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Abstract 
This paper focuses on the management strategies in oilfield pits for fresh water and produced water 
storage.  Priority topics include fouling, evaporation and freezing, and monitoring of volume, leaks, 
spills, quality, illegal dumping & theft.  Suggested practices are given related to digital oil field 
approaches, physical handling, and configuration.  The digital oilfield includes items such as level 
sensors tied to telemetry systems providing depth and volume updates and alarms.  Leaks are monitored 
by sumps, and digital sensors are starting to be placed in those inter-liner sump locations.  Fouling is 
particularly a concern with produced water storage, and this can bemonitored via sensors like ORP, and 
controllable by use of aeration systems.  Evaporation is also monitored by telemetry systems, and 
controllable by use of covers and aeration systems.  Freeze behavior is also paritially controllable by 
aeration systems.  The results are better optimized management and risk mitigation. 

 
Introduction 

Techniques and opinions expressed are based on the experiences of one service company, and should 
not be viewed as the only methods for properly managing a pit.  This paper is broken down into the 
following areas of priority. 

 
• Level (overfill/overdrain) control 
• Liner integrity and leak detection 
• Fouling control 
• Evaporation control 
• Freeze prevention 
• Oil control 
• Water quality monitoring 
• Theft and illegal dumping 
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Background 
The water pit is a staple of the modern oilfield.  The typical man-made variant is a rectangular shaped 

depression dug in the ground, with a flat bottom and gently sloped walls.  The fill from the hole is used 
to make the elevated pit walls, in the form of a berm running around the pit.  Typical total depth is on 
the scale of 15- 20’.  The slope is usually mild, such as a 3:1 incline, to allow workers to walk and work 
along the water line.  This also allows a worker to crawl out easily if they fall in.  The flat bottom has a 
slight slope to one end, where there is usually a sump.  Usually a hose connected to a large tube called a 
“stinger” is submerged in that sump, and that is where the water is drawn out from.  Pit sizes range from 
10,000 – to 1,000,000 BBL of capacity, with 500,000 BBL scale pits being common for central water 
impoundments in some regions.  Typical design of a pond is show inFigure 1. 

 
 

 
Figure 1.Typical man-made pit. 

 
Fresh water pits can be natural bodies, unlined or lined to control seepage.  Some regions tend to 

use natural bodies more often, such as Bakken, and Marcellus.  Other regions tend to use lined man-
made pits, such as the Permian.  Figure 2 shows a typical array of pits in the Permian basin, where 
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activity density is very high.   
 

 
Figure 2.Array of water pits in the Permian basin.  (Note at least 10 pits in picture) 

 
 Impaired waters such as produced water, brackish well water, and treated reuse produced water, 

are usually stored in double lined pits, or in Above Ground Storage Tanks (AST’s).  The primary 
purpose for using these facilities is for leak mitigation, due to the higher environmental sensitivity from  
spills of high Total Dissolved Solids (TDS) or otherwise distressed waters.    
 
Level Monitoring and Control 
Incorrect or inattentive level monitoring and controls can result in pit overfill (spills), or can result in 
insufficient water volume to feed an operation (i.e. shutting down a frac).  Historically, level monitoring 
has been done by using a staff guage( a plank or pole with graduations marked), mounted in the middle 
of the pit.A field handwould drive to the location with a pair of binoculars and view the level on the 
guage. As can be imagined, the precision and the accuracy of this method tended to be poor, and 
reliability of timely readings depending on operator availability (labor) to drive to location, and to 
successfully and accurately relay communications to the dependent parties.  In the last five years, this 
has shifted to a more digital approach, where level sensors tied to telemetry boxes now relay real-time 
depth measurements to databases and secured websites as well as to SCADA systems. This is part of 
what is sometimes termed the digital oilfield.  More sophisticated systems tie this water level data into a 
detailed bathymetric (underwater) map of the actual as-built pit  in order to calculate and reportaccurate 
volumes rather than simply levels.   Such maps are generated using sonar and GPS equipped boats that 
are operated over full pits and LiDAR and other land survey systems which are used with empty pits.  
The digital age is now allowing operators to operate with greater confidence of avoiding spills or 
shutting down frac jobs due to lack of water. Further operational efficiency and safety is achieved by 
integrating real time water volume data into a SCADA system to automatically control well pumps.  
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Liner Integrity and Leak Detection 
Leaks can represent a loss of valuable water, in the case of freshwater and can create environmental 
liablites in the case of impairedwater.  With the widespread use of cellular and satellite telemetry 
systems for the volume monitoring, leak detection is now becoming more automated.  The most 
common practice still in use, for double lined ponds, is to have a small sump located in the space 
between the two liners.  In this way, if the primary liner has a high leak or permeation rate, it will cause 
frequent flooding of the sump.  Historically, an operator would periodically manually turn on an electric 
pump placed in the sump and observe the outlet for flow. If flow was observed it would indicate that 
there is a leak in the liner allowing water to flood the sump between the pit liners. Automating with 
digital sensors allows for better labor efficiency and quicker leak response times.  In some cases, an 
array of leak detection sensorsare spread under the entire impoundment, allowing for zoned leak 
detection – to help pinpoint what area needs repair. 
 
Fouling Control 
Foulingresultsfrom uncontrolled microbial activity.  Exeamples include sulfate reducing bacteria (SRB) 
which can produce toxic H2S gases, acidify the water, and foul the water with suspended particulates 
(microbe bodies etc).  Algae is also acommonfoulant.  Other anaerobic microbes can also acidify and 
foul the water with fine suspended solids.  Produced water fouling is a particular concern; the bacteria 
most adept to surviving in a produced water environment are also frequently those that will thrive in 
subsurfacedownhole environments, potentially negatively affecting a well. 

When left stagnant for too long, an unmanaged pit can foul.  This is particularly true with 
produced water, which is a rich nutrient source for some microbes.  To a lesser extent, fouling can also 
happen with fresh water.  Produced water fouling can start as quickly as in 1 week, in the right 
conditions.  There are numerous options for mitigation,if produced water is intended for reuse, then 
treating the water prior to storage is recommended.   

With sulfate containing produced water (or other sulfate containing waters), the risk of a Sulfate 
Reducing Bacteria (SRB) bloom is high. This isparticularly true if the pit containing the water is older, 
with solids accumulation in the bottom – this sediment provides a breeding field and shelter for retaining 
tenacious SRB.   

Techniques to manage pits varies, ranging from. 
 High turnover rate – if the water is moving through the pit, and particularly if it is being replaced 

at a rate of 1 pit-volume per week, it usually does not foul – so long as it is well treated and solids 
are not accumulating in the bottom. 

 Liquid biocide (glutaraldehyde, etc) – Persistent biocides can be effective at keeping bacteria 
populations low, but do add a sometimes notable cost and also can toxify the water, in some cases 
require additional isolation techniques. 

 Aeration – by adding dissolved oxygen to the water, SRB’s are either killed outright, or 
outcompeted by benign O2 consuming microbes.  There are differing philosophies with aeration, 
with some using surface, and others using submerged aerators.   

o Surface aeration- is akin to standard municipal water treatment plant technology, where a 
high rate of air is added to the waters surface, to allow aerobic (oxygen consuming) 
microbes, to grow and consume urea and other organic materials in municipal waste 
waters.  This is generally designed for high rate biological treatment of organically laden 
waters such as sewage waste. 

o Submerged aeration- is more like a fish-tank aerator.   These systems provide a low rate of 
dissolved oxygen into the bottom of the pit, where the oxygen intolerant SRB tend to bloom, 
and thus mitigate SRB formation, but don’t provide enough dissolved air to encourage large 
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aerobic bacteria growth.  The rising bubbles also tend to pull along a water column, causing 
a rollorcirculationof the pit contents.Between the two, these authors have a preference for 
submerged aeration, due to the lower cost (capital and operating), the more targeted 
application of dissolving the air where most needed and the roll effect all the way down to 
the bottom of the pit –discussed further below. 

 
Figure 3.Surface effect of a submerged aeration diffusor. 

 
 Oxidizing biocide addition – an expedient pit recovery technique for a pit that has fouled, is to add 

oxidizer to the pit.  Typical oxidizers are ClO2, bleach, H2O2, PAA, and others – with selection of each 
made for its case-specific reasons.  The oxidizer will destroy any formed H2S, kill off most (or all) of 
the problematic microbes, kill off algae, and usually clarify the water as well – if allowed to set for a 
day or so.  Due to their high reactivity, most liquid oxidizers are not very percistent.  So their 
addition generally does not environmentally toxify the water beyond the duration of the 
application.  Some facilities even use this as their primary treatment technology for produced water 
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reuse directly in the pit, though caution is advised as frequent repeat applications will generally 
cause a large build-up of problematic solids in the pit.   

 Dye addition -   Algae growth  is another fouling concern.  One method to mitigate it is to add a dye 
to the water, which will block certain wavelengths of sunlight, and affect algae growth rates.  This 
relatively inexpensive application is done by simple addition of the chemically inert dye to a couple 
edges of the pit and it diffuses through the pit in a few days.  Since dyes dissolve in the water, 
reapplication will be necessary at the rate of pit volume consumption/replacement.  A photo 
showing the edge of pit with dye, is shown in Figure 4 (as well as Figure 3). 

 
Figure 4.  Pit water with algae preventive dye. 

 
 
Evaporation Control 
Water loss due to the evaporation is a loss of a purchased resource.  This is particularly problematic in 
windy and arid locations, where ½” or even greater water levels can be lost daily (e.g. on a 500X500’ 
pit, ½” level loss is nearly 2000 BBL/day of water loss).  Evaporative losses can be monitored with 
volume monitoring equipment, such as pit level sensors.  Evaporation is a function of air contact, 
humidity, and temperature.   

Air-Contact minimization - most evaporation mitigation thoughts focus on putting some form of 
barrier between the water and the surface air.  Pit covers can be in the form of a continuous plastic pit 
cover, which is the most established and effective method today.  Design variations include difference in 
floatation systems, rain collection and drainage, and other permeable aspects to the floating liner.  In 
general, most are fairly expensive, with floating pit covers often costing more than the pit liner 
underneath.   One challenge with such a solution however is that pit access is diminished, as well as the 
ease of sample collection and observation.  Additionally, sometimes high fouling and H2S formation and 
accumulation rates can occur.  Caution is advised before applying a pit cover to a produced water 
storage pit, or a high sulfate fresh water pit, where H2S formation from fouling is a potential, as even a 
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mild case can result in very concentrated H2S accumulating under the cover. 
There are other air-contact minimization methods based on collections of floating rigid media, 

such as balls or plates or other membranes.  Another approach is a floating liquid, such as oils or other 
lighter liquids, to seal in the water.   This remains a field still under development, with many solutions 
working well in controlled laboratory or small-scale tests, but being more challenged by the multi-acre 
sized pits in practice.  Many of the floating rigid media such as balls and interlocking plates end up 
being blown to one side and sometimes completely out of the pit by high local winds, and proving 
ineffective.  Worse, some floating rigid media can end up being wetted on all sides rolling or splashing 
events, increasing water surface in contact with air and evaporation.  Floating liquid layers have also had 
spotty field results, either requiring frequent replenishment and/or also ending up being blown by the 
local winds all to one side of the pond.  As development work continues, certain forms may prove 
effective with time. 

 
Humidity control - There is little that can be done to adjust humidity, and dry air will be more 

desiccatingthan humid air.  Still, one technique is to build a narrow pond pointed into the prevailing 
wind.  The theory being that this will humidify (saturate) a smaller front of air.  Once saturated, that 
volume of air will not draw any more water as it continues to pass over the longer surface.  While there 
are no published studies on this, there are some field impressions of at least partial improvement with 
this approach.  A more detailed analysis may be needed however, since a rectangle will have more 
shoreline length than a square and so a potentially higher evaporation rate, from the greater amount of 
shallow zones less than 3’ in depth.  It may be of note that a circle has the most efficient volume to 
shore-length ratio. 

 
Temperature control – there are effective things that can be done to affect the temperature.   To 

show the importance for controlling this, the vapor pressure curve for liquid water (directly related to its 
evaporation rate), is given in Figure 5. 
 

 
Figure 5.Fraction of water vapor at saturation in atmosphere as a function of temperature (evaporation driving force increases with 
increasing vapor pressure). 
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For example, if the water surface temperature is 115 °F, the vapor pressure will drive water evaporation 
into the air it is in contact with, trying to saturate it to 10% content being water, before the evaporation 
stops (and the local air contacting the water surface is completely humidified).  If the surface of the 
water can be cooled to 85 °F somehow, the vapor pressure is half that, and will thus will halve the water 
evaporation driving force.   

Warm water naturally rises and is further warmed by solar radiation and the ambient air.  So, the 
pit evaporation rate is being controlled by the relatively thin layer of hot water at the surface, even when 
the bulk of the pit is cooler.   One way to affect this is to employ circulation systems to turn over the 
surface of the pit, and draw cooler water from the base.  This can be done by liquid pumps, by drawing 
cooler water from the base and flowing that along the surface.  This requires a fairly large pump, since 
the cool water return momentum is quickly dissipated before its effect spreads far across the surface, and 
that cool water will sink back to the bottom.  Also, care must be taken to not spray the cool water, as 
doing so greatly increases air contact, and thus evaporation.   

Another method of creating circulation with a pit is to use submerged aerators, where thecolumn 
of air bubbles rising through the water creates a slowly circulating vertical water current. This 
circulation moves cool water from the bottom to the surface.The relative cost and energy input from 
aeration is low, since the buoyancy of the rising bubble causes the motive force, rather than using 
quickly dissipated fluid momentum alone, such as from a high horsepower pump.  
 
Freeze Prevention 
Pit freezing can damage the liner and near-surface equipment.  The hard ice scraping and pushing 
whatever it encounters, as the pit level rises and falls, causing tears and damage.  In very cold settings, it 
represents a temporary volume loss, depending on ice thickness.   In general, there are three primary 
methods for avoiding freezing the oilfield.   
 

 Movement (Moving water does not freeze as easily) 
 Heat 
 Lowering  the freezing point 

Moving water does not freeze as easily- and so one method to prevent water freezing is water jets 
and pumping systems, to keep the water moving.  Another method is aeration systems, to break up the 
surface and roll pit contents.  In very cold conditions, such as the Bakken, these methods tend to be 
overwhelmed.  In very cold locations, aeration will only keep a small zone clear, while the bulk of the 
surface will still freeze.Aggressive pumping can start the entire surface moving, which can be more 
affective inextremly low temperature locations.  In more temperature locations such as the Rockies and 
the Marcellus, aeration systems are reported to give better results, and when overwhelmed, tend to cause 
the water to freeze in the form of a fluid slush, rather than a hard sheet.  Also, a pit in use will have more 
movement and more incoming heat via the fresh water input, than a static pit. 

Heat- is obviously an effective way to avoid freezing, but expensive.  Propane or oil fire heater 
trucks will come to location, and can typically heat 500 BBL of water 1 degree per minute per truck.  
But this can be expensive, easily reaching $1/BBL for the heating.  Heat losses from an open pit are very 
large, and usually heater trucks are used on water during transfer operations, more than on the pit 
directly.  In a pit, the hot water will collect on the surface in contact with the cool and dry air.  The high 
vapor pressure will push water into the surrounding dry air, consuming considerable expensive heat in 
the vaporization process, heat losses that can only be replenished by more purchased heat.  There is also 
the curious risk of the Mpemba effect, where heated water then sometimes will freeze faster than cooler 
water (for various possible reasons such as supercooling ability, dissolved gas liberation upon heating, 
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etc; Auerbach 1995).  While it is counterintuitive and there is no readily available published field-level 
documentation of it - one service company’s field operatives do report anecdotal observation of 
Mpemba-Effect like behavior in two otherwise equal systems on the field level. 

Freeze Point Depression - purchasing and using additives for freeze-point depression is 
essentially never done on the scale of a pit in the oil-field.   However, produced water and some brackish 
waters do have high enough salt, to achieve this naturally.Produced water and other natural brines with a 
high salt content can depress the freezing point down to as far 0 °Fdepending on the salt concentration as 
shown in Figure 6. 

 

 
Figure 6.Salt (NaCl) content depression of freezing point. (Engineeringtoolbox.com2017) 

 
Oil Control 
Floating oil layers represent a loss of product, but also can be a regulatory complication as well as 
require additional wild-life protections.  Some states have strict oil-sheen rules, than can create a 
complication with reuse plans, due to oil-sheen risk.   Best practice is to try and remove as much oil as 
possible before storage.  Nominal well-run operations upstream do much to aid with this, such as oil 
recovery systems and heater-treaters used to maximize oil-product recovery.  In general, once water 
arrives at the pit it is still recommended to treat produced water/flow back prior to storage in a pit, for 
solids, oil, and bacterial control reasons (fouling control).  Treatment systems prior to pit storage are 
effective, using some techniques such as  

 floatation combined with walnut shell filtration (commonly done offshore),  
 chemical agglomeration and flocculation to remove with settled solids as a sludge, or  
 the usage of absorbent sponges in vessels.   

Poor treatment solutions or just neglecting treatment completely, can result in oil slip into the pit.  
Over time, the oil can accumulate and create a floating layer.   For pits troubled with oil layers, the most 
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basic practice is to let the wind blow the oil to one side, and suck it out using vacuum trucks manually.  
Sometimes this can be sufficient, but is not necessarily best-practice, and is not permissible in some 
locations.  Improvements include booming in sections and/or using floating oil suction systems, to aid in 
accumulation and removal.  There are other oil removal systems, such as metal bands, hoses, or strips of 
other materials on a roller, which the oil will naturally adhere to.  A gear rotates the band into the water, 
and the oil-laden wet band passes through wipers to scrape off adhered oil.  These systems are useful in 
that they can be installed and just left running, or run on a timer – and so do not require much labor.  
Performance can be spotty, with some operators reporting acceptable results, and others not very 
satisfied.   
 
Solids Control 
Solids accumulation in pits can harbor bacteria blooms, in addition to loss of volume and ultimately 
increased expense in both periodic clean out, and final close out.  In high NORM area locations with 
produced water, a large volume of solids in a pit can represent a noteworthy disposal liability.  Solids 
minimization is usually a priority.  Produced water storage pits in particular, are susceptible to a build up 
of solids in the base of the pit.  Usually such solids are removed by taking the pit out of service and 
draining it, and then cleaned using vac-trucks, hoses, and men in rubber boots.  Most of the time this 
process damages the liner, which requires replacement as well.  Best practice to date is one of 
avoidance.  And with the storage of produced water, that is best managed by the following suggested 
steps. 

 Upstream good practice with storage tank separations and heater-separators for oil recovery near 
the well head are suggested, followed by good treatment for reuse, prior to pit storage.   In addition 
to targeted compound removal, ideally, treatment results ideally look as shown in Figure 7.  There 
are numerous methods already described.  A system such as DAF&Skim, flocculation & settling, or 
oxidation & settling – all using equipment before the pit, tend to work best.  Simple filtration alone 
is not always sufficient.  It is desirable to not only remove the existing suspended solids, but also to 
remove entrained oils (food) and dissolved iron.  For this reason, a simple turbidity analysis is a 
reasonable guide on water quality and solids likelihood, since turbidity is predominantly from the 
combined suspended solids and entrained oils.  Most treatment solutions also remove iron, which is 
desirable as otherwise Fe2+ will slowly oxidize with time in the pit, creating an orange precipate, 
which is a natural coagulant, and creates a sludge layer in the base of the pit.    

 
Once treated, it is still possible for some solids formation to occur via algae growth.  Microbe growth 
can still happen, though at a reduced rate due to the lower nutrient and aggregate availability with the 
treated water.  Best practices are mostly mentioned in the “Fouling Control” Section, to help control 
solids forming microbial growth.  To restate: 

 Dose the water with a percistent biocide such as glut/quat, THP, etc. for long term storage, though 
that is not always desirable.   

 Keep the water residence time low. 
 Keep the water in motion via aeration, which will keep solids in suspension, though some can still 

occur in the more quiescent zones between aerators. 
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Figure 7.Before and after water treatment water, prior to pit storage. 

 
 
Water Quality Monitoring 
With the prevalence of digital oilfield, telemetry systems are now more commonplace at pits.  Adding 
more sensors to the suite is fairly easy.  After pit level, temperature, and leak data monitoring, the next 
most common sensor is a conductivity sensor, which will indicate the salt (TDS) in the water.  This is 
particularly valued in reuse projects, where variable TDS can affect the frac program, and so need to be 
controlled.  TDS sensors can work with automated proportioning systems, to provide controlled TDS 
blends, from variable TDS water sources, such as pits that have stratifed.  After TDS, other parameters 
such as pH, ORP (oxidation reduction potential), and dissolved oxygen can be monitored.  ORP in 
particular is useful in a pit, for the potential to monitor for microbial blooms, such as SRB, which will 
create H2S.  H2S is a reducing chemical, so drastically lowers ORP.  Being able to remotely monitor for 
a trend in changing ORP, can result in a more timely response to a pit starting to sour.  
 
Theft and Illegal Dumping 
Theft of fresh water is a loss of valuable product, and can even leave operations short of water – though 
that level of theft is quite rare.  Illegal dumping is the act of someone using a convenient fresh water pit 
to dump a truck load of produced water into, and represents a contamination of the fresh water being 
stored in the pit, in addition to being an indicator of illegal activity on location.  Level monitor in 
impoundments can in theory detect theft/dumping – but generally only in the most severe of cases; due 
to signal noise from other events such as rain, evaporation, etc.  However, other sensors have been used 
to detect illegal dumping in other ways.  Conductivity sensors in some pits have shown an illegal 
dumping event, for example, into a fresh water pit.  In practice, the high TDS dense produced water that 
is dumped, will initially roll down to the bottom of the pit, resulting in a large conductivity spike 
reading.  Over a few days, diffusion and general mixing will cause the TDS water to more fully disperse 
in the pit, which has a particular response curve over time as well.  
 
Conclusions 
Pits require management and monitoring to avoid issues such as unexpectedly running dry, leaks, 
souring, and freezing.  The transition to the digital oilfield is allowing for remote monitoring and alerts.  
The installation of some systems such as aerators or circulation pumps allow for improved operations of 
the pit.   This paper represents one service company’s findings to date, on what practices appear to be 
effective, and it is expected that in the coming years, additional systems will become more available, 
cost effective, and proven.   
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