Guidance for Design, Installation and Operation
of Groundwater Extraction and Product Recovery Systems

PUB-RR-183 November 2003 (Reviewed August 2014)

Purpose:

This is a guide to using groundwater extraction and product recovery as a remediation technology.
Groundwater extraction systems are systems that pump contaminated groundwater from an aquifer on
a long-term basis. Groundwater extraction requires treatment and proper disposal of the pumped
groundwater. Groundwater that is treated on-site can be discharged to surface water or groundwater
under a Wisconsin Pollution Discharge Elimination System (WPDES) permit. Treated groundwater
(on-site or off-site) may also be discharged to a publicly owned treatment works (POTW) provided
that prior approval is obtained from the POTW.

Most of this guidance is specific to remediation of unconfined aquifers, however, much of the
guidance is also appropriate for confined aquifers. An aquifer is defined in this document as any soil or
rock unit that contains water under saturated conditions. The term aquifer, as used in this document,
can refer to a unit that is overlain and/or underlain by a geologic unit that has relatively higher
permeability, and/or does not produce economically significant volumes of water.

Product recovery refers to physically removing free product from the aquifer by pumping. In almost
all cases, product recovery refers to extracting floating product from the aquifer. Recovery of sinking
product (dense non aqueous phase liquid or DNAPL) by pumping is also considered product recovery.

Because each site has unique characteristics, it may be necessary for system designers to deviate from
the guidance. The DNR acknowledges that systems will deviate from this guidance when site-specific
conditions warrant. When deviations occur, designers should document these differences in their work
plan to facilitate DNR review. For additional information on the DNR's permitting and regulatory
requirements, please refer to Subsection 1.3 in this document.

Author/Contact:
This document was originally prepared by George Mickelson who no longer works for DNR. It was
reviewed for accuracy by Gary A. Edelstein (608-267-7563) in August 2014.

Errata:

This document includes errata and additional information prepared in August 1995. The rule cites and
references to other DNR guidance in the document were also reviewed and found to be current, with
the exception of publications SW-157, “Guidance for Conducting Environmental Response Actions”
and SW-184, “Guidance for Treatment of Groundwater and Other Aqueous Waste Streams”, which are
no longer current guidance documents.

This document contains information about certain state statutes and administrative rules but does not necessarily include all of the details found in
the statutes and rules. Readers should consult the actual language of the statutes and rules to answer specific questions. The Wisconsin Department
of Natural Resources provides equal opportunity in its employment, programs, services, and functions under an Affirmative Action Plan. If you have
any questions, please write to Equal Opportunity Office, Department of Interior, Washington, D.C. 20240. This publication is available in alternative
format upon request. Please call 608-267-3543 for more information.

Wisconsin Department of Natural Resources
P.O. Box 7921, Madison, WI 53707
dnr.wi.aov, search “brownfield”
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Addi tional information, changes, clarification and errata to the Qui dance for
Design, Installation and Operation of G oundwater Extraction and Product
Recovery Systens includes the follow ng:

Transmi ssivity is msspelled throughout the entire docunent, it should
be transmi ssivity, not transmisivity.

DNR Rul es. This gui dance docunment was conpleted prior to the effective
date of the NR 700 series of rules. There are many additiona
requirenents within NR 724 for subnittal contents that are not included
in this document. Also, there nay be other requirements in other
chapters that affect an individual project.

Section 3.0. Laboratory Perneability Tests. Laboratory perneability
tests are not recommended for designing ground water extraction systens.
Unl ess special procedures are used, the test quantifies vertica
permeability, not horizontal permeability. Since npost of the ground
water flow to a ground water extraction systemis horizontal, neasuring
the horizontal perneability is nore appropriate. The only tines that
| aboratory perneability tests should be considered are for evaluating
vertical permeability for determining site specific soil cleanup
standards under NR 720.

Subsection 3.3. Punping Tests and Yield Tests. Punping tests, as that
termis used in the guidance are tests conducted at constant punping
rates for determ ning aquifer transmissivity. Step drawdown tests which
are conducted at two or nore constant rates are al so consi dered punping
tests. In both cases, drawdown is nmeasured in the extraction well and
other monitoring wells at the site. Drawdown neasurenments are then used
to calculate transm ssivity.

Yield tests, are tests where the well is punped at or near capacity

wi t hout collecting the data necessary to calculate transm ssivity.

Yield tests are not suitable substitutes for punping tests. |If
transmissivity (or hydraulic conductivity) is not cal cul ated, plune
capture cal cul ati ons cannot be performed. A yield test is not a punping
test and should not be called a punping test.

Subsection 4.1. Plune Capture Calculations. A few consultants have not
been cal cul ati ng plune capture zones. |Instead they have referred to the
area where there was neasurabl e drawdown during a pumnping test or a
yield test as the plune capture zone. A measured zone of influence
during a short term punping test cannot be used to predict a zone of
capture.

Subsection 4.1 and Exanple Plune Capture Cal cul ations. The exanple

pl ume capture cal cul ations may only be used when the underlying soi

| ayer can be assumed to be inpernmeable (this was listed in the
assunptions). |If the underlying hydrogeol ogical unit is nore perneable
than the overlying hydrogeol ogic unit that contains the contani nants,
there may be significant vertical recharge to the extraction well upward
fromthe underlying unit. 1In this case, the exanple nethods
underestimate the extraction rate that is necessary to contain the

pl ume.




Erratg sheet for the Guidance for Design, Installation and Operation of Goundwater Extraction and Product Recovery Systems, through August 11, 1995 -
age 2.

Unfortunately when the transmissivity of the underlying unit is
significantly larger than the transnissivity of the upper contam nated
hydr ogeol ogi ¢ unit, there is no sinple analytical solution to calculate
the capture zone. The use of a three di nensional computer nodel may be
needed to accurately estimte an accurate punping rate and wel
configuration in this situation.

Subsection 4.1. Maximum Well Yield and Attachnent 4. Sone wel |
systems have been installed that do not produce an adequate extraction

rate. In sone of these cases, the Cooper and Jacob formula (or other
nodel ) was used to predict drawdown at the desired flowrate fromthe
extraction well, but the well still did not deliver that flow rate.
Gefell, et al. (1994) provide exanpl e cal cul ati ons based on the work of

Kozeny (1953) that incorporated additional assunptions. Those fornul as
may be a nore realistic way to estimate the nmaxi mumyield of a ground
wat er extraction well.

One of the nodel assunptions is that the well is a fully penetrating
wel I, the thickness of the aquifer is the sane as the length of the
saturated screened interval. Wen the well is partially penetrating the
aqui fer, two solutions should be cal cul ated, one using the screened
interval (for paraneter "H') and one using the aquifer thickness. It is
likely that the actual maximumyield of the well will be between those
two maxi mumyield solutions. Wen the paraneters fromthe nuneri cal
exanple in Attachnent 4 are used in the fornulas from Gefell, et al
(1994), the predicted maxinumyield fromthat extraction well will be

bet ween 0.52 and 0.94 gpm dependi ng on whi ch val ue (aquifer thickness or
screen interval) is used for the "H' value in the fornulas. Both of
these estimates are | ess than the value predicted by the Cooper and
Jacob solution that was used for the exanpl e drawdown estinate.

Subsection 4.2.1.2. WIlIl Design and Wl| Devel opnent. G ound water
extraction wells used for renediation are nore prone to geochenical and
bi ol ogi cal fouling than extraction wells in clean aquifers. For these
reasons, several issues relating to well devel opment have been rai sed,
as follows:

— When selecting well screens and casings, well devel opment net hods
that may be used during the life of the project should be considered.
Ri gorous devel opnent nay damage plastic screens and casi ngs.

— Hydrofracturing and pneumatic fracturing SHOULD NOT BE USED for wel
devel opnent. Locations of induced fractures are unpredictable. As a
result, the fractures may intersect clean zones of the aquifer
resulting in short circuit routes. This could result in the system
not containing the plume if clean water is extracted via a short
circuit route instead of contaninated water

— The Rel ease News, Volune 4, Nunber 1, Pages 8 and 9 contains
i nformati on on chenical rehabilitation of wells. That information is
repeated bel ow at the end of these errata sheets.

— In addition to the information in the Rel ease News, the use of
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addi tives that contain phosphorous are not recommended for wel
rehabilitation, these materials may pronote biol ogical activity,
whi ch may pronote increased biofouling in wells.

Subsection 4.3. Pneumatic Punps. |If pneumatic punps are used, the
exhaust vent nust be located in a place that will not restrict the
conpressed air from exhausting. Restricting the conpressed air from
freely exhausting could cause over pressurization of other conponents,
resulting in explosion

Subsection 4.4. Control Panels and Logic Faults. Control panels mnust
be designed so that inadvertent catastrophic events are avoided. |In one
situation, after a product recovery systemwas shut down, a contro
system design fault allowed the product recovery punp to continue

punpi ng. The product storage tank was then overfilled which ruptured
the tank. Control panels should undergo sufficient testing to assure
that simlar occurrences are not repeated.

Subsection 4.4. Pitless Adapters. Canp on type pitless adapters on
PVC casing or other casing material that is somewhat flexible is not
recomended, | eakage may occur. C anp on type adapters may however be
used on PVC or other plastic casings for the vacuumair line for vacuum
enhanced recovery systenms. 1In this case, a small anpunt of air |eakage
into the line is not a concern

Section 6. References. Add the follow ng references:

Gefell, MJ., Thomas, G M, and Rossello, S.J. 1994. Maxinmum VWater -
Tabl e Drawdown at a Fully Penetrating Punping Well. G ound Water
Vol ume 32, Number 3, Pages 411 to 419.

Kozeny, J. 1953. Hydraulik: Ihre Gundlagen und Praktische
Anwendung. Springer-Verlag, Vienna.

The following information on well rehabilitation is repeated fromthe Rel ease
News, Vol ume 4, Nunmber 1, |ssued February 1994 (Note: NR 112 was renunbered
to NR 812 on Cctober 1, 1994.):

What can be done to linit biofouling of well screens, filter packs and

aqui fers?
In sone situations, the well nmay need to be replaced. |If fines have
pl ugged the well, the well rnust be redevel oped. In nmany cases, if the wel

is poorly designed or installed in clay, redevel opment is required
frequently. Driscoll (Driscoll, F.G, Editor. Goundwater and Wl ls,
Second Edition. 1986. Johnson Division, St. Paul, Mnnesota.) has an
excel I ent di scussion of well design, well devel opnent, chenica
precipitation, and biof ouling.

What regul ati ons govern well rehabilitation practices in Wsconsin if it
is necessary to add chemicals to rehabilitate a fouled well?

For wells and drill holes which do not qualify as part of a comunity water
system under ch. NR 811, Ws. Adnmin. Code, rehabilitation practices are
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governed by administrative rules found in the state's Private and Non-
conmunity Well Code (ch. NR 812, Ws. Adm n. Code).

Wthin ch. NR 812, s. NR 812.22 (2) contains specific provisions for the
reconditioning of wells and drill holes. Reconditioning includes:
redevel opment practices (surging, jetting and overpunping); chem ca
conditioning (acidification or batch chlorination); and physica

condi tioning (hydrofracturing and bl asting).

For chemical conditioning, the DNR Bureau of Water Supply nmaintains a list
of approved drilling and abandonment aids. Listed materials may be used
wi t hout obtaining prior approval fromthe Bureau of Water Supply; however,
the reconditioning nust be performed by a licensed well driller or under

t he supervision of a Wsconsin-regi stered professional engineer

If consultants need to use a product that is not on the Bureau of Water
Supply's "W sconsin List of Approved Drilling and Well Abandonnent Aids,"
they must get written approval before beginning the reconditioning process.

Questions regardi ng chem cal conditioning may be directed to Tom R ewe, DNR
Bureau of Water Supply, 608-266-8697.

Are there any other requirenments, regulations and/or permits if
chemicals are used to rehabilitate a fouled well?

After the well is chenically conditioned, the discharge of conditioning
water fromthe well rmust conmply with requirenents by the regul ating

aut hority that approved and/or pernmitted the discharge. |If the discharge
is to a publicly owned treatnent wrks (POTW, the POTWmay have specific
requi renents. The DNR Pretreatnent program should al so be contacted.

A discharge to the ground surface, a surface water, or storm sewer mnust be
aut hori zed under a Wsconsin Pollution D scharge Elinination System (WPDES)
pernmit. The followi ng are exanples of criteria that may be in the

di scharge permit:

— Consultants must receive approval fromthe wastewater programto use
any biocides or surfactants. Biocide |evels nmust also neet the
di scharge pernmit's limtations that will be based on toxicity in the
recei ving water.

— Di scharged water rmust not contain any detectable chlorine.
— Suspended solids in the di scharged water nust be bel ow 40 ng/L.

— Di scharged water nmust be in the pH range of 6 to 9. Because many
wel I reconditioning chemicals are acids, buffering to raise the pH
may be necessary.

In sone situations, the initial purge of water fromthe well may need to be
cont ai neri zed and shipped to an industrial wastewater facility or POTW A
treatment facility is usually required if biocides, other than acids or
chlorine, are used. The ERR project manager should also be notified prior
to well rehabilitation
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Acronyns.

BOD; Fi ve-day bi ochem cal oxygen denand

Bt u British thermal units.

DNAPL Dense Non Aqueous Phase Liquid. DNAPL refers to a non-sol uble
or sem-soluble liquid with a specific gravity greater than one.

DNR W sconsi n Departnent of Natural Resources.

DOT W sconsi n Departnent of Transportation.

ERP Envi ronment al Repair Program of the DNR (state response
program .

ERR Enmergency and Renedi al Response Program of the DNR

FI D Fl ame | oni zation Detector.

GC Gas Chronmt ogr aph.

GPM Gal l ons Per M nute.

| LHR W sconsin Administrative Code that is enacted by the Depart nment
of Industry, Labor, and Human Rel ati ons has an |LHR prefix.
ILHR 10 refers to the rules on storage of flanmable and
conbusti bl e Iiquids.

LUST Leaki ng Under ground Storage Tank Program of the DNR

NR W sconsin Administrative Code that is enacted by the DNR has an
NR prefi x.

PI D Phot oi oni zati on Detector.

POTW Publicly owned treatnment works.

PVC Pol yvinyl chloride. Material commonly used for pipe, well
casing, and well screens.

QA QC Qual ity Assurance/ Quality Control.

RCRA Resource Conservation and Recovery Act.

WPDES W sconsin Pollution Discharge Elinmination Systempermt.
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1.0 I ntroducti on.

Thi s gui dance docunent is intended to aid environnental professionals in
desi gni ng groundwat er extraction and product-recovery systens for
renedi ati ng contam nated groundwater. It also provides information to
Department of Natural Resources (DNR) staff for efficient and consistent
oversi ght and revi ew.

Thi s docurment should be read with the existing DNR Gui dance for Conducting
Envi ronnment al Response Actions, specifically Chapter 7 (Site Investigation)
and when avail able, Chapter 8 (Renedy Sel ection).

1.1 Pur pose.

This is a guide to using groundwater extraction and product recovery as a
renedi ati on technol ogy. G oundwater extraction systens are systens that
punp contani nated groundwater froman aquifer on a | ong-term basis.
Groundwat er extraction requires treatment and proper disposal of the punped
groundwater. G oundwater that is treated on-site can be discharged to
surface water or groundwater under a Wsconsin Pollution D scharge

El i mi nati on System (WPDES) pernit. Treated groundwater (on-site or off-
site) may al so be discharged to a publicly owned treatnent works (POTW
provi ded that prior approval is obtained fromthe POTW (See Gui dance for
Treat nent Systens for G oundwater and Ot her Aqueous WAste Streans).

Most of this guidance is specific to renediation of unconfined aquifers,
however, much of the guidance is also appropriate for confined aquifers.
The depth of the screened interval and the aquifer-testing nethods may
differ fromthe guidance for capturing a plune in a confined aquifer or an
aquifer with a subnmerged plune. |f enough piezoneters are installed in a
confined aquifer to prepare a potentionetric surface map, that nmap shoul d
be prepared in situations where this guidance di scusses water-table nmaps.

An aquifer is defined in this docunent as any soil or rock unit that
contains water under saturated conditions. The classic definition of an
aquifer refers to soil or rock units that will produce econonically
significant volumes of groundwater, and differs fromthe definition used in
this guidance. The termaquifer, as used in this docunent, can refer to a
unit that is overlain and/or underlain by a geologic unit that has
relatively higher perneability, and/or does not produce econonically
significant volunmes of water

Product recovery refers to physically renoving free product fromthe

aqui fer by punping. |In alnpost all cases, product recovery refers to
extracting floating product fromthe aquifer. Recovery of sinking product
(dense non aqueous phase liquid or DNAPL) by punping is al so considered
product recovery.

Because each site has unique characteristics, it may be necessary for
system designers to deviate fromthe gui dance. The DNR acknow edges t hat
systens will deviate fromthis guidance when site-specific conditions
warrant. \When devi ations occur, designers should docunent these
differences in their work plan to facilitate DNR review. For additiona
infornmation on the DNR s pernmitting and regul atory requirenments, please
refer to Subsection 1.3 in this docunent.
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1.2 Scope of Groundwater Extraction and Product Recovery Systens.
Primary goals for groundwater extraction systens are:
To Contain Contami nation to a Specific Zone. Dissolved
contam nants are prevented frommgrating beyond the capture

zone by punping an aquifer at a sufficient rate from(a)
specific location(s).

To Extract Dissol ved-Phase Contam nation. Sone of the
di ssol ved contam nation is physically renoved fromthe aquifer

To Create a Cone of Depression for Product Recovery. In sone
cases, groundwater extraction is used to create a cone of
depression to draw non-aqueous phase |iquids toward the
recovery well .

To Lower the Water Table for Soil Venting. |In sone cases,
groundwat er extraction nmay be used to lower the water table to
dewat er the sneared zone, which enables soil venting to

renedi ate hi ghly contam nated soil

Soi |l venting and vacuum enhanced product recovery are renediation
technol ogi es that are commonly used in conjunction w th groundwat er
extraction. Vacuum enhanced product recovery uses product recovery wth
groundwat er extraction and soil venting technologies in the sane well(s) to
i ncrease the rate of product extraction and to reduce the drawdown. See
Gui dance for Design, Installation and Operation of Soil Venting Systens for
nore detailed information about soil venting systens. Applying a vacuumto
a groundwat er extraction well(s) can also increase the rate of groundwater
extraction fromthe well(s) at sites that have a lowyielding well(s).

DNR nmay require aquifer-restoration techni ques other than groundwater
extraction if operation of a groundwater extraction systemlowers the water
tabl e enough to damage a wetland or marsh.

1.3 Pernmitting and O her Requiremnents.

Refer to Table 1-1 for nore information on DNR rul es, gui dance docunents
and agency contacts related to groundwater extraction system design

1.3.1 LUST, ERP, and Superfund Program Requirenents.
Submittal Contents. Reconmmended Leaki ng Underground Storage Tank (LUST),

Envi ronmental Repair Program (ERP) and Superfund program subnittal contents
are listed in Subsections 4.5, 5.2 and 5. 4.

Ws. Admin. Code NR 141. This code requires preapproval for al

groundwat er extraction/product recovery wells. Designers nmust submt an
application to the Superfund, ERP, or LUST prograns to install a
groundwat er extraction/product recovery well, which may be part of the work
plan for the site. The application nust include the information in
Subsection 4.2. The same preapproval requirement applies to aquifer test
wel I s (Subsection 3.3). Forms 4400-122 (Soil Boring Log), 4400-113A
(Monitoring Well Construction), and 4400-113B (Mnitoring Well Devel opnent)
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Table 1-1
Gui dance Docunents Related to Groundwater Extraction
and Product Recovery
-
Topi c Pertinent | Guidance Agency Ref er ence
Rul es Docunent s; Cont act Section
H gh Capacity NR 112 None DNR Wat er Subsecti on
Well Permts Suppl y 1.3.2
St af f
Drilling, Well NR 141 None DNR Subsecti ons
Construction, and District 1.3.1, 3.3
and Abandonnent NR 112 ERR St af f and 4.2.1.2
G oundwat er Vari ous Gui dance for District Subsecti ons
Treat nent and DNR Rul es | Treat nent ERR and/ or 1.1, 1.3.3,
Di sposal Syst ens, Wast ewat er 2.4, 3.0
St af f and 5.4
I nvestigative Vari ous January 14, 1993 DNR Subsecti ons
Wast es DNR Rul es | Menpg District 1.3.1 and
ERR St af f 3.0
Free Product Vari ous January 3, 1992 DNR ERR or Subsecti on
Di sposal DNR Rul es | Menp, Hazar dous 2.5
Waste Staff
Free Product Vari ous None DOT St af f Subsecti ons
Transportation DOT Rul es 1.3.5 and
Of Site 2.5
El ectrical and Vari ous DI LHR UST/ AST DI LHR Staff | Subsections
Bui | di ng Dl LHR Program Letter and/ or 1.3.4, 2.5,
Saf ety Rul es 10, May 25, 19935 | Local 4.3.1 and
Bui | di ng 4.4
| nspectors
Not es:
(1) CGui dance Docunents refers to gui dance docunents other than this
docunent .
(2) Qui dance entitled Guidance for Treatment Systens for G oundwater
and Ot her Aqueous Waste Streamns
(3) Qui dance entitled General Interim Guidelines for the Managenent of
I nvestigati ve Waste.
(4) Gui dance entitled Waste Cl assification of Petrol eum Products,
i ncl uded as Attachment One.
(5) Qui dance entitled Design Criteria for Process Equi prent Buil di ngs
Associ ated with Environnental Renediation of UST/AST Sites,
i ncluded as Attachment 2.
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nmust be conpleted and submitted in accordance with Chapter NR 141 after
wel | construction is conpleted. Any well that is no | onger in use nmust be
abandoned in accordance with Chapter NR 141, and docunentation nust be
subnitted to the DNR on Form 3300- 5B

I nvestigative Wastes. Drill cuttings should be handled in accordance with
DNR gui dance on investigative wastes. This guidance is available upon
request.

Product Disposal. Product disposal is dependant on the final use and/or

di sposal option for the product. Petrol eum product disposal and/or
recycling is discussed in Attachnent 1. DNR will assess regulatory
requi renents for recovered non-petrol eum products on a case-by-case basis.

Federal Free-Product Requirenments. 40 CFR 280.64 requires responsible
parties at LUST sites to conduct free-product removal in a nanner that

m nimzes the spread of contam nation into previously uncontan nated zones
by using recovery and disposal techniques appropriate to the hydrogeol ogic
conditions at the site. In addition, the responsible parties nust properly
treat, discharge or dispose of recovery by-products in conpliance wth
applicable local, state, and federal regulations. This involves preparing
and subnitting a free-product removal report within 45 days after
confirmng a discharge to the DNR.  The report should include the follow ng
i nformation:

The nane of the person(s) responsible for inplenmenting the
free-product renoval neasures;

The estimated quantity, type, and thickness of free product
observed or nmeasured in wells, bore holes and excavati ons;

The type of free-product recovery system used;

The | ocation of any possible discharge froma free-product
recovery system (on-site or off-site) during the recovery
operati on;

The type of treatnent applied, and the effluent quality
expected from any di scharge;

The steps that have been taken to obtain necessary permts for
any di scharge; and

The chosen di sposal /recycling option for the recovered free
product.

1.3.2 Water Supply Program Requirenents.

NR 112 and High Capacity Well Systens. Chapter NR 112 requires the Bureau
of Water Supply's preapproval for high-capacity well systems. A high-
capacity well systemis an extraction systemthat produces over 70 gall ons
per minute (gpm of groundwater. A systemof wells at one site that
produces a total of 70 gpmor nore is considered a high-capacity system
even if each well punps less than 70 gpm A separate application subnmtted
to the Bureau of Water Supply is required for high-capacity well systens.
See Chapter NR 112 for a list of required information in an application for
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a high-capacity well system
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1. 3.3 Wastewat er Program Requi renents.

Groundwat er treatnent and water disposal are addressed in the Gui dance for
Treat ment Systenms for G oundwater and Ot her Aqueous WAste Streans.

1.3.4 Departnment of Industry, Labor and Hunan Rel ations (DI LHR)
Requi rement s.

I LHR 10. Designers nmust follow DI LHR codes pertaining to storage tanks for
recovered product, electrical safety and building safety. See Attachment 2
for nmore infornmation on DILHR s requirenents

1.3.5 Departnent of Transportation Requirenents
Shi ppi ng Free Product. The Departnent of Transportation (DOT) requirenents

for off-site transport of recovered product are based, in part, on results
of flash-point tests.

1.4 Interi m Renedi al Measur es.

Interi mrenedial neasures nmay be appropriate at certain sites. Wen
appropriate, the DNR encourages responsible parties to inplenment interim
renedi es as soon as adequate information is available to design, construct
and operate a renedi ation system This is especially necessary for free-
product renoval and source contai nnent/control. The follow ng are exanpl es
of situations where interimneasures may be warranted.

A groundwat er extraction systemis installed in the source area
as an interimneasure prior to fully conpleting the groundwater
i nvestigation. This type of measure is npbst conmon when
attenpting to hydraulically contain and capture a dissol ved-
phase plume with high contanminant |evels that is noving quickly
away fromthe source area

Fl oating product is hydraulically contained and capt ured.
Hydraul ic contai nment is needed to prevent dissol ved-phase
plume migration towards a receptor, such as a nunicipal well,

or a sensitive natural resource, such as a trout stream

Interimneasures require the sanme preapprovals and pernits as fina
renedi es (See Subsection 1.3).
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2.0 Site Characterization

The foll owi ng subsections outline site characterization infornation that is
necessary to prepare a renedial design for the system |In many cases,
renedi al system design (Section 4) can be started before the site
characterization is conplete. It nmay be possible to eval uate treatnent
devices, well design, disposal options, etc. prior to fully conpleting the
site investigation. Because additional plune nigration may occur, the
validity of the site investigation report decreases with tine after its
conpl eti on.

2.1 Aqui fer Characterization.
I mportant site aquifer characteristics include the follow ng:

Hydraul i c Conductivity. The horizontal hydraulic conductivity
is used to estinmate the natural migration rate and the
groundwat er extraction well(s) punping rate. See Section 3 for
a discussion of aquifer testing and Subsection 4.1 for a

di scussi on of plune-capture cal cul ati ons.

Aqui fer Thickness and Depth. The aquifer thickness is needed
to determine transmisivity fromthe hydraulic conductivity
estimate for plume capture (Subsection 4.1). The plune depth
within the aquifer is also needed to establish the screened

i nterval when designing a groundwater extraction well or trench
system (Subsection 4.2). A boring should be drilled to verify
t he hydrogeol ogic conditions in the screened interval prior to
installing an extraction well.

At small sites with very thick aquifers (over 50 feet of
saturated thickness), a boring does not need to extend to the
base of the aquifer IF a piezoneter indicates that the plune
does not extend to the base of the aquifer. Subsection 4.1
di scusses estimating an effective aquifer thickness for plune
capture in thick aquifers.

If a deep boring is drilled through a highly-contam nated zone,
drilling techniques nay have to be nodified to limt the
potential contam nant nmovenent into previously clean zones.
Tenporary well casings or other preventative neasures may be
necessary in sone situations.

Transmisivity. The following information is used to deternine
pl ume capture: the saturated-aquifer thickness (or effective
thickness, if appropriate) nultiplied by the horizonta
hydraul i c conductivity equals transmsivity. See Subsection
4.1 for nore infornmation.

Nat ural Horizontal G oundwater Flow Direction and G adient.
The direction of groundwater flow and hydraulic gradient are
necessary for plume-capture cal cul ations (See Subsection 4.1).
If there is a potential for tinme-varying natural groundwater
flow directions, the plune-capture cal cul ati ons can provide
m sl eading results. It is advisable to prepare a m ni num of
three water-table maps of the site with a m ni num of one nmonth
(preferably two nonths) between each set of readings to verify
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the natural direction of groundwater flow If there is a
potential for significant plunme migration, it may be better to
qui ckly address contani nati on problens instead of waiting to
accunul ate water-table data. It is recomended that designers
eval uate of the advantages of collecting nore data versus the
advantage of rapidly capturing the plune to avoid significant
nm gration.

The direction of groundwater flowis typically the sane as the
downgr adi ent sl ope of the water table, however, the groundwater
flow may vary in anisotropic conditions. |If iso-concentration
maps suggest that the migration direction is not directly
downgr adi ent, the renediati on system desi gner shoul d consi der
the potential for future mgration to differ fromthe
groundwat er gradi ent.

Wat er- Tabl e Fluctuations. Fluctuations of the water table are
eval uated to determne the screened interval of wells and
trenches. This is inportant at sites with floating product, so
that the floating product can enter the well screen. It is

al so inportant at other sites to ensure that the wells are
install ed deep enough to provide the capacity needed for plune
capture under a seasonal -l ow water table.

Storage Coefficient or Specific Yield. The storage coefficient
or specific yield is calculated and reported if punping tests
are performed (Section 3).

Grain-Size Distribution. The well-screen slot-size is

determ ned by the grain size of the filter pack, which is
determ ned by the grain size of the fornmation adjacent to the
screen. A boring should be drilled to obtain the grain-size
sanpl e(s) to determ ne the groundwater extraction-well screen-
slot size. If it is apparent during the investigation that
groundwat er extraction is needed, a deep boring should be part
of the site investigation. Subsection 4.2.1.2 discusses sizing
the filter pack and sl ot size.

2.2 CGeol ogi ¢ Characteri zation

A geol ogi ¢ characterizati on assesses the interaction of aquifers and
aquitards that may be present at a site. The inportant site geol ogy
characteristics are as foll ows:

Ceologic Unit Below the Aquifer. The inportance of
characterizing the unit below the aquifer varies greatly from
site to site. @uidelines to follow include:

It is necessary to assess the vertical conmponent of the
hydraulic gradient with a well nest that includes at |east one
pi ezoneter if there is the potential for vertical migration to
| ower geologic units.

If the contami nant plunme does not reach the base of the
aquifer, the underlying unit is relatively uninportant and nay
be estimated for depth only. |In this case, the "clean" water
under the plune should be characterized with at |east one
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pi ezonet er.

If the contamination extends to the base of the aquifer

desi gners shoul d assess the ability of the underlying unit to
restrict the noverment of the contanination (less-perneable
unit) or its ability to transmt contam nants (nore-perneable
unit). Characteristics of underlying hydrogeologic units to
assess i ncl ude:

— hydraul i c conductivity (vertical if |ess-perneable, or
both vertical and horizontal if high-perneable);

— secondary perneability; and

— vertical gradients.

If there is a potential for DNAPL at the site, designers should
accurately define and characterize the depth of the aquifer
base. A large volune of DNAPL nay flow in a direction
different than the groundwater flow if the surface of the
confining |layer slopes in a different direction than the
groundwat er gradient. Therefore, the topography of the
confining | ayer surface should be determn ned.

Ceologic Unit Above the Aquifer. |f the aquifer is confined,
the overlying confining | ayer should be characterized for
vertical hydraulic conductivity and the gradi ent across the
unit.

Soi|l Description. A hydrogeol ogi st that neets the definition
in NR 500.03 (64) (or NR 600.03 (98)) should prepare the boring
Il ogs. Soil description should include the follow ng

i nformation:

— Appr oxi mat e percentages of najor and minor grain-size
constituents. Note: Terms such as "and," "sone,"
"little," "trace," etc. are acceptable if percentages
they represent are defined;

— Col or and Munsel |l Col or

— CGeol ogic origin;

— Description of nmoisture content (e.g., dry, nmoist, wet);

— Any visual presence of secondary perneability;

— Voi ds or |ayering;

— Pertinent field observations such as odor

— Description and notation of any product snearing
evi dence. Hydrogeol ogi sts shoul d note the depths
careful |y because depth of snearing is evidence of past-
aqui fer water-|evel variations.

2.3 Ext ent of Contani nation

A definition of the areal and vertical extent of contamination is necessary
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for plunme-capture cal cul ations (See Subsection 4.1). The vertical extent
is al so necessary for well design (See Subsection 4.2).
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Soil sanples collected fromsoil borings should be field screened for VOC
nmeasurenents at sites where VOC contanmination is suspected. Field
screeni ng may consist of the follow ng:

Headspace anal ysi s using:

Phot oi oni zation (PID);

Fl ane ioni zation detector (FID);

Fi el d gas chromat ograph (GC); or

Lab in a Bag Met hod (Robbins, 1989).

O her pertinent field observations such as odor should be included in the
site investigation report, and any evidence of product snearing should be
not ed and described (product snearing nmeans a free-phase product coating on
soil particles).

2.4 Cont am nant Chem stry.

Treat ment and/ or di sposal systens nmust be designed for the extraction rate
and types and concentrations of the site contaninants. See the Quidance
for Treatnment Systens for Goundwater and O her Agueous Waste Streans for a
detai |l ed di scussi on of groundwater treatnment.

Seal s, bearings, pitless adaptor/units, and notor |eads in punps desi gned
for clean water use are often not conpatible with contam nants, so speci al
punps nmay be required. Designers should assess well materials and

equi pnment for contam nant conpatibility before using themin the extraction
system

2.5 Fl oati ng Product or DNAPL.

If a floating, recoverable product layer is present at a site, designers
nmust insure that the well-screen interval intersects the product |ayer
under static conditions and all potential-punping |evels (see

Subsection 4. 2).

In sone cases, only a small volunme of floating product is present at a
site. In this case, the designer should eval uate whether or not product
recovery by punping is necessary, or if other neans (such as evaporation by
soil venting) can efficiently extract the product. There are several ways
to estinmate the volune of floating product (Hughes 1988, Testa 1989, and
Farr, 1990). Kenbl owski (1990) al so discusses fluctuating product

thi ckness that is caused by fluctuating water tables. |[|f the vol une of
product is too small to warrant extraction using product recovery

techni ques, an estinmate of the product vol une shoul d acconpany a
justification in the work plan, along with the alternative approach for
renovi ng the free product.

Desi gners shoul d carefully choose equipnent if ignitable floating product
is present at a site. Intrinsically-safe or explosion-proof equipnent is
typically required when ignitable contam nants are present. See
Attachnent 2 for nore infornation on equi pnent sel ection

The British Thermal Unit (BTU) content of the recovered petrol eum product
may be needed to assess petrol eum product-di sposal options. BTU content

may affect the ability to recycle the product as a fuel because too |ow a
BTU content nmay nake it too costly to recycle the product for fuel usage.
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Fl ash point is used to characterize the product for shipping the recovered
product off-site in accordance with DOT regul ati ons.

2.6 O her Site-Specific Characteristics.

O her site characteristics that should be included in hydrogeol ogi c
i nvestigations include, but are not |limted to, the foll ow ng:

Presence of nearby wetlands or surface water bodies;
A fractured-aqui fer matrix;

Structures that affect groundwater and/or floating product or
DNAPL f 1 ow;

H gh-capacity wells that influence natural-flow patterns; and

O her wells which mght be inpacted.
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3.0 Aqui fer Testing.

Aqui fer testing is necessary to estimate the hydraulic conductivity or

transmsivity for plune capture calculations. In sonme cases, the hydraulic
conductivity tests conducted during the site investigation provide
sufficient data for renedial design. In other cases, a punping test prior

to renmedi al design nay be necessary to accurately estinmate the rate of
groundwat er punping that is needed to capture the plune.

In sone situations, aquifer testing techniques such as a slug tests, bail-
down tests, and grain-size nethods provide sufficiently accurate hydraulic
conductivity estinates. However, these techni ques nay not be sufficiently
accurate for design purposes.

The following is a list of aquifer tests in decreasing order of accuracy:
Long duration (multi-day) constant rate punping tests;
Short duration (less than eight hours) step drawdown tests;
Bai | -down and slug tests; or
Perneabil ity cal cul ati ons based on grain-size anal ysis.

Sonme suggest ed gui delines when testing aquifers include the follow ng:

A plume in sand or gravel that is hundreds of feet |ong and
over 100 feet wide is a major groundwater extraction project;
therefore, a punping test is probably necessary.

In silt and clay soils, a likely punping rate is several gpm or
less. A bail-down test fromeach well generally provides
sufficient data for evaluating design, treatnent, and/or

di sposal options. Although a punmping test nore clearly defines
an aquifer, it may be nore cost effective to oversize the
groundwat er extraction/treatnent system and delay a punpi ng
test until after the systeminstallation, provided that it is
relatively inexpensive to oversize the groundwater treatnment
system

A punping test is probably needed prior to designing
groundwat er extraction systens that are likely to produce nore
than 50 gpm but is probably not necessary for systenms that are
likely to operate at less than 5 gpm If the systemis likely
to produce in between 5 and 50 GPM designers shoul d assess
site-specific factors such as water disposal options, treatnent
needs, etc. to determ ne what |evel of accuracy is needed for
an aquifer test.

A careful evaluation of the costs and benefits of a punping test may be
warranted. |f a punping test is not proposed at a site, the hydrogeol ogi st
shoul d i nclude an evaluation of the aquifer-testing data quality in the
report to justify the exclusion of a punping test.

If a number of aquifer-testing results are available, the geonetric nean of
the results should be used to calculate the average hydraulic conductivity
(Domeni co and Schwartz, 1990; page 67). |If nultiple hydrogeologic units
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are present, designers should calculate the geonetric nmean for each
hydrogeol ogi ¢ unit, not a single, overall site average. |If sone results
have a hi gher degree of certainty, designers should NOT use the results
that are less certain in the calculation

Exanple: |If both punmping test results and Hazen nethod results are
avail abl e, the Hazen nethod results should not be used when
calculating the geonetric nmean due to the higher |evel of
uncertainty.

The groundwat er di scharged during an aquifer test or well devel oprment
shoul d be sanpl ed and chenically anal yzed for contani nants and ot her
paraneters that may affect the treatnent system and/or di sposal options
(See Guidance for Treatnent Systens for G oundwater and O her Aqueous Waste
Streans for nore information).

Water that is produced as part of aquifer testing nust be handled in
accordance with DNR rul es applicable to investigative wastes. Portable,
| owvolume air strippers or carbon filters may be used as treatnment for
wat er that is produced by punping tests. Preapproval is necessary by the
Wast ewat er programif discharging to a stormsewer or surface water body.
In sone cases, a POTWw || accept untreated punping test water w thout
significant costs. The POTWw Il probably require test results fromthe
wel |l prior to approving the discharge. It nmay require paraneters in
addition to LUST, ERP, or Superfund programrequirenents, such as BODs or
suspended solids. The I ocal POTWshould be contacted to deternine
necessary anal ytical requirenents.

Desi gners shoul d eval uate the neans and costs of water di sposal when
det erm ni ng which aquifer characterizati on nethod to use.

3.1 Hydraul i ¢ Conductivity Estimates Based on Grain-Size Anal ysis.

A mat hemati cal determi nation of the hydraulic conductivity based on the
grain size is rarely appropriate for designing a groundwater extraction
system A grain-size test may be used in unconsolidated naterial to
corroborate other tests. The reasons for poor performance of this test
i ncl ude the foll ow ng:

There are a nunber of nethods avail abl e (Shepherd, 1989, Masch
and Denny, 1966, Hazen method described in Freeze and Cherry,
1979 and Fetter, 1988), but no single test is proven to be best
under all conditions.

Most nethods are only applicable to sand. Note: The Hazen
Method is only valid for a grain size of 0.1 < Djg < 3.0 mm the
Masch and Denny nethod is limted to sanples of unconsolidated
sand.

The sanples that are collected for grain-size analysis are from
very snall discrete locations. Oten, only one to three
sanples are tested; therefore, only a few discrete parts of the
site are used to estimate the overall site hydraulic
conductivity and transm sivity.

Sonme net hods di sregard soil density, porosity, grain roundness,
etc.
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Only groundwater flow through prinmary porosity in soil is
evaluated in a grain-size test, if there is flowthrough
secondary porosity —such as fractures in till —the

conventional tests are invalid.
The tests are not appropriate for bedrock
3.2 Bai | - Down and Sl ug Tests.

Bai | -down (water-table wells and piezoneters) or slug tests (piezoneters)
provi de better hydraulic conductivity estinmates than grain-size anal yses.

Note: For purposes of this docunment, a bail-down test is a test that
i nstant aneously extracts or withdraws a volune of water or a slug
fromthe well, and a slug test is a test that instantaneously injects
a solid slug into the well.

Slug tests are conducted in piezoneters AND ONLY I N Pl EZOVETERS. A
slug test in a water-table well will force water into the unsaturated
filter pack and possibly the unsaturated native soils, increasing the
| ength of subnerged screen. Changing the I ength of the submerged
screen during the test, makes the test invalid (Bouwer, 1989).

Most general hydrogeol ogy texts describe these tests and provi de a nunber
of references. Selected references include Cooper, et. al. (1967), Bouwer
and Rice (1976), and Bouwer (1989); there also are nany other articles on
these tests in various publications.

Bai | -down or slug tests nay not provide the nobst accurate results for the
foll owi ng reasons:

Only the part of the aquifer inmediately adjacent to the filter
pack and screen is eval uated.

When testing water-table wells, only the uppernost part of the
aquifer is tested. Mre representative results are obtained
fromwells which reflect an overall average of the aquifer

If tests are conducted using piezoneters, they only test a very
smal | part of the aquifer in the vertical dinension because

pi ezoneter screens are usually only 5 feet |ong and the sand
pack is 7 to 8 feet |ong.

If there is flowin secondary porosity channels, the wells may
not intersect the channels or fractures and would only eval uate

the primary perneability. |If a fracture is intersected by the
well, the interpretation could also be inaccurate because the
assunptions in the conventional nmethods are viol ated (Karasaki
1988).

If the wells are not adequately devel oped, they will not yield
meani ngful results. Smearing of the bore hole during drilling
will cause the well to reflect an artificially | ow
perneability.

Note: Because wells that are not devel oped to Chapter
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NR 141 standards typically do not provide accurate
hydraul i c conductivity estimates with slug or bail -down
tests, these wells should be redevel oped prior to aquifer
testing.

H gh- perneabl e aquifers often yield artificially |ow estinmates
with slug/bail-down tests because the injection/extraction rate
relative to the rate of the induced inflow outflow fromthe
aqui fer is not instantaneous.

If the filter pack is | ess perneable than the native soil, the
cal cul ated hydraulic conductivity is artificially | ow because
the test neasures the hydraulic conductivity of the filter

pack. Chapter NR 141 specifies the size of the filter pack and
slot size in nonitoring wells. A screen slot size that is too
small can also Iinmt the groundwater flowinto a well [owering
the hydraulic conductivity estimate in high-perneabl e aquifers.

3.3 Punmpi ng Tests.

A punping test extracts groundwater at a constant rate for a nunber of
hours, and a step drawdown test varies the punping rate over tine. These
tests are used to calculate the aquifer transmsivity and specific yield or
storage coefficient. Mst general hydrogeol ogy texts cover the basics of
punpi ng tests; Kruseman and de Ridder (1990) is an excellent reference.

In sone cases, an additional nonitoring well or aquifer-test well is
necessary to performa punping test. A punping test can be perforned in an
aqui fer-test well constructed for the punping test, a groundwater
extraction well, or an oversized (4-inch) nonitoring well. An aquifer-test
wel I shoul d be eval uated for entrance velocity (Subsection 4.2.1.2) prior
toinstalling the well. A wire wapped screen may be necessary in high-
per nmeabl e aquifers to reduce entrance velocity. In this case incrustation
due to a high entrance velocity is not an issue because of limted punping
duration, but flow restriction through too small a slot size could occur

A longer well screen than normally used for a nonitoring well nmay al so be
necessary to achi eve the desired drawdown and flow rate during the punping
test. |If the aquifer-test well is upgradient of the source and within the
sanme geologic unit, it may produce clean water. Disposing of clean water
froma punping test is nmuch easier than contam nated water. This nay be a
factor when planning the duration and punping rate for a test. Aquifer-
test wells require preapproval under NR 141.

CGeneral considerations for punping tests include the follow ng:

A nethod that accounts for partial penetration and/or
unconfined conditions is appropriate in nost aquifer-

decontani nation projects. During a punping test, the
groundwat er below a partially penetrating extraction well is
relatively stagnant and does not "flow' during the test,
therefore, this portion of the aquifer is not "tested" during
the punping test. Methods that assune a fully penetrating well
could result in a transmsivity estimate that is artificially

| ow.

Driscoll (1986) indicates that partial penetration effects are
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mnimzed at a distance (fromthe extraction well) that is
twice the aquifer thickness. Therefore, nethods based on fully
penetrating wells (including the Jacob straight |ine nethod)
can be used on data fromnonitoring wells that are a
significant distance fromthe extraction well. |[If the Jacob
straight line nethod is used, the cal culated u val ue shoul d be
| ess than 0.05 (Driscoll, 1986).

N. Boulton and S. Neunan have each published a nunber of
articles about aquifer testing in unconfined conditions.
Fetter (1988) lists a nunber of references related to aquifer
testing (pages 209 to 212) including nost of those by Boulton
and Neunan.

The classic punping test for a water-table aquifer is a 72-hour
test. Confined aquifers may need a 24-hour test. At sone
smal|l sites, a lowcapacity test (less than 10 gpnm) for a
shorter period of tine (8 to 24 hours) may be sufficient.

The I ength of the punping test may need to be nodified if the
hydr ogeol ogi st conducting the punping test deternines that a
different length of tine for the test is necessary, based on
initial test data. |If early test data suggests that the
drawdown in an unconfined aquifer has stabilized, the punping
test should continue |ong enough to ascertain that a del ayed
yield or slow drainage effect is not influencing the

i nterpretation.

Wat er-1 evel neasurenments should be collected at all available
measuring points. Even distant points that are outside the
radi us of influence provide data on background water-1|eve
fluctuations during the test.

Not e: Hydrogeol ogi sts shoul d coll ect water and product
| evel neasurenents in wells with floating product.
However, wells with floating product should not be used
for punping test evaluation, unless there is a shortage
of wells at the site. Because the dynanmics of multi-
phase fluid flowinto and out of a well with floating
product may introduce error, these nonitoring wells nay
provide msleading results. If wells with floating
product are used, the density of the product should be
estinmated to cal cul ate the equivalent head in the well.

In all cases, recovery data for a punping test is collected and
eval uated, especially at the groundwater extraction well.

Casing storage can influence early drawdown data in |arge-
dianmeter wells that are installed in relatively inperneable
aquifers. See Krusenan and de Ridder (1990) and/or Dri scol
(1986).

In sone cases, a short step-drawdown test is a viable alternative to a
full-scale pumping test. Snall-dianeter electric subnersible punps that
fit in 2-inch wells that can be used for step-drawdown tests are avail abl e.

If a 4-inch nonitoring well is used at the site, a higher capacity step-
drawdown test can be conduct ed.
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4.0 Design and Installation of a Groundwater Extracti on System

Groundwat er extraction and product-recovery systens nay consist of a single

well, include multiple |owcapacity wells, or use a trench system It nay
be appropriate to install a groundwater extraction or extraction/product-
recovery well in the source area to ninimze free-product mnigration, as

well as install a groundwater extraction well further downgradient to
capture di ssol ved- phase contam nants. No specific extraction system design
is appropriate for all conditions; a systemshould be tailored to neet
site-specific conditions and contan nants.

4.1 Capture Zone.

Groundwat er extraction systens are designed to contain and renove
cont am nated groundwater fromthe aquifer. The size of the plume which the
extraction systemw || be designed to extract varies fromsite to site
dependi ng upon factors such as aquifer conditions, degree of contam nation
di stribution of contami nation, and the |ocation of receptors. A
groundwat er extraction system nay operate as a formof source control, or
as aquifer restoration, or for both purposes. |If free product is present
at a site, the systemmay consist of two recovery wells; one for free-
product recovery in the source area, and one downgradient to capture a

di ssol ved pl une.

A larger capture zone, over and above the zone of contamination, is
sonetines warranted if there is a |ow | evel of confidence in the
di stribution of contamination or the aquifer-testing results.

Sone sites have primarily radial nigration away fromthe source, other
sites have a lineal plume extending fromthe source. The nethods of

eval uating capture vary depending on the plunme configuration. [|n general
nost renediation systens at smaller sites can be nodeled if one of these
two plunme configurations match the foll owi ng descriptions:

Sites Wth High Hydraulic Conductivity and H gh Natural
Groundwater M gration. These sites typically consist of a

| ong, narrow plunme that extends downgradi ent fromthe source
area. Contaninant transport at these sites is primarily
controll ed by advection. Diffusion and dispersion are only

m nor transport processes. Capture zones are cal cul ated based
on three paraneters: punping rate, natural gradient, and
transm sivity.

Di spersion allows contam nants to travel along routes other
than streamines. The capture zone should be designed to
capture a larger area than the known zone of contami nation

The width of the extraction system s capture zone should be 15
to 25 percent (or nore) wi der in high-perneable aquifers and 30
to 50 percent (or nore) wider in noderate to | ow perneabl e

aqui fers.

The follow ng two nmethods, analytical and mathematical, are
used to deternine the capture zone:

— Anal ytical. A very sinple two-dinensional nodel that is
appropriate for sinple sites with a single extraction
wel | is described by Todd (1980, pages 121 to 123). An
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exanpl e of this nmethod is included in Attachment 3.

Anot her nethod is described in Javandel and Tsang (1986),
and in Fetter (1993). Several hydrogeol ogy texts, such
as Doneni co and Schwartz (1990), al so describe sinilar
mat henati cal solutions for the capture zone. O her

anal ytical methods for nore conplicated site conditions
usi ng advanced nmat hematics are presented by Strack
(1989). G ubb (1993) applies the sane mat henatica
principles that are used by Strack for sinple site
conditions. Both Strack and Grubb provide nethods for
confined and unconfined aquifers.

If there are known seasonal fluctuations in the
groundwat er gradi ent, the capture zone should be
cal cul ated under all known groundwater gradients to
verify that contam nant capture will occur.

— Conputer. This nethod is appropriate for sites with
multiple extraction wells, an extraction trench, or wth
sites that experience significant changes in groundwater-
flow patterns due to seasonal effects or natura
infiltration effects. There are many two-di nensi ona
nodel i ng prograns avail able that can quickly and
i nexpensi vely eval uate groundwater flow to extraction
well (s). At nore conplex sites, three-dinmensional nodels
may be needed, however, cost will often preclude their
use at sinmple or snall sites. The extraction system
shoul d be nodel ed under differing natural gradients to
assure that the extraction well(s) is in the optinal
| ocation and has a sufficient punping rate under al
seasonal effects.

Note: The DNR does not endorse or approve
groundwat er nodeling prograns. It is the
responsibility of the renedi ati on system desi gner
to use a nodel that will provide correct and
meani ngful results. The designer is expected to
provi de sufficient docunentati on for DNR nodel
revi ew.

Sites Wth Low Hydraulic Conductivity and M ninal, Natural
Groundwater Mgration. |If the site has very | ow perneable
soils, it is likely that contam nants have migrated radially
away fromthe source primarily due to diffusion and not
advection. A centralized extraction systemin the source area
may be used if contam nants have mgrated a short distance or
nostly radially away fromthe source area

In these cases, the renedi ati on system desi gner needs to design
a systemwith a cone of depression that establishes an inward
gradient at the perineter of the contanination zone. The DNR
does not specify a mnimuminward gradient; however, a mninum
inward gradi ent of 0.01, or nore, is recomended. The system
may be desi gned based on conputer nodeling (see conputer

i nfornati on above) or by an analytical nethod. An analytica
exanpl e of this nmethod based on Todd (1980) is included in
Attachnent 4. Oher analytical solutions are al so acceptable.
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At large sites with |ow anticipated punping rates, the designer
shoul d consider calculating the tine of travel fromthe

peri meter of contanination to the extraction points. This
estinmate is a neasure of the tinme that is necessary to extract
one pore volunme fromthe limts of contamination. |If a |long
period of time is necessary to extract one pore volune, then it
is likely that groundwater restoration will take a long tine.

The nodel i ng met hods above are typically based on two-di nensional capture
zone cal cul ations. Because the nmethods are two-di nensional, the estinmated
punping rate can be overestimated in very thick aquifers if the tota

aqui fer thickness is used in the calculations, and water is only extracted
fromthe upper portion of the aquifer. Wen calculating the extraction
rate froma partially-penetrating well in an aquifer that is very thick
relative to plune depth, it nmay be appropriate to assune an "effective"
aqui fer thickness that is less than the full thickness.

In the case of a partially penetrating groundwater extraction well
installed at the water table, designers can assune an effective aquifer
thi ckness that is the sumof one-half of the plune-capture zone w dth, plus
the screen length. Partially penetrating groundwater extraction wells
screened bel ow the water table (confined aquifers and subnerged plunes in
unconfined aquifers) may have an assuned effective-aquifer thickness that
is equal to the capture zone width plus the screen length. This nethod of
estimating an effective-aquifer thickness is not absolutely correct in

mat henatical ternms, but it should provide reasonable results, assun ng

i sotropic conditions. This approach is based on sinplistic assunptions;
other scientifically valid nethods based on known site-specific conditions
may al so be used.

After the flowrate is determi ned, the designer should predict the drawdown
inthe well to determine if it is reasonable. If the well is a partially
penetrating well, a correction for partial penetration should al so be nade.
Attachnent 4 includes sanple cal cul ations for drawdown and parti al
penetration. Also, see the discussion of maxi mum drawdown reconmmrendati ons
for extraction wells in Subsection 4.2.

If a single well does not deliver the capacity that is necessary for plune
capture, designers should consider other alternatives to assure that the
extraction systemw Il deliver the desired capacity. There are a nunber of
options that can be used in those situations, including:

Multiple extraction wells can be used with reduced-flow rates
on a per well basis, which reduces drawdown in each well. Wen
multiple wells are used, superposition can be used to estinate
the drawdown in each well.

A trench system may be used instead of a well.

The I ength of the screen can be increased. The system designer
shoul d carefully consider the costs associated wi th punping,
treating, and di sposing of clean water that is punped from
under the plune if this option is considered. This option may
seem cost-effective because it noves nore water at a minimal
cost, initially. BUT, in sone cases, the treatnent and

di sposal costs for punping clean water for many years nake this
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The nodel i ng met hods descri bed above are only applicable to flowthrough
primary porosity. |If flowthrough secondary porosity (fractured flow)

af fects contanminant nigration, the consulting hydrogeol ogi st shoul d propose
an alternate neans of |ocating groundwater extraction systens based on the
apparent direction of contam nant flow and distribution.

After installation and start-up of the groundwater extraction system
desi gners should periodically prepare water-table maps that depict the
capture zone. See Subsection 5.3 for nore information on groundwater naps.

4.2 Wel | or Trench Design

A groundwat er extraction systemin high-perneable soils typically consists
of adrilled well(s), and a groundwater extraction systemin | ow perneabl e
soils typically consists of a trench systen(s). There are no specific
conditions that determine the use of a trench instead of a well. If the
desired groundwater extraction rate cannot be achieved with | ess than about
10 feet of drawdown in a water-table well, a single well is insufficient
and a trench or multiple wells are needed. |f floating product is present,
t he drawdown should be limted to no nore than 5 to 6 feet to limt product
snearing on soils. There is no recomended maxi num drawdown in wells that
are installed in confined aquifers or that punmp from subnerged pl unes.
Cenerally, at least 5 feet of screen should be in the aquifer under punping
condi tions.

Not e: Product smearing occurs when the soil particles are coated with
free product and the interstitial void spaces between the particles
are partially filled with free product.

A trench systemmay be difficult or inpossible to install if the trench
does not stay open |ong enough for pipe installation and backfilling, and
installing a very deep trench may be inpractical. |If a single well is

insufficient and a trench system cannot be installed, nultiple | ow capacity
wel I s may be necessary.

4.2.1 Drilled Vells.

If the groundwater extraction well is screened (or open hole in bedrock) in
a confined unit, the well should be designed to prevent contam nants from
flowi ng upward through the annul ar space to uncontani nated zones. |In sone
cases, a tenmporary (or pernmanent) casing that seals off upper, "clean,"

hi gh- permeabl e zones during drilling is necessary. This nay preclude the
use of some drilling methods (holl ow stem auger and bucket auger) at sone

confined-aquifer sites.
4.2.1.1 Drilling Method
There are many site factors that determ ne the nmethod of drilling. The

system desi gner should use a nmethod that results in proper construction of
an efficient extraction system Driscoll (1986) is an excellent reference

for drilling methods. For shallow, |arge-dianeter wells in |ow hydraulic
conductivity environnents, a |large bore hole may be needed. The follow ng
is a brief sunmary of the commonly used drilling nethods:

Cable Tool. Cable drilling offers great flexibility. The well
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can be installed with a natural-filter pack when the casing-
pul | back method is used, or with an artificial-filter pack when
a large-dianmeter tenporary casing is used. Because there is

m ni mal smearing (relative to holl owstem augers) and no filter
cake agai nst the bore-hole wall, well devel opnent tine is
reduced. The disadvantage of cable drilling is the large
amount of time it takes to install a well.

Note: Many cable drillers use arc welding and a cutting

torch. Drillers should be warned of any ignitable

contami nants or the presence of a floating-product |ayer
If these conditions exist, the driller should use a

t hreaded and coupl ed pi pe.

Hol | ow Stem Auger. |In sone |lowflow applications, a 6.25-inch
i nsi de-di aneter holl ow stem auger can be used to install a 4-
inch well constructed of polyvinyl chloride (PVC). Sone
drilling contractors have 10.25- or 12.25-inch inside-dianeter
hol | ow st em augers that can be used for larger wells.

Advant ages i ncl ude speed and the ability to collect split-spoon
sanpl es and conduct field headspace tests.

The di sadvantage of the nethod is that |arge-di aneter augers
can only penetrate limted depths. There can be considerable
snearing of the bore-hole wall in stratified formations,
especially if those formations are | oose or soft (as exhibited
by | ow bl ow count N val ues) because the finer-grained soi
cuttings may be pressed into the coarser-grained | ayers. The
snearing effect is less critical in clean outwash deposits. In
nost cases, flush threads should be used for screen and casing.

Mud and Cl ear-Water Rotary. Muid rotary is a conmon nethod for
drilling water-supply wells. Drilling nud should not be added
if the hole stays open with clear water. Wells drilled with
this method need significant devel opnent to renove the filter
cake fromthe bore-hole wall especially in high-perneable
formati ons. The nmain advantages of this nmethod are speed and
the availability of drilling rigs.

Bucket Auger. When drilling in fine-grained soils that stay
open, a large-dianeter well can be installed by using a bucket
auger. The bucket auger is a good choice if the design bore-
hol e di ameter exceeds a couple of feet and the well is fairly
deep. If the hole will not stay open, a bucket auger is not a
good choi ce.

O her nmethods, such as air rotary or rotasonic, nay be appropriate in

uni que situations such as in bedrock. 1In all cases, drill cuttings nmust be
handl ed in accordance with the DNR rules that are applicable to

i nvestigative wastes.

4.2.1.2 Filter Pack, Screen, Casing, and Well Devel opnent.

Filter Pack and Well Screen. |f designers use a filter pack, it should be
appropriately sized to the native soils. An artificial-filter pack extends
a mnimmof 2 feet above the top of the screen. [If a long screen in a

| oose formation is used, the filter pack should extend a m nimumof 5 feet
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above the top of the screen because a |arge ambunt of filter pack and
native soil can be renoved fromthe bore hole during devel opnent. |If
sufficient materials are renoved, the filter pack and annul ar space sea
can col lapse to the top of the screen

The wel | screen may be constructed of PVC, |ow carbon steel, gal vanized

steel, or stainless steel. 1In unusual-site conditions, other materials nay
be appropriate. The renediation system desi gner should consider the
duration of the project when selecting screen material. The screen

manuf acturer nay provide advice on material characteristics to linmt or
prevent corrosion, incrustation and contam nant conpatibility. Non-
reactive materials need to be used in extraction well design. |In unusua
cases, such as very deep wells, the physical strength of the screen should
al so be evaluated in consultation with the screen nmanufacturer

The slot size of the screen should be sized to the filter pack (or natura
pack if used). See Chapter NR 112 for a discussion of filter pack and
screen specifications. |If a natural-filter pack is used, refer to page 435
in Driscoll (1986) for a discussion of screen-slot size. A well with a
screen that has slots that are too large and/or a filter pack that is too
coarse nmay punp sand. |If stratified conditions exist, a relatively fine-
grai ned |layer should be used for selecting the filter pack and the well
screen-slot size. On-site screen manufacturing, such as torch cut slots
and drilled perforations, and on-site slotting by saw cutting are not
accept abl e.

The screen dianeter is usually a function of the type of punp(s)
(Subsection 4.3), sensors (Subsection 4.4, Control Panel) and possibly a
shroud (Subsection 4.4) that are installed in the well. Only in rare cases
is a screen dianeter controlled by factors other than the punping equi prent
di nensi ons.

If there is a possibility that a floating product or DNAPL recovery punp
installation nmay be needed in the well, the well-screen dianeter should be
sufficient for a two-punp system (Subsection 4.3). |In sone cases, a
recoverabl e floating-product |ayer fornms after punping begins, even though
it did not appear during the investigation. |If there are unusually high

di ssol ved- cont anmi nant concentrations, the designer should use a well with a
sufficient dianeter to also hold a product recovery punp, in case it is

| ater deternmined that a product punp i s needed.

If floating-product recovery is initially planned, or there is evidence
that floating product nay be drawn into the well, the top of the screen
shoul d be above the seasonal -high static water table. |f recoverable
floating product is unlikely to be present, the top of the screen should be
set at or above the top of the plune.

The base of the screen should be set so that the entire I ength of the
screen extends through the entire contamnination zone. |n general, it is a
good practice to naintain at least 5 feet of well screen within the aquifer
under punping conditions. |n sone cases, the base of the screen is set
slightly below the plune to naintain at least 5 feet of screen bel ow the

punpi ng | evel .

If nultiple high-perneable zones are present and contani nated, THE SCREEN
MUST NOT CROSS CONNECT HI GH PERMEABLE ZONES THAT ARE SEPARATED BY LOW
PERVEABLE ZONES. In these cases, designers should use separate wells for
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each hi gh-perneabl e zone because a single well in this situation would be
an artificial conduit to vertical-contani nant flow during periods when the
wel | is not punped.

Screen incrustation can occur if the entrance velocity is greater than 0.1
feet per second (Driscoll, 1986). Driscoll (1986) contains exanple
calcul ations for determ ning entrance velocity. Mst well-screen
manufacturers will provide the open area per lineal foot of screen for the
cal cul ations. Designers should use the estimated | ength of screen under
static, seasonal-low water-table conditions, mnus the anticipated
drawdown, when estimating the length of screen for calculations. |If the
design cal culations indicate that entrance velocity is greater than 0.1
feet per second, other screen types or larger-dianmeter well(s) nay be used.
If the calculated entrance velocity is significantly above 0.1 feet per
second, the well nmay not produce the desired extraction rate. Attachnment 4
di scusses estimating drawdown.

A bottom plate nust be used on all well screens. |If it is possible to
recover any DNAPL, the base of the screened portion of the well should be
designed so that as nuch DNAPL is recovered as possible.

Bedrock Wells. Well installation with open hole is acceptable if the
extraction well is in bedrock, instead of constructing the well with a
filter pack and screen. An open hole should not cross connect high-
per neabl e zones separated by a | ow perneabl e zone(s).

Casing. The casing nay be PVC (when PVC screens are used) or steel pipe.
In sone rare cases with unusual-site conditions, stainless steel casing or
other materials may be used. |If the well casing is less than 8 inches in
di ameter, the casing should be schedule 40. |[If the well dianeter is equa
to or greater than 8 inches, see Chapter NR 112 for casing wall thickness
specifications. |If unusual conditions warrant using stainless stee
casing, the DNR project manager may allow a thinner wall thickness.

Devel opment. After the well is conpleted, the well should be devel oped.
Driscoll (1986) provides an excellent discussion of well devel opnment

nmet hods. Devel opment over and above Chapter NR 141 requirenents is
encouraged to provide an efficient extraction well.

Any grout in the annular seal should be allowed to set for a m ni mumof 12
hours prior to well devel opnent. Also, significant quantities of water and
fines can be produced by sone devel opnent nethods. The system designer
shoul d plan for disposal of devel opnent water before installing the
wel | (s).

4.2.2 Trench Systens.

Trench systens are only used to install groundwater extraction systems if
the water table is very shallow and the soil has | ow perneability. They
are typically installed by a backhoe. The purpose of the trench is to
create a hi gh-perneabl e channel through the native soil to extract nore
groundwater than a well. The saturated zone of the trench should be
backfilled with a hi gh-perneable material, such as coarse sand or gravel
If the trench is very long, a perforated pipe or well screen should be
installed horizontally in the base of the trench to conduct water to an
extraction well or sunp.
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The unsaturated zone of the trench should be backfilled with the spoils
that were originally excavated fromthe trench. |In sone cases, a geo-
textile can be installed above the coarse gravel and bel ow the backfill

If floating product is present, the high-perneable material should extend
one or nore feet above the seasonal high water table to assure that the
floating product will not rise into the native fine-grained backfill.

Desi gners should install a well or sunp —while backfilling the trench —in
t he hi gh-perneabl e backfill material in the trench. The well should be
installed as plunb as possible. Oten, the well screen and casing are
assenbl ed prior to placenment in the excavation, then the screen/casing
assenbly is hung by the backhoe into the excavation. Lastly, rope is used
to support the top of the screen/casing assenbly in the vertical position
during backfilling.

Note: Screen and casing specifications for the well or sunp are the
sane as those described above in Subsection 4.2.1.2.

A backhoe can be used to install a groundwater extraction well at sites
with | ow perneability and a high-water table. The well can be installed in
a former buried storage tank excavation, if appropriate. |In this case,

wel | construction is simlar to a trench system

4.3 Pump Sel ection
4.3.1 Groundwat er Extraction Punps.

El ectric subnersible punps are the groundwater extraction punps usually
used at contanminated sites. In lower flowrate applications, alternative
punps such as pneunatic punps are al so used.

Pump materials should be conpatible with the contani nants present at the
site. The punps should be constructed of stainless steel, and the notor

| eads, seals, and bearings should be nade of nmaterials that are conpatible
with the site contam nants.

In general, submersible punps do not have to be expl osi on-proof because the
punp notor is below the intake of the punp (therefore the punp notor is

al ways submerged and is isolated fromthe contani nant vapors). Electrica
sunp punps that have a notor above the punp inlet should be expl osion-
proof; see Attachnment 2 for nore information.

Desi gners shoul d sel ect the punp based on the desired punping rate and the
hydraulic head. Calculation of the total head is the total of:

the elevation to which the water is punped, mninus the punping
el evati on;

the total head | oss due to pipe friction; and

head loss fromall other fittings and devices such as fl ow
neters, valves and possibly the treatnent system

The punp shoul d be sel ected based on performance curves provi ded by punp
manuf act ur er s.

If a punp that has excess capacity is used, a throttle valve nmay be added
to the line near the treatment systemto artificially create nore head. |If
athrottle valve is used, care is needed to avoid burning out the punp by
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creating too nuch restriction to groundwater flow. A pressure gauge narked
with the maxi mum pressure (from manufacturers data nminus el evation head)
may also be installed in the Iine near the throttle valve to prevent
accidental danmmge to the punp. Restricting flowin this nmanner is not
recommended for |long-termoperation; it is only appropriate for tenporary
operational needs. Oher devices to prevent over punping are discussed in
Subsection 4.4 under control panels.

El ectrical connections to the punps nust be designed to specifications that
are acceptable to the local electrical inspector. The wire insulation to
the punp notor should be conpatible with the site contaminants. |[|f the
contam nants are ignitable, the local electrical inspector nay require an
expl osi on-proof junction box nounted on the outside of the well casing.

Conpressed air lines that are used for pneumatic punps can freeze up in
col d weather, and they should be protected from subfreezing conditions if
practical. An autonmatic water trap should be installed on the air line to
assure that any water that condenses in conpressed air |ines does not enter
the punp or the punp controller. |If the air conpressor has a receiver (air
tank), installing an automatic water trap is recommended to drain
condensate fromthe receiver

4.3.2 Floating-Product and DNAPL Punpi ng Systens.

Fl oati ng- product and DNAPL recovery punps are designed or controlled to
only punp free product, and the punps nay be electric or pneumatic. The
sel ection of a punping systemis based on the foll ow ng infornmation:

Range of Water-Table Fluctuations (Excluding DNAPL Punps). |If
the water table fluctuates nore than 0.5 feet per week on a
regul ar basis, the punp should be able to operate under
changi ng water-tabl e conditions. Designers should use punps
that have a float mechanismthat autonmatically adjusts to
changi ng water levels, or that use a filter that allows product
(but not water) to flowinto the punp inlet. Punps that depend
on a preset elevation of product are often set at the w ong

el evati on.

Frequency of Mai ntenance/l nspection. Punping systens that
requi re frequent mai ntenance or frequent el evation changes are
very expensive in the long-term because of the extra site
visits that are required.

Potential for Failure. The punping or DNAPL system shoul d be
operated i ndependently of the groundwater extraction punping
system This ensures that groundwater extraction continues and
pl ume capture and containment is maintained if there is an

equi pment failure.

Note: A single control panel for both systens is
accept abl e.

Characteristics of Failure. Sonme punp systens can cause
catastrophic failures in other associated equi pnment. For
exanpl e, a pneunatic punp or control unit failure can cause
over-pressurization and other equipnent failure. |f designers
use pneumatic punps, it is very inportant that the product tank
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is properly vented and the air conpressor has a reliable
pressure regul ator.

Vol ume of Product to Punp. |In alnost all cases, a | ow capacity
product punp is sufficient. For exanple, at only 0.1 gpmthe
punp can still recover over 4,000 gallons per nonth.

DNAPL. In the rare case where DNAPL is recoverable, or
anticipated to be recoverable, the punp should be designed for
DNAPL recovery. These punps have an inlet at the base of the
punp so that accunul ating DNAPL in the base of the screen or
sunp can be renmoved

The following are the three main types of floating-product punping systens:
Fl oating Punp or Punp Wth Floating Inlet. These punps

autonmatically adjust to water-table fluctuati ons and punp down
to a product |layer of less than 0.05 feet.

Preset Punp El evation Wth Hydrophobic Filter. These punps
al Il ow product (but not water) to flow into the punp nechani sm
These punps are often designed to punp down to a thin product
filmwithin a fairly short vertical range.

Preset Punp El evation Wth Electric Sensors or Density
Controll ed Valves That Only Allow the Punp to Punp Product.
These punps nmust be set at the elevation of the product |ayer
to operate properly. 1In sone cases, a conventional groundwater
subnersi bl e punp can be used with electric sensors that turn
the punp on or off if the product layer builds up to a fairly
thick | ayer above and bel ow the punp inlet.

There are al so other types of floating-product punping systems, including
conbi nati ons of the above-nentioned system

4.3.3 Total -Fl ui ds Punps.

Sone sites with very low perneability often use a single total-fluids punp.
A total-fluids punp punps all fluids fromthe well, floating product,

wat er, and/or DNAPL. The punped |iquid should be discharged to an above-
ground product separator (See Subsection 4.4). Pneumatic punps are often
used in | ow capacity applications because they can safely run dry w thout
danger of burning out or damage from running dry.

When designing a total -fluids punping system designers should consider the
punp's potential for freezing. See the discussion of pitless adapters in
Subsection 4. 4.

4.4 O her Devi ces.

In sone cases, other devices are also part of the groundwater extraction
system A summary of these conponents includes the follow ng:

Pitless Adaptor. G oundwater extraction systenms should use a pitless
adaptor or a pitless unit to transfer groundwater fromthe well to buried
pi pi ng outside of the well casing to avoid freezing (See Driscoll, 1986
page 626). As a result, the water does not pass through any piping at or




CGui dance for G oundwater Extraction and Product Recovery Systens

above the frost level. The pitless adaptor/unit allows the subnersible
punp to be renoved fromthe well without significant plunmbing difficulties.

The pitless adaptor/unit should be designed to allow access for taking

wat er -1 evel nmeasurenments. Sone pitless adapters have very snall hol es that
severely limt the dianeter of the water-level indicator that can pass
through the holes. In larger-dianmeter wells, pitless units are avail able
that do not block access for product recovery punps. Access into the well,
past the pitless adaptor/unit, should be verified in the design

A pitless adaptor/unit nmay be used for the groundwater punp in a two-punp
system but not for the product punp. Because depth adjustability for a
product punp is inmportant to the project success, the hoses for punped
product should extend out the top of the well. In addition, designers
shoul d use a support cable that allows sinplified depth adjustability of
the product punp. A pitless adaptor usually is not needed for the product
punp since nost floating products (or DNAPL) do not readily freeze.

Note: The seals in pitless adapters and pitless units should be
conpati ble with the contam nants.

Pitless adapters and pitless units may be used for total-fluids
applications if a single punp is used for a water and product nixture.

Well Cover. Wl covers are comrercially available with padl ock hasps,
both with and without a connection to the electrical conduit for
subrersi bl e punps. The well cap should be | ockabl e, however, when product
recovery wells are installed, a small |ockable enclosure nay be installed
over the well as a substitute for a | ocking well cap. This enclosure
houses the el ectrical connections to the punp(s), w nches for raising and

| owering the punp(s), and any hoses to convey punped product. |If the wells
are part of a high-capacity system see NR 112 for additional Bureau of

Wat er Supply requirenents for well-cover designs.

Shroud. A shroud is a sleeve around the notor of a subnersible punp that
forces water past the notor to cool it. It is primarily used if the punp
is installed very close to the base of the screen

Mani fold. The manifold consists of the piping systemthat is used to nove
the punped liquids to the tanks and/or treatnent system It nay be above
ground, but in nost cases it is buried. These manifold |lines need to be
constructed of a nmaterial that is conpatible with the contaninants and are
capabl e of holding the pressure and vol une of the punping system under

wor st case scenarios. |If designers use a pneumatic-punping system the
lines nmust be capable of holding the pressure of the regul ated conpressed
air source. |If designers use a subnersible punp, the Iines should be able

to hold the punp pressure if the flowis blocked at the treatnent |ocation
Desi gners shoul d use the working pressure rating, and not the burst

pressure rating, when assessing the pressure capability for nmanifold |ines.
If heat tape is used, steel or other naterials should be used instead of
PVC. If a buried plastic pipe is used, a steel wire should be placed in

t he upper part of the trench before backfilling so that a netal detector

can be used to locate the trench at a later tine.

Note: Burying a steel wire is unnecessary at sites where reinforced
concrete pavenent is used, since the netal detector will only "see"
t he rebar.
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Flow Meter. A flow nmeter should be installed on the systemto neasure the
amount of punping fromeach well. It should be a totalizing-flow neter
that indicates the total fluid punped.

Product Storage Tank. A product tank is needed to contain the punped
product. See Attachnent 2 for related rules.

Product Separator Systens. Product separator systens are tanks which allow
separation of punped product and water fromtotal-fluids punping systens.
The tank nay be baffled to |imt mxing, and a coal esci ng separator may be
used when the flow rates are too high for effective separation in a tank
See Attachnent 2 for related rules.

Control Panel. The control panel should be designed specifically for each
site. A panel with the appropriate sensors can provide the follow ng:

Automatic shut off, if the well is dewatered.

H gh-/1 ow | evel sensors to turn a product punp on and off.
Treat ment system operation

Auto shut off for full-product tank

Auto shut off for overflow on separator tank

O her equi pment control, such as bl owers for vacuum enhanced
product recovery systens.

O her data collection devices, such as an hour neter on punp

operation, automatic telenetry for data transm ssion over the
phone line, and possibly automatic data collection for water

paranmeters (Ph, conductivity, etc.).

4.5 Groundwat er Extraction System Design Report.

In sone cases, the renediation systemdesign is included in a conprehensive
report with the results of the investigation. |In other cases, the design
is subnmitted separately. The design of the recovery well(s) nust be
submitted and approved prior to inplenmentation, as required by Chapter

NR 141. A report that includes the design of a groundwater extraction
system shoul d i nclude the follow ng information:

Di scussi on

Pl une Capture. Designers should discuss the assunptions used
to calculate the total groundwater extraction rate. Designers
shoul d al so include a discussion of the geol ogic and

hydr ogeol ogi ¢ conditi ons and reasons why the pl une-capture

cal culation nethod is appropriate.

Design of the Wells. Extraction well details include the
fol | owi ng:

— bore-hol e di aneter,
— screen | ength and di aneter,
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Fi gur es.

— sl ot size,

— casing depth, dianeter and materi al

— filter pack and seal depths and specifications, and
— the drilling method.

Devel oprment net hod and pl anned di sposition of devel opnent water
shoul d al so be di scussed.

Mani fol d Design. The di scussion should include the foll ow ng:

— pi pe type,

— materials of construction

— di aneter (s),

— | ocation of valves, and

— a description of instrumentation for nmeasuring flow rate.

Desi gners shoul d di scuss the depth of the manifold if it is
buri ed.

Punmpi ng System Specifications. The discussion should include
total anticipated gallons per ninute and antici pated drawdown
in each extraction well.

Product Recovery. Designers should eval uate whether or not a
product recovery systemis necessary for the site.

Operations and Mai ntenance Plan. The di scussion should include
a brief discussion of naintenance activities and frequency of
site visits.

Monitoring. The designer should propose a nonitoring program
for selected monitoring wells at the site that accurately
nmeasures the performance of the system The DNR nay require
nodi fications to the proposed plan prior to inplenentation
See Subsection 5.4 for recomended progress report contents.

Desi gners should i nclude a map of proposed well | ocations drawn
to scale with the follow ng i nformati on:

— | ocations of proposed and existing groundwater extraction
wel | s;

— | ocations of nonitoring well(s);
— | ocations of the manifold and instrunentation

— | ocation of the treatnment system (if used) and the
| ocation of water discharge to sewer or surface waters;

— | ocation(s) of suspected and/or known contamni nant
source(s) (if differing contam nant types are present at
a site, designers should identify the contam nant type at
each source | ocation);

— free product zone (if present);
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Tabl es.

Appendi ces.

— groundwat er contam nati on zone;

— groundwat er extraction system capture zone under al
anticipated shifts in the groundwater table under a given

punpi ng rate;

— scale, north arrow, title block, site name, and key or
| egend;

— any other pertinent site information.

Desi gners should include a current water-table nap with the
date of water-level measurenents.

A process-flow diagramindicating the piping |ayout with
i nstrunentation and key conponents shoul d al so be incl uded.

The report should include a table of water |evel s/el evations
fromall wells, over the Iife of the project.

If floating product is present at the site, designers should
i nclude a table of product thicknesses over the life of
project. This table can be conmbined with the water-Ieve
tabl e.

Pl une-capture calcul ations for determning the well |ocation(s)
and the groundwater extraction rate should be included in the
report. |If plune capture-calcul ations are based on

conput eri zed nodel i ng, the conmputer output should be included.
The cal cul ati ons deternining hydraulic conductivity should be
i ncluded, or a reference to the report that includes that data.
Phot ocopi es of hand witten cal cul ations and graphs are
acceptable, IF THE CALCULATIONS ARE LEG@ BLE. The initials and
date of the person perfornming a quality assurance/quality
control (QW QC) check of all calculations should be included.

Cal cul ations estinmating the drawdown in the extraction well(s)
shoul d be incl uded.

Desi gners shoul d i nclude cal cul ati ons used to sel ect the punps;
the type, size, manufacturer, and nodel of the punp; and the
performance curve that is provided by the manufacturer of the

punp.

If a product recovery systemis included in the system design
desi gners should include the type and specifications of the
product punps, the associ ated piping specifications, the
specifications for the product tank, and disposition of
recovered product.

Desi gners shoul d i nclude cal cul ations for determning the
filter pack, well-screen slot-size, and entrance velocity. The
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grai n-si ze anal ysis should al so be included.

A copy of the WPDES pernit application, permt, request to a
POTW or approval letter froma POTW shoul d be incl uded.
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5.0 Operation of a Goundwat er Extracti on System

When a systemis designed properly for the site, the systemis likely to
operate as expected. |If the renediation systemoperator finds a nethod of
operating the systemnore efficiently at any tine, the system operator
shoul d eval uate those changes and subnmit themto the DNR for review prior
to i mpl enenting the changes.

Ceneral ly, the operation of a groundwater extraction system i ncludes
peri odi ¢ mai nt enance visits.

5.1 On-site Tests After Installation of the Extracti on System

After the groundwater extraction and treatnment/di sposal systemis
install ed, designers should conduct a punping test in a single extraction
wel |l as part of start-up operations to confirmthe hydraulic conductivity
estimate. This punping test is not necessary if a 72 hour punping test (24
hours for confined conditions) —at a flowrate that is at |east 25 percent
of the final renmediati on system punping rate —was previously perforned at
the site.

A confirmation punping test should be conducted for a m ni num of 48 hours.
This test does not need the frequency of water-|evel neasurenents that a
predesi gn test requires because this test is used only to verify previous
aquifer-testing results. |n nost cases, using popper tapes or water-|eve
indicators are sufficient for this test, instead of using pressure
transducers. Recomended frequency of water-|evel neasurenents for al
wells at a generic site includes the foll ow ng:

Wat er -1 evel neasurenents should be collected as rapidly as
practical in all wells for the first two hours of operation
It is nost inportant to frequently collect the neasurenents
fromthe extraction well and nearby nonitoring wells.

Wat er -1 evel neasurenents should be collected every hour for the
next ei ght hours of operation.

Water-| evel neasurenents should be collected at | east twice a
day for the next two to four days.

The system operator should | eave the systemin operation after the data is
col l ected because the confirmati on punping test is not as inportant as the
renmedi ati on system operation. Because the system continues to operate,
recovery data cannot be collected. If nultiple wells are installed, the
start-up testing should only be conducted in a single well. After the
start-up testing is conpleted, the operator should bring the additiona
wells on-line.

Because long-termdata is avail able, using the Jacob straight-1line method
to calculate transmisivity of nonitoring well data nay be sufficient if the
u value is less than 0.05. Using the new transmsivity value, the system
operator should prepare a new plune-capture calculation to ensure the
punping rate is sufficient.

If a soil venting systemis installed at the site, it should remain off
during the start-up testing of the groundwater extraction system This
all ows the aquifer to respond to the groundwater extraction system al one.
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5.2 As-Builts Submittal.

Desi gners shoul d submit as-built information in a report after the
groundwat er extraction system construction is conplete. Because nost of
the information is in the design report, a separate submittal is usually
not necessary, unless requested by the DNR I n nost cases, the as-built

i nfornmati on should be included in the first progress report after start-up
The as-built information includes the foll ow ng:

Results of on-site testing discussed in Subsection 5. 1.
Any deviations fromthe specifications in the design report.

A map of actual-well locations drawn to scale. The nap shoul d
i ncl ude the follow ng:

— | ocations of existing groundwater extraction wells;

— | ocations of nonitoring wells;

— the mani fold and instrunmentation |ocations;

— suspect ed and/ or known source location(s) (if differing
contami nant types are present at a site, identify the
contam nant types at each source |ocation);

— zone of soil contamni nation

— zone of groundwater contam nation

— zone of free product (if present);

— scale, north arrow, title block, site name, and key or
| egend; and

— any other pertinent site information.

Groundwat er extraction well construction diagrans, boring |ogs,
devel opnent information, and any other information required by
Chapter NR 141.

Any ot her pertinent information.
5.3 Groundwat er Maps.

During regular site visits, water |evels should be neasured in al
nmonitoring wells. Water-level naps should be prepared on a nonthly basis
for the first three nonths and quarterly thereafter. The nmaps shoul d be
used to assess the renmediation systenis ability to capture the plune. |If
the capture zone is insufficient, additional neasures nay be necessary,
such as additional extraction wells and/or higher punping rates.

If system operators use a soil venting system vacuum enhanced product
recovery system or air sparging systemin conjunction with a groundwater
extraction system they should periodically shut off these systens |ong
enough to allow the water table to respond to only groundwater extraction
After the water table has stabilized, operators should then collect water-
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| evel data and use it to calculate water el evations to produce the water-
table nmap. However, if free product is present at a site and a vacuum
enhanced free-product recovery systemis used, the operator should not shut
off the vacuumif there is a possibility that additional product snearing
may occur.

5.4 Reporti ng.
Reporting at the follow ng frequency is recomended:

Non- LUST Sites: The reporting frequency will be established on
a site-specific basis.

LUST Sites: Mnthly for the first quarter; quarterly
thereafter. The DNR Project Manager nay request a different
reporting schedul e.

Progress reports to the DNR should be sequentially nunbered starting with
the first report after the renediation systemstart-up. GCenerally, the
progress reports only need to be one or two pages of text in a letter
format with supplenentary tables and fi gures.

Reports to the LUST, ERP, or Superfund program should include the
fol | owi ng:

Di scussi on

The di scussion should include results and eval uation from

anal ytical tests in nonitoring wells. The evaluation should

i nclude a discussion of hydraulic contai nnent and whet her or
not the plunme capture is sufficient. Any appreciable changes
i n contam nant concentrations from previous rounds of sanpling
shoul d al so be eval uat ed.

The total contami nant extracted to date in pounds or gallons of
cont am nant renoved, based on contani nant concentration in the
punped water nultiplied by the punping rate should be included.
In the case of product recovery, operators should report both
the free product recovered and the di ssol ved phase extracted.

System operational details, periods of shut down, equiprent
mal f uncti ons, etc.

The overall evaluation of the effectiveness of the system
Recommendations for future activities, if appropriate.

The first progress report should discuss the results of the
start-up testing discussed in Subsection 5.1.

Fi gur es.

A wat er-table nap should be included in the figures. |If
multiple water-1|evel readings were taken during the reporting
period, include the water-table map fromthe nost recent round
of water levels. The site water-table nmap should verify that
the plunme capture is conplete after the systemhas run for a
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m ni mum of one to four nonths (in nost cases). |f not,
operators shoul d describe plans to correct the situation in the
text. The first progress report after punp start-up should

al so include a water-table map descri bing conditions

i mediately prior to punp start-up.

A total contam nant renoval graph, with tinme on the horizonta
axi s and cumul ative contani nant renoval in pounds or gallons on
the vertical axis should be included in the figures. This
graph shoul d i nclude the free-product recovery, the tota

di ssol ved- phase recovery, and the sum of the two.

Tabl es.

A table of water |evels/elevations and product |evels or
thi cknesses fromall wells at the site should be included.

A table of groundwater chem stry data from nonitoring and
extraction wells should al so be included.

O her | nformation.

If analytical data is available froma |aboratory, the |ab
reports shoul d be included.

A di scussion of sanpling procedures, analytical procedures,
etc. is not required in each report, but operators should
include a reference to the report that lists the procedures.

Any ot her pertinent information or data should be included.

In all projects that include groundwater extraction, designers should
report the groundwater discharge to the DNR Wast ewater programor to the
| ocal POTW Groundwater reporting requirements are not satisfied by
reporting to the LUST, ERR, or Superfund program

5.5 Project C ose Qut.
See Chapter 10 of the Quidance for Conducting Environmental Response
Actions for project close-out procedures. Long-termnonitoring or

additional corrective actions nay be necessary.

Note: At the tine this docurment was finalized, Chapter 10 has not
been conpl et ed.

Al'l wells should be abandoned in accordance with NR 141.25 upon fina
proj ect closeout.
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Attachnment 1
Waste d assification of Petrol eum Products
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State of Wisconsin
CORRESPONDENCE/MEMORANDUM

DATE: January 3, 1992 FI LE REF: 4430
TO District Solid & Hazardous Waste Program Supervi sors
FROM Paul P. Didier- SW3

SUBJECT: Waste d assification of Petrol eum Products

Recently there have been several questions raised concerning the regulation as
hazar dous waste of off-specification petrol eum products. Pl ease note that products
whi ch nmeet the petrol eum product specifications of ch. ILHR 48, Ws. Adm Code are

not covered by this neno. “Petrol eum product”, in this instance, neans a product
regul ated by DI LHR under ch. ILHR 48, the Petrol eum Products Admi nistrative Code. It
does not include waste oil, waste gasoline, or sludges generated during underground

tank closures, or nedia contam nated by petrol eum products. Products nay be off-
specification due to water content, ethyl alcohol content or a nunber of other
reasons. The closure of a petrol eum product storage tank systemmay also result in
the necessity to manage petrol eum products which do. not nmeet DILHR requirenents for
sale to consuners. In many cases these nmaterials can be (and currently are)
reintroduced into the petrol eum product narket place. The purpose of this nmenmo is to
clarify our position on the managenent of off-specification materials. Oaners and
responsi bl e parties should be encouraged to recover free product in tank cl osure
situations. They should be required to conduct this work in accordance with
appl i cabl e rul es and gui dance.

If an off-specification petroleum product falls outside the scope of (no |onger neets
the specification for its intended use) or cannot be further nanaged (downgraded or

bl ended to neet ILHR requirenents) under ch. ILHR 48, Ws. Adm Code, then it is
considered to be a solid waste and falls within the jurisdiction of the Departnent of
Nat ural Resources. The generator nust deternmine if the waste is hazardous and nanage
it accordingly. Options other than disposal, such as the secondary fuel program do
exi st for petroleumwaste that is hazardous waste.

Petrol eum products that either neet the standards of ch. ILHR 48, Ws. Adm Code or

t hose products that will be blended to neet the standards fall within the
jurisdiction of the Petrol eum | nspection Programof DI LHR Wastewater; gasoline/water
interfaces; petroleumdirectly above the product/water interface (within 2 inches per
Dl LHR gui dance); and sludges fall within the scope of the Wsconsin Departnent of

Nat ural Resources regul ati ons as wastes.

The follow ng requirenents have been established by the DILHR Petrol eum | nspection
Program for the handling and use of petrol eum products under its jurisdiction which
are generated during tank system cl osures. They also apply to the managenent of off-
speci fication petrol eum products. These requirenents reflect DI LHR s authority under
ch. 168, Ws. Stats. and ch. ILHR 48, Ws. Ada. Code.

.1. The renoval and transfer of any off-specification product destined for use or
return to a terminal or refinery nust be by a tank vehicle which conplies with
the “Standards for Tank Vehicles for Flammabl e and Conbusti bl e Li quids; NFPA-
385.”
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2. O f-specification product may be:
a. Returned to a ternminal slop tank, if a ternminal will accept it.
b. Returned to a refinery, if the conpany will accept it.
3. Petrol eum product renoved froma tank system nay be managed in the foll ow ng ways:

a. Gasoline may be transferred to another facility for storage and use. Storage nust
meet the standards established in the Fl anmabl e and Conbusti bl e Liquids Code. In
this case the material nust neet specifications of ch. ILHR 48, Ws. Adm Code.
Gasoline may al so be transferred to another facility for blending. The bl ended
product nust nmeet ch. ILHR 48, Ws. Adm Code, specifications.

b. Terminals or refineries may purchase off-specification gasolines and bl end them
with new gasoline at their facilities at a rate not to exceed % of 1%

C. O f-specification oils nmust be down-graded to #2 fuel oil. Products classified as
kerosene, #1 diesel, #1 fuel oil or #2 fuel oil may be bl ended with new #2 fuel
oil (at up to a 50%rate) and used or sold for heating purposes.

d. O f-specification products heavier than #2 fuel oil nmay be bl ended with an equal
or heavier stock, at up to a 50%rate, and sold or used for heating purposes.

e. Of-specification oils nay also be sold wi thout blending for nonsensitive burner
and heating use if the purchaser has established itself as a qualified
buyer/user with the DILHR District PetroleumInspection Ofice.

4. When of f specification product quantities of 500 gallons or nore are renoved froma
tank system the DILHR District Petroleum Inspection Ofice nust be contacted. Based
upon the contact, the Petroleum|Inspection staff will determ ne the disposition of
the product. The staff nmay:

a. Sanpl e and test the product to deternine conpliance with ch. ILHR 48, Ws. Adm
Code, and then provide directions for disposition.

b. Al'low transfer of the product to another station or facility for use or sale.

C. Classify the product as falling outside the scope of ch. ILHR 48, Ws. Ada. Code
(material is waste).

At |ocations where the gas is floating on the water table in sufficient ambunts for it to
be recovered by itself, it may be handled in accordance with itens 1 through 4 without

obt ai ning a hazardous waste |.D. nunber. However, once itens 1 through 4 are no | onger
avail abl e options, then it is a waste naterial and nust be nanaged in accordance with item
5 (below) and chs. NR 600 to 685 Ws. Adm Code.
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5. Petrol eum wastes (material that can't be bl ended or downgraded) punped directly from
the ground into a tank without any treatnment or separation are solid waste and nust
be managed as hazardous waste if they exhibit the characteristic of ignitability (in
the future, these may be TCLP hazardous wastes). This material cannot be sold for use
by consunmers under any circunstances.

This issue was previously addressed prior to this in a joint neno fromBarb Zellner and
Mark G esfeldt to you dated Decenber 7, 1990. For ease of reference the two pertinent itens
fromthat meno are repeated bel ow. You may wi sh to revi ew your copy of that neno for other
related information.

“8. |s petrol eum product which is recovered fromthe water table a waste?

Petrol eum product recovered fromthe water table is a waste only if it cannot be used
as a product. The factsheet titled “Managi ng Petrol eum Products” provi des gui dance on
bl endi ng “ol d” petrol eum fromtanks wi th new product, and returning petroleumto
termnal “slop tanks.”

NOTE: There may be taxation issues which apply to recovered product. This should be
checked with the Departnment of Revenue.

9. What if a recovery systemrecovers both free product and groundwater?

Systens which recover both free product and groundwater may require an EPA
identification nunber for on-site separation tanks because product separated in the
tank may be a hazardous waste if it is unsuitable for fuel purposes. Refer to the
“Managi ng Petrol eum Products” factsheet regarding all owabl e petrol eum uses. Recovered
groundwat er may be directly discharged to a sanitary sewer follow ng approval froma
publicly owned treatnent plant. |If groundwater is recovered at a site which does not
fall under the TCLP deferral and it is transported by tanker to a was tewater
treatment system TCLP analysis is required and a hazardous waste transportation
|icense may be needed.

Di scharge of groundwater to surface water requires a WPDES permt. If the

contam nated water is treated to nmeet WPDES permit |imts TCLP requirenents woul d not
apply. Refer to the July 9, 1990 neno from Ken Wesner for additional wastewater

gui dance.”

A copy of the factsheet “Managi ng Petrol eum Products” is attached.

Facilities which have a gasoline water separation systemfollowi ng the tank in which the
cont am nat ed groundwat er/ gasoline m xture is punped, need to obtain an EPA |.D. nunber and
report the activity. The recovered petroleum naterial may be handled in a manner consi stent
with itens 1 through 4 previously addressed. This could be viewed as legitimte recycling
under the hazardous waste program The operation would be covered by ch. NR 625, Ws. Adm
Code Hazardous Waste Recycling.

U.S. EPA does not regul ate of f-specification petrol eum products that are not ..considered
to be waste. When an off-specification petroleum product is a hazardous waste and i s burned
for energy recovery it is regulated in accordance with the recycling provisions of 40 CFR
Part 266- Standards for the managenent of specific hazardous wastes and specific types of
hazar dous wast e nmanagenent facilities-subpart D. Both state and federal rules require both
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generators and transporters of hazardous waste fuel (secondary fuel) to
conply with applicabl e hazardous waste managenent standards.

In conclusion, off-specification petroleum product that cannot be bl ended
or downgraded is considered a solid waste. The generator mnust deternine if
the waste is hazardous and nanage it accordingly. Options such as the
hazardous waste fuel (secondary fuel) program do exist for petrol eum waste
that is hazardous. For exanple, WR&R, Avganic, and M| waukee Sol vents all
have secondary fuel prograns.

At this time, DILHR is also working on its own formal rule interpretation
on the managenment of off-specification petrol eum products. Wen it is
finalized, we will forward a copy of it to you.

i f you have questions do not hesitate to contact Ed Lynch at (608) 266-3084
or

Laurie Egre at (608) 267-7560.
v: 19202\ swOpet wa. ekl

cc: Barb Zellnmer SW3

Mark G esfeldt SW3

Pete Fl aherty LC 5

Patti Hanz LC/5

Bill Mrrissey DI LHR

Hazar dous WAaste Unit Supervisors
~(Gordon, Lynch, Ebersohl, Polczinski, Jerow & Degen)

Envi ronment al Response Unit Supervisors
(Egre, Balloti, Strauss, Schm dt, Urben, MCutcheon, Gutknecht,
Kendzi er ski & Evans)

Hazar dous Waste Section (routed)

Hazar dous WAste Specialists
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Attachment 2
DILHR s Design Criteria for Process Equi pment Buil di ngs
Associ ated with Environmental Renediation of UST/AST Sites
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SAFETY & BUI LDI NGS DI VI SI ON
201 E. Washington Avenue
P. O Boz 7969
Madison, W sconsi n 53707
State of Wsconsin
Department of Industry, Labor and Human Rel ati ons

Program Letter 10- UST/AST
Program

ILHR 10 POSITION STATEMENT

Design Criteria for Process Equipment Buildings Associated With Environmental
Remediation of UST/AST Sites

Issue

Soil and groundwater contamination remediation practices include several
processes which involve the potential hazards from flammable/combustible
liquids and associated vapors. The equipment associated with these
processes often is protected from the weather elements by enclosure within a
building, which serves to trap vapors posing a greater hazard. Presently this
type of facility escapes direct code application due to the unique nature and
limited application. The building code does not clearly identify this type of
structure and it's respective use within the scope of the individual chapters.
Proper design criteria is subject to individual interpretation and discretion. The
state has experienced approximately six fires or explosions within buildings of
this type within the past two years. Representatives of firms designing and
constructing remediation facilities have requested guidance in applicable rules
and fire prevention measures.

A work group was created to address the use and hazards associated with
buildings enclosing remediation equipment and associated process. The work
group determined that pump and treat, vacuum pumping, and free product
removal processes pose a significant fire/explosion risk due to the existence
of flammable or combustible liquids and/or flammable fumes or vapors. It was
also determined that these facilities have very similar hazard characteristics,
therefore making a single design standard applicable to all three processes.

The work group evaluated the physical characteristics of the equipment and
the operating and maintenance practices associated with the respective
processes. The design recommendations are based upon the requirements
within Wisconsin Administrative Codes and National Standards: ILHR 50-64,
ILHR 10, NFPA 30, and NEC NFPA 70. The building and its operation meet
the definition of process in NFPA 30(1990 Edition) Chapter 5 Operations.
The facility design standard in Chapter 5-3 is used to establish the basic
criteria for the remediation building. Due to the limited size of the building, the
respective remediation activities, and the reduced degree of risk, some of the
requirements of NFPA 30 Chapter 5 are not practical.

RECEIVED
May 26 1993
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Design Criteria

Setback

Building construction

Electrical

Venting of building

Tank construction

Tank located inside of
building

Tanks located outside
of building.

Product & vapor piping

(A) NFPA 30 5-3.1.1 and Table 5-3.1.1 address the process
vessel, in this application the flammable/combustible liquid
collection tank. Tanks ‘275 gallon capacity must be located
5’ from property line and 5’ from any public way or important
building; a tank 276 to 750 gal. 10, from property line and 5’
from a public way and important building.

(B) NFPA 30- 5-3.1.3 requires that liquid processing
equipment, such as pumps, heaters, filters, exchangers,
etc., shall not be located closer than 25’ to property lines
that can be built upon or to the nearest important building.
The philosophy is that such equipment is more prone to
leakage than the process tank. This spacing requirement
may be waived where the exposures are protected by a
blank wall having a fire resistive rating of not less than 4
hours.

Since remediation buildings contain the process vessel and the
liquid processing equipment. the most restrictive setback of 25’
(B above) shall apply.

NFPA 30-5-3.2.1: Processing buildings or structures shall
be of fire resistive or non combustible construction.

Electrical area classification NEC article 514 and NFPA 30
Table

5-3.5.3.
Electrical emergency shut-down in exterior locked cabinet or
in adjacent building if 24 hour access.

NFPA 30-5-3.3. Natural gravity or mechanical \éentilation
capable of maintaining a minimum of | CFM/Vt". 18 AFF.
Areas that may pose temperatures above the flash point of
the liquid shall be ventilated at a rate sufficient to maintain
the concentration of vapors within the area at or below 25%
of the lower flammable limit.

UL or similar listing for product contained within.

Vessels larger than 60 gallons. NFPA 30-4-4.1.2 4 curb.
Breach in floor for plumbing must be protected by 4” lip or
be sealed against liquids.

Tank must be vented to the outside of the building.

Secondary containment.
Collision protection if in traffic area.

All piping and joint compounds shall be compatible with the
product.

Vent piping shall be of steel or approved metal construction
only.
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Drum storage inside of Inside storage of drums containing Class | or Il liquid
buildings product resulting from the remediation process is not
recommended, but
is not prohibited if the walls and ceiling are of a 1 hour fire
resistive rating.
Drums that are being filled must have adequate venting to
prevent excessive pressure from rupturing the container.

Drum storage outside  Drums shall be stored in compliance with NEPA 30-4-8 of
of Building Outdoor Storage.

Signage NFPA 704 placard.
WARNING- No Smoking.
24 hour notification number.

Notification Notice to local fire department of installation, including
name, address and telephone number(s) for 24 hour
notification. ldentify access to building, and shut-down
process. Twenty-four hour access or locked exterior panel.

Retroactivity Non complying electrical, non complying interior and/or tank
ventilation, fire department notification, and signage.

Plan review

ILHR 10 requires that the installation of tanks for the storage of flammable or
combustible liquids be submitted for plan review and approval to the authorized
program operator for the geographic fire jurisdiction of the site. The installation of the
product storage tank and the associated product piping and vent piping shall be
conducted by an ILHR 10 Certified Installer.

Remediation buildings are designed to be temporary structures with an expected use
life of | to 5 years. Local operators reviewing plans are directed to contact the
area DILHR Tank Inspector when plans or on-site inspections reflect that the
building may be over buift for the intended remediation use. Characteristics that
reflect a structure with a questionable design may be: footings, overhead garage
door, floor area, windows, construction material, surface improvements, etc. DILHR
should also be notified if the facility appears to have components in place or design
characteristics for the addition of utilities (eg. sewer or water) at a later date.

Common remediation buildings are a windowless single story structure, on a floating
cement slab, less than 200 sq. ft. floor area, with a single walk-through door.

William J. Morrissey, Director Sheldon Schall, Chief
Bureau of Petroleum Inspection Fire Protection and Storage Tank
and Fire Protection Section

May 25, 1993
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Attachnment 3

Two- di nensi onal Pl une-Capture Cal cul ati ons Wth UnifornmHorizontal Flow
Under Static Conditions
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Attachnment 3

Two- di nensi onal Pl une-Capture Cal cul ations Wth Uniform
Hori zontal Flow Under Static Conditions

This method is usually used for sites with relatively high-hydraulic
conductivity and high natural groundwater migration rate. Refer to the
references for a further discussion of assunptions and applicability.

Key assunptions include the foll ow ng:
Steady state, no transient affects.

Location of a single, fully penetrating extraction well at the
coordinate origin in a confined aquifer

Note: Although the nmethod is for confined aquifers, since the
drawdown is less than 20 percent of the total -aquifer thickness
(in nmost cases), the method usually provides reasonable results
in unconfined aquifers. |If the drawdown exceeds 20 percent,
the nmethod in Grubb (1993) or another nethod should be used.

Uni form hori zontal flow (when no punping occurs) fromthe
plus x direction towards the mnus x direction; no water enters
the aquifer at the base.

No di spersion; assune that all contam nants travel on the
streantines.

The aquifer is isotropic.

Equation 4.32 from Todd, (page 122) is:

Q

Y = &£ ——M
2 Kbi

The net hod uses consistent units.
Qis the pumping rate,
K is the hydraulic conductivity,
b is the aquifer thickness,
i is the slope of the water table.

Sol ving for Y_ provides one-half of the capture zone width at an infinite
upgr adi ent di st ance.

The followi ng equation 4.31 from Todd, page 121, provides the capture zone:

<
N
N
x
o
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Solving for x, given different values for y (that are less than Y,), the x
and y coordi nates of specific points along the capture zone can be
calcul ated. Note: The tangent function uses radians instead of degrees.

To determ ne the stagnation point use equation 4.33 from Todd on page 123:

Q

2 7K Db

An exanpl e and sanple set of results are as foll ows:

Assumne the foll ow ng:

Q = 3850.3 cubic feet per day (corresponds to 20 gpn)
K = 35 feet per day (corresponds to 1.23 E-2 cnfsec)
b = 50 feet
i =0.01
Sol ve for Y,
Q 3850. 3
Y, = % = % = 110. 01 feet
2 Kb 2 * 35 * 50 * 0.01

Using differing positive values of y (less than Y.), calculate x.
For instance at y = 100, x is:

y 2 mKbi
- =tan(—— )
X Q
100 2* gog* 35 * 50 * 0.01
- = tan ( * 100) ,
X 3850. 03

2 % g* 35 * 50 * 0.01
100 / tan( * 100) = 340.3
3850. 03

X



W sconsin DNR - Guidance for Gound Water Extraction and Product Recovery Systens - June 20, 2002 -

y X
(feet) (feet)
100 340.3
80 69. 3
60 8.6
40 -18.3
20 -31.1

Because the capture zone is symmetrical, each data point can also be
plotted at the negative of the y val ue.

y X
(feet) (feet)
-100 340.3
-80 69. 3
- 60 8.6
-40 -18.3
-20 -31.1

Sol ve for X_ at the stagnation point. Note: The point at y = 01is
t he stagnation point downgradi ent of the extraction well,

Q 3850. 03
X = - = - = - 35.0
2 7K Db i 2 * g* 35 * 50 * 0.01

A map is then created by plotting the above points and fitting a
curve to the points. The resulting curve is the capture zone. See
Figure A3-1. The capture zone is then overlaid on a site map, the
origin (x=0,y=0) is the extraction well, and the downgradi ent
direction of groundwater flowis aligned with the mnus x axis.

See Subsection 4.1 for the applicable requirements to ensure a | arge enough
capture zone to account for the effects of dispersion
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Figure A3-1
Plume capture

(69, 80)

{9, 60)

(-31, 20) Recovery well at origin <

Groundwater flow direction

. Vad

(9, -60)

(69, -80)

/'/ Capture Zone

-y

Example based on
20 GMP pumping rate
35 feet/day hydraulic conductivity
50 foot aquifer thickness
0-01 water table slope
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Attachnment 4

Two- Di nensi onal Pl une-Capture Cal cul ations Wth a
Hori zontal Water Table Under Static Conditions

This method is usually used at sites with relatively | ow hydraulic
conductivity and mnimal natural groundwater mgration. Refer to the
references for a further discussion of assunptions and applicability.
Key assunptions include the foll ow ng:

The water table is flat with no sl ope.

A single, fully penetrating extraction well is located at the
center of the contamnination

The aquifer is isotropic and unconfi ned.
Steady state; no transient affects.

Equation 4.18 from Todd (1980, page 118),

dh

Q=-2 gr Kh
dr

The net hod uses consistent units.
Qis the pumping rate,
K is the hydraulic conductivity,
h is the aquifer thickness under static conditions,
dh/dr is the slope at a radial distance r

Solve for Q disregard the mnus sign
For a nunerical exanple, assunptions include;

— di stance to farthest point of contamination (r) is 50
feet;

— t hi ckness of aquifer (h) is constant throughout at 35
feet prior to punping;

— hydraulic conductivity (K) is 3.5 feet per day
(corresponds to 1.23 E-3 cnisec);

— an inward sl ope of 0.015 (dh/dr) is desired at the
perimeter. Note: This is 50%greater than the mininum
reconmended in subsection 4.1;

— no water enters the aquifer at the base and there is no
infiltration; and

— drawdown at r is insignificant and is assuned to be zero.

dh ft?
=-2 gr Kh =-2* g* 50 * 3.5 * 35 * 0.015 = 580
dr day
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whi ch corresponds to 3 gpm

After the flowrate is determ ned, the drawmdown (s) in the well is
predicted to see if it is reasonable. Formula 3.7 on page 65 in Krusenan
and de Ridder (1990) can predict drawdown assunming a long period of tine

(such as a year). Note: Simlar formulas are also given in Fetter (1988,
page 170), Driscoll (1986, page 219) and Freeze and Cherry (1979, page
347).

Use consi stent units.

2.3 Q 2.25 Tt
s = ———1og
4 7T r2s

ft?

Where T Kh=35®*235=122.5

day

Addi ti onal assunptions for the numerical exanple include;

— well radius (r) is 0.25 feet;
— storage or specific yield (S) is 0.2;
— time (t) is one year (or 365 days); and

— the well is adequately devel oped to be efficient.
2.3 Q 2.25 Tt
s = —logg —
4 7T r’s
2.3 * 580 2.25 * 122 * 365
= Logio = 6.0 feet
4 * g* 122.5 0.25% * 0.2

Desi gners can then make a partial penetration correction, if necessary.
There is no ideal mathematical solution for an unconfined situation where
the screen is at the top of an aquifer. Designers should use a confined
solution, even though it is not mathematically correct, it is better than
no correction. An additional assunption for the exanple includes;

The plume is in the uppernost 20 feet of the aquifer,
therefore, the designer should select a 20 foot partially
penetrating well screen that intersects the water table at the
top of the screen

In this exanple, Figure 9.35 in Driscoll (1986, page 250) is used to
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estimate the drawdown in a partially penetrating well. \Wen cal cul ating

t he percentage of aquifer screened or the thickness of the aquifer (b), use
t he thickness of the aquifer and screen | ength under punping (not static)
conditions. Since the aquifer is partially dewatered and the top of the
screen is set at the top of the static aquifer, both the aquifer thickness
and the effective screen I ength are shortened by the drawdown.

Ther ef or e;

(h-s) is substituted for b,

= = 116
r 0.25

Therefore Curve E is used on Figure 9. 35.

20.0 - 6.0
Per cent age of aquifer screened = = 0.48 = 48 percent
35.0 - 6.0

From Fi gure 9.35, the percent of maxi num specific capacity attainable is 70
percent.

Therefore the drawdown (s) is increased to,

Where the terms, represents the drawdown in a partially penetrating well

It is generally good to have a minimumof 5 feet of screen in the aquifer

under punping conditions. |In the above nunerical exanple, the predicted
drawdown is roughly 8.5 feet in a 20 foot screen, which neans that there
will be roughly 11.5 feet of water in the screen. Subsection 4.2

reconmends a maxi mum drawdown of 10 feet in water-table wells with no free
product. That is only a recomrendati on; economi c consi derations nay
require fewer wells with greater drawdown in sone situations. Renediation
system desi gners shoul d use their professional judgement.

The nmethod for partial penetration in Driscoll (1986) assunes confined
conditions, therefore, sone error is likely when the method is applied to
unconfined situations, such as the above exanple. Another solution, using
di fferent mat hematical principles and assunptions, is included in Todd

(1980).
Note: |f the Kozeny Equation on page 250 in Driscoll is used, there is a
typographical error in early copies of the book. The term"... plus the

seventh root of is wong, it should be "... plus seven tines the
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square root of
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