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Elaine Hebard: Bruce is the head of the Water Resources Program at UNM, and he’s our 

sponsor today, which is why we get to use this nice facility. 

 

Bruce Thomson: Thank you for inviting me. I have no idea—I volunteered to do this, but I forgot 

what the topic was, so I decided to discuss some issues related to the quality of water we’re using 

and considering for future use. I will cover a couple of things relative to the search for new 

sources of water, and we’ll go through these as quick as we can. 

 

Introduction 
 

• Increasing demand for municipal & domestic water supply leads to 

consideration of alternative water sources including: 

• Non-potable applications 

• Wastewater reuse 

• Brackish & saline water sources 
 

• Presentation Objective: Consider alternative sources as source of supply 

• Quality 

• Treatment technologies 

• Environmental consequences 

• Tradeoffs 

 

The demand for supply is, as you know, quite prominent. I want to talk about three things: non-

potable reuse; brackish and saline water; and then last week, Ed asked if I had any comments 

about some water quality issues that might occur as the Albuquerque Bernalillo County Water 

Utility Authority switches from groundwater to surface water. 
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The Real Challenge – Population Growth 
(BBER, 2008) 

 
 

Non-Potable Water Applications 
 

• Non-potable water use is principally oriented towards cost savings.  Use of 

untreated water where low quality water is appropriate. 
 

• Advantages 

• Cost savings due to no/minimal treatment 

• Energy savings due to reduced pumping 

• Reduced environmental impact due to no residuals 

• Disadvantages 

• Separate storage & distribution system is required (purple pipe) 

 

When we talk about non-potable, we talk about reuse, and about wastewater whether it’s from a 

municipal or industrial source. The one comment I really want to talk about is, “Is water reuse 

truly conservation?” You know, people say, “We’re going to reuse our greywater, we’re going to 

reuse the wastewater from the sewage treatment plant, something like that.  

 

   North Albuquerque Non-Potable Reclamation Project 

 

 

• Combine un-treated river water & 

treated industrial wastewater for 

irrigation 

 

• Use for aquifer storage & recovery 

(ASR) 
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If you look at the top figure (a), this is pretty much what the Water Authority is planning. 

They’re going to withdraw about 100,000 acre-feet per year of water and about half of it will be 

returned to the river through the wastewater treatment plant.  The Authority receives return flow 

credits for the wastewater treatment plant discharge. Now, if we recycle some of that 

wastewater—let’s say we recycle 25% of that, or 25,000 acre-feet—that reduces our discharge 

(b). But consumptive use is still 50,000 acre-feet, so I contend that reuse is not a conservation 

mechanism. It certainly provides wet water and we need wet water in times of drought and things 

like that, but consumptive use is water that’s principally lost to evaporation. 

 

Wastewater Reuse 
 

• Regulated by NMED 

• Types of permitted wastewater reuse 

• Class 1A & 1B - Unrestricted public access - Irrigation of food crops 

• Class 2 - Restricted public access - Landscape & fodder crops irrigation 

• Class 3 - No public access - Fodder crops & silviculture irrigation 

• Wastewater Reuse that’s not permitted - Direct potable reuse 

• Indirect potable reuse - El Paso, Cloudcroft, etc. 

• Discharge to medium that provides “environmental buffer” 
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Southside Recycling Program 

 

• Recycle highly treated wastewater from 

Southside Water Reclamation Plant (SWRP) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Advantages/Challenges of Wastewater Reuse 
 

• Advantages 

• Treatment cost savings 

• Energy savings 

• It’s wet water - fairly reliable supply in times of drought 

• Recovers some nutrient value 
 

• Challenges 

• Requires dual storage & distribution system 

• Presents small health hazard 

 

Is Wastewater Reuse Conservation? 
 

• Reduces diversion but not community use 

• Household gray water reuse: 

• Will reduce bill 

• Doesn’t affect community use 

• Doesn’t affect pollution load at STP 

 

So we talk about household greywater reuse.  Yes, that’s going to reduce your household bill 

because your bill is based on the amount that goes through your meter, but it doesn’t affect 

community use and it doesn’t affect the pollution load to the wastewater treatment plant. It 

doesn’t affect the B.O.D., it doesn’t affect the solids load, it doesn’t affect the nitrogen that goes 

back to the sewage treatment plant. So that’s my point on conservation. Now if you’re on a 

private, unmetered domestic well, or something like that, things are a little bit different, but for a 

municipality like Albuquerque or Santa Fe or Rio Rancho, reuse is not really a conservation 

method. 
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Brackish/Saline Water Sources 

•  Salinity usually measured in Total Dissolved Solids (TDS) 

 

Let’s talk now about brackish and saline water. I’m kind of lumping them together—brackish is 

a TDS of 1,000 to 5,000. TDS is ‘total dissolved solids’. You take a liter of water and evaporate 

it to dryness and that’s the white scum at the bottom of the pot. In drinking water standards, 

‘secondary’ means it is recommended, it’s not a requirement. Distilled water has a TDS near 

zero; the Rio Grande at Albuquerque has a TDS of about 250 mg/L; as it crosses El Paso it’s 750 

to 1,000 mg/L, depending on the time of year. El Paso is drinking this water, and you notice it’s 

above the secondary standard because it’s a recommended standard. Seawater is 30-35,000, 

depending on where you are, and the Great Salt Lake is three to ten times greater than seawater, 

so this puts things in perspective. 
 

Saline Water Sources in NM 
(NM Brackish Water Assessment, 2004) 

      Local initiatives 

• Estancia Basin 

• Sandoval County 

 

When we talk about saline water sources, the kind 

of numbers people throw out without really being 

able to back it up is that something like 75% of the 

groundwater in the State of New Mexico is brackish 

or saline. So there’s a huge amount of water there. 

These are some of the big saline water sources: look 

west of town, or the Estancia Basin east of town, 

and there have been two local initiatives. There was 

a proposal about ten years ago, to take brackish 

water from the Estancia Basin, desalinate it, and 

pump it to Santa Fe. You know that old saying that 

water flows uphill to money… Now out in Sandoval 

County they’re talking about brackish and saline 
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sources west of Rio Rancho and other parts of Sandoval County… 

 

 

 

Estancia Basin 
(Johnson, 2004) 

• Proposed sale of water to Santa Fe 

 

 

 

 

 

   Why Saline/Brackish Water? 

 

• It’s wet water! 

• Produced water - 10 gals of water produced for 1 gal of oil 

• Large saline & brackish water resources 

• ~75% of NM ground water resources are brackish or saline 

• OSE has questionable authority over water that is: 

• TDS > 10,000 mg/L 

• Deeper than 2,500 ft 

• Politics! 

 

 …and the question is “why?” The reason is principally this: the Office of the State Engineer has 

questionable authority over water that is saline and that is deeper than 2,500 feet. So folks, look 

at who’s got the water? Well, the oil industry produces ten gallons of water for every gallon of 

oil, so there’s a lot, but where is it? That water could be used in Roswell, but who needs water 

down there? I’m being a little facetious, but the other thing with “produced water” is—you 

know, the life of an oil field or a particular well is ten, maybe fifteen years, and they’re in remote 

locations, so there’s a lot of complexity there. The large, saline/brackish groundwater from that 

map again, that’s very attractive when you talk about Estancia, or the western part of Sandoval 

County. There’s a lot of water there and it appears to be available and not subject to regulation 

by the New Mexico State Engineer. This is a very important and unresolved issue in New 

Mexico water politics. 

 

Technical & Environmental Issues with Desalination 
 

• 3 general approaches 

• Phase change - distillation etc. (44%) 

• Membrane processes - RO & EDR (56%) 
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• Ion Exchange 

• National Academies:  Desalination:  A National Perspective (http://books.nap.edu/) 

 

So we talk about desalination. There are three approaches: variations of the distillation process, 

such as flash distillation, or vapor compression, or similar processes; the membrane process—I 

think everybody’s somewhat familiar with reverse osmosis; and then, ion exchange, which is 

technically possible but prohibitively expensive for commercial desalination applications. The 

most common process is distillation or one of its variants. You can see here that blue line is 

distillation, and the red one is membranes. And this shows capacity. There’s a brand new book 

out titled “Desalination: A National Perspective” published by the National Academy of 

Sciences..  The point is that all this installed capacity, 90% of it is on the coasts, and that is 

hugely important when we talk about desalination, because desalinating seawater is really, really 

different from desalinating groundwater. We’ll hit on some of that in a minute. 

 

Reverse Osmosis 
 

• High pressure to overcome osmotic potential to force water to diffuse through semi-

permeable membrane 

• Removal of dissolved constituents depends on 

• Molecular weight (size) 

• Charge 

• Membrane type 

 

 

Pressure Reducing
Valve

Brine

RO Membrane

PFeed

Water
Pump



 8 

So here’s how reverse osmosis works. We’ve got a high-pressure pump. We’re talking about 

really high pressure; we’re talking about 1,000 psi, when the typically well pump might pump 

100 or 200 psi.. So these are big pumps and they use a lot of energy. And we’ll come back 

because water and energy are inextricably intertwined. We pump the water through this 

membrane. The membrane looks like cellophane, it looks just like cellophane, and then you wrap 

it up to give it some strength. So what we’ve got is high-pressure water over here, and it 

squeezes the water—it’s a diffusion process, not a filtration process—it squeezes, diffuses 

through the membrane, and there’s some terminology I want to emphasize: permeate is the clean 

water, almost the same quality as distilled water. It’s very high quality. And then we’ve got this 

brine, or sometimes it’s called the concentrate.  The brine or concentrate stream contains all of 

the dissolved constituents that were removed from the water.  They place these RO canisters in 

racks that are 20 feet long. Again, the pressures are somewhere around 1,000 psi. 

 

Sea Water Desalination vs. Inland Desalination 
 

• Water chemistry 

• Dissolved ions 

• Other constituents 

• Brine disposal 

 

This next couple of slides make the distinction between seawater desalination and inland 

desalination, and we’re talking about a couple of things that are important. First is water 

chemistry, and the second regards brine disposal. 

 

Water Chemistry 
(Howe, 2008) 

 

Here we’re talking about the water chemistry. On the left we’ve got seawater. Seawater 

chemistry is dominated by sodium and chloride ions. 90%, to 92% of the dissolved salts are 

sodium and chloride, and that is really important because salt, sodium and chloride, is really 

soluble. We can concentrate this stuff in the brine, no big deal. It’s not going to precipitate. So 

we go over here to the Tularosa Basin, where most of the dissolved salts are calcium sulfate, and 

calcium sulfate is not soluble. Calcium sulfate forms a precipitate and it clogs those membranes. 
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Carbonate, 10.9%  

Sulfate 

26.2% Magnesium, 9.2% 
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Sea Water - TDS = 35,000 mg/L 

Tularosa Basin - TDS = 2,860 mg/L 
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You go out west, and calcium and magnesium will do the same thing, and you’ve also got the 

carbonate, so almost half of the dissolved constituents are salts that will precipitate as they 

become concentrated in the brine. That makes the process much more complicated. In Sandoval 

County they’ve got calcium carbonate, they’ve got silica, and silica is even harder to deal with 

than calcium. Ah, did I mention arsenic? In the RO concentrate, arsenic doesn’t plug the 

membranes, but arsenic—you concentrate it by a factor of four or five, you put it out there in a 

pond and along comes a sandhill crane or a whooping crane that lands in there and dies and then 

what are you going to do? 

 

Rejection, Recovery & Brine Concentration 
 

•Rejection - Fraction of dissolved constituents removed 

•Recovery (R) - Fraction of feed water recovered as permeate 

•Home units recover 20-25% 

•Cloudcroft plans to recover 75% 

•Brine concentration - Salt concentration in permeate is approximately 

 

 

 

 

We talk about ‘rejection,’ which is the fraction of the dissolved constituents that are removed. 

We talk about 90% rejection, so if you take tap water with a TDS of 250 and 90% is rejected, 

what comes through has a TDS of 25, which is close to the quality of distilled water. We talk 

about ‘recovery.’ This is the fraction of the water that goes in that we recover as pure water. 

Anybody got one of those under-the-sink units? I’ve got them in my labs. They recover about 

25% of the feed water and wastes 75%. A commercial inland RO desalination plant may get 75% 

recovery. That means they’re going to waste 25%. So if Sandoval County desalinates 1,000 acre-

feet, 250 acre-feet is going to be wasted. There are some people who would like the Albuquerque 

Bernalillo County Water Utility Authority to use reverse osmosis to treat the water from the 

river. Can we waste 25% of our water? I don’t think so. And then the concentration goes up. So 

rejection, recovery and concentration—those are issues and terminology you need to be familiar 

with.   

 

Salt Concentration in Brine 

R1

C
C Feed
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−

=



 10

 

This figure shows how the dissolved solids concentration goes up as the recovery increases. So if 

we recover 75% of the feed water we’re increasing the dissolved constituents by a factor of four. 

So the arsenic concentration, or the vanadium concentration or the calcium sulfate concentration 

goes up by a factor of four. And we may be generating a toxic waste, depending on what our 

feed water chemistry is. 

 

Factors Limiting Recovery 
 (Howe, 2008) 
 

• Osmotic pressure 

• Applied pressure for water production must overcome osmotic pressure 

• Osmotic pressure increases as recovery increases 

• Solubility 

• Brackish water contains many ions 

• Cations: calcium, barium, strontium... 

• Anions: carbonate, fluoride, sulfate... 

• Ions become more concentrated as recovery increases 

• When solubility limit is reached, salts precipitate - CaCO3, CaSO4, SiO2 

 

So we worry about factors limiting recovery, and osmotic pressure. 

 

Solubility. We talked about solubility—the calcium carbonate and calcium sulfate, and silica. 

There are ways to control this, but (a) they add chemicals, (b) they’re expensive, and (c) they’re 

not 100% effective, particularly for silica. That’s a real problem. Then we talk about the 

concentration of toxicants. 

 

Energy Depends on Recovery 
(Howe, 2008) 

 
• A 5 MGD facility treating 2,000 mg/L TDS water to 85% recovery: 

• Feed pressure will be about 250 psi. 

• Power requirement for the feed pumps (85% eff) will be 12,600 kWh/day. 
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• Using Albuquerque’s electricity profile, CO2 emissions will be 15,800 lbs 

CO2/day. 

• A 60 MGD facility treating 10,000 TDS water to 75% recovery: 

• 500 psi; 340,000 kWh/day; 430,000 lbs CO2/day. 

 

We talk about energy, and this is a point that I don’t think has been discussed much. By the way, 

I give my colleague, Kerry Howe, credit for this slide, and the message I want to convey is, if 

we’re talking about 2,000 milligrams TDS, we’re talking about 15,000 or 16,000 pounds of CO2 

that goes into the atmosphere in order to do this. The carbon footprint of desalination is 

enormous. I don’t need to go into the details, but I want people to acknowledge, to recognize, 

that there are some consequences of doing desal. 

 

Brine Disposal 
 

• Disposal options (NAS, 2008) 

• Ocean discharge 

• Evaporation ponds 

• Deep well injection 
 

• Considerations for in-land disposal 

• Toxic constituents will be concentrated 

• Potential for salt recovery? 

• Geotechnical concerns associated with deep well injection 

 

Brine disposal… You know, on the coast, what do you do with the brine? Dump it back in the 

ocean! Environmental consequences? Pretty limited. What do you do with the brine and an 

inland desalination plant? Well, you know, we’ve got these toxicants; we’ve got some potential 

for salt recovery—there’s been some discussion about that, but the market for a mixed salt that 

contains calcium and magnesium and sodium and chloride is nonexistent. Also there are 

geotechnical concerns. They talk about deep well injection, which is what El Paso’s doing, but 

you know? They did deep well injection of hazardous waste up there near Denver and after a 

while they started having these little earthquakes. Hum... 
 

Other Important Considerations 
 

• Sustainability of brackish/saline water resources must be considered 

• Most brackish/saline ground waters are not recharged 

• Carbon foot print 

• Water quality 

• Low TDS water is not necessarily healthy 

• Corrosion of distribution system 

• Mobilization of toxic constituents from sediments 

 

Other considerations… I really want to talk about sustainability. You know these—with very few 

exceptions, salt brine groundwater formations are not sustainable. The issue is that we can pump 

saline today but in most locations it’s not being recharged.  Therefore we run the risk of allowing 

development to occur without considering what will occur in 10, 20 or 50 years when there is no 

more water to be found. I got e-mail from folks at Sandoval County earlier this week, and they 
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recognize this and I could not be more pleased. It is at best a temporary solution but is not 

sustainable and we must also recognize that the carbon footprint and the environmental impacts 

are large. 

 

Drinking Water Quality & Microconstituents 
 

• Microconstituents - Compounds present at trace levels (<< 1 mg/L). 

• SDWA establishes regulations for ~100 parameters 

• Merck Index lists 10,000 compounds.  ~300,000 compounds have been 

identified 

• Most microconstituents are not regulated 

• Microconstituents of recent public concern include 

• PPCPs - pharmaceuticals & personal care products 

• EDCs - endocrine disruptors, including hormones 

• Radionuclides 

 

Drinking water quality… We’ve got these micro-constituents… we don’t have them in the 

groundwater…let’s skip ahead. 

 

Presence of Microconstituents in the Environment 
 

• Ground water 

• Soil microorganisms are capable of degrading wide variety of organic 

constituents including most microconstituents 

• Recent paper in Science documented degradation of pharmaceuticals 

• Some organics more persistent than others (chlorinated compounds - solvents & 

pesticides) 

• Some (but few) detections of microconstituents in shallow ground water - most 

in unsewered communities 

• No known detections of microconstituents in WUA drinking water 

• Rio Grande 

• Numerous studies including those by UNM have found virtually no detectable 

levels of PPCPs or EDCs in river above SWRP 

• Limited detection of estrogenics (estradiol), caffeine, analgesics (Tylenol), & 

some pharmaceuticals below SWRP 

• Concentrations < 1 ug/L 

• No known occurrence of transuranics (U, Pu, Am) above background in river 

below Cochiti 

• Important - Drinking water is very small fraction of human dose of microconstituents 

 

Here’s the one I want to talk about. The Rio Grande… Numerous studies have not detected 

micro constituents above the diversion for the new Drinking Water Project. We’ve looked for 

pharmaceuticals, we’ve looked for endocrine disruptors, we’ve looked for radionuclides and 

have not detected them. Downstream they’re detectable but they’re in very low concentrations. 

The dose from drinking water is going to be much less than the dose you get from other sources. 

(For example, consider milk. Milk is just loaded with hormones.) 
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Removal of Microconstituents by Water Treatment Plant 

 

• ABC WUA water treatment plant has multiple 

processes that will remove microconstituents 

 

 

The new treatment plant is very robust. It will remove 

anything—well, I won’t say that. it will provide a very high 

degree of removal. We’ll leave it at that. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Take Home Messages 
 

• Search for sources of water to meet future supplies is VERY challenging 

• Brackish/saline sources appear attractive but have many problems 

• Desalination is very costly 

• Wastes > 25% of water 

• Energy intensive - Big carbon foot print 

• Many technical challenges due to fouling 

• Brine disposal is very tough 

• Almost certainly not a sustainable source of supply 

• Surface water quality in middle Rio Grande is very high 

• Few detectable microconstituents 

• Water treatment will provide high degree of removal of all drinking water contaminants 

including microconstituents 

• Must recognize that all environmental decisions involve trade-offs 

• Corollary - No such thing as zero risk 

 

These are my take-home messages, okay? Lots of challenges. Brackish and saline sources are 

expensive, waste a lot of water, and there are a lot of environmental consequences. 

 

Surface water is of very high quality, has few detectible micro constituents and the water 

treatment will provide a high degree of removal. 

 

And my last point is that all environmental decisions involve tradeoffs, and we can’t expect there 

to be zero risk.  


