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at the City of Tempe Right-of-Way 
PREPARED FOR 

PREPARED BY 

DATE 

Uruted States Environmental Protecbon Agency 

CH2M HILL/PHX 

December 14, 2001 

1. Introduction 

AR1787 

Th.IS memorandum presents the groundwater and arr modeling results, and nsk assessment 
for the contanunabon observed m soil vapor beneath the City of Tempe Right-of-Way (COT
ROW) The COT-ROW IS located m the alley adJacent to and west of Perry Lane between 3rd 
Street and the east-west proJecbon of the 5th Street alignment Figure 1-1 IS a site map of the 
COT-ROW Currently, volable orgaruc compounds (VOC) are known to be present beneath 
the COT-ROW This evaluabon IS mtended to -

• Assess whether the contammabon beneath the COT-ROW should be treated separately 
withm the Indian Bend Wash Superfund Site-South (IBW-South or SIBW) or should be 
treated as part of Subsite No 6 (CH2M HILL, 1997) Subsite No 6 consISts of properbes 
m the viclTilty of the COT-ROW mcludmg, IMC Magnebcs Corporabon, Service & Sales 
Inc, and parcel numbers 132-41-029A, 132-41-027 A, and 132-41-025 

• Assess what compounds observed m sml vapor can be attributed to the COT-ROW 

• Present an esbrnate of the COT-ROW rmpact on groundwater usmg VLEACH 

• Present an esbrnate of the rmpact of the COT-ROW on mdoor au usmg Johnson & 
Etbnger O&E) modelmg and an mfmite source scenano 

• Perform a nsk assessment for human health usmg the esbrnated groundwater and au 
rmpacts 

Th.IS memorandum IS divided mto eight secbons and IS orgaruzed as follows 

1 Introducbon 
2 Sources of Data 
3 Potenbal VOC Sources 
4 Occurrence and DIStnbubon of VOCs 
5 Evaluahons Pursuant to the Plug-m Process for VOCs m the Vadose Zone 
6 RISk Assessment 
7 Conclusions 
8 References 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT AT THE CITY OF TEMPE RIGHT-OF WAY 

Attachments to tlus memorandum mclude a soil bonng log, geotechmcal analyses, a sml 
vapor morutonng well (SVMW) construchon diagram, VLEACH preprocessor and 
mput/ output files, as well as groundwater rmxmg cell results and J&E output files 

2 Sources of Data 
Data that were reviewed to perform this evaluahon mcluded 

• Maps showmg the pos1hons of possible contnbutmg dISposal fac1hhes w1thm or near the 
COT-ROW 

• Shallow soil vapor surveys that were performed m 1988, 1990, and 1994 

• SVMW data collected by the Anzona Department of Envrronmental Quality (ADEQ) m 
the spnng of 1997 w1thm the COT-ROW 

• SVMW data collected adJacent to the COT-ROW m Subs1te No 6 

3 Potential voe Sources 
The potenhal voe sources currently 1denhf1ed w1thm the COT-ROW are hm1ted to the City 
of Tempe sewer system, a drywell that was observed by the ADEQ and vapor rmgrahon of 
VOCs from Subs1te No 6 The followmg are descnphons of each potenhal source 

• The City of Tempe sewer may serve as a source of voe contammahon If 1t IS ruptured 
or otherwise comprormsed and IS or was rece1vmg wastes contammg voes The 
drywell may serve as a source of Voes If 1t was ever used for dISposmg of matenals 
contammg voes 

• The drywell actually appears to be some sort of separator and 1s hereafter referred to as 
"separator CH2M HILL v1S1ted the site and photographed the manhole access and its 
contents (Figures 3-1 and 3-2) The ADEQ reportedly snaked the structure and was 
unable to determme the dISchargmg facility 

• Vapor-phase transport of VOCs, through preferenhal pathways, from Subs1te No 6 may 
also contnbute to the voe contammahon Preferenhal pathways (such as uhhty 
trenches) may have been establIShed m the near surface as a result of developmg 
mfrastructure 

4 Occurrence and D1stnbut1on of voes 
The chermcals of potenbal concern (COPCs) that were 1dentmed m shallow soil vapor 
w1thm the COT-ROW and SVMW data mclude tetrachloroethene (aka perchloroethene 
[PCE]), 1,1,1-tnchloroethane (1,1,1-TCA), and tnchloroethene (TCE) These compounds were 
identified as COPCs because they were pervasive and persIStent Dichloroethane (1,1-DCA) 
and d1chloroethene (1,1-DCE) were also considered because they were observed offs1te 
w1thm Subs1te No 6 and may have been considered COPCs at other subs1tes These two 
compounds were also of interest because they may occur as degradahon products 1,1,1-
TCA can degrade to 1,1-DCA, while both 1,1,1-TCA and TCE can degrade to 1,1-DCE 
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Figure 3-1: General area around the separator looking southwest 

Figure 3-2: Separator on the COT-ROW. The ADEQ attempted to snake the structure and 
determine which facility was discharging to the structure, but was unsuccessful. 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT ATTHE CITY OF TEMPE RIGHT-OF WAY 

However, because 1,1-DCA and 1,1-DCE were not pervasive and persistent m the COT
ROW they are not dIScussed below A review of the data for thIS techrucal memorandum 
yielded the following mformahon regardmg occurrence and d1stnbuhon of the COPCs 

PCE-PCE occurs beneath and around the COT-ROW Figure 4-1 shows the dIStnbuhon of 
PCE m the v1crmty of the COT-ROW PCE m soil vapor exh1b1ts the highest concentrahons 
w1thm the COT-ROW and concentrahons decrease with dIStance from the COT-ROW The 
observed pattern of soil vapor contammahon suggests that the COT-ROW 1s a dIShnct 
source of PCE contanunahon m sotl vapor, however, because the plume extends across the 
Service & Sales subs1te and a slightly elevated concentrahon of PCE was observed near the 
Service & Sales drywell, one cannot defrmhvely say that the COT-ROW IS the sole source of 
PCE contammahon 

1,1,1-TCA-Similar to PCE, 1,1,1-TCA occurs beneath and around the COT-ROW 
Figure 4-2 shows the dIStnbuhon of 11,1-TCA m the v1crmty of the COT-ROW Although 
present, the d1stnbuhon of 1,1,1-TCA suggests that a release that occurred to the east, within 
Subs1te No 6 near IMC Magnehcs, IS the source Add1honally, a separate 1,1,1-TCA release 
appears to have occurred to the northwest of the COT-ROW near the Service & Sales area A 
hne of points that did not exh1b1t detectable concentrahons of 1,1,1-TCA separates the two 
s01l vapor contammahon plumes 

TCE-Slillllar to PCE and 1,1,1-TCA, TCE occurs beneath and around the COT-ROW 
Figure 4-3 shows the TCE dIStnbuhon m the v1crmty of the COT-ROW TCE was used at the 
Service & Sales and IMC Magnehcs facilihes as a hqmd-phase solvent The TCE soil vapor 
plume beneath the COT-ROW IS separated from a TCE plume observed at the Service & 
Sales subs1te by a lme of points that do not exhibit detectable concentrahons of TCE The 
distnbuhon of TCE m the v1cinity of the COT-ROW suggests that the vapor plume IS most 
hkely a rmxture of TCE soil vapor from the IMC Magnehcs fac1hty and TCE as a degrada
hon product of PCE beneath the COT-ROW However, there 1s no record of what chermcals 
may have been dIScharged within the COT-ROW, therefore, no dehmhve statement may be 
made regarding TCE as a primary source or degradahon product beneath the COT-ROW 

Although PCE, 1,1,1-TCA, and TCE were detected beneath the COT-ROW and some of the 
facil1hes w1thm Subs1te No 6, no apparent trend m the data defrmhvely indicates that the 
COT-ROW soil vapor contammahon resulted solely from contammahon at Subs1te No 6 
facilihes, add1honally, there IS no mformahon to suggest that a facility separate from Subs1te 
No 6 IS assoaated with the COT-ROW However, because similar compounds are detected 
beneath both locahons, the contammahon m s01l vapor beneath the COT-ROW and Subsite 
No 6 are not enhrely separate either A likely scenano that explains the observed patterns of 
contammahon IS mIXed-pomt sources A IDIXed point source scenano would mclude a 
contnbuhon of PCE, 1,1,1-TCA, and TCE contammahon from the md1v1dual facilihes w1thm 
Subs1te No 6 and from the City of Tempe sewer or nearby separator 

To further assess whether the observed concentrahons of PCE, 1,1,1-TCA, and TCE resulted 
from releases beneath the COT-ROW or vapor rmgrahon from the ad1acent subsite, the 
rahos of parent compounds to therr degradahon products were reviewed A comparISon of 
these rahos indicates that three separate and dIShnct releases resulted m the IDIXed soil 
vapor contammahon plumes The character of the release beneath the COT-ROW suggests 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT AT THE CllY OF TEMPE RIGHT OF WAY 

that 1t 1s pnrnanly a PCE release with a ICE component that IS most hkely the result of PCE 
degradahon The observed 1,1,1-TCA 1s most hkely a s01l vapor front emanahng from the 
IMC Magnehcs area 

5 Evaluations Pursuant to the Plug-in Process for voes 1n 
the Vadose Zone 

Based on the mformahon and assessment descnbed above, CH2M HILL has prepared thIS 
memorandum as an altemahve to a complete Focused Remedial Inveshgahon (Focused RI) 
Report The sechons presented below descnbe the groundwater and arr modeling process, 
results, and rISk assessment The groundwater and arr modeling that were performed for 
this memorandum are descnbed m detail m the Final Remedial Inveshgahon (CH2M HILL, 
1997), and 1993 Soils Record of DecIS1on (ROD) (Uruted States Environmental Protechon 
Agency [EPA], 1993) 

The EPA ISsued two RODs to address contammahon within the soil and groundwater 
operable uruts (OUs) at the IBW-South The 1993 Soils ROD addresses the mcremental 
future lillpact of the exIShng soil contammahon found at vanous subs1tes on groundwater 
and arr The Record of Deciszon, VOCs m Groundwater Operable Umt, September 1998 (EPA, 
1998), on the other hand, addresses the rmpact of exIShng groundwater contammahon 
across the entire study area ThIS memorandum has been prepared pursuant to the 
requirements set forth m the 1993 Soils ROD 

The IBW-South 1s complex and contams many separate subs1tes, therefore, the 1993 Soils 
ROD mvoked an mnovahve approach, called the 'Plug-m Approach, which allows for 
more efficient and effechve admmIStrahon of the remedy The Plug-m Approach allows 
mulhple, slffillar, but separate subs1tes to make use of the same remedy, the "presumed 
remedy," at different hmes Under this approach, the EPA selects a standard remedy that 
applies to a defined set of cond1hons, rather than to a specific subs1te The 1993 Soils ROD 
prescnbed a process and cntena for determmmg whether those cond1hons exISt Subs1tes 
have been mveshgated, at varymg times, since the 1993 Smls ROD The EPA will ISsue a 
subs1te-spectf1c determmahon to plug-in subs1tes to the standard remedy accordmg to the 
process promulgated m the 1993 Soils ROD ThIS memorandum plays a role m applymg the 
Plug-m Approach specmcally to the COT-ROW 

The 1993 Soils ROD prescnbes a specmc deCIS1on process that must be followed before the 
EPA determmes that the presumed remedy, soil vapor extrachon (SVE), must be used at any 
parhcular subs1te The decIS1on tree m the 1993 Soils ROD IS repnnted as Figure 5-1 of thIS 
memorandum The 1993 Soils ROD provides a complete background of the presumed 
remedy 

To comply with the 1993 Soils ROD, the COT-ROW must follow a process that mcludes 

• Venfymg that cond1hons at the COT-ROW fall within the range of cond1hons that SVE 
can address Vertf1cahon IS accomplished by companng COT-ROW cond1bons with the 
Remedy Profile m the 1993 Soils ROD As long as the COT-ROW meets the Remedy 
Profile, SVE can be used as the remedy 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT AT THE CITY OF TEMPE RIGHT-OF WAY 

• Deterrmrung whether the nsk posed by VOCs m the sotls at the COT-ROW warrants 
apphcahon of SVE Risk posed by the VOCs m sotl IS compared with the nsk-based 
Plug-m Cntena m the 1993 Soils ROD The Plug-in Cntena, defmed m the 1993 Sotls 
ROD, are restated m Sechon 5 of this memorandum This companson reqmres running a 
model that uses site-specific envrronmental data collected durmg the site mveshgahon 
to eshmate the rmpact of VOCs to groundwater and indoor air 

The 1993 Soils ROD selected VLEACH and an associated groundwater rmxmg zone model 
to predict the rmpact of vadose zone contammahon to groundwater The 1993 Soils ROD 
also called for using the VLEACH or an eqmvalent model to evaluate the rmgrahon of 
contammants from soils to indoor arr Methods for assessing VOC rmgrahon from soil to 
mdoor arr have advanced since pubhcahon of the 1993 Soils ROD as new modelmg methods 
have gamed acceptance In this document, the EPA selects, for the mdoor arr pathway, the 
eqmvalent J&E model Both the VLEACH model and the J&E model, are one-drmens1onal 
models that srmulate diffusive transport of contammants m subsurface sotls In addihon, 
both models use sotl concentrahons to predict indoor arr concentrahons and mcorporate 
conservahve parameters m therr eshmahon For these reasons, the EPA considers the 
VLEACH and J&E models to be eqwvalent under these crrcumstances From a conceptual 
standpoint, the J&E model IS technically preferable for the indoor arr because 1t not only 
considers diffusive (concentrahon-dnven) transport, but also takes into account convechve 
(pressure-dnven) transport of VOCs, once the contammants have reached the zone of 
mfluence of a bmldmg ThIS IS considered an rmprovement over the earher model, 
VLEACH, therefore, the J&E model IS preferred today for modelmg the soil-to-indoor-arr 
pathway However, the EPA conhnues to believe that the VLEACH model 1s appropnate for 
modeling rmpacts to groundwater 

The 1998 Groundwater ROD addresses the rmpact of exIShng groundwater contammahon 
across the entrre study area The 1993 Soils ROD, on the other hand, addresses the incremen
tal future rmpact of the ex1shng s01l contammahon found at vanous subsites on ground
water and arr The 1993 Soils ROD also establishes the Plug-m Approach and presumed 
remedy (SVE) for use at md1vidual subsites within the IBW-South In general, the Plug-m 
Approach consists of the following steps 

1 Collect soil, soil vapor, and groundwater data to charactenze the physical and chermcal 
condihons at the Subs1te (m thIS case the COT-ROW) The physical and chermcal 
condihons at a subsite comprISe the "Site Profile 

2 Compare the physical and chermcal condihons at the parhcular Subsite (Site Profile) to 
the range of condihons that the presumed remedy can address The range of condihons 
that the presumed remedy can effechvely address compnses the "Remedy Profile 

3 Eshmate the incremental future rmpact of exIShng soil contammahon on groundwater 
and air using a VLEACH model for groundwater and VLEACH or an eqmvalent model 
for arr 

4 Use the results of the arr and groundwater modelmg to perform a nsk assessment for the 
Subsite and compare the eshmated nsk to nsk thresholds established m the 1993 Soils 
ROD In add1hon, use the resulhng groundwater concentrahons from VLEACH 
modeling to compare to Federal Maxrmum Contaminant Levels (MCLs) The nsk 
thresholds and Federal MCLs are called the 'Plug-in Cntena 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT AT THE CITY OF TEMPE RIGHT-OF WAY 

This sechon dIScusses the results of the comparISon of the Site Profile to the Remedy Profile 
The profile companson and VLEACH modeling of groundwater are presented m Sechons 5 1 
through 5 4 2 and the discussion of the J&E au modeling is descnbed m Sechons 5 5 through 
5 5 1 3 A separate discussion of the nsk assessment for human health is descnbed m 
Sechon 6 

To plug m, the condihons at the COT-ROW must (1) meet the Remedy Profile and (2) 
exceed the Plug-m Cntena Figure 5-2 illustrates the Subsite evaluahon process established 
by the 1993 Soils ROD The results of tlus process are presented m tlus Plug-m Assessment 
Detailed descnphons of tlus approach are presented m the 1993 Soils ROD, and m the 
Operable Umt Feasibility Study VOCs m the Vadose Zone, Indian Bend Wash Superfund Site, 
South Area, June 1993 (CH2M HILL, 1993) 

5 1 Comparison of Site Profile with Remedy Profile 
The fust step m the Plug-m Approach IS to compare the Site Profile with the Remedy Profile 
The Site and Remedy Profiles are defmed by vanous physical and contammant parameters 
that may have an rmpact on the effechveness of SVE as a remedial achon altemahve 

The data collected by the EPA and ADEQ, dunng the mveshgahons of the COT-ROW, were 
used to charactenze the Site Profile for the site The Remedy Profile used for comparISon 
with the Site Profile IS summanzed m Table 5-1 A more detailed descnphon of the Remedy 
Profile 1s descnbed m Sechon 8 3 4 of the 1993 Smls ROD Although air permeability 
measurements m the vadose zone were not made dunng the site mvesbgahon, typical 
permeability values for the soil types were available from the literature (Freeze and Cherry, 
1979) and were used to determme If the COT-ROW met the Remedy Profile for remed1ahon 

5 2 Comparison of COT-ROW Cond1t1ons with the Plug-in Criteria 
Accordmg to the 1993 Soils ROD, the SVE remedy 1s reqwred at a subs1te If the Voes m the 
vadose zone at that facility exceed the Plug-m Cntena as defmed m Sechon 8 3 5 (pages II-63 
through II-65) of the 1993 Soils ROD The Plug-m Cntena are restated m Table 5-2 The SVE 
remedy IS reqmred If VOCs present m soil at a subs1te exceed any of these five cntena 

Evaluahng whether the COT-ROW would plug mto the presumed remedy requued an 
eshmate of the mcremental quanhty of Voes, pnmartly PCE, 1,1 1-TCA, and TCE, which 
could enter the groundwater or arr over hme As menhoned mSechon4, PCE, 1,1,1-TCA, 
and TCE are the COPCs Data collected dunng the shallow soil vapor survey were used to 
eshmate the honzontal dIStnbuhon of the COPCs m soil Data collected from SVMW-5 were 
used to eshmate verhcal dIStnbuhon of the COPCs This eshmate was mput to a computer 
model to eshmate the maxrmum future mcremental concentrahons contnbuted to ground
water or arr from PCE, 1,1,1-TCA, and TCE m soil at the COT-ROW 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT AT THE CITY OF TEMPE RIGHT-OF WAY 

TABLES 1 
Comparison of Site Profile with Remedy Profile Parameters for SVE 
COT ROW Techmca/ Memorandum 

Remedy Profile 
Parameter 

Permeab1hty of the 
Vadose Zone 

Percent Saturation 

Depth to Groundwater 

Henry s Law Constant of 
Contaminant 

Vapor Pressure of 
Contaminant 

Sources 
3 Freeze and Cherry 1979 

bEPA 1990 

cYaws et al 1991 

TABLES-2 
Plug 1n Criteria 

Remedy Profile Boundaries 
and Range of Inclusion Site Profile 

Greater than 1 x 10 3 darc1es -10 darc1es based on literature 
values for sands silty sands3 

Less than 60 percent 9 to 91 percent 

Greater than 5 feet 37 to 76 feet (SIBW 19U) 

Greater than 1 492 atmospheres/moleb 
100 atmospheres/mole 

Greater than 1 0 millimeter of 14 0 m1lhmeters of mercury at 
mercury at 20 degrees 20 degrees Cels1usc 
Celsius 

COT ROW T echmcal Memorandum 

Criteria Description 

Site Meets 
Remed}'. Profile? 

Yes 

Yes 

Yes 

Yes 

Yes 

Present an incremental cancer nsk of more than 1 m 1 mllhon to a person from ingestion of VOCs 
m groundwater 

2 

3 

Present a cancer nsk to a person of more than 1 m 1 m1lhon from inhalation of air above the soils 
at the COT ROW itself over a lifetime 

Present a hazard index for non cancer effects of more than 1 to a person from both ingestion of 
voes m groundwater and inhalation of VOCs dunng household uses of groundwater over a 
hfet1me 

4 Present a hazard index for non cancer effects of more than 1 to a person from inhalation of air 
above the soils at the COT ROW itself over a hfet1me 

5 Increase the incremental concentration of VOCs m groundwater by an amount greater than the 
federal MCL under the Safe Drinking Water Act 

5 3 Data Collection 
Data for the VLEACH model were obtained from the 1994 sotl vapor survey and from 
SVMW-5 in 1997 The inveshgahons were conducted by the ADEQ SVMW-5 consISted of 
four depth-specific complehons to morutor VOC (pnmartly the COPCs) concentrahons in 
sotl vapor within dIScrete strahgraph.J.c honzons within the vadose zone SVMW-5 was 
installed near the highest observed shallow sotl vapor concentrahons of VOCs and near the 
onsite separator 

The strangraphy of the vadose zone beneath the COT-ROW generally consISts of two 
dIShnct layers-an upper stlty sand from land surface to about 12 feet below ground surface 
(bgs), and a lower, much coarser sand, gravel, and cobble layer from about 12 feet to the 
water table The screened intervals of SVMW-5 are 4 to 7 feet bgs, 20 to 25 feet bgs, 41 to 
44 feet bgs, and 58 to 61 feet bgs The deepest screened interval IS typically submerged 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT AT THE CITY OF TEMPE RIGHT-OF WAY 

beneath the water table Therefore, only data from the upper three mtervals were used for 
the VLEACH model 

Durmg the dnllmg of SVMW-5, the ADEQ prepared a geologic log that describes general 
hthologic charactenshcs of subsurface matenals, contacts between dIShnct layers, and any 
tuUque geologic cond1hons Two-inch diameter spht-spoon soil samples were collected at 7 
to 8 feet, 17 to 18 feet, 40 5 to 415 feet, and 53 5 to 54 5 feet m the SVMW-5 borehole The 
samples were analyzed for moISture content, dry bulk density, and total organic carbon 
(TOC) Bulk sotl samples collected at 6 to 7 feet, 16 to 17 feet, 22 to 24 feet, 37 to 38 feet, 45 to 
46 feet, and 57 to 58 feet m SVMW-5 were analyzed for gram s12e dIStnbuhon The sotl 
bonng log, geotechrucal analyses, and SVMW construchon summary are mcluded as 
attachments 

5 3 1 Derivation of VLEACH Model Inputs 
Model srmulahons were performed usmg the latest version of VLEACH, a one-drmensional 
finite-difference unsaturated zone fate and transport model The VLEACH model chosen m 
the 1993 Soils ROD srmulates leachmg through a "polygon' with d1shnct sotl properhes, 
recharge rate, depth to groundwater, and rmhal soil concentrahons At the COT-ROW, one 
polygon was used to represent the areal extent of contaminated soil m the vicrmty of 
SVMW-5 The VLEACH preprocessor and input files are mcluded as an attachment 

The soil profile beneath the polygon IS represented by a verhcal stack of cells, each 1 foot m 
thickness, reachmg from the land surface to the water table At the trme of the mveshgahon, 
the average depth to groundwater beneath the COT-ROW was approxrmately 52 feet bgs 
The mass of contaminant m each cell is parhhoned among hqmd (dISsolved m water), 
vapor, and sorbed phases Over a senes of user-specified trme steps, transport processes are 
snnulated m VLEACH Contammants m the bqmd phase are sub1ect to downward advec
hon, contaminants m the vapor phase are sub1ect to gaseous diffusion m both upward and 
downward drrechons, and contammant mass IS equilibrated accordmg to dIStnbuhon 
coefficients A detailed descnphon of the VLEACH modelmg methodology IS presented m 
the EPA Center for Subsurface Modelmg Support VLEACH Version 2 2a Users Manual 
The results from VLEACH were then mput mto a groundwater mIXmg zone model that 
converts the mass fluxes to mcremental concentrahons m groundwater attnbutable to PCE, 
1,1,1-TCA, and TCE m the soil at the COT-ROW 

The shallow sotl vapor survey data were used to eshmate the horIZontal extent of contam
ma.hon and assISt m delmeahng the VLEACH polygon Data collected from the SVMW 
(1) helped venfy PCE, 1,1,1-TCA, and TCE as the predominant contaminants m the sotl 
vapor, (2) provided estunates of soil properhes used m the model, and (3) provided soil 
vapor data used to eshmate the total soil concentrahons of PCE, 1,1,1-TCA, and TCE at 
different depths m sotl The references or sources for the vanous model mput parameters 
are presented m Tables 5-3 The values of the vadose zone properhes that were mput mto 
VLEACH are dIScussed m Sechon 5 3 11 and are summarIZed m Table 5-4 Contaminant 
mass eshmates and model mput values representmg contaminant concentrahons m sotl are 
dIScussed m Sechon 5 3 1 2 Assumphons used m the VLEACH modelmg effort are 
dIScussed m Sechon 5 3 1 3 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT ATTHE CITY OF TEMPE RIGHT-OF WAY 

TABLES-3 
VLEACH Model Input Parameters 
COT ROW Technical Memorandum 

Parameter 

Water organic Carbon D1stnbut1on Coefficient (mUg) 

Henry s Constant (dImens1onless) 

Aqueous Solubility Limit (mg/L) 

Free Air D1ffus1on Coefficient (m2/day) 

Polygon Area (ft) 

Vertical Cell Thickness (feet) 

Groundwater Recharge Rate (ft/yr) 

Dry Bulk Density (g/cm3
) 

Total Porosity (d1mens1onless) 

Volumetric Water Content (d1mensIonless) 

Fraction of Organic Carbon (d1mensIonless) 

Initial Total Soll Concentrations (µg/kg) 

5 3 1 1 Vadose Zone Properties 

Graf 1993 

Graf 1993 

Graf 1993 

EPA 1994 

Source/Reference 

Measured from Figure 5 3 

Assigned 

Same as North Indian Bend Wash 
(CH2M HILL 1991) 

Depth Weighted Average of Assumed 
Adjusted and Unadjusted Laboratory Data 
(see Table 5 4) 

Depth Weighted Average of Data Calculated 
from Assumed Adjusted and Unadjusted Bulk 
Density Values (see Table 5 4) 

Depth Weighted Average of Adjusted and 
Unadjusted Laboratory Data (see Table 5 4) 

Depth Weighted Average of Adjusted and 
Unadjusted Laboratory Data (see Table 5 4) 

Maximum soil vapor concentrations converted 
to total soil concentrations using Equation 
5 below 

The VLEACH model assumes that sotl properhes are homogeneous laterally and verhcally 
withm the polygon However, as described previously, sotl beneath the COT-ROW 
generally cons1Sts of two d1Shnct layers Depth-weighted averages of physical property 
values reported for samples collected from these d1Shnct layers were calculated to denve 
model mput values for the polygon The lower layer 1S thicker, therefore, sotl properhes m 
th1S layer were accorded greater weight m VLEACH Depth-weighted averages of eshmates 
of dry bulk density, porosity, volumetnc water content, and fraction of orgaruc carbon (Joe) 
d1Scussed m the followmg paragraphs are summanzed m Table 5-4 The results of the 
geotechrucal analyses are mcluded as an attachment 

Recharge Rate 
The groundwater recharge rate m con1uncbon with the volumetnc water content determme 
the velocity of water movmg downward through the vadose zone A rate of O 0375 feet per 
year (0 45 mches per year) was mput mto VLEACH at the COT-ROW Th1S recharge rate 
was establlShed for the Indian Bend Wash Superfund Site-North (IBW-North) by evaluahng 
numerous recharge studies conducted m slffitlar envrronments (1 e, climate and sotls) The 
rate has also been used at other subsites w1thm the IBW-South 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT ATTHE CITY OF TEMPE RIGHT OF WAY 

TABLE5-4 
Vadose Zone Parameters Used 1n VLEACH 
COT ROW Technical Memorandum 

Pb 
Dry Bulk 

Polygon Polygon Area Dens1tf 
Number (tt2} (g/cm} 

32 185 1 96 

Notes 

0, 
ew foe 

Volumetric Fraction of 
Total Porosity" Water Contentb Organic Carbonb 

( d1mens1onless} (d1mens1onless} ( d1mens1onless} 

0 261 0 044 0 000378 

8 Values are depth weighted averages of assumed values and adjusted and unadjusted laboratory data 

bValues are depth weighted averages of adJusted and unadjusted laboratory data 

tt2 = square feet 

g/cm3 = grams per cubic centimeter 

Correction for Stony Vadose Zone S01/s 
Physical and chermcal properhes measured m soil samples collected at the COT-ROW have 
been corrected to account for that porhon of soil of gram s12e greater than 1 mch 

Where appropnate, adJustments were made to the bulk density, Joe, and volumetnc water 
content data to better represent the bulk soll properhes The general form of the Bouwer and 
Rice Correchon 1s presented m the followmg equahon (Bouwer and Rice, 1984) 

Where 

0: = AdJusted volumetnc water content (dimens10nless) 

V, = Volume frachon of rock sotl (percent of sample larger than 1 mch) 

0w = Measured volumetnc water content (dimens1onless) 

(1) 

The volume fracbon of rock soil was esbmated as that percentage of the total soil matnx 
larger than 1 mch, accordmg to the sieve analyses performed on bulk soil samples from the 
drill cutbngs 

Dry Bulk Density 
The sample collected from the upper layer at the well borehole had a measured bulk density 
of 1 66 g/ cm3 Although the value IS representabve of bulk density for thIS type of sotl, it 
was adJusted m accordance with the method used at other IBW-South subsites, as descnbed 
below The two soil samples collected near the contact between the upper fme-gramed and 
lower coarse-gramed layer had measured bulk density values of 1 93 g/ cm3 and 2 09 g/ cm3 

at SVMW-5 The measured values of bulk density below 2 0 g/ cm3 were considered low and 
representabve of the sotls that would ht mside a 2-mch brass sleeve The bulk density was 
adJusted usmg the Bouwer and Rice Correchon to better represent bulk sotl properhes 
Equahon (1) above has been shghtly modified to account for the density of the rock matenal 
present m the sotl matnx, as presented m the followmg equahon 

(2) 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT AT TI-IE CITY OF TEMPE RIGHT-OF WAY 

Where 

p; = AdJusted dry bulk density (g/ cm3) 

V, = Volume frachon of rock sotl (percent of sample larger than 1 inch) 

Pb = Measured dry bulk density (g/ cm3) 

For cases where the correchon resulted m adJusted dry bulk densihes greater than 
2 0 g/ cm3, a bulk density value of 2 0 g/ cm3 was used to represent the soils This value is 

consistent with the bulk density values in stony vadose zones (Bouwer and Rice, 1984) and 
with the values used at other IBW-South subsites and at the IBW-North For cases where no 
bulk density data were available, a bulk density value of 2 0 g/ cm3 was used to represent 
the sotls The bulk density adJusted for stony soils at the COT-ROW ranged from 1 74 to 
2 09 g/ cm3 The depth-weighted average was 1 96 g/ cm3 (Table 5-4) 

Total Porosity 
The eshmates of total porosity are based on bulk density and computed using Equahon 3, as 
follows 

Where 

0, = Total porosity (drmensionless) 

pb = Assumed, adJusted or unadJusted dry bulk density [ (g/ cm3) see cntena above] 

p P = Parhcle density (g/ cm3), typically± 2 65 g/ cm3 for graruhc matenals 

The depth-weighted average value for porosity listed in Table 5-4 was used to represent the 
total porosity for the srmulated sotl profile beneath the COT-ROW 

Volumetr,c Water Content 

(3) 

The volumetnc water content is the volume of hqmd per volume of sotl The sotl samples 
collected at the COT-ROW were analyzed gravrmetncally to obtain percent moisture 
Equahon (1) above has been slightly modified to accormt for the fact that gravrmetnc water 
content was measured by the lab The adJusted volumetnc water content, modified for stony 
sotls is calculated using percent mo1Sture in the following expression 

0
, = _e_g _o_-_v_, >_P_b_ 
w (4) 

Pw 

Where 
, 

e: = AdJusted volumetnc water content (drmensionless) 

0g = Gravrmetnc water content (mg/kg expressed as a percentage) 

Vr = Volume frachon of rock sotl (percent of sample larger than 1 inch) 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT AT THE CITY OF TEMPE RIGHT OF WAY 

Pb = Measured dry bulk density (g/ cm3) 

Pw = Density of water (1 g/ cm3) 

The depth-weighted average value used to represent the volumetnc water content for the 
srmulated sotl profile beneath the COT-ROW JS lJSted in Table 5-4 

Fraction Orgamc Carbon 
The Joc JS the relahve amount of orgamc carbon present in the sotl Sotl samples are analyzed for 
Toe using a two-step method, wlu.ch mcludes an aad step to remove any carbonate that may 
be present in the sotl and a thermal madahon step to dnve off the volatile fracbon that may be 
present m the sotl The Toe values are converted to Joe through srmple urut conversion Adjust
ments based on the Bouwer and Rice Correchon were made to Joe to better represent bulk sotl 
properbes at the COT-ROW The calculated Joe ad1usted for stony sotls at the COT-ROW 
vaned verhcally and ranged from 2 15x10-5 to 1 38x10-3 (drmens1onless) The depth-weighted 
average value used to represent the srmulated sotl profile at the COT-ROW JS lJSted in Table 5-
4 

Polygon Deflmt1on 
The honzontal extent of PCE contammahon detected in shallow sotl vapor was used to 
defme the s12e and shape of the polygon for VLEACH since 1t was the most prevalent and 
areally extensive compound present at the COT-ROW (Figure 5-3) The boundanes of the 
polygon were located such that the areas included all points where the shallow soil vapor 
concentrahons were 5 µg/L or greater 

5 31 2 Estimated Contaminant Mass and Concentration m S011 

VOC Mass Estimates 
As dJScussed m Sechon 4, sotl vapor morutonng data collected from the SVMW mdicate that 
PCE, 1,11-TCA, and TCE are the predommant contammants present m the vadose zone at the 
COT-ROW The maxrmum voe sotl vapor concentrabons detected at each depth of the 
SVMW were converted to total concentrahons m sotl and then to total mass w1thm the 
polygon Total voe sotl concentrahons denved from depth-specific sotl vapor data collected at 
SVMW-5 were also used as mput values for the VLEACH modelmg to represent the 
contammant profile m the vadose zone The vadose zone depth mtervals morutored by the 
SVMW are dJSCUSsed in Sechon 5 3 

The voe concentrahons m sotl vapor were converted to total concentrahons in sotl as 
follows 

Where 

Cr == Concentrahon m the bulk volume sotl (µg/kg) 

CG == Highest concentrahon m the vapor phase at a specific depth (µg/L) 

KO == Water-sohd dJStnbuhon coeffiaent (L/kg) 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT AT THE CITY OF TEMPE RIGHT OF WAY 

pb = Depth-weighted average of dry bulk density (kg/L) 

H O = Henry's constant for arr-water parbborung (drmens10nless) 

0w = Depth-weighted average of volumetnc water content (drmensionless) 

01 = Depth-weighted average of total porosity (drmens10nless) 

The water-sohd dIStnbubon coeff1C1ent IS calculated as follows 

Where 

K O = Water-sohd dIStnbubon coefficient (L/kg) 

Koc = Water-orgaruc carbon dIStnbubon coefftaent (L/kg) 

f oc = Depth-weighted average of fracbon of orgaruc carbon m sotl (drmensionless) 

(6) 

The chermcal properbes used to convert vadose zone voe sotl vapor concentrabons to total 
sotl concentrabons are presented m Table 5-5 The depth-weighted average value of Joe at the 
polygon that was used m the convers10n IS presented m Table 5-4 

TABLE5-5 
Chemical Properties used In VOC Mass Est1mat1on 
COT ROW T echmca/ Memorandum 

Ho 
Compound Henry's Constant (d1mens1onless) 

PCE 

111 TCA 

TCE 

Source Graf 1993 

Note 

0545 

054 

03 

Koc 
Water organic Carbon 

D1stribut1on Coeff1c1ent (mUg) 

364 

152 

126 

The unit Ukg spec1f1ed m equation 6 Is mathematically equivalent to mUg (m1lhhters per gram) spec1f1ed m 
this table 

Total soil concentrabons of voes with depth are presented m Table 5-6 

TABLE5-6 
VLEACH Model Inputs- Estimated Total S011 Concentrations 
COT ROW Techmcal Memorandum 

Depth 

Well Sample 
(feet bgs) 

Number Interval Start End 

SVwrM 5 1 0 12 

2 12 31 

3 31 52 
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PCE 
(µg/kg) 

666 

507 

1 25 

1,1,1 TCA 
(µg/kg) 

029 

0 57 

0 06 

TCE 
(µg/kg) 

005 

012 

003 
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Usmg the eshmated CT, the total mass of contarnmant contamed withm the polygon was 
deterrmned usmg the followmg equahon 

M voe= CT (pb X Axt)xl0--06 
X 28 32 (7) 

Where 

M vC'C == Mass of the contarnmant of concern (grams) 

CT == Maxrmum total sotl concentrahon of the contarnmant of concern (µg/kg) 

pb == Depth-weighted average of dry bulk density (kg/L) 

A == Polygon area (ft2) 

t == Tiuckness of soil layer w1tlun polygon (feet) 

VOC mass eshmates for the polygon are presented m Table 5-7 

TABLES 7 
Vadose Zone voe Mass Estimates 
COT ROW Techmcal Memorandum 

Polygon Analyte 

PCE 

111 TCA 

TCE 

Grams 

3612 

274 

59 

Pounds 

0796 

6 04E 02 

1 30E 02 

Other chermcal properhes used as mput parameters to VLEACH are listed m Table 5-8 

TABLE5-8 
Chemical Properties Used 1n VLEACH Modeling 
COT ROW Technical Memorandum 

PCE 
11 1 TCA 
TCE 
Sources 
0 Graf 1993 
bEPA 1994 

Notes 

Compound 

g/ml = grams per m1lhhter 

m2/day = square meters per day 

Aqueous Solub1hty 8 

(g/ml) 

200 

720 

1 100 

5 3 1 3 VLEACH Modeling Assumptions for Groundwater 

Free A,r D1ffus1on Coefficient b 

(m2/day) 

0 62208 

0 67392 

0 68256 

VLEACH model srmulahons were performed to support the nsk assessment for the COT
ROW descnbed m Sechon 6 of this techrucal memorandum The results of these srmulahons 
for the COPCs were mput to the groundwater nuxmg cell model to assess the potenhal 
rmpact to groundwater The assumphons used m the modelmg are as follows 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT ATTHE CITY OF TEMPE RIGHT-OF WAY 

• VOC fluxes to groundwater were eshmated assummg that the upper model boundary 
was nnpermeable to gaseous diffusion In other words, diffus10n of vadose zone con
tammants from site soils mto the atmosphere was assumed not to occur This approach 
max1ID1Zes the eshmated nnpacts of vadose zone contammahon on groundwater 

• For all modelmg runs, the water table was assumed to be nnpermeable to gaseous 
d1ffus10n With this ophon, 1t IS assumed that all mass exchange mto the groundwater 1s 
due to the process of hqwd advechon ThIS ophon also prevents any upward rmgrahon 
of volahle contammants from the groundwater mto the vadose zone 

• Free product (dense non-aqueous phase hqwds) are not present at the site 

• The depth to water (vadose zone thickness) used m the calculahons was 52 feet bgs The 
vadose zone thickness was denved by calculahng the mean depth to water for a 
groundwater momtonng well m the v1cin1ty of the COT-ROW 

• The enhre thickness of the vadose zone IS considered homogeneous with no preferenhal 
pathways to flow 

• There 1s no VOC sorphon onto nuneral surfaces All sorphon of voes 1s onto orgamc 
carbon 

• Ltqwd-phase d1Spers1on IS not considered 

• There IS no m situ degradahon of voes 

• Vapor-phase advechon caused by barometnc pressure changes or cychc changes m the 
water table IS neglected 

• The model mput contammant concentrahons used m the modehng are presented m 
Table 5-6 Chermcal-spectftc parameters Koc and H O for PCE, 1,1,1-TCA, and TCE are 

presented m Table 5-5, the aqueous solub1hty and free-arr diffusion coefficient 
parameters for PCE, 1,1,1-TCA, and TCE are presented m Table 5-8 

5 4 Predicted Future Impact of S011 Contamination on Groundwater 

5 4 1 VLEACH Results 
The VOC mass loadmgs to groundwater were eshmated usmg a hme-step of O 1 year over a 
penod of 100 years These mass loadmg eshmates were then converted to mcremental 
concentrahons m groundwater under the site usmg the rmxmg zone model descnbed below 
VLEACH snnulahons were performed to eshmate the contammant mass flux to ground
water The maxrmum mass fluxes to groundwater eshmated by VLEACH for PCE, 1,1,1-
TCA, and TCE are presented m Table 5-9 The VLEACH output files and groundwater 
rmxmg cell results are mcluded as an attachment 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT AT THE CITY OF TEMPE RIGHT OF WAY 

TABLES 9 
Mass Fluxes to Groundwater from VOCs 1n Vadose Zone 
COT ROW Technical Memorandum 

PCE 

11 1 TCA 

TCE 

Notes 

Chemical 

g/yr = grams per year 

g/ft2 yr = grams per square foot year 

g/m
2 

s = grams per square meter second 

g/yr 

0 376 

5 69E 02 

1 78E 02 

5 4 2 M1xmg Zone Calculations for Groundwater 

Maximum Flux 

g/ft2 yr 

1 86E 05 

2 26E 06 

6 85E 07 

g/m2 s 

5 57E 12 

6 77E 13 

2 05E 13 

Mass loadmgs from the polygon were used to estimate mcremental VOC concentrahons m 
groundwater beneath the COT-ROW Incremental concentrahons at a specific hme step 
were calculated with the followmg rruxmg zone model 

C = M nxL - (M nxL) -c xe<LxR) x35313 67 
[ ( ) 

(-qxt)] 
n qxZ (qxZ) n-i 

Where 

en = Groundwater Concentrahon at time step n (µg/L) 

Mn = 
L = 
q = 

Mass flux of contammant at time step n (g/ft2-day) 

Length of the mIXIng cell along groundwater flow path (feet) 

Darcy velocity[::::: Kt (ft/day), where K IS the hydraulic conduchvity and 1 IS the 
hydraulic gradient] 

Z = Verhcal thickness of the rmxmg cell (feet) 

en-I = Groundwater concentrahon at time step n-1 (g/ft3) 

R = 01 + {A" K O ) (dimensionless) 

t = Length of tune step (days) 

(8) 

Aqmfer parameters used m the nuxmg zone model are presented m Table 5-10 The verhcal 
thickness of the mixmg cell IS assumed to be 50 feet, as specified m the 1993 Sotls ROD (page 
Il-69) 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT AT THE CITY OF TEMPE RIGHT-OF WAY 

TABLE 5-10 
Aquifer Parameters 
COT ROW T echmca/ Memorandum 

Parameter (Units) 

Hydrauhc Conduct1v1ty (ft/day)0 

Transm1ss1v1ty (ft/day)b 

Hydrauhc Gradient (ft/ft) 

Flow Field Width (feet) 

Flow Field Length (feet) 

Notes 

Value 

245 

12 250 

0 001 

151 

213 

a Hydrauhc Conduct1v1ty value was estimated from the geometric mean of aquifer test 
recovery data for all lBW South wells perforated m the Upper Alluvial Umt 

°Transm1ss1v1ty 1s estimated assuming an aquifer thickness of 50 feet 

ft/day = square feet per day 

ft/ft = feet per feet 

The mass loadmg values output by VLEACH are related to the above equahon by 
Equahon 9 

M = M. 
n WxLxt 

Where 

Mn = Mass flux of contammant at rune step n (g/ ft2-day) 

Mv 

w 
L 

t 

= 
= 
= 
= 

Mass of contammant obtamed from VLEACH (grams) 

Width of the site perpendicular to groundwater flow (feet) 

Length of the site parallel to groundwater flow (feet) 

hme (day) 

(9) 

The mcremental concentrahons of Voes m groundwater beneath the area of the polygon 
were eshmated usmg the nuxmg zone model and are presented on Figures 5--4 through 5--6 
The maxrmum mcremental concentrahon of the COPCs m groundwater m any one year are 
eshmated at 3 12x10-2 µg/L for PCE, 3 78x10-3 µg/L for 1,1,1--TCA, and 115x10 3 µg/L for 
TCE These concentrahons were inserted mto the nsk assessment templates to charactenze 
health nsks associated with VOCs m the vadose zone 

55 Predicted Future Impact of S011 Contammat1on on Indoor Air 
Tlus sechon presents the nsk assessment methods for calculahng excess hfehme cancer nsks 
(ELCRs) and hazard quohents (HQs) for voes m sotls, based on an mdoor arr exposure 
scenano ELCRs and HQs based on this exposure scenano have been developed for the 
IBW-South Focused Ris 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMHIT AT THE CITY OF TEMPE RIGHT-OF WAY 

5 5 1 Overview of the Johnson & Ettinger (1991) Model 
Tius sechon mtroduces the J&E model provides a bnef history of its use, hsts the key 
assumphons m the model, and descnbes its use m calculahng nsk eshmates A detailed 
descnphon of the model theory and equahons 1s presented m the user gmde for the J&E 
model (EPA, 1997) 

5 5 1 1 Background 
Volattlizahon of contammants located m subsurface soils or m groundwater, and the 
subsequent transport of these vapors mto mdoor spaces conshtutes a potenhal mhalahon 
exposure pathway Tius potenhal exposure pathway was evaluated as part of this techrucal 
memorandum As descnbed above, although VLEACH was the ongmal model selected m 
the 1993 Soils ROD, an altemahve model was used to eshmate the impact of voes m sotl on 
mdoor arr J&E mtroduced a screenmg-level model which mcorporates both convechve and 
d1ffus1ve mechanISms for eshmahng the transport of contammant vapors emanahng from 
either subsurface soils or groundwater mto mdoor spaces located d1rectly above or m close 
proximity to the source of contammahon 

The EPA has evaluated the nsk eshmate results obtamed from three different modelmg 
methods mcludmg an adaptahon of VLEACH, the Volattlizahon Factor Model, and the J&E 
mfmite source model The rahonale for usmg the J&E model IS provided m Sechon 5 The 
J&E model may be run assummg either an mfmite source or a finite (mass-limited) source of 
contammabon The EPA's default pos1hon assumes that the source of contarmnahon 1s 
mfmite The EPA selected the use of the J&E mfmite source model m accordance with therr 
default pos1hon, for the COT-ROW to eshmate health nsks from exposure to mdoor arr 
emanahng from subsurface soils A fm1te source of contammahon may be used when the 
results of an mfmite source exceed the Plug-m Cntena (Table 5-2) and there 1s an adequate 
density and spacmg of sample locahons to 1ushfy a finite source arr ermss1ons model Other 
subs1tes w1thm the IBW-South met these cond1hons and were modeled usmg fmite sources 
of contarmnahon, however these cond1hons were not met at the COT-ROW 

5 5 1 2 Exposure Scenario and Model Description 
The J&E model 1s used to eshmate the concentrahon m mdoor arr emanahng from a con
tarmnant vapor source located some dIStance (LT) below the floor of an enclosed buildmg 
constructed with a basement or constructed slab-on-grade The source of contarmnahon IS 
assumed to be either a soil-mcorporated voe or a voe m soluhon with groundwater below 
the water table In thIS case, the contammant source IS a sotl-mcorporated VOC 

A srmpltfied conceptual diagram of the exposure scenario that was evaluated usmg the J&E 
model IS presented on Figure 5-7 The source of contarmnahon IS mcorporated m sotl and 
buned some dIStance below the enclosed space floor At the top boundary of contarmnahon, 
molecular diffusion moves the volatilized contarmnant towards the sotl surface unhl 1t 
reaches the zone of mfluence of the buildmg Here convechve arr movement w1thm the sotl 
column transports the vapors through cracks between the foundahon and the basement slab 
floor Tius convechve sweep effect IS mduced by a negahve pressure w1thm the structure 
caused by a combmahon of wind effects and stack effects due to buildmg heahng and 
mechanicalventtlahon 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT AT THE CITY OFTEMPE RIGHT-OF WAY 

The rate of soil vapor entry IS a funchon solely of convechon, however, the voe con
centrahon entenng the structure may be hnuted by either convechon or diffusion dependmg 
upon the magnitude of the source-bwldmg separahon (LT) Analyhcal soluhons have been 
developed for both an mfimte source and a frmte source model The mfm1te source model 
used dunng thIS mveshgahon IS based on the assumphon of steady-state mass transfer The 
frmte source model IS based on the assumphon that the thickness of voe contammahon m 
soil 1s known The development of these analyhcal soluhons are descnbed m detail m the 
user's gwde for the model (EPA, 1997) 

The concentrahon m indoor arr resulhng from voe mtrus1on mto a structure resulhng from 
pressure-dnven arr-flow IS calculated from the building volume (length, width, and height) 
and the buildmg venttlahon rate (numbers of arr changes per hour) The followmg represent 
the maJor assumphons and hm1tabons of the J&E model 

• The rmhal concentrahon of VOC m soil does not contain a residual-phase (e g, non
aqueous-phase hqwd or sohd) 

• Contammant vapors enter the structure pnmanly through cracks and openmgs m the 
walls and foundahon 

• Convechve transport occurs pnmanly w1thm the bwldmg zone of mfluence and vapor 
veloc1hes decrease rapidly with mcreasmg d1Stance from the structure 

• Diffusion dommates vapor transport between the source of contammahon and the 
bwldmg zone of mfluence 

• All vapors ongmahng from below the bwldmg will enter the buildmg unless the floors 
and walls are perfect vapor bamers 

• All soil properhes m any honzontal plane are homogeneous 

• The contammant 1s homogeneously dIStr1buted within the zone of contammabon 

• The areal extent of contammahon 1s greater than that of the bwldmg floor m contact 
with the soil 

• Vapor transport occurs m the absence of convechve water movement within the soil 
column (1 e, evaporahon or mfiltrahon), and m the absence of mechanical dISpers1on 

• The model does not account for transformahon processes (e g, biodegradahon, 
hydrolysIS, etc ) 

• The soil layer m contact with the structure floor and walls IS ISotropic with respect to 
permeability 

• Both the building venttlabon rate and the difference m dynarmc pressure between the 
mtenor of the structure and the s011 surface are constant values 

5 51 3 Use of Johnson & Ettinger (1991) Model for Calculating Risk Estimates 
Tlus sechon presents the methodology used to denve soil vapor concentrahons for input 
mto the J&E mfmlte model and presents the model mput parameters used to calculate 
ELCRs and HQs Soil vapor data used to eshmate health rISks were collected durmg the site 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT ATTHE CITY OF TEMPE RIGHT OF WAY 

mvesttgahon for the purpose of eshmabng the total mass and honzontal and verhcal 
dIStnbuhon of voes m sotl The followmg descnbes the procedures used to calculate health 
nsks from exposure to mdoor air 

1 voe concentrahons are ongmally measured m sotl vapor samples collected from the 
SVMW, and subsequently the umts are converted from parts per billion to µg/L 

2 For sites that have three or fewer sampling events from each samplmg port (1 e , each 
depth mterval), the maxrmum concentrahon of each chermcal detected 1s selected from 
each port 

3 For sites with greater than three sampling events from each sampling port, an average 
concentrahon may be calculated from each port 

4 For SVMWs with greater than one port, a depth-weighted chermcal concentrabon IS 
calculated for each chermcal detected usmg the maxrmum concentration from each 
samplmg port 

5 The lowest depth range where voe concentrahons are observed 1S detenmned and used 
as an mput parameter for the J&E model 

6 voe concentrabons m sml vapor (µg/L) are converted to total concentrahons m sotl 
(µg/kg) m accordance with the procedure descnbed m Sechon 5 3 1 2 (Voe Mass 
Esttmates) 

7 The J&E mfmite source model 1s used to calculate ELeRs and/or HQs for each voe 
measured m soil vapor The sotl and butldmg mput parameters used for the mfrmte 
source model are presented m Table 5-11 The res1denhal exposure scenano mtake 
parameters used to calculated ELeRs and HQs are presented m Table 5-12 

8 Risk per umt concentrahon for each chermcal IS calculated usmg an m1hal soil concentra
hon of 1 µg/kg ELeRs and HQs are calculated by mulhplymg the Risk or HQ per urut 
concentrahon m sotl by the total soil concentrahon 

6 Risk Assessment 
The rISk assessment presented m the 1993 Smls FS sets the framework for assessmg rISks 
associated with voes m sotls at a genenc md1v1dual subs1te The Plug-m Approach uses 
th1S framework (specifically the rISk templates presented m the 1993 Sotls FS and 
mcorporated m the 1993 Soils ROD) to eshmate rISks at md1v1dual subs1tes The rISks 
eshmated m the templates are then compared to the rISk-based Plug-m entena repnnted m 
Table 5-2 of this memorandum The three potenhal exposure pathways considered m th1S 
ruk assessment were as follows 

• Inhalation of voes volahhzed from groundwater 
• Inhalahon of voes ermtted from sotl to mdoor air 
• Ingeshon of dnnkmg water from groundwater 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMEITT ATTHE CITY OFTEMPE RIGHT-OF WAY 

TABLE 5-11 
S011 and Bu1ld1ng Input Parameters 
COT ROW T echmca/ Memorandum 

Parameter Descrietion Selected Value Notes 

Depth from Soil This 1s the depth from soil 15 cm Default value in User's Guide 
Surface to Bottom of surface to the bottom of the floor for slab on grade construction 
Enclosed Space Floor in contact with SOIi (EPA 1997) Represents 6 

inch thick concrete slab 

Depth from Soil This 1s the depth from SOIi Site & Chemical Selected depth 1s the top of the 
Surface to Top of surface to the top of VOe Spec1f1c (cm) screening interval where 
Contamination contaminated soil It represents maximum contaminant 

the depth of a voe contaminant concentrations were observed 
source in soil or the dry zone (1 e Lr=300 cm) 
between the surface and voe 
contaminant source 

Vadose Zone SCS This parameter 1s associated Sand Represents a value of 1 darcy 
Soil Type with convective transport of 1 Ox 10 8 cm2 This parameter and water filled 

vapors within the zone of porosity are used to estimate 
influence of a building It 1s the soil vapor permeab1hty of 
related to the size and shape of Stratum A which 1s in contact 
connected soil pores The J&E with the floor and walls of the 
model provides 12 different soil enclosed space below grade 
types to estimate permeab1hty 

Soil Dry Bulk Density This parameter 1s used to 1 96 g/cm3 This 1s a site spec1f1c value 
calculate total porosity developed for this site and 1s 

also used for VLEAeH 
modehng 

Total Porosity Used with water filled porosity to 0 261 This 1s a site spec1f1c value 
calculate air filled porosity (d1mens1onless) developed for this site and 1s 

also used for VLEAeH 
modehng 

Water filled porosity Used with total porosity to O 044 cm3/cm3 This 1s a site spec1f1c value 
calculate air filled porosity developed for this site and 1s 

also used for VLEAeH 
modehng 

Fraction of Organic Used to calculated chemical 0 000378 This 1s a site specific value 
Carbon spec1f1c d1stnbut1on coefficient (d1mens1onless) developed for this site and 1s 

( Kd) from Koc also used for VLEAeH 
modehn 

Notes 

cm = centimeters 

cm2 = square centimeters 

cm3/cm3 = cubic centimeters per cubic centimeters 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT AT THE CITY OF TEMPE RIGHT-OF WAY 

TABLE 5-12 
Parameters Used to Calculate Preliminary Cleanup Goals for Indoor Air Scenarios 
COT ROW Techmca/ Memorandum 

Exposure Parameters 

Target cancer nsk 

Target Hazard Quotient 

Body weight adult (kg) 

Inhalation rate (m3/day) 

Exposure frequency (days/yr) 

Exposure duration (yr) 

Averaging time - carcinogenic (yr) 

Averaging time - noncarcinogemc (yr) 

Umt Risk Factors (µg/m3
) 

1 

Reference Concentration (mg/m3
) 

Notes 

kg = kilograms 

m3/day = cubic meters per day 

days/yr = days per year 

yr= years 

µg/m3 = micrograms per cubic meter 

mg/m3 = milligrams per cubic meter 

Abbrev1at1ons 

TR 

THO 

BW 

IRA 

EF 

ED 

AT_C 

AT_N 

URF 

RfC 

Value 

Chemical Spec1f1c 

Chemical Spec1f1c 

70 

20 

350 

30 

70 

30 

Chemical Spec1f1c 

Chemical Spec1f1c 

*The umt for Umt Risk Factors 1s written 1n the form necessary for use in the program and 1s 
equivalent to m3/µg 

The eshmated mcremental mcreased concentrahons m groundwater calculated with 
VLEACH were used to eshmate nsks assoaated with the first two exposure pathways The 
nsk assessment templates used to calculate nsks associated with these concentrahons m 
groundwater are presented tn Tables 6-1 and 6-2 The nsks potenhally associated with 
tnhalahon of VOCs effiltted from sotl to mdoor au were calculated usmg the J&E, 1991 
mfimte source model The results from the nsk assessment for the mdoor au exposure 
pathway are summanzed m Table 6-3 All ELCR and noncancer hazard quohents were less 
than the Plug-m Cntena The ELCR from exposure to groundwater was 2x10-8 and the 
ELCRs ranged between 2x10 7 and 6x10 9 at SVMW-5 from exposure to mdoor au, all 
noncancer hazard quohents were less than 1 0 The J&E output files are mcluded as an 
attachment 

None of the Plug-m Cntena adopted m the 1993 Sotls ROD and descnbed m Table 6-4 were 
exceeded for the COT-ROW 
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TABLE 6 1 Subs1te Information By DD 
Risk Assessment Template for COT ROW Date 08/07/2000 
Cancer risk from voes in Groundwater 

Indian Bend wash - South 

See 1nstruct1ons 1n 1993 Vadose Zone ROD 

Line 1 Llne2 Llne3 Llne4 Lines Lines Line 8 

Chemical Chemical Oral Inhalation Estimated Estimated 
Concentration Intake Intake Slope Slope Cancer Cancer 

1n Groundwater Ingestion Inhalation Factor Factor Risk Risk 
(mg/L) (mg/kg day) (mg/kg day) (mg/kg day) 1 (mg/kg day) 1 Ingestion Inhalation 

Chemical 
Benzene 0 029 0029 
Benzyl chloride 0 17 

Bromomethane 

Carbon Tetrachloride 013 0053 
Chlorobenzene 

Chloroform 0 061 0 081 

Chloromethane 0 013 00063 

1 2 D1bromoethane 85 076 

1 2 D1chlorobenzene 

1 3 D1chlorobenzene 
V 

1 4 D1chlorobenzene 0024 ' ,. 

1 1 D1chloroethane 

1 2 D1chloroethane 0 091 0 091 

1 1 D1chloroethylene 

c1s 1 2 D1chloroethylene ~5,. 
••. 

trans 1 2 D1chloroethylene 

D1chloromethane 0 0075 0 0016 

1 2 D1chloropropane 0 068 

c1s 1 3 D1chloropropene 0 18 013 

trans 1 3 D1chloropropene 0 18 013 

Ethyl benzene 

4 Ethyltoluene .v 

Trichlorofluoromethane (Freon 11) ,_.,_. V.; 

D1chlorod1fluoromethane (Freon 12) '~<-'<-. 

1 1 2 Trichloro 1 2 2 trifluoromethane (Freon 113) 

D1chlorotetrafluoroethane (Freon 114) 

Hexachlorobutad1ene 0 078 0 078 

Methylethylketone (MEK) 

FORMERLY RDD/003672078 DOC (CAH833(FINAL) DOC) 
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TABLE 6 1 Subs1te lnfonnatIon 

Risk Assessment Template for COT ROW 

Cancer nsk from voes m Groundwater 

Indian Bend Wash - South 

See InstructIons In 1993 Vadose Zone ROD 

Line 1 Llne2 Llne3 Llne4 

Chemical Chemical Oral 
Concentration Intake Intake Slope 

In Groundwater Ingestion Inhalation Factor 
(mg/L) (mg/kg day) (mg/kg day) (mg/kg day) 1 

Chemical 
Styrene 

1 1 1 2 Tetrachloroethane 0 026 
Tetrachloroethylene (PCE) 312E 05 3 66E 07 1 37E 06 0 051 

Toluene 
1 2 4 Trichlorobenzene 

1 1 1 Trichloroethane 3 78E 06 4 44E 08 1 66E 07 

1 1 2 Trichloroethane 0 057 

Trichloroethylene (TCE) 1 15E 06 1 35E 08 5 06E 08 0 011 

Vinyl chloride 1 9 

Total xylenes 

Line 11 Estimated L1fet1me Cancer Risk Exceeds Plug In Criteria 

Line 12 Estimated L1fet1me Cancer Risk Does Not Exceed Plug In Criteria 

Be sure to compare concentrations In groundwater with MCL values 

Note 
mg/kg day = m1lhgrams per kilogram day 

FORMERLY RDD/003672078 DOC (CAH833(FINAL) DOC) 

Lines 

Inhalation 

Slope 
Factor 

(mg/kg day) 1 

.,. 

0026 

0 0018 

j 

0057 

0 006 

0 29 

- - - - -• 
Prepared 
By DD 

Date 08/07/2000 

Llne7 
Total 
Ingestion 
Risk 

Llne6 

Estimated 
Cancer 
Risk 

Ingestion 

1 87E 08 

' 
' 
0 00E+O0 

1 49E 10 

1 88E 08 !Line 9 
Total 
Inhalation 
Risk 

Line 10 I 2 E 08 

Total Subslte Risk 

X 

Lines 

Estimated 
Cancer 
Risk 

Inhalation 

'~ -'<.· <; 

2 47E 09 

0 00E+O0 

3 04E 10 

I 2 77E 09 ! 

-
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TABLE 6 2 
Risk Assessment Template for 

Noncancer Effects from voes In Groundwater 
Indian Bend Wash South 

See InstructIons In 1993 Vadose Zone ROD 

Chemical 
Benzene 

Benzyl chloride 

Bromomethane 

Carbon Tetrachloride 
Chlorobenzene 

Chloroform 

Chloromethane 
1 2 DIbromoethane 

1 2 D1chlorobenzene 
1 3 D1chlorobenzene 

1 4 D1chlorobenzene 

1 1 D1chloroethane 

1 2 DIchloroethane 

1 1 D1chloroethylene 

cIs 1 2 D1chloroethylene 

trans 1 2 D1chloroethylene 

DIchloromethane 

1 2 D1chloropropane 

cIs 1 3 D1chloropropene 

trans 1 3 D1chloropropene 

Ethyl benzene 

4 Ethyltoluene 

Tnchlorofluoromethane (Freon 11) 

D1chlorod1fluoromethane {Freon 12) 

-

Line 1 

Concentration 
In Groundwater 

{mg/L) 

1 1 2 Tnchloro 1 2 2 tnfluoromethane (Freon 113) 

D1chlorotetratluoroethane (Freon 114) 

Hexachlorobutad1ene 

Methylethylketone (MEK) 
Styrene 

1 1 1 2 Tetrachloroethane 

Tetrachloroethylene (PCE) 312E 05 

Toluene 

FORMERLY RDD/003672078 DOC (CAH833(FINAL) DOC) 

- - -• 
Subs1te Information 

COT ROW 

Llne2 
Chemical 
Intake 

Ingestion 
(mg/kg day) 

8 55E 07 

Llne3 
Chemical 
Intake 

Inhalation 
(mg/kg day) 

3 12E 06 

/ 

',. 

-

Llne4 
Oral 

Reference 
Dose 

{mg/kg day) 

., 

0 0014 

0 0007 
0 02 

0 01 

009 
, 

01 

0 1 

0 0009 

0 009 

0 009 

006 

0 0003 

0 0003 

0 1 

03 

02 

30 

0 002 

005 

02 

003 

0 01 

02 

- - -

Llne5 
Inhalation 
Reference 

Dose 
(mg/kg day) 

0 001 
! 

0005 
~ 

' 
' 

004 

02 

0 1 

0 0009 

086 

0 001 

0006 

0006 

029 

02 

005 

86 

0 1 

03 

0 1 

"' 

Noncancer 
Target Organ/ 
Critical Toxic 

Effect 
Ingestion 

GI 
LIVER 
LIVER 

LIVER 

LIVER 
" 

't'..'. 

LIVER 
LIVER 

LIVER 

LIVER 

LIVER 

LIVER 

LIVER 

LIVER 

LIVER 

BW 
BW 
BW 

v•,, 

LIVER 

CNS 
LIVER 

LIVER 

LIVER 

LIVER 

-
Prepared 
By 

Date 

Llne6 
Noncancer 

Hazard 
Quotients 
Ingestion 

, .. 

' 

-,~ 

'"::,. Vy ·, 

8 549E 05 

- - - -
DD 

08/07/2000 

Noncancer 
Target Organ/ 
Critical Toxic 

Effect 
Ingestion 
,, 

URT 
., 

LIVER 

' " 

LIVER 
,, 

LIVER 

LIVER 

LIVER 

LIVER 

URT 

URT 

URT 

DEV 
~. 

URT 

LIVER 

BW 

DEV 

LIVER 

CNS 

it 

,·, 

• 
Linea 

Noncancer 
Hazard "' 

Quotients 
Inhalation 

; . -~ 

;y' 

'·. 
.., 

<, ""\.' "0 

.) 

_,'..:-; 

,, 0 ...,.,_< 
\:? 



- - - - - -• 
TABLE 6 2 
Risk Assessment Template for 

Noncancer Effects from VOCs In Groundwater 

Indian Bend Wash South 

See InstructIons In 1993 Vadose Zone ROD 

Chemical 
1 2 4 Trichlorobenzene 

1 1 1 Trichloroethane 

1 1 2 Trichloroethane 

Trichloroethylene (TCE) 

Vinyl chloride 

Total xylenes 

FORMERLY RDD/003672078 DOC (CAH833(FINAL) DOC) 

-

Line 1 

Concentration 
In Groundwater 

(mg/L) 

3 78E 06 

1 15E 06 

- - -• 
Subs1te Information 

COT ROW 

Lme2 
Chemical 
Intake 

LIne3 
Chemical 
Intake 

Ingestion Inhalation 
(mg/kg day) (mg/kg day) 

3 15E 08 1 15E 07 

-

Llne4 
Oral 

Reference 
Dose 

(mg/kg day) 

0 01 

009 

0004 

009 

2 

- - - - - - -

' 

Lines 
Inhalation 
Reference 

Dose 
(mg/kg day) 

0003 

03 

03 

009 

Line 11a 
Line 12a 
Line 13a 
Line 14a 
Line 15a 
Line 16a 

• 
Prepared 
By _D_D ________ _ 

Noncancer 
Target Organ/ 
Critical TOXIC 

Effect 
Ingestion 

LIVER 

LIVER 

LIVER 

LIVER 

LIVER 

Llne7 
Total 

Date 08/07/2000 

Lines 
Non cancer 

Hazard 
Quotients 
Ingestion 

0 

3 501E 07 

Noncancer 
Target Organ/ 
Critical TOXIC 

Effect 
Ingestion 

LIVER 

LIVER 

' 
,, 

LIVER 
✓ 

CNS 

8 58E 05 !Line 9 
Total 

Ingestion HQ Inhalation HQ 

Line 10 8 62E 05 

Hazard Index 

Segregated Hazard Quotients 
Ingestion 

11b 
12b 
13b 
14b 
15b 
16b 

Segregated Hazard Indices 

) 

Lines 
Non cancer 

Hazard 
Quotients 
Inhalation 

0 
,,. 

3 83333E 07 

•✓ 

3 83E 07 

Critical Effect/ 

Target Organ 

GI 

UAT 

LIVER 

DEV 

BW 

CNS 

Line 17 .-------, GI 

URT Line 18 
Line 19 
Llne20 
Line 21 
Llne22 

LIVER 

DEV 

BW 

CNS 

-



- - - - - - - - - - - - - - - - - - -• • • 
Prepared 

TABLES 2 Subs1te Information By DD 
Risk Assessment Template for COT ROW Date 08/07/2000 

Noncancer Effects from VOCs 1n Groundwater 

Indian Bend Wash South 

See 1nstruct1ons 1n 1993 Vadose Zone ROD 
Line 1 Llne2 Llne3 Llne4 Lines Noncancer Lines Noncancer Line 8 

Chemical Chemical Oral Inhalation Target Organ/ Noncancer Target Organ/ Noncancer 
Concentration Intake Intake Reference Reference Critical Toxic Hazard Critical Toxic Hazard 

1n Groundwater Ingestion Inhalation Dose Dose Effect Quotients Effect Quotients 
Chemical (mg/L) (mg/kg day) (mg/kg day) (mg/kg day) (mg/kg day) Ingestion Ingestion Ingestion Inhalation 

Llne23 Estimated Hazard Index Exceed Plug 1n Cntena 

Line 24 Estimated Hazard Index Does Not Exceed Plug in Cntena X 

Be sure to also compare concentrations In groundwater with MCL values 

FORMERLY RDD/003672078 DOC (CAH833(FINAL) DOC) 
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TABLES 3 
COT ROW Summary of Chemical Concentrations and Risk Estimates for SVMW 5 (Infinite Source) 
COT ROW Technical Memorandum I 

Maximum Maximum 
Depth Concentration Concentration 

Contaminant Range O 12 feet 
Methylchloroform (1 1 1 Trichloroethane) 

Tetrachloroethylene (PCE) 

Trichloroethylene (TCE) 

0 000378 1 96 

Cr\Ca=(( Kv) (Pb )/HD)+( O)H D )+(e -0...,) 

Where 

C
7 

= total soil concentration (µg/kg) 

CG = total soil vapor concentration (µg/L) 

52 1 157 

52 17 417 

52 0 149 

0 044 

KD 

Pb 

= 

= 

water solid d1stribut1on coeff1cent = ( K
0
c )( foe) [Ukg) 

depth weighted average of dry bulk density (kg/L) 

HD = air water d1stribut1on coeff1c1ent (d1mens1onless) 

0 261 

8w 

er 

= 

= 

depth weighted average of volumetric water content (d1mens1onless) 

depth weighted average of total porosity (d1mens1onless) 

1231feet 
2 264 

13 242 

0 349 

foe = depth weighted average of fraction of organic carbon 1n soil (d1mens1onless) 

FORMERLY RDD/003672078 DOC (CAH833(FINAL) DOC) 

Maximum Depth Weighted + 
Concentration Maximum S011 Vapor 

31 52 feet Concentration {~g/L) 
0 222 0940 

3269 7607 

0 078 0169 

- - - - -• 
Koc Ho 
152 0540 

364 0 545 

152 0 540 
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TABLE 6 3 
COT ROW Summary of Chemical Concentrations and Risk Estimates for SVMW 5 (Infinite Source) 
COT ROW Techmca/ Memorandum 

Risk Per Unit 

-
Total S011 Concentration (ug/kg) 

Contaminant CrlCG Concentration (µg/kg} 
Methylchloroform (1 1 1 Tnchloroethane) 
Tetrachloroethylene (PCE) 
Tnchloroethylene (TCE) 

0 000378 1 96 

CT \Ca=( (Ko) (Pb )/HD )+(0:,/H D )+(8 -0:,) 
Where 

CT = total soil concentration (µg/kg) 

CG = total soil vapor concentration (µg/L) 

0 508 
0793 
0 508 

0044 

K = water solid d1stnbut1on coeff1cent = ( K
0
c )( foe) [Ukg] 

D 

flb = depth weighted average of dry bulk density (kg/L) 

HD = air water d1stnbut1on coeff1c1ent (d1mens1onless) 

0 244 
3 080 
0044 

0 261 

Bw 

Bl 

= 
= 

depth weighted average of volumetric water content (d1mens1onless) 

depth weighted average of total porosity (d1mens1onless) 

foe = depth weighted average of fraction of organic carbon 1n soil (d1mens1onless) 

FORMERLY RDD/003672078 DOC (CAH833(FINAL) DOC) 

m S011 

6 07E 08 
1 33E 07 

- - - - - - -• 
HQ Per Unit Excess 

Concentration L1fet1me Cancer Noncancer Hazard 
(µg/kg} Risk Quotient 
2 97E 04 7 24E 05 

1 87E 07 
5 82E 09 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT AT THE CITY OF TEMPE RIGHT-OF WAY 

TABLE6-4 
Plug 1n Cntena Comparison 
COT ROW T echmca/ Memorandum 

Criterion 
No Plug m Criteria Description 

2 

3 

4 

5 

Present a cancer nsk (incremental nsk) to a person of more than 1 in 1 million 
from both ingestion of voes in groundwater and inhalation of voes dunng 
household uses of groundwater over a lifetime 

Present a cancer nsk to a person of more than 1 in 1 m1lhon from inhalation of 
air above the soils at the Subs1te itself over a lifetime 

Present a hazard index to a person for non cancer effects of more than 1 from 
both ingestion of voes in groundwater and mhalat,on of voes dunng 
household uses of groundwater over a hfet,me 

Present a hazard index to a person for non cancer effects of more than one 
from inhalation of air above the soils at the Subs1te itself over a lifetime 

Increase the concentration of VOCs m groundwater (incremental 
concentration) by an amount greater than the federal Maximum Contaminant 
Level under the Safe Drinking Water Act 

7 Conclusions 

Criteria 
Exceeded at the 

COT ROW? 

No 

No 

No 

No 

No 

Based on the data, modeling and nsk assessment mdicated above, conclusions for the COT
ROW are as follows 

• Sotl vapor contarrunahon observed m the vicmity of the COT-ROW 15 a result of three 
separate and d1Shnct releases, therefore, the COT-ROW may be treated separately from 
the nearby Subsite No 6, which mcludes the IMC Magnehcs and Service & Sales 
factlihes 

• The compounds that may be directly attributed to the COT-ROW mclude PCE and TCE 
(as a degradahon product of PCE) 

• The eshmated maximum mcremental concentrahons of PCE and TCE to groundwater m 
any one year are 3 12x10-2 µg/L and 1 15x10 3 µg/L respechvely 

• The ELCRs ranged between 2x10 7 and 6x10-9 at SVMW-5 from exposure to mdoor au 

• The eshmated cumulahve nsk and hazard quohents do not warrant rmplementahon of 
an SVE system m thIS area 
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GROUNDWATER AND AIR MODELING AND RISK ASSESSMENT AT THE CITY OF TEMPE RIGHT-OF WAY 
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Integrahon Branch, Washmgton, DC September 
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S011 Boring Log (SVMW-5) 

• 



I 

•• I 
I 
I 
I 
I 
I 
I 
1• 
I 
I 
I 
I 
I 
I 

•• I 
I 

SVMW-5 

0 

0 5 

4 

6-7 

6 5-8 0 

9 

10 

12 

14 

15 5 

16-17 

17 0-18 5 

18 

20 

22-24 

24 

25 

26 

28 

32 

34 

36 

37 

37-38 

COT/Arizona Electrical Products 7/10/96 

Asphalt and Gravels ( 6 II) 

Gravelly SAND (veryfine to fine), light brown, 
subangular (FILL) 

Silty SAND (veryf ine) , trace fine Gravels, brown, 
slightly moist 

Sieve Sample (SVMW-5, 6-7 ft) / 7/11/96 

Spoon Sample (SVMW-5, 7-8 ft) / 7/10/96 

Pieces of clay pipe at lithologic interface, 2 11 -3 II 
long and 1 11 thick, 411 thick in boring 

Gravelly SAND, subangular to subrounded, light 
brown grey, slightly moist 

increased fine gravels 

color change dark reddish brown, very moist 

Gravelly SAND (veryfine to medium), trace Cobbles, 
light brown, dry 

Sieve Sample (SVMW-5, 16-17 ft) / 7/11/96 

Spoon Sample (SVMW-5, 16 5-18 0 ft) / 7/10/96 

-veryfine to coarse sand, some Cobbles, brown, 
sub rounded to rounded, moist 

-moist 

Sieve Sample (SVMW-5, 22-24 ft) / 7/11/96 

SAND and GRAVEL (veryfine to coarse), little 
Cobbles, brown, subrounded to rounded, damp 

Gravelly SAND (veryfine to medium), trace silt, 
powdery texture, light grey brown, dry 

veryfine to coarse, brown, damp 

SAND and GRAVEL, little cobbles, brown, dry 

increasing SAND, dry 

-1 II to 2 11
, greenish-pinkish coloration zones 

greenish zone, 1 ft, trace boulders, dry 

pinkish zone 1 ft 

Sieve sample (SVMW-5, 37-38 ft)' 7/11/96 



40-41 5 

40 

42 

44 

45-46 

45 

46 

48 

50 

50 5 

52 

53 

53-54 5 

54 

57 

57-58 

59 

59 7 

60 

62 

Spoon Sample {SVMW-5, 40 5-41 5 ft) , 7/10/96 

Clayey SAND and GRAVEL (veryfine to coarse), 
little cobbles, dark brown, moist, subangular to 
subrounded, fines stick to gravels and sands 

maroon color, moist 

-pink, friable rock zone 6 11 think, pink in the 
matrix, then mottled with dark olive brown, 
subangular to subrounded 

Spoon Sample {SVMW-5, 45-46 ft) , 7/11/96 

-trace cobbles, brown, very moist, fines stick to 
gravels and sands 

SAND and GRAVEL some Clay, brown, moist 

-2" cohesive gravel and sand stuck together with 
clay and is the shape of the core barrel 

-light yellow brown 

-dark pinkish matrix color, damp 

Clayey Gravelly SAND, reddish brown orange, damp, 
subrounded 

Gravelly SAND some Silt (veryfine to coarse), very 
moist, 1 ft, it is the shape of the core barrel, 
light olive brown 

Spoon Sample (SVMW-5, 53 5-54 5 ft) , 7/11/96 

Clayey Gravelly SAND, little silt, subangular to 
subrounded, slightly moist, medium brown,-mottled 
dark olive brown to black zones 1/2" thick, 
discontinuous 

SAND and GRAVEL some Clay, brown, sub rounded 

Sieve Sample {SVMW-5, 57-58 ft) , 7/11/96 

Water Table - Drillers call 

-pinkish color in matrix, very moist 

Clayey SAND and GRAVEL (veryfine to coarse), 
subrounded gravel, subangular sand, light brown, 
very cohesive matrix sticking to sand and gravels 

Sandy GRAVEL some Clay, orangish brown (angular 
oranqe rocks in the qravel) , damp 
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64 trace Cobbles 

66 very damp to wet 

68 Total Depth 
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Geotechn1cal Analyses 
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Notes 
I 

2 

TABLE 1 MOISTURE CONTENT AND DRY DENSITY TEST RESULTS 

SVMW - 1 ( 7 0 - 8 0 ) 16 3 109 3 

SVMW - 1 ( 17 0 - 18 0 ) 52 82 9 2 

SVMW - 1 ( 29 0 ) 65 130 6 

SVMW - 1 ( 41 0 ) 52 122 9 

SVMW - 2 ( 7 0 - 8 0 ) 17 9 84 5 

SVMW - 2 ( 40 5 - 41 5 ) 59 132 4 

SVMW - 2 ( 50 0 - 51 0 ) 63 113 2 

SVMW - 2 ( 61 5 - 62 5 ) 90 129 6 

SVMW - 3 ( 6 0 - 7 0 ) 1 6 103 3 

SVMW - 3 ( 16 0 - 17 0) 2 1 126 1 

SVMW - 3 ( 37 0 - 38 0 ) 64 122 8 

SVMW - 3 ( 51 0 - 51 5) 10 2 113 1 

SVMW - 4 ( 8 0 - 9 0 ) 16 3 86 5 

SVMW - 4 ( 26 0 - 27 0 ) 27 137 5 

SVMW - 4 ( 37 5 - 38 5 ) 30 129 4 

SVMW - 4 ( 60 5 - 61 5 ) 92 129 5 

SVMW - 5 ( 7 0 - 8 0 ) 70 103 9 

SVMW - 5 ( 17 0 - 18 0) 25 130 7 

SVMW - 5 ( 40 5 - 41 5 ) 26 120 7 

SVMW - 5 ( 53 5 - 54 5 ) 7 1 126 8 

Mo1Sture contents determmed by Aquauc Consulung and Tesung Inc on duphcate soJ.! samples 
from same sample mterval 
Sample dtsturbed dunng trururung due to presence of large gravel parncles 

Proposal No 96--0093 LOI 
Geotechrucal and EnVll'onmental Consultants Inc 

2 
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IAS Laboratoraes 

2515 East University Dnve 
Phoenix Anzona 85034 
(602) 273-7248 
Fax(602)275-3836 

22-Jul-96 

Submitted By Aquatic Consulting & Testing Inc 

Report To Rick Amalfi 

Report NO 6600551 

Sender ID Lab NO Total Organic Carbon m ppm 

BB-03881 405 1500 
BB-03882 406 220 
BB-03883 407 50 
88-03884 408 100 
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PARTICLE SIZE DISTRIBUTION TEST REPORT 
= C: C: C: 

"' - - -
= = = ~ C: 0 0 - ... "'Cl) ~ 0 0 0 ... 0 

I 
....._ ....._, ... "' .... C0 ;;, "' 100 C0 "1 "' - - "1 - "1 

,,., ,,., - - ,,., ,,., 

""' ---
90 - ~ .. 

"'it-. ... , 
80 

70 \ 
a:: , 
w 

\ ~ 60 
LL \ ~ 50 
w \ (.J 
a:: 
w 40 
0.. ' 

30 \ 
~ 
~ 
~ 20 

r---..~ ~"' ..... 
10 

0 --

200 100 10 0 1 0 0 1 0 01 
GRAIN SIZE - mm 

'7 +3 '7 GRAVEL '7 SAND '7 SILT % CLAY uses LL 
0 0 7 7 54 9 24 3 13 1 SM 

SIEVE PERCENT FINER SIEVE PERCENT FINER Sample 1nformat1on 
,nches • number • •svMw-5 @ 6-7 feet size size 

1 5 98 5 4 92 3 
1 96 3 8 90 8 

0 75 95 5 10 90 5 
0 5 94 5 16 89 5 

0 375 93 7 30 86 4 
0 25 92 8 40 83 7 

>< GRAIN SIZE 50 79 4 
100 54 6 

0 60 0 17 200 37 3 
D 30 0 05 
o,o 0 00 Remarks 

>< COEFFICIENTS Sampled By ADEO 
Tested By SQ 

cc 9 44 

I 
Checked By CLJ 

C 1 18 9 of GEC Inc u 

Geotechnicol &: Project No 96-0093 

Environmental Project SIBW Vapor Mo I tor Ing wel Is 

Consultants., Inc. Date 07-30-96 Figure Number 

-

0 001 

Pl 

28 



PARTICLE SIZE DISTRIBUTION TEST REPORT 
-= C: C: C: 

C: ~ - - - 0 0 

= = 
C: - - - .... N CD ~ 0 0 a :! 0 

I ' 
,, .... .,. .... C0 "' 100 co ,.., 

"' - - ,.., - I") - - "" - "" --
' ~ 90 

80 

~, 
"' ~~ 

70 ' 0::: 
.._, 

w 

' ~ 60 Iii,.. 

LL " ' ~ 50 
w ' u 
0::: 
w 40 

~ 

a.. 

30 \ 
20 '" ~ ..... 

' 10 

0 
200 100 10 0 1 0 0 1 0 01 

GRAIN SIZE - mm 

'7 +3 '7 GRAVEL '7 SAND '7 SILT % CLAY uses LL 

• 0 0 32 5 55 8 5 9 5 8 SP-SM 

SIEVE PERCENT FINER SIEVE PERCENT FINER Sample 1nformat1on 
,nches • number • s,ze size e SVMW-5 @ 16-17 feet 

1 5 97 6 4 67 5 
1 91 9 8 59 5 

0 75 87 7 10 57 4 
0 5 81 1 16 49 0 

0 375 77 0 30 33 6 
0 25 71 2 40 27 0 

>< GRAIN SIZE 50 22 2 

2 
100 15 6 

D50 43 200 1 1 7 
D30 0 50 
D,o 0 02 Remarks 

>< COEFFICIENTS Sampled By ADEO 
Tested By SO 

cc 4 78 Checked By CLJ 
cu 1 1 2 3 of GEC Inc ..... 

Geotechnicol & Pro1ect No 96-0093 

Environmental Pro1ect SISW Vapor Mo I tor Ing wel Is 

Consultants, Inc. Dote 07-30-96 Figure Number 

~ 

0 0 
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PARTICLE SIZE DISTRIBUTION TEST REPORT 
= 

= 
C C 

"' = -= =::C- C 0 0 - ... "' a) ~ 0 0 0 ! 0 
I ' 

,, .... "' .... C0 "' 100 <O ,,., 
"' - - ,,., - "" "" - - - "" - "" 

90 

80 4 

' 70 
0::: 

' w 
z 60 -
LL 

I- 50 z 
w 

\ u 
f5 40 
a. \ 

30 ~ ~, 
~ ... 

20 ..... 
.... "'~~ 10 

~~ ... ..... -0 
200 100 10 0 1 0 0 1 0 01 

GRAIN SIZE - mm 

'7 +3 % GRAVEL 7 SAND 7 SILT % CLAY uses LL 
0 0 76 7 21 5 1 0 0 8 GW 

SIEVE PERCENT FINER SIEVE PERCENT FINER Sample 1nformat1on 
,nches number • e SVMW-5 size • s,ze @ 22-24 feet 

2 82 9 4 23 3 
1 5 69 4 8 19 2 1 56 0 

0 75 47 2 10 17 9 D S 37 3 
0 375 32 4 16 13 8 0 25 26 5 

30 8 0 
40 6 0 

>< GRAIN SIZE 50 4 7 
100 2 8 

D50 28 90 200 1 9 
D30 8 14 
D10 0 76 Remarks 

>< COEFFICIENTS Sampled By AOEQ 
Tested By SQ 

cc 2 98 Checked By CLJ 
cu 37 6 of GEC Inc 

Geotechnical & ProJect No 96-0093 

Environmental Pro1ect SIBW Vapor Mo I tor Ing we 11 s 

Consultants. Inc. Date 07-30-96 Figure Number 

0 001 

Pl 

30 



PARTICLE SIZE DISTRIBUTION TEST REPORT 
= C C C 

-= ~ 
-

= = = .... 0 0 
N CX, e 0 0 0 ! 0 

t ' ,, .... "' .... "' N 

100 rD ..., 
N - - O"I - ..., ""' - ,.. ,. - ""' -

90 

80 . 
\ 

70 ~ 

a::: 
w 
?: 60 
LL.. \ ~ 50 
w 

' () 

5 40 ~ 

a.. r.." 
30 --- .. ' -, 

~ 
20 - ~ ~ 

r--10 
"""" 

L .......__ 

0 
200 100 10 0 1 0 0 1 0 01 

GRAIN SIZE - mm 

7 +.3 7 GRAVEL % SAND "/ SILT '7 CLAY uses LL 

• 0 0 66 1 28 1 4 1 1 7 GW-GM 

SIEVE PERCENT FINER SIEVE PERCENT FINER Sample , n format , on 
inches • number • e SVMW-5 @ 37-38 feet s,ze size 

2 80 + 4 33 9 
1 5 78 5 8 29 7 I 66 6 

0 75 58 + 10 28 7 0 5 +9 + 
0 375 +.3 3 16 24 8 

0 25 37 0 
30 16 7 
40 12 7 

>< GRAIN SIZE 50 11 1 
100 7 6 

0 60 20 22 200 5 7 
D30 2 46 
D10 0 23 Remarks 

>< COEFFICIENTS Sampled By AOEQ 
Tested By SQ 

cc 1 26 Checked By CLJ 
cu 85 1 of GEC Inc 

Geotechnicol c!c ProJect No 96-0093 

Environmental ProJect SIBW Vapor Mo, tor, ng wel Is 

Consultants. Inc. Date 07-31-96 F,gure Number 

0 

Pl 

31 

0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• 

PARTICLE SIZE DISTRIBUTION TEST REPORT 
= C: C: C: 

"' - - - 0 = = C: '- C: 0 - - - . "' 10 ~ 0 0 0 ! 0 
I '- '- '- • "' ~ "' "' 100 tD ,,, "' - - ,,, - ,,, - - - - - --

90 

4 

80 t. 
~ 

70 ' a::: \ w 
z 60 \. -u.. \. ~ 50 
w ~ :-. () --, .... ~ 40 
a. ~ 

"· 30 
~ ... ""'~ ~ ,..._ 

20 -....... -~ 10 ·-
0 
200 100 10 0 1 0 0 1 0 01 

GRAIN SIZE - mm 

'7 +3 '7 GRAVEL % SAND % SILT % CLAY uses LL 
0 0 57 0 26 5 7 0 9 5 GC 

SIEVE PERCENT FINER SIEVE PERCENT FINER Sample , nformot ,on 
,nches • number • • SVMW-5 @ 45-46 feet size s,ze 

2 ~2 4 43 0 
1 5 75 9 8 38 0 1 67 5 

0 75 63 0 10 36 8 0 5 55 5 
0 375 51 2 16 32 9 

0 25 45 6 
30 27 1 
40 25 1 

>< GRAIN SIZE 50 23 3 

06 
100 19 5 

D60 16 200 16 5 
D30 0 83 
o,o 0 00 Remarks 

>< COEFFICIENTS Sampled By ADEQ I 

Tested By SQ 
cc 7 41 Checked By CLJ 
cu 2754 of GEC Inc 

Geotechnicol c!c ProJect No 96-0093 

Environmental ProJect SIBW Vapor Mor tor,ng wel Is 

Consultants. Inc. Dote 07-31-96 Figure Number 

-
0 001 

Pl 
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PARTICLE SIZE DISTRIBUTION TEST REPORT 
-= C: C: C: 

"' - - - 0 = = = ~ C: 0 - .... N (0 ~ 0 0 0 ! 0 
I ...... ...... ...... .... "' ... "' "' 100 <O ,,, 

N - - ,,, - ,,, ... ... ... ... ... ... -
90 

80 
◄, 

70 \ 
a:: \ w 
~ 60 
LL. 

, 
~ 50 \ 
w \. () 

8J 40 
a.. ~--

30 
~, .. 

..... 
~ ~ 20 ..... _ 

~ ... 

"""' .. ~ 10 ..... --
0 
200 100 10 0 1 0 0 1 0 01 

GRAIN SIZE - mm 

'7 +3 '7 GRAVEL % SAND '7 SILT % CLAY uses LL 

• 0 0 67 9 25 1 3 1 3 9 GP-GC 

SIEVE PERCENT FINER SIEVE PERCENT FINER Sample 1nformat1on 
,nches • number • •svMw-5 s,ze s,ze @ 57-58 feet 

2 86 6 4 32 1 
1 5 79 8 8 25 9 1 6.3 5 

0 75 56 1 10 24 4 0 5 45 8 
0 .375 41 2 16 19 9 

0 25 35 2 
30 14 9 
40 13 2 

>< GRAIN SIZE 50 1 1 7 
100 8 8 

0 so 22 .36 200 7 0 
D30 3 75 
D10 0 20 Remarks 

>< COEFFICIENTS Sampled By ADEO 
Tested By SQ 

cc .3 1 2 Checked Sy CLJ 
C 1 1 1 2 of GEC Inc '-u 

Geotechnicol & ProJect No 96-0093 

Environmental ProJect SISW Vapor Mo I tor Ing wel Is 

Consultants,, Inc. Dote 07-31-96 Figure Number 
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VLEACH Preprocessor, Input, and Output Files 

Groundwater M1x1ng Cell Results 



--------- - - - - - - - - - -• • 
This spreadsheet calculates total soil concentrations based on soil gas concentrations and Ct/Cg 

COT ROW 
WELL SVMW 5 
CONTAMINANT PCE 

Cr/CG 

DEPTHS SOIL GAS (ug/1) SOIL GAS (ug/1) TOTAL SOIL (ug/Kg) 
from (ft) to (ft) 03/12/1997 05/02/1997 06/23/1997 MEAN M + lsd MAX MEAN M + lsd MAX 

0 12 6172 13 646 17 417 12 18 17 417 5 7 
12 31 12 853 13 151 13 242 13 13 13 242 5 5 
31 52 0395 3 269 2 513 2 4 3 269 

NOTE SHADED VALUES ARE THE INPUTS TO VLEACH INPUT FILE 

• 
O 75 Area (ft2) 32185 

Pb (g/cm3) l 96 

MASS (g) 
MEAN M + lsd MAX 
101 6 148 5 142 6 
1696 172 3 171 7 
295 50 9 468 

3008 371 6 361 2 



COT-ROW VLEACH Model 
1 

0 1 100 
364 545 

Polygon I 
32185 1 

0 -1 
52y 100 

1 12 6 66 
13 31 5 07 
32 52 1 25 

SVMW-5 PCE contam1nat1on 

1 10 
200 62208 

0375 1 96 
-1 

261 044 000378 
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---- -- ---- - -- -- - -I 
VLEACH (Version 2 2a 1996) 

I 
By I 

Varadhan Ravi and Jeffrey A Johnson 
(USEPA Contractors) I 

Center for Subsurface Modehng Support 
Robert S Kerr Environmental Research Laboratory 
U S Environmental Protection Agency I 
PO Box 1198 I 
Ada OK 7 4820 I 

Based on the ongInal VLEACH (version l 0) 
developed by CH2M Hill Redding California 
for USEPA Region IX I 

--------------, 

COT-ROW VLEACH Model SVMW -5 PCE contam1nat1on 
********* ************* *** **** ************ ** * 

************************ ** ** ********** ******* * 

TOTAL GROUNDWATER IMPACT 

Time (yr) Mass (g/yr) 
l 0 37555 
2 04966 
3 0 55389 
4 0 57986 
5 0 5913 
6 0 59604 
7 059768 
8 05979 
9 059746 
10 0 59672 
11 059585 
12 05949 
13 059393 
14 059295 
15 0 59196 
16 0 59098 
17 0 58999 
18 0589 
19 0 58802 
20 0 58703 
21 058605 
22 0 58507 
23 0 58409 
24 0 58311 
25 0 58213 

l of 3 

Cumulative Mass (g) 
0 28812 
0 73724 

l 269 
l 8389 
24258 
3 0201 
3 6172 
4 2151 
4 8128 
54098 
6 0061 
6 6014 
7 1958 
7 7892 
8 3816 
8 973 

95634 
10 153 
10 741 
11 329 
11915 
12 501 
13 085 
13 669 
14 251 

09/13/2000 



I 
COT-ROW VLEACH Model SVMW 5 PCE contam1nat1on 
** * ******* ***** * * * *** * **** ** ** ** * •• 
************* *********** * **** * * * ******** 

TOTAL GROUNDWATER IMPACT 
I 

Time (yr) Mass (g/yr) Cumulative Mass (g) 
26 058116 14833 

I 
27 0 58019 15 414 
28 0 57922 15993 
29 0 57825 16 572 I 
30 0 57728 17 15 
31 0 57631 17 727 
32 0 57535 18 302 I 
33 0 57439 18 877 
34 0 57342 19 451 
35 0 57246 20024 I 
36 0 57151 20596 
37 0 57055 21 167 
38 05696 21 737 I 
39 0 56864 22306 
40 0 56769 22 874 
41 0 56674 23 441 I 
42 0 56579 24007 
43 0 56484 24573 
44 05639 25137 •1 
45 0 56295 25 7 
46 0 56201 26263 
47 0 56107 26824 I 
48 0 56013 27 385 
49 05592 27944 
50 0 55826 28503 I 
51 0 55733 29 061 
52 0 55639 29618 
53 0 55546 30 174 I 
54 0 55453 30729 
55 05536 31 283 
56 0 55268 31 836 I 
57 055175 32 388 
58 0 55083 32939 
59 0 54991 33489 
60 0 54899 34039 

I 
61 0 54807 34587 
62 0 54715 35 135 
63 0 54623 35 681 

I 
64 0 54532 36227 
65 0 54441 36 772 
66 05435 37 316 
67 0 54259 37 859 •• I 

2 of 3 09/13/2000 

I 
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COT ROW VLEACH Model SVMW 5 PCE contam1nat1on 
*** ** *** * ** * ** * 

TOTAL GROUNDWATER IMPACT 

Time (yr) 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 

Mass (g/yr) 
0 54168 
0 54077 
0 53987 
0 53896 
0 53806 
0 53716 
0 53626 
0 53536 
0 53447 
0 53357 
0 53268 
0 53179 
05309 

0 53001 
0 52912 
0 52824 
0 52735 
0 52647 
0 52559 
0 52471 
0 52383 
0 52295 
052208 
0 52121 
0 52033 
0 51946 
0 51859 
0 51772 
0 51686 
0 51599 
0 51513 
0 51427 
0 51341 

3 of 3 

• 

Cumulative Mass (g) 
38 401 
38942 
39482 
40022 
4056 

41 098 
41 635 
42 17 

42 705 
43239 
43 772 
44304 
44836 
45366 
45896 
46424 
46952 
47 479 
48005 
48 53 
49054 
49578 
50 l 

50622 
51 142 
51 662 
52 181 
52699 
53 217 
53 733 
54248 
54 763 
55277 

09/13/2000 



This spreadsheet takes the area dependent out put from VLEACH and calculates GW concentrations 
The model (column E) 1s based on eq 16 of Ground Water Threat Calculations Report for NIBW Area 9 
Hydro Geo Chem Inc May 1993 

Groundwater Mixing Cell Template 
0 COT ROW PCE Loading Estimate 

Thickness (fl) so K (ft/cl) 245 Koc (ml/g) 

Widlh (tt) 15} Grod,enl (fl/fl) 1 OOE 03 foe(> 

Lenglh (ft) 213 Poroslly C) 0.261 rhob (g/cm3) 

(Koc foe bulk denSlly) 

Cell Volume (113) 1608150 Dorcy Vel (ft/cl) 0245 + Po10S1ly 

Doys/Hmeslep 365 25- GW Flux (113/cl) 1850 

(These two columns are from VLEACH) 

Time Time at end Mass from Mass from Calculated 
Step of Time step VadoseZone VadoseZone Concentration 

(Number) (Years) (q/yr) (q/day/ft2) (a/ft3) 
0 0 0OOE+OO 0OOE+OO 
1 1 037555 3 20E 08 304E 07 
2 2 04966 4 23E-08 5 40E-07 
3 3 055389 4 71E-08 6 93E-07 
4 4 057986 4 94E 08 7 83E 07 
5 5 05913 5 03E-08 8 34E 07 
6 6 059604 507E-08 8 60E-07 
7 7 059768 509E-08 8 74E 07 
8 8 05979 509E-08 8 80E-07 
9 9 059746 509E-08 8 82E-07 
10 10 0 59672 508E 08 8 83E-07 
11 11 0 59585 5 07E 08 8 82E 07 
12 12 05949 506E-08 8 81 E-07 
13 13 059393 5 06E-08 8 80E-07 
14 14 0 59295 5 OSE-08 8 79E-07 
15 15 0 59196 5 04E-08 8 77E-07 
16 16 059098 5 03E-08 8 76E 07 
17 17 058999 502E-08 8 74E-07 
18 18 0589 501E 08 8 73E-07 
19 19 0 58802 501E 08 8 72E 07 
20 20 0 58703 500E-08 8 70E-07 
21 21 0 58605 4 99E-08 8 69E-07 
22 22 058507 4 98E-08 8 67E-07 
23 23 058409 4 97E-08 8 66E-07 
24 24 05831 l 4 96E-08 8 64E-07 
25 25 058213 4 96E 08 8 63E-07 
26 26 058116 495E 08 8 61E-07 
27 27 058019 4 94E 08 8 60E-07 
28 28 057922 4 93E 08 8 59E-07 
29 29 0 57825 4 92E 08 8 57E 07 
30 30 0 57728 4 91E-08 856E 07 
31 31 0 57631 4 91E 08 854E 07 
32 32 0 57535 4 90E 08 8 53E 07 
33 33 0 57439 4 89E 08 8 51E 07 
34 34 057342 4 88E 08 8 SOE-07 
35 35 057246 4 87E 08 8 48E 07 
36 36 0 57151 4 86E 08 8 47E-07 
37 37 057055 4 86E 08 8 46E-07 
38 38 05696 4 85E-08 8 44E 07 
39 39 0 56864 4 84E 08 8 43E-07 
40 40 0 56769 4 83E 08 8 41E 07 
41 41 0 56674 4 82E 08 8 40E-07 
42 42 056579 4 82E 08 8 39E 07 

l of 3 

364 

3 78E 04 

l 96 

0531 

Calculated 
Concentrahon 

(UQ/1) 

0000 
0011 
0019 
0024 
0028 
0029 
0030 
0031 
0031 
0031 
0031 
0031 
0 031 
0031 
0031 
0031 
0031 
0031 
0031 
0031 
0031 
0031 
0031 
0031 
0031 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
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Thickness (fl) 

Width (fl) 

Length (fl) 

Cell Volume (113) 

Doys/hmestep 

Time 
Step 

(Number) 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 

Groundwater Maxing Cell Template 
COT ROW PCE Loading Estimate 

so K (fl/d) 245 Koc (ml/g) 364 
15} Gradient (II/fl) 1 ODE 03 foe() 3 78E 04 

213 Porosity () ():61 rhob (g/cm3) I 96 

(Koc foe bulk density) 
1608150 Dorcy Vel (fl/d) 0245 + Porosity 0531 

365 25- GW Flux (113/d) 1850 

(These two columns are from VLEACH) 

Time at end Mass from Mass from Calculated Calculated 
of Time step Vadose Zone VadoseZone Concentration Concentration 

(Years) (g/yr) (g/day/ft2) (g/ft3) (ug/1) 
43 056484 4 81E-08 8 37E 07 0030 
44 05639 4 80E-08 8 36E 07 0030 
45 056295 4 79E-08 8 34E-07 0029 
46 056201 4 78E-08 8 33E-07 0029 
47 056107 4 78E-08 8 32E 07 0029 
48 056013 4 77E-08 8 30E-07 0029 
49 05592 4 76E 08 8 29E 07 0029 
50 055826 4 75E-08 8 27E-07 0029 
51 0 55733 4 74E-08 8 26E 07 0029 
52 055639 4 74E 08 8 25E 07 0029 
53 055546 4 73E-08 8 23E-07 0029 
54 055453 4 72E-08 8 22E-07 0029 
55 05536 4 ?lE-08 8 21E 07 0029 
56 055268 4 ?0E-08 8 19E-07 0029 
57 0 55175 4 ?0E-08 8 l8E 07 0029 
58 055083 4 69E-08 8 l6E 07 0029 
59 054991 4 68E-08 8 lSE 07 0029 
60 054899 4 67E-08 8 l4E 07 0029 
61 0 54807 4 67E 08 8 12E 07 0029 
62 0 54715 4 66E-08 8 11 E-07 0029 
63 0 54623 4 65E-08 8 JOE 07 0029 
64 054532 4 64E-08 8 08E-07 0029 
65 054441 4 63E-08 8 07E 07 0028 
66 05435 4 63E-08 8 06E 07 0028 
67 054259 4 62E 08 8 04E 07 0028 
68 0 54168 4 61E 08 8 03E 07 0028 
69 054077 4 60E 08 8 02E 07 0028 
70 0 53987 4 60E-08 8 OOE 07 0028 
71 053896 4 59E-08 7 99E-07 0028 
72 053806 4 58E-08 7 98E 07 0028 
73 0 53716 4 S?E-08 7 96E-07 0028 
74 0 53626 4 56E-08 7 95E 07 0028 
75 053536 4 56E-08 7 94E 07 0028 
76 0 53447 4 55E-08 7 92E 07 0028 
77 0 53357 4 54E 08 7 91 E 07 0028 
78 0 53268 4 53E-08 7 90E 07 0028 
79 0 53179 4 53E 08 7 88E 07 0028 
80 05309 4 52E-08 7 87E 07 0028 
81 053001 4 SlE-08 7 86E 07 0028 
82 052912 4 SOE 08 7 84E 07 0028 
83 0 52824 4 SOE 08 7 83E 07 0028 
84 0 52735 4 49E-08 7 82E 07 0028 
85 0 52647 4 48E 08 7 BOE 07 0028 
86 052559 4 47E 08 7 79E 07 0028 
87 0 52471 4 47E 08 7 78E 07 0027 
88 0 52383 4 46E-08 7 76E 07 0027 
89 0 52295 4 45E 08 7 ?SE 07 0027 
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Groundwater M1x1ng Cell Template 
COT ROW PCE Loading Estimate 

thickness (It) ~ K (11/d) 245 

Width (fl) 15) Gradient (II/fl) l OOE 03 

Length (fl) ~13 Porosity () 02~1 

Cell Volume (113) 1608150 DarcyVet (fl/cl) 0245 

Days/Hmeslep 365.25 GW Flux (113/d) 1850 

(These two columns are from VLEACH) 

Time Tnne at end Mass from Mass from 
Step of Time step VadoseZone VadoseZone 

(Number) (Years) (g/yr) (a/clay /ft2) 
90 90 052208 4 44E-08 
91 91 052121 4 44E-08 

92 92 052033 4 43E 08 
93 93 051946 4 42E-08 
94 94 051859 4 41E-08 

95 95 051772 4 41E-08 

96 96 0 51686 4 40E-08 

97 97 0 51599 4 39E-08 

98 98 0 51513 4 39E-08 
99 99 051427 4 38E-08 

100 100 051341 4 37E-08 

3 of 3 

Koc Cml/g) 364 
toe() 3 78E 04 

rhob (g/cm3) 196 

(Koc foe bulk density) 
+ Porosity 0531 

Colculated Calculated 
Concentrahon Concentration 

(a/ft3) (ug/1) 
7 74E-07 0027 
7 73E-07 0027 
771E-07 0027 
7 70E-07 0027 
7 69E 07 0027 
7 67E-07 0027 
7 66E-07 0027 
7 65E 07 0027 
7 64E-07 0027 
7 62E-07 0027 
7 61E-07 0027 
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-------------------• • • 
This spreadsheet calculates total soil concentrations based on soil gas concentrations and Ct/Cg 

COT ROW 
WELL SVMW 5 
CONTAMINANT l l l TCA 

CifCG 

DEPTHS SOIL GAS (ug/1) SOIL GAS (ug/1) TOTAL SOIL (ug/Kg) 
from (ft) to (ft) 03/12/1997 05/05/1997 06/23/1997 MEAN M + lsd MAX MEAN M + lsd MAX 

0 12 0 783 l 157 1107 l l 1 157 0 0 
12 31 l 749 2 264 l 861 2 2 2 264 0 l 
31 52 0043 0 222 0199 0 0 0 222 0 0 

NOTE SHADED VALUES ARE THE INPUTS TO VLEACH INPUT FILE 

0 49 Area (ft2) 32185 

P0 (g/cm3) l 96 

MASS (g) 
MEAN M + lsd MAX 

54 65 62 
166 18 9 19 2 
l 4 24 2 l 

23 5 27 8 27 4 



COT-ROW VLEACH Model 
1 

0 1 100 
152 540 

Polygon I 
32185 1 

0 -1 
52y 100 

1 12 0 29 
13 31 0 57 
32 52 0 06 

SVMW-5 1 1 1-TCA 

1 10 
720 67392 

0375 1 96 
-1 

contamination 

261 044 000378 
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VLEACH (Version 2 2a 1996) 

I 
By I 

Varadhan Ravi and Jeffrey A Johnson 
(USEPA Contractors) I 

Center for Subsurface Modeling Support 
Robert S Kerr Environmental Research Laboratory 
U S Environmental Protection Agency I 
PO Box 1198 I 
Ada OK 74820 I 

Based on the original VLEACH (version 1 0) 
developed by CH2M Hill Redding California 
for USEPA Region IX I 

-------------1 

COT-ROW VLEACH Model SVMW-5 1 1 1-TCA contam1nat1on 
************** ************** ** ** * ********** * 

************** ************ **** ** *** * ******* •• I TOTAL GROUNDWATER IMPACT 

1e 
I 
I 
I 
I 
I 
I 

•• I 
I 

Time (yr) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Mass (g/yr) Cumulative Mass (g) 
5 69E 02 3 90E 02 
6 92E-02 0 10418 
7 20E 02 0 17525 
7 26E 02 0 24764 
7 26E 02 0 32024 
7 24E-02 0 39275 
7 23E 02 0 4651 
7 21E 02 0 53727 
7 19E-02 0 60924 
7 17E 02 0 68103 
7 15E 02 0 75263 
7 13E-02 0 82404 
7 11 E-02 0 89526 
7 l0E-02 09663 
7 08E-02 1 0371 
7 06E-02 1 1078 
7 04E-02 1 1783 
7 02E 02 1 2486 
7 00E-02 1 3187 
6 98E 02 1 3886 
6 96E-02 1 4583 
6 95E 02 1 5279 
6 93E 02 1 5972 
6 91E 02 1 6664 
6 89E 02 1 7354 
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I 
COT ROW VLEACH Model SVMW -5 l l l TCA contam1nat1on •• * ** *** * ***** ** * *** * **** ** 

* ******************** * * * **** ********** I 
TOTAL GROUNDWATER IMPACT 

Time (yr) Mass (g/yr) Cumulative Mass (g) I 
26 6 87E-02 l 8042 
27 6 86E-02 l 8729 

I 28 6 84E-02 l 9413 
29 6 82E-02 20096 
30 6 80E-02 20777 

I 31 6 78E-02 2 1456 
32 6 77E-02 2 2133 
33 6 75E-02 22809 

I 34 6 73E-02 23483 
35 6 71E-02 2 4154 
36 6 69E-02 24825 
37 6 68E-02 25493 I 38 6 66E 02 2 616 
39 6 64E-02 26825 
40 6 62E-02 2 7488 I 41 6 61E-02 2 8149 
42 6 59E-02 2 8809 
43 6 57E-02 29467 •1 44 6 55E-02 3 0123 
45 6 54E-02 30778 
46 6 52E-02 3 143 I 47 6 50E-02 3 2081 
48 6 49E-02 3 2731 
49 6 47E-02 3 3378 I 50 6 45E-02 34024 
51 6 43E-02 34668 
52 6 42E-02 3 5311 I 53 6 40E-02 3 5951 
54 6 38E-02 3659 
55 6 37E-02 3 7228 I 56 6 35E 02 3 7863 
57 6 33E-02 38497 
58 6 32E-02 3 913 

I 59 6 30E-02 3976 
60 6 28E-02 40389 
61 6 27E-02 4 1017 

I 62 6 25E-02 4 1643 
63 6 23E-02 4 2267 
64 6 22E-02 4 2889 

I 65 6 20E-02 4 351 
66 6 18E-02 4 4129 • 67 6 17E-02 44746 

I 
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COT ROW VLEACH Model SVMW 5 1 1 1 TCA contam1nat1on 
** • **** * ** * * * *. * * 

*** * **** ****************** ** * • * * • 

TOTAL GROUNDWATER IMPACT 

Time (yr) Mass (g/yr) Cumulative Mass (g) 
68 6 15E 02 45362 
69 6 13E 02 45976 
70 6 12E 02 46589 
71 6 l0E 02 4 72 
72 6 09E 02 4 7809 
73 6 07E 02 4 8417 
74 605E 02 49023 
75 6 04E 02 49628 
76 6 02E 02 50231 
77 6 0lE 02 50832 
78 5 99E 02 5 1432 
79 5 97E 02 5203 
80 5 96E 02 52627 
81 5 94E 02 53222 
82 5 93E 02 5 3815 
83 5 91E-02 54407 
84 590E 02 54997 
85 5 88E-02 55586 
86 5 87E-02 5 6173 
87 5 85E-02 56759 
88 5 83E-02 5 7343 
89 5 82E 02 5 7926 
90 5 80E-02 58507 
91 5 79E 02 59086 
92 5 77E-02 59664 
93 5 76E-02 6 0241 
94 5 74E-02 60816 
95 5 73E-02 6 1389 
96 5 71E-02 6 1961 
97 5 70E-02 62532 
98 5 68E-02 6 31 
99 5 67E-02 63668 
100 5 65E-02 64234 
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This spreadsheet takes the area dependent out put from VLEACH and calculates GW concentrations 
The model (column E) Is based on eq 16 of Ground Water Threat Calculations Report for NIBW Area 9 
Hydro Geo Chem Inc May 1993 

Groundwater Mixing Cell Template 
COT ROW 1 1 1 TCA Loading Estimate 

Thickness (fl) 50 K(fl/d) 245 Koc (ml/g) 

Width (fl) 15} GrodIenl (fl/fl) 1 OOE 03 toe() 

Length (fl) 213 Porosity () 026-1 rhob (g/cm3) 

(Koc toe bulk density) 
Cell Volume (113) 1608150 Dorcy Vel (fl/d) 0245 + Porosity 

Doys/llmeslep 36525- GW Flux (113/d) 1850 

(7hese two columns are from VLEACH) 

Time Time at end Mass from Mass from Calculated 
Step of Time step VadoseZone Vaclose Zone Concentrahon 

(Number) (Years) (g/yr) (g/day/ft2) (g/ft3) 
0 0 0OOE+OO OOOE+OO 
l l 5 69E-02 4 85E-09 5 69E-08 
2 2 6 92E-02 5 89E-09 8 76E-08 
3 3 7 20E-02 6 l3E-09 l OOE-07 
4 4 7 26E-02 6 l8E-09 l 05E-07 
5 5 7 26E 02 6 l8E-09 l 07E 07 
6 6 7 24E 02 6 17E-09 l 07E-07 
7 7 7 23E-02 6 l5E 09 l 07E-07 
8 8 7 21E-02 6 l4E-09 l 0?E-07 
9 9 7 l9E 02 6 l2E 09 l 07E 07 
lO lO 7 l?E-02 6 lOE 09 l 06E-07 
ll ll 7 lSE-02 609E 09 l 06E-07 
12 12 7 l3E 02 6 07E-09 l 06E-07 
13 13 7 llE-02 6 06E-09 l 05E 07 
14 14 7 l0E 02 6 04E-09 l 05E 07 
15 15 7 OBE-02 6 02E-09 I 05E-07 
16 16 7 06E-02 6 OlE-09 l 05E-07 
17 17 7 04E-02 5 99E-09 l 04E-07 
l8 18 7 02E-02 5 98E-09 l 04E 07 
19 19 7 OOE-02 5 96E-09 l 04E-07 
20 20 698E-02 5 94E-09 l 03E 07 
21 21 696E-02 5 93E-09 l 03E-07 
22 22 695E 02 591E 09 l 03E 07 
23 23 6 93E-02 5 90E-09 l 03E-07 
24 24 691E 02 5 88E-09 l 02E-07 
25 25 689E 02 5 87E 09 l 02E 07 
26 26 6 87E-02 5 85E 09 l 02E 07 
27 27 686E 02 5 84E-09 l 02E 07 
28 28 684E 02 5 82E-09 l 0lE-07 
29 29 6 82E 02 5 BOE-09 l 0lE 07 
30 30 6 BOE 02 5 79E-09 l 0lE 07 
31 31 6 78E-02 5 77E-09 l 0lE-07 
32 32 6 77E 02 5 76E-09 l OOE-07 
33 33 6 ?SE 02 5 74E-09 l OOE-07 
34 34 6 73E 02 5 73E-09 997E 08 
35 35 6 ?IE 02 5 71E 09 9 95E-08 
36 36 669E 02 5 70E 09 992E 08 
37 37 668E 02 5 68E-09 9 89E 08 
38 38 6 66E 02 5 67E 09 9 87E 08 
39 39 664E 02 5 65E-09 9 84E 08 
40 40 662E 02 5 64E-09 9 82E 08 
41 41 661E02 5 62E 09 9 79E 08 
42 42 659E 02 5 61E-09 9 76E-08 

l of 3 

lS2 

3 78E 04 

196 

0 374 

Calculated 
Concentrahon 

(ug/1) 
00000 
00020 
00031 
00035 
00037 
00038 
00038 
00038 
00038 
00038 
00038 
00037 
00037 
00037 
00037 
00037 
00037 
00037 
00037 
00037 
00037 
00036 
00036 
00036 
00036 
00036 
00036 
00036 
00036 
00036 
00036 
00035 
00035 
00035 
00035 
00035 
00035 
00035 
00035 
00035 
00035 
00035 
00034 
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Thickness (ft) 

Width (fl) 

Length (H) 

Cell Volume (H3) 

Doys/hmestep 

Time 
Step 

(Number) 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
BO 
81 
82 
83 
84 
85 
86 
87 
88 
89 

Groundwater M1x1ng Cell Template 
COT ROW 1 1 1 TCA Loading Estimate 

so K (tt/d) 24S 
15) Gradient (H/ft) 1 ODE 03 

il3 Porosity () 02~1 

1608150 Dorcy Val (11/d) 0245 

365 25- GW Flux (H3/d) 1850 

(These two columns ore from VLEACH) 

Time al end Mass from Moss from 
of Time step VadoseZone Vadose Zone 

(Years) (g/yr) (Cl/day/ft2) 
43 6 57E 02 5 59E 09 
44 6 55E-02 558E-09 
45 6 54E-02 5 56E 09 
46 6 52E 02 5 55E-09 
47 6 SOE-02 5 54E-09 
48 6 49E-02 5 52E-09 
49 6 47E-02 551E09 
50 6 45E-02 549E-09 
51 6 43E 02 548E 09 
52 642E-02 5 46E-09 
53 6 40E 02 5 45E-09 
54 6 38E-02 5 43E 09 
55 6 37E-02 542E 09 
56 6 35E 02 5 40E-09 
57 6 33E 02 5 39E-09 
58 6 32E-02 5 38E 09 
59 6 30E-02 5 36E-09 
60 6 28E 02 535E 09 
61 6 27E-02 5 33E 09 
62 6 25E-02 5 32E-09 
63 6 23E 02 531E09 
64 6 22E 02 5 29E-09 
65 6 20E 02 528E 09 
66 618E 02 5 26E-09 
67 6 17E 02 5 25E-09 
68 615E 02 5 24E 09 
69 613E-02 5 22E-09 
70 6 12E-02 5 21E 09 
71 6 lOE-02 519E 09 
72 609E-02 518E 09 
73 6 07E-02 5 17E-09 
74 6 05E 02 515E-09 
75 604E 02 5 14E-09 
76 602E 02 513E 09 
77 601E 02 511E09 
78 5 99E 02 5 l0E-09 
79 5 97E 02 509E 09 
80 5 96E-02 5 07E 09 
81 5 94E 02 506E 09 
82 5 93E 02 505E 09 
83 5 91 E 02 5 03E-09 
84 5 90E-02 502E 09 
85 5 88E 02 501E 09 
86 5 87E 02 4 99E 09 
87 5 85E 02 4 98E 09 
88 5 83E 02 4 97E 09 
89 5 82E 02 4 95E-09 

2 of 3 

Koc(ml/g) l5Z 

foe() 3 78E 04 

rhob (g/cm3) I 96 

(Koc foe bulk density) 

+ Porosity 0374 

Calculated Calculated 
Concentration Concentration 

(g/ft3) (ug/1) 
9 74E-08 00034 
9 71E 08 00034 
9 69E 08 00034 
9 66E-08 00034 
9 64E 08 00034 
961E08 00034 
9 59E-08 00034 
9 56E-08 00034 
954E 08 00034 

951E08 00034 
948E 08 00033 
9 46E-08 00033 
9 43E 08 00033 
9 41E-08 00033 
9 38E 08 00033 
9 36E 08 00033 
9 34E 08 00033 
9 31E 08 00033 
9 29E-08 00033 
9 26E 08 00033 
9 24E 08 00033 
921E 08 00033 
919E 08 00032 
916E 08 00032 
9 14E-08 00032 
9 12E-08 00032 
9 09E-08 00032 
9 07E 08 00032 
904E 08 00032 
902E 08 00032 
900E 08 00032 
8 97E 08 00032 
8 95E 08 00032 
8 93E-08 00032 

8 90E 08 00031 

8 88E 08 00031 

8 85E-08 00031 

8 83E 08 00031 

8 81E 08 00031 

8 78E 08 00031 

8 76E 08 00031 

8 74E 08 00031 

8 72E 08 00031 

8 69E 08 00031 

8 67E 08 00031 

8 65E-08 00031 

8 62E 08 00030 

09/13/2000 



Groundwater M1xmg Cell Template 
COT ROW 1 1 1 TCA Loading Estimate 

Thickness (fl) so K (11/d) 245 
Width (II) 15} Grod1enl (11/11) l OOE OJ 

Length (II) ~I~ Porosity () 02~1 

Cell Volume (113) 1608150 Darcy V el (II/ d) 0245 

Days/ltmeslep 36525- GW Flux (113/d) 1850 

(These two columns are from VLEACH) 

Time Time at end Mass from Mass from 
Step of Time step Vaclose Zone Vaclose Zone 

(Number) (Years) (g/yr) (g/doy/ft2) 
90 90 5 80E-02 4 94E-09 
91 91 5 79E 02 4 93E-09 
92 92 5 77E-02 4 91E-09 
93 93 5 76E-02 4 90E-09 
94 94 5 74E-02 4 89E-09 
95 95 5 73E-02 4 88E-09 
96 96 5 71E-02 4 86E-09 
97 97 5 70E-02 4 85E-09 
98 98 5 68E-02 4 84E-09 
99 99 5 67E-02 4 82E-09 
100 100 5 65E-02 4 81E-09 

3 of 3 

Koc (ml/g) l52 
foe(> 3 78E 04 

rhob (g/cm3) J~ 

(Koc foe bulk denSJly) 

+ Poros,ly 0374 

Calculated Calculated 
Concentrahon Concentrahon 

(g/ft3) (ug/O 
8 60E-08 00030 
8 58E-08 00030 
8 56E-08 00030 
8 53E-08 00030 
8 51E-08 00030 
8 49E-08 00030 
8 47E 08 00030 
8 44E-08 00030 
8 42E 08 00030 
8 40E-08 00030 
8 38E-08 00030 
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-------------------• • • 
This spreadsheet calculates total soil concentrations based on soil gas concentrations and Ct/Cg 

COT-ROW 
WELL SVMW 5 
CONTAMINANT TCE 

C1/CG 

DEPTHS SOIL GAS (ug/1) SOIL GAS (ug/1) TOTAL SOIL (ug/Kg) 
from (ft) to (ft) 03/12/1997 05/05/1997 06/23/1997 MEAN M + lsd MAX MEAN M + lsd MAX 

0 12 0067 0149 0133 0 0 0149 0 0 
12 31 0305 0349 0 308 0 0 0 349 0 0 
31 52 0 015 0078 0055 0 0 0 078 0 0 

NOTE SHADED VALUES ARE THE INPUTS TO VLEACH INPUT FILE 

O 65 Area (ft2) 32185 

Pb (g/cm3) l 96 

MASS (g) 
MEAN M + lsd MAX 

08 1 1 l l 
36 39 39 
06 l 0 l 0 
50 60 59 



COT-ROW VLEACH Model 
1 

0 1 100 
126 300 

Polygon I 
32185 1 

0 -1 
52y 100 

1 12 0 05 
13 31 0 12 
32 52 0 03 

SVMW-5 TCE contamination 

1 10 
1100 68256 

0375 1 96 
-1 

261 044 000378 
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-------------- ---- --- --------1 
VLEACH (Version 2 2a 1996) 

I 
By I 

I Varadhan Ravi and Jeffrey A Johnson 

I (USEPA Contractors) I 
I Center for Subsurface Modeling Support 

l Robert S Kerr Environmental Research Laboratory 

I U S Environmental Protection Agency I 
I PO Box 1198 I 
I Ada OK 7 4820 I 
I I 
I Based on the original VLEACH (version l 0) 

I developed by CH2M Hill Redding California 

I for USEPA Region IX I 
1-- -------- ----1 

COT-ROW VLEACH Model SVMW 5 TCE contam1nat1on 
***•* *** * * **** * *********** ****** * * * 

***** *************************** *************** 

TOTAL GROUNDWATER IMPACT 

Time (yr) Mass (g/yr) 
l l 78E-02 
2 2 09E 02 
3 2 l8E-02 
4 2 20E-02 
5 2 20E-02 
6 2 20E-02 
7 2 l9E-02 
8 2 l9E-02 
9 2 l8E-02 
lO 2 17E-02 
11 2 l6E-02 
12 2 l6E-02 
13 2 l5E-02 
14 2 14E-02 
15 2 13E-02 
16 2 l3E-02 
17 2 12E-02 
18 2 llE-02 
19 2 l0E-02 
20 2 l0E-02 
21 2 09E-02 
22 2 08E-02 
23 2 07E-02 
24 2 07E 02 
25 2 06E-02 

l of 3 

Cumulative Mass (g) 
l 43E-02 
3 42E-02 
5 56E-02 
7 75E-02 
9 96E-02 
0 12158 
0 14356 
0 16546 
0 18729 
0 20904 
0 23072 
0 25231 
0 27383 
0 29528 
0 31664 
0 33793 
0 35915 
0 38029 
0 40135 
0 42234 
044325 
0 46409 
0 48485 
0 50554 
0 52615 

09/13/2000 



I 
COT-ROW VLEACH Model SVMW 5 TCE contam1nat1on •• . * **** * ***** ** *** ••• * * ** ****** 

it ** * * ** ************* *** *** **** ******** I 
TOTAL GROUNDWATER IMPACT 

Time (yr) Mass (g/yr) Cumulative Mass (g) I 
26 2 05E-02 054669 
27 2 04E 02 0 56716 

I 28 2 04E-02 0 58756 
29 2 03E-02 0 60788 
30 2 02E-02 0 62813 

I 31 2 0lE-02 06483 
32 2 01 E-02 0 66841 
33 2 OOE-02 0 68844 

I 34 l 99E-02 07084 
35 l 99E-02 0 72829 
36 l 98E-02 0 74811 

I 37 l 97E-02 0 76785 
38 l 96E-02 0 78753 
39 l 96E-02 0 80714 

I 40 l 95E-02 0 82667 
41 l 94E-02 0 84614 
42 l 94E-02 0 86554 

•1 43 l 93E-02 0 88486 
44 l 92E-02 0 90412 
45 l 92E-02 0 92331 
46 l 91 E-02 0 94243 I 47 l 90E-02 0 96148 
48 l 90E-02 0 98047 
49 l 89E-02 0 99938 I 50 l 88E-02 l 0182 
51 l 88E-02 l 037 
52 l 87E-02 l 0557 I 53 l 86E-02 l 0744 
54 l 86E-02 l 093 
55 l 85E-02 l 1115 I 56 l 84E-02 l 1299 
57 l 84E-02 l 1483 
58 l 83E-02 l 1666 I 59 l 82E-02 l 1849 
60 l 82E-02 l 203 
61 1 81 E-02 l 2212 I 62 l 80E-02 l 2392 
63 l 80E-02 l 2572 
64 l 79E-02 l 2751 

•• 65 l 78E-02 l 293 
66 1 78E-02 1 3108 
67 l 77E-02 l 3285 

I 
2 of 3 09/13/2000 
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I 
I • COT ROW VLEACH Model SVMW 5 TCE contam1nat1on 

*** * * * *** . * *** * • * * . •• * 

I 
I 
I 
I 
I 
I 
I 
1• 
I 
I 
I 
I 
I 
I 

•• I 
I 

** *** * ** ** * *************** * * * *** * 

TOTAL GROUNDWATER IMPACT 

nme (yr) Mass (g/yr) 
68 l 76E-02 
69 l 76E 02 
70 l 75E-02 
71 l 75E-02 
72 l 74E-02 
73 l 73E-02 
74 l 73E-02 
75 l 72E-02 
76 l 71 E-02 
77 l 71E 02 
78 l ?OE 02 
79 l ?OE 02 
80 l 69E-02 
81 l 68E-02 
82 l 68E 02 
83 l 67E 02 
84 l 67E-02 
85 l 66E 02 
86 l 65E 02 
87 l 65E-02 
88 l 64E 02 
89 l 64E-02 
90 l 63E-02 
91 l 62E 02 
92 l 62E-02 
93 l 6 lE-02 
94 l 61E-02 
95 l 60E-02 
96 l 60E 02 
97 l 59E 02 
98 l 58E-02 
99 l 58E 02 
100 l 57E-02 

3 of 3 

Cumulative Mass (g) 
l 3462 
l 3638 
l 3814 
l 3988 
l 4163 
l 4336 
l 4509 
l 4682 
l 4853 
l 5024 
l 5195 
l 5365 
l 5534 
l 5703 
l 5871 
l 6038 
l 6205 
l 6371 
l 6537 
l 6702 
l 6867 
l 7031 
l 7194 
l 7357 
l 7519 
l 768 

l 7841 
l 8002 
l 8162 
l 8321 
l 848 

l 8638 
l 8795 

09/13/2000 



This spreadsheet takes the area dependent out put from VLEACH and calculates GW concentrations 
The model (column E) Is based on eq 16 of Ground Water Threat Calculations Report for NIBW Area 9 
Hydro Geo Chem Inc May 1993 

Groundwater Mixing Cell Template 
COT ROW TCE Loading Estimate 

Thickness (fl) so K (ff/d) 245 Koc (ml/g) 

Widlh (fl) 15} Gradient (fl/ff) 1 OOE 03 foe() 

Length (fl) 213 Porosity () 0261 rhob (g/cm3) 

(Koc foe bulk density) 
Cell Volume (113) 1608150 Dorcy Vet 01/d) 0245 + Porosity 

Doys/Hmeslep 365 25- GW Flux (fl3/d) 1850 

(These two columns are from VLEACH) 

Time Time at end Mass from Mass from Calculated 
Step of Time step VadoseZone Vadosezone Concentrahon 

(Number) (Years) (a/yr) (g/day/ft2) (a/ft3) 
0 0 OOOE+OO OOOE+OO 
l l l 78E-02 l 52E-09 l 83E-08 
2 2 2 09E-02 l 78E-09 2 71E-08 
3 3 2 18E 02 l 85E-09 3 06E-08 
4 4 2 20E-02 l 87E 09 3 20E 08 
5 5 2 20E-02 l 88E-09 3 24E 08 
6 6 2 20E-02 l 87E-09 3 25E 08 
7 7 2 19E-02 l 87E-09 3 25E 08 
8 8 2 19E 02 l 86E 09 3 24E 08 
9 9 2 lBE 02 l 86E-09 3 23E 08 
10 10 2 17E-02 l 85E-09 3 22E 08 
11 11 2 l6E-02 l 84E 09 3 21 E 08 
12 12 2 16E-02 l 84E-09 3 20E-08 
13 13 2 15E-02 l 83E 09 3 19E 08 
14 14 2 14E 02 l 82E 09 3 17E-08 
15 15 2 13E 02 l 82E-09 3 16E-08 
16 16 2 13E-02 l Bl E-09 3 15E 08 
17 17 2 12E-02 l BOE 09 3 14E 08 
18 18 2 llE-02 l BOE 09 3 13E-08 
19 19 2 lOE-02 l 79E 09 3 12E OB 
20 20 2 lOE-02 l 78E-09 3 l lE-08 
21 21 2 09E-02 l 78E 09 3 lOE-08 
22 22 2 OBE-02 l 77E-09 3 OBE-08 
23 23 2 07E-02 l 76E 09 3 07E 08 
24 24 2 07E-02 l 76E 09 3 06E 08 
25 25 2 06E-02 l 75E 09 3 05E 08 
26 26 2 05E 02 l 75E-09 3 04E-08 
27 27 2 04E 02 l 74E-09 3 03E 08 
28 28 204E 02 l 73E 09 3 02E-08 
29 29 2 03E 02 l 73E 09 3 OlE 08 
30 30 2 02E 02 l 72E 09 3 OOE 08 
31 31 2 OlE-02 l 71E 09 2 99E-08 
32 32 2 OlE 02 l 71E 09 2 9BE-08 
33 33 2 OOE-02 l 70E 09 2 96E 08 
34 34 l 99E 02 l 70E 09 2 95E-08 
35 35 l 99E-02 l 69E 09 2 94E-08 
36 36 l 98E 02 l 68E 09 2 93E 08 
37 37 l 97E 02 l 68E 09 2 92E 08 
38 38 l 96E 02 l 67E 09 2 91E 08 
39 39 l 96E 02 l 67E 09 2 90E 08 
40 40 l 95E 02 l 66E 09 2 89E 08 
41 41 l 94E 02 l 65E 09 2 88E 08 
42 42 l 94E 02 l 65E 09 2 87E 08 

l of 3 

I 
l26 

3 78E-04 

196 

I 0354 

Calculated 
Concentrahon 

(Ug/1) 
0000000 
0000647 
0000956 
0001082 
0001129 
0 001145 
0 001149 
0 001147 
0 001144 
0 001141 
0001137 
0 001133 
0001129 
0 001125 
0001121 
0001117 
0001113 
0001109 
0 001105 
0001101 
0 001097 
0 001093 
0001089 
0001085 
0 001081 
0001077 
0001074 
0001070 
0 001066 
0001062 
0001058 
0001055 
0 001051 
0 001047 
0001043 
0001040 
0001036 
0001032 
0001028 
0001025 
0001021 
0001017 
0001014 

09/13/2000 
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•• I 
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Thickness (fl) 

Width (fl) 

length (fl) 

Cell Volume (113) 

Doys/hmestep 

Time 
Step 

(Number) 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 

Groundwater M1xmg Cell Template 
COT ROW TCE Loading Estimate 

50 K (fl/d) 245 

15} Gradient (fl/fl) l DOE 03 

213 Porosity () 0261 

1608150 Dorcy Vel (fl/d) 0 245 

365 25- GW Flux (113/d) 1850 

(These two columns are from VLEACH) 

Time at end Mass from Mass from 
of Time step VodoseZone VodoseZone 

(Years) (g/yr) (g/day/ft2) 
43 l 93E-02 l 64E-09 
44 1 92E-02 1 64E--(1} 
45 1 92E 02 1 63E-09 
46 1 9lE 02 1 63E-09 
47 l 90E 02 1 62E--(1} 
48 I 90E 02 l 61E-09 
49 1 89E 02 1 61 E--(1,) 
50 l 88E 02 1 60E 09 
51 l 88E 02 l 60E 09 
52 l 87E 02 1 59E 09 
53 1 86E-02 1 58E 09 
54 l 86E-02 l 58E-09 
55 l 85E 02 1 57E 09 
56 1 84E 02 1 57E-09 
57 1 84E 02 1 56E-09 
58 l 83E 02 1 56E-09 
59 l 82E 02 1 55E-09 
60 l 82E-02 1 55E 09 
61 1 81E-02 1 54E 09 
62 l BOE 02 l 53E-09 
63 l BOE 02 l 53E 09 
64 l 79E 02 l 52E 09 
65 l 78E 02 l 52E 09 
66 l 78E 02 l 51E-09 
67 l 77E-02 l 51E-09 
68 l 76E 02 l 50E-09 
69 1 76E-02 l 50E-09 
70 l 75E 02 l 49E-09 
7l l 75E-02 l 49E 09 
72 l 74E 02 l 48E-09 
73 l 73E 02 l 48E 09 
74 l 73E 02 l 47E-09 
75 l 72E 02 l 46E 09 
76 l 71E 02 l 46E 09 
77 l 7lE 02 l 45E 09 
78 1 ?OE 02 l 45E 09 
79 l ?OE 02 l 44E 09 
80 l 69E-02 l 44E 09 
81 l 68E 02 l 43E 09 
82 l 68E 02 l 43E 09 
83 l 67E 02 l 42E 09 
84 l 67E 02 1 42E 09 
85 l 66E 02 I 41E 09 
86 I 65E 02 l 41E09 
87 l 65E 02 l 40E 09 
88 l 64E 02 l 40E 09 
89 l 64E 02 l 39E 09 

2 of 3 

Koc (ml/g) 126 
toe() 3 78E 04 

rhob (g/cm3) 196 

(Koc foe bulk dens1ly) I -t Porosity 0 354 

Calculated Calculated 
Concentration Concentration 

(g/ft3) (ug/1) 
2 86E-08 0001010 
2 85E 08 0001007 
2 84E 08 0001003 
2 83E-08 0000999 
2 82E 08 0000996 
2 BIE-08 0000992 
2 BOE 08 0000989 
2 79E 08 0000985 
2 78E 08 0000982 
2 77E 08 0000978 
2 76E 08 0000975 
2 75E-08 0000971 
2 74E-08 0000968 
2 73E 08 0000964 
2 72E-08 0000961 
2 71E 08 0000957 
2 70E-08 0000954 
2 69E-08 0000950 
268E 08 0000947 
2 67E-08 0000944 
266E 08 0000940 
265E 08 0000937 
264E 08 0000934 
2 63E-08 0000930 
2 62E-08 0000927 
2 62E 08 0000924 
2 61E 08 0000920 
2 60E-08 0000917 
2 59E-08 0 000914 
2 58E 08 0000910 
2 57E 08 0000907 
2 56E 08 0000904 
2 55E 08 0000901 
2 54E 08 0000898 
2 53E-08 0000894 
252E 08 0000891 
2 51E 08 0000888 
2 51E 08 0000885 
2 50E 08 0000882 
249E 08 0000878 
2 48E 08 0000875 
2 47E 08 0000872 
2 46E 08 0000869 
2 45E 08 0000866 
2 44E-08 0000863 
2 43E 08 0000860 
2 43E-08 0000857 

09/13/2000 



Groundwater Mixing Cell Template 
COT ROW TCE Loading Estimate 

Thickness (fl) 50 K (11/d) ~ 

Width (fl) 15} Gradient (11/11) 1 DOE 03 

Length (II) 213 Porosity C) 0:261 

Cell Volume (113) 1608150 Darcy Vel (11/d) 0245 

Days/hmestep 365.25 GW Flux (1I3/d) 1850 

(These two columns are from VLEACH) 

Time Time at end Mass from Mass from 
Step ofTime step VadoseZone VadoseZone 

(Number) (Years) (g/yr) (g/day/ft2) 
90 90 l 63E-02 l 39E 09 
91 91 l 62E 02 l 38E-09 
92 92 l 62E-02 l 38E-09 
93 93 l 61E 02 l 37E-09 
94 94 l 61E-02 l 37E-09 
95 95 l 60E-02 l 36E-09 
96 96 l 60E-02 l 36E-09 
97 97 l 59E-02 l 35E-09 
98 98 l 58E-02 l 35E-09 
99 99 l 58E-02 l 34E-09 
100 100 l 57E-02 l 34E-09 

3 of 3 

Koc (ml/g) 

foe() 

rhob (g/cm3) 

(Koc foe bulk density) I + Porosity 

Calculated 
Concentrahon 

(g/ft3) 
2 42E-08 
241E08 
240E-08 
2 39E-08 
2 38E 08 
2 37E 08 
2 37E-08 
2 36E 08 
2 35E-08 
2 34E-08 
2 33E-08 

126 

378E 04 

I 96 

0354 

Calculated 
Concentrahon 

(ug/1) 
0000854 
0000851 
0000848 
0000844 
0000841 
0000838 
0000835 
0000832 
0000829 
0000827 
0000824 

09/13/2000 
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-------------------• • • 
Subs1te 
Model 
SVMW(s) 

Compound(s) Modeled 

City of Tempe Right of Way 
Infinite Source 
5 

1 1 1 Trichloroethane 
Tetrachloroethylene 
Tnchloroethylene 



- - - - - - - - - - -• CALCULATE RISK BASED SOIL CONCENTRATION (enter X In "YES box) 

DATAE.HEET 

VERSION l 2 
September 1998 

YES 

OR 
CALCULATE INCREMENTAL RISKS FROM ACTUAL SOIL CONCENTRATION (enter X In YES box and Initial soil cone below) 

YES X 

ENTER ENTER 
Initial 

Chemical SOIi 
CASNo cone 

(numbers only c. 
no dashes) (µg/kg) Chemical 

71556 l 1 1 Trichloroethane 

ENTER ENTER ENTER ENTER ENTER 
Deptn 

below grade Vadose zone User defined 
to bottom Deptn below Average scs vadosezone 

of enclosed grade to top soil SOIi type soil vapor 
space floor of contamination temperature (used to estimate OR permeability 

L, L, Ts soil vapor k 

(15 or 200 cm) (cm) ( C) oermeab1111v\ (cm2) 

I 15 I 1584 96 I 194 $ I I 

ENTER ENTEi! ENTEi! ENTEi! 
Vadose zone Vadose zone Vadose zone Vadose zone 

soil dry soil total soil water filled SOIi OrlJanlC 
bulk density porosity porosity carbon fraction 

Po 
A nv 9wv f V .. 

(g/cm3
) (unlttess) (cm3/cm) (unltfess) 

l 957123077 026146299 0045 0 000377904 

ENTER ENTER ENTEi! ENTEi! ENTER ENTER 
Averaging Averaging Target Target hazard 

hme for time for Exposure Exposure nsk for quotlentfor 
carcinogens noncarcInogens duration frequency carcinogens noncarclnogens 

ATc ATNc ED EF TR THQ 

(yrs) (yrs) (Yrs) (davs/Vr) (urntless) (unltless) 

70 I 30 I 30 I 350 l OE 06 I 

Used to calculate risk based 
soil concentration 

2of 7 

- - - - - - - -• 



COT _mfin.put xis 

- - - - -

RESULTS SHEET 

RISK BASED SOIL CONCENTRATION CALCULATIONS 

Indoor Indoor Risk based Final 
exposure exposure indoor Seti Indoor 

SOIi soil exposure saturation exposure 
cone cone soil cone SOIi 

carcinogen noncarclnogen cone c, cone 

(µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) 

NA NA NA l 68E+05 NA 

• - - - - - -

INCREMENTAL RISK CALCULATIONS 

-

Incremental 
nsk from 
vapor 

1ntrus1on to 
indoor air 

carcinogen 
(un1~ess) 

NA 

-

Hazard 
quotient 

from vapor 
Intrusion to 
Indoor air 

noncarc1nogen 
(unl~ess) 

30E 04 

- - • - - - -



- -

I 

- - - - - - - - -• CALCULATE RISK BASED SOIL CONCENTRATION (enter X In 'YES box) 

DATAE.HEET 

VERSION l 2 
September 1998 

YES 

OR 
CALCULATE INCREMENTAL RISKS FROM ACTUAL SOIL CONCENTRATION (enter X In YES' box and Initial soil cone below) 

YES X 

ENTER ENTER 
Initial 

Chemical SOIi 
CASNo cone 

(numbers only CR 
no dashes) (µg/kg) Chemical 

127184 Tetrachloroethylene 

ENTER ENTER ENTER ENTER ENTER 
Depth 

below grade Vadosezone User defined 
to bottom Depth below Ave1age scs vadosezone 

of enclosed grade to top SOIi SOIi type sollvapor 
space floor of contamination temperature (used to estimate OR permeability 

L, L, T, soil vapor k 

(15 or 200 cm1 rem) ( Cl oermeab11itvl (cm"l 

15 I 1584 96 I 194 s I I 

ENTER ENTER ENTER ENTER 
Vadose zone Vadose zone Vadose zone Vadosezone 

SOIi dry SOIi total soil water filled soil organic 
bulk density porosity porosity carbon fraction 

Po A nv 8 V w f V 
oc 

(g/cm3
) (urntiess) (cm~/cmj (unlttess) 

1 957123077 0 26146299 0045 0 000377904 

ENTER ENTER ENTER ENTER ENTER ENTER 
Averaging Ave1aglng Target Target hazard 

time for hmefor Exposure Exposure risk for quottentfor 
carcinogens noncarclnogens duration frequency carcinogens noncarc1nogens 

ATc ATNc ED EF TR THQ 
(yrs) <yrs) (yrs) (davs/yQ (urntiess) (urnffess) 

70 T 30 I 30 T 350 l OE 06 I 

Used to calculate nsk based 
soil concentration 

4 of 7 
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- - - - -

RESULTS SHEET 

RISK BASED SOIL CONCENTRATION CALCULATIONS 

Indoor Indoor Risk based Final 
exposure exposure Indoor Soil Indoor 

SOIi soil exposure saturation exposure 
cone cone soil cone SOIi 

carcinogen noncarclnogen cone c, cone 
(µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) 

NA NA NA 2 88E+04 NA 

• - - - - - -

INCREMENTAL RISK CALCULATIONS 

-

Incremental 
risk from 
vapor 

intrusion to 
Indoor air 

carcinogen 
(unl~ess) 

6 lE 08 

-

Hazard 
quotient 

from vapor 
Intrusion to 
Indoor air 

noncarclnogen 
(unl~ess) 

NA 

- - • - - - -



- - - - - - - - - - -

I 

• CALCULATE RISK BASED SOIL CONCENTRATION (enter X In "YES' box) 

YES 

OR 

DATAE.HEET 

VERSION 1 2 
September 1998 

CALCULATE INCREMENTAL RISKS FROM ACTUAL SOIL CONCENTRATION (enter X In 'YES' box and lrnt1al soil cone below) 

YES X 

ENTER ENTER 
ln1tial 

Chemical SOIi 
CASNo cone 

(numbers only CR 
no dashes) (µg/kg) Chemical 

79016 Trlchloroethylene 

ENTER ENTER ENTER ENTER ENTER 
Depth 

below grade Vadose zone User defined 
to bottom Depth below Average scs vadose zone 

of enclosed grade to top SOIi SOIi type soil vapor 
space floor of contamination temperature (used to estimate OR permeability 

I., L, T, sol vapor k 

(15 or 200 cm) (cm) (C) oermeab1htvl (cm") 

15 I 1584 96 I 194 s I I 

ENTER ENTER ENTER ENTER 
Vadose zone Vadose zone Vadosezone Vadosezone 

SOIi dry SOIi total soil water filled soil organic 
bulk density porosity porosity carbon fraction, 

PoA nv flwy 1 • .V 
(5!/Cm'2 (un1ttess) (cm'/cmJ (unlttess) 

l 957123077 0 26146299 0 045 0 000377904 

ENTER ENTER ENTER ENTER ENTER ENTER 
Averaging Averaging Target Target hazard 

time for time for Exposure Exposure risk for quotient for 
carcinogens noncarc1nogens duration frequency carcinogens noncarclnogens 

ATc ATNc ED EF TR lHQ 

cyrs) (yrs) (yrs) (days/yr) (unlttess) (urnttess) 

70 I 30 I 30 I 350 l OE 06 I 

Used to calculate nsk based 
soil concentration 

6of 7 
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- - - - -

RESULTS SHEET 

RISK BASED SOIL CONCENTRATION CALCULATIONS 

Indoor Indoor Risk based Final 
exposure exposure Indoor S01I indoor 

soil sol\ exposure saturation exposure 
cone cone SOIi cone soil 

carcinogen noncarclnogen cone C1 cone 

(µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) 

NA NA NA 1 34E+05 NA 

• - - - - - -

INCREMENTAL RISK CALCULATIONS 

Incremental 
risk from 
vapor 

intrusion to 
Indoor air 

carcinogen 
(unittess) 

1 3E 07 

- -

Hazard 
quotient 

from vapor 
Intrusion to 
Indoor air 

noncarclnogen 
(unltless) 

NA 

- - • - - - -


