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CHAPTER 7
CONSTRUCTI ON, START-UP & GENERAL CPERATI ONS AND MAI NTENANCE

7-1. Introduction

a. This chapter provides guidance on: 1) collecting baseline data for
future evaluation of MPE performance; 2) testing the equipnent (i.e.,
shakedown); 3) operating the MPE systemduring start-up; 4) nonitoring MPE (the
equi prrent and t he subsurface conditions) during start-up and over the |ong-
term and 5) operating and naintaining the MPE systemover the |ong-term

b. Sone of the guidance on operations and mai ntenance (O&V is taken from
EM 1110- 1- 4001, SVE and Bioventing. Additional O&M activities that are
required for MPE but not SVE/ BV incl ude:

. Preventing | eaks in systempiping that is subjected to nuch higher
vacuuns.

. Adj usting the systemto optimnize free-phase product renoval

. Qperating oil/water or DNAPL/water separators.

. Treating contam nated groundwater that is extracted

. Adj usting the placenent of drop tubes or subnersible punps to
desired depths (e.g., in sone cases, sequential |owering of the

wat er table may be beneficial in that SVE can be perfornmed in
certain strata without dewatering potentially higher permeability
soil layers and thereby pronoting preferential airflow).

7-2. Construction Oversight. The construction of an MPE system consi sts of
well installation, piping and wiring installation, and placenment of punps,

bl owers, or vacuum punps and accessories. The construction of an MPE systemis
conparable to the installation of soil vapor and groundwater extraction
systems. EP 415-1-261, Volume 5, Chapters 2 and 6, contain specific

i nformation on construction of groundwater and soil vapor extraction systens,
respectively, that can be applied directly to oversight of installation of the
vari ous conmponents of MPE systens. |n particular, the guidance contained in
those chapters is applicable to the installation of extraction wells, piping,
and aboveground equi prent.

7-3. Collection of Baseline Data.

a. Ceneral.

(1) Information on subsurface conditions rmust be updated just prior to
i mpl ementati on of MPE to provide a baseline against which the future effects of
MPE can be conpared and eval uat ed. Al t hough rmuch of the necessary
characterization data may have al ready been devel oped during earlier site
i nvestigations, it should be confirmed that all necessary information has been
coll ected and that baseline information is current. Collection of baseline
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data is very inportant because once MPE has begun, baseline conditions cannot
be determ ned accurately.

(2) An efficient way to ensure that the necessary baseline data are
collected is to produce a checklist of paraneters to be neasured, including
measur enent | ocations and nethodol ogy. Table 7-1 lists the paraneters that
typically should be considered for neasurenent, and the follow ng paragraphs
expl ain some of the rationale behind their inclusion. Table 3-10 provides
additional information about many of these paraneters). The specific
measur enent | ocations (see 7-3(e)(3)) for each paraneter nust be sel ected so
variations in subsurface conditions can be determ ned

TABLE 7-1

Checklist of Baseline Data to Consider Collecting
(This assumes site characterization has been completed.)

Soi | characteristics

Variation in contam nant concentrations (laterally and with
dept h)

Soil gas pressures in:

Vadose zone nonitoring points

G oundwat er nmonitoring wells

Baronetric pressure

G oundwat er el evations in:

Phreatic zone (shallow) wells

Deep wells (for determnation of vertical hydraulic gradients)
Soil gas concentrations neasured in:

MPE wells

Vadose zone nonitoring points

G oundwater nmonitoring wells

Bi ol ogi cal activity paraneters (if biodegradation is a renedia
conponent)

Respiratory paraneters (e.g., O, COQ, CH,)

Nutrient concentrations (e.g., nitrogen, phosphorus)

Pl ate counts of total heterotrophs and/or specific types of
degraders (e.g., hydrocarbon degraders)

Groundwater quality (e.g., oxidation/reduction potential, pH
conductivity, tenperature, concentrations of: contanminants, dissolved
oxygen, dissol ved hydrogen, iron, manganese, nitrate, sulfate, chloride
hardness, alkalinity, anions and cations) in:

MPE wel | s

G oundwat er monitoring wells

NAPL (if present)

Vi scosity, density, conposition and type (e.g., of petrol eum
product); tendency to form enul sions

Area of plunme and thi cknesses across site

Dept h of snear zone

Estimate of total mass of contam nants and distribution anmong all phases
and zones

b. Soil Vacuum Pressure Head Distribution. At nost sites, especially
those with shallow water tables, the static soil gas pressure in the soils to
be renmedi ated should be equal to or very simlar to atnospheric pressure, or
the di fferences should be snall conpared to the vacuumto be applied. Still,
this should be confirmed by nmeasuring baseli ne vadose zone pressures. Al so,
changes in atnospheric pressure when weather fronts pass through the area can
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cause smal | pressure differences between the subsurface and the atnosphere.
Therefore, soil gas pressure should be nonitored in several wells over at |east
a few hours to establish the baseline variations that can be expected. This

wi | | becone inportant when eval uati ng whet her pressure changes observed during
remedi al operations are due to weather conditions or the application of a
vacuum

c. Soil Characteristics. Chapter 3 discusses the rationale and nethodol ogy
for collecting data relative to the following soil characteristics:

. Stratigraphy.

. Permeability of different soil |ayers (this can be estinated from
data coll ected during punmping tests in the saturated zone or SVE
pilot tests in the vadose zone, and/or by | aboratory triaxial cel
permeabi lity measurenments of soil sanples).

. Porosity (air- and water-filled) in different soil |ayers.

. Soil noisture content in different |ayers (can be neasured or
calculated fromthe above porosity data).

. Fraction organic content (foc) in different soil |ayers (for
estinmati ng the amount of adsorbed contam nation).

. Spatial variation in the above soil properties site-w de
d. Piezonetric Head Distribution, NAPL Thickness.

(1) Application of a vacuumto SVE or MPE wells will cause upwelling
within the extraction well if liquid is not renoved. Even with Iiquid renoval
upwel i ng may occur in the area around the extraction well where pressures are
sub- at nrospheric. Therefore baseline static groundwater |evels nust be neasured
in the MPE systemarea. It is also very inportant to accurately neasure
basel i ne LNAPL t hi cknesses in the extraction well(s) and in surrounding
nmonitoring wells containing LNAPL. The true LNAPL thickness (see paragraph
3-5a(2)) should be estimated fromthe apparent LNAPL thi ckness. True DNAPL
t hi cknesses shoul d al so be estimated, if possible.

(2) If deeper or nested groundwater nonitoring wells exist, the
pi ezometric heads should be neasured in order to calculate vertical hydraulic
gradi ent s.

e. Chenmical Data Requirenents. |f recent data are not sufficient, then
addi ti onal baseline chenical data should be collected prior to start-up. For
nmost chem cal paraneters, data should not be nore than a nmonth or two ol d.
Concentrations of contami nants in the groundwater, soil, and soil gas, and free
product conposition will change during renmediation as the nore volatile
components are renoved and nore bi odegradabl e conmpounds are consuned.

Therefore, it is inportant to have a good understandi ng of pre-renediation
(baseline) concentrations against which to conpare future concentrations.
These changes will also affect efficiencies, costs, and sonetimes nethods of
treatment. A Sanpling and Analysis Plan (SAP) should be prepared that
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speci fies how, what and where to sanple, and how sanples will be analyzed. The
SAP shoul d al so include protocols for sanple transportation and chai n of
custody procedures. The quality objectives and other quality assurance and
control procedures that are appropriate or required for the site nmust also be
included in the SAP. For these requirenents, the designer should foll ow EM
200-1-3, Environnental Quality - Requirenents for the Preparation of Sanpling
and Analysis Plans. This docunment provides guidelines for inplenenting any SAP
inawy that will produce data of the necessary quality, accuracy,
representativeness, etc. The follow ng sections discuss some of the key
aspects of SAPs.

(1) Contam nants to be Measured.

(a) The contaminants to be neasured in the extracted groundwater and soil
gas shoul d have been identified during previous investigation phases. The
paraneter |ist should be reviewed for conpl eteness and shoul d incl ude:

. Cont ami nants that exceed a clean-up standard and nust be renedi at ed.

. Q her conpounds that can affect treatment or whose change in
concentrations will help the evaluation of the renediati on progress.
For exanple, observing different rates of decrease in concentrations
of various volatile contam nants (i ncludi ng conmpounds that do not
require remedi ation) can help evaluate the rate of progress of ME
Simlarly, changes in concentrations of conmpounds of differing
bi odegradabilities, and the production of bi odegradati on breakdown
products, can assist the evaluation of the degree of biodegradation
that is occurring. Oher constituents may be oxidized or adsorbed
along with the target conpounds

. Specific contam nants to be neasured in each nediumwi ||l depend on
the contam nant characteristics. For exanple, only VOCs need to be
measured in the soil gas and only sol ubl e conponents of the NAPL
need be neasured in the groundwater. Soil sanples should generally
be anal yzed for VOCs, SVOCs and petrol eum hydrocarbons. For NAPL,
quantifying the nmajor constituents is usually sufficient (and it is
usually difficult to quantify | esser constituents because of
interferences fromthe maj or constituents).

(b) In addition to the need to determ ne mass bal ances and renoval rates,
addi tional paraneters need to be nmeasured to enabl e eval uati on of other aspects
of MPE renedi ation. Physical, biological and chem cal paraneters that my
affect treatment or may be inportant for eval uating bioventing and natura
attenuation are included in Table 7-1.

(2) Health and Safety considerations. Health and Safety issues are to be
addressed in a Site Safety and Health Plan (SSHP). Many of the specific issues
that relate to MPE sites are related to volatile and fl ammabl e gasol i ne and
ot her petrol eum conpounds. Therefore, conbustible gas indicators should be
enpl oyed to ensure that explosive mxtures do not collect in enclosed areas.

Q her volatile or hazardous conpounds (such as toxic chlorinated conmpounds) nay
be present, representing a potential exposure hazard to workers. The SSHP
shoul d therefore specify the use of appropriate field instrunents (e.g., PIDs
or FIDs in the case of volatile conmpounds) to eval uate concentrati ons of these
conpounds.
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(3) Quantity of Sanples. The nunber of baseline sanpl es nust be
sufficient to characterize variations across the site and provide
representative data. EM 200-1-3 and Breckenridge (1991) provi de gui dance for
sel ecting the nunber of sanples to collect. Geostatistical nethods can
effectively be used to estimate average concentrations in various areas
(bl ocks) and can provi de nmeasures of the uncertainties in those estinates.
Refer to ot her USACE gui dance on geostatistics. However, such a rigorous
effort is not usually necessary for renediati on design purposes since very high
and very low concentrations will be averaged out in the gas and liquid waste
streans. What is inportant to gather fromthe sanpling results is sone
certainty that the chosen design basis concentration(s) are not nuch different
than the average concentrations in the area to be renediated. |f the design
concentration turns out to have been overestinated, the renedi ati on system may
be oversized and therefore nore expensive than necessary. |[If the design
concentration turns out to have been underestimated, the treatnent systemwl|
not be able to handle the flow or nass | oadi ng.

(a) Sufficient data should also be gathered such that the initial
contam nant mass in the various phases (free phase, adsorbed, dissolved) can be
estinmated so that nass renoved during MPE can be conpared to that originally
present.

(4) Field Sanpling and Anal ytical Measurenment Met hods.

(a) The field sanpling nethodol ogy (including sanpling equi prent, sanple
contai ners, preservatives, holding tinmes, equi pment decontam nation procedures,
etc.) should be detailed in the Field Sanpling Plan (FSP) section of the SAP.
EM 200- 1- 3 shoul d be used for guidance. Exanples of appropriate anal ytica
nmethods are listed in Tables 3-7 and 3-8 of this EM

(b) Simlarly, screening and anal ytical nethods to be used (in-situ, on-
site or |laboratory) should be specified in the SAP. Specific field instruments
(i.e., dissolved oxygen neters, field test kits, portable VOC detectors, etc.),
calibration procedures, and proper use should also be described.

(5) Quality Assurance/ Quality Control procedures will be chosen with the
hel p of Appendix H of EM 200-1-3 and will be contained in the Quality Assurance
Project Plan (QAPP) section of the SAP.

(a) Since the FSP and QAPP of a SAP will likely also be appropriate for
the start-up phase as well as long-termnonitoring and closure, it nmay be
advant ageous to prepare a single SAP to guide nonitoring for the entire
renedi ati on program The |ocations and nunbers of sanples will vary with the
different phases of work. Also, the degree of required Q¥ will vary
dependi ng on the phase of renediation (i.e., specifications for O%M nonitoring
may be | ess rigorous than those for baseline or closure nonitoring).

7-4. Equi pnent  Shakedown/ Testi ng.

a. Before actually beginning the remediation effort, all aboveground
equi prent and pi pi ng shoul d be inspected and tested. An extensive shakedown
checklist is included as Table 7-2. Manufacturers’ specifications should be
i ncluded on this checklist so that performance can be easily checked. Qut-of-
compliance conditions should be corrected prior to start-up of the entire
system
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TABLE 7-2
Example Pre-Commissioning/Shakedown Checklist
Checklist Item | Approved by | Date
Subsur f ace

Wl ls installed and devel oped as specified

Wel | head covers in good repair and clearly narked

Determ ne/record specific capacity of wells

Drop tube (s) and well heads assenbl ed correctly

Vadose zone nonitoring points installed, devel oped
and pressure tested

Trenches, seals and horizontal wells installed per
specifications

Trenches for subsurface piping installed per
speci fications

Piping installation

Pi pi ng conpl ete (aboveground and subsurface)

Pi pi ng flushed and pressure/vacuumtested

Silencers, strainers and filters installed in
correct direction

Control and check val ves installed and operation
verified

Val ves accessi ble (easy to reach/ mani pul ate)

Piping | eak tested (insulation/heat tape, if
required, will be installed |ater after system has
been started up)

Piping clearly I abeled and val ves tagged

Punps

and bl owers

Foundation, trailer, or shed conplete according to
specifications and i nspected by buil ding i nspector
(if required)

Vi bration danpers installed, heavy equi prent
bolted in place

Mot or and bl ower coupling alignnents are | evel and
true

Pi pe supports installed/tested

Punps and seal s intact (no | eaks)

Centrifugal punps prined as needed or plunbed to
self-prine

Belts properly tensioned, guards in place

El ectr

cal /control s/instrunentation

G oundi ng install ed/ checked

Li ghti ng/ HVAC and thernostats functi onal

Lockout s/ covers/panels in place

Pressur e/ vacuum transducers functioni ng and
calibrated

Tenperature and pressure gauges installed or
portabl e gauge connecti ons provided

Bl ower and punp rotation verified

H gh and low fluid | evel sensors operating

Di sconnects in sight of unit being controlled

PLC, controls/alarns, renote nonitoring system and
i nterl ocks functional and calibrated

Power connected to on-line nonitoring instrunents

Fi nal approval received fromelectrical inspector
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TABLE 7-2
Example Pre-Commissioning/Shakedown Checklist (Continued)
Checklist Item | Approved by | Date

O her

Qperators have been trained (with respect to
Health & Safety and equi pnent operation)

G oundwat er treatnment system operating
(hydraulically) and groundwater discharge (sewer,
NPDES, re-injection) arranged

Fl ame arrestor on vapor oxidizer installed
correctly

Vapor treatnment system functi ona

Liquid ring fluid make-up system functi onal

Ql/seals/recirculation system (for oil-cool ed
bl owers) functional, and lubricating oil filled

Treat nent encl osure ventil ation functi ona

Control panel purge system (if required)
functi onal

b. After the operator has confirmed that all engi neered systens neet
speci fications, the operator will reconmend to the project nanager that
operation begin. The site Health & Safety officer must al so be in agreenent
that all safety devices are operable and that site personnel have, and are
tLained to use, the appropriate personal protective equi pment as required by
t he SSHP.

7-5. System Start-Up. Systemstart-up refers to the actual initial period of
extracting, separating, and treating fluids and measuring the response at
surface and subsurface neasuring points. This period may |ast hours, days, or
weeks, depending on the conplexity of the system the conditions encountered,
and the tine to reach steady-state operating conditions.

a. Qperations.

(1) This section presents an overall strategy for the start-up of an MPE
remedi ati on system including nmonitoring the initial response in the subsurface
and naki ng the necessary adjustnents to begin neeting the operational and
remedi al objectives. As with all paragraphs in this chapter, the designer
preparing the O%M nmanual nust deci de which of the suggestions included here (or
not included here but relevant to the site-specific remedi ati on system are
appropri ate given site-specific conditions, renedial objectives, and renedia
equi prent. The desi gner nust al so deci de what constitutes the start-up phase
since there is likely to be a specific contract in place to bring the system
frominstallation to nornmal, |long-termoperations. The intent should be nade
clear in the start-up contract. The best way to specify what is expected from
the contractor in the start-up phase is to list the performance criteria that
nmust be met before the start-up phase contract is considered conplete.

Exanpl es of performance criteria are: 48 (or nmore) hours of continuous
operation of all equipnent, reaching steady-state flow or pressure conditions;
conpl etion of a specified nunber of cycles of punping based on water |evel
switches; or conpletion of all start-up data collection. There may be
unexpect ed problens during the start-up phase, especially if the start-up
contractor was not the installation contractor. The contract should thus al so
specify the conditions or situations that are understood to be out of scope
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and whi ch aspects of a second or third start-up are within scope and which are
out of scope.

(2) The designer nmust state the specific intent and objectives of the
start-up phase of systemoperation. |In general, the intent of the start-up
phase is to bring all systens, above and bel ow ground, into normal operation
(al though concentrations and flows may continue to change). The objective of
the start-up phase of MPE (and of SVE as well) entails nore than sinply the
mechani cal start-up of aboveground equiprment. It is also a very inportant
phase in the renedi ati on, because often the hi ghest rates of contam nant
removal occur during this initial operating period. Start-up nonitoring data
can be tabul ated and di spl ayed graphically to determne trends in the
subsurface response to the MPE system

(3) The principal objective of many MPE projects is to maxi m ze NAPL
renoval . However, in cases where MPE is used to augnent SVE, the principa
obj ective could be to depress the water table surface and renove enough water
to facilitate vapor extraction within the enl arged vadose zone. |In this case
greater groundwater extraction rates may be desired to consistently reduce the
water table over the entire renedial area. Another exanple for which greater
groundwat er extraction rates nmay be desirable is vacuum enhanced groundwater
extraction systens. Depending on the anmount of NAPL at a site and how
recoverable the NAPL is, the relative anount of contani nant nass renoved during
a MPE renedi ation via either soil gas or groundwater may be | ess or greater
than via NAPL. Initially, if recoverable NAPL is present at the site, nost
contami nant nass renoval is usually in the formof NAPL. But as NAPL recovery
rates decline, relatively nore may be renoved via soil gas and groundwater.
The anount of contam nant mass renpoved per time via soil gas is usually greater
than via groundwater, at least initially when soil gas concentrations are high
If soil gas concentrations decrease but groundwater concentrations decrease
more slowy, contam nant mass renoval via groundwater may eventual |y becone
pr edoni nant.

(4) A periodic or preventative maintenance plan is typically not included
in the start-up plan because the start-up period is typically too short to
requi re schedul ed mai nt enance. Regul ar or schedul ed mai ntenance itens are
covered in paragraph 7-6. However, sone conponents nmay require adjustnent
during start-up, so manufacturers' specifications and a troubl eshooting guide
shoul d be included in the start-up plan. For very conplicated equi pnment such
as a catalytic or thermal oxidizer, it may be very beneficial to have the
equi prrent supplier or representative on-site during initial start-up
activities.

(5) The start-up plan should be prepared and i npl enmented sequentially, to
al | ow conpari son of the observations and nmeasurenents with the design criteria.
This will ensure that the plan is inplenented systematically and safely. This
sequence is especially inportant because flammable |iquids and expl osive vapors
may be present.

(6) Table 7-3 is a sequential list of operations that is likely to be
foll owed during an MPE systemstart-up. |In addition to devel opi ng such an
operations list to follow during start-up, a checklist of the expected ranges
in flows, pressures, etc. should be prepared to acconpany the nonitoring

schedul e di scussed in paragraph 7-5b. |If nmeasured conditions vary
significantly fromthe expected range, the reason(s) must be investigated, and
expl ained or corrected. |If the reason for the variance cannot be deternined or

renedi ed, the system may need to be shut down until corrections can be made
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TABLE 7-3

Suggested Sequence of Operations During Start-up

Check that all planned baseline nmeasurenments have been coll ected (see Table
7-1)

Calibrate all dedicated and portable instrunents

Pressure test vadose zone nonitoring points (they should slowWy |ose an
applied pressure — no loss indicates clogging, fast |loss indicates |eak)
Set fluid extraction drop tubes or subnersible punps to sel ected depths
Ensure that liquid/air seals are tight at top of MPE wells

Start groundwater punping if separate groundwater punp is used (record flow
rate and water |evels)

Confirm operation of |evel control sensors for punp operation

Turn on vapor treatnent system

Open bl eed/dilution valves and all valves controlling flow through vapor
extraction/treatnment system (extraction wells vapor val ves cl osed)

Turn on power for liquid transfer punp

Start vacuum bl ower

Open valves fromextraction wells conpletely

Slowl y decrease flow through dilution air valve(s)

Moni tor and record:

Extraction well vacuum and vacuum at vacuum punp

Gas and dilution air flow rates

G oundwat er dr awdown

G oundwater flow rates

NAPL accurul ation rate in tanks, NAPL/water separator

Bl ower and punp cycl es (programmble | ogic control should record on and
of f tines)

Fluid levels in extraction wells (not necessary if levels are

controll ed by drop tubes or |evel controls)

Fluid I evels in holding tanks

Catal ytic oxidizer catalyst tenperature (if applicable)

Measure gas influent and effluent concentrations with PID or FID

Moni t or pressure changes in nearby vadose zone nonitoring wells

Check for enulsion formation in NAPL/water separator

Adj ust drop tube depths (TPE) or punp intake depths (DPE) to naxim ze free-
phase product renoval

Adj ust vacuum at the bl ower and valves on the extraction wells to optimze
operation in accordance with operating strategy

Leak test lines again at design vacuum

Check instrunent calibration at end of each day (or nore frequently if
requi red by SAP)

Col Il ect vapor sanples for |aboratory analysis if specified in SAP

Collect influent and effluent conpliance sanples as required by
pernits/regul ations

I nsul ate/ heat trace piping, after startup

b. MPE Mnitoring During Start-Up: Paraneters, Mthods and Frequency.
During MPE start-up, neasurements of both the aboveground equi pnent paraneters
and bel ow ground conditi ons nmust be performed. Some of these measurenents mnust
be real-time or alnost real-time since adjustnments in the operating conditions
will frequently be required.

(1) During the design phase, one cannot precisely predict the required
appl i ed vacuumto extract groundwater, NAPL or soil gas fromthe soil.
Therefore, the applied vacuumis typically increased gradually while nmonitoring
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the resulting fluid flows and the resulting pressure effects in the soi
formation surrounding the extraction wells or trenches. Wth a regenerative
bl ower, this is usually done by beginning start-up with a dilution valve open
that allows anbient air as well as soil gas to be taken in by the vacuum

bl ower, thereby reducing the vacuumapplied to the soil. (The bl ower exhaust
could be recycled instead of bleeding in anmbient air, but the potential of
excessi ve tenperature increases nust first be evaluated before trying this.)
The dilution valve is then gradually closed to generate increasing vacuumin

t he subsurface. The vacuum applied to the extraction well can also be varied
through the use of a constricting valve on the inlet side of the vacuum bl ower
Wiile this is an efficient control method for centrifugal blowers, it is energy
inefficient to enploy regenerative blowers in this way. her nethods of
varying the applied vacuuminclude using variable speed notors or changi ng the
pul l eys and sheaves between the notor and the bl ower.

(2) A conprehensive nonitoring plan is required in order to effectively
eval uate subsurface response to MPE. The follow ng sections di scuss the types
of measurenents to be nmade and the rationale for each so that the O%M Pl an
aut hor can devel op an appropriate nonitoring plan. Mst of the same paraneters
nust be measured during both the start-up and | ong-term operating phases of a
MPE remedi ation. Therefore, it will usually be efficient to prepare an overal
moni toring plan and sinply specify the slightly different paraneters and
different nonitoring frequencies during start-up and long-termnonitoring. To
hel p guide the preparation of a nmonitoring plan (for both phases), Table 7-4
notes nonitoring paraneters, including those that are not critical to neasure
during start-up. Long-termnonitoring is discussed in paragraph 7-6c. The
sampling and anal yses aspects of the nmonitoring plan will follow the procedures
specified for the SAP discussed in paragraph 7-3e. The follow ng paragraphs
di scuss the rationale behind the nore inportant nonitoring issues.

TABLE 7-4

Suggested Checklist for Monitoring an MPE System

Physi cal and Mechani cal Paraneters (in approxi mate descendi ng order of

i nportance)

Vacuumin extraction wells and nmonitoring wells and anbi ent baronetric
pressure

Vacuum bl ower inlet vacuum

Vacuum at each fl ow nmeasurenent poi nt

Vacuum bl ower outl et pressure

G oundwat er drawdown in extraction wells

Vol ume of groundwater renoved

I ndi vidual well head fluid velocities

Blower inlet flowrate

Treated effluent flow rate

Bl eed/dilution air flowrate

Tenperature at bl ower discharge

Tenperature at each fl ow neasurenent point

Tenperature of treated effl uent

NAPL t hi ckness in extraction wells and nonitoring wells

NAPL accurul ation rates

Appearance of flow reginme in transparent portions of piping

Vol une of condensate

Bl ower anperage neter readi ngs

Run tinme of bl owers or punps

Soi |l noi sture content changes (not critical during start-up)

G oundwat er el evations near extraction wells

Degree of upwelling observed
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TABLE 7-4

Suggested Checklist for Monitoring an MPE System (Continued)

Rel ative hum dity of gas to be treated if by activated carbon (not critical
during start-up)

Anbi ent tenperature (not critical during start-up)

At mospheric pressure (not critical during start-up)

Gas tenperature at extraction wellhead (not critical during start-up)

Noi se | evel (as required)

Chem cal Paraneters

Vapor contam nant concentrations at blower inlet and/or outlet

Cont ami nant concentrations in treated effluent (gas and/or water)
Cont ami nant concentrations at treatnent midpoint (if using activated carbon
vessel s in series)

Cont anmi nant concentrations in extracted groundwater (not so critical during
start-up)

Gas contami nant concentrations in individual MPE extraction wells

Gas cont ami nant concentrations in vadose zone nonitoring points (not so
critical during start-up)

Conpositional changes in NAPL (not critical during start-up)

Bi ol ogi cal Paraneters (if biodegradation is an inportant renedi al process)

Di ssol ved and gas phase oxygen concentrations (not critical during start-up)
Gas phase carbon di oxide concentrations(not critical during start-up)
Nutrient concentrations, e.g., nitrogen and phosphorus (not critical during
start-up)

pH (not critical during start-up)

Oxi dation/reduction potential (not critical during start-up)

M crobial plate counts (not critical during start-up)

(a) Vacuum pressure. Vacuumor pressure should be nonitored in gauges
install ed throughout the MPE system whenever significant changes are expected
(e.g., across the blower, the fluid separator, particulate filter). The vacuum
at the well(s) is the nost inportant factor to nonitor and relate to evi dence
of the beginning of flow of fluids (air, groundwater, free-phase product).
Increases in the resulting flow and changes in soil vacuum at soil gas
nonitoring points [installed around the extraction well(s)] over time are al so
i nportant as they indicate when steady-state conditions are bei ng approached.
As reported by Johnson et al. (1990) and Peargin and Mhr (1994), the tinme to
reach steady state can range fromseveral hours to several days or much nore,
depending on soil perneability. The frequency of vacuuni pressure measurenents
can then be reduced over tinme as the magni tude of changes in neasured val ues

decline and steady-state conditions are approached. |f nany points need to be
monitored and if initial changes are expected to be significant, it may be
worthwhile to use electronic data | oggers. |If data |oggers are used, the

nmoni toring plan should include the calibration and operating procedures for the
equi prrent. An accuracy of 0.2 mmHg (0.1 inches water) colum is usually
sufficient, especially for the higher applied vacuuns associated with MPE
Different strategies and nonitoring nay be appropriate for horizontal MPE
systens where the vacuumis applied through horizontal piping and screens
installed in trenches and the overlying soil nust be of |ow pernmeability. In
hori zontal (trench) MPE systems, the applied vacuum shoul d be checked at
different locations along the horizontal screen, because the vacuumis not
likely to be uniformthroughout. Inportant measurenents include vacuumin
vadose zone nonitoring points in order to evaluate the zones of influence and
to confirmthat the upper trench seals neet the design criteria.
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(b) Fluid head distribution. Applying a vacuumto the well w Il cause the
zone of saturation to upwell (rise) in the recovery well upon application of
vacuum However, in MPE, there is typically a drop tube or separate punp to
renove groundwater and/or free phase product. Hence, this upwelling does not
present the sane probl ens encountered with SVE/ BV systens of raising the top of
the zone of saturation. Measuring the actual changes in the top of the
saturated zone in the formation and/or in the extraction well nay be desirable,
but can only be acconplished if appropriate pressure transducers have been
installed (see paragraph 4-2e(5)(c). It would al so be possible to instal
sensors to detect the thickness of NAPL in a MPE well during extraction but it
is rarely done. Water and NAPL |levels in nearby nonitoring wells might also
change due to the applied vacuum [If significant soil vacuuns are noted during
moni toring, the elevation of the top of the saturated zone should al so be
neasured in the vadose zone nonitoring points (if they intercept the water
table), in such a way as to prevent air fromleaking into the nmonitoring
points. In a DPE trench system water levels in the trench nust be nonitored
to confirmthat LNAPL or groundwater is indeed above the |evel of the
hori zontal pipe so that extraction can take place.

(c¢) Fluid flow To neasure the efficacy of the MPE system the fl ows of
extracted gas, water, and NAPL nust be neasured. Paragraphs 5-7a(3) and
5-7a(4) discuss the various fl ow neasurenent devices avail abl e and note that
fluid flows nust be neasured after the fluids have been separated. Wile these
i ssues will have been considered during the design of the instrumentati on and
control system they are also discussed here as a very inportant aspect of
proper O&M

. Gas velocities are typically nmeasured with pitot tubes, rotaneters
or hot wire anenoneters. The flow through a vacuum bl ower can al so
be estinmated based on the inlet vacuum outlet pressure and the
manuf acturer’s blower curve. |In DPE, the extracted gas flow from
each well is typically neasured using a pitot tube or hot-wire
anenoneter placed in the riser or in the conduit fromthe well to
the manifold. Wth TPE (e.g., bioslurping), if flowfromnmultiple
wel I's are nmani fol ded toget her before phase separation, it will not
be possible to nmeasure the soil gas flow fromeach well when both
liquids and soil gas are being extracted. Only the total airflowto
or fromthe vacuum bl ower will be neasurable in this case.

. It is also very inportant to neasure the flow of any dilution air so
that the airflow fromthe subsurface can be cal cul ated as the
difference between the entire airflow being treated and the dilution
airfl ow

. Sufficient pipe |ength nust be provided to reduce turbul ence
upstream and downstream of the neasurenent |ocation. Attaining |ess
turbul ent flow conditions may al so be aided by installing
stabilizing fins, but this is usually not necessary (there is
usual ly sufficient roomin a MPE systemto provide the required
straight length of pipe). Airflow should be neasured frequently
during start-up, perhaps every 10 to 15 minutes during the first
several hours and then hourly for the first several days to nonitor
the natural variation in flows. Measurenent of the airflow from
i ndividual wells allows one to adjust the flow or vacuumto neet a
particul ar operating strategy (e.g., equal flows, equal applied
vacuum equal mass renoval s).
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. Gas flow rates should be reported in both scrmm (fl ow at standard
tenperature and pressure) and acnm (flow at the actual tenperature
and pressure), and the tenperature and pressure should al so be
recorded. (Scnmdata are useful for comparing flows in standard
units, while acmdata are required for calculating mass renova
rates.) Corrections to standard tenperature and pressure can be
significant during high vacuum MPE. For exanple, the al gorithmused
by nost hot wire anenmoneters (which actually nmeasure fluid mass
flow) report the velocity as if the air is at standard tenperature
and pressure. Wen calculating velocities frompitot tube data
both the differential pressure and absol ute pressure nust be known
and used to calculate the velocity and flow (in accordance with
manuf acturers’ instructions). Even the flow readi ngs from
rotaneters nust be adj usted depending on the absol ute pressure and
whet her the rotaneter is calibrated for a certain pressure (usually
atmospheric) at the inlet or the outlet. Tenperature corrections to
fl ow neasurenents are generally small and are often ignored since
the overall accuracy of flow nmeasurenent is ordinarily only about
plus or mnus 5 percent.

. When designing the instrunentati on system the designer and operator
nmust choose the correct pipe dianeter for the velocity measurenent
device to be used. For exanple, an operator who later wants to use
a pitot tube instead of the hot-wire anenoneter (or vice versa) nay
di scover that the pipe diameter is not appropriate.

. Groundwat er recovery rates may be neasured with the use of flowrate
meters or totalizing flow neters or by measuring accunulation in a
hol di ng tank over tine, after separation fromNAPL. Initial flow
rates will be very inmportant for evaluating conditions in the
recovery well (s) and should also be nonitored frequently, perhaps
hourly on the first day. After separation, NAPL flow can generally
be nmeasured in a manner simlar to that for groundwater. However,
flow neters for NAPL measurenment must be calibrated to the specific
gravity of the NAPL.

(d) VOC concentrations in extracted gas.

. In al most all cases, the mass of contam nant being renoved in the
gas phase will need to be neasured during start-up (when significant
changes often occur). The renoval efficiency of the gas treatnent
system nust al so usually be monitored. Thus, influent and effl uent
VOC concentrations should be neasured frequently enough to observe
changes. The precision, accuracy and quantification requirenents
are specified in the SAP and will depend, in part, on the chosen
sampl ing and anal yti cal methods. Sampl ing and anal ysis may enpl oy:
FIDs, PIDs, on-site GCs, conbustible gas indicators, detector tubes
(i.e., Draeger®, gas (Tedlar® bags followed by | aboratory GC or
G&C/ M5 anal ysis, activated carbon adsorption tubes foll owed by
| aboratory GC or GC/ M5 anal ysis, or summa canisters foll owed by
| aboratory GC or GO MS anal ysis. Paragraph 3-5d provi des gui dance
on sel ecting the nost appropriate nethodol ogy.

. The specific anal ytical methods, holding tinmes, Q¥ QC requirenents,
etc., for VOC nmonitoring in gas should be included in the SAP
described in paragraph 7-3e, but they nmay be different than those
chosen for other purposes such as determ ning of the extent of
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contam nation or denonstrating that renedial goals have been
achieved. Effluent air sanpling frequency is often specified in
di scharge permts
. Met hods for evaluating the VOC mass renoval data are discussed in

par agraph 7-5c(2).
(e) Goundwater quality.

. During the relatively short start-up period, groundwater contam nant
concentrations in nonitoring wells are not likely to change
sufficiently to warrant any sanpling or anal ysis.

. The quality of the extracted groundwater nmay change over tine and
therefore nonitoring of contam nant concentrations is necessary for
cal cul ating mass renoval of dissolved contanminants. If a

groundwat er treatnent systemis part of the MPE system the SAP will
address details of nonitoring contam nant concentrations in the
influent and effluent. Oten, a discharge permt will specify

noni toring frequenci es and naxi nrum di scharge flow rates and
concentrations.

(f) Oher neasurenents. Performing the follow ng suppl enental
measurenents should al so be considered for additional infornmation that wll
hel p in evaluati ng MPE system operati ons:

. A volt nmeter (at a mininum or an anperage neter (recomended) can
be used to determ ne whether a notor is overheating or is
functioning properly.

. Anbi ent at nospheric pressure should be nmonitored if it is inportant
to distinguish small changes in vadose zone pressure from changes in
anbi ent at nospheric pressure.

. If vapors are to be treated by vapor-phase carbon, the tenperature
and hum dity nmay need to be controlled for optinmum adsorption
efficiency and to mnimze costs (i.e., significantly | ower
adsorption capacity occurs when the relative humdity (RH) is
greater than 50 percent). Therefore, the RHin the exhaust of the
vacuum bl ower system shoul d be neasured. Alternatively, the RHin
t he exhaust can be estinmated by assuming that the inconming air is at
100% RH at the tenperature of the subsurface and then cal cul ating
the RH at the higher tenperature in the bl ower exhaust.

. The tenperature rise through the bl ower should be conpared to the
manuf acturer’s specifications for an indication of whether the
bl ower is operating properly.

. Differential tenperature through a catalyst (where applicable) can
i ndi cate the approximate | evel of VOC contanination in the gas
extracted fromthe subsurface
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. Monitoring the | evel detectors in |iquid/gas separators, water/NAPL
separators, and holding tanks is inportant for the proper operation
of , and troubl eshooting of, the MPE system

(g) Steady-State Conditions. Once steady-state operating conditions
appear to have been reached, at |east three sets of measurenments of groundwater
el evati ons, vadose zone vacuuns, and gas and liquid flow rates should be
collected at | east one day apart (or nore in the case of |ow perneability
soils) to confirmthe achi evenrent of steady-state conditions. The start-up
phase can then be considered technically conplete. Long-term operational and
nmoni tori ng gui dance fromthis point forward is described in paragraph 7-6. For
contractural purposes, there should be nore specific criteria for the start-up
contractor to fulfill before this phase is considered conplete and paynent is
approved. These criteria should be reasonable but give an incentive to the
contractor to conplete the start-up efficiently and expediently, For exanple,
it could be required that the entire systemoperate for a specified nunber of
hours or days and at some mninmumflowate without attendance for start-up to
be consi dered conpl ete.

c. Start-up Report.

(1) A start-up report should be prepared to report the data and
observati ons devel oped during baseline nonitoring, equipnment shake-down and
start-up. This information will be very inportant in evaluating the |ikelihood
of success of the renedi ation, the expected time to reach renedial goals, |ong-
term O8M costs, and potential quantities of contam nation to be renoved via gas
and liquid phases. Mny of the procedures to be specified in the |ong-term Q&M
pl an described in paragraph 7-6 will be based on the start-up results.

(2) A suggested format for the report would be to present the data by
activity (baseline nonitoring, equipment shakedown, instrunent calibration, and
startup) and chronologically within data categories (vacuum |l evels, flow rates,
NAPL vol unmes, vapor concentrations, groundwater elevations, etc.). The
foll owi ng topics should be included at a m ni mum

. Statenment of objectives of the start-up phase of the renediation.

. Baseline information collected (as listed in Table 7-1 as well as
data col l ected during earlier investigation phases that may be
rel evant for describing initial conditions), including field
nmeasur enents and | aboratory data.

. Results of equi prment performance checks (as listed in Table 7-2 and
Tabl e 7-5).

TABLE 7-5

Suggested Operational Performance Checklist

Checklist Item Checked Dat e

Subsur f ace hydrogeol ogy/soil conditions

Water | evel upwelling within expected ranges
Moni toring point chem cal data within expected
ranges
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TABLE 7-5

Suggested Operational Performance Checklist (Continued)

Checklist Item

Checked
by

Dat e

Monitoring point pressures within expected ranges
for zone of influence

Well specific capacity within expected ranges

Pi pi

ng, valves, and instrunmentation

No | eaks in piping or extraction well
connections/fittings

Al'l valves operate freely and correctly

Fl ow neters in good working order and properly
cali brated

Expansion joints sufficient to take up novenents due
to tenperature changes

Pressure relief valves operate at set pressures

Punps and bl owers

Start and stop of all control nechani sns functioning

Qperating conditions nmatch punp curve specifications

Current draw and vol tage bal ance match
specifications for all phases

Support systens (sufficient nake-up water for liquid
ring systens, fuel for catalytic conbustion systens)
operate within specifications

No excessive tenperature rises

No excessive vi bration/ noi se

Treatment systens

Air and water treatment system performance neets
di scharge requirenments (i.e., maximum concentration
m ni mum percent renoval)

Pressure/ vacuum transducers maintain calibration

NAPL not escapi ng NAPL separator

Mass renoval rates foll ow expected trends

. Calibration records for instrunmentati on used on-site.

. Start-up operating procedures that were used.

. Times that punps and bl owers were started.

. Total el apsed time that punps and bl owers were operat ed.

. Ti mes that various val ves were opened and cl osed.

. Dates and tines that the systemwas shut down (either purposefully

or inadvertently).

. Pressure and vacuum neasurenents taken at bl owers and ot her

aboveground equi prent .
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. Lessons learned, i.e., a docunentation of issues and difficulties
encount ered during the project.
. Pressure and vacuum neasurenents in recovery wells (before and

after balancing flows if multiple wells are present) and in vadose
zone nonitoring points.

. Flow rates and total cunul ative vol unes of extracted gas, water and
NAPL.

. Dilution air flow rates.

. Flow rates fromindividual wells should be tabulated if possible.
In TPE (e.g., bioslurping) systens, it nmay not be possible to
nmoni tor individual well lTiquid and gas flow rates. Since NAPL is
usual ly coll ected separately for disposal, its volume is usually

known. At a mininum the appearance of the flowregine within
transparent portions of piping should be recorded.

. Sanpl es collected and anal ytical results obtained for influent and
ef fl uent groundwater and gas.

. Cal cul ations of contanm nant nass recovered in water and gas streans,
both total and on a well-by-well basis, if possible. EM 1110-1-
4001, Chapter 7 (“air emi ssion calculation”), describes in detai
how to perform such calcul ations. Basically, the extraction rate
(rmass/time) = Q (volune/time) x C (mass/volunme). However,
concentrations in soil gas are nost typically reported on a ppnv
(vol unme/ vol une) basis. Conversion to a mass/volunme (usually
grams/ m) value is based on the nol ecul ar wei ght of the contam nant
and the air tenperature. For weathered gasoline sites, USEPA (1989)
suggests using a nol ecul ar wei ght of 177. More accurate
determi nations are possible if gas concentrations of individual
cont am nants are known.

. Corrective actions or changes in design required due to construction
conditions, design error or onission, or field observations during
construction and start-up

. Recomendat i ons for adjustnments to acconmbdate seasonal variations.

. Variation in actual versus anticipated operating conditions.

7-6. Operations, Mintenance and Mnitoring. Every renediation system should
have a site-specific, equipnent-specific, conprehensive Qperations and

Mai nt enance manual . EM 1110-1-4001, Chapter 8, discusses O%M manual s and
presents a typical nmanual outline. An O&M manual for a MPE system woul d have
similar contents. The paragraphs that foll ow present gui dance on specifying
the appropriate long-term(e.g., after the start-up period) Q&M procedures as
well as monitoring required for fine-tuning operation and eval uating
remedi ati on progress. Sonme of the nonitoring activities are the same or
simlar to those perforned during start-up discussed in paragraph 7-5.
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a. Qperation Strategy. Based on the chosen renediation strategy and
obj ectives, a site- and equi pment-specific O&M plan can be prepared. It is
very inportant that the design basis and renedi al strategy be considered in
preparing this plan and that the system designers be involved in plan
preparation

(1) Subsurface Operations.

(a) The primary paraneters that the operator can control to manipul ate the
subsurface during MPE, and strategies to consider, are discussed in the
fol |l owi ng paragraphs:

. The vacuum applied to the MPE well affects |iquid and/ or gas
extraction rates, the extent to which vacuum dewat eri ng and NAPL
removal occurs in the formation, and to what distance it occurs from
the extraction well.

. The position of the drop tube (for TPE systens) affects the anount
of upwel ling experienced adjacent to the MPE well and the liquid and
gas extraction rates fromthe MPE well. Initially, the drop tube
may be placed just at the liquid surface to renmove nostly soil gas,
thereby helping to dewater the soil. The drop tube can be | owered
and raised to determ ne the optimal position for recovering LNAPL.
Wth deep groundwater (>~25 feet), it is the flow of gas into the
drop tube that entrains the liquid and carries it upwards. |If the
vadose zone soils have such | ow perneability that there is
insufficient gas velocity to entrain liquids, it can be hel pful to
“prinme” the system e.g., have a separate tube deliver air to the
liquid surface to convey the entrained |iquids out of the well.

. For horizontal (trench) MPE systens, since the horizontal pipe
cannot be |l owered or raised, changes in the depth at which gas or
liquid extraction is performed nust be made by: choosing a different
level pipe (if multiple | evel horizontal pipes with individual
risers have been installed in the trench), or by varying the |evel
of the drop tube or subnersible punp in the trench sunmp (if nultiple
| evel horizontal pipes all discharge into sunps at the ends of the

trenches).

. For recovery of shall ow DNAPL (Il ess than about 8 neters bel ow
surface) a drop tube placed into the water colum to where the DNAPL
has accumul ated can be used. |f the DNAPL is deeper, a subnersible

punp may be required. Experience has shown that centrifuga
subnersi bl e punmps will often produce enul sions of water and NAPL.
Therefore, unless a pilot test has shown that it is unlikely that
enul sions will be created, positive displacenment punps (usually
pneumati c) shoul d be used instead. As the depth of DNAPL vari es,
the depth of the punp intake will need to be raised or |owered.

. Water punp intake depth and punping rate (for DPE systens) affect
the depth of the water table that is nmaintained in the vicinity of
the MPE well. They also affect the extent of "dewatered" or
unsaturated soil available for air flowto the MPE well.
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. The depth interval over which vacuumis applied (in the case of
nested or multi-level MPE wells) enables the operator to mnimze
the effects of soil heterogeneity and thus preferential flow
pat hways.

(b) The followi ng secondary operational activities and their possible
effects are discussed in nore detail in EM 1110-1-4001, Chapter 8

. Transition fromhigh flow extraction to | ow fl ow bi oventing after
significant contam nant mass is no | onger being renoved.

. Pul sed extraction fromthe wells.
. Cycling the applied vacuum anong different extraction wells.
. Injecting air into sone of the wells to enhance pressure gradients

driving fluids toward extraction wells.

(2) Aboveground Qperations. The O%M plan for aboveground treat ment
conmponents nust neet the goal of effectively extracting and treating fluids
bef ore discharge for the | east cost of power, labor, and materials. To do
this, consideration should be given to the follow ng:

. Devel opi ng a training programfor operators and adhering to a policy
of using only these trai ned operators.

. Not running groundwat er through the NAPL/water separator after NAPL
fl ow has ceased. Additional groundwater nmay actually becone nore
contam nated by being placed in contact with residual NAPL in the
separ at or.

. Switching fromthermal or catalytic oxidation to activated carbon
adsor pti on when vapor concentrations decrease to a | evel where the
cost for supplenental fuel for the oxidizer exceeds costs for carbon
repl acenent and di sposal or regeneration

. Proper storage, renpval and di sposal of collected NAPL.

. Periodic re-evaluation of whether 1) systens to prevent or sense the
rel ease of explosive vapors are adequate, 2) groundi ng and bondi ng
to prevent static electricity discharge is sound, and 3) autonatic
shut down systens are still functioning and appropri ate.

. Deciding if and when to utilize an autormatic or renote interface
control (higher capital cost and | ower O&%M costs) versus nanua
control (lower initial costs and higher |abor O&M costs).

. For vacuumtruck MPE systens (Ueland et al. 1998), the schedule for
punmp-out tines nmust be set based on criteria (e.g., length of tine
for LNAPL to drain toward extraction wells) that can be nonitored
and revi sed as appropri ate. A vacuum truck MPE systemis an
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alternative where capital and initial

provi ding a fixed aboveground
truck periodically visits the
extraction wells/trenches for

b. Troubl eshooti ng.

Two types of troubl eshooting will

extracti on system
site and extracts liquids fromthe
subsequent off-site disposal

costs are mnimzed by not

Rat her, a vacuum

be necessary for

successful inplenentation of the O&M plan: 1) troubl eshooting the mechanica
and control systens, and 2) troubl eshooting the subsurface extraction
processes.

(1) Mechanical and Control Systenms. Table 7-6 lists specific problens,
what to consider in diagnosing the problem and suggested solutions. In

addition to the itens |listed in Table 7-6:

TABLE 7-6

Field Troubleshooting Guide

Pr obl ens/ Synpt ons

Possi bl e
Reasons/ Consi der ati ons

Potenti al Sol uti ons

H gh pressure drop in
air stripper,
activated carbon

cani sters, or piping

Excessive bacteri al
growt h and/ or iron
precipitation clogging
surfaces

Har dness deposition, or
large material |odged in
pi pi ng, valves, etc.

Physically clean top | ayer
of carbon in openabl e
drum and clean piping
Aci d-cl ean air stripper
packi ng

Add water treatnent
chemcals to hold mnerals
in solution

Excessi ve noi se from
not or s/ bl ower s

Operati ng out - of -range
Needs | ubrication

Lubricate. Check if
vacuuns/ pressure i s too
gr eat

Freezing of water
lines and/or the

nmoi sture in gas
lines, especially at
| ow spots, are
reduci ng or
preventing fl ow

Typical in cold
climates. Low points in
the gas lines may
collect noisture that is
never carried further
into the noisture
separ at or

Heat taping and/or

i nsul ati ng may be
necessary

Add traps with drain
val ves at low points to
regul arly renove
condensat e

Lower groundwat er
flow rates at sane
head

Wl | screen filter pack
becom ng cl ogged

Devel op or redevel op well
Clean or treat well

H gh vacuum or | ow Vent |ines bl ocked, vent Measure vacuums in the

vacuum al arms sound i nes | eaking lines to | ocate bl ockages
or |leaks; repair

Mot or shut down on Loss of power in one Check recent

t hermal overl oad

| eg, undersized wre,
bl ower punp wor ki ng too
har d

vacuunt pressure val ues
Have el ectrici an check
systens

H gh water alarm but
no liquid in noisture

Fl oat st uck,
float/transducer

Rel ease float if possible
Renmove and test

separ at or mal f uncti oni ng transducers
Wat er and/ or NAPL This occurs frequently Peri odi ¢ detector
| evel detectors and usual |y cannot be per f ormance eval uati on and

becone covered with
bacterial growh,
preventing their
proper operation.

stopped if the
contam nants are
bi odegr adabl e

preventive mai ntenance
program
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TABLE 7-6
Field Troubleshooting Guide (Continued)
Possi bl e
Pr obl ens/ Synpt ons Reasons/ Consi der ati ons Pot enti al Sol utions

Excessi vely high Fl ow constrictions Check for piping bl ockage
vacuum bl ower exhaust open dilution val ves, open

t enper at ur es SVE val ves

Bl ower nml function

Verify that blower is
operating w thin design
specifications, if so a
heat exchanger or other
desi gn nodi fication nmay be
necessary

Mot or s shut down,

Fuse or circuit breaker

Shut off main circuit

will not reset or bl own br eakers, check individua
restart fuses

Chattering in water Ti me between hi gh and I ncrease del ay; change

| evel - controlled low |l evels is too short; control |ogic

punps control logic is faulty

Punmp not or operating
but not punpi ng water

Loss of prine with
centrifugal punps
Air in suction line
(i.e., vapor |ock)

I ntake or intake
strai ner cl ogged

Redesi gn systemto
guarantee fl ooded suction
Conpressor down or unable
to keep up with conpressed
air denmand

Cl ean punp intake

Pneurmati ¢ punp not Install air relief valve
receiving air

NAPL in water only Pi pi ng | eaks, baffles Repair | eaks, reinstal

t anks inproperly installed baffl es, select properly

Too much NAPL in
NAPL/ wat er separ at or

si zed separat or

Wat er bubbles in air
fl ow neter
(rotaneter)

Li qui d/ ai r separator not
wor ki ng properly

Li qui d not bei ng punped
out of separator fast
enough

Re-eval uate liquid/air
separ ator design, increase
Iiquid punping rate

Purge nmeter, or wait for
water to evaporate before
usi ng again

Air pockets in water
fl ow meter

Li qui d/air separator not
wor ki ng properly

Leaks i n vacuum pi pi ng
or fittings

Install an air bleed-off
val ve at a high point in
the system before the
wat er fl owret er
Re-evaluate liquid/air

separ at or desi gn; Purge
et er
Cover infl uent Short-circuiting, |eaks Check for leaks in surface
concentrations and/ or i n vacuum pi pi ng or cover and piping/fittings
hi gher flow rates fittings
t han expect ed
. Check val ves between the vacuum punp and extraction wells are

i nportant for preventing backflow, but they can beconme stuck in the
open position after a period of tine.
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. Vacuum punp bearings or seals may wear out.
data with manufacturers

oper at i onal

Conparing the

specifications after sone

nmont hs of operation may indicate such probl ens before they
turn into nore expensive repairs (see paragraph 7-6d).

. I f

[iquid ring vacuum punps are used,
conponents that can wear out.

there are additional
These nmust be considered in

formulating a preventive mai ntenance program and schedul e.

. The contro
interlocks,
entire contro

systemwi ||
not or

starters, etc.,

be made of many transducers,
each of which could cause the
systemto mal function

swi t ches,

is inmportant to insist

that a conplete as-built wiring and instrunentati on di agram be
provi ded by the equi pnent vendor so that el ectronic troubl eshooting

can be done readily by anyone capabl e of

di agr ans.

(2) Subsurface System Troubl eshooti ng.

reading the wiring

(a) Since MPE is an in-situ technol ogy that mani pul ates conditions within

the subsurface (which cannot be observed directly),
make the renediation objective difficult to attain.
troubl eshooti ng gui de addressi ng sone of the problens comonly encountered with

t he subsurface conponents of MPE systens.

TABLE 7-7

Operational Strategy Guide

probl ens often arise that

Table 7-7 is a

pat hways

Exanpl e Probl ens Consi der ati ons Potential Sol utions
The zone of influence The soil nmay be | ess Apply greater vacuum
of the vacuum per neabl e than believed Install additional wells
extraction systemis There nmay be Check wells for silt
not as predicted and preferential flow cl oggi ng
may be insufficient for | pathways Check for preferential
renedi ation pat hways, i ncl udi ng

bor ehol e short -

circuiting

Install |ess pernmneabl e

surface cover
Vacuum | evel s are There nmay be Sanme as above
spatially very variable | preferential flow

VOC concentrations in
gas have been reduced
in sone but not all
wel l's

Treatnent may be
conpleted in sone, but
not all, areas of the
site due to

het er ogenei ti es

Reduce flows or take
sone wells offline

Check for ongoing
sources of contam nation

Fr ee- phase product now
absent but groundwater
VOC concentrati ons
remai n high

Large anounts of sorbed
contam nant is present
beneath the water table

More aggressive MPE to
dewat er the saturated
soil, if feasible, or
renoval of mass by SVE
and/or air sparging
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TABLE 7-7
Operational Strategy Guide (Continued)
Exanpl e Probl ens Consi der ati ons Pot enti al Sol uti ons
No nore free product, Diffusion limtations, Pul se SVE/ bi oventi ng
| ow concentrations of preferential flow, Ther mal enhancenent
VOCs extracted during soils too moist, fluid Excavati on of "hot
operation, but high flow rates higher than spots" and ex-situ
concentrations reappear | necessary soi |l treatnment
when systemis shut off Reduce flow rates
Conti nued high levels This is likely to occur Concentrate on
of less volatile wi th a contam nant bi oventing if remaining

conponents in the soi

m xture with a large
range of volatility

target contam nants are
bi odegr adabl e

Decreasing air flow
rates, increasing
vacuum | evel s

Soi | has becone too
noi st

Wl ls are cl ogged

Surface cover to limt
infiltration

| ncrease dewat ering
Clean/treat wells

A decline in vapor
concentrations has made
thermal /catal ytic

oxi dati on uneconom ¢

Tailing off of the
concentrations wth
tine is a common
occurrence

Eval uat e whet her

treatment is still
necessary. Change to
activated carbon or
biofilters. Possibly

reduce airflow rates

G oundwat er
concentrations very | ow
in some wells

Area i s renedi ated

Consi der cl osure for
this area and/ or well
abandonnent

Freezing of water |ines
and/or the noisture in
vapor |ines, especially
at | ow spots, reduces
or prevents fl ow

Typical in cold
climtes. Low points in
t he vapor extraction
line may coll ect

nmoi sture that is never
carried further into
the noi sture separator

Heat taping and/or

i nsul ati ng may be
necessary. Traps with
drain val ves shoul d be
added at low points to
regularly renove
condensat e

Poor catal ytic oxidizer
ef ficiency

Lack of sufficient
oxygen for conbustion
in the soil gas
Unexpected chem cals in
t he subsurface that

poi son t he catal yst

Bleed air in with
dilution valve or allow
anbient air to enter MPE
wel | through a primng

t ube

Repl ace catal yst

In bioslurping, fluids
not extracted with soi
gas

Soil is too tight or
too noist to permt
enough soil gas to be
extracted at a rate
than can entrain fluids
Drop tube is positioned
too high or too | ow

Install a primng tube
that delivers air to the
well screen initially;
airfloww |l then need
to be reduced as soi
dewat ers and nore soil
gas flows

Lower drop tube; raise
drop tube, or reduce

di anmeter of drop tube

Filters prior to vacuum
bl ower becone cl ogged,

| eadi ng to excess
pressure head | osses.
Mat eri al breaks

t hrough, potentially
damagi ng bl ower

Filter needs to be
changed

Filter type was not
properly chosen or

si zed

Change filter

Try a different filter
type, institute a
preventive program of
changing filter

regul arly
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TABLE 7-7

Operational Strategy Guide (Continued)

Exanpl e Probl ens

Consi der ati ons

Pot enti al Sol uti ons

NAPL and water do not
separate i n NAPL/ wat er
separ at or

Enul si on has fornmed

For single punp systens,
change punp type (e.g.
centrifugal to bl adder)
Change to a dual - punp
systemthat punps free
phase separately

St abl e emul sion
persists in the
NAPL/ wat er separ at or

Not unusua

Break emul si on
chemically or physically
i n bat ches

Di spose of as enul sion

Large vacuum | osses

Conpare to design

I ncrease pi pe dianeters,

bet ween punmp and wel | friction pressure check for clogging
| osses Check for pipe |eaks
Check for water in pipes

G oundwat er extraction
rates decrease but site
i s not adequately
dewat er ed

Extraction wells could
be cl ogged

Redevel op extraction
wel | s

Much | ess NAPL
recovered than was
expect ed

NAPL is not very
recoverabl e; much | ess
NAPL nay be present
than initially
esti mat ed; snap- of f

I ncrease or reduce
vacuum

Change over to

bi oventi ng and/or air

spar gi ng

Unexpect edl y hi gh vapor
concentrations at or
near explosive |evels

VOC conponent in NAPL

i s high; nethane may be
present that was not
detectable with PID

Dilute intake air,

i nternal conbustion
engi ne system

Alter systemto be
expl osi on- pr oof

use

(b) Evaluating unexpected nonitoring results,

maki ng t he necessary operationa
thereby requiring the original
the Q&M pl an nmust be flexible and all ow
coordi nati on between those responsible for

of the subsurface
conditions to be updated
for creative solutions

Cont i nual

changes wil |

Ther ef or e,

&M and system designers is essential.

c. Monitoring.

(1) Monitoring Strategy.

(a) Like the nonitoring plan devel oped as part of the start-up procedures,
| ocati ons,

the long-term Q&M pl an shoul d specify paraneters,

frequencies for

enough to ensure that trends are detectable,

sol vi ng system probl ens and
i kel y change one’ s under st andi ng
concept ua

nodel of site

net hods and

moni toring. The strategy should be to collect data frequently
wi t h decreasing nonitoring

frequency as conditions appear to reach steady-state (to minimze costs).

(b) Table 7-8 lists the MPE equi pnment nai nt enance activities to consider

including in the |l ong-term O%M pl an.

Table 7-9 is a checklist of nonitoring

topics to consider in the future after operating and nonitoring data have been

collected for a period of tine.
overvi ew of the parameters to nonitor

Anot her
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Long Term Moni toring otim zation @i de, August 1997 (available off the
internet at ww. afcee.af.mil). Principal nonitoring paranmeters are discussed
bel ow.

TABLE 7-8

Routine MPE Equipment Maintenance Activities

Periodically drain the water that has accumul ated at | ow spots in the
header |ines

Check for leaks in water and NAPL |ines

Perform pressure tests of pneunatic |ines

Check operation of renote nonitoring systemand all transducers and
| evel detectors

Check volune of seal water in liquid ring vacuum punps.

Calibrate gas concentration nonitoring instrunents by collecting gas
sanpl es for GC anal ysi s.

Recycl e or dispose of collected NAPL according to plan and regul ati ons

Approxi mately every 500 hours, regrease bl ower assenbly per
manuf acturer’s instructions

Based on operating hours and nanufacturer’s instructions, regrease
beari ngs and change any oil

Periodically check and clean particulate filters on intake points or
change when pressure drop becones too great

TABLE 7-9

Checklist of Items to Consider for Long-Term Monitoring

Fi el d Sanpling

Are sanpling punps, bailers, and ot her non-di sposabl e sanpling equi pnent
properly naintai ned?

Are field sanpling crews adequately trained in proper sanpling procedures
(what are their qualifications)? Wat costs are incurred for disposal of
purged groundwat er?

Wul d there be a cost/tinme benefit to using | owfl ow sanpling techni ques?
Can cost savings be achi eved through the increased use of dedicated

equi prent ?

Sanpling Program Strategy

Is there a conprehensive Sanpling and Analysis Plan (SAP) for |long-term
environmental nmonitoring at the site? What are the objectives of the
environmental nonitoring program (in addition to nonitoring the operation of
the MPE renedi ati on systen)?

Moni tor the extent of the plune?

Monitoring for plume migration to exposure points or sensitive receptors?
Eval uate plune renedi ation?

Does the SAP agree with the Record of Decision (ROD) or conparabl e docunent
inits prescription for a sanpling progranf

Has the data quality objective (DQD approach prescribed by USEPA (EPA 540-
R-93-071) and/ or EM 200-1-2 been used to devel op the SAP? Based on

di scussions with the owner and operator, is it appropriate to

eval uat e/ reconsi der the DQCs?
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TABLE 7-9

Checklist of Items to Consider for Long-Term Monitoring (Continued)

Does the Record of Decision (ROD) or conparabl e docunent prescribe a
sampl i ng progranf

Are there “decision rules” in the ROD or conparabl e docunent that allow one
to determ ne when to stop the nonitoring programor to elinmnate a well from
the progran? |f not, can changes to the environmental nonitoring program be
considered in consultation with stakehol ders?

Anal yti cal Program Strategy

Eval uate every well included in the current nonitoring programrelative to
pl umre | ocation, hydrogeol ogi cal units, nonitoring objectives, concentration
history (plots of concentration versus tine), nmass renoval versus tinme, and
wel | construction (is it properly constructed to provide reliable data? Can
it act as a contami nant pathway between hydrogeol ogi cal units/aquifers?)
Can the well be elimnated fromthe program because it is redundant,
unreliable, or outside the area of current interest? (Note that any well
determined to be unnecessary mnmust be properly decomm ssioned i n accordance
with state regulations. The costs for this nmust be considered in any
econom ¢ eval uation of potential program changes.)

Are additional wells needed to properly meet nonitoring objectives? (Note

that in sone cases there may be existing wells, not currently part of the

current program that rmay serve the purpose.)

Eval uate the sanpling frequency for each well and analyte in the program

e Can the monitoring frequency be reduced?

e« Do wells require nore frequent nonitoring to be protective of receptors?

Eval uate the sanpling frequency in light of the estimated rate of plume

mgration, proximty to receptors, past contam nant concentrations changes,

and the frequency of operational changes in the renediation. (Refer to

section 3.1.4 of the Long-Term Monitoring Optim zation Quide [ AFCEE 1997]).

Eval uate the anal ytical programfor each well and analyte in the nonitoring

program Can | aboratory analysis be replaced with | ess expensive field

net hods (in conjunction with confirmatory | aboratory anal yses)?

Can the current analytical nethods be replaced with | ess expensive anal yses

and still neet the data quality objectives?

e Can the analyte |list be shortened to focus on the known contam nants of
concern? For exanple, can a Target Analyte List be replaced with a
list of indicator conmpounds?

e Can off-site analysis be replaced with | ess expensive on-site anal ysis?

e Can a |l ess expensive (but still USACE validated) |aboratory be found to

do the anal ysis?

 Is the level of quality control/quality assurance (QC QA) appropriate?

* Are the data appropriately validated?

* Were there any major failures in data acquisition and reporting?

* \Wre proper corrective actions prescribed for such events?

* Were corrective actions inplemented to correct data failures?

e Are additional corrective actions needed?

7-26




EM 1110- 1- 4010
1 Jun 99

TABLE 7-9

Checklist of Items to Consider for Long-Term Monitoring (Continued)

 Eval uate data managenent practices.
* Are sanpling results entered into an electronic data retrieval system
(e.g., GS, IRPIMS etc.)?

e« Are nonitoring data available in a formthat enhances usability (provides
for graphical presentation of tinme histories, contour maps, reports in
format expected by regulators, etc.)?

e Are data archived in a reliable manner?

* Cost Evaluation - a chenist and a cost engineer should evaluate the
potential cost savings (or additional costs if the current nmonitoring
programis not adequate) of the potential changes and docunent this in the
eval uati on report.

(2) Subsurface Vacuuni Pressure/ Head Distribution. One of the nost
i mportant conditions to understand is the zone of influence around an
extraction point or trench. |If the entire target zone is not influenced, nore
extraction points may need to be installed. Gas pressure/vacuum shoul d be
monitored at different depths and distances fromthe extraction wells. EM
1110-1-4001, Chapter 8, presents gui dance on how to choose appropriate
| ong-term pressure/ vacuuni head nonitoring equi pment, as well as the frequency
and | ocations (horizontal and vertical placenment) for neasurenent.

(3) Water, Gas and NAPL Fl ow.

(a) The volumes of the extracted fluids nust be measured. The nost
appropri ate nmethods (discussed in nore detail earlier) are a totalizing flow
meter for groundwater; pitot tube, hot wire anenonmeter or rotaneter for gas;
and thickness (or volune) of NAPL in the NAPL/water separator or hol ding tank.

(b) Punps, blowers, oxidizers or other electrically operated devices
shoul d be equi pped with hour nmeters so that on and off periods can be tracked.
Total volunes can then be calculated fromthe average fl ows and on-tine.

(4) Sanpling and Anal ysis Pl an.

(a) The nunmber and | ocation of sanples collected as part of the long-term
nonitoring plan will be specified in the FSP portion of the SAP. Analyses of
contam nants in the vadose zone, extracted soil vapor, extracted groundwater
and the groundwater plune will be specified in the QAPP section of the SAP
The procedures will probably be the sane as those devel oped under the
gui del i nes of paragraph 7-5 for the start-up plan. In nost cases, the earlier
prepared SAP can be updated and revi sed based on the data coll ected during
start-up. The frequency of sanpling will depend on permt requirenents, the
magni tude or rate of change of influent concentrations and the progress of
renedi ation. The SAP must address not only in-situ renmedial progress, but also
the renoval efficiency of any water or gas treatnent processes. These data
wi || enable the contam nant mass renpved via water and gas to be cal cul ated
(see paragraph 7-5c(2) of this EM and Chapter 7 of EM 1110-1-4001 for gui dance
on cal cul ati ons).

(b) To mnimze anal ytical costs, consideration should be given to
anal yzing only a few carefully selected indi cator conpounds instead of al
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contam nants, if feasible. Analysis of recovered NAPL shoul d be perfornmed at
| east quarterly, or possibly nore often depending on the rate of change of its
conposi tion.

(c) Additional nonitoring paraneters may include:

. Changes in soil noisture content within the depth that the vacuumis
being applied. This may be acconplished through the use of neutron
probes (for the saturated zone and capillary fringe), time domain
reflectonmetry, or electrical resistivity tonography. For nore
i nformation about these tools, see the In-situ Air Sparging EM
(1110-1-4005), Chapter 4.

. Bi ol ogi cal factors (vadose zone net hane, oxygen and carbon di oxi de,
and nutrient concentrations, and/or bacterial enumeration).

. Confirmatory soil sanpling should be performed (see paragraph 8.2)
after other monitoring data indicate that cl eanup goals have been
met, or that mass renpval via MPE has decreased to the point that
continued operation of the MPE systemis no |longer justified.

d. Maint enance.

(1) Aboveground System Mai ntenance. Table 7-8 |ists sonme of the routine
and non-routine nai ntenance tasks that may need to be perforned on the
aboveground equipnent. A simlar list with a schedul e must be prepared based
on the specific equipnent in use at the site.

(2) Extraction Wells. Over time, extraction wells may becone cl ogged or
| eak, dimnishing the ability to extract fluids. Consult with the project
chem st, hydrogeol ogi st and/ or m crobi ol ogi st for gui dance on how to eval uate
and sol ve such problenms. Very serious problens may require installation of new
extraction wells. Additional information can be found in other USACE gui dance
on wel | mai nt enance.

e. System Operating Schedule. An operating schedul e nust be devel oped
that is specific to the particular MPE system and subsurface conditions, as
well as the rate of mass renoval at the tine. Itens that may require periodic
attention include

. Continuous or pulsed (intermttent) extraction for optim zing
contam nant renpbval rates versus cost of operation

. Flow rate adjustments for optim zing contani nant renoval rates.

. Adj usting the depth of the drop tube or liquid punp intake for
extracting maxi mum NAPL and m ni mal groundwater (unless enhanced
punp-and-treat is the objective).

. Adj usting the depth of liquid |evel indicators as needed for
groundwat er versus NAPL extracti on.
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. Carbon (vapor phase and/or aqueous phase) regeneration or
replacenent to meet em ssion permit requirenents.

. Di sposal of collected NAPL at a frequency that conplies with
hazardous waste storage requirenents.

f. System Modifications. After several nonths of operation and nmonitoring
data have been collected and eval uated, it nmay becone clear that the installed
MPE system needs significant nodification to optinmally remedi ate the site.

Modi fi cations may include:

Addi tional extraction wells.
. Installation of a | ess perneabl e surface cover.

. Cessation of liquid renoval if NAPL is absent and groundwater
quality is not significantly contam nated

. Reduced vacuumto support bioventing instead of MPE. Related issues
are al so discussed in Table 7-7.

Any changes made to the system should be clearly docunented (see follow ng
section).

g. Recordkeeping. A data managenent systemis crucial for evaluating the
operation and renedi al progress of a MPE system Data on groundwater
el evations, water and gas concentrations, flows, NAPL thicknesses, applied
vacuuns, NAPL recovery vol unes, gas pressures, operating tines, etc. that are
collected (manually or electronically via a telenonitoring systen) nust be
organi zed, evaluated and archived. Sanpling and analytical data wll have
Chains of Custody as specified in the SAP. For a small project, sinple
wor ksheets (e.g., Excel, Lotus) may suffice, while for a larger project, a nore
versatil e database (e.g., Access, dBase) nay be desirable. Mintenance
| oghooks nust be kept on site that note the time and date of site visits and
contain a sunmary of any inportant observations that were made and tasks that
were perforned. Ildeally, a section of the computer database would be used to
record these mai ntenance activities. There would then be a backup to the site
| ogbook and a conveni ent neans of accessing the site activities |og w thout
needi ng to check the dedicated site | ogbook. Wen properly managed, the
aggregate data collected during site renedi ation can be used not only for site-
speci fic purposes but also for overall technol ogy assessnent purposes. In
1995, all agencies of the Federal Remediation Technol ogi es Roundtabl e endor sed
standardi zed col l ection and reporting of renmediati on performance and costs
(USEPA 1995).

h. Operating and Mintenance Contracting Approaches.

(1) Operation, maintenance and nonitoring costs are typically a ngjor
component of the overall renediation project cost. Devel oping a sound
contracting strategy for this phase of the MPE renediation project is critical
to controlling the total project budget. Capital costs frequently conprise
only a small portion of the overall project cost, while the mgjority of the
costs are generally expended during the operating phase of the project. Costs
are typically incurred for: electricity and/or natural gas, operator |abor,
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groundwat er sanpling | abor, |aboratory anal yses, renedi ati on waste di sposal
reporting, and project managenent. Contracting officers should consider
viewi ng MPE projects as service contracts rather than construction contracts in
cases where this phase of the project is expected to conprise the majority of
the total project cost.

(2) Contracts should be witten flexibly enough so that the renediation
contractor has the option to use portable (trailer/skid nounted) or nodul ar
renedi ation equipnent. In this way, if MPE is expected to take place for a
relatively period of short tine, the contractor can reuse the equi prment
el sewhere, thereby reducing costs. An exanple of this approach would be to use
a rented thermal or catalytic oxidizer for off-gas treatnment. The capital cost
of an oxidizer will frequently exceed that of the remai nder of the MPE system
har dwar e; however, influent vapor concentrations may only justify the use of
this conmponent for the initial period of operation (e.g., several nonths). In
this case, a rental or |ease-purchase arrangenment for the oxidizer will likely
reduce overall project costs.

(3) Designers witing O&M specification requirenents should also carefully
consi der the best strategy for service contract paynment. The objective is
create a contract that notivates the systemoperator to operate the system at
maxi mum ef ficiency as well as determ ne nodifications that can inprove
efficiencies and reduce O8M costs. Several possible O&M contracting and
payment strategies are listed bel ow

. Simple tine and nateri al s.
. Cost plus fixed fee

. Qperation time (systemup-tine, but with the contractor estinmating
and including repair tinme |abor).

. Cont ami nant nass renoval or other performance criteria.
. Lunp sum
. Use of an independent consultant to nanage the operator and the

operation, providing the consultant incentives (e.g., a bonus equal
to a percentage of any O8M savings that the consultant can generate
by operating the systemnore efficiently).

(4) There are advantages and di sadvantages to each of these paynent
strategies. Tinme and materials has been the traditional nethod of paynent for
remedi ati on system O&M  Paynent for up-time provides the contractor with added
incentive to nmininze MPE system downti nme; however, the contracting officer and
proj ect manager nmust ensure that efficiency (i.e., nmass renoval rate) is also
maxi m zed to the extent practicable such that paynment is for effective
operation of the MPE system The contractor should factor repair costs into
the anmount bid for up-tinme operating hours. Paynent based on contam nant mass
removal may pose some risks in that disputes may arise over issues such as:
nmet hods of cal cul ating the actual anount of contam nant mass renoved
underestimation of the mass initially in the subsurface resulting i n unexpected
operating costs, and itens such as equi prment repair and/or replacenment, which
may not be easy to correlate with contami nant mass renoval. Is it also likely
that no contractor will be willing to be paid on a nmass renoval basis if they
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were not involved in the design. In a lunp sumcontract, the contractor
assumes the risk to conplete the &M for a fixed sum this option may be
attractive to both a contractor who is willing to assurme the risk in return for
potentially higher profit and a contracting officer seeking to cap project
costs at a specific limt. Selection of the nost appropriate paynment strategy
by the contracting officer and project manager shoul d be based on site-specific
circunstances and input fromtechnical staff (e.g., hydrogeol ogi sts and process
engi neers) and construction representatives.
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