007).	
  	
  There	
  have	
  also	
  been	
  other	
  
studies	
  on	
  the	
  effect	
  of	
  temperature	
  on	
  the	
  perception	
  of	
  odors	
  in	
  water	
  (Whelton,	
  2001)	
  
and	
  on	
  the	
  impact	
  of	
  water	
  temperature	
  on	
  the	
  perception	
  of	
  foods	
  (Mony,	
  et	
  al.2013),	
  but	
  
no	
  studies	
  directly	
  addressing	
  the	
  subject	
  of	
  the	
  impact	
  of	
  water	
  temperature	
  on	
  the	
  
consumer	
  acceptance	
  of	
  the	
  water	
  itself.	
  	
  Of	
  these,	
  the	
  studies	
  on	
  the	
  impact	
  of	
  drinking	
  
water	
  on	
  the	
  temperature	
  of	
  food	
  are	
  probably	
  the	
  most	
  interesting.	
  	
  For	
  example	
  Mony	
  et	
  
al	
  (2013)	
  found	
  chocolate	
  was	
  not	
  as	
  flavorful	
  when	
  consumed	
  with	
  colder	
  water.	
  	
  
	
  
The	
  implications	
  seem	
  more	
  directly	
  applicable	
  to	
  the	
  City	
  of	
  Huntington	
  Beach,	
  which	
  
plans	
  to	
  take	
  desalinated	
  water	
  directly	
  into	
  their	
  system.	
  As	
  shown	
  below,	
  the	
  average	
  
temperature	
  for	
  Huntington	
  Beach	
  groundwater	
  over	
  the	
  past	
  five	
  years	
  was	
  69.9	
  °F,	
  about	
  
midway	
  between	
  the	
  two	
  temperature	
  cases	
  involving	
  normal	
  operations	
  (Case	
  1	
  –	
  normal	
  
operations	
  for	
  cold	
  seawater	
  at	
  63	
  °F	
  and	
  Case	
  2	
  -­‐	
  normal	
  operations	
  for	
  warm	
  seawater	
  
from	
  the	
  power	
  plant	
  condenser	
  at	
  74°F	
  ).	
  	
  The	
  situation	
  may	
  be	
  more	
  complex	
  for	
  the	
  
OCWD,	
  which	
  plans	
  to	
  spread	
  and	
  inject	
  the	
  desalinated	
  water	
  in	
  the	
  ground,	
  allowing	
  for	
  
blending	
  prior	
  to	
  the	
  point	
  when	
  the	
  water	
  reaches	
  the	
  consumer’s	
  tap.	
  	
  On	
  the	
  other	
  hand,	
  
the	
  specific	
  heat	
  of	
  water	
  is	
  exceptionally	
  high,	
  nearly	
  six	
  times	
  that	
  of	
  quartz.	
  	
  As	
  a	
  
consequence	
  the	
  temperature	
  of	
  water	
  isn’t	
  
easily	
  changed	
  and	
  the	
  temperature	
  of	
  water	
  
is	
  often	
  used	
  as	
  a	
  tracer	
  for	
  the	
  movement	
  of	
  
water	
  long	
  distances	
  in	
  the	
  ground.	
  	
  At	
  the	
  
present,	
  Poseidon	
  indicates	
  it	
  plans	
  to	
  
desalinate	
  water	
  drawn	
  from	
  the	
  condenser	
  
on	
  the	
  warm	
  water	
  side	
  of	
  the	
  Huntington	
  
Beach	
  Power	
  Plant	
  while	
  it	
  is	
  available.	
  	
  The	
  
question	
  of	
  plant	
  feed	
  temperature	
  deserves	
  
closer	
  examination.	
  

4.1.7.3 Scaling of home appliances 
The	
  formation	
  of	
  scales	
  and	
  encrustation	
  
on	
  the	
  bottom	
  of	
  teapots,	
  coffee	
  makers	
  
and	
  in	
  valves	
  and	
  fittings	
  around	
  the	
  home	
  
is	
  a	
  common	
  experience	
  in	
  southern	
  
California,	
  and	
  other	
  in	
  areas	
  with	
  hard	
  
water.	
  	
  In	
  fact	
  former	
  Chief	
  Engineer	
  or	
  the	
  
Orange	
  County	
  Water	
  District,	
  Mack	
  
Wesner,	
  did	
  his	
  Ph.D	
  on	
  the	
  question	
  of	
  the	
  

Temperature:	
  	
  
As	
  a	
  nation,	
  Americans	
  are	
  fond	
  of	
  cold	
  
beverages,	
  including	
  water.	
  	
  The	
  idea	
  of	
  a	
  
“tepid”	
  water	
  supply	
  does	
  not	
  appeal	
  to	
  some.	
  	
  
On	
  the	
  other	
  hand,	
  acceptable	
  temperatures	
  
are	
  poorly	
  defined.	
  	
  Because	
  of	
  its	
  
exceptionally	
  high	
  heat	
  capacity	
  the	
  water	
  is	
  
likely	
  to	
  stay	
  warm	
  to	
  the	
  consumer’s	
  tap.	
  	
  
Thus	
  the	
  issue	
  deserves	
  further	
  study.	
  	
  	
  

Scaling	
  of	
  home	
  appliances:	
  	
  
Calcium	
  carbonate	
  is	
  the	
  principal	
  mineral	
  of	
  
interest	
  where	
  the	
  scaling	
  of	
  consumer	
  
appliances	
  is	
  concerned.	
  	
  It	
  turns	
  out	
  that	
  
calcium	
  carbonate	
  management	
  is	
  of	
  general	
  
interest	
  to	
  the	
  water	
  districts	
  as	
  well.	
  	
  The	
  
water	
  purchase	
  agreement	
  should	
  have	
  the	
  
flexibility	
  to	
  allow	
  for	
  changes	
  in	
  the	
  future.	
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impact	
  of	
  hard	
  water	
  on	
  consumer	
  costs	
  and	
  the	
  USBR	
  once	
  published	
  a	
  formal	
  study	
  on	
  
the	
  issue.	
  	
  The	
  most	
  insoluble	
  mineral	
  in	
  most	
  drinking	
  waters	
  is	
  calcium	
  carbonate,	
  so	
  
more	
  often	
  than	
  not,	
  it	
  is	
  the	
  prime	
  culprit.	
  	
  Today	
  a	
  well	
  understood	
  aspect	
  of	
  water	
  
quality	
  management	
  is	
  managing	
  the	
  solubility	
  of	
  minerals,	
  generally	
  accomplished	
  by	
  
adjusting	
  the	
  Langelier	
  Solubility	
  Index	
  (LSI)	
  and	
  the	
  Calcium	
  Carbonate	
  Precipitation	
  
Potential	
  (CCPP).	
  	
  Thus	
  the	
  issue	
  may	
  require	
  that	
  a	
  feedback	
  loop	
  be	
  built	
  into	
  the	
  water	
  
purchase	
  agreement	
  so	
  that	
  the	
  water	
  utilities	
  can	
  modify	
  conditions	
  if	
  change	
  is	
  required.	
  	
  
Also	
  the	
  optimum	
  conditions	
  for	
  direct	
  use	
  in	
  Huntington	
  Beach	
  may	
  turn	
  out	
  to	
  be	
  a	
  bit	
  
different	
  than	
  those	
  for	
  groundwater	
  replenishment.	
  

4.1.8 Horticulture (irrigation at the home and in public landscapes) 

Another	
  issue	
  that	
  often	
  comes	
  up	
  in	
  connection	
  with	
  desalinated	
  water	
  is	
  its	
  suitability	
  
for	
  irrigation	
  of	
  landscapes,	
  both	
  public	
  and	
  private.	
  	
  The	
  fact	
  that	
  desalinated	
  waters	
  are	
  
higher	
  in	
  concentrations	
  of	
  salts,	
  particularly	
  boron,	
  chloride	
  and	
  sodium,	
  is	
  the	
  main	
  
cause	
  of	
  concern.	
  	
  At	
  low	
  concentrations,	
  these	
  ions	
  are	
  helpful	
  for	
  plant	
  growth	
  or,	
  at	
  
least,	
  don’t	
  damage	
  them.	
  Problems	
  occur	
  when	
  a	
  plant	
  accumulates	
  an	
  excess	
  of	
  these	
  
ions.	
  In	
  fact	
  excesses	
  of	
  sodium,	
  chloride,	
  and	
  boron	
  can	
  interfere	
  with	
  a	
  plant's	
  
metabolic	
  processes	
  making	
  other	
  nutrients	
  unavailable.	
  

Irrigation	
  Water	
  Quality	
  	
  

Plants	
  and	
  soil	
  lose	
  water	
  through	
  evapotranspiration	
  (ET).	
  ET	
  describes	
  the	
  loss	
  of	
  water	
  
from	
  the	
  soil	
  into	
  the	
  atmosphere	
  due	
  to	
  the	
  combined	
  effects	
  of	
  evaporation	
  and	
  plant	
  
transpiration.	
  	
  Irrigation	
  water	
  and/or	
  rainwater	
  (applied	
  water)	
  must	
  be	
  provided	
  to	
  
satisfy	
  ET	
  requires	
  adding	
  a	
  sufficient	
  amount	
  of	
  water	
  to	
  meet	
  this	
  demand.	
  The	
  applied	
  
water	
  percolates	
  through	
  the	
  soil	
  surface	
  and	
  into	
  the	
  root	
  zone	
  where	
  is	
  known	
  as	
  soil	
  
water.	
  Plants	
  draw	
  from	
  the	
  soil	
  water,	
  making	
  use	
  of	
  favorable	
  pressure	
  (and	
  osmotic)	
  
gradients,	
  extracting	
  more	
  solvent	
  (water)	
  than	
  solutes	
  (salts).	
  Over	
  time,	
  the	
  salt	
  
concentration	
  in	
  the	
  soil	
  water	
  increases	
  as	
  water	
  is	
  preferentially	
  drawn	
  up	
  through	
  the	
  
root	
  system,	
  leaving	
  the	
  salts	
  behind.	
  Also	
  during	
  evaporation,	
  water	
  is	
  lost	
  to	
  the	
  
atmosphere	
  leaving	
  the	
  salts	
  in	
  the	
  soil.	
  The	
  concentrated	
  solution	
  of	
  salts	
  can	
  decrease	
  
water	
  availability,	
  by	
  decreasing	
  the	
  pressure	
  gradients	
  (by	
  decreasing	
  the	
  osmotic	
  
pressure	
  gradient),	
  which	
  can	
  lead	
  to	
  drought	
  symptoms.	
  
	
  
When	
  the	
  applied	
  water	
  supply	
  is	
  equal	
  to	
  the	
  evapotranspiration	
  demand,	
  salt	
  enters	
  the	
  
system	
  through	
  the	
  applied	
  water	
  and	
  only	
  exits	
  the	
  system	
  through	
  plant	
  uptake.	
  If	
  the	
  
level	
  of	
  salts	
  in	
  the	
  irrigation	
  water	
  exceeds	
  the	
  amount	
  that	
  is	
  taken	
  up	
  by	
  the	
  plants,	
  the	
  
salts	
  will	
  build	
  up	
  in	
  the	
  root	
  zone.	
  One	
  method	
  for	
  mitigating	
  an	
  excess	
  of	
  salt	
  
accumulation	
  is	
  the	
  application	
  of	
  a	
  leaching	
  fraction,	
  or	
  an	
  excess	
  fraction	
  of	
  applied	
  water	
  
beyond	
  the	
  ET	
  demand	
  (known	
  as	
  salt	
  leaching,	
  where	
  the	
  leaching	
  fraction	
  quantifies	
  the	
  
level	
  of	
  salt	
  leaching).	
  The	
  principle	
  of	
  the	
  leaching	
  factor	
  is	
  that	
  the	
  extra	
  water	
  will	
  wash	
  
the	
  accumulated	
  salts	
  deeper	
  into	
  the	
  soil	
  and	
  away	
  from	
  the	
  root	
  zone	
  (Equation	
  below).	
  	
  	
  
	
  

𝐿𝑒𝑎𝑐ℎ𝑖𝑛𝑔  𝐹𝑎𝑐𝑡𝑜𝑟 = 1−   
𝐸𝑣𝑎𝑝𝑜𝑡𝑟𝑎𝑛𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛

𝑉𝑜𝑙𝑢𝑚𝑒  𝑜𝑓  𝐴𝑝𝑝𝑙𝑖𝑒𝑑  𝑊𝑎𝑡𝑒𝑟	
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The	
  LF	
  that	
  needs	
  to	
  be	
  applied	
  to	
  maintain	
  acceptable	
  root	
  zone	
  salinity	
  depends	
  on	
  the	
  
tolerance	
  of	
  the	
  plants	
  to	
  the	
  accumulated	
  salts	
  and	
  the	
  salinity	
  of	
  the	
  water	
  used	
  for	
  
irrigation.	
  	
  Higher	
  leaching	
  fractions	
  produce	
  more	
  uniform	
  salt	
  profiles	
  along	
  the	
  root	
  
zone,	
  while	
  low	
  LF	
  lead	
  to	
  higher	
  salt	
  concentrations	
  near	
  the	
  bottom	
  of	
  the	
  root	
  zone.	
  	
  A	
  
balance	
  must	
  be	
  maintained	
  to	
  achieve	
  sufficient	
  leaching	
  without	
  an	
  excessive	
  wasting	
  of	
  
water	
  or	
  a	
  loss	
  of	
  essential	
  plant	
  nutrients	
  from	
  the	
  root	
  zone	
  (Nable,	
  Banuelos	
  et	
  al.	
  1997).	
  	
  	
  
In	
  well-­‐managed	
  irrigation,	
  leaching fractions are selected based on the quality of irrigation 
waters and plant sensitivity in order to avoid the negative effects of salinity on water availability 
and to avoid accumulation of specific salts that can be toxic.  
 
The quality of the supply water can also affect soil infiltration if the water has a 
disproportionately high concentration of sodium ions compared to the divalent ions magnesium 
and calcium. In this case, the sodium ions substitute for the magnesium and 
calcium ions in the soil, decreasing soil particle attraction. The soil particles become more 
dispersed, which can lead to the clogging of soil pores, swelling, and the reduction of infiltration 
rates. The relationship between the sodium ion and the magnesium and calcium ions can be 
characterized by the Sodium Adsorption Ratio (SAR): 
 

𝑆𝐴𝑅 =
𝑁𝑎!

!
!

𝑀𝑔!! + 𝐶𝑎!!
 

 
In	
  addition	
  to	
  SAR,	
  infiltration	
  is	
  also	
  typically	
  affected	
  by	
  the	
  total	
  concentration	
  of	
  salts	
  in	
  
the	
  supply	
  water.	
  An	
  increased	
  salt	
  concentration	
  tends	
  to	
  lead	
  to	
  the	
  flocculation	
  of	
  soil	
  
particles	
  and	
  the	
  formation	
  of	
  soil	
  aggregates,	
  which	
  allow	
  for	
  infiltration,	
  drainage	
  and	
  
root	
  penetration.	
  Thus,	
  both	
  SAR	
  and	
  salinity	
  impact	
  infiltration,	
  with	
  decreasing	
  SAR	
  and	
  
increasing	
  salinity	
  leading	
  to	
  increased	
  infiltration.	
  	
  
	
  
As	
  mentioned	
  above,	
  specific	
  ions	
  in	
  the	
  supply	
  water	
  can	
  cause	
  toxicity	
  in	
  some	
  plants	
  if	
  
they	
  are	
  accumulated	
  in	
  sufficient	
  concentrations.	
  The	
  ions	
  whose	
  concentrations	
  are	
  of	
  
concern	
  in	
  typical	
  supply	
  waters	
  are	
  boron,	
  chloride,	
  and	
  sodium.	
  Typically,	
  these	
  ions	
  
enter	
  through	
  the	
  root	
  system,	
  or	
  foliage	
  when	
  sprinklers	
  are	
  used.	
  Sensitivity	
  to	
  specific	
  
ion	
  toxicity	
  varies	
  by	
  plant,	
  cultivar,	
  and	
  rootstock,	
  where	
  some	
  root	
  systems	
  are	
  better	
  
able	
  to	
  exclude	
  ions	
  minimizing	
  toxic	
  effects.	
  	
  
 
Boron	
  
Boron	
  (B)	
  is	
  one	
  of	
  the	
  essential	
  elements	
  for	
  plant	
  growth	
  but	
  is	
  needed	
  in	
  relatively	
  small	
  
amounts.	
  It	
  is	
  a	
  salt	
  of	
  particular	
  concern	
  given	
  that	
  plants	
  can	
  tolerate	
  a	
  narrow	
  range	
  of	
  
concentrations	
  in	
  the	
  soil-­‐water.	
  Excessive	
  levels	
  in	
  irrigation	
  water	
  can	
  lead	
  to	
  
accumulation	
  of	
  B	
  in	
  plant	
  leaves,	
  causing	
  yellowing,	
  also	
  known	
  as	
  chlorosis,	
  and	
  
ultimately	
  leaf	
  death.	
  The	
  primary	
  B	
  source	
  for	
  plants	
  is	
  the	
  water	
  that	
  bathes	
  their	
  root	
  
system;	
  therefore,	
  the	
  concentration	
  of	
  boron	
  in	
  the	
  soil-­‐water	
  is	
  the	
  most	
  important	
  
parameter	
  to	
  determine	
  the	
  effect	
  of	
  B	
  on	
  plant	
  health	
  and	
  does	
  not	
  equal	
  the	
  
concentration	
  of	
  B	
  in	
  the	
  irrigation	
  water.	
  The	
  concentration	
  of	
  B	
  in	
  the	
  soil-­‐water	
  is	
  not	
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always	
  easy	
  to	
  determine	
  and	
  is	
  affected	
  by	
  the	
  boron	
  concentration	
  in	
  the	
  irrigation	
  water,	
  
the	
  type	
  of	
  soil,	
  moisture	
  content	
  and	
  climate.	
  Climatic	
  conditions	
  also	
  affect	
  the	
  plant	
  
response	
  in	
  that	
  hotter,	
  more	
  arid	
  climates	
  drive	
  higher	
  rates	
  of	
  transpiration.	
  	
  Because	
  B	
  
accumulates	
  in	
  the	
  leaves	
  at	
  the	
  end	
  of	
  transpiration	
  stream,	
  the	
  climatic	
  conditions	
  affect	
  
the	
  degree	
  to	
  which	
  B	
  accumulates.	
  Knowing	
  the	
  soil-­‐water	
  boron	
  concentration	
  for	
  a	
  
specific	
  site	
  is	
  important	
  since	
  can	
  be	
  used	
  to	
  determine	
  safe	
  irrigation	
  water	
  B	
  
concentrations.	
  Figure	
  4-­‐10	
  shows	
  chlorosis	
  of	
  lemon	
  tree	
  leaves	
  caused	
  by	
  excess	
  boron.	
  
	
  

	
  
Figure 4-10 – Clorosis of leaves caused by excess boron 	
  
	
  
Chloride	
  
Chloride	
  primarily	
  enters	
  the	
  soil	
  through	
  the	
  application	
  of	
  irrigation	
  water,	
  which	
  
contains	
  chloride	
  ions.	
  After	
  up	
  taking	
  the	
  water	
  through	
  the	
  root	
  system	
  when	
  the	
  plant	
  
draws	
  water	
  from	
  the	
  soil,	
  the	
  chloride	
  and	
  water	
  are	
  transported	
  to	
  the	
  leaves	
  where	
  it	
  is	
  
accumulated.	
  At	
  the	
  leaf,	
  water	
  escapes	
  through	
  stomata	
  when	
  carbon	
  dioxide	
  is	
  converted	
  
to	
  carbohydrate	
  to	
  support	
  plant	
  growth	
  during	
  the	
  process	
  of	
  photosynthesis,	
  leaving	
  the	
  
chloride	
  behind.	
  As	
  transpiration	
  continues,	
  chloride	
  accumulates.	
  Leaf	
  drop,	
  which	
  occurs	
  
roughly	
  every	
  two	
  years,	
  allows	
  for	
  the	
  wasting	
  of	
  the	
  chloride	
  from	
  the	
  plant.	
  Tip	
  burn	
  
occurs	
  when	
  the	
  chloride	
  accumulation	
  exceeds	
  the	
  threshold	
  tolerance	
  of	
  the	
  leaf	
  prior	
  to	
  
leaf	
  drop.	
  In	
  general,	
  a	
  plant	
  affected	
  by	
  excessive	
  chloride	
  has	
  smaller	
  leaves,	
  a	
  slower	
  rate	
  
of	
  growth,	
  leaves	
  with	
  dead	
  tips	
  and	
  discoloration	
  known	
  as	
  bronzing,	
  yellowed	
  leaves	
  that	
  
separate	
  from	
  their	
  stems,	
  and	
  yellowed	
  tissue.	
  Figure	
  4-­‐11	
  shows	
  necrosis	
  of	
  leaves	
  
caused	
  by	
  excess	
  chloride.	
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Figure 4-11 – Necrosis of leaf tips and margins caused by excess chloride 
(HortScience, Inc.)	
  
	
  
Sodium	
  
Sodium	
  is	
  a	
  mineral	
  that	
  is	
  generally	
  not	
  needed	
  in	
  plants.	
  A	
  few	
  varieties	
  of	
  plants	
  need	
  
sodium	
  to	
  help	
  concentrate	
  carbon	
  dioxide,	
  but	
  most	
  plants	
  use	
  only	
  a	
  trace	
  amount	
  to	
  
promote	
  metabolism.	
  Excess	
  sodium	
  produces	
  an	
  effect	
  called	
  osmotion,	
  which	
  causes	
  
important	
  water	
  in	
  plant	
  tissues	
  to	
  be	
  diverted	
  impairing	
  the	
  plant	
  ability	
  to	
  even	
  uptake	
  
adequate	
  amount	
  of	
  water.	
  A	
  plant	
  injured	
  by	
  excessive	
  sodium	
  first	
  displays	
  mottled	
  
leaves	
  or	
  yellowed	
  tissue	
  between	
  the	
  veins	
  of	
  leaves.	
  This	
  is	
  followed	
  by	
  leaves	
  that	
  are	
  
dead	
  at	
  their	
  tips,	
  at	
  their	
  margins,	
  and	
  in	
  areas	
  between	
  their	
  veins.	
  Excessive levels of 
sodium may also cause an imbalance in the mineral nutrition of plants, such as a deficiency of 
calcium. Figure	
  4-­‐12	
  shows	
  yellowing	
  of	
  leaf	
  tips	
  caused	
  by	
  excess	
  sodium.	
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Figure 4-12 – Yellowing and burning of leaf tips caused by excess sodium (New 
South Wales Government) 

Water	
  Quality	
  Considerations	
  

As	
  mentioned	
  above,	
  the	
  salinity	
  of	
  waters	
  may	
  affect	
  plants	
  due	
  to	
  osmotic	
  effects,	
  plants	
  
need	
  to	
  use	
  more	
  energy	
  to	
  extract	
  water	
  from	
  the	
  soil	
  when	
  that	
  water	
  is	
  more	
  saline,	
  and	
  
plants	
  may	
  suffer	
  slowed	
  growth,	
  damaged	
  leaves,	
  and	
  death	
  in	
  the	
  severest	
  cases.	
  Plants	
  
have	
  a	
  wide	
  range	
  of	
  tolerance	
  of	
  salinity,	
  and	
  many	
  could	
  be	
  irrigated	
  with	
  desalinated	
  
water.	
  General	
  water	
  quality	
  guidelines,	
  based	
  on	
  the	
  water	
  quality	
  impacts	
  presented	
  
above,	
  can	
  be	
  found	
  in	
  a	
  standard	
  agricultural	
  reference	
  developed	
  for	
  the	
  State	
  Water	
  
Resources	
  Control	
  Board	
  (SWRCB).	
  The	
  most	
  extensive	
  studies	
  on	
  the	
  effect	
  of	
  boron,	
  
chloride	
  and	
  sodium	
  on	
  plant	
  life	
  are	
  focused	
  on	
  the	
  impact	
  on	
  crop	
  yield	
  in	
  commercial	
  
settings.	
  	
  For	
  example	
  boron	
  can	
  have	
  a	
  significant	
  impact	
  on	
  the	
  productivity	
  of	
  citrus	
  and	
  
chloride	
  is	
  notorious	
  for	
  its	
  adverse	
  effect	
  on	
  avocado	
  and	
  strawberry	
  production.	
  	
  These	
  
issues	
  seem	
  generally	
  less	
  important	
  in	
  Orange	
  County	
  today.	
  But	
  these	
  same	
  minerals	
  can	
  
have	
  adverse	
  impacts	
  on	
  decorative	
  plants	
  at	
  lower	
  levels,	
  because	
  their	
  first	
  impact	
  (as	
  
shown	
  in	
  Figures	
  4-­‐10,	
  4-­‐11	
  and	
  4-­‐12)	
  is	
  on	
  aesthetic	
  appearance.	
  Very	
  little	
  information	
  is	
  
available	
  on	
  landscape	
  plant	
  sensitivity	
  and	
  tolerance	
  to	
  salinity.	
  HortScience	
  conducted	
  an	
  
extensive	
  study	
  in	
  2005	
  (Matheny,	
  2005)	
  to	
  determine	
  the	
  possible	
  effects	
  on	
  Carlsbad’s	
  
landscapes	
  and	
  acceptable	
  landscape	
  appearance	
  by	
  irrigating	
  with	
  desalinated	
  water.	
  In	
  
order	
  to	
  establish	
  the	
  effect	
  of	
  boron	
  and	
  chloride	
  levels	
  in	
  irrigational	
  waters,	
  three	
  
different	
  categories	
  of	
  water	
  were	
  tested:	
  	
  
	
  
	
   -­‐	
  Category	
  1:	
  B=0.8-­‐1.0	
  ppm;	
  Cl=180-­‐240	
  ppm	
  
	
   -­‐	
  Category	
  2:	
  B=0.55-­‐0.75	
  ppm;	
  Cl=120-­‐160	
  ppm	
  
	
   -­‐	
  Category	
  3:	
  B=0.55	
  ppm;	
  Cl=56	
  ppm	
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Key	
  findings	
  of	
  the	
  study	
  were	
  that:	
  1)	
  
Category	
  1	
  water,	
  which	
  represents	
  the	
  
worst-­‐case	
  scenario,	
  was	
  acceptable	
  to	
  
irrigate	
  the	
  majority	
  of	
  the	
  ornamental	
  
plants	
  in	
  Carlsbad,	
  maintaining	
  an	
  
acceptable	
  landscape	
  appearance;	
  2)	
  Using	
  
categories	
  2	
  and	
  3	
  waters,	
  did	
  not	
  result	
  in	
  
a	
  significant	
  benefits	
  in	
  term	
  of	
  improving	
  
Carlsbad’s	
  landscape	
  appearance;	
  3)	
  Salt	
  
sensitive	
  plants	
  had	
  a	
  better	
  appearance	
  
when	
  using	
  waters	
  with	
  lower	
  boron	
  and	
  
chloride	
  concentrations	
  only	
  if	
  closely	
  
viewed.	
  In	
  general	
  the	
  plant	
  appearance	
  
was	
  satisfactory	
  if	
  viewed	
  from	
  a	
  distance;	
  
4)	
  Most	
  people	
  didn’t	
  notice	
  small	
  salt	
  
damages.	
  
	
  
For Category 1 water, which is representative 
of the desalted water quality proposed in Carlsbad, the following common plants were rated 
unacceptable: 

Camelia, Crape Myrtle, Gardenia, Giant Bird of Paradise, Heavenly Bamboo, Hydrangea, 
Lily of the Nile, Orange, Lemon, Philodendron, Photinia, Pink Trumpet Vine, Rose, 
Southern Magnolia, Violet trumpet vine, Wheeler’s dwarf pittosporum, xylosma	
  

	
  	
  	
  

4.2 Issues that arise in desalination projects with groundwater storage 
Over	
  the	
  past	
  several	
  years,	
  both	
  in	
  Southern	
  California	
  and	
  elsewhere,	
  issues	
  unique	
  to	
  
injection	
  wells	
  have	
  also	
  come	
  to	
  the	
  fore.	
  	
  Principal	
  among	
  these	
  are	
  the	
  potential	
  for	
  
clogging	
  of	
  the	
  injection	
  wells	
  and	
  the	
  mobilization	
  of	
  contaminants	
  in	
  the	
  aquifer	
  itself,	
  
particularly	
  arsenic.	
  	
  	
  

4.2.1 Impact on clogging of groundwater injection wells 
Early	
  efforts	
  by	
  Orange	
  County	
  Water	
  District	
  identified	
  injection	
  well	
  clogging	
  as	
  an	
  
important	
  issue	
  (Hennessey,	
  et	
  al.	
  1966)	
  and	
  the	
  Water	
  Factory	
  21	
  was	
  not	
  built	
  until	
  a	
  
satisfactory	
  method	
  of	
  treatment	
  was	
  found	
  (at	
  that	
  time	
  high	
  lime	
  treatment	
  followed	
  by	
  
filtration	
  through	
  multimedia	
  and	
  GAC).	
  	
  Since	
  that	
  time	
  an	
  extensive	
  literature	
  has	
  
developed	
  on	
  the	
  subject	
  and	
  research	
  has	
  been	
  carried	
  out	
  all	
  over	
  the	
  developed	
  world.	
  	
  
Much	
  of	
  this	
  research	
  is	
  summarized	
  in	
  a	
  report	
  by	
  the	
  European	
  Union	
  (EC,	
  2001).	
  	
  This	
  
research	
  identifies	
  three	
  broad	
  categories	
  of	
  issues:	
  1)	
  clogging	
  due	
  to	
  particulates,	
  2)	
  
clogging	
  due	
  to	
  the	
  development	
  of	
  biofilms	
  and	
  3)	
  clogging	
  due	
  to	
  chemical	
  precipitation.	
  	
  
Since	
  all	
  the	
  water	
  from	
  the	
  GWRS	
  and	
  all	
  the	
  water	
  from	
  the	
  proposed	
  Huntington	
  Beach	
  
Desalter	
  pass	
  through	
  RO,	
  most	
  of	
  these	
  clogging	
  mechanisms	
  would	
  seem	
  a	
  remote	
  
prospect.	
  	
  Precipitation	
  due	
  to	
  deposition	
  of	
  calcium	
  carbonate	
  is	
  likely	
  to	
  occur	
  with	
  a	
  
strategy	
  to	
  maintain	
  calcium	
  carbonate	
  saturation	
  (slightly	
  positive	
  LSI)	
  to	
  protect	
  the	
  
cement	
  surfaces	
  in	
  the	
  District’s	
  distribution	
  piping,	
  but	
  it	
  is	
  an	
  unlikely	
  outcome	
  with	
  this	
  

Horticulture:	
  	
  
Given	
  the	
  large	
  number	
  of	
  common	
  plants	
  
that	
  may	
  be	
  impacted	
  by	
  the	
  elevated	
  boron	
  
levels	
  that	
  might	
  be	
  expected	
  with	
  a	
  
desalination	
  water	
  source	
  and	
  noting	
  that	
  
the	
  study	
  is	
  dependent	
  on	
  local	
  conditions	
  
such	
  that	
  the	
  results	
  from	
  Carlsbad	
  are	
  not	
  
directly	
  applicable	
  to	
  Huntington	
  Beach,	
  a	
  
similar	
  study	
  is	
  recommended	
  for	
  
consideration	
  in	
  Huntington	
  Beach.	
  Factors	
  
affecting	
  horticulture	
  that	
  necessitate	
  a	
  
localized	
  study	
  in	
  Huntington	
  Beach	
  include	
  
the	
  specific	
  plants	
  common	
  in	
  the	
  
community,	
  the	
  local	
  microclimate,	
  soil	
  
conditions	
  and	
  the	
  preferences	
  of	
  
stakeholders	
  in	
  the	
  community	
  (e.g.	
  the	
  
president	
  of	
  the	
  garden	
  club,	
  nursery	
  
owners,	
  park	
  managers,	
  etc.).	
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approach	
  that	
  scaling	
  problems	
  will	
  occur	
  distribution	
  system	
  pipelines.	
  In	
  contrast,	
  
keeping	
  the	
  water	
  below	
  saturation	
  to	
  avoid	
  precipitation	
  will	
  limit	
  the	
  life	
  of	
  the	
  cement	
  
lining.	
  	
  So	
  there	
  is	
  a	
  careful	
  balance	
  that	
  must	
  be	
  maintained.	
  	
  OCWD’s	
  experience	
  with	
  the	
  
fouling	
  by	
  particulates	
  of	
  its	
  percolation	
  basins	
  for	
  the	
  Santa	
  Ana	
  River	
  also	
  support	
  the	
  
idea	
  that	
  low	
  levels	
  of	
  particulates	
  are	
  likely	
  to	
  lead	
  to	
  lower	
  maintenance	
  and	
  higher	
  
percolation	
  rates.	
  
	
  
Nevertheless	
  experience	
  with	
  other	
  Southern	
  California	
  injection	
  projects	
  has	
  shown	
  that	
  
clogging	
  can	
  be	
  an	
  issue.	
  	
  The	
  Los	
  Angeles	
  Department	
  of	
  Public	
  Works	
  (LACDPW),	
  which	
  
operates	
  three	
  seawater	
  barriers,	
  the	
  West	
  Coast	
  Barrier	
  (WCB),	
  the	
  Dominguez	
  Gap	
  
Barrier	
  (DGB),	
  and	
  the	
  Alamitos	
  Barrier	
  (AB),	
  has	
  commissioned	
  studies	
  on	
  the	
  issue.	
  	
  In	
  
studies	
  conducted	
  by	
  for	
  LACDPW,	
  the	
  specific	
  capacity	
  for	
  injection	
  (SCi),	
  the	
  ratio	
  of	
  the	
  
injection	
  rate	
  to	
  the	
  increase	
  in	
  head	
  above	
  static	
  conditions	
  was	
  evaluated.	
  	
  Under	
  a	
  
constant	
  injection	
  rate	
  losses	
  in	
  SCi	
  occur	
  over	
  time	
  due	
  to	
  biological,	
  chemical,	
  or	
  physical	
  
clogging.	
  	
  Studies	
  of	
  LACDPW’s	
  injection	
  wells	
  have	
  shown	
  continual	
  declining	
  trends	
  in	
  SCi	
  
(CH2M	
  HILL,	
  1998;	
  CH2M	
  HILL,	
  2003).	
  Most	
  of	
  the	
  wells	
  exhibited	
  rapid	
  losses	
  in	
  SCi	
  
following	
  redevelopment,	
  declining	
  to	
  near	
  pre-­‐redevelopment	
  levels	
  within	
  a	
  year	
  or	
  less.	
  	
  
In	
  addition	
  to	
  the	
  short-­‐term	
  losses	
  between	
  redevelopments,	
  an	
  overall	
  trend	
  of	
  
successively	
  lower	
  initial	
  SCi	
  from	
  following	
  each	
  redevelopment	
  effort	
  was	
  observed.	
  
CH2M	
  HILL	
  estimated	
  that	
  an	
  overall	
  decrease	
  in	
  SCi	
  of	
  one	
  order	
  of	
  magnitude	
  or	
  greater	
  
had	
  occurred	
  at	
  most	
  barrier	
  injection	
  wells	
  since	
  their	
  initial	
  installation.	
  	
  For	
  most	
  of	
  that	
  
time,	
  the	
  wells	
  had	
  been	
  operated	
  with	
  imported	
  water,	
  but	
  increasingly,	
  there	
  has	
  been	
  a	
  
trend	
  to	
  use	
  a	
  supply	
  of	
  recycled	
  water.	
  
	
  
As	
  a	
  result,	
  a	
  study	
  was	
  commissioned	
  to	
  develop	
  appropriate	
  quality	
  standards	
  for	
  the	
  
recycled	
  water	
  (Carollo,	
  2008)	
  and	
  a	
  set	
  of	
  standards	
  were	
  subsequently	
  issued	
  (LACDPW,	
  
2009).	
  	
  The	
  water	
  quality	
  Specifications	
  proposed	
  by	
  Carollo	
  are	
  summarized	
  in	
  Table	
  4-­‐5	
  
and	
  the	
  standards	
  adopted	
  by	
  LACDPW	
  are	
  summarized	
  in	
  Table	
  4-­‐6.	
  	
  Whereas	
  Carollo	
  
proposed	
  specifications	
  for	
  both	
  the	
  AWT	
  effluent	
  and	
  the	
  barrier	
  itself,	
  the	
  LCDPW	
  
standards	
  only	
  apply	
  to	
  the	
  former.	
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Table	
  4-­‐5.	
  	
  Water	
  Quality	
  Specifications	
  Proposed	
  in	
  Carollo	
  Study	
  	
  
(Carollo,	
  2008)	
  

	
  
1-­‐	
  Carollo	
  states,	
  "Corrosion	
  rates	
  less	
  than	
  1	
  mil/yr	
  should	
  be	
  maintained	
  at	
  all	
  times.	
  Corrosion	
  rates	
  can	
  be	
  

measured	
  utilizing	
  weight	
  loss	
  coupons	
  or	
  electrical	
  resistance	
  monitoring."	
  but	
  no	
  particular	
  metal	
  or	
  
alloy	
  was	
  selected	
  for	
  this	
  measure.	
  	
  

2-­‐Because	
  particulates	
  were	
  understood	
  to	
  result	
  from	
  lime	
  addition,	
  stricter	
  requirements	
  (1.25	
  avg,	
  2.1	
  
max)	
  were	
  to	
  apply	
  if	
  corrosion	
  criteria	
  are	
  not	
  met	
  

3-­‐Specification	
  says,	
  "meets	
  average	
  and	
  Max	
  values	
  at	
  all	
  times"	
  
4-­‐Specification	
  says,	
  ">	
  95%	
  of	
  a	
  24-­‐h	
  period"	
  
	
  
Table	
  4-­‐6.	
  	
  Water	
  Quality	
  Specifications	
  Adopted	
  by	
  LACDPW1	
  
(LACDPW,	
  2009)	
  

	
  
1-­‐	
  All	
  requirements	
  apply	
  to	
  the	
  AWT	
  Plant	
  effluent.	
  	
  
2-­‐	
  As	
  part	
  of	
  the	
  expansion	
  of	
  the	
  TIWRP,	
  the	
  City	
  of	
  Los	
  Angeles	
  plans	
  to	
  switch	
  from	
  combined	
  to	
  free	
  

chlorine.	
  The	
  City	
  has	
  retained	
  a	
  consultant	
  to	
  advise	
  on	
  the	
  appropriate	
  free	
  chlorine	
  residual.	
  
3-­‐Specification	
  says,	
  "meets	
  average	
  and	
  Max	
  values	
  at	
  all	
  times"	
  
4-­‐Specification	
  says,	
  ">	
  95%	
  of	
  a	
  24-­‐h	
  period"	
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According	
  to	
  Carollo,	
  the	
  CH2M	
  reports	
  largely	
  pointed	
  to	
  biofouling	
  as	
  the	
  principal	
  cause	
  
of	
  SCi	
  decline,	
  however	
  the	
  evidence	
  cited	
  was	
  not	
  specifically	
  described.	
  	
  Data	
  collected	
  by	
  
Carollo	
  in	
  all	
  three	
  LACDPW	
  barriers	
  seemed	
  to	
  suggest	
  that	
  corrosion	
  byproducts	
  could	
  
also	
  be	
  an	
  important	
  fouling	
  component.	
  	
  The	
  MFI	
  filter	
  pads	
  of	
  water	
  samples	
  taken	
  
throughout	
  both	
  barriers	
  are	
  displayed	
  in	
  Figure	
  4-­‐14.	
  	
  	
  
	
  

	
  
Figure	
  4-­‐14	
  MFI	
  Filters	
  collected	
  in	
  the	
  Carollo	
  Study	
  from	
  each	
  of	
  the	
  LACDPW	
  injection	
  
barrier	
  systems.	
  
	
  
Figure	
  4-­‐14	
  also	
  displays	
  the	
  MFI	
  values	
  determined	
  by	
  Carollo	
  at	
  each	
  of	
  the	
  field	
  sites	
  in	
  
the	
  study.	
  	
  	
  
	
  
The	
  MFI	
  (Modified	
  Fouling	
  Index)	
  was	
  proposed	
  by	
  the	
  Dutch	
  Water	
  Research	
  institute	
  
(KIWA)	
  as	
  a	
  substitute	
  for	
  the	
  SDI	
  (Silt	
  density	
  index)	
  in	
  evaluating	
  the	
  potential	
  for	
  
membrane	
  fouling	
  because	
  it	
  relates	
  more	
  linearly	
  to	
  the	
  concentration	
  of	
  colloidal	
  foulants	
  
and	
  because	
  it	
  has	
  a	
  sounder	
  basis	
  in	
  science,	
  being	
  derived	
  from	
  the	
  principles	
  of	
  gel	
  
filtration	
  (Schippers	
  &	
  Verdouw,	
  1980).	
  	
  It	
  found	
  its	
  way	
  into	
  the	
  criteria	
  for	
  groundwater	
  
injection	
  when	
  the	
  same	
  Dutch	
  organization	
  published	
  one	
  of	
  the	
  first	
  comprehensive	
  
monographs	
  on	
  clogging	
  of	
  injection	
  wells	
  (Olsthoorn,	
  1982).	
  	
  	
  In	
  that	
  monograph	
  a	
  MFI	
  <	
  3	
  
s/L2	
  was	
  identified	
  as	
  a	
  good	
  condition	
  for	
  injection	
  water	
  (and	
  MFI	
  >	
  10	
  to	
  15	
  as	
  bad).	
  It	
  
also	
  showed	
  that	
  MFI	
  is	
  more	
  sensitive	
  than	
  turbidity,	
  especially	
  for	
  turbidities	
  under	
  0.2	
  
ntu.	
  	
  Subsequent	
  studies	
  for	
  LACDPW	
  picked	
  up	
  the	
  MFI	
  criterion	
  (CH2M	
  HILL,	
  1998)	
  and	
  it	
  
has	
  been	
  carried	
  forward	
  (CH2M	
  HILL,	
  2003;	
  Carollo,	
  2008).	
  	
  	
  
	
  

Dominguez	Gap	
Barrier	MFI	Filters	

West	Coast		
Barrier	MFI	Filters	

Alamitos	
Barrier	MFI	Filters	
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The	
  Silt	
  Density	
  Index	
  (SDI),	
  developed	
  by	
  Du	
  Pont	
  for	
  USBR	
  in	
  the	
  early	
  days	
  of	
  reverse	
  
osmosis,	
  is	
  now	
  the	
  industry	
  standard	
  for	
  assessing	
  the	
  potential	
  for	
  the	
  presence	
  of	
  
particulate	
  matter	
  in	
  water	
  and	
  correlates	
  with	
  the	
  fouling	
  tendency	
  of	
  RO/NF	
  systems.	
  The	
  
SDI	
  is	
  calculated	
  from	
  the	
  rate	
  of	
  plugging	
  of	
  a	
  0.45	
  µm	
  membrane	
  filter	
  when	
  water	
  is	
  
passed	
  through	
  at	
  a	
  constant	
  applied	
  pressure	
  of	
  30	
  psig.	
  The	
  method	
  is	
  described	
  in	
  ASTM	
  
D4189	
  (ASTM,	
  2002).	
  	
  The	
  MFI	
  is	
  proportional	
  to	
  the	
  concentration	
  of	
  suspended	
  matter	
  
and	
  is	
  intended	
  to	
  be	
  a	
  more	
  accurate	
  index	
  than	
  the	
  SDI	
  tor	
  predicting	
  the	
  tendency	
  of	
  a	
  
water	
  to	
  foul	
  RO/NF	
  membranes	
  (Schippers	
  and	
  Verdouw,	
  1980).	
  The	
  test	
  method	
  is	
  the	
  
same	
  as	
  for	
  the	
  SDI	
  except	
  that	
  
the	
  volume	
  is	
  recorded	
  every	
  30	
  
seconds	
  over	
  a	
  15	
  minute	
  
filtration	
  period	
  and	
  the	
  index	
  
(MFI)	
  is	
  obtained	
  graphically.	
  	
  
Alhadidi,	
  et	
  al.	
  (2011)	
  studied	
  the	
  
relationship	
  between	
  the	
  SDI	
  and	
  
the	
  MFI	
  extensively	
  and	
  showed	
  
that	
  there	
  is	
  a	
  mathematical	
  
relationship	
  between	
  the	
  two.	
  	
  
Using	
  a	
  plot	
  of	
  their	
  data	
  for	
  a	
  
temperature	
  of	
  20°C	
  and	
  a	
  
pressure	
  of	
  2	
  bars	
  is	
  shown	
  in	
  
Figure	
  4-­‐15	
  along	
  with	
  a	
  simple	
  
empirical	
  equation	
  showing	
  the	
  
relationship.	
  	
  	
  
	
  
	
  An	
  MFI	
  value	
  of	
  <1.5	
  corresponds	
  to	
  a	
  SDI	
  value	
  of	
  about	
  <3	
  and	
  can	
  be	
  considered	
  as	
  
sufficiently	
  low	
  to	
  control	
  colloidal	
  and	
  particulate	
  fouling.	
  	
  More	
  recently,	
  UF	
  membranes	
  
have	
  been	
  used	
  for	
  MFI	
  measurements	
  (Boerlage,	
  et	
  al.,	
  2003).	
  	
  
	
  
To	
  date,	
  no	
  seawater	
  desalination	
  project	
  has	
  been	
  built	
  with	
  groundwater	
  recharge	
  
and/or	
  injection	
  mind,	
  however,	
  the	
  Monterey	
  specification	
  was	
  prepared	
  in	
  anticipation	
  of	
  
that	
  use.	
  	
  Monterey	
  considered	
  the	
  LACDPW	
  standards	
  but	
  adopted	
  only	
  turbidity	
  
requirements	
  for	
  particulates	
  (turbidity	
  0.15	
  average,	
  0.5	
  maximum)	
  because	
  of	
  
uncertainty,	
  at	
  the	
  time,	
  about	
  the	
  additional	
  value	
  the	
  MFI	
  provides	
  and	
  about	
  the	
  
performance	
  of	
  the	
  preferred	
  treatment	
  alternatives	
  where	
  MFI	
  is	
  concerned	
  (CAW,	
  2013).	
  	
  
	
  
OCWD	
  has	
  a	
  long	
  record	
  of	
  measurements	
  assessing	
  the	
  fouling	
  potential	
  of	
  the	
  final	
  
product	
  water	
  (FPW)	
  for	
  the	
  GWRS	
  and	
  OCWD	
  has	
  observed	
  generally	
  excellent	
  
performance	
  in	
  the	
  fouling	
  of	
  its	
  percolation	
  basins	
  using	
  GWRS	
  water,	
  hence	
  it	
  seems	
  
reasonable	
  that	
  measurements	
  of	
  fouling	
  potential	
  and	
  particulate	
  level	
  in	
  the	
  GWRS-­‐FPW	
  
represent	
  conditions	
  that	
  should	
  be	
  achievable	
  in	
  a	
  similar	
  remineralization	
  process	
  
applied	
  to	
  the	
  water	
  produced	
  by	
  the	
  Huntington	
  desalter	
  and	
  also	
  that	
  the	
  project	
  would	
  
benefit	
  if	
  similar	
  results	
  were	
  achieved.	
  	
  	
  	
  	
  
	
  
Figure	
  4-­‐16	
  summarizes	
  the	
  measurements	
  made	
  by	
  OCWD	
  in	
  an	
  attempt	
  to	
  assess	
  the	
  
fouling	
  potential	
  of	
  GWRS-­‐FPW	
  from	
  July	
  2014	
  to	
  the	
  present.	
  	
  It	
  should	
  be	
  noted	
  that	
  the	
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SDI	
  and	
  consequently	
  the	
  estimates	
  of	
  the	
  MFI	
  show	
  significant	
  improvement	
  following	
  the	
  
introduction	
  of	
  the	
  RDP	
  Tekkem	
  lime	
  system	
  in	
  early	
  2015.	
  	
  Prior	
  to	
  that	
  time	
  the	
  SDI	
  ran	
  
between	
  3	
  and	
  4	
  and	
  the	
  estimated	
  MFI	
  between	
  1.5	
  and	
  2.7.	
  Since	
  the	
  RDP	
  Tekkem	
  has	
  
been	
  fully	
  implemented,	
  the	
  SDI	
  is	
  running	
  between	
  1	
  and	
  1.5	
  and	
  the	
  estimated	
  MFI	
  has	
  
been	
  below	
  0.5,	
  far	
  below	
  the	
  criteria	
  being	
  used	
  by	
  the	
  LACDPW.	
  	
  

	
  
Figure	
  4-­‐16.	
  Characterization	
  of	
  particulates	
  and	
  fouling	
  potential	
  of	
  GWRS	
  final	
  product	
  
water	
  (FPW)	
  between	
  July	
  2014	
  and	
  mid	
  November	
  2015.	
  	
  MFI	
  values	
  are	
  estimated	
  from	
  
SDI	
  values	
  using	
  an	
  empirical	
  equation	
  based	
  on	
  the	
  work	
  of	
  Alhadidi	
  et	
  al.	
  2011.	
  	
  	
  
	
  
	
  
While	
  the	
  fouling	
  indices	
  have	
  
consistently	
  improved	
  the	
  
particle	
  counts	
  have	
  actually	
  
increased	
  while	
  the	
  turbidity	
  
has	
  shown	
  a	
  modest,	
  but	
  
inconsistent	
  reduction.	
  	
  
Measures	
  that	
  are	
  more	
  
selective	
  in	
  particle	
  size	
  may	
  be	
  
less	
  appropriate	
  for	
  the	
  intended	
  purpose.	
  	
  
	
  
Most	
  lime	
  and	
  limestone	
  products	
  have	
  relatively	
  high	
  levels	
  of	
  inerts	
  and,	
  as	
  a	
  result,	
  
particulates	
  are	
  often	
  a	
  problem	
  in	
  drinking	
  water	
  following	
  lime	
  addition.	
  	
  This	
  has	
  been	
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Clogging	
  of	
  injection	
  wells:	
  	
  
Studies	
  to	
  date	
  suggest	
  three	
  issues	
  must	
  be	
  controlled:	
  1)	
  
excessive	
  particulates,	
  2)	
  biofoulling,	
  and	
  corrosion.	
  	
  
Particulates	
  are	
  normally	
  controlled	
  with	
  a	
  limit	
  on	
  
turbidity	
  and	
  the	
  MFI.	
  	
  Biofouling	
  is	
  normally	
  controlled	
  
through	
  residual	
  maintenance	
  and	
  corrosion	
  is	
  normally	
  
controlled	
  by	
  maintaining	
  a	
  postive	
  LSI.	
  Based	
  on	
  GWRS	
  
experience	
  a	
  turbidity	
  of	
  <	
  0.05	
  ntu	
  and	
  an	
  SDI	
  of	
  <	
  2	
  seem	
  
achievable.	
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the	
  experience	
  at	
  GWRS	
  as	
  well.	
  Hence	
  it	
  would	
  seem	
  appropriate	
  	
  to	
  impose	
  criteria	
  for	
  
particulate	
  and	
  fouling	
  for	
  the	
  desalinated	
  water	
  as	
  well.	
  	
  Based	
  on	
  the	
  GWRS	
  experience	
  an	
  
average	
  turbidity	
  of	
  0.05	
  and	
  an	
  average	
  SDI	
  of	
  <	
  2	
  should	
  be	
  easily	
  achieved.	
  
	
  

4.2.2 Impact on release of contaminants from the aquifer (e.g. As) 
Just	
  as	
  the	
  introduction	
  of	
  new	
  water	
  of	
  different	
  quality	
  can	
  cause	
  the	
  destabilization	
  of	
  
corrosion	
  deposits	
  on	
  the	
  surface	
  of	
  old	
  metal	
  pipe	
  the	
  introduction	
  of	
  new	
  water	
  of	
  
different	
  quality	
  can	
  also	
  destabilize	
  hydrogeological	
  deposits	
  in	
  the	
  aquifer.	
  Arsenic,	
  iron,	
  
manganese,	
  and	
  uranium	
  are	
  among	
  the	
  metals,	
  for	
  which	
  mobilization	
  has	
  been	
  observed	
  
(Arthur,	
  et	
  al.	
  2002).	
  	
  Notable	
  among	
  these	
  is	
  the	
  potential	
  for	
  the	
  release	
  of	
  arsenic	
  from	
  
old	
  anoxic	
  deposits	
  when	
  a	
  new	
  water	
  supply	
  with	
  higher	
  redox	
  potential	
  is	
  introduced,	
  	
  
(Arthur,	
  et	
  al.	
  2002;	
  ASR	
  Systems,	
  2007).	
  	
  Spectral	
  analysis	
  of	
  minerals	
  found	
  in	
  the	
  
Floridian	
  aquifer	
  suggested	
  arsenic	
  substitution	
  in	
  iron	
  pyrites	
  as	
  the	
  most	
  likely	
  source.	
  	
  
Pyrites	
  in	
  the	
  location	
  studied	
  ranged	
  from	
  <	
  2	
  to	
  >	
  5%	
  	
  by	
  weight	
  (Arthur	
  et	
  al.	
  2002).	
  	
  
Arsenic	
  mobilization	
  continues	
  to	
  trouble	
  practitioners	
  of	
  aquifer	
  storage	
  and	
  recovery	
  in	
  
Florida	
  today	
  (Mirecki,	
  et	
  al.,	
  2013).	
  	
  Influencing	
  factors	
  of	
  traditional	
  interest	
  are	
  pH	
  and	
  
dissolved	
  oxygen.	
  	
  Less	
  traditional	
  factors	
  affecting	
  the	
  ORP	
  are	
  nitrate	
  (prevents	
  extremely	
  
low	
  ORPs)	
  and	
  oxidants	
  like	
  free	
  and	
  combined	
  chlorine	
  (which	
  raise	
  the	
  ORP).	
  	
  In	
  the	
  case	
  
of	
  the	
  GWRS	
  supply,	
  it	
  is	
  possible	
  that	
  the	
  presence	
  of	
  residual	
  hydrogen	
  peroxide	
  due	
  to	
  
the	
  advanced	
  oxidation	
  process	
  (AOP)	
  is	
  also	
  important.	
  	
  Using	
  data	
  from	
  	
  Trussell	
  Tech	
  
files,	
  Figure	
  4-­‐17	
  was	
  constructed	
  to	
  illustrate	
  the	
  effect	
  of	
  combined	
  and	
  free	
  chlorine	
  on	
  
the	
  ORP	
  of	
  the	
  seawater	
  in	
  Redondo	
  Beach.	
  	
  These	
  data,	
  collected	
  in	
  seawater,	
  are	
  used	
  to	
  
display	
  the	
  importance	
  of	
  oxidants	
  to	
  the	
  ORP.	
  	
  Salinity	
  has	
  a	
  limited	
  impact	
  on	
  the	
  ORP,	
  so	
  
the	
  effects	
  are	
  appropriately	
  illustrated.	
  	
  It	
  should	
  be	
  noted	
  that	
  the	
  ORP	
  increases	
  rapidly	
  
when	
  the	
  oxidant	
  is	
  first	
  added,	
  leveling	
  off	
  thereafter.	
  	
  This	
  is	
  rooted	
  in	
  the	
  fact	
  that	
  the	
  Eh	
  
must	
  be	
  consistent	
  with	
  the	
  Nernst	
  equation	
  where	
  the	
  measured	
  potential	
  (Eh)	
  is	
  a	
  
function	
  of	
  the	
  standard	
  potential	
  of	
  the	
  oxidant	
  (Eo)	
  plus	
  a	
  fraction	
  of	
  the	
  log	
  of	
  its	
  
concentration.	
  	
  	
  

𝐸!   =   𝐸!  +   
𝑅𝑇
𝑧𝐹 𝐿𝑛

𝑎!"
𝑎!"#

	
  

Copeland	
  et	
  al.	
  (2004)	
  studied	
  these	
  curves	
  for	
  several	
  oxidants	
  at	
  different	
  pHs	
  in	
  fresh	
  
water	
  and	
  found	
  the	
  Eh-­‐max	
  values	
  shown	
  as	
  summarized	
  in	
  Table	
  4-­‐7.	
  	
  Hydrogen	
  peroxide	
  
is	
  not	
  included	
  in	
  the	
  Copeland	
  results,	
  but	
  based	
  on	
  the	
  standard	
  potential	
  of	
  its	
  half	
  
reaction,	
  it	
  may	
  be	
  slightly	
  above	
  that	
  of	
  free	
  chlorine.	
  
	
  



Trussell Technologies, Inc. • Pasadena • San Diego • Oakland 	
   82 

	
   	
  
Figure	
  4-­‐17	
  Effect	
  of	
  the	
  type	
  and	
  concentration	
  of	
  chorine	
  residual	
  on	
  ORP	
  of	
  Redondo	
  
Beach	
  Seawater	
  
	
  
Table	
  4-­‐7.	
  The	
  Approximate	
  Maximum	
  Eh	
  (mV)	
  as	
  a	
  function	
  of	
  pH	
  and	
  oxidant	
  type	
  	
  -­‐	
  
actual	
  levels	
  may	
  vary	
  
Oxidant	
   pH	
  7	
   pH	
  8	
   pH	
  9	
  
Oxygen	
   582	
   552	
   508	
  
Monochloramine	
   806	
   716	
   660	
  
KMnO4	
   812	
   795	
   672	
  
ClO2	
   980	
   943	
   912	
  
Free	
  chlorine	
   1020	
   922	
   769	
  
	
  
Other	
  aspects	
  of	
  changing	
  water	
  quality	
  can	
  also	
  result	
  in	
  the	
  mobilization	
  of	
  contaminants.	
  	
  
These	
  include	
  basic	
  changes	
  in	
  solubility	
  caused	
  by	
  changes	
  in	
  pH	
  or	
  alkalinity	
  and	
  changes	
  
in	
  ionic	
  strength	
  or	
  the	
  concentration	
  of	
  divalent	
  cations	
  like	
  calcium	
  and	
  magnesium,	
  
which	
  can	
  influence	
  adsorption/desorption	
  (Fakhreddeine	
  et	
  al.,	
  2015).	
  
	
  
Aware	
  of	
  the	
  mobilization	
  issue	
  from	
  the	
  beginning	
  of	
  the	
  GWRS	
  project,	
  	
  OCWD	
  and	
  its	
  
National	
  Water	
  Research	
  Institute	
  (NWRI)	
  Independent	
  Advisory	
  Panel	
  (IAP)	
  began	
  
considering	
  the	
  issue	
  early	
  on,	
  including	
  preliminary	
  column	
  experiments,	
  analysis	
  of	
  
OCWD	
  aquifer	
  samples	
  for	
  metals,	
  concluding	
  that,	
  “..	
  the	
  mobilization	
  of	
  metals	
  is	
  not	
  
expected	
  to	
  be	
  a	
  serious	
  issue.	
  (NWRI,	
  2006).”	
  	
  The	
  panel	
  did	
  recommend	
  that	
  OCWD	
  seek	
  
the	
  advice	
  of	
  a	
  geochemist	
  familiar	
  with	
  the	
  issue	
  and	
  do	
  some	
  fate	
  assessment	
  for	
  arsenic	
  
prior	
  to	
  GWRS	
  startup,	
  but	
  those	
  results	
  showed	
  such	
  a	
  wide	
  range	
  of	
  possible	
  responses	
  
that	
  they	
  weren’t	
  particularly	
  helpful.	
  	
  Nevertheless,	
  the	
  discussion	
  focused	
  the	
  discussion	
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on	
  the	
  issue	
  and	
  OCWD	
  conducted	
  additional	
  metals	
  monitoring	
  in	
  groundwater	
  from	
  the	
  
very	
  beginning	
  of	
  the	
  project.	
  
	
  
In	
  fact	
  the	
  OCWD	
  monitoring	
  program	
  did	
  show	
  arsenic	
  release	
  begin	
  to	
  appear	
  in	
  some	
  
monitoring	
  wells	
  in	
  the	
  vicinity	
  of	
  the	
  Miller	
  and	
  Kraemer	
  spreading	
  basins	
  in	
  early	
  2009.	
  
Increasing	
  arsenic	
  levels	
  corresponded	
  to	
  declining	
  chloride	
  levels,	
  an	
  indication	
  of	
  their	
  
correspondence	
  to	
  the	
  arrival	
  of	
  GWRS	
  water.	
  	
  There	
  was	
  no	
  initial	
  evidence	
  of	
  arsenic	
  
release	
  in	
  the	
  Talbert	
  Gap	
  monitoring	
  wells	
  near	
  the	
  seawater	
  intrusion	
  barrier	
  injection	
  
wells,	
  possibly	
  because	
  arsenic	
  may	
  have	
  been	
  previously	
  flushed	
  by	
  WF	
  21	
  water	
  in	
  
earlier	
  years.	
  	
  Subsequent	
  monitoring	
  at	
  the	
  Talbert	
  Gap	
  and	
  the	
  Demonstration	
  Mid-­‐Basin	
  
Injection	
  project	
  has	
  shown	
  some	
  increases	
  in	
  arsenic	
  at	
  monitoring	
  wells	
  within	
  close	
  
proximity	
  to	
  injection	
  wells	
  associated	
  with	
  the	
  presence	
  of	
  GWRS	
  water.	
  
	
  
The	
  2010	
  Supplemental	
  Report	
  provided	
  to	
  the	
  NWRI	
  IAP	
  for	
  the	
  GWRS	
  suggested	
  the	
  
following	
  factors	
  that	
  might	
  be	
  controlling	
  arsenic	
  mobilization:	
  	
  
	
  

1. Higher	
  pH	
  -­‐	
  GWRS	
  product	
  water	
  (FPW)	
  had	
  a	
  higher	
  pH	
  than	
  the	
  groundwater	
  in	
  
the	
  vicinity	
  of	
  Miller	
  and	
  Kraemer	
  Basins	
  (pH	
  9.0	
  vs.	
  pH	
  7.4).	
  	
  The	
  pH	
  is	
  often	
  
“master	
  variable”	
  controlling	
  adsorption	
  of	
  arsenic	
  to	
  oxides	
  and	
  oxyhydroxides	
  of	
  
iron,	
  aluminum,	
  and	
  manganese,	
  common	
  in	
  Orange	
  County	
  sediments.	
  	
  

2. Low	
  TDS	
  -­‐	
  The	
  relatively	
  low	
  alkalinity	
  and	
  ionic	
  strength	
  of	
  GWRS	
  water	
  may:	
  
a. 	
  Alter	
  surface	
  charge	
  of	
  mineral	
  surfaces,	
  changing	
  ion	
  exchange	
  behavior	
  

and	
  affecting	
  arsenic	
  sorption.	
  	
  
b. Accelerate	
  dissolution	
  reactions,	
  the	
  dispersion	
  behavior	
  of	
  clays,	
  and	
  

associated	
  desorption	
  of	
  trace	
  metals.	
  	
  
3. Higher	
  ORP	
  -­‐	
  The	
  highly	
  positive	
  oxidation-­‐reduction	
  potential	
  (ORP)	
  of	
  GWRS	
  

water	
  may	
  affect	
  the	
  oxidation	
  state	
  of	
  arsenic	
  adsorbed	
  to	
  aquifer	
  sediments	
  and	
  
increase	
  its	
  solubility	
  and	
  mobility.	
  As	
  mentioned	
  earlier,	
  arsenic	
  mobilization	
  has	
  
been	
  observed	
  at	
  aquifer	
  storage	
  and	
  recovery	
  (ASR)	
  sites	
  where	
  high	
  ORP	
  waters	
  
have	
  been	
  injected	
  into	
  aquifers	
  with	
  reducing	
  conditions	
  and	
  sulfide	
  minerals.	
  	
  

The	
  subsequent	
  2011	
  Supplemental	
  Report	
  examined	
  the	
  pH	
  and	
  ORP	
  hypotheses	
  using	
  
data	
  collected	
  through	
  May	
  2011.	
  	
  Figures	
  4-­‐18a,	
  4-­‐18b	
  and	
  4-­‐18c	
  examine	
  these	
  questions	
  
for	
  monitoring	
  well	
  KBS-­‐4/1,	
  a	
  well	
  in	
  the	
  vicinity	
  of	
  the	
  Kraemer	
  spreading	
  basin	
  which	
  
showed	
  the	
  most	
  dramatic	
  arsenic	
  increase.	
  	
  Using	
  low	
  chloride	
  levels	
  as	
  an	
  indication	
  of	
  
the	
  presence	
  of	
  GWRS	
  water,	
  the	
  Figure	
  4-­‐18a	
  confirms	
  that	
  arsenic	
  rises	
  steeply	
  in	
  early	
  
2009	
  with	
  the	
  arrival	
  of	
  GWRS	
  water.	
  	
  It	
  is	
  also	
  worth	
  noting	
  (as	
  noted	
  on	
  the	
  figure)	
  that	
  
the	
  level	
  of	
  arsenic	
  generally	
  declines	
  thereafter.	
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Figure	
  4-­‐18a.	
  Field	
  measurements	
  of	
  arsenic	
  and	
  chloride	
  in	
  monitoring	
  well	
  KBS-­‐4/1	
  from	
  
early	
  2008	
  through	
  mid	
  2011.	
  
	
  
Figures	
  4-­‐18b	
  and	
  4-­‐18c	
  display	
  data	
  on	
  field	
  measurements	
  of	
  ORP	
  and	
  pH	
  in	
  the	
  same	
  
monitoring	
  well	
  during	
  the	
  same	
  period.	
  	
  Figure	
  4-­‐18b	
  shows	
  a	
  lot	
  of	
  scatter,	
  the	
  reasons	
  
for	
  this	
  scatter	
  are	
  difficult	
  to	
  know,	
  but	
  the	
  ORP	
  levels	
  start	
  low,	
  perhaps	
  as	
  low	
  as	
  -­‐100	
  
mV,	
  indicating	
  the	
  underlying	
  groundwater	
  is	
  somewhat	
  low	
  in	
  oxygen,	
  making	
  accurate	
  
ORP	
  measurements	
  difficult	
  to	
  achieve.	
  	
  The	
  arrival	
  of	
  GWRS	
  water	
  brought	
  the	
  ORP	
  up,	
  to	
  
approximately	
  200	
  to	
  300	
  mV.	
  	
  Long	
  term	
  ORP	
  levels	
  in	
  the	
  presence	
  of	
  GWRS	
  water	
  seem	
  
to	
  be	
  settling	
  our	
  in	
  the	
  range	
  of	
  50	
  to	
  150	
  mV.	
  	
  	
  
	
  

	
   	
  
Figure	
  4-­‐18b	
  Display	
  of	
  the	
  variation	
  of	
  field	
  measurements	
  of	
  ORP	
  and	
  arsenic	
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In	
  Figure	
  4-­‐18c	
  the	
  pH	
  starts	
  around	
  7.5	
  and	
  rapidly	
  climbs	
  to	
  nearly	
  8.5	
  with	
  the	
  arrival	
  of	
  
GWRS	
  water.	
  After	
  some	
  time	
  in	
  the	
  presence	
  of	
  the	
  GWRS,	
  the	
  pH	
  stabilizes	
  at	
  between	
  7.6	
  
and	
  8.1.	
  	
  Based	
  on	
  this	
  work,	
  neither	
  pH	
  nor	
  ORP,	
  alone	
  seem	
  to	
  offer	
  an	
  adequate	
  
explanation.	
  

	
  
	
  
Figure	
  4-­‐18c	
  Display	
  of	
  the	
  variation	
  of	
  field	
  measurements	
  of	
  pH	
  and	
  arsenic	
  
	
  
Subsequent	
  to	
  this	
  work,	
  OCWD	
  has	
  engaged	
  Scott	
  Fendorf,	
  Ph.D.,	
  a	
  professor	
  in	
  Earth	
  
Sciences	
  at	
  Stanford	
  University,	
  to	
  help	
  examine	
  the	
  issue.	
  	
  Work	
  by	
  Fendorf	
  suggests	
  that	
  
the	
  arsenic	
  mobilization	
  in	
  the	
  wells	
  near	
  the	
  Kraemer	
  and	
  Miller	
  spreading	
  basins	
  is	
  a	
  
result	
  of	
  the	
  reduced	
  concentration	
  of	
  calcium	
  and	
  magnesium	
  ions	
  in	
  the	
  GWRS	
  water	
  
relative	
  to	
  the	
  antecedent	
  (background)	
  groundwater,	
  the	
  idea	
  being	
  that	
  these	
  ions	
  play	
  
an	
  important	
  role	
  in	
  the	
  adsorption	
  of	
  arsenate	
  ion	
  to	
  the	
  mineral	
  matrix.	
  	
  	
  The	
  
introduction	
  of	
  the	
  softer	
  GWRS	
  water	
  causes	
  an	
  re-­‐adjustment	
  of	
  this	
  equilibrium,	
  
resulting	
  in	
  the	
  release	
  of	
  some	
  arsenic.	
  	
  Using	
  collum	
  elution	
  studies,	
  the	
  Stanford	
  Group	
  
also	
  examined	
  the	
  effect	
  of	
  pH	
  and	
  divalent	
  cations	
  on	
  arsenic	
  using	
  benchtop	
  columns.	
  	
  
Some	
  of	
  that	
  work	
  has	
  been	
  replotted	
  in	
  Figure	
  4-­‐19.	
  	
  	
  
	
  
These	
  plots	
  suggest	
  that,	
  small	
  changes	
  in	
  pH	
  have	
  little	
  effect,	
  elevated	
  levels	
  of	
  calcium	
  
depress	
  aresenic	
  elution,	
  but	
  a	
  combination	
  of	
  both	
  magnesium	
  and	
  calcium	
  is	
  even	
  more	
  
effective.	
  	
  This	
  would	
  suggest	
  that	
  adjustment	
  of	
  calcium	
  carbonate	
  saturation	
  may	
  result	
  
in	
  small	
  improvements	
  and	
  the	
  addition	
  of	
  magnesium	
  (MgO	
  or	
  MgCl2)	
  may	
  result	
  in	
  
greater	
  improvements	
  if	
  they	
  are	
  required.	
  	
  It	
  is	
  instructive	
  to	
  look	
  at	
  the	
  effect	
  of	
  these	
  ion	
  
concentrations	
  on	
  the	
  hardness	
  of	
  the	
  water.	
  	
  At	
  a	
  calcium	
  of	
  6.6,	
  29,	
  and	
  200	
  mg/L,	
  the	
  
water	
  has	
  a	
  harness	
  of	
  less	
  than	
  17,	
  73	
  and	
  500	
  mg/L	
  as	
  CaCO3.	
  	
  At	
  a	
  calcium	
  of	
  22	
  and	
  a	
  
magnesium	
  of	
  27,	
  the	
  water	
  has	
  a	
  hardness	
  of	
  168	
  mg/L	
  as	
  CaCO3.	
  	
  Water	
  is	
  generally	
  
considered	
  soft	
  if	
  it’s	
  hardnes	
  is	
  less	
  than	
  80	
  mg/L	
  as	
  CaCO3.	
  	
  SPW	
  and	
  CRW	
  generally	
  have	
  
a	
  hardness	
  of	
  125	
  and	
  290	
  mg/L	
  as	
  CaCO3,	
  respectively.	
  	
  OCWD	
  could	
  consider	
  the	
  



Trussell Technologies, Inc. • Pasadena • San Diego • Oakland 	
   86 

additinon	
  of	
  magnesium	
  salts	
  in	
  order	
  to	
  reduce	
  the	
  initial	
  and	
  temporary	
  increases	
  
observed	
  in	
  groundwater	
  near	
  the	
  spreading	
  basins	
  in	
  Anaheim..	
  

	
  
Figure	
  4-­‐19.	
  	
  Impact	
  of	
  pH,	
  calcium	
  and	
  magnesium	
  on	
  elution	
  of	
  arsenic	
  from	
  Mira	
  Loma	
  
sediment.	
  (data	
  from	
  Fakhreddine,	
  et	
  al.	
  2015)	
  
	
  
In	
  considering	
  how	
  such	
  amendments	
  might	
  influence	
  the	
  strategy	
  for	
  post	
  treatment	
  of	
  
desalinated	
  water	
  it	
  is	
  useful	
  to	
  consider	
  the	
  range	
  of	
  conditions	
  that	
  would	
  normally	
  be	
  
considered.	
  	
  The	
  most	
  common	
  post	
  treatment	
  for	
  stabilization	
  is	
  adjustment	
  of	
  calcium	
  
carbonate	
  saturation	
  by	
  increasing	
  the	
  calcium	
  hardness	
  and	
  alkalinity	
  of	
  the	
  desalinated	
  
supply.	
  	
  The	
  preceding	
  discussion	
  in	
  the	
  document	
  gives	
  good	
  reason	
  for	
  optimism	
  that	
  
such	
  a	
  strategy	
  would	
  be	
  successful.	
  Figure	
  4-­‐20	
  illustrates	
  the	
  pH	
  that	
  would	
  be	
  required	
  
to	
  support	
  an	
  LSI	
  of	
  +0.1	
  in	
  desalinated	
  water	
  adjusted	
  to	
  various	
  ranges	
  of	
  hardness.	
  	
  
	
  

	
  
Figure	
  4-­‐20.	
  	
  The	
  pH	
  required	
  to	
  maintain	
  an	
  LSI	
  of	
  +0.1	
  in	
  desalinated	
  water	
  versus	
  the	
  
goals	
  for	
  calcium	
  hardness	
  and	
  alkalinity.	
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4.2.3 Impact of the desalination project on boron in the Orange County Aquifer 
	
  
Chances	
  are	
  that	
  at	
  the	
  beginning	
  of	
  the	
  20th	
  century	
  the	
  Orange	
  County	
  aquifer	
  had	
  very	
  
little	
  boron.	
  This	
  evidenced	
  by	
  the	
  fact	
  that	
  boron	
  levels	
  are	
  below	
  0.1	
  mg/L	
  even	
  today.	
  
But,	
  over	
  the	
  past	
  five	
  or	
  six	
  decades,	
  the	
  wastewater	
  discharges	
  to	
  the	
  Santa	
  Ana	
  River	
  
have	
  increased	
  and,	
  as	
  a	
  result,	
  boron	
  concentrations	
  in	
  the	
  river	
  are	
  now	
  on	
  the	
  order	
  of	
  
0.25	
  mg/L	
  and	
  thus	
  river	
  recharge	
  is	
  importing	
  boron	
  into	
  the	
  Orange	
  County	
  Basin.	
  	
  
Chances	
  are	
  the	
  citizens	
  of	
  Orange	
  County	
  use	
  an	
  even	
  larger	
  amount	
  of	
  boron	
  in	
  their	
  
homes	
  and	
  most	
  of	
  it	
  appears	
  in	
  the	
  sewage.	
  	
  	
  Between	
  1976	
  and	
  2005,	
  most	
  of	
  that	
  boron	
  
went	
  to	
  the	
  ocean	
  via	
  the	
  OCSD	
  outfall	
  but	
  a	
  small	
  portion	
  was	
  introduced	
  into	
  the	
  Talbert	
  
Aquifer	
  through	
  the	
  activities	
  of	
  the	
  Water	
  Factory	
  21.	
  	
  Since	
  2008,	
  the	
  GWRS	
  has	
  captured	
  
an	
  increasing	
  fraction	
  of	
  the	
  OCSD	
  discharge	
  and	
  has	
  purified	
  it	
  to	
  make	
  drinking	
  water.	
  	
  
The	
  GWRS	
  is	
  not	
  particularly	
  efficient	
  at	
  removing	
  boron	
  so	
  the	
  GWRS	
  has	
  now	
  become	
  the	
  
most	
  important	
  contributor	
  to	
  boron	
  in	
  the	
  basin.	
  	
  The	
  RO	
  modeling	
  presented	
  above	
  
estimated	
  a	
  boron	
  concentration	
  of	
  0.54	
  mg/L	
  in	
  the	
  RO	
  product	
  water,	
  with	
  chloride	
  
controlling	
  the	
  design	
  based	
  on	
  the	
  current	
  draft	
  Term	
  Sheet.	
  	
  At	
  this	
  concentration	
  of	
  
boron,	
  the	
  desalinated	
  water	
  will	
  contribute	
  more	
  boron	
  to	
  the	
  basin	
  than	
  the	
  GWRS.	
  
Figure	
  4-­‐21	
  illustrates	
  the	
  situation.	
  	
  If	
  the	
  Huntington	
  Beach	
  ocean	
  desalter	
  were	
  to	
  
operate	
  with	
  a	
  boron	
  concentration	
  of	
  0.75	
  mg/L,	
  it	
  will	
  contribute	
  even	
  more	
  boron	
  to	
  the	
  
basin	
  (57	
  TPY	
  desalination	
  versus	
  38	
  TPY	
  GWRS).	
  	
  	
  
	
  

	
  
Figure	
  4-­‐21	
  Approximations	
  of	
  the	
  changing	
  mass	
  balances	
  of	
  boron	
  in	
  the	
  Orange	
  
County	
  Groundwater	
  Basin.	
  	
  a)	
  Prior	
  to	
  GWRS,	
  b)	
  as	
  of	
  today,	
  and	
  c)	
  with	
  the	
  
proposed	
  50	
  mgd	
  desalter.	
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The	
  mass	
  balances	
  in	
  Figure	
  4-­‐21	
  are	
  rough	
  approximations	
  based	
  on	
  the	
  following	
  
assumptions:	
  	
  

a) Prior	
  to	
  GWRS:	
  Assumes	
  an	
  average	
  flow	
  of	
  71	
  MGD	
  for	
  the	
  river	
  and	
  a	
  boron	
  
concentration	
  of	
  0.25	
  mg/L	
  in	
  its	
  flow,	
  importing	
  roughly	
  27	
  tons	
  of	
  boron	
  into	
  the	
  
basin	
  each	
  year.	
  	
  Also	
  assumes	
  that	
  Water	
  Factory	
  21	
  operated	
  at	
  an	
  average	
  of	
  12	
  
mgd	
  with	
  boron	
  at	
  0.35	
  mg/L,	
  importing	
  about	
  6	
  tons	
  per	
  year.	
  	
  Assumes	
  that	
  the	
  
boron	
  used	
  by	
  citizens	
  is	
  reflected	
  in	
  the	
  sewage.	
  Recent	
  data	
  suggest	
  the	
  sewage	
  
collected	
  by	
  the	
  Orange	
  County	
  Sanitation	
  District	
  has	
  a	
  boron	
  concentration	
  of	
  
approximately	
  0.4	
  mg/L	
  (OCWD,	
  2008,	
  2009,	
  2010,	
  2011,	
  2013,	
  &	
  2014).	
  	
  If	
  the	
  flow	
  
to	
  OCSD	
  averages	
  approximately	
  195	
  mgd,	
  its	
  boron	
  loading	
  would	
  correspond	
  to	
  
approximately	
  119	
  tons	
  per	
  year.	
  	
  This	
  comes	
  into	
  the	
  county,	
  but	
  goes	
  right	
  out	
  
again	
  in	
  OCSD’s	
  sewage	
  outfall.	
  	
  Total	
  net	
  importation	
  of	
  boron	
  27+6	
  =	
  33	
  TPY.	
  

b) As	
  of	
  Today:	
  W.F.	
  21	
  is	
  no	
  longer	
  operating,	
  but	
  the	
  GWRS	
  returns	
  100	
  mgd	
  of	
  
purified	
  water	
  to	
  the	
  basin	
  with	
  a	
  boron	
  concentration	
  of	
  approximately	
  0.25	
  mg/L,	
  	
  
importing	
  approximately	
  38	
  tons	
  of	
  boron	
  to	
  the	
  basin	
  each	
  year.	
  	
  Total	
  net	
  
importation	
  of	
  boron	
  27+38	
  =	
  65	
  TPY.	
  

c) With	
  the	
  Proposed	
  HB	
  Desalter:	
  	
  As	
  proposed	
  at	
  50	
  mgd	
  and	
  with	
  a	
  boron	
  level	
  of	
  
0.54	
  mg/L,	
  the	
  desalter	
  would	
  import	
  an	
  additional	
  41	
  tons	
  of	
  boron	
  into	
  the	
  basin	
  
each	
  year.	
  	
  Total	
  net	
  importation	
  of	
  boron	
  27	
  +	
  38	
  +	
  41	
  =~106	
  TPY.	
  	
  Should	
  the	
  
plant	
  operate	
  at	
  0.75	
  mg/L	
  boron,	
  total	
  net	
  importation	
  would	
  jump	
  to	
  27+38+57	
  =	
  
122	
  TPY.	
  

From	
  this	
  analysis,	
  it	
  is	
  clear	
  that	
  changes	
  have	
  taken	
  place	
  with	
  regard	
  to	
  the	
  importation	
  
of	
  boron	
  into	
  the	
  Orange	
  County	
  Groundwater	
  Basin	
  in	
  the	
  past	
  and	
  that	
  the	
  operation	
  of	
  
the	
  proposed	
  Huntington	
  Beach	
  Desalter	
  would	
  substantially	
  accelerate	
  those	
  changes.	
  	
  
What	
  is	
  less	
  clear	
  is	
  the	
  consequence	
  of	
  these	
  changes	
  and	
  the	
  time	
  period	
  over	
  which	
  
these	
  changes	
  might	
  have	
  impact.	
  	
  The	
  Orange	
  County	
  Groundwater	
  Basin	
  is	
  a	
  huger	
  
aquifer	
  and	
  any	
  clay	
  layers	
  in	
  the	
  aquifer	
  are	
  likely	
  to	
  adsorb	
  boron,	
  moderating	
  its	
  rate	
  of	
  
increase.	
  	
  As	
  a	
  result	
  any	
  impacts	
  are	
  likely	
  to	
  be	
  slow	
  to	
  develop	
  and	
  their	
  consequences	
  
are	
  not	
  likely	
  to	
  be	
  felt	
  for	
  some	
  time.	
  	
  Nevertheless,	
  beginning	
  with	
  the	
  imports	
  from	
  the	
  
Santa	
  Ana	
  River	
  and	
  Water	
  Factory	
  21,	
  some	
  of	
  these	
  changes	
  have	
  been	
  in	
  place	
  a	
  long	
  
time	
  and	
  a	
  simple	
  survey	
  of	
  boron	
  levels	
  in	
  groundwater	
  illustrates	
  some	
  effects.	
  Table	
  4-­‐2	
  
lists	
  the	
  concentrations	
  of	
  boron	
  in	
  the	
  groundwater	
  near	
  the	
  Santa	
  Ana	
  River	
  (SAR)	
  based	
  
on	
  the	
  Annual	
  Water	
  Quality	
  Reports	
  for	
  various	
  cities	
  in	
  the	
  basin.	
  	
  
	
  
Looking	
  at	
  the	
  data,	
  it	
  is	
  evident	
  how	
  the	
  boron	
  concentration	
  averages	
  0.2	
  mg/L,	
  regions	
  
of	
  the	
  basin	
  with	
  proximity	
  to	
  the	
  SAR	
  and	
  in	
  the	
  lower	
  region	
  near	
  the	
  Talbert	
  barrier	
  
monitoring	
  wells.	
  	
  It	
  seems	
  likely	
  that	
  these	
  increased	
  levels	
  near	
  the	
  SAR	
  are	
  due	
  to	
  the	
  
SAR’s	
  increasingly	
  high	
  wastewater	
  content	
  in	
  recent	
  decades.	
  	
  The	
  boron	
  found	
  in	
  the	
  
Talbert	
  monitoring	
  wells	
  is	
  likely	
  due	
  to	
  the	
  influence	
  of	
  purified	
  recycled	
  water	
  injection	
  
from	
  the	
  WF	
  21	
  and	
  GWRS.	
  	
  The	
  GWRS	
  currently	
  has	
  an	
  average	
  boron	
  concentration	
  of	
  
0.26	
  mg/L	
  (2014	
  GWRS	
  Annual	
  Report).	
  	
  Figure	
  4-­‐22	
  shows	
  the	
  same	
  data	
  in	
  the	
  form	
  of	
  a	
  
map.	
  	
  Impacts	
  from	
  the	
  SAR	
  are	
  immediately	
  evident.	
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Table 4-2 – Average Boron Concentration in the SAR basin	
  

Location	
  
Avg.	
  Boron	
  
Concentration	
  
(mg/L)	
  

Talbert	
  Barrier	
  Monitoring	
  Wells	
  (2014)1	
   0.2	
  
Mid	
  basin	
  monitoring	
  wells	
  SAR10	
  and	
  SAR11	
  (2014)1	
   <0.1	
  
Santa	
  Ana	
  (2014)2	
   0.02	
  
Garden	
  Grove	
  (2014)2	
   <0.1	
  
Tustin	
  (2015)2	
   <0.1	
  
Irvine	
  (2015)2	
   0.053	
  
Anaheim	
  (2015)2	
   0.14	
  
Fullerton	
  (2015)2	
   0.18	
  
Yorba	
  Linda	
  (2015)2	
   0.25	
  
Fountain	
  Valley	
  (2015)2	
   <0.1	
  
Westminster	
  (2015)2	
   <0.1	
  
Spreading	
  basins	
  -­‐	
  Miller	
  and	
  Miraloma	
  (2014)1	
   0.2	
  
1	
  GWRS	
  2014	
  Annual	
  Report	
  
2	
  Orange	
  County	
  Annual	
  Water	
  Quality	
  Reports	
  
	
  

	
  
Figure 4-22 – Map of the SAR basin showing average boron concentration (mg/L)  	
  

!(

IRVINE

ANAHEIM

ORANGE

SANTA ANA

BREA

FULLERTON

NEWPORT BEACH

YORBA LINDA

TUSTIN

COSTA MESA

LAKE FOREST

GARDEN GROVE

BUENA PARK

CYPRESS

SEAL BEACH

LA HABRA

HUNTINGTON BEACH

WESTMINSTER

PLACENTIA

FOUNTAIN VALLEY

MISSION VIEJO

STANTON

LOS ALAMITOS

LA PALMA

VILLA PARK

LAGUNA WOODS

LAGUNA HILLS RANCHO SANTA MARGARITA

LAGUNA BEACH

0 2.5 5

Miles

®

Boron Level

!( Orange County Water District

<0.1

0.1-0.2

>=0.2

Talbert Barrier 
Injection Wells  

Kraemer-Miller-
Miraloma Basins 



Trussell Technologies, Inc. • Pasadena • San Diego • Oakland 	
   90 

	
  
The	
  analysis	
  conducted	
  in	
  this	
  section	
  is	
  very	
  preliminary	
  in	
  nature	
  and	
  is	
  based	
  on	
  limited	
  
data,	
  nevertheless	
  it	
  would	
  appear	
  that,	
  where	
  boron	
  is	
  concerned,	
  the	
  Orange	
  County	
  
Groundwater	
  Basin	
  is	
  on	
  a	
  path	
  to	
  significant	
  long-­‐term	
  changes.	
  	
  The	
  same	
  could	
  be	
  said	
  
with	
  respect	
  to	
  the	
  accumulation	
  of	
  other	
  salts,	
  but	
  
the	
  GWRS	
  is	
  very	
  efficient	
  at	
  rejecting	
  most	
  
minerals	
  so	
  their	
  increase	
  will	
  be	
  more	
  limited.	
  	
  
Boron	
  is	
  a	
  special	
  exception.	
  For	
  the	
  moment,	
  there	
  
are	
  important	
  new	
  sources	
  of	
  boron	
  being	
  
introduced	
  into	
  the	
  basin,	
  but	
  there	
  is	
  no	
  clear	
  
mechanism	
  for	
  export	
  and	
  the	
  basin’s	
  long-­‐term	
  
trajectory	
  is	
  not	
  clear.	
  	
  It	
  is	
  recommended	
  that	
  the	
  District	
  consider	
  commissioning	
  two	
  
new	
  studies,	
  one	
  a	
  hydrogeological/geochemistry	
  study	
  to	
  more	
  tightly	
  tie	
  up	
  the	
  mass	
  
balances	
  represented	
  in	
  Figure	
  4-­‐21	
  and	
  extend	
  them	
  to	
  other	
  salts	
  as	
  well,	
  particularly	
  
chloride	
  and	
  a	
  second	
  horticultural	
  study	
  to	
  help	
  understand	
  the	
  likely	
  consequences	
  to	
  the	
  
plant	
  life	
  in	
  the	
  basin.	
  	
  In	
  order	
  to	
  provide	
  preliminary	
  support	
  for	
  that	
  work,	
  estimates	
  of	
  
mass	
  loading	
  to	
  the	
  basin	
  for	
  boron	
  and	
  chloride	
  due	
  to	
  desalinated	
  water	
  compared	
  to	
  
GWRS	
  water	
  are	
  provided	
  for	
  each	
  scenario	
  in	
  Section	
  6	
  below.	
  	
  	
  
	
  

5 Distribution System and Related Infrastructure  
As	
  discussed	
  in	
  Sections	
  4.1.1	
  through	
  4.1.4,	
  without	
  post	
  treatment,	
  desalinated	
  seawater	
  
is	
  generally	
  very	
  soft	
  and	
  acidic,	
  properties	
  that	
  have	
  been	
  demonstrated	
  to	
  promote	
  
corrosion	
  and	
  release	
  of	
  red	
  water	
  from	
  older,	
  unlined	
  cast	
  iron	
  or	
  ductile	
  iron	
  pipe	
  and	
  to	
  
accelerate	
  the	
  breakdown	
  of	
  mortar	
  linings	
  as	
  well.	
  	
  Provided	
  Poseidon	
  follows	
  the	
  
common	
  practice	
  of	
  adjusting	
  the	
  calcium	
  carbonate	
  saturation	
  of	
  the	
  desalinated	
  product	
  
water	
  as	
  it	
  did	
  in	
  the	
  Carlsbad	
  corrosion	
  study	
  (McGuire	
  et	
  al.,	
  2006),	
  most	
  of	
  these	
  
problems	
  should	
  be	
  less	
  important,	
  but	
  most	
  testing	
  also	
  suggests	
  that	
  the	
  destabilization	
  
of	
  old	
  corrosion	
  deposits	
  may	
  result	
  in	
  red	
  water	
  events	
  in	
  the	
  first	
  few	
  months	
  of	
  
operation	
  in	
  systems	
  with	
  significant	
  amounts	
  of	
  unlined	
  cast	
  iron	
  and	
  ductile	
  iron	
  pipe.	
  	
  
During	
  that	
  period	
  mobilization	
  of	
  manganese	
  may	
  also	
  be	
  an	
  issue	
  if	
  significant	
  
manganese	
  has	
  been	
  present	
  in	
  water	
  supplied	
  in	
  the	
  past.	
  	
  A	
  few	
  months	
  after	
  the	
  
transition	
  to	
  desalinated	
  water	
  these	
  problems	
  should	
  diminish	
  unless	
  portions	
  of	
  the	
  
system	
  with	
  old	
  unlined	
  pipe	
  cycle	
  back	
  and	
  forth	
  from	
  one	
  water	
  quality	
  to	
  another.	
  	
  
Obviously,	
  in	
  order	
  to	
  understand	
  the	
  impact	
  of	
  the	
  desalinated	
  water	
  on	
  the	
  distribution	
  
systems	
  and	
  related	
  infrastructure,	
  it	
  is	
  necessary	
  to	
  survey	
  the	
  inventory	
  of	
  materials.	
  	
  

5.1 HB distribution system 
	
  
Pipe	
  materials	
  in	
  the	
  Huntington	
  Beach	
  system,	
  provided	
  by	
  City	
  of	
  Huntington	
  Beach	
  staff	
  
are	
  listed	
  in	
  Table	
  5.1.	
  	
  By	
  far	
  and	
  away	
  the	
  most	
  common	
  material	
  is	
  Asbestos-­‐Cement	
  
(ACP)	
  pipe,	
  constituting	
  98%	
  of	
  the	
  pipe	
  in	
  length.	
  	
  	
  	
  Combining	
  unlined	
  cast	
  iron,	
  ductile	
  
iron	
  with	
  pipe	
  of	
  unknown	
  composition	
  still	
  suggests	
  that	
  less	
  than	
  0.07%	
  of	
  the	
  system’s	
  
total	
  pipe	
  length	
  is	
  vulnerable	
  to	
  red	
  water	
  or	
  corrosion	
  problems.	
  	
  While	
  it	
  is	
  possible	
  that	
  
scales	
  originating	
  directly	
  from	
  the	
  water	
  that	
  has	
  been	
  used	
  in	
  the	
  past	
  may	
  persist	
  on	
  the	
  

Boron	
  in	
  the	
  OC	
  GW	
  Basin:	
  	
  
Boron	
  levels	
  are	
  increasing	
  over	
  
the	
  long-­‐term	
  and	
  the	
  use	
  of	
  
desalinated	
  water	
  will	
  
accelerate	
  the	
  process.	
  	
  Studies	
  
recommended	
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remainder	
  of	
  the	
  system’s	
  pipe	
  and	
  that	
  these	
  scales	
  could	
  be	
  mobilized	
  as	
  well,	
  based	
  on	
  
testing	
  done	
  to	
  date	
  at	
  other	
  sites,	
  this	
  seems	
  unlikely.	
  	
  Thus,	
  provided	
  Poseidon	
  adjusts	
  the	
  
desalinated	
  water	
  to	
  achieve	
  positive	
  Langelier	
  Saturation	
  Index	
  (LSI),	
  the	
  Huntington	
  
Beach	
  distribution	
  system	
  should	
  be	
  relatively	
  unaffected.	
  	
  Huntington	
  Beach	
  would	
  be	
  
wise	
  to	
  continue	
  its	
  program	
  of	
  replacement	
  in	
  area	
  where	
  unlined	
  pipe	
  remains.	
  
	
  	
  	
  
Table	
  5.1.	
  Composition	
  of	
  the	
  water	
  pipeline	
  for	
  Huntington	
  Beach	
  

Pipe	
  Material	
   Length	
  (ft)	
   Water	
  Type	
  
Asbestos	
  -­‐	
  Cement	
   1,381,262	
   Domestic	
  
Cast	
  Iron	
   994	
   Domestic	
  
Copper	
   165	
   Domestic	
  
STL-­‐STL	
  CYL	
  -­‐	
  STL	
  CYL	
  
CM/L	
   7,355	
   Domestic	
  

Plastic	
  (HDPE+PVC)	
   230,451	
   Domestic;	
  Reclaimed	
  Irrigation;	
  Sub-­‐potable	
  
Ductile	
  Iron	
   3,441	
   Domestic	
  
Unknown	
   3,861	
   Domestic;	
  Reclaimed	
  Irrigation;	
  Sub-­‐potable	
  
	
  

5.2 OCWD distribution system 
	
  
Some	
  possible	
  OCWD	
  facilities	
  are	
  shown	
  in	
  Figure	
  5-­‐1,	
  taken	
  from	
  an	
  early	
  draft	
  of	
  the	
  
OCWD	
  Distribution	
  of	
  Desal	
  Water	
  Concept	
  Report.	
  	
  It	
  is	
  anticipated	
  that	
  OCWD	
  would	
  
connect	
  to	
  Poseidon	
  Water’s	
  intake	
  using	
  a	
  54-­‐inch	
  steel	
  pipe	
  which	
  is	
  cement	
  mortar	
  lined	
  
and	
  coated	
  (shown	
  in	
  blue).	
  The	
  pipeline	
  route	
  will	
  be	
  a	
  total	
  of	
  225,500	
  linear	
  feet	
  and	
  will	
  
be	
  able	
  to	
  convey	
  50	
  MGD	
  of	
  desalinated	
  water.	
  OCWD	
  is	
  also	
  considering	
  using	
  an	
  existing	
  
30-­‐inch	
  asbestos	
  cement	
  pipe	
  (ACP)	
  that	
  runs	
  from	
  the	
  AES	
  HB	
  power	
  station	
  to	
  the	
  OCWD	
  
GWRS	
  facility	
  (shown	
  in	
  magenta),	
  but	
  further	
  investigations	
  are	
  needed.	
  If	
  this	
  pipeline	
  is	
  
used,	
  another	
  pipeline	
  would	
  still	
  be	
  required	
  to	
  make	
  up	
  the	
  capacity	
  to	
  convey	
  50	
  MGD.	
  	
  
At	
  Adams	
  Avenue,	
  a	
  new	
  18-­‐in	
  pipeline	
  would	
  be	
  constructed	
  to	
  serve	
  the	
  existing	
  
Southeast	
  Talbert	
  (Barrier)	
  Injection	
  wells.	
  Assuming	
  new	
  pipes	
  would	
  also	
  be	
  CML&C	
  
steel	
  and	
  that	
  Poseidon	
  maintains	
  a	
  positive	
  LSI	
  in	
  the	
  desalted	
  water,	
  no	
  difficulties	
  are	
  
expected	
  with	
  these	
  materials.	
  
	
  
From	
  the	
  GWRS	
  facility,	
  a	
  seasonally	
  variable	
  amount	
  of	
  desalinated	
  water	
  would	
  be	
  sent	
  to	
  
the	
  Talbert	
  Barrier	
  injection	
  wells.	
  	
  The	
  remaining	
  desalinated	
  water	
  would	
  then	
  be	
  
distributed	
  for	
  injection	
  and	
  recharge	
  	
  as	
  	
  blend	
  of	
  with	
  GWRS	
  water.	
  The	
  water	
  produced	
  
in	
  this	
  blend	
  will	
  be	
  discussed	
  in	
  more	
  detail	
  in	
  the	
  context	
  of	
  the	
  scenarios,	
  however	
  GWRS	
  
water	
  and	
  the	
  desalinated	
  water	
  will	
  be	
  substantially	
  the	
  same	
  with	
  the	
  exception	
  of	
  
significantly	
  greater	
  concentrations	
  sodium,	
  chloride	
  and	
  boron	
  in	
  the	
  desalinated	
  supply.	
  	
  
From	
  the	
  standpoint	
  of	
  corrosion	
  and	
  metals	
  release	
  these	
  water	
  qualities	
  are	
  substantially	
  
the	
  same	
  and	
  no	
  significant	
  differences	
  in	
  behavior	
  are	
  expected	
  from	
  present	
  GWRS	
  
experience.	
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Figure	
  5-­‐1.	
  Map	
  of	
  Proposed	
  Facilities.	
  (OCWD,	
  Oct.	
  2015)	
  Figure 5 – Desalinated Water Distribution & Recharge Facilities 
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6 Review of the Three Scenarios Posed by OCWD 
The	
  Orange	
  County	
  Water	
  District	
  (OCWD)	
  put	
  together	
  a	
  series	
  of	
  scenarios	
  of	
  interest	
  in	
  
their	
  evaluation	
  of	
  the	
  impact	
  of	
  introducing	
  50	
  mgd	
  of	
  desalinated	
  water	
  from	
  Poseidon’s	
  
Huntington	
  Beach	
  Desalter	
  on	
  their	
  injection	
  and	
  recharge	
  locations.	
  	
  In	
  addition,	
  the	
  City	
  
of	
  Huntington	
  Beach	
  will	
  take	
  3	
  mgd	
  of	
  the	
  desalinated	
  water	
  in	
  each	
  of	
  the	
  three	
  scenarios	
  
(item	
  1a,	
  2a,	
  and	
  3a	
  below).	
  	
  There	
  are	
  three	
  scenarios	
  and	
  the	
  water	
  sources	
  included	
  in	
  
the	
  blends	
  are	
  described	
  below	
  and	
  not	
  repeated	
  here,	
  if	
  there	
  is	
  no	
  new	
  information	
  to	
  
add.	
  	
  For	
  the	
  Huntington	
  Beach	
  scenario,	
  a	
  blend	
  with	
  their	
  local	
  groundwater	
  and	
  with	
  
their	
  imported	
  water	
  from	
  MWD	
  is	
  evaluated	
  in	
  Scenarios	
  1a,	
  2a,	
  and	
  3a.	
  
	
  
Based	
  on	
  prior	
  RO	
  modeling	
  results	
  for	
  seawater	
  desalination	
  and	
  on	
  water	
  quality	
  for	
  the	
  
GWRS,	
  this	
  section	
  will	
  present	
  water	
  quality	
  and	
  mass	
  loading	
  results	
  for	
  the	
  constituents	
  
of	
  that	
  have	
  the	
  most	
  potential	
  impact	
  on	
  the	
  cost	
  of	
  desalination,	
  including	
  TDS,	
  boron,	
  
chloride,	
  sodium,	
  and	
  bromide.	
  	
  These	
  constituents	
  also	
  have	
  the	
  potential	
  for	
  impacts	
  that	
  
go	
  beyond	
  cost.	
  	
  In	
  addition,	
  constituents	
  needed	
  to	
  determine	
  Langelier	
  Saturation	
  Index	
  
(LSI),	
  the	
  Calcium	
  Carbonate	
  Precipitation	
  Potential	
  (CCPP),	
  and	
  the	
  Sodium	
  Adsorption	
  
Ratio	
  (SAR)	
  will	
  be	
  carried	
  through	
  the	
  scenarios	
  analysis.	
  	
  For	
  the	
  reasons	
  discussed	
  above	
  
(see	
  Section	
  3.3.6),	
  Case	
  1	
  (normal	
  operations	
  for	
  cold	
  seawater	
  @	
  T=63°F)	
  will	
  be	
  used	
  in	
  
the	
  scenarios	
  analysis.	
  
	
  
Huntington	
  Beach	
  Local	
  Groundwater	
  and	
  Imported	
  Water	
  from	
  MWD	
  
The	
  City	
  of	
  Huntington	
  Beach	
  provided	
  flow	
  data	
  for	
  their	
  local	
  groundwater	
  for	
  the	
  year	
  
2014.	
  	
  They	
  also	
  provided	
  water	
  quality	
  data	
  for	
  2011	
  –	
  2015.	
  	
  This	
  data	
  is	
  used	
  in	
  the	
  
analysis.	
  	
  As	
  discussed	
  above,	
  temperature	
  and	
  alkalinity	
  are	
  two	
  particularly	
  important	
  
constituents	
  of	
  interest	
  with	
  respect	
  to	
  post	
  treatment	
  and	
  consumer	
  acceptance.	
  	
  
Temperature	
  and	
  alkalinity	
  data,	
  respectively,	
  collected	
  over	
  2011	
  –	
  2015	
  for	
  all	
  of	
  
Huntington	
  Beach’s	
  wells	
  are	
  averaged	
  and	
  presented	
  in	
  s	
  Figures	
  6-­‐1	
  and	
  6-­‐2,	
  respectively.	
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Figure	
  6-­‐1	
  	
  Temperature	
  Data	
  for	
  Huntington	
  Beach	
  Groundwater	
  

	
  

	
  
Figure	
  6-­‐2	
  	
  Alkalinity	
  Data	
  for	
  Huntington	
  Beach	
  Groundwater	
  

	
  
TDS,	
  chloride,	
  boron,	
  calcium,	
  and	
  pH	
  are	
  additional	
  constituents	
  of	
  interest	
  for	
  Huntington	
  
Beach	
  groundwater.	
  	
  These	
  parameters	
  are	
  used	
  in	
  the	
  corrosion	
  evaluation	
  and	
  in	
  the	
  
comparison	
  to	
  post	
  treated	
  desalinated	
  water	
  in	
  general.	
  	
  It	
  is	
  the	
  average	
  value	
  shown	
  that	
  
will	
  be	
  used	
  in	
  the	
  Scenarios	
  evaluation.	
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Table	
  6-­‐1.	
  Statistics	
  on	
  Huntington	
  Beach	
  Water	
  Quality	
  2011-­‐2015	
  

Parameter Units Alkalinity1 Temp-
erature2 TDS Chloride Boron Calcium pH 

No. of Samples   66 242 70 68 65 66 66 
Min mg/L 115 65.5 194 12.9 <0.1 20.9 7.60 
Average mg/L 155 69.9 375 68.8 <0.1 64.6 8.00 
Median mg/L 153 69.4 366 43.2 <0.1 62.3 8.00 
Standard Deviation mg/L 20.2 2.4 144 58.0 <0.1 30.6 0.13 
90% mg/L 187 73.9 577 124 0.1 105 8.15 
Max mg/L 210 76.1 924 277 0.13 153 8.30 
1Units of alkalinity are mg/L as CaCO3       2Units of temperature are °F       
Huntington	
  Beach	
  also	
  uses	
  imported	
  water	
  from	
  MWD	
  for	
  a	
  portion	
  of	
  its	
  supply.	
  	
  The	
  
water	
  quality	
  for	
  imported	
  water	
  from	
  MWD	
  is	
  taken	
  primarily	
  from	
  the	
  Diemer	
  water	
  
treatment	
  plant.	
  	
  This	
  water	
  quality	
  for	
  MWD	
  was	
  taken	
  from	
  the	
  City	
  of	
  Huntington	
  Beach	
  
2014	
  Annual	
  Water	
  Quality	
  Report	
  and	
  is	
  presented	
  in	
  the	
  discussion	
  of	
  Scenarios	
  1a,	
  2a,	
  
and	
  3a	
  below.	
  	
  The	
  flows	
  for	
  the	
  analysis	
  were	
  taken	
  from	
  demand	
  data	
  provided	
  by	
  the	
  
City	
  of	
  Huntington	
  Beach	
  for	
  fiscal	
  year	
  2014	
  and	
  are	
  summarized	
  as	
  follows:	
  	
  average	
  local	
  
groundwater	
  flow	
  =	
  17.9	
  mgd,	
  imported	
  MWD	
  water	
  flow	
  =	
  6.86	
  mgd,	
  total	
  flow	
  =	
  24.8	
  
mgd.	
  	
  This	
  represents	
  72%	
  local	
  groundwater	
  flow	
  and	
  28%	
  imported	
  MWD	
  water	
  flow.	
  	
  
These	
  represent	
  the	
  flows	
  prior	
  to	
  introducing	
  the	
  desalinated	
  water	
  source.	
  

6.1 Scenario 1 - Winter/Low Overdraft Operations 
	
  
Scenario	
  1	
  proposes	
  the	
  following	
  distribution	
  of	
  desalinated	
  water	
  from	
  Poseidon’s	
  
Huntington	
  Beach	
  desalter	
  during	
  winter	
  operations:	
  
	
  
	
   1a.	
  	
  	
  3	
  mgd	
  of	
  desalinated	
  water	
  to	
  City	
  of	
  Huntington	
  Beach	
  (direct)	
  
All	
  three	
  scenarios	
  involve	
  providing	
  3	
  mgd	
  of	
  desalinated	
  water	
  to	
  the	
  City	
  of	
  Huntington	
  
Beach.	
  	
  For	
  this	
  reason,	
  Scenarios	
  1a,	
  2a,	
  and	
  3a	
  that	
  cover	
  Huntington	
  Beach	
  are	
  identical	
  
and	
  will	
  be	
  discussed	
  in	
  this	
  part	
  of	
  the	
  report	
  under	
  Scenario	
  1a	
  alone.	
  	
  The	
  current	
  
groundwater	
  and	
  imported	
  flows	
  for	
  Huntington	
  Beach	
  were	
  discussed	
  above.	
  As	
  shown	
  
above,	
  the	
  current	
  amount	
  of	
  imported	
  water	
  is	
  6.86	
  mgd.	
  	
  The	
  analysis	
  for	
  Scenario	
  1a,	
  2a,	
  
and	
  3a	
  assumes	
  that	
  when	
  3	
  mgd	
  of	
  desalinated	
  water	
  is	
  introduced	
  into	
  the	
  system,	
  the	
  
amount	
  of	
  water	
  imported	
  from	
  MWD	
  will	
  be	
  reduced	
  by	
  the	
  same	
  amount.	
  	
  The	
  flows	
  for	
  
the	
  blend	
  in	
  Scenarios	
  1a,	
  2a,	
  and	
  3a	
  are	
  summarized	
  in	
  Table	
  6-­‐2	
  below.	
  
	
  
Table	
  6-­‐2.	
  	
  Summary	
  of	
  Flows	
  and	
  Percent	
  of	
  Total	
  Flow	
  for	
  Scenarios	
  1a,	
  2a,	
  and	
  3a	
  

Water Source Flow % of 
Total Flow 

Flow Desal (mgd) 3 12.1% 
Flow GW (mgd) 17.9 72.3% 
Flow Imported (mgd) 3.86 15.6% 
Flow OC GWRS (mgd) 0 0.0% 
Total Flow (mgd) 24.8 100% 
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These	
  flows	
  and	
  percent	
  of	
  total	
  flow	
  values	
  are	
  carried	
  into	
  Table	
  6-­‐3	
  below	
  as	
  they	
  are	
  
used	
  in	
  then	
  mass	
  balance	
  and	
  water	
  quality	
  analysis	
  to	
  determine	
  the	
  water	
  quality	
  of	
  the	
  
desalination,	
  Huntington	
  Beach	
  Groundwater	
  and	
  MWD	
  blend	
  used	
  in	
  the	
  analysis.	
  	
  It	
  is	
  
observed	
  that	
  the	
  desalinated	
  water	
  flow	
  represents	
  12%	
  of	
  the	
  total	
  flow	
  and	
  allows	
  the	
  
imported	
  MWD	
  water	
  to	
  be	
  reduced	
  to	
  16%	
  of	
  City’s	
  total	
  flow	
  for	
  this	
  representative	
  
example	
  based	
  on	
  2014	
  data.	
  	
  The	
  results	
  of	
  the	
  water	
  quality	
  evaluation	
  for	
  Scenario	
  1a,	
  
2a,	
  and	
  3a	
  are	
  summarized	
  in	
  Table	
  6-­‐3.	
  
	
  
Table	
  6-­‐3.	
  Summary	
  of	
  Blended	
  Water	
  Quality	
  for	
  Scenarios	
  1a,	
  2a,	
  and	
  3a1,2,3	
  

Constituent or 
Parameter 

Desal  
Water HB GW Imported  

MWD Blended  
Water 12% 72% 16% 

Flow (mgd) 3 17.9 3.86 24.8 
TDS (mg/L) 148 375 540 373 
Sodium (mg/L) 45.4 48 84 53.3 
Chloride (mg/L) 74.1 69 86 72.3 
Boron (mg/L) 0.536 0.05 0.14 0.123 
Alkalinity (mg/L) 60 155 110 137 
Calcium (mg/L) 24.2 65 60 59.3 
Magnesium (mg/L) 1.40 9.9 22 10.8 
Fluoride 0.01 0.8 0.8 0.70 
pH 8.3 8.0 8.1 7.83 
Temperature (°F) 63 69.9 68 68.2 
SAR 2.43 1.34 2.01 1.51 
LSI 0.15 0.57 0.44 0.30 
CCPP 0.83 13.8 6.16 6.83 

1	
  TT	
  freely	
  available	
  blending	
  model	
  (www.trusselltech.com)	
  used	
  to	
  determine	
  pH,	
  alkalinity,	
  and	
  
temperature	
  of	
  blends	
  with	
  other	
  parameters	
  determined	
  by	
  mass	
  balance	
  
2TT	
  freely	
  available	
  CaCO3	
  indices	
  model	
  (www.trusselltech.com)	
  used	
  to	
  determine	
  LSI	
  and	
  CCPP	
  
3No	
  mass	
  loadings	
  are	
  presented	
  for	
  Scenarios	
  1a,	
  2a,	
  and	
  3a	
  because	
  water	
  is	
  going	
  to	
  the	
  HB	
  distribution	
  
system	
  and	
  none	
  of	
  this	
  water	
  is	
  going	
  to	
  the	
  injection	
  or	
  recharge	
  basins.	
  
	
  
The	
  TT	
  CaCO3	
  indices	
  model	
  described	
  above	
  (footnote	
  to	
  Table	
  6-­‐3)	
  was	
  used	
  in	
  all	
  
scenarios	
  (with	
  the	
  blending	
  model	
  used	
  in	
  all	
  scenarios	
  involving	
  blending).	
  	
  From	
  Table	
  
6-­‐3	
  it	
  is	
  observed	
  for	
  the	
  blend	
  that	
  the	
  LSI	
  of	
  0.3	
  is	
  within	
  the	
  range	
  of	
  0	
  to	
  0.5	
  often	
  used	
  
as	
  a	
  target	
  for	
  LSI	
  for	
  desal.	
  	
  The	
  CCPP	
  at	
  6.83	
  is	
  also	
  in	
  a	
  range	
  common	
  for	
  drinking	
  water	
  
utilities	
  to	
  target	
  (4-­‐10	
  mg/L).	
  	
  The	
  boron	
  at	
  0.12	
  mg/L	
  is	
  well	
  below	
  the	
  term	
  sheet,	
  below	
  
levels	
  of	
  horticultural	
  concern	
  and	
  below	
  the	
  Division	
  of	
  Drinking	
  Water	
  (DDW)	
  
Notification	
  Level	
  (NL	
  )	
  of	
  1	
  mg/L.	
  	
  The	
  alkalinity	
  of	
  the	
  blend,	
  at	
  137	
  mg/L	
  as	
  CaCO3,	
  is	
  
similar	
  to	
  the	
  blend	
  that	
  would	
  be	
  achieved	
  with	
  imported	
  water.	
  	
  If	
  this	
  blend	
  is	
  used	
  
throughout	
  the	
  HB	
  system,	
  little	
  impact	
  on	
  the	
  system	
  infrastructure	
  of	
  on	
  the	
  consumer	
  
experience	
  would	
  be	
  expected.	
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On	
  the	
  other	
  hand,	
  in	
  discussions	
  with	
  HB,	
  it	
  appeared	
  that	
  the	
  desalinated	
  water	
  will	
  be	
  
substituted	
  directly	
  in	
  the	
  system	
  without	
  prior	
  blending.	
  	
  The	
  proposed	
  target	
  alkalinity	
  of	
  
60	
  mg/L	
  as	
  CaCO3	
  is	
  substantially	
  below	
  both	
  HB	
  groundwater	
  (155	
  mg/L)	
  and	
  MWD	
  
imported	
  water	
  (110	
  mg/L).	
  	
  Other	
  utilities	
  have	
  observed	
  problems	
  like	
  red	
  water	
  when	
  
introducing	
  desalinated	
  seawater	
  at	
  much	
  lower	
  alkalinity	
  into	
  their	
  distribution	
  system	
  in	
  
regions	
  where	
  unlined	
  cast	
  iron,	
  ductile	
  iron	
  or	
  galvanized	
  pipe	
  are	
  used.	
  	
  Fortunately	
  as	
  
discussed	
  in	
  section	
  5.1	
  HB	
  has	
  only	
  a	
  small	
  amount	
  of	
  these	
  sensitive	
  materials	
  in	
  their	
  
system.	
  	
  Thus,	
  as	
  stated	
  earlier,	
  provided	
  Poseidon	
  adjusts	
  the	
  desalinated	
  water	
  to	
  achieve	
  
a	
  positive	
  LSI,	
  the	
  Huntington	
  Beach	
  distribution	
  system	
  should	
  be	
  relatively	
  unaffected.	
  	
  
Huntington	
  Beach	
  would,	
  nevertheless,	
  be	
  wise	
  to	
  continue	
  its	
  program	
  of	
  replacement	
  in	
  
area	
  where	
  unlined	
  pipe	
  remains.	
  	
  
	
  
	
   1b.	
  15	
  mgd	
  of	
  desalinated	
  water	
  to	
  Talbert	
  Seawater	
  Intrusion	
  Basin	
  (100%	
  
desal)	
  
	
  
Detailed	
  analysis	
  was	
  conducted	
  to	
  evaluate	
  Scenario	
  1b	
  based	
  on	
  the	
  RO	
  modeling	
  and	
  
post	
  treatment	
  results	
  presented	
  earlier	
  in	
  this	
  report.	
  	
  The	
  results	
  will	
  look	
  at	
  mass	
  
loading	
  to	
  the	
  Talbert	
  Seawater	
  Intrusion	
  Basin	
  at	
  15	
  mgd	
  with	
  100%	
  desalinated	
  water.	
  	
  A	
  
detailed	
  evaluation	
  of	
  water	
  quality	
  data	
  for	
  Scenario	
  1b	
  (100%	
  desal)	
  is	
  shown	
  in	
  Table	
  6-­‐
4.	
  	
  The	
  data	
  presented	
  represents	
  desalinated	
  water	
  after	
  post	
  treatment	
  and	
  any	
  potential	
  
issues	
  with	
  the	
  water	
  were	
  discussed	
  above.	
  	
  Recommendations	
  for	
  changes	
  to	
  the	
  Term	
  
Sheet	
  (Attachment	
  A)	
  for	
  Orange	
  County	
  to	
  consider	
  are	
  provided	
  in	
  Section	
  7.	
  
	
  
	
  
The	
  concentration,	
  flow	
  rate,	
  and	
  mass	
  loading	
  of	
  various	
  parameters	
  of	
  interest	
  for	
  the	
  
Scenario	
  1b	
  of	
  discharging	
  15	
  mgd	
  of	
  desalinated	
  water	
  into	
  the	
  Talbert	
  Seawater	
  intrusion	
  
basin	
  are	
  shown	
  in	
  Table	
  6-­‐5.	
  	
  These	
  include	
  TDS,	
  sodium,	
  chloride,	
  and	
  boron.	
  	
  It	
  is	
  
observed	
  that	
  the	
  salt	
  loading	
  for	
  TDS,	
  sodium,	
  and	
  chloride	
  are	
  substantive.	
  	
  The	
  boron	
  
level	
  is	
  consistent	
  with	
  the	
  level	
  determined	
  earlier	
  in	
  the	
  section	
  on	
  the	
  mass	
  balance	
  
(Section	
  4.2.3)	
  noting	
  that	
  the	
  flowrate	
  is	
  lower	
  for	
  Scenario	
  1b	
  than	
  for	
  the	
  full	
  desalinated	
  	
  
water	
  flow	
  used	
  in	
  the	
  mass	
  balance.	
  	
  A	
  comparison	
  of	
  mass	
  loadings	
  for	
  the	
  scenarios	
  that	
  
involve	
  loading	
  the	
  basin	
  will	
  be	
  presented	
  following	
  demonstration	
  of	
  all	
  the	
  scenarios.	
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Table	
  6-­‐4.	
  	
  Scenario	
  1b	
  Water	
  Quality	
  (15	
  MGD	
  100%	
  Desal	
  Water	
  to	
  Talbert	
  Barrier)	
  

Parameter	
  
Scenarios	
  1b	
  

100%	
  Desal	
  
Water	
  

Total	
  Flow	
  (mgd)	
   15	
  

%Desal	
   100%	
  

Sodium	
  (mg/L)	
   45.4	
  

Magnesium	
  (mg/L)	
   1.4	
  

Calcium	
  (mg/L	
  	
  as	
  Ca)	
   24.2	
  

Potassium	
  (mg/L)	
   2.35	
  

Strontium	
  (mg/L)	
   0.009	
  

Chloride	
  (mg/L)	
   74.1	
  

Sulfate	
  (mg/L)	
   3.32	
  

Fluoride	
  (mg/L)	
   0.009	
  

Bromide	
  (mg/L)	
   0.258	
  
Alkalinity	
  (mg/L	
  as	
  
CaCO3)	
  

60	
  

Boron	
  (mg/L)	
   0.536	
  

TDS	
  (mg/L)	
   148	
  

SAR	
   1.96	
  

pH	
   8.30	
  

LSI	
   0.15	
  

CCPP	
   0.83	
  

	
  
Table	
  6-­‐5.	
  Mass	
  Loading	
  for	
  Scenario	
  1b	
  (15	
  MGD	
  100%	
  desal	
  to	
  Talbert	
  Barrier)	
  

Parameter or 
Constituent 

Concentration 
(mg/L) or Flow 

Rate (mgd) 

Mass 
Loading 

(TPY) 
Total Flow (mgd) 15 15 
%Flow=Desal 100 100% 
TDS 148 3,380 
Sodium 45.4 1,035 
Chloride 74.1 1,690 
Boron 0.536 12.2 
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   1c.	
  Blend	
  of	
  35	
  mgd	
  of	
  desalinated	
  water	
  +	
  100	
  mgd	
  GWRS	
  water	
  to	
  all	
  other	
  
injection	
  wells	
  +	
  forebay	
  basins	
  
	
  
Detailed	
  analysis	
  was	
  conducted	
  to	
  evaluate	
  Scenario	
  1c	
  based	
  on	
  the	
  RO	
  modeling	
  and	
  
post	
  treatment	
  results	
  presented	
  earlier	
  in	
  this	
  report	
  and	
  on	
  GWRS	
  water	
  quality	
  taken	
  
from	
  the	
  2014	
  annual	
  report.	
  	
  A	
  blend	
  was	
  produced	
  in	
  the	
  manner	
  discussed	
  for	
  
Huntington	
  beach.	
  	
  The	
  results	
  will	
  look	
  at	
  mass	
  loading	
  to	
  the	
  all	
  other	
  injection	
  wells	
  and	
  	
  
forebay	
  basins	
  at	
  35	
  mgd	
  of	
  desalinated	
  water	
  and	
  100	
  mgd	
  of	
  GWRS	
  water	
  in	
  the	
  blend.	
  	
  A	
  
detailed	
  evaluation	
  of	
  water	
  quality	
  data	
  for	
  Scenario	
  1c	
  (26%/74%	
  blend	
  desal/GWRS)	
  is	
  
shown	
  in	
  Table	
  6-­‐6.	
  	
  The	
  data	
  presented	
  represents	
  desalinated	
  water	
  after	
  post	
  treatment	
  
and	
  any	
  potential	
  issues	
  with	
  the	
  water	
  were	
  discussed	
  above.	
  	
  The	
  GWRS	
  water	
  quality	
  
comes	
  from	
  their	
  2014	
  annual	
  report.	
  	
  Recommendations	
  for	
  changes	
  to	
  the	
  Term	
  Sheet	
  
(Attachment	
  A)	
  for	
  Orange	
  County	
  to	
  consider	
  are	
  provided	
  in	
  Section	
  7.	
  
	
  
	
  
Table	
  6-­‐6.	
  	
  Scenario	
  1c	
  Water	
  Quality	
  (Blend	
  Desal/GWRS	
  to	
  Forebay	
  +	
  other	
  injection	
  wells)	
  

Parameter	
  
Scenario	
  1c	
  

Desal	
  	
  
Water	
   GWRS	
  

Blended	
  
Water	
  

Total	
  Flow	
  (mgd)	
   35	
   100	
   135	
  

%Desal	
   26%	
   74%	
   100%	
  

Sodium	
  (mg/L)	
   45.4	
   9.6	
   18.9	
  

Magnesium	
  (mg/L)	
   1.4	
   0.5	
   0.733	
  

Calcium	
  (mg/L	
  	
  as	
  Ca)	
   24.2	
   9.0	
   12.9	
  

Potassium	
  (mg/L)	
   2.35	
   0.7	
   1.13	
  

Strontium	
  (mg/L)	
   0.009	
   0.02	
   0.0171	
  

Chloride	
  (mg/L)	
   74.1	
   7.5	
   24.8	
  

Sulfate	
  (mg/L)	
   3.32	
   0.2	
   1.01	
  

Fluoride	
  (mg/L)	
   0.009	
   0.1	
   0.076	
  

Bromide	
  (mg/L)	
   0.258	
   0.01	
   0.0743	
  
Alkalinity	
  (mg/L	
  as	
  
CaCO3)	
  

60	
   27.7	
   36.1	
  

Boron	
  (mg/L)	
   0.536	
   0.26	
   0.332	
  

TDS	
  (mg/L)	
   148	
   54	
   78.4	
  

SAR	
   1.96	
   0.84	
   1.38	
  

pH	
   8.30	
   8.2	
   8.17	
  

LSI	
   0.15	
   -­‐0.74	
   -­‐0.50	
  

CCPP	
   0.83	
   -­‐2.7	
   -­‐1.92	
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It	
  is	
  observed	
  in	
  Table	
  6-­‐6	
  that	
  the	
  desal/GWRS	
  blend	
  has	
  a	
  LSI	
  equal	
  to	
  -­‐0.5	
  a	
  level	
  below	
  
the	
  LSI	
  targets	
  being	
  contemplated	
  for	
  the	
  desalination	
  water	
  quality.	
  	
  The	
  concentration,	
  
flow	
  rate,	
  and	
  mass	
  loading	
  of	
  various	
  parameters	
  of	
  interest	
  for	
  the	
  Scenario	
  1c	
  of	
  
discharging	
  35	
  mgd	
  of	
  desalinated	
  water	
  blended	
  with	
  100	
  mgd	
  of	
  GWRS	
  water	
  into	
  the	
  all	
  
other	
  injection	
  basins	
  and	
  forebay	
  basins	
  are	
  shown	
  in	
  Table	
  6-­‐7.	
  	
  These	
  include	
  TDS,	
  
sodium,	
  chloride,	
  and	
  boron.	
  	
  It	
  is	
  observed	
  that	
  the	
  salt	
  loading	
  for	
  TDS,	
  sodium,	
  and	
  
chloride	
  are	
  substantive.	
  	
  The	
  boron	
  level	
  is	
  higher	
  with	
  the	
  level	
  determined	
  earlier	
  in	
  the	
  
section	
  on	
  the	
  mass	
  balance	
  (Section	
  4.2.3)	
  noting	
  that	
  the	
  flowrate	
  is	
  higher	
  for	
  Scenario	
  
1b	
  with	
  both	
  desalinated	
  water	
  and	
  GWRS	
  water	
  used	
  in	
  the	
  mass	
  balance.	
  	
  A	
  comparison	
  
of	
  mass	
  loadings	
  for	
  the	
  scenarios	
  that	
  involve	
  loading	
  the	
  basin	
  will	
  be	
  presented	
  
following	
  demonstration	
  of	
  all	
  the	
  scenarios.	
  
	
  
Table	
  6-­‐7.	
  Mass	
  loading	
  for	
  Scenario	
  1c	
  (Blend	
  Desal/GWRS	
  to	
  Forebay	
  +	
  other	
  injection	
  wells)	
  

Parameter or 
Constituent 

Blend (mg/L) or 
Flow Rate (mgd) 

Mass 
Loading 

(TPY) 
Total Flow (mgd) 135 135 
%Flow=Desal 24% 100% 
TDS 78.4 16,100 
Sodium 18.9 3,880 
Chloride 24.8 5,100 
Boron 0.332 68 
	
  

6.2 Scenario 2 - Summer/High Overdraft Operations 
Scenario	
  2	
  proposes	
  the	
  following	
  distribution	
  of	
  desalinated	
  water	
  from	
  Poseidon’s	
  
Huntington	
  Beach	
  desalter	
  during	
  summer	
  operations:	
  
	
  
	
   2a.	
  3	
  mgd	
  of	
  desalinated	
  water	
  to	
  City	
  of	
  Huntington	
  Beach	
  (direct)	
  
Scenario	
  2a	
  is	
  identical	
  to	
  Scenario	
  1a	
  (see	
  discussion	
  above)	
  
	
  
	
   2b.	
  36	
  mgd	
  of	
  desalinated	
  water	
  to	
  Talbert	
  Seawater	
  Intrusion	
  Basin	
  (100%	
  
desal)	
  
	
  
Detailed	
  analysis	
  was	
  conducted	
  to	
  evaluate	
  Scenario	
  2b	
  based	
  on	
  the	
  RO	
  modeling	
  and	
  
post	
  treatment	
  results	
  presented	
  earlier	
  in	
  this	
  report.	
  	
  The	
  results	
  will	
  look	
  at	
  mass	
  
loading	
  to	
  the	
  Talbert	
  Seawater	
  Intrusion	
  Basin	
  at	
  36	
  mgd	
  with	
  100%	
  desalinated	
  water.	
  
Scenario	
  2b	
  is	
  very	
  similar	
  to	
  Scenario	
  1b,	
  only	
  the	
  flowrate	
  changes	
  from	
  15	
  to	
  36	
  mgd	
  
into	
  the	
  Talbert	
  Seawater	
  Intrusion	
  basin	
  with	
  100%	
  desalinated	
  water.	
  	
  The	
  water	
  quality	
  
for	
  100%	
  desalinated	
  water	
  used	
  in	
  the	
  Scenarios	
  analysis	
  was	
  presented	
  in	
  Table	
  6-­‐4.	
  	
  
Only	
  the	
  flowrate	
  changes	
  for	
  Scenario	
  2b.	
  
	
  
The	
  concentration,	
  flow	
  rate,	
  and	
  mass	
  loading	
  of	
  various	
  parameters	
  of	
  interest	
  for	
  the	
  
Scenario	
  2b	
  of	
  discharging	
  36	
  mgd	
  of	
  desalinated	
  water	
  into	
  the	
  Talbert	
  Seawater	
  intrusion	
  
basin	
  are	
  shown	
  in	
  Table	
  6-­‐8.	
  	
  These	
  include	
  TDS,	
  sodium,	
  chloride,	
  and	
  boron.	
  	
  It	
  is	
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observed	
  that	
  the	
  salt	
  loading	
  for	
  TDS,	
  sodium,	
  and	
  chloride	
  are	
  substantive.	
  	
  The	
  boron	
  
level	
  is	
  consistent	
  with	
  the	
  level	
  determined	
  earlier	
  in	
  the	
  section	
  on	
  the	
  mass	
  balance	
  
(Section	
  4.2.3)	
  noting	
  that	
  the	
  flowrate	
  is	
  lower	
  for	
  Scenario	
  1b	
  than	
  for	
  the	
  full	
  desalinated	
  
water	
  flow	
  used	
  in	
  the	
  mass	
  balance.	
  	
  A	
  comparison	
  of	
  mass	
  loadings	
  for	
  the	
  scenarios	
  that	
  
involve	
  loading	
  the	
  basin	
  will	
  be	
  presented	
  following	
  demonstration	
  of	
  all	
  the	
  scenarios.	
  
	
  
	
  
Table	
  6-­‐8.	
  Mass	
  loading	
  for	
  Scenario	
  2b	
  (36	
  MGD	
  100%	
  Desal	
  to	
  Talbert	
  Barrier)	
  

Parameter or 
Constituent 

Concentration 
(mg/L) or Flow 

Rate (mgd) 

Mass 
Loading 

(TPY) 
Total Flow (mgd) 36 15 
%Flow=Desal 100 100% 
TDS 148 8,100 
Sodium 45.4 2,490 
Chloride 74.1 4,060 
Boron 0.536 29 
	
  
	
  
	
   2c.	
  Blend	
  of	
  14	
  mgd	
  of	
  desalinated	
  water	
  +	
  100	
  mgd	
  GWRS	
  water	
  to	
  all	
  other	
  

injection	
  wells	
  +	
  forebay	
  basins	
  
This	
  scenario	
  is	
  similar	
  to	
  Scenario	
  1c,	
  just	
  the	
  flows	
  differ.	
  	
  The	
  results	
  will	
  look	
  at	
  mass	
  
loading	
  to	
  the	
  OC	
  	
  Intrusion	
  Basin	
  at	
  14	
  mgd	
  of	
  desalinated	
  water	
  and	
  100	
  mgd	
  of	
  GWRS	
  
water.	
  	
  A	
  detailed	
  evaluation	
  of	
  water	
  quality	
  data	
  for	
  Scenario	
  2c	
  (12%/88%	
  blend	
  
desal/GWRS)	
  is	
  shown	
  in	
  Table	
  6-­‐9.	
  	
  The	
  data	
  presented	
  represent	
  desalinated	
  water	
  after	
  
post	
  treatment	
  and	
  any	
  potential	
  issues	
  with	
  the	
  water	
  were	
  discussed	
  above.	
  	
  The	
  GWRS	
  
water	
  quality	
  comes	
  from	
  their	
  2014	
  annual	
  report.	
  	
  Recommendations	
  for	
  changes	
  to	
  the	
  
Term	
  Sheet	
  (Attachment	
  A)	
  for	
  Orange	
  County	
  to	
  consider	
  are	
  provided	
  in	
  Section	
  7.	
  
	
  
It	
  is	
  observed	
  in	
  Table	
  6-­‐9	
  that	
  the	
  desal/GWRS	
  blend	
  has	
  a	
  LSI	
  equal	
  to	
  -­‐0.6	
  a	
  level	
  below	
  
the	
  LSI	
  targets	
  being	
  contemplated	
  for	
  the	
  desalination	
  water	
  quality.	
  	
  The	
  concentration,	
  
flow	
  rate,	
  and	
  mass	
  loading	
  of	
  various	
  parameters	
  of	
  interest	
  for	
  the	
  Scenario	
  1c	
  of	
  
discharging	
  14	
  mgd	
  of	
  desalinated	
  water	
  blended	
  with	
  100	
  mgd	
  of	
  GWRS	
  water	
  into	
  the	
  all	
  
other	
  injection	
  basins	
  and	
  forebay	
  basins	
  are	
  shown	
  in	
  Table	
  6-­‐10.	
  	
  These	
  include	
  TDS,	
  
sodium,	
  chloride,	
  and	
  boron.	
  	
  It	
  is	
  observed	
  that	
  the	
  salt	
  loading	
  for	
  TDS,	
  sodium,	
  and	
  
chloride	
  are	
  substantive.	
  	
  The	
  boron	
  level	
  is	
  higher	
  with	
  the	
  level	
  determined	
  earlier	
  in	
  the	
  
section	
  on	
  the	
  mass	
  balance	
  (Section	
  4.2.3)	
  noting	
  that	
  the	
  flowrate	
  is	
  higher	
  for	
  Scenario	
  
1b	
  with	
  both	
  desalinated	
  water	
  and	
  GWRS	
  water	
  used	
  in	
  the	
  mass	
  balance.	
  	
  A	
  comparison	
  
of	
  mass	
  loadings	
  for	
  the	
  scenarios	
  that	
  involve	
  loading	
  the	
  basin	
  will	
  be	
  presented	
  
following	
  demonstration	
  of	
  all	
  the	
  scenarios.	
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Table	
  6-­‐9.	
  	
  Scenario	
  2c	
  Water	
  Quality	
  (Blend	
  Desal/GWRS	
  to	
  Forebay	
  +	
  other	
  injection	
  wells)	
  

Parameter	
  
Scenario	
  2c	
  

Desal	
  	
  
Water	
   GWRS	
  

Blended	
  
Water	
  

Total	
  Flow	
  (mgd)	
   14	
   100	
   114	
  

%Desal	
   12%	
   88%	
   100%	
  

Sodium	
  (mg/L)	
   45.4	
   9.6	
   14.0	
  

Magnesium	
  (mg/L)	
   1.4	
   0.5	
   0.611	
  

Calcium	
  (mg/L	
  	
  as	
  Ca)	
   24.2	
   9.0	
   10.9	
  

Potassium	
  (mg/L)	
   2.35	
   0.7	
   0.90	
  

Strontium	
  (mg/L)	
   0.009	
   0.02	
   0.0186	
  

Chloride	
  (mg/L)	
   74.1	
   7.5	
   15.7	
  

Sulfate	
  (mg/L)	
   3.32	
   0.2	
   0.583	
  

Fluoride	
  (mg/L)	
   0.009	
   0.1	
   0.09	
  

Bromide	
  (mg/L)	
   0.258	
   0.01	
   0.0405	
  
Alkalinity	
  (mg/L	
  as	
  
CaCO3)	
  

60	
   27.7	
   31.7	
  

Boron	
  (mg/L)	
   0.536	
   0.26	
   0.294	
  

TDS	
  (mg/L)	
   148	
   54	
   66.5	
  

SAR	
   1.96	
   0.84	
   1.12	
  

pH	
   8.30	
   8.2	
   8.20	
  

LSI	
   0.15	
   -­‐0.74	
   -­‐0.59	
  

CCPP	
   0.83	
   -­‐2.7	
   -­‐2.16	
  

	
  
Table	
  6-­‐10.	
  Scenario	
  2c	
  Mass	
  loading	
  	
  (Blend	
  Desal/GWRS	
  to	
  Forebay	
  +	
  other	
  injection	
  wells)	
  

Parameter or 
Constituent 

Blend (mg/L) or 
Flow Rate (mgd) 

Mass 
Loading 

(TPY) 
Total Flow (mgd) 114 114 
%Flow=Desal 12% 100% 
TDS 78.4 11,400 
Sodium 18.9 2,430 
Chloride 24.8 2,720 
Boron 0.332 51 
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6.3 Scenario 3 - 100% Desalination Operations (during shutdown of GWRS AWPF) 
Scenario	
  3	
  proposes	
  the	
  following	
  distribution	
  of	
  desalinated	
  water	
  from	
  Poseidon’s	
  
Huntington	
  Beach	
  desalter	
  during	
  100%	
  desalination	
  operations:	
  
	
  
	
   3a.	
  3	
  mgd	
  of	
  desalinated	
  water	
  to	
  City	
  of	
  Huntington	
  Beach	
  (direct)	
  
Scenario	
  2a	
  is	
  identical	
  to	
  Scenario	
  1a	
  (see	
  discussion	
  above)	
  
	
  
	
   3b.	
  50	
  mgd	
  of	
  unblended	
  desalinated	
  water	
  to	
  all	
  other	
  injection	
  and	
  recharge	
  

locations	
  
	
  
Detailed	
  analysis	
  was	
  conducted	
  to	
  evaluate	
  Scenario	
  3b	
  based	
  on	
  the	
  RO	
  modeling	
  	
  and	
  
post	
  treatment	
  results	
  presented	
  earlier	
  in	
  this	
  report.	
  	
  The	
  results	
  will	
  look	
  at	
  mass	
  
loading	
  to	
  the	
  all	
  other	
  injection	
  and	
  recharge	
  locations	
  during	
  a	
  shutdown	
  of	
  the	
  GWRS	
  at	
  
50	
  mgd	
  with	
  100%	
  desalinated	
  water.	
  The	
  results	
  will	
  look	
  at	
  mass	
  loading	
  to	
  the	
  Talbert	
  
Seawater	
  Intrusion	
  Basin	
  at	
  36	
  mgd	
  with	
  100%	
  desalinated	
  water.	
  Scenario	
  3b	
  is	
  very	
  
similar	
  to	
  Scenarios	
  1b	
  and	
  2b,	
  only	
  the	
  flowrate	
  changes	
  from	
  15	
  to	
  36	
  to	
  50	
  mgd	
  with	
  
100%	
  desalinated	
  water.	
  	
  One	
  difference	
  is	
  that	
  Scenario	
  3b	
  revolves	
  around	
  a	
  potential	
  
shutdown	
  of	
  the	
  GWRS	
  where	
  the	
  100%	
  desalinated	
  water	
  could	
  go	
  to	
  any	
  of	
  the	
  injection	
  
and	
  recharge	
  locations,	
  not	
  just	
  to	
  the	
  Talbert	
  Seawater	
  Intrusion	
  Basin.	
  	
  The	
  water	
  quality	
  
for	
  100%	
  desalinated	
  water	
  used	
  in	
  the	
  Scenarios	
  analysis	
  was	
  presented	
  in	
  Table	
  6-­‐4.	
  	
  
Only	
  the	
  flowrate	
  changes	
  for	
  Scenario	
  3b..	
  
	
  
The	
  concentration,	
  flow	
  rate,	
  and	
  mass	
  loading	
  of	
  various	
  parameters	
  of	
  interest	
  for	
  the	
  
Scenario	
  3b	
  of	
  discharging	
  50	
  mgd	
  of	
  desalinated	
  water	
  into	
  all	
  the	
  injection	
  and	
  recharge	
  
basins	
  is	
  shown	
  in	
  Table	
  6-­‐11.	
  	
  These	
  include	
  TDS,	
  sodium,	
  chloride,	
  and	
  boron.	
  	
  It	
  is	
  
observed	
  that	
  the	
  salt	
  loading	
  for	
  TDS,	
  sodium,	
  and	
  chloride	
  are	
  substantive.	
  	
  The	
  boron	
  
level	
  is	
  equal	
  to	
  the	
  level	
  determined	
  earlier	
  in	
  the	
  section	
  on	
  the	
  mass	
  balance	
  (Section	
  
4.2.3)	
  given	
  that	
  Scenario	
  3b	
  involves	
  use	
  of	
  all	
  the	
  desalinated	
  water	
  in	
  a	
  single	
  approach	
  
(with	
  the	
  exception	
  of	
  the	
  small	
  amount	
  of	
  Huntington	
  Beach	
  water).	
  	
  A	
  comparison	
  of	
  
mass	
  loadings	
  for	
  the	
  scenarios	
  that	
  involve	
  loading	
  the	
  basin	
  will	
  be	
  presented	
  below.	
  
	
  
	
  
Table	
  6-­‐11.	
  Scenario	
  3b	
  Mass	
  Loading	
  (100%	
  Desal	
  to	
  all	
  injection	
  &	
  recharge)	
  

Parameter or 
Constituent 

Concentration 
(mg/L) or Flow 

Rate (mgd) 

Mass 
Loading 

(TPY) 
Total Flow (mgd) 50 50 
%Flow=Desal 100 100% 
TDS 148 11,250 
Sodium 45.4 3,455 
Chloride 74.1 5,650 
Boron 0.536 41 
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6.4 Summary of Results for Scenarios 1b, 1c, 2b, 2c, and 3b 
	
  
This	
  section	
  will	
  discuss	
  results	
  for	
  Scenarios	
  1b,	
  1c,	
  2b,	
  2c,	
  and	
  3b.	
  	
  For	
  purposes	
  of	
  
discussion,	
  it	
  will	
  be	
  broken	
  down	
  into	
  two	
  sub-­‐sections,	
  scenarios	
  with	
  100%	
  desalinated	
  
water	
  and	
  scenarios	
  with	
  GWRS/desalinated	
  water	
  blends.	
  	
  The	
  tables	
  will	
  include	
  results	
  
for	
  all	
  five	
  scenarios	
  and	
  discussed	
  according	
  to	
  the	
  sub-­‐sections.	
  
	
  
Concentrations	
  of	
  TDS,	
  Sodium,	
  Boron,	
  and	
  Chloride	
  for	
  All	
  Scenarios	
  
	
  
The	
  100%	
  desalinated	
  water	
  quality	
  presented	
  above	
  is	
  summarized	
  in	
  Table	
  6-­‐12	
  for	
  the	
  
focus	
  of	
  the	
  scenarios	
  analysis	
  on	
  constituents	
  of	
  potential	
  concern	
  to	
  the	
  basin	
  including	
  
TDS,	
  sodium,	
  chloride	
  and	
  boron.	
  	
  The	
  reasons	
  these	
  constituents	
  are	
  of	
  particular	
  interest	
  
have	
  been	
  discussed	
  throughout	
  the	
  TM	
  and	
  include	
  but	
  are	
  not	
  limited	
  to	
  impact	
  on	
  salt	
  
and	
  boron	
  mass	
  loading	
  in	
  the	
  basin,	
  pipe	
  corrosion,	
  clogging	
  of	
  wells,	
  arsenic	
  release,	
  
horticulture,	
  public	
  health,	
  and	
  consumer	
  acceptance.	
  	
  What	
  is	
  presented	
  below	
  is	
  a	
  
summary	
  of	
  these	
  constituents	
  in	
  the	
  context	
  of	
  the	
  discussion	
  above.	
  	
  	
  
	
  
The	
  concentrations	
  of	
  the	
  constituents	
  of	
  interest	
  are	
  summarized	
  in	
  Table	
  6-­‐12.	
  	
  In	
  cases	
  
were	
  a	
  blend	
  was	
  involved,	
  it	
  is	
  the	
  blend	
  concentration	
  that	
  is	
  presented.	
  	
  All	
  the	
  scenarios	
  
involving	
  100%	
  desalinated	
  water	
  have	
  the	
  same	
  concentrations	
  (Scenarios	
  1b,	
  2b,	
  3b).	
  	
  
One	
  observation	
  from	
  Table	
  6-­‐12,	
  which	
  includes	
  the	
  City	
  of	
  Huntington	
  Beach	
  blend	
  of	
  
desalinated	
  ocean	
  water,	
  groundwater,	
  and	
  imported	
  MWD	
  water	
  (see	
  column	
  labeled	
  
1a/2a/3a	
  blend)	
  is	
  that	
  the	
  100%	
  desalinated	
  water	
  (see	
  columns	
  1b/2b/3b)	
  has	
  lower	
  
TDS,	
  lower	
  sodium,	
  and	
  very	
  similar	
  chloride	
  when	
  compared	
  to	
  the	
  HB	
  blend	
  (boron	
  is	
  
higher	
  in	
  the	
  desalinated	
  water).	
  
	
  
	
  
Table	
  6-­‐12.	
  	
  Summary	
  of	
  concentrations	
  for	
  constituents	
  of	
  most	
  interest	
  including	
  
TDS,	
  Sodium,	
  Chloride,	
  and	
  Boron	
  for	
  all	
  scenarios	
  

Parameter 

Scenario 

1a/2a/3a  
(HB Blend) 

1b 
(Talbert) 

1c 
(Forebay + Other 
Injection Blend) 

2b 
(Talbert) 

2c 
(Forebay + Other 
Injection Blend) 

3b         
(HB + 

Talbert + 
Forebay) 

Total Flow 
(mgd) 24.8 15 135 36 114 50 

%Desal 12.1% 100% 25.9% 100% 12.3% 100% 
TDS (mg/L) 373 148 78.4 148 66.5 148 
Sodium 
(mg/L) 53.3 45.4 18.9 45.4 14.0 45.4 

Chloride 
(mg/L) 72.3 74.1 24.8 74.1 15.7 74.1 

Boron 
(mg/L) 0.123 0.536 0.332 0.536 0.294 0.536 
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Mass	
  Loading	
  Results	
  for	
  Scenario	
  1	
  (Winter	
  Operations)	
  
	
  
Mass	
  loadings	
  in	
  pounds	
  per	
  year	
  for	
  TDS,	
  sodium,	
  chloride,	
  and	
  boron	
  are	
  presented	
  in	
  
Table	
  6-­‐13	
  for	
  Scenario	
  1	
  (Winter	
  Operations).	
  	
  The	
  100%	
  desalination	
  portions	
  of	
  
Scenario	
  1	
  (Scenario	
  1b-­‐Talbert,	
  part	
  of	
  GWRS/desal	
  blend	
  for	
  Task	
  1c),	
  with	
  mass	
  
desalinated	
  water	
  mass	
  loadings	
  increasing	
  with	
  flow	
  rate.	
  	
  For	
  example,	
  TDS	
  varies	
  from	
  
mass	
  loading	
  of	
  3,380	
  TPY	
  at	
  15	
  mgd	
  (1b)	
  to	
  7,900	
  TPY	
  at	
  35	
  mgd	
  (desal	
  portion	
  of	
  1c).	
  	
  
With	
  respect	
  to	
  the	
  desal/GWRS	
  blend	
  at	
  135	
  mgd	
  (1c),	
  compared	
  to	
  Talbert	
  at	
  15	
  mgd	
  
(1b),	
  the	
  blend	
  contributes	
  5,100	
  TPY	
  chloride	
  to	
  other	
  recharge	
  basin	
  and	
  injection	
  wells	
  
while	
  1,690	
  TPY	
  chloride	
  is	
  contributed	
  by	
  Talbert	
  alone	
  with	
  100%	
  desalinated	
  water.	
  The	
  
Scenario	
  1	
  total	
  contribution	
  for	
  boron	
  (1b	
  +	
  1c)	
  is	
  80	
  TPY	
  to	
  Talbert	
  Seawater	
  Intrusion	
  
basin	
  (12.3	
  TPY	
  for	
  1b-­‐Talbert	
  and	
  68	
  TPY	
  for	
  1c-­‐26%/74%	
  desal/GWRS	
  blend).	
  
	
  
Table	
  6-­‐13.	
  	
  Summary	
  of	
  mass	
  loadings	
  for	
  Scenario	
  1	
  in	
  tons	
  per	
  year	
  (TPY)	
  for	
  
constituents	
  of	
  most	
  interest	
  including	
  TDS,	
  Sodium,	
  Chloride,	
  and	
  Boron	
  (excludes	
  
distribution	
  to	
  City	
  of	
  Huntington	
  Beach).	
  

Parameter 

Scenario (Mass Loadings in TPY) 

1b 
Talbert 
(desal) 

1c 
Forebay + 

Other 
Injection 
(desal) 

1c 
Forebay + 

Other 
Injection 
(GWRS) 

1c 
Forebay + 

Other 
Injection 
(blend) 

SCENARIO 
1 

(TOTAL) 

Total Flow 
(mgd) 15 35 100 135 150 

%Flow=Desal 100% 100% 0% 26% 33% 
TDS 3,380 7,900 8,200 16,100 19,500 
Sodium 1,035 2,420 1,460 3,880 4,900 
Chloride 1,690 3,960 1,140 5,100 6,800 
Boron 12.3 28.5 39.6 68 80 
	
  
	
  
Mass	
  Loading	
  Results	
  for	
  Scenario	
  2	
  (Summer	
  Operations)	
  
	
  
Mass	
  loadings	
  in	
  pounds	
  per	
  year	
  for	
  TDS,	
  sodium,	
  chloride,	
  and	
  boron	
  are	
  presented	
  in	
  
Table	
  6-­‐14	
  for	
  Scenario	
  2	
  (Summer	
  Operations).	
  	
  The	
  100%	
  desalination	
  portions	
  of	
  
Scenario	
  2	
  (Scenario	
  2b-­‐Talbert,	
  part	
  of	
  GWRS/desal	
  blend	
  for	
  Task	
  2c),	
  with	
  mass	
  
desalinated	
  water	
  mass	
  loadings	
  increasing	
  with	
  flow	
  rate.	
  	
  For	
  example,	
  TDS	
  varies	
  from	
  
mass	
  loading	
  of	
  8,100	
  TPY	
  at	
  36	
  mgd	
  (2b)	
  to	
  3,150	
  TPY	
  at	
  14	
  mgd	
  (desal	
  portion	
  of	
  2c).	
  	
  
With	
  respect	
  to	
  the	
  desal/GWRS	
  blend	
  at	
  114	
  mgd	
  (1c),	
  compared	
  to	
  Talbert	
  at	
  36	
  mgd	
  
(1b),	
  the	
  blend	
  contributes	
  2,720	
  TPY	
  chloride	
  to	
  other	
  recharge	
  basin	
  and	
  injection	
  wells	
  
while	
  4,060	
  TPY	
  is	
  contributed	
  by	
  Talbert	
  alone	
  with	
  100%	
  desalinated	
  water.	
  The	
  
Scenario	
  2	
  total	
  contribution	
  for	
  boron	
  (2b	
  +	
  2c)	
  is	
  80	
  TPY	
  to	
  Talbert	
  Seawater	
  Intrusion	
  
basin	
  (29.4	
  TPY	
  for	
  2b-­‐Talbert	
  and	
  51	
  TPY	
  for	
  2c-­‐26%/74%	
  desal/GWRS	
  blend).	
  
	
  



Trussell Technologies, Inc. • Pasadena • San Diego • Oakland 	
   106 

Table	
  6-­‐14.	
  	
  Summary	
  of	
  mass	
  loadings	
  for	
  Scenario	
  2	
  in	
  tons	
  per	
  year	
  (TPY)	
  for	
  
constituents	
  of	
  most	
  interest	
  including	
  TDS,	
  Sodium,	
  Chloride,	
  and	
  Boron	
  (excludes	
  
distribution	
  to	
  City	
  of	
  Huntington	
  Beach).	
  

Parameter 

Scenario (Mass Loadings in TPY) 

2b 
Talbert 
(desal) 

2c 
Forebay + 

Other 
Injection 
(desal) 

2c 
Forebay + 

Other 
Injection 
(GWRS) 

2c 
Forebay + 

Other 
Injection 
(blend) 

SCENARIO 
2 

(TOTAL) 

Total Flow 
(mgd) 36 14 100 114 150 

%Flow=Desal 100% 100% 0% 12.3% 33% 
TDS 8,100 3,150 8,200 11,350 19,500 
Sodium 2,490 970 1,460 2,430 4,900 
Chloride 4,060 1,580 1,140 2,720 6,800 
Boron 29.4 11 40 51.0 80 
	
  
It	
  should	
  be	
  observed	
  in	
  Tables	
  6-­‐13	
  and	
  6-­‐13	
  that	
  while	
  the	
  distribution	
  of	
  mass	
  loadings	
  
at	
  the	
  different	
  injection	
  and	
  recharge	
  locations	
  for	
  different	
  constituents	
  varies,	
  the	
  total	
  
amount	
  of	
  mass	
  loading	
  is	
  identical	
  for	
  both	
  Scenario	
  1	
  and	
  Scenario	
  2.	
  	
  This	
  is	
  because	
  
both	
  scenarios	
  involve	
  injection	
  and/or	
  recharge	
  of	
  100	
  mgd	
  of	
  GWRS	
  water	
  and	
  50	
  mgd	
  of	
  
desalinated	
  water	
  from	
  the	
  Huntington	
  Beach	
  desalter.	
  
	
  
Mass	
  Loading	
  Results	
  for	
  Scenario	
  3	
  (100%	
  desal	
  at	
  50	
  mgd-­‐GWRS	
  shutdown)	
  
	
  
Mass	
  loadings	
  in	
  pounds	
  per	
  year	
  for	
  TDS,	
  sodium,	
  chloride,	
  and	
  boron	
  are	
  presented	
  in	
  
Table	
  6-­‐15	
  for	
  Scenario	
  3	
  (100%	
  Desalination	
  for	
  GWRS	
  Emergency	
  Shutdown).	
  For	
  50	
  
mgd	
  of	
  desalinated	
  water,	
  the	
  mass	
  loading	
  of	
  boron	
  at	
  41	
  TPY	
  agrees	
  with	
  the	
  mass	
  
balance	
  conducted	
  in	
  Section	
  4.3.2	
  	
  The	
  TDS,	
  sodium	
  and	
  chloride	
  mass	
  loadings	
  are	
  11,300	
  
TPY,	
  3,450	
  TPY,	
  and	
  5,650	
  TPY,	
  respectively.	
  
	
  
Table	
  6-­‐15.	
  	
  Summary	
  of	
  mass	
  loadings	
  for	
  Scenario	
  3	
  in	
  tons	
  per	
  year	
  (TPY)	
  for	
  
constituents	
  of	
  most	
  interest	
  including	
  TDS,	
  Sodium,	
  Chloride,	
  and	
  Boron	
  (excludes	
  
distribution	
  to	
  City	
  of	
  Huntington	
  Beach).	
  

Parameter 
(mass loadings 

in TPY) 

Scenario  
3b 

(100% 
Desal 
Alone) 

SCENARIO 
3 

(TOTAL) 

Total Flow (mgd) 50 50 
%Flow=Desal 100% 100% 
TDS 11,300 11,300 
Sodium 3,450 3,450 
Chloride 5,650 5,650 
Boron 41 41 
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The	
  groundwater	
  mass	
  loadings	
  associated	
  with	
  the	
  proposed	
  Huntington	
  Beach	
  desalter	
  
can	
  be	
  compared	
  to	
  those	
  associated	
  with	
  the	
  current	
  GWRS	
  project	
  by	
  comparing	
  the	
  
Scenario	
  3	
  100%	
  Desal	
  results	
  (Table	
  6-­‐15)	
  with	
  the	
  100%	
  GWRS	
  results	
  (Tables	
  6-­‐13	
  and	
  
6-­‐14).	
  	
  The	
  50	
  MGD	
  Huntington	
  Beach	
  desalter	
  would	
  contribute	
  38%	
  more	
  TDS,	
  136%	
  
more	
  sodium,	
  396%	
  more	
  chloride,	
  and	
  3%	
  more	
  boron	
  that	
  the	
  current	
  100	
  MGD	
  GWRS	
  
project.	
  
	
  

7 Review of possible changes in Attachment A  
Table	
  7-­‐1	
  is	
  the	
  summary	
  of	
  a	
  proposed	
  revision	
  of	
  Attachment	
  A.	
  The	
  parameters	
  in	
  the	
  
revised	
  table	
  are	
  broken	
  into	
  four	
  categories	
  with	
  respect	
  to	
  water	
  quality	
  and	
  two	
  
categories	
  with	
  respect	
  to	
  operations.	
  	
  Where	
  water	
  quality	
  is	
  concerned,	
  the	
  four	
  
categories	
  are	
  1)	
  mineral	
  quality,	
  2)	
  disinfection,	
  3)	
  physical	
  properties	
  and	
  4)	
  control	
  of	
  
corrosion	
  and	
  aquifer	
  interface.	
  	
  Where	
  operations	
  are	
  concerned	
  the	
  two	
  categories	
  are:	
  1)	
  
quality	
  parameters	
  where	
  the	
  target	
  and	
  maximum	
  values	
  will	
  be	
  set	
  in	
  the	
  Term	
  Sheet	
  and	
  
2)	
  quality	
  parameters	
  which	
  shall	
  be	
  adjustable	
  at	
  OCWD’s	
  discretion,	
  from	
  time	
  to	
  time,	
  
during	
  the	
  course	
  of	
  the	
  project’s	
  operation.	
  	
  For	
  the	
  latter,	
  a	
  range	
  within	
  which	
  OCWD	
  
may	
  select	
  is	
  specified	
  in	
  the	
  term	
  sheet	
  in	
  order	
  to	
  facilitate	
  design.	
  	
  The	
  adjustable	
  quality	
  
parameters	
  all	
  address	
  the	
  operation	
  of	
  the	
  desalination	
  plant’s	
  post	
  treatment	
  system,	
  
recognizing	
  that	
  there	
  is	
  uncertainty	
  in	
  the	
  information	
  available	
  today	
  for	
  making	
  some	
  of	
  
these	
  operational	
  choices.	
  The	
  following	
  is	
  a	
  brief	
  discussion	
  of	
  differences	
  in	
  requirements	
  
between	
  the	
  Table	
  7-­‐1	
  and	
  Attachment	
  A	
  as	
  presented	
  in	
  October.	
  

7.1 Table Format 
The	
  format	
  of	
  the	
  table	
  has	
  been	
  revised	
  to	
  display	
  only	
  the	
  basic	
  requirements	
  necessary	
  
for	
  negotiation	
  of	
  the	
  Term	
  Sheet.	
  	
  Parameters	
  of	
  interest	
  are	
  noted,	
  along	
  with	
  their	
  
frequency	
  of	
  measurement	
  and	
  compliance	
  period.	
  	
  Two	
  types	
  of	
  targets	
  are	
  described:	
  1)	
  
targets,	
  which	
  will	
  be	
  determined	
  in	
  the	
  negotiations	
  and	
  2)	
  target	
  ranges	
  for	
  areas	
  of	
  
water	
  quality	
  where	
  it	
  is	
  recommended	
  that	
  OCWD	
  retain	
  the	
  right	
  to	
  designate	
  a	
  water	
  
quality	
  target	
  being	
  sought,	
  changing	
  it	
  from	
  time	
  to	
  time	
  as	
  the	
  District	
  deems	
  appropriate.	
  	
  
Parameters	
  in	
  this	
  target	
  range	
  are	
  all	
  selected	
  so	
  that	
  they	
  can	
  be	
  manipulated	
  by	
  
Poseidon	
  in	
  the	
  post	
  treatment	
  process.	
  	
  For	
  all	
  parameters	
  the	
  point	
  of	
  compliance	
  is	
  a	
  
mutually	
  agreed	
  upon	
  point	
  of	
  delivery	
  and	
  	
  all	
  measurement	
  methods	
  are	
  to	
  be	
  selected	
  by	
  
mutual	
  agreement	
  between	
  the	
  two	
  parties.	
  	
  Discussion	
  of	
  specific	
  parameters	
  follows.	
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Table	
  7-­‐1	
  Proposed,	
  Revised	
  Attachment	
  A	
  for	
  the	
  Term	
  Sheet	
  

	
  
	
  

7.2 Bromide ion 
A	
  target	
  of	
  0.25	
  mg/L	
  has	
  been	
  tentatively	
  proposed	
  for	
  bromide	
  ion.	
  	
  This	
  target	
  is	
  
proposed	
  in	
  order	
  to	
  facilitate	
  more	
  effective	
  management	
  of	
  chloramine	
  residuals	
  
according	
  to	
  the	
  discussion	
  in	
  section	
  4.1.6.2	
  on	
  residual	
  stability.	
  	
  As	
  illustrated	
  in	
  Figure	
  
4.6,	
  reducing	
  bromide	
  ion	
  to	
  0.25	
  mg/L	
  or	
  below	
  limits	
  short-­‐term	
  effects	
  on	
  residual	
  
stability	
  to	
  less	
  than	
  15%.	
  	
  The	
  necessity	
  for	
  this	
  requirement	
  is	
  closely	
  linked	
  to	
  the	
  use	
  of	
  
chloramines.	
  	
  As	
  shown	
  in	
  Table	
  3.3,	
  the	
  proposed	
  requirements	
  lower	
  than	
  the	
  limit	
  of	
  0.4	
  
mg/L	
  in	
  the	
  Carlsbad	
  water	
  quality	
  specification,	
  but	
  more	
  liberal	
  than	
  the	
  bromide	
  
requirements	
  in	
  the	
  Australian	
  desalination	
  projects.	
  	
  Chloramines	
  are	
  important	
  in	
  all	
  
these	
  projects.	
  	
  The	
  residual	
  stability	
  problem	
  is	
  addressed	
  in	
  the	
  Carlsbad	
  project	
  by	
  
chloraminating	
  after	
  corrosion	
  control	
  treatment	
  and	
  then	
  allowing	
  the	
  residual	
  to	
  be	
  
stabilized	
  before	
  it	
  is	
  introduced	
  into	
  the	
  rest	
  of	
  the	
  San	
  Diego	
  Water	
  Authority’s	
  system.	
  	
  
This	
  approach	
  is	
  discouraged	
  because	
  it	
  has	
  not	
  been	
  demonstrated	
  that	
  a	
  high	
  chlorine	
  to	
  
ammonia	
  ratio	
  can	
  be	
  maintained	
  under	
  these	
  conditions	
  and	
  this	
  could	
  lead	
  to	
  increased	
  
nitrification,	
  already	
  a	
  common	
  problem	
  in	
  water	
  systems	
  in	
  Orange	
  County,	
  which	
  use	
  
chloramines.	
  	
  	
  



Trussell Technologies, Inc. • Pasadena • San Diego • Oakland 	
   109 

	
  

There	
  is	
  some	
  uncertainty	
  about	
  the	
  need	
  to	
  accommodate	
  the	
  management	
  of	
  chloramine	
  
residuals	
  in	
  the	
  project.	
  	
  In	
  early	
  meetings	
  with	
  OCWD	
  and	
  Huntington	
  Beach,	
  both	
  utilities	
  
indicated	
  an	
  intention	
  to	
  continue	
  using	
  a	
  free	
  chlorine	
  residual.	
  	
  However,	
  	
  should	
  
distribution	
  be	
  extended	
  to	
  utilities	
  using	
  a	
  	
  chloramine	
  residual,	
  additional	
  
accommodation	
  would	
  be	
  required.	
  For	
  this	
  reason,	
  the	
  bromide	
  targets	
  in	
  Table	
  7-­‐1	
  are	
  
marked	
  with	
  an	
  asterisk,	
  indicating	
  that	
  they	
  a	
  proposed	
  as	
  a	
  “placeholder	
  as	
  further	
  study	
  
may	
  be	
  required”.	
  	
  Based	
  on	
  the	
  modeling	
  work	
  done	
  in	
  this	
  report,	
  a	
  plant	
  designed	
  to	
  
meet	
  the	
  chloride	
  and	
  boron	
  requirements	
  in	
  the	
  October	
  version	
  of	
  Attachment	
  A	
  (75	
  and	
  
0.75	
  mg/L,	
  respectively)	
  would	
  produce	
  water	
  with	
  bromide	
  level	
  of	
  approximately	
  0.25	
  
mg/L	
  (Table	
  3-­‐15,	
  Combined	
  RO	
  product	
  water),	
  so	
  this	
  requirement	
  should	
  not	
  place	
  
additional	
  stress	
  on	
  the	
  design.	
  	
  It	
  will,	
  however,	
  join	
  the	
  chloride	
  requirement	
  of	
  75	
  mg/L	
  
as	
  one	
  of	
  the	
  principal	
  constraints	
  on	
  the	
  design.	
  	
  
	
  

7.3 Boron 
A	
  target	
  of	
  between	
  0.4	
  and	
  0.5	
  mg/L	
  has	
  been	
  proposed	
  for	
  boron.	
  The	
  level	
  of	
  0.5	
  mg/L	
  is	
  
included	
  in	
  Figure	
  7-­‐1	
  as	
  a	
  placeholder	
  in	
  the	
  draft,	
  revised	
  Attachment	
  A	
  until	
  the	
  issue	
  
can	
  be	
  evaluated	
  further	
  for	
  the	
  reasons	
  discussed	
  below.	
  	
  This	
  requirement	
  is	
  proposed	
  in	
  
an	
  attempt	
  to	
  reduce	
  the	
  amount	
  of	
  boron	
  imported	
  into	
  the	
  Orange	
  County	
  Aquifer	
  and	
  
possible	
  impacts	
  on	
  horticulture	
  (Section	
  4.1.8).	
  	
  A	
  review	
  of	
  the	
  requirements	
  imposed	
  on	
  
other	
  projects	
  (Table	
  3.3)	
  shows	
  that,	
  while	
  a	
  requirement	
  of	
  0.5	
  mg/L	
  for	
  boron	
  is	
  not	
  
unusual,	
  there	
  are	
  several	
  projects	
  that	
  have	
  a	
  goal	
  of	
  1	
  mg/L.	
  	
  Carlsbad	
  has	
  a	
  limit	
  of	
  
average	
  boron	
  of	
  0.75	
  mg/L	
  and	
  a	
  maximum	
  of	
  1	
  mg/L.	
  	
  The	
  differences	
  in	
  these	
  
requirements	
  are,	
  in	
  part,	
  a	
  reflection	
  of	
  changes	
  in	
  our	
  understanding	
  of	
  the	
  health	
  effects	
  
of	
  boron	
  during	
  the	
  last	
  decade.	
  	
  The	
  Huntington	
  Beach	
  project	
  is	
  somewhat	
  unique	
  in	
  that	
  
most	
  of	
  the	
  water	
  will	
  be	
  used	
  to	
  recharge	
  a	
  groundwater	
  basin,	
  thus	
  there	
  is	
  a	
  need	
  to	
  
review	
  the	
  mass	
  balance	
  of	
  boron	
  in	
  the	
  basin	
  and	
  the	
  prospects	
  for	
  long	
  term	
  changes.	
  	
  
This	
  report	
  contains	
  the	
  very	
  preliminary	
  aspects	
  of	
  a	
  mass	
  balance	
  for	
  boron	
  and	
  it	
  would	
  
appear	
  that	
  the	
  project	
  as	
  originally	
  proposed	
  (boron	
  of	
  0.75	
  mg/L)	
  would	
  substantially	
  
increase	
  the	
  importation	
  of	
  boron	
  into	
  the	
  basin.	
  	
  Importantly	
  the	
  GWRS	
  project,	
  which	
  is	
  
the	
  largest	
  salt	
  exporter	
  out	
  of	
  the	
  basin	
  is	
  relatively	
  ineffective	
  in	
  rejecting	
  boron.	
  	
  It	
  is	
  
recommended	
  that	
  OCWD	
  pursue	
  resolution	
  of	
  the	
  issue	
  in	
  three	
  parallel	
  paths:	
  1)	
  propose	
  
a	
  stricter	
  boron	
  standard	
  on	
  the	
  desalter,	
  2)	
  conduct	
  a	
  study	
  on	
  the	
  impacts	
  of	
  boron	
  and	
  
chloride	
  changes	
  on	
  horticulture	
  in	
  the	
  area	
  and	
  3)	
  conduct	
  a	
  study	
  on	
  long-­‐term	
  
projections	
  on	
  of	
  boron	
  levels	
  in	
  the	
  aquifer	
  given	
  increased	
  boron	
  imports.	
  
	
  

Modeling	
  work	
  conducted	
  as	
  part	
  of	
  this	
  study	
  suggests	
  that	
  complying	
  with	
  a	
  boron	
  level	
  
of	
  between	
  0.4	
  and	
  0.5	
  mg/L	
  may	
  have	
  a	
  substantial	
  impact	
  on	
  the	
  design	
  of	
  the	
  desalter.	
  	
  A	
  
design	
  striving	
  to	
  meet	
  the	
  requirements	
  of	
  the	
  October	
  version	
  of	
  Attachment	
  A	
  is	
  
estimated	
  to	
  produce	
  boron	
  levels	
  between	
  0.5	
  to	
  0.6	
  mg/L.	
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7.4 Disinfection 
The	
  revised	
  attachment	
  includes	
  the	
  same	
  requirements	
  for	
  disinfection	
  byproducts	
  but	
  
provisions	
  are	
  also	
  made	
  in	
  the	
  contract	
  for	
  Poseidon	
  to	
  provide	
  the	
  capability	
  to	
  deliver	
  a	
  
chlorine	
  residual	
  between	
  1.0	
  and	
  4.0	
  mg/L	
  and	
  also	
  to	
  deliver	
  chloraminated	
  water	
  should	
  
that	
  be	
  desirable.	
  	
  As	
  written	
  the	
  document	
  envisions	
  that	
  OCWD	
  may	
  desire	
  to	
  change	
  
either	
  the	
  form	
  of	
  residual	
  or	
  its	
  concentration	
  from	
  time	
  to	
  time	
  in	
  the	
  future.	
  	
  
	
  

7.5 Temperature 
As	
  proposed	
  by	
  Poseidon,	
  Attachment	
  A	
  allows	
  for	
  a	
  maximum	
  average	
  monthly	
  
temperature	
  of	
  85°F	
  and,	
  according	
  to	
  the	
  data	
  collected	
  at	
  the	
  Newport	
  Beach	
  Pier,	
  this	
  
would	
  allow	
  maximum	
  days	
  as	
  high	
  as	
  87°F.	
  	
  Thus	
  this	
  requirement	
  is	
  designed	
  to	
  permit	
  
operation	
  of	
  the	
  SWRO	
  on	
  the	
  condenser	
  side	
  of	
  the	
  power	
  plant,	
  which	
  allows	
  for	
  more	
  
efficient	
  operation	
  of	
  the	
  desalter.	
  	
  On	
  the	
  other	
  hand	
  the	
  use	
  of	
  warm	
  water	
  raises	
  
consumer	
  acceptance	
  issues	
  that	
  must	
  be	
  resolved	
  and	
  it	
  also	
  results	
  in	
  some	
  increased	
  
costs	
  in	
  the	
  operation	
  of	
  the	
  desalter.	
  	
  None	
  of	
  these	
  considerations	
  necessarily	
  make	
  the	
  
project	
  unacceptable,	
  but	
  they	
  do	
  require	
  resolution	
  and	
  they	
  make	
  the	
  negotiations	
  
between	
  the	
  parties	
  more	
  complex	
  and	
  it	
  appears	
  that	
  the	
  power	
  plant	
  won’t	
  be	
  operating	
  
its	
  cooling	
  system	
  much	
  longer,	
  as	
  a	
  result	
  it’s	
  not	
  clear	
  that	
  the	
  economic	
  gains	
  to	
  be	
  
achieved	
  by	
  warmer	
  operation	
  are	
  sufficient	
  to	
  justify	
  the	
  additional	
  complexity.	
  	
  Thus,	
  
lower	
  limits	
  are	
  included	
  in	
  the	
  proposed	
  criteria,	
  designed	
  to	
  be	
  consistent	
  with	
  ambient	
  
seawater	
  temperatures.	
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7.6 Silting Density Index 
The	
  revised	
  attachment	
  includes	
  an	
  additional	
  requirement	
  for	
  the	
  Silting	
  Density	
  Index	
  
(SDI).	
  	
  OCWD	
  has	
  long	
  maintained	
  a	
  focus	
  on	
  doing	
  everything	
  it	
  can	
  to	
  minimize	
  clogging	
  
of	
  both	
  in	
  its	
  spreading	
  basins	
  and	
  injection	
  well	
  operations.	
  	
  Historically	
  clogging	
  has	
  also	
  
been	
  an	
  issue	
  in	
  other	
  Southern	
  California	
  seawater	
  injection	
  barriers	
  as	
  well.	
  	
  Evidence	
  
suggests	
  that	
  turbidity	
  is	
  not	
  an	
  adequate	
  index	
  for	
  this	
  purpose.	
  	
  In	
  recent	
  years,	
  OCWD	
  
has	
  maintained	
  an	
  SDI	
  for	
  GWRS	
  between	
  3	
  and	
  4.	
  	
  With	
  recent	
  investments	
  OCWD	
  has	
  
brought	
  SDI	
  levels	
  to	
  between	
  1	
  and	
  2.	
  	
  The	
  proposal	
  is	
  that	
  Poseidon	
  be	
  asked	
  to	
  provide	
  
water	
  with	
  an	
  SDI	
  comparable	
  to	
  that	
  which	
  OCWD	
  has	
  been	
  able	
  to	
  maintain,	
  averaging	
  
2.0	
  or	
  less	
  and	
  not	
  exceeding	
  3.0.	
  	
  
	
  

7.7 Corrosion Control 
The	
  revised	
  attachment	
  includes	
  several	
  additional	
  provisions	
  designed	
  to	
  manage	
  
corrosion	
  control.	
  	
  First,	
  although	
  management	
  of	
  calcium	
  carbonate	
  saturation	
  had	
  been	
  
successful	
  in	
  desalination	
  projects	
  to	
  date,	
  the	
  addition	
  of	
  orthophosphate	
  is	
  the	
  gold	
  
standard	
  for	
  control	
  of	
  both	
  lead	
  and	
  copper	
  corrosion,	
  but	
  also	
  for	
  corrosion	
  of	
  iron.	
  	
  For	
  
this	
  reason	
  the	
  specification	
  has	
  been	
  written	
  to	
  require	
  that	
  provisions	
  be	
  made	
  to	
  make	
  
the	
  addition	
  of	
  this	
  chemical	
  possible	
  should	
  it	
  become	
  necessary.	
  	
  The	
  remaining	
  
requirements	
  all	
  pertain	
  to	
  requiring	
  facilities	
  that	
  will	
  enable	
  Poseidon	
  to	
  provide	
  a	
  water	
  
designed	
  to	
  meet	
  the	
  level	
  of	
  alkalinity	
  and	
  hardness	
  and	
  the	
  degree	
  of	
  calcium	
  carbonate	
  
saturation	
  that	
  OCWD	
  deems	
  necessary	
  for	
  the	
  optimum	
  protection	
  of	
  its	
  distribution	
  
system.	
  	
  Each	
  provision,	
  pH,	
  calcium	
  hardness,	
  alkalinity,	
  Langelier	
  Saturation	
  Index	
  (LSI)	
  
and	
  calcium	
  carbonate	
  precipitation	
  potential	
  (	
  CCPP)	
  is	
  set	
  up	
  with	
  the	
  idea	
  that	
  a	
  flexible	
  
system	
  should	
  be	
  provided,	
  such	
  as	
  is	
  currently	
  available	
  at	
  the	
  GWRS	
  that	
  can	
  “dial	
  in”	
  the	
  
specific	
  goals	
  which	
  OCWD	
  seeks	
  to	
  attain.	
  	
  Once	
  again,	
  a	
  system	
  with	
  excellent	
  control	
  will	
  
be	
  necessary	
  because	
  the	
  District	
  will	
  be	
  balancing	
  the	
  need	
  for	
  saturation	
  with	
  calcium	
  
carbonate	
  in	
  its	
  distribution	
  system	
  over	
  against	
  the	
  need	
  to	
  avoid	
  excessive	
  calcium	
  
saturation,	
  which	
  might	
  cause	
  cementation	
  in	
  its	
  aquifer	
  injection	
  systems.	
  	
  Although	
  the	
  
Attachment	
  envisions	
  a	
  system	
  capable	
  of	
  operating	
  over	
  a	
  wide	
  range	
  (LSI	
  -­‐02	
  to	
  LSI	
  +0.2)	
  
a	
  wide	
  range	
  of	
  pHs	
  (7.5	
  to	
  8.7),	
  it	
  seems	
  likely	
  that	
  operations	
  will	
  be	
  much	
  closer	
  a	
  
neutral	
  LSI.	
  	
  A	
  much	
  wider	
  range	
  of	
  calcium	
  and	
  alkalinity	
  are	
  also	
  provided	
  ranging	
  from	
  
the	
  low	
  levels	
  found	
  in	
  some	
  mountain	
  supplies	
  to	
  levels	
  approaching	
  those	
  in	
  local	
  
groundwaters.	
  	
  These	
  will	
  allow	
  for	
  a	
  positive	
  LSI	
  at	
  lower	
  temperatures	
  as	
  well	
  as	
  higher	
  
levels	
  of	
  calcium	
  to	
  aid	
  in	
  the	
  control	
  of	
  arsenic	
  adsorption	
  in	
  the	
  aquifer.	
  	
  As	
  shown	
  in	
  
Figure	
  4-­‐20,	
  	
  the	
  more	
  alkalinity	
  that	
  is	
  added	
  in	
  the	
  post	
  treatment	
  system	
  the	
  lower	
  the	
  
pH	
  that	
  can	
  be	
  maintained	
  while	
  still	
  providing	
  the	
  protection	
  of	
  calcium	
  carbonate	
  
saturation.	
  	
  Higher	
  alkalinities	
  are	
  also	
  thought	
  to	
  be	
  beneficial	
  in	
  protecting	
  mortar	
  linings	
  
because	
  a	
  high	
  alkalinity	
  can	
  react	
  quickly	
  to	
  precipitate	
  calcium	
  hydroxide	
  as	
  it	
  seeks	
  to	
  
leach	
  out	
  of	
  the	
  cement	
  matrix,	
  forming	
  a	
  CaCO3	
  “plug”	
  in	
  any	
  pores	
  where	
  calcium	
  
hydroxide	
  may	
  leach	
  out	
  of	
  the	
  cement	
  paste.	
  	
  Placeholders	
  have	
  been	
  proposed	
  for	
  
consideration	
  as	
  the	
  project	
  begins.	
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7.8 Aquifer Interface, Arsenic release 
The	
  discussion	
  in	
  section	
  4.2.2	
  shows	
  the	
  results	
  of	
  work	
  conducted	
  at	
  Stanford	
  University	
  
and	
  these	
  results	
  illustrate	
  that	
  both	
  calcium	
  and	
  magnesium	
  reduce	
  the	
  release	
  of	
  arsenic	
  
from	
  aquifer	
  sediments	
  to	
  groundwater.	
  	
  Figure	
  4-­‐19	
  shows	
  an	
  experiment	
  where	
  a	
  
combination	
  of	
  calcium	
  and	
  magnesium	
  (total	
  hardness	
  of	
  168	
  mg/L)	
  was	
  slightly	
  more	
  
effective	
  in	
  suppressing	
  arsenic	
  release	
  than	
  was	
  a	
  much	
  higher	
  level	
  of	
  calcium	
  alone	
  
(total	
  hardness	
  500	
  mg/L).	
  	
  Recognizing	
  the	
  need	
  to	
  suppress	
  arsenic	
  release	
  near	
  new	
  
injection	
  wells,	
  a	
  higher	
  level	
  of	
  calcium	
  and	
  alkalinity	
  could	
  be	
  proposed	
  than	
  that	
  shown	
  
in	
  Table	
  7-­‐1.	
  	
  At	
  present	
  the	
  table	
  leaves	
  room	
  for	
  include	
  discussions	
  about	
  provisions	
  for	
  
magnesium	
  addition	
  (TBD).	
  	
  That	
  having	
  been	
  said,	
  from	
  the	
  standpoint	
  of	
  technology,	
  
adding	
  more	
  calcium	
  is	
  much	
  more	
  straight-­‐forward	
  than	
  adding	
  both	
  calcium	
  and	
  
magnesium.	
  	
  Chemical	
  feed	
  systems	
  for	
  adding	
  calcium	
  are	
  much	
  more	
  established.	
  	
  
Magnesium	
  oxide	
  does	
  not	
  have	
  the	
  same	
  properties	
  as	
  does	
  lime.	
  	
  Moreover	
  almost	
  all	
  
magnesium	
  salts	
  are	
  hygroscopic	
  (they	
  absorb	
  water	
  from	
  the	
  air),	
  hence	
  they	
  are	
  difficult	
  
to	
  handle	
  and	
  feed.	
  	
  Dolomitic	
  limestone	
  is	
  available	
  that	
  includes	
  both	
  CaCO3	
  and	
  MgCO3,	
  
and	
  it	
  has	
  been	
  used	
  in	
  Germany	
  but	
  its	
  dissolution	
  properties	
  are	
  not	
  well	
  understood	
  
either.	
  	
  It	
  seems	
  like	
  the	
  MgCO3	
  ,	
  which	
  has	
  higher	
  solubility,	
  can	
  preferentially	
  dissolve,	
  
increasing	
  the	
  supersaturation	
  of	
  calcium	
  carbonate	
  and	
  resulting	
  in	
  post	
  precipitation.	
  	
  It	
  
is	
  expected	
  significant	
  study	
  will	
  be	
  required	
  before	
  it	
  is	
  clear	
  whether	
  the	
  insight	
  from	
  the	
  
Stanford	
  study	
  can	
  be	
  translated	
  into	
  a	
  practical	
  outcome.	
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Appendix 1 Water Quality Specifications 

Attachment A to the Water Reliability Agreement Term sheet 
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1.0  Introduction 
 

 

1.1  Background 
 

The Metropolitan Water District of Southern California (Metropolitan) is a regional water 

wholesaler delivering imported supplies to over 19 million people in Southern California.  

Depending on hydrology, Metropolitan provides between 40 to 60 percent of the region’s 

supplies.  Metropolitan’s long-term Integrated Water Resources Management Plan (IRP) 

promotes a diversified water resource portfolio to improve overall regional supply reliability.  

The IRP balances imported supplies with local resource options, including conservation, 

wastewater recycling, groundwater recovery, and seawater desalination.   The role of seawater 

desalination in the IRP includes helping to meet future local supply goals and contributing to the 

region’s buffer supply for mitigating against uncertainty.  Adaptive management is a key 

principle in the IRP, which also includes regional Foundation Actions for seawater desalination 

that will position Metropolitan and the member agencies to accelerate future implementation, if 

needed.  This assessment of international integration practices represents such a Foundational 

Action for seawater desalination. 

 

A number of Metropolitan’s member agencies, along with one private company, are currently in 

various stages of developing seawater desalination projects within Metropolitan’s service area.  

Several of these project developers have proposed integrating or blending desalinated seawater 

with imported water in Metropolitan’s regional system as a means of distribution.  In addition, 

Metropolitan could develop its own seawater desalination capacity in the future.  In order to 

understand the potential issues and challenges associated with blending new sources into an 

existing distribution system, including both water quality (e.g., corrosion, disinfectant residual 

decay, disinfection by-product formation, aesthetics [color, taste, and odor], etc. ) and 

operational (e.g., storage, flexibility, hydraulics, etc.) concerns, Metropolitan retained Malcolm 

Pirnie, the Water Division of ARCADIS (Malcolm Pirnie), along with its partners Veolia and 

SKM, to survey international seawater desalination integration practices and develop a list of 

applicable literature.   

 

1.2  Purpose and Goals 

The purpose of this project is to evaluate the means by which water utilities have integrated 

large-scale seawater desalination plants into their existing distribution systems.  The study 

consists of two major components: 1) a survey of major seawater desalination projects around 

the globe to assess integration issues and strategies associated with water quality and 

plant/distribution system operations; and 2) a bibliography of select references with information 

related to seawater desalination integration practices.  The information compiled in this study 

will help Metropolitan understand the applicable considerations associated with integrating 

desalinated seawater into existing systems.  As a Foundational Action, the report will serve as a 

resource for Metropolitan and its member agencies, helping to guide future investigations of 

integration issues.   
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1.3  Desalination Plant Selection 
 

The ten surveyed seawater desalination plants represent a broad diversity of facilities in several 

focus areas, including geography, on-line date, blend percentage, integration method, and intake 

mechanism.  The plants also varied widely in production, although all ten are considered 

facilities of comparable capacity to proposed seawater desalination plants within the 

Metropolitan service area.  Similarly, the range of intake mechanisms among the surveyed plants 

– co-located open intake, dedicated open intake, and beach wells – likewise represents a variety 

of options under consideration among the proposed facilities in Metropolitan’s service area.  

Notably, the intake method can influence the treatment processes utilized at a seawater 

desalination facility, particularly with respect to pretreatment and filtration, which is considered 

important background information regarding the surveyed facilities.  Also, the span of on-line 

dates for the ten facilities extends over a decade, ranging from 2003 (Tampa) to the anticipated 

start-up of the Melbourne plant in 2012.   

 

All ten of the plants utilize reverse osmosis (RO) technology, which has been proposed by each 

of the potential seawater desalination project proponents in Metropolitan’s service area.  A map 

indicating the locations of the ten plants surveyed – spanning four continents – is shown in 

Figure 1-1.  An overview of the plants is provided in Table 1-1, indicating the percent of the 

utility’s total water supply portfolio comprised of desalinated seawater at the time of the survey, 

including production from other seawater desalination plants in the service area. 

 

 
Figure 1-1: 

Global Map of Surveyed Seawater Desalination Facilities

Perth 

(33 MGD)

Tuas 1 
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Tampa
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Sydney

(66 MGD)

Gold Coast

(34 MGD)

Ashkelon

(98 MGD)

Sur

(21 MGD)

Fujairah 2

(36 MGD)
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Table 1-1: 
Overview of Seawater Desalination Plants Surveyed 

 

Plant Identifier / 
Location 

Country 
 Capacity 
(MGD)

1
 

On-Line 
Date 

Intake 

Contribution of 

Desalinated Seawater 

to Supply Portfolio 

Tampa USA 25 2003 
Co-located  

Open Intake  
 ≤ 10%  

Gold Coast Australia 33 2009 
Dedicated 

Open Intake 
variable  

Melbourne Australia 108 2012
2
 

Dedicated 
Open Intake 

33%  

Perth 1 Australia 33 2006 
Dedicated 

Open Intake 
15-20%  

Sydney Australia 66 2010 
Dedicated 

Open Intake 
15%  

Ashkelon Israel 98 2005 
Dedicated 

Open Intake 
15%  

Fujairah 2 UAE 36 2010 
Co-located 

Open Intake 
95%  

Sur Oman 21 2009 Beach Wells 100%  

Tuas 1 Singapore 36 2005 
Dedicated 

Open Intake 
10%  

Valdelentisco Spain 36 2007 
Dedicated 

Open Intake 
35-45%  

1 Current capacity – does not include planned phases 
2 Anticipated 
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1.4  Survey Overview 
 

1.4.1  Methodology 
 

The survey of existing seawater desalination integration practices was developed jointly by 

Metropolitan and Malcolm Pirnie staff, with questions addressing project background, 

distribution and treatment plant information, integration methods and strategy, integration issues, 

water quality considerations, and lessons learned.  A copy of the survey instrument is provided in 

Appendix A for reference.  Surveys were administered by Malcolm Pirnie, Veolia, and SKM 

team members contacting individuals with direct knowledge of the targeted seawater 

desalination plants, including utility / project proponent staff, contractor project managers and 

designers, and facility contract operators.  If these individuals were not available to address all of 

the survey questions, supplemental information was compiled from publicly available resources.  

In these cases, survey responses were vetted by individuals with direct project knowledge prior 

to submission to Metropolitan.  Information was collected via a combination of conducting oral 

interviews and sending the survey instrument to respondents for their independent completion.  

For each survey, upon review, Metropolitan staff prepared follow-up questions for respondents.  

These responses were subsequently captured in the final survey results. 

 

1.4.2  Limitations 
 

Due to the potentially sensitive nature of some of the information requested, there were 

limitations in collecting complete survey results for some of the targeted facilities.  First, the 

potential points of contact in the best position to respond to the survey may not have had the time 

to address some or all of the numerous questions.  In some cases certain information requested 

was considered to be proprietary, particularly among agencies or private operators that may 

leverage strategic knowledge and/or intellectual property for business purposes.  It may also be 

possible that some respondents did not fully disclose seawater desalination integration issues 

encountered and/or lessons learned due to potential local political concerns.  Project time 

constraints were also a limiting factor in completing some of the surveys. 
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2.0  Survey Results 
 

 

A table summarizing some of the key survey results is provided as follows for each of the 

seawater desalination plants examined.  The fields included in the tables represent the 

information most useful for a broad understanding of each plant and its integration practices, as 

well as for ease of comparison among the different facilities.  Comprehensive survey results for 

each plant with more detailed information are provided in Appendix B.   
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Tampa (USA) 

Category Result(s) 

General 

Capacity 25 MGD 

On-Line Date 2003 

Reason(s) Selected 

 Only major US seawater desalination plant in operation 

 Tampa Bay Water is a regional wholesaler and blends 
desalinated seawater with other supplies 

 US regulatory climate 

Treatment Processes 

Intake Co-located open intake 

Pretreatment 

 Traveling screens 

 Coagulation (ferric chloride @ 4 - 8 mg/L; no polymer) 

 Flocculation 

 Sedimentation 

Filtration 
 Sand filters 

 Diatomaceous earth filters 

RO Configuration Partial 2
nd

 pass for blending to meet water quality goals 

Post-Treatment 

 Lime saturator (side stream) 

 CO2 addition (full flow) 

 pH adjustment (full flow, as-needed) 

Primary Disinfection Free chlorine @ 4.0 mg/L 

Secondary Disinfection Chloramines @ 4.0 - 4.2 mg/L 

Water Quality Management 

Water Quality Goals 

 Chloride 100 mg/L 

 Bromide 0.45 mg/L  (recommends 0.2 - 0.25 mg/L) 

 Boron None 

 Sodium 160 mg/L 

 Total Dissolved Solids 500 mg/L 

 Alkalinity > 40 mg/L as CaCO3 

 pH 6.5 - 8.5 

 Langelier Saturation Index  Positive 

 Calcium Carbonate 
Precipitation Potential 

Positive 
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Tampa (USA) 

Category Result(s) 

Boron Management Strategy Not anticipated to be a problem when the plant was developed 

Parameters of Concern 

 Boron 

 Bromide and brominated DBPs 

 Corrosion 

Integration Approach 

Blending Location 
14 mile pipeline to four (4) 7 million gallon ground level storage tanks 
for blending at a point prior to the first customer 

Blending Supplies Groundwater and surface water 

Onsite / Offsite Storage 5 MG clearwell + four (4) 7 MG ground level tanks 

Operational Characteristics Variable depending on available surface and groundwater supplies 

Prior Water Quality Studies 

 Integration pipe-loop study 

 Blending study 

 Disinfection stability study 

Other Blending Strategies 
Blend before adding ammonia to increase chloramine residual 
stability 

Lessons Learned / Significant Issues / Key Points 

 Be  cautious of disinfectant stability if chloramines are used for residual disinfection; consider 
blending desalinated water with other chlorinated supplies prior to adding ammonia to improve 
residual stability 

 A knowledgeable owner’s agent and a well-written contract are critical 

 The turndown capability of the other processes in the SWRO plant would ideally be similar to that 
of the RO system 

 A bromide goal of 0.2 to 0.25 mg/L is recommended 

 The measurement point for a bromide water quality goal should be at the RO permeate 

 Similarly, in addition to downstream points of DBP compliance (e.g., at the point of blending), it is 
advantageous to have an additional measurement point at the RO permeate; because as-needed 
shock chlorination at the influent is often practiced, significant DBPs can potentially be formed.  
Although RO rejects a significant percentage of DBPs, feed concentrations can be high enough 
such that the permeate contains DBP levels sufficient to warrant monitoring 

 Consider end-users in the development of water quality goals (e.g., irrigation of boron-sensitive 
plants) 
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Gold Coast (Australia) 

Category Result(s) 

General 

Capacity 33 MGD 

On-Line Date 2009 

Reason(s) Selected 
 Similar capacity to SWRO plants proposed in the Metropolitan 

service area 

 Regulatory climate similar to the US 

Treatment Processes 

Intake Dedicated open ocean intake 

Pretreatment 

 Drum screens 

 pH adjustment 

 Coagulation 

Filtration Dual media filters (sand + anthracite) 

RO Configuration Partial second pass 

Post-Treatment 
 Lime addition 

 CO2 addition 

Primary Disinfection Free chlorine 

Secondary Disinfection Free chlorine @ 0.2 - 0.5 mg/L 

Water Quality Management 

Water Quality Goals 

 Chloride 50 mg/L 

 Bromide 0.1 mg/L 

 Boron 1 mg/L 

 Sodium None reported 

 Total Dissolved Solids 220 mg/L 

 Alkalinity None reported 

 pH None reported 

 Langelier Saturation Index  None reported 

 Calcium Carbonate 
Precipitation Potential 

-5 to -3 mg/L 

Boron Management Strategy Partial two-pass RO 

Parameters of Concern None reported 
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Gold Coast (Australia) 

Category Result(s) 

Integration Approach 

Blending Location 
15.6 mile pipeline with in-pipe blending at the point of connection to 
the regional water grid 

Blending Supplies Surface water supplies in the existing regional water grid 

Onsite / Offsite Storage 8 MG tank at the SWRO plant 

Operating Characteristics Variable depending on available surface and groundwater supplies 

Prior Water Quality Studies Pilot testing to ensure water quality standard would be achieved 

Other Blending Strategies None reported 

Lessons Learned / Significant Issues / Key Points 

 A seawater desalination plant can be a good emergency source of supply, even in wet weather; 
during recent floods, the surface water treatment plants were not able to adequately remove the 
turbidity; the SWRO plant was ramped up to full capacity to supply potable water during this event 

 Quality control and factory testing on some material components can help avoid issues during 
installation and commissioning 
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Melbourne (Australia) 

Category Result(s) 

General 

Capacity 
108 MGD;  
Major elements such as tunnels sized for 144.5 MGD  

On-Line Date 2012 (anticipated) 

Reason(s) Selected 

 Similar capacity to SWRO plants proposed in the Metropolitan 
service area 

 Regional wholesale agency similar to Metropolitan 

 Regulatory climate similar to the US 

Treatment Processes 

Intake Dedicated open ocean intake 

Pretreatment Not indicated 

Filtration Dual media pressure filters 

RO Configuration Two-pass RO 

Post-Treatment Lime addition 

Primary Disinfection Free chlorine 

Secondary Disinfection Free chlorine @ < 0.4 mg/L 

Water Quality Management 

Water Quality Goals 

 Chloride 60 mg/L 

 Bromide 0.1 mg/L 

 Boron 0.5 mg/L 

 Sodium None reported 

 Total Dissolved Solids 
 ≤ 120 mg/L for no more than 1,800 minutes in any month 

 ≤ 140 mg/L for no more than 600 minutes in any month 

 Alkalinity 50 mg/L as CaCO3 

 pH None reported 

 Langelier Saturation Index  None reported 

 Calcium Carbonate 
Precipitation Potential 

-5 to 0 mg/L 

Boron Management Strategy pH adjustment prior to the second pass of RO 

Parameters of Concern None reported 
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Melbourne (Australia) 

Category Result(s) 

Integration Approach 

Blending Location 
51 mile pipeline to blend-point in 233,000 AF Cardinia Reservoir; the 
pipeline can also deliver supplies from the reservoir to intermediate 
delivery points. 

Blending Supplies Unfiltered supplies from closed catchments 

Onsite / Offsite Storage 
On-site: 2 x 9 MG tanks 
Off-site: 233,000 AF Cardinia Reservoir 

Operating Characteristics Seasonal variation depending on reservoir storage levels 

Prior Water Quality Studies 

 Hydrodynamic modeling of receiving storage for mixing 

 Water quality variation in deliveries to customers 

 Disinfection by-product formation 

 Soil dispersion in the Cardinia Reservoir 

Other Blending Strategies Selection of inlet location into Cardinia Reservoir to promote mixing 

Lessons Learned / Significant Issues / Key Points 

 No reported lessons learned, as plant is currently under construction 

 The 51 mile bi-directional pipeline for delivering desalinated supplies into Melbourne’s system 
increases the overall operational flexibility and reliability southeast of the city.  The pipeline 
alignment includes underground power lines and fiber optic cable. 
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Perth 1 (Australia) 

Category Result(s) 

General 

Capacity 33 MGD 

On-Line Date 2006 

Reason(s) Selected 
 Similar capacity to SWRO plants proposed in the Metropolitan 

service area 

 Regulatory climate similar to the US 

Treatment Processes 

Intake Dedicated open ocean intake 

Pretreatment Screens 

Filtration Media pressure filters (sand) 

RO Configuration Two-pass RO 

Post-Treatment 
 Lime addition 

 CO2 addition 

Primary Disinfection Free chlorine 

Secondary Disinfection Free chlorine, w/ chloramines used in one long distribution extension 

Water Quality Management 

Water Quality Goals 

 Chloride 250 mg/L 

 Bromide 0.1 mg/L 

 Boron 2 mg/L 

 Sodium 180 mg/L 

 Total Dissolved Solids 200 mg/L 

 Alkalinity None reported 

 pH 7.5 - 8 

 Langelier Saturation Index  > 0.5 

 Calcium Carbonate 
Precipitation Potential 

None reported 

Boron Management Strategy pH adjustment prior to the second pass of RO 

Parameters of Concern None reported 
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Perth 1 (Australia) 

Category Result(s) 

Integration Approach 

Blending Location Six mile pipeline to blend point at 24.3 MG Thomsons Reservoir 

Blending Supplies 
Surface water and groundwater supplies in the existing reservoir 
when available; 100% desalinated water can be delivered as well. 

Onsite / Offsite Storage 
On-site: 1 MG tank for flow balancing 
Off-site: Thomsons Reservoir 

Operating Characteristics Base-loaded production 

Prior Water Quality Studies None reported 

Other Blending Strategies None reported 

Lessons Learned / Significant Issues / Key Points 

 Very low bromide in the treated water results in very minimal disinfection by-product formation 

 Proximity to major water supply infrastructure was a factor in siting the facility 

 Distribution system infrastructure and operations were modified to enable transfer of desalinated 
base-load supplies during low demand periods 
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Sydney (Australia) 

Category Result(s) 

General 

Capacity 
66 MGD; 
Intake and outfall sized for 132 MGD 

On-Line Date 2010 

Reason(s) Selected 
 Similar capacity to SWRO plants proposed in the Metropolitan 

service area 

 Regulatory climate similar to the US 

Treatment Processes 

Intake Dedicated open ocean intake 

Pretreatment 
 Ferric chloride and polymer addition for coagulation 

 Sulfuric acid for pH adjustment 

Filtration Dual media filters 

RO Configuration Partial two-pass RO 

Post-Treatment 
 Lime addition 

 CO2 addition 

Primary Disinfection Chloramines @ 0.7 mg/L 

Secondary Disinfection 
Chloramines @ +/- 0.2 mg/L of the existing supplies at the point of 
blending 

Water Quality Management 

Water Quality Goals 

 Chloride 40 mg/L 

 Bromide 0.1 mg/L 

 Boron 1 mg/L 

 Sodium None reported 

 Total Dissolved Solids 115 mg/L 

 Alkalinity Goal indicated; standard not reported 

 pH Goal indicated; standard not reported 

 Langelier Saturation Index  None reported 

 Calcium Carbonate 
Precipitation Potential 

None reported 

Boron Management Strategy Two-pass RO 

Parameters of Concern Bromide 



Section 2 
Survey Results 

 

  
 
 
 
 
 
 

 

 
Assessment of Existing Seawater Desalination Integration Practices 

2-11 

 

 
 

Sydney (Australia) 

Category Result(s) 

Integration Approach 

Blending Location 
11 mile pipeline to gravity-fed distribution main; in-pipe blending; 
Includes 5 mile submerged pipeline under Botany Bay 

Blending Supplies Local surface water supplies in the existing distribution system 

Onsite / Offsite Storage On-site: 10.5 MG tank 

Operating Characteristics Designed for base-load operation 

Prior Water Quality Studies 

 1 year of pilot testing 

 Considerable modeling to ensure that the desalinated seawater 
supplies (as conditioned) would match existing surface water 
supplies as closely as possible 

Other Blending Strategies None reported 

Lessons Learned / Significant Issues / Key Points 

 Bromide is strictly monitored to ensure very low levels in the RO permeate 

 Thorough hydraulic studies were important to ensure that pressurized supplies from the 
desalination plant did not adversely impact gravity-fed supplies in the existing distribution system 

 Facility siting was influenced by the distance to the integration point and to provide a new water 
supply at an alternative location in the distribution system. 

 Proactive engagement of the public was essential for understand their concerns, not only for water 
quality and integration issues, but for all aspects of SWRO plant development 
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Ashkelon (Israel) 

Category Result(s) 

General 

Capacity 
98 MGD; original capacity was 84.5 MGD; facility was designed for 
capacity expansion 

On-Line Date 2005 

Reason(s) Selected Obtain Israeli perspective on integration issues 

Treatment Processes 

Intake Dedicated open ocean intake 

Pretreatment 

 Ferric sulfate addition for coagulation 

 Sulfuric acid addition for pH adjustment 

 Chorine and polymer addition capability, as needed 

Filtration Dual media gravity filters (sand + anthracite) 

RO Configuration 
Three-stage with partial two-pass 
(unique process driven by chloride and boron goals) 

Post-Treatment  Lime addition 

Primary Disinfection Free chlorine @ 0.2 - 0.5 mg/L 

Secondary Disinfection Free chlorine 

Water Quality Management 

Water Quality Goals 

 Chloride 20 mg/L 

 Bromide None reported 

 Boron 0.4 mg/L 

 Sodium None reported 

 Total Dissolved Solids 40 mg/L (before post-treatment remineralization) 

 Alkalinity None reported 

 pH None reported 

 Langelier Saturation Index  0 - 0.5 

 Calcium Carbonate 
Precipitation Potential 

None reported 

Boron Management Strategy Two-pass RO with pH adjustment before the second pass 

Parameters of Concern Boron (for agricultural application), corrosion, and chlorides 
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Ashkelon (Israel) 

Category Result(s) 

Integration Approach 

Blending Location Integration into national water grid; in-pipe blending 

Blending Supplies Existing distribution system water 

Onsite / Offsite Storage On-site: < 1 MG buffer tank 

Operating Characteristics Base-load with seasonal variation 

Prior Water Quality Studies Minimal piloting 

Other Blending Strategies None reported 

Lessons Learned / Significant Issues / Key Points 

 There were initial concerns over water quality issues related to changing the direction of flow in 
parts of the national grid; corrosion concerns were addressed by Langelier Index requirements 
during start-up 

 Pressure center design has limitations, as the entire plant must be taken off-line to address 
problems with the RO feed water header 

 Caution is advised to limit the discharge of phosphorus to the ocean (e.g., due to the addition of 
scale inhibitors)   

 Stakeholder approval is essential prior to proceeding on the critical construction path to avoid 
delays 

 Design included the ability manage inlet water quality from storm events through shutting down a 
percentage of the plant to allow the pretreatment system to manage the change 
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Fujairah 2 (United Arab Emirates) 

Category Result(s) 

General 

Capacity 36 MGD 

On-Line Date 2010 

Reason(s) Selected 
 Obtain UAE perspective on integration issues 

 Co-located with power plant and 120 MGD thermal desalination 
plant 

Treatment Processes 

Intake Co-located open intake 

Pretreatment 

 Coagulant and polymer addition for coagulation 

 Acid addition for pH adjustment 

 Dissolved air flotation (DAF) 

Filtration Dual media filtration 

RO Configuration Partial two-pass 

Post-Treatment 
 Lime addition 

 CO2 addition 

Primary Disinfection Free chlorine @ 0.5 mg/L 

Secondary Disinfection Free chlorine 

Water Quality Management 

Water Quality Goals 

 Chloride 100 mg/L 

 Bromide None reported 

 Boron 1 mg/L 

 Sodium None reported 

 Total Dissolved Solids 
Minimum: 100 mg/L 
Maximum: 200 mg/L 

 Alkalinity None reported 

 pH 7 - 9.2  

 Langelier Saturation Index  0 - 0.5 

 Calcium Carbonate 
Precipitation Potential 

None reported 
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Fujairah 2 (United Arab Emirates) 

Category Result(s) 

Boron Management Strategy 
Blending with thermally desalinated water that is low in boron prior to 
post-treatment; also, partial two-pass RO 

Parameters of Concern None reported 

Integration Approach 

Blending Location 
121 mile pipeline from Fujairah to Abu Dhabi distribution system, 
including storage at a nearby tank farm 

Blending Supplies Other thermally desalinated seawater supplies (multiple plants)  

Onsite / Offsite Storage Both on-site and off-site storage (details not provided) 

Operating Characteristics 
Production varies based on the operation of the power plant and 
supplies produced by the MED thermal distillation process 

Prior Water Quality Studies 6-month pilot to demonstrate pretreatment 

Other Blending Strategies 
Blending with thermally desalinated water that is low in boron prior to 
post-treatment 

Lessons Learned / Significant Issues / Key Points 

 Site selection / integration approach included geographic diversification of Abu Dhabi’s 
desalinated supplies 

 Strategic blending with thermally desalinated seawater prior to post-treatment is an effective 
means of boron control 

 The co-located thermal desalination plant is more economical during periods of high power 
demand, when there is more waste heat available 

 Dissolved air flotation (DAF) has been effective for algae control 
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Sur (Oman) 

Category Result(s) 

General 

Capacity 21 MGD 

On-Line Date 2009 

Reason(s) Selected 
 Obtain Middle East perspective on integration issues 

 Largest seawater desalination plant using beach well intake 

Treatment Processes 

Intake Beach wells (also features an open intake back-up) 

Pretreatment DAF (for reserve only) – no other pretreatment used 

Filtration Media and cartridge filters 

RO Configuration Partial two-pass 

Post-Treatment Limestone filters 

Primary Disinfection Free chlorine 

Secondary Disinfection Free chlorine @ 0.5 mg/L 

Water Quality Management 

Water Quality Goals 

 Chloride 250 mg/L 

 Bromide None reported 

 Boron 0.5 mg/L 

 Sodium None reported 

 Total Dissolved Solids 
Minimum: 200 mg/L 
Maximum: 500 mg/L 

 Alkalinity None reported 

 pH 6.5 - 8.5 

 Langelier Saturation Index  None reported 

 Calcium Carbonate 
Precipitation Potential 

None reported 

Boron Management Strategy Partial two-pass RO 

Parameters of Concern TDS (concern over levels being too low), corrosion and aesthetics 
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Sur (Oman) 

Category Result(s) 

Integration Approach 

Blending Location 
Integrated into new 93 mile pipeline; new distribution system was also 
developed; 10 storage tanks and 11 pumping stations used in 
distribution system 

Blending Supplies 
Nearly 100% of the area served by the plant now uses desalinated 
seawater 

Onsite / Offsite Storage On-site: 42 MG tank 

Operating Characteristics Base-load operation 

Prior Water Quality Studies Studies known to have been conducted, but no information available 

Other Blending Strategies 
Blending may occur if needed at some local community systems with 
well water 

Lessons Learned / Significant Issues / Key Points 

 Pipeline alignment is an important planning element that should not be underestimated 

 Beach wells can significantly reduce pretreatment processes and costs 

 Need to ensure that the TDS is not too low, a circumstance that would dissolve scale in existing 
pipelines from either formerly used water sources (e.g., well water, as is the case for the Sur plant) 
or existing sources with which desalinated seawater is blended 

 Post-construction system optimization studies can improve membrane performance, chemical 
use, and energy efficiency  
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Tuas 1 (Singapore) 

Category Result(s) 

General 

Capacity 36 MGD 

On-Line Date 2005 

Reason(s) Selected 
 Obtain Singapore perspective on integration issues 

 Singapore Public Utilities Board has sponsored significant 
desalination research 

Treatment Processes 

Intake Dedicated open intake 

Pretreatment DAF 

Filtration Gravity sand filters 

RO Configuration 
Full two-pass RO  

(1
st
 pass = seawater elements; 2

nd
 pass = brackish water elements) 

Post-Treatment 
 Lime addition 

 CO2 addition 

Primary Disinfection Free chlorine 

Secondary Disinfection Chloramines 

Water Quality Management 

Water Quality Goals 

 Chloride 100 mg/L 

 Bromide None reported 

 Boron 0.5 mg/L 

 Sodium None reported 

 Total Dissolved Solids Conductivity < 416 S/cm  (surrogate for TDS) 

 Alkalinity None reported 

 pH 7 - 9 

 Langelier Saturation Index  None reported 

 Calcium Carbonate 
Precipitation Potential 

None reported 

Boron Management Strategy Two-pass RO with pH adjustment between passes (using NaOH) 

Parameters of Concern None reported 
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Tuas 1 (Singapore) 

Category Result(s) 

Integration Approach 

Blending Location 7.5 mile pipeline to elevated service reservoir.  

Blending Supplies 
The desalinated water is blended with existing surface water supplies 
in a service reservoir before distribution 

Onsite / Offsite Storage 
On-site: Clearwell: 3.2 MG 
Off-site: Elevated service reservoir: 24 MG 

Operating Characteristics Base-load supply; with higher production in summer months 

Prior Water Quality Studies No information provided 

Other Blending Strategies None reported   

Lessons Learned / Significant Issues / Key Points 

 Full two-pass RO results in very low bromide levels in the permeate; Singapore PUB suspects that 
this is partially why no chloramine decay has been observed 

 That relatively small percentage of desalinated water supply blended in the distribution system 
(~10%) may also contribute to the lack of observed chloramine decay 

 There have been no customer complaints related to water quality associated with desalinated 
water, even from among those customers that may receive blends with a higher proportion of this 
supply 
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Valdelentisco (Spain) 

Category Result(s) 

General 

Capacity 36 MGD; Sized for expansion to 53 MGD 

On-Line Date 2007 

Reason(s) Selected 
 Obtain Spanish / European perspective on integration issues 

 Spain’s regulatory environment is similar to California  

Treatment Processes 

Intake Dedicated open ocean 

Pretreatment 
 Ferric chloride for coagulation 

 Monthly shock chlorination and sodium bisulfite addition 

Filtration Pressure filters (sand + anthracite) 

RO Configuration Single pass, two-stage RO 

Post-Treatment 
 Lime addition 

 CO2 addition 

Primary Disinfection None 

Secondary Disinfection 
Free chlorine @ 4.7 mg/L to maintain 1 mg/L in the distr. system; 
Different sources (i.e., surface water, desalinated seawater, and 
groundwater) are chlorinated at different points in the system 

Water Quality Management 

Water Quality Goals 

 Chloride 250 mg/L 

 Bromide None reported 

 Boron 1 mg/L 

 Sodium None reported 

 Total Dissolved Solids Conductivity < 2,500 S/cm  (surrogate for TDS) 

 Alkalinity Monitored 

 pH 9.5 

 Langelier Saturation Index  None reported 

 Calcium Carbonate 
Precipitation Potential 

None reported 

Boron Management Strategy 
Extensively analyzed boron management strategies; adjusts pH as 
necessary to manage concentrations 
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Valdelentisco (Spain) 

Category Result(s) 

Parameters of Concern Boron  

Integration Approach 

Blending Location 
16.5 mile pipeline with two pump stations to regional aqueduct with 
719 ft total lift above sea level;  In-pipe blending 

Blending Supplies Existing surface and groundwater supplies in the distribution system 

Onsite / Offsite Storage 
On-site: < 1 MG tank 
Off-site: < 1 MG tank; 13 MG tank 

Operating Characteristics Varies based on availability of surface supplies 

Prior Water Quality Studies Source water quality studies (over the course of two years) 

Other Blending Strategies None reports 

Lessons Learned / Significant Issues / Key Points 

 Treatment necessary to reduce boron levels to low levels may not be cost-effective (if not 
otherwise constrained by regulations) 
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3.0  Summary and Analysis 
 

 

A brief discussion of the survey results with respect to some of the key considerations associated 

with seawater desalination integration practices is provided below, including summaries of boron, 

bromide, corrosion, advance planning studies, blending, intertie location, and operational issues.  

Additional sections summarize the most important lessons learned from the survey results and 

considerations for Metropolitan, respectively. 

 

3.1  Summary of Key Survey Results 
 

3.1.1  Boron 
 

Integration concerns related to boron include potential impacts to irrigated crops and human 

health.  While boron is an important trace element for plant growth, it can be detrimental at 

higher concentrations.  Citrus, avocado and other crops are sensitive to concentrations below 1 

mg/L, as are some plants commonly used in Southern California landscaping.  Global boron 

concentrations in seawater are generally about 4.5 mg/L, but can be higher in more arid regions, 

such as the Persian Gulf, where many seawater desalination plants are located.  World Health 

Organization (WHO) drinking water quality guidelines, which are widely referenced as 

international benchmarks for water treatment, historically recommended boron concentrations 

less than 0.5 mg/L, a level that is not typically achievable through single-pass RO treatment 

process configurations.  The WHO guidelines, as well as country-specific boron regulations, 

have historically prompted many international seawater desalination plants using RO technology 

to utilize a full or partial two-pass configuration; however, adding a second pass can significantly 

increase both capital and operating costs.  Consequently, boron removal has been a significant 

consideration at seawater desalination plants using RO. 

 

All of the surveyed plants with the exception of 

Valdelentisco use full or partial two-pass RO as a boron 

management strategy.  A number of facilities reported 

use of the supplementary practice of raising the pH 

between the two passes to enhance boron rejection.  

Examples of innovative boron control strategies include 

Ashkelon’s integrated multi-stage, partial two-pass RO 

process and Tuas’ full second pass using low pressure 

RO elements.  Blending with other water supplies was 

also employed to reduce boron levels prior to the point 

of compliance (if applicable) or to delivery to end-users.   

 

Valdelentisco was the only facility not reporting two-pass RO as a boron control strategy.  

Originally, agricultural users in the service area requested maximum boron levels of 0.5 mg/L, 

which is below the European Union standard of 1 mg/L.   After initial bids for the project were 

The charge of a species is one of the 

primary characteristics by which RO 

membranes reject water quality 

constituents; higher charged species 

(either positive or negative) are more 

efficiently removed.  Thus, because boron 

is uncharged at typical seawater pH 

levels, boron concentrations in the RO 

permeate after only a single pass can 

exceed guidelines for human 

consumption and agricultural irrigation, 

as well as regulatory limits.   
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received, a cost-benefit analysis was conducted to compare boron goals of 0.5 and 1 mg/L, 

considering economics, impacts on irrigated plants with boron sensitivity, and human health 

effects.  This analysis demonstrated that a 0.5 mg/L boron goal would increase costs from 13 to 

19 percent.  As a result, a goal of 1 mg/L was selected, a benchmark that was achievable using 

only a single pass of RO membranes, supplemented with pH adjustments as needed.  

Subsequently, this decision was further validated by the WHO’s recent revision of the boron 

guideline from 0.5 mg/L to 2.4 mg/L, based on contemporary research into human health effects.   

 

 A single pass RO system may be feasible for regulatory compliance based on the experience at 

the Valdelentisco plant, particularly if recently developed high boron rejection membranes are 

employed.  However, it is important to note that both the human health effects and the 

agricultural/horticultural impact of boron be considered in establishment of an appropriate water 

quality goal.  This is reflected in the survey results, where seven of the eight plants reporting 

Boron goals target 1 mg/L or less.  Ultimately, the end use(s) of the desalinated seawater, taking 

into account blending practices, should determine the appropriate Boron goal, within regulatory 

compliance standards. 

 

3.1.2  Bromide 
 

Bromide in desalinated seawater can react with disinfectants to form disinfection by-products 

(DBPs) and also destabilize chloramine residuals in the distribution system.  Both of these 

factors have made bromide a more significant consideration for seawater desalination plants over 

the past decade.  Although bromide is efficiently rejected by RO membranes (unlike boron), 

even small concentrations can be problematic.  As a result, four of the five surveyed facilities 

with reported bromide goals cited a low benchmark value of 0.1 mg/L.  The fifth plant (Tampa) 

has an associated goal of 0.45 mg/L; however, the survey respondent suggested a level of 0.1 to 

0.2 mg/L would be more beneficial in controlling DBP formation and chloramine residual decay.  

Because chloramines are utilized to provide secondary disinfection in the Metropolitan system, 

chloramine residual decay is a key integration challenge.   

 

Three of the ten surveyed plants utilize chloramines (vs. free chlorine) for residual disinfection: 

Tampa, Sydney and Tuas 1.  Only the Tuas 1 plant has a full two-pass RO systems, yielding very 

low bromide in the permeate.  In addition, the plant blends desalination seawater with other 

supplies, further diluting the impact of bromide.  (Desalinated seawater represents between 10 to 

15 percent of the total water supply for Tuas 1.)  The Tampa facility, which subjects only a small 

portion of the first pass RO permeate to a partial second pass, configuration, relies on blending 

for bromide management.  In order to control disinfectant residual stability, a novel strategy of 

mixing chlorinated surface water, groundwater, and desalinated seawater supplies prior to the 

application of ammonia is utilized.  (Note that this strategy may not be feasible or practical for 

all distribution systems.)  Because desalinated seawater represents no more than 10 percent of 

the water supply in the Tampa Bay Water distribution system, the effect of bromide on the 

blended chloramine residual is significantly reduced. 
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3.1.3  Corrosion 
 

Because desalinated seawater typically has very low TDS and alkalinity but relatively high 

chloride concentrations, it has the potential to create a corrosive environment in the distribution 

system, which can cause long-term pipeline integrity problems, exceedance of lead and copper 

regulatory standards, and aesthetic concerns.  Therefore post-treatment conditioning to mitigate 

these potential impacts is routinely practiced at seawater desalination plants.  Many respondents 

among the ten surveyed plants reported that studies were conducted in the planning stage of a 

project in order to determine the most appropriate water quality goals for minimizing corrosion.  

For example, at the Sydney plant, the objective of one such study was to ensure that chemical 

conditioning could match the quality of the existing distribution system supplies as closely as 

possible.  Others survey respondents did not report that matching water quality was a particular 

objective, but rather cited water quality goals for the post-treated desalinated seawater designed 

to preclude corrosive conditions based on parameters such as pH, alkalinity, Langelier saturation 

index (LSI), and calcium carbonate precipitation potential (CCPP).  No corrosion issues were 

reported at either Sydney, using the matching strategy, or the plants that relied on common 

corrosion indices.  Blending with other water supplies is another common strategy employed to 

mitigate the corrosive potential of desalinated seawater. 

 

3.1.4  Advance Planning Studies 
 

In addition to corrosion / pipe-loop and post-treatment testing, a variety of other advance 

planning studies were conducted in conjunction with the development of the ten plants surveyed.  

In terms of water quality, these investigations included blending /mixing studies, water quality 

modeling, disinfectant stability assessments, DBP formation evaluation, and pilot testing to 

examine the effectiveness of different processes for meeting treatment objectives.  In addition, a 

soil dispersion study was conducted in conjunction with the Melbourne plant, which will 

discharge desalinated water into an open reservoir.  Hydraulic modeling and associated studies 

were also reported.   For example, for the Sydney plant, hydraulic modeling was used to evaluate 

the introduction of a pressurized supply of desalinated seawater into an existing gravity-fed 

regional distribution system.  Given the similarity of the Sydney and Metropolitan systems, 

hydraulic studies may be appropriate if this approach is considered in Metropolitan’s service area. 

 

3.1.5  Blending 
 

Blending practices varied among the ten surveyed plants, including direct pipe-to-pipe 

connections (five plants) and the use of storage facilities (four plants).  For the latter strategy, 

both tanks and reservoirs were utilized, and in the case of the Melbourne plant, which is 

currently under construction, desalinated and post-treated seawater will be discharged into an 

open regional untreated water reservoir.  None of the survey respondents reported specific target 

blending ratios of desalinated water to existing supplies, but many acknowledged the usefulness 

of blending for meeting water quality goals.  The most notable reported case of leveraging 

blending for water quality benefits is practiced at the Tampa plant.  As discussed in Section 3.1.2, 

Tampa blends chlorinated surface water, groundwater, and desalinated seawater in regional 
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storage tanks prior to adding ammonia, thereby diluting the impact of bromide on chloramine 

residual stability.  The blending ratio was actively managed to minimize costs at some of the 

surveyed plants, such that the use of more economical surface and groundwater supplies are 

maximized, with desalinated seawater only produced as-needed to accommodate the shortfall in 

demand. 

 

Reported Blending Practices 

Direct Pipe-to-Pipe Storage Facilities 

Dedicated  

Delivery Systems 

Ashkelon Melbourne Sur 

Gold Coast Perth 1  

Sydney Tampa  

Valdelentisco Tuas 1  

Fujairah 2   

 

3.1.6  Intertie Location 
 

Both regional and nearby intertie approaches for water supply integration were reported among 

the surveyed plants.  The projects using regional interties piped the desalinated seawater to a 

strategic upstream point, allowing for greater operational flexibility in water supply distribution.  

Typically, there is a larger flow of existing supply further upstream, not only allowing for 

increased blending potential (with associated water quality benefits), but also facilitating greater 

consistency in the quality of water distributed to customers system-wide.  Although the use of a 

nearby intertie may not allow for these same water quality and operational benefits, it does have 

the advantage of avoiding long transmission lines and the associated costs.  These avoided costs 

include not only construction of the pipeline via an alignment that may be complicated by 

existing development, but also the cost of pumping the water.  In addition, because seawater 

desalination plants are typically located at low coastal elevations (except in rare cases in which 

the untreated seawater is conveyed to an inland plant location), the transmission to a regional 

intertie often involves pumping against potentially significant hydraulic head.  Both approaches 

were successfully employed among the plants surveyed. 

 

3.1.7  Operations 
 

Because desalinated seawater is typically one of the most expensive sources of potable water, the 

surveyed plants that produced a higher percentage of the overall system water supply also tended 

to be base loaded facilities.  In these cases, the need for desalinated seawater is more acute, and 

the maximum plant production is needed to meet customer demand.  By contrast, in cases in 

which more traditional surface water and groundwater supplies were available, the associated 

seawater desalination plants exhibited variable production.  One counterintuitive situation in 

which a variable-production seawater desalination plant was operated at capacity during a wet 

weather period was identified in conjunction with the Gold Coast plant.  The plant was originally 

built as an emergency supply to offset rapidly declining reservoir supplies in the midst of a 

severe drought.  After the drought ended and the reservoir levels were adequate, the plant was 

only used on an as-needed basis.  However, during a series of severe storms that generated flood 



Section 3 
Survey Results 

 

  
 
 
 
 
 
 

 

 
Assessment of Existing Seawater Desalination Integration Practices 

3-5 

 

 
 

conditions, the plentiful surface water supplies proved to be too turbid for the region’s 

conventional treatment plant to accommodate.  Thus, the seawater desalination plant was utilized 

at full capacity during this event to provide emergency supply, providing an operational benefit 

that was unanticipated by the project proponents. 

 

It should be noted that with the exception of Tampa, the facilities surveyed do not have a long 

operating history.  It is possible that unidentified integration issues could still arise with 

additional operational experience.   

 

 

3.2  Lessons Learned 
 

Several of the most significant “lessons learned” from the survey responses are provided below, 

summarizing the applicable points that respondents indicated were most beneficial to convey 

from the experience of implementing and operating their respective seawater desalination plants.  

These key lessons learned are as follows: 

 

 Conducting advance planning studies (e.g., water quality testing and modeling, pipe-loop 

testing, piloting, hydraulic evaluations, etc.) can help ensure successful integration 

 Consider end-uses in the development of water quality goals 

 Engage the public and stakeholders early and in all stages of seawater desalination plant 

integration 

 A water quality goal for bromide at the RO permeate, as opposed to at the plant effluent 

after post-treatment and primary disinfection, can minimize DBP formation and 

chloramine residual decay 

 Conduct a cost-benefit analysis on the appropriate treatment level for boron, accounting 

for cost, regulatory considerations, and the potential irrigation of boron-sensitive plants 

 Plan pretreatment processes carefully to accommodate a range of anticipated feed water 

quality (e.g., algae blooms) 

 A knowledgeable Owner’s Agent and a carefully planned and comprehensive water 

quality performance specification can be essential to control project cost, maximize 

efficiency, and facilitate successful implementation 

 A seawater desalination plant can serve as a valuable emergency asset, providing backup 

treatment reliability in both dry- and wet-weather conditions 

 

3.3  Considerations for Metropolitan 
 

Based on the key lessons learned summarized in Section 3.2, as well as an analysis of the survey 

results overall, some of the most important considerations for Metropolitan relative to seawater 

desalination and integration practices are provided in Table 3.1.  
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Table 3-1: 

Summary of Considerations for Metropolitan 

Thorough water quality studies should be specified and conducted in advance. 

Hydraulic studies should be performed before blending desalinated seawater into gravity-fed pipelines 

Appropriate post-treatment conditioning is essential for stable water quality. 

A two-pass RO design can improve water quality and treatment flexibility. 

Blending in storage tanks can support water quality and operational flexibility. 

Plant site selection should account for the proposed blending point and associated pipeline alignment. 

Plants integrated with existing supplies are not necessarily base-loaded. 

Integration costs are site specific and can be a major component of the project. 
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4.0  Bibliography 
 

 

In conjunction with the plant surveys, a bibliography of references applicable to various aspects 

of seawater desalination integration practices was compiled for Metropolitan’s use as a resource 

of information.  This bibliography was submitted as a separate technical memorandum for the 

Assessment of Existing Seawater Desalination System Integration Practices project.  A copy of 

the bibliography from this memorandum is provided below. 
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Metropolitan Water District of Southern California 

Assessment of Existing Seawater Desalination System Integration Practices 

Survey Questionnaire 

 

1. Distribution system information 
 

1.1. Population served 
 

1.2. Basic governance (i.e., elected / appointed Board, municipal government, etc.) 
 

1.3. Driver for implementing seawater desalination 
 

1.4. Size of geographic area served 
 

1.5. General map of distribution system with seawater desalination pipeline 
 

1.6. System deliveries:  
 

1.6.1. Average annual deliveries 
 
1.6.2. Description of potable water supply sources  
 
1.6.3. Percent of total supplies represented by desalinated seawater 
 
1.6.4. Type(s) of customers that receive the water (e.g., residential, industrial, 

 agricultural, etc.) 
 

1.7. Basic operations before desalinated supply added 
 

1.7.1. Water quality parameters and concerns prior to desalination 
 
1.7.2. Disinfection: type of primary and secondary disinfection, and target levels 

 
1.8. Changes to system operations due to seawater desalination 
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2. Desalination Project Facilities 
 
2.1. Current/planned capacity 

 
2.1.1. Basis of project sizing 

 
2.1.2. Plant staging / capacity expansion (e.g., upsized pipelines, pads and stub-ups for 

 additional RO skids, etc.) 
 

2.2. Basic treatment process 
 

2.2.1. Pretreatment 
 

2.2.2. RO process configuration 
 

2.2.3. Boron management strategy 
 

2.2.4. Post-treatment 
 

2.3. Current/planned desalination project operations 
 

2.3.1. Base-loaded or peaking 
 

2.3.2. Frequency / schedule of plant in-service time 
 

2.3.3. Basic water quality parameters 
 

2.3.3.1. Goals for key parameters (e.g., B, Br, Cl, Na, TDS, Alk, pH, LSI, CCPP, etc.) 
 

2.3.3.2. Point of compliance for key water quality parameters 
 

2.3.3.3. Regulatory context / compliance framework (e.g., country-specific; state- 
 or region-specific; World Health Organization (WHO); etc.) 
  

2.3.3.4. Areas of concern 
 
2.3.3.5. Method(s) of mitigating concerns 
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3. Integration of desalinated seawater into the existing distribution system 
 
3.1. Pipeline / conveyance 

 
3.1.1. Length, capacity, cost, pipe material, urban/rural alignment 

 
3.1.2. Elevation or pressure head to overcome at the point of injection of desalinated 

 water into the existing distribution system 
 
3.1.3. Onsite/offsite storage 
 
3.1.4. Major issues to overcome with new conveyance/distribution system 
 

3.2. Integration point(s) 
 

3.2.1. Regional vs. local system integration and rationale 
 
3.2.2. Operational integration of desalinated seawater   

 
3.3. Blending 

 
3.3.1. Location of blending desalinated seawater into the existing distribution system 

 
3.3.2. Method of blending desalinated seawater into the existing distribution system  

 (e.g. blend in pipe, in reservoir, etc.) 
 

3.3.3. Blending conducted before or after introducing desalinated seawater into the 
 distribution system? 
 

3.3.4. Supplies used to blend with desalinated seawater 
 

3.3.5.  Blending to meet water quality goals (if applicable) 
 

3.3.6. Percent blend goal (if applicable) and any changes to the goal over time 
 

3.4. Monitoring 
 

3.4.1. Method of post-blend water quality monitoring 
 
3.4.2. Any unexpected results 
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4. Key factors in choosing the integration approach 
 
4.1. Integration concerns that required attention going into the construction of the project 

 
4.2.  Water quality studies that were performed 

 
4.3. Water quality factors (if any) that influenced the methodology on where and how to 

integrate desalinated seawater into the existing distribution system  
(e.g., blending, water quality parameters [e.g., B, Br, disinfection by-products, etc.], 
corrosion, residual decay, temperature, etc.) 

 
4.4. Operational factors 

 
4.4.1. Project size 
 
4.4.2. System and hydraulic constraints 

 
4.4.3. Demand constraints 

 
4.4.4. Storage requirements 

 
4.4.5. Shutdowns 

 
4.4.6. Minimum flows 

 
4.4.7. Existing treatment plant flexibility 

 
4.5. Flexibility considerations (e.g., bringing desalinated seawater to the head of the 

system improves overall reliability; etc.) 
 

4.6. Other considerations 
 

4.6.1. Cost 
 

4.6.2. Downstream acceptance 
 

4.6.3. Stranded treatment capacity, etc. 
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5. Integration issues experienced (if any, as applicable) 
 
5.1. Water Quality 

 
5.1.1. Taste & odor 

 
5.1.2. Customer complaints 

 
5.1.3. Corrosion 

 
5.1.4. Red or discolored water 
 
5.1.5. Disinfection residual decay 
 
5.1.6. Blend chemistry 
 

5.2. Operations 
 

5.2.1. Shutdowns of seawater desalination plant 
 

5.2.1.1. Frequency, duration, and impacts 
 

5.2.1.2. Economics or system reliability impact of outages 
 
5.2.1.3. Effect of shutdowns on operations 
 
5.2.1.4. Causes of shutdowns (e.g., cost, operational constraints, demands, water 

 quality, etc.) 
 

5.2.2. Decision process for choosing supplies during low demands or high supply 
 

 
 

6. Lessons learned 
 

6.1. Any identified integration issues that would be addressed another / different way now 
after having operational experience with seawater desalination 

 
6.2. Any other lessons or advice 
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Metropolitan Water District of Southern California 

Assessment of Existing Seawater Desalination System Integration Practices 

Survey Questionnaire 

TAMPA BAY (UNITED STATES) 

 

CONTACT 

Ms. Christine Owen 

Water Quality Assurance Officer 

Tampa Bay Water  

(813) 929-4521 

cowen@tampabaywater.org 

 

1. Distribution system information 
 

1.1. Population served 
2.4 million 

 
1.2. Basic governance (i.e., elected / appointed Board, municipal government, etc.) 
Appointed Board made up of elected official of member governments: 3 counties + 3 cities.  

Tampa Bay Water (TBW) is a legislatively-created regional wholesaler.  Board makes 

decisions by majority vote. 

 

1.3. Driver for implementing seawater desalination 
Regional water disputes were causing problems, and TBW was facing mandatory cutbacks in 

groundwater supplies: from 192 MGD to 90 MGD over ten years.  The Southwest Florida 

Water Management District provided $183M for developing surface water and/or seawater 

supplies, of which $85M was ultimately allocated for seawater desalination.  Seawater was 

included in the portfolio targeted because there was insufficient surface water available to 

make up the shortfall.  Also, that fact that seawater is a drought-proof source was also an 

important consideration. 

 

1.4. Size of geographic area served 
Three counties in the Tampa area.   

 

mailto:cowen@tampabaywater.org
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1.5. General map of distribution system with seawater desalination pipeline 
See attached.  Note that TBW only has transmission lines to convey water to its wholesale 

customers.  It does not have what it considers to be “distribution” lines. 

 

1.6. System deliveries:  
Capacity = 25 MGD (nominal).  However, the plant is permitted for 28.75 MGD, which it can 

achieve when the water is warm and all trains are running. 

 

1.6.1. Average annual deliveries 
System-wide (all sources) = 180 MGD.  TBW has budgeted 4-5 MGD for the current fiscal 

year, but 12 MGD for the next.  A big-picture composite figure (i.e., “average”) is tough 

to figure and is probably misleading. 

 

1.6.2. Description of potable water supply sources  
TBW provides a combination of groundwater, surface water, and seawater sources.  The 

agency is prohibited from implementing reuse under its legislative charter, as recycled 

water is a profit center for local governments. 

 

1.6.3. Percent of total supplies represented by desalinated seawater 
This is a difficult number statistic to accurately characterize, as it varies from year-to-

year based on demand and other factors.  When the desalination plant is operating at 

25 MGD, it would typically represent about 10% of the TBW portfolio. 

 

1.6.4. Type(s) of customers that receive the water (e.g., residential, industrial, 
 agricultural, etc.) 

TBW only sells water to its member agencies.  Most of their member agencies’ 

customers are residential and industrial.  Most agriculture interests (which are very 

strong in Florida) utilize their own groundwater wells. 

 

 

1.7. Basic operations before desalinated supply added 
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1.7.1. Water quality parameters and concerns prior to desalination 
Primary concerns prior to implementing seawater desalination were/are total organic 

carbon (TOC), disinfection by-products (DBPs), and hydrogen sulfide  all from 

groundwater supplies.  (Groundwater can be more challenging to treat in Florida than 

surface water: higher TOC, presence of hydrogen sulfide, etc.) 

 

1.7.2. Disinfection: type of primary and secondary disinfection, and target levels 
Free chlorine is used for primary disinfection.  The desalination facility is regulated as a 

surface water treatment plant, and thus must achieve target pathogen control 

commensurate with that designation.  Chloramines are used for residual disinfection at 

a target dose of 4.0 mg/L. 

 

1.8. Changes to system operations due to seawater desalination 
None. 

 

2. Desalination Project Facilities 
 
2.1. Current/planned capacity 
25 MGD (nominal); possible potential to expand by 10 MGD, if needed 

 

2.1.1. Basis of project sizing 
25 MGD represented the balance of capacity needed to make up for the shortfall caused 

by the reduction in groundwater supplies after all other potential resources had been 

allocated. 

 

2.1.2. Plant staging / capacity expansion (e.g., upsized pipelines, pads and stub-ups for 
 additional RO skids, etc.) 

The plant has no infrastructure in place to accommodate expansion, and the existing 

building cannot house any expansion.  The site was also not planned to accommodate 

expansion, but the potential 10 MGD expansion might fit. 
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2.2. Basic treatment process 
See attached process flow diagram. 

 

2.2.1. Pretreatment 
Ferric chloride (4-8 mg/L) + free chlorine (1-2 mg/L);  The plant has the capability of 

adding acid, but this is seldom needed.  No polymer is used. 

 

2.2.2. RO process configuration 
A partial second pass is used to treat 5% of the total capacity of the plant.  This 

percentage was targeted to treat the minimize flow necessary to meet water quality 

goals. 

 

2.2.3. Boron management strategy 
There is no boron management strategy.   However, boron is a concern due to 

landscape that is sensitive to this element. 

 

2.2.4. Post-treatment 
A side stream is passed through a lime saturator, which is subsequently injected into the 

primary flow  carbon dioxide is added (full flow)  pH adjustment (if needed)  free 

chlorine   clearwell  14-mile pipeline  blend with free-chlorinated surface water 

 THEN add ammonia  distribution.  The strategy of blending with surface water 

prior to adding ammonia is considered important for maintaining a stable chloramine 

residual.  Note that a lime saturator is used because TBW wants carbonate alkalinity to 

be added rather than simply hydroxyl alkalinity, which has much less buffering capacity. 

 

2.2.5. Primary disinfection (chemical(s), dose(s), etc.) 
A free chlorine dose of about 4.0 mg/L is applied to achieve Surface Water Treatment 

Rule (SWTR) inactivation goals. 

 

2.2.6. Residual disinfection (chemicals(s), dose(s) applied, target doses in the 
 distribution system, etc.) 
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Free chlorine is used in the 14-mile transmission line to the blending point.  After 

blending with surface water, a chloramine residual of 4.0 to 4.2 mg/L is targeted for 

conveyance to TBW customers.  This dose is intentionally on the high side to minimize 

the trimming requirements of its member agencies. 

 

2.3. Current/planned desalination project operations 
 

2.3.1. Base-loaded or peaking 
Peaking; the plant is used only when surface supplies are low 

 

2.3.2. Frequency / schedule of plant in-service time 
4-5 months per year 

 

2.3.3. Basic water quality parameters 
 

2.3.3.1. Goals for key parameters (e.g., B, Br, Cl, Na, TDS, Alk, pH, LSI, CCPP, etc.) 
Cl: 100 mg/L 

Br: 0.450 mg/L (TBW suggests that this should be 0.2 to 0.25 mg/L, ideally) 

B: no target 

Na: 160 mg/L (regulated in Florida) 

TDS: 500 mg/L (regulated in Florida) 

Alk: 40 mg/L as CaCO3 (minimum) 

pH: 6.5-8.5  (regulated in Florida) 

LSI: positive 

CCPP: positive 

 

 

2.3.3.2. Point of compliance for key water quality parameters 
Plant effluent; however, TBW believes that the compliance point for bromide should 

be at the RO permeate, given the potential for bromide to react to form 

bromamines and brominated DBPs prior to the plant effluent point.  

 
 

2.3.3.3. Regulatory context / compliance framework (e.g., country-specific; state- 
 or region-specific; World Health Organization (WHO); etc.) 

Florida and USEPA 
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2.3.3.4. Areas of concern 
Boron (due to landscape plants and having no water quality standard) 

Bromide / brominated DBPs 

Corrosion 

 

2.3.3.5. Method(s) of mitigating concerns 
Boron: no mitigation 

DBPs: dilution with surface water 

Corrosion: they have the ability to add alkalinity (via carbon dioxide and caustic) at 

the blending point; targets for post-blending: Alk > 100 mg/L as CaCO3, sulfate < 140 

mg/L, chloride < 100 mg/L; also watch the Larson Ratio (a corrosion metric); TBW 

recommends once-though loop testing for corrosion in the desalination planning 

stage 

  

3. Integration of desalinated seawater into the existing distribution system 
 
3.1. Pipeline / conveyance 

 
 

3.1.1. Length, capacity, cost, pipe material, urban/rural alignment 
250 miles of conveyance lines: 80% is 84” pipe and nothing smaller than 36” 

FRP pipe in the plant  susceptible to breaks due to integrity degradation via UV 

exposure and any water hammer events 

Conveyance consists of steel and pre-stressed concrete pipe 

Alignment is rural (keep in mind that TBW has only conveyance lines to its member 

agencies; development is growing up around their conveyance lines 

 

3.1.2. Elevation or pressure head to overcome at the point of injection of desalinated 
 water into the existing distribution system 

Just the water level in the ground-level storage tank in which blending occurs 
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3.1.3. Onsite/offsite storage 
4 x 7 million gallon ground level storage tanks at the point of blending 

5 million gallon clearwell in the desalination plant 

 

3.1.4. Major issues to overcome with new conveyance/distribution system 
None 

 

3.2. Integration point(s) 
 

3.2.1. Regional vs. local system integration and rationale 
Regional integration, as TBW is a regional wholesaler 

 

3.2.2. Operational integration of desalinated seawater   
Just the alkalinity addition mentioned previously; also, important to blend the 

desalinated water prior to adding ammonia to improve disinfectant residual stability 

3.3. Blending 
(Most of the questions below have already been addressed in context in the previous 

responses.) 

 

3.3.1. Location of blending desalinated seawater into the existing distribution system 
Blending station to mix with surface water supplies 

 
3.3.2. Method of blending desalinated seawater into the existing distribution system  

 (e.g. blend in pipe, in reservoir, etc.) 
Ground level storage tanks 

 

3.3.3. Blending conducted before or after introducing desalinated seawater into the 
 distribution system? 

Before 
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3.3.4. Supplies used to blend with desalinated seawater 
Treated surface water supplies 

 

3.3.5.  Blending to meet water quality goals (if applicable) 
Yes – blending with other supplies helps to meet DBPs goals due to the high bromide in 

the desalinated seawater; however, this is not always necessary. 

 

3.3.6. Percent blend goal (if applicable) and any changes to the goal over time 
There is no specific numerical goal; the blend goal is to manage so as to minimize costs; 

this could be the maximum capacity flow of 25 MGD if surface water supplies are low; 

thus, as demand increases, the target goal for desalinated seawater is likewise increased 

 

3.4. Monitoring 
 

3.4.1. Method of post-blend water quality monitoring 
Monitor for ammonia and alkalinity at the plant effluent 

Also, at the take off points for sale of water to member agencies (i.e., blending water 

supplies): pH, temperature, total chlorine, chloramines, alkalinity, conductivity, and TOC 

 

3.4.2. Any unexpected results 
Originally, prior to implementing blending with surface water supplies before adding 

ammonia, the lack of chloramine residual stability was surprising 
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4. Key factors in choosing the integration approach 
 
4.1. Integration concerns that required attention going into the construction of the project 
None 

 

4.2.  Water quality studies that were performed 
(For reference, the SWRO plant came on-line in 2003) 

1.  (2000) HDR and the University of South Florida conducted an integration pipe-loop study.  

No desalinated water from the plant was available at this time, so a surrogate was 

manufactured in a lab.  TBW’s opinion is that this study wasn’t very practical.  It 

deemphasized the important of Alk and indicated that there would be no conveyance 

system issues.  (This prognosis was ultimately shown to be incorrect.) 

2.  (2001 to 2007) TBW participated in an AwwaRF study in conjunction with the University 

of Central Florida to look at blending different sources in the distribution system.  Key 

questions applicable to TBW included the effects of both seasonal changes and various 

blending ratios on the existing distribution system.  TBW specifically asked that the study 

look at low-alkalinity blends early in the research.  This early work demonstrated that 

alkalinity in the range of 80-100 mg/L as CaCO3 can minimize red water formation.  These 

early results enabled TBW to incorporate alkalinity addition capabilities to enable dosing of 

80-100 mg/L as CaCO3 just in time for the SWRO plant to come on-line.  The AwwaRF report 

is entitled: “The Effects of Blending on Distribution System Water Quality” (Report No. 

91065F). 

3.  (2003) Reiss Environmental conducted a disinfection stability study.  Original practice 

was to blend chloraminated surface water with chloraminated desal water, then trim 

downstream, as needed.  Based in part on this study, the blending practice was changed so 

as to mix free-chlorinated desal and surface water and then adding ammonia, which 

improved disinfectant stability.  However, this change was not able to be implemented until 

2010 given other significant issues to address at the SWRO plant.   
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4.3. Water quality factors (if any) that influenced the methodology on where and how to 
integrate desalinated seawater into the existing distribution system  
(e.g., blending, water quality parameters [e.g., B, Br, disinfection by-products, etc.], 
corrosion, residual decay, temperature, etc.) 

Bromide, DBPs, corrosion, and residual decay 

 

4.4. Operational factors 
 

4.4.1. Project size 
Project size did not influence the original integration strategy.   However, due to 

integration concerns, it is more likely that a second, better-designed SWRO plant would 

be built before the current plant is expanded. 

 

4.4.2. System and hydraulic constraints 
There are indirect hydraulic constraints.  Because there are three different power 

providers in the TBW service area, each with different unit energy costs, one 

consideration is the integration of water supplies (including desal waster) and system 

pressurization in an area where the costs are minimized. 

 

4.4.3. Demand constraints 
To the extent possible, treatment is located in areas where higher demand is anticipated 

(minimizing conveyance costs).  This would need to be balanced with water quality 

issues. 

 

4.4.4. Storage requirements 
Blending in storage tanks (rather than in-pipe) provides better operational flexibility. 

 

4.4.5. Shutdowns 
Shutdowns did not influence the integration strategy, although TBW acknowledges that 

SWRO plant shutdowns probably improve system performance relative to corrosion and 

water quality goals.  Chloride levels from the desalinated seawater are much higher 

than the contract limits, approaching 200 to 240 mg/L.  TBW is investigating means to 

decrease chloride (and therefore bromide) levels in the desalination product water.  

Pending a solution, during some periods of production, chloride levels remain very 
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high.  Coupled with the sulfate levels in finished water from the TBW freshwater 

coagulation facility (uses iron sulfate in a high color raw water) we are concerned about 

corrosion from the high sulfate/chloride levels in the blended finished water. 

 

4.4.6. Minimum flows 
Post-treatment processes (which influence integrated water quality) at the TBW plant 

don’t work well at low flow.  This is an important consideration given that RO units have 

extremely limited turndown capability such that plant flow is typically modulated only 

by turning units on/off.  Thus, the turndown capability of the other processes in the 

SWRO plant would ideally be similar to that of the RO system.   

 

4.4.7. Existing treatment plant flexibility 
This was not a factor, but TBW recommends that a project proponent have a very good 

understanding of the range of water quality that might be observed, and that the 

treatment processes be as robust as possible / necessary to accommodate this range. 

 

4.5. Flexibility considerations (e.g., bringing desalinated seawater to the head of the 
system improves overall reliability; etc.) 

Flexibility is important / desirable, but fixed factors can limit the flexibility potential (e.g., 

the location of the ocean vs. the most desirable point of integration; etc.) 

 

4.6. Other considerations 
 

4.6.1. Cost 
None 

 

4.6.2. Downstream acceptance 
None 

 

4.6.3. Stranded treatment capacity, etc. 
This was not an issue when the plant was first implemented, given that it was planned 

as a base-loaded facility.  Thus, for example, only enough 2nd pass RO capacity was 
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incorporated to meet water quality goals, thereby minimizing costs.  Since the plant is 

not operated as a base-loaded facility, it would be ideal to have the more 2nd pass RO 

capability, which would allow the option of increasing the amount of water that can be 

processed via 2nd pass RO, thereby minimizing water quality issues. 

 

5. Integration issues experienced (if any, as applicable) 
 
5.1. Water Quality 

5.1.1. Taste & odor 
None 

 

5.1.2. Customer complaints 
No legitimate complaints are received, typically.  TBW does get “phantom” complaints 

in which customers will call to complain about the water being too salty when the SWRO 

plant is off-line or when the customer located in an area that doesn’t receive 

desalinated seawater.   

 

5.1.3. Corrosion 
This is a concern, and the alkalinity addition strategy is designed to mitigate this.   

 

5.1.4. Red or discolored water 
The alkalinity addition strategy successfully mitigates this.   

 

5.1.5. Disinfection residual decay 
This is an issue, as previously discussed.  Mitigation is managed through operations.  

Also, there is also apparently an effect in which the TOC of the surface water blending 

supplies interferes with bromamine formation.  There is an ongoing study to research 

this. 

 

5.1.6. Blend chemistry 
TBW is concerned about this, but there are no operational issues. 
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5.2. Operations 
 

5.2.1. Shutdowns of seawater desalination plant 
Shutdowns only occur due to cost or the co-located power plant shuts down capacity.  

This latter case reduces the cooling water flow for blending concentrate prior to 

discharge; a certain minimum of flow is required for the SWRO plant NPDES concentrate 

discharge permit. 

 

5.2.1.1. Frequency, duration, and impacts 
Not applicable to integration issues 

 

5.2.1.2. Economics or system reliability impact of outages 
Not applicable to integration issues 

 

 Effect of shutdowns on operations 

Not applicable to integration issues 

 

5.2.1.3. Causes of shutdowns (e.g., cost, operational constraints, demands, water 
 quality, etc.) 

Not applicable to integration issues 

 

5.2.2. Decision process for choosing supplies during low demands or high supply 
Cost is the key factor.  Desalinated water is the most expensive, and it is therefore 

normally minimized.  However, use of other sources (i.e., groundwater or surface water) 

can be limited by permit when demand is high.  If surface water is available, use of this 

source is maximized. 
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6. Lessons learned 
 

6.1. Any identified integration issues that would be addressed another / different way now 
after having operational experience with seawater desalination 

These have been addressed in the context of the other responses. 

 

6.2. Any other lessons or advice 
 

SUMMARY OF LLs 

 Be  cautious of disinfectant stability if using chloramines 

 If chloramines are used for residual disinfection, blend desalinated water with other 
supplies (all free-chlorinated) prior to adding ammonia to improve residual stability 

 A knowledgeable owner’s agent and a well-written contract are critical 

 The turndown capability of the other processes in the SWRO plant would ideally be 
similar to that of the RO system 

 A bromide standard of 0.2 to 0.25 mg/L is recommended 

 The compliance point for bromide should at the RO permeate 

 Similarly, in addition to downstream points of DBP compliance (e.g., at the point of 
blending), it is advantageous to have an additional compliance point at the RO permeate; 
because as-needed shock chlorination at the influent is often practiced, significant DBPs 
can be formed.  Although RO rejects a significant percentage of DBPs, feed 
concentrations can be high enough such that the permeate contains undesirable DBP 
levels. 

 Consider end-users in the development of water quality goals (e.g., irrigation of boron-
sensitive plants) 
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Metropolitan Water District of Southern California 

Assessment of Existing Seawater Desalination System Integration Practices 

Survey Questionnaire 

GOLD COAST (AUSTRALIA) 

 

CONTACTS 

Mr. Paul Choules 

VP Desalination 

Veolia Water Solutions & Technologies, Americas 

(281) 227-9050  (voice) 

(281) 687-7651  (cell) 

paul.choules@veoliawater.com 

 
Mr. Olivier Caumartin 
EVP 
Veolia Water Solutions & Technologies, Major Projects Group 
+33 1 4511 5555 
Olivier.caumartin@veoliwater.com 

 

 

1. Distribution system information 
 

1.1. Population served 
Approximately 770,000 people served. 

 
1.2. Basic governance (i.e., elected / appointed Board, municipal government, etc.), 
Elected board. The client is WaterSecure a Queensland, Australia government authority set 
up to manage new water. 

 
1.3. Driver for implementing seawater desalination 
Australia was facing a severe draught and water levels in some reservoirs were below 13%. 

 
1.4. Size of geographic area served 
City of Gold Coast, Queensland, Australia. 

 
1.5. General map of distribution system with seawater desalination pipeline 
An overview of the area is provided at the end of this survey.  

mailto:paul.choules@veoliawater.com
mailto:Olivier.caumartin@veoliwater.com
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1.6. System deliveries:  
 

1.6.1. Average annual deliveries 
The capacity of the plant is 125,000 m3/day (33 MGD or 101 acre feet a day). 
Contractually we have to guarantee a 94% online availability over a 30 day period.   

 

1.6.2. Description of potable water supply sources  
Other than the desalination plant they have surface water stored in reservoirs. 

 

1.6.3. Percent of total supplies represented by desalinated seawater 
This varies depending on if the desalination plant is operating and how much water is in 

the reservoirs. 

 

1.6.4. Type(s) of customers that receive the water (e.g., residential, industrial, 
 agricultural, etc.) 

The water is pumped into the network so all users have access to the water. 
 

1.7. Basic operations before desalinated supply added 
 

1.7.1. Water quality parameters and concerns prior to desalination 
Due to severe draught the state water authority initiated a water program that included 
dam expansion, water conservation, water reuse and desalination.  
 

1.7.2. Disinfection: type of primary and secondary disinfection, and target levels,  
Chlorine with sodium hypochlorite, free chlorine 0.2-0.5 mg/l 

 

1.8. Changes to system operations due to seawater desalination 
None other additional monitoring. 
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2. Desalination Project Facilities 
 

2.1.1. Current/planned capacity 
The capacity of the plant is 125,000 m3/day (33 MGD or 101 acre feet a day).   
 

2.1.2. Basis of project sizing 
The capacity was selected based on the overall water portfolio, including the existing 
and new facilities. 

 
2.1.3. Plant staging / capacity expansion (e.g., upsized pipelines, pads and stub-ups for 

 additional RO skids, etc.) 
The plant was specifically designed for this capacity due to the site location. Discussion 
after the start of the construction happened to extend the capacity of the plant by 
another 35,000 m3/day. Those discussions ended with extended period of rain. 

 
2.2. Basic treatment process 

 
2.2.1. Pretreatment 
Seawater passes through a drum screen removing organics and particulates larger than 
3 mm. To help remove suspended solids in the filtration system, pH correction and 
polyelectrolyte coagulant are added. Pre-treatment gravity filtration involves dual media 
filters or sand and coal. A portion of clean, filtered seawater is used to backwash the 
pre-treatment filters with the bulk of this water being pushed through 5-micron filters 
for a final clean. 

 
2.2.2. RO process configuration 
A double pass configuration is utilized with the first pass consisting of nine trains (186 x 
8 element pressure vessels). The second pass consists of three trains (144 x 8 element 
pressure vessels).  

 
2.2.3. Boron management strategy 
The water quality requirements are as follows: TDS <220 mg/l; Chlorides <50 mg/l; 
Turbidity <0.3 NTU with maximum value of 0.5 NTU; Bromides <0.1 mg/l 
Boron < 1mg/l; CCPP – 5 to -3mgCaCO3/l; Free chlorine less than 2 mg/l; Australian 

Drinking Water Guidelines  

2.2.4. Post-treatment 
Repotabilization with Lime and Carbon dioxide injection. 
 

2.2.5. Primary disinfection (chemical(s), dose(s), etc.) 
Chlorination with Sodium Hypochlorite injection  
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2.2.6. Residual disinfection (chemicals(s), dose(s) applied, target doses in the 
 distribution system, etc.) 

Free chlorine 0.2-0.5 mg/l 
 

2.3. Current/planned desalination project operations 
 

2.3.1. Base-loaded or peaking 
The plant was to be used when needed during droughts. At this time the plant is 
shutdown as the reservoirs levels are up. The plant was however operated during the 
recent flooding as the ground water was too turbid to use. 

 
2.3.2. Frequency / schedule of plant in-service time 
At this time the plant is shut down. 

 
2.3.3. Basic water quality parameters 

 
2.3.3.1. Goals for key parameters (e.g., B, Br, Cl, Na, TDS, Alk, pH, LSI, CCPP, etc.), 
See information detailed in 2.2.3 above.  

 
2.3.3.2. Point of compliance for key water quality parameters 
After storage tanks 

 
2.3.3.3. Regulatory context / compliance framework (e.g., country-specific; state- 

 or region-specific; World Health Organization (WHO); etc.) 
See information detailed in 2.2.3 above. 

  
2.3.3.4. Areas of concern 
None reported. 

 

2.3.3.5. Method(s) of mitigating concerns 
Additional monitoring. 
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3. Integration of desalinated seawater into the existing distribution system 

3.1. Pipeline / conveyance 
The project included the design and construction of 25 kms (15.6 miles) pipeline, a 30 
megalitre reservoir (8 Million Gals) and 3 x 666 l/sec pump stations (3 x 10,500 gpm). 

 
3.1.1. Length, capacity, cost, pipe material, urban/rural alignment 
The pipeline is 25 kms long and connects to regional water grid at that point. 

 

3.1.2. Elevation or pressure head to overcome at the point of injection of desalinated 
 water into the existing distribution system 

Limited information on this. 

 

3.1.3. Onsite/offsite storage 
Refer to the attached Water Grid for more information on the offsite storage. There is 

an 8 million gal tank on the site. 

 

3.1.4. Major issues to overcome with new conveyance/distribution system 
None that were reported to us. 

 

3.2. Integration point(s) 
 

3.2.1. Regional vs. local system integration and rationale 
Locally there is an 8 million gal storage tank. When needed the Desal plant is operated 

and water is fed into the regional water grid.  

 

3.2.2. Operational integration of desalinated seawater   
No issues reported. 

 
3.3. Blending 

 
3.3.1. Location of blending desalinated seawater into the existing distribution system, 
At the end of the pipeline as it joined the network. 
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3.3.2. Method of blending desalinated seawater into the existing distribution system  
 (e.g. blend in pipe, in reservoir, etc.) 

The water is blended in the pipeline at the connection point. 

  
3.3.3. Blending conducted before or after introducing desalinated seawater into the 

 distribution system? 
At the point of introduction. 

 

3.3.4. Supplies used to blend with desalinated seawater 
Nothing specific. 

 

3.3.5.  Blending to meet water quality goals (if applicable) 
The desalinated water and blended water have to meet the Australian drinking water 

quality standards. 

 
3.3.6. Percent blend goal (if applicable) and any changes to the goal over time,  
Varies depending on the levels of the reservoirs. 

 

3.4. Monitoring 
 

3.4.1. Method of post-blend water quality monitoring 
The client monitors the water at the site and at specific points in the network. 

Monitoring is remote and periodically with grab samples. 

 

3.4.2. Any unexpected results 
None reported. 
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4. Key factors in choosing the integration approach 
 
4.1. Integration concerns that required attention going into the construction of the project 
Piloting showed that the water produced from the Desalination facility met all drinking 
water quality requirements. The project has been conducted as an Alliance, the client is 
therefore part of the construction and the operation. All decision making where based on 
an NPV approach.   
Environmental study has been done to ensure minimal modification of the water into the 
discharge body after the start-up of the plant. Ecotoxicity lab test has been made on local 
species with test brine at the proposed dilution. 

 
4.2.  Water quality studies that were performed 
Yes, as part of the SWRO piloting to make sure the drinking water quality requirements 
would be met. 
 

4.3. Water quality factors (if any) that influenced the methodology on where and how to 
integrate desalinated seawater into the existing distribution system  
(e.g., blending, water quality parameters [e.g., B, Br, disinfection by-products, etc.], 
corrosion, residual decay, temperature, etc.) 

The water produced has to meet Australian drinking quality standards. 

 

4.4. Operational factors 
 

4.4.1. Project size  
33 MGD. 

 
4.4.2. System and hydraulic constraints 
Site selection took all this into account. 

 
4.4.3. Demand constraints 
The plant is only one option for the supply of drinking water. 

 
4.4.4. Storage requirements 
There is an 8 million gal tank on site. 

 
4.4.5. Shutdowns 
The client determines when to operate the plant based on the level in the reservoirs. 
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4.4.6. Minimum flows 
The plant can operate at 10-15% capacity. 

 

4.4.7. Existing treatment plant flexibility 
Not applicable. 

 
4.5. Flexibility considerations (e.g., bringing desalinated seawater to the head of the 

system improves overall reliability; etc.) 
The plant was operated during the recent flooding as it could provide reliable water as the 
water from the reservoirs was too turbid to use. 

 
4.6. Other considerations 

 
4.6.1. Cost  
All choices where done on the base of the NPV bases. The project cost was $1B. 
 
4.6.2. Downstream acceptance 
Important presentation to local communities from improving of environmental and 
other acceptance. 

 

4.6.3. Stranded treatment capacity, etc. 
None reported. 

 

 

5. Integration issues experienced (if any, as applicable) 
 
5.1. Water Quality 

 

5.1.1. Taste & odor 
None reported. 

 

5.1.2. Customer complaints 
None reported. 
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5.1.3. Corrosion 
None reported. 

 

5.1.4. Red or discolored water 
None reported. 

 

5.1.5. Disinfection residual decay 
None reported. 

 

5.1.6. Blend chemistry 
No issues reported. 

 

5.2. Operations 
 

5.2.1. Shutdowns of seawater desalination plant 
 

5.2.1.1. Frequency, duration, and impacts 
During the commissioning the weather pattern changed and there was a lot of rain 
which stated to fill the reservoirs. Once the plant was commissioning and operated 
for approximately 6 months the plant was shut down. It was recently restarted due 
to the flooding which created high turbidity in the reservoirs.   

 
5.2.1.2. Economics or system reliability impact of outages 
The client determines is the plant should be operated. 

 

5.2.1.3. Effect of shutdowns on operations 
Limited as the plant was designed for intermittent operation. 

 

5.2.1.4. Causes of shutdowns (e.g., cost, operational constraints, demands, water 
 quality, etc.) 

Initially the plant was shut down to fix defects found during startup. It then started 

to rain so the plant was mothballed until the recent flooding. 
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5.2.2. Decision process for choosing supplies during low demands or high supply 
The plant was built as one of multiple supplemental water facilities. This allows for 
flexibility in operating the facilities. Mothballing of the plant is done when other water 
sources availability makes the desalinated water not required. 

 
 

6. Lessons learned 
 

6.1. Any identified integration issues that would be addressed another / different way now 
after having operational experience with seawater desalination 

Simple lessons we learnt from Ashkelon were incorporated into this project. 
 

6.2. Any other lessons or advice 
Due to the fast track nature of the project the selection of some materials of construction 

were selected based on deliveries instead of suitability, e.g. high pressure piping; Better 

quality control and factory testing on some material and components would have avoided 

issues during installation and commissioning.  
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Metropolitan Water District of Southern California 

Assessment of Existing Seawater Desalination System Integration Practices 

Survey Questionnaire  

MELBOURNE (AUSTRALIA) 

 

Mandi Zonneveldt 

Communications and Stakeholder Relations Manager 

Victorian Desalination Project 

 Ph (+61 3) 9948 2831  Fax (+61 3) 9948 2888   

mandi.zonneveldt@dse.vic.gov.au 

www.water.vic.gov.au/desalination 

 

Doug Franklin (SKM) 

DFranklin@skm.com.au    

(P) +61 3 8668 3267 

 

 

1. Distribution system information 
 

1.1. Population served 
4.1 Million 

 
1.2. Basic governance (i.e., elected / appointed Board, municipal government, etc.) 
Melbourne Water is responsible for the city’s distribution system. It is owned by the State 

of Victoria and responsible to the Minister for Water.  Melbourne Water supplies bulk water 

to 3 state-owned water 'retailers' that operate across the city and suburbs.  The Victorian 

Desalination Project is being delivered as a Public Private Partnership (PPP) under the 

Victorian Government’s Partnerships Victoria policy. The Department of Sustainability and 

Environment’s Capital Projects Division is responsible for managing the PPP contract on 

behalf of the State. The 30-year contract (finance, design, construct, operate maintain) has 

been let to the AquaSure consortium. 

 
1.3. Driver for implementing seawater desalination 
Drought, climate uncertainty, diversification, water security, absence of alternative sources 

and projected population growth. 

mailto:mandi.zonneveldt@dse.vic.gov.au
http://www.water.vic.gov.au/desalination
mailto:DFranklin@skm.com.au
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1.4. Size of geographic area served 
The suburban area of Melbourne covers 2,000 to 2,500 square kilometres depending on the 

housing density criterion used to define the boundary. Note also that the addition of desal 

supply is being used to extend supplies from Melbourne to regional centres as a new source 

for them, eg. Westernport, South Gippsland, Geelong 

 

1.5. General map of distribution system with seawater desalination pipeline 
Please refer to interactive map in the following URL 

http://www.melbournewater.com.au/content/water_storages/water_supply/water_supply

network.asp  

 
 

Sourced from http://www.water.vic.gov.au/programs/desalination/background/pipeline) 

http://www.melbournewater.com.au/content/water_storages/water_supply/water_supplynetwork.asp
http://www.melbournewater.com.au/content/water_storages/water_supply/water_supplynetwork.asp
http://www.water.vic.gov.au/programs/desalination/background/pipeline
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1.6. System deliveries:  

 
1.6.1. Average annual deliveries 
1 GL/day (average Daily demand) 

 

1.6.2. Description of potable water supply sources  
Surface water, chiefly from forested, mountain catchments.  
More information here: 
http://www.melbournewater.com.au/content/water_storages/water_supply/water_cat
chments.asp;   
Surface water from open catchments (Winneke) 
 
1.6.3. Percent of total supplies represented by desalinated seawater 
About one third per annum if that plant is operating at its full capacity 

 

1.6.4. Type(s) of customers that receive the water (e.g., residential, industrial, 
 agricultural, etc.) 

Residential, commercial and industrial. 

 

1.7. Basic operations before desalinated supply added 
 

1.7.1. Water quality parameters and concerns prior to desalination 
The majority of Melbourne's water comes from protected catchments, and requires 

minimal treatment before being supplied to our retail customers. 

 

1.7.2. Disinfection: type of primary and secondary disinfection, and target levels 
Disinfection (by chlorination) is used to ensure water is free from microorganisms.  

Water is also fluoridated to help prevent tooth decay and pH is corrected with lime. 

 

1.8. Changes to system operations due to seawater desalination 
Operational changes will mainly comprise bulk transfer modifications to accommodate the 

volume of water arriving from a different physical location.  Desal water mainly transferred 

to existing bulk storage reservoir, where it will blend with existing supplies. At times of high 

demand, desalinated water may flow directly to consumers. 

http://www.melbournewater.com.au/content/water_storages/water_supply/water_catchments.asp
http://www.melbournewater.com.au/content/water_storages/water_supply/water_catchments.asp


Melbourne Survey 

Appendix B – Melbourne: 4 of 14 
 

2. Desalination Project Facilities 
 
2.1. Current/planned capacity 
150 GL/yr under construction.  Major elements such as tunnels sized for 200 GL/yr. 

 

2.1.1. Basis of project sizing 
The project was sized based on extensive modeling by Melbourne Water which 

considered climate variability and population growth. 

 
2.1.2. Plant staging / capacity expansion (e.g., upsized pipelines, pads and stub-ups for 

 additional RO skids, etc.) 
The initial capacity of 150 GL/yr can be upsized to 200 GL/yr without significant 

interruption to the 150 GL/yr plant. 

 

2.2. Basic treatment process 
 

2.2.1. Pretreatment 
Dual Media Filter (Pressure) 

 

2.2.2. RO process configuration 
Two Pass RO 

 

2.2.3. Boron management strategy 
Enhanced Boron Removal by pH control prior to the 2nd Pass RO system. 

 

2.2.4. Post-treatment 
Mineralisation, disinfection and fluoridation.  

 

2.3. Current/planned desalination project operations 
 

2.3.1. Base-loaded or peaking 
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The State will order an annual amount, with flexibility built into the contract to order 

between 0 GL and 150 GL/yr. The private operator is free to deliver this as it sees fit. 

 

2.3.2. Frequency / schedule of plant in-service time 
Plant has to meet annual production target, schedule up to plant operator. 

 
2.3.3. Basic water quality parameters 
Appendix S6 of the Project Scope and Project Requirements sets out the water 

requirements. This is available online at 

https://www.tenders.vic.gov.au/tenders/contract/download.do?id=9265&docIndex=28  

  

https://www.tenders.vic.gov.au/tenders/contract/download.do?id=9265&docIndex=28
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2.3.4. Goals for key parameters (e.g., B, Br, Cl, Na, TDS, Alk, pH, LSI, CCPP, etc.) 
See above. 

The information in the tables below is extracted from the document referenced above. 
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2.3.5. Point of compliance for key water quality parameters 
Some parameters at the boundary of the 84km pipeline with the Melbourne network; 

others at the plant site. 

 
2.3.6. Regulatory context / compliance framework (e.g., country-specific; state-  or 

region-specific; World Health Organization (WHO); etc.) 
Water quality must meet Australian Drinking Water Guidelines and requirements of the 

Victorian Safe Drinking Water Act 2003.  For information on environmental approvals, 

see http://www.water.vic.gov.au/programs/desalination/environment2/approvals  

 
2.3.7. Areas of concern 
Not answered 

 
2.3.8. Method(s) of mitigating concerns 
Not answered 

 

3. Integration of desalinated seawater into the existing distribution system 
 
3.1. Pipeline / conveyance 

 
3.1.1. Length, capacity, cost, pipe material, urban/rural alignment 
The pipeline comprises 84 km of welded, mild steel cement lined pipes 1930 mm 

outside diameter and two pumping stations.  The pipeline route is through rural land. 

This pipeline connects to an existing 1750 mm x 12 km pipeline. Information on 

integration works is available here: 

http://www.melbournewater.com.au/content/current_projects/water_supply/getting_

ready_for_desalinated_water/getting_ready_for_desalinated_water.asp?bhcp=1    

http://www.water.vic.gov.au/programs/desalination/environment2/approvals
http://www.melbournewater.com.au/content/current_projects/water_supply/getting_ready_for_desalinated_water/getting_ready_for_desalinated_water.asp?bhcp=1
http://www.melbournewater.com.au/content/current_projects/water_supply/getting_ready_for_desalinated_water/getting_ready_for_desalinated_water.asp?bhcp=1
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Excerpt from web site above: (Added by Malcolm Pirnie) 

Melbourne Water will install new fittings to allow the Victorian Desalination Project to connect to 
our existing water supply network at the connection point in Berwick. The water will then be piped 
north through an existing water main (the Cardinia-Pearcedale transfer main), and a new 2.3km 
section of inlet water main will deliver the desalinated water into Cardinia Reservoir.  The 
desalinated water will mix with other water in Cardinia Reservoir and then be delivered to 
consumers in the south, south-east, Mornington Peninsula and Pakenham areas. Water will also 
be pumped north to Silvan Reservoir via a new pump station for delivery to other parts of our 
distribution network.  To complete this project, works are required in various locations including 
Cardinia Reservoir Park, Soldiers Road in Berwick, and along the existing Cardinia-Pearcedale 
pipeline 

 

3.1.2. Elevation or pressure head to overcome at the point of injection of desalinated 
 water into the existing distribution system 

See Appendix S5 of the Project Scope and Project Requirements (as above) 

 

3.1.3. Onsite/offsite storage 
2 x 35 ML storages on-site with provision for a third.  On-site storage provided for flow 

balancing and chlorine contact time, most discharge via a long pipeline to Melbourne 

Water’s existing storage reservoir (a rockfill dam 85m high with 287 GL capacity) 

 

3.1.4. Major issues to overcome with new conveyance/distribution system 
Managing transients that may impact some direct supply offtakes. 

 

3.2. Integration point(s) 
 

3.2.1. Regional vs. local system integration and rationale 
Most production will go into Melbourne Water’s 287GL capacity storage; some supply 

will be direct to consumers when demand is high. 

Note that desalinated water supplements yield from catchments and contributes to 

total system storage, thereby helping to protect the city from drought.  The Cardinia 

Reservoir Park was a storage of sufficient size and proximity to the desal plant. 
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3.2.2. Operational integration of desalinated seawater   
Most of the supply will be to a defined zone, albeit via a storage reservoir with other 

sources also available to the storage.  Some zones will receive direct desal supply when 

demand is high. 

 

Plant annual production will be set each year, and will apply for the year unless unusual 

circumstances force a renegotiation. 

 

Daily turndown up to the plant operator as system is buffered by capacity 287GL storage. 

Annual order can be for 0,50,75,100,125 or 150GL. 

 
3.3. Blending 

 
3.3.1. Location of blending desalinated seawater into the existing distribution system 
Most blending will be in Melbourne Water’s 287GL reservoir before entering the 

distribution system.  A relatively small proportion may flow directly to consumers either 

blended or not blended. 

 

3.3.2. Method of blending desalinated seawater into the existing distribution system  
 (e.g. blend in pipe, in reservoir, etc.) 

As Above. 

Blending of desalinated seawater and surface water supplies will be conducted in an 

open reservoir. 

 
3.3.3. Blending conducted before or after introducing desalinated seawater into the 

 distribution system? 
As above. 

Also, connections directly off the new desal pipeline will be 100% desal when the desal 

plant is running, and when the desal plant is not running it will be a blend coming back 

from the Melbourne system (reverse flow). 

 

3.3.4. Supplies used to blend with desalinated seawater 
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Unfiltered supplies from closed catchments. 

 

3.3.5.  Blending to meet water quality goals (if applicable) 
Not Applicable. 

 

3.3.6. Percent blend goal (if applicable) and any changes to the goal over time 
Not applicable.   

 

3.4. Monitoring  
(The plant is being built at the time of survey, hence monitoring information was not 
available) 
 

3.4.1. Method of post-blend water quality monitoring 
Monitoring at Plant and delivery points for compliance. 

Existing monitoring program in the Melbourne Water system to continue with addition 

of some online EC measurement in the Melbourne Water system to verify blend 

proportions and online pre-dose fluoride monitoring out of the 287GL reservoir to 

enhance fluoridation control (the desal water will be fluoridated). 

 

3.4.2. Any unexpected results 
Not applicable. 

 

4. Key factors in choosing the integration approach 
 
4.1. Integration concerns that required attention going into the construction of the project 
Reservoir impacts – biological (algal blooms); soil dispersion; seasonal color variations 

(delivered unfiltered from the 287 GL storage).   

Treatment impacts – fluoride dosing control. 

Distribution system impacts – TDS variation for commercial/industrial customers, pH 

variation, chlorine levels. 
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4.2.  Water quality studies that were performed 
Risk assessments and studies by Melbourne Water, eg. To determine the potential for soil 

dispersion and disinfection byproduct formation.   

Hydrodynamic modeling of receiving storage for mixing. 

Analysis of likely water quality variations to be delivered to customers (informs 

communications plans). 

 

4.3. Water quality factors (if any) that influenced the methodology on where and how to 
integrate desalinated seawater into the existing distribution system (e.g., blending, 
water quality parameters [e.g., B, Br, disinfection by-products, etc.], corrosion, 
residual decay, temperature, etc.) 

Inlet location into reservoir selected to ensure good mixing. 

 

4.4. Operational factors 
 

4.4.1. Project size 
444 ML/d Capacity 

 

4.4.2. System and hydraulic constraints 
No system constraints, discharge directly to open reservoir. 

 

4.4.3. Demand constraints 
Demand set annually. 

 

4.4.4. Storage requirements 
To achieve the flow balancing (btw treatment and transfer) and provide sufficient 

chlorine contact time. 

 

4.4.5. Shutdowns 
Up to private contractor. 
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4.4.6. Minimum flows 
0 ML/d 

 

4.4.7. Existing treatment plant flexibility 
Desalination plant will operate independent to other plants. 

 
4.5. Flexibility considerations (e.g., bringing desalinated seawater to the head of the 

system improves overall reliability; etc.) 
Provides an alternative source of water to the south east of Melbourne if the other 

catchment sources are unavailable for extended periods, eg. Following severe bushfires. 

 
4.6. Other considerations 

 
4.6.1. Cost 
Not answered 

 

4.6.2. Downstream acceptance 
Not answered 

 

4.6.3. Stranded treatment capacity, etc. 
Not answered 

 

5. Integration issues experienced (if any, as applicable) 
(The plant is being built at the time of survey, hence the following information was not 

available) 

 
5.1. Water Quality 

 

5.1.1. Taste & odor 
 

5.1.2. Customer complaints 
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5.1.3. Corrosion 
 

5.1.4. Red or discolored water 
 

5.1.5. Disinfection residual decay 
 

5.1.6. Blend chemistry 
 

5.2. Operations 
 

5.2.1. Shutdowns of seawater desalination plant 
 

5.2.1.1. Frequency, duration, and impacts 
 

5.2.1.2. Economics or system reliability impact of outages 
 

5.2.1.3. Effect of shutdowns on operations 
 

5.2.1.4. Causes of shutdowns (e.g., cost, operational constraints, demands, water 
 quality, etc.) 

 

5.2.2. Decision process for choosing supplies during low demands or high supply 
 
 

6. Lessons learned 
(The plant is being built at the time of survey, hence the following information was not 

available) 

 
6.1. Any identified integration issues that would be addressed another / different way now 

after having operational experience with seawater desalination 
 

6.2. Any other lessons or advice 
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Metropolitan Water District of Southern California 

Assessment of Existing Seawater Desalination System Integration Practices 

Survey Questionnaire  

PERTH 1 (AUSTRALIA) 

 

CONTACTS 

Mark Leathersich 

Manager – Infrastructure Planning Branch 

(Acting General Manager - Planning & Capability Group- reports to the COO)    

Mark.Leathersich@watercorporation.com.au  

T: (08) 9420 3724 | F: (08) 9420 3179 

 

 

Noel Lavery (SKM) 

Nlavery@skm.com.au 

(P) +61 8 9469 4443 

 

1. Distribution system information 
 

1.1. Population served 
1.5 Million -  refer http://www.watercorporation.com.au/watersupply/index.html 

 
1.2. Basic governance (i.e., elected / appointed Board, municipal government, etc.) 
Corporation with appointed Board.  Western Australian State Government is the sole 
shareholder and recipient of dividends.   

 

1.3. Driver for implementing seawater desalination 
Several drivers:  New source required to meet growing population;  Climate independent 
source was preferred option in response to a series of record low rainfall/runoff years 
(dams very low and lowering water table).; Long term planning strategy - "Security through 
diversity" of sources;  Inter-basin transfer of substantial ground-water source seen as 
politically "difficult" to sell to the regional community 

 
1.4. Size of geographic area served 
All of Western Australia – very large areas 
 
 

mailto:Mark.Leathersich@watercorporation.com.au
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1.5. General map of distribution system with seawater desalination pipeline 
The Water Corporation manages a number of water supply schemes and independent 
water sources across Western Australia.  Our largest scheme is the Integrated Water Supply 
System (IWSS), which provides water to more than 1.5 million people in Perth, the South 
West, Wheatbelt, and Goldfields and Agricultural regions.  The plan below shows the water 
sources and the principal inter-connecting trunk mains 

 

Notes: 

1.  Approx distance north-south (Neerabup to Southern Seawater) is 250km  

2.  Pipeline from Mundaring extends eastwards approx 600km to Kalgoorlie, with 

branches along the way extending up to 200km north and south of the main 

conduit.   

3.  Southern desalination plant and connecting pipeline under construction - first 

water due early 2012 
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1.6. System deliveries:  
 

1.6.1. Average annual deliveries 
280GL/a: 35-50% groundwater;   25-45% surface water;   15-20% desalinated water 

 

1.6.2. Description of potable water supply sources  
Surface water from Dams in mostly protected catchments;  groundwater from confined 
aquifers; seawater desalination plant (1 existing 45GL/a and 1 under construction 
50GL/a) ; No stormwater reuse for potable purposes however most stormwater in Perth 
is directed into local "sinks" to recharge unconfined aquifer ; Some wastewater reuse 
after advanced treatment for industrial process water (potable water substitution); 
Significant water usage from unconfined aquifers from domestic and industrial bores for 
non-potable uses. 
 
1.6.3. Percent of total supplies represented by desalinated seawater 
Current 15-20% soon to be 30% 
 
1.6.4. Type(s) of customers that receive the water (e.g., residential, industrial, 

 agricultural, etc.) 
71% residential;  19% commercial/industrial;  10% unaccounted-for water (presumed 
leakage); Goldfield and Agricultural water supply extension also provides potable water 
to agricultural areas for domestic uses and stock watering  
 

1.7. Basic operations before desalinated supply added  
 

1.7.1. Water quality parameters and concerns prior to desalination 
Surface waters of good quality requiring only pH correction and disinfection.  
 
1.7.2. Disinfection: type of primary and secondary disinfection, and target levels  
Mostly chlorination (free chlorine residual ) but chloramination for long (600km) 
goldfields (Kalgoorlie) extension 
It is confirmed that the system uses free chlorine.  The chloramination is only for the 
one extension listed above.  It is also notes the plant produces water with very low 
bromides (presumably via the use of the 2nd pass of RO), such that the DBPs are minimal.  
No unusual free chlorine residual decay or other instability has been reported. 
   

1.8. Changes to system operations due to seawater desalination  
Need to transfer water to other areas during winter months when the demand in the "local 
sub-system network" is less than desalination plant production.   
Because the plant is base loaded,    
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2. Desalination Project Facilities 
 
2.1. Current/planned capacity 

 

2.1.1. Basis of project sizing  
Required to meet short-term growth in demand plus some potential loss of surface 
water source due to drought  
 
2.1.2. Plant staging / capacity expansion (e.g., upsized pipelines, pads and stub-ups for 

 additional RO skids, etc.) 
Perth Plant (existing):  45GL/s and not designed for expansion; Binningup Plant (under 
construction):  50GL/s designed for additional 50GL/a expansion.  Civil works (intake, 
outfall, connecting pipework, potable water PS building, downstream trunk mains) being 
installed at 100GL/a capacity   

 

2.2. Basic treatment process 
 

2.2.1. Pretreatment 
screening followed by pressure filters (sand media) 

 

2.2.2. RO process configuration 
cartridge filters followed by two-pass RO system with ERI 

 

2.2.3. Boron management strategy 
Enhanced Boron Removal by 2nd Pass RO system 

 

2.2.4. Post-treatment 
potablisation (lime+CO2); chlorination (gas);  fluoridation (fluosilicic acid)  
 

2.3. Current/planned desalination project operations 
 

2.3.1. Base-loaded or peaking 
Base load plant;  4 week maintenance shutdown in low demand period (winter);  No 
diurnal variation other than as required by tank levels downstream in network;  can be 
operated at 25% 50% and 75% capacity 
It is confirmed that the plant is base loaded. 

 

2.3.2. Frequency / schedule of plant in-service time 
Off line approx 4 weeks per year for scheduled maintenance to be completed  
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2.3.3. Basic water quality parameters 
 

2.3.3.1. Goals for key parameters (e.g., B, Br, Cl, Na, TDS, Alk, pH, LSI, CCPP, etc.) 

 

 
2.3.3.2. Point of compliance for key water quality parameters 
At site boundary - point of sale 
 
2.3.3.3. Regulatory context / compliance framework (e.g., country-specific; state- 

 or region-specific; World Health Organization (WHO); etc.) 
State regulation (EPA Dept Health) with some national requirements (marine) 
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2.3.3.4. Areas of concern  
(personal observation only) - excellent water quality which is better than alternative 
supply especially regarding taste, odour, colour, lower chlorine demand)   
 
2.3.3.5. Method(s) of mitigating concerns  
No WQ concerns  
 
 

3. Integration of desalinated seawater into the existing distribution system 
 
3.1. Pipeline / conveyance 

 
3.1.1. Length, capacity, cost, pipe material, urban/rural alignment 
approx 5 km DN 1200 mm MSCL pipeline from plant boundary to Thomsons Reservoir 
(92ML+ 290ML in future)  
Subsequent information indicates that this pipeline is actually about 10 km. 
 
3.1.2. Elevation or pressure head to overcome at the point of injection of desalinated 

 water into the existing distribution system 
TWL of reservoir RL75.44 m  
 
3.1.3. Onsite/offsite storage 
Nil - 4 ML provided on site for flow balancing of Pump station and downstream reservoir 
 
3.1.4. Major issues to overcome with new conveyance/distribution system 
Environmental approvals for pipeline route - tree clearance, main roads clearance 
 

3.2. Integration point(s) 
 

3.2.1. Regional vs. local system integration and rationale 
Closest logical supply/connection point 
 
3.2.2. Operational integration of desalinated seawater 
Desalinated water will supply local area only at high demand but is transferred to other 
areas depending on demand.  Can also be routed into surface storages (dam 
impoundments) if needed; Desalination plant usually operated at fixed rate whilst still in 
drought mode with low dam levels - other sources reduced as required; The plant can 
be operated at 25%, 50% 75% 100% on a seasonal basis  
 

3.3. Blending 
 

3.3.1. Location of blending desalinated seawater into the existing distribution system 
Thomsons Reservoir 5km away  
It is clarified that this major blending reservoir is about 10 km from the SWRO plant. 
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3.3.2. Method of blending desalinated seawater into the existing distribution system  
 (e.g. blend in pipe, in reservoir, etc.)  

Thomsons Reservoir feeds other reservoirs which have water from other sources in 
them as well 
 
 
3.3.3. Blending conducted before or after introducing desalinated seawater into the 

 distribution system? 
Both:  depending on time of year, Thomsons reservoir may have only desalinated water 
or a blend 
When other sources are utilized at Thomsons, blending with SWRO water occurs prior to 
introduction into the existing system.  However, when only SWRO water is in Thomsons 
(as dictated by demand), 100% desal water can be introduced into the system prior to 
blending with other sources in downstream reservoirs (as indicated in 3.3.2). 
 
3.3.4. Supplies used to blend with desalinated seawater 
Could be surface water or ground water or both  
 
3.3.5.  Blending to meet water quality goals (if applicable) 
Not applicable - desalinated water is "potablised" before added to the water supply i.e. 
buffer (lime) added to balance water and pH adjusted to meet ADWG criteria.   
 
3.3.6. Percent blend goal (if applicable) and any changes to the goal over time  
Not applicable 
It is confirmed that there is no percent goal for desalinated water in the system, and in 
fact this percentage fluctuates both spatially and temporally within the system.  (In 
other words, the blend varies both with time and location in the system.)  Notably, 
depending on the demand and use of other sources for blending, some customers may 
get 100% desalinated seawater, while others may receive 0% desalinated seawater.   
 

3.4. Monitoring  
 

3.4.1. Method of post-blend water quality monitoring 
Not applicable - Cl2 residual monitoring only in network  
 
3.4.2. Any unexpected results 
Improved water quality throughout network, reduced use of rechlorination facilities, 
fewer complaints, reduction in THMs 
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4. Key factors in choosing the integration approach 
 
4.1. Integration concerns that required attention going into the construction of the project  
The key issue was not integration but rather the location of the desalination plant.  There 
was very little land available that met the critical criteria:  1. close to ocean for 
intake/outfall; 2. compatible land use zoning; 3. close proximity to major water supply 
infrastructure (tanks, trunk mains) ; 4.  public acceptance of location; 5. land available for 
acquisition by Water Corp; 6. could meet environmental conditions imposed by regulator 

 
4.2.  Water quality studies that were performed 
Only studies to satisfy environmental regulation i.e. near and far field mixing modeling for 
intake and brine discharge into the ocean (Cockburn Sound).   
 
4.3. Water quality factors (if any) that influenced the methodology on where and how to 

integrate desalinated seawater into the existing distribution system (e.g., blending, 
water quality parameters [e.g., B, Br, disinfection by-products, etc.], corrosion, 
residual decay, temperature, etc.)  

Nil 
 
4.4. Operational factors 

 
4.4.1. Project size 
140 ML/d approx (45 GL/y average)  
 
4.4.2. System and hydraulic constraints 
Constrained by  being a large base-load supply source needed to meet summer (high) 
and winter (low) demands.  Some need to transfer "excess" water into other sub-
catchments/supply areas in winter.    
 
4.4.3. Demand constraints 
Needed to modify operations and construct other facilities (Pump Station) to enable 
water transfers of excess production 
 
4.4.4. Storage requirements 
Apart from on-site "clear water tank" use existing scheme storages 
 
4.4.5. Shutdowns 
Scheduled maintenance shutdowns timed annually (summer month when low mixing in 
receiving water) to meet expected environmental compliance shut-downs (when low 
DO in Cockburn Sound) 
 
4.4.6. Minimum flows 
25% (35 ML/d approx) 
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4.4.7. Existing treatment plant flexibility 
All existing TPs can be shut down completely if required.  Some operational flexibility 
available in every WT plant. 

 

4.5. Flexibility considerations (e.g., bringing desalinated seawater to the head of the 
system improves overall reliability; etc.)  

Complete flexibility was provided within the plant for complete independent commissioning 
purposes e.g. able to return all seawater intake capacity through all components of the 
plant and then back to the outfall. 
 
4.6. Other considerations 

 
4.6.1. Cost  
Cost controlled through competitive alliance delivery method 
 
4.6.2. Downstream acceptance  
No issues were anticipated as already providing a blended supply to customers  
 
4.6.3. Stranded treatment capacity, etc. 
No stranded treatment capacity as all other treatment capacity was under stress due to 
water shortages  
 
 

5. Integration issues experienced  
 
5.1. Water Quality 

 

5.1.1. Taste & odor 
Nil - excellent quality   
 
5.1.2. Customer complaints 
No discernable change in level of customer complaints   
 
5.1.3. Corrosion  
Nil 
 
5.1.4. Red or discolored water  
Nil 
 
5.1.5. Disinfection residual decay 
Much lower than for other sources 
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5.1.6. Blend chemistry  
Not relevant 
 

5.2. Operations  
 

5.2.1. Shutdowns of seawater desalination plant 
 

5.2.1.1. Frequency, duration, and impacts 
Scheduled for four weeks annually to coincide with expected environmental 
compliance shut-downs 

 
5.2.1.2. Economics or system reliability impact of outages 
As above 
 
5.2.1.3. Effect of shutdowns on operations 
As above.  Base load plant with planned outages 
 
5.2.1.4. Causes of shutdowns (e.g., cost, operational constraints, demands, water 

 quality, etc.) 
As above 
 

5.2.2. Decision process for choosing supplies during low demands or high supply 
Base load plant - use desal plant as much as possible due to water shortages and stress 
on surface/ground water reserves 
 
 

6. Lessons learned  
 

6.1. Any identified integration issues that would be addressed another / different way now 
after having operational experience with seawater desalination 

Nil 
 
6.2. Any other lessons or advice 
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Metropolitan Water District of Southern California 

Assessment of Existing Seawater Desalination System Integration Practices 

Survey Questionnaire 

SYDNEY (AUSTRALIA) 

 

CONTACTS 

Mr. Paul Choules 

VP Desalination 

Veolia Water Solutions & Technologies, Americas 

(281) 227-9050  (voice) 

(281) 687-7651  (cell) 

paul.choules@veoliawater.com 

 
Mr. Olivier Caumartin 
EVP 
Veolia Water Solutions & Technologies, Major Projects Group 
+33 1 4511 5555 
Olivier.caumartin@veoliwater.com 

 

Ms. Susan Trousdale 

Desalination Project Environment & Approvals Manager 

Sydney Water 

+61 2 9551 2258 

susan.trousdale@sydneywater.com.au 

 

 

1. Distribution system information 
 

1.1. Population served 
The 4 million people living in Sydney, Illawarra & Blue Mountains, Australia.  

 
1.2. Basic governance (i.e., elected / appointed Board, municipal government, etc.) 
The contract was awarded by the Sydney Water an elected government entity. 

 
1.3. Driver for implementing seawater desalination 
In 2007, when the project was awarded, the local reservoirs were at 34%. The population of 
Sydney had grown by 1M people since 1974 and it’s expected to grow by another 1M within 
the next 20 years. Sydney Water launched an aggressive plan to save 145 billion liters of 

mailto:paul.choules@veoliawater.com
mailto:Olivier.caumartin@veoliwater.com
mailto:susan.trousdale@sydneywater.com.au
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drinking water a year by 2015, by: Recycling wastewater a year, investing A$100M a year 
inspecting and repairing leaking pipes; Saving 40 Billion liters of drinking water every year 
by providing rebates for rainwater tanks and water efficient washing machines. This is in 
addition to launching the Sydney Desalination facility. 

 
1.4. Size of geographic area served 
The city of Sydney and surrounding areas as served by Sydney Water. 

 
1.5. General map of distribution system with seawater desalination pipeline 
See general map of the plant at the end of the survey. 
1.6. System deliveries:  

 

1.6.1. Average annual deliveries 
Design capacity is 250 000 m3/d (66 mgd) at 94% availability 

 

1.6.2. Description of potable water supply sources 
Dams 

 

1.6.3. Percent of total supplies represented by desalinated seawater 
Up to 15%. 

 

1.6.4. Type(s) of customers that receive the water (e.g., residential, industrial, 
 agricultural, etc.) 

The water produced goes into the distribution system so water is blended with other 
sources. This water is used by all consumers.  
 

1.7. Basic operations before desalinated supply added 
Water came from the local reservoirs. 

 
1.7.1. Water quality parameters and concerns prior to desalination 
Not answered 
 

1.7.2. Disinfection: type of primary and secondary disinfection, and target levels 
Not answered 
 

1.8. Changes to system operations due to seawater desalination 
Not answered 
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2. Desalination Project Facilities 
 
2.1. Current/planned capacity 

 
2.1.1. Basis of project sizing 
The plant was designed for 250,000 m3/day (66 MGD or 202 acre feet per day) but the 
infrastructure (intake and outfall) was designed to increase the capacity to 500,000 
m3/day (132 MGD or 404 acre feet per day). During the tender phase the contractor had 
to give 3 options for 125,000 m3/day (33.0 mgd), 250,000 m3/day (66.0 mgd) and 
500,000 m3/day (132.1 mgd). The capacity has been selected after the submission in 
respect with the low level in the surrounding Dams. 

 
2.1.2. Plant staging / capacity expansion (e.g., upsized pipelines, pads and stub-ups for 

 additional RO skids, etc.) 
 The intake and outfall were designed for an expansion to 500,000 m3/day (132.1 mgd). 

 
2.2. Basic treatment process 

 
2.2.1. Pretreatment 
Ferric, Sulfuric Acid and Polydadmac added for coagulation, pH control of seawater. 2 x 
12 dual media filters to remove the floc and achieve a water quality suitable for the 
reverse osmosis process. 5 micron cartridge filters are included as safety filters prior to 
the RO system. 

 
2.2.2. RO process configuration 
12 duty + 1 standby 1st pass trains with 259 x 8 element pressure vessels. The 2nd pass 
comprises of 6 + 1 trains, 131 x 8 element pressure vessels in the 1st stage and 44 x 8 
element pressure vessels in the 2nd stage. 

 
2.2.3. Boron management strategy 
The 2nd pass is included to guarantee the boron water quality. 

 
2.2.4. Post-treatment 
Lime and carbon Dioxide to add alkalinity and hardness, fluoride, other elements and pH 
control. 

 

2.2.5. Primary disinfection (chemical(s), dose(s), etc.) 
Monochloramine 0.7ppm. 

 

2.2.6. Residual disinfection (chemicals(s), dose(s) applied, target doses in the 
 distribution system, etc.) 
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The chloramine levels in the desalinated seawater (prior to blending) are adjusted such 
that they are within +/- 0.2 mg/L that of the existing surface water supplies at the point 
of blending. 
 

2.3. Current/planned desalination project operations 
 

2.3.1. Base-loaded or peaking 
The plant was designed to be operated as base-load with a guarantee online availability 
of 94% 

 
2.3.2. Frequency / schedule of plant in-service time 
During the design previous experience from other plants was considered to achieve the 
required online availability. In the case of this project the client requested a spare train 
which allows the plant to produce excess capacity, if required. When calculating the 
online availability membrane cleaning, preventive maintenance, routine maintenance 
and unexpected shutdowns are considered.  

 
2.3.3. Basic water quality parameters 

 
2.3.3.1. Goals for key parameters (e.g., B, Br, Cl, Na, TDS, Alk, pH, LSI, CCPP, etc.) 
<115 ppm TDS, <1.0 ppm Boron, Chloride < 40 ppm, Bromide < 0.1 ppm.  Has to 
meet Australian drinking water standards. 

 
2.3.3.2. Point of compliance for key water quality parameters  
After storage tanks. 

 
2.3.3.3. Regulatory context / compliance framework (e.g., country-specific; state- 

 or region-specific; World Health Organization (WHO); etc.) 
The water produced has to meet Australian drinking water standards. 

  
2.3.3.4. Areas of concern 
Not answered 
 

2.3.3.5. Method(s) of mitigating concerns  
The water is monitored before distribution and is dumped to waste if it exceeds any 
of the preset limits. 
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3. Integration of desalinated seawater into the existing distribution system 
 
3.1. Pipeline / conveyance 

 
3.1.1. Length, capacity, cost, pipe material, urban/rural alignment  
After post-treatment the water is stored in a 40,000 m3 (10.5 Million Gal) storage tank 
and then pumped into the Sydney drinking water network via an 18 km (11 ¼ mile) 
pipeline. 

 
3.1.2. Elevation or pressure head to overcome at the point of injection of desalinated 

 water into the existing distribution system 
Not answered 
 

3.1.3. Onsite/offsite storage 
A 40,000 m3 (10.5 million gal) tank is onsite. 
 

3.1.4. Major issues to overcome with new conveyance/distribution system  
Not answered 
 

3.2. Integration point(s) 
 

3.2.1. Regional vs. local system integration and rationale  
Desalinated seawater is mixed into local supplies and distributed throughout the Sydney 
Water system. 
 

3.2.2. Operational integration of desalinated seawater  
Not answered 

 
3.3. Blending 

 
3.3.1. Location of blending desalinated seawater into the existing distribution system 
At the end of the 18 km pipeline from the desalination facility. 

 
3.3.2. Method of blending desalinated seawater into the existing distribution system  

 (e.g. blend in pipe, in reservoir, etc.)  
The pressurized 1.8 m (5.9 ft) pipeline from the desalination facility joins into an existing 
3 m (5.9 ft) gravity-fed main distribution network pipeline.  Thus, blending is 
accomplished in-pipe. 
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3.3.3. Blending conducted before or after introducing desalinated seawater into the 
 distribution system? 

See above.   
 
3.3.4. Supplies used to blend with desalinated seawater 
 Water from the reservoirs is the main other source. 
 

3.3.5.  Blending to meet water quality goals (if applicable) 
 As the water introduced already meets the drinking water requirements it’s not an 
issue. 

 
3.3.6. Percent blend goal (if applicable) and any changes to the goal over time 
Desalinated seawater represents 20% of the water supply; there is no other min/max 
target. 
 

3.4. Monitoring 
 

3.4.1. Method of post-blend water quality monitoring 
The water is monitored prior to disinfection. If the water exceeds any of the preset 
limits it is dumped to waste so that no out of spec water is introduced into the network.  
Parameters for which there are water quality requirements are monitored prior to 
blending to ensure compliance, including: pH, SDI, dissolved oxygen, ammonia, alkalinity, 
turbidity, bromide, chloramines, conductivity, bacteria & E. coli.  A combination of on-
line monitoring and grab samples are used. 

 

3.4.2. Any unexpected results 
 None reported. 
 

 

4. Key factors in choosing the integration approach 
 
4.1. Integration concerns that required attention going into the construction of the project.  
Not answered 

 
4.2.  Water quality studies that were performed 
Pilot testing has been performed by the client for almost 1 year. Results have been made 
available to contractor during tender phase. 
Sydney Water conducted considerable time and effort modeling the water quality to ensure 
that the desalinated seawater (as conditioned) and the existing surface water would match 
as closely as possible.   
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4.3. Water quality factors (if any) that influenced the methodology on where and how to 
integrate desalinated seawater into the existing distribution system  
(e.g., blending, water quality parameters [e.g., B, Br, disinfection by-products, etc.], 
corrosion, residual decay, temperature, etc.) 

Br was considered as an important factor in the water quality for the desalinated water 
production. However later tender has shown relax on this parameter.  
Sydney Water clarifies that bromide levels are strictly monitored and must be < 0.1 mg/L 95% 
of the time.  There initial problems with getting accurate readings from the instrument, so it 
was requested of Sydney Water that the standard be relaxed to < 0.2 mg/L.  Subsequently, a 
better monitoring device was found, so the bromide standard was not relaxed.  

 

4.4. Operational factors 
In terms of siting (no specific question in the survey for this item), there are two issues: 1) 
the distance of the plant to the existing gravity-fed conveyance pipeline (related to 
integration issues); and 2) proximity to the intake/outfall and the nearest power 
transmission lines (not related to integration. 

 
4.4.1. Project size 
 The plant capacity is 250,000 m3/day (66 MGD or 202 acre feet per day). 
  

4.4.2. System and hydraulic constraints 
 None but this was considered when siting the plant at this site. 
Although not a constraint, per se, there was some initial concern about integrating 
desalinated seawater conveyed in a new 1.8 m (5.9 ft) pressurized pipe (constituting 20% 
of the blended flow) into the existing 3 m (9.8 ft) gravity fed tunnel (providing 80% of 
the blended flow).  Testing and modeling was done to avoid any issues, and Sydney 
Water did not report any such issues. 

 
4.4.3. Demand constraints 
None but this was considered when siting the plant at this site. 

 
4.4.4. Storage requirements 
A 40,000 m3 (10.5 million gal) tank is onsite. 

 
4.4.5. Shutdowns 
 After commissioning the plant has not reported any shutdowns. 
The plant is designed and intended to operate continuously without shutdowns. 

 

4.4.6. Minimum flows 
 The distribution pumps are designed to vary the flow down to 10% of total capacity.  
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4.4.7. Existing treatment plant flexibility 
 There is no impact on existing infrastructure. 

 
4.5. Flexibility considerations (e.g., bringing desalinated seawater to the head of the 

system improves overall reliability; etc.) 
 The water produced by the desalination facility is draught proof and provides water at 
another location in the distribution system, away from the reservoirs. A mothballing 
possibility of the plant has been foreseen in case Dams level rise and desalinated water is 
not considered anymore as required for the potable water production. 

 
4.6. Other considerations 

 
4.6.1. Cost 
 The total cost of the facility, excluding the intake and outfall, was about $800M. 

 

4.6.2. Downstream acceptance 
The water has been accepted with minimal complaints. 
The only complaint noted was: “The water makes my skin itchy.” 

 

4.6.3. Stranded treatment capacity, etc., 
NA 
 
 
 

5. Integration issues experienced (if any, as applicable) 
In general, Sydney indicated that there was significant concern (in general) over integrating 
desalinated seawater into the existing conveyance and distribution system.  However, no 
significant issues were encountered as a result of the integration. 
 

5.1. Water Quality 
 

5.1.1. Taste & odor 
 No issues reported. 

 

5.1.2. Customer complaints 
No major complaints. 
 

5.1.3. Corrosion 
No corrosion due to the desalinated water in the network has been reported.  
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It was underscored that the desalinated seawater is conditioned via post-treatment to 
closely match the water quality in the existing distribution system.  Sydney cites this as 
the reason that there have been no corrosion issues reported to date. 

 

5.1.4. Red or discolored water 
 None reported. 

 

5.1.5. Disinfection residual decay 
None reported. 

 

5.1.6. Blend chemistry 
Monitored continuously. 

 

5.2. Operations 
 

5.2.1. Shutdowns of seawater desalination plant 
 

5.2.1.1. Frequency, duration, and impacts 
 There have not been any shutdowns since the plant was commissioned in 2010. 

 
5.2.1.2. Economics or system reliability impact of outages 
 N.A. 

 

5.2.1.3. Effect of shutdowns on operations 
 N.A. 

 

5.2.1.4. Causes of shutdowns (e.g., cost, operational constraints, demands, water 
 quality, etc.) 

N.A. 
 

5.2.2. Decision process for choosing supplies during low demands or high supply 
Not applicable at this point. 
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6. Lessons learned 
 

6.1. Any identified integration issues that would be addressed another / different way now 
after having operational experience with seawater desalination 

 Lessons learnt from other plants have helped avoid any issues. 
 

6.2. Any other lessons or advice 
We continued to incorporate the lessons learnt from other recent plants constructed; We 
moved away from the pressure center design as used on Ashkelon and Gold Coast to a 
single 1st pass high pressure pump per train; Decreased the amount of SAF piping; Improved 
the operational control of each RO train; Installed a spare train to achieve the contractual 
online availability. 
Another point from Sydney’s experience is advance preparation.  Get the public engaged 
and understand their concerns proactively.  Sydney Water held Q&A sessions with the 
public, conducted workshops, and set up a hot line for stakeholders to call with any 
concerns.  This is applicable not only to water quality and integration issues, but all aspects 
of SWRO plant development. 
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Metropolitan Water District of Southern California 

Assessment of Existing Seawater Desalination System Integration Practices 

Survey Questionnaire 

ASHKELON (ISRAEL) 

 

CONTACTS 

Mr. Paul Choules 

VP Desalination 

Veolia Water Solutions & Technologies, Americas 

(281) 227-9050  (voice) 

(281) 687-7651  (cell) 

paul.choules@veoliawater.com 

 
Mr. Olivier Caumartin 
EVP 
Veolia Water Solutions & Technologies, Major Projects Group 
+33 1 4511 5555 
Olivier.caumartin@veoliwater.com 

 

1. Distribution system information 
 

1.1. Population served 
The Ashkelon desalination facility pumps into the country wide distribution system. The 
facility is located in the south of Israel.  

 
1.2. Basic governance (i.e., elected / appointed Board, municipal government, etc.)  
The project was awarded by the Water Desalination Administration (WDA) which is an 
Israeli government entity.   

 
1.3. Driver for implementing seawater desalination 
The drivers were: Drought conditions; Limited availability of natural resources due to 
climate factors; Increase in demand of water due to population growth and economic 
development – an increase of 60% more water is projected by 2020; Saline ingress into 
existing water resources             

 

1.4. Size of geographic area served 
The desalinated water produced goes into the country wide distribution system. It serves 
mainly the south of Ashkelon region. 

 

mailto:paul.choules@veoliawater.com
mailto:Olivier.caumartin@veoliwater.com
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1.5. General map of distribution system with seawater desalination pipeline 
No map available, but a photo of the plant is attached. As shown the desalination plant 
pumps into a local tank and from there the water is pumped into the country wide 
distribution system. 

 
1.6. System deliveries:  

 
1.6.1. Average annual deliveries 
The average annual capacity is 100 – 108 million cubic meters per year (26,420,000,000 
gallons/ 81,800 acre-feet a year). The plant has been increased to 120,000,000 m3/year. 

 

1.6.2. Description of potable water supply sources 
The potable water supply in Israel is a combination of water surface water and 
desalination (brackish water and seawater desalination).  

 

1.6.3. Percent of total supplies represented by desalinated seawater 
At the time the system became operational it produced as much as 15% of the total 
water in the country. This ratio is increasing with the start up of new production 
capacity.  The target is 800 million cubic meters per year by the end of 2016. 

 

1.6.4. Type(s) of customers that receive the water (e.g., residential, industrial, 
 agricultural, etc.) 

As the water goes into the country wide distribution system, residential, industrial, 
commercial and agricultural customers all use the water.   
 

1.7. Basic operations before desalinated supply added 
 

1.7.1. Water quality parameters and concerns prior to desalination 
The main concern was the boron levels in the water produced due to agricultural use 
and water reuse for irrigation purposes. At the beginning of the project ground water 
recharge was also considered as a water usage.  
 

1.7.2. Disinfection: type of primary and secondary disinfection, and target levels, 
Sodium hypochlorite injection the target at the outlet of the plant is between 0.2 – 0.5 
ppm residual chlorine. 
 

1.8. Changes to system operations due to seawater desalination 
Not answered 
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2. Desalination Project Facilities 

2.1. Current/planned capacity 
 

2.1.1. Basis of project sizing 
The original capacity was 320,000 m3/day (84.5 mgd) pushed to 340,000 m3/day 
(89.8 mgd) at the start up. The annual production has been increase from 100 million 
per year to 108 and now 120 due to modification and better operation. 

 
2.1.2. Plant staging / capacity expansion (e.g., upsized pipelines, pads and stub-ups for 

 additional RO skids, etc.) 
The facility was designed to have the capacity expanded. This included upsizing the 
intake system, the pre-treatment system and additional membrane rack space. After 
four (4) years of operation (2009) the plant capacity was increased by 41,000 m3/day 
(10.8 MGD/ 33.2 acre feet/day) to produce 371,000 m3/day (98 MGD/ 300 acre 
feet/year). The plant is now operating at 120,000,000 m3/yr.  

 
2.2. Basic treatment process 

 
2.2.1. Pretreatment 
Raw seawater is sent to the pre-treatment stage through two separate lines, each one 
feeding twenty (20) dual media gravity filters. Chemicals are added and mixed through 
static mixers before the filtration stage. The use of ferric sulfate as coagulant, and 
sulfuric acid as pH adjustment, facilitates obtaining a good SDI reduction through the 
pre-treatment step. Additional chemical injection equipment (shock chlorination & 
polymer) are installed in case of necessity due to seawater deterioration. The chemical 
treatment systems are designed for a real-time flow rate adjustment and adequate 
redundancy has been provided to ensure the availability of the system. Filtration is 
performed through gravity filters containing quartz sand and anthracite media. The 
filtration rate is 8 m/hr. The combination of this low velocity, the long retention time a 
distribution and collection under drain system designed to avoid preferential channel 
formation, allow to achieve a high filtration efficiency. Even with storm turbidity levels, 
the filtrated seawater is perfectly suitable for the next steps. The filters are 
automatically backwashed every two days.  A set of 20 micron cartridge micron filters 
forms a second filtration stage as a final safety barrier before the RO membranes.            

 
2.2.2. RO process configuration  
The desalination facility consists of a four passes system. This unusual design has been 
imposed by the requested permeate water quality (Chloride less than 20 ppm and 
Boron less than 0.4 ppm) and the membranes performances in respect to boron 
removal at the time of the project. 
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The first pass is a conventional seawater RO system. It is operated with a recovery 

around 45%. A part of permeate is collected from the feed side (front permeate) of the 

pressure vessels. This part has a lower concentration of salts (Boron) than the whole 

permeate, and can be mixed directly with the permeate water of the other stages. 

 

The Rear permeate from the first pass feeds the second pass which operates at a high 

pH (on the 2 first stages) to increase the Boron reject by the membranes. This pass is 

operated at 85% recovery. The permeate of this stage is part of the final product. 

Permeate is produced by each membrane element in the pressure vessel, and the 

concentrate from each element becomes the feed for the next element in succession.  

Thus, the feed water quality to each element is progressively more concentrated.  

Because the membrane reject a percentage of TDS, the permeate from the first (i.e., the 

front) element is somewhat better than that from the last (i.e., the rear). 

 

The brine of the 2 first stages is sent as feed to the third and 4th stage after the pH has 

been lowered those stages acts as softeners of the second pass brine. This pass is 

operated at 85% recovery and under low pH. Due to acidified environment, there is no 

fear of scaling on the membrane surface, even at high recovery and high brine 

concentration. But at low pH, Boron rejection is very low and Boron partly remains with 

the third pass permeate. Therefore this permeate cannot be considered as product 

water and must be treated through a Third pass 

 

The third pass operated at 90% recovery and high pH completes the Boron removal of 

the second pass brine. Thus treated, the third pass permeate is suitable to be mixed 

with the final product. 
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A “standard” two passes scheme with the second pass brine directed to the feed of the 

first pass was not acceptable due to the too high Boron concentration in this brine at 

the time of the project and the membranes performances. Different alternatives were 

studied during the design stage, among which the discharge of the brine to the drain, or 

the use of Boron selective ion-exchangers.  Water cost was the key parameter to 

determine the optimum process and design.  The desalination facility consists of thirty 

two RO trains for the first pass, for the 2nd Pass six First stage, 2nd Stage, 2 “rd stage, 2 

4th stage, two trains for the third pass.  It makes use of 25,600 membranes of seawater 

type and 15,100 membranes of brackish water type. DOW Filmtec membranes have 

been selected for the RO operation. 

 

A PFD of the plant is provided at the end of the survey. 

 

2.2.3. Boron management strategy 
As described above. 

 
2.2.4. Post-treatment 
While the final water quality in terms of Boron and chloride levels is achieved after the 
multiple pass RO system, post-treatment and lime is used to re-mineralize the product 
water before distribution in the national water system. This re-mineralization and 
adjustment of alkalinity, hardness, and pH are necessary to cope with the drinking water 
quality standards and to prevent any corrosion effects in the distribution network.     

 
2.2.5. Primary disinfection (chemical(s), dose(s), etc.) 
Chlorine at a dose between 0.2 and 0.5 ppm 
 
2.2.6. Residual disinfection (chemicals(s), dose(s) applied, target doses in the 

 distribution system, etc.),  
Chlorination along the network is performed by the network operator as required. 

 
2.3. Current/planned desalination project operations 

 
2.3.1. Base-loaded or peaking 
Base-load however production during winter can’t be higher than 85% of the summer 
production. Daily and monthly target are set at the beginning of the year. 

 
2.3.2. Frequency / schedule of plant in-service time 
The system is designed with 2 x 50% trains so one can be taken off line for maintenance. 
Most of the maintenance is schedule during winter time. 
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2.3.3. Basic water quality parameters 
 

2.3.3.1. Goals for key parameters (e.g., B, Br, Cl, Na, TDS, Alk, pH, LSI, CCPP, etc.), 
Guaranteed desalinated water quality: < 40 ppm TDS (before remineralisation), 
chloride < 20 ppm, boron < 0.4 ppm, turbidity (after post-treatment) < 0.5 NTU, 
Langelier Index – 0 – 0.5.  

 
2.3.3.2. Point of compliance for key water quality parameters  
At the outlet of the plant before the water reaches the client pumping station. 

 
2.3.3.3. Regulatory context / compliance framework (e.g., country-specific; state- 

 or region-specific; World Health Organization (WHO); etc.) 
Meets Israeli water standards and exceeds WHO drinking water standards. 

  
2.3.3.4. Areas of concern 
Not answered 
 

2.3.3.5. Method(s) of mitigating concerns 
Not answered 
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3. Integration of desalinated seawater into the existing distribution system 

3.1. Pipeline / conveyance 
The product water is pumped to an adjacent tank from where the client distributes water to 
the national grid. 

 
3.1.1. Length, capacity, cost, pipe material, urban/rural alignment 
NA 

 
3.1.2. Elevation or pressure head to overcome at the point of injection of desalinated 

 water into the existing distribution system 
NA 
 

3.1.3. Onsite/offsite storage 
A storage tank adjacent to the facility was provided within our scope; however due to its 
size (3,000 m3) it’s only used as buffer tank.  
 

3.1.4. Major issues to overcome with new conveyance/distribution system 
Client was having concerns on the operation of the pipe national grid. The water was 
pumps in the north of the country to feed the south and there were concerns about the 
water quality as the pipe could be working in the other direction. Corrosion was also a 
major concern, during start-up client required the LSI to be positive with not more than 
one occurrence between 0 and 0.2. But no issues have been reported so far by the client. 
 

3.2. Integration point(s) 
 

3.2.1. Regional vs. local system integration and rationale 
NA 
 

3.2.2. Operational integration of desalinated seawater 
NA   

 
3.3. Blending 

 
3.3.1. Location of blending desalinated seawater into the existing distribution system,  
At the local storage tank. 

 
3.3.2. Method of blending desalinated seawater into the existing distribution system  

 (e.g. blend in pipe, in reservoir, etc.) 
 Not in our scope but direct into the National grid. 
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3.3.3. Blending conducted before or after introducing desalinated seawater into the 
 distribution system? 

Not answered 
 

3.3.4. Supplies used to blend with desalinated seawater 
Throughout the National grid.  
 

3.3.5.  Blending to meet water quality goals (if applicable) 
 Israeli water standards. 

 
3.3.6. Percent blend goal (if applicable) and any changes to the goal over time 
NA 
 

3.4. Monitoring 
 

3.4.1. Method of post-blend water quality monitoring 
By the client 

 

3.4.2. Any unexpected results 
NA 
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4. Key factors in choosing the integration approach 
 
4.1. Integration concerns that required attention going into the construction of the project 
The facility was constructed next to an existing power plant. The discharge was combined. 
The intake is separate. 

 
4.2.  Water quality studies that were performed 
Minimal and also minimal piloting prior and during construction. 
 

4.3. Water quality factors (if any) that influenced the methodology on where and how to 
integrate desalinated seawater into the existing distribution system  
(e.g., blending, water quality parameters [e.g., B, Br, disinfection by-products, etc.], 
corrosion, residual decay, temperature, etc.) 

The client provided the site and was responsible for the distribution. 
 

4.4. Operational factors 
 

4.4.1. Project size 
The facility was designed to have the capacity expanded. This included upsizing the 
intake system, the pre-treatment system and additional membrane rack space. After 
four (4) years of operation (2009) the plant capacity was increased by 41,000 m3/day 
(10.8 MGD/ 33.2 acre feet/day) to produce 371,000 m3/day (98 MGD/ 300 acre 
feet/year). Increased to 120,000,000 m3/yr. 
 

4.4.2. System and hydraulic constraints 
None. The system was designed to be expanded. 

 
4.4.3. Demand constraints 
None. 

 
4.4.4. Storage requirements 
An onsite storage tank is included.  

 
4.4.5. Shutdowns 
Details are provided within 5.2 below. 

 

4.4.6. Minimum flows 
The plant is designed to have 2 x 50% capacity systems so one can be taken down for 
maintenance. Due to the capacity requirements the plant is designed to operate at over 
95% online availability. 
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4.4.7. Existing treatment plant flexibility 
NA. 

 
4.5. Flexibility considerations (e.g., bringing desalinated seawater to the head of the 

system improves overall reliability; etc.) 
Not answered 

 
4.6. Other considerations 

 
4.6.1. Cost 
As detailed in the table below. 

 

 

 

4.6.2. Downstream acceptance 
No feedback. 

 

4.6.3. Stranded treatment capacity, etc. 
None reported. 
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5. Integration issues experienced (if any, as applicable) 
 
5.1. Water Quality 
No issues reported. 

 

5.1.1. Taste & odor 
 

5.1.2. Customer complaints 
 

5.1.3. Corrosion 
 

5.1.4. Red or discolored water 
The red water issue previously reported in the media concerned iron salts in the brine 
outfall and was unrelated to the integration of desalinated seawater or the quality or 
water delivered to customers. 

 

5.1.5. Disinfection residual decay 
 

5.1.6. Blend chemistry 
 

5.2. Operations 
 

5.2.1. Shutdowns of seawater desalination plant 
We have been able to meet contractual water supply obligations since the plant was 
first started. 

 
5.2.1.1. Frequency, duration, and impacts 
Due to the contractual agreement and the design of the plant any downtime had to 
be scheduled well in advance. This was also relevant to routine maintenance and 
membrane cleaning. 

 
5.2.1.2. Economics or system reliability impact of outages 
There was more of an impact on when the plant could be shut down for 
maintenance as it had to coincide with the time of day as the power rate varies 
during the day. This means that shutdowns are generally done during peak times.     
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5.2.1.3. Effect of shutdowns on operations 
As above. 

 

5.2.1.4. Causes of shutdowns (e.g., cost, operational constraints, demands, water 
 quality, etc.) 

In the case of storm that would affect inlet water quality a percentage of the plant 
maybe shut down to allow the pre-treatment to manage the change.    

 

5.2.2. Decision process for choosing supplies during low demands or high supply 
As we are feeding into the grid this issue has not arisen. 
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6. Lessons learned 
 

6.1. Any identified integration issues that would be addressed another / different way now 
after having operational experience with seawater desalination 

The three center design (a common piping header connecting all the SWRO trains to the 
high pressure pumps and energy recovery devices) has its limitations due to the common 
header. If there is a leak on the header the complete system needs to be shutdown to make 
the repair;  
Even if compliant with the requirements (only on TSS) water discharge added red color to 
the mixing zone;  
Environmental regulation also required to avoid introduction of Phosphorus into the 
seawater by the brine reject. Antiscalant with low or no phosphorus has been tested but 
concerns with operation were observed. 
 
6.2. Any other lessons or advice 
Project has provided opportunity to test process train design philosophy at a scale 
comparable to Sydney, i.e. Stage 1 – 163 ML/d (43.1 mgd), Stage 1 and 2 – 326 ML/d 
(86.1 mgd). Knowledge base will include approximately twelve months of operations data at 
the commencement of bid phase for the SSDP. This also applies to use of DWEER energy 
recovery devices at this scale, and selection of other major mechanical equipment items 
and robustness of procurement strategies; Project provided lessons learned for optimising 
commissioning plan and procedures for a desalination plant of comparable size to the SSDP; 
Project suffered delays due to time taken to obtain necessary approvals – essential to gain 
owner support to obtain necessary stakeholder approvals ahead of construction critical 
path. Equipment and processes must reliably deliver high quality water at the target 
operating costs 
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Metropolitan Water District of Southern California 

Assessment of Existing Seawater Desalination System Integration Practices 

Survey Questionnaire 

FUJAIRAH 2 (UAE) 

 

CONTACTS 

Mr. Paul Choules 

VP Desalination 

Veolia Water Solutions & Technologies, Americas 

(281) 227-9050  (voice) 

(281) 687-7651  (cell) 

paul.choules@veoliawater.com 

 
Mr. Olivier Caumartin 
EVP 
Veolia Water Solutions & Technologies, Major Projects Group 
+33 1 4511 5555 
Olivier.caumartin@veoliwater.com 

 

1. Distribution system information 
 

1.1. Population served 
The water produced is pumped from the Emirate of Fujairah to the Emirate of Abu Dhabi 
where it joins the distribution network. 

 
1.2. Basic governance (i.e., elected / appointed Board, municipal government, etc.)  
The contracting entity is the Abu Dhabi Water & Electricity Authority (ADWEA) which is a 
government entity. The United Arab Emirates (UAE) is ruled his H.E. Sheikh Khalifa ben 
Zayed al Nayhan. Abu Dhabi and Fujairah are 2 of 7 emirates in the UAE. 

 
1.3. Driver for implementing seawater desalination 
This is part of ADWEA’s overall master plan. Desalinated water comprises of over 95% of the 
total water provided to the Emirate of Abu Dhabi.  

 
1.4. Size of geographic area served 
The water is pumped into the distribution network that feeds the whole of the Abu Dhabi 
emirate. 

 
 

mailto:paul.choules@veoliawater.com
mailto:Olivier.caumartin@veoliwater.com
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1.5. General map of distribution system with seawater desalination pipeline 
Not answered 

 
1.6. System deliveries 

 
1.6.1. Average annual deliveries 
The system provided is a hybrid design comprising of thermal and membrane 
desalination in conjunction with a power plant. This allows for flexibility during the 
summer months to get maximum power generation from the power plant. The hybrid 
facility produces 590,000 m3/day (156 MGD or 478 acre feet per day) at a guaranteed 
online availability of 95%. 30 MIGD (36 mgd) is produced by the RO plant. 

 

1.6.2. Description of potable water supply sources 
The vast majority of water in the Emirate of Abu Dhabi comes from desalinated water.  

 

1.6.3. Percent of total supplies represented by desalinated seawater 
In excess of 95%. 

 

1.6.4. Type(s) of customers that receive the water (e.g., residential, industrial, 
 agricultural, etc.) 

 As the water is put into the distribution network it is used by all consumers. 
 

1.7. Basic operations before desalinated supply added 
 

1.7.1. Water quality parameters and concerns prior to desalination 
The Emirate of Abu Dhabi has been using desalinated water for over 40 years. The major 
difference is that in the past the majority of the water came from distillation plants 
(thermal desalination) so the TDS of the water was quite low (around 100 ppm TDS, 
after re-mineralization). 
 

1.7.2. Disinfection: type of primary and secondary disinfection, and target levels,  
Sodium hypochlorite target 0.5ppm 
 

1.8. Changes to system operations due to seawater desalination 
There are no operational changes to the system as desalinated water has been in the 
system for over 30 years. 
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2. Desalination Project Facilities 
 
2.1. Current/planned capacity 
The total combined capacity is 156 MGD (590,000 m3/day) with the SWRO 136,000 
(36 MGD or 110 acre feet per day) and MED (thermal desalination) 455,000 m3/day 
(120 MGD or 370 acre feet per day). 

 
2.1.1. Basis of project sizing 
The plant capacity is based on the client’s master plan for the Emirate. 

 
2.1.2. Plant staging / capacity expansion (e.g., upsized pipelines, pads and stub-ups for 

 additional RO skids, etc.) 
 Limited expansion is expected. 

 
2.2. Basic treatment process 

 
2.2.1. Pretreatment  
(SWRO Only)  Screens at the intake, shock chlorination at the intake, acid, coagulant and 
polymer prior to the dissolved air floatation (DAF) system (primary use is to remove any 
oils and deal with algae blooms). This is followed by dual media filtration and cartridge 
filtration.  

 
2.2.2. RO process configuration 
1st and partial 2nd pass RO to deal with boron. 

 
2.2.3. Boron management strategy 
The product waters from the MED and SWRO are blended prior to the post-treatment 
system to achieve the water quality requirements. 

 
2.2.4. Post-treatment 
The combined MED & SWRO product waters are lime and CO2 prior to distribution. 

 

2.2.5. Primary disinfection (chemical(s), dose(s), etc.) 
Sodium hypochlorite 0.5 ppm 

 

2.2.6. Residual disinfection (chemicals(s), dose(s) applied, target doses in the 
 distribution system, etc.) 

The residual chlorine value is monitored throughout the overall system by the client. 
Seasonal adjustments are made to the dosing rates as and when required.  
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2.3. Current/planned desalination project operations 
 

2.3.1. Base-loaded or peaking 
Flexible operation based on the electrical load and the water demand. 

 
2.3.2. Frequency / schedule of plant in-service time 
The combined plant is designed to achieve an online availability of 95%.  

 
2.3.3. Basic water quality parameters 

 
2.3.3.1. Goals for key parameters (e.g., B, Br, Cl, Na, TDS, Alk, pH, LSI, CCPP, etc.), 
To meet the UAE drinking water requirements – see below. 
 

Description Unit Data 

Maximum content of TDS Ppm 160 revised to 200 

after new 

regulation 

Minimum content of TDS Ppm 80 revised to 100 

after new 

regulation 

Chloride 

Boron 

ppm 

ppm 

max. 100 

< 0.5 revised to 1 

with new 

regulation 

Increasing HCO3
- content by  mol/m³ target value 1.0  

permissible range      

0.8 to 1.5 

Increasing Ca++ content by mol/m³ target value 0.5  

permissible range      

0.4 to 0.7 

pH - permissible range  

7 to 9.2 

Maximum content of Residual Chlorine 

downstream remineralization 

Ppm 1 

[c(Cl-)+2c(S04
2-)] / c(HCO3) mol/mol < 2 

c(HCO3) / c(SO4) mol/mol > 2 

Saturation Index according to DIN 38404-10, - permissible range 
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Description Unit Data 

calculation mode 2. 0.0 to 0.5  

Turbidity (including suspended solids) NTU max. 4.0 

 
 

2.3.3.2. Point of compliance for key water quality parameters 
Before the client storage tanks. 

 
2.3.3.3. Regulatory context / compliance framework (e.g., country-specific; state- 

 or region-specific; World Health Organization (WHO); etc.) 
To meet the UAE drinking water requirements. 

  
2.3.3.4. Areas of concern 
No issues have been reported. 
 

2.3.3.5. Method(s) of mitigating concerns 
No concerns reported. 
 
 

3. Integration of desalinated seawater into the existing distribution system 
 
3.1. Pipeline / conveyance 

 
3.1.1. Length, capacity, cost, pipe material, urban/rural alignment 
The water from Fujairah 2 and the adjacent Fujairah 1 facilities are pumping into a 
storage tank farm near the facilities. From there the water is pumped over the 
mountains to the emirate of Abu Dhabi. This is done for strategic reasons as it gives Abu 
Dhabi an alternate source of water other than having to desalinate water from the 
Persian Gulf.    

 
3.1.2. Elevation or pressure head to overcome at the point of injection of desalinated 

 water into the existing distribution system 
Details of this are not available, but the tank farm is within 5 miles. From the tank farm 

the water is pumped hundreds of kilometers to Abu Dhabi.   

 

3.1.3. Onsite/offsite storage 
Offsite storage as the water from F1 & F2 are combined before being pumped to Abu 

Dhabi.  
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3.1.4. Major issues to overcome with new conveyance/distribution system 
A complete distribution network was developed so water could be pumped from 
Fujairah to Abu Dhabi. As mentioned above, this was done for strategic reasons. 

 
3.2. Integration point(s) 

 
3.2.1. Regional vs. local system integration and rationale 
The integration of F1 & F2 is local but the integration with other desalinated water is 

regional due to proximity. 

 

3.2.2. Operational integration of desalinated seawater  
No issues have been reported with integrating a blend of desalinated water into the 
distribution network. 
 

3.3. Blending 
 

3.3.1. Location of blending desalinated seawater into the existing distribution system 
Blending of F1 & F2 (both hybrid desalination facilities) are done nearby prior to being 
pumped to Abu Dhabi. 
 
3.3.2. Method of blending desalinated seawater into the existing distribution system  

 (e.g. blend in pipe, in reservoir, etc.) 
Blending is done in tanks and piping. 

 
3.3.3. Blending conducted before or after introducing desalinated seawater into the 

 distribution system? 
Blending of local plants (F1 & F2) is done before being pumped to where water is 

blended with desalinated water from Taweelah and other facilities. 

 

3.3.4. Supplies used to blend with desalinated seawater 
No specific supplies used. 

 

3.3.5.  Blending to meet water quality goals (if applicable) 
The water is blended to meet local water quality requirements.  
 

 
3.3.6. Percent blend goal (if applicable) and any changes to the goal over time,  
Varies depending on consumption and outages at other locations. 



Fujairah 2 Survey 

Appendix B – Fujairah 2: 7 of 10 
 

3.4. Monitoring 
 

3.4.1. Method of post-blend water quality monitoring 
The client monitors the water quality at various locations. Remotely with periodic grab 

sampling. 

 

3.4.2. Any unexpected results 
None reported. 
 
 

4. Key factors in choosing the integration approach 
 
4.1. Integration concerns that required attention going into the construction of the project 
None reported. 

 
4.2.  Water quality studies that were performed 
Existing plant already in operation next to the new plant. Experience of algae bloom and 
problems of operation during those events pushed the client to require for much stronger 
pre-treatment including 3 steps pre-treatment. As allowed by the tender documents 
Veolia’s offer was including only 2 steps pre-treatment (DAF + Filtration) therefore 6 month 
piloting to demonstrate the efficiency of the pre-treatment has been performed in parallel 
with design and construction. 
 

4.3. Water quality factors (if any) that influenced the methodology on where and how to 
integrate desalinated seawater into the existing distribution system  
(e.g., blending, water quality parameters [e.g., B, Br, disinfection by-products, etc.], 
corrosion, residual decay, temperature, etc.) 

As boron became an issue the standard was incorporated into the water quality 
requirements but as the plants were producing low TDS quality boron was not an issue. 

 

4.4. Operational factors 
 

4.4.1. Project size 
The hybrid facility produces 590,000 m3/day (156 MGD or 478 acre feet per day) at a 
guaranteed online availability of 95%.   

 
 

4.4.2. System and hydraulic constraints 
The plant was designed to allow for some flexibility and expansion. 

 



Fujairah 2 Survey 

Appendix B – Fujairah 2: 8 of 10 
 

 
4.4.3. Demand constraints 
Abu Dhabi water dispatch require for water production on a day by day basis. 

 
4.4.4. Storage requirements 
On site storage has been constructed but is operated by the client. 

 
4.4.5. Shutdowns  
The hybrid design allows for flexible operation during varying electrical demand. This is 
factored into the design. 

 

4.4.6. Minimum flows 
As the facility is modular in design, both the thermal and membrane plants, the overall 
facility can be taken down to about 10% capacity.  
 
4.4.7. Existing treatment plant flexibility 
Not applicable. 

 
4.5. Flexibility considerations (e.g., bringing desalinated seawater to the head of the 

system improves overall reliability; etc.)  
The hybrid design allows for local operational flexibility. Flexibility beyond that is 
determined by the utility when water from multiple facilities is stored and blended. 

 
4.6. Other considerations 

 
4.6.1. Cost 
For the hybrid system $805M. 
 
4.6.2. Downstream acceptance 
Good. 

 

4.6.3. Stranded treatment capacity, etc. 
N.A. 
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5. Integration issues experienced (if any, as applicable) 
 
5.1. Water Quality 

 

5.1.1. Taste & odor 
None reported. 

 

5.1.2. Customer complaints 
None reported. 
 

5.1.3. Corrosion 
None reported. 

 

5.1.4. Red or discolored water 
None reported. 

 

5.1.5. Disinfection residual decay 
None reported. 

 

5.1.6. Blend chemistry 
The water quality is monitored prior to distribution. If any of the constituents in the 
water exceed the limits set the water is dumped prior to it entering the distribution 
network.  
 
 

5.2. Operations 
 

5.2.1. Shutdowns of seawater desalination plant 
 

5.2.1.1. Frequency, duration, and impacts 
None since startup in 2010. 

 
5.2.1.2. Economics or system reliability impact of outages 
N.A. 

 

5.2.1.3. Effect of shutdowns on operations 
N.A. 
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5.2.1.4. Causes of shutdowns (e.g., cost, operational constraints, demands, water 
 quality, etc.) 

N.A. 
 

5.2.2. Decision process for choosing supplies during low demands or high supply 
The demand of which technology to operate is tied to the power demand. When the 
power demand is high the MED’s utilize the waste heat available. When the power 
demand is lower it is more economical to operate the SWRO system.  

 
6. Lessons learned 

 
6.1. Any identified integration issues that would be addressed another / different way now 

after having operational experience with seawater desalination 
None to consider at this time. 

 

6.2. Any other lessons or advice 
The key point is to integrate the lessons learnt from recently completed projects. The 
lessons learnt from Ashkelon, Sur, Gold Coast, Sydney and Fujairah 2 are incorporated into 
the plants we’re currently building in Aruba and Kuwait. Efficiency of the DAF (speedFlo) to 
operated on algae blooms. 
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Metropolitan Water District of Southern California 

Assessment of Existing Seawater Desalination System Integration Practices 

Survey Questionnaire 

SUR (OMAN) 

 

CONTACTS 

Mr. Paul Choules 

VP Desalination 

Veolia Water Solutions & Technologies, Americas 

(281) 227-9050  (voice) 

(281) 687-7651  (cell) 

paul.choules@veoliawater.com 

 
Mr. Olivier Caumartin 
EVP 
Veolia Water Solutions & Technologies, Major Projects Group 
+33 1 4511 5555 
Olivier.caumartin@veoliwater.com 

 

Mr. Sebastien Chauvin 

General Manager 

Azaliya Water 

 

 

1. Distribution system information 
 

1.1. Population served 
350,000 to 400,000 people in Sharqiyah region of Oman. 

 
1.2. Basic governance (i.e., elected / appointed Board, municipal government, etc.)  
Oman is a Sultanate or a kingdom. The contract was awarded by the Sultanate of Oman’s 
Ministry of National Economy.   

 
1.3. Driver for implementing seawater desalination 
The project is an expansion of an existing facility. 

 
1.4. Size of geographic area served 
See the attached site layout in 3D. 

mailto:paul.choules@veoliawater.com
mailto:Olivier.caumartin@veoliwater.com
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1.5. General map of distribution system with seawater desalination pipeline  
Not available 

 
1.6. System deliveries:  

 

1.6.1. Average annual deliveries 
The plant is designed for 80,200 m3/day (21 MGD or 62 acre feet per day). The plant 
capacity is being ramped up over time to meet the demand of the region. A distribution 
network is also being installed. 

 

1.6.2. Description of potable water supply sources 
Some areas in the region have access to well water otherwise everybody will be given 
access to the distribution system that come from the desalination facility. 

 

1.6.3. Percent of total supplies represented by desalinated seawater 
Over time over 90% of all people in the region will have access to desalinated water. 
All of the water (100%) distributed in this region of Oman now comes from the SWRO 
plant. 

 

1.6.4. Type(s) of customers that receive the water (e.g., residential, industrial, 
 agricultural, etc.) 

As the water is going into the distribution system everybody will receive the water. 
 

1.7. Basic operations before desalinated supply added 
 

1.7.1. Water quality parameters and concerns prior to desalination 
There has been desalination in the region for over 20 years. 
 

1.7.2. Disinfection: type of primary and secondary disinfection, and target levels,  
Sodium hypochlorite target 0.5 mg/l 
 

1.8. Changes to system operations due to seawater desalination 
None 
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2. Desalination Project Facilities 
 

2.1. Current/planned capacity 
The plant is designed for 80,200 m3/day (21 MGD or 62 acre feet per day). The plant capacity 
is being ramped up over time to meet the demand of the region. 

 
2.1.1. Basis of project sizing 
Based on the Ministry population projections. 

 
2.1.2. Plant staging / capacity expansion (e.g., upsized pipelines, pads and stub-ups for 

 additional RO skids, etc.) 
The total capacity is being phased in over a 2 year period. 

 
2.2. Basic treatment process 

 
2.2.1. Pretreatment 
Originally the plant was designed to operate with a series of beach wells and an open 
intake. During construction studies were carried out and it was found all the required 
seawater could come from wells. However, the banker’s engineers insisted that the 
infrastructure for an open intake and DAF system be constructed should the wells fail to 
produce. Currently all water is coming from beach wells and the water passes through 
media filters before going through cartridge filters.  

 
2.2.2. RO process configuration 
Partial double pass with 8 SWRO trains and 4 BWRO trains. 

 
2.2.3. Boron management strategy 
The partial second pass is included to guarantee the boron water quality requirements. 
The product water quality requirements are as follows: 

 

Hardness ≤ 100 mg CaCO3/l 

Sulphate ≤ 250 mg/l 

Magnesium ≤ 100 mg/l 

Sodium ≤ 150 mg/l 

Potassium ≤ 12 mg/l 

Chloride ≤ 250 mg/l 
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Nitrate ≤ 50 mg/l 

Boron ≤ 500 µg/l 

pH 6.5 ≤ pH ≤ 8.5 

TDS > 200mg/l 
≤ 500 mg/l 

 

2.2.4. Post-treatment 
4 limestone filters, each 72 m2. Lime depth 4 m, normal filtration velocity 6.2 m/h with a 
contact time of 40 mins. 

 

2.2.5. Primary disinfection (chemical(s), dose(s), etc.) 
Sodium hypochlorite 

 

2.2.6. Residual disinfection (chemicals(s), dose(s) applied, target doses in the 
 distribution system, etc.) 

0.5mg/L 
Free chlorine residual is monitored throughout the distribution system and adjusted in 
localized stations to maintain the target level. 

 
2.3. Current/planned desalination project operations 

 
2.3.1. Base-loaded or peaking 
According to demand (2 storage tanks on site) 

 
2.3.2. Frequency / schedule of plant in-service time 
Design include 94% availability guaranty 

 
2.3.3. Basic water quality parameters 

 
2.3.3.1. Goals for key parameters (e.g., B, Br, Cl, Na, TDS, Alk, pH, LSI, CCPP, etc.) , 
See details above in 2.2.3 

 
2.3.3.2. Point of compliance for key water quality parameters  
Outlet of the RO plant 

 
2.3.3.3. Regulatory context / compliance framework (e.g., country-specific; state- 

 or region-specific; World Health Organization (WHO); etc.) 
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The water produced has to meet the Omani drinking water standards. 
  

2.3.3.4. Areas of concern 
The lower limit of the TDS was a concern as the new membranes performed very 
well.   
This concern was due to the fact that the desalinated seawater was much lower in 
TDS than the local well supplies that it replaced.  Potential issues included aesthetics 
and corrosion; however, no issues have been reported. 
 

2.3.3.5. Method(s) of mitigating concerns 
Over remineralisation was at the beginning performed, than UF pretreatment as 
been implemented on a small water portion of the seawater to blend with RO water. 
Clarification: the system is not now blending seawater. 

 

 

3. Integration of desalinated seawater into the existing distribution system 
 
3.1. Pipeline / conveyance 

 
3.1.1. Length, capacity, cost, pipe material, urban/rural alignment 
The plant is installed about half way along a new 150 Kms pipeline. This distribution 

pipeline provides water to the communities in the region. This pipeline is then 

connected to the local distribution system in each of the communities. The pipeline is 

believed to be HDPE. 

Also, about 200 km of distribution system piping was added in conjunction with the new 

centralized SWRO plant, double the total length to about 400 km.  Since all of the water 

in the system now comes from the SWRO plant, all of the water flows in one direction. 

  
3.1.2. Elevation or pressure head to overcome at the point of injection of desalinated 

 water into the existing distribution system 
The water is stored and then pumped into the pressurized distribution pipeline. This is 

all at the same elevation as the plant. Beyond the site it is mountainous so the 

elevations vary.   

There are about 10 elevated storage tanks and about 11 pumping stations in the 

distribution system to facilitate the conveyance of desalinated water. 
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3.1.3. Onsite/offsite storage 
There is a 42.3 million gallon tank on the site. 

 

3.1.4. Major issues to overcome with new conveyance/distribution system 
There have been no reported issues. 

 

3.2. Integration point(s) 
 

3.2.1. Regional vs. local system integration and rationale 
The integration is done at each of the regional communities as the distribution network 

is new. In some cases the local community distribution network is also new. 

 

3.2.2. Operational integration of desalinated seawater   
By pumps from the large tank on site. 

 

3.3. Blending 
 

3.3.1. Location of blending desalinated seawater into the existing distribution system 
This is done at each of the regional communities. Some of the local distribution systems 

are new and some were existing. The existing distribution systems operated from a 

combination of well water and desalinated water. 

Clarification: Water from the desalination plant provides water the 160,000 m3 on-site 

storage tank.  From this point, a pumping station transfers water into the distribution 

system.  The water is now almost entirely comprised of desalinated seawater, but there 

are some local wells that are still connected to the system, if ever needed.  In this case, 

blending is done in the elevated storage tanks.  There are no special provisions to 

ensure blending / mixing and consistent water quality if the remaining wells ever need 

to be used. 

 

3.3.2. Method of blending desalinated seawater into the existing distribution system  
 (e.g. blend in pipe, in reservoir, etc.) 

Each community has a storage tank that is fed from the new distribution pipeline. Water 

is blended there, if there is any other source. 
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See above for additional clarification on this. 

 

3.3.3. Blending conducted before or after introducing desalinated seawater into the 
 distribution system? 

No. 

 

3.3.4. Supplies used to blend with desalinated seawater 
None. 

The system is fed entirely with desalinated seawater. 

 

3.3.5.  Blending to meet water quality goals (if applicable) 
Yes, to meet local Omani water quality requirements. 

Clarification: no blending is being conducted, as supplies are now 100% SWRO water. 

 
3.3.6. Percent blend goal (if applicable) and any changes to the goal over time 
No specific goal other than to reduce the amount of ground water used. 

 

3.4. Monitoring 
 

3.4.1. Method of post-blend water quality monitoring 
The client monitors the water at the plant before distribution and key points throughout 

the network. This is done remotely and with grab samples. 

 

3.4.2. Any unexpected results 
None reported. 

 

4. Key factors in choosing the integration approach 
 
4.1. Integration concerns that required attention going into the construction of the project 
None reported but it was not in the Veolia’s scope 
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4.2.  Water quality studies that were performed 
The client carried out studies but Veolia had no access to these reports. 

 

4.3. Water quality factors (if any) that influenced the methodology on where and how to 
integrate desalinated seawater into the existing distribution system  
(e.g., blending, water quality parameters [e.g., B, Br, disinfection by-products, etc.], 
corrosion, residual decay, temperature, etc.) 

None other than water produced had to meet Omani drinking water quality requirements.  

 

4.4. Operational factors 
 

4.4.1. Project size  
The capacity of the plant is 21 MGD. 

 
4.4.2. System and hydraulic constraints 
A new distribution system network was built. 

 
4.4.3. Demand constraints 
None that we are aware of. 

 
4.4.4. Storage requirements 
There is a 160,000 m3 (42.3 million gallons) of water storage at the site. 

 
4.4.5. Shutdowns 
Not answered 

 

4.4.6. Minimum flows 
Minimum operation flow is 12% of the full production capacity 

 

4.4.7. Existing treatment plant flexibility 
The treatment system is all new. 

 
4.5. Flexibility considerations (e.g., bringing desalinated seawater to the head of the 

system improves overall reliability; etc.) 
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To handle flexibility a 42 million gal tank was provided at the site. 

4.6. Other considerations 
 

4.6.1. Cost 
Approximately $180M. 

 
4.6.2. Downstream acceptance 
No issues reported. 

 

4.6.3. Stranded treatment capacity, etc. 
None reported. 
 

5. Integration issues experienced (if any, as applicable) 
It was indicated that there was general over integrating desalinated seawater into the existing 

conveyance and distribution system.  However, no significant issues were encountered as a 

result of the integration. 

 

5.1. Water Quality 
 

5.1.1. Taste & odor 
None reported. 

 

5.1.2. Customer complaints 
None reported. 

Customers are reported to be very satisfied with the water quality, given that it’s much 

better than the quality of water from the network of wells that the SWRO plant replaced. 

 

5.1.3. Corrosion 
None reported. 

It was reiterated that no corrosion issues have been reported due to matching the water 

quality of the desalinated seawater to that of the existing supply. 
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5.1.4. Red or discolored water 
None reported. 

 

5.1.5. Disinfection residual decay 
None reported. 

Free chlorine residual is monitored throughout the distribution system and adjusted in 
localized stations to maintain the target level.  As a result, no issues have been report. 

 

5.1.6. Blend chemistry 
No issues reported. 

 

5.2. Operations 
 

5.2.1. Shutdowns of seawater desalination plant 
 

5.2.1.1. Frequency, duration, and impacts 
The system has only recently come up to 100% capacity. To date there have been no 
shutdowns. The plant online availability is guaranteed at 94%. 

 
5.2.1.2. Economics or system reliability impact of outages 
The system was designed so a 94% online availability (monthly) could be achieved.  

 

5.2.1.3. Effect of shutdowns on operations 
The overall system design takes into consideration how to achieve the guaranteed 
online availability. This is based on experience of operating other similar plants 
around the world. 

 

5.2.1.4. Causes of shutdowns (e.g., cost, operational constraints, demands, water 
 quality, etc.) 

Not answered 

 

5.2.2. Decision process for choosing supplies during low demands or high supply 
Plant operation can be brought down to 12% of the full capacity storage also allow for 
some variation between the demand and the produced water  
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6. Lessons learned 
 

6.1. Any identified integration issues that would be addressed another / different way now 
after having operational experience with seawater desalination 

Experiences from Ashkelon, Gold Coast and other recent desalination projects were 
incorporated into this plant design. 
  

6.2. Any other lessons or advice 
Some key lessons learnt included: Piping alignment is critical and should not be 
underestimated. Specific procedures were incorporated which included having vendors 
come in and validate their systems and components; Don’t underestimate the impact of 
what beach wells can do to minimize the pre-treatment process. The lessons learnt from 
this project have been incorporated into the Aruba project we’re currently constructing; 
Preservation procedures have been reviewed after preservation issues. 
 
 We initiated a System Optimization after the plant passed its performance test. The results 
have been impressive and include: No membrane cleaning after 18 months ops; No 
membrane replacement; Cartridge filter replacement 6-8 months; Chemical consumption 
optimization; Power consumption optimization: Initial – 3.6 kWh/m3 or 13.6 kWh/1,000 gal; 
Now – 3.5 kWh/m3 or 13.2 kWh/1,000 gal  
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Metropolitan Water District of Southern California 

Assessment of Existing Seawater Desalination System Integration Practices 

Survey Questionnaire  

TUAS 1 (SINGAPORE) 

 

CONTACT 

Chee Hoe Woo 

Senior Manager – Water Quality and Technology Office 

Singapore Public Utilities Board 

+65 63262956 

Email: WOO_Chee_Hoe@pub.gov.sg  

 

Peter Baudish (SKM) 

Pbaudish@skm.com.au 

(P) +61 2 9928 2449 

 

Gordon Maxted (SKM) 

GMaxted@skmconsulting.com.sg 

(P) +65 6345 3055 

 

1. Distribution system information 
 

1.1. Population served 
4.5 Million 
The desalination plant has the capacity to meet about 10% of Singapore's total water 
demand. 

 
1.2. Basic governance (i.e., elected / appointed Board, municipal government, etc.) 
PUB is a statutory board under the Ministry of the Environment and Water Resources. It is 
the national water agency, managing Singapore’s water supply, water catchment and used 
water in an integrated way. The SingSpring desalination plant was developed under a 
design-build-own-operate arrangement in which PUB signed a 20-yr agreement to purchase 
desalinated water from SingSpring. 

 

1.3. Driver for implementing seawater desalination 
To reduce reliance on water supplied by Malaysia which is currently 1.06 GL/d (280 mgd); 
Desalination is a drought proof solution, not subjected to vagaries of weather 

mailto:WOO_Chee_Hoe@pub.gov.sg
mailto:Pbaudish@skm.com.au
mailto:GMaxted@skmconsulting.com.sg
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1.4. Size of geographic area served 
All of Singapore (desalination plant services Western Part of Singapore) 

 

 

1.5. General map of distribution system with seawater desalination pipeline 
Not Supplied (Proprietary) 

 
1.6. System deliveries:  

 

1.6.1. Average annual deliveries 
Approx 1.55 GL/day (410 mgd) (average Daily demand) 

1.6.2. Description of potable water supply sources  
Surface water from Malaysia and Singapore, desalinated water and high-grade 
reclaimed water (or NEWater) 
1.6.3. Percent of total supplies represented by desalinated seawater 
The current desal plant capacity can meet about 10% of Singapore's water demand. 
1.6.4. Type(s) of customers that receive the water (e.g., residential, industrial, 

 agricultural, etc.) 
All, as it is blended with normal potable water, but Industrial and agricultural users get 
recycled water at a cheaper rate. 

1.7. Basic operations before desalinated supply added  
 
 

1.7.1. Water quality parameters and concerns prior to desalination 
Not Applicable  (Proprietary) 
 
 
1.7.2. Disinfection: type of primary and secondary disinfection, and target levels  
Primary disinfection: Chlorination; Secondary (Residual) disinfection: Chloramination 
(Monochloramine) 
No chloramine residual decay has been observed, and in fact the residual in the PUB 
system is reported as being very stable.  It is suspected that bromide might not be a 
factor in contributing to residual decay for two reasons: 1) the full second pass of RO 
reduces bromide concentrations in the permeate to very low levels; and 2) desalinated 
seawater comprises at most 10% of supplies, diluting the impact of any bromide on 
chloramine residual decay. 
 

1.8. Changes to system operations due to seawater desalination 
Not Supplied (Proprietary) 
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2. Desalination Project Facilities 
 
2.1. Current/planned capacity 
136 ML/d (35.9 mgd) with plans (now under construction) for a further 318 ML/d (84 mgd) 
desalination plant on the same site. Giving a future total capacity of 455 ML/d (120.2 mgd) 

 

2.1.1. Basis of project sizing  
Not Answered  (Proprietary) 

 

2.1.2. Plant staging / capacity expansion (e.g., upsized pipelines, pads and stub-ups for 
 additional RO skids, etc.) 

No room for expansion at existing SingSpring plant. Additional 70 imgd (84 mgd) plant 
being developed on green field site next to SingSpring site; Production capacity is 
capped at 30 imgd (36 mgd). 

 

2.2. Basic treatment process 
 

2.2.1. Pretreatment 
30 imgd (36 mgd) plant: Coarse bar screen and travelling band screens, dissolved air 
flotation, gravity sand filters and cartridge filters;  
70 imgd (84 mgd) plant: Coarse bar screen and travelling band screens, auto strainer, 
ultrafiltration 

 

2.2.2. RO process configuration 
Two Pass RO (1st pass SWRO followed by 2nd pass LPRO) 

 

2.2.3. Boron management strategy 
Boron removal first at 1st pass SWRO, then adding caustic soda before 2nd pass LPRO to 
further remove boron at 2nd pass LPRO 
This is a full second pass.  The PUB suggests that this is may be a primary reason that it 
has not observed chloramine decay, as the bromide levels in the second pass permeate 
are very small. 

 

2.2.4. Post-treatment 
Carbon dioxide and lime for pH and LSI correction, chlorine for primary disinfection, 
chloramination for secondary (residual) disinfection and fluoridation for dental health. 
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2.3. Current/planned desalination project operations 
 

2.3.1. Base-loaded or peaking 
Base loaded 

 

2.3.2. Frequency / schedule of plant in-service time 
Every 30 days noting that Plant needs to be available for not less than 98% of the time; 
Daily plant output is based on daily dispatch notice given to desalination plant 

 

2.3.3. Basic water quality parameters 
 

2.3.3.1. Goals for key parameters (e.g., B, Br, Cl, Na, TDS, Alk, pH, LSI, CCPP, etc.) 
TCR : 0.8 -2ppm, FCR : 0.12ppm max, Turbidity : <3NTU, Fl : 0.4 - 0.7ppm, pH : 7-9, 

Conductivity : < 416 s/cm, temp : <40 C  
Other goals: 
B: 0.5 mg/L 
Br: There is no finished water goal for bromide. 
Cl: 100 mg/L 
Na: no standard 
LSI: >  -1 
Note that LSI is monitored for corrosion, but PUB is not aware of any corrosion 
concerns in its conveyance system.   
Also, LSI is measured in the desalinated seawater before blending with other 
supplies. 
 
2.3.3.2. Point of compliance for key water quality parameters 
Water quality monitoring is carried out at the product water delivery point after 
pumping station at the Desal Plant 
 
2.3.3.3. Regulatory context / compliance framework (e.g., country-specific; state- 

 or region-specific; World Health Organization (WHO); etc.) 
Country specific NEA code of practice but close to WHO guidelines 

 

2.3.3.4. Areas of concern  
No concern. Full compliance met  
 
2.3.3.5. Method(s) of mitigating concerns  
Not Applicable 
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3. Integration of desalinated seawater into the existing distribution system 
 
3.1. Pipeline / conveyance 

 
3.1.1. Length, capacity, cost, pipe material, urban/rural alignment 
The Desal plant has a pumping station which pumps the product water via a 12 km long 
1.8m diameter pipeline to a service reservoir. Pipe is made of steel with a concrete 
lining 
 
3.1.2. Elevation or pressure head to overcome at the point of injection of desalinated 

 water into the existing distribution system 
Pumping head is in the range of 60-70 meters 
 
3.1.3. Onsite/offsite storage 
On site storage (i.e. clear water storage tank) and off-site storage (i.e. elevated service 
reservoir)  
On-site tank capacity:  12,000 m3 
Off-site reservoir capacity: 91,000 m3 
 
3.1.4. Major issues to overcome with new conveyance/distribution system 
Not Applicable 
 

3.2. Integration point(s) 
 

3.2.1. Regional vs. local system integration and rationale  
Not Applicable 

Note that customers closer in proximity to the seawater desalination plant should get a 

higher proportion of desalinated seawater, but the difference is small.  No customer 

complaints have been identified as a result of this. 

 

3.2.2. Operational integration of desalinated seawater   
The desalinated water is fed into a service reservoir for mixing with treated water 
derived from surface water source before distribution. 
 

3.3. Blending 
 

3.3.1. Location of blending desalinated seawater into the existing distribution system 
Service Reservoir 
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3.3.2. Method of blending desalinated seawater into the existing distribution system  
 (e.g. blend in pipe, in reservoir, etc.) 

Blending in service reservoir 
The water quality at the inlets and outlets of the service reservoir are being monitored 
online to ensure mixing. 
3.3.3. Blending conducted before or after introducing desalinated seawater into the 

 distribution system? 
Before 
 
3.3.4. Supplies used to blend with desalinated seawater 
Conventionally treated water (from surface water source) 
 
3.3.5.  Blending to meet water quality goals (if applicable) 
Not Applicable 
Follow-up confirmed that blending is not used to meet water quality goals. 
 
3.3.6. Percent blend goal (if applicable) and any changes to the goal over time  
Not Applicable 
Singapore PUB confirms that there is no goal for blending.  The SWRO is essentially on-
line and producing at capacity continuously, and in these circumstances desalinated 
seawater represents about 10% of supplies.  Note that this percentage will change when 
the new Tuas 2 plant is constructed. 
 

3.4. Monitoring 
 

3.4.1. Method of post-blend water quality monitoring 
Water quality parameters monitored online through telemetry 
 
3.4.2. Any unexpected results 
Not Applicable 

 

 

4. Key factors in choosing the integration approach 
 
4.1. Integration concerns that required attention going into the construction of the project  
Not Answered 
Singapore PUB does not believe that water quality or operational concerns factored into the 
integration approach; however, this will be examined and they will follow-up if such a factor 
is identified. 
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4.2.  Water quality studies that were performed 
Not Answered 
 
 
4.3. Water quality factors (if any) that influenced the methodology on where and how to 

integrate desalinated seawater into the existing distribution system (e.g., blending, 
water quality parameters [e.g., B, Br, disinfection by-products, etc.], corrosion, 
residual decay, temperature, etc.)  

Singapore PUB indicates that no water issues were a factor in developing the integration 
and blending strategy. 
 
 
4.4. Operational factors 

 
 

4.4.1. Project size 
10 hectares of land, with 136,380 m3/day (36 mgd) capacity 
 
 
4.4.2. System and hydraulic constraints 
Surge vessel sized at desalination plant design capacity  

 

4.4.3. Demand constraints 
Not Answered 
 
 
4.4.4. Storage requirements 
12,000 m3 (2 hrs retention) at the Desal Plant 
 
 
4.4.5. Shutdowns 
100% capacity available all the time 
 
 
4.4.6. Minimum flows 
7 imgd (8.4 mgd) 
Minimum flow at the plant is achieved by three RO skids operating at 23% capacity. 
 
 
4.4.7. Existing treatment plant flexibility 
No room for further expansion 
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4.5. Flexibility considerations (e.g., bringing desalinated seawater to the head of the 
system improves overall reliability; etc.) 

Not applicable 
 
 
4.6. Other considerations 

 
 

4.6.1. Cost 
Built in 2006, S$200million 
 
 
4.6.2. Downstream acceptance 
Good 
 
 
4.6.3. Stranded treatment capacity, etc.  
Not Applicable 
 
 

5. Integration issues experienced  
(Not Applicable) 
Singapore PUB underscores that they have not had any customer complaints related to 
water quality associated with desalinated water, even from among those customers that 
may receive a more significant proportion of desalinated seawater. 
 
5.1. Water Quality 

 

5.1.1. Taste & odor 
 

5.1.2. Customer complaints 
 

5.1.3. Corrosion 
It is underscored that corrosion has not been a problem in the Singapore PUB 

conveyance system. 

5.1.4. Red or discolored water 
 

5.1.5. Disinfection residual decay 
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5.1.6. Blend chemistry 
 

5.2. Operations 
 

5.2.1. Shutdowns of seawater desalination plant 
 

5.2.1.1. Frequency, duration, and impacts 
 

5.2.1.2. Economics or system reliability impact of outages 
 

5.2.1.3. Effect of shutdowns on operations 
 

5.2.1.4. Causes of shutdowns (e.g., cost, operational constraints, demands, water 
 quality, etc.) 

 

5.2.2. Decision process for choosing supplies during low demands or high supply 
6. Lessons learned  

(Not Applicable) 
 

6.1. Any identified integration issues that would be addressed another / different way now 
after having operational experience with seawater desalination 

Singapore PUB does not know of any particular lessons learned relative to the integration of 

desalinated seawater.  However, since the EPC contractor from Tuas 1 was also awarded 

Tuas 2, it is thought that the experience from the first SWRO plant would help with the 

second.   

 

6.2. Any other lessons or advice 
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Metropolitan Water District of Southern California 

Assessment of Existing Seawater Desalination System Integration Practices 

Survey Questionnaire 

VALDELENTISCO (SPAIN)  

 

CONTACT 

Dr. Manuel Latorre 

Project Manager 

+971 50 297 05 80 

manlatcar@gmail.com 

 

1. Distribution system information 
 

1.1. Population served 
Populations served by MCT (Mancomunidad Canales Taibilla) is 2.5 million but the 

Valdelentisco plant inject water in an area of 400,000 habitants. 

1.2. Basic governance (i.e., elected / appointed Board, municipal government, etc.) 
Plant belongs to the Ministerio Medio Ambiente y Medio Rural y Marino of Spain’s 

Government 

1.3. Driver for implementing seawater desalination 
Plant was developed by Acsegura, today integrated in Acuamed, public companies of 

Spain’s Government. These public companies were established to carry out the Hydraulic 

Water Plan set by the Spanish government in 2000. 

1.4. Size of geographic area served 
Murcia Region in the southeast coast; See attached pdf 

1.5. General map of distribution system with seawater desalination pipeline 
See attached pdf 

1.6. System deliveries:  
MCT is the public authority that distributes water in the southeast of Spain, Murcia and part 

of Alicante provinces delivering 221 Hm3(2008) to municipalities and some public 

companies for drinking and industrial uses. 

(Note: “Hm3” is a cubic hectometer, or 1,000,000 m3.  Valdelentisco uses this as shorthand 

for million cubic meters per year.  Divide these numbers by 1.382 to get flows in MGD.)   

mailto:manlatcar@gmail.com
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1.6.1. Average annual deliveries 
Plant deliveries have been as follows: 

 

Year Produced 
water (Hm3) 

Maximum 
capacity (Hm3) 

Max 
production as 
per RO  
installed (Hm3) 

% production/ 
installed 
capacity 

2008 6.7 72 27 24.8 

2009 13 72 49.5 26.2 

2010 16 72 49.5 32.3 

 
 

1.6.2. Description of potable water supply sources  
Several consecutives scarcity periods during 90’s forced nation government to look for 

alternative resources to rivers (dark blue) and transfers (green), so as well supplies (red), 

sources of traditional deliveries. See the attached chart where the supply of desalination 

water (light blue) has been growing in the last years. 

 

 

1.6.3. Percent of total supplies represented by desalinated seawater 
The percentage moves between 35 and 45 % 

 

1.6.4. Type(s) of customers that receive the water (e.g., residential, industrial, 
 agricultural, etc.) 
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Valdelentisco SWRO plant is designed to supply 20 Hm3 for drinking and 52 Hm3 for 

irrigation in the future. At present 11 Hm3 are for drinking (through MCT) and 20 Hm3 

for irrigation. This distribution is flexible based on the demand of each use.  

 

1.7. Basic operations before desalinated supply added 
 
 

1.7.1. Water quality parameters and concerns prior to desalination 
No water quality concerns, just the scarcity of water to satisfy the demand. Boron topic 

was issued more politically than technical. 

 

1.7.2. Disinfection: type of primary and secondary disinfection, and target levels 
Disinfection is carried out in the MCT system with Hypochlorite in a dosage of 4.69 mg/L 

to maintain a residual of 1 mg/L in the distribution system piping.  There is no primary 

disinfection at the Valdelentisco plant.  The associated residual disinfection is applied at 

the MCT about 150m from the plant. 

 

1.8. Changes to system operations due to seawater desalination 
There have not been changes in the operations as the desalinated water is incorporated 

into the existing distribution network. The difference now is the distribution system is 

“reversible” in some areas, as before, all the water was distributed from a single direction 

due to the inland location of previous sources and now as the new source is located on the 

coast (Desalination) the overall system is more flexible. Previously the water can just be 

distributed from “north to south” and now can be distributed “south to north” as well. 

Desalination has provided more flexibility into the distribution system. 

 

2. Desalination Project Facilities 
 
2.1. Current/planned capacity 

 
2.1.1. Basis of project sizing 
Plant maximum capacity will be 72 Hm3 as civil works, intake, pre and post treatment, 

etc is already prepared for. The RO capacity already installed is by 2011 of 49.5 Hm3. 

Future RO expansion up to 22.5 Hm3 can be implemented according water demands. 
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2.1.2. Plant staging / capacity expansion (e.g., upsized pipelines, pads and stub-ups for 
 additional RO skids, etc.) 

 

Year Maximum 
capacity (Hm3) 

Max production as per RO  
installed (Hm3) 

2008 72 27 

2009 72 49.5 

2010 72 49.5 

 

2.2. Basic treatment process 
 

2.2.1. Pretreatment 
In the collection chamber and before the pumping units, the system uses two bar-

screens in order to avoid the entrance of solid material larger than 16 mm. 

 

The pressure filters each have a total surface area of 40 m2. The first filter stage has 60 

MMF, 10.5 m length with a diameter of 3.6 m, made from carbon steel, covered 

internally with 5 mm ebonite and sand and anthracite as filtration media. 

 

The fine filtration stage is formed by 20 cartridge filters with a 5 micron nominal 

selection, each fitted with 15 cartridges. The cartridge shells are made in carbon steel 

with internal layer of ebonite. 

 

Chemical pre-treatment is by the injection of Ferric Chloride as coagulant and 

antiscalant on continuous mode. Shock doses for chlorination and therefore SBS are 

injected once a month. 

 

Sodium hydroxide is used to increase the pH during summer to improve Boron rejection. 
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2.2.2. RO process configuration 
From the two 1,200 mm pipelines of filtered water, the high-pressure pumps draw in 

the water to push it to the reverse osmosis racks. The plant is equipped with 16 HPPs of 

1450 KW each, equipped with Pelton turbines as energy recovery devices. 

 

The high-pressure pumps each provide a flow of 1,030 m3/h at 66 bar, with a 

performance rate of 86%. The second stage uses 6600 m3/h pumps with a differential 

pressure of 11 bar and is fitted with a 315 kW motor with frequency driver. 

 

The racks are composed of 142 pressure vessels, set out in two stages and with a single 

pass, with 7 membranes per tube, therefore providing a total of 15,904 membranes for 

the entire plant. The first stage contains 85 pressurized tubes of 1000 psi while the 

second stage uses 57 tubes of 1200 psi. The recovery rate is 50%. 

 

Thus, the operating parameters were established in order to achieve a permeate with a 

Boron content inferior to 1 ppm in a single pass design. 

 

For the first 6 racks the installed membranes were SW30HRLE-400i manufactured by 

FILMTEC  (DOW) In the second expansion of the 5 additional racks the membranes 

installed were SWC4+MAX and SWC5 MAX from Hydranautics. 

 
2.2.3. Boron management strategy 
Initially during the tender phase the irrigation users asked for boron level lower than 0,5 

ppm. Once the bids were compared and they noticed than permeate water with boron 

lower than 0,5 ppm was 15 to 20 % more expensive than the one with level below 1 

ppm, they accepted as good water the last one. In this case the investment was also 

penalized by 20 % for the 0,5 ppm required equipments and installations. Following 

table shows different bids for 0,5 and 1 ppm options. 
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Table 2 

 

CAPEX 

(Euros) 

Boron level Difference 

 < 1 ppm < 0,5 ppm % Euros 

A         89,314,830          104,523,625  17%  15,208,795  

B         87,798,694           99,754,669  14%  11,955,975  

C         74,622,458           89,050,000  19%  14,427,542  

D         76,355,477           88,229,000  16%  11,873,523  

E         77,261,180           87,345,550  13%  10,084,370  

AVERAGE          81,070,528             93,780,569  16%  12,710,041  

 

An average increase of 16 % was reached for the tendered 43 Hm3 capacity plant. 

Considering the extension into 72 Hm3 production, the extra cost due to the 

implementation of the second pass to get a permeate with boron level lower than 0,5 

ppm was closed to 20 M Euros. 

 

The decision to select a single pass with Boron level below 1 ppm at pH 8, could carry 

out a non compliance with water quality requirement for 20 % of the time. Nevertheless 

some factors were considered to support such risky decision: Boron limit of 1 ppm. 

There was no clear statement regarding the health effect on humans so as the limit had 

been changing in the latest WHO revisions and a further new limit could be set. 

According latest proposed revision of WHO guidelines, the Boron limit will be 2,4 mg/l; 

pH adjustment through caustic addition between stages could increase the boron 

rejection if needed for high temperatures; membrane projections showed a higher 

Boron rejection than guaranteed by membrane manufacturer and a safety factor was 

used for calculations; Temperature distribution at site was percentil 90 % below 25°C 

and percentil 96 % below 26 °C, what means boron level are above 1 ppm  just 10 % of 

the time (1 month).  
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Regarding OPEX, the difference between 1 and 0,5 ppm boron levels was 7 cts Euro/m3, 

what means more than 125 M Euros for the plant life of 25 years. Therefore the 

difference in boron levels for the plant is 145 M Euros without considering any financing 

updating over the 25 years life time. 

 
2.2.4. Post-treatment 
In the plant, the remineralisation of permeate is only carried out through the addition of 

Calcium hydroxide and CO2. In this way the corrosiveness of permeate is corrected and 

the alkalinity and hardness are obtained equal to those of Calcium bicarbonate. 

The SAR level of the water intended for irrigation is also adjusted to a value less than 8 

in order to maintain the soil stability. 

 

2.2.5. Primary disinfection (chemical(s), dose(s), etc.) 
Shock doses for chlorination and therefore SBS are injected once a month. 

2.2.6. Residual disinfection (chemicals(s), dose(s) applied, target doses in the 
 distribution system, etc.) 

In the Valdelentisco installations, no disinfection procedures are carried out since this is 

done by the Mancomunidad de Canales del Taibilla (MCT) who is in charge of the 

drinking water supply in the area, through its close pumping installations.  (See also 

answers to 1.7.2)  The different sources (including river water, transfers, wells, and 

desalinated water) are chlorinated at different points – sometimes at the source 

location and sometimes at intermediate points. 

 
2.3. Current/planned desalination project operations 

 
2.3.1. Base-loaded or peaking 
Plant is in operation with 2 racks in winter (9 Hm3) and up to 8 racks in summer (36 

Hm3) based on demand. 

2.3.2. Frequency / schedule of plant in-service time 
Not answered 

 

2.3.3. Basic water quality parameters 
 

2.3.3.1. Goals for key parameters (e.g., B, Br, Cl, Na, TDS, Alk, pH, LSI, CCPP, etc.) 
Based on Spanish guidelines RD140/2003 
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2.3.3.2. Point of compliance for key water quality parameters 
Delivery of product water at desalination plant boundary. 

 
2.3.3.3. Regulatory context / compliance framework (e.g., country-specific; state- 

 or region-specific; World Health Organization (WHO); etc.) 
Based on Spanish guidelines RD140/2003 

 

2.3.3.4. Areas of concern 
Cost of desalinated water is the main concern. 

 

2.3.3.5. Method(s) of mitigating concerns 
Reduce the use of desalinated water if other sources are available based on annual 

rainfall and scarcity balance. 

 

3. Integration of desalinated seawater into the existing distribution system 
 
3.1. Pipeline / conveyance 

 
3.1.1. Length, capacity, cost, pipe material, urban/rural alignment 
Total length of different section of the distribution pipeline is 26.5 km. Total investment 

for the distribution system (except Intermediate tank Mazarron) was 38 M Euros. 
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3.1.2. Elevation or pressure head to overcome at the point of injection of desalinated 

 water into the existing distribution system 
 

 

 

 

 

 

 

 

 

 

 From +39 into + 219 m above sea level  

 
3.1.3. Onsite/offsite storage 
See above diagram 

 

3.1.4. Major issues to overcome with new conveyance/distribution system 
  Issues relate to permits (environmental) 

 

3.2. Integration point(s) 
 

3.2.1. Regional vs. local system integration and rationale 
The distribution system of MCT is not related with local systems that are Municipalities 
responsible for. Therefore no integration has been needed. MCT supply water to 
Municipalities and they distribute to the end users. 
 

3.2.2. Operational integration of desalinated seawater   
Not answered 
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3.3. Blending  
No applicable. Desalinated water is introduced into the existing system in a pipe without 

any specific blending. 

 
3.3.1. Location of blending desalinated seawater into the existing distribution system 

 
 

3.3.2. Method of blending desalinated seawater into the existing distribution system  
 (e.g. blend in pipe, in reservoir, etc.) 
 
 

3.3.3. Blending conducted before or after introducing desalinated seawater into the 
 distribution system? 

 

3.3.4. Supplies used to blend with desalinated seawater 
Traditional sources are two rivers : Taibilla (within the distribution area) and Tajo 

(trough a transfer of 400 km). In case of severe drought some emergency wells are also 

used. 

No specific blending is required due to quality issues. 

 

3.3.5.  Blending to meet water quality goals (if applicable) 
No specific blending is required due to quality issues. There is mixing with traditional 

sources just to reduce the cost of the m3. 

 
3.3.6. Percent blend goal (if applicable) and any changes to the goal over time 
Not applicable 

 

3.4. Monitoring 
 
 

3.4.1. Method of post-blend water quality monitoring 
Continuos readings of pH, temperature, conductivity and free chlorine are monitored. 

Daily analyisis are carried out for permeate quality at site lab. A third party laboratory 

performs permeate analysis every week. 
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3.4.2. Any unexpected results 
Boron was over the limit (< 1 ppm) in some analysis (0.3 % of the time) but was 

immediately corrected adjusting the pH.  

 

4. Key factors in choosing the integration approach 
 
4.1. Integration concerns that required attention going into the construction of the project 
Water quality parameters as LSI, RSI, pH in order to control the possible corrosive potential 

of the desalinated were the major concerns. 

 
4.2.  Water quality studies that were performed 
Water quality studies were carried out during two years for the seawater before the final 
design of the SWRO plant was implemented. No water studies regarding permeate quality 
as MCT had been operating some other desalination plants in their system. 
 
 
4.3. Water quality factors (if any) that influenced the methodology on where and how to 

integrate desalinated seawater into the existing distribution system  
(e.g., blending, water quality parameters [e.g., B, Br, disinfection by-products, etc.], 
corrosion, residual decay, temperature, etc.) 

Boron was an issue due to the reasons explained before. 
 

4.4. Operational factors 
Plant has been in operation since 2008 supplying water for irrigation and drinking with no 

main operations incidents except the typical maintenance problems. 

 
4.4.1. Project size 
See 2 and 3 above. 

 
4.4.2. System and hydraulic constraints 
There are no main constrains except typical maintenance ones. 

 

4.4.3. Demand constraints 
Demand depends on other sources water availability and therefore the plant production 
is linked to those sources of cheaper water.  
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4.4.4. Storage requirements  
See 3 above 

 
4.4.5. Shutdowns 
There have been shutdowns due to technical issues during the first 6 months of 

operations as a consequence of some minor design issues and setting the operation 

parameters. After the first year of operation the number of shutdowns has been 

reduced by 70 %. Actually the un-expected shutdowns are around 1-2 per month due to 

external reasons (power supply, raw water conditions. Etc) 

 

4.4.6. Minimum flows 
Minimum operation flow is the volume produced by one rack 12,360 m3/d 

 

4.4.7. Existing treatment plant flexibility 
See 2 above. 

 
4.5. Flexibility considerations (e.g., bringing desalinated seawater to the head of the 

system improves overall reliability; etc.) 
Not answered 

 
4.6. Other considerations 

 
4.6.1. Cost 
Cost of desalinated water included post treatment at level + 39 m is 50 ctsEuro per m3. 

 

4.6.2. Downstream acceptance 
No objections 

 

4.6.3. Stranded treatment capacity, etc.     
Not applicable   
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5. Integration issues experienced (if any, as applicable) 
 
5.1. Water Quality 

 

5.1.1. Taste & odor 
None 

5.1.2. Customer complaints 
None 

5.1.3. Corrosion 
Overcome due to alkalinity adjustment for permeate 

5.1.4. Red or discolored water 
None 

5.1.5. Disinfection residual decay 
None 

5.1.6. Blend chemistry 
None 

 

5.2. Operations 
 

5.2.1. Shutdowns of seawater desalination plant 
 

5.2.1.1. Frequency, duration, and impacts 
Unexpected shutdowns are mainly due to power supply failures and electrical or 

mechanical problems. Frequency is approximately 2 to 3 per rack per month. 

 

5.2.1.2. Economics or system reliability impact of outages 
There is no significant impacts of outages in the production as the shutdowns are of 

short duration (2-4 hours). 

 

5.2.1.3. Effect of shutdowns on operations 
Adjustments in the maintenance plan 

5.2.1.4. Causes of shutdowns (e.g., cost, operational constraints, demands, water 
 quality, etc.) 
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Planned shutdowns are based on water demand either from MCT or irrigation users. 

Not shutdowns due to quality or environmental issues (brine disposal limits 

exceeded) 

 

5.2.2. Decision process for choosing supplies during low demands or high supply 
Based on availability of other water sources as the cost of desalinated water is the most 

expensive of all the sources available in the area, either for irrigation or drinking 

purposes.  

 

6. Lessons learned 
 

6.1. Any identified integration issues that would be addressed another / different way now 
after having operational experience with seawater desalination 

Politically desalination has been criticized in Spain after withdraw of the law that address 

the Ebro River Transfer from the North to the South. The promotion of desalination as a 

solution by the actual government was strongly used for the opposition to discredit the 

technology instead of consider it as an alternative source for water supply, complementary 

to the existing ones as rivers, wells or transfers. 

 

This parties’ fight damaged the public perception of desalination and delayed the main 

projects carried out in Spain in the last years. 

 

Administrative procedures are so tedious and long that make obsolete the technology 

specified at the feasibility studies or even tender documents, forcing the developers and 

contractors to modify the projects and therefore the final budgets. 

 

6.2. Any other lessons or advice 
The four essential “legs” of any desalination plant are the intake, the brine disposal, the 

product delivery and the power supply. All considerations related to them must be analyzed 

prior to the tender of any desalination plant from the environmental and technical 

perspectives.   
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Purpose and Goal

Evaluate water utility practices for integrating large-scale 

seawater desalination plants into existing distribution systems

Purpose

 Bibliography of applicable references

 Survey of 10 major global seawater desalination plants

Project Components

Enable Metropolitan to proactively understand considerations 

associated with integrating desalinated seawater

Goal
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SUPPLEMENT 2 
 
 

Table 5-5 from Appendix 5 of the Poseidon/SDCWA water 
purchase agreement, as well as the specifications from 

Appendix 5 of the Carlsbad project water purchase agreement 























































































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SUPPLEMENT 3 
 
 

Appendix 2- Attachment 3 from the Monterey RFP by 
California American Water 



Request for Proposals for California American Water 
Monterey Peninsula Water Supply Project 

Desalination Infrastructure 

DRAFT 5/2/2013 
 

APPENDIX 2 – ATTACHMENT 3 
FINISHED WATER QUALITY REQUIREMENTS 

 

Finished water quality Performance Standards and Requirements that will be used 

as the basis of design and acceptance testing are shown in Table 2, for the 
pretreatment effluent (RO feed stream), the combined RO permeate and the 
Finished Water after stabilization for corrosion control and disinfection with chlorine. 

 

Table 1 – Treated Water Performance Standards and Requirements 

Parameter Units 

Pretreatment Effluent 
Combined RO 

Permeate 
Finished Water After 

Stabilization 
Maximum 
Average 
Concen-
tration 1 

Not to 
Exceed 
Concen-
tration2 

Maximum 
Average 
Concen-
tration 1 

Not to 
Exceed 
Concen-
tration 2 

Maximum 
Average 
Concen-
tration 1 

Not to 
Exceed 
Concen-
tration 2 

General and Inorganic 
Total Dissolved Solids 
(TDS) 

mg/L      500 

Turbidity NTU 0.15 1.0 3 0.1 0.5 0.15 0.5 

Silt Density Index (SDI) min 3 -1 4 3  4    

Boron mg/L   0.5 0.7 0.5 0.7 

Chloride mg/L   60 100 60 100 

Bromide mg/L   0.3 0.5 0.3 0.5 

Sodium mg/L   35 60 35 60 

Iron, total mg/L 0.05 0.07     

Manganese, total mg/L 0.02 0.05     

Product Water Stabilization 5  
Hardness, total mg/L as 

CaCO
6  

3 
   40 to 100 – 

pH pH units 6     7.7 to 8.7 – 

Alkalinity, total mg/L as 
CaCO

6  
3 

   40 to 100 – 

Langelier Saturation 
Index (LSI) 

– 
6 

    0 to 0.2 – 

Calcium Carbonate 
Precipitation Potential 
(CCPP) 

mg/L 

6 

    0 to 5 – 

 
Orthophosphate 

 
mg/L as 

PO

 

4 

   Set by 
CalAm 
within 

the range 
of 1.0 to 
3.5 mg/L 

 
3.5 

Disinfection and Disinfection Byproducts (DBPs)  
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Parameter Units 

Pretreatment Effluent 
Combined RO 

Permeate 
Finished Water After 

Stabilization 
Maximum 
Average 
Concen-
tration 1 

Not to 
Exceed 
Concen-
tration2 

Maximum 
Average 
Concen-
tration 1 

Not to 
Exceed 
Concen-
tration 2 

Maximum 
Average 
Concen-
tration 1 

Not to 
Exceed 
Concen-
tration 2 

 
Total Chlorine Residual 

 
mg/L as 
Cl

  

2 

      Set by 
CalAm 
within 
the range 
of 1.0 to 
3.5 mg/L 

 
3.5 mg/L 

Trihalomethanes, total 
(TTHM) 

µg/L 
7 

    40 64 

Haloacetic Acids, total of 
5 (HAA5) 

µg/L 
7 

    30 48 

Total Nitrosamines ng/L 7,8     5 8 

Bromate µg/L     5 8 

1 The average of the measured concentrations shall be below this limit at all times.  This footnote does not apply 
to (a) pretreatment effluent turbidity or SDI, or (b) finished water total hardness, pH, alkalinity, LSI or CCPP; 
separate footnotes apply to these parameters. 
2 No measurement shall exceed this value, at any time. 

3 Measured values must be less than the Target Limit 95% of the time. 

4 The maximum SDI limit applies unless more stringent requirements apply based on the SWRO membrane 
supplier warranty. 
5 The Owner will set the conditions for product water stabilization to minimize corrosion in the existing 
distribution system.  Conditions will likely not be set for all of these parameters concurrently. 

6 Finished water shall be within the target range at all times. 
7 TTHM, HAA5, and  total nitrosasmine concentrations shall be determined using the Simulated Distribution (SDS) 
test method in Standard Methods (Method 5710C).  Samples of the finished water where it enters the distribution 
system shall be collected, with no adjustment of chlorine residual or pH, and held at the temperature of the 
finished water at the time of collection (±2ºC) for a 48-hour holding time. 

8

 

 Total Nitrosamines includes the 6 nitrosamine compounds on the EPA’s UCMR2-List 2; NDEA, NDMA, NDBA, 
NDPA, NMEA and NPYR. 


	2-Supplement 2 - Appendix 5 (Minimum Performance Criteria and Performance Testing) (v 9).pdf
	1
	2
	3
	4




