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APPENDIX A: GROUNDWATER SENSITIVITY LOGIC DESIGN

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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GROUNDWATEURUEONSUITOPOQEKN

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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GROUNDWATER SENSITIVITY TOOLKIT

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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GROUNDWATER SENSITIVITY TOOLKIT

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 s

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
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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.
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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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GROUNDWATER SENSITIVITY TOOLKIT

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.
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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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