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Executlve Summary

A passive soil vapor extraction (PSVE) treatability study at the Mlscellaneous Chemical
Basin (MCB) of the Savannah River Site (SRS) has been progressing sirice September 1996. -
During -this time more than 100-pounds of chlorinated organic contaminants have been
removed by natural barometric pumping of wells fitted with BaroBall™ valvés (low pressure-
check valves) In addition, contour maps of the vadose zone contaminant gas plume made -
before the study and after 1.1 years of operation show a significant decrease in tlie extent of
the gas plume and identify the source location. From extrapolations of the exponentlally
declining contaminant concentrations measured in the wells, all of the wells except those in
the source zone will be below: 1 ppmv in appfoxxmate]y three years 81mp1y using PSVE. The
source zone wells w111 be below 1 ppmv in approxtmately 10 yeaxs usmg no addltlonal
remediation method. - . .

- Mass removal durmg this tlme frame is attributed fo reSIdual conta.mmatlon in_the coarse ,
. grained material and some contaminant mass transfer from the finer grained zones to coarse

~ zones where the majority of the PSVE flow is achieved. Removal from the fine gramed :
o sedlments will be limited by the mass transfer from these zones to the coarse gramed zones.’

PSVE requires mmxmal operation and- mamtenance costs durmg its hfetlme of operatlon' _
(more than 10 years) Monthly ‘well vapor sanipling :and analysis requires approx1mately 8 -

- - hours per month. For.this study, characterization and well installations at 25 locations using -

- ‘cone’ penetrometer technology (CPT) were ‘performed in three weeks for approximately

"+ $60K. The charactenzauon included continuous geologic, proﬁles through the entire vadose

zone, depth-dxscrete gas samplmg for volatlle orgamc contammants and sedlment samples

' To remedxate the source - zones more qulckly, passive heat m_]ectlon is proposed as.an .
‘extension to the- treatability study From- previous tésting and theoretical calculatlons the.

" : subsurface can be heated using a: passive solar collector and passive soil vapor injection. If . |

the subsurface témperature can be raxsed by 10° C, contammant removal Tate. w111'.

approxxmately double T : . ST

' The PSVE system is perfomung well ina cost—effectlve manner. It is recommended that tlus f o

2 _system be-allowed to continue operating for at least another year to verify the anticipated . s

contaminant removal rates using passive heat m_]ectlon and‘to evaluate removal effectlveness"' -
- in the lower permeablhty zomes.. . .~ SRR




Background |

Site Descnptmn

The Miscellaneous Chermcal Basin waste unit is located in the noﬂhwest portlon of SRS,

approximately 1.5 miles south of the 3/700 Area operations and 3 miles east of the SRS’
boundary. Little information is available on the historical operations of the basin. It is -
thought to have received liquid wastes from the 3/700 Area operations, consisting of waste
. solvent and used oil. It is also beheved that partlally full drums were emptied at this site.

" The basin boundaries have been estxmated ‘based on site photographs The MCB was
approximately 20 by 20 feet in length and width, and approximately 1 foot deep..
Photographs indicate that the basin received liquid chemical wastes from about 1956 to 1974

- and was located in a shallow borrow pit covering a small portion of the waste unit. In 1974

, the basin was re-graded and the original near-surface basin sediments were distributed in a

: 'ﬁeld at the site ‘with approximate dimensions . of 350 by 350 feet. The site is currently-.

covered by weeds, grasses and small pine trees. The surface of the waste unit exhibits a
slight slope of approxxmately 3 percent to the east-southeast '

Previous Characterizatlon‘ Efforts

Previous screéning activities conducted at the MCB include continuous geologic profiles,
soil gas surveys, sorl conﬁrmatlon sampling, and groundwater monitoring as dlscussed
‘below. - :

' Geology

The  Savannah Rlver Slte is underlam by a thick wedge (approx1mately 1000 ﬁ) of
unconsolidated Tertiary and Cretaceous sediments consisting pnmanly of sands, clayey

- 'sands, and sandy clays. - Two significant-fine grain layers in the vadose zone at the .

- Miscellaneous Chemical Basin are located at approximately 0-15 ft (330 ft msl) and 75-85 ft.

o (260 ft msl) below ground surface. The water table at the site is at approxxmately 120 ft (220 -

ft msl) below the ground surface _.__
The CPT fnctlon ratxo logs collected in 1996 mdlcate a srgmﬁcant ﬁne gramed sedrment'
layer which occurs approx1mately 5 to 15 below the surface. Below this layer is a coarse
grained (sandy) layer approximately 50 ft thick with a few narrow silty layers. Below this
interval is an interbedded clayey/silty/sandy zone ranging in thickness from 5 ft on the
northwest to 15 ft on the southeast of the investigated area. The sediment layering dips to
the southeast and:tends to follow the surface contour. The boundaries of the area
investigated is shown in Figure 1. g

Soil Gas |
Two phases of shallow soil vapor sampling were conducted in 1986 with 120 samples

collected from a depth of 1.5 to 2 ft on approximately 20 ft centers. Sampling results
indicated the presence of trichloroethylene (TCE) and perchloroethylene (PCE) in




© concentrations up to 5.5 ppmv and 44.8 ppmv, respectively. Trichloromethane and cis-1,2
dichloroethylene (cis-1,2 DCE) were also detected at concentrations up to 0.02 ppmv and
0.30 ppmv, respectively. The highest concentrations were detected north of the basin and
vadose zone contammant mxgratlon appeared to be in a north-northeasterly direction.:

During September and October of 1996, in support of the treatablhty study, a total of 128

soil gas samples were collected at varying depths between 15 and 110 ft at 25 locations using: |

a CPT soil gas method described in the characterization report (Riha et al., 1996).' Sampling .
depths were chosen during the CPT push by analyzing the friction ratio logs and determining - -
permeable locations near the clayey zones. Contaminants are expected to be located in the

fined grained sediments but it is difficult to obtain sufficient soil gas flows for sampling in
these zones. Soil gas samples were also taken near the center of the 50 ft thick sandy zone to

determine the vertical distribution of soil gas concentratlons A site map showmg soil gas:
and well locations is presented in Figure 1.

The results from the initial soil gas analysxs are presented in the charactenzatlon report (Riha -
et al,, 1996). These results were used to locate the PSVE wells for the treatability study.
Concentrations ranged from 28.7 ppmv carbon. tetrachloride (CCL,), 140 ppmv TCE and
. 99.5 ppmv PCE in the vicinity of CPT-MCB-4 to non-detect levels at the outer perimeter of
the basin. Soil gas concentrations are generally highest in the vicinity of the 15-20 ft depth
interval at the MCB. Concentrations are highest for TCE and the center of the plume i is
. located. around CPT-MCB-4, 13, and 22. Soil gas concentrations decrease and spread

- laterally with depth. The lateral ‘soil gas rmgratlon tends toward the southeast away from .
, CPT-MCB—4 I

: Sedunent Samplmg Results

* In 1987 and 1989, soil samples collected from soil bormgs, momtormg wells, and test pltS

were analyzed and found to contain VOCs (e.g. TCE, PCE, chlorobenzene, chloroform, and |

. trans-1,2-DCE) from just below surface (0-2 feet) to depths of approximately :225 feet.

. However, .the hlghest concentrations appear to occur within the upper 120 feet (vadose |
zone). Analysrs of the groundwater since 1985 show TCE and PCE levels in excess of the.

~ EPA Maximum Contaminant Levels (MCLs) for drmklng water standards in 9.of the 13

o momtormg wells, which surround the basin. Depth to the water table in the- ‘vicinity of the
" MCB is approxrmately 120 feet below surface; ‘therefore, removal of the VOCs w1thm the .
- vadose zone is. consrdered a pnonty

" F ive locatitms_at the MCB ‘were sampled for sediment analyses in 1996. Continuous-2 foot

- long core samples were collected at CPT-MCB-S1 from 2 ft-to a depth of 82 ft to determine .
the vertical extent of the sediment contamination. This location corresponds to the highest

~ soil gas concentrations during the current characterization effort. Well CPT-MCB-4 was .

installed in this borehole. The core was also inspected visually and compared to thé: CPT

logs which provided a good correlation for lithology determination w1th CPT logs at the sxte

. Contaminants in the sedlment samples appear prlmarlly in the two zones of fine grained:
sediments. The highest concentrations for two of the sampling locations were measured in

-




~ the lower layer>(74-8(‘) ft) which has a higher clay content than the upper zone.at 5-15 ft.
Lower concentrations of TCE were measured in the sandy/silty layers.

Sediment VOC concentrattons at CPT-MCB- 82 were high in the upper clay layer in the 4-8 .

ft depth (231 - 10,735 pg/kg PCE). Duplicate samples in this range did not correlate well
which may be attributed to the heterogeneous nature of the sediments. The Goncentration in
‘the lower clay zone (74-80 ft) was 123 pg/kg (TCE) indicating the contaminants are still -
 trapped in the upper clay layer (5- 15 ft).  Sediment concentrations in CPT-MCB-S3 follow a
similar ‘trend ‘with ‘higher concentrations in the- shallow clay zone (5- 15. ft) and lower_
ooncentrattons in the deeper clay zone (74-80 ft)

: 'Sedunent concentrations at CPT-MCB-S4 and S5 are higher in the deeper clay zone (74-80. -~

- ft). The highést VOC sediment concentration in CPT-MCB-$4 was 5,325 pg/kg PCE at 69 |
ft. However, VOC contaminants in the duplicate sample were not detected. ‘This.

_dlscrepancy may be attributed to the heterogenelty of the sand/sxlt/clay layers in thls reg10n

The results from the sedunent samples suggest a contammant source was released in the area

" near CPT-MCB-S2 and ‘CPT-MCB-4. ‘Sediment . VOC contamination is consistent with ,_
" * releases of PCE and TCE to the subsurface over an 18 year period. The contaminants have. -

Vo mlgrated down through the. upper clay layer and to the southeast into the lower clay layer
- PSVE Well Instaliation |

- Twenty five vadose zone- wells were mstalled at the MCB in the same push hole as. the CPT‘ B

' geophys1cal and, s01l gas pushes. ‘The wells were installed by threadmg a steel push'tip onto

 the PVC screen and pushing’ the tip with the ‘steel CPT rods in-the center of the PVC,

' "effectlvely pullmg the PVC well down w1th the push tlp The 6. mch long steel push tip |
remamed in the ground S _

. -The wells were mstalled so the formatlon was compressed agamst the outer surface of the
. casing and screen,:leaving no annilar space. The potential for vertical migration i$'minimal " -
. -because the well material prov1des 1io channels to transport liquids. The compression of the . =
. formation: agamst the walls of the well- reduces gravity flow along the casing in contrast with =
- the flow processes occurring in the natural materials of the formation. All vadose zone wells

' were. installed to a depth that did 16t breach the water table; the maximum termination depth’--"li"
. of the vadose zone wells was greater than 10 feet above the water table Concrete pads were_'_, -

| , 1nstalled around the wells at the surface.
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: ..Technology Descnptlon Barometnc Pumpmg

o "however these pressure waves are damped and delayed in‘phase to, degrees dependent on the .
" " effective vertical permeablhty of the formation. As a result of the attenuation and delay of
- the transmltted pressure wave, at a given time the atmospheric pressure at the surface and the -
" soil gas pressure in the subsurface will be different. If these two zones are dlrectly connected -
: '(by a vadose zone well) thé pressure differential will result in a flow either into or out of the
“well. If the subsurface contains VOCs in the'gas phase, flow out of the well will result in -
removal of the' contaminants' from the - subsurface without mechanical pumping. This.
. phenomenga has been observed for more than a century, (the first reference in the literature is
an article in Science, 1897 by Fairbanks) but has only recently ‘been proposed for

*

§ S

o Natural atmospherlc pressure ﬂuctuatrons are transmrtted through the unsaturated subsurface S



environmental remediation. The technology is also known as barometric pumping. The

- duration of flow events (either flow into the well or flow out of the well) can be as long as =
three days continuously but, as expected by mass balance considerations, the average time of
flow in is equal to the average time of flow out. The flow rates for a typical well are.
generally-low (.1 to 10 scfm) but if the concentration of the contaminant in the gas phase is
‘high, mass removal by this process can.be significant. Rates as high as 1 t& 2 kg/day/well -
have been observed near sources in the- AM Area of SRS. Mass removal can be enhanced
using low cost or natural technlques Enhancements to PSVE include the addltlon of wind
powered turbine vacuum pumps, installation of one way mechanical valves to prevent

dilution of the contaminated soil gas by clean air from the surface, and solar heat injection to - |

raise vapor pressures and the partttlonmg of the VOCs from the 11qu1d or aqueous phases to
- the gas phase :

The BaroBall is a device devéloped and patented by WSRC spectﬁcally for barometrlc'

pumping applications. It uses a light weight ball in a conical seat to permit gas flow in one "

direction with a minimal pressure requirement (approxnmately 1+ millibar) but “effectively .
prevents gas flow in the reverse direction. Dependmg on the configuration, the BaroBall can

be used to allow contaminated soil gas out of a well and prevent clean air from diluting the

soil gas in the subsurface (standard mode of operation), to inject air and/or nutrients into the

subsurface to- enhance bioremediation, to control or confine the movement of a subsurface .

. gas phase plume in the vadose zone; or to passrvely transfer solar. heated water-saturated a1r '

" into the subsurface to enhance volatilization in the. subsurface. -The BaroBall dev1ce is S

attached dxrectly to the top of the well casmg at the surface

'Apphcatlon of thls technology is dlrected to any srte where volatrle substances (chlormated; '
- ‘solvents,- petroleum ‘products, etc) have contammated the vadose zone. Natural pressureg,

fluctuations and their damped ‘and delayed transmission through the subsurface occurin all’ -~ = -
environments but are partlcularly well-suited to sites with large vadose zones or substantral L
low permeablhty layers that increase the dampmg and delay of the atmosphenc pressure, e

S s1gna1

§

Field scale studtes have been ongomg at SRS, the Hanford site and the Idaho Natronalﬁ .

: \Engmeenng Lab for- approxrmately five years, and . a field scale 1mplementatton of - thef

technology - for control’ of subsurface methane migration usmg a combination of passrve
injection and extraction. was recently installed at a landfill in Richmond County, Georgia.

‘The MCB treatability study i is the: first 1mplementatron to dxrectly target the removal of the_l o
~vadose zone source term. ',_» o : -

Methods

-Sedime'nt Sampling ‘and Ahalysis Methods . :
At each soil sampling depth, the cone penetrometer truck using a MOSTAP® soil sampler »

collected a core sample of approximately 1” in diameter and 24” long. Once the sample was -
brought to the surface, a 2 cc plug sample was- ‘collected using a modified plastic syrmge

o

e
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The plug was transferred to a 22 ml v1a1 containing 5 ml of nano-pure water and the vial was
sealed with a crimped septum top for later head space analysis. - Duplicate samples were
- collected at each depth and all samples were stored at 4°C until analysis.

'Each sample was weighed and then analyzed on the HP. 5890 Series gas’ chromatograph
‘using an’ automated head space sampler for equivalent water. concentratidns. Mass soil
_concentrations (ppb, ng/kg) were calculated based on an equal head space volume from 7 ml
of water standards and 7 ml of water/soil matrix and were corrected for the mass difference
between the soil and water. The gas chromatograph was calibrated using stock solutlons of .
neat (pure). solvents diluted to specxﬁc concentrations. The standard concentrations used for
each head space sample run were 3, 5, 10, 50, 100, 500, and 1,000 ppb (ug/mi). The
samples were analyzed for Vinyl Chlonde Freon-11, Freon-113, 1,1-DCE, Trans-DCE, Cts—
DCE, CHCl,, TCA, CCl,, TCE, and. PCE. The record of the brand name and lot number of
_the standards was logged in the GC log book along wnth the amount used, date and person
maklng the stock solutions. , '

_ Well Vapor Samplmg and Analysns Methods

‘Concentration’ measurements were. made on the vadose zone wells apprommately monthly

. during barometric pumping outflow events. Well vapor was sampled and analyzed using a

- Bruel and Kjaer Model 1302 photo acuoustic infrared gas analyzer. The- instrument was

~_calibrated to measure TCE -, PCE, .CCl,, and CO, and periodic samples were obtained i in
L Tedlar sample bags and analyzed on an HP 5890 series GC for i mstrument venficatwn

. 1_”Pressure and Flow Measurement

" Pressure and ﬂow measurements were reeorded using elther a Campbell S<:1ent1ﬁc® CRlO or
- Z-World®  data logger Barometnc pressure was measured with a Vaisala® PTA 427
. pressure transmitter. w1th a range of 800-1060 mbar. leferentlal pressure was measured -
 with an 0mega® PX163 low pressure-transducer with a range of 15 inches of water. Gas:
' flow was measured with a Cambridge Accusense®; Inc. AVS 1000 Series air veloctty sensor
~ with a range of 1000 fpm For all parameters pomt measurements were, made at 15 mmute -

'g‘:.mtervals B _ o L=

. Results and Discus'Sioii |

) Well Flow Rates and Vapor Concentratlon

Well vapor flow and concentration measurements show mass removal from the vadose zone'
 at the Miscellaneous. Chemical Basin. Pressure .and flow rates were measured on several
- wells at the site with CPT-MCB-3 having the longest history of measurements. A typical
- pressure and flow response. during 4 days of measurements is shown in Figure 2. Wells
CPT-MCB-3 and 3A are 3 ft apart and have screen lengths at 57- 72 ft and 80-95 ft -
’ respectlvely ‘The flow measurements were made on the deeper- well and pressure
measurements were made on the shallower well. These data were used to create a

-




pressure/flow correlation for long term flow estimation. Pressure measurements were made
on these wells for 61 days and the estimated flow rates for this period are shown in Figure 3.
The cumulative volume of soil gas removed during periods of venting from the vadose zone -
was 100,356 ft* and is shown by the cumulative curve on the chart. - This removal is based on ‘
the assumption that air flow is not allowed to enter the well by using a Baroball. - Statistics
from this period are presented in Table 1. - :
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~ Table 1 — Statistics from Pressure and Flow Measurements at CPT-MCB-3A

-| Duration 4/17/97 — 6/17/97 _ | 61 days
Barometric Pressure Range ' 983.8 to 1015.3 mbar _
Differential Pressure Range : -3.24 t0 +3.39in H,0 -
Outflow Events - S | 30.4 days (49.8%)
Total Outflow S 100,356 ft3

{ Total Inflow (if Baroball not mstalled) 125,717 i3

| Average Outflow = = = . : 2.28 c¢fm
Average Outflow Event Durat1on 0.50 days
Maximum Outflow Event Duration | 3.36 days

Well vapor concentrations: were measured approximately monthly to determine the soil gas
concentration trends at the MCB. Well head measurements were made -during outflow
" events with a Bruel and Kjaer infrared photo-acoustic analyzer calibrated for PCE, TCE,
' CCl,, and CO, The contaminant concentrations were normalized with the CO,
concentrations to the average soil gas CO, levels of 12,000 ppmv. This normalization was
required to provide more accurate contaminant concentration levels at the. unit. The
‘Baroballs leak slightly during inflow penods which dilutes the soil gas and produces. low
readings during the beginning of outﬂow events. The normalized concentratlon values are -
prov1ded in Appendlx A. -

i ‘Sorl gas concentratlons measured over tlns 1.1 year tnne perlod show an. exponentlally
declining eoncentratron as is expected based on a conceptual model of mass transfer from

) - -fine grain zones in the liquid or aqueous phase to the coarse grain sediments in the gas phase. -

Once in the gas phase, the contaminants can be swept out of the subsurface system. The rate
constants calculated from these plots show that the wells outside of the source zone will be
below 1 ppmyv. m approx1mately three years simply using PSVE. The source zone wells will
.be below 1 ppmv-in approximately 10 years using o additional remediation method. The

- parameters -for the .exponential concentration decline equatxons are provided in Table 6.

- A Concentratlon trends from four. wells along w1th the exponentlal fits are shown in Flgure 4 as.
an example ' : o
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R Contour plots of well TCE concentratxons at 10/7/96 and 11/7/97 are provxded in Flgure 5°
The 25 wells are screened at. dlfferent levels so these plots show a general representation of -
-~ the" ‘soil gas plume ‘at the unit. - ‘Over the 13 months’ of PSVE thh ‘Baroball flow.
s enhancement, the s011 gas’ plume has decreased in- concentratton and mze The plume

. ,suggests that the source term 1s 1solated around CPT-MCB-4 ' : R R
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Pre and Post Study Sedlment Concentratlon

Post-study sediment samples were collected at 5. locatxons within 3 ft of the pre-study CPT
sediment sample locations. Pre-study samples were collected September 1996 and post
study samples were collected November 1997. The depths of samples targeted fine grain -
zones and depths with detectable contaminant levels from the original sampling. The -
methods for sampling and analysts are discussed in the methods section above. The post-. -
: study sediment samples were all taken within the ﬁne grain zones,(low permeabnhty zones).

. Pre-and post-study TCE concentration plots are shown i in Flgure 6 and 7 and the data are
presented: in Table 2. The locatlons correspond to the soil boring locations in Figure 1. The

V pre and’ post—smdy concentrations vary significantly; some locations show an increase and -

some a decrease.” Observed decreases during the short treatability study were expected tobe: . -
~ small, especlally from the fine grained sediments, due to mass transfer limitations.
Differences -between- the- pre and post-study concentrations may be attributed to PSVE .
impacts - and several .other factors including the - heterogeneous dlsposmon of the
* contaminants correspondmg to sedxment properties, migration of the sorbed- contaminants -
-and the difficulty in- obtammg soil samples from identical locations in the interbedded

- geology. Quality checks on the field and laboratory work indicate the pre and post-test data
sets are equlvalent in terms of. samplmg and analys1s .

' Desplte the short operatmg penod and observed vanablhty, the oomp031te results from the

. sediment sampling suggest a 13% decrease in TCE mass from the fine grain | sediments in the =~

source area of the unit during 13 months of PSVE. This value was calculated using' the
difference .in’-estimated, total. contaminant mass from pre- and post-study core samples.. .-
- Although supported by the observation of diminished soil gas concentration, the sediment .

. values. may not be premsely representauve of ‘the true remediation rate-because of the

. inherent vanablhty in pomt samplmg and the: heterogenexty of contammant dlstrlbutlon

Y Mass removal durmg thls time frame 1is pnmarlly attnbuted to resldual contammatlon inthe ,
. ... coarse grained material and contaminant mass transfer from the finer grained Zones to coarse =
. zones where the majority of the PSVE flow is ‘achieved. Removal from the ﬁne‘grzuned
- sedlments will be hmlted by the mass transfer from these zonee 1o the ooarse gramed Zones.-
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Location Depth,ft pre-CCl4'| post-CCl4 | pre-TCE | post-TCE | pre-PCE | post-PCE.
"SI 16 %5 %66 | 15998 | <66 39.87 %56
S1 26 %5 66 | 6397 | 5237 994 | 816
S1 32 %6 | <66 11.19 | 9265 %6 | 86l
ST | 50 %6 %6 5242 | 74.46 876 | 851
31 74 %6 <66 . | 213.16 | 1062 | 3587 | <66 .
TSt 82 | <66 | <66 15466 | 11403 | 1870 | 1198
sz | 4 | 1086 656 5653 | . 696 | 602362 | <66
32 ) 682 | <66 12625 | 17.06 | 23142 | <66
sz | .29 %6 36 1853 %6 10.29 %56
52 | 81 6.6 1096. | 123.11 | 30506 | 33.03 | 11487
83 3 66 | <66 | 22986 | <66 | 25.17 %6
3 | 75 %6 <66 - | 9086 | 11001 | 1494 | 1947
S3 T80 | <66 | <66 | 5713 | 15078 | 812 7494
& | 4 %6 | <66 | 980 | 395.17 | <66 | 1577
sS4 | 33 66 <66 | 1475 | <66 | <66 %6
St | 69 2470 |- <66 14651 | <66 | 532495 | <66
S5 | 4 %6 | <66 | 12.14 | <66 | <66 %6
TS5 | 2 %6 | <66 | 1115 | <66 | <66 | b6
"S5 | 55 56 <66 | 932 | 1976 |- <66 %6
. 85 |- 74 | <66 <66 | 11814 | 10552 | 1373 | 833
Flow Control Enhancement of Mass Removal e

Table 2 Pre and Post Study Sediment Concentrations (jg/kg)

" Flow control enhancement has been proven to mcrease mass removal by at least a factor of 2
~ (May et al., 1994). Theoretically, without any engineering ¢ controls, the volume of soil gas -
outflow is approx1mately equal to the volume inflow in an open vadose zone well. Under o
‘these conditions, air entering the vadose zone will dilute the soil gas and force the soil gas-
“plume away from the well. The soil gas removed after an inflow event will thus be: a:

E _mlxture of surface air and soil gas, effectlvely reducmg the mass of contammants removed

: >WIth flow control which only allows outﬂow ‘the SOlI gas is- not.diluted and a step process is
- created which brings. coritaminants: from further distances fromthe well screen with each
o successive outflow event. ~ Also, when wells are ‘not flowing out (checked inflow event), -

o contammants will move into the coarse grained sediments by mass transfer and will be

‘removed during the next outflow event(s). The Baroball check valve does leak slightly

during inflow events and will produce some subsurface dilution dependent on the length-of ’
the mﬂow event. :

Solar Heat Enhancement of Mass Removal

PSVE has been successfully ‘removing chlorinated orgamc contaminants from the vadose ,
zone at the Miscellaneous Chemical Basin for more than one year. This process has been

. steady but slow (approximately 100 Ibs. of chlorinated solvents in the first year). The rate of

removal is dependent on both the rate of PSVE (i.e., the gas flow rate out of the wells) and

-

e
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the mass transfer rate of the contaminants . from thhm the fine grain zones to the coarse ;
grain zones: The majority of the advective flow of PSVE occurs in the coarse grain zones: .
" (i.e., zones of higher permeability) in the vadose zone. An active vapor extraction system
" (e.g:., vacuum blower) can increase the flow rate out of the wells and the contaminant :

removal rate. This strategy is effective until the contaminant mass transfer limitations are - '
dominant. At this point, the active vapor extraction reaches a point of diminishing returns in .
‘its removal effectiveness. Once installed, a PSVE system never reaches a removal o
effectiveness pomt of dxmlnlshmg retums because it has a neghglble operatlon and T

- mamtenance cost.

i

. _An altemattve method to- increase contammant removal rate is by mcreasmg the mass
. transfer processes. in the system. Heatlng the subsurface system -is. an effective. way to =
accomphsh this. Heating. exploits the physical properties of the ‘volatile contaminants by. -
~ increasing the vapor pressure of the contaminant in the system. For PCE and TCE, a -
temperature rise of 10° C results in a nearly two fold increase of the vapor pressure.. By .
- doubling the vapor pressure, twice the mass of contaminants will be in the vapor phase and -
available for removal by soil vapor extracnon Increased temperature also increases dlffuswn :
coefficients and related ‘mass ‘transfer processes. Usmg a set of simple assumptions we.can .

- approximate the energy requlred for a temperature increase of 10° C i in the subsurface systemh'_ o

‘ a prxorl Table 3 below lists. the assumptlons and energy calculatlons

o jTab'le 3 - Energy Reqﬁred fo_r:ll‘eating Sﬁhsur,faée‘ in PSVE Volunie of Inﬂuence
"Radiu'sofInﬂuence T Pm T — ‘

N WellScreenLengﬂi 2m - Vol_unleoflnﬂuence - 5t55m3 '

: Pomsuy ' : - 104 - '
. Volumetncsoﬂmmsture(sw) 0.6 . : ) o . : <

| SedunentDensﬁy ’2,650 kg/m3 MassofSedlments o 89,912-kg

WaterDenmty R 1,000 iig/m3 Massof Water o - 13,572 kg
 [Sediment heat capacity (Cvs) ’0,794Bm/kg/°c Energy.for 10°C rise (sediments) |/ 002 BTU |

| Water heat capacity(Cyw) . .13 g7 B'I'U/kg/oC Energy for 10°C rise (water) . [ oroeBIU~{

- : AR T TotalEnergyReqmred. - '1,252 I70BT0 | - -.%
— S

- : Given this. energy target, cost-effectlve strateg1es can be selected to heat the subsurface and

double the contammant removal rate.,

\_.

In the southeastem Umted States solar energy can be used to create a large amount of heat S
, cost—eﬁ'ectlvely By usmg innovative passive solar collection devices developed as a result of
a SRS Cooperative Research and Development Agreement (CRADA) with a local company,,j o
© it has been demonstrated that solar energy .can-be efficiently converted to heat energy to .
‘warm surface sediments near the M Area Basin. By joining the two passive technologies -
(passive solar collector and passive soil I vapor extraction/injection) it should be possible to--

heat the subsurface using only natural energy sources. Data were collected on avallable solar




"energy at SRS using a'_pyrorneter and data logger as part of the CRADA. The data are -
- summarized in Table 4 below and compared to theoretical solar energy availability.

i Table 4 - Energy Available from the Sun at SRS

Average,suﬁlday . _ 16 hours” . . Area of collector 5.9 m

Theoretical =~ - ‘ - |Measured ' :
1Average Energy from Sun (approx ) 0.95 BTU/ sec/ni ‘ Average Enérgy from Sun 0.70 BTU/sect 2
[Energy to collector - 121,734 BIU/day |Energy to collector — |89 600 BTU/day

. 'Usmg the measured value of. energy available at SRS and assummg 100%. efﬁcrency of solar
- energy. collection and. complete transfer of that energy to the subsurface a 10° Crisein . '
_ temperature can be achleved in 14 days : '

Passive subsurface 1nject10n is the transmlssron of surface air into the subsurface usmg the '
- same. pressure gradlents that -enabled passrve soil vapor extraction, only in this instance, _
- surface pressure is higher than subsurface pressure. Air is not an efficient heat transfer flurd :
. - 50 to transfer heat developed in the solar collector air saturated with water (i.e., steam) would

be used. The steam will condense on contact with the lower temperature sedrments which -
are at a nominal temperature of 19° C. The.low temperature steam injection is an effective

- method for rapidly transferring énergy because the latent energy of the steam is 1mmed1ately:;‘f -
_ “transferred ,to the subsurface sediments when the steam condenses. To create the water- -
- - saturated air, we maintain a reservoir of water in the sealed solar collectorand allow surface -

‘ 'arr in through baffles only when steam mjectxon is occurring In Table 5 below, the physical -

parameters, of the passive solar collector and estimated heat capacity and flux are provided. -

- for creating and transferring steam at” dtfferent temperatures A trme hrstory of the .
o 'temperature in the solar heat eollector is shown in F 1gure 8.

Table 5- Passwe Steam In]ectlon Rates :

Ternperatm'e(C) AppmmteBTU’day Numberofdaystoralsesed:ments loc' L
T e 0 [ s | o - 17 -
S 1200 ',i e 0576000 ST o 22 T o
L, I O F o a0 - | L 3
R I L I R S
N D T R P -
6. . | . 5% L e
TR 300 | T 618

£ Volume of collector =3.63 m Average flow rate =40. 8m3/day (2$cﬁn), Flow into well 50% of trme

: From the table above it is clear that the hlgher the temperatures achieved, the more effective

the heat transfer.’ An added benefit of higher ‘temperature steam not accounted for above is
the increase in pressure created in the solar collector and subsequent increase potential flow -

. to the subsurface. The increase in pressure also may create difficulties in maintaining the
" airtight seal in the solar collector. The experiments scheduled for this fiscal year. should

prov1de the performance parameters for this'system.

-
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| _,.:,Cost Analysns

- Based on the exponenttally declmmg concentration curves for 19 of the wells installed at the
)Miscellaneous Chemical Basin, life-cyclé costs- can be developed - for .removal of the -

~_chlorinated contaminants using a PSVE system. The assumptions include a uniform average ' *
' flow rate out of all of the wélls based on measured flow from the wells, initial concentrations - o
-" “measured 10/7/96 and final concentratlon prOJected usmg the rate constants from more than a’ S
o ‘;year of momtormg ‘ ' . -

e ) vOperatmg and mamtenance costs are assumed neghglble for thlS cost analys1s SO’ that the, o

- total cost of the project was' incurred -during installation in the summer of 1996. Costs are ,
B calculated “in terms of dollars per pound of contaminant removal in 1996 dollars. The

installation cost includes the entire cost of the. cone penetrometer characterization and 25

‘well installations performed in three weeks during August, 1996. In general, characterization' -
costs ‘should not be included in remediation system’ cost: analyses. Wlthout concurrent .

charactenzatlon, the costs will be lower

The ’Cost'per pound of removal is calculated for two average flow rates (2 scfm and 4 scfm).
‘Soil gas is removed 50% of the time (50% of the time atmospheric air is blowing into well). -
The area under the removal curves is calculated and multiplied by the flow rate to obtain the
.mass of contaminant removed. The total mass removed at the Miscellaneous Chemical Basin

e
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for a given time period is the sum of the mass removed from the individual wells. The cost -
of installation is then divided by the mass removed resulting in the cost per pound of
contaminant removed. The cost per pound of removal is quoted for two time periods (and
two flow rates): cost per pound for 1.1 _year, and cost per pound for 10 years. The.
“calculations show that contaminant concentrations in all wells will be approximately 1 ppmv
within 10 years. The calculated mass removal and costs are presented in Tables 6 and 7. Cost

estimates for a solar heat enhanced system will be developed after tests are concluded in -
FY98 '

Table 6 - Mass Removed by PSVE from 10/7/96 to 11/7/97 and Projected Mass Removed in 10 Years

_ Installatlon Cost = $60 000

, TCE Mass (kg) Removed by date
Concentration Decay | S November 7, 1997 October 7, 2006
Well # - Constants °, | TCE Conc (ppmv) (@ date: | For Avg. Flow Rate: | For Avg. Flow Rate:
MCB- | A | B 1077/96] 1177/97] 1077/06| 2,00 scfm| 4.00 scfm| 2.00 scfm| 4.00 scfm|
13 1.OOE+20[ ~ -000012] 3800 23.63] 047 267kg| 534kg| 6.97kg| 13.94kg
T 10 | 1.00E+23| - -0.0014 3234 . 1858 0.19] 2.19kg| 438kg| S.12kg|- 1023kg
9 300E+40| -0.0025| 12641] 4697 001 7.08kg| 14.16kg| 11.27kg| 2253kg
11 | 200E+62| -0.004] 7.95 1.63| 000] 035kg] 0.70ks| 044kg] 089kg|
8 - | 3.00E¥28] :0.0018] 7.03] 345 001] 0O44kg| 089kg| 0.87kg| 1.74kg
4 |200B+21] -00013] 2217 1325| 019 153kg] 3.06ks| 3.77kg| 7.54kg| -
7 9.00E+49| -0.0031| 233.78[ 68.50] 000 11.88kg] 2376kg| 16.81kg] 33.61kg| .
6 400E+44| 00028 41.85] 13.81] 000] 223kg| 446kg] 3.33kg| 6.66kg| -
1 400E+91] -0.0059] 1087 ~ 1.05] 000 037kg| 074kg| 04lkgl- 082kg| " -
5 100E+58] ~0.0037] 1601]  3.70[ - 0.00] 074kg| 148%kg| 096ks|  193ks| .
17| 3.00E+44]  00028] 31.39] 1036] 000 167kg| 335kg|  2.50kg| 5.00kg| - -
g T 15 | 1.00E+50] --0.0032] 7.58] - 2.13] 0:00] - 038kg] 076kg] ©053ks| 106kg|. -
B 16 . | SO0E#73| 00047 35.75| . 5.56| 000| 143kg| 286kg| - 1.70kg| 330kg| ..
14 | SO0E+86|  -0.0056] 547" 0.60| .000] O.I9kg| 039ks| - 022kg| - 04dkg|
. 22 | 400E+33| _ -00021| 2327 -10.13] 001 139kg| 2.79kg| 247kg| 4.94kg| -
' 26 | 200E+22]  -0.0014] 647 ~ 3.72| 004] 044kg| 088kg| 1.02kg| 205kg| -
T 24 |400E+74| -00048] 834 125 000] 033kz| 066kg| 039kg| O077kg|
‘ 25 [|400E+33|  -0.0021] ~2327] - 10.13] - 001 139kg] 2.79kg| 247kg| 494kg
23 | S.00E+2| - :0.0027] 3228| T1.08[ - 0.00] _ 1.75kg| - 3.50ks| 2.66kg| S33kg
Conc Ae“’" Assumes -average flow rate whenwellsareblowmg Wellsblowmg out 50% of tlme B
Table 7 Total TCE Mass Removed and Estlmated Cost for Removal -
A - ‘ After 1.1 years After 10 years:
Flow Rate 2 scfm - 4 5cfm . 2scfm. 4 scfm:
Total Mass Removed - 38.48 kg 7694 kg 639kg | 127.8kg _
Removal Cost $1,559 /kg $780 /kg $939/kg | $470/kg |
$709/1b ~ $354/1b $427/1b | $213/1b |




| Conclusmns

The results to date on the treatability study of the PSVE system at the Miscellaneous
Chemical Basin of the Savannah River Site indicate that the technology is performing well.
In just over one year more than 100 pounds of chlorinated organic contaminants have been
removed by natural barometric pumping of wells fitted with BaroBall valves (low pressure
check valves). Contour maps of the vadose zone contaminant gas plume made before the
study and after 1.1 years show a significant decrease in the extent of the soil gas plume and
identify the source location. From extrapolations of the exponentially declining contaminant
. concentrations measured in-the wells, all of the wells except those in the source zone are
estimated to be below 1 ppmv in approx1mately three years simply using PSVE. The source -
" zone wells are estimated to be below 1 ppmv in approx1mately 10 years using no addltlonal
remedla’uon method .

Mass removal durmg this 'ame frame is pnmanly attnbuted to residual contamination in the
coarse grained material and some contaminant mass transfer from the finer grained zones to
coarse zones where the majority of the PSVE flow is achieved. Removal from the fine

gramed sediments wﬂl be hmlted by the mass transfer from these zones to the coarse gramed '
zones.

‘'The PSVE system has requlred mmxmal operatmg and ‘maintenance costs and can be»
- expected to operate continuously for at least 10 years with no intervention. The cost for the
_initial . installation of the system (including continuous geologic and - chemical

charactenzatlon, and the installation of 25 wells with screens lengths and positions selected - |

‘based on depth-dlscrete soil gas analyses all performed in three weeks) was apprommately '
$60K : :

To remedlate the source zones more qulckly, passive heat injection is proposed as an
~ extension to the treatability study. From previous. testing’ and theoretical calculations, the -
" subsurface can be heated using a passive solar collector and passive soil vapor injection. If

. ) the subsurface temperature can be ralsed by 10 C, contammant removal raxe can be doubled

All of the vadose zone extractlon wells. 1nstalled can also be used Wﬂ'h an active vapor .

o extractlon system.. This system would be most useful on wells near the source zone. An- .-

“active extraction system will remove contaminants much faster than a. PSVE system. An

evaluation of the. cost for’ mstallmg and operating the active system should be compared w1th '
-the current status quo (i, PSVE alone). -

‘The PSVE system is performing well in a cost-effective manner. It is recommended that this -
system be allowed to continue operating for at least another year to verify the antlclpated

contaminant removal rates and to further evaluate removal effectiveness in the lower
permeability zones.
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