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BACKGROUND AND SUMMARY 
 
On December 24, 1975, EPA issued the National Interim Primary Drinking Water 

Regulations. This established a maximum contaminant level (MCL) for arsenic at 

5 ppb (parts per billion).  Arsenic was designated as a priority for regulation under 

the Safe Drinking Water Act (SDWA) Amendments of 1986, and a decade later, 

under the SDWA Amendments of 1996, Congress required EPA to develop a 

revised arsenic regulation by January 2001.  This revised MCL is now 10 ppb 

mandating that the current water distribution system has to comply by January, 

2006. 

 

The purpose of this report is to portray the ability of arsenic removal technologies 

to properly treat the University of Oklahoma’s water wells on the North Campus 

located at the Max Westheimer Airport and to investigate and estimate the costs 

for treatment technologies that can be used by the University of Oklahoma to 

meet EPA regulatory standards.  At this time, the University of Oklahomas’ water 

wells have an average of 48 ppb of arsenic concentration. 

 

Our group has been exploring different treatment options (including water 

purchase) to remedy the University of Oklahoma’s arsenic groundwater problem.  

We have examined background information on sources of arsenic in OU’s water, 

compliance options, initial design analyses, and cost estimates for several 

different treatment processes and configurations.  For water treatment, our team 

studied Ion Exchange, Reverse Osmosis, Microfiltration, Nanofiltration, and 

Ultrafiltration.  Of these treatment options, we found that ion exchange and 

reverse osmosis were able to treat the north campus water (where the arsenic well 

water problems are) effectively at the lowest cost to OU.  Our group designed 



treatment systems using these processes and found that ion exchange was 

significantly cheaper than reverse osmosis. 

 

We have found that the proper course of action and the costs for these courses of 

action depend heavily on the current demand for potable water (see Figure 1 to 

read off costs at different water demands).  We have found that 50:50 blending of 

purchased water from OKC with water from south campus wells 2, 10, and 11 

(found to be 2 ppb in arsenic and 340 mg/L in hardness) is the cheapest solution 

to the water problem with a current consumption of less than 1.25 million gallons 

per day (MGPD).  Blending is needed to reduce the hardness of the south campus 

water to an acceptable level.  Above 1.25 MGPD, the north campus wells should 

be treated with an ion exchange plant to produce the cheapest water.  With either 

of these treatment options, the arsenic and hardness levels in OU’s potable water 

supply would be 5 ppb and 200 mg/L respectively.  Both of these levels are safely 

within regulatory limits. 
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Figure 1:  Net Present Cost of Ion Exchange and Water Purchase with 50:50 Blending with the 
South Campus Wells as a Function of Current Potable Water Demand.  The lines cross at 1.25 
MGPD. 
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WATER TREATMENT 
There are several options for treating arsenic in OU’s water.  These include 

microfiltration, nanofiltration, ultrafiltration, reverse osmosis, and ion exchange.  

Also, water may be purchased from Oklahoma City to avoid having to treat the 

water altogether. 

 

Microfiltration (MF) is a low-pressure process that primarily removes particles 

with a molecular weight above 50,000 or a particle size greater than 0.05 

micrometers by screening the water through a semipermeable, porous membrane. 

The pore size of microfiltration membranes however is too large to effectively 

remove dissolved arsenic species, but microfiltration can remove particulates 

containing arsenic and solids produced by precipitation/coprecipitation processes. 

 

Nanofiltration (NF) membranes are capable of removing significant portions of 

the dissolved arsenic compounds in natural waters due to their small pore size. NF 

will primarily remove divalent ions (e.g., Ca, Mg), but not monovalent salts (e.g., 

Na, Cl). Through size exclusion, NF can remove both dissolved As(V) and 

As(III). This makes NF a reliable arsenic removal process for groundwater which 

contains up to 90% dissolved arsenic (AWWARF, 1998).   The small pore size, 

however, makes NF membranes extremely prone to fouling.  NF membranes are 

also very expensive.  Thus, NF is not considered to be a viable option for OU. 

 

Ultrafiltration (UF) processes are generally capable of removing some colloidal 

and particulate constituents.  Thus by binding the arsenic present in water with a 

polyelectrolyte polymer, UF can effectively screen out virtually all arsenic present 

in OU’s water.  The polymer is then recovered from the membrane’s reject stream 

and recycled back to the UF process.  The polymer needed to do this however is 

extremely expensive and enough of it is lost in the waste stream to make UF 

economically unattractive. 
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Reverse Osmosis (RO) is very effective at removing all dissolved forms of arsenic 

from water.  In RO, pressurized water is passed through a semipermeable 

membrane which separates high arsenic content water with lower arsenic content 

water.  The water is forced from the high content water to the lower content water 

in a manner exactly opposite to osmosis.   

 

Ion Exchange (IX) is effective at removing the ionic form (arsenic(V)) from 

water.  A pretreatment of NaOCl is required to converse all dissolved arsenic into 

arsenic(V).  In ion exchange, the treatment water is passed through a bed packed 

with anion exchange resin which exchanges arsenate ions for chloride ions.  

When the resin bed is filled with arsenate, it is regenerated using concentrated 

brine.   

 

Water purchase (WP) avoids the need for treating water altogether.  With this 

option, OU buys its water from Oklahoma City at $1.03 per thousand gallons 

(including a city of Norman $0.05/1000 gal. transmission fee). 

 

Our group found that the options with the most practical and economic potential 

were reverse osmosis, ion exchange, and water purchase.  Our group then 

developed a detailed Excel model of ion exchange, reverse osmosis, and water 

purchase to carry out the calculations necessary for determining the economics of 

these different options.  Using this model, we are able to calculate the fixed 

investments and annual operating costs associated with these options (see Figures 

2 and 3 on the next page). 

 

These figures clearly show that IX is superior to RO because IX has both a lower 

initial investment and a smaller annual operating cost at all flow rates.  The costs 

in these figures however reflect only the cost of setting up and operating a 

treatment facility (or in the case of WP, to just buy the water).  These costs do not 

include the costs of integrating these facilities into the existing Norman area water 

system.  This is discussed in the next section. 
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Figure 2:   Fixed Investment of selected treatment options as a function of system capacity.  The 
cost of a Reverse Osmosis (RO) system does not vary with demand because the RO system can 
process up to 2.0 MGPD of potable without the need for additional RO units or other 
investments.  Water purchase requires virtually no initial investment. 
 

Operating Cost vs. Operating Flow Rate
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Figure 3:   Operating Costs of selected treatment options as a function of potable water demand. 
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WATER SYSTEMS INTEGRATION 
The costs of obtaining potable water can be significantly reduced by using the 

south campus wells 2, 10, and 11 directly for potable water.  These wells provide 

much cheaper water ($0.085 per 1,000 gallons after a $215,000 initial investment) 

than both treatment and water purchase can and they contain only 2 ppb arsenic.  

Combining use of the south campus wells with treatment or water purchase 

greatly reduces the cost of potable water. 

 

The only problem with the south campus water is that it is very hard (342 mg/L).  

To avoid damaging equipment, it is desired to keep the water hardness below 200 

mg/L, requiring approximately 50:50 blending of purchased or treated water with 

south campus water.  OU cannot simply take all of its potable water from south 

campus due to the hardness of the water there.   

 

Given the choice of whether or not to use the south campus wells for potable 

water however, the choice from an economic point of view clearly favors using 

the south campus wells.  This is because the south campus wells (specifically the 

water that they produce) are already owned by OU can be used for potable water 

without treatment.  Thus, our group strongly recommends utilizing the south 

campus wells to supplement OU’s potable water consumption.  A blending ratio 

of 50:50 of south campus water to purchased or treated water should be used to 

avoid problems with water hardness. 

 

No north campus water systems integration is required if water purchase is 

pursued.  However, if ion exchange is pursued, then the cost of integrating any 

north campus water treatment facility to Norman’s water system to transport 

potable water from north campus to south campus is $279,000.  The City of 

Norman has an 8-inch water main installed in vicinity of north campus water well 

4, with metering into the city system and then metering again upon delivery into 

the south campus.  The university could use this line to transport potable water 

from north campus (where all of OU’s potable water is currently pumped) to 
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south campus.  A representative of Norman water works has indicated a 

transmission fee of $0.05/1000 gallon would be acceptable.  This fee, when 

combined with the fixed charges of the proposed north campus water distribution 

piping system ($28,000 for piping using schedule 80 PVC and $19,000 for 

controls), results in an $18,250 annual charge and a total net present cost of 

$279,000 for integrating any treatment facility into Norman’s water system. 

 

The current supply line to main campus, the 14-inch Berry pipe is roughly 60 

years old; hence the integrity is questionable.  The age of the pipeline is one 

reason to use the City of Norman’s water main to transport water through the 

cities water main.  This plan of using Norman’s water system to transport the 

potable water down to south campus will leave the 14-inch Berry pipeline 

available to augment the irrigation system with water from the higher arsenic 

content north campus wells. 

 
 
 ECONOMIC EVALUATION 
 

All of the cost figures presented here are in uninflated 2004 values (i.e. current 

value dollars).  The costs for reverse osmosis, ion exchange, and water purchase 

without use of the south campus wells for a demand of 0.75 MGPD today with 1% 

annual growth in this demand can be summarized as follows: 

 

Reverse Osmosis:  $10.02 million over 20 years, including a $2.21 million initial 

investment and a $1.435 per 1,000 gallon first year operating cost. 

Ion Exchange:  $6.90 million over 20 years, including a $1.03 million initial 

investment and a $0.790 per 1,000 gallon first year operating cost.  

Water Purchase:  $7.00 million over 20 years, with no initial investment and a 

$1.030 per 1,000 first year gallon operating cost. 

  

These costs include the cost of the actual treatment process, the facility, pumping 

water from the wells, integrating the treatment plant into OU’s water system, and 
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all other related costs.  These costs neglect any consideration for the south campus 

wells.   

 

As can be readily seen above, reverse osmosis, with its high initial investment and 

overall cost, is not an economically attractive solution to the arsenic problem.  Ion 

exchange and water purchase are essentially equal in cost.  Ion exchange, 

however, requires a substantial ($1,030,000) initial investment. 

 

If the south campus wells are used to supplement OU’s potable water supply 

(using 50:50 blending), the costs for reverse osmosis, ion exchange, and water 

purchase with a current potable water demand of 0.75 MGPD become: 

 

Reverse Osmosis + South Campus Wells:  $8.01 million over 20 years, including 

a $2.42 million initial investment and a $1.028 per 1,000 gallon first year 

operating cost.  

Ion Exchange + South Campus Wells:  $5.68 million over 20 years, including a 

$1.01 million initial investment and a $0.617 per 1,000 gallon first year operating 

cost.  

Water Purchase + South Campus Wells:  $4.90 million over 20 years, including 

a $215,000 initial investment and a $0.689 per 1,000 gallon first year operating 

cost. 

 

These costs include the cost of the actual treatment process, the facility, pumping 

water from the wells, integrating the treatment plant into OU’s water system, 

converting the south campus wells into potable water wells, making up for the 

loss in the irrigation water that the south wells were originally producing, and all 

other related costs. 

 

Utilizing the south campus wells for potable water allows OU access to a cheap 

supply of water.  This allows OU to purchase or treat less water from Norman or 

north campus, both of which are more expensive sources of potable water ($1.03 
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per 1,000 gallons to buy water, $0.79 to treat with ion exchange).  The only 

problem with the south campus water is that it is very hard (342 mg/L).  To avoid 

damaging equipment (excessive hardness creates clogs and deposits in process 

equipment), it is desired to keep the water hardness below 200 mg/L, requiring 

approximately 50:50 blending of purchased or treated water with south campus 

water.  OU cannot simply take all of its potable water from south campus due to 

the hardness of the water there.  The costs above were computed using this 50:50 

blending. 

 

It is known that ion exchange can produce potable water at a significantly lower 

cost than water purchase can (see Figure 3).  The cost of replacing the anion 

exchange resin used in IX (a cost of $220,000 every 7 years) negates the savings 

of ion exchange over water purchase (see Figure 4 on the following page).  The 

additional $849,000 in investment required by ion exchange over water purchase 

thus makes ion exchange an economically unattractive choice initially.  With 

replacement of the ion exchange resin and the loss of savings of IX over WP, the 

rate of return on investment and the payback time of ion exchange are undefined, 

as ion exchange in the long run costs more to operate than water purchase because 

of the resin replacement.  Because ion exchange cannot pay off its additional 

investment over water purchase at a demand of 0.75 MGPD today, it is 

recommended that at this demand the University of Oklahoma pursue water 

purchase from Oklahoma City with 50:50 blending with water from the south 

campus wells. 

 

However, the economics of water purchase and ion exchange treatment are highly 

dependent on the current potable water demand.  Furthermore, how much potable 

water that is used for potable use is highly uncertain, as no meter exists to 

measure potable water consumption directly.  The 0.75 MGPD figure represents 

our group’s estimate based on the testimony of several physical plant officials and 

it is the value that most of the calculations in this report are based upon. 



Project Cost Timeline

$0

$200,000

$400,000

$600,000

$800,000

$1,000,000

$1,200,000

Con
stu

cti
on 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Time (years)

C
os

t

Ion Exchange + South
Campus Wells Costs
Water Purchase + South
Campus Wells Costs

 
Figure 4:   Operating Costs  Costs of IX and WP with 50:50 blending with the south campus 
wells.  These costs were taken at an initial demand of 0.75 MGPD of potable water and with 1% 
growth in this demand per year. 
 

However, it is very important to recognize that our group’s findings and 

recommendations depend heavily on the current demand for potable water (see 

Figure 5 on the next page).  At demands above 1.25 MGPD, the net present cost 

of an IX treatment facility combined with south campus well water becomes 

lower than the net present cost of buying half the water and getting the other half 

from south campus.  This is because the cost of replacing the ion exchange resin 

is finally offset by the lower operating cost of IX relative to WP when a high 

enough flow rate of water is treated (the more water that is treated, the more 

money IX saves over WP).  Thus the most economical course of action depends 

on how much water is consumed for potable use at OU. 

 
CONCLUSIONS AND RECOMMENDATIONS  

Given the economic information in this section and the choice of whether or not 

to use the south campus wells for potable water, the choice, from an economic 

point of view, clearly favors using the south campus wells (with 50:50 blending).   
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Figure 5:  Net Present Cost of Ion Exchange and Water Purchase with 50:50 Blending with the 
South Campus Wells as a Function of Current Potable Water Demand.  The lines cross at 1.25 
MGPD. 
 

Thus, OU should pursue getting half of its potable water from the south campus 

wells.  There is over 520 gpm (1.0 MGPD) of water available from south campus 

wells 2, 10, and 11 (see Table 11), so no new wells need to be drilled on south 

campus. 

 

Given the economic information in this section and the choice of whether or not 

to use the south campus wells for potable water, the choice, from an economic 

point of view, clearly favors using the south campus wells (with 50:50 blending).  

Thus, OU should pursue getting half of its potable water from the south campus 

wells.  There is over 520 gpm (1.0 MGPD) of water available from south campus 

wells 2, 10, and 11 (see Table 11), so no new wells need to be drilled on south 

campus.  

 

It is strongly recommended that half of OU’s potable water demand be met using 

the south campus wells, with the other half coming from treating the north 
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campus water or purchasing water from OKC.  As for the treatment method, 

water purchase, with the lowest initial investment and overall cost, is 

recommended if the current potable water demand is less than 1.25 MGPD.  For 

higher demands, ion exchange is recommended.  Again because of water hardness 

considerations, no matter what option is chosen the south campus water must be 

diluted with 50% of purchased water to avoid damage to the water piping system. 
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