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Cost-Effective Design of
Pump and Treat Systems

Introduction

An appropriately designed (pump and treat) P& T system should
achieve the ground water remedy goalsin a cost-effective
manner for the operating life of the system. Therefore, the
design of the P& T system should account for the capital costs
associated with system ingtallation aswell as the annual costs
for operation and maintenance (O&M). Inthisinstance and the
remainder of the course, the term “O&M” refersto activities
associated with operating and maintaining a P& T system, and
does not refer to any specific period of time or regulatory status
associated with the remedy. For example, the Superfund
program generally refersto thefirst 10 years of a Fund-lead
P&T system as Long-term Response Action (LTRA), and the
subsequent period as“O&M”. However, in this course both of
those time periods are considered to be types of O&M.

System design generally occurs after site
characterization has been completed and usually
consists of the following steps:

e considering remedy goals and associated
performance monitoring requirements

» establishing design parameters (e.g., system flow
rate and influent concentrations)

e selecting appropriate ground water
collection/extraction methods

e selecting appropriate technologies for treatment of
each class of constituents

e determining an appropriate option for discharge of
treated water

e incorporating appropriate system controls and
automation

Each of the above stepsis discussed in this course
and design scenarios are provided in appendices for
two hypothetical sites asillustrative examples of
cost-effective P& T system design.

Because capital costs for installation and annual costs
for O&M are significantly higher than the costs of
designing a system, it is often appropriate to request a
design review from athird party. Once asystemis
installed and operating reliably, the system
performance should be routinely evaluated to
determine if the performance and site conditions are as
expected. Changesto the system over time are
generally expected, due to evolving site conditions
and emergence of innovative technologies. The
system should be evaluated/optimized on aregular
basis by the site team each year and evaluated by an
independent party perhaps every five years.
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B. REMEDY GOALSAND PERFORMANCE
MONITORING

P& T systems are generally constructed and operated to
accomplish one or both of the following:

*  Containment - prevent migration of a constituent
above a selected concentration to a receptor or
potential receptor

» Aquifer restoration - remove contaminant mass,
including non-aqueous phase liquid (NAPL) if
present, from an aquifer to achieve selected
cleanup criteria

In addition, a P& T system can be designed to meet
requirements for the discharged water, and possibly
discharged air, depending on the system.

The design of a cost-effective P& T system considers
these goals and requirements for the following reasons:

*  The performance of each system generally
includes monitoring and evaluation with respect to
its goals, and a system can be designed to make
this performance monitoring easier and less costly.

» Asaremedy progresses and site conditions
improve, intermediate goals and milestones may
be achieved. A cost-effective P& T system isone
where operation of unnecessary system
components is discontinued.

Consideration of these two points during design is
facilitated by the concurrent development of an exit (or
closure) strategy and/or a performance-based
monitoring plan. An exit strategy generally isa
compilation of measurable milestones that indicates
progress toward remediation goals, specific conditions
that clearly indicate achievement of these milestones,
and a set of actionsto occur (e.g., discontinuing a
component of the remedy) when these milestones are
achieved. If milestones are not achieved as expected,
this might be an indication that the remedial approach
and/or the goals need to be revisited. A performance-
based monitoring plan typically focuses on collecting
information that is necessary to document achievement
or progress toward goals.

The following three subsections describe how a system
design and elements of an exit strategy and/or a
monitoring plan can work together to result in a cost-
effective P& T system that addresses the remedy goals.
Containment, aquifer restoration, and meeting
discharge requirements are discussed separately.

Containment

Containment generally refers to hydraulic capture of
contaminants in athree-dimensiona zone of the
subsurface and may pertain to a dissolved contaminant
plume and/or aNAPL plume.

Some containment remedies may be designed to
operate indefinitely, and may not be conduciveto an
exit strategy. However, some of the contaminants at a
site may degrade over time or otherwise fall below
standards and not need further treatment. In such
cases, monitoring can be reduced, and components of a
treatment system may be discontinued if discontinuing
them does not compromise other treatment
components that are till in use. Therefore, although
an exit strategy may not be applicable for a
containment remedy as awhole, exit strategies for
some individual components (particularly those with
significant annual costs) are generally applicable.

Consideration of a performance-based monitoring plan
during design could lead to reduced annual costs and a
more cost-effective remedy. A performance-based
monitoring program for a containment remedy will
likely need to demonstrate plume capture through
interpretation of water level measurements and water
quality samples. In some cases, extracting more water
at asite may make evaluating capture easier and less
costly without substantially adding to treatment costs.
At those sites, it may be more cost-effective to
increase the extraction rate. Therefore, the scope of
monitoring needed to evaluate capture should be
considered for avariety of pumping scenarios. For
each scenario, the associated costs of this monitoring
and evaluation should be compared to the costs of
pumping and treating water.

“... 1t may be more cost-effective to
increase the extraction rate.”

Aquifer Restoration

For aquifer restoration, an effective P& T system
design might have two components to the extraction
system: extraction wells dedicated to source control
(e.g., hydraulic capture of a NAPL source zone) and
extraction wells dedicated to restoration throughout
therest of the plume. If feasible, thisisa particularly
effective strategy because controlling the source area
alows the remainder of the P& T system to remediate
the downgradient portion of the plume. An exit
strategy associated with such a P& T system may
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include discontinuing the downgradient portion of the
extraction system when certain conditions are met but
continuing the operation of the source area extraction
system to maintain source control. With the majority
of the plume restored, source control and associated
monitoring can continue at a presumably lower cost.
This contrasts with an approach that aims to restore an
entire plume with little consideration to controlling the
source area. In such a case, the source area, which
may consist of elevated concentrations and/or NAPL,
can increase in size, and the entire system, rather than
just the source area component, will continue to
operate indefinitely.

“Control the source area to allow
the remainder of the P& T system to
remediate therest of the plumein a

timely manner.”

The specific conditions for shutting down any part of
the system or the whole system should be considered
during system design and clearly defined before
operation begins. If other remedial technologies that
can help meet these conditions are available at the time
of design or become available during O& M, a cost-
benefit analysis could be conducted to evaluate
continued P& T versus implementation of these other
technologies.

Given the above scenario, an appropriate performance-
based monitoring program would likely include limited
ground water quality sampling in the source area.
Because the source area would be controlled and not
necessarily restored, substantial water quality sampling
in the source area may not provide valuable
information regarding the performance of the remedy.

Meeting Discharge Requirements

Monitoring of the process water, and in some cases,
treatment system off-gas, is often conducted to
evaluate performance and document that discharge
standards are met. Because process monitoring can be
asignificant portion of annual O&M costs, system
design should consider how system performance can
be cost-effectively demonstrated by process
monitoring.

Monthly or quarterly sampling is typically specified by
discharge permits to demonstrate that effluent is
meeting standards, but additional process monitoring is
generally determined by what is needed to operate the
plant. Because frequent sampling and laboratory

analysis can become expensive, treatment plants, when
possible, should be designed to operate based on
readings from sensors and less frequent sampling with
laboratory analysis. Turbidity, oxidation-reduction
potential, and pH (in conjunction with influent and
effluent samples) often provide sufficient information
to operate a metal s precipitation system. The pressure
differential acrossfiltersis often used to indicate
fouling. Air flow rates and pressure are generally
sufficient to indicate an air stripper’s performance.
The use of sensorsis generally more cost-effective
than frequent sampling with laboratory analysis, and
the sensor data are provided in real time.

System designers should incorporate various sampling
ports throughout the treatment plant. Ports should be
located for samplesto be collected from the influent
and effluent of each major treatment component so
that the efficiency of each unit can be determined.
Thisis especialy helpful during system startup, when
more frequent sampling is appropriate, and is also
helpful for less frequent sampling throughout the
duration of the remedy.

Because site conditions change, the influent
concentrations of some constituents may fall below
discharge standards over time, and/or some extraction
wells may be taken offline. System designers should
anticipate the conditions that would allow
discontinuing the use of treatment components (or a
treatment system) so that these components are not
operated unnecessarily. The conditions that would
merit restarting or reincorporating those components
could also be determined, if changing site conditions
lead to an unexpected increase in influent
concentrations.

An onsite laboratory for frequent chemical analysisis
costly to install and operate and is rarely appropriate
once system operation is stable. Designers should
thoroughly consider the use of sensors before
including an onsite laboratory in the design. During
system startup, more frequent sampling may be
appropriate, but a short-term solution, such as sending
samples offsite or using a temporary mobile
laboratory, is generally more appropriate and cost-
effective in the long term than installing and operating
a permanent laboratory.

“ An onsite laboratory is costly and
israrely appropriate...”
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C. SYSTEM DESIGN PARAMETERS

Proper evaluation and selection of treatment equipment
during design requires reliable estimates of the
extraction system flow rate and influent characteristics.
System designers, however, should note that changesin
the values of these parameters will likely occur during
system operation, particularly in the first five years.
These changes in parameter values might result from a
changein site conditions related to the operating
remedy, such as modifications to the extraction system
or source control/removal. ldeally, asystemis
designed to minimize equipment that becomes
unnecessary soon after operation begins. Regardless,
system components that are initially needed may later
become unnecessary. In such circumstances, the
system should be sufficiently flexible to allow these
components to be bypassed so that unnecessary
materials and labor costs do not continue. In some
cases, it may be appropriate to lease a particul ar
treatment component if the designer believes that the
component will only be needed for ashort time. In
other cases, it may be appropriate to install equipment
that is appropriate for the reduced mass loading that is

expected over the long term. In such cases, the system
would operate with increased cost and/or modified
extraction in the short term to accommodate the
initially elevated mass loading and meet discharge
standards.

Selecting appropriate design parameters reduces the
likelihood that installed treatment equipment will be
unnecessary. Common design parameters are
discussed below. Termsin bold are summarized in
Exhibit 1.

System Flow Rate

Design Extraction Rate

Based on the remedy goals for plume capture and
source control discussed above, a system design flow
rate and extraction well locations can be developed.
The design flow rate should be the actual flow
expected based on well yield data, pumping tests, and,
if appropriate, modeling using site-specific conditions.
Modeling can also help determine the optimal
locations for extraction wells. The design flow rateis
used for estimating initial contaminant mass loading,
and, depending on the system, items such as granular

Exhibit 1

remedy goals (e.g., plume capture).

rate by afactor of safety greater than 1.0.

removal rate.

concentration by a factor of safety between 1.0 and 2.0.

options.

Summary of Design Terms Used for Purpose of this Course

Design flow rate: expected flow rate of P& T system calculated from estimated extraction rates necessary to achieve
This value should be used to select treatment components and to calculate the design mass removal rate.
Hydraulic capacity: maximum expected flow rate of P& T system, generally calculated by multiplying the design flow

This value should be used to size pumps, piping, and tanks but should NOT be used to calculate the design mass

Design influent concentration (for each constituent or class of constituentsin system influent): expected blended
influent concentration from all extraction wells based on concentrations obtained from sustained pumping conditions (e.g.,
after more than 24 hours of pumping) and not from routine monitoring data.

This value should be used to cal cul ate the design mass removal rate.

Maximum influent concentration (for each constituent or class of constituentsin system influent): maximum
expected blended influent concentration from combined extraction, typically calculated by multiplying the design influent

The treatment system should be able to handle this concentration. Therefore, this value should be used to help
select a treatment process but should NOT be used to cal culate the design mass removal rate.

Design mass loading rate (for each constituent or class of constituentsin system influent): estimated mass loading
rate (pounds per day) to the treatment plant of contaminants in extracted ground water, calculated by multiplying the
design flow rate by the design influent concentration (Exhibit 2).

This value should be used for estimating material/utilities usage when analyzing costs of various treatment
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activated carbon (GAC) usage, sludge production, and
chemical usage. It can also be used to screen potential
discharge options. For example, as the flow rate
increases, discharging to a publicly owned treatment
works (POTW) becomes more expensive, whereas the
costs for other discharge options, such as surface water
or reinjection, often remain the same.

Hydraulic Capacity

A maximum system flow rate (hydraulic capacity)
should be calculated using the design flow rate
multiplied by afactor of safety. The factor of safety is

site-specific and is determined by professional
engineering judgment, based on the importance of

Extracting ground water changes ground water flow
patterns, blends contaminated and relatively clean
water, and often changes the oxidation-reduction
potential of the subsurface. Concentrations of both
organics and inorganics under sustained pumping
conditions are sometimes orders of magnitude lower
than under non-pumping conditions. Asaresult,
concentration data used for determining the design
concentration of aP& T system should be collected for
each potential constituent during sustained pumping
conditions from operating extraction wells or from
pump tests at monitoring wells in the vicinity of the
proposed extraction wells. For inorganics, both
unfiltered and filtered samples should be analyzed to

i ; : determin~* 'al need for treatment and the

hydraulic capacity for system cost and effectiveness filtration to be an effective
and on the reliability of the design flowar »~ “e longer pumping can be
(eg. the calc_ulation will | or that rate isto the expected
?gsttziﬁxéirt{?]c:roer;(:::lcltisoﬁla\\/lv 1 re accurate the estimate of the
wells). For example, if the WO‘F;I]CQ, ‘will be. In general, allowing

" ’ the v a tot ing prior to sampling isa
system s ? gpm, a factor O; To view WIMU&L Ttoyolk between the cost for the test
gigtﬂeg?g;)zggzn cowr’ mfoy pOH 0’; MW \g data under pumping
likely be used for any flow r: the q chas® st pumping for longer periods

However, for systems with n

' for wells with a lower yield

rates over 50 gpm, the factor iy wmdﬂw he prodM-Ot

be 2 or less, according to the: close 5 ’ oW \ume tanks are used to store

judgment. “Ad'd/ Treatment of the generated
prge ne, influent characteristics,

The hydraulic capacity is used
equipment, pumps, and piping
throughput. Pump and piping ¢
flow velocitiesand head loss. |
components are fed by pumpst
flow rate while the pump is ope
considered, not the average flown —-ul
example, the average flow through an air stripper may
be 50 gpm, but if the treatment system is designed to
operate in batch mode (i.e., intermittently) at aflow
rate of 100 gpm, the air stripper should be designed
with aflow capacity of 100 gpm. To avoid over-
design, the hydraulic capacity should not be used to
determine GAC usage, dudge production, disposables,
or the selection of atreatment process. Theseitemsare
best determined with the design flow rate, which isthe
best estimate of the expected flow rate.

Design Concentration

In addition to the system flow rate, concentrations of
constituents expected in the system influent should be
determined. Site contaminants of concern, aswell as
naturally occurring inorganics, such asiron, manganese
and hardness, should be considered.

dischargeto aPOTW is
e needed and the
‘er from pumping tests
_ ! cost-effective. In some
=~ ve obtained for short-term
Gouniarge to anearby surface water body or to a storm
sewer. If adischarge point is unavailable or
testing/treatment standards are extremely stringent,
off-site treatment at an appropriately permitted facility
may be warranted, with costs at these facilities
typically ranging from $0.25/gallon to $0.50/gallon.
Small GAC units and mobile air strippers are available
for very reasonable costs. On-site treatment of the
pumping test water may be cost-effective and can be
useful for testing the effectiveness of preferred
treatment technologies.

Data from representative wells should be averaged
(weighted based on the flow per well) to give the
design influent concentrations for each constituent
(Figure 1). The use of concentration data obtained
during sustained pumping conditions, rather than
during non-pumping or low-flow conditions, reduces
the chance of over-designing the system to handle an
erroneoudly high mass removal rate.
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