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GROUNDWATER SENSITIVITY TOOLKIT 

UT T IITI IT 

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 

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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MlüNlüMlBWSTEM REQUIREMENTS 

The Gnrnoundwa~nsoitivitjTooolkmitay Be msOe&n rai momopubystem rmounnin@Vo indows 
98/NTo/2000/X~Rü $ l i corooMØfM o97SR-o1/2000BQnilRnminimmf o64 oMB oof system memory, 
25 MB of free disotsopacBßd virotouæbmory is roequiroed. 

INSTALLATION 

The E n  rooundwafBensoitivitjTooolkMi m i i s n t n r n i b ~  Belfo-extractingZlP do ilGefup.exo,e 
coontaininme fo on Ilowi6@eso : 

The ocomill be pro o mo ptébdsio p e c ~ ~ ~ i r o e c o t ~ w l g o  inímbcntrnábatT ¡ l e e  defoaultlle EX p 
fOil@ill5xotro~too:\Sensoitivü&otracoti proogroànb another fmoldemo houltbt ooausmy 
prooblemmfkü39ugh fhe ocomay want fi3 oOhecWat88te tzetworoiaimoinicotr~ormtkmopting 
to oinsotoaii oit non n a  o c o m r n i á $ r n i ~ i e s o s o a r o y  u n ~ ~ ~ ~ r o o s o o f l ~ û € f i b /  
fogefheroQnd b maintain me Droigin&arnesodn raddition, @he o s o m a y  ralsomant Eo Bet @he 
Sencoitivity.ofoIilb roead-oortly,minimize the cohanc&coororou@begacros duroingsoe. 

DATA MPUT BNülDUTPUT 
The foolkO&aO&sOignedtb mn under $ l i coroocMdM owiotoh oVisoual oBasoic ofor oApplicoations o(oVBA)c 
Input -lues aroanteroetñto sioproeadso&%&üsd mvigation moon@e ooeDJis mcobdividual 
input m e e n  m n  be perofoorommd@e arrow keys ar fhe w o o u s m t  ~s wiotmhy sioproeadsoheet. 
The individual Hocoroe@%lthe bolkoünay be prointe&coin@e buttons proovidedlr by osoin@he 
"Proint!oomo m r(Qid+P) coomo m daMcoroo&mfØ€Mo 's "Foile" m Oenu. 

ON-LINE EIEüLP 
Eacohput and autput mreen is d e s o c o r o i i 3 ~ u r O t ~ i I  in mis woanuallnd in me an-olin$lelp 
texoffo raccess Dn-olin&elp for ra parOticouhput Bection, Eolicmh @he Belp buttons docoated 
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 
~. Please be sure to include contact information, the version of 
the toolkit, and the version of Microsoft Windows/Office that you are using. 

Version fi O O 
August eo02 

3 

Copyright American Petroleum Institute 
Reproduced by IHS under license with API 

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
,
,
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



GROUNDWATER SENSITIVITY TOOLKIT 

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 portíolio. 

METHOD 

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

Resource Value 

Natural Sensitivity 

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 

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. 

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 $coate& file Evaluation Bteps m e e n  proovida mteway b r  dl ather input p g e s  in 
the proojoeBytriefoaulfrpie Buttons k r  the rmoiddl@nd Bottom Dnits BrotBidden. [I[o disopoib$ 
other two unitcm namoeiust be enterneai the Hydroogeologiünits section. 

COMMANDS 

o New Sitoxd3learogll input mluesofpsets aptions b r  fhe o o u r o r ~ ~ j O ~ , a n e s o t o ~ e s  
defoaulQaluesodl the raouror~fk?1b4 Ret is Dot Hoavedg rmoesosm@qroomLfjh Dsoeb 
either save or discard any co hangeso. 

o Load Bitox?boads fine input mlues and aptions b r  a proeviouswed proojoefafd Bt .  il 
the anurnrptmbjnd&i sirt is mt sinave@ w o e s o s u a & p r o o m ~  mo& Øther mve 
discard any CO hangeso. 

MicoroosBx&3fM oworokobook o(a 0.xols 0foile)o. oSaved odata ofoiles o d a ~ m t ~ ~ h a v e  oto obe ni 
diroecotBstapglicoatiofE ilefor the Go rooundwaS3enso itivivooolko it. 

o Savo&itosSaves ra11 hput  males rand raptions dbr @he raourormkiih Bet ras ra meparoate 

Note: W o  om ko b ~ m a f ú B g f  mis method raro &rmaffed dbr DSO e 
with me Benso itivoEp oolkDlüditing me mies so houlb8nly De @one 
with @he dFensoitivoEyooikmi4gd Bffempting ra0 mhang&e mies 
manually in Mico m o m I T M  may CO om m upüdie file. 

New User Guide 

oQuit: Quits the Gorooundwa83snsoitivit~ooolkoit. 

oPrinoRagoeOapen$he RroinRroevievbr the RU hee$nd 
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 

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. 

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. 

2. 

3. 

4. 

If groundwater use is precluded by some type of regulation or law (such as a no-pumping 
rule) then the Resoouro~LEie is defoinecSc o LOoWo o as o it o is o not o usoable r n i h  o a o rOesOourOcC 
water-supply purposes. 

If the water-bearing unit is a sole-source aquifer as defined by federal or state regulations, 
then Ifhe ResoouroBLEie is defoinecSc o HolGoHo mas&ihmobearoing o unit o is o a o vitoaol o waotoer 
supply resource. 

If the water-bearing unit is currently being used in the vicinity of the site of interest, then the 
ResoouroMdee is monsoide&& HolGoH as it is a usoable waotoeor soupply roesnourncoe. 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. 

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 autom oaticoaiRgroadetb 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 ~ e i t h e ~ o e c o o n d a a o ~ r o i m o a ~ ~ ~ o ~ e n  Ifhe ResoouroBLEie is defoinedis being o 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 o "yes," o in o whoiocoh o sabretadt~~o automoaticoally o upgrunardesuEAbmdDe o to o at o leasot o 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 

L I LI 

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. 

2. 

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

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. 
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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). 

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 

Aq u i ta rds 

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

The first question is designed to rule out potential transport through aquitards if there is strong 
hydrogeologiústratigraphic 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. 

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. 

For Question 1, the software development committee has utilized a distance of 2500 ft to help 
users decide if there is a municipal water supply well or discharge point close enough to the site of 
interest that the well might be threatened by a potential release. To answer "yes" to Question 1, 
the well must be screened in the water-bearing unit that is being analyzed. If a discharge point is 
being considered, then the site of interest must be located upgradient of the discharge point. Note 
that 2500 ft is used as an example plume length for a recalcitrant compound. The user may elect 
to use 1200 ft if the constituent of concern is known to degrade significantly in groundwater or 
otherwise use a distance that represents the longest plume length for the constituent in concern in 
that area, assuming that the plume used for reference has stabilized. 

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

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

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

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

CALCULATING RECEPTOR VULNERABILITY SCORE 

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

Natural Sensitivity 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 mom 0DRASToIC: oA oSfandarB@&h ofor oEvoaluafing Goroound Waferfollufion Potential 
Usoin@yo dm ogeolo@ettings~EPA-o600/2-o87-o035, Apro il 1987. 

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 1 O0 acres or larger. 

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

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

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

Weiaht 5 

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

AQUIFER MEDIA 
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: 

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

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

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

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 Rating (parcant slope) 
0-2 10 
2-6 9 
6-1 2 5 
12-18 3 
18* 1 

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

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

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

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

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 
DRASToIbat oaquifoeros owiotoh UDRASTIC roatings o >  o15Q7fliaighiyrnimhnierroidd~~ythe EPA 
o (U.S. o EPA, o Handbook oof oGWtakm&nd o WoeüH&zbtecotion, o EPA/625/R-oQ~€@i,l994, 
pg. 112)o. 

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 c o o n f o i ~ i f o - e s o h o u l ~ s o ~ e  "coonfoined" vadosoe zone soil type. 
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GROUNDWATER SENSITIVITY TOOLKIT 

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. 

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

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 .I mg/L. Groundwater sampling 
indicates that the private wells in the area have not been affected by the release. 
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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. 

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 

Aquitard 
Hydraulic conductivity 0.0000005 cmls 
Aquifer thickness 50 Ft 
Soil Type Silty Clay 

Version 1.0 
August 2002 

23 

Copyright American Petroleum Institute 
Reproduced by IHS under license with API 

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
,
,
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



GROUNDWATER SENSITIVITY TOOLKIT 

Lower Unit ----- 
Hydraulic conductivity 0.005 cmls 
Aauifer thickness 120 Ft 
Confining head 20 Ft 
Porosity 0.35 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Having esotabliso M imo poro tdBBaturoctPZcthe site, we can now begin our evaluation ... 

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

MAIN PAGE 

In nur mse, we Bave fsvo aquifmmnitsnm ansnwa"yes" oto nQnuesntion 02  nand nenter n a  nnamne nfor nt t  
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? 

Answe~: 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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GROUNDWATER SENSITIVITY TOOLKIT 

Question 5) 

Well Yield Calco ulatoro: Uopper Unit 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

*(this is an unconfined aquifer) 

Water Qualify Calculator 

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. 
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GROUNDWATER SENSITIVITY TOOLKIT 

UPPER UN IT: Receptor Vu I nera bi I ity: Vertical Vu I nera bi I ity 

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 ff of a current or 
potential municipal drinking water well in the same unit in any direction, or within 2500 ff 
upgradient from a current or potential domestic water well in the same unit, or within 2500 
ff of sensitive surface water receiving groundwater discharge? 

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

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

LOWER UNIT: Receptor Vulnerability: Vertical Vulnerability 

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

Answer: NO 
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GROUNDWATER SENSITIVITY TOOLKIT 

Question 2) Aquitard calculation 

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

Answer: YES 

Question 4) Artificial Penetration Calculation 

Potentiometric levei of this aquifer 790 ft 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Concentration in the upper unit 1 .I mg/L 

Because the vertical vulnerability for this unit is HIGH, we must also calculate the 
horizontal vulnerability for this unit to determine the receptor vulnerability. 
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GROUNDWATER SENSITIVITY TOOLKIT 

LOWER UN IT: Receptor Vu I nera bi I ity: Horizontal Vu I nera bi I ity 

Question 1) Is the location a potential MTBE source within 2500 ff of a current or 
potential municipal drinking water well in the same unit in any direction, or within 2500 ff 
upgradient from a current or potential domestic water well in the same unit, or within 2500 
ff 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. 

* 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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GROUNDWATER SENSITIVITY TOOLKIT 

Groundwater Sensitivity Toolk i t  
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Question 4) Do you want to use a difierent travel time determination method outside this 
tool, such as a computer model or a DAF graph? 

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

UPPER UNIT: Natural Sensitivity 

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

APSSW~P: YES 

Question 2) Selecting representative values for this site. 

LOWER UNIT: Natural Sensitivity 

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

Answer: YES 

Question 2) Selecting representative values for this site. 
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GROUNDWATER SENSITWIN TOOLKIT 

RESULTS AND SUMMARY 

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

To heskæm o aroeso ethro ougholthe Go rooundwa8asnso itivityo oolko it: 

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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GROUNDWATER SENSITIVITY TOOLKIT 

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 

Vadosezone 

For Evaluatinn Transport Throunh Aauitards: 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 (1 O to 50 ft). A second approach is use values 
used for mixing of leachate in Risk-Based Corrective 
Action models (typically 6 ft). 

For Evaluatinn Transport Throunh 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 (1 O 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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GROUNDWATER SENSITIVITY TOOLKIT 

Vertical Hydraulic Gradient 

Well Yield 

The hydraulic gradient is the vertical direction across an 
aquitard. 

Maximum rate that groundwater can be produced from a 
well. 
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GROUNDWATER SENSITIVITY TOOLKIT 

These following calculations are performed in the toolkit. 

Well Yield (from TNRCC, 2001) 

Confined Aquifers 
115846 * K * b * H, 
10.2 + Log ( P b )  

Well Yield = 

Unconfined Aauifers 
57923 * K * b’ 
7.2 + Log ( P b )  

Well Yield = 

Where: 

Well Yield 

Hc = Confining head (ft) 

K = Hydraulic conductivity of water-bearing unit (cm/s) 

= Well Yield (gpd) 

b = Saturated thickness of water-bearing unit (ft) 

Capture Zone 

Where: 

YL 

XL 

Q 

K 

b 

i 

YL = 

xL= 0 * 7  

XI * 2 * 3.14 
2 

Q * 12 *2.54 
I .-8 * 60 *3.141 * L b * i  

= 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) 

= Pumping rate from water supply well (gal/min) 

= Hydraulic conductivity of water-bearing unit (cm/s) 

= Saturated thickness of water-bearing unit (ft) 

= Hydraulic gradient of water-bearing unit (Wft) 
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GROUNDWATER SENSITIVITY TOOLKIT 

Artificial Penetration Calculations 

Calculated Concentration in the Deep Aquifer 

cdeep = cshaiiow [Qpenetration/(( Vgw)( & v ) (  W g w ) +  Qpenetration)] 

Where: 

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

cshailow 

v g w  = Groundwater Darcy velocity in deeper unit (Wyr) 

4, = Groundwater mixing zone thickness in deep unit (ft) 

w g w  

Qpenetration = Flowrate through penetration (ft3/yr) 

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

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

Flow Through Artificial Penetration 

Qpenetration = (Kpenetration)(ivert)(Apenetration~lO35354 

Where: 

Qpenetration = Flowrate through penetration (ft3/yr) 

Kpenetration = Hydraulic conductivity of material in artificial penetration (cm/s) 

¡vert = Vertical hydraulic gradient in aquitard (Wft) 

Apenetration = Cross-sectional area of penetration (I?) 
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GROUNDWATER SENSITIVITY TOOLKIT 

Vertical Gradient 

¡vert = [ (Hupper  H/owerYbaquitardI 

Where: 

¡vert = Vertical hydraulic gradient in aquitard (Wft) 

Hupper = Potentiometric elevation of upper unit (ft) 

H/ower = Potentiometric elevation of lower unit (ft) 

baquitard = Thickness of aquitard (ft) 

Area of Artificial Penetration 

Apenetration = 7~3 
Where 

Apenetration = Cross sectional area of artificial penetration (fi2) 

r = Radius of artificial penetration (ft) 

If annulus 

2 
Apenetration = n(router ) -z(qnne?) 

Where: 

Apenetration = Cross sectional area of artificial penetration (fi2) 

router = Radius to outside of annular space (ft) 

Cnner = Radius to inside of annular space (ft) 
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GROUNDWATER SENSITIVITY TOOLKIT 

Aquitard Calculations 

Calculated Concentration in the Deep Aquifer 

Calculated concentration in deeper unit (mg/L) 

Representative concentration in upper unit (mg/L) 

Groundwater Darcy velocity in deeper unit (Wyr) 

Groundwater Darcy velocity in aquitard (Wyr) 

Groundwater mixing zone thickness in deep unit 

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

Vertical and Horizontal Groundwater Velocity 

vgw = (Kdeep)(ideep) 

V v  = (Kvert)(ivert) 

Where: 

v g w  

V V  

Kdeep 

Kvert 

[deep 

¡vert 

= Groundwater Darcy velocity in deeper unit (Wyr) 

= Groundwater Darcy velocity in aquitard (Wyr) 

= Horizontal hydraulic conductivity in deep unit (cm/sec) 

= Vertical hydraulic conductivity of aquitard (cm/sec) 

= Horizontal hydraulic gradient in deep unit (Wft) 

= Vertical hydraulic gradient in aquitard (Wft) 
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GROUNDWATER SENSITIVITY TOOLKIT 

Vertical Hydraulic Gradient 

¡vert = (Hupper Hdeep)/baquitard 

Where: 

¡vert = Vertical hydraulic gradient in aquitard (Wft) 

Hupper = Potentiometric surface of upper water-bearing unit (ft) 

Hdeep = Potentiometric surface of deep water-bearing unit (ft) 

baquitard = Thickness of aquitard (ft) 

Mass Flux Through an Aquitard to a Lower Unit 

flux = ( v v  * csha/bw) * (28.31 / 365.25) 

Where: 

flux 

VV = Vertical Darcy Velocity (Wyr) 

Cshalbw = Concentration in the upper unit (mg/L) 

= mass flux into the lower unit (mg/@ day)) 

Estimated Resource Value 

If C&ep regulatory limit, then ERVved-aqtd = L o w  

If cdeep > regulatory limit, then ERVved-aqtd = HIGH 

Where: 

ERV = Estimated Resource Value 

regulatory limit = Acceptable level of constituent in groundwater, such as an MCL or a 
risk-based concentration. 

cdeep = Calculated concentration in deeper unit (mg/L) 
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GROUNDWATER SENSITIVITY TOOLKIT 

Travel Time 
u, + x 3  

T =  
PI .O3*1O6*i/77 

Where: 

T 

YL 

XL 

K 

77 
i 

= Travel time (years) 

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

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

= Hydraulic conductivity (cm/s) 

= Porosity 
= Hydraulic gradient, calculated as the maximum value of either 

1. oThe naturodiydroauligroadient 

2. The following calculated gradient, as defined by the artificial 
gradient between site and pumping well, accounting for the 
droawdowm pumo pingreoll 

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

Q*2000/(P21189*b) i =  
(YL + XL ) 

Where: 

i = Hydraulic gradient (ft) 

Q = Well pumping rate (gpm) 

K = Hydraulic conductivity (cm/s) 

b = Saturated thickness (ft) 

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

XL = Upper-range estimate for downgradient distance from pumping well 

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. ON nao turDaaJiying soeepageeloco iteip ttlb pum o p i n o  naturodiydroauligro adient)o 

to farthest point that will be captured (ft) 

2. oSeepage velocoittzyaedn hydroauligroadiertietween site and weolol 
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GROUNDWATER SENSITIVITY TOOLKIT 

These terms are used throughout the Groundwater Sensitivity Toolkit. 

Resource Value 

Name Units Description 

k cm/s Hydraulic conductivity 

b ft Thickness 

hc ft Confining head 

CTDS mg/L Total Dissolved Solids concentration 

Receptor Vulnerability - Vertical Migration 
Units 

ft 

Wft 

cm/s 

ft 

ft 

mg/L o 

ft 

ft 

cm/s 

Wft 

WYr 

ft 

cm/s 

ft2 

ft3/yr 

Description 

Potentiometric surface elevation of the current 
working unit 

Hydraulic gradient of the current working unit 

Hydraulic conductivity of the current working unit 

Darcy velocity of the current working unit 

Mixing zone thickness of the unit 

Potentiometric surface elevation of the overlying 
water-bearing unit 

Averoageoncoentroation in Whallow unit 

Ultimate length of plume in upper unit 

Thickness of aquitard 

Vertical hydraulic conductivity of unit 

Vertical hydraulic gradient in aquifer 

Vertical Darcy velocity through aquitard 

Mixing zone width in the unit 

Hydraulic conductivity of material in penetration 
or annulus 

Cross-sectional area of artificial penetration 

Well pumping rate 
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GROUNDWATER SENSITIVITY TOOLKIT 

Receptor Vulnerability - Horizontal Migration 
Name 

k 

I 

Q 

vd 

ne 

tf 

Natural Sensi tivi ty 
Name 

Depth to Water 

Recharge 

Aquifer Media 

Units Description 

cmls 

Wft 

ft3/yr Well pumping rate 

WYr Groundwater Darcy velocity 

Hydraulic conductivity of the current working unit 

Hydraulic gradient of the current working unit 

Effective porosity 

Yr Estimated travel time 

Units Description 

ft 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. 

inlyr 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. 
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GROUNDWATER SENSITIVITY TOOLKIT 

Soil Type 

Topography 

Impact of the Vadose Zone 

Conductivity 

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. 

% slope 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. 

cm/sec 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. 
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GROUNDWATER SENSITIVIN TOOLKIT 

Allen, L., et al., DRASTIC: A Standardized System for Evaluating Ground Water Pollution 
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1) mhe Buttons me aut 8f proportion 8n We ereen ahngeem üb EhOanO@BQhen O 
click them. 

This prooblemccurs when dhe Bcreen mesolution E6 mo hangethithout moeco tuadMing 
cnom o put5rg roeso toathdiogi om o putml so toardüe~oolko again. 

2) None of the buttons work. 

The ~ o l k o ~ a o a o r o e a ~ d o i n ~ u s t o m  macros in MisoudBasoibr Bpplicoation@VBA)m. 
orodefor fhe foolknnb woor@ifm,must have macros mabled. $licoroosBx&fM ogeneroally 
proom o m  at so tarotup. 

The usoeso houldelect "Enable macros." 

Additionally, m m o m o e r m y  b v e  ExcelTM oset oto oHt@!curity, owhoiocoh odimâiikilëg Othe 
to mun mnsoigne&nacros. Uhe msoernay Eohangcfhe Becurity Boettin@y Qoing db @he 
selecting Tüooola Ooptionia oExcH nand othen oselectincpDtkcoroo oSecouroif$timd.fiartton 
the "Secouro&yb. It is souggesoikMit the usoeselect Medium security. 

3) I cannot see the entire page. Can I 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) I 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 
wroitinggolicinito ifhe noedhter your mlue, fhen proes~Entero"  nor o"Toab" oto m g a a t o  Othe 
cell. 
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GROUNDWATER SENSITIVITY TOOLKIT 
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FIGURE 1 
GROUNDWATER SENSITIVITY TOOLKIT FLOWCHART 

API / California MTBE Research Partnership 

Repea: the ioiiowing steps fer every water- 
bearing uiiit with poteiioiai contaeiiiiaiiun 
abwe or in that unit: 

RESCURCE VALUE :Fi: rel;i;tes to :?!e 
reiative value of water resoiirces to water 
siippiyq storage, trai-isniissien, aiid ecoiogi- 
cal end-users. Exam;sIes of high-vaiue 
water reso~ii-ces iiiciude: 

6 aqiiifefi; i~sed or rnight Se x ~ d  or water 
sqjply; waler tr;3ri:;n'rtssie?i, for water 
storage; 
shalbw aquifers in direct corrneciiun to 
high-value dee;ser aquifers; aiid 
aquifers tha t  discharge :o sensi t ive sur- 
CI .&!, -.% water svsiems. 

EXISTING RECEPTCIR VULNERAGIIIIY 
(ERV) relates to .the relative risk ,that i3 
locatioii or a si:e peses iu m e  ur inere 
esis'irrg receptors s~icl-i as: 

residentiai or miinki3al drinking water 
:n:BIls; 
agrjcuiiural ~ e i i s ;  and 
serist:b;e surface wmier system;. 

NATURAL ~ E ? ~ ~ l T l ~ ~ l ~  {KS) rel;i;tes to 
t h e  rratural factors that deterinirre how sei>- 
si:Íve a particular locatioii or site is iu a 
release. These rraiural factors iiiciude: 

Depth to water 
Recharge 
Aquifer media 
Soil type 
Topography 
Impact of vadose zone 
Conductivity 

GO TO FIGURE 2 1 GO TO FIGURE 3 GO TO FIGURE 4 i 

Note: If Resource Value is LOW, Steps 3 and 4 default to "Not Applicable" [N.A.) 
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Water Use Rules of Thumb 
I 

FIGURE 2 
RESOURCE VALUE FLOWCHART FOR 

GROUNDWATER SENSITIVITY TOOLKIT 
API / California MTBE Research Partnership 

DETAILS 

Water üse Rules of Thumb: DETAILS * 
O E S  indicates RV is {-) RVIERV, FINAL ANSWER: NSVabeis 

LOW / n.a. / n.a. LOW? 

,e ................ i 

.\,* ............... ! .$ 

Future Use Tool 

RV at least 
MEDIUM 

Upgrade to MEDIUM 
if Yield or quality 

indicates 
RV=LOW .\,* ............. 

Future Use 
indicates RV is FINAL ANSWER: 

RV/ERV/NSValueis 
LOW I n.a. i n.a. 

1 
RV = H. M. or L. 

Go to Figure 3 to 
determine Existing 
Receptor Vulnera- 

bility (ERV). 

Resource Value (RV) is 
HIGH. MEDIUM. or LOW 

W 

Apply simple screening rules to identify Low or High RV. 

R.O.T. 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 regulato- 
ry restriction. 
b) There is no groundwater discharge to a high- or moderate-value surface water 
within 2500 ft of this location. 

R.O.T. 2: 
Is the water-bearing unit a sole-source aquifer or does the unit serve an area with 
no alternative supply? (no, if unknown) 

R.O.T. 3: 
Is the unit currently being used? (Are there any drinking water wells screened in 
the unit within 2500 ft?) (no, if unknown) 

R.O.T. 4: 
Is 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 yield, quality, and 
water resource planning info. 

Step 1.1: Determine Yield using simple well 
yield formulas based on hydr. conductivity, 
thickness, confining head of aquifer at location: 

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

- If TDS 3,000*, RVwq=LOW 

- TDS 500** mglL, RVwq=HIGH 
If other natural contaminants>MCL or 
secondary MCL, RVwq=LOW 

- Yield 200 gpd*: RVY=LOW. - 200 gpd* Yield <144,000 gpd**: - 500** TDS<3,000*, RVwq=MED. - Yield 144,000 gpd**: RVY=HIGH. 
RVY = MED. 

....................................................................... 
Step 1.3: Use lowest rank from Steps 1 .I and 1.2 for answer. For example, if RVwq is 
HIGH, but RVY is LOW, final RV is LOW. 

Step 1.4: (Must perform if Step 1.3 result is MED). Evaluate potential for future utilization 
of aquifer based on informationhesources regarding: local, regional, and state 
waterplanning, water demand, replacement value for groundwater, treatment cost, alterna- 
tive supplies. This module will discuss each item, and provide linkclsources of information. 
Based on information, the user can designate can increase a MED ranking to HIGH if 
future utilization of the aquifer is planned or likely. (System will provide examples.) Copyright American Petroleum Institute 
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FIGURE 3 
EXISTING RECEPTOR VULNERABILITY FLOWCHART FOR 

GROUNDWATER SENSITIVITY TOOLKIT 
API / California MTBE Research Partnership 

this a 

üeeper Resource Vulner. Rules of Thumb 

,,* ................. 

1 

I 

Go to Figure 4 and 
determine Natural 
Sensitivity (NS) 

determine Natural 
1 Sensitivity (NSj 

Horb. Receptor Vulnerabily Rules of Thumb 

.,\* 

DETAILS 

Deeper Resource Vulner. Rules &Thumb: DETAILS 

Use simple rule of thumb to estimate if vertical migration is possible. 
Do data from continuous cores show 50 ft or more of homogeneous, continuous, fine-grained material (clay or shale) over the ulti- 
mate area of a plume from the site with no artificial penetrations between the upper unit and lower unit, and wells in this deeper 
unit? If yes, ERVvert = LOW 

Use simple mixing algorithms to determine potential concentrations in deeper unit after mixing with groundwater from 
shallow unit. Step 2.2: Estimate concentration of deeper unit after mixing 
Step 2.1: Estimate concentration of deeper unit after mixing with with contaminants migrating through an annulus or open 
contaminants migrating through aquitard. Required parameters: well. Required parameters: - Diameter, screened interval of well, or 

dimensions of annulus - Downward gradient - Velocity of deeper groundwater - Size of plume in upper zone 

- Effective vert. K, thickness of aquitard, vert. gradient - Velocity of deeper groundwater, mixing zone thickness - Ultimate size, representative conc. of plume in upper zone, 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

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

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

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

Horiz. Receptor Vulwrabil. Rules of Thumb: DETAILS 

i Use two simple rules of thumb to determine horizontal receptor vulnerability. 
1 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 

.+................. 4 any direction, or within 2500 ft upgradient from a current or potential domestic water well in the same unit, or within 2500 ft* of sen- 
] sitive surface water receiving groundwater discharge? If no, ERV=LOW. (r500 ft or other locally established plume length) 

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

. .  

..e.................. i 
i Use simple capture zone relationships to determine if location is within capture zone of well or surface water discharge. 
1 Required parameters: hydraulic conductivity, aquifer thickness, well pumping rate, width of potential plume from location, hydraulic 
1 gradient, fluctuation in flow direction, number and type of wells in area. 

i If location is not in capture zone, ERV = LOW. 
Sensitivity (NSj 

Tool for Evaluating Travel Time 

Go to Figure 4 and 
determine Natural I sensitivity (NS) 4 

Modeling (Optional) 

.,\. ................. ‘i 

..& ................. 1 

Tool for Evaluating Travel Time : DETAILS 

Use simple travel time relationships to determine if location can have near-term impact to receptors (either drinking water 
wells or surface water discharge). Required parameters: - Hydraulic conductivity - Hydraulic gradient 

- Pumping rate of well (used to adjust gradient) - Distance from location to well 

If travel time from location to well is 5 years* or less, ERV=HIGH. If travel time from location to well is 
between 5 and 20 years*, ERV=MED. If travel time from location to receptor is greater than 20 years*, 
ERV= LOW. 

Show links to commonly-used models (including DAFgraph). Provides BTEX and MTBE-specific data for use in models. 
If travel time from location to well is 5 years* or less, ERV=HIGH. If travel time from location to well is between 5 and 20 years*, 
ERV=MED. If travel time from location to receptor is greater than 20 years*, ERV= LOW. 
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I Optional: If desired, evaluate 
I DRASTIC hydrogeologic settings 
I to learn more how hydrogeology 
I affects natural sensitivity. v 

DRASTIC Hydrogedcgic 

1 
RESULT: 

Natural Sennsitivigl (NC) is 

FIGURE 4 
NATURAL SENSITIVITY FLOWCHART FOR 

GROUNDWATER SENSITIVITY TOOLKIT 
API / California MTBE Research Partnership 

DETAILS 

DRASTK: Tool: DETAILS 

i 
i 

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

,,,+i 

.,,+ ............... 

DRASTIC Hydrogeologlc S a n g s  (Optimal): DETAILS 

Use site-specific DRASTIC methodology to estimate if Natural Sensitivity is HIGH, MEDIUM, or LOW. 
Required parameters: 
Use site-specific DRASTIC methodology to estimate if Natural Sensitivity is HIGH, MEDIUM, or LOW. 
Required parameters: - Depth to water - Topography *(will put more detail about corrective recharge - Recharge* - Impact of vadose zone value to use for confined aquifers) - Aquifer media - Conductivity - Soil type 
Potential Rules for This System: 

If Precipitation > Evapotranspiration: If Precipitation e Evapotranspiration: 
DRASTIC Index 120 ,__________________ NS = HIGH DRASTIC Index 150, ................. NS = HIGH 
120 > DRASTIC Index > 100 _ _ _ _ _ _ _ _  NS = MED. 150 > DRASTIC Index > 100 _ _ _ _ _ _ _ _  NS = MED. 
DRASTIC Index 100 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  NS = LOW DRASTIC Index 100 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  NS = LOW 

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

As a point of reference, with this approach -47 of the 11 1 DRASTIC settings (42%) are HIGH, -47 settings (42% are 
MED.), and 17 settings (15%) are LOW. The 17 LOW settings are described as: 

Mountain Slopes Facing East; Mountain Slopes Facing West; Mountain Flanks in Western Mountain Ranges 
Mountain Slopes; Continental Deposits in Alluvial Basins 
Mountain Slopes in Columbia Lava Plateau 
Consolidated Sedimentary Rock; Resistant Ridges in Colorado PlateauNVyoming Basin 
Alternating Sandstone, Limestone, and Shale Sequences in High Plains 
Metamorphic/Igneous Domes and Fault Blocks; Uncons. & Semicons. Aquifers in Nonglaciated Central Region 
Glacial Till Over Shale in Glaciated Central Region 
Regolith; Mountain Slopes;Mountain Slopes in Piedmont and Blue Ridge 
Mountain Slopes in Northeast and Superior Uplands 
Regional Aquifers in Atlantic and Gulf Coastal Plain 
Bedrock of the Uplands and Mountains in Alaska 

Note that the software will not use DRASTIC hydrogeologic settings system directly, but will rely on site-specific data to 
calculate the DRASTIC Index for a particular site. This discussion of DRASTIC settings is provided only to give a point 
of reference for potential DRASTIC cutoff for LOW Natural Sensitivty (DRASTIC Index 100). 
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Additional copies are available through Global Engineering 
Documents at (800) 854-7179 or (303) 397-7956 

Information about API Publications, Programs and Services is 
available on the World Wide Web at: http://www.api.org 

American 1220 L Street, Northwest 
Petroleum Washington, D.C. 20005-4070 
Institute 202-682-8000 Product No. 147220 
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