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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 Kkind, 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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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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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

e 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.

Version 1.0 2
August 2002



GROUNDWATER SENSITIVITY TOOLKIT

QUICK START

MINIMUM SYSTEM REQUIREMENTS

The [Groundwater 'Sensitivity [Toolkit Imay be [used on ‘@ icomputer [system running Windows
98/NT/2000/XP and Microsoft Excel™ 97SR-1/2000/XP. A minimum of 64 MB of system memory,
25 MB of free disklspace and virtual memory is required.

INSTALLATION

The [Groundwater Sensitivity [ Toolkit [is [distributed [as 'a [self-extracting [ZIP [file, [ Setup.exe,
containing the following files!

Sensitivity.Xls Sensitivity toolkit
Sensitivity.chm Help file

Readme.xt Readme
CaseStudy . xIs Casel Study example file

The user will be prompted to specify the directoryon which to extract the files! By default, the zip
file will extract into ci\Sensitivity. Extracting the program into another folder should not cause any
problems;] although the user may want to check withl the network! administrator before attempting
to install it on a central server. It is necessary to keep the help file and the Microsoft Excel™ file
together| land [fo [maintain the ‘original lnames.[In addition, the [user may also want to set the
Sensitivity.xls file to read-only, to minimize the chancel of corriipting the macros during usel.

DATA INPUT AND OUTPUT

The toolkit was| designed to run under Microsoft Excel'™ with Visual Basic for Applications (VBA).
Input values arel entered into spreadsheet cells and navigation among the cells on each individual
input screen can be performed using the arrow keys or the mouse, just as withl any spreadsheet.
The individual screens of the toolkit may be printed using the buttons provided or by using the
"Print" command (Ctrl+P) command in Microsoft Excel™'s "File" menu.

ON-LINE HELP

Each input and output screen is described in further detail in this manual and in the on-line Help
text. [To access lon-line (help for :a [particular linput [Section, ¢lick/ (lon [the [help buttons [located
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
gwsensitivitytoolkit@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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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.

Version 1.0 4
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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.

Main Screen

The Groundwater Sensitivity Tool Kit can help you detarmine how sensitive groundwater 1S to 3 potential release from a paricular site (such as a pasoline
serice station, landfill, or other source)®. it evaluates sensitivity on the basis of resource value, receptor vulnerahility, and natural sensitivity. Enter the
requested data on this page and on subsequent pages to determine if the groundwater sensitivity is High, Medium, or Low " |

1. Enter Project Information 4. FEvaluation Steps

Click on each button and enter required data. YWhen the firstthree
Site Mame: buttons are complete, click on the Results bution.

Location;
Compl. By:

Date: | H RESOURCE VALUE

Om
Top Unit
. Deeper Hydrogeologic Units*

Are thare one or more deaeper water-bearing units H RECEPTOR YULNERABILITY

fnot including aquitards or confining units)?

. Hame of Hydrogeologic Units*®
enter name o continue
First Encountered Water-Bearing Unit

[EJ NATURAL SENSITIVITY

Oom
Top Unit

* enter water bearing unitz only, do not enter aguitards or confining units

INSTRUCTIONS

L Data Incomplete
B Data Complete
Ll Enter Data Here Sawe Site
B 3lculated Value (do not enter data)

MewSite

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 muiltiple
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 located on the Evaluation Steps screen provide a gateway for all other input pages in
the [project. By default, the buttons for the middle and bottom units arel hidden. To display the

other two units, a namel must be entered in the Hydrogeologic Units section.

COMMANDS

e [ New Site: Clears all input values, resets options for the curréent project, and réstores any
default values_If the currént data set lis not saved, @ message will prompt the user to

either save or discard any changes!

e | Load Site: Loads the input values and options for a previously saved project data set. If
the current project data set is not saved, a message will prompt the user to either save or

discard any changes.

e | Save Site: Saves all input 'vales land options for the lcurrent ([data 'set as [a [separate
Microsoft Excel™ workbook (a .xIs file). Saved data files do not have to be in the same

directory as application files for the Groundwater Sensitivity Toolkit.

Note: Workbooks!| créated by [this method |arel [formatted for luse
with the Sensitivity [Toolkit. [Editing ithe files should ionly be 'done
with [the [Sensitivity | Toolkit, ‘and |attempting [to [change the [files
manually in Microsoft Excel™ may corript the data file.

e [ Quit: Quits the Groundwater Sensitivity Toolkit.

e [ Print/Page: Opens the Print Preview for the sheet, and
allows the user to print the sheet.

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

New User Guide

II'-5t|=_l-|:| 1:
Guide for New Users

This will gude you thowgh the process of creating
a site profile n the Groundwater Sansitivity

Toolkit,

If you do rot need this guide, select close or right

click and select "Hide" to close the Office Assistant

et

 lo=a

A
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RESOURCE 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.

Determine Resource Value;

Fesource Yalue is how important the groundwater in this unit is or potentially is to water purveyors, municipalities, domestic
groundwater users, or natural systams, Answaerthese queastions o determine ifrésource value 1S high, medium, or o

REGULATORY/USE RESOURCE USABILITY
1. Answer YES anly if both of the following 5. Evaluate the potential for future use of water based onwell vield, quality, and water

staterments are true, otherwise, answer Mo: T Mo resource planning information.

a) Groundwater use atthis location is pracluded
by some type of existing regulatory restriction. ;l Instructions: Use calculators to estimate well yield and impact of water quality.

2/ VEEE W0 0N b e e EMETDe WELL YIELD CALCULATOR WATER QUALITY CALCULATOR
high- or moderate-value surface water within
2600 " ofthis location. Hudr aulic cond.[K) [; P e Total Digsolved Solids [Cre) s

Luguifer thicknezs [b] A Fliegional Contam, > MCL? i~ Yes
L' Mo

. |5 the water-bearing unit a sole-source aguifer or | Confining head [h,) &
does the unit serve an area with no altemative (enter 0 for an unconfined aquifer)

supphy? (no it unknosn)
Estimated 'wWell Yield (3] — foeod
. |5 the unit currently being used? (are there any Pi ture |
drinking water wells screened in the unit within

2500 ft*7) (no if unknown) Resource value based on vield: || Sl [Fesource value based on quality || ESE

*Uze g aleulated vahue, of override by entering your cwn well yleld

s there a publically available water development |°
plan indicating that the aguifer will be used, or RESULT:

can it be reasonahbly anticipated to be used in Resource Value
the futura??

NOT COMPLETE

Site Name:
Location:

Compl. By:
Job ID: Prirt Page ClearV alues

Return to Main Menu

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 Resourcel Value is defined as LOW/@&s it is not usable as a resourcel for
water-supply purposes.

2. If the water-bearing unit is a sole-source aquifer as defined by federal or state regulations,
then the Resource Value is defined as HIGH @&as the water-bearing unit is a vital water
supply resource.

3. If the water-bearing unit is currently being used in the vicinity of the site of interest, then 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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drinking water supply in the near future (i.e., within a few years), then the Resource Value
is automatically upgraded to 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:

Well Yield Resource Value Rating
above 144000 gpd
(100 gpm) HIGH
between 200 and 144000 gpd MEDIUM
less than 200 gpd LOW

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.

Water Quality Resource Value Rating
TDS below 500 mg/L HIGH
TDS between 500 and 3000 mg/L MEDIUM
TDS above 3000 mg/L LOW

In addition, the software asks the user if a regional contaminant (such as nitrate) is above the
MCL (either secondaryl or primary). If it is, then the Resource Value is defined as being 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 "yes," in which (case 'the software ‘automatically lupgrades the resourcel value [fo at least a

MEDIUM.

Version 1.0 8
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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.

Version 1.0 9
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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.

Determine Existing Receptor Vul Middle Unit
Existing receptor vulnerability is how much of 2 threat a release to groundwater to existing (not potential) receptars who

are using groundwater from any hydrogeological unit (not just the one being evaluated), Click on the buttons below to
determineg if existing wells or planned wells at or near this location have high, medium, or low vulnerability to a release.

Is there a potential for vertical mlgratlnn into this unit from an MI"EIMI@ unit?

Vertical Migration

Horzontal WWigration

RESULT: 1
Receptor Vulnerailty

Site Name:
Location:
Compl. By:
Job 1D:

Return to Main Menu

Print Fage
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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).

Receptor Vulnerability -vertic Middle Unit

=l

Answerthese guestions o delermine ifthere is a potential Tor vedical migration fram a shallow unit 1o his unit

VERTICAL MIGRATION POTENTIAL
Hyidrogeologic Guidance

¥. Do data from continuoug cores show 50 ft or more of ~ Yes
hamogeneous, continuous, fine-grained matenal (clay #* No
ar shale) over the ultimmate area of a plume from the site with no
adificial penatrations betwean the upper unit and lower unit, and 4, Enter data and answar the questions balow:
wells inthis deeper unit?

Planning Level Calculation: Arfificial Penetr ations

J. |g there a potential for an artificial penetration
within the area of ultimate exent of the upper plume?

Pasite Vaivos

Planning-level Calculations: Aquitards

Se e qraphic of Fow i rough pe rretration

2. Enter data and answer the questions below
Soe qgraphic of Sow Lhrroagh a0 s nd

Fotentiometnic Surface Elevation of this aquifes [Hehizunit]
hydraulic gradient of this uret [ithisunit)
hydraulic conductvity of Ehis unit [Etkesunit)

Fotentiomeiric Swhace Elevation of this aquier [Hthizunit)

'E Horizontal Hydraukc gradient of this unit [ithisunit]

=]

oy Hydraulic conductivity of this unit [kthisun)

E Horizontal Darcy welocity [Wikhizsunit] in this unik
Mizing zone thickness inthis uni [6,,]

This unit

Mizing zone width in this unit [Wavl
Mixing zome thickness in this unit i5,.]

Cionacentr aticn in the upper unit [T n..]
Potentiometnic Surface Elevation of uppsr aquifer [Hupper]

Upper

Thickness of aquitard (k)

o Potentiometric Suface Elevation of upper aquifer [Hupper)

o Concentration in the upper it [C ...

—' Ukimate l=reghh of plume in uppes unit (L]

Wertical Hydraulic gradient in aguifer [Rert)
Hydraulc conductivitg of matenial n penetr ation
of annuus (k)

Aguitard

= Thickness of aquitard [baquitard)

L& ertical Hydraulic conductivity to this unit [k vert)
é— ‘ertical Hydraulic gradient in aquifer [ivert)

= ertical Dlarcy weloazity [y through agquitzed

Cross section area of penetraton [ e
Dliovemveard Flow thecugh penstration [Ge]
Dlarcy Welocity of this unit

Flie sl bing cionendr sticn in thiz unit

Result

4 Fiesulting mass fu entening this unit I5 thiis caoncenir athon greates than the regulatary
& PResulting concentration in this unit i limit

E I= this concentration greater than the requilatony
limir#

Yertical Yulnerability -
Go to Receplor Vulnerability GotoPart 2: Harizontal Yulnerability -
Om Main Screen Horizontal Vulnerability Receptor Vulnerability NOT COMPLETE

Site I'I_amE: Returnto Main Menu
Lo ation:

Compl. By . | |
Job ID: Print Page Clear Yalues

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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Aquitards

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

Shallowy
Vaer-Bearing
Lome

Acgutard

Deep
VWater-Bearing

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.

[ shallow
Viater-Bearing
Zone

Agquitard

Deep
Vater-Bearing

Jone

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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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.

Receptor Vulnerability Shallow Aquifer ﬁ

Armwer these questions o detenmime if there is & potential for horizontal migration to an ewsting receptor, When the bos in the “Go to RBeceptor Wulnerability: Ran
Soreen” hiAton s oreen, 9o back 1o the Recepbon Vulner abdity Main Scieen to 222 the final re=sult

HOREONTAL MIGRATION PFOTENT AL
Location-Based Evidenoe Esternal Time Trawvel Caloulation Method

T. 15 the location a potential MTEE source within 2600 " of a current " Yew &, Do youwantto use a different trawvel time determination method
of potential municipal deinking waten well in the same urik inang hlo oueside of this tool, such &= 3 computer maodel or DAF graph?
direction, or within 2500 ft uogradient from 4 cuiment of potentisl |

L

domestic water wellin the same unit, or within Z500° fF of senzitie
Surkace walel receiving grounds ater dischage?

20 |5 location on fractured bedrock geology or karst geology 3 Ve
that = used 4= public water supply within 2 mes? . M

Planning-Level Calculation : Caplure Zone

F. Enber data of answer questions below For up 1o Four wells thal sie sither Pocre [Fa b s |
sereensd in this unit or can pull water from this unit LTS

wiel 1D

Matez

T deitaide from cantol Mawlng ta location

X oot upgred[+] dwrgrad]s] from well 1o loe,

Parmping rake of well (8]

Hpdemalic conductivity o it (K]

Fabwrsted thiskaesp of wit [b]

Hpdezalic gradicnt of ani (i)

G s el eitar Dy velessing [Vy)] Oom o fo m:mr Umm NBrire Scrad

Iz the sike in the capture zone?

Eif eziive prasity [A,)

Trawsl toms From zite bo wall [t,]

Horizoatal Migraties Result

Clich ta display datails Far ehio wall 3 - )
My )

o
Fusmping wel
) Wetical Yulnerability 'z
Horizontal Wulnerabilty
lasation of 2e Fecepton Yulmerability NOT COMPLETE

redative o well

H

Site Mame: Returnto Main Menu

Location:
Compl. By: Clear “alues
dob 10:

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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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:

Travel Time from Release Horizontal Receptor
Location to Well Vulnerability
less than 5 years HIGH

between 5 and 20 years MEDIUM
more than 20 years LOW

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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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 DRASTIC: A Standardized System for Evaluating Ground Water Pollution Potential
Using Hydrogeologic Settings| EPA-600/2-87-035, Aprill1987.

Natural Sensitivity:

MNatural sensitivity is an indication of how protective various natural factors (such as the depth to water, soil type, etc.) are in
preventing a release atthis location from impacting aroundwater. It is based on the DRASTIC system. Answer these questions
to determine if the natural sensitivity of the aquifer (based on DRASTIC) at this location is high, medium, or low. NOTE; If your Guidance for
site has significant artificial penetration of aquitards, don't use this section. Deeper Aquifers
CLIMATE DRASTIC Index

1. Does the precipitation exceed evapotranspiration ™ ves 2. Select representative values for this site

atthis site? (use map below) " Mo

Pasite Valpes

Depth to water
Recharge
Aquifer Media Select from list

Soil Type Sedect from list

Topography 2 shape
Impact of the Yadose Zone Select from list

Salact

Conductivity amirec

If Precipitation > Evapotranspiration: W Precipitation < Evapotranspiration:
DRASTIC Indes =120 NS =HIGH DRASTIC Index = 150 NS =HIGH
120:0RASTIC Index: 100 NS = MED 150 DRASTIC Indexy 100 NS = MED
DRASTIC Index < S0 RS = LD DRASTIC Index < 100 MS = LD

iR 2 Naton s Sencitienty

- Frecipitation = Evapotranspiration {answer yes)
[ | Precipitation < Evapotranspiration (answer no)

NOT COMPLETE

Site Name: .
Location: Return to Main Menu

Compl. By
Job ID- Print Page | Clear ¥ alues ‘

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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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:

Depth to Water
(feet)

0-5 10
5-15
15-30
30-50
50-75
75-100
100+

Weight

Rating

N = M W =1

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:

Recharge

(inches per year)
0-2
2-4
4-7
7-10
10+

Weight

Rating

Bl lo ol o w| =
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AQUIFER MEDIA

Aquifer 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:

Aquifer Media Rating
Massive Shale 3
Metamorphic/lgneous 3
Weatl'!erecl 4
Metamorphic/lgneous
Glacial Till 5
Bedded Sandstone,
Limestone and Shale B
Sequences
Massive Sandstone 6
Massive Limestone 6
Sand and Gravel 8
Basalt 9
Karst Limestone 10
Weight 3

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:

Soil Type
(top 5 feet)

Thin or Absent 10

Gravel 10
Sand
Peat

Shrinking and/or
Aggregated Clay

Sandy Loam

Rating

Loam
Silty Loam
Clay Loam

Muck

Nonshrinking and
MNonaggregated Clay

Weight 2

R Ly th O

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:

Topography
(percent slope)

0-2 10
2-6 9
6-12 <]
12-18 3
1
1

Rating

18+
Weight

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:

Vadose Zone Rating
Confining Layer 1
Silt/Clay 3
Shale 3
Limestone 6
Sandstone B

Bedded Limestone,

Sandstone, Shale 6
S_and and G_‘ravel with 5
significant silt and clay
Metamorphic/lgneous 4

Sand and Gravel 8

Basalt 9
Karst Limestone 10
Weight H

The user may select the soil type by clicking the Select button next to the Vadose Zone input cell.
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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:

Conductivity Conductivity Rating
(gpd/ft’) (cmis)

1-100 54107 to 5 *107 1
100-300 54107 to 1 *107 2
300-700 1 #107 to 3 107 4
700-1000 3#107 to 5*10° 6

1000-2000 54107 to 9¥10° 8

2000+ 9+ 10 + 10

Weight 3

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

DRASTIC score = (ratingprw * weightpry) + (ratinQrecharge * Weightrecharge) +
(r‘atingﬂqunfer Madia WEightﬁ-.qwfer Media) + {rathSDil Type *WEightSD” T‘:“DE} G
(ratingropography ~ Welghtropography) + (ratingvadose zone ~ WeiIGhtyadose zone) +
[rating,—;mdummw * WEiQ htcnnduclivity}

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
DRASTIC that aquifers/with DRASTIC ratings > 150 arel considered 'highly vulnerable" by the EPA
(U.S. EPA, Handbook of Ground Water and Wellhead Protection, EPA/625/R-94/001, Sept. 1994,

pg. 112)!

DRASTIC Index when DRASTIC Index when
. R Natural
precipitation is greater than precipitation is less than e .
evapotranspiration evapotranspiration SEHSItWIW Rﬂtll‘lg
>120 > 150 HIGH
100 - 120 100 - 150 MEDIUM
<100 <100 LOW

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 confined aquifer should use the "confined" vadose zone soil type.
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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.

Results

Cwverall groundwater sensitivity is given a high, medium, or low rating in the catagories of
resource value, existing receptor valnaerability, and natural sensitivity. For this site, the
groundwater sensitivity is:

Fesource Yalue FHeceptor Yulnerabiliy matural Sensitivity
Unnamed Unit NOT COMPLETE NOT COMPLETE | NOT COMPLETE

Middle Unit NOT COMPLETE NOT COMPLETE HOT COMPLETE

ViewSumm ary

Enaﬂpm: Return to Main Menu
Location:

Compl. By:
Job ID:

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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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.

LEGEND

Semce Staton
ParkWater
groundwater flow dirachion
sand (SWIEF)

1 silty sared {SM)

Silty clay [CL)

clay (CH)

Horigprtsl Scale (Bath veess)
— i
i 0y

|l'|il|i
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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.

Well 1
Well ID W-013
Notes Private
Y distance from
site (ft) [
X distance from
site (ft) —
Pumping rate 5
(gpm)
Well Diameter 4
(in)
Borehole 8
Diameter (in)
Fill material
hydraulic
conductivity Latlte,
(cm/s)

Well 2
W-311
Private

250

0.003

Well 3
W-053
Private

500

500

5

4

8

0.003

Well 4
W-206
Private

500

1000

10

4

8

0.003

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
Hydraulic conductivity 0.0005 cm/s
Aquifer thickness 25 Ft
Confining head None. This is an

unconfined unit

Porosity 0.35
Hydraulic Gradient 0.003 ft/ft
Depth to Water 5] Ft
Soil Type Sand
Aquifer Media Soil Type Sand and Gravel
Overlying Unit Soil Type Sand and Gravel
Recharge 8 in/yr
Topography 0 % slope
Aquifer Elevation 845 - 820 ft msl
Potentiometric Surface Elevation 845 ft msl
Total Dissolved Solids 2000 mg/L
Concentration in upper unit 1.1 mg/L
Ultimate plume length 1000 Ft

Aquitard
Hydraulic conductivity 0.0000005 cm/s
Aquifer thickness 50 Ft
Soil Type Silty Clay
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Lower Unit
Hydraulic conductivity 0.005 cm/s
Aquifer thickness 120 Ft
Confining head 20 Ft
Porosity 0.35
Hydraulic Gradient 0.001 ft/ft
Depth to Water 80 Ft
Soil Type Sand
Aquifer Media Soil Type Sand and Gravel
Overlying Unit Soil Type Confining Layer
Recharge 0 in/yr
Topography 1 % slope
Aquifer Elevation 770 - 650 ft msl
Potentiometric Surface Elevation 790 ft msl
Total Dissolved Solids 450 mg/L
Mixing Zone Width 50 Ft
Mixing Zone Thickness 10 Ft
Concentration in lower unit 0 mg/L

Having established the important features of the 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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CASE STUDY DISCUSSION

MAIN PAGE

In our case, we have two aquifer units, so answer "yes" to Question 2 and enter a name for the
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.

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. 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 Calculator: Upper Unit

Hydraulic conductivity

Aquifer thickness
Confining head
WELL YIELD

Resource value based on yield

*(this is an unconfined aquifer)

Water Quality Calculator

Total Dissolved Solids
Regional Contamination > MCL

Resource value based on quality

0.0005 cm/s
25 ft
0* ft

3417 gpd
MEDIUM
2000 mg/L
NO
MEDIUM

RESOURCE VALUE: 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.

RESOURCE VALUE: HIGH
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UPPER UNIT: Receptor Vulnerability: Vertical Vulnerability

Vertical migration potential is not calculated for the uppermost unit.

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

HORIZONTAL VULNERABILITY: LOW

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

RECEPTOR VULNERABILITY: LOW

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

Potentiometric level of this aquifer (Hiawer) 790 ft
Horizontal Hydraulic gradient of this unit 0.001 ft/ft
Hydraulic conductivity of this unit 0.005 cm/sec
Horizontal Darcy velocity in this unit 52 ft/yr
Mixing zone thickness in this unit 10 ft
Potentiometric level of upper aquifer 845 ft
Concentration in the upper unit 1.1 mg/L
Ultimate length of plume in upper unit 1000 ft
Thickness of aquitard 50 ft
Vertical Hydraulic conductivity to this unit 0.0000005 cm/s
Veertical Hydraulic gradient in aquifer 1.100 ft/ft
Vertical Darcy velocity through aquitard 0.57 ft/yr
Resulting mass flux entering this unit 0.04856 mg/L
Resulting concentration in this unit 1.00833 mg/ft‘/day

Is this concentration greater than the
regulatory limit? YES

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

Answer: YES

Question 4) Artificial Penetration Calculation

Because the vertical vulnerability for this unit is HIGH, we must also calculate the

Potentiometric level of this aquifer 790 ft
Hydraulic gradient of this unit 0.001 ft/ft
Hydraulic conductivity of this unit 0.005 cm/s
Mixing zone width in this unit 50 ft
Mixing zone thickness in this unit 10 ft
Concentration in the upper unit 1.1 mg/L
Potentiometric level of upper aquifer 845 ft
Thickness of aquitard 50 ft
Vertical Hydraulic gradient in aquifer 1.100 ft/ft
e ooy of mes 0 oo omis
Cross sectional area of penetration 0.262 ft*
Downward flow through penetration 894 ftfyr
Darcy velocity of this unit 517 ft/yr
Resulting concentration in this unit 0.282 mg/L
Is this concentration greater than the

regulatory limit?

VERTICAL VULNERABILITY: HIGH

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.

Well 1 Well 2 Well 3 Well 4
Well ID W-013 W-311 W-053 W-206
MNotes Private Private Private Private
Y distance 100 250 500 200
X distance 4000 -50 500 1000
Pumping rate 2 9 5 10
Hydraulic conductivity of unit 0.005 0.005 0.005 0.005
Saturated thickness of unit 120 120 120 120
Hydraulic gradient of unit 0.001 0.001 0.001 0.001
Groundwater Darcy Velocity 5.2 5.2 5.2 52
Is the site in the capture zone YES YES NO YES
Effective porosity 0.35 0.35 0.35 0.35
Est. travel time from site to well 271.9 5.6 - 54.0
Horizontal Migration Result LOW MEDIUM - LOW
Capture Zone X* 36 90 90 180
Capture Zone Y* 113 283 283 566

* 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
HORIZONTAL VULNERABILITY: MEDIUM

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

RECEPTOR VULNERABILITY: MEDIUM
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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.

Depth to water 5 ft
Recharge 8 infyr
Aquifer Media Sand and Gravel

Soil Type Sand

Topography 0 % slope
Impact of Vadose Zone Sand and Gravel
Conductivity 0.0005 cm/sec
DRASTIC index 177

NATURAL SENSITIVITY: HIGH

LOWER UNIT: Natural Sensitivity

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

Answer: YES

Question 2) Selecting representative values for this site.

Depth to water 80 ft
Recharge 0 in/yr
Aquifer Media Sand and Gravel

Soil Type Sand

Topography 1 % slope
Impact of Vadose Zone Confining Layer
Conductivity 0.005 cm/sec
DRASTIC index 74

NATURAL SENSITIVITY: LOW
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RESULTS AND SUMMARY

The following table summarizes the results from the Groundwater Sensitivity Toolkit

Resource Value Receptor Vulnerability

Shallow Unit MEDIUM LOW
Main Aquifer HIGH MEDIUM

Natural Sensitivity

LOW
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GLOSSARY

Theselterms are used throughout the Groundwater Sensitivity Toolkit:

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

Well Yield = 115646 " K" b " H,

10.2 + Log (K*b)

Unconfined Aquifers

Well Yield = ggfﬁ;gﬁ;f;
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, =
: 2
X = Q*12*2.54
‘ 2*748*60*3.141*K*b*i
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)
b = Saturated thickness of water-bearing unit (ft)
i = Hydraulic gradient of water-bearing unit (ft/ft)
Version 1.0 36
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Artificial Penetration Calculations

Annylar space

Cloceup of Lty
Annular Space e“ o

Shillere
Water-Bearng
lone

Agudard

Deep
Wales Beanng
Lo

Calculated Concentration in the Deep Aquifer

Cdeep = Cashaliow I:'Ch:';:mﬂ,ne-r.-'aa'x'r::.rl-"II (( ng){ ggw]( Wgw}'l' Qpenei‘raﬁnn)]

Where:

Ceep = Calculated concentration in deeper unit (mg/L)

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

Vow = Groundwater Darcy velocity in deeper unit (ft/yr)

Oy = Groundwater mixing zone thickness in deep unit (ft)

Wy = Mixing zone width perpendicular to groundwater flow in deeper unit
(ft)

Qpensiration = Flowrate through penetration (ft>/yr)

Flow Through Artificial Penetration

Qpenerrarrbn = (ernerrah'r:m]Uve:t}{fqpenetmﬁm)ﬂ035354
Where:

Coensiration = Flowrate through penetration {ftg."yr)

e nermtration Hydraulic conductivity of material in artificial penetration (cm/s)

Vertical hydraulic gradient in aquitard (ft/ft)

lert

Cross-sectional area of penetration (ft%)

Aﬁeneframn
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Vertical Gradient

baquitard

IIfu&n‘ = [(Hupper’ H[J'r::u.-.-ruzﬂ.r:'JF baquﬂam‘]

Vertical hydraulic gradient in aquitard (ft/ft)
Potentiometric elevation of upper unit (ft)
Potentiometric elevation of lower unit (ft)

Thickness of aquitard (ft)

Area of Artificial Penetration

Where

Apanerranbn

Apenetra!rbn = TUZ

Cross sectional area of artificial penetration {ftz]

r = Radius of artificial penetration (ft)

If annulus

Apenerrarﬁ:m = Ti(r, -::-urerzl 'ﬂ(ﬁ'nnerz}

Where:
Apenetration = Cross sectional area of artificial penetration (ft°)
Fouter = Radius to outside of annular space (ft)
e = Radius to inside of annular space (ft)
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Aquitard Calculations

o eillirw
Water-Beanng

Lo

A A

Calculated Concentration in the Deep Aquifer

Where:

Cdeep

Csh allow

Cd&ap = Ushallow [( Vv*"r—)": {(ng* 59..,.,,}"‘("-.!"';1’_)]

Calculated concentration in deeper unit (mg/L)
Representative concentration in upper unit (mg/L)
Groundwater Darcy velocity in deeper unit (ft/yr)
Groundwater Darcy velocity in aquitard (ft/yr)
Groundwater mixing zone thickness in deep unit

Ultimate length of plume in upper unit parallel to groundwater
flow (ft)

Vertical and Horizontal Groundwater Velocity

ng = (Kdeep}“deep}

Vv = {Kveﬂ}{ ';venl')

Where:

Vow = Groundwater Darcy velocity in deeper unit (ft/yr)
Vi = Groundwater Darcy velocity in aquitard (ft/yr)
Kaeep = Horizontal hydraulic conductivity in deep unit (cm/sec)
Kyert = Vertical hydraulic conductivity of aquitard (cm/sec)
i = Horizontal hydraulic gradient in deep unit (ft/ft)
lyort = Vertical hydraulic gradient in aquitard (ft/ft)
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Vertical Hydraulic Gradient

iverf = (Hupper - -"I_flcheu'z-pl"l‘IF bar;iuifard

Where:
em = Vertical hydraulic gradient in aquitard (ft/ft)
[ = Potentiometric surface of upper water-bearing unit (ft)
Hasep = Potentiometric surface of deep water-bearing unit (ft)
Daquitard = Thickness of aquitard (ft)

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

Where:
flux = mass flux into the lower unit (mgf[f‘c2 day))
V., = Vertical Darcy Velocity (ft/yr)
Gy = Concentration in the upper unit (mg/L)

Estimated Resource Value
If Cgeep < regulatory limit, then ERV git.aqta = LOW
If Cgeep > regulatory limit, then ERV,gp.aqq = HIGH
Where:

ERV Estimated Resource Value

regulatory limit Acceptable level of constituent in groundwater, such as an MCL or a

risk-based concentration.

Ceep Calculated concentration in deeper unit (mg/L)
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Travel Time

Where:

[y.l'_ 2 + XL 2 } 5
K*1.03*10%i/7y

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. ['The natural hydraulic gradient

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

gradient between site and pumping well, accounting for the
drawdown in pumping welll

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

Where:

Y

X

Q*2000/(K*21189%b)
(v, 24 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. ['Naturally occurring seepage velocity/withi no pumping (i = natural hydraulic gradient)[’

2. ['Seepage velocity'based on hydraulic gradient between site and well
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NOTATION

These terms are used throughout the Groundwater Sensitivity Toolkit.

Resource Value
Name

k
b
he

Crps

Units
cm/s
ft

ft

mg/L

Description

Hydraulic conductivity
Thickness
Confining head

Total Dissolved Solids concentration

Receptor Vulnerability - Vertical Migration

Name_ Units_ Description

Hinis unit ft Potentiometric surface elevation of the current
working unit

lthis unit ft/ft Hydraulic gradient of the current working unit

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

Vine uni - Darcy velocity of the current working unit

oo ft Mixing zone thickness of the unit

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

Cehatiow | mg/L [ Average concentration in the shallow unit

L it Ultimate length of plume in upper unit

Daquitard ft Thickness of aquitard

Kyert cm/s Vertical hydraulic conductivity of unit

lert ft/ft Vertical hydraulic gradient in aquifer

V., ftiyr Vertical Darcy velocity through aquitard

Wy ft Mixing zone width in the unit

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

Ap ft’ Cross-sectional area of artificial penetration

Qp fto/yr Well pumping rate
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Receptor Vulnerability - Horizontal Migration

Name Units_
k cm/s
] ft/ft
Q fto/yr
Vg ftiyr
Ne -

ty 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

Version 1.0
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Soil Type

Topography

% slope

Impact of the Vadose Zone

Conductivity

cm/sec

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.

Version 1.0
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TROUBLESHOOTING

1) The buttons are out of proportion on the screen and seem to change size when |
click them.

This 'problem 'occurs 'when 'the 'screen resolution 'is 'changed 'without 'restarting 'the
computer. Try restarting the computer and starting the toolkit'again.

2) None of the buttons work.

The toolkit was created using custom macros in Visual Basic for Applications (VBA). In
order for the toolkit to work| you must have macros enabled. Microsoft Excel™ generally
prompts this at startup.

The user should select "Enable macros.”

Additionally, some users may have Excel™ set to High security, which disables the ability
to 'run unsigned macros. The 'user may 'change 'the security 'setting by /going 'to the
selecting Tools > Options in Excel™ and then selecting the "Macro Security" button under
the "Security" tab. It is suggested that the user select Medium security.

vow | Cabdeon | em | conmd | memten | custemusey locieg |
Colr | emrarerad | Sew | EroOwing | S @

Pl s wObin et T fon Dl wcobilwnm
10

[pasty Level || Erusted Sowes |
" phoh. Only sgred macnss from trusted saurces will be s

(-8 0 .

¢ Lo (et recommended) Yo are ot protectsd from
poterisaly Urssfe maTos. Uses B sertmg ofity F vou Faees
s srannang software nstalled, o you e e ol
documets yuu open are sale.

3) | 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
writing, click into the cell, enter your value, then press "Enter" or "Tab" to go to the next
cell.
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APPENDIX A:
GROUNDWATER SENSITIVITY LOGIC DESIGN
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STEP 1, WATER-BEARING UNIT

FIGURE 1
GROUNDWATER SENSITIVITY TOOLKIT FLOWCHART

API/ California MTBE Research Partnership

Repeat the following steps for every watar-
bearing unit with potential contamination
above or in that unit

STEP 2. RESOURCE VALUE (RV)

STEP 3. EXISTING RECEPTOR

STEP 4, NATURAL

RESOURCE VALUE (RV) relates fo the
relative value of waler resources to waler

supply, storage, transmission, and ecolog)-
cal end-users. Examples of high-value

water resources include:

v aquifers used or might be used or water
supply, water transmission, for water
slorage;

+shallow aquifers in direct connection to
high-value deeper aquifers; and

+ aquifers that discharge to sensifive sur-
face water systems.

VULNERABILITY (ERV

EXISTING RECEPTOR YULNERABILITY
(ERV) relates to the relative risk that a
location or @ site poses to one or more
existing receptors such as

+ residential or municipal drinking water
wells;

+agnculfural wells; and

+ sensitive surface water systems,

¢ GO TO FIGURE 2

GO TOFIGURE 3

SENSITIVITY (NS

NATURAL SENSITIVITY (NS) relates to
the natural factors that delermine how sen-

sifive a particular location or sife isto a
release. These natural factors include:

+ Depth to water

+ Recharge

+ Aquifer media

v Soil type

+ Topography

+ Impact of vadose zone
+ Conductivity

¢ GO TOFIGURE 4

kr_a. iFf~. . Rdf s

i M idd ™ -

!

[ FINAL ANSWER:

RV=HIGH, MED., or LOW
ERV =HIGH, MED., or LOW

NS = HIGH, MED., or LOW

Example:

Groundwater Sensifivity =
\ 'HGH/MED/LOW"
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FIGURE 2
RESOURCE VALUE FLOWCHART FOR
GROUNDWATER SENSITIVITY TOOLKIT

API/ California MTBE Research Partnership

STEP 2. RESOURCE VALUE (RV)

DETAILS

Water Use Rules of Thumb Water Use Rules of Thumb: DETAILS
+ Apply simple screening rules to identify Low or High RV.
ROT1:
Answer YES only if both of the following statements ara lrug, othenwise, answer
: NO:
EEE;“:F i: mﬁ'g;bmgﬁiﬁﬂ " | 3) Groundwater use at this location is precluded by some type of existing regulato-
LOW? LOW/na./ na, ry restriction,
| \ b) There Is no groundwater discharge to a high- or moderate-value surface water
within 2300 ft of this location.
VAN N ROT.2:
N o |5 the water-Dearing unit a sole-source aquifer or dos the unit serve an area wilh
/ fﬁum of Thumb ™. VES . RV =Hon no allernative supply? (no, if unknown)
b
{:‘I 1-3 indicatas ) II (6 1o Fi‘!]l.lrﬂﬂl "7
R/ | todetermine
. HeHr S \ Existing Receplor ROT.3:
H f,f’ Vulnerabily 15 the unit currently being used? (Are there any drnking water wells scraened in
\/ P the urit wihin 2500 7) (no, f unknown)
6 NO B
‘ Future Use Tool Future Use Tool: DETAILS

Y

RY at least
MEDIUM

ROT.4

Indbezates RY 15
HIGH?

YES

." Calculate Future Use
Upgrade fo MEDIUM
if Yield or quality
indicates
Ry=LOW

ROT. 4
|5 there a publically available water development plan indicating that the aquifer
will be used, or can it be reasonably anticipated to be used in the future?

Evaluate potential for future use of water based on well yleld, quality, and
water resource planning info.

Step 1.1: Determine Yield using simple well  Step 1.2 Datarmine Water Quality using
yvield formulas based on hydr. conductivity, simple rules regarding TDS, other con-
thickness, confining head of aquifer at location:  taminants of groundwater at locafion:

< + Yigld * 200 gpd": RVy=LOW.

¥ | + -
- Em gpdi- ¢ '.Trlgld "ﬂd"#,ﬂﬂﬂ gmu: ” TD'S 3.[“][] . R".I’wq I.GW

+ 300" < TDS<3,000°, R¥wy=MED.

Ry = MED.
. « TDS 2 500" mgil H"."M.FHlGH
i i Pl = [
Vield™ 144,000 gpd™: Ry =HIGH. i other natural contaminants>MCL or

rfr H‘x
/s HHH ‘
/ Furalse ™ yEs
( ety S FINAL ANSWER:
N owm S RV 1 ERV /NS Value s
A 7 LOW /na /na.
l“"‘-._“l ff.-'
MO

RY=H Mol

RESLLT:
Resource Value (RV) &
HIGH, MEDIUM, or LOW

Go to Figure 3to
determing Existing
Receptar Yulnera-
bilily (ERY).

Source of numerical values: sacondary MCL, RVwg=LOW
* |n Calif, GW Classification
i}

Slep 1.3 Use lowest rank from Steps 1.1and 1.2 for answer, For example, if RVwq is
HIGH, but RV 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: lacal, regional, and stale
walerplanning, water demand, replacemant valua for groundwater, treatment cost, alterna-
tive supplies. This module will discuss each item, and provide links/sources of informatian.
Based on information, the user can desianate can increase a MED ranking to HIGH if
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STEP 3. EXISTING RECEPTOR

VULNERABILITY (ERV)

this & q t‘:p
ot {jeeperunn. -

--"-. I__.-"f
VTES

: ‘ Daeper Resource Yulner. Rules of Thumb

FIGURE 3
EXISTING RECEPTOR VULNERABILITY FLOWCHART FOR

GROUNDWATER SENSITIVITY TOOLKIT
API/ California MTBE Research Partnership

DETAILS

Deeper Resource Yulner, Rules of Thumb: DETAILS

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

Do data from continuous cores show 50 t ar more of homogeneous, continuous, fine-grained matenal (clay or shale) over the ult-

£ RESULT: f——— mate area of a plume from the site with no artificial penetrations between the upper unit and lower unit, and wells in this deeper
ERVyer Exising Receplr unit? I yes, ERVyet = LOW
LOW? Yuln. (ERV}is LOW .
Tool for Evaluating Migration Through Aquitard andlor Artificial Penetration: DETAILS ‘
N s Flgurc 4 and
determing Natural Use simple mixing algorithms to determine potential concentrations In deeper unit after mixing with groundwater from
Senaitiity (NS) galg g gwith g
* * shallow unit Step 2.2: Estimate concentration of deeper unit after mixing
Step 2.1: Esimate concentration of deeper unit after mixingwith ~ with contaminants migrating through an annulus or open
Tool for Evaluating  Tool for Evaluating contaminants migrating through aquitard, Required parameters: — well. Required paramelers:
Migration Through = Migration Through + Effective vert. K, thickness of aquitard, vert. gradient + Diamater, screened interval of well, or
Aqguitard Artificial Penetr » Velocity of deeper groundwater, mixing zone thickness dimensions of annulus
| { « Ultimate size, representative conc. of plume in upper zone, + Downward gradient
P . ' E’glﬂcity of daqpar grounduwater
s YES RESULT: f cone. in deeper unit < STD, ERVyar-aa = LOW. + Siz of plume in upper zane
Rt Exising Receptor | fconc. n deeper unt > STD, ERVewtant = HIGH if conc. in deeper unit < STD, ERVienhae = LOW.
Low? _, Vuin. {ERV) Is LOW 310 = MCLs or ofher water qualily critena If conc. in deeper unit » STD, ERViertale = HIGH,
. frq o Go o Figura 4 and Step 2.3: Use highest rank from Steps 2.1 & 2.2 for answer,
‘ detarming Matural For example, if ERVvariola 15 LOW but ERVuer-aqit is HIGH, ERVuea= HIGH,
sensilivity (NS)
+‘ Horiz. Receptor Vulnerabily Rules of Thumb Horiz. Receptor Vulnerabil. Rules of Thumb: DETAILS
ﬁ,ﬁ\ Use two simple rules of thumb to determine horizontal receptor vulnerability.
flfnducjiaﬂEL:mnz ~. YES RESULT: 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
“HR s LOW o ﬂl E Hﬂiﬂtg{q ———  anydirection, or within 2500 ft upgradient from & current or potential domestic water wellin the same unit, or within 2500 ft* of sen-
EHIGJH} o |-||(l*| siive surface water receiving groundwater discharge? If no, ERV=LOW. 2500 ft or other locally established pluma length)
W Go to Figure 4 and 2) Is location on fractured badrock geology or karst geology that is usad as public water supply within 2 miles?
d;ﬂ:;;::lf r[ﬁéﬂml fyes, ERV = HIGH.  yyie: Calfomia MTaE quidalines state: “Located on near-surface fractured bedrock geology that is & water supply source for 8
‘ Tool for Evaluating Horizontal Capture Zone e community.” 2 mite fimit was addsd o this fowchart to make this ruls more practical fo implament
fLa Tool for Evaluating Horlzontal Capture Zone : DETAILS ‘
A RESULT:
i ~JES Existing Receptor A Use simple capture zone relationships to determine if location s within capture zone of well or surface water discharge.
ERVhorlz P plu g
oW Vuln. (ERV} 1s LOW Required parameters: hydraulic conductivity, aquifer thickness, well pumping rate, width of potential plume from location, hydraulic
T gradient, fluctuation in flow direction, number and type of wells in area,
MO Go to Flgure 4 and o
determine Natural Iflacation is nol in caplure zone, ERY = LOW,
Sensitivty (NS)
Tool for Evaluating Travel Time ‘ Tool for Evaluating Travel Time : DETAILS ‘
J 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 paramelers;
RESULT: + Hydraulic conductivi + Pumping rate of well (used to adjust gradient)
0 Use Transpori™._ NO ydraulic conductivity imping | Just g
hﬁl‘uﬂndellng Inl'nrrnallmxx vE:l. | ,ﬁﬁfgh . + Hydraulic gradient + Distance from location fo well e
~{OPTIONAL]- MEDIUM, or LOW f ravel time from location to well is 5 years* or less, ERV=HIGH. If travel time from location to well is *In Cal. MTBE
- ‘ GoioFiued and hetween 5 and 20 years', ERV=MED. If travel time from location to receptor is greater than 20 years", Guadelines
determing Matural .EF“'{: LOW.
EC Tool for Evaluating Transport Modeling (Optional): DETAILS
Tool for Evaluating Transport ’7 Show links fo commonly-used models (including DAFgraph). Provides BTEX and MTBE-specific data for use in modgls.
Modeling (Optional) ﬂ Iravel time ffﬂrn Iﬂ;;:tinn_m wgll isnﬁ y;ars* of less, EHU;H!GH. _If lravel ;irgg frprr_w I?:_;hnn o well is between b and 20 years”,



o LA S ST | T ] e e L L I e et S BT T e e O g

AR S L2 S0 0L TS ES SR e Lo

(N wp=p=ile Dol g S b LA IR e = TR Ll ) S = b iy |

I LA B UsScIe] SEUE S S el o
B eSS poaleS o L e i b e R

STEP 4. NATURAL

SENSITIVITY (NS)

DRASTIC Tool

i

" Optional: f dosied, evaluate

' DRASTIC hydrogactagi sltings
U o leam more how hydrogeclogy
I affects nafural sensitily,

Y

DRASTIC Hydrogeolagic
Settings

(Optional)

Y

RESULT:
Natural Sensitivity (NS) is

HIGH, MEDIUM, or LOW

NATURAL SENSI

Nl 7

TIVITY FLOWCHART FOR

GROUNDWATER SENSITIVITY TOOLKIT
API / California MTBE Research Partnership

DETAILS

DRASTIC Tool: DETAILS

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

DRASTIC Hydrogeologic Settings (Optional): DETAILS

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

Required parametars:

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

+ Depth lo water + Topography "(will put more detail about corrective recharge
+ Recharge’ « |mpact of vadose zone  value to use for confined aguifers)

« Aquifer media « Conductvity

v 50il type

Potential Rules for This System;

If Precipitation = Evapolranspiration; If Pracipitation < Evapotranspiration:
DRASTIC Index * 120................... NS = HIGH DRASTIC Index * 150,........00000 NS = HIGH
120 > DRASTIC Index > 100....... NS =MED. 150 = DRASTIC Index = 100,....... NS = MED,
DRASTIC Inclex * 100........00000. NS =LOW DRASTIC Index * 100................. NS=LOW

Definition of HIGH from EPA Groundwater Classification Guidance, 1388 (this is the onginal reference cited in the EF
Handhook of Ground Water and Wells, 1994 to support 8 DRASTIC Index cut-off of 150 for “highly wulnerable” aquife
Definition of LOW (DRASTIC Index * 100) from our experiance with DRASTIC.

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

Mountain Slapes Facing East Mountain Slopes Facing West Mountain Flanks in Western Mounfain Ranges
Mountain Slopes; Continental Daposits in Alluvial Basing

Mountain Stopes in Columbia Lava Plateau

Consolidated Sedimentary Rock; Resistant Ridges in Colorago Plafeaw/Wyoming Basin

Altemaling Sandstone, Limestons, and Shale Sequences in High Plaing

Matamorphic/lgneous Domes and Faull Blocks; Uncons. & Semicons. Aquifers in Nonglaciated Cantral Region
(lacial Tl Over Shale in Glaciated Central Region

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

Mountain Slapes in Norheast and Superior Uplands

Regional Aquifars in Affantic and Guif Coastal Plain

Bedrock of the Uplands and Mountains in Alaska

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