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1. INTRODUCTION 

This document was prepared to provide an evaluation of the potential for 
subsurface vapor intrusion into Building 100 at the Young - Rainey STAR Center in 
Pinellas, FL, a former Department of Energy (DOE) facility that has been redeveloped 
into a technology and research park housing inultiple tenants. Evaluation of the 
potential impacts of subsurface vapor intrusion to indoor air is required as part of the 
Environmental Indicators (EI) program initiated by the General Accounting Office 
under the Govenlment Performance Results Act of 1993, which requires an assessment 
of Human Exposures to chemicals of potential concern (RCRIS Code CA725). 
Subsurface vapor intrusion to indoor air is specifically addressed under Question 3 of 
the Human Exposures EI, which uses a matrix of potential pathways and receptors to 
identify pathways that inight potentially pose unacceptable risks. 

This site-specific assessment of vapor intrusion into Building 100 calculates 
probable indoor air concentrations for cornparison to approp~late indoor air quality 
targets for selected compounds considered most likely to pose a risk, based on the 
relative magnitude of their subsurface concentrations to their indoor air target 
concentrations. The assessment is conducted at a screening level, which means that all 
calculations are rounded to one significant figure, and the results are expected to have 
an uncertainty of about one order of magnitude. Target indoor air concentrations are 
based on an incre~nental lifetime cancer risk of 1 0-5 and a hazard index of 1, which is 
the current policy for EI determinations under the Resource Conservation and Recovery 
Act (RCRA). 

S.M. Stoller Corporation is the priine environmental contractor for DOE at the 
facility and GeoSyntec Consultants, Inc. was retained by Stoller to perform this 
evaluation under subco~~tract, based on our experience with the vapor intrusion 
pathway. 
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2. BACKGROUND 

The Young - Rainey STAR Center was a fonner DOE weapons manufacturing 
facility that operated from 1956 to 1997. Chlorinated solvellts were used to clean parts 
in the inanufacturing process. Suspected releases of trichloroethene (TCE) outside the 
northwest comer of Building 100 appear to have resulted in a plume of groundwater 
containing dissolved TCE that extends under Building 100, following the direction of 
groundwater Row to the southeast. Intrisic biodegradatioil of TCE has produced cis- 
1,2-dichloroethene (cDCE), and vinyl chloride (VC), which have a similar distribution 
in groundwater beneath Building 100. Other VOCs have concentrations that are 
considerably lower by comparison to their toxicity, and so TCE, cDCE and VC have .. 

been selected as target compounds for this sci-eening-level analysis. Maps of the TCE, 
cDCE and VC concentrations in recent samples are shown on Figures 1 to 3. 

Table 1 shows the screened interval of each monitoring well. It is inlportatlt to note 
that the wells are not all screened across the same vertical interval. Ideally, 
groundwater samples should be collected from wells screened acl-oss the water table to 
provide groundwater chemistry data representative of the interval that is most likely to 
contribute vapor to overlying structures. Water levels beneath Building 100 vary 
seasonally from 3 to 5 feet below ground surface. The top of the well screen is listed on 
Table 1, to identify wells for which this is the case. Fut-thennore, monitoring wells 
beneath or immediately beside Building 100 are more relevant for use ill the site- 
specific assess~nent than those at further distances. On this basis, a subset of the 
available monitoring wells has been selected for inclusion in the vapor intrusion 
assessment, as identified on Table 1. 

The geologic materials beneath the site are moderate permeability fine to medium 
sands. The horizontal groundwater flow velocity is a few feet per year. 

Building 100 has 86 air handling units (AHUs) that circulate air within the building 
and draw new air in fi-oin the atmosphere. The volumetric flow rates (Total Flow and 
Outdoor Air) for each unit are listed in Table 2. By design, approxitnately 20% of the 
flow is outdoor air, which is blown into the building by the rooftop AHUs and causes 
slight positive pressurization of the building. Air is lost through doors, and any other 
openings, so the sustained pressure differential is small; however, any positive pressure 
that does develop would tend to counteract potential subsurface vapor int~usion, which 
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is typically assumed to be drawn into the building in response to a "stack effect" 
induced by building heating (electrical, gas furnace, or solar). Building 100 is air- 
conditioned year-round, so a stack effect is not to be expected; in fact, the opposite inay 
occur as cool air inside the building is denser than ambient air and inay sink through 
floor cracks by gravity. The supply of outdoor air also provides for sustainable dilution 
of any subsurface vapors that are able to intrude by diffusion or barometric pressure 
fluctuations. Maps of the areas served by the AHUs are shown on Figures 4 and 5 for 
the first floor and the second floor, respectively. The supply of outdoor air for the entire 
building is 175,3 16 standard cubic feet per minute (scf~n). Given the area of 45 1,596 ft2 
and a height of about 24 feet, this creates an air exchange rate (AER) of about 0.97 per 
hour, which is typical for co~nmercial buildings. 

Building 100 has a concrete floor, which was designed for heavy industrial 
manufacturing in most areas. Sealants have been applied to the floor, and all of the 
subsurface drains have been sealed by pumping full with concrete. Therefore, the floor 
will act as a substantial barrier to subsurface vapor intrusion, particularly compared to 
average residential buildings. 
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3. CONSIDEWTION OF THE RECENT OSWER GUIDANCE DOCUMENT 

The Office of Solid Waste and Emergency Response (OSWER) released a draft 
Guidance for Evaluating Vapor Intrusion (the VI Guidance) in 2002. Application of 
this guidance to the subject site would result in the need to perform a Site-Specific 
Assessment, because the groundwater concentrations are higher than the groundwater 
screening values listed in Table 2b or 3b for TCE, cDCE and VC. Question 6 of the VI 
Guidance provides a detailed and relatively prescriptive flowchart-style guide to 
conducting Site-Specific Assessments. Responses would include: 

6(a) Have tlze nature and extent of corztarninatioiz, potential preferential 
(pathways) arzd overlying btjildilzg characteristics (been) adequately 
characterized to iderzfzfi the likzely-to-be-inzpacted btrildings? 

Building 100 is the likely-to-be-impacted building, so the answer is "yes", and the 
flowchart progresses to: 

6(b) Conducting EI cleternzinatioiz (using) an appr-opriate and applicable (sic) 
(model?) 

This document is intended for an EI determination and an appropriate inodel is 
described herein, so the answer is "yes", and the flowchart progresses to: 

6(c) Does tlze r?zodel predict an zrvlacceptable risk? 

This will be addressed in the sections that follotv. 

TR0150 4 
p:\projects\TRO 150\Final\Evaluation of Subsurface Vapor I~ i t~us ior~  Building.doc 



GeoSvntec Consultants 

4. APPROACH AND RATIONALE 

Indoor air conce~ltrations are often estimated from subsurface vapor concentrations 
using a inodeled or empirical attenuation coefficient (a.k.a. "alpha factor"). If only 
groundwater data are available, the corresponding soil gas concentration is often 
calculated by multiplying the groundwater concentration by Heiu-y's Constant, 
assuming equilibrium partitioning between the two phases. Fitzgerald and Fitzpatrick 
(1996) showed that deep soil gas concentrations are often not in equilibrium with 
shallow groundwater, often with concentratio~ls lower by one or two orders of 
magnitude. Models used to calculate attenuation coefficients (ratio of indoor air 
concentration to soil gas concentration at the "source", i.e. water table in this scenario) 
have come under criticism, to the extent that even EPA has begun to rely on empirical 
attenuation coefficients (Appendix F of the VI Guidance). The empirical alpha factors 
span a range of several orders of magnitude, and inay not even be applicable to an 
industrial building (net positive pressure from AHUs), since they have been developed 
using data from residential buildings (net negative pressure from the stack effect). 

The alternate approach considered Inore appropriate for the site-specific conditions 
is to calculate the potential upward mass flux of vapors, and divide into the building 
ventilation rate, which yields a calculated indoor air concentration. This was performed 
for the entire building, and for a worst-case subsection, since the dimensions of 
segregated air-spaces within the building and flow rates for each AHU are known. The 
floor of the building was assuined to provide some resistance to upward flux of vapors. 
The target indoor air concentrations for a workplace were calculated froin the 
residential target concentrations in the VI Guidance by multiplying by 40 worlting hours 
per week and dividing by (24 X 7) hours of occupaizcy assumed for in the residential 
exposure scenario considered in the VI Guidance. Pennissible Exposure Levels (PELS) 
regulated by the Occupational Safety and Health Administration (OSHA) are applicable 
in workplaces, but are sufficiently higher as to be easily met. 

Given that the calculations are intended to provide "order of inagnitude" estimates, 
the vapor intmsion pathway is considered to be incoinplete if the calculated indoor air 
concentrations are lower than the target indoor air concentrations by more tl~an at least 
one order of magnitude. 
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5. ESTIMATED INDOOR AIR CONCENTRATIONS - ENTIRE BUILDING 

The upward flux of VOCs from groundwater to indoor air is influenced by several 
processes: upward aqueous diffusion across the capillary fringe, volatilization fiom the 
top of the capillary h n g e  to soil gas, and upward diffusion through both soil gas and 
pore water, transport through the floor slab (or discontinuities in it), and dilution in 
circulating air within the building. Gaseous diffusion coefficients are typically about 4 
orders of magnitude higher than aqueous diffusion coefficients, so aqueous diffusion 
across the capillary h n g e  is likely to be a rate-limiting step, at least compared to the 
rates of volatilization and gaseous diffusion through the unsaturated zone. To a first 
approximation, the upward flux across the capillary h n g e  can be calculated using 
Fick's First Law: 

Where: 
F is the mass flux (~ngls) 
A is the area of the floor (rn2) 
D is the effective diffusion coefficient (m2/s) 
C,, is groundwater concentration (mg/rn3) 
z is the vertical di~nension 

The most conservative estimate of the upward flux would result from assu~iiing 
maximum values for the coizcentration gradient, diffusion coefficient and floor area: 

Floor Area: The footprint of the entire Building 100 is about 45 1,596 ftz' 

Diffusions Coefficient: The upper end range of effective aqueous diffusion 
coefficients is about 5 x 10-lo mn2/s (Freeze and Cherry, 1979). 

Concentration Gradieat: The concentrations gradient is the difference in 
concentration across the capillary fringe divided by the thickness of the capillary hnge .  
There are not ineasureinents of the concentrations at the top of the capillary fringe, so 
these were assumed to be zero, which inaxiinizes the concentration gradient and is 
clearly a co~lservative end-meinber. The concentration at the bottom of the capillary 
fringe should be a measure of central teiidei~cy of the groundwater coiicentratioiis 
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within the footprint of the area of interest. The groundwater data did not fit either a 
normal or log-normal distribution, so it is difficult to discern whether the best measure 
of central tendency is an arithmetic or geometric mean, so calculatioi~s have been 
performed using both methods of central tendency. Table 3 shows the list of 
monitoring wells that are near or under Building 100 and have screened intervals that 
are near or spanning the water table, along with representative values for the 
concentrations of TCE, cDCE and VC. Representative concetltrations were assigned by 
selecting the highest concentration in recent samples, or one-half the detection limit if 
110 recent samples had detectable concentrations. This is conservative because some 
samples had elevated detection limits so a value of % the detection liinit probably over- 
estimates the actual concentration; however, this is still considered acceptable for a 
screening-level assessment. A conservative estimate of the thickness of the capillary 
h n g e  is 0.1 In. 

The most conservative estimate of the indoor air concentration would result from 
dividing the upward diffusive flux across the capillary fiinge by the supply of outdoor 
air to Building 100 provided by the AHUs (175,3 16 scfin). However, this would fail to 
recognize the resistance imposed by the floor slab, and any benefit derived by slight 
positive pressurizatioil of the building by the AHUs. The floor slab probably provides a 
resistance that would diminish vapor intrusion by at least one order of magnitude, based 
011 studies of building sealing (Personal Com~nunication with Ron Mosely of US EPA) 
that show barriers are typically capable of reducing indoor air coi~centrations by one to 
two orders of magnitude. The positive pressurization of the building would have an 
effect similar to subslab de-pressurization, which can typically reduce indoor air 
concentrations by 2 or 3 orders of magnitude. Given that Building 100 is not sealed 
tightly enough to sustain a large pressure gradient, the benefit of positive pressurization 
has been conservatively assumed to reduce indoor air concentratiotls by only one order 
of magnitude. The two factors together result in a factor of 100, therefore, the indoor 
air concentrations (Cia) can be calculated as: 

Cia = Fl(100 x 175,3 16 scfin) 

TRO150 7 
p:\projects\TRO15O\Final\Evaluation of Subsurrace Vapor Ltlt~usion Building.doc 



GeoS yntec Consultants 

6. ESTIMATED INDOOR AIR GONGENTWTIONS - BUILDING 
SUBSECTION 

A secoild set of calculatioiis was performed to assess whether indoor air 
coilcentrations might be higl~er within subsections of Building 100, especially where 
groundwater concentrations are highest. By inspection of the groundwater 
concentration data in Figures 1, 2 and 3, the maximum concentrations are located in the 
area immediately downgradient of the suspected source area beside Recovery Wells 
RWOl and RW02, located at the northwest corner of Building 100. A firewall 
segregates the ilorthwest corner of Building 100 froin the rest of the building (including 
Areas 105, 123, 124, 192, 193, 194, and 195), covering an area (A) of approximately 
70,000 square feet, as shown in Figure 6. This area is serviced by AHUs 94, 135, 138, 
160, 161, 162, 166, 167, 169, 171, 173, 216, and 217. The total outdoor air supply 
provided by these AHUs is 15,470 scfin. The calculated indoor air concentratio~ls for 
this subsection of Building 100 were calculated using the same equations, with 
modified input values for the groundwater concentration, floor area and outdoor air 
supply, as follows: 

The values for C,, were calculated two ways, using arithmetic mean and geometric 
mean values, as show11 on Table 3. 
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7. RESULTS 

The calculated illdoor air concentrations for TCE, cDCE and VC are presented on 
Table 4 and summarized below: 

Target Indoor Co~lceiltration (uglm3) (see Table 4) 

Building Calculated Indoor Air Concentration (Cia) 

Using Geometric Mean (ug/in3) 1 0.00005 1 0.00018 1 0.00016 

TCE 

1 
I 

Using Arithmetic Mean (ug/m3) 

Subsectioil Calculated 111dooi- Air Concentration (Cia) 

cDCE 

147 

0.07 

Using Geoilietiic Meail (ug/m3) 

VC 

12 

Using Arithmetic Mean (ug/1n3) 

0.13 

Using arithmetic mean values, the calculated indoor air coilce~ltratioils for TCE, 
cDCE and VC were lower than the target indoor air conceiltratioil by one to tlxee orders 
of magnitude, which is geilerally greater than the target uncertaiilty in the screening 
level analysis. The TCE target indoor air concentratioil is based on a revised cancer 
potency factor that is still considered to be a draft value, and would be more than 60 
times higher if the fonner cancer potency factor was used. 

0.03 

0.15 

Cia inore than I order of inagnitude below target? 

Using geoinetiic inean values, the calculated indoor air concentrations for TCE, 
cDCE and VC were lower than the target indoor air coiiceriti-ation by inore than three 
orders of magnitude, which indicates that the outcome of the screening does not depend 
on the method of central tendency selected. 
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8. CONCLUSIONS AND CONDITIONS 

Considering the conservative assumptions made in these calculations, the analysis 
indicates that subsurface vapor intrusion for TCE, cDCE and VC are unlikely to cause 
indoor air conce~ltrations above the target levels. Therefore, the pathway can be 
considered "incomplete" (according to the definition in the Guidance) for the EI 
determination. 

The analysis presented in this document is conditional on the continued operatio11 
of the AHUs similar to their current configuration. It is unlikely that this will change, 
since the climate in Florida is such that virtually all such buildings are air-conditioned 
year-round. Any significant change in the air-conditioning of the building is likely to 
also significantly affect the occupancy, so this constraint is not considered to be a major 
limitation. 
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BUILDING 100 AREA - RECENT DEPTH TO WATER MEASUREMENTS 
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Notes: 
fl bls - feet below land surface 
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TABLE 2 GeoSyntec Cons~iltants 

TOTAL FLOW AND OUTDOOR AIR FLOW FOR EACH AIR HANDLING UNIT SERVICING BUILDING 100 
Star Rainey Center, Pinellas, Florida 

Total circulated 883,280 
Total outdoor air 175,316 

Percentage outdoor air 20% 
Exhaust 140,253 

189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
202 
203 
204 
206 
207 
209 
2 10 
216 
217 
22 1 
222 

Building Area 45 1,596 square feet 
Building Volume 10,838,300 cubic feet 

TROI SOIDOE Pinellasirable 2 
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16,500 
13,500 
24,000 
25,800 
26,300 
5,400 
17,600 
13,000 
9,800 
6,000 
4,400 
1 1,900 
1,200 

REDUNDANT 
4,800 
2,000 

REDUNDANT 
1,900 
1,200 
1,200 

REDUNDANT 
2,750 

REDUNDANT 

Notes: 
A.H.U. - air handling unit 
cfin - cubic feet per minute 

3,300 
2,700 
4,800 
5,160 
5,260 
1,080 
3,520 
2,600 
1,960 
1,200 
880 

2,380 
240 

960 
400 

3 80 
240 
240 

550 
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TABLE 3 GeoSyntec Consultants 

TCE, cDCE AND VC GROUNDWATER CONCENTRATIONS 
Star Rainey Center, Pinellas, Florida 

Notes: 
TCE - tricliloroethene 
cDCE - cis-1,2-dichloroetliene 
VC - vinyl chloride 
pg/L - micrograms per litre 
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GROUNDWATER, CLCULATED A9R ANID TARGET INDOOR AIR CONCENTRATIONS 
Star Rainey Center, Pinellas, Florida 

Concentrations (pg/L) 

Arithmetic Mean 

oncentrations (pgJm3) 
SWER Table 2b 

Workplace equivalent 

Notes: 
TCE - trichloroetl~ene 
cDCE - cis- l,2-dichloroethene 
VC - vinyl chloride 
pg/L - microgranls per liter 
pgIn13 - lnicrograms per cubic meter 
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SEW. 27,2000 
HVACZ (LOCKHEED) 

AHU # 01 AREA 133 
AHU # 3 AREA 134 
AHU P 5 AREA 135 
AHU # 7 AREA 136 
AHU # 9 AREA 316 
AHU # II AREA 1115 ECKERD 
AHU # 14 AREA 125 
AHU # 15 AREA 132 
AHU # 16 AREA 125 
AHU # 3 0  AREA T3H 
AHLl # SI AREA CENTRAL ENV TEST 
AHU # 40 AREA CCA 
AHU # 44 AREA ARC PACER AND JTT,CEC,AITG,J-STARS 
AHU # 51 AREA T3(H) 
AHU # 5 4  AREA HAGNASTAR 
AHU # 55 AREA 148 
AHU # 40  CAFETERIA 
AHU # 49 CAFETERIA 
AHU # 6 0  CAFETERIA 
AHU # 62 RAY MED Cf4TR.A-154 
AHU # 6 4  QRS 
AHU # 66 STORES-BULK 
AHU # 72 AEIA, GAS-1,TOMAHAWK 8r GROWTH 
AHU # 77 CENTRAL ENV TEST &CCA 
AHU # 70 SPITFIRE,ARC222,SKYFIRE 
AHU # 79 AREA 173 RAY OFFICE 
AHU # 02 AREA 189 RAY OFFICE 
AHU # 05 AREA 185/175 CABLE COE 
AHLl # 87 AREA LB31CABLE COE 
AtlU # 89 AREAI831CABLE COE 
AHU # 91 AREA I171HAGNASTAR 
AHU # 92 AREA 500 
AHU # 93 500 OFICE 
AHU # 100 500 
AHU # 103 AREA 1861ECKERD 
AHU # 104 AREA .1711ECKERD 
AHU # 106 AREA I701FORENSICK 
AHU # 107 300 BLDG 
AHU # 109 300 BLDG 
AHU # I f5  AREA I241STORESICAROSELS 
AHU # I16 200 BLDG 
AHU P 117 200 BLDG 
AHU # 118 AREA 1411 MAGNASTAR 
AHU # 121 AREA I22 
AHU # 125 AREA 000 
AHU # 127 BLDG 200 
AHU # 129 BLDG 600 
AHU # 132 AREA I30 
AHU # 133 AREA 134 
AHU # I36 BLDG 600 
AHU # 137 BLDG 600 
AHU # I38 AREA1921 TEST ENGR'G 
AHU # 141 AREA ILSINESP,SMART-T 
AHU # 146 AREA 300 

AHU # 148 BLDG 560 
AHU # 149 AREA I22 

AHU # 151 AREA 1491RAY OFFICE 
AHU # 152 AREA 1471SPJC 
AHU #I54 AREAIlb/ATNAVICS,FBPAR 
AHU # 156 BLDG 400 
AHU # 157 BLDG L O O  
AHU # 158 BLDG 400 
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