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Disclaimer: The Groundwater Sensitivity Toolkit is made available
on an as-is basis without guarantee or warranty of
any kind, express or implied. The authors and
reviewers accept no liability resulting from the use of
the toolkit or its documentation. Implementation of
the toolkit and interpretation of the results are the
sole responsibility of the user.
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GROUNDWATER SENSITIVITY TOOLKIT

FOREWORD

API publications may be used by anyone desiring to do so. Every effort has
been made by the Institute to assure the accuracy and reliability of the data
contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims
any liability or responsibility for loss or damage resulting from its use or for the
violation of any federal, state, or municipal regulation with which this publication
may conflict.

Comments and suggested revisions are invited and should be submitted to:

gwsensitivitytoolkit@listserve.api.org

The following individuals are recognized for their contributions in the development of this toolkit:

James Crowley, Santa Clara Valley Water District
Jim Davidson, Alpine Environmental
Harley Hopkins, American Petroleum Institute
Dan Irvin, Conoco
Urmas Kelmser, ChevronTexaco
Vic Kremesec, BP
Matthew Lahvis, Shell Global Solutions
Ronald Linsky, National Water Research Institute
Mark Malander, ExxonMobil
Norm Novick, ExxonMobil
Roger Pierno, Santa Clara Valley Water District
Rey Rodriguez, H20 R2 Consultants
Curt Stanley, Shell Global Solutions
Scott Tenney, ExxonMobil
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GROUNDWATER SENSITIVITY TOOLKIT

ABOUT THE GROUNDWATER SENSITIVITY TOOLKIT

The Groundwater Sensitivity Toolkit was designed to help site managers, water purveyors
and regulators evaluate the sensitivity of a groundwater resource to a potential release at
a particular site. This screening tool cannot anticipate all factors that may affect
groundwater sensitivity at a given site. Therefore managers, purveyors, and regulators
may need to consider other factors as well.

The toolkit examines three aspects of sensitivity:
¢ Natural Sensitivity
e Receptor Vulnerability

¢ Resource Value

The user enters in site-specific information about the site, and the Toolkit returns a three-
section "scorecard" addressing the three aspects of sensitivity. This scorecard may be
used to prioritize and categorize the sites in a catalog.

The Groundwater Sensitivity Toolkit was developed for the American Petroleum Institute
and the California MTBE Research Partnership by Groundwater Services, Inc.
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QUICK START

MIONIODMUWBSTEM REQUIREMENTS
The [GOrJoundwat8ens itivityT U oolknitay (be isOedn @ comUputsystem FOunning/VOindows

98/NT 1/2000/X@Rd Micr_osExdelf” [197SR-111/2000/X1A Dminimumnof (164 OMB Cof system memory,
25 MB of free disOkOpacard virOtOwadmory is rOequirlled.

INSTALLATION

The [GOrJoundwat&ens UitivityT D oolk[ig (dis JtOrDibusda [self(1-extractingZIP (fUile,Setup.exCe
cOontaininthe fOoDllowigles:

The usOewill be priomUptixdslpec(ifieydir JecOtooring Ui gx OtrO doe tlilesBy defUaulthe zilp
fOilevill exOtrOdtote \SensOitivilx D trac Ctifkige prOogrUdmto another flloldesThouldiot Elaus @ry
prOoblem@thpugh the UsOemay want to S hecwk(tilte networJladmOinis ODtr taér orddempting
to DinsOtDall it Don Da O cléntfla DseweessCarlly [ibelpki] Blep aimdTMhes riosC oft iEfitse!
together0and [fo maintain the BrliginahamesIn @addition, the UsTemay @lsOavant to Set the
SensUitivity. OkTiléo riJead-Dorttyminimize the cOhancofecOorOrDutiegnacros durflingse.

DATA INPUT ANIEDUTPUT

The toolkJivaCdlesigned run tnder MicOrDosExdelf™ Owittoh DVisOual OBasCic Ofor D ApplicCations C(0VBA)C
Input values arl@nterUedhto s prieadsbeet disd mavigation amUonghe cledis eaclindividual

input Screen can be perOJfCorDasTendhe arrow Keys or the mUous(jest as willtahy sOpriieadsheet.

The individual SOcOrDegfrthe toolkithay Ge prOintedisinghe Buttons priovidedr By UsOinghe
"PrOin0omOm{(@ud+P) coomOmiandicrCosExafelt' D 's "FUile” mienu.

ON-LINE HECOLP

EacOlinput and dutput screen is desOcOrDibefd ur Dtidedail in this mOanuaind in the on-Olindlelp
texOtTo [@access ©n-Olinéhelp for @ (parDticOulimput [Section, ©0licidk the (help buttons dochated
throughout the software.

TECHNICAL SUPPORT

Limited technical support related to compatibility issues for the Groundwater Sensitivity Toolkit is
available from GSI via phone at 713-522-6300, fax via 713-522-8010, or email at
gwsensitivitvioolkii@listserve.api.org. Please be sure to include contact information, the version of
the toolkit, and the version of Microsoft Windows/Office that you are using.
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GROUNDWATER SENSITIVITY TOOLKIT

INTRODUCTION

PURPOSE

Groundwater sensitivity is a key consideration in the development and implementation of
appropriate corrective actions at potential release sites, such as leaking underground storage
tanks, landfills, and other sources. Experience shows that actual impacts on critical water supply
resources have occurred at a relatively small number of sites. Due to the risk of potential
exposure, these high-sensitivity sites should warrant a large percentage of the available public
and private resources for release prevention, assessment, and remediation.

However, practical, site-specific measures of groundwater sensitivity may not be sufficiently
considered in release prevention efforts and the development of remediation goals. As a result,
low sensitivity and high sensitivity sites may be frequently treated as equivalent concerns. This
results in an inefficient allocation of available remediation/prevention dollars.

The Groundwater Sensitivity Toolkit is a decision support expert system that allows a user to enter
site-specific parameters to generate a scorecard for that site. This scorecard, when compared to
the scores for other sites in a portfolio, gives the decision-maker insight into how resources should
be allocated amongst the portfolio.

METHOD

This scorecard is based on three separate but related issues for a site:

Resource Value

Importance of the groundwater to water
purveyors, municipalities, domestic
groundwater users, or natural systems.

Impact of a release to groundwater to
existing (not potential) receptors who are |
using groundwater from any :
hydrogeological unit.

Effectiveness of natural factors (such as
the depth to water, soil type, etc.) in
preventing a release at this location from |
impacting groundwater.

A user may enter data for up to three aquifers for a site. For each aquifer, a HIGH, MEDIUM, or
LOW score is determined for each of the three issues. The results may be printed out, and the
project may be saved to a data file for later revision.
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MAIN SCREEN

The main screen serves as the central point for the toolkit. It is the launch point to all other
sections of the toolkit and is the place where general information about the project, such as name,
location, date, and aquifer names is entered. The main screen is also the place in the toolkit
where the user may create, load, and save data input files.

The GroyndvwaterSensitiitye Tool Kitcan helpyou determing how sensitive aroundwateris fo 8 potential release from a particular site:{such a2 gasoline
Servicestation; landfill, or ather sogree)” (tevaluates sensiivityon the Basis af fesouree Yalue, feceptoryilneratifit; and fa ot the
requasted dataion thispage andan subsequentpages todétermingirf the groundvwiater sefgitiity isHigh, Madium, ofbow. '

1. Enter Project Information 0 Baluation: Steps
Chok:ofgachiutoretd:anter e e data: e e nest thiree
Site Warme! hiittats sre Eoripl e thok ot the: R esuls: iutoin:

Laeatidn:
Carmbl By

Liate! ok D

L Deeper Hydrogeologic Units®
e

Are the e e or e deeper wat (lalsRatsli:
T otin e i g A & orcn b g uRits) g

v Marmie of Hydrogeologic Units*
BB AT E D Coitine
First ERenuntared v ater: BE s Linit

ENLEr yvater DESKEr Uk S only: o ok Snter Aduitari oF SOrfining Lnts

INSTRUCTIONS

W Data Incomplete

N Data Complete

B Enter Data Here

B Cajculated Value {do not enter data)

PROJECT INFORMATION

Basic site and project information is entered here and will be displayed on all input and output
screens for easy identification and recordkeeping.

DEEPER HYDROGEOLOGIC UNITS

This question asks if there are multiple units under consideration. Click yes if there are multiple
units, or if the unit under consideration has overlying hydrogeologic units.

NAME OF HYDROGEOLOGIC UNITS

The toolkit permits the user to enter information for up to three hydrogeologic units. This is where
you may enter a name for the unit. For sites where there is only one unit of interest, the user can
enter information for the Top Unit only. Entering a name into either the Middle or Bottom Unit
spaces will display the buttons for that unit in the Evaluation Steps section.
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EVALUATION STEPS

The buttons locOatedn the Evaluation Steps screen priovida gateway for all other input pages in
the prOojCeBytdefTaultihe Buttons for the mOiddi@nd Bottom Units @rOdiidden. To disOpUlkne
other two unitsCa namOenust be enterCe¢h the HydrJogeologitlnits section.

COMMANDS

¢ [1 New SiteClearDall input values(Tiesets options for the curJrpenbjeand, fHestOaryes
defUaulbialuesif the ©Ourridestd Set i$ not SUaveda mUesUslatdepriiomtpe Uselo
either save or discard any cCJhanges[.

¢ [1 Load Siteloads the input values and oOptions for a prieviousSived prioj elztd set. [f
the COurOrpenbjD €@ty set is hot SHaveda mUesOs@ijeprIom tipé Usetd either Save oOr
discard any cOhanges(.

¢ [1 SavOeBiteSaves [@ll linput vales [@nd ©ptions [for the @OurOridzth Set @s @ SHeparDate
MicOrDosExtef™ [ worCkObook [I(a [.xOls Oftile). [ Saved [data COfJiles [ dolsawtiehave Cto Dbe i
dirdecOtasmapplicDatiofiJilefor the GOrJ oundwaBens Ditivity DoolkTit.

Note: WO or kD bawkriseatéy [this imethod @rl\dormatted [for sOe
with ithe SensOitivI1iy oolkURditing ithe [files sThouldnly be done
with (the [SensOitiviIily)oolkUdpd [attempting [fo (¢ hangéhe Tfiles
manually in MicUr0 osExafel™ may clUort1rDuptithe file. Step 1:

Guide for New Users

New User Guide

Thiswill guide yoir though the: process of creating
asiteprafile:in the Groundwater Sensitivity

e DQuit: Quits the GOrOoundwa8ens Ditivity CoolkDit. Toekit

If yourdo Hot need: this quide, select Cloge or right
click and select "Hide" toclose e Offics Assistant

¢ (Prin0Paged Ipendhe PriinPrUeviewor the sUheetand
allows the user to print the sheet.

¢ New User: Opens the Office Assistant to guide first-time
users. This option only works for users of Office 2000 and
XP.
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RESQURCE VALUE

The Resource Value is an indication of the potential a water-bearing unit has for becoming a
usable water supply or a resource to support natural systems.

Resource Valugis howimportant the groundwater inthis unitis or potent towatar purveo unicipalities; domestic
groundwaterugers, ornaturab systemssAnswerthese guestions 1o determine i resource value iz high, e diurm; oo

REGULATORYIISE RESOURCE USABILITY.
1. Ensier YES anivir otk of the fatlewity § 5 Eealiate the potentialfor it Us e areiater Dased o el sl diraly: and watar
statarments are e e s anawar o rEATFCE ARG Tt
ayiEttndwiater ise At this location 1 preclidad
b snmertypeafgsting redulaton: e sirchion |nsthidstiong: U caltulaiors i egtirpatewell vigld - snd impact ofsatar ualiby

HiThers s no moundwater disthare o a. WELL YIELD CALCULATOR WATER QUALITY CALCULATOR
B ot rnoderate-valu g surse e watet withit

et Oeins taeation, Hudraulisand i b imsns Fiital Cissohid Solds Gy e

Aquiker thick 1S Fregional Canarm: s MOLY f: e

ol i e R R A A ST ST e A ifat o[ Ciapdin dihiy ' N
doas e unifserve: anaraswith: no: glefnative (enkar DiFor an uncGrkined Spuifsr

SN O R G
Estimarei well Yield [ “ o

s inite ety e g s ed tarec st Aty
drifkirg watehwells Scréanediin e unit withit

it LR AT b Resnifevalis iased on el m Rezgireevalue hasedion gualify;“

s ibere: & puklically availakie water devalapment ,\
Pl ndivating thatthe aguifetwill Beused;:ap
canit e asonahly gnticipated o hé used in
thfutire?

Site: Nare:
Location:
Compl. By
kI

The first four questions address any policy-based usage of this aquifer. In the toolkit, policy-based
considerations override the engineering considerations when determining resource value for an
aquifer. The fifth question, in two parts, addresses the two major limitations on water production
from an aquifer.

POLICY QUESTIONS

1. If groundwater use is precluded by some type of regulation or law (such as a no-pumping
rule) then the ResOourOWakee is deflinedis 0 LOOWO Das it Ois Onot DusOable Nfes Da Or0esOourCIcC
water-supply purposes.

2. If the water-bearing unit is a sole-source aquifer as defined by federal or state regulations,
then the ResUourlWdke is deflinedis D HOIGOHD Nasatethe-bearlling D unit Uis Ja O vitDaldl OwaOtODel
supply resource.

3. If the water-bearing unit is currently being used in the vicinity of the site of interest, then the
ResUourdalae is €llonslideriode HOIGOH as it is a usDable walOtOeOr sOupply rdesOourdcCe. For the
purposes of this software, the software development committee used a distance of 2500 ft
to determine if water supply wells (either domestic, municipal, irrigation, or industrial) that
are screened in the water-bearing unit have the potential for being affected by the site of
interest. This distance was based on general experience about the potential conservative
(high-end) length of contaminant plumes.

4. If there is a formally adopted water supply plan (adopted by regulatory body such as a city,
county, regional planning board, state, etc.) that indicates that the unit may be used as a
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GROUNDWATER SENSITIVITY TOOLKIT

drinking water supply in the near future (i.e., within a few years), then the Resource Value
is automDaticCallygrOadetb MEDIUM.

RESOURCE USABILITY: Well Yield

Determination of well yield addresses the ability of a unit to produce water and is a primary
concern when deciding if a water-bearing unit with no production or policy information has the
potential to become a water supply resource. The well yield is determined from calculations based
on hydraulic conductivity, aquifer thickness, and confining head. The software development
committee developed the following rules to define Resource Value as a function of well yield
based on regulatory approaches used in several states:

RESOURCE USABILITY: Water Quality

The quality of water in an aquifer is another primary concern that determines resource value. Total
dissolved solids (TDS) adversely affect aquifer quality, and any water produced from a high TDS
aquifer often precludes use of a groundwater resource as a water supply.

In addition, the software asks the user if a regional contaminant (such as nitrate) is above the

MCL (DeitheBJecOondan griimDarif )& Tthen the ResourlWake is deflinedis being 0 LOW.
Examples of regional contaminants include nitrate, radium, coliform, and some wide-scale man-

made contaminants (wide-scale means not from a particular site of interest). In many cases, the

regional contaminant will come from diffuse non-point sources rather than from a particular site.

The Resource Value addresses the potential of usage for that aquifer, and considerations
regarding the aquifer proximity to surface water bodies or other discharge points to another unit
are addressed in other sections of the toolkit.

The final Resource Value is the lower of the two usability criteria unless the answer to question 4
is 0 "yes," 0 in 0 whiOcOh [ safietwdhe [ automDaticDally 0 upgrlades Molireralue [ to O at O leas(0t U a

MEDIUM.
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GROUNDWATER SENSITIVITY TOOLKIT

RESOURCE TO SUPPORT NATURAL SYSTEMS

Many of the criteria above are related to drinking water supply issues. For the purposes of this
general planning software, the software development committee is assuming that resource value
related to water supply issues will be a good estimate in most cases for the value of a water-
bearing unit to natural systems.
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GROUNDWATER SENSITIVITY TOOLKIT

RECEPTOR VULNERABILITY

The Receptor Vulnerability section addresses the impact of a release to groundwater to existing
(not potential) receptors that are using groundwater from any hydrogeological unit. An aquifer may
be affected by horizontal migration of a contaminant to the extraction point, or by vertical migration
from a shallower unit.

Two key points are:

1. Analysis of vertical vulnerability will not be needed for the shallowest water-bearing unit, as
there is no water-bearing unit above it.

2. The main receptor vulnerability screen allows the user to start with either vertical or
horizontal vulnerability, but it is recommended that the user begin by addressing vertical
vulnerability first, if there is an upper water-bearing unit above the water-bearing unit of
interest.

Note that this has been designed by the software development committee to be a conservative
analysis and will tend to over predict the risk to existing receptors from an actual or potential
release from the site of interest.

PR

TR
Existing receptor vulnerabiiity is Hovw rdchoof s threat e releage togroundwater o e stinginot potentiall receptars wha
arg using aroundwaterfom any hydrogenlagical unit (yot justiie onebeindeyvaluatédy Click onthe buttons. helowto
determing ifexistingwells orplarned wells-at ornear this location Wavehigh, mediumor Tow walnerability to_ arelpase:

Is there a potential for verhical migr ation mto:this unst Trony an overhang: it ?

R )

SR

Is:thers a potential for horiZontal migeation in this unt?

Site Name:
Entation:
compl: By
<ok 10
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GROUNDWATER SENSITIVITY TOOLKIT

VERTICAL VULNERABILITY

The Vertical Vulnerability section addresses the potential for the vertical migration of contaminants
from a shallower water-bearing unit to the unit of interest. The toolkit addresses the case in which
groundwater from an upper aquifer can seep through an aquitard (confining layer) or an artificial
penetration to affect the water-bearing unit of interest. Factors that are related to how easily
contaminants can travel through the vadose (unsaturated) zone are handled in the Natural
Sensitivity section of the software.

The vertical transport section examines transport occurring in the following scenario: The unit of
interest may receive contaminated groundwater from an upper water-bearing unit by either: 1)
groundwater flow through an aquitard or through an artificial penetration (such as an inadequately
sealed well or a well that has been screened across multiple units).

Answistthase giestions tedetermingfihere is5 Hotentigh ot vertical migratiahifiam a shailow unittithis unit

VERTICAL: MIGRATION POTENTIAL
Hyilrogeologic Glidance: Planning Level Calculation: Arificial Penetrations:

1o Caidata fratnicaningnns cote s shows a0 R ar imore of 3005 ihere s notential ior B n Ao EE peneation " es
O

hardngeheos Contintous ne-gramad materiat sy within the sreg ot ulirmate exent of the: dhper pliime?:
o shale) dver e et are s oh 3 e o e S e

ANCIELpE nettatn g etes e e i mer Lt and e Uil and dCErterdataansanswertie guesions el

wretls i this deeperunte

Planning:level Calcutations: Aqurards
2. Enterdata and-answet the qusstions balow ol Suirface Elewabino ot s aquier (HhRani

fuipdraisfics aradignt cf ks onit: [fthisun)
Pigdrau i IS it

(=

T s b i this it e

Elewaticsad this squiker (g}
i £hiis it fithisni Tolisini i in thig unit 5]

S il K il gh i hepper UniE ()

SHA
Ferigontal Chariy wlasivic(Yekizunibiin iz uni = Paeniiaristic Surtsiy Elaetan ot ipted soier (Hupper)
[l scin thiakrie s£in bhis unit (5..] A Thicknessaf aqutand: (]

F i i ElSuaticn shapper aqii = Wrtical ydraolic gradisnt v sqairer fuény

ot e T LR () ; E Pt i il iy

Lltirhatis derugthoo plime in apper uhit {L] % g gl 1IN )

T higkmess of squitard: (haguikard) LasEsedtion. fil 4 iy [

PErtial ity ek U e o i ard o through penstiation. jHe)

ertital HidtaUlic: aradient ircsguifer. (iver S R velner i thiz i

Wt al Dary Welaetby (Wy) thiichhgh: aqistdrd o Fealting: oRe st Skcn in: Shis uhit

o RSl i 2 HUs B hETing R rift O i gre aker i

7 - Hemdiing soncanitatian in g nit g i
@
COMPLETE

This unit

5
=
=
o
=
=
=
=2
<L

iCrcgre aker tean b

Site Nartie:
Location;
Compl: By
JokiD:

Four main questions are asked in this section. Questions 1 and 3 are general questions regarding
the possibility of transport via aquitard transport or artificial penetration, respectively. Questions 2
and 4 provide the user with supporting calculations to determine if the aquifer could be negatively
impacted by a release to an upper unit through aquitard transport or artificial penetration. The user
should understand that a "no" answer for either 1 or 3 determine if the calculations in 2 or 4,
respectively, are performed.
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GROUNDWATER SENSITIVITY TOOLKIT

Aquitards

A contaminant in an upper water-bearing unit may reach a lower water-bearing unit by transport
through an aquitard.

Shathoww
yYiger-Bearing
Lare

Acpitard

The first question is designed to rule out potential transport through aquitards if there is strong
hydrogeologic/stratigraphic information that the aquitard is likely to prevent vertical transport to
this water-bearing unit. The second question provides a quantitative tool to estimate the resulting
concentration in this water-bearing unit after groundwater migrating from the upper water-bearing
unit through the aquitard mixes with groundwater in this water-bearing unit. This calculation is
based on potentiometric level, aquifer thickness, concentration in the contaminated unit, mixing
layer thickness, and ultimate length of plume in the upper unit. The equations used in this
calculation may be viewed by clicking the "See graphic of flow-through aquitard™ button.

Once the concentration has been calculated, the user may compare the lower unit concentration
to the MCL or other relevant regulatory standard to answer Question 2. Mass flux information
associated with transport through the aquitard is also provided.
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Artificial Penetrations

A contaminant in an upper water-bearing unit may reach this water-bearing unit by flowing through
an artificial penetration. Examples of artificial penetrations include poorly sealed wells or wells
screened across units.

Viater-Besring
Zong

Aouitard

7
7

Y

2

Z

Cesp
Water-Besring
Long

R
RN
Sk

The third and fourth equations address the potential for contamination to flow through an artificial
penetration to a lower unit. The fourth question calculates the concentration in the lower unit
based on penetration cross sectional area, mixing zone, concentration, potentiometric level, and
hydraulic conductivity. The equations used in this calculation may be viewed by clicking the "See
graphic of flow-through penetration™ button.

Once the concentration has been calculated, the user may compare the lower unit concentration
to the MCL or other relevant regulatory standard to answer Question 4. Mass flux information
associated with transport through the artificial penetration is also provided.
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GROUNDWATER SENSITIVITY TOOLKIT

HORIZONTAL VULNERABILITY

Horizontal Vulnerability addresses the potential for horizontal migration from a site of interest to a
well. The first two questions address the possibility of transport to a public water supply, while the
remaining questions determine the capture zone and travel time to a water supply well in the
vicinity of the site.
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For Question 1, the software development committee has utilized a distance of 2500 ft to help
users decide if there is a municipal water supply well or discharge point close enough to the site of
interest that the well might be threatened by a potential release. To answer "yes" to Question 1,
the well must be screened in the water-bearing unit that is being analyzed. If a discharge point is
being considered, then the site of interest must be located upgradient of the discharge point. Note
that 2500 ft is used as an example plume length for a recalcitrant compound. The user may elect
to use 1200 ft if the constituent of concern is known to degrade significantly in groundwater or
otherwise use a distance that represents the longest plume length for the constituent in concern in
that area, assuming that the plume used for reference has stabilized.

For Question 2, the user should indicate if the site of interest is located near a fractured bedrock
or karst water-bearing unit that is being used for a water supply. This question was adapted from
California's "Guidelines for Investigation and Cleanup of MTBE and Other Oxygenates, 2001."

Question 3 permits the user to enter data for up to four wells to determine if a plume emanating
from the site of interest lies within the capture zone of the well. The capture zone is determined
individually for each well, and collective drawdown from a group of wells is not considered in this
calculator. The user may view the capture zone for an individual well by clicking the radio buttons
below the input column for that well.
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GROUNDWATER SENSITIVITY TOOLKIT

Based on a methodology developed by the State of California (California EPA, Guidelines for
Investigation and Cleanup of MTBE and Other Oxygenates, 2001), the software development
committee developed the following table relating Receptor Vulnerability to travel time:

Users with more complex sites (interacting wells, complex hydrogeology, etc) may wish to use
their own method outside of this toolkit to determine travel time. For these users, answer "yes" to
Question 4, fill in the name of the method, and answer Question 5. Inputs to this section override
the travel time calculator in Question 3.

CALCULATING RECEPTOR VULNERABILITY SCORE

The Receptor Vulnerability score is determined by the combination of the vertical and horizontal
vulnerability. For the shallow layer, the receptor vulnerability is equal to the horizontal vulnerability.
For deeper units, the receptor vulnerability is equal to the horizontal vulnerability only if the vertical
vulnerability is either MEDIUM or HIGH. For an aquifer with a LOW vertical vulnerability, the
overall receptor vulnerability is also LOW.
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GROUNDWATER SENSITIVITY TOOLKIT

NATURAL SENSITIVITY

Natural Sensitivity addresses the effectiveness of natural factors (such as the depth to water, soil

type, etc.) in preventing a release at this location from impacting groundwater. The Natural
Sensitivity value is based on the DRASTIC Index, which is a system developed by the EPA to

"create a standardized system which can be used to evaluate groundwater pollution potential.”

The definitions and descriptions used in this section, as well as the calculation method, were
obtained from ODRASTUIC: UA 0 StandariRiisézin [ifor DEvDaluating GOrllound Water Pollution Potential
UsOinglyO drilogeolo§ettings EPA-11600/2-187-0035, Apriil 1987.
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DRASTIC was developed with four major assumptions:
1. The contaminant is introduced at the ground surface.
2. The contaminant is flushed into the groundwater by precipitation.

3. The contaminant has mobility equal to water.

4. The area being evaluated is 100 acres or larger.

The first question asks if the precipitation exceeds transpiration at the site. This question can be
answered either through historical knowledge regarding rainfall and vegetative cover, or by
looking at the provided map that gives general regions of precipitation/evapotranspiration ratios.
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GROUNDWATER SENSITIVITY TOOLKIT

The second question, in seven parts, asks for various site parameters to calculate a DRASTIC
index for the site. The DRASTIC index is calculated by assigning a weight to each site parameter,
then multiplying the DRASTIC rating for that parameter by its weight. The final score is calculated
by adding all the weighted ratings. Several parameters have a "Select" button located to the right
of the input cell. The user should click the Select button for that parameter to choose the correct
input from a list of options.

DEPTH TO WATER

Depth to water determines the depth of material through which a contaminant must pass prior to
reaching the water-bearing unit. Greater depth of material allows more opportunities for
attenuation factors, such as biodegradation or adsorption, to prevent a contaminant from entering
the aquifer. For confined water-bearing units, this depth corresponds to the depth of the base of
confining unit. The developers of DRASTIC derived the following ranking system for depth to
water:

RECHARGE

Net recharge represents the amount of water per unit area of land that penetrates the ground
surface at the location of the potential release (not at a recharge zone that is miles away).
Recharge water is available to transport a contaminant vertically. The DRASTIC system does not
take into account any dilution effects of recharge and assumes that the greater the recharge, the
greater the potential for groundwater pollution. For confined units, recharge is assumed to
represent the amount of recharge entering the confined unit from above, (i.e., through the
confining unit) and will in most cases be very low (in other words do not use the recharge from a
distant recharge zone). The developers of DRASTIC derived the following ranking system for
recharge:
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GROUNDWATER SENSITIVITY TOOLKIT

AQUIFER MEDIA

Agquifer media refers to the type of material that comprises the water-bearing unit. In general, the
larger the grain size and/or the more fractures or openings within the water-bearing unit, the
higher the permeability and the higher the potential for contaminant transport. The developers of
DRASTIC defined and rated the following aquifer media types as follows:

The user may select the soil type by clicking the Select button next to the Aquifer Media input cell.

SOIL TYPE

Soil media refers to the uppermost part of the vadose zone characterized by significant biological
activity. This is generally considered to be the upper six feet of the strata. This zone can have a
significant impact on the vertical transport from the surface to the aquifer. In DRASTIC, the
pollution potential is largely affected by the amount of clay present. The developers of DRASTIC
defined and rated the following soil types:

The user may select the soil type by clicking the Select button next to the Soil Type input cell.
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TOPOGRAPHY

Topography refers to the slope of the land surface. Topographies that permit a pollutant to run off
and prevent infiltration are associated with a lower pollution potential. The developers of DRASTIC
derived the following ranking system for topography:

IMPACT OF THE VADOSE ZONE

The vadose zone is defined as the zone above the water table that is either unsaturated or
discontinuously saturated. The type of media in this vadose zone has a significant impact on the
various processes (such as attenuation, neutralization, filtration, and dispersion) that occur in the
vadose zone. The developers of DRASTIC defined and rated the following vadose zone types:

The user may select the sail type by clicking the Select button next to the Vadose Zone input cell.
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GROUNDWATER SENSITIVITY TOOLKIT

CONDUCTIVITY

Hydraulic conductivity refers to one factor that controls the ability of the aquifer materials to
transmit water. In DRASTIC, high hydraulic conductivities are associated with higher pollution
potential. The developers of DRASTIC derived the following ranking system for hydraulic
conductivity:

DRASTIC SCORE AND NATURAL SENSITIVITY RATING
The DRASTIC score is calculated by the formula:

DRASTIC score = (ratingprw * weightprw) + (ratingrecharge * Weightrecharge) +
(ratingAquifer Media * WeightAquifer Media) + (ratingSoil Type *WeightSoil Type) +
(ratingTopography * WeightTopography) + (ratingVadose Zone * WeightVadose Zone) +
(ratingconductiviy * Weightconduciivity)

The software development committee for the Groundwater Sensitivity Toolkit assigns its own

rating on top of the DRASTIC index for HIGH, MEDIUM, and LOW Natural Sensitivity, as shown

below. This classification system was based on an EPA document that indicates in a summary of
DRASTUIGhat Daquiflerds DwilltOh ODRASTIC rOatings 0> 0150 Mkighty eubres [ elde™ edy the EPA
0(U.S. OEPA, OHandbook Dof DGWrateuncnd 0 WO ellHéadotecUtion, 0 EPA/625/R-194601,1994,

pg. 112)0.

NATURAL SENSITIVITY RATING FOR DEEPER AQUIFERS

Natural sensitivity can be determined for deeper aquifers, but some additional considerations
should be made for the following properties:

Recharge: A deeper aquifer may not receive as much recharge from surface precipitation.

Vadose Zone: A cOonflinaguif (resJhoulds U éhe "cOonflined" vados(e zone soil type.
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GROUNDWATER SENSITIVITY TOOLKIT

SUMMARY

The results page shows the current ratings of all the units for the site. The user may visit the
results page at any time during the process to view the site profile. The results values may be
used to assist in determining potential use, evaluating risk, and allocating resources.

Overall gfoundiwatst serisitivit js divetva Hidh, fiedition, or oW ratifiy i the tatagoried of
resoursevaliie; existinig receptor wilnerability and natlital éensithvite For thiz Site, tha
groundwater sensitivity is:

HOT COMPLETE NOT COMPLETE NOT COMPLETE

NOT COMPLETE NOT COMPLETE NOT COMPLETE

Clicking on the "View Summary" button will take the user to the summary page, where all of the
input and output values are summarized. The summary displays the values for only one unit at a
time, and the unit of interest may be switched by using the numbered buttons on the right hand
side. The summary can be printed out for reference, but the values are for display only. To
change the values, go to the appropriate section of the toolkit to change it.
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GROUNDWATER SENSITIVITY TOOLKIT

CASE STUDY

In this example, we will describe a site that can be classified using the Groundwater Sensitivity
Toolkit. The data file for this case study is distributed with the toolkit and may be loaded for
review. The name of the file is "casestudy.xls"

SITE DESCRIPTION

This site was originally established in 1972. It is a local service station located in a light suburban
residential area. The residents of the city rely primarily on the municipal supply, although some
maintain private wells.

Located in a region with two water bearing units, the first unit is located near the surface (between
845 and 820 msl or 5-30 feet bgs), while the second is located between 770 and 650 feet msl (80
and 200 feet bgs) and is separated from the upper unit by a silty clay unit. Groundwater flow in
both aquifers is to the southwest.

In 1996, a storage tank leak occurred and a quantity of fuel was released. The affected soil was
excavated, and there are no indications of a continuing source zone. Recent sampling of the
upper sand aquifer measured the MTBE in the affected zone at 1.1 mg/L. Groundwater sampling
indicates that the private wells in the area have not been affected by the release.

groundwater fiow direction
W/SP)

sand (SM)

zm  sity clay (CL)

TN clay (CH)
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GROUNDWATER SENSITIVITY TOOLKIT

There are four private wells of concern in the neighborhood of the service station. All the private
wells are drilled into the lower unit, and are owned by individuals who resided there prior to the
existence of a municipal supply.

The X and Y well distances listed in the table are relative to the affected zone boundaries using
the groundwater streamline as the X axis, and the distance perpendicular to the streamline as the
Y distance. A negative X distance indicates that the well is upgradient of the site.

Here is a summary of the hydrogeologic characteristics of the site that will be used in the
evaluation.

Upper Unit
Ft

None. This is an
fined unit

Aquitard
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GROUNDWATER SENSITIVITY TOOLKIT

Lower Unit

Having esOtablishibe im [ por( tdneaturCefsthe site, we can now begin our evaluation...

In the next section, we will describe the steps to follow to create a profile of this
site in the Groundwater Sensitivity Toolkit. You can follow along with the
discussion, or stop here and work on your own. You may then use the discussion
to compare your answers.
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GROUNDWATER SENSITIVITY TOOLKIT

CASE STUDY DISCUSSION

MAIN PAGE

In Dur Case, we have two aquifrelinits J§o answer "yes" [Jto 0 QOuestion 02 Jand Denter Da OnamOe Ofor Ot
top unit and the deep unit in part 3. Upon naming the deep unit, several new buttons appear in the

grey box in part 4. The subsequent sections of this chapter follow the six trails (represented by

the six buttons that appear in part 4 that must be completed to develop a Sensitivity Profile for the

site.

UPPER UNIT: Resource Value

Question 1) Answer YES only if both of the following statements are true, otherwise,
answer NO:

a) Groundwater use at this location is precluded by some type of existing regulatory
restriction.

b) There is no groundwater discharge to a high- or moderate-value surface water within
2500 ft of this location.

Answar: NO. This answer may be found by searching through public records.

Question 2) Is the water-bearing unit a sole-source aquifer or does the unit serve an area
with no alternative supply?

&nswer: NO. This is simply because the upper unit is not classified by EPA to be a sole-
source aquifer.

Question 3) Is the unit currently being used? (Are there any drinking water wells
screened in the unit within 2500 ft?)(No if unknown)

Answer: NO. All wells are screened into the lower unit, so there are no wells in the upper
unit.

Question 4) Is there a publicly available water development plan indicating that the
aquifer will be used, or can it be reasonably anticipated to be used in the future?

Answer: NO. This answer may be found by searching through public records.
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Question 5)

Well Yield CalcOulatort): UDpper Unit

*(this is an unconfined aquifer)
Water Quality Calculator

MEDIUM

LOWER UNIT: Resource Value

Question 1) Answer YES only if both of the following statements are true, otherwise,
answer NO:

a) Groundwater use at this location is precluded by some type of existing regulatory
restriction.

b) There is no groundwater discharge to a high- or moderate-value surface water within
2500 ft of this location.

Answer: NO. This answer may be found by searching through public records.

Question 2) Is the water-bearing unit a sole-source aquifer or does the unit serve an area
with no alternative supply?

Answer: NO, the unit is not classified by EPA as a "sole source” aquifer and there is an
alternative supply.

Question 3) Is the unit currently being used? (Are there any drinking water wells
screened in the unit within 2500 ft?)(No if unknown)

Answer: YES, the aquifer is being used.

Version 1.0 26
August 2002

Copyright American Petroleum Institute
Reproduced by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale



GROUNDWATER SENSITIVITY TOOLKIT

UPPER UNIT: Receptor Vulnerability: Vertical Vulnerability

Vertical migration potential is not calculated for the uppermost unit.

UPPER UNIT: Receptor Vulnerability: Horizontal Vuinerability

Question 1) Is the location a potential MTBE source within 2500 ft of a current or
potential municipal drinking water well in the same unit in any direction, or within 2500 ft
upgradient from a current or potential domestic water well in the same unit, or within 2500
ft of sensitive surface water receiving groundwater discharge?

Answer: NO. This location is not a potential MTBE source, as there are no groundwater
wells screened in this unit.

In the uppermost unit, the receptor vulnerability is determined completely by the horizontal
vulnerability.

LOWER UNIT: Receptor Vulnerability: Vertical Vulnerability

Question 1) Do data from continuous cores show 50 ft or more of homogenous,
continuous, fine-grained material (clay or shale) over the ultimate area of a plume from
the site with no artificial penetrations between the upper unit and lower unit, and wells in
this deeper unit?

Answer: NO
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Question 2) Aquitard calculation

Question 3) Is there a potential for an artificial penetration within the area of ultimate
extent of the upper plume?

Answer: YES

Question 4) Attificial Penetration Calculation

Because the vertical vulnerability for this unit is HIGH, we must also calculate the
horizontal vulnerability for this unit to determine the receptor vulnerability.
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LOWER UNIT: Receptor Vulnerability: Horizontal Vulnerability

Question 1) Is the location a potential MTBE source within 2500 ft of a current or
potential municipal drinking water well in the same unit in any direction, or within 2500 ft
upgradient from a current or potential domestic water well in the same unit, or within 2500
ft of sensitive surface water receiving groundwater discharge?

Answer: YES. This site is a potential MTBE source.

Question 2) Is location on fractured bedrock geology or karst geology that is used as
public water supply within 2 miles?

Answer: NO

Question 3) Enter data for up to 4 wells.

500

Click on the radio buttons to view the Capture Zone results.

The calculated capture zones are shown on the next figure. The capture zone is bound on
three sides by the capture zone constraints, and extends infinitely upgradient of the well
along the groundwater flow streamline.
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Question 4) Do you want to use a different travel time determination method outside this
tool, such as a computer model or a DAF graph?

Answer: NO

In this unit, the receptor vulnerability is completely determined by the horizontal

vulnerability.
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UPPER UNIT: Natural Sensitivity

Question 1) Does the precipitation exceed evapotranspiration at this site?

Answer: YES

Question 2) Selecting representative values for this site.

in/yr

% slope

cm/sec

LOWER UNIT: Natural Sensitivity

Question 1) Does the precipitation exceed evapotranspiration at this site?

Answer: YES

Question 2) Selecting representative values for this site.

Version 1.0 31
August 2002

Copyright American Petroleum Institute
Reproduced by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale



GROUNDWATER SENSITIVITY TOOLKIT

RESULTS AND SUMMARY

The following table summarizes the results from the Groundwater Sensitivity Toolkit
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GROUNDWATER SENSITIVITY TOOLKIT

GLOSSARY

TOhesteem OarODesOethrOoughouhe GOrJoundwaBens Ditivity Doolkit:

Aquifer

Aquifer Thickness
Aquitard

Artificial Penetration

Capture Zone

Darcy Velocity

DRASTIC

DTW

Evapotranspiration

Horizontal Hydraulic Gradient

Hydraulic Conductivity
MCL

Mixing Zone Width

A water-bearing stratum consisting of either permeable
rock, sand, or gravel.

Thickness of the zone of high hydraulic conductivity.
A zone of low hydraulic conductivity.

A man-made opening through an aquitard, such as a
well with an ungrouted or poorly grouted annulus or a
well screened across two units.

The area of a water-bearing unit where water will
eventually be drawn into and extracted by a particular
pumping well.

The dimensions of the capture zone are determined by
the pumping rate in combination with aquifer
characteristics, such as hydraulic conductivity, gradient,
and the screened interval for the well. In this software,
the capture zone is assumed to be rectangular in shape.

The velocity of a liquid through a porous media. The
product of the hydraulic conductivity and the hydraulic
gradient.

A standard system developed by EPA to evaluate
groundwater pollution potential.

Depth to water, measured as below ground surface
(BGS).

Transport of water from liquid to vapor phase due to
evaporation, or by the respiratory action of plants
(transpiration).

Measure of slope of the water table or piezometric
surface. Hydraulic gradients can have significant
seasonal variations, which should be considered when
evaluating the receptor vulnerability for a site.

A measure of the permeability of a water-bearing unit.

Maximum Contaminant Level. Generally refers to a
federal drinking water standard.

The width of the aquifer where water from the clean
aquifer mixes with affected water coming down vertically
from an artificial penetration. One approach is to use
either 1) the capture zone width of a water supply well in
the aquifer, or 2) a default value of 20 to 50 ft.
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Mixing Zone Thickness

Natural Sensitivity

Porosity (effective)

Publicly Available

Receptor Vulnerability

Recharge

Regional Contamination

Regulatory Restriction

Resource Value

Saturated Thickness

TDS

Ultimate Length of Plume

Vadose Zone

For Evaluating Transport Through Aquitards: The depth
that recharge water from an overlying aquitard
penetrates into an aquifer. One approach to estimating
this value is to use the length of typical water supply well
screens (10 to 50 ft). A second approach is use values
used for mixing of leachate in Risk-Based Corrective
Action models (typically 6 ft).

For Evaluating Transport Through Artificial Penetrations:
The depth that water moving vertically downward through
an artificial penetration will mix with water in the clean
aquifer. A typical value is to assume that the mixing
depth is equivalent to either the length of typical water
supply well screens (10 to 50 ft) or the length of the
artificial penetration in the clean aquifer.

Effectiveness of natural factors (such as the depth to
water, soil type, etc.) in preventing a release from
impacting groundwater.

The ratio of the pore volume where the water can
circulate to the total volume of a representative sample
of the medium.

A plan developed by a planning agency, regulatory
agency, or private water development company for the
future use of a groundwater resource.

The vulnerability of an existing groundwater receptor
(including surface water bodies) to a potential
contaminant source.

In this application, the rate of infiltration from the surface
directly above the potential source of contamination.

A chemical consistently found in groundwater in that
region, typically due to a non-point source. Examples are
nitrate, naturally occurring radioactive materials (NORM)
and regional chlorinated solvent plumes.

An official restriction, such as an ordinance prohibiting
pumping of groundwater.

Potential an aquifer has for becoming a usable water
supply for people or ecological receptors.

The average depth interval of the water that is saturated
with water.

Total Dissolved Solids.

The maximum length that the plume can be anticipated
to reach.

The unsaturated region above the groundwater level.
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Vertical Hydraulic Gradient The hydraulic gradient is the vertical direction across an

aquitard.
Well Yield Maximum rate that groundwater can be produced from a
well.
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EQUATIONS

These following calculations are performed in the toolkit.

Well Yield (from TNRCC, 2001)
Confined Aquifers
115846 *K* b * H,
10.2 + Log (K*b)

Well Yield =

Unconfined Aquifers

Well Yield = 75 ;94-2 i;g}i;*b;)
Where:
Well Yield = Well Yield (gpd)
H, = Confining head (ft)
K = Hydraulic conductivity of water-bearing unit (cm/s)
b = Saturated thickness of water-bearing unit (ft)

Capture Zone

_ X *2*3.14
Y. = 5
X = Q*12*2.54
t 2*748*60*3.141*K*b*|
Where:
Y. = Upper-range estimate for distance perpendicular to groundwater flow
from pumping well to farthest point that will be captured (ft)
X = Upper-range estimate for downgradient distance from pumping well
to farthest point that will be captured (ft)
Q = Pumping rate from water supply well (gal/min)
K = Hydraulic conductivity of water-bearing unit (cm/s)
= Saturated thickness of water-bearing unit (ft)
i = Hydraulic gradient of water-bearing unit (ft/ft)
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Artificial Penetration Calculations

Calculated Concentration in the Deep Aquifer

Where:
Cdeep

Cshavllow

Qpenetration

Cdeep = Cshavllow [Qpenetration/ (( ng)( 5gw)( Wgw)+ Qpenetration )]

Calculated concentration in deeper unit (mg/L)

Representative concentration in upper unit (use typical or average
concentration for entire plume) (mg/L)

Groundwater Darcy velocity in deeper unit (ft/yr)
Groundwater mixing zone thickness in deep unit (ft)

Mixing zone width perpendicular to groundwater flow in deeper unit

(ft)
Flowrate through penetration (ft*/yr)

Flow Through Artificial Penetration

Where:

Qpenetration
ernetration
Ivert

Apenetration

Qpenetratlon (ernetratlon)(' ven)(Apenetratlon)*1 035354

Flowrate through penetration (ft3/yr)
Hydraulic conductivity of material in artificial penetration (cm/s)
Vertical hydraulic gradient in aquitard (ft/ft)

Cross-sectional area of penetration (ft?)
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GROUNDWATER SENSITIVITY TOOLKIT

Vertical Gradient

fvert = [(Hupper' Hlower)/ baquitard]

Where:
Ivert = Vertical hydraulic gradient in aquitard (ft/ft)
Hupper = Potentiometric elevation of upper unit (ft)
Hiower = Potentiometric elevation of lower unit (ft)
baquitard = Thickness of aquitard (ft)

Area of Artificial Penetration

Apenetration = L'

Where
Apenetration = Cross sectional area of artificial penetration (ft2)
r = Radius of artificial penetration (ft)
If annulus
— 2 2
Apenetration = WFouter ) =TFinner )
Where:
Apenetration = Cross sectional area of artificial penetration (ft2)
Fouter = Radius to outside of annular space (ft)
Tinner = Radius to inside of annular space (ft)
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Aquitard Calculations

\\\\\\\\\\

- s\\\\\w\z\:‘e: R R

2

Calculated Concentration in the Deep Aquifer

Cdeep = Cshatow [(VV*L)(( ng* 5gw)+( Vi L)l

Where:
Coeep = Calculated concentration in deeper unit (mg/L)
Cehatiow = Representative concentration in upper unit (mg/L)
Vow = Groundwater Darcy velocity in deeper unit (ft/yr)
v, = Groundwater Darcy velocity in aquitard (ft/yr)
Ogw = Groundwater mixing zone thickness in deep unit
L = Ultimate length of plume in upper unit parallel to groundwater

flow (ft)
Vertical and Horizontal Groundwater Velocity
ng = (Kdeep)(ideep)

Vi = (Kver)(ivers)

Where:

Vow = Groundwater Darcy velocity in deeper unit (ft/yr)
v, = Groundwater Darcy velocity in aquitard (ft/yr)
Kooep = Horizontal hydraulic conductivity in deep unit (cm/sec)
Koert = Vertical hydraulic conductivity of aquitard (cm/sec)
Ideep = Horizontal hydraulic gradient in deep unit (ft/ft)
ivert = Vertical hydraulic gradient in aquitard (ft/ft)
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Vertical Hydraulic Gradient

iven‘ = (Hupper = Hdeep)/ baquitard

Where:
Ivert = Vertical hydraulic gradient in aquitard (ft/ft)
Hupper = Potentiometric surface of upper water-bearing unit (ft)
Haeep = Potentiometric surface of deep water-bearing unit (ft)
baquitard = Thickness of aquitard (ft)

Mass Flux Through an Aquitard to a Lower Unit
flux = (V. * Cenaow) * (28.31 / 365.25)

Where:
flux = mass flux into the lower unit (mg/(ff® day))
v, = Vertical Darcy Velocity (ft/yr)
Ceshaliow = Concentration in the upper unit (mg/L)

Estimated Resource Value
If Cyeep < regulatory limit, then ERVyert-aqa = LOW

If Caeep > regulatory limit, then ERVygr-aq = HIGH

Where:
ERV = Estimated Resource Value
regulatory limit = Acceptable level of constituent in groundwater, such as an MCL or a
risk-based concentration.
Coeep = Calculated concentration in deeper unit (mg/L)
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Travel Time

Where:

\a

X,

re (% 2) °
K*1.03*10%i/n

Travel time (years)

Upper-range estimate for distance perpendicular to groundwater flow
from pumping well to farthest point that will be captured (ft)

Upper-range estimate for downgradient distance from pumping well
to farthest point that will be captured (ft)

Hydraulic conductivity (cm/s)

Porosity

Hydraulic gradient, calculated as the maximum value of either
1. OThe naturOdlydrOauligrOJadient

2. The following calculated gradient, as defined by the artificial

gradient between site and pumping well, accounting for the
drOawdowin pumpingveUll

(Equations for drawdown in pumping well are from Groundwater and Wells, 1986, pg 1021.)

Where:

\a

X,

Q*2000/(K*21189*b)
(Y 2+X%2)5

Hydraulic gradient (ft)

Well pumping rate (gpm)
Hydraulic conductivity (cm/s)
Saturated thickness (ft)

Upper-range estimate for distance perpendicular to groundwater flow
from pumping well to farthest point that will be captured (ft)

Upper-range estimate for downgradient distance from pumping well
to farthest point that will be captured (ft)

Approach: Use the seepage velocity and the distance between the site and the pumping
well to estimate time. Use the maximum of these two estimates for seepage velocity:

1. ONOaOturoaculying sOeepageelocUitwiy tnd pum U ping = naturOdlydrOauligrOadient) D)

2. JSeepage velocllitbgsJedn hydrDauligrJadierttetween site and weOI0I
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NOTATION

These terms are used throughout the Groundwater Sensitivity Toolkit.

Resource Value
Name

k
b
he

CTDS

mg/L

Description

Hydraulic conductivity
Thickness
Confining head

Total Dissolved Solids concentration

Receptor Vulnerability - Vertical Migration

Name Units Description

Hipis unit ft Potentiometric surface elevation of the current
working unit

Itpis unit ft/it Hydraulic gradient of the current working unit

Kinis unit cm/s Hydraulic conductivity of the current working unit

Vinis unit - Darcy velocity of the current working unit

Ogw ft Mixing zone thickness of the unit

Hypper ft Potentiometric surface elevation of the overlying
water-bearing unit

Cashatow O mg/L O AverOageoncOentrOation in #hehallow unit

L ft Ultimate length of plume in upper unit

Baquitard ft Thickness of aquitard

Kyert cm/s Vertical hydraulic conductivity of unit

Ivert ft/it Vertical hydraulic gradient in aquifer

Vi ft/yr Vertical Darcy velocity through aquitard

Wow ft Mixing zone width in the unit

Ko cm/s Hydraulic conductivity of material in penetration
or annulus

A, ft’ Cross-sectional area of artificial penetration

Q ft3/yr Well pumping rate
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Receptor Vulnerability - Horizontal Migration

Name Units
k cm/s
i ft/ft
Q t3hyr
Vy ft/yr
Ne -

t; yr

Natural Sensitivity

Description

Hydraulic conductivity of the current working unit
Hydraulic gradient of the current working unit
Well pumping rate

Groundwater Darcy velocity

Effective porosity

Estimated travel time

Description

Depth to water determines the depth of material
through which a contaminant must pass before
reaching the water-bearing unit. Greater depth of
material allows more opportunities for
attenuation factors, such as biodegradation or
adsorption, to prevent contaminant from entering
the aquifer. For confined water-bearing units,
this depth corresponds to the depth of the base
of confining unit.

Net recharge represents the amount of water per
unit area of land that penetrates the ground
surface and reaches the water table. Recharge
water is available to transport a contaminant
vertically. The DRASTIC system does not take
into account any dilution effects of recharge and
assumes that the greater the recharge, the
greater the potential for groundwater pollution.
For confined units, recharge is assumed to
represent the amount of recharge entering the
confined unit from above, (i.e., through the
confining unit) and will, in most cases, be very
low (in other words do not use the recharge from
a distant recharge zone).

Aquifer media refers to the type of material that
comprises the water-bearing unit. In general, the
larger the grain size and the more fractures or
openings within the water-bearing unit, the
higher the permeability and the higher the
potential for contaminant transport.

Name Units
Depth to Water ft
Recharge in/yr
Aquifer Media
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Soil media refers to the uppermost part of the
vadose zone characterized by significant
biological activity. This is generally considered to
be the upper six feet of the strata. This zone can
have a significant impact on the vertical transport
from the surface to the aquifer. In DRASTIC, the
pollution potential is largely affected by the
amount of clay present.

Topography refers to the slope of the land
surface. Topographies that permit a pollutant to
run off and prevent infiltration are associated
with a lower pollution potential.

The vadose zone is defined as the zone above
the water table that is either unsaturated or
discontinuously saturated. The type of media in
this vadose zone has a significant impact on the
various processes (such as attenuation,
neutralization, filtration, and dispersion) that
occur in the vadose zone.

Hydraulic conductivity refers to one factor that
controls the ability of the aquifer materials to
transmit water. In DRASTIC, high hydraulic
conductivities are associated with higher
pollution potential.

Soil Type

Topography % slope

Impact of the Vadose Zone

Conductivity cm/sec
Version 1.0

August 2002

Copyright American Petroleum Institute
Reproduced by IHS under license with API
No reproduction or networking permitted without license from IHS

44

Not for Resale



GROUNDWATER SENSITIVITY TOOLKIT

REFERENCES

Allen, L., et al., DRASTIC: A Standardized System for Evaluating Ground Water Pollution
Potential Using Hydrogeologic Settings, EPA-600/2-87-035, April 1987.

Driscoll, F., Ground Water and Wells, 2nd Ed., Johnson Division, St. Paul, Minnesota. 1986.

California State Water Resources Control Board, “Guidelines for Investigation and Cleanup of
MTBE and Other Ether-Based Oxygenates,” FINAL DRAFT,
www.swrcb.ca.gov/cwphome/ust/mtbe_finaldraft.pdf, 2000.

Texas Natural Resource Conservation Commission, “Procedures for Determination of
Groundwater Resource Classification,” RG-366/TRRP-8, TNRCC Regulatory Guidance Texas
Risk Reduction Program (TRRP), Texas Natural Resource Conservation Commission, Austin,
Texas, DRAFT, July 2001.

Johnson, P.C., R.J. Charbeneau, D. Abranovic, T. Hemstreet, Graphical Approach for
Determining Site-Specific Dilution-Atftenuation Factors (DAFs): Technical Background and User’s
Guide, API Publication 4659, American Petroleum Institute, Washington, D.C., 1998.

Version 1.0 45
August 2002

Copyright American Petroleum Institute
Reproduced by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale



GROUNDWATEURUEONSUITOPOQEKN

TROUBLENSOHIIOOTING

1) The buttons are out of proportion on the screen anCdeem to chUanOgizeé@&hen [
click them.

This (prOoblemoccurs (when the [$creen Fesolution [is [¢hangedwithout FUesOt0arthiing
cOomOputéryrOes DtDathdingomOputerd sOt0ar(tbiadoolkJdgain.

2) None of the buttons work.

The toolkDitval€r{eatadlingustom macros in VisuaBasifor BpplicOation§1VBAJH.
orlJdefor the toolk i woIriykilmust have macros enabled. MicOrCosExéelf" [ generally
prOomUités at sOtarOtup.

The usUesOhouldelect "Enable macros."

Additionally, somC@sJermay have Excel™ Oset (to [ Highcurity, JwhOiCcOh O dislialildy (1the
to fun mnsOignednacros. (The MsOemay [cJhangéhe Security S0ettingy [going o the
selecting T oolg O ptionén CExcE! Dand Cthen Dselecting "t Irllo [Securlitylindmutton
the "SecOurDilgb. It is sOuggesibadit the usDeselect Medium security.

3) I cannot see the entire page. Can | resize the page?

The toolkit was optimized for use with a monitor set to 1024 x 786 or higher. For users
with lower resolution monitors, the page may be resized by going to the View > Zoom.

4) | cannot click on some cells. What is happening?

Not all cells in the toolkit are available for writing or selecting. This should not interfere

with using the toolkit. If you are trying to enter a value into a cell that is available for
wrOitinggOlicirito the €0 eldhter your value, then prUes!TsEnter0" Dor O0"TOab" Oto DigexiTto Tthe
cell.
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APPENDIX A:
GROUNDWATER SENSITIVITY LOGIC DESIGN
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FIGURE 1
GROUNDWATER SENSITIVITY TOOLKIT FLOWCHART
API / California MTBE Research Partnership

Rapeat the ioliowing sleps for avery water-
biearing unit with potential contamination
above or in that units

RESOURCE VALUE {RV} ralates to the
reiative value of water resources o waler
supply, storage, transmission, and scologi-
cal end-users. Examples of high-vaiue
waler resguress inchude:

+ aguifers used or might be used or water
supply, waler transmission, for water
siorage;

- shallow aquifers in direct connection 1o
high-value deaper aquifers; and

= aguifers that discharge 1o sensitive sur-
face water systems.

L GO TO FIGURE 2

EXISTING RECEPTOR VULNERABILITY
(ERV) ralates to the relative rsk that a
lacation or 8 site peses o one of More
axisting receptors such as:

+ residential or municips! diinking water
wells;

o agricaiiural wells; and

« sensitive surface waler systems.

GO TO FIGURE 3

NATURAL SENSITIVITY (NS} relates to
the natural factors that delerming how sen~
sitive a pariicular locationorsite s io g
release. These natural factors inchude:

Depth to water
Recharge

Aquifer media

Soil type

Topography

Impact of vadose zone
Conductivity

¢ GO TO FIGURE 4

|

( FINAL ANSWER: )
RV = HIGH, MED., or LOW
ERV =HIGH, MED., or LOW
NS = HIGH, MED., or LOW

Example:
Groundwater Sensitivity =
K "HIGH / MED./ LOW" J

Ninte- If Reconyrce Value is LOW, Steps 3 and 4 default to "Not Applicable” (N.A.)
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FIGURE 2
RESOURCE VALUE FLOWCHART FOR
GROUNDWATER SENSITIVITY TOOLKIT
API / California MTBE Research Partnership

Future Use
indicates RV is
LOW?

RV =H, M, orL.

Go to Figure 3 to
determine Existing
Receptor Vulnera-
bility (ERV).
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DETAILS

Answer YES only if both of the following statements are true, otherwise, answer
a) Groundwater use at this location is precluded by some type of existing regulato-

b) There is no groundwater discharge to a high- or moderate-value surface water

Is the water-bearing unit a sole-source aquifer or does the unit serve an area with

Is the unit currently being used? (Are there any drinking water wells screened in

Is there a publically available water development plan indicating that the aquifer

Evaluate potential for future use of water based on well yield, quality, and

Step 1.2: Determine Water Quality using
simple rules regarding TDS, other con-
taminants of groundwater at location:

Apply simple screening rules to identify Low or High RV.
R.O.T. 1:
NO:
Rule of Thumb N 3
indicates RV is N L
LOW? ry restriction.
within 2500 ft of this location.
R.O.T. 2:
Rules of Thumb RV = High. no alternative supply? (no, if unknown)
1-3 indicates Go to Figure 3 s
RVis to determine
HIGH? Existing Receptor R.O.T. 3:
) Vulnerability
(ERV) the unit within 2500 ft?) (no, if unknown)
R.O.T. 4:
RRA/EI‘D'IEGG‘ will be used, or can it be reasonably anticipated to be used in the future?
R.O.T. 4
indicates RV is Calculate Future Use P
HIGH? Upgrade to MEDIUM water resource planning info.
if Y'?mi‘;ra?efmy Step 1.1: Determine Yield using simple well
RV=LOW yield formulas based on hydr. conductivity,
thickness, confining head of aquifer at location:
.\\\\‘ S

* Yield 2 200 gpd*: RVY=LOW.

» 200 gpd* < Yield <144,000 gpd**:
RVY = MED.

* Yield * 144,000 gpd**: RVY =HIGH.

« If TDS ® 3,000", RVwg=LOW

« 500** < TDS<3,000%, RVwg=MED.

« TDS 2 500** mg/L, RVwg=HIGH
If other natural contaminants>MCL or
secondary MCL, RVwq=LOW

\\(\\&\\\\&&\\\\\&&\\\\\\\%\\\\ SRR

Step 1.3: Use lowest rank from Steps 1.1 and 1.2 for answer. For example, if RVwq is
HIGH, but RVY is LOW, final RV is LOW.

Step 1.4: (Must perform if Step 1.3 result is MED). Evaluate potential for future utilization
of aquifer based on information/resources regarding: local, regional, and state
waterplanning, water demand, replacement value for groundwater, treatment cost, alterna-
tive supplies. This module will discuss each item, and provide links/sources of information.
Based on information, the user can designate can increase a MED ranking to HIGH if
future utilization of the aquifer is planned or likely. (System will provide examples.)



FIGURE 3

EXISTING RECEPTOR VULNERABILITY FLOWCHART FOR

Is
this a
deeper unit?

Is
ERVvert
LOW?

NO Go to Figure 4 and
determine Natural
Sensitivity (NS)

Go to Figure 4 and
determine Natural
Sensitivity (NS)

R.O.T.s
Indicate ERVhoriz
is LOW or

Go to Figure 4 and
determine Natural
Sensitivity (NS)

Is
ERVhoriz
LOW?

NO Go to Figure 4 and
determine Natural
Sensitivity (NS)

Sensitivity (NS)
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GROUNDWATER SENSITIVITY TOOLKIT
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DETAILS

Use simple rule of thumb to estimate if vertical migration is possible.

Do data from continuous cores show 50 ft or more of homogeneous, continuous, fine-grained material (clay or shale) over the ulti-
e mate area of a plume from the site with no artificial penetrations between the upper unit and lower unit, and wells in this deeper
unit? If yes, ERVvert = LOW

shallow unit.
Step 2.1: Estimate concentration of deeper unit after mixing with
contaminants migrating through aquitard. Required parameters:
« Effective vert. K, thickness of aquitard, vert. gradient
« Velocity of deeper groundwater, mixing zone thickness
« Ultimate size, representative conc. of plume in upper zone,

If conc. in deeper unit < STD, ERVvert-agtd = LOW.
If conc. in deeper unit > STD, ERVvert-agtd = HIGH.
STD = MCLs or other water quality criteria

Use simple mixing algorithms to determine potential concentrations in deeper unit after mixing with groundwater from

Step 2.2: Estimate concentration of deeper unit after mixing
with contaminants migrating through an annulus or open
well. Required parameters:

« Diameter, screened interval of well, or

dimensions of annulus

» Downward gradient

« Velocity of deeper groundwater

« Size of plume in upper zone

If conc. in deeper unit < STD, ERVvert-hole = LOW.
If conc. in deeper unit > STD, ERVvert-hole = HIGH.

Step 2.3: Use highest rank from Steps 2.1 & 2.2 for answer.
For example, if ERVvert-hole is LOW but ERVvert-agtd is HIGH, ERVvert= HIGH.

Use two simple rules of thumb to determine horizontal receptor vulnerability.
1) Is the location a potential MTBE source, or within 2500 ft* of a current or potential municipal drinking water well in the same unit in

A weend - any direction, or within 2500 ft upgradient from a current or potential domestic water well in the same unit, or within 2500 ft* of sen-
N . o .
sitive surface water receiving groundwater discharge? If no, ERV=LOW. (*2500 ft or other locally established plume length)
2) Is location on fractured bedrock geology or karst geology that is used as public water supply within 2 miles?
if yes, ERV = HIGH. Neta: Calffornie MTBE guidsiinss state: "Loceiad on near-suitace fractured bedrock geclogy that is & walar supply sowresfora
corumunidy.” 2 mite it waz added o this fowehad 10 make s ruie mors practical to implament.
‘\\\\\ Use simple capture zone relationships to determine if location is within capture zone of well or surface water discharge.
{ Required parameters: hydraulic conductivity, aquifer thickness, well pumping rate, width of potential plume from location, hydraulic
gradient, fluctuation in flow direction, number and type of wells in area.
i Iflocation is not in capture zone, ERV =LOW
Use simple travel time relationships to determine if location can have near-term impact to receptors (either drinking water
wells or surface water discharge). Required parameters:
. « Hydraulic conductivity « Pumping rate of well (used to adjust gradient)
)  Hydraulic gradient « Distance from location to well
If travel time from location to well is 5 years™ or less, ERV=HIGH. If travel time from location to well is
between 5 and 20 years*, ERV=MED. If travel time from location to receptor is greater than 20 years*,
ERV=LOW.
e Show links to commonly-used models (including DAFgraph). Provides BTEX and MTBE-specific data for use in models.
If travel time from location to well is 5 years™ or less, ERV=HIGH. If travel time from location to well is between 5 and 20 years*,

ERV=MED. If travel time from location to receptor is greater than 20 years*, ERV= LOW.
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Optional: If desired, evaluate
DRASTIC hydrogeologic settings
to learn more how hydrogeology
affects natural sensitivity.
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FIGURE 4
NATURAL SENSITIVITY FLOWCHART FOR
GROUNDWATER SENSITIVITY TOOLKIT
API / California MTBE Research Partnership
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DETAILS

Use DRASTIC hydrogeologic settings as an optional educational resource for users wish-
ing to learn more about how hydrogeology affects natural sensitivity.

Not for Resale

Use site-specific DRASTIC methodology to estimate if Natural Sensitivity is HIGH, MEDIUM, or LOW.

Required parameters:
Use site-specific DRASTIC methodology to estimate if Natural Sensitivity is HIGH, MEDIUM, or LOW.
Required parameters:

« Depth to water « Topography *(will put more detail about corrective recharge
¢ Recharge” « Impact of vadose zone  value to use for confined aquifers)

« Aquifer media « Conductivity

« Soil type

Potential Rules for This System:

If Precipitation > Evapotranspiration: If Precipitation < Evapotranspiration:
DRASTIC Index 3 120,....ccccveeenne NS = HIGH DRASTIC Index ® 150,.....ccceceeuen. NS = HIGH
120 > DRASTIC Index > 100........ NS =MED. 150 > DRASTIC Index > 100........ NS = MED.
DRASTIC Index 2 100........ccc...... NS =LOW DRASTIC Index 2 100.......cccccee NS = LOW

Definition of HIGH from EPA Groundwater Classification Guidance, 1988 (this is the original reference cited in the EPA's
Handbook of Ground Water and Wells, 1994 to support a DRASTIC Index cut-off of 150 for "highly vulnerable" aquifers).
Definition of LOW (DRASTIC Index 2 100) from our experience with DRASTIC.

As a point of reference, with this approach ~47 of the 111 DRASTIC settings (42%) are HIGH, ~47 settings (42% are
MED.), and 17 settings (15%) are LOW. The 17 LOW settings are described as:

Mountain Slopes Facing East; Mountain Slopes Facing West; Mountain Flanks in Western Mountain Ranges
Mountain Slopes; Continental Deposits in Alluvial Basins

Mountain Slopes in Columbia Lava Plateau

Consolidated Sedimentary Rock; Resistant Ridges in Colorado Plateau/Wyoming Basin

Alternating Sandstone, Limestone, and Shale Sequences in High Plains

Metamorphic/lgneous Domes and Fault Blocks; Uncons. & Semicons. Aquifers in Nonglaciated Central Region
Glacial Till Over Shale in Glaciated Central Region

Regolith; Mountain Slopes;Mountain Slopes in Piedmont and Blue Ridge

Mountain Slopes in Northeast and Superior Uplands

Regional Aquifers in Atlantic and Gulf Coastal Plain

Bedrock of the Uplands and Mountains in Alaska

Note that the software will not use DRASTIC hydrogeologic settings system directly, but will rely on site-specific data to
calculate the DRASTIC Index for a particular site. This discussion of DRASTIC settings is provided only to give a point
of reference for potential DRASTIC cutoff for LOW Natural Sensitivty (DRASTIC Index 2 100).
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