
ASR In FDEP’s South DistrictASR In FDEP’s South District

This presentation is broken into several 
parts:parts:
What we have in this district
Why do we have these facilities
What progress has been made with these What progress has been made with these 
types of facilities
F t  di tiFuture direction



Aquifers are now used Aquifers are now used 
for. . .

Water Supply
Wastewater Disposal
Storage f d i ki   t   l i d Storage of drinking water, reclaimed 
wastewater, partially treated surface 
water, storm water, and groundwater  
to meet a wide variety of  seasonal and y
other water management needs



Applications Received By South District Office 1998 to 2008
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Why do we have ASR?

We need ASR because our supply of water is limited to our annual rainfall and 
recharge to our surface and groundwater resources which result from that rainfall.

Demand and production ability outstrip supply and replenishment.

ASR works We have demonstrated that the mechanics and hydraulics of ASRASR works.  We have demonstrated that the mechanics and hydraulics of ASR 
systems are successful.  ASR is cost effective when compared to surface storage 
facilities.  ASR was viewed as a key tool by water managers.  It still is viewed as 
important However ASR has developed some issuesimportant.  However, ASR has developed some issues.

A look at the number of applications received by the District office over the last 10 
years illustrates that ASR systems were in high demand at one point in time.years illustrates that ASR systems were in high demand at one point in time.

ASR demand peaked between 2005 and 2007.  Two items occurred in that 
timeframe that resulted in a decline in ASR:

Discovery of geochemical reactions that cause mobilization of Arsenic
Change in federal and state regulation reducing the maximum allowable 
concentrations of Arsenic in the Underground Sources of Drinking Water, 
(USDW)



1.0 MG Storage Tank  Dimensions are 70’ W X 28’ H



Annual 1895 - 2009 Average = 54.04 Inches
Annual 1895 - 2009 Trend = 0.30 Inches / Decade



Monthly Average Rainfall
12.00

y g

10.00

8.00

In
ch

es

4 00

6.00
Avg

2.00

4.00

0.00

2.00

January February March April May June July August September October November December





Monthly Seasonal Storage

Typical  Florida Monthly   

Monthly Seasonal Storage

Typical  Florida Monthly   
Water Demand Curve

ASR
Recovery
Periods

ASR
St

Annual 
Average 
Demand

Storage
Period

J F M MA DJ J A S O NJ F M MA DJ J A S O N

Months





The South District has possibly the second largest number of permitted ASR 
facilities in the state. 

South District has in existence several types of ASR systems:

T t d d i ki tTreated drinking water
Partially treated surface water for recovery to drinking water supply 
systems
Reclaimed aterReclaimed water
Treated stormwater
Non – USDW ASR system

The evolution of ASR in this district has been from storage of drinking water to 
storage of treated stormwater.  This progression is important as it illustrates a 
possible path to successpossible path to success.

Examination of demand is critical – the better understanding of the demand 
allows for more appropriate addressing of the quality and quantity of suppliesallows for more appropriate addressing of the quality and quantity of supplies 
necessary to meet that demand.





Demand is growing largely because the variety of things we need water for is 
expanding at an ever increasing rateexpanding at an ever increasing rate.

Today we use water for things that 100 years ago were beyond the scope of 
anything other than our imaginationanything other than our imagination

We use water and are able to gather and supply water at rates that 50 years 
ago existed only in the minds of engineers and scientists.ago e sted o y t e ds o e g ee s a d sc e t sts

Today water is used for things that 30 years ago were considered “Far Out”.  
Those same uses 20 years ago were “Cool”.  A decade ago use of water for y g g
things considered ordinary today was considered “Awesome”

Today we wonder – “What have we done?”

In short demand has multiplied and today is no longer just a function of 
population but more a function of technological advances. (First Fundamental 
Shift)  Change in types of demand has lead to a change in how we view the 
necessary level of quality necessary to meet today’s diverse water demands.

Thi f d t l hift i lti i di ifi ti f th t f ASRThis fundamental shift is resulting in diversification of the types of ASR 
necessary to assist in meeting overall water demand.



USDW ASR System Challenges

Any ASR constructed within the Underground Source of Drinking Water, 
USDW i f i t id bl h llUSDW, is facing two considerable challenges:

Mobilization of Arsenic and potentially other heavy metals

State and Federal Regulation

Lesser challenges are:Lesser challenges are:

Demand that continues to increase through time

Supply that is finite

Meet the first formidable adversary:Meet the first formidable adversary:

Mr. Frambodial







Frambodial didn’t come to the table all alone………Frambodial didn t come to the table all alone………

Some of his friends include:

Complex geochemical reactions that today are still not well understood.









Geochemical has a twinGeochemical has a twin…….

Mechanism…….and another sibling………….microbial…..







Frambodial has other friends as well…………



f i iThe Safe Drinking Water Act
Section 1421(d)(2)Section 1421(d)(2)

Underground injection endangers drinking water 
sources if such injection may result in the 
presence in underground water which supplies or 
can reasonably be expected to supply any public 
water system of any contaminant, and if the 
presence of such contaminant may result in such 
system’s not complying with any national 
primary drinking water regulation or may 
otherwise adversely affect the health of persons.



Federal Regulation g
40CFR144.12(a)

No owner or operator shall construct, operate, 
maintain, convert, plug, abandon, or conduct any , , p g, , y
other injection activity in a manner that allows the 
movement of fluid containing any contaminant into g y
underground sources of drinking water, if the 
presence of that contaminant may cause a violation p y
of any primary drinking water regulation under 40 
CFR part 142 or may otherwise adversely affect the p 4 y y
health of persons. The applicant for a permit shall 
have the burden of showing that the requirements g q
of this paragraph are met.



UIC DefinitionsUIC Definitions

Underground source of drinking water: An 
aquifer or portion of an aquifer thataquifer or portion of an aquifer that

Supplies any public water system or contains a 
quantity of ground water sufficient to supply a publicquantity of ground water sufficient to supply a public 
water system, and

Currently supplies drinking water for humanCurrently supplies drinking water for human 
consumption, or

Contains fewer than 10 000 mg/L total dissolved solidsContains fewer than 10,000 mg/L total dissolved solids 
and is not an exempted aquifer



UIC DefinitionsUIC Definitions

Well: A bored, drilled, or driven shaft, or a 
dug hole where the depth is greater thandug hole where the depth is greater than 
the largest surface dimension; or an 
improved sinkhole; or a subsurface fluid 
distribution systemdistribution system

U d d i j ti S b fUnderground injection: Subsurface 
emplacement of fluids through a wellp g



The combined forces have created a situation where ASR in the USDW hasThe combined forces have created a situation where ASR in the USDW has 
become more of a headache than a help to water managers.

On the plus side there are some things that we do know and can point to asOn the plus side there are some things that we do know and can point to as 
possibly successful longer term:

An operating model where consistent injection/recovery result in improvement inAn operating model where consistent injection/recovery result in improvement in 
water quality particularly with respect to arsenic concentration.

Science is advancing to address the geochemical mechanisms and may result in g g y
a part of the solution with respect to the injected water being more compatible 
with the native formation water



Water Quality Improvement inWater Quality Improvement in 
Successive CyclesSuccessive Cycles

Native

Cycle No.
1 2 33

4

Recharge
0 50 100

Recovery (%)
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State regulation is advancing as well:State regulation is advancing as well:

FDEP has developed an ASR policy which is intended to allow 
li i f USDW ASR hil i i icompliant operation of USDW ASR systems while continuing testing 

and development of technologies to address the Arsenic mobilization 
issues

The policy is based around issuance of permits and Administrative 
Orders.  The Orders allow operation of an ASR system without p y
penalization for water quality exceedances while testing to determine a 
solution that will allow the USDW ASR system in question to meet the 
water quality standards consistently through time However if after awater quality standards consistently through time.  However, if after a 
period of time allowed by the permits and Orders, the system cannot 
achieve compliance consistently, then the system may be subject to 
further agency action to address water quality issuesfurther agency action to address water quality issues.

Items that the FDEP is working with in these permits and Orders are:



Target Storage Volume (TSV)

Each ASR well has a TSV estimated from well hydraulics, test 
results, recharge supply variability and water demand g y y
characteristics.
Once the TSV is reached, recovery efficiency should be 100% 
or other appropriate level for that specific site.  TSVs should pp p p
be matched to the system projected needs for future volume 
considerations.
This concept is important because one of the major items p p j
requested by the regulated entities is institutional control.
An example of how institutional control works follows this 
slide.slide.





Some items shown in the example may not be applicable:Some items shown in the example may not be applicable:

There may adjustments to the radius required, the example lists one mile.

The safety factor may be adjusted as well, the example lists 50 %

Odd shaped areas of control will likely not exist as the area of control would beOdd shaped areas of control will likely not exist as the area of control would be 
radially outward from the well or central to the wellfield.

This type of institutional control has been included in two sets of Administrative yp
Orders and several permits

The key to utilization of the institutional control is control of the stored volume.  y
For obvious reasons the stored volume should not exceed the area of control.



How do we measure ASR success?How do we measure ASR success?

Recovery Efficiency
the volume recovered as 

Recoverability
do we recover the 

a percentage of the 
volume stored in each 
cycle  

volume that we need, at 
an acceptable rate and 
quality  at reasonable cycle. 

typically 100% after a 
few cycles of equal 

quality, at reasonable 
cost?

no measurement units
volume.

relies upon formation of 
a buffer zone around 

less than 100% recovery 
efficiency may be 
acceptable at many a buffer zone around 

each ASR well.
acceptable at many 
sites.



The example provided previously and one additional that we will discuss in aThe example provided previously and one additional that we will discuss in a 
few slides from now tell us that recovery efficiency must be well managed to 
control the arsenic concentrations measured in the recovered water.

What we have seen is recovery to approximately 100 % is appropriate.  
Recovery beyond 100 % of water injected in total results in an increase in 
Arsenic concentrations measured in the recovered waterArsenic concentrations measured in the recovered water.

This observation leads to another thesis related to what is happening in the 
aquifer system:q y





Th id th t th f b li it d t lThe idea that the area of concern may be limited to a close 
proximity to the wellbore is an important idea that should 
absolutely be determined to be true or falseabsolutely be determined to be true or false.

The way to make that determination is through monitoring 
and that would require installation of additional monitor 
wells within an existing system.

If this thesis can be proven to be accurate – then many 
regulatory hurdles may be able to be overcome If we canregulatory hurdles may be able to be overcome.  If we can 
state with a reasonable degree of certainity that the area of 
concern is limited to a general radius around the well or 
wellfield then the institutional control mechanism may be all 
that is necessary to provide an acceptable level of 
protectionprotection.



Given the information we have discussed today in terms ofGiven the information we have discussed today in terms of 
the USDW ASR situation, it is apparent that other 
alternative methods of storage must be considered going g g g
forward.

F t t l th i l f h t i i t bFortunately there is an example of what is proving to be a 
potential winning solution for water that serves demand 
purposes other than potable consumption:purposes other than potable consumption:

The saline aquifer ASR or “G-IV Solution”q

I mentioned earlier that there was one Non-USDW 
l i d t ASR t i th di t i t Th t t ireclaimed water ASR system in the district.  That system is 

the Englewood Water District ASR.  This unique situation 
was discovered by accidentwas discovered by accident.



The Englewood ASR was not intended to be a salt water 
ASR system.  However, during construction the base of the 
USDW di d t 129 f t blUSDW was discovered at 129 feet bls.

The system was completed and more or less leftThe system was completed and more or less left 
languishing while water was injected but not recovered with 
a great deal of efficiency.g y

After a period of time – the system was viewed as a short 
t t Cl I ll d th FDEP ti ll i dcut to a Class I well and the FDEP essentially required 

EWD to begin consistent recovery of injected water.

A startling discovery occurred:

David Pyne is absolutely correct about the function of 
Storage Volumes………







A ffi i tl i d d l d t lA sufficiently sized and properly managed storage volume 
can result in impressive recovery efficiency, even in 
adverse conditionsadverse conditions.

When the EWD storage volume reached between 500 and 
600 million gallons recovery efficiency improved 
tremendously.

EWD has recently achieved 100 % plus recovery in the 
water year 2009 – 2010water year 2009 2010.

Guess What Happened Then………..



Mr. Frambodial and his friends showed up……….



Since the EWD ASR is not operating within the USDW, the 
FDEP’s concern was not one of the ASR is out of 
compliance, but rather assurance must be provided that the 
recovered water during its end use does not cause arecovered water during its end use does not cause a 
pollution incident contravening rules contained in Chapters 
62-610 and 62-520, F.A.C.,

The Federal Endangerment issue was not a factor, the state 
f S S f Opolicy for USDW ASR was not a factor.  Only appropriate 

handling of the recovered water and its distribution were 
factorsfactors.

What this means is that for waters intended for specific non-p
potable end use in coastal areas of the state, a Non –
USDW ASR may be the appropriate solution for water 
managers.






