
Ec 21061001-0010300014Jj 

OU 1 Annual Report 

Pump & Treat, Air Sparge, and Soil Vapor 
Extraction 

System Start through December 1998 

Volume 2 of2 

Mound Plant 
Miamisburg, OH 

August 1999 

Department of Energy 
Ohio Field Office 

Prepared by the Soils Project of 
BABCOCK & WILCOX OF OIDO 



'-....; 
A 

0 

i i 
I 
' ' 

2 

0423 
678.75 

I j 

1·-........ -·-"""'---·--·. 

1.· .~-~-.0412 II .-- -,r 
I J 

II 
II 

~413 

0 50 
Scolt .. FMI 

4 

A 

Graphical Determination of 
Local Hydraulic Gradient 

Water levels token 1/4/99 

···~ .. 
···· ... 

B 

dh/ dx •0.031 ftl ft 

- ·-···-~-·--.--·-·-
c 

........ _ ... _~-· ---·--._ 

0305 
678.17 

3 



A 

c 

0 

678.121 i 

'· 

2 

!· .... 

I 
I 

_ .. ---~041'2 

I 
I 

I 
I 

4' 

Graphical Determination of 
Local Hydraulic Gradient 

Water levels taken 12/2/98 

dh/dx•0.0007 ftlft 

. ····~ .. 

dh/dx•0.0014 ftlft 

---J~-:'3 
·-·· ··--'"'·····---·-.... _ .. 

-...... 

.. , ............ ··-···~-

0)05 ' 
678.02 -......-...... 

-...... 
-...... 

-...... 

0 50 

3 

A 

·· .. 
··· ... 

B -... 

c 



• Prepared by Large sltroject Group 10/14197 • \. 

West Bench South Bench North Bench By Road Angle Bores 
Weiii.D. Th-232 Weiii.D. Th-232 Weiii.D. Th-232 Weiii.D. Th-232 Weiii.D. Th-232 

(North to South) (pCilg) (West to East) (pCilg) (West to East) (pCilg) (North to South) (pCilg) (West to East) (pCi/g) 

EW-N9 0.58 AS-N4 16.13 AS-N22 0.4 VPMP-3 0.37 AS-N11 (1) 0.49 
AS-N21 0.55 EW-N4 98.64 AS-N23 0.37 AS-N3. 0.52 AS-N11 (2) . 0.3 
AS-N20 0.42 AS-N5 (1) 132.8 EW-N10 MIA EW-N3 0.42 AS-N12 (1) 1.21 
EW-N8 0.42 AS-N5 (2) 106.2 VPMP-4 0.36 AS-N12 (2) 31.03 
AS-N19 0.36 AS-N6 1.91 EW-N1 0.39 AS-N13 0.4 
AS-N18 0.27 AS-N7 561.7 AS-N1 0.44 AS-N14 0.44 
EW-N7 0.47 EW-N5 1.53 EW-N2 0.43 AS-N15 0.39 
AS-N17 0.35 AS-N8 0.61 AS-N2 0.37 AS-N16 0.46 
AS-N10 2.01 VPMP-2 0.66 
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Mound OUt ITRD Project Conference Call Summary -- 26 
September 1996 

Participants: 

!Gene Peters I!Gordon HomiiDick Neff !IRon Church !IJames Johnson IIAiec Bray liKen Hackeij 

@ch SteimieiiMatt Justice IlNam Bae~IKathy Lee Foxi!Mike HightoweijiKelvin Potteij 

July activities included completion on treatability study reports and review & comment from the 
partnership. We had a conference call on 2S June I996. Mound was going to implement and 
incorporate the comments and develop the SOW. 

Mound is getting a new on-site contractor; James provided a brief update on the specific situation. 
Although the contractor will replace EG&G, many of the people working on the projects may remain 
the same, providing some continuity on the ITRD Project. The anticipated contract award date for the 
new contractor is approximately February-March, I997, time frame. 

The contracts (design and development) for the Two-Phase Extraction and the AS/SVE.systems 
should be awarded on or about IS October. Design of the systems will commence immediately and 
proceed through the winter; field work is expected to begin in February-March, I997. 

The three containment system extraction wells (3S gpm each) in Phase I of the existing ROD are 
installed. Phase II includes the air stripper and drainage control and is in progress. The foundations for 
the stripper building is under construction. At a location about 90 feet east of the bend in the road 
were found a couple of buried, crushed thorium drums at about two feet below ground. The thorium 
levels in soil was < 2 pCi in the soil below drums; the drums themselves were only slightly higher. 

' There was some suspicion that these drums were present but had never been discovered before. 

The June 2S conference call concluded that IS pounds of contaminants from the Two-Phase in the fill 
material. The system in the till was short-circuited by a sand lens and did not withdraw as much 
contamination. The system around Well370 could remove a great deal of contamination in a short 
period of time. 

The AS/SVE tests showed a radius of influence of thirty feet or so; a series of wells could address the 
low concentration/high permeability areas in a cost-effective fashion. 

Mound was going to take the comments from all and incorporate them into the revised SOW and put 
out for general bid. 

Once the contract is awarded, the ITRD Group will be involved in the design, in December, I996. 
Mound recommends that the ITRD participate in the 30% and 90% design reviews; Gene 
recommends 30%, 60%, 90% and 100%. 

The group feels that the 3,9.~ review has the most impact and value-added to the process; depending 
on how that goes, we mat~t involved at later stages. The 30% design package will be distributed to 
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the group, who will return comments to Gene. Gene will redistribute everyone's comments, after 
which we will hold a conference call. At the conference call, we will discuss the preliminary design and 
decide on the need for meeting. Mound will provide the project schedule, which Gene will get out to 
all. 

Alec discussed the OU4 Canal re-route excavation. Due west of the OUl pond, the contractors found 
a concrete slab, under which was found <55 gallons ofNAPL believed to be Stoddard solvent. 
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Mound OU 1 ITRD Project Conference Call--13 December 
1996 

!Jim Phelan 'Gene Mark Gilliat 
Kelvin Matt Darwood 

!nick Neff 
I Potter (ICI) . Peters 

~k IITim Tharp I 
Gordon 

!Alec Bray liKen Hacker IJames Ron 
_g:tower Hom . Johnson Church 

Mike Hightower begin the call by noting that the ITRD Partnership's function in the review of the 
30% Design package was to provide technical input into the efficacy and appropriateness of the design 
process. 

Ken Hacker, EG&G Project Manager for Mound OU 1 reviewed all the comments submitted by the 
Partnership and said that the consensus was that the contractor did not address the problem in the way 
that the ITRD felt it should be addressed and in accordance with the pilot scale tests. 

Specific questions and comments on the vapor extraction system in the north end were common. 
Everyone was uncertain whether the system would be able to pull out the VOCs from the low 
penneability soils . 

The primary feelings of the reviewers was that the contractor did not understand the requirements and 
did not review the Mound OU 1 RI and the pilot reports. 

Alec noted that a lot of the SVE wells were outside the plume area, and would tend to pull the plume 
outward, enlarging the plume; and that the SVE wells were set into the water table, which would 
cause them to foul and become inefficient. 

Kelvin asked whether the contractor was asked to design a system in accordance with the pilot system 
recommendations, or to design a system to clean up to a certain criterion. Alec said that the contractor 
was told to meet MCLs in ground water, but that the soils did pose a continuing source in sols. 
However, no "acceptable" concentrations to be left in soil were determined. R. E. Wright and Mound 
were supposed to agree on this before the 30% Design. Alec's preliminary work suggests being able to 
leave between 1 and 10 ppb in soil in order to be protective of ground water. R. E. Wright issued the 
30% Design without contacting Mound. Mound may have left the impression with the contractor that 
Mound did not want sparging in the north end. 

Dick felt that ·in spite of this, the contractor missed the boat on aspects of the project independent of 
this and will probably ·have to start over. 

Jim Phelan questioned the quality of the Radian report on which presumably, the 30% Design was 
based, and in particular the radius of influence data. Kelvin thought that it looked like the radius of 
influence and spacing of wells had been dictated to the contractor. 

At this point Gene had to bail out and go take his Advanced Structural Geology Final Exam and adds 
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his comments for the record: 

The design parameters are not specified, nor are the assumptions that went into the design, for 
example the carbon system capacity, etc.; 

The Two-Phase system is not included, although it was specified in the Statements of Work we 
reviewed; 

I am concerned about the SVE well design in the northern area. I think that these wells may 
draw in a lot of water, as the till unit and capillary fringe dewater. Plus SVE causes localized 
mounding of the water table, as does sparging. There appears to be no provision for this, plus 
the screen length extends into the water table; 

I think we need sample ports in line on both the SVE system and the air sparging system, both 
before and after vapor/liquid separator tanks; 

The air volume balance from south SVE system does not add up. One comment in the drawing 
says 16 SVE wells@ 50 SCFM each, while another line says 400 SCFM total. Ifthe total is 
800 SCFM (16*50), then we would be may be putting in more air than taking out with the SVE 
system, which is a bad thing; 

Please specify the function & capability of coalescing filter in south sparge system. We need to 
have something to intercept potential contaminants from the compressor; 

We need to make sure that the intake from the compressor and the exhaust from the SVE 
systems are far enough apart so that no contaminant vapors are drawn into the sparge system; 

There are no estimates of mass removal capabilities; 

This design does not include a sparge system in the north area, although such as system was 
recommended in the pilot test; 

The pilot test recommended a heater in line before the carbon to improve efficiency. Should we 
have this?; 

No cost data are provided; 

No time frame, remediation goals, etc., are provided; 

The pilot test concluded that there should be no need for vapor phase treatment in the south 
system. We should have calculations supporting this and the permit requirements, if needed; 

There is no explanation provided for the number and location of S VEl AS wells; it is especially 
unclear why the middle well line in the south is longer than the up- or down-gradient lines. 

In general, I believe that this report needs to include the supporting calculations, design parameters 
and assumptions, preliminary cost schedules, etc. 

http://www.em.doe.gov/itrdpine/mo 121396.html 4/14/99 
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Ken Hacker's ITRD Mound OU 1 Project Update- March 18, 
1997 

The last ITRD Telecon was held in December. At that time the group discussed the AlE's 30% design 
package for the Operable Unit 1 Air Sparging/Soil Vapor Extraction and High Vacuum Extraction 
systems. The group's consensus was that the AlE did not do a thorough job of explaining their 
reasoning and basis for the 30% design. The ITRD group's comments, at that time, were passed on to 
the AlE for their response. In a letter to EG&G, on December 19th, the AlE fonnally responded to 
DOE and ITRD's concerns and explained the assumptions and basis for design on both the South and 
North OU 1 Areas. This AlE response was passed on to Mike Hightower for distribution to the ITRD 
group. 

On January 13th, a letter was received from Mike Hightower which indicated that the ITRD advisory 
group did not have any major problems with the AlE's explanation of how they developed the 30% 
design, once the AlE took the time to explain the layouts and design assumptions. The advisory group 
only had a few issues of concern. One issue was the radius of influence for the high vacuum extraction 
wells and whether this influence could be more conservative. Another issue was the east and south 
extent of the AS/SVE wells and whether the Vapor Extraction Wells, which the AlE had located west 
of the road, were in fact necessary. The third issue the advisory group had was that of pulsing or 
alternating pumping of the wells and whether this would be effective. These issues were passed on to 
the AlE and evaluated during the 70% design. 

On January 29th, the AlE visited Mound and presented the 70% design package to DOE, EG&G, 
Ohio EPA, and Mike Hightower, who represented the ITRD group. This turned out to be a · 
productive meeting and the 70% design package was a more organized package than the 30% 
submittal. One ofthe two main points which came out ofthis meeting was that Air Sparging wells 
were not being designed for the North Area. The group decided that it would be appropriate to have 
at least a limited Air Sparge system in the north area. The AlE agreed to do this. The second item 
discussed was the requirement for having Vapor Extraction wells on the west side of the road. It was 
decided that Mound would take a series ofGeo-Probe samples along the west side ofthe Landfill west 
road. In February, Mound installed 4 boreholes with findings of VOC levels consistent with that 
observed just east ofthe road, in the area ofWell 397. The primary VOCs were seen in the southern
most borehole and consisted of 1,2-Dichloroethene and Trichloroethene in the 2-4 ppm levels. Based 
on these findings, it was determined that vapor extraction wells would not be installed on the West 
side of the road and the VOCs found under the road could be handled with vapor extraction wells 
located on the east side of the road. 

Several teleconferences have been held between the AlE, EG&G, and DOE to discuss the details of 
the ongoing design. At this time the 90% design review is ongoing and is expected to be finalized this 
week. Discussions between DOE and the Ohio EPA have resulted in an agreement that the area south 
of the Compliance Boundary would not have a remediation system installed at this time. The south 
side Air Sparge system design will be completed, but the design will be shelved for the time being. An 
ongoing well monitoring program will be conducted in the south area instead . 

The North area design now consists of23 Air Sparge Wells and 13 Vapor Extraction Wells. Six of the 
air sparge wells will be installed on a 45 degree angle to allow for placing the air sparge points directly 

http://www. em. doe.gov/itrdpine/mo3 18 97. html 4/14/99 



•• 

•. ···.~··.,,, 

. 

Ken Hacker's ITRD Mound OU 1 Project Update- March 18, 1997 Page 2 of2 

above the bedrock surface under the landfill cap. Three of the existing french drains under the landfill 
will be used as horizontal soil vapor extraction wells. These french drains will be connected to the soil 
vapor extraction manifold system and each drain will be considered one SVE well. 

Because it is felt that all of the questionable design concerns have been addressed, and it now appears 
that the design will be completed this week, a contractor pre-bid/site walkthru has been scheduled for 
next week, March 27th. 
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Minutes from Mound OU 1 Conference Call-- 4/10/97 

Participants: 

lHackerl!Neff I!Bray I!Johnsoni!Church I 

lGilliat IIMartini~IBrown I!Darwoodj 

Page 1 of2 

Ken Hacker provided a quick update on activities since the March 18th conference call. The AE 
completed the design and Mound sent out the RFP to contractors to bid. In the last couple of days, a 
question or concern came up with the way the SVE wells were installed. 

Yesterday Mound sent out 2 sketches to Mike and Gene (who are both out of the office this week): 
one showing the existing design of S VEl AS wells and an alternative design. Alec Bray summarized the 
details of the issue. Discussing a site cross sectional view that shows the low perm till with most 
contaminated area near the water level "smear" zone, he explained that the existing plan consists of AS 
wells going into the aquifer to assist with removing VOCs from ground water, while SVE wells stop 
at base of till. Several bidders expressed concerns that, by designing the high vacuum extraction wells 
at (or so close to) the base of the till, they could upcone (i.e., draw) water into the extraction wells, 
effectively shutting those wells down from extracting vapor. 

One alternative would be to have a water extraction mechanism suck the water out ofthe bottom of 
the well (2-phase, or bioslurping approach), or another alternative would be to move the screened 
interval ofthe high vacuum extraction wells up higher into the till. As he recalled from the 2 test wells, 
the one that was completed 5 ft above the base of the till performed well, while the second well 
penetrated the base of the till, and even though the base was grouted, it still had water coming in from 
the underlying aquifer. 

A secorid concern is that if we sparge into the aquifer and don't extract from the aquifer, we may 
spread the contaminated plume laterally. 

The bidding contractors are now on hold while Mound and the AE are reevaluating the situation. 

Alec said they are favoring having a lower and upper series of wells with some extracting from the till 
(high vacuum) and some extracting from the aquifer (low vacuum); he is currently estimating it will 
take about 12 additional wells. 

If anyone has comments, ideas, or direct experience with this type of problem, please contact Ken 
Hacker ASAP at (513) 865-5132. Otlterwise, Mound will continue to work the issue with the AE 

/ and bidding contractors, and let the ITRD group know the results at the April 29th meeting. 
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Participants: 

Conference Call Notes 
ITRD - Mound OUt 

August 20, 1997 

!Melinda TrizinskYJIGene PetersjjDick Neff IIMatt Justice I!Jim Phelani!Ken Hacker I 

!Mark Gilliat IlNam Baek !!Kelvin Potterllnan CarfagnoiiTim TharpljMike Hightower! 

New Team Member 

Page 1 ofJ 

Jim Phelan of Sandia National Laboratory will be joining the Mound-OU1 partnership. Jim will be the 
technical lead for the performance monitoring and evaluation phase of this project. Please add Jim's 
name to your records. Contact information for Jim is given below: 

Field Update 

Jim Phelan SOS-845-9892 (voice) 

Sandia National Laboratory 505-845-0543 (fax) 

MS-0719, Org-6621 

PO Box 5800 jmphela@sandia.gov 

151 S Eubank St. SE 

Albuquerque, NM 87123 

Installation of the air sparge (AS) and soil vapor extraction (SVE) wells is continuing, but progress 
has been slow in the last two weeks because of inclement weather, equipment breakdowns, and 
continuing problems with buried thorium drums. 14 vertical AS and 8 vertical SVE wells have been 
completed. Drillers are currently working on ASN7. Four vertical wells (ASN8, ASN9, EWNS, and 
EWN6) have not been started. None ofthe angled wells have been drilled. Two clustered piezometers 
are also pending. Two clustered piezometers have been installed. Work with the French drains has not 
been started. 

Schedule 

We hope to complete drilling sometime in mid-September. Equipment is on order to complete system 
installation. A tentative date for system start-up is "towards the end of October or beginning of 
November". We may want to start time-zero sampling during the last week in September or first week 
in October to avoid conflicts with system start-up. 

The contractor will start the system and troubleshoot for 30 days. There was some question as to what 
the system checkout includes. Ken Hacker will check the contract to determine what will be done. It is 
highly unlikely that the system checkout includes testing ROI or tracer tests. 

http://www.em.doe.gov/itrdpine/mo970820.html 4/14/99 
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Treatment Objectives 

In a combined air sparge/soil vapor extraction (AS/SVE) system, the AS strips VOCs from 
r.lntaminated groundwater so that the SVE system can capture those contaminants in the vadose 
zone. The SVE system also removes source VOCs from the vadose zone. If the system has not been 
designed for proper recovery of volatilized contaminants, air movement in the vadose zone :nay 
mobilize contamination in unexpected directions. To be certain that this system has been designed 
properly the following tests are recommended: 

1. Test ROI of SVE wells and compare with ROI used to design system. As designed, the ROI of 
the SVE wells do not overlap. If the ROI are significantly smaller than expected we may not be 
providing proper capture (i.e., 7 of the vertical AS wells are placed on the edge of the expected 
ROI of the two nearest SVE wells). Since the site is very heterogeneous and testing all SVE 
wells would be cost prohibitive, it was suggested that the SVE wells should be grouped 
according to the observed lithology. One representative well from each group should be tested. 
There are many piezometers on site; Mark Gilliat will provide locations and construction details 
for the existing piezometers. 

2. Test ROI of AS wells to determine if our groundwater treatment zone is continuous and agrees 
with the ROI used as a design parameter. AJI of the AS wells are screened in the gravel aquifer; 
therefore, differences in lithology should not affect ROI. However the depth ofthe AS wells 
does vary, so we may want to test 2 wells chosen to represent the minimum and maximum 
water column depths being treated. 

3. Conduct tracer tests in which a nonreactive, nonsorptive, volatile tracer is introduced into the 
AS system. Monitor 1) gases in SVE headers and 2) soil gas from the soil gas monitoring points 
installed along the compliance boundary to determine if I) the SVE system is capturing gases 
from the AS system and 2) if any volatiles mobilized by the AS system are escaping from the 
treatment zone. Jim Phelan will contact Tracer Research to discuss the installation of monitoring 
points along the southern and western boundaries of OU 1 and performance of a tracer test. 

System Optimization 

In addition to the tests previously mentioned, the system will be monitored to determine contaminant 
mass removal, operating parameters, and treatment efficiency. System optimization will be one ofthe 
goals ofthis demonstration. The system will be pulsed during operation (i.e., one half wells will be 
operating at any one time). The question was raised as to how the cycle will be determined. Are there 
models available to predict the effects of pulsed operation on AS/SVE systems? Jim Phelan will check 
to see what is available. 

Groundwater Sampling 

The two technologies being considered for discrete level groundwater sampling are the passive DMLS 
syst"em and the Flexible Liner Underground Technologies (FLUTe) system. Matt Justice of the Ohio 
EPA stressed that obtaining accurate information about the groundwater contamination plume via 
discrete level sampling may be an important tool to determine the success of the AS/SVE system. 
Melinda Trizinsky and Mark Gilliat are working together to determine which existing groundwater 
monitoring wells might be suitable for discrete level sampling. Melinda will contact the vendors to 
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• 
Conference Call Notes ITRD- Mound OU1 August 20, 1997 Page 3 of3 

obtain additional information about these options. If you would like a copy of the information 
currently available about these technologies contact Melinda at trizinsky@theonramp.net or 703-739-
1217. 

Health & Safety Plan 

A H&SP is needed to bring people on site for monitoring, etc. A certain amount of lead-time is 
necessary to prepare a H&SP, so Ken needs to get information about the activities that will be 
conducted on site. Eventually the names of individuals involved will also be necessary. 
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• Conference Call Notes 

Participants: 

~Melinda 
Trizinsky iioick Neff I 

joan Carfagno I~ .Tharp 

ITRD - Mound OUt 
September 3, 1997 

Matt Justice IJim Phelan 'Ken 
.Hacker 

Mark 
Gilliat 

Mike Kathy Lee 
IPauiBeam IIJohn Martinll Hightower Fox 

Kelvin 
Potter 

Note: Melinda Trizinsky, Mark Gilliat, Matt Justice and Jim Phelan spoke together on a 
second conference call on September 3, 1997 to discuss the monitoring plan for Mound OUl. 
Notes from this second call are included in italics. 

Drilling Update 

All vertical AS and SVE wells have been completed. Drillers are currently working on the first angled 
AS well (AS-Nil). The well has been drilled to about 70ft and refusal has not been encountered. 
They will build this well today. There are five additional angled wells to be drilled. 

Well Deviation 

There is no evidence that the clay liner has been encountered. The Ohio EPA wanted to know if we 
would recognize the liner if we did hit it. Upon discussion it seemed that it might be difficult to 
distinguish the liner from other materials because the liner may have been built from existing clays on 
site. The liner is expected to be 3 or more feet thick. Based on existing site data, Mark G. believes that 
the drillers will miss hitting the liner as they drill. 

It was suggested that deviation surveys might be useful to pinpoint the· subsurface !~cation of the 
angled wells. Deviation surveys measure the angle and crookedness of wells. We may be able to get a 
logging company to do this type of survey if the drillers do not have the capability. Mark G. will check 
with the drillers to see if they have the capability to do this or can possibly recommend someone that 
can. 

Schedule 

The weather has been good, and there have not been any more problems with RAD waste. The first 
angled well has taken 3+ days to drill, but the early problems have been worked out of the system. We 
hope to complete drilling sometime between September 19-26th. Equipment is on order to complete 
the system installation, and delivery is expected Sept. 22. It will probably take 2-3 weeks to complete 
the above-ground installation. The contractor will start the system and troubleshoot for 30 days. This 
leaves us with a limited time frame to collect baseline data and prepare for system optimization 
monitoring. 

I 
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Mound Contractor Change 

The DOE has chosen a new O&M contractor for Mound. The switch from EG&G to Babcock and 
Wilcox will occur on Oct. 1st. We don't know if this will cause any problems. James Johnson and Ron 
Church should be contacted to determine if DOE intends to continue with this project as originally 
planned. We do not know what is in B&W's bid. It may be necessary to briefB&W when they come 
on. In the meantime, we will continue with the project as planned and hope for the best. This change 
makes it very difficult to plan our monitoring activities because we do not know if on site personnel 
will be available to collect samples or not. Normally, Mound has an environmental monitoring group 
that would be eager for the chance to collect samples, but the priorities of the new contractor are 
uncertain. We also do not know if the EG&G personnel currently participating in this project will be 
working at Mound after Oct. 1. It was suggested that Mike Hightower, Mark Gil/iat, and Kathy Lee 
Fox should all contact Ron, James, or Art to encourage ongoing support for this project and possibly 
determine what support may be available through the new contr'!ctor. 

System Optimization 

The system will be pulsed during operation (i.e., one half of wells will be operating at any one time). 
Jim Phelan has found references to 8 papers about the pulsed operation of AS/SVE wells. He has 
requested copies of these papers and will summarize the information for the group. J 

It appears that pulsed air sparging is generally used in conjunction with continuous SVE operation. 
This type of operation may limit contaminant migration from the treatment zone by allowing the SVE 
wells to "catch up" with the AS system. The system designed for Mound probably cannot be operated 
this way because the AS and SVE wells cannot be controlled separately and the capacity of the pumps 
is probably insufficient to run all SVE wells simultaneously. 

Pulsing the SVE system is generally used when contaminant removal is limited by diffusion from pore 
spaces or dead end paths. The pulsing frequency in this type of system is on the order of minutes. 

Mark Gilliat mentioned another paper that reported how the ROI for AS wells grows to its maximum 
extent during the transient period after the AS system is turned on, then the ROI collapses as 
preferential pathways develop. The time at which the maximum ROI of influence is achieved is chosen 
as the pulse frequency to maximize treatment efficiency. 

Kelvin Potter asked whether the original design (i.e., 24 hour cycle) was chosen for a particular reason 
(treatment efficiency?). Was the design driven by technology or cost considerations? Most people 
seemed to think that cost savings associated with smaller equipment drove the design. Ken Hacker will 

· ask the design engineer to join the next conference call (Sept. 17) to answer some of these questions. 

Groundwater Sampling 

The two technologies being considered for discrete level groundwat-er sampling are the passive DMLS 
system and the Flexible Liner Underground Technologies (FLUTe) system. Melinda spoke with the 
vendor of the FLUTe system this week. The FLUTe system includes a flexible liner that everts into the 
well and places monitoring points at discrete intervals in the well. The system is not limited by the 
depth of our wells, and 10-14 monitoring point are common in 4 inch wells. The liners are durable, 
and assuming that well construction is relatively similar, they can be reused for multiple wells by 
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decontaminating the liners between samples. The system uses air to evert the liner. The air filled liner 
displaces the water in the well (usually into the formation). Because we would be using this system for 
active monitoring, water displacement might disturb the accuracy ofthe sampling. 

After reviewing the existing groundwater monitoring wells, it appears that very few of the active wells 
are suitable for discrete level monitoring. Most of the screened intervals span the capillary fringe, 
and the data collected from the wells in the past often represent 2-3 foot intervals. The groundwater 
responds quickly to fluctuations in the river level and may be too variable for the DMLS system to 
work. Even if it did work, it is questionable whether the information obtained would enhance our 
understanding of the contaminant mass or help us evaluate the performance of the system. Unless 
someone in the group has a compelling argument for discrete level sampling, we will rely on 
conventional groundwater monitoring data. The next quarterly groundwater monitoring event is 
scheduled to begin next week, and will be used as baseline data for this system. Nearly all of the 
active groundwater monitoring wells in the vicinity of au 1 will be sampled at that time. 

Soil Gas Monitoring 

Jim Phelan talked with Tracer Research about the installation of soil gas monitoring points along the 
southern and western compliance boundaries. Their eastern office can handle routine installation of 
soil gas monitoring points, but their Tucson office helps design and implement tracer studies. Mark 
Gilliat is working with the GIS team at Mound to produce some cross sections of the subsurface 
lithology along the southern and western compliance boundaries. These should be finished by Sept. 5 
and will help Tracer Research design and give cost estimates for our soil gas monitoring points and 
tracer tests. 

We will collect gas samples from numerous points in the system (SVE well, combined air flow from 
entire system, air stream exiting GAC treatment, piezometers within the treatment zone, and 
compliance wells). 

We will collect baseline soil gas samples from existing and new piezometers prior to system start up. 
Gary Brown at Sandia is preparing to collect the baseline samples. We are still weighing the pros 
and cons of various sampling and analysis methods. The choice is partially dependant upon on-site 
personnel availability. 

Continuous Monitoring System 

We need a site for the continuous air monitoring system. We are hoping to use this system (available 
through Sandia) to continuously monitor contaminant mass removal and GAC performance. The 
system needs to be located within 30' ofwell header. Ideally we would like approximately 100 sq. ft. 
of interior space in an existing or planned building. A portable building might also be appropriate if a 
suitable location can be found. Ken Hacker will check on building/space availability. 

Monitoring Plan 

Jim Phelan hopes to complete the monitoring plan by next week. He is currently gathering information 
regarding costs. The following monitoring needs have been identified: 

Soil Contamination- baseline collected during well installation to estimate contaminant distribution 
and mass. 
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Groundwater monitoring - baseline plus quarterly events, may collect groundwater samples from 3 
extraction wells (sampled weekly) to determine effects of ASISVE on baseline remedy. 

Soil gas monitoring- baseline plus quarterly monitoring events at piezometers 

SVE extraction performance- continuous at sample ports before and after GAC treatment, 
periodically at SVE well h~aders to assess performance and aid system optimization. ' 

ROI testing- to evaluate system design and aid performance evaluation. 

Tracer testing- to evaluate the capture effectiveness of the SVE system for contaminant vapors 
generated by the AS system. 
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Conference Call Notes 
ITRD - Mound OUt 
November 24, 1997 
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!Dick Neff !!Matt Justice llJim Phelan I[Mark Gilliat IIDan Carfagno I 
jTim TharpjjMike HightowecliRon ChurchjjMark SpiveyjjMelinda Trizinskyj 

Agenda 

Review and approve changes to the Cost and Performance Monitoring Plan 
Cost sharing 
Installation progress 
Data Collection and Sharing 
Schedule 

Cost and Performance Plan 

Page 1 of3 

An updated version ofthe Cost and Performance Monitoring Plan was distributed November 7, 1997, 
and partners were asked to provide comments to Jim Phelan by November 19, 1997. Jim Phelan 
received comments from Mike Hightower, Mark Spivey, Dick Neff and Mark Gilliat. Comments from 
Melinda Trizinsky were received prior to distribution. Jim led the discussion by reviewing proposed 
changes to the document. These changes included: 

• Changing the wording of the first Remediation System Objective to eliminate references to risk 
reduction and regulatory goals. 

• Adding language to the introductory paragraph to distinguish the goals of this project from the 
requirements of the ROD. 

• Mark Gilliat and the GIS group at Mound will provide an updated map of the AS/SVE system 
and the monitoring network (plan view). This map will replace Figure 3 in the document. 

• Add a bullet in Section 4 to reflect technical concerns regarding the impact of geochemical · 
changes (precipitation) on the pump and treat system (specifically monitoring changes in well 
drawdown and well yield). Mound has been collecting this information since March 1997, so 
hopefully Mark will be able to tell if the AS system induces any major changes. 

• The timing of the tracer test for AS vapor mobility was changed from second quarter FY98 to 
ASAP (assuming groundwater levels remained low). The most likely time for vapor phase 
migration to be a problem is when groundwater levels are low, so we should plan the test 
accordingly. The test needs to be conducted ASAP, so that if there is a problem we can correct 
it. Mark Gilliat will contact Geoprobe to install monitoring point(s). In order to place these 
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points just below the till, cores will be collected prior to emplacement (cores will be taken 
within 2 feet of monitoring point location) . 

• The ROI for the SVE wells will be determined at 2 wells (representing the lowest and highest 
permeability zones). These two tests should provide the minimum and maximum ROI in the 
system. If feasible, we will also try to test the ROI for one of the five french drains. 

It was pointed out that the vacuum pump used to take samples from the SVE manifolds will need to 
be able to draw greater than 18 inches of mercury to overcome the vacuum in the system. Jim says 
that the pumps available can draw between 20 and 22 inches of mercury, so this should not be a 
problem. 

It was agreed that we should try to collect as much cost information as possible; therefore the 
breakdown suggested in the plan was acceptable. It remains to be seen if it will be feasible to 
differentiate costs according to above ground and below ground costs. Many of the costs should be 
available now, so it was suggested that we should begin collecting this cost information ASAP while it 
was still fresh in everyone•s mind. Mark Spivey will try to get the contractor to breakdown costs as 
per the plan. Jim Phelan and Mike Hightower will assemble the costs related to the pilot tests, etc. 

Cost Sharing 

Jim Phelan will assemble cost estimates for each of the activities in the monitoring plan. After this 
information is available, DOE will determine who will pay for each activity. It is understood that the 
monitoring plan may need to be revised if costs are prohibitive. Costs for some activities have already 
been allocated, and the money has been spent. 

Installation Progress 

All below ground equipment, except additional monitoring points, has been installed. Above ground 
piping is being installed now. The blowers from Great Lakes are expected to be delivered by -Dec. 
3rd, and then it will probably take a week to install and test them. Great Lakes will run the blowers for 
approximately 15 minutes in each zone to insure that they are operating properly. Mark Spivey hopes 
to finish the installation by Dec. 15, 1997. R. E. Wright's 30-day testing period will begin when 
installation is complete. 

Jim Phelan will order pitot tubes and magnehelics to measure the pneumatics in the AS/SVE system. 
Hopefully this equipment will be available while the system is undergoing initial testing. 

The phone and electrical hook-ups for the continuous emission monitoring (GC) are nearly complete. 
Mark Gilliat and Mark Spivey will obtain a portable shed to house the GC. 

Data Collection and Sharing 

The baseline samples for soil gas have been collected. Results should be available in the next week or 
two. Raw data will be put into Excel spreadsheets and will be available to the partnership through the 
password protected ITRD website.· Data will be sent out as hardcopy and e-mail as deemed necessary. 
Periodic updates on the project will be made available to the public as information is released by DOE 
(quarterly updates?). 
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Schedule 

System installation is expected to be complete by approximately Dec. 15, 1997. The thirty day testing 
phase will begin then. 

Jim Phelan will finish updating the cost and performance monitoring plan. 

He will begin assembling cost estimates for the various components of the plan. 

Pneumatic testing will begin approximately the first week in January (after system has been dewatered 
and has stabilized). 

Our next conference call will be Dec. 15, 1997 at 10:00 AM EST. The confirmation number is 
240406, and the call in numbers are 800-425-7617 (domestic) and 212-748-2220 (international). 
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Conference Call Notes 
ITRD - Mound OUt 
December 17, 1997 
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lDick Neff IIMatt Justice IIJim Phelan I!Mark Gilliat IIDan Carfagno! 

!Kelvin PotterllMike HightowerllRon Churchi!Mark Spiveyi!John Price 

A&enda 

System start-up 
System optimization 
Costs 
Tracer studies 
Data Collection and Sharing 
Schedule 

System Start-up 

Page 1 of2 

The AS/SVE system installation is complete, and the system underwent its initial connection check a 
couple weeks ago. On Dec. 16, the system began full time operation. A fair amount of water is being 
extracted from the French drains. This was expected. The water is controlling the rates for the system 
right now, but this is expected to clear up within a short time. The system appears to be operating 
properly. One crack has been detected, and it will be repaired. 

System Optimization 

The system is being alternated between the north and south systems every 6 hours. The pressures 
measured in the SVE well heads vary according to the screened interval. At this time, maximum mass 
removal rates will be used as the criteria for system optimization. This will be monitored with Summa 
canisters for the first month, when the continuous emission monitor (CEM) arrives, it will be used to 
monitor the mass removal for the two portions of the system. · 

Mark Spivey has obtained cost information from the contractors. This information will be 
incorporated into the cost and performance report for the system. 

Tracer Studies 

Jim Phelan has been in contact with Tracer Research about performing tracer studies at Mound OUI. 
We expect to perform these studies some time in February 1998. Two tracer studies are planned: 

Vapor mobility: There is some concern that it will be difficult to capture contaminants volatilized by 
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the AS system because of the low permeability till. The concern is that contaminated air pockets might 
form on the underside of the till unit. If they form, these air bubbles might migrate in unexpected · 
directions along small scale heterogeneities on the underside of the low permeability units. Since it . 
would be difficult to pin-point the location of these small scale flow paths, it might be easier to detect · 
this by looking fer evidence of this transport in the aqueous phase in contact with these air pockets. A 
gaseous tracer which is soluble in water will be used to look for evidence of contaminant migration 
toward the compliance boundary. Water samples will be taken for tracer analysis. Tracer detection in 
groundwater would indicate potential for off-site migration of contaminants. 

The second tracer test would determine if the AS vapors are being effectively captured by the SVE 
system. 

Data Collection and Sharing 

Operating data will be collected for each well and for the two systems (North and South). Raw data 
will be put into Excel spreadsheets and will be available to the partnership through the password 
protected ITRD website. Data will be sent out as hardcopy and e-mail as deemed necessary. Periodic 
updates on the project will be made available to the public as information is released by DOE 
(quarterly updates?). 

Schedule 

The thirty day test period is underway now. 

Pneumatic testing will begin approximately the first week in January (after system has been dewatered 
and has stabilized). 

Mark Spivey is putting together a schedule for summa cannister collection prior to getting the online 
auto-gc. He said he will take summa cannisters every Monday through Jan. 

Cost and Performance Monitoring Plan will be distributed this week. 

Next conference call will be Jan. 28, 1998. 

Next meeting will be approximately March 24-25, 1998. 

Our next conference call will be Jan. 28, 1998 at 10:00 AM EST. The confirmation number is 
180371, and the call in numbers are 800-425-7617 (domestic) and 212-748-2220 (international). 
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January 28, 1998 
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Agenda 
Project status 
Dewatering 
Tracer studies 
Discrete monitoring points 
Data collection and sharing 
Schedule 

System Status 

Page 1 of2 

The AS/SVE system began full time operation on Dec. 16, and it has been operating without major 
incident for almost a month and a half now. A fair amount of water is being extracted from the French 
drains after rain events. Recall that the French drain area contained a lot of water when the system first 
started up. It now appears that the French drains respond quickly to rain events and transport a lot of 
water to the base of the drains. This quick response has been duly noted by those that have had to 
respond to a system shutdown at 2 AM after a rain event. The good news is that the notifications 
system works. The bad news is that there does not seem to be an engineered water removal 

. mechanism designed into the French drain system, and the SVE system was not engineered as a water 
removal system. The SVE system extracts this water when it is present, but the pump that empties the 
knock-out pot can only pump 9 gallons per minute, and the rate of water extraction is higher than that 
at peak times. The water is controlling the rates for the system right now, but Mark Spivey is installing 
a larger pump to increase the pumping rate. 

The system appears to be operating properly. The SVE wells screened in the till areas are showing 
very low flow rates relative to the SVE wells screened in non-till areas. A very high vacuum is being 
applied to the wells screened in the till, but the flow from these zones is still insignificant. When 
contaminant concentration data is available, we may try to optimize VOC removal by adjusting flow 
rates to individual wells. 

A pressure increase has been noted in the AS system. It is uncertain whether this is significant or not. 
The magnehelics have arrived and they are being installed this week, so individual well flow data will 
soon be available. · 

Air Sampling 

Results have not been returned yet from the interim weekly manifold samples (Summa canisters), but 
they are expected soon. The automated GC system is being installed today. The manufacturers 
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representative will be on site to train the field personnel how to use the system. The water being 
drawn into the system from the French drains may create problems for the automated GC because the 
sampling ports which we had planned to use may allow water to get into the GC. Options are being 
examined to alleviate this potential problem. 

Tracer Studies 

Jim Phelan has been in contact with Tracer Research about performing tracer studies at Mound OU1. 
We expect to perform these studies some time in February 1998. Two tracers are under consideration 
for these tests: SF 6 and Halon 1211. The Halon compound is being considered for the vapor mobility 

test because of its greater solubility. The Ohio EPA wants more information about this tracer before 
they will approve its use. Jim Phelan and Melinda Trizinsky are checking on it. 

A decision also needs to be made concerning the criteria which will be used to evaluate the vapor 
mobility test. If the system is working properly (i.e. the SVE system is capturing vapors from the AS 
system), then we should not detect the tracer in the wells being tested. Since we are hoping not to 
detect any tracer, how do we determine when we have satisfied the objective. 

Discrete Sampling Points 

Solinist and Geoprobe have been contacted to determine the best points to be used for the discrete 
sampling system. The contract is on hold until this decision is made. Jim Phelan and Mark Gilliat are 
still evaluating where to install these monitoring points. 

• Data Collection and Sharing 

Data of interest to the partnership will be placed on the web for easy access. Jim Phelan, Mark Gilliat, 
Melinda Trizinsky, and Tom Ham will have a brief conference call on Wed., Feb. 4th at 10 AM EST to 
discuss which data should be displayed and what format should be used. 

Schedule 

Next conference call will be Feb. 25, 1998. 

Next meeting iri Miamisburg, OH will be approximately March 24-25, 1998. 

Our next conference call will be Feb. 25, 1998 at 10:00 AM EST. The confirmation number is 
300347, and the call in numbers are 800-425-7617 (domestic) and 212-748-2220 (international). 
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Conference Call Notes 
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I Melinda Trizinsky 
(Clean Sites) 

Kevin Potter (ICI) 

Agenda 

VOC mass removaV SVE System Performance 
Automated GC performance 
Performance testing 
Air Sparging system 
Web site 
Groundwater Currents Article 

VOC Mass Removal/ SVE System Performance 

Mark Spivey used the latest Summa canister data (collected March 25) to update the mass removal 
data using the fitted functions presented at the last meeting. Based on this data, he estimates that 1186 
pounds ofVOCs were removed between 12/18/97 and 3/25/98. TCE, toluene, and cis-1,2-DCE 
account for approximately 90% of the VOCs being removed. When the most recent data from the 
automated GC is used, it appears that approximately 1700 pounds of VOCs had been removed by 
May 31,1998. Most ofthe contamination (-90%) is being removed from Zone 2 (North section). 
Zone 2 includes the French drains, and the pond area. On May 5, 1998, Mound temporarily stopped 
cycling the SVE system between Zones 1 and 2. The system is currently extracting from Zone 2 
continuously. The group agreed that this was a good strategy for the following reasons: 

• Zone 2 accounts for approximately 90% of the contamination being removed. Therefore, 
continuous extraction from this zone should maximize overall removal rates. There still appears 
to be plenty of easily extracted VOCs in Zone 2; therefore, the removal rates do not seem to be 
significantly affected by desorption kinetics. The SVE system is currently extracting about 6.25 
pounds of VOCs per day from Zone 2. 

• During cyclic operation, when Zone 2 vacuum was shut off, the water discharged by the French 
drains tended to accumulate. Then when the cycle switched to draw from Zone 2, the SVE 
knock-out tank pump had trouble keeping up with the water collected, and would cause a 
system shut-down. Continuous operation allows the system to work more efficiently and handle 
rain events with less problems . 

• The difference in vapor VOC concentrations from the two zones made it impossible to calibrate 
the automated GC for continuous operation. When the concentrations being recovered from 
Zone 2 drop down to the levels previously removed from Zone 1, then Zone I can be returned 
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to service . 

A GAC filter system ( -4000 pounds GAC) is currently being used to remove the VOCs from the air 
stream extracted by the SVE system. The large mass removals have necessitated four carbon change
outs so far, and a fifth change-out is expected soon. Each change-out costs approximately $6500, so 
Mound is assessing the VOC removal rate to determine when it drops below the de minimis rate 
stipulated by local air emissions regulations. GAC filtration should be optional when discharge rates 
are below this level. The de minimis value is thought to be a discharge of less than 10 pounds of VOCs 
to the atmosphere per day and a discharge ofless than one ton ofVOCs to the atmosphere per year. 
Mound will check to determine the exact discharge limit. Since the VOC removal rate is below that 
rate now, Mound wants to collect another Summa canister and pay for a rapid analysis (?day 
turnaround). This data would be used to evaluate the current discharge rate and give us more 
defensible data from the automated GC. Then, the automated GC could be used to provide near real 
time evaluation of removal rates. Mound wants to take the GAC unit off-line ASAP to reduce 
operating costs. The AS/SVE system already includes a valve that routes the SVE vapor stream either 
through the GAC units or to atmosphere; therefore, no pluming changes are required to make this 
change. Mound is going to check with the Ohio regulators to make sure that taking the AS/SVE 
system off GAC is acceptable. We expect that we will need to show the regulators defensible data 
showing that we are well below the discharge limits and trendlines that demonstrate the mass removal 
rates dropping over time. Data reports will be updated to facilitate getting this data to the state. Dick 
Neff noted that when we take the GAC unit offline, we will increase flow rates and therefore might 
extract additional VOCs from the subsurface. Thus we probably need to allow an additional buffer 
before we take the system off GAC (i.e. GC measurements of -6-7 pounds VOCs per day). 

Automated GC System 

The GC is working well now, but as previously noted, when we cycled between the two systems we 
had trouble calibrating because there was nearly an order of magnitude difference in concentrations 
being removed in the two zones. The uncertainty in the GC results is approximately ±20%. When 
conditions are wet (as after rain events) MarkS. is running manual samples {1 per week). MarkS. and 
Gary think that the coalescing filters are probably not large enough to handle the amount of water 
being generated by the French drains. When conditions are drier at the site, Mound will switch back to 
automated GC operation and will collect data twice a day. The moisture problems at Mound have 
resulted in fairly high maintenance costs for the GC system (i.e. manual operation). 

SVE Radius of Influence Testing 

When MarkS. is able to get around a little better on his injured leg, he would like to try to evaluate 
the radius of influence (ROI) for the SVE wells. He suggested evaluating the following SVE wells: 

EW-N3- this well has a short screen interval and is located in the till formation. 

EW-N7- this well is one of the top producers, it is located in a loos~r formation with high 
contaminant concentrations measured during well installation. - · · · · 

ED-N2- this is one of the French drains. 

Mark S. hopes to utilize magnahelics on existing wells and piezometers located near these wells to 
conduct these tests. Expect to conduct these tests near the end of July. Uncertain if he intends to vary 
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·the vacuum ·applied to the wells to determine the relationship between vacuum applied and ROI. 

• Contaminant Removal Data 

Tedlar bags were used to collect dynamic vapor samples from individual well headers between 4/1 S/98 
and 4/17/98. Gary B. needs to tabulate this data and check contaminant distribution. 

Air Sparge Plugging Evaluation 

Mound collected water samples from the AS wells and analyzed for iron and alkalinity to try to 
identify a chemical explanation for the apparent plugging of the AS well points. Iron concentrations 
were below 1 ppm~ therefore, iron or iron oxidizing bacteria are not likely to have caused the pressure 
increase noted in the system. Carbonate (calcite) deposits or biofouling may be more likely causes. 
Mark G. was unable to take a scraping from the inside of the AS well (as suggested at last meeting); 
therefore we have not found any direct evidence to identify the cause of the plugging. This uncertainty 
makes it difficult to know how to redevelop the wells. The well points in our system are made of PVC 
that reportedly produce a SO *m bubble; most AS systems use 0.010 inch which is SO times larger than 
our mesh. The small diameter holes are probably more easily plugged than other AS systems. Mound 
will contact the system designer (RE Wright) to determine their experience with this type of AS well 
design. Mound will also contact Groundwater Technology Inc. to discuss possible causes of AS well 
fouling and experience in the Ohio area. These companies may be. able to help us fix the air sparge 
system or improve future designs. 

There are several commercial products available to chemically treat fouled wells. Johnson Screen sells 
a product that treats iron precipitation, carbonate buildup and biofouling. The chemicals are not 
expensive, but the treatment is involved. Acid granules are added to the well, water is added, the well 
is surged, then the chemicals must be pumped out. Sandia will hire a local contractor to try the 
treatment on 3 or 4 wells. Wells whose flow rates decreased over time and currently have low flow 
rates will be chosen for redevelopment. 

If the AS system can be redeveloped, it is possible that we may see an increase in VOC removals. It 
will be important to monitor VOC removal rates with and without the AS system. It is unlikely that 
significant VOC will be removed from the groundwater relative to the VOCs being removed from the 
vadose zone. However, the addition of air below the SVE wells may change the shape of the treatment 
zone around each SVE well (i.e. extract more effectively from the capillary fringe and points below 
the SVE wells because of air movement through these zones) and thus treat some high concentration 
zones which are not currently being treated. 

Groundwater Sampling 

Terran will be on site next week for quarterly groundwater sampling. Data from the last sampling 
event (March) shows that most VOC concentrations were declining in wells south ofthe pump & treat 
system. 1,1,1-TCA levels increased in these wells, but this compound has an offsite source. Mark G. 
will send groundwater data to Jim P. for web posting. Water levels are being collected. We also have 
monthly data from the pump and treat system. Water level measurements are being collected daily. 

• Groundwater Currents Article 

An article about the Mound AS/SVE system appeared in the in the March 1998 issue of EPA's 

http://www. em. doe.gov/itrd pine/98061 Occ. html 4/14/99 
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Ground Water Cu"ents, EPA 542-N-98-004, which is on the web at http://clu-in-com. The article 
about the Mound AS/SVE system prompted a few inquiries. One of these inquiries was from a 
representative of an ALCOA Plant in southern Ohio that is currently installing a large AS/SVE system. 
They probably have DNAPLs in their treatment area. It might be worthwhile to stay in close touch 
with this group. 

Other 

fun Phelan/Mark Spivey will put together a schedule for this project (attached below). Our next 
conference call will be on July 22, 1998. 

Mound OU- 1 Schedule 

June 1998 

Da;x(s) Action By Whom 

15-26 quarterly groundwater monitoring Gilliat/Terran 

15- 19 query GTI on AS issues/resolutions in OH Gilliat 

15 
develop questions for RE Wright on AS design 

Spivey 
(request response by 6/25) 

15 -16 carbon by-pass proposal to DOE-MD Spivey 

17- 18 DOE-MD review carbon by-pass proposal Kleinrath 

23 DOE-MD submit carbon by-pass proposal to Ohio-EPA Kleinrath 
(request response by 7 /20) 

23 mass removal report and data posted on web Phelan 

23 individual well VOC data posted on web Phelan/Brown 

23 pressure/flow report & data posted on web Phelan 

24 SVE vacuum/flow measurement Spivey 

24 Summa/Sentex combo sample on Zone 2 (7-day results) Spivey/Brown 

July 1998 

Da;x(s) Action By Whom 

1- 19 SVE carbon change out Spivey 

1 Spivey on Vacation Spivey 

1- 8 Phelan on Vacation Phelan 

7 AS treatment proposal to DOE-MD Gilliat 

8 AS treatment proposal review by DOE-MD Kleinrath 

9 AS treatment proposal submitted to Ohio-EPA Kleinrath 
(request response by 7/20) 

10- 19 Gilliat on Vacation Gilliat 

20-24 SVE individual well quarterly samples/Sentex analysis Spivey/Brown 

http://www.em.doe.gov/itrdpine/98061 Occ. html 4/14/99 
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22 conference call 

• 27 SVE vacuum/flow measurement 

27-31 AS restart for flow/pressure tests 

28-29 SVE rebalance 

30 potential S VE carbon change/bypass 

August 1998 

Da~(s) Action 

3-7 SVE radius of influence tests 

10- 14 SVE system rebalance 

10- 14 AS well treatment and restart 

? quarterly groundwater monitoring data (12/97, 3/98) 

EM 1 1 1 What•s Home Search Contents New 

About This Document 
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Performance Monitoring Group 
Conference Call Minutes 

July 22, 1998 

Agenda 

• Review Schedule/Action Items (included in 6/10 conference call notes) 
• GAC Bypass Proposal Response 
• AS Treatment Proposal Response 
• Web site Reports 
• Plans for Discrete Level Monitoring and Radius oflnfluence Test 
• Open Discussion 

Participants on the Conference Call 

Tim Phelan, (Sandia Kathy Lee Matt Justice (Ohio rNam Baek (Oxy 
~abs) Fox EPA) Chemical) 

IRon Church 'Dan 
. Carfagno !Mark Gilliat I Mark Spivey 

(Mound) 

Review Schedule/Action Items 

!nick Neff 

Melinda Trizinsky 
(Clean Sites) 

Reviewed the June, July and August items on the schedule. The quarterly groundwater monitoring 
was completed the week of June 15. Results will be available in about 60 to 90 days. M. Gilliat asked 
GTI if they would consult with us on issues related to the AS system, and methods they have used to 
maintain AS systems. They would be open to consult with us, but no commitments were made. M. 
Spivey talked toRE Wright about questions on the design of the AS system. They said that their 
contract commitments were complete (except for the as built drawings) and that an additional contract 
for consulting would be required. M. Spivey completed the GAC bypass proposal and submitted it to 
DOE. The proposal seemed to have stalled out and additional efforts will begin to push it through to 
Ohio EPA. Apparently, the local air pollution authority (Andy Roth) needs to be consulted. J. Phelan 
reported that the latest mass removal report, individual well VOC data, and pressure/flow report were 
submitted to ORNL, but due to a loss of administrative staff at Sandia, approval to transfer the reports 
to the public server was never completed. Those reports are now on the Web. The SVE vacuum/flow 
measurements were not obtained in June as planned, but will be obtained in July. A Summa/Sentex 
replicate samples were obtained and it was found that the Sentex auto GC provides accurate number 
to about 15% compared to the Summa lab data, some were high, and some were low. The SVE 
system had a carbon system change out on July 3. The AS treatment proposal was not drafted. 
However, M. Justice stated that completing the AS treatments with the commercial products 
described would not require any approvals. The SVE individual well VOC samples were being 
collected this week by G. Brown and M. Spivey along with vacuum/flow measurements. The quarterly 
groundwater monitoring data is available in spreadsheet form, M. Gilliat will send to J. Phelan for 
posting on the web. The AS restart to measure pretreatment flow/pressure is scheduled for August 27 
- 31 or the following week. The AS well treatment will be performed by Terran under contract to 
Sandia National Laboratories, hopefully about August 10. 

I 

http://www.em.doe.gov/itrdpine/072298.html 4/14/99 
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GAC Bypass Proposal Response 

The proposal was stalled at Mound. The proposal will be sent out this week. 

AS Treatment Proposal Response 

M. Justice stated that no approval is necessary for treatment of the AS wells. Courtesy copies of the 
methods to be used should be submitted. More discussion ensued on the AS treatment plan. The plan 
is to use Johnson WellScreen product NuWell 110- a concentrated granular acid and NuWell310 a 
concentrated liquid polymeric acid enhancer. See www.johnsonscreens.com for a description of the 
products. M. Gilliat explained that the field tests for ferric and ferrous iron showed levels below 
instrument detection limits(- 1 ppm). Others reported the Mound production well to have about 0.3 
ppm and the Miamisburg production well to have less than 50 ppb. This implies that the iron may not 
be a culprit in the AS well plugging. The high alkalinity as shown by the air stripper treatments that are 
needed may be one of the culprits. The alkalinity values are about 200-300 ppm. It also could be that 
the AS system stirred up clay particles that have clogged the pores of the AS wells. 

Web Site Reports 

J. Phelan questioned the group on whether they would like to see the web reports emailed to them as 
well as have them available on the web, and the general consensus was yes. Also, whether the data 
tables were of value, and the general consensus was yes. 

• Plans for Discrete Level Monitoring and ROI Tests 

The discrete level monitoring well installations and sampling/analysis efforts will have to be paid by 
ITRD since Mound has insufficient budget for the effort. J. Phelan will identify the costs and propose 
the budget toM. Hightower. M. Spivey is planning on completing the ROI tests in early August. He 
will measure pressures in piezometers at various distances when only one SVE well operating. 

Open Discussion 

The question was raised on what was the system impact on the VOC levels in the groundwater. M. 
Gilliat stated that the concentrations have declined, however, for well 410, the TCE concentrations 
have not declined as compared to the PCE and VC. The same is occurring for PO 15 that is in the 
spoils area. M. Gilliat will send the groundwater data to J. Phelan for posting on the web site. 

It was decided that the next conference call should be on August 27 at 8 am MDT to discuss the 
results of the AS treatment. 

About This Document 

EM 
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Agenda 

Performance Monitoring Group 
Conference Call Minutes 

August 31, 1998 

• Results of the AS Treabnent 
• Results of the ROI Tests 
• Latest Mass Removal Estimates 
• Report on Quarterly Static Soil Gas Measurements 
• Groundwater Contaminant Data Discussion 
• Open Discussion 

Participants on the Conference Call 
Jim Phelan, Mike Hightower (Sandia Labs); Kathy Lee Fox. Matt Justice (Ohio EPA); Nam Baek 
(Oxy Chemical); Dick Neff, Ron Church, Dan Carfagno, Mark Gilliat, Mark Spivey (Mound); Melinda 
Trizinsky (Clean Sites). 

Results of the AS Treatment . 
M. Spivey reported that the air sparge treatment was a success. Flow rates for AS-N19, AS-N20, and AS
N21 were 13, 11 and 33 cfm (measured by the thennal anemometer) on 12/23/97. Using the integrating 
pilot tube, these same wells showed 0, 0, 12 cfm during the pre-test on 8/3/98, after being off since mid 
February. After completion of the chemical treatment, these wells showed flow rates of 47, 27, and 39 cfm, 
respectively. The general procedure followed was as reconunended by the manufacturer and was as 
follows: add the enhancer, add acid granules, surge, add some water, let set for 96 hours, pump. The 
process was started on Wednesday, August 26 and was completed by COB Friday, August 28, 1998. Jim 
Phelan will get the details of the treatment from Terran The group discussed plans for treatment of the 
remaining AS wells. Since only zone 2 is running, only those needed to be treated. Three of the AS wells 
on the east side are currently above the water table. That leaves about 8 more for treatment. The group 
discussed the timing of the treatments in relation to the next quarterly groundwater sampling in October. If 
the AS system was not turned on until after the October quarterly GW sampling, then we would have 3 
quarters of data (March, June and October) to see the results of just the SVE system The AS system could 
then be turned on and the groundwater could be checked to see future impacts. Jim Phelan will discuss 
with B& W regarding treatment of the AS wells. 

Groundwater Contaminant Data Discussion 
M. Gilliat has contour plots of the groundwater contaminant concentrations before turning on the P&T 
system (1/97), and then after the AS/SVE/P&T systems were on (3/98). Plots for the 6/98 data are still 
pending new fiScal year funds and work authorization. M. Gilliat reminded the group that the OU-1 RifFS 
showed the correlation between groundwater elevation and contaminant concentration in monitoring wells 
(shows the vadose zone source). 

Radius of Influence 
M. Spivey relayed data collected on the ROI tests. He indieated that EW -N7 exerts a vacuum of 0.13 in 
wateronEW-N2, 0.115 in. wateronEW-N10, 0.9 inwateron1TRD-N9, 0.5 in. wateronEW-N9, 1.8 in 
water on EW-N8, 0.085 on EW-N6, and 3.4 in water on VPMP-2 shallow. This shows that EW-N7 has a 
very wide area coverage of most of the site. Other data will be reported in a report soon to be prepared. 

Latest Mass Removal Estimates 
G. Brown prepared the latest estimates for mass removal through 7/31/98. This report states that Zone 1 
remains at about 165 pounds removed (it has been off since mid May) and Zone 2 has removed about 1867 
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pounds for a total of about 2032 pounds. There are still the same principal compounds (TCE, cisDCE and 
Toluene). The carbon system bypass started 8/31/98, which provides some additional vacuum (15 in Hg vs 
12 in Hg with the carbon system inline). 

Report on Quarterly Static Soil Gas Measurements 
G. Brown and M. Spivey completed the sampling and analysis on 7/21/98. The results report will be 
posted on the web soon The general trends are for declining concentrations with wells EW-N7, EW-N8, 
EW-N9, EW-N10, ITRD-N9 and ITRD-N7 being the principal wells contaminants are found. 

Open Discussion 
The Mound site prepared an abstract describing the results from the OU-1 project for Waste Management 
'99. It was submitted in the soil and groundwater section under chair D. Lee. With knowledge that the AS 
system can be brought back online, it was suggested that we review the plans and methods for the tracer 
test on the next conference call. Next, project completion/tennination criteria were discussed. The ITRD 
project will continue through FY99, with a cost and performance report being the principal deliverable in 
late FY99. The next conference call is scheduled for October 7 to discuss the tracer test, AS well 
treatments, and measurement of effect of AS on SVE performance. A tentative conference call is 
scheduled for November 7 . 



• Mound OU-1 
Innovative Technology Remediation Demonstration Program (ITRD) 

Agenda 

Performance Monitoring Group 
Conference Call Minutes 

October 7, 1998 

• AS Well Treatment Progress 
• Web Reports 

• AS Treatment # 1 
• Radius of Influence # 1 

• Measurement of Effect of AS on SVE Perfonnance 
• Groundwater Contaminant Downgradient Plots 
• Groundwater Contaminant June Data 
• Discrete Level Monitoring 

• Tracer Test 
• Cost and Perfonnance Report 

Participants on the Conference Call 
Jim Phelan, Mike Hightower (Sandia Labs); Art Kleinrath, Dick Neff, Ron Church, Dan Carfagno, 
Mark Gilliat, Mark Spivey (Mound); Melinda Trizinsky (Clean Sites); Kelvin Potter (ICI). 

AS Well Treatment Progress 
The balance of the AS wells on Zone 2 will be treated next week. This includes 7 wells, three of 
which are angled wells. 

Web Reports 
AS Treatment #1 - This report describes the well treatment procedure used in the field, the 
measurement data and results of air flow testing. 

Radius of Influence #1 - This report documents the ROI test completed by M. Spivey and 
analyzes the effective velocity from the pressure gradients and penneability estimates. The group 
discussed that additional ROI testing might be valuable for other high flow wells, given the ease of 
collecting the data. 

Measurement of Effect of AS on SVE Performance 
With all of the Zone 2 AS wells treated, the potential for additional mass removal by the SVE 
system due to altered vadose zone flow paths caused by the AS air flow was discussed. It was 
suggested that the frequency of automated GC data collection should be several times a day for the 
first week, if possible. 

Groundwater Contaminant Downgradient Plots 
M. Gilliat created some TCE and cisDCE contour plot south ofOU-1 for January 1997 and March 
1998. These plots indicate a decrease in maximum concentration over this time period. The pump 
and treat system was on for most of this time interval and the SVE system began in December 
1997. 
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Groundwater Contaminant June Data 
M. Gilliat provided data tables showing contaminant concentrations from the June sampling event. 
This data will be plotted to show trends in contaminant concentrations over time. 

Discrete Level Monitoring 
J. Phelan sent out by email an appendix from the RI/FS that shows the relationship between 
contaminant concentrations and water levels. This report uses this data to support the conclusion 
that vadose zone soils are a source of contaminants. In addition. the fact that over 1500 lbs of 
contaminants have been removed by the SVE system is another piece of evidence indicating a 
source in the vadose zone. J. Phelan proposed that this infonnation might be sufficient and that 
additional effort for discrete level monitoring may not be warranted. Since the Ohio EPA group 
was not on the conference call, A. Kleinrath will take an action to contact M. Justice to see whether 
he would support dropping this task, or developing better justification to complete the effort. 

Tracer Test 
The original purpose stated for the tracer test was to 1) determine if the AS system would push 
contaminants off site, and 2) assess the capture efficiency ofthe SVE system. The TO individual 
well soil gas sampling determined that vapors were already present in vadose soils west of the 
Conrail. Since there would be very little additional mass moved by the AS system (very low 
concentrations in the groundwater), there was less concern over the potential for adding a little 
more to the little found off-site already. However, the group did feel the need to show the 
connectivity of the AS to the SVE system. J. Phelan took the action to develop a tracer test plan 
and present it to the group . 

Cost and Performance Report 
J. Phelan stated that his goal was to produce a draft of the cost and performance report by end of 
March 1999, have the group evaluate it and make changes by end of June 1999, and produce a 
final document by the end of September 1999. 

Future Plans 
It was decided that the next conference call should be November 23. 
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Innovative Technology Remediation Demonstration Program (ITRD) 

Agenda 

Performance Monitoring Group 
Conference Call Minutes 

November 23, 1998 

• SVE Contaminant Extraction Perfonnance 
• Total Mass Removal 
• Individual Well Data 

• SVE System Breakdown, Restart and Contaminant Rebound 
• Sentex GC Problems/Resolution 
• AS System 

• Zone 2 Treabnent Completion 
• Change in Pneumatic Performance · 
• Effect on SVE Contaminant Concentrations 

• Tracer Test Plan 

Participants on the Conference Call 
Jim Phelan, Mike Hightower, Vince Fusconi (Sandia Labs); Art Kleinrath, Dick Neff, Dan· 
Carfagno, Mark Gilliat, Mark Spivey (Mound); Matt Justice (Ohio EPA); Nam Baek (OxyChem). 

SVE Contaminant Extraction Performance 
Total Mass Removal 
The total mass of contaminants removed through October 31, 1998 was 2000 lbs. No changes 
were noted to the pattern of contaminants found (cis-1,2-DCE, TCE and Toluene). A data 
logger was installed to capture manifold flow rate data from the pitot tube. G. Brown will 
complete the mass removal report and it will be posted on the website. 
Individual Well Data 
The quarterly static soil gas measurements were obtained in October. These data showed that 
individual well vapor concentrations generally were stable or declined, except for well EW-N7, 
which showed increases for all compounds by a factor of up to two. G. Brown will complete 
this report and it will be posted on the website. 

SVE System Breakdown, Restart and Contaminant Rebound 
The SVE system experienced a primary vacuum extraction pump seizure on October 21, 1998. 
This problem has been attributed to passage ofliquid water through the vacuum extraction 
pump as a result of bypass ofthe carbon treabnent beds and failure of the water knockout tank 
pump. It is unknown how much water passed through the pump, however, liquid water was 
observed being blown from the roof exhaust stack. Upon observation of the internal 
components of the blower, it was evident that a solid mixture has precipitated on the blower 
lobes. Due to the low tolerances of the blower, small amounts ofthis solid can cause seizure. 
It is believed that calcium carbonate precipitated out of solution as the aqueous phase 
evaporated upon passage through the blower. A new blower was obtained (-$3800) and the 
system was placed back on line on November 5, 1998, about two weeks after failure. It was 
noted that this problem had occurred at a Whirlpool installation, following carbon bed bypass, 
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however, no details were available. System restart showed a rebound of vapor concentrations . 
that lasted about 2-3 days, where the concentration of compounds were about double pre
failure levels. In order to prevent reoccurrence the carbon beds will be placed inline with a 
lvwer grade of carbon ($0.20/lb less) for use as a packing. 

Sentex GC Problems/Resolution 
The automated gas sampling gas chromatograph started experiencing trouble with temperature 
regulation during the trap mode of operation. Replacement electronics were obtained from 
Sentex, but were found to be faulty as well. No combination of existing boards and new 
components solved the problem. Sentex is fabricating and testing a new motherboard. 
Installation is planned for the week ofNovember 30. Without this equipment, contaminant 
monitoring will be performed weekly with Summa canisters. 

AS System 
Zone 2 Treatment Completion 
Terran Corp completed treatment of the remainder of the AS wells, including the angled wells, 
on Zone 2 using the same procedure used from the first group. 

Change in Pneumatic Performance 
Some initial data was collected on the AS system pneumatic performance; however, the system 
was turned off until the Sentex GC can be repaired. 

Effect on SVE Contaminant Concentrations 
This effort is still pending until the Sentex GC becomes operational. It is planned to collect 2-
3 manifold samples per day for 2-3 days to evaluate whether the AS system changes the 
collection of vapors through the SVE system. 

Tracer Test Plan 
A tracer test plan was distributed with the conference call agenda. This plan considers the 
objectives (collection efficiency of AS system generated vapors and evaluation of off-site 
migration of AS system generated vapors), methods (pulse vs. continuous), tracer material 
(Halon 1211, SF6, others), and injection/extraction locations. Three options are being 
considered: 1) inject in AS-N18, extract and monitor on the entire Zone 2 SVE system, 2) 
inject on AS-N21 or AS-N23, extract and monitor on the entire Zone 2 SVE system, and 
3) inject on Zone 2 AS manifold, extract and monitor on the entire Zone 2 SVE system. 
The group should consider these and send comments to Jim Phelan. The mass of tracer to 
be used might be more for option 3 and this will be determined in consultation with Tracer 
Research. The schedule for the tracer test is anticipated to be starting in early January and 
last for 1-2 weeks. 

Future Plans 
It was decided that the next conference call should be December 14. 
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Agenda 

Performance Monitoring Group 
Conference Call Minutes 

December 14, 1998 

• Sentex GC System Repair 

• AS System 
• pneumatic performance 
• effect on SVE contaminant concentrations 

• Tracer Test Plan 
• Halon 1211 (GC compatibility, regulatory acceptance) 
• pulse injection - 1 lb 
• test duration - 1-2 days 
• schedule- week of 1/11/99 

Participants on the Conference Call 
Jim Phelan, Mike Hightower, Gary Brown Vince Fusconi (Sandia Labs); Dick Neff, Dan 
Carfagno, Mark Gilliat (Mound); Matt Justice (Ohio EPA); Nam Baek (OxyChem); Melinda 
Trizinsky (Clean Sites). 

Sentex GC System Repair 
The Sentex GC system has had hardware problems for several weeks. Sentex has been responsive 
in sending replacement parts that Mark and Gary thought would solve problems with the heater 
circuits for the trap mode. All of the issues have not been resolved, but there does not look like 
there are any serious roadblocks. 

AS System 
Pneumatic Perfonnance 
All ofthe AS wells on zone 2 have been treated. The flow rates measured on October 21, 
1998 showed flow and pressure data that were about the same or better than those 
measured when the system first started up on December 23, 1997. 

Effect on SVE Contaminant Concentrations 
Due to problems with the Sentex GC, this measurement has not been made. The AS 
system will not be turned on until the Sentex GC can operate in the trap mode. The trap 
mode is necessary to monitor the VOCs in the range of 1 to 10 ppmv and be able to see if 
the AS system causes any significant change. This effort is scheduled to occur just prior 
to the tracer test. 

Tracer Test Plan 
Vince Fusconi completed some initial calculations on travel times and expected concentrations of 
the tracer gas. He found that the tracer may take only 3 - 6 hours to show up, last from 1.5 to 5 
hours and show concentrations of 1 to 120 ppm. [After the conference call, Vince talked to Randy 
Golding from Tracer Research. R. Golding relayed that they had performed two tracer tests with 



• Halon 1211. Results from the two tests they ran had the tracer appearing between 40-100 hrs, 
development of a distinct peak, and then drop off to 10% ofthe peak value within 2-3 days. The 
trailing tail ofthe curve, however, lasted weeks at very low concentration ( <1ppm). This was 
supposedly due to adsorption. He also stated that mass balances were not good, and that he 
wouldn't be surprised if we returned 20-30% of the initial mass. Here are some of the p_articulars: 
1) injected about 10 grams of Halon 1211 2) flow rates of between 12& 15 cfin 3) injected in a low 
penneable, moist clay dominated soil.] 

In addition, G. Brown and M. Spivy completed GC compatibility tests and found that the GC could 
be run with no change in operating parameters, other than starting the data collection slightly 
earlier. 

The discussion next centered on what test option should be used. It seemed that all favored 
injection through the entire AS manifold into all AS wells except those that are currently above the 
water table, and monitor through the entire SVE manifold. By injecting through the entire 
manifold, it was recommended that the injection mass be increased from 1 lb to 10 lbs, since the 1 
lb estimate was based on injection into a single well, and there are 10 operating AS wells on Zone 
2. There was some concern over a lengthy tail on the mass removal curve. V. Fusconi estimated 
that at 500 cfin SVE flow rate, a 1 ppm halon 1211 gas concentration is. equivalent to 0.75 lbs per 
hour. 

M. Justice explained that there are no regulatory pennitting requirements, only that the test plan be 
submitted to the Underground Injection Control group and the Air Pollution Control group. 

Future Plans 
A decision was made not to schedule the next conference call, however, J. Phelan will provide an 
email update regarding tentative results from the tracer test. 
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417/98 9:00 1 

418198 15:50 1 91 216 o.n 0 -10 212 -17.2 -13.9 -13 -11.8 23no 3950 539 

419/98 15:30 1 
4113/98 7:45 1 30.05 74 54 206 o.n5 0 -10.75 196 -17.8 -14.6 -13.9 -12.5 27517 3950 539 

4114198 15:44 1 29.n 87 65 215 0.78 0 -10.6 209 -17.7 -14.5 -13.6 -12 27563 4000 545 

4115198 15:45 1 29.81 82 59 206 0.78 0 -10.4 204 -17.5 -14 -13.1 -11.5 27563 3975 542 

4116/98 15:55 1 29.6 92 71 220 0.78 0 -10.25 214 -17.5 -14.1 -13.25 -12 31557 4050 552 

4117/98 15:51 1 30.05 80 54 220 0.72 0 -11.6 202 -18.5 -15.25 -14.4 -12.9 32567 3850 525 

4118/98 15:35 1 30.12 87 63 220 o.n 0 -11 209 -18.1 -14.7 -13.9 -12.5 34283 3950 539 

4120/98 15:35 1 30.12 87 63 220 o.n 0 -11 209 -18.1 -14.7 -13.9 -12.5 34283 3950 539 

4121/98 7:30 1 30.07 70 47 205 0.75 0 -11.2 190 -18.2 -14.7 -13.8 -12.5 34472 3875 528 

4122198 15:30 1 29.95 84 50 212 0.78 0 -10.7 204 -17.8 -14.3 -13.4 -11.9 34732 4000 545 

4123/98 15:40 1 2993 86 62 214 0.78 0 -10.5 208 -17.7 -14 -13.1 -11.5 34871 4000 545 

4127/98 7:50 1 30.19 73 40 200 0.83 0 -10.3 194 -17.5 -13.6 -12.75 -11.5 35244 4050 552 

4128/98 15:58 1 30.28 90 65 206 0.88 0 -9.75 213 -17.1 -13.9 -13.2 -11.8 35321 4200 573 

4128/98 ~7:07 1 30.27 90 65 216 0.8 0 -10.5 215 -17.6 -14.6 -13.9 -12.6 35321 4050 552 
4129/98 7:30 1 30.16 n 54 207 0.8 0 -10.7 202 -17.75 -14.7 -14 -12.75 35321 4025 549 
4130/98 7:50 1 30.01 80 57 212 0.78 0 -10.6 206 -17.6 -14.7 -13.9 -12.7 35802 3975 542 
5/1/98 15:50 1 29.63 as 62 214 o.n 0 -10.3 209 -17.4 -14.5 -13.75 -12.5 38397 3975 542 
5/4198 7:50 1 29.72 72 49 203 0.76 0 -10.7 193 -17.6 -14.6 -13.9 -12.6 39012 3925 535 
5/6/98 6:55 1 29.91 73 54 203 o.n 0 -10.7 194 -17.6 -14.7 -13.9 -12.6 39152 3950 539 
5/7/98 7:50 1 29.69 84 62 212 0.78 0 -10.4 206 -17.4 -14.6 -13.8 -12.5 39175 4000 545 
5/7/98 13:05 1 
5122198 15:40 1 29.92 90 66 230 0.75 0 -11 220 -18 -13.8 -13 -11.5 46250 3970 541 
7120/98 13:04 1 30.05 100 78 244 0.71 0 -11.6 231 -18.65 -12.75 -11.8 -10.6 58755 . 3875 528 
7121/98 11:45 1 30.07 110 87 250 0.7 0 -11.5 239 -18.7 -12.4 -11.5 -10.1 58755 3875 528 
7/21/98 14:33 1 30.05 114 91 242 0.78 0 -10.5 242 -18 -11.3 -10.4 -9.1 58755 4050 552 

07129/98 7:00 1 29.97 90 68 218 0.8 0 -10.4 214 -17.6 -12.2 -11.5 -10.2 59521 4100 559 
8/3198 15:08 1 560 

10/13/98 7:30 1 30.06 78 51 196 0.95 0 -9.4 209 -17.6 -17.9 -17 -15.2 60434 4340 561 
10/13/98 15:50 1 29.99 96 66 208 0.98 0 -9.1 228 -17.4 -17.8 -16.9 -15.1 60434 4475 562 
10/14/98 7:00 1 30.07 76 39 194 0.94 0 -9.5 206 -17.5 -17.8 -17 -15.1 60434 4300 563 
10/14/98 14:40 1 30.06 88 58 200 0.95 0 -9.2 218 -17.4 -17.8 -16.9 -15.1 60434 4350 564 
10/15/98 8:40 1 30.21 74 46 192 0.94 0 -9.5 204 -17.5 -17.9 -17.1 -15.1 60434 4300 565 
10/15/98 9:56 1 30.22 76 48 204 0.78 0 -11.2 204 -18.8 -19.2 -18.4 -16.8 60434 3950 566 
10/15/98 12:35 1 . 30.25 81 54 210 0.82 0 -10.7 210 -18.5 -18.9 -18.1 -16.3 60434 4075 567 
2117/99 13:55 1 29.97 62 33 210 0.67 0 -12.8 176 -18.8 -15.3 -14.2 -12.5 106311 3700 568 



tern Parameters Z1 4 



Z1P4t;S 

417198 System shut down for maint. Restarted at 15:30 

418198 Flow Is based upon an estimated Bar. Press. of 30.00 

419/98 High water level in KO. tank, auto shut down, system left off for weekend 

4113/98 System restarted @ 02:00 hrs, GC #85 calib., GC #86 port 4, GC #87 port 3, GC #88 port 2, GC #89 port 1 

4114198 
4115198 Sampling wells via T edlar 

4116/98 2.7" rain In 24 hrs., auto-off@ 12:10, restarted@ 06:00- 10:00 Z2 manual w/air makeup, 10:00 full on & auto 

4117/98 160 0.4 14.6 13 2750 135 following slight re-balance, re-balance postponed due to wet conditions, AS-N1 & N3 full on 

4118/98 
4120/98 
4121/98 
4122/98 
4123/98 
4127/98 
4128/98 Before Rebalance, carbon change 
4128/98 Following Rebalance 
4129/98 
4130/98 Raining, ground saturated, 0.97" 
5/1198 
5/4198 
5/6198 
5/7198 
5/7/98 System set to run on Zone 2 full time 

5122198 
7120/98 
7121/98 
7121/98 EW-N1, N4, & N6 set to 4" WC, EW-N5 at 0.2" WC, Following QTRL Y Tedlar Sampling 
7129/98 
813/98 270 0.5 13.75 10 3300 162 

10113/98 
10/13/98 
10/14/98 
10/14198 
10/15198 
10/15198 
10/15198 
2117199 Sampling wells via Tedlar. Ground condition are wet. 
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03123199 15:30 2 
03/24199 7:20 2 
03125199 6:40 2 
03125/99 . 13:35 2 
03129/99 7:40 2 
03129/99 13:05 2 
03130/99 7:15 2 
03130/99 14:00 2 
03131/99 7:00 2 
03/31199 13:10 2 
04101/99 7:10 2 
04101/99 13:00 2 
04105/99 7:50 2 
04105/99 15:00 2 
04106/99 6:40 2 
04106/99 15:10 2 
04107199 7:10 2 
04107199 14:10 2 
04108/99 6:50 2 
04108/99 13:35 2 
04112199 7:20 2 
04112199 13:50 2 
04113/99 7:55 2 
04113/99 13:15 2 
04114/99 6:40 2 
04/14/99 13:50 2 
04115/99 6:55 2 
04115/99 14:45 2 
04119/99 7:20 2 
04119/99 16:16 2 
04120/99 6:45 2 
04120/99 14:00 2 
04121/99 7:15 2 

30.06 
30 

30.19 
30.2 
30.27 
30.28 
30.35 
30.32 
30.18 
30.11 
29.94 
29.94 
30.14 
30.12 
29.86 
29.92 
30.23 
30.16 
29.95 
29.9 
30.12 
30.22 
30.22 
30.19 
30.07 
30.04 
29.68 
29.45 
30.05 
29.93 
29.98 
30.06 
29.9 

83 45 220 0.76 0 -9.8 

69 33 214 0.75 0 -9.9 

68 24 198 o.n 0 -10.4 

68 43 196 0.76 0 -10.4 

72 46 202 0.8 0 -10.4 
89 59 212 0.86 0 ·9.6 
76 39 202 0.85 0 -9.8 

96 65 218 0.86 0 -9.4 
69 44 202 0.83 0 -9.8 
94 68 220 0.85 0 -9.4 

85 53 216 0.83 0 -9.5 
92 60 222 0.84 0 -9.4 

84 41 226 0.83 0 -9.3 
99 62 236 0.83 0 -9.3 
94 56 232 0.82 0 -9.2 
92 69 214 0.83 0 -9.6 
74 45 202 0.82 0 -10.1 
95 63 218 0.84 0 -9.9 
80 53 210 0.82 0 -9.9 

100 73 226 0.83 0 -9.7 
76 37 215 0.78 0 -10.1 
86 50 222 0.8 0 -9.9 
72 37 214 0.78 0 -10.1 
84 54 206 0.8 0 -9.9 
82 41 202 0.78 0 -10 
91 62 214 0.78 0 ·9.9 
81 50 210 0.76 0 -10.1 
80 49 210 0.75 0 -10 
76 38 222 0.67 0 -11.3 
91 58 226 0.68 0 -11.1 
76 41 206 0.8 0 -9.5 
89 53 216 0.83 0 -9.3 
80 46 240 0.62 0 -11.3 

222 -17.6 -15.2 -14.2 ·12.5 109838 3950 539 3I23J99 
210 -17.6 -15.1 -14.1 -12.5 109925 3900 532 3124199 
182 -18.1 -15.4 -14.4 -12.5 110013 3925 535 3125199 
182 -18.1 -15.3 -14.4 -12.6 110042 3900 532 3125199 
192 -18 -15.2 ·14.2 ·12.4 110387 3983 543 3129199 
212 -17.6 -14.6 -13.6 -12.1 110416 4160 567 3129199 
200 -17.6 -14.6 -13.6 -12 110521 4101 559 3I30J99 
220 -17.5 -14.3 ·13.3 -11.9 110551 4176 569 3I30J99 
196 -17.5 -14.4 -13.4 -11.9 110623 4063 554 3131199 
224 -17.5 -14.3 -13.3 -11.5 110639 4172 569 3131199 
218 ·17.5 ·14.3 -13.2 -11.5 110711 4123 562 411199 
228 -17.3 -14.1 -13.1 -11.6 110740 4166 568 411199 
238 -17.1 -14 -13 -11.6 111044 4139 564 415199 
254 -17.1 ·14.1 -13.1 -11.5 111058 4171 569 415199 
248 -17 -14 -13 ·11.5 111117 4151 566 416199 
208 -17.6 -13.8 -12.9 -11.5 111148 4118 561 416199 
194 -17.9 ·14.1 -13.1 -11.7 111205 4036 550 417199 
218 -17.8 -14 -13 ·11.5 111228 4138 564 417199 
202 -17.6 -14 -12.9 -11.6 111294 4079 556 418199 
226 -17.6 ·13.9 -12.9 -11.3 111319 4156 567 418199 
212 ·17.6 -13.9 ·12.9 -11.3 111644 3982 543 4112199 
224 ·17.6 -13.9 -12.9 -11.3 111675 4046 552 4112199 
214 -17.6 -13.8 ·12.7 -11.4 111759 3972 542 4113199 
201 -17.9 -14.2 ·13.2 ·11.6 111759 4001 546 4113199 
198 -17.8 -14.1 -13 -11.6 111826 3946 538 4114199 
210 -17.8 -14 -13 -11.4 111849 3984 543 4/14199 
204 -17.7 -13.7 ·12.7 ·11.1 111901 3945 538 4115199 
202 -17.6 -13.6 -12.6 -11.1 111939 3934 536 4115199 
206 -18.7 ·12.3 -11.3 -10 113281 3714 506 4119199 
208 ·18.7 -12.7 ·11.5 -10.2 113328 3760 513 4/19199 
212 -17.1 -15.4 -14.4 -12.5 113432 4015 547 4120199 
230 -17 -15.4 -14.4 -12.5 113475 4114 561 4120199 
230 -18.7 -16.5 -15.5 -14.3 113898 3628 495 4121199 



stem Parameters 



::>ve4j~ ~,~ ~,. 
,carbon bed appecn ~ng too tight, wiD reverse flow back to "ll'"'" 
I System shut off from 8:00 to _10:00 for flow change, seems to have worked, adJ~ EO.N1 N2,~4, & NS Flow 0. T'VIJ~ 

' ' 

[o.53· of rain since 313119:00 hrs 

System shut down for maint. I at 15:30 
. Flow Is based upon an · I Bar. Press. of 30.()() 
lFiclw Is based upon an,,.,. ........ _, Bar. Press. of 30.00 
[High water ~~ln_I(O. tank, auto sh~-~. ~et'!!_ left off for weekend 
!System,,.,...,.. ........ @ 02:00 hrs, GC #85 calib., GC #86 port 4, G~ tta7 port 3, GC #68 port 2, GC #89 port 1 

1 ............... 'lJ wells via Tedlar 
!2.?" ~in_ In 24 hrs., auto-off@ 12:10, restarted@ 06:00-10:00 Z2 manual wl~ makeup,JQ:()() full 01') & auto 
before 2rliu..t~ 

160 0.2 14.5_ 13 1940 95 slight """'lu~u ~ ..... made, proper I will need IO be uwww• , 'I" owJ wit~ drier""''""""""" 

[carbon change 
Before ,,...,..,.., "'"' 

-...,.~ .. ~-'""':"'~"'"" 
Raining, ground saturated, 0.97" 

iRAIN!, O.BT in pa$16 hours,_'..'ac relie_!_po_pped, zone 2 set to run full time 
Vac._Relief Opt?~'!, KO. pump running, tank 112 full 

1 1 . 76"' of rain in the 24 hours ""' ~""""" ·~ 518198 @ 07:53 ft.M 

:Rain, again! 

,Summa taken on l)_cott tO ppm cal gas 
l R~f'I~C!urlng night, carbon change: system ~shut down from 07:30 to 12:30 

' 



~~~95 ~~ ~1~ 
I Ground ................... are 
!Ground __ ,...,..; &f1t_wet 

I RAIN, O.B"_ir!_pa~ 24 hours 
1 JJ' of rain In past 24 hours, vac. relief valve actuated - readings taken 1 0 minutes f()flc)vyfng reset 

Since 6112198 8:00 a.m. 1" of -·--... 1 rain 
11_._58" of ralrl_lrl ~ 2A-tlours 

[11'l_<lre rain 
10.14" of rain in past 24 hrs. 

Reset Vac. Relief at 10:20, 0.71" of rain since 02:00 hrs. 06/19/98, 3" over month~ 

0.5" of rain since midnight 

.~·N7 & N8 set to 2.fS' _We, ED-N1. N2, N4, & N5 set to 0.5" We, ronOWJng QT~LY Tedlar """'~"'~ 



~ve4Je! ~~ ~lO 
262 0.39 14.4 1~_.9 2900 142 

I Before Radius OF lnfh..-..ot testing 
lAtter ROI testing 
I Before Zone 2 
!After Zone 2 ...... _, EW·N7 & N8 set to 2.6" We, EO.N1, N~ N4, & NS set to 0.4• we 

system vac to high 

' 

226 0.95 13.5 12 4425 217 



~~j~ ~l~ ~,. 

212 2.8 10.5 8.75 6600 324 1AS '"'"'""""'at~:()(), readings in Bd. taken at 14:25, system off at 14:30 
0 

_1~- . 2.8 10.7 _9 7500 368 

I system restarted with new blower, ca~n~nk B inline 



~~:ps ~~ ~10 
1 Ku_l!_ Meter reading an avera~ of 4,600 (6XI SCFM) 

syst~ut_ down for carbon change tank (A) only.And malnt.@ 7:~_t_o 15! 0 

1 system on carbon tank A 

'"'"'-~~ 

system shut down for maint. @ 14:00 to 14:30 

[system changed back to carbon tank (b)_d~to ~hsys._ Vac. 

I Rain-~il moist. 

A lot of rain over night App. 2" to 3" soil real moist. Then it turned cold_dOWTl_ to 12 degrees F 



~}'s ::/ ~~ ~16 

Soil Moist And F~l'l._ And~ rtteldlngs taken at this~ time. 

System shut down for maint,@ 07:15 Blowers lubed. System back on@ 07:49 Oil in blowers~~hed also ( ok) 



Cross checked manual with formula on flow ... Good ... Start copy of cells O,R,&S 
Set up to calculate flow, system rebalanced (ed-N1 ,2,4,5=0.24;ew-n7&8=4.8) 

System Auto shut down@ 13:10 Blower motor over load. System back on @14:00. Sve Blowers@Eiect Blower, 
Motor Greased at this time. 

System shut down for belt alignment and tensioning, approx. 12 - 15 gal. Water removed from carbon tank A 

Rained soil moist. 
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OU-1 Air Sparge Flow 
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Date 

• 

• Zone 1 Flow 

A Zone 2 Flow 



12/30/98 

01/03/99 

01/07/99 

01/11/99 

01/15/99 

01/19/99 

01/23/99 

01/27/99 

01/31/99 

02/04/99 

02/08/99 

02/12/99 

02/16/99 

02/20/99 

cG4199 
~8/99 
c$4/99 

03/08/99 

03/12/99 

03/16/99 
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Lubricants used: 

AeonPD 
Penzoil Pennlith EP Grease 
Kendall High Temp EP Grease 
(Note: Both greases comply with the manufacturer's recommendations.) 

Maintenance: 

December 16, 1998 Initial Startup ET 0 hours 
January 5, 1998 Greased ET 401.5 hours 
January 18, 1998 Greased/Oil ET 255 hours on grease; ET 656.5 hours on oil 
February 4, 1998 Greased ET 402.5 hours 
March 6, 1998 Greased ET 523 hours 
March 18, 1998 Greased ET 120 hours (PM by contractor) 
April 6, 1998 Greased ET 465 hours 
April27, 1998 Greased ET 407.75 hours 
May 18, 1998 Greased ET 479.64 hours 
June 8, 1998 Greased ET 4 72 hours 
June 29, 1998 Greased ET 502.3 hours 
July 20, 1998 Greased/Oil ET 460.87 hours on grease; ET 3,833 hours on oil 
August 13, 1998 Greased ET 559.74 hours 
September 2, 1998 Greas~d ET 408.64 hours 
September 24, 1998 Greased ET 524.00 hours 
October 15, 1998 Greased ET 480.17 hours 
October 21, 1998 Blower Failure ET 147.17 hours on grease; ET 2,120 hours on oil 
October 21 to November 5~ 1998 System off due to failed blower. 
November 24, 1998 Greased ET 442.75 hours on grease 
December 7, 1998 Greased ET 307.83 hours 
December 31, 1998 Greased ET 563.25 hours on grease, ET 3434 hours on oil 
January 16, 1999 Greased ET 343.62 hours 
February 1, 1999 Greased ET 388.5 hours 
February 22, 1999 Greased ET 394.25 hours 
February 23, 1998 Electrical motor bearing failure, Blower Grease ET 26 hours, oil ET 4586.5 
February 25, 1999 5LP Blower Squealing as if bearing going out 0.5 hours after restart 



• System Balance on 12/17/97 
(by: r.e.wright) 

Zone 1 

WeiiiD Press. (psi) Flow (fpm) Flow (cfm) FLAG WeiiiD Vac. ("Hg) Flow (fpm) Flow (cfm) FLAG 
AS-N1 12 450 2 EW-N1 -8 10 0 
AS-N2 8 6000 33 • EW-N2 -1 5000 109 0.5 
AS-N3 11 15 0 EW-N3 -6.5 37.5 1 
AS-N4 8 2700 15 EW-N4 -4.5 5000 109 0.5 
AS-N5 10.5 200 1 EW-N5 -5.25 165 4 
AS-N6 9 135 1 EW-N6 -3.5 5000 109 
AS-N7 8 5200 28 
AS-N8 10 1100 6 
AS-N9 8 6000 33 * 

Sum: 119 Sum: 332 

Zone 2 

• WeiiiD Press. (psi) Flow (fpm) Flow (cfm) FLAG Well 10 Vac. ("Hg) Flow (fpm) Flow (cfm) FLAG 
AS-N10 11.75 6000 33 • EW-N7 -5 3300 72 
AS-N11 9 6000 33 • EW-N8 -5 4000 87 
AS-N12 11 280 2 EW-N9 -5 75 2 
AS-N13 12 140 1 EW-N10 -5 15 2 
AS-N14 0 0 0 (OFF) ED-N1 -4.25 4500 98 
AS-N15 0 0 0 (OFF) ED-N2 -5 3000 65 
AS-N16 0 0 0 (OFF) ED-N3 -5 0 0 NO 
AS-N17 12 10 0 ED-N4 -5 5500 120 
AS-N18 11.5 10 0 EO-NS -4.75 2500 55 
AS-N19 10 10 0 ITRD-1 -5.5 80 2 
AS-N20 9.5 15 0 ITRD-2 -5 975 21 
AS-N21 11 6000 33 * 
AS-N22 9.5 3800 21 
AS-N23 10 18 0 

Sum: 122 Sum: 524 

FLAG: • = KURZ meter 6K range exceeded!. NO = Not Detectable 



• System Balance on 12/23/97 

Zone 1 

WeiiiD Press. (psi) Flow (fpm) Flow (cfm) FLAG WeiiiD Vac. C'Hg) Flow (fpm) Flow (cfm) FLAG 
AS-N1 7.5 1000 5 EW-N1 -12.5 20 0 
A5-N2 7.25 3000 16 EW-N2 0 6000 131 * 
A5-N3 5.25 1000 5 EW-N3 -11.5 25 1 
AS-N4 8 6000 33 * EW-N4 -1.5 6000 131 * 
AS-N5 9.4 450 2 EW-N5 -10.5 1200 26 
AS-N6 8 2000 11 EW-N6 -4 6000 131 * 
AS-N7 10 6000 33 * 
AS-N8 8.6 3800 21 
AS-N9 8.75 6000 33 * 

Sum: 160 Sum: 420 

Zone 2 
-·~ • WeiiiD Press. (psi) Flow (fpm) Flow (cfm) FLAG Well ID Vac. ("Hg) Flow (fpm) Flow (cfm) FLAG 

AS-N10 11.9 1600 9 EW-N7 -4.25 4600 100 
AS-N11 12 6000 33 * EW-N8 -3.5 4600 100 
AS-N12 11.6 5100 28 EW-N9 -10 155 3 
AS-N13 11.25 2400 13 EW-N10 -10 165 4 
AS-N14 0 0 0 (OFF) ED-N1 -2 2000 44 
AS-N15 0 0 0 (OFF) ED-N2 -1 4000 87 
AS-N16 0 0 0 (OFF) ED-N3 -9.75 0 0 NO 
AS-N17 10.9 1800 10 ED-N4 -4.75 3000 65 
AS-N18 12 5400 29 EO-NS -6.75 5000 109 
AS-N19 11 2300 13 ITR0-1 -10.4 325 7 
AS-N20 10.75 2100 11 ITRD-2 -10 1500 33 
AS-N21 11 6000 33 * 

AS-N22 9.5 5800 32 
AS-N23 10 325 2 

Sum: 212 Sum: 553 

FLAG: • = KURZ meter 6K range exceeded!, NO = Not Detectable 



• 

• 

• 

System Balance on 03/05/98 

Zone 1 

WeiiiD Press. (psi) Flow (fpm) Flow (cfm) FLAG WeiiiD 
AS-N1 0 0 0 EW-N1 
AS-N2 0 0 0 EW-N2 
AS-N3 0 0 0 EW-N3 
AS-N4 0 0 0 EW-N4 
AS-N5 0 0 0 EW-N5 
AS-N6 0 0 0 EW-N6 
AS-N7 0 0 0 
AS-N8 0 0 0 
AS-N9 0 0 0 

Sum: 0 

Zone 2 

WeiiiD Press. (psi) Flow (fpm) Flow (cfm) FLAG Well 10 
AS-N10 0 0 0 EW-N7 
AS-N11 0 0 0 EW-N8 
AS-N12 0 0 0 EW-N9 
AS-N13 0 0 0 EW-N10 
AS-N14 0 0 0 ED-N1 
AS-N15 0 0 0 ED-N2 
AS-N16 0 0 0 ED-N3 
AS-N17 0 0 0 ED-N4 
AS-N18 0 0 0 EO-NS 
AS-N19 0 0 0 ITRD-1 
AS-N20 0 0 0 ITRD-2 
AS-N21 0 0 0 
AS-N22 0 0 0 
AS-N23 0 0 0 

Sum: 0 

Flag: • = No Measurement of flow performed 

Vac. ("Hg) Flow (fpm) Flow (cfm) 
-8.5 

0 7900 
-9.5 
-1.75 7650 
-10.75 2175 
-3.75 7650 

Sum: 
Building Flow: 

172 

167 
47 
167 

554 
559 

Vac. ("Hg) Flow (fpm) Flow (cfm) 
-4.5 5600 122 
-3.4 5600 122 

-12.25 
-12.2 

0 3275 71 
0 3300 72 

-7.5 
-2.5 3300 72 

-7.25 3050 67 
-8 

-12.25 1310 29 

Sum: 555 
Building Flow: 586 

FLAG 
* 

• 

FLAG 

• 
* 

• 

* 



• System Balance on 04/17/98 

Zone 1 

WeiiiO Press. (psi) Flow (fpm) Flow (cfm) FLAG Well 10 Vac. ("Hg) Flow (fpm) Flow (cfm) FLAG 
A$-N1 0 0 0 EW-N1 * 
AS-N2 0 0 0 EW-N2 8400 183 
AS-N3 0 0 0 EW-N3 * 
AS-N4 0 0 0 EW-N4 7900 172 
AS-NS 0 0 0 EW-NS 2800 61 
AS-N6 0 0 0 EW-N6 8400 183 
AS-N7 0 0 0 
AS-N8 0 0 0 
AS-N9 0 0 0 

Sum: 0 Sum: 600 
Building Flow: 525 

onditions: Wet! 

Zone 2 

• Well 10 Press. (psi) Flow (fpm) Flow (cfm) FLAG WeiiiO Vac. ("Hg) Flow (fpm) Flow (cfm) FLAG 
AS-N10 0 0 0 EW-N7 5600 122 
AS-N11 0 0 0 EW-N8 5600 122 
AS-N12 0 0 0 EW-N9 320 7 * 
AS-N13 0 0 0 EW-N10 * 
AS-N14 0 0 0 ED-N1 3300 72 
AS-N15 0 0 0 EO-N2 3300 72 
AS-N16 0 0 0 EO-N3 * 
AS-N17 0 0 0 ED-N4 3300 72 
AS-N18 0 0 0 EO-NS 3300 72 
AS-N19 0 0 0 ITRD-1 * 
AS-N20 0 0 0 ITRD-2 1480 32 
AS-N21 0 0 0 
AS-N22 0 0 0 
AS-N23 0 0 0 

Sum: 0 Sum: 572 
Building Flow: 537 

onditions: Wet! 

Flag: • = No MeasuremenVUnreliable Measurement of flow performed 



Before System Balance on 04/28/98 
Zone 1 

10 Press. (psi) Flow(fpm) Flow (cfm) FLAG WeiiiD Vac. f'Hg) Flow (fpm) Flow (cfm) 
AS-N1 0 0 0 EW-N1 -11.2 15 0 
AS-N2 0 0 0 EW-N2 0 8550 187 
AS-N3 0 0 0 EW-N3 -10.1 30 1 
AS-N4 0 0 0 EW-N4 -2.25 9250 202 
AS-N5 0 0 0 EW-N5 -8.9 2480 54 
AS-N6 0 0 0 EW-N6 -3.6 7390 161 

AS-N7 0 0 0 
AS-N8 0 0 0 
AS-N9 0 0 0 

Sum: 0 Sum: 605 
Building Flow: 573 

Soil Conditions: Moderate Delta: -32 

•H20WC 
VPMP-3 5 

VPMP-2S 0.7 
VPMP-2M 0 
VPMP-20 0 
VPMP-1 S 2.6 
VPMP-1 M 5 
VPMP-1 0 0 

FLAG 



Before System Balance on 04/28/98 
Zone 2 

.eiiiD Press. (psi) Flow(fpm) Flow(cfm) FLAG WeiiiD Vac. ("Hg) Flow(fpm) Flow(cfm) 

AS-N10 0 0 0 EW-N7 -6.5 6600 144 

AS-N11 0 0 0 EW-N8 -3.7 5590 122 

AS-N12 0 0 0 EW-N9 -8.8 300 7 

AS-N13 0 0 0 EW-N10 -8.9 195 4 

AS-N14 0 0 0 ED-N1 0 3100 68 
AS-N15 0 0 0 ED-N2 0 3315 72 

AS-N16 0 0 0 ED-N3 -8.6 5 0 

AS-N17 0 0 0 ED-N4 -2.1 2890 63 

AS-N18 0 0 0 EO-NS -5.25 3250 71 

AS-N19 0 0 0 ITRD-1 -9.25 15 0 

AS-N20 0 0 0 ITRD-2 -8.9 402 9 

AS-N21 0 0 0 

AS-N22 0 0 0 

AS-N23 0 0 0 

Sum: 0 Sum: 560 
Building Flow: 562 

Soil Conditions: Moderate Delta: 2 

"H20WC 

VPMP-3 0.6 

VPMP-2S 4.5 

VPMP-2M 0 

VPMP-20 0 
VPMP-1 S 0.96 

fitP-1 M 0.76 

P-1 D 0 

~ ·-- ~--

• 

FLAG 



Following System Balance on 04/28/98 
Zone 1 

·~-------------WeiiiD Press. (psi) Flow (fpm) Flow (cfm) FLAG WeiiiD Vac. ("Hg) Flow (fpm) Flow (cfm) FLAG 

AS-N1 

AS-N2 

AS-N3 

AS-N4 

AS-NS 

AS-N6 

AS-N7 

AS-N8 

AS-N9 

0 0 0 EW-N1 -12.2 15 0 

0 0 0 7890 172 EW-N2 0 

0 0 0 ~ 1 EW-N3 -11.1 

0 

0 
0 

0 

0 

0 

Soil Conditions: Moderate 

"H20WC 

VPMP-3 

VPMP-2 S 0.66 

VPMP-2M 0 

VPMP-20 0 

VPMP-1 S 2.9 

VPMP-1 M 4.6 .MP-10 

0 

0 

0 

0 

0 

0 

Sum: 

0 

0 

0 

0 

0 

0 

0 

EW-N4 

EW-NS 

EW-N6 

Flag: • = Measurement performed with Kurz meter Prior to rebalance 

-1.75 

-9.75 

-4.1 

7890 

2725 

7890 

Sum: 

Building Flow: 

Delta: 

172 

59 

172 

577 
552 

-25 



Following System Balance on 04/28/98 
Zone 2 

.eDID Press. (psi) Flow (fpm) Flow(cfm) FLAG WeiiiD Vac. ("Hg) Flow(fpm) Flow (cfm) 

AS-N10 0 0 0 EW-N7 -6.1 5580 122 

AS-N11 0 0 0 EW-N8 -3.75 5700 124 

AS-N12 0 0 0 EW-N9 -9.4 300 7 

AS-N13 0 0 0 EW-N10 -9.5 195 4 

AS-N14 0 0 0 ED-N1 0 3050 67 

AS-N15 0 0 0 ED-N2 0 3050 67 

AS-N16 0 0 0 ED-N3 -9.1 5 0 

AS-N17 0 0 0 ED-N4 -2.1 3050 67 

AS-N18 0 0 0 EO-NS -5 3050 67 

AS-N19 0 0 0 ITRD-1 -10 15 0 

AS-N20 0 0 0 ITRD-2 -9.4 422 9 

AS-N21 0 0 0 

AS-N22 0 0 0 

AS-N23 0 0 0 

Sum: 0 Sum: • 533 

Building Flow: 552 

Soil Conditions: Moderate Delta: 19 

"H20WC 

VPMP-3 0.52 

VPMP-2S 4.2 

·~P-2M 
MP-20 

MP-1 S 0.85 

VPMP-1 M 0.7 

VPMP-1 D 

Flag: • = Measurement performed with Kurz meter Prior to rebalance 

FLAG 



05/28/98 System on Zone 2 Full Time 
Zone 1 

.W .. ID Press. (psi) 

AS-N1 0 

AS-N2 0 

AS-N3 0 

AS-N4 0 

AS-NS 0 

AS-N6 0 

AS-N7 0 

AS-N8 0 

AS-N9 0 

Soil Conditions: Moist 

VPMP-3 

VPMP-2S 

VPMP-2M 

VPMP-20 

VPMP-1 S 

VPMP-1 M 

VPMP-1 0 

• 

Flow (fpm) Flow (cfm) 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

Sum: 0 

FLAG WeiiiD Vac. ("Hg) Flow (fpm) 

EW-N1 0 0 

EW-N2 0 0 

EW-N3 0 0 

EW-N4 0 0 

EW-NS 0 0 

EW-N6 0 0 

Sum: 

Building Flow: 

Delta: 

Flow (cfm) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

FLAG 



Readings on 05/28/98 
Zone 2 

.eUIO Press. (psi) Flow(fpm) Flow (cfm) FLAG 

AS-N10 0 0 0 

As-N11 0 0 0 

· As-N12 0 0 0 

AS-N13 0 0 0 

AS-N14 0 0 0 

AS-N15 0 0 0 

AS-N16 0 0 0 

AS-N17 0 0 0 

AS-N18 0 0 0 

AS-N19 0 0 0 

AS-N20 0 0 0 

AS-N21 0 0 0 

AS-N22 0 0 0 

AS-N23 0 0 0 

Sum: 0 

Soil Conditions: Moist 

•H20WC 

VPMP-3 0.25 

VPMP-2S 3.4 

iiMP-2M 
MP-20 

VPMP-1 S 0.66 

VPMP-1 M 0.42 

VPMP-1 0 

ITRD North S 1.3 

ITRD North M 

Flag: • = Measurement performed with Kurz meter 

WeiiiD Vac. ("Hg) Flow(fpm) 

EW-N7 -7 5590 

EW-N8 -3.8 5720 

EW-N9 -9.2 682 

EW-N10 -8 600 

ED-N1 0 3030 

ED-N2 0 3400 

EO-N3 -9.3 5 

EO-N4 -1.5 3100 

EO-NS -3.9 3000 

ITR0-1 -9.6 10 

ITR0-2 -9.5 790 

Sum: 

Building Flow: 

Delta: 

Flow (cfm) 

122 

125 

15 

13 

66 

74 

0 

68 

65 

0 

17 

566 

541 

-25 

FLAG 



07/21/98 System on Zone 1 
Pre Qtrly. Samp . 

• WeiiiD Press. (psi) Flow(fpm) Flow(cfm) FLAG WeiiiD Vac. ("Hg) 

AS-N1 0 0 0 EW-N1 -10 

AS-N2 0 0 0 EW-N2 0 

AS-N3 0 0 0 EW-N3 -8.75 

AS-N4 0 0 0 EW-N4 -1.5 

AS-NS 0 0 0 EW-N5 -7.3 

AS-N6 0 0 0 EW-N6 -4 

AS-N7 0 0 0 

AS-N8 0 0 0 

AS-N9 0 0 0 

Sum: 0 

Flow (fpm) Flow (cfm) 

0 0 

noo 168 

0 0 

7050 154 

1850 40 

7900 172 

Sum: 535 

Building Flow: 528 

Soil Conditions: Dry 

VPMP-3 

VPMP-2S 

VPMP-2M 

VPMP-20 

VPMP-1 S 

VPMP-1 M 

VPMP-1 D 
.. ---,~ 

.: EW-N1, EW-N4, & EW-N6 set to 170 CFM following sampling 

Delta: -7 

FLAG 



07/2 t/98 System on Zone 2 
Pre Qtrly. Samp . 

.. .OlD Press. (ps~) Flow(fpm) Flow(cfm) FLAG WeiiiD Vac. ("Hg) · 

AS-N10 0 0 0 EW-N7 -5.25 

As-N11 , 0 0 0 EW-N8 -3.4 

As-N12 0 0 0 EW-N9 -7.5 

AS-N13 0 0 0 EW-N10 -7.6 

AS-N14 0 0 0 ED-N1 0 

AS-N15 0 0 0 ED-N2 0 

AS-N16 0 0 0 ED-N3 -7.3 

AS-N17 0 0 0 ED-N4 0 

AS-N18 0 0 0 EO-NS -3.5 

AS-N19 0 0 0 ITRD-N7 -7.75 

AS-N20 0 0 0 ITRD-N9 -7.3 

AS-N21 0 0 0 

AS-N22 0 0 0 

AS-N23 0 0 0 

Sum: 0 

Flow(fpm) 

5000 

5150 

400 

0 

2650 

2500 

0 

2850 

2525 

0 

585 

Sum: 

Building Flow: 

Soil Conditions: Dry 

VPMP-3 

VPMP-2S 

al:::~~ 
~MP-1S 

VPMP-1 M 

VPMP-1 D 

ITRD Not1h S 

ITRD Not1hM 

DeHa: 

Flow (cfm) 

109 

112 

9 

0 

58 

55 

0 

62 

55 

0 

13 

473 

522 

49 

FLAG 

Note: ED-N1, ED-N2, ED-N4, & EO-NS set to 60 CFM and EW-N7 & EW-N8 set to approx. 140 CFM following sampling 



07/29/98 System on Zone 1 

.W.UIO Press. (psi) Flow (fpm) Flow(cfm) FLAG WeiiiD Vac. rHg) Flow(fpm) 

AS-~:1 0 0 0 EW-N1 -9.75 18 

AS-N2 0 0 0 EW-N2 0 8200 

AS-N3 0 0 0 EW-N3 -8.5 30 

AS-N4 0 0 0 EW-N4 -1.75 8400 

AS-N5 0 0 0 EW-N5 -7.5 2100 

AS-N6 0 0 0 EW-N6 -4.25 8400 

AS-N7 0 0 0 

AS-N8 0 0 0 

AS-N9 0 0 0 

Sum: 0 Sum: 

Building Flow: 

Soil Conditions: Dry Delta: 

•H20WC 

VPMP-3 3.55 

VPMP-2S 0.29 

VPMP-2M 0 

VPMP-2D 

VPMP-1 S 1.1 

VPMP-1 M 2.325 

VPMP-1 D 

'~'pNorthS 0 

.DNorthM 0.095 

Flag: • = Measurement performed with Kurz meter 

Flow(cfm) 

0 
179 

183 

46 

183 

592 

559 

-33 

FLAG 



07/28/98 System on Zone 2 

-. .. ,,0 Press. (psi) Flow(fpm) Flow(cfm) FLAG WeiiiD Vac. ("Hg) Flow (fpm) 

AS-N10 0 0 0 EW-N7 -7.25 7050 

AS-N11 0 0 0 EW-N8 -5 6350 

AS-N12 0 0 0 EW-N9 -7.6 285 

AS-N13 0 0 0 EW-N10 -7.75 600 

AS-N14 0 0 0 ED-N1 0 2870 

AS-N15 0 0 0 ED-N2 0 3200 

AS-N16 0 0 0 ED-N3 -7.5 7 

AS-N17 0 0 0 ED-N4 0 2870 

AS-N18 0 0 0 EO-NS -4.4 2925 

AS-N19 0 0 0 ITRD-N7 -7.9 40 

AS-N20 0 0 0 ITRD-N9 -7.6 440 

AS-N21 0 0 0 

AS-N22 0 0 0 

AS-N23 0 0 0 

Sum: 0 Sum: 

Building Flow: 

Soil Conditions: Dry DeHa: 

"H20WC 

VPMP-3 0.185 

VPMP-2S 4.2 

-P-2M 0 

MP-20 

VPMP-1 S 0.63 

VPMP-1 M 0.27 

VPMP-1 D 

ITRD North S 0 

ITRD NorthM 12.5 

Flag: • = Measurement performed with Kurz meter 

Flow (cfrn) 

154 

139 

6 

13 

63 

70 

0 

63 

64 

10 

581 

545 

-36 

FLAG 



08/03/98 System on Zone 1 
AS Baseline 

.W.UIO Press. (psi) Flow (fpm) Flow(cfm) FLAG WeiiiD Vac. iHg) Flow (fpm) 

AS-N1 

AS-N2 

AS-N3 

AS-N4 

AS-N5 

AS-N6 

AS-N7 

AS-N8 

AS-N9 

Soil Conditions: 

VPMP-1 S 

VPMP-1 M 

VPMP-1 D 

VPMP-2S 

VPMP-2M 

VPMP-20 

.::~ 
VPMP-4M 

13.1 632 

12.6 2825 

12.4 600 

12 5500 

12.5 0 

11.5 1740 

11 0 
11 0 
12 1420 

Sum: 

Building Flow: 

DeHa: 

3 

15 

3 

30 

0 

9 

0 

0 
8 

69 

162 

93 

Flag: • =:= Measurement performed with Kurz meter 

EW-N1 

EW-N2 

EW-N3 

EW-N4 

EW-NS 

EW-N6 

Sum: 

Building Flow: 

DeHa: 

Flow(cfm) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

FLAG 



08/03/98 System on Zone 2 
AS Baseline 

• WeUID Press. (psi) Flow(fpm) Flow (cfm) FLAG WeiiiD Vac. rHg) Flow (fpm) 

AS-N10 

AS-N11 

AS-N12 

AS-N13 

AS-N14 

AS-N15 

AS-N16 

AS-N17 

AS-N18 

AS-N19 

AS-N20 · 

AS-N21 

AS-N22 

AS-N23 

Soil Conditions: 

•
--~MP-15 

MP-1 M 

VPMP-1 D 

VPMP-2S 

VPMP-2M 

VPMP-2 D 

VPMP-3 

VPMP-4S 

VPMP-4M 

13 4125 

13.1 1420 

13.3 0 

13.4" 1420 

0 0 

0 0 

0 0 

13.6 3160 

13.25 2450 

12.9 0 

12.6 0 

12.75 2250 

12.25 3475 

12.6 1270 

Sum: 

Building Flow: 

Delta: 

22 

8 

0 

8 

0 

0 

0 

17 

13 

0 

0 

12 

19 

7 

107 

142 

35 

Flag: • = Measurement performed with Kurz meter 

EW-N7 

EW-N8 

EW-N9 

EW-N10 

ED-N1 

ED-N2 

ED-N3 

ED-N4 

EO-NS 

ITRD-N7 

ITRD-N9 

Sum: 

Building Flow: 

Delta: 

Flow (cfm) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

FLAG 



08/04/98 ROI on Zone 1 

~~-------------------
.WeiiiO Vac. \Hg) Flow (fpm) 

EW-N3 -11 

Soil Conditions: Dry 

·H~WC 

VPMP-1 S 0 

VPMP-1 M 0 

VPMP-25 0 

VPMP-2M 0 

VPMP-20 0 



08/04/98 ROI on Zone 2 

... .OlD Vac. \Hg) "H20WC Flow(fpm) Flow (cfm) 

EW-N7 7 3.3 7175 157 

Soil Conditions: Dry 

Approx. Dist. (X, Y) in 

"H20WC feet from EW-N7 

EW-N2 0.13 151 

EW-N4 0.165 84 

EW-NS 0.14 138 

EW-N6 0.085 205 

EW-N8 1.8 74 

EW-N9 0.5 147 

EW-N10 0.115 170 

ED-N1 0 ? 

ED-N2 0.08 ? 

ED-N4 0 ? 

EO-NS 0.034 ? 

ITRD-N7 0.25 10 

ITRD-N9 0.9 160 

VPMP-1 S 0.46 115 

VPMP-1 M 0.17 115 

VPMP-25 3.4 40 

VPMP-2M 0 40 

~ 
MP-3 0.08 189 

MP-45 0 153 

VPMP-4M 0.03 153 

WeiiiD Vac. \Hg) "H20WC Flow(fpm) Flow (cfm) 

ED-N2 0 0.44 2610 57 

Soil Conditions: Dry 

"H20WC 

ITRD-N7 0.01 

ED-N1 0 

VPMP-1 S 0 

VPMP-2 S 0 



08/05/98 System on Zone 2 
Re-adjustment of wells following ROI 

.eiiiD Vac. ("Hg) •H20WC Flow(fpm) 

EW-N7 

EW-N8 

EW-N9 

EW-N10 

ED-N1 

ED-N2 

ED-N3 

ED-N4 

EO-NS 

ITRD-N7 

ITRD-N9 

Soil Conditions: Moderate to Dry 

.--.,\ 
AJMP-1 S 

,..MP-1M 

VPMP-1 D 

VPMP-2S 

VPMP-2M 

VPMP-20 

VPMP-3 

VPMP-4S 

VPMP-4M 

• 

• = Measurement not performed 

2.6 6375 

2.6 6375 

0 0 

0 

0.4 2500 

0.4 2500 

0 

0.4 2500 

0.4 2500 

0 

0.02 740 

Sum: 

Building Flow: 

Delta: 

Flow(cfm) 

139 

139 

0 

0 

55 
55 

0 

55 

55 

0 

16 

512 

535 

23 

08/05/98 Syste 
Re-adjustment Fo 

WeiiiD Vac. ("Hg) 

EW-N7 

EW-N8 

EW-N9 

EW-N10 

ED-N1 

ED-N2 

ED-N3 

ED-N4 

EO-NS 

ITRD-N7 

ITRD-N9 

Soil Conditions: Moderate to Dry 

VPMP-1 S 

VPMP-1 M 

VPMP-1 D 

VPMP-2 S 

VPMP-2M 

VPMP-2 D 

VPMP-3 

VPMP-4S 

VPMP-4M 

• = Measurement not performed 

.H20WC 

3 

3 

0 

0.36 

0.36 

0.36 

0.36 

0.02 

Buildin 



m on Zone 2 
allowing High Sys. Vac. 

a(fpm) Flow(cfm) 

6825 149 
6825 149 

0 0 

0 0 

2360 51 
2360 51 

0 0 

2360 51 
2360 51 

0 0 

560 12 

Sum: 516 
ng Flow: 542 

Delta: 26 



08/17/98 System on Zone 2 

~eUID Press. (psi) Flow(fpm) Flow(cfm) FLAG Well ID Vac. ("Hg) Flow (fpm) 

AS-t.10 0 0 0 EW-N7 -0.4 6100 

AS-N11 0 0 0 EW-N8 -4.8 6925 

AS-N12 0 0 0 EW-N9 -0.7 250 

AS-N13 0 0 0 EW-N10 -0.75 575 

AS-N14 0 0 0 ED-N1 0 2350 

AS-N15 0 0 0 ED-N2 0 2325 

AS-N16 0 0 0 ED-N3 -0.4 8 

AS-N17 0 0 0 ED-N4 0 2325 

AS-N18 0 0 0 EO-NS -2.5 2325 

AS-N19 0 0 0 ITRD-N7 0 

AS-N20 0 0 0 ITRD-N9 -0.6 650 

AS-N21 0 0 0 

AS-N22 0 0 0 

AS-N23 0 0 0 

Sum: 0 Sum: 

Building Flow: 

Soil Conditions: Dry Delta: 

Piezometer "H20WC 

VPMP-1 S 0.56 

VPMP-1 M 0.27 

~MP-10 
MP-2S 4.05 

MP-2M 0 
VPMP-20 

VPMP-3 0.16 

VPMP-4S 0 

VPMP-4M 9.5 

Flag: • = Measurement performed with Kurz meter 

Flow (cfm) 

133 

151 

5 

13 

51 

51 

0 

51 

51 

0 

14 

520 

532 

12 

FLAG 

NM 



System on Zone 1 

... diD 

AS-N1 

AS-N2 

AS-N3 

AS-N4 

AS-N5 

AS-N6 

AS-N7 

AS-N8 

AS-N9 

Soil Conditions: 

VPMP-1 S 

VPMP-1 M 

VPMP-1 D 

VPMP-2S 

VPMP-2M 

VPMP-20 

VPMP-3 
~-~ ...... 

•;::: 

Press. (psi) 

0 

0 

0 

0 

0 

0 

0 

0 
0 

Flow (fpm) Flow (cfm) 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

Sum: 0 

Flag: • • Measurement performed with Kurz meter 

FLAG WeiiiD Vac. ("Hg) Flow (fpm) 

EW-N1 

EW-N2 

EW-N3 

EW-N4 

EW-N5 

EW-N6 

Sum: 

Building Flow: 

Delta: 

Flow (cfm) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

FLAG 



09/01/98 System on Zone 2 

-diD Press. (psi) Flow (fpm) Flow (cfm) FLAG WeiiiD Vac. ("Hg) Flow (fpm) 

AS-N10 0 0 0 EW-N7 -7.2 8000 

AS-N11 0 0 0 EW-N8 -5.1 8000 

AS-N12 0 0 0 EW-N9 -12 425 

AS-N13 0 0 0 EW-N10 -12.4 760 

AS-N14 0 0 0 ED-N1 0 2150 

AS-N15 0 0 0 ED-N2 0 2150 

AS-N16 0 0 0 ED-NJ -11.75 4 

AS-N17 0 0 0 ED-N4 0 2150 

AS-N18 0 0 0 EO-NS -2.5 2150 

AS-N19 0 0 0 ITRD-N7 -11.75 1200 

AS-N20 0 0 0 ITRD-N9 -12 1180 

AS-N21 0 0 0 

AS-N22 0 0 0 

AS-N23 0 0 0 

Sum: 0 Sum: 

Building Flow: 

Soil Conditions: Dry Delta: 

•H20WC 

VPMP-1 S 0.52 

VPMP-1 M 0.31 
.... ...-,.,. 

0 .MP-10 
MP-2S 4.3 

VPMP-2M 0 

VPMP-20 0 

VPMP-3 0.26 

VPMP-4S 0 

VPMP-4M 5.5 

Flag: • = Measurement performed with Kurz meter 

Flow(cfm) 

175 

175 

9 

17 

47 

47 

0 

47 

47 

26 

26 

615 

551 

-64 

FLAG 



09/23/98 System on Zone 2 

.WeiiiD Press. (psi) Flow (fpm) Flow(cfm) FLAG WeiiiD Vac. ("'Hg) Flow(fpm) 

AS-N10 0 0 0 EW-N7 -7 noo 
AS-N11 0 0 0 EW-N8 -5 6380 

AS-N12 0 0 0 EW-N9 -11.6 220 

AS-N13 0 0 0 EW-N10 -11.9 1050 

AS-N14 0 0 0 ED-N1 0 2015 

AS-N15 0 0 0 ED-N2 0 2190 

AS-N16 0 0 0 ED-N3 -11.6 4 

AS-N17 0 0 0 ED-N4 0 2050 

AS-N18 0 0 0 EO-NS -2 2125 

AS-N19 0 0 0 ITRD-N7 -11.6 3600 

AS-N20 0 0 0 ITRD-N9 -11.75 685 

AS-N21 0 0 0 

AS-N22 0 0 0 

AS-N23 0 0 0 

Sum: 0 Sum: 

Building Flow: 

Soil Conditions: Moderate to Dry Delta: 

"H20WC 

VPMP-1 S 0.5 

VPMP-1 M 0.39 .MP-10 0 

MP-2S 4.1 

MP-2M 0 

VPMP-20 0 

VPMP-3 0.2 

VPMP-45 0 

VPMP-4M 9.6 

Flag: • = Measurement performed with Kurz meter 

Flow(cfm) 

168 

139 

5 

23 

44 

48 

0 

45 

46 

79 

15 

611 

565 

-46 

FLAG 



1 0/15/98 System on Zone 1 

~ 
.WeiiiD Press. (psi) Flow(fpm) Flow (cfm) FLAG WeiiiD Vac. ("Hg) Flow(fpm) Flow (cfm) FLAG 

AS-N1 0 0 0 EW-N1 -14.3 20 0 

AS-N2 0 0 0 EW-N2 0 7800 170 

AS-N3 0 0 0 EW-N3 -13.9 40 1 

AS-N4 0 0 0 EW-N4 -1.5 8100 1n 

A5-N5 0 0 0 EW-N5 -12.3 3475 76 

AS-N6 0 0 0 EW-N6 -3.6 8000 175 

AS-N7 0 0 0 

A5-N8 0 0 0 

AS-N9 0 0 0 

Sum: 0 Sum: 599 

Building Flow: 566 

Soil Conditions: Delta: -33 

"H20WC 

VPMP-1 S 1.8 

VPMP-1 M 2.5 

VPMP-1 D 0 

VPMP-2S 0.225 

VPMP-2M 0 

VPMP-20 0 

VPMP-3 2.7 •:=: 0 

0.24 

Flag: • = Measurement performed with Kurz meter 



1 0/12/98 System on Zone 2 

-. .. ,0 Press. (psi) Flow (fpm) Flow (cfm) FLAG WeiiiD Vac. ("Hg) Flow (fpm) Flow (cfm) FLAG 

AS-N10 0 0 0 EW-N7 -6.25 7300 159 

AS-N11 0 0 0 EW-NB -5 6350 139 

AS-N12 0 0 0 EW-N9 -11.6 290 6 

AS-N13 0 0 0 EW-N10 -11.9 1300 28 

AS-N14 0 0 0 ED-N1 0 2025 44 

AS-N15 0 0 0 ED-N2 0 2100 46 

AS-N16 0 0 0 ED-N3 -11.6 8800 5 

AS-N17 0 0 0 ED-N4 0 2075 45 

AS-N18 0 0 0 EO-NS -2.1 2125 46 

AS-N19 0 0 0 ITRD-N7 -12 3180 69 

AS-N20 0 0 0 ITRD-N9 11.75 680 15 

AS-N21 0 0 0 

AS-N22 0 0 0 

AS-N23 0 0 0 

Sum: 0 Sum: 603 

Building Flow: 562 

Soil Conditions: Delta: -41 

•H20WC 

VPMP-1 S 0.66 

VPMP-1 M 0.48 

.MP-10 0 

MP-25 4.1 

VPMP-2M 0 

VPMP-20 0 

VPMP-3. 0.28 

VPMP-45 0 

VPMP-4M 7 

Flag: • = Measurement performed with Kurz meter 



1 0/20/98 AS System on Zone 2 

.eiiiD Press. (psi) Flow (fpm) Flow(cfm) FLAG 

• -N10 8.1 1760 10 

AS-N11 9.2 1760 10 

AS-N12 8.9 6800 37 

AS-N13 9.1 1220 7 

AS-N14 off off 
AS-N15 off off 
AS-N16 off off 
AS-N17 8.5 2525 14 

AS-N18 9.5 1760 10 

AS-N19 9.3 1530 8 

AS-N20 8.4 5150 28 

AS-N21 9 8100 44 

AS-N22 8.25 6900 38 

AS-N23 9.25 970 5 

Sum: 210 

Building Flow: 324 

Delta: 114 



1 0/21/98 AS System on Zone 2 

.WeiiiO 

A5-N10 

A5-N11 

AS-N12 

A5-N13 

AS-N14 

AS-N15 

AS-N16 

AS-N17 

AS-N18 

A5-N19 

AS-N20 

AS-N21 

AS-N22 

AS-N23 

Sotl Conditions: 

•
,--,~.,MP-1 S 

MP-1 M 

VPMP-1 0 

VPMP-2 S 

VPMP-2M 

VPMP-20 

VPMP-3 
VPMP-4S 
VPMP-4M 

Press. (psi) Flow (fpm) Flow (cfm) 

5.2 700 3.81790n4 

5.5 3450 18.816831 

5.6 8700 47.451139 

8.9 560 3.05432619 

0 0 0 

0 0 0 

0 0 0 

8.1 1680 9.16297857 

8.7 3950 21.543908 

8.9 1480 8.07214n9 

8 4700 25.6345234 

8 8150 44.4513544 

7.5 4350 23.7255695 

8.4 0 0 

Sum: 205.730686 

Building Flow: 368 

Delta: 162 

Flag: • = Measurement performed with Kurz meter 

• 

FLAG WeiiiD Vac. ("Hg) Flow (fpm) 

EW-N7 

EW-N8 

EW-N9 

EW-N10 

ED-N1 

ED-N2 

ED-N3 

ED-N4 

EO-NS 

ITRD-N7 

ITRD-N9 

Sum: 

Building Flow: 

Delta: 

Flow(cfm) FLAG 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



System on Zone 1 

... ~;o 
AS-N1 

AS-N2 

AS-N3 

AS-N4 

AS-NS 

AS-N6 

AS-N7 

AS-N8 

AS-N9 

Soil Conditions: 

VPMP-1 S 

VPMP-1 M 

VPMP-1 D 

VPMP-2S 

VPMP-2M 

VPMP-20 

VPMP-3 

tJ::: 

Press. (psi) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Flow(fpm) Flow (cfm) 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

Sum: 0 

Flag: • .. Measurement performed with Kurz meter 

FLAG WeiiiD Vac. ("Hg) Flow(fpm) 

EW-N1 0 0 

EW-N2 0 0 

EW-N3 0 0 

EW-N4 0 0 

EW-NS 0 0 

EW-N6 0 0 

Sum: 

Building Flow: 

Delta: 

Flow (cfm) 

0 

0 

0 

0 

.0 

0 

0 

0 

0 

FLAG 



11/25/98 System on Zone 2 

---~10 Press. (psi) Flow (fpm) Flow(cfm) 

AS-N10 (\ 0 0 

AS-N11 0 0 0 

AS-N12 0 0 0 

AS-N13 0 0 0 

AS-N14 0 0 0 

AS-N15 0 0 0 

AS-N16 0 0 0 

AS-N17 0 0 0 

AS-N18 0 0 0 

AS-N19 0 0 0 

AS-N20 0 0 0 

AS-N21 0 0 0 

AS-N22 0 0 0 

AS-N23 0 0 0 

Sum: 0 

Soil Conditions: Dry 

.H20WC 

VPMP-1 S 0.58 

VPMP-1 M 0.38 

.MP-10 0 

MP-2S 3.9 

VPMP-2M 0 

VPMP-20 0 

VPMP-3. 0.21 

VPMP-4S 0 

VPMP-4M 20 

Flag: • = Measurement performed with Kurz meter 

Note: Building Flow from Telog 

FLAG WeiiiO Vac. ("Hg) Flow (fpm) 

EW-N7 -5.8 5850 
EW-N8 -4.5 5300 

EW-N9 -9.3 325 

EW-N10 -9.5 1050 

ED-N1 0 1880 

ED-N2 0 1700 

ED-N3 -9.5 0 

EO-N4 0 1960 

EO-NS 0 1260 

ITRD-N7 -9.5 2480 

ITRD-N9 -9.8 1280 

Sum: 

Building Flow: 

Delta: 

Flowlcfm) 

128 

116 

7 

23 

41 

37 

0 

43 

27 

54 

28 

504 

518 

14 

FLAG 



System on Zone 1 
Barometric Pressure = 

.WeiiiD 

Temprature = 

Press. (psi) Mag. Rdg. 

AS-N1 0 

AS-N2 0 

AS-N3 0 

AS-N4 0 

AS-N5 0 

AS-N6 0 

AS-N7 0 

AS-N8 0 

AS-N9 0 

Building Flow: 

Soil Conditions: 

VPMP-1 S 

VPMP-1 M 

VPMP-1 D 

VPMP-25 

VPMP-2M 

"'.::~MP-20 
~MP-3 
~MP-45 

VPMP-4M 

30 

55 

Flow(fpm) 

0 

0 
0 

0 

0 

0 

0 

0 

0 

Sum: 

Delta: 

Flag: • = Measurement performed with Kurz meter 

Flow (cfm) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

FLAG WeiiiD Vac. ("Hg) Mag. Rdg. 

EW-N1 0 

EW-N2 0 

EW-N3 0 

EW-N4 0 

EW-N5 0 

EW-N6 0 

Building Flow: 

Flow (fpm) 

0 

0 

0 

0 
0 

0 

Sum: 

Delta: 

Flow(cfm) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

FLAG 



12/30/98 System on Zone 2 
Barometric Pressure = 30.16 

Q Temprature = 55 

.eiiiO Press. (psi) Mag. Rdg. Flow (fpm) 

AS-N10 0 0 

AS-N11 0 0 

AS-N12 0 0 

AS-N13 0 0 

AS-N14 0 0 

AS-N15 0 0 

AS-N16 0 0 

AS-N17 0 0 

AS-N18 0 0 

AS-N19 0 0 

AS-N20 0 0 

AS-N21 0 0 

AS-N22 0 0 

AS-N23 0 0 

Sum: 

Building Flow: 

Delta: 

Soil Conditions: 

"H20WC 

·:·~MP-1 S 0.66 

.MP-1M 0.46 

MP-1 0 0 

VPMP-2S 3.8 

VPMP-2M 0 

VPMP-20 0 

VPMP-3 0.28 

VPMP-4S 0.045 

VPMP-4M >20 

Flag: • = Measurement performed with Kurz meter 

Flow (cfm) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

FLAG 

Note: SVE Mag readings could be in error due to below freezing outdoor temp. 

i 

WeiiiD .Vac. ("Hg) 

EW-N7 -6.8 

EW-N8 -5.2 

EW-N9 -10.5 

EW-N10 -10.4 

ED-N1 0 

ED-N2 0 

ED-N3 -10.3 

ED-N4 0 

EO-NS -1.5 

ITRD-N7 -10.4 

ITRD-N9 -10.4 

Mag. Rdg. Flow (fpm) 

1 3935 

1.8 5280 

280 

1175 

0.22 1846 

0.1 1244 

0 

0.1 1244 

0.22 1846 

3100 

0.065 "' 1003 

Sum: 

Building Flow: 

Delta: 

Flow (cfm) 

86 
115 

6 

26 

40 

27 

0 

27 

40 

68 

22 

457 

525 

68 

FLAG 



• 

• 

• 

Mound OU-1 Air Sparging/High Vacuum Soil Vapor Extraction 
Innovative Technology Remediation Demonstration Project 

Static Soil Gas Monitoring Report- Time Zero (To) 

INTRODUCTION 

The amount of volatile organic compowuis (VOCs) contamination in the unsaturated zone at the Mound OU-1 Environmental 
Restoration site is being measured under both static and dynamic extraction conditions. Point measurements at each soil 
vapor extraction (SVE) well under static conditions will show how much contamination is present at each location. Localized 
areas of high and low contamination can be used to assess the value of each extraction well in relation to the system wide 
removal of VOCs. Quarterly static soil gas measurements are planned to track the mass removal near each extraction well 
(ITRD, 1997). 

SAMPLING AND ANALYSIS METHODS 

The sampling methods were designed to obtain soil vapors from the formation in the area adjacent to each screened interval. 
A small portable rotary vane vacuum pump was connected to each sampling location and the air volume of the well was 
purged for about 5 minutes. A 4liter Summa canister was then connected to the purge line and allowed to fill over about a 1-
2 minute period. Samples were collected on November II and 12, 1997. Table I shows which wells were sampled and 
included: soil vapor extraction wells, French drain vapor extraction wells, ITRD pilot test vapor extraction wells, vadose 
zone piezometers, and soil gas samples from groundwater monitoring wells west of the Conrail railroad tracks. These 
groundwater monitoring wells had screened intervals that reached into soils above the current groundwater surface. Figure 1 
shows the locations of these monitoring points at the Mound OU-1 site. 

Table I. Time Zero Soil Gas Sampling Locations 

----·-·~!!!E.P.!E .. h~.~.!.i_?.~·--·-··········-····-············································-·······-···.J?.~~E!!P.!!~.!! .................... ·-······-······-····-··-······ 
EW-NI 
EW-N2 
EW-N3 
EW-N4 
EW-NS 
EW-N6 
EW-N7 
EW-N8 
EW-N9 

EW-NIO 
EW-ITRD-N7 
EW-ITRD-N9 

ED-I 
ED-2 
ED-3 
ED-4 
ED-5 

VP-MP2 
VP-MP3M 
VP-MP3D 
VP-MP4S 
VP-MP4M 

0388 
0376 
0377 

SVE Extraction Well Nl 
SVE Extraction Well N2 
SVE Extraction Well N3 
SVE Extraction Well N4 
SVE Extraction Well NS 
SVE Extraction Well N6 
SVE Extraction Well N7 
SVE Extraction Well N8 
SVE Extraction Well N9 
SVE Extraction Well NIO 

Pilot Test Well Near EW-N7 
Pilot Test Well Near EW-N9 

French Drain I 
French Drain 2 
French Drain 3 
French Drain 4 
French Drain S 

Vadose Zone Piezometer No.2 
Vadose Zone Piezometer No. 3, Middle 
Vadose Zone Piezometer No. 3, Deep 

Vadose Zone Piezometer No.4, Shallow 
Vadose Zone Piezometer No.4, Middle 

Groundwater Monitoring Well 0388 
Groundwater Monitoring Well 0376 
Groundwater Monitoring Well 0377 

The soil gas samples were analyzed by EPA Compendium Method T0-14 (Winberry, et al. 1988). This method quantifies 
forty-nine (49) volatile organic compounds by gas chromatography/mass spectroscopy . 

03/0S/98 Static Soil Gas Monitoring Report- lune Zero (To) 
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• RESULTS 

Table 2 shows the results of only the detected compounds from each sampling location. 

Table 2. Individual Well Summa!! Anal~tical Data - Detected Com~unds Onl~ 

Location Chemical Result (ppb,v/v) Qualifier 

0388 Di chlorodi fl uoromethane 0.8 J 
1,1 ,2-Trichloro-1 ,2,2-trifluoroethane 340 

Methylene chloride 2 

1,1,1-Trichloroethane 19 

Carbon tetrachloride 2.1 

Trichloroethene 3.5 

Tetrachloroethene 2.7 

0376 Dichlorodi fl uoromethane 0.72 J 

T ri chlorofl uoromethane 6.6 

Carbon disulfide 1.2 J 

1,1,2-Trichloro-1 ,2,2-trifluoroethane 360 

Methylene chloride 1.9 J 

1,1,1-Trichloroethane 19 

Trichloroethene 3.2 

Tetrachloroethene 6.3 

0377 T richlorofl uoromethane 17 

1,1,2-Trichloro-1 ,2,2-trifluoroethane 110 

Methylene chloride 5.4 JB .--4- .. _ 
1,1,1-Trichloroethane 940 • Trichloroethene II 

Tetrachloroethene 9.3 

EW-Nl Dichlorodifluoromethane 0.46 J 

Carbon disulfide 3.7 J 

1,1,2-Trichloro-1 ,2,2-trifluoroethane 4.4 

Acetone 4.1 J 

Methylene chloride 1.2 J 

Chloroform I J 

EW-N2 Trichlorofluoromethane 12 J 

1,1,2-Trichloro-1 ,2,2-trifluoroethane 410 

trans- I ,2-Dichloroethene 460 

cis-! ,2-Dichloroethene 760 

Chloroform 120 

Carbon tetrachloride 35 J 

Trichloroethene 5100 

Toulene 66 

T etrachloroethene 2500 

Ethyl benzene 23 J 
Xylenes (total) 140 

4-Ethyltol uene 50 J 
I ,3,5-Trimethylbenzene 22 J 

I ,2,4-Trimethylbenzene 61 

• EW-N3 Dichlorodi fl uorornethane 0.48 J 

Methylene chloride 1.3 J 

Benzene 2.4 

Trichloroethene 0.88 J 

03/0S/98 3 Static Soil Gas Monitoring Report -Time Zero (To) 



Location Chemical Result (ppb, v/v) Qualifier 

• Toluene 3.3 

Tetrachloroethene 1.2 J 
Ethyl benzene 0.56 J 

VP-MP3D Chloromethane 2.7 J 

Vinyl chloride 13 

1,1,2-Trichloro-1 ,2,2-trifluoroethane 0.82 J 
Methylene chloride JB 
trans- I ,2-dichloroethene 1.2 J 
cis-1,2-dichloroethene 140 

Trichloroethene 10 

Toluene 1.2 J 
Tetrachloroethene 2.6 

EW-N4 Dichlorodi tl uoromethane 23 

Vinyl chloride 410 

Trichlorotluoromethane 2 J 
1,1,2-Trichloro-1 ,2,2-trifluoroethane 85 

Methylene chloride 7.5 JB 
trans- I ,2-Dichloroethene so 
cis-1,2-Dichloroethene 220 

Chloroform 35 

Carbon tetrachloride 5.8 J 
Trichloroethene 920 

Toluene 6.8 J 

• 
Tetrachloroethene 420 

EW-NS Vinyl chloride 2300 

Methylene chloride 120 JB 
cis-1,2-Dichloroethene 16000 

Benzene 180 J 
Trichloroethene 780 

Tetrachloroethene 230 

EW-N6 Dichlorodi tl uoromethane 400 

Trichlorotluoromethane 120 

1,1,2-Trichloro-1 ,2,2-tritl uoroethane 1200 

Acetone 100 J 
Methylene chloride 14 JB 
cis-1,2-Dichloroethene 290 

Chloroform 40 

Benzene 24 

Trichloroethene 2800 

Tetrachloroethene 80 

VP-MP2 Dichlorodi t1 uoromethane 35 

Vinyl chloride 170 

Trichlorofluoromethane 7.4 

1,1 ,2-Trichloro-1 ,2,2-tritluoroethane 120 

Methylene chloride 5 
trans- I ,2-Dichloroethene 17 

• 
cis-1,2-Dichloroethene 460 

Chloroform 3.1 J 
Benzene 30 

Trichloroethene 260 
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Location Chemical Result (ppb,v/v) Qualifier 

• Toluene 6.6 

Tetrachloroethene 14 

Ethyibenzene 240 

Xylenes (total) IS 

1 ,2,4· Trimethylbenzene 1.3 J 

ED-1 Dichlorodi fl uoromethane 4.8 

Vinyl chloride 3.5 

Carbon disulfide 1.1 J 

1,1 ,2-Trichloro-1 ,2,2-trifluoroethane 7.3 

trans-1 ,2-Dichloroethene 5.1 

cis-1,2-Dichloroethene 150 

Chloroform 1.8 J 

Trichloroethene 33 

Tetrachloroethene 3 

ED-2 Dichlorodi fl uoromethane 0.46 J 

Vinyl chloride 14 

Carbon disulfide I 

Acetone 6.6 J 

Methylene chloride 1.2 J 

trans-! ,2-Dichloroethene 1.2 J 

cis-1,2-Dichloroethene 190 

Benzene 0.42 J 

Trichloroethene 7.8 

..... ~ ... Tetrachloroethene 1.7 J - ED-3 Di chlorodi tl uoromethane 35 

Vinyl chloride 370 D 

1,1· Dichloroethene 30 

Carbon disulfide 0.74 J 

1,1,2-Trichloro-1 ,2,2-trifluoroethane 23 

Acetone 20 

Methylene chloride 2.2 

trans-! ,2-Dichloroethene 4.1 

cis-1,2-Dichloroethene 96 

Chloroform 0.67 J 

Benzene 2.5 

Trichloroethene 41 

Bromodichloromethane 0.29 J 

4-Methyl1-2-pentanone 1.6 ] 

Tetrachloroethene 5.2 

ED-4 Dichlorodi fl uoromethane 4 

I ,2-Dichloro-1,1,2,2-tetrafl uoroethane 0.41 J 

Vinyl chloride 6 

Carbon disulfide 1.8 J 

Methylene chloride 2.1 

cis-1,2-Dichloroethene 15 

Chloroform 1.3 ] 

.~...-:-~~ Trichloroethene 2.7 .:. Tetrachloroethene 1.4 J 
J 

Ethyl benzene 0.65 J 

ED-5 Dichlorodi fl uoromethane 27 
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Location Chemical Result (ppb, v/v) Qualifier 

• Vinyl chloride 39 

Chloroethane 7.8 

1,1-Dichloroethene 1.4 J 
Carbon disulfide 1.2 J 
1,1 ,2-Trichloro-1 ,2,2-trifl uoroethane 4 

Acetone 24 

Methylene chloride 2.5 
·:-. 

1,1-Dichloroethene 3.2 

Vinyl acetate 1.4 J 
cis-1,2-Dichloroethene 12 

Chloroform l.l J 
1,1,1-Trichloroethane 0.54 J 
Benzene 3.1 

Trichloroethene 5 
Toluene 1.6 J 
Tetrachloroethene 2.5 
Dibromochloromethane 0.38 J 
Chlorobenzene 1.7 J 
Ethyl benzene 1.2 J 
Xylenes (total) 5 

EW-N7 Dichlorodi tl uoromethane 36000 

Vinyl chloride 1600000 D 

1,1-Dichloroethene 25000 

,...,....,. . 1,1,2-Trichloro-1 ,2,2-trilluoroethane 140000 

• Methylene chloride 28000 B 
trans-! ,2-Dichloroethene 19000 

cis-! ,2-Dichloroethene 3700000 

Chloroform 8000 J 
Benzene 16000 J 
Trichloroethene 2800000 

Toluene 2000000 

Tetrachloroethene 75000 

Ethyl benzene 4200 1 
Xylenes (total) 12000 J 

EW-N8 Dichlorodi 11 uoromethane 260 

Vinyl chloride 1400 

Chloroethane 59 J 
Methylene chloride 24 J 
trans- I ,2-Dichloroethene 22 J 
I, I -Dichloroethene 270 

cis-1,2-Dichloroethene 1300 

Benzene 6000 

Trichloroethene 2500 
Toluene 4400 

Tetrachloroethene 180 

Ethyl benzene 120 

Xylenes (total) 210 

• I ,3,5-Trimethylbenzene IS J \ 
I 

I ,2,4-Trimethylbenzene 37 J 

EW-ITRD-N7 Dichlorodi fl uoromethane 37 

Vinyl chloride 490 
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Location Chemical Result (ppb,v/v) Qualifier 

• 1,1,2-Trichloro-1,2,2-trifluoroethane ISO 

cis-1,2-Dichloroethene 1900 

Benzene 10 1 
Trichloroethene 1900 

Toluene 3000 

Tetrachloroethene 150 

Xylenes (total) 57 

4-Ethyltol uene 7.8 1 

I ,2,4-Trimethylbenzene II 1 

EW-N9 Trichlorofluoromethane 42 1 

Methylene chloride 120 1B 
cis-1,2· Di chi oroethene 4400 

Trichloroethene 8500 

Toluene 13000 

Tetrachloroethene 580 

Ethyl benzene 62 1 
Xylenes (total) 220 

EW-ITRD-N9 Dichlorodi fl uoromethane 1600 

Vinyl chloride 10000 

Trichlorotluoromethane 470 

1,1-Dichloroethene 210 

1,1,2-Trichloro-1 ,2,2-tritluoroethane 4400 

Methylene chloride 140 1B 

-- cis-1,2-Dichloroethene 19000 

• Chloroform 2600' 

Benzene 79 1 
Trichloroethene 16000 

Toluene 5000 

Tetrachloroethene 13000 

Ethyl benzene 65 1 
Xylenes (total) 160 1 

EW-N10 Dichlorodi tl uoromethane 38 

Vinyl chloride 67 

Trichlorofluoromethane 160 

1,1 ,2-Trichloro-1 ,2,2-tritluoroethane 250 

Methylene chloride 26 1B 
cisi-1 ,2-Dichloroethene 1900 

Chloroform 12 1 
·Benzene 15 1 
T ri chi oroethene 2700 

Toluene 2900 

Tetrachloroethene 160 

Ethyl benzene 9.4 1 
Xylenes (total) 26 ] 

VP-MP-3M cis-1,2-dichloroethene 4000 

Benzene 25 ] 

·-==~··~, . Trichloroethene 6800 • , Toluene 9300 ! 

Tetrachloroethene 450 

Ethyl benzene 28 1 
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Location Chemical Result (ppb,v/v) 

VP-MP-4S 

Xylenes (total) 

Dichlorodi tl uoromethane 

Vinyl chloride 

1,1,2-Trichloro-1 ,2,2-tritluoroethane 

Methylene chloride 

trans- I ,2-Dichloroethene 

cis- I ,2-Dichloroethene 

Chloroform 

Trichloroethene 

Toluene 

Tetrachloroethene 

Xylenes (total) 

VP-MP-4M 1,1,2-Trichloro-1 ,2,2-trifl uoroethane 

Methylene chloride 

trans-! ,2-Dichloroethene 

cis-1,2-Dichloroethene 

Chloroform 

Carbon tetrachloride 

Trichloroethene 

Toluene 

Tetrachloroethene 

J - Result is detected below the reporting limit or is an estimated concentration. 
8- Compound is also detected in the blank. 

0-Compound quantitated using a secondary dillution. 

DISCUSSION 

120 

160 

90 

1100 

23 

470 

1600 

26 

2700 

780 

2400 

14 

760 

110 

930 

3000 

240 

50 

13000 

540 

4300 

Qualifier 

JB 

] 

] 

JB 

] 

Table 2 shows that most of the concentrations are fairly low with values in the tens of parts per million (ppm). However, 
Extraction Well N7 showed values in the thousands of ppm. Interestingly, Extraction Well ITRD N7, which is located very 
close to EW -N7, showed values more typical of the rest of the site. This extreme variability over close ranges re-emphasizes 
the difficulty of estimating the total mass of contaminant over the entire site. Table 3 shows a sorting of the data in Table 2 
by each detected compound showing the range of concentrations found for each compound. 

Table 3. Compound Concentration by Monitoring Location 
Location Chemical Result (ppb,v/v) Qualifier 

0377 1,1,1-Trichloroethane 940 

0388 1,1,1-Trichloroethane 19 

0376 1,1,1-Trichloroethane 19 

ED-5 1,1,1-Trichloroethane 0.54 ] 

EW-N7 1,1,2-Trichloro-1 ,2,2-trifl uoroethane 140000 

EW-ITRD-N9 1,1,2-Trichloro-1 ,2,2-trifluoroethane 4400 

EW-N6 1,1,2-Trichloro-1 ,2,2-tri tl uoroethane 1200 

VP-MP-4S 1,1,2-Trichloro-1 ,2,2-trilluoroethane · 1100 

VP-MP-4M 1.1,2-Trichloro-1,2,2-trifluoroethane 760 

EW-N2 I, I ,2-Trichloro-1 ,2,2-trill uoroethane 410 

0376 1,1,2-Trichloro-1 ,2,2-trifluoroethane 360 

0388 1,1,2-Trichloro-1 ,2,2-trill uoroethane 340 

EW-NIO 1,1,2-Trichloro-1 ,2,2-trill uoroethane 250 

EW-ITRD-N7 1,1 ,2-Trichloro-1 ,2,2-tritl uoroethane 150 

VP-MP2 1,1,2-Trichloro-1 ,2,2-trilluoroethane 120 
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Location Chemical Result (ppb,v/v) Qualifier 

• 0377 1,1 ,2-Trichloro-1 ,2,2-trifluoroethane 110 

EW-N4 1,1 ,2-Trichloro-1 ,2,2-trifluoroethane 85 

ED-3 1,1,2-Trichloro-1 ,2,2-trifluoroethane 23 

ED-I 1,1 ,2-Trichloro-1 ,2,2-trifl uoroethane 7.3 

EW-N1 1,1,2-Trichloro-1 ,2,2-trifluoroethane 4.4 

ED-5 1,1 ,2-Trichloro-1 ,2,2-trifluoroethane 4 

VP-MP3D 1,1,2-Trichloro-1 ,2,2-trifluoroethane 0.82 J 
EW-N7 1,1-Dichloroethene 25000 

EW-N8 1,1-Dichloroethene 270 

EW-ITRD-N9 1,1-Dichloroethene 210 

ED-3 1,1-Dichloroethene 30 

ED-5 1,1-Dichloroethene 3.2 

ED-5 1,1-Dichloroethene 1.4 J 
EW-N2 I ,2,4-Trimethylbenzene 61 

EW-N8 I ,2,4-Trimethylbenzene 37 ] 

EW-ITRD-N7 1,2,4-Trimethylbenzene II J 

VP-MP2 I ,2.4-Trimethylbenzene 1.3 J 
ED-4 1 ,2-Dichloro-1,1,2,2-tetrafl uoroethane 0.41 J 

EW-N2 1,3,5-Trimethylbenzene 22 J 
EW-N8 1 ,3,5-Trimethylbenzene IS J 
EW-N2 4-Ethyltoluene · 50 J 

EW-ITRD-N7 4-Ethyltoluene 7.8 J 
ED-3 4-Methyll-2-pentanone 1.6 J 

• EW-N6 Acetone 100 J 
ED-5 Acetone 24 

ED-3 Acetone 20 

ED-2 Acetone 6.6 J 
EW-N1 Acetone 4.1 J 
EW-N7 Benzene 16000 J 
EW-N8 Benzene 6000 

EW-N5 Benzene 180 J 
EW-ITRD-N9 Benzene 79 ] 

VP-MP2 Benzene 30 

VP-MP-3M Benzene 25 J 

EW-N6 Benzene 24 

EW-N10 Benzene IS ] 

EW-ITRD-N7 Benzene 10 ] 

ED-5 Benzene 3.1 

ED-3 Benzene 2.5 

EW-N3 Benzene 2.4 

ED-2 Benzene 0.42 J 
ED-3 Bromodichloromethane 0.29 J 

EW-N1 Carbon disulfide 3.7 J 

ED-4 Carbon disulfide 1.8 ] 

0376 Carbon disulfide 1.2 J 
ED-5 Carbon disulfide 1.2 ] 

• ED-I Carbon disulfide 1.1 ] 
., 

ED-2 Carbon disulfide :} 
ED-3 Carbon disulfide 0.74 ] 

VP-MP-4M Carbon tetrachloride 50 J 
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Location Chemical Result (ppb,v/v) Qualifier 

• EW-N2 Carbon tetrachloride 35 ] 

EW-N4 Carbon tetrachloride 5.8 ] 

0388 Carbon tetrachloride 2.1 

ED-5 Chlorobenzene 1.7 ] 

EW-N8 Chloroeth:me 59 ] 

ED-5 Chloroc:thane 7.8 

EW-N7 Chloroform 8000 ] 

EW-ITRD-N9 Chloroform 2600 

VP-MP-4M Chloroform 240 

EW-}IJ2 Chloroform 120 

EW-N6 Chloroform 40 

EW-N4 Chloroform 35 

VP-MP-4S Chloroform 26 ] 

EW-N10 Chloroform 12 ] 

VP-MP2 Chloroform 3.1 ] 

ED-I Chloroform 1.8 ] 

ED-4 Chloroform 1.3 ] 

ED-5 Chloroform 1.1 ] 

EW-NI Chloroform I ] 

ED-3 Chloroform 0.67 ] 

VP-MP3D Chloromethane 2.7 ] 

EW-N7 cis-1,2-Dichloroethene 3700000 

EW-ITRD-N9 cis-1,2-Dichloroethene 19000 

• EW-NS cis-1,2-Di chi oroethene 16000 

EW-N9 cis-1,2-Di chi oroethene 4400 

VP-MP-3M cis-1,2-Dichloroethene 4000 

VP-MP-4M cis-1,2-Dichloroethene 3000 

EW-ITRD-N7 cis- I ,2-Dichloroethene 1900 

VP-MP-4S cis-1,2-Dichloroethene 1600 

EW-N8 cis- I ,2-Dichloroethene 1300 

EW-N2 cis-1,2-Dichloroethene 760 

VP-MP2 cis-1,2-Dichloroethene 460 

EW-N6 cis-1,2-Dichloroethene 290 

EW-N4 cis-1,2-Dichloroethene 220 

ED-2 cis-1,2-Dichloroethene 190 

ED-I cis-1,2-Dichloroethene ISO 

VP-MP3D cis-1,2-Dichloroethene 140 

ED-3 cis-1,2-Dichloroethene 96 

ED-4 cis-1,2-Dichloroethene 15 
ED-5 cis-1,2-Dichloroethene 12 

EW-NIO cisi-1 ,2-Dichloroethene 1900 

ED-S Dibromochlotomethane 0.38 ] 

EW-N7 Dichlorodi tl uoromethane 36000 

EW-ITRD-N9 Dichlorodi tl uoromethane 1600 

EW-N6 Dichlorodi tl uoromethane 400 

EW-N8 Dichlorodi tl uoromethane 260 .; VP-MP-4S Dichlorodi 11 uoromethane 160 

EW-NIO Dichlorodi 11 uoromethane 38 

EW-ITRD-N7 Dichlorodi tl uoromethane 37 

VP-MP2 Dichlorodi fl uoromethane 35 
ED-3 Di chlorodi tl uoromethane 35 
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Location Chemical Result (ppb, v/v) Qualifier 

• ED-5 Dichlorodi fl uorornethane 27 

EW-N4 Dichlorodi fl uorornethane 23 

!'20-1 Dichlorodi fl uoromethane 4.8 

ED-4 Dichlorodi fl uoromethane 4 

0388 Dichlorodi fl uoromethane 0.8 J 
0376 Dichlorodi fl uoromethane 0.72 J 

EW-N3 Di chlorodi fl uoromethane 0.48 J 

EW-NI Dichlorodi 11 uorornethane 0.46 J 

ED-2 Dichlorodi fl uoromethane 0.46 J 

EW-N7 Ethyl benzene 4200 J 

VP-MP2 Ethyl benzene 240 

EW-N8 Ethyl benzene 120 

EW-ITRD-N9 Ethyl benzene 65 J 
EW-N9 Ethyl benzene 62 J 

VP-MP-3M Ethyl benzene 28 J 
EW-N2 Ethyl benzene 23 J 

EW-NIO Ethyl benzene 9.4 J 
ED-5 Ethyl benzene 1.2 J 
ED-4 Ethyl benzene 0.65 J 

EW-N3 Ethyl benzene 0.56 J 
EW-N7 Methylene chloride 28000 B 

EW-ITRD-N9 Methylene chloride 140 JB 

EW-N5 Methylene chloride 120 JB 
....,...,._ EW-N9 Methylene c.hloride 120 JB • VP-MP-4M Methylene chloride 110 JB 

EW-NIO Methylene chloride 26 JB 

EW-N8 Methylene chloride 24 J 
VP-MP-4S Methylene chloride 23 JB 

EW-N6 Methylene chloride 14 JB 

EW-N4 Methylene chloride 7.5 JB 

0377 Methylene chloride 5.4 JB 

VP-MP2 Methylene chloride 5 
ED-5 Methylene chloride 2.5 

ED-3 Methylene chloride 2.2 

ED-4 Methylene chloride 2.1 

0388 Methylene chloride 2 

0376 Methylene chloride 1.9 J 
EW-N3 Methylene chloride 1.3 J 
EW-Nl Methylene chloride 1.2 J 

ED-2 Methylene chloride 1.2 J 
VP-MP3D Methylene chloride JB 

EW-N7 T etrac hloroethene 75000 

EW-ITRD-N9 Tetrachloroethene 13000 

VP-MP-4M Tetrachloroethene 4300 

EW-N2 Tetrachloroethene 2500 

VP-MP-4S Tetrachloroethene 2400 

• 
EW-N9 Tetrachloroethene 580 

VP-MP-3M Tetrachloroethene 450 

EW-N4 Tetrachloroethene 420 

EW-N5 Tetrachloroethene 230 
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Location Chemical Result (ppb, v/v) Qualifier 

• EW-N8 Tetrachloroethene 180 

EW-NIO Tetrachloroethene 160 

EW-ITRD-N7 Tetrachloroethene ISO 

EW-N6 Tetrachloroethene 80 

VP-MP2 Tetrachloroethene 14 

0377 Tetrachloroethene 9.3 

0376 Tetrachloroethene 6.3 

ED-3 T etrachloroethene 5.2 

ED-I Tetrachloroethene 3 

0388 Tetrachloroethene 2.7 

VP-MP3D Tetrachloroethene 2.6 

ED-S Tetrachloroethene 2.5 

ED-2 Tetrachloroethene 1.7 ] 

ED-4 Tetrachloroethene 1.4 ] 

EW-N3 Tetrachloroethene 1.2 ] 

EW-N7 Toluene 2000000 

EW-N9 Toluene 13000 

VP-MP-3M Toluene 9300 

EW-ITRD-'N9 Toluene 5000 

EW-N8 Toluene 4400 

EW-ITRD-N7 Toluene 3000 

EW-NIO Toluene 2900 

VP-MP-4S Toluene 780 

• VP-MP-4M Toluene 540 

EW-N2 Toluene 66 

EW-N4 Toluene 6.8 ] 

VP-MP2 Toluene 6.6 

EW-N3 Toluene 3.3 

ED-5 Toluene 1.6 ] 

VP-MP3D Toluene 1.2 ] 

EW-N7 trans-! ,2-Dichloroethene 19000 

VP-MP-4M trans-! ,2-Dichloroethene 930 

VP-MP-4S trans-! ,2-Dichloroethene 470 

EW-N2 trans-! ,2-Dichloroethene 460 

EW-N4 trans-! ,2-Dichloroethene 50 
EW-N8 trans-! ,2-Dichloroethene 22 ] 

VP-MP2 trans-! ,2-Dichloroethene 17 

ED-I trans-! ,2-Dichloroethene 5.1 

ED-3 trans-! ,2-Dichloroethene 4.1 

VP-MP3D trans-! ,2-Dichloroethene 1.2 ] 

ED-2 trans-! ,2-Dichloroethene 1.2 ] 

EW-N7 Trichloroethene 2800000 

EW-ITRD-N9 Trichloroethene 16000 

VP-MP-4M Trichloroethene 13000 

EW-N9 Trichloroethene 8500 

VP-MP-3M Trichloroethene 6800 

EW-N2 Trichloroethene 5100 ., EW-N6 Trichloroethene 2800 

EW-NIO Trichloroethene 2700 

VP-MP-4S Trichloroethene 2700 

03/0S/98 12 Static Soil Gas Monitoring Report -Time Zero (To) 



Location Chemical Result (ppb,v/v) Qualifier 

• EW-N8 Trichloroethene 2500 

EW-ITRD-N7 Trichloroethene 1900 

EW-N4 Trichloroethene 920 

EW-NS Trichloroethene 780 

VP-MP2 Trichloroethene 260 

ED-3 Trichloroethene 41 

ED-I Trichloroethene 33 

0377 Trichloroethene II 

VP-MP3D Trichloroethene 10 

ED-2 Trichloroethene 7.8 

ED-5 Trichloroethene s 
0388 Trichloroethene J.S 

0376 Trichloroethene 3.2 

ED-4 Trichloroethene 2.7 

EW-N3. Trichloroethene 0.88 J 
EW-ITRD-N9 Trichlorotl uoromethane 470 

EW-NIO Trichlorotluoromethane 160 

EW-N6 Trichlorotluoromethane 120 

EW-N9 Trichlorotluoromethane 42 1 
0377 Trichlorofl uoromethane 17 

EW-N2 Trichlorofl uoromethane 12 1 
VP-MP2 Trichlorofluoromethane 7.4 

0376 Trichlorofl uoromethane 6.6 

• EW-N4 Trichlorofl uoromethane 2 1 
ED-5 Vinyl acetate 1.4 J 

EW-N7 Vinyl chloride 1600000 D 
EW-ITRD-N9 Vinyl chloride 10000 

EW-NS Vinyl chloride 2300 

EW-N8 Vinyl chloride 1400 

EW-ITRD-N7 Vinyl chloride 490 

EW-N4 Vinyl chloride 410 

ED-3 Vinyl chloride 370 D 

VP-MP2 Vinyl chloride 170 

VP-MP-4S Vinyl chloride 90 

EW-NlO Vinyl chloride 67 

ED-5 Vinyl chloride 39 

ED-2 Vinyl chloride 14 

VP-MP3D Vinyl chloride 13 

ED-4 Vinyl chloride 6 

ED-I Vinyl chloride 3.5 

EW-N7 Xylenes (total) 12000 J 
EW-N9 Xylenes (total) 220 

EW-N8 Xylenes (total) 210 

EW-ITRD-N9 Xylenes (total) 160 J 
EW-N2 Xylenes (total) 140 

VP-MP-3M Xylenes (total) 120 

• 
EW-ITRD-N7 Xylenes (total) 57 

: EW-NIO Xylenes (total) 26 J -
VP-MP2 Xylenes (total) IS 

VP-MP-4S Xylenes (total) 14 J 
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Location Chemical Result (ppb,v/v) Qualifier 

ED-S Xylenes (total) 

J • Rcsuh is detected below the reporting limit or is an estimated concentration. 
B. Compound is also detected in the blank. 

s 

Table 4 shows the frequency of detection for each compound from the total of twenty five (25) samples collected. This table 
indicates that the principal contaminants are found fairly well distributed over the entire site. 

Table 4. Frequency of Detection in All Samples 

Detected Compound Frequency Detected 
Tetrachloroethene 24 

Trichloroethene 

Methylene chloride 

cis-1,2-Dichloroethene 

1,1 ,2-Trichloro-1 ,2,2-trifluoroethane 

Dichlorodi 11 uoromethane 

Toluene 

Vinyl Chloride 

Chloroform 

Benzene 

Ethyl benzene 

trans-1 ,2-Dichloroethene 

Xylenes (total) 

Trichlorofluoromethane 

Carbon Disulfide 

1,1· Dichloroethene 

Acetone 

1,1,1· Trichloroethane 

1 ,2,4· Trimethylbenzene 

Carbon Tetrachloride 

1 ,3 ,S· T ri methyl benzene 

4-Ethyltoluene 

Chloroethane 

I ,2-Dichloro-1,1,2,2-tetrafl uoroethane 

4-Methyl1-2-pentanone 

Bromodichloromethane 

Chi oro benzene 

Chloromethane 

Di bromochloromethane 

Vinyl acetate 

24 

21 

20 

18 

18 

15 

15 

14 

13 

11 

II 

11 

9 

7 

6 

s 
4 

4 

4 

2 
2 

2 

Finally, Table 5 shows a sum of all the VOCs found and the number of compounds in each well ranked by total VOC 
concentration. 

03/0S/98 

Table 5. Total VOCs and Number of Compounds per Well 
Well Total VOC Compounds/Well 

(ppb, v/v) 
EW-N7 10,463,200 14 

EW-ITRD-N9 72,724 14 

EW-N9 26,924 8 

VP-MP-4M 22,930 9 

VP-MP3M 20,723 7 
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.----. • 

J • ., 

Weli Total VOC Compounds/Well 

__jppb, v/~--------
EW-N5 19,610 6 

EW-N8 16,797 IS 

EW-N2 9,7S9 14 

VP-MP-4S 9,363 II 

EW-NIO 8.263 13 

EW-ITRD-N7 7,713 II 

EW-N6 -' 5,068 10 

EW-N4 2,185 12 

VP-MP2 1,384 15 

377 1,093 6 

ED-3 632 IS 

376 399 8 

388 370 7 

ED-2 224 10 

ED-I 210 9 

VP-MP3D 173 9 

ED-S 146 21 

ED-4 3S 10 

EW-NI IS 6 

EW-N3 10 7 

Measurement ofthe amount ofVOCs extracted from the soils under dynamic conditions will be performed with 
an automated gas sampling gas chromatograph manufactured by Sentex Systems, Inc. The results of this initial 
soil gas survey helped to narrow down the number ofVOCs to quantify with the Sentex system. Table 6 shows 
the list ofVOCs that will be quantified with the Sentex Auto-GC. 

Table 6. VOCs Selected for Quantification with the Sentex Auto-GC. 
VOCs 

Trichloroethene 
Tetrachloroethene 
Chloroform 
Carbon Tetrachloride 
1,2-Dichloroethane 
1,2-cis-Dichloroethene 
Dichlloromethane 
Benzene 
Toluene 
Ethyl benzene 
Xylenes 
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Mound OU-1 Air Sparging/High Vacuum Soil Vapor Extraction 

Innovative Technology Remediation Demonstration Project 
'• 

Static Soil Gas Monitoring Report- Time Series #1 

INTRODUCTION 

The amount of volatile organic compound (VOC) contamination in the unsaturated zone at the Mound OU -I Environmental 
Restoration site is being measured under both static and dynamic extraction conditions. Point measurementS at each soil 
vapor extraction (SVE) well under static conditions will show how much contamination is present at each location. Localized 
areas of high and low contamination can be used to assess the value of each extraction well in relation to the system wide 
removal of VOCs. Periodic static soil gas measurements are planned to track the mass removal near each extraction well 
(ITRD, 1997). 

SAM~LING AND ANALYSIS METHODS 

The sampling methods were designed to obtain soil vapors from the formation in the area adjacent to each screened interval. 
A small, portable rotary vane vacuum pump was connected to each sampling location and the air volume of the well was 
purged for about 5 minutes. For the Time Zero data, a 4-liter Summa canister was connected to the purge line and allowed to 
fill over about a 1-2 minute period. Time Zero samples were collected on November II and 12, 1997 and have been 
previously reported (ITRD, 1998). The SVE system began operation on December 16, 1997. Samples for Time Series# 1 
static soil gas monitoring were collected on April 15, 1998. This is approximately 4 months after system startup. Table 1 
shows which wells were sampled and include soil vapor extraction wells, French drain vapor extraction wells, ITRD pilot test 
vapor extraction wells, and vadose zone piezometers. Figure I shows the locations of these monitoring points at the Mound 
OU-t site. 

Table I. 
Sample Location 

EW-Nl 
EW-N2 
EW-N3 
EW-N4 
EW-NS 
EW-N6 
EW-N7 
EW-N8 
EW-N9 

EW-NJO 
EW-ITRD-N7 
EW-ITRD-N9 

ED-I 
ED-2 
ED-3 
ED-4 
ED-S 

VP-MP2 
VP-MP3S 

Quarter #I Soil Gas Sampling Locations 
Descritption 

SVE Extraction Well Nl 
SVE Extraction Well N2 
SVE Extraction Well N3 
SVE Extraction Well N4 
SVE Extraction Well NS 
SVE Extraction Well N6 
SVE Extraction Well N7 
SVE Extraction Well N8 
SVE Extraction Well N9 

SVE Extraction Well NIO 
Pilot Test Well Near EW-N7 
Pilot Test Well Near EW-N9 

French Drain I 
French Drain 2 
French Drain 3 
French Drain 4 
French Drain 5 

Vadose Zone Piezometer No. 2 
Vadose Zone Piezometer No. 3, Shallow 

The Time Zero soil gas samples were analyzed by EPA Compendium Method T0-14 (Winberry, et al. 1988). This method 
quantifies forty-nine (49) volatile organic compounds by gas chromatography/mass spectroscopy. The Time Series #I 
samples were collected in a similar fashion; however, tedlar bags were used to capture the sample and the analysis was 
performed with a commercial multipoint monitoring system called a SSC Model SCENTOSCAN available from Sentex 
Systems, Inc. (Ridgefield, NJ). The SCENTOSCAN uses a 30m capillal)' column, micro argon ion detector, combination 
preconcentrator or sample loop and a scanner system capable of 16 points. A single point calibration standard is used daily as 
part of the sequencing program. Table 2 shows the compounds used in the calibration. Samples analyzed for this effort used 
the loop mode that has a practical quantitation limit of about I ppmv. 

06/25/98 Static Soil Gas Monitoring Report -Time Series #I 



• 

. • 
06/2S/98 

I 
I 
I 
I 
I 
I 
I 

~ 
~ 
.5 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 

\ 
I 
I 
\ 
\ 
\ 
I 
I 
\ 

\ 
\ 
\ 
\ 
\ 
\ 

OAS.fl19 

<-ew-Ha 

0 

~0418 

Scale 

0 100 fnt 

-$-0373 

AS.fl13 ~308 
0 

0 O AS.fl16 .o 

.rs-H7 o 
VPM3 
+ OAS.fl9 

•ew-Hs <•ew-H& 

Legend 
• Groundwater Monitoring Wells 

0 Air Sparglng Wells 

+ Vadose Zone Piezometers 

•:• Soli Vapor Extraction Wells 

1:1 Pump & Treat Wells 

Figure l. Mound OU-1 Well Locations 

2 Static Soil Gas Monitoring Report- Time Series #I 



• Table 2. Calibration Standards 
Sentex SCENTOSCAN System 

Dichlormethane 
cis-1,2-Dichloroethene 

Benzene 
Trichloroethene 

Toluene 
Tetrachloroethene 

Ethyl benzene 
Xylenes (total) 

RESULTS 

Table 3 shows the results for the principal compounds from each sampling location for Time Zero and Time Series #I. 

Tab e 3. amplmg esu ts or tme S J"RI~T" Z ero an tme enes dT" s . # I 

SAMPLE 

DCM cisDCE 

(ppmv) (ppmv) 

Time Zero Time Time Time 
Series #I Zero Series #I 

11/12/97 04/15/98 11/12/97 04/15/98 

tedlar blank nd nd 

tedlar blank nd nd 

tedlar blank nd nd 

VPMP-2 0.005 nd 0.460 nd 

VPMP-3S nd 3.2 

EW-N1 0.001 nd nd nd 

EW-N2 nd nd 0.760 nd 

EW-N3 0.001 nd nd nd 

EW-N4 0.008 nd 0.220 4.9 

EW-NS 0.120 nd 16.000 5.9 

EW-N6 0.014 nd 0.290 nd 

EW-N7 28.000 nd 3700.000 4.9 

EW-N8 0.024 nd 1.300 8.6 

EW-N9 0.120 nd 4.400 28.8 

EW-NIO 0.026 nd 1.900 9.7 

ED-Nl nd nd 0.150 nd 

ED-N2 0.001 nd 0.190 nd 

ED-N3 0.002 nd 0.096 nd 

ED-N4 0.002 nd 0.015 nd 

ED-NS 0.003 nd 0.012 nd 

EW-ITRD- 0.140 nd 19.000 20.1 
N7 
EW-ITRD- nd nd 1.900 nd 
N9 
tedlar blank nd nd 

nd - not detected 
DCM- Dichloromethane (methylene chloride) 
cisDCE - cis-1,2-Dichloroethene 
BEN -Benzene 

ANALYTE 

BEN TCE 

(ppmv) (ppmv) 

Time Time Time Time 
Zero Series #I Zero Series #I 

11/12/97 04/15/98 11112/97 04/15/98 

nd nd 

nd nd 

nd nd 

0.030 nd 0.260 nd 

nd nd 

nd nd nd nd 

nd 1.4 5.100 nd 

0.002 nd 0.001 nd 

nd nd 0.920 nd 

0.180 nd 0.780 4.1 

0.024 nd 2.800 nd 

\6.000 nd 2800.000 8.0 

6.000 nd 2.500 7.2 

nd nd 8.500 24.0 

nd nd 2.700 1.5 

nd nd 0.033 nd 
nd 0.008 nd 

0.003 nd 0.041 nd 

nd nd 0.003 nd 

0.003 nd 0.005 nd 

0.080 nd 16.000 2.8 

0.010 nd 1.900 8.864 

nd nd 

TCE - Tnchloroethene 
TOL - Toluene 

TOL 

(ppmv) 

Time Time 
Zero Series #I 

11/12/97 04/15/98 

nd 

nd 

nd 
0.007 nd 

nd 
nd nd 
0.066 nd 

0.003 nd 

0.007 nd 

nd nd 

nd nd 

2000.000 9.1 

4.400 5.0 
13.000 4.7 
2.900 nd 

nd nd 
nd nd 

nd nd 

nd 5.0 

0.002 nd 

5.000 nd 

3.000 nd 

nd 
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DISCUSSION 

Table 3 does not show tetrachloroethene, ethylbenzene and xylenes because the results for these compounds were not above 
the practical quantitation limit of I ppmv. For Zone 2, wells EW-NI and EW-N3 are short-screened wells located in the 
glacial till. These well!' have non-detectable (<I ppmv) quantities of VOCs indicating that the value of these wells for mass 
removal is very limited. EW-N2 showed a slight increase in benzene and a disappearance of cis-1,2-dichloroethene and 
toluene. All the trace quantities in EW-N4 dropped. except cis-1,2-dichloroethene, which increased. EW-N5 had mixed 
results with cis-1,2-dichloroethene decreasing and trichloroethene increasing. EW-N.6 showed only trace VOCs at time zero 
which have dropped to non-detectable levels at time series #I. 

For Zone 2. the Time Zero report showed a significant amount of VOCs present in EW-N7 and much less in the rest of the 
extraction wells. The current samples show-that these high concentrations have dropped substantially. EW-ITRD-N7 showed 
a stable but high level of cis-1,2-dichloroethene and a significant drop in the trichloroethene concentration. EW -N8 showed 
increased concentrations for cis-1,2-dichloroethene, trichloroethene and toluene. EW -N9 showed a significant increase in cis-
1,2-dichloroethene and trichloroethene. The EW-ITRD-N9, which is adjacent to EW-N9, also showed a significant increase 
in trichloroethene but not for cis-1,2-dichloroethene. EW -N1 0 also showed a significant increase in cis-1,2-dichloroethene 
and little change in trichloroethene. The French drains all showed less than I ppmv for all compounds in the time zero 
sample event and, except for ED-N4, all time series #I values were non-detectable(< I ppmv). ED-N4 showed a significant 
increase for toluene. · ' 

The results from the dynamic soil vapor extraction monitoring (ITRD, 1998b) indicate that the three most prevalent 
compounds are cis-1,2-dichlorethene, trichloroethene and toluene. These compounds are also most prevalent in the static soil 
gas results noted above. The active subsurface ventilation acts to remove and redistribute the VOCs. This may be an 
explanation for why some of the locations had i!lcreased vapor concentrations and others showed decreased concentrations. 
The data from the low permeability till screened wells (EW-NI and EW-N3) show that there is very little VOC present in 
these locations. There still appears to be relatively high concentrations around EW-N7 and up near the overflow pond at EW
N9. The next static soil gas monitoring event is scheduled for July/August 1998. 
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• Mound OU-1 Air Sparging/High Vacuum Soil Vapor Extraction 
Innovative Technology Remediation Demonstration Project 

Static Soil Gas Monitoring Report- Time Series #2 

INTRODUCTION 

The amount of volatile organic compound (VOC) contamination in the unsaturated zone at the Mound OU-1 
Environmental Restoration site is being measured under both static and dynamic extraction conditions. Point 
source measurements at each soil vapor extraction (SVE) well, under statiC conditions, provide an estimate of 
contaminant mass at each location. Localized areas of high and low contamination can be used to assess the value 
of each extraction well in relation to, the system wide removal of VOCs. Periodic static soil gas measurements are 
planned to track the mass removal near each extraction well (ITRD, 1997). Reports on earlier data sets include 
Mound OU-1 Air Sparging/Soil Vapor Extraction, Static Soil Gas Monitoring Report- Time Zero (T0) (March 5, 
1998), and Mound OU-1 Air Sparging/Soil Vapor Extraction, Static Soil Gas Monitoring Report- Time Series #1 
(June 25, 1998)). The analysis results for current collection effort, Time Series #2, are reported in this document. 

SAMPLING AND ANALYSIS METHODS 

The sampling met110d was designed to obtain soil vapors from the formation in the area adjacent to each well 
screell A small, portable, rotary vane vacuum pump was connected to each sample location and the well air 
volume was purged for approximately 5 minutes. For the Time Zero sample collection, a 4-liter Sununa canister 
was connected to the purge line and allowed to fill over a 1-2 minute period. Time Zero samples were collected on 
November 11 and 12, 1997 and analyzed by an off-site EPA certified laboratory. Analysis results were reported in 
Mound OU-1 Air Sparging/Soil Vapor Extraction, Static Soil Gas Monitoring Report- Time Zero (T0) (ITRD, 
1998a). For the Time Series #1 sample collection, a 10-Iiter Tedlar bag was cormected to the purge line and 
allowed to fill over a 1-2 minute period. Time Series #1 samples were collected on April 15, 16, 17, and 18, 1998 
and analyzed by an on-site gas chromatograplt Analysis results were reported in Mound OU-1 Air Sparging/Soil 
Vapor Extraction, Static Soil Gas Monitoring Report -Time Series # 1 (ITRD, I 998b). Time Series # 2 samples 
were collected on July 2 I, 1998 in tl1e saine manner as Time Series # I, and analyzed by an on-site gas 
chromatograph. 

Table 1 provides information on sample locations, and includes soil vapor extraction wells, French drain vapor 
extraction wells, ITRD pilot test vapor extraction wells, and vadose zone piezometers. Figure 1 shows the 
locations of these monitoring points at the Mound OU-1 site. 

The Time Zero soil gas samples were analyzed by EPA Compendium Method TO- I 4 (Winberry, et at. 1988). This 
method quantifies forty-nine (49) volatile organic compounds by gas chromatography/mass spectroscopy. The 
Time Series # 1 and #2 samples were analyzed by a commercial multipoint monitoring system tl1e SSC Model 
SCENTOSCAN available from Sentex Systems, Inc. (Ridgefield, NJ). The SCENTOSCAN uses a 30m capillary 
column, micro argon ion detector, preconcentrator/trap or sample loop injector, and a scarmer system capable of 
sampling 16 ports. 

A single point calibration standard is used daily as part of tlte sequencing program. Table 2 shows the compounds 
used in the calibration. The Time Series #2 high concentration samples, collected from wells EW-N7, EW-N8, 
EW-N9, EW-NIO, EW-ITRD-N7, and EW-ITRD-N9, were analyzed using the loop injection mode and a 10 ppmv 
calibration standard. The Time Series #2 low concentration samples, collected from wells EW-N1, EW-N2, EW
N3, EW-N4, EW-N5, and EW-N6, ED-N1, ED-N2, ED-N3, ED-N4, ED-N5, VPMP-1S, VPMP-1M, VPMP-2S, 
and VPMP-3S were analyzed using tl1e preconcentrator/trap injection mode and a l.O ppmv calibration standard. 
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Table 1. 
____ Sample L~tion 

EW-Nl 
EW-N2 
EW-N3 
EW-N4 
EW-NS 
EW-N6 
EW-N7 
EW-NS 
EW-N9 

EW-NIO 
EW-ITRD-N7 
EW-ITRD-N9 

ED-I 
ED-2 
ED-3 
ED-4 
ED-5 

VP-MPIS 
VP-MPIM 
VP-MP2S 
VP-MP3 

Quarter# 1 Soil Gas Sampling Locations 

-·----···-.. - DescriP..~i~-··---··-······--·--·-··--
SVE Extraction Well N I 
SVE Extraction Well N2 
SVE Extraction Well N3 
SVE Extraction Well N4 
SVE Extraction Well N5 
SVE Extraction Well N6 
SVE Extraction Well N7 
SVE Extraction Well NS 
SVE Extraction Well N9 
SVE Extraction Well NIO 

Pilot Test Well Near EW-N7 
Pilot Test Well Near EW-N9 

French Drain I 
French Drain 2 
French Drain 3 
French Drain 4 
French Drain 5 

Vadose Zone Piezometer No. I, Shallow 
Vadose Zone Piezometer No. I, Middle 
Vadose Zone Piezometer No. 2, Shallow 

Vadose Zone Piezometer No.3 

Table 2. Calibration Standards 
Sentex SCENTOSCAN System 

Dichloromethane 
cis-1,2 -D ichloroethene 

Benzene 
Trichloroethene 

Toluene 
Tetrachloroethene 

Ethylbenzene 
Xylenes (total) 
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RESULTS 

Tables 3a and 3b show the analysis results for the principal compounds from each sampling location for Time 
Zero, Time Series #1, and Time Series #2. 

Table 3a. Sampling Results for Time Zero, Time Series# 1, and Time Series #2 

SAMPLE 
dichloromethane 

(ppmv) 
Time Time Time 
Zero Series #1 Series #2 

11/12/97 04/15/98 07/21198 

tedlarblnk 
VPMP-2 

VPMP-3S 
EW-Nl 
EW-N2 
EW-N3 
EW-N4 
EW-N5 
EW-N6 
EW-N7 
EW-N8 
EW-N9 

EW-N10 
ED-Nl 
ED-N2 
ED-N3 
ED-N4 
ED-NS 

EW-ITRD-
N7 

EW-ITRD-
N9 

tedlarblnk 

nd - not detected 
• - not sampled 

09/11/98 

• 
0.005 

• 
0.001 

nd 
0.001 
0.008 
0.120 
0.014 
28.000 
0.024 
0.120 
0.026 

nd 
0.001 
0.002 
0.002 
0.003 
0.140 

nd 

nd 0.150 
nd nd 
nd 0.143 
nd 0.040 
nd 0.007 
nd 0.233 
nd nd 
nd 0.058 
nd nd 
nd nd 
nd nd 
nd nd 
nd nd 
nd nd 
nd nd 
nd 0.016 
nd nd 
nd 0.002 
nd nd 

nd nd 

nd nd 

ANALYTE 
cis-1,2-dichloroethene benzene 

(ppmv) (ppmv) 
Time Time Time Time Time Time 
Zero Series #1 Series #2 Zero Series #1 Series #2 

11/12/97 04/15/98 07/21/98 11/12/97 04/15/98 07121/98 
• nd 0.068 • nd 0.007 

0.460 nd 0.106 0.030 nd nd 
• 3.212 0.142 • nd 0.036 
nd nd 0.141 nd nd 0.034 

0.760 nd 0.014 nd 1.377 0.005 
nd nd 0.069 0.002 nd nd 

0.220 4.866 0.145 nd nd nd 
16.000 5.910 2.826 0.180 nd nd 
0.290 nd 0.143 0.024 nd 0.008 

3700.000 4.935 0.936 16.000 nd nd 
1.300 8.570 0.994 6.000 nd nd 
4.400 28.849 2.258 nd nd nd 
1.900 9.737 nd nd nd nd 
0.150 nd 0.052 nd nd 0.002 
0.190 nd 0.016 nd nd 
0.096 nd 0.303 0.003 nd 0.002 
O.oi5 nd 0.051 nd nd nd 
0.012 nd 0.025 0.003 nd nd 
19.000 20.128 0.176 0.080 nd nd 

1.900 nd 4.533 0.010 nd nd 

nd nd nd nd 
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Table 3b. Sampling Results for Time Zero, Time series #I, and Time Series #2 

SAMPLE 

Time 
Zero 

11/12/97 
tedlarblnk • 
VPMP-2 0.260 

VPMP-3S • 
EW-N1 nd 
EW-N2 5.100 
EW-N3 0.001 
EW-N4 0.920 
EW-N5 0.780 
EW-N6 2.800 
EW-N7 2800.000 
EW-N8 2.500 
EW-N9 8.500 
EW-NlO 2.700 
ED-N1 0.033 
ED-N2 0.008 
ED-N3 0.041 
ED-N4 . 0.003 

ED-N5 .0.005 
EW-ITRD- 16.000 

N7 
EW-ITRD- 1.900 

N9 
tedlarblnk 

nd - not detected 
• - not sampled 

09/11/98 

trichloroethene 
(ppmv) 
Time Time Time 

Series #1 Series #2 Zero 
04/15/98 07121/98 11/12/97 

nd 0.356 • 
nd 0.280 0.007 
nd 0.453 • 
nd 0.284 nd 
nd 0.089 0.066 
nd 0.165 0.003 
nd 0.684 0.007 

4.062 1.830 nd 
nd 0.389 nd 

8.007 5.563 2000.000 
7.188 3.082 4.400 

24.009 24.245 13.000 
1.517 1.559 2.900 

nd 0.331 nd 
nd 0.108 nd 
nd 2.462 nd 
nd 0.371 nd 
nd 0.216 0.002 

2.827 0.722 5.000 

8.864 17.762 3.000 

nd nd 

5 

ANALYTE 
toluene tetrachloroethene 
(ppmv) (ppmv) 
Time Time Time Time Time 

Series #I Series #2 Zero Series #1 Series #2 
04/15/98 07/21/98 11/12/97 04/15/98 07/21/98 

nd 0.051 • • 0.077 
nd 0.011 0.014 • 0.087 
nd 0.008 0.003 • 0.125 
nd 0.064 • • 0.143 
nd 0.012 2.500 • 0.044 
nd 0.012 0.001 • 0.058 
nd 0.004 0.420 • 0.037 
nd 0.987 0.230 • 1.572 
nd 0.041 0.080 • 0.152 

9.132 4.335 15.000 • nd 
5.006 nd 0.180 • nd 
4.748 1.540 0.580 • 3.855 

nd nd 0.160 • 0.149 
nd 0.037 0.003 • 0.056 
nd 0.011 0.002 • O.Dl5 
nd 0.146 0.005 • 0.04 

4.984 0.026 0.001 • 0.032 
nd 0.016 0.003 • 0.025 
nd 0.656 0.015 • nd 

nd 0.345 13.000 • 0.721 

nd • nd 
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• DISCUSSION 

detter quantitation of low concentration contaminants was achieved through ~he use ofthe preconcentrator/trap 
injection mode of the on-site field gas chromatograplt The non-detection results for Time Series # 1 were replaced 
in most imtances by a sub ppmv value in the current series. All low concentrntion wells (EW-Nl, EW-N2, EW
N3, EW-N4, EW-NS, and EW-N6, ED-Nl, ED-N2, ED-N3, ED-N4, EO-NS, VPMP-lS, vPMP-lM, VPMP-2S, 
and VPMP-3S) showed a modest change in concentration after Time Zero, suggesting low contaminant removal 
with some relocation of volatiles in the sub-surface. 

Table 3a and 3b do not show ethylbenzene and total xylenes because the analytical results for these compounds 
were not detected or were not reliable at the low concentrations found in the samples. 

The high contaminant concentration wells, EW-N7, EW-N8, EW-NIO, and EW-ITRD-N7, all show significant 
contaminant reduction. However, EW-N9 and EW-ITRD-N9 show an increase in contaminant concentration 
which is most probably linked to the influence of the vapor extraction system on a more permeable zone. 

The dynamic soil vapor extraction monitoring results from this sampling series indicate that the three most 
prevalent compounds remaining in the sub-surface are Cis-1,2-dichlorethene, trichloroethene and toluene. These 
compounds are also most prevalent in the current static soil gas, as reported in Mound OU-1 ITRD Project, Air 
SpargingiSoil Vapor Extraction, Soil Vapor E>..1raction System Monitoring- Time Series #4 (ITRD, 1998c). The 
active subsurface ventilation acts to remove and apparently redistribute the VOCs. This may explain why some of 
the locations had increased vapor concentrations and others showed decreased concentrations. The highest 
concentrations of contaminants, especially cis-1,2-dichloroethene, trichloroethene, and toluene, occur at EW-N7, 
EW-N9 and EW-ITRD'-N9, which are located in extraction Zone 2. 

The next static soil gas monitoring event is scheduled for October 1998. 
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Mound OU-1 Air Sparging/High Vacuum Soil Vapor Extraction 
Innovative Technology Remediation Demonstration Project 

Soil Vapor Extraction System Monitoring- Time Series #1 

INTRODUCTION 

The objective of the soil vapor extraction (SVE) process monitoring system is to measure the concentration of the influent and 
effluent vapors. An automated gas sampling gas chromatograph will be used to measure the concentrations of eleven volatile 
organic compounds (VOCs) at intervals as frequently as 30 minutes. SVE extraction flow rates are measured by a standard 
pitot read manually on a periodic frequency. The SVE system started operation on December 16, 1997; however, the process 
monitoring system was not yet installed and online. Therefore, six grab samples with Summa canisters were collected over 
the fU"st five weeks of operation. This report describes the results of the four Summa canister samples collected during the 
flfSt twenty days of system operation. 

SOIL VAPOR EXTRACTION SYSTEM DESIGN SUMMARY 

The soil vapor extraction (SVE) system is segregated into two zones. Zone I includes six wells in the southern portion of the 
site. Zone 2 includes six SVE wells and five French drain vents in the northern portion of the site. Table I shows the zone 
assignment, screen length and geologic strata where each well is located. 

Table I. Extraction Well Details 
Extraction Well Screen Length Geologic Strata 

Zone I 
EW-Nl 2 till 
EW-N2 15 non-till 
EW-N3 3 till 
EW-N4 22 non-till 
EW-N5 2.5 clay 
EW-N6 10 non-till 

Zone 2 
EW-N7 10 non-till 
EW-N8 10 non-till 
EW-N9 15 non-till 
EW-NIO 12.5 non-till 
ED-I 5 base of French drain 
ED-2 5 base of French drain 
ED-3 5 base of French drain 
ED-4 5 base of French drain 
ED-5 5 base of French drain 
ITRD-1 4.5 non-till 
ITRD-2 8.5 till 

All of the SVE wells in each zone intersect a main manifold that enters the treatment building 301. The SVE system operates 
with an adjustable scheduler that alternates Zone I and Zone 2 at specified equal intervals. The manifolds are connected to a 
water knock-out tank and then pass through two carbon beds in series before the air is discharged. 

SAMPLING AND ANALYSIS METHODS 
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Since the SVE system operates at a system vacuum of about 12 inches of mercury. grab samples collected with the Swnma 
canisters must be performed on a zone that is currently not operating. A short section of teflon tubing is connected to the 
manifold sampling port, then the valve on the Summa canister is opened and the internal vacuum is allowed to fill the canister. 
When the automated process monitor comes online, samples will be collected from Zone 1 and Zone 2 manifolds; and, after 
the fi.J'Sl and second carbon bed. Table 2 shows the dates of the first four grab samples with the Summa canisters. 

Table 2. Sampling Dates 
Grab Sample Dates 
December 18, 1997 
December 22, 1997 
December 29, 1997 

January 5, 1998 

RESULTS 

The results of the grab samples for both Zone I and 2 showed exponential declines of the VOCs over time. Figure I shows an 
example for trichloroethene that shows this decline. Curve fits to the four data points were completed to estimate 
concentrations before and in between the sampling events. As shown in Figure I, the early time concentrations fall very 
steeply and the curve fit lines may not be representative of the actual concentrations. Table 3 shows the equations and 
correlation factors for the curve fits for each of the VOCs where there was sufficient data to evaluate. 
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Figure I. Time History of Trichloroethene and Curve Fit (Zone 2) 

Table 3. Curve Fits and Correlation Factors for VOC Extraction Time History 
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Zone l Zone2 
voc Curve Fit Correlation (R 2) Curve Fit Correlation (R2) 

Trichloroethene y = 196.21 x4 ·6-400 0.9916 y = 806.0 l x4
·4603 0.9550 

Tetrachloroethene y = l8.062x4 ·2076 0.9612 y = 50.17x4 ·
4147 0.9615 

cis- I ~2-Dichlorethene y = 1955.6x·L04ll• 0.9958 y = 2183.Sx4
·
716 0.9884 

Vinyl chloride y = 158.62x-u683 0.9996 y = 17.7.29x-4.71ll 0.9653 
Freon 113 y = 2.3445x4

·
5369 0.9005 y = 12.086x4

·
3994 0.8751 

Benzene y = 32. 97x·Lom 0.9958 y = 14.992x4
·
4646 0.9230 

Toluene y = 207.4 9x4
·
4085 0.9935 y = 3171.4x0

·
6657 0.9698 

Ethyl benzene insufficient data y = 12.767x4
·
5516 0.9679 

Xylenes insufficient data y = 49.06x4 .4m 0.9390 
Acetone y = 46.242x4 ·

707 0.7123 insufficient data 
Dichloromethane y = 0.8515x4

·
2907 0.8400 insufficient data 

To estimate the total mass of each contaminant extracted from the soils, the flow rate from each manifold is used with the 
concentration data as follows: 

MWvoc 
Mvoc = Cvoc MV Vt(3.74E- 6) 

T.P 

where, Mvoc is the mass of the contaminant removed (lbs), Cvoc is the concentration of the contaminant (ppm, v/v), MWvoc 
is the molecular weight of the VOC (glmol), MVr.P is the molar volume of the vapor at a specific temperature and pressure 
(24.5 1/mol at 25°C and I atm), Vis the volumetric flow rate in the extraction manifold (std fe/min), tis the time interval 
(min) and 3. 74E-6 is for unit conversions. Figure 2 shows the Zone I and Zone 2 manifold flow rates during this initial 
operating period. From time zero to the operating time of 178 hours the system ran on six hour intervals. The system was 
switched to four hour intervals from hour 178 to 552 and to a two hour interval from hour 552 to date. These changes were 
made to keep automatic shutdowns from occurring when large amounts of water were being extracted from the French drains 
soon after rainfall events occurred. Table 4 shows the total mass of each VOC removed estimated from the curve fits of the 
grab samples and measured flow rates. Figure 3 shows the cumulative mass of all VOCs extracted from each zone. 
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Figure 2. SVE Manifold Flow Rates for Zones I and 2 

Table 4. VOC Mass Removals from Zones I and 2 
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voc Zone I Zone I Zone 2 Z~me 2 Zone I and 2 Zone I and 2 
from from from from from from 

12/16/97 12/18/97 12116/97 12118/97 12116/97 12118197 
Trichlori>ethene 26.61 14.35 191.51 137.32 218.12 151.67 
Tetrachloroethene 19.08 15.48 18.54 13.66 37.62 29.15 
cis- I .2-Dichlorethene 62.88 13.76 125.27 73.98 188.15 87.74 
Vinyl chloride 2.65 0.40 6.64 3.93 9.29 4.33 
Freon 113 0.67 0.41 5.42 4.03 6.08 4.44 
Benzene 0.89 0.21 2.07 1.48 2.97 1.69 
Toluene 49.19 34.78 213.8 131.94 262.99 166.72 
Ethyl benzene • • 1.63 1.10 1.63 1.10 
Xylenes • • 9.12 6.51 9.12 6.51 
Acetone 2.20 1.06 • • 2.20 1.06 
Dichloromethane 0.31 0.24 • • 0.31 0.24 

Totals 164.49 80.71 573.99 373.94 738.48 454.65 
• -insufficient concentration data to estimate mass 
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Figure 3. Cumulative Mass of VOC Extracted from Zones I and 2 

DISCUSSION 

The early time periods in a SVE system provide much more mass removal than in the later periods due, principally, to the 
diffusion limitation condition where VOC must move from within dead end pore spaces to the locations experiencing active 
ventilation. Since a manifold sample was not able to be obtained during the first few hours of operation and very frequently 
in the first week, the method used herein to estimate total mass of contaminant removed may have significant errors in this 
early time period. Therefore, when reporting the amount of mass removed by the system, it is recommended that the 
individual and swn total of all VOCs removed be taken from the ftrst sampling date (12118197) forward. This indicates that 
about 80 lbs of total VOCs were removed from Zone I and 375 lbs from Zone 2 for a total of about 450 lbs from both zones 
(Table 4). 
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Mound OU-1 Air Sparging/High Vacuum Soil Vapor Extraction 
Innovative Technology Remediation Demonstration Project 

Soil Vapor Extraction System Monitoring- Time Series #2 

INTRODUCTION 

The objective of the soil vapor extraction (SVE) process monitoring system is to measure the concentration of the influent and 
effiuent vapors. An automated gas sampling gas chromatograph will be used to measure the concentrations of eleven volatile 
organic compounds (VOCs) at intervals as frequently as 30 minutes. SVE extraction flow rates are measured by a standard 
pitot read manually on a periodic frequency. The SVE system started operation on December 16, 1997; however, the process 
monitoring system was not yet installed and online. Therefore, six grab samples with Summa canisters were collected over 
the ftrst five weeks of operation. This report describes the results of all six Summa canister samples. collected during the first 
thirty seven days of system operation. A report on the first four Summa canister results was prejlared on March S, 1998 (Soil 
Vapor Extraction System Monitoring -Time Series #2). 

SOIL VAPOR EXTRACTION SYSTEM DESIGN SUMMARY 

The soil vapor extraction (SVE) system is segregated into two zones. Zone I includes six wells in the southern portion of the 
site. Zone 2 includes six SVE wells and five French drain vents in the northern portion of the site. Table I shows the zone 
assignment, screen length and geologic strata where each well is located. 

Extraction Well 

EW-Nl 
EW-N2 
EW-N3 
EW-N4 
EW-NS 
EW-N6 

EW-N7 
EW-N8 
EW-N9 
EW-NIO 
ED-I 
ED-2 
ED-3 
ED-4 
ED-5 
ITRD-1 
ITRD-2 

Table I. Extraction Well Details 

--~<:.~~n LengQI __________ .Q~.!~..S.!£..§.~~~~---·-
Zone I 

2 
IS 
3 

22 
2.5 
10 

Zone 2 
10 
10 
15 

12.5 
s 
5 
5 
5 
5 

8.5 
4.5 

till 
non-till 
till 
non-till 
clay 
non-till 

non-till 
non-till 
non-till 
non-till 
base of French drain 
base of French drain 
base of French drain 
base of French drain 
base of French drain 
non-till 
till 

All of the SVE wells in each zone intersect a main manifold that enters the treatment building 30 I. The SVE system operates 
with an adjustable scheduler that alternates Zone I and Zone 2 at specified intervals. The manifolds are connected to a water 
knock-out tank and then pass through two carbon beds in series before the air is discharged. 
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• SAMPLING AND ANALYSIS METHODS 

Since the SVE system operates at a system vacuum of about 12 inches of mercury, grab samples collected with the Summa 
canisters must be performed on a zone that is currently not operating. A short section of teflon ~ubing is connected to the 
manifold sampling port. then the valve on the Summa canister is opened and the internal vacuum is allowed to fill the canister. 
Samples are shipped to an off-site contract laboratory for chemical analysis by EPA Method T0-14 (Winberry et al., 1988). 
When the automated process monitor comes online, samples will be collected from Zone 1 and Zone 2 manifolds; and, after 
the fl.I"St and second carbon beds. Table 2 shows the dates of the fiJ'st six grab samples with the Summa canisters. 

Table 2. Sampling Dates 

............................ 9.!:~~ .. ~-~-~-P..!~ . .P.-~.!.~~ ........................... . 
December 18, 1997 
December 22, 1997 
December 29, 1997 

January 5, 1998 
January 12, 1998 
January 19, 1998 

RESULTS 

Table 3 and 4 show the chemical specific results for Zone I and Zone 2, respectively. The results of the grab samples for 
both Zones 1 and 2 show exponential declines of the VOCs over time. Figure I and 2 show the time history for Zone 1 and 2, 
respectively, for the three compounds with the greatest concentrations (toluene, cis-1,2 dichloroethene and trichloroethene). 
Curve fits to the six data points were completed to estimate concentrations before and in between the sampling events. 
Tables 5 and 6 show the equations and correlation factors for the curve fits for each of the VOCs where there was sufficient 
data to evaluate. 

Table 3. Contaminant Concentrations in Zone I (ppm. v/v~ 
12118/97 12/22/97 12/29/97 115/98 1112/98 1/19/98 

Vinyl chloride 8.0 1.4 0.5 0.4 0.2 0.1 
Trichlorofluoromethane 
Freon 113 0.3 0.1 0.1 0.1 0.1 0.0 
Acetone 3.3 0.4 1.0 0.6 0.6 
Methylene chloride 0.3 0.2 0.2 0.1 0.1 0.0 
Trans-1,2-dichloroethene 
cis-1,2-dichloroethene 33.0 11.0 4.3 3.2 2.4 1.3 
Chloroform 0.2 0.1 0.1 0.1 0.1 
Benzene 0.6 0.2 0.1 0.1 0.0 0.0 
Trichloroethene 16.0 8.6 4.6 3.9 2.2 1.6 
Toluene 42.0 28.0 19.0 17.0 8.8 3.2 
Tetrachloroethene 8.3 6.1 5.4 5.2 3.5 1.8 
Ethyl benzene 0.0 0.0 0.0 0.0 
Xylenes 0.2 QJ. 0.2 0.2 0.8 QJ. 

Total 112.1 55.8 34.9 31.2 18.8 8.9 
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Table 4. Contaminant Concentrations in Zone 2 Ceem. v/v) 

12118/97 12/22/97 12/29/97 1/5/98 1112/98 

Vinyl chloride 10.0 6.2 2.9 2.0 1.7 
Trichlorofluoromethane 1.7 1.5 1.4 0.8 1.1 
Freon 113 2.5 1.6 1.5 0.9 1.1 
Acetone 0.9 0.7 
Methylene chloride 1.6 1.9 1.6 0.9 0.7 
Trans-1,2-dichloroethene 0.5 0.3 0.3 
cis-1,2-dichloroethene 130.0 64.0 39.0 24.0 21.0 
Chloroform 1.2 0.5 0.8 0.5 0.7 
Benzene ' 2.3 1.6 1.2 0.7 0.7 
Trichloroethene 130.0 83.0 65.0 42.0 42.0 
Toluene 220.0 130.0 75.0 46.0 35.0 
Tetmchloroethene 10.0 6.1 5.2 3.6 3.6 
Ethyl benzene 1.4 0.9 0.6 0.4 0.3 
Xylenes 7.4 5.3 3.7 2.4 2.2 

Total 518.1 302.6 198.4 125.4 111.1 
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Table 5. Curve Fits and Correlation Factors for VOC Extraction Time History 

voc 
Trichloro~thene 
Tetrachloroethene 
cis-1,2-Dichlorethene 
Vinyl chloride 
Freonll3 
Benzene 
Toluene 
Ethyl benzene 
Xylenes 
Acetone 
Dichloromethane 

Zone I 
Cw-ve Fit 

y·1=0.0462+8. 76e-5xlnx 
y=-6746.6+6754.52exp(-x/l 006471.8) 
y"1=0.0090+0.000lllxlnx 
y"1=-0.0808+0.00 I 08xlnx 
y=0.09689+0.62926exp(-x/49.34) 
y=0.03523+0. 9085exp( -x/94.82) 
y"1=0.0212+ 1.58xlnx 
Insufficient data 
Insufficient data 
y"1=0.2515+0.000270xlnx 
y=-1.2307+1.502exp(-x/4674.6) 

Correlation (r) 
0.9943 
0.9266 
0.9992 
0.9998 
0.9991 
0.9944 
0.9502 

0.9983 
0.9891 

Table 6. Curve Fits and Correlation Factors for VOC Extraction Time History 
Zone 2 

___ _;v_;o;..:c'---·-·--·---·-··----···-Cw-v~!!_-···-·-··-··-····--·-···---······-~~!!!!~!Lon (fl._._ 
Trichloroethene y=44.88+ 120.35exp(-x/136.96) 0. 9731 
Tetrachloroethene y=3.522+9.053exp(-x/136.0 I) 0. 9691 
cis-1,2-Dichlorethene y"1=0.0056+ 1.144e-5xlnx 0. 9896 
Vinyl chloride y"1=0.0751 +0.000 127xlnx 0. 9951 
Freon 113 y"1=0.3909+0.000 152xlnx 0.8543 
Benzene y·1=0.3920+0.000264xlnx 0.9845 
Toluene y·1=0.00363+5.06e-6xlnx 0.9904 
Ethyl benzene y"1=0.5886+0.000677xlnx 0.9975 
Xylenes y"1=0.1202+8.59e-5xlnx 0.9921 
Acetone Insufficient data 
Dichloromethane Insufficient data 
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As shown in Figure 1 and 2, the early time concentrations fall very steeply and the curve fit lines may not be representative of 
the actual concentrations in the first 50 hours before the first sample was obtained on December 18, 1997. Therefore, mass 
removal estimates have been made starting from the first sample date. To estimate the total mass of each contaminant 
extracted from the soils, the flow rate from each manifold is used with the concentration data as follows: 

MU'voc 
Mvoc = Cvoc MV. Vt(3.74E- 6) 

T,P 

where, Mvoc is the mass of the contaminant removed (lbs), Cvoc is the concentration of the contaminant (ppm, v/v), MW voc 
is the molecular weight of the VOC (glmol), MVT.P is the molar volume of the vapor at a specific temperature and pressure 
(24.5 1/mol at 25°C and I· atm), Vis the volumetric flow rate in the extraction manifold (std fetmin), tis the time interval 
(min) and 3. 74E-6 is for unit conversions. Figure 3 shows the Zone 1 and Zone 2 manifold flow rates during this initial 
operating period. From time zero to the operating time of 178 hours the system ran on six hour intervals. The system was 
switched to four hour intervals from hour 178 to 552 and to a two hour interval from hour 552 to date. These changes were 
made to keep automatic shutdowns from occurring when large amounts of water were being extracted from the French drains 
soon after rainfall events occurred. Table 7 shows the total mass of each VOC removed estimated from the curve fits of the 
grab samples and measured flow rates. Figure 4 shows the cumulative mass of all VOCs extracted from each zone. 
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Figure 3. Total System Flow Rates 
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• Table 7. VOC Mass Removal 

Zone I Zone 2 Zone I + Zone 2 

Vinyl Chloride 1.59 6.08 7.67 

cis 1,2 Dichloroethene 17.52 111.75 129.27 

Trichloroethene 20.13 245.07 265.21 

Toluene 53.28 210.74 264.02 

Tetrachloroethene 25.18 23.98 49.16 

Freon 113 0.67 7.85 8.52 

Acetone 2.32 • 2.32 

Xylene • 10.78 10.78 

Benzene 0.26 2.51 2.76 

Ethyl benzene • 1.69 1.69 
Dichloromethane 0.35 • 0.35 

total 121.30 620.45 741.75 

• - insufficient concentration data to estimate mass 
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Figure 4. Cumulative Mass of VOC Extracted from Zones I and 2 
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• DISCUSSION 

The early time periods in a SVE system provide much more mass removal than in the later periods due, principally, to the 
diffusion limitation condition where VOC must move from within dead end pore spaces to the locations experiencing active 
ventilation. The total mass removal rate (Figw-e 5) has reached a plateau at about 0.1 lb/hr for zone I and I lblhr for zone 2: 
Future monitoring should provide more information on the stability of the total VOC mass removal rates. To optimize the 
total mass removal, consideration will be given to changing the cycle time for each zone and an evaluation of which wells can 
be closed. Individual SVE well grab samples are planned which will show proportionate mass removal. 
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Mound OU-1 Air Sparging/High Vac_uum Soil Vapor Extraction 
Innovative Technology Remediation Demonstration Project 

Soil Vapor Extraction System Monitoring- Time Series #3 

INTRODUCTION 

The objective of the soil vapor extraction (SVE) process monitoring system is to measure the concentration of the influent and 
effluent vapors. A combination of grab samples with Summa canisters and automated gas sampling and analysis equipment is 
now used to measure the concentrations of volatile organic compounds (VOCs). SVE extraction flow rates are measured by a 
standard pitot read manually on a periodic frequency. The SVE system started operation on December 16, 1997. This report 
describes the results of the combined data set from Summa canisters and automated gas sampling and analysis samples up to 
May 31, 1998. Reports on earlier data sets included just the Summa canister results (Soil Vapor Extraction System 
Monitoring- Time Series #I (March S, 1998); Soil Vapor Extraction System Monitoring- Time Series #2 (May 18, 1998)). 

SOIL VAPOR EXTRACTION SYSTEM DESIGN SUMMARY 

The soil vapor extraction (SVE) system is segregated into two zones. Zone I includes six wells in the southern portion of the 
site. Zone 2 includes six SVE wells and five French drain vents in the northern portion of the site. Table I shows the zone 
assignment, screen length and geologic strata where each well is located. 

Table I. Extraction Well Details 
Extraction Well Screen Length Geologic Strata 

Zone I 
EW-NI 2 till 
EW-N2 IS non-till 
EW-N3 3 Till 
EW-N4 22 non-till 
EW-NS 2.S Clay 
EW-N6 10 non-till 

Zone 2 
EW-N7 10 non-till 
EW-N8 10 non-till 
EW-N9 IS non-till 
EW-NIO 12.S non-till 
ED-I s base of French drain 
ED~2 s base of French drain 
ED-3 s base of French drain 
ED-4 s base of French drain 
ED-S s base of French drain 
ITRD-1 8.S non-till 
ITRD-2 4.S Till 

All of the SVE wells in each zone intersect a main manifold that enters the treatment building 30 I. The SVE system operates 
with an adjustable scheduler that alternates Zone I and Zone 2 at specified intervals. The manifolds are connected to a water 
knock-out tank and then pass through two carbon beds in series before the vapors are discharged to the atmosphere. 

SAMPLING AND ANALYSIS METHODS 
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Since the SVE system operates at a system vacuwn of about 12 to 18 inches of mercurv, grab samples must be collected on a 
zone that h~s just been turned off. For the Summa canisters, a short section of tetlun tubing is connected to the manifold 
sampling port, then the valve on the Summa canister is opened and the internal vacuwn is allowed to fill the canister. 
Samples are shipped to an off-site contract laboratory for chemical analysis by EPA Method T0-14 (Winberry et al., 1988). 

The automated process monitoring system is a commercial on-line multipoint monitoring system called a SSC Model 
SCENTOSCAN available from Sentex Systems, Inc (Ridgefield, NJ). The Sentex process monitor pulls vapors through a 
coalescing filter to remove entrained water and through a heated tubing bundle from the SVE/AS building to the analytical 
shed. The Sentex uses a 30m capillary column, micro argon ion detector, combination preconcentrator or sample loop and a 
scanner system capable of 16 points. A single point calibration standard is used daily as part of the sequencing program. 
Table 2 shows the compounds used in the calibration. Vinyl chloride was not included because it is a difficult compound to 
measure among the other compounds present. 

Table 2. Calibration Standards 

Sentex SCENTOSCAN System 
Dichlormethane 

cis- I ,2-dichloroethene 
Benzene 

Trichloroethene 
Toluene 

Tetrachloroethene 
Ethyl benzene 

Xylenes (total) 

The Sentex process monitor was put on line in February 1998. However, the precision of the calibration standards was very 
poor in data sets obtained in February and March. Changing the operational parameters to use longer sampling times for the 
preconcentrator mode would work for Zone I samples (low concentrations of target analytes); however, this would collect 
excessive amounts for Zone 2 samples. In May 1998, the system was switched to manual collection and sample loop mode 
for analysis of Zone 2 samples only. The SVE system was changed to pull only from Zone 2 due to the low concentrations 
produced from Zone I. This may continue until concentrations in Zone 2 approach those of Zone I. In addition, frequent 
heavy spring rains at the site would produce more water than the coalescing filters could manage. Thus, careful monitoring 
was required to prevent liquid water from being injected into the gas chromatograph. 

RESULTS 

Table 3 and 4 show the chemical specific results for Zone I and Zone 2, respectively. The results of the grab samples for 
both Zones I and 2 show exponential declines of the VOCs over time. Figure I through 3 show the time history for Zone 1 
for the three compounds with the greatest concentrations (toluene, cis- I ,2 dichloroethene and trichloroethene). Figures 4 
through 6 show the time history for Zone 2. Curve fits to the data were completed with TableCurve 20 (Ver 4, SPSS, Inc.) 
to estimate concentrations before and in between the sampling events. Tables 5 and 6 show the equations and correlation 
factors for the curve fits for each of the VOCs where there was sufficient data to evaluate . 
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Table 3. Zone 1 Anal~ Data ~~~mv} 

Date Source Total vc Fl13 ACE DCM cisDCE 2-BUT TCM BEN TCE TOL PCE EBZ XYL 
Time 

18-Dec-97 Summa 8.000 0.330 3.300 0.250 33.000 5.900 0.150 0.580 16.000 42.000 8.300 0.230 
22-Dec-97 Summa 145 1.400 0.130 0.240 11.000 0.220 8.600 28.000 6.100 0.130 
29-Dec-97 Summa 313 0.490 0.100 0.440 0.160 4.300 0.050 0.091 4.600 19.000 5.400 0.046 0.180 
5-Jan-98 Summa 481 0.400 0.100 0.950 0.130 3.200 0.640 0.051 0.056 3.900 17.000 5.200 0.044 0.160 

12-Jan-98 Summa 702 0.230 0.092 0.590 0.064 2.400 0.055 0.026 2.200 8.800 3.500 0.028 0.830 
19-Jan-98 Summa 870 0.140 0.047 0.590 0.015 1.300 0.280 0.055 0.017 1.600 3.200 1.800 0.016 0.074 

19-Mar-98 Sentex 2280 5.160 
20-Mar-98 Sentex 2304 3.980 4.960 
12-Mar-98 Summa 2118 0.130 0.050 0.063 0.770 0.053 0.037 0.056 0.930 0.062 0.430 
25-Mar-98 Summa 2432 0.130 0.042 0.750 0.031 0.007 0.930 0.053 0.410 
13-Apr-98 Sent ex 2880 2.570 

22-May-98 Summa 3816 0.023 0.017 0.690 0.160 1.300 0.007 0.300 0.048 0.260 0.004 0.005 

VC- Vinyl chloride 
Fll3- 1,1,2-Trichloro-1,2,2-trifluoroethane (Freon 113) 
ACE- Acetone 
DCM- Dichloromethane (methylene chloride) 
cisDCE - cis-Dichloroethene 
2-BUT- 2-Butanone 
TCM- Trichloromethane (chloroform) 
BEN - Benzene 
TCE - Trichloroethene 
TOL - Toluene 
PCE- Perchloroethene (tetrachloroethene) 
EBZ - Ethylbenzene 
XYL- Xylenes (total) 
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Date Source Total vc TCFM Fll3 
Time 
ours 

18-Dec-97 Swnma 49 10.000 1.700 2.500 
22-Dec-97 Summa 145 6.200 1.500 1.600 
29-Dec-97 Summa 313 2.900 1.400 1.500 
5-Jan-98 Summa 481 2.000 0.810 0.880 
12-Jan-98 Summa 704 1.700 1.100 1.100 
19-Jan-98 Summa 864 1.100 0.590 0.670 
12-Mar-98 Summa 2118 0.270 0.110 0.310 
25-Mar-98 Summa 2432 0.120 0.400 
25-Mar-98 Sentex 2432 
30-Mar-98 Sentex 2544 
3-Apr-98 Sentex 2616 
13-Apr-98 Sentex 2880 
21-Apr-98 Sentex 3072 
22-May-98 Sentex 3816 
22-May-98 Summa 3816 0.100 
28-Max-98 Sentex 3960 

VC- Vinyl chloride 
TCFM - Trichlorofluoromethane 
F113- 1,1,2-Trichloro-1,2,2-trifluoroethane (Freon 113) 
ACE- Acetone · 
DCM- Dichloromethane (methylene chloride) 
t-DCE- trans-dichloroethene 
cisDCE- cis-Diehloroethene 
TCM- Trichloromethane (chloroform) 
BEN -Benzene 
TCE- Trichloroethene 
TOL- Toluene 
PCE- Perchloroethene (tetrachloroethene) 
EBZ - Ethylbenzene 
XYL- Xy1enes (total) 
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Table 4. Zone 2 Anall:! Data ~22mv~ 

ACE DCM t-DCE cisDCE TCM BEN TCE TOL PCE EBZ XYL 

1.600 130.000 1.200 2.300 130.000 220.000 10.000 1.400 7.400 
1.900 64.000 0.520 1.600 83.000 130.000 6.100 0.900 5.300 
1.600 0.500 39.000 0.770 1.200 65.000 75.000 5.200 0.580 3.700 

0.870. 0.920 0.290 24.000 0.510 0.730 42.000 46.000 3.600 0.380 2.400 
0.690 0.690 0.330 21.000 0.700 0.680 42.000 35.000 3.600 0.280 2.200 

0.680 17.000 0.630 0.540 50.000 41.000 3.300 0.190 1.500 
0.200 7.700 0.340 0.200 28.000 22.000 1.800 0.890 

8.700 0.370 0.170 36.000 26.000 2.000 0.098 0.760 
0.660 12.050 26.480 20.530 

11.260 26.500 19.130 2.370 
9.440 26.890 20.400 0.820 
11.990 16.820 14.210 
5.200 17.790 7.960 
5.130 1 L 100 6.690 
3.300 0.300 13.000 9.900 0.680 0.240 0.580 
3.670 6.340 
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Table 5. Curve Fits and Correlation Factors for VOC Extraction Time History 

voc 
Trichloroethene 
Tetrachloroethene 
cis-1,2-Dichlorethene 
Viny I chloride 
Freon 113 
Benzene 
Toluene 
Ethyl benzene 
Xylenes 
Acetone 
Trichloromethane 
Dichloromethane 

Zone 1 
Curve Fit 

y=O. 53625+ 238.669x:o.?oo 
y=O.I015+8.3490exp(-x/709.205) 
y'1=0.00923+0.000110xlnx 
y"1=-0.1703+0.006027x 
y=O. 02 90+6.2606x.o·7843 

y=0.0008045+26.215x.o·97826 

y=l.9408+43.826exp(-x1355.146) 
y=0.003159+0.07944exp(-x1578.93) 
y=-0.002799+0.2166exp( -x/1 058. 7099) 
y=0.4835+ 760.17x'L4386 

y=0.003906+0.8697x.o.4616 

y=-1.2307+ 1.502exp(-x/4674.6) 

Correlation (rl) 
0.9466 
0.9674 
0.9991 
0.9996 
0.9638 
0.9894 
0.9646 
0.9412 
0.8365 
0.9389 
0.9329 
0.9891 

Table 6. Curve Fits and Correlation Factors for VOC Extraction Time History 

voc 
Trichloroethene 
Tetrachloroethene 
cis- I ~2-Dichlorethene 
Vinyl chloride 
Freon 113 
Benzene 
Toluene 
Ethyl benzene 
Xylenes 
Trichlorotluoromethane 
Acetone 
Trichloromethane 
Dichloromethane 

Curve Fit 
y=-27 .6418+4 76.180x:o·28737 

y=-2.5708+ 36.335x.o·2763 

y=-1.356+ 1727. 7007x.o·6615 

y"1=0.07508+0.000127xlnx 
y=-2. 775 I +8.857x.oJJsos 
y'1 =0.39159+0.0002659xlnx 
y=-1 1.2187+ 1908.4769x.o5394 

y=-0.05655+ I 0.600~.os042 

Zone2 

y"1 =0. 12266+ 7. 99e-Sxlnx 
y=-0.06286+1.846exp(-xl974.52) 
Insufficient data 
y=0.1807+4.030 I x.o 3751 

y=0.3699+ 1.6438exp(-x/560.305) 

Correlation (rl) 
0.9580 
0.9697 
0.9947 
0.9954 
0.9628 
0.9906 
0.9889 
0.9653 
0.9909 
0.9368 

0.7371 
0.8434 

As shown in Figures 1 through 6, the early time concentrations fall very steeply and the curve fit lines may not be 
representative of the actual concentrations in the f~rst 50 ho~rs before the first sample was obtained on December 18, 1997. 
Therefore. mass removal estimates have been made starting from the f~rst sample date. To estimate the total mass of each 
contaminant extracted from the soils, the flow rate from each manifold is used with the concentration data as follows: 

MWvoc 
Mvoc = Cvoc MV. Vt(3.74E- 6) 

T.P 

where. Mvoc is the mass of the contaminant removed (lbs), Cvoc is the concentration of the contaminant (ppm, v/v), MWvoc 
is the molecular weight of the VOC (g/mol), MVT.P is the molar volume of the vapor at a specific temperature and pressure 
(24.5 Vmol at 25°C and 1 atrn), Vis the volumetric flow rate in the extraction manifold (std retmin), tis the time interval 
(min) and 3.74E-6 is for unit conversions. Figure 7 shows the Zone I and Zone 2 manifold flow rates during this initial 
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operating period. From time zero to the operating time of 178 hours the system ran on six-hour intervals. The system was 
switched to four-hour intervals from hour 178 to 552 and to a two-hour interval from hour 552 to 2422. These changes were 
made to keep automatic shutdowns from occurring when large amounts of water were being extracted from the French drains 
soon after rainfall events occurred. The system was changed to one hour on Zone I and 3 hours on Zone 2 from hour 2422 to 
3453. From hour 3453 to date the system was set to only extract from Zone 2. Table 7 shows the total mass of each VOC 
removed estimated from the curve fits of the grab samples and measured flow rates. Figure 8 shows the cumulative mass of all 
VOCs extracted from each zone. 
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Figure 8. Total System Flow Rates 

Table 7. VOC Mass Removal 
Zone I Zone 2 Zone I + Zone 2 

Vinyl Chloride 1.98 9.81 11.79 
cis 1,2 Dichloroethene 21.76 231.36 253.12 
Trichloroethene 35.29 673.27 708.56 
Toluene 64.54 434.27 498.81 
Tetrachloroethene 33.66 62.10 95.77 
Freon 113 1.15 15.01 16.16 
Acetone 3.27 • 3.27 
Xylene 0.72 20.61 21.32 
Benzene 0.36 4.61 4.97 
Ethyl benzene 0.19 3.98 4.18 
Dichloromethane 0.36 8.14 8.50 
Chlorofonn 0.47 9.16 9.63 
Trichlorofluoromethane • 6.72 6.72 

Total 163.76 1479.04 1642.80 

• - insufficient concentration data to estimate mass 
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DISCUSSION 

The early time periods in a SVE system provide much more mass removal than in the later periods due, principally, to the 
diffusion limitation condition in later time periods where VOCs must move from within dead end pore spaces to the locations 
experiencing active ventilation. The total mass removal rate (Figure 9) has reached a plateau at about 0.04 lblbr for Zone 1 
and 0.4 Iblhr for Zone 2. As of May 31, 1998 the total mass removal was near I 0 lbs/day which is considered the deminimis 
level for air emissions regulations. Future monitoring should provide more information to support a proposal to bypass the 
carbon treatment system. Individual SVE well grab samples are planned which will show proportionate mass removal. 
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Mound OU-1 Air Sparging/High Vacuum Soil Vapor Extraction 
Innovative Technology Remediation Demonstration Project 

Soil Vapor Extraction System Monitoring- Time Series #4 

INTRODUCTION 

The objective of the soil vapor extraction (SVE) process monitoring system is to measure the concentration of the influent 
and effiuent vapors. A combination of Summa canister grab samples, and automated gas sampling and analysis equipment 
is now used to measure the concentrations of volatile organic compounds (VOCs) at the extraction headers of Zone I and 
Zone 2. SVE extraction flow rates are measured by a standard pilot, read manually on a quasi-daily basis. The SVE system 

·started operation on December 16, I.997. Tltis report describes the cumulative analytical results obtained from Summa 
canister and automated gas analysis up to July 3I, I998. Reports on earlier data sets include Soil Vapor Extraction System 
Monitoring - Time Series # 1 (March 5, 1998); Soil Vapor Extraction System Monitoring - Time Series #2 (May I8, 
1998)); Soil Vapor Extraction System Monitoring- Time Series #3 (June 23, I998). 

SOIL VAPOR EXTRACTION SYSTEM DESIGN SUMMARY 

The soil vapor extraction (SVE) system is segregated into two zones. Zone I includes six wells in the southern portion of 
the site. Zone 2 includes six SVE wells and five French drain vents in the northern portion of the site. Table 1 shows the 
zone assignment, screen lengtlt and geologic strata where each well is located. 

Table I. Extraction Well Details 
Extraction Well Screen Length Geologic Strata 

Zone I 
EW-NI 2 till 
EW-N2 15 non-till 
EW-N3 3 Till 
EW-N4 22 non-till 
EW-N5 2.5 Clay 
EW-N6 10 non-till 

Zone 2 
EW-N7 10 non-till 
EW-N8 10 non-till 
EW-N9 I5 non-till 
EW-N10 I2.5 non-till 
ED-Nl 5 base of French drain 
ED-N2 5 base of French drain 
ED-N3 5 base of French drain 
ED-N4 5 base of French drain 
ED-N5 5 base of French drain 
EW-ITRD-N7 8.5 non-till 
EW-ITRD-N9 4.5 Till 

All of the SVE wells in each zone intersect a main manifold that enters Treatment Building 301. The SVE system operates 
with an adjustable scheduler that alternates Zone l and Zone 2 at specified intervals. The manifolds are connected in series 
with a water knock-out tank, two flow through carbon beds, SVE pumps, and an atmospheric exhaust. 

09/11/98 Soil Vapor Ell.vaction System Monitoring- Time Series #4 



• SAMPLING AND ANALYSIS METHODS 

Because of sample collection limitations inherent in the process monitoring system, grab samples are coUected from a zone 
that is under ambient pressure, and not operating under the system vacuum of 12 to 18 inches of mercury. For the Summa 
canisters. a short section of teflon tubing is connected to the manifold sampling port. then the valve on the Summa canister 
is opened and the internal vacuum is allowed to fill the canister. Samples are shipped to an off-site contract laboratory for 
chemical analysis by EPA Method T0-14 (Winbeny et al., 1988). 

The automated process monitoring system is a commercial on-line multipoint gas chromatograph monitoring system. the 
SSC Model SCENTOSCAN available from Sentex Systems, Inc (Ridgefield, NJ). The Sentex process monitor pulls 
extraction manifold vapors through a coalescing filter, to remove entrained water, a heated tubing bundle, to prevent 
contaminant condensation during winter months, and into the gas chromatograph located in the analytical shed next to the 
SVEIAS building. The Sentex chromatograph uses a 30m capillary column. micro argon ion detector, preconcentrator/trap 
or loop sample injector. The system is capable of sampling 16 input ports. 

A single point calibration standard is used daily as part of the sequencing· program. Table 2 shows the compounds used in 
the calibration. Vinyl chloride was not included because of compound elution difficulties in an automated system. 

Table 2. Calibration Standards 
Sentex SCENTOSCAN System 

Dichloromethane 
cis-1,2 -dichloroethene 

Benzene 
Trichloroethene 

Toluene 
Tetrachloroethene 

Ethylbenzene 
Xylenes (total) 

The Sentex process monitor was put on line in February I 998. However, the precision of the calibration standards was very 
poor in data sets obtained in February and March. Changing the operational parameters to use longer sampling times for 
the preconcentrator/trap mode improved the quality of Zone 1 samples (low concentrations of target analytes); however, the 
increased sample collection time produced clipped peaks and contaminant cany-<5ver for Zone 2 samples. In May 1998, 
the system was switched to manual collection and loop injection mode for the analysis of Zone 2 high contaminant 
concentration samples only. The SVE system was changed to pull only from Zone 2 because the vast majority of the 
contamination was found in that zone alone. The exclusive extraction from Zone 2 will continue until the Zone 2 
contaminant concentrations approach those of Zone l. The change to manual operation mode from automatic mode was 
done in response to frequent heavy rains at the site, wl)ich produced more water than the sample system coalescing filters 
could manage. Careful monitoring is required to prevent liquid water from being injected into the gas chromatograph. 

RESULTS 

Tables 3 and 4 show the compound specific analytical results for Zone 1 and Zone 2, respectively. The results of the grab 
samples for both Zones 1 and 2 show ex-ponential declines of the VOCs over time. Figures 1 through 3 show the time 
history for Zone 1 for the three compounds found in the greatest concentrations (cis-1,2 dichloroethene, trichloroethene, and 
toluene). Figures 4 through 6 show the time history for the same Zone 2 compounds. Curve fit equations were matched to 
the data by TableCurve 2D (Ver 4, SPSS, Inc.). The best fit equation for each compound was used to estimate contaminant 
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• concentration between sampling events. Tables 5 and 6 show the equations and correlation factors for the curve fits for 
each of the VOCs where sufficient evaluation data are available. 

As shown in Figures 1 through 6, the early time concentrations fall very steeply and the curve fit lines may not be 
representative of the actual concentrations in the first 50 hours before the first sample was obtained on December 18, 1997. 
Therefore, mass removal estimates have been made starting from the first sample date. To estimate the total mass of each 
contaminant extracted from the soils, the flow rate from each manifold is used with the concentration data as follows: 

MWvoc 
Mvoc = Cvoc Vt(3.14E- 6) 

MVT.P 

Mvoc is the mass of the contaminant removed (lbs). Cvoc is the concentration of the contaminant (ppm. v/v), MWvoc is the 
molecular weight of the VOC (g/mol), MVr.P is the molar volume of the vapor at a specific temperature and pressure (24.5 
Vmol at 25°C and 1 atm), Vis the volumetric flow rate in the extraction manifold (std ft3/min). tis the time interval (min). 
and 3.74E-6 is for unit conversions. 

Figure 7 shows the Zone I and Zone 2 manifold flow rates during the operating period. From time zero to the operating 
time of 178 hours the system ran on six-hour intervals. The system was switched to four-hour intervals from hour 178 to 
552, and to a two-hour interval from hour 552 to 2422. These changes were made to keep automatic shutdowns from 
occurring when large amounts of water were being extracted from the French drains soon after rainfall events. The system 
was changed to one hour on Zone 1 and 3 hours on Zone 2 from hour 2422 to 3453. From hour 3453 to date the system was 
set to only extract from Zone 2. Table 7 shows the total mass of each VOC removed as estimated using grab sample curve 
fit equations, and measured flow rates. Figure 8 shows the cumulative mass of all VOCs extracted from each zone. 

DISCUSSION 

The early time periods in a SVE system provide much more mass removal than in the later periods due, principally, to the 
diffusion limitation condition in later time periods where VOCs must move from within dead end pore spaces to the 
locations experiencing active ventilatiort At the time of shutdown on May 7,1998, the Zone 1 mass removal rate was 
approximately 0.04 lblhr. The mass removal rate for Zone 2, shown in Figure 9, was approximately 0.25 lblhr as of July 
31, 1998, giving an estimated mass removal of 6 lbs/day. which is below the demini1nis regulatory emission level for air of 
10 lbs/day. 
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Table 3. Zone I Anall::!e Data ~eemv~ 

Date Source Total VC F113 ACE DCM cisDCE 2-BUT TCM BEN TCE TOL 
Time 

18-Dec-97 Summa 8.000 0.330 3.300 0.250 33.000 5.900 0.150 0.580 16.000 42.000 
22-Dec-97 Summa 145 1.400 0.130 0.240 11.000 0.220 8.600 28.000 
29-Dec-97 Summa 313 0.490 0.100 0.440 0.160 4.300 0.050 0.091 4.600 19.000 
5-Jan-98 Summa 481 0.400 0.100 0.950 0.130 3.200 0.640 0.051 0.056 3.900 17.000 
12-Jan-98 Summa 702 0.230 0.092 0.590 0.064 2.400 0.055 0.026 2.200 8.800 
19-Jan-98 Sununa 870 0.140 0.047 0.590 0.015 1.300 0.280 0.055 0.017 1.600 3.200 
19-Mar-98 Sentex 2280 5.160 
20-Mar-98 Sent ex 2304 3.980 4.960 
12-Mar-98 Sununa 2118 0.130 0.050 0.063 0.770 0.053 0.037 0.056 0.930 0.062 
25-Mar-98 Summa 2432 0.130 0.042 0.750 0.031 0.007 0.930 0.053 
13-Apr-98 Sentex 2880 2.570 
22-May-98 Summa 3816 0.023 0.017 0.690 0.160 1.300 0.007 0.300 0.048 
21-Jul-98 Sentex 5271 0.158 0.366 0.016 

• 21-Jul-98 Summa 5271 0.017 0.055 0.120 0.140 0.005 0.002 0.270 0.036 

VC- Vinyl chloride BEN - Benzene 
F113- 1,1,2-Trichloro-1,2,2-trifluoroethane (Freon 113) TCE - Trichloroethene 
ACE - Acetone TOL -Toluene 
DCM- DiChloromethane (methylene chloride) PCE- Perchloroethene (tetrachloroethene) 
cisDCE- cis-1,2-Dichloroethene EBZ- Ethylbenzene 
2-BUT - 2-Butanone XYL - Xylenes (total) 
TCM- Trichloromethane (chloroform) 
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Table 4. Zone 2 Anal~te Data ~Eemv) 

Date Source Total vc TCFM F113 ACE DCM t-DCE cisDCE TCM BEN TCE TC 
Time 

18-Dec-97 Summa 10.000 1.700 2.500 1.600 130.000 1.200 2.300 130.000 220. 
22-Dec-97 Summa 6.200 1.500 1.600 1.900 64.000 0.520 1.600 83.000 130. 
29-Dec-97 Summa 2.900 1.400 1.500 1.600 0.500 39.000 0.770 1.200 65.000 75.( 
5-Jan-98 Summa 2.000 0.810 0.880 0.870 0.920 0.290 24.000 0.510 0.730 42.000 46.( 
12-Jan-98 Summa 1.700 1.100 1.100 0.690 0.690 0.330 21.000 0.700 0.680 42.000 35.( 
19-Jan-98 Summa 1.100 0.590 0.670 0.680 17.000 0.630 0.540 50.000 41.! 
12-Mar-98 Summa 0.270 0.110 0.310 0.200 7.700 0.340 0.200 28.000 22.( 
25-Mar-98 Summa 2432 0.120 0.400 8.700 0.370 0.170 36.000 26.( 
25-Mar-98 Sent ex 2432 0.660 12.050 26.480 20.~ 

30-Mar-98 Sentex 2544 11.260 26.500 19.: 
3-Apr-98 Sent ex 2616 9.440 26.890 20.l 
13-Apr-98 Sent ex 2880 11.990 16.820 14.: 
21-Apr-98 Sentex 3072 5.200 17.790 7.9 
22-May-98 Sentex 3816 5.130 11.100 6.6 

. 22-May-98 Summa 3816 0,100 3.300 0.300 13.000 9.9 
28-May-98 Sentex 3960 3.67 6.34 

• 17-Jun-98 Sentex 4455 2.324 14.029 10.: 
22-Jun-98 Sentex 4575 2.527 14.445 9.8 
24-Jun-98 Sentex 4623 2.685 16.617 10.: 
30-Jun-98 Sentex 4767 1.736 8.555 5.8 
20-Jul-98 Sentex 5247 1.177 6.595 3.7 
23-Ju1-98 Sentex 5319 0.994 6.577 5.6 
23-Jul-98 Summa 5319 0.076 0.027 0.040 2.600 0.037 9.500 8.2 
30-Jul-98 Sent ex 5472 1.201 7.394 3.7 

VC- Vinyl chloride TCM- Trichloromethane (chloroform) 
TCFM - Trichlorofluoromethane BEN - Benzene 
F113- 1,1,2-Trichloro-1,2,2-trifluoroethane (Freon 113) TCE - Trichloroethene 
ACE - Acetone TOL -Toluene 
DCM- Dichloromethane (methylene chloride) PCE- Perch.loroethene (tetrachloro.ethene) 
t-DCE- trans-1,2-Dichloroethene EBZ- Ethylbenzene 
cisDCE- cis-1,2-Dichloroethene XYL - Xylenes (total) 
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Table 5. Curve Fits and Correlation Factors for VOC Extraction Time History 

voc 
Trichloroethene 
Tetrachloroethene 
cis-1,2-Dichlorethene 
Vinyl chloride 
Freon 113 
Benzene 
Toluene 
Ethyl benzene 
Xylenes 
Acetone 
Trichloromethane 
Dichloromethane 

Zone 1 
Curve Fit 

y=0.53625+238.669x~·700 

y=O.lO 15+8.3490exp(-xn09.205) 
y·1=0.00923+0.ooo llOxlnx 
y"1=-Q.l703+0.006027x 
y=0.0290+6.2606x~·7843 

y=0.0008045+26.215x~·97826 

y= 1.9408+43.826exp(-x/355.146) 
y=0.003159+0.07944exp(-x/578.93) 
y=-Q.002799+0.2166exp( -x/1058. 7099) 
y=0.4835+760.17x·l.4386 

y=0.003906+0.8697x~·4616 

y=-1.23 07 + 1.502exp( -x/467 4.6) 

0.9466 
0.9674 
0.9991 
0.9996 
0.9638 
0.9894 
0.9646 
0.9412 
0.8365 
0.9389 
0.9329 
0.9891 

Table 6. Curve Fits and Correlation Factors for VOC Extraction Time History 

voc 
Trichloroethene 
Tetrachloroethene 
cis-1,2-Dichlorethene 
Vinyl chloride 
Freon 113 
Benzene 
Toluene 
Ethyl benzene 
Xylenes 
Trichlorofluoromethane 
Acetone 
Trichloromethane 
Dichloromethane 

Zone2 
Curve Fit 

y=-27.6418+476.180x~·28757 
y=-2.5708+ 36.33 5x~·2763 

y=-1.356+ 1727. 7007x~·661 5 

y·1=0.07508+0.000 I27xlnx 
y=-2.7751 +8.857x~ IJSOS 

y"1 =0.3 9159+0.0002659xlnx 
y=-11.2187+ 1908.4769x~SJ94 

y=-Q .05655+ 10 .600x~5042 

y·1=0.12266+7.99e-5xlnx 
y=-Q.06286+ l.846ex"p( -x/974.52) 
Insufficient data 
y=0.1807+4.030 1x~·3751 

y=0.3699+ 1.6438exp(-x/560.305) 

9 

Correlation (r) 
0.9580 
0.9697 
0.9947 
0.9954 
0.9628 
0.9906 
0.9889 
0.9653 
0.9909 
0.9368 

0.7371 
0.8434 
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Figure 7. Total System Flow Rates 

Table 7. VOC Mass Removal (lbs) 

Zone I Zone 2 Zone I + Zone 2 
Vinyl Chloride 1.99 Il.l8 13.I6 
cis 1,2 D ichloroethene 
Trichloroethene 
Toluene 
Tetrachloroethene 
Freon 113 
Acetone 
Xylene 
Benzene 
Ethylbenzene 
Dichloromethane 
Ch1orofonn 

21.81 286.72 
35.66 883.ll 
64.99 524.42 
33.7I 79.6I 

l.l7 16.03 
3.34 • 

0.72 24.22 
0.36 5.41 
O.I9 5.09 
0.36 11.71 
0.48 13.86 

Trichlorofluoromethane • 5.99 
Total I64.78 I867.36 

308.53 
9I8.77 
589.4I 
ll3.32 

I7.20 
3.34 

24.94 

5.77 
5.28 

12.06 
14.34 
5.99 

2032.14 

• - insufficient concentration data to estimate mass 

8000 
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Mound OU-1 Air Sparging/High Vacuum Soil Vapor Extraction 
Innovative Technology Remediation Demonstration Project 

Air Sparging and Soil Vapor Extraction 
Radius of Influence Report #1 

INTRODUCTION 

The mdial distance of subsurface vacuum and air flow established by individual soil vapor extraction wells is a principal 
parameter used in the design of SVE systems. The radius of influence is used to establish the spacing between individual 
wells and between rows. The radius of influence is poorly defined, but is generally described as the radial distance at which 
the SVE well vacuum is not longer significantly ventilating subsurface soils. Values of about one percent of the applied 
vacuum have been used. After well installation, measurement of the radius of influence of individual wells provides a 
gauge for the reasonableness of the design assumptions. 

TEST METHODS 

The soil vapor extraction system was altered to have just one SVE well operating. A bypass valve at the pump house was 
used to provide makeup air to the extraction blowers. The vacuum and flow rate for the single well was set to be about the 
same values as when it was operating with the entire network. The vacuum and flow rates were set and allowed to stabilize. 
Pressure measurements were made at piezometers and SVE wells at various distances from the operating well with the 
ststem opemting at steady state. 

RESULTS 

On August 4, 1998, radius of influence tests were performed. Figure 1 shows the locations of the SVE wells and 
monitoring locations. Table I shows the results for Zonel, SVE well EW-N3, which has a screened interval of 3 feet, 
located in the glacial till. 

Table I ROI Zone I Low Flow Well . ' 
Operating Well 

Well ID Vac. f'Hg) Flow(fpm) 

EW-N3 -11 . 
Measurement Locations 

Location "H20WC 

VPMP-1 S 0 

VPMP-1 M 0 

VPMP-2 S 0 

VPMP-2M 0 

VPMP-2 D 0 

• below measurement resolution 

EW-N3 produces very little airflow due to the low permeability of the glacial till. As a result, no measurable vacuum was 
found at the monitoring points. 
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Figure 1. Air Sparge and Soil Vapor Extraction Well Locations 



Table 2 shows the results for Zone 2, French drain SVE well ED-N2. which has a screened interval of 5 feet located in the 
base of the gravel French drain. The French drain SVE wells are connected to the Drench drains that were placed 
underneath the landfill during construction. This ex1ends the effective length of the well screen to well over 200 to 300 
feet The results of Table 2 indicate that little vacuum is propagated laterally from these French Drains. 

Table 2 ROI Test Zone 2 French Drain . . 
Operating Well 

WeiiiD Vac. \Hg) Flow (fpm) Flow(cfm) 

ED-N2 0 2610 57 

Measurement Locations 
Location "H20WC Location "H20WC 

ITRD-N7 0.01 VPMP-1 S 0 

ED-N1 0 VPMP-2 S 0 

Table 3 shows the results for Zone 2, SVE well EW-N7, which has a screened interval of 10 feet in a non-till location. 
The distance column shows the length from the operating well to the measurement location. The results from tests of SVE 
well EW-N7 shows that this well provides effective ventilation over most of the site. EW-N7 also contains the largest 
. source of SVE system produced contaminants, which are probably integrated from over most of the site. 

T bl 3 ROI T Z 2 H' h Fl W lJ a e est, one . tgl ow e 
Operating Well 

WeiiiD Vac. ("Hg) Flow(fpm) Flow (cfm} 

EW-N7 7 7175 157 

Measurement Locations 
Location "H20WC distance (ft) Location "H20WC Distance (ft) 

EW-N2 0.13 151 EO-NS 0.034 NM 

EW-N4 0.165 84 ITRD-N7 0.25 10 

EW-NS 0.14 138 ITRD-N9 0.9 160 

EW-N6 0.085 205 VPMP-1 S 0.46 115 

EW-NS 1.8 74 VPMP-1 M 0.17 115 

EW-N9 0.5 147 VPMP-2 S 3.4 40 

EW-N10 0.115 170 VPMP-2M 0 40 

ED-N1 0 NM VPMP-3 0.08 189 

ED-N2 0.08 NM VPMP-45 0 153 

ED-N4 0 NM VPMP-4M 0.03 153 

NM- not measured 

DISCUSSION 

Using the data from the test for EW-N7, Figure 2 shows the measured vacuum at t11e distances of each monitoring point. 
Curve (1) shows a fitted curve to all t11e data points except ITRD-N7 and VPMP-2M. ITRD-N7 was constructed for the 
pilot test and was found to have very low permeability and produced very little air flow. The screened interval for VPMP-
2M was likely below the water table during these measurements. EW-N4 is located on Zone I and is considered one of the 
highest flow wells with small vacuum (172 cfm. -1.75 in Hg). However, EW-N7 shows a very little applied vacuum at EW
N4. 
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Figure 2. Radius of Influence and Estimated Air Velocity Induced by EW-N7 

To develop an understanding for how significant the measured vacuums are, one can estimate the Darcy velocity of air 
using the pneumatic gradient and the intrinsic penneability. The intrinsic penneability can be estimated for all the flow 
into EW-N7 by using an equation for the steady state cylindrical flow into an extraction well: 

where: 
K =intrinsic penneability (ft2) 

Q =flow rate (157 ft3/min) 
Pw= well pressure (7 in Hg = 780mbar) 
Po~m =atmospheric pressure (1013 mbar) 
J.1 =viscosity of air (l.8E-7 mbar*sec) 
rw = radius of well (0 .0 17 ft) 
ri = radius of influence ( 150 ft) 
L =screen length (10ft) 

K = QPwpln(r w I r;) 

L1r(P: -Pa;m) 

Applying the above parameters, the intrinsic penneability ofEW-N7 is calculated to be 1.9E-10 ft2
, or 18 Darcy or l.8E-7 

cm2
• Comparing this value to general values for soils, tllis corresponds to ranges found for clean sand or silty sand, which 

is consistent given what is known about the site soils. To estimate the average velocity imparted by the measured vacuums 
at the distal locations, one can use Darcy's law, modified for any fluid, as: 

where: 
V = Darcy velocity (em/sec) 
K = intrinsic penneability (cm2

) 

? =density of air (0.00582 glcm3
) 

g =acceleration due to gravity (980 em/sec=) 
J.l= viscosity of air (1.8E-4 glcm*sec) 
? h = change in pneumatic head (ft of air) 
? I = change in distance (ft) 



• 

. • ..-~ . 

Using the intrinsic permeability of l.SE-7 cm2, change in pneumatic head of7 in Hg (0.77 atm or 4477 ft air column) to I 
io:h water column (0.9975 atm or 5800 ft air column) over 75 feet, the Darcy velocity is about 350 em/hr. Figure 2 also 
contains the Darcy velocity (curve 2) as a function of distance 4sing the pneumatic gradients from curve (l). This indicates 
that even at low vacuums, there is significant subsurface air velocity transporting contaminants to the extraction well. 
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Mound OU-1 Air Sparging/High Vacuum Soil Vapor Extraction 
Innovative Technology Remediation Demonstration Project 

Air Sparging and Soil Vapor Extraction 
Flow/Pressure/System Balance Report #1 

INTRODUCTION 

The injection flow rate and pressure for each individual air sparge well can provide an indication of the relative performance 
of each well to transfer groundwater contaminants to the vadose zone. In a similar manner, the extraction flow rate and 
vacuum for each individual soil vapor extraction well can indicate the effective mass removal and radius of influence on each 
well. Periodic measurements on each well head can show performance changes over time and indicate the need for periodic 
maintenance. 

SAMPLING AND ANALYSIS METHODS 

Upon initial startup in December 1997, airflow measurements were completed with a Kurz Model 441 S thermal anemometer 
with a range of 10 to 6000 feet per minute. Over the time period from Jauary to April 1998, the air sparge and soil vapor 
extraction well heads were instrumented with individual integrating pitot tubes (Dwyer DS-300 Flow Sensor) and velocity 
pi-essure gauges (Dwyer Series 2000 Magnahelic Differential Pressure Gauges). In addition, the total flow rates and 
pressures/vacuums for both the AS and SVE were measured on a system basis with a standard centerline pitot tube/velocity 
pressure measurement. Pressure measurements were made with three inch diameter pressure and vacuum gauges located on 
the top of each well head. Figure 1 shows the locations of the air sparge and soil vapor extraction wells. 

RESULTS 

Table IA (Zone 1) and IB (Zone 2) show the individual air flow rates and pressures on December 17, 1997 (startup plus one 
day). Table 2A (Zone 1) and 2B (Zone 2) show the same information for December 23, 1997. The AS wells AS-Nl4, AS
Nl5 and AS-Nl6 are located on the east side of the site where the groundwater to bedrock depth narrows. These three wells 
are currently above the groundwater surface and will only be used if there is a significant rise in the groundwater surface. 

T bl lA S fi Z 1 D b 17 1997 Bl a e system a ance or one - ecem er . 
Well ID Pressure (psi) Flow (cfm) Well ID Vacuum (in Hg) Flow(cfm) 

AS-Nl 12 2 EW-Nl -8 0 
AS-N2 8 33* EW-N2 -1 109 
AS-N3 11 0 EW-N3 -6.5 I 
AS-N4 8 15 EW-N4 -4.5 109 
AS-N5 10.5 1 EW-N5 -5.25 4 
AS-N6 9 I EW-N6 -3.5 109 
AS-N7 8 28 
AS-N8 10 6 
AS-N9 8 33* 

Total 119 332 
• - m8XJDlum readmg of mstrument 
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T bl 1B S Bl ~ Z 2 D b 17 1997 a e system a ance or one - ecem er ' 

Well ID Pressure (psi) Flow (cfm) Well ID Vacuum (in Hg) Flow (cfm) 
AS·NIO 11.75 33* EW·N7 ·5 72 
A~·NII 9 33* EW·N8 ·5 87 
AS·N12 II 2 EW·N9 ·5 2 
AS·Nl3 12 1 EW·N10 ·5 2 
AS·NI4 Off Off ED·N1 4.25 98 
AS·NIS Off Off ED·N2 ·5 65 
AS.NI6 Off Off ED·N3 ·5 0 
AS·N17 12 0 ED·N4 ·5 120 
AS·NI8 11.5 0 ED·NS 4.75 55 
AS·NI9 10 0 ITRD·l ·5.5 2 
AS·N20 9.5 0 ITRD·2 -5 21 
AS·N21 II 33* 
AS·N22 9.5 21 
AS·N23 10 0 

Total 122 524 
• - maxunum readmg of Instrument 

T bl 2A S fi Z I D b 23 1997 Bl a e system a ance or one - ecem er 
' 

Well ID Pressure (psi) Flow (cfm) Well ID Vacuum (in Hg) Flow (cfm) 
AS·NI 7.5 5 EW·Nl ·12.5 0.5 
AS·N2 7.25 16 EW·N2 0 131* 
AS·N3 5.25 5 EW·N3 ·11.5 0.5 
AS·N4 8 n• EW·N4 ·1.5 131* 
AS·NS 9.4 2 EW-N5 ·10.5 26 
AS·N6 8 11 EW·N6 4 131* 
AS·N7 10 33* 
AS·N8 8.6 21 
AS·N9 8.75 33* 

Total 160 420 
• • maxunum readmg of Instrument 

T bl 2B S a e >ystem Bl ~ Z 2 D a ance or one - b ecem er 23, l 99 7 
Well ID Pressure (psi} Flow (cfm) Well ID Vacuum (in Hg) Flow (cfm) 

AS-NIO 11.9 9 EW.N7 ·4.25 100 
AS-Nil 12 n• EW·N8 ·3.5 100 
AS-N12 11.6 28 EW-N9 -10 3 
AS·Nl3 11.25 13 EW·NIO ·10 4 
AS·Nl4 Off Off ED-Nl ·2 44 
AS·NIS Off Off ED·N2 .J 87 
AS·N16 Off Off ED·N3 ·9.75 0 
AS·NI7 10.9 10 ED·N4 4.75 65 
AS·NI8 12 29 ED·NS ·6.75 109 
AS·NI9 ll 13 ITRD·l ·10.4 7 
AS·N20 10.75 II ITRD·2 ·10 33 
AS·N21 II 33* 
AS·N22 9.5 32 
AS·N23 10 2 

Total 
.,,~ ..... 

• • • maximum readmg of mstrument 
212 553 
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• 
The air flow rates in the air sparge wells showed a significant declining trend after an initial increase. In addition, the delivery 
pressures were gradually increasing. Figure 2 and 3 shows the trend for both Zone I and Zone 2. When the system flow rates 
dropped to about 500/o of the starting flows and the pressures were about double, the system was turned off and an 
investigation was started to detennine the cause. 

i 
I 200~----------------------------~~-=.-~------~ ... 
I 
~ 1~~--------------------------------------~--~r------4 

! 

0~----~r-----~------~------~------~----~------~ 

1218197 12116/97 12126/97 115198 1/15198 1125198 214198 2114198 

Time (date) 

Figure 2. Air Sparge Flow Rates Over Time 

~ a+-------~-----------------7~-----------------------4 
! 
:II .. 
~ er---------~--~--~~-------------------------4 

Q. 

0~------------~------~------~------~----~------~ 
12.16197 12116197 12126/97 115198 1/15198 1125198 214198 2114198 

Tlme(date) 

Figure 3. Air Sparge Delivery Pressures Over Time 

The soil vapor extraction system continued to operate and the system balance data for March 5, 1998 is shown in Table 3A 
(Zone I) and 38 (Zone 2). 
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T bl 3A S 81 I M h 5 1998 a e . system a ance or one - arc . 

Well ID Pressure (psi) Flow(cfm) Well ID Vacuum (in Hg) Flow (cfm} 
AS-Nl Off Off EW-Nl -8.5 n 
AS-N2 Off Off EW-N2 0 172 
AS-N3 Off Off EW-N3 -9.5 n 
AS-N4 Off Off EW-N4 -1.75 167 
AS-NS Off Off EW-NS -10.75 47 
AS-N6 Off Off EW-N6 -3.75 167 
AS-N7 Off Off 
AS-N8 Off Off 
AS-N9 Off Off 

Total 554 
n -No flow measurement performed 

T bl 38 S 81 fi Z 2 M h 5 1998 a e . system a ance or one - arc . 
WeUID Pressure (psi) Flow (cfm) Well ID Vacuum (in Hg) Flow (cfm) 

AS-NIO Off Off EW-N7 -4.5 122 
AS-Nil Off Off EW-N8 -3.4 122 
AS-Nl2 Off Off EW-N9 -12.25 n 
AS-Nl3 Off Off EW-NJO -12.2 n 
AS-Nl4 Off Off ED-NI 0 71 
AS-Nl5 Off Off ED-N2 0 72 
AS-Nl6 Off Off ED-N3 -1.5 n 
AS-Nl7 Off Off ED-N4 -2.5 72 
AS-Nl8 Off Off EO-NS -7.25 67 
AS-Nl9 Off Off ITRD-1 -8 n 
AS-N20 Off Off ITRD-2 -12.25 29 
AS-N21 Off Off 
AS-N22 Off Off 
AS-N23 Off Off 

Total 555 
n -No flow measurement performed 

DISCUSSION 

Of the air sparge wells, four (AS-NI, AS-N3, AS-NS and AS-N23) were found to have very low to negligible flow rates 
(December 23, 1997 data). These locations all coincide with low extraction flow rates at adjacent soil vapor extraction wells 
(EW-Nl, EW-N3, EW-N5 and EW-NIO). In the time period between December 17, 1997 and December 23, 1997, the data 
show that seven of the air sparge weiJs had no significant change, two dropped, and eleven increased as the total system flow 
rate increased by over fifty ~ercent. All of the air sparge flow adjusting valves were positioned fully opened. 

For the soil vapor extraction weiJs, locations EW-NJ, EW-N3, EW-NS and ITRD-1 were showing low to negligible flow 
rates. These extraction weiJs were constructed into low permeability tiii or clay material with short-screened intervals. The 
ITRD well was the one used by Radian in the pilot test. Data from this test showed very low flow rates and the production of 
a significant amount of water. Aside from the French drains, aiJ of the extraction wells showed a significant increase in flow 
rates. This may be attributable to the decline in water production as the wells began to dry out. The French drains produced a 
significant amount of water and the valves on these weiJs were throttled back to prevent shutdown of the system due to a high 
level condition in the water knockout tank. 

Balancing of the SVE system was performed by partially closing wellhead valves on the high flow we11s (e.g. EW-N2, EW
N4) to bring up the flows on the moderate producing we1ls. Attempts to bring up the flow rates on the low production we11s 
by closing the high flow weiJs were generally unsuccessful. Sma11 increases were possible, but at the cost of closing the high 
production wells and making the system run at near the maximum design vacuum. There is no quantitative indicator for the 
amount of closure used on each of the well head valves. 
05/07/98 s Flow/Pressure/System Balance Report # 1 
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Potential causes for the decline in the flow rate and increase in pressure of the air sparge system include biofouling and 
fonnation of insoluble precipitates of iron and carbonate due to the addition of oxygen to the groundwater system. Testing 
and evaluation is planned and includes measurement of pH, eh, dissolved oxygen, total organic carbon, alkalinity, and 
speciation of ferrous and ferric ions. 

REFERENCES 

1. ITRD, 1997. Mound OU-1 ITRD Project, Air Sparging/Soil Vapor Extraction, Cost and Perfonnance Data Collection 
Plan. December 1997. 

2. Data tables from flo-pres. xis, Microsoft Excel ver. 97 SR-1 . 
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Mound OU-1 Air Sparging/High Vacuum Soil Vapor Extraction 

Innovative Technology Remediation Demonstration Project 

Air Sparging and Soil Vapor Extraction 
Flow/Pressure/System Balance Report #2 

INTRODUCTION 

The injection flow rate and pressure for each individual air sparge well can provide an indication of the relative performance 
of each well to transfer groundwater contaminants to the vadose zone. In a similar manner, the extmction flow mte and 
vacuum for each individual soil vapor extraction well can indicate the .effective mass removal and radius of influence on each 
well. Periodic measurements on each well head can show performance changes over time and indicate the need for periodic 
maintenance. 

SAMPLING AND ANALYSIS METHODS 

Upon initial startup in December 1997, airflow measurements were completed with a Kurz Model 441 S thermal anemometer 
with a range of 10 to 6000 feet per minute. Over the time period from Jauary to April 1998, the air sparge and soil vapor 
extraction well heads were instrumented with individual integrating pitot tubes (Dwyer DS-300 Flow Sensor) and velocity 
pressure gauges (Dwyer Series 2000 Magnahelic Differential Pressure Gauges). In addition, the total flow rates and 
pressures/vacuums for both the AS and SVE were measured on a system basis with a standard centerline pitot tube/velocity 
pressure measurement. Pressure measurements were made with three inch diameter pressure and vacuum gauges located on 
the top of each well head. Figure I shows the locations of the air sparge and soil vapor extraction wells. 

RESULTS 

On February 4, 1998 the AS system was turned off because the injection pressure had doubled and the flow rate dropped to 
one half the startup values. Evaluation and restoration of the AS well point or aquifer plugging is still in progress. Therefore, 
this report will show results for only the SVE system. The mass removal rate for Zone I had leveled off at a value that was 
about ten percent of the rate for Zone 2. As a result, on May 7, 1998 the SVE system was set to extract from only Zone 2. 
Table 1 and 2 show the SVE vacuum and flow after rebalancing the system on April 28 and May 28, 1998, respectively. Data 
from previous measurements can be found in ITRD, 1998a. 

T bl I S a e ;ystem Bl ~ z a ance or one an d 2 A ·1 28 1998 - •Pn , 
Zone 1 Zone 2 

Well ID Vacuum (in Hg) Flow (cfm) Well ID Vacuum (in Hg) Flow (cfm) 
EW-Nl -12.2 0 EW-N7 -6.1 122 
EW-N2 0 172 EW-N8 -3.75 124 
EW-N3 -II. I I EW-N9 -9.4 7 
EW-N4 -1.75 172 EW-NIO -9.5 4 
EW-NS -9.75 59 ED-Nl 0 67 
EW-N6 -4.1 172 ED-N2 0 67 

ED-N3 -9.1 0 
ED-N4 -2.1 67 
ED-NS -5 67 
EW-ITRD-N7 -10 0 
EW-ITRD-N9 -9.4 9 

Total Individual 577 533 
Total Building 552 552 
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Figure I. Air Sparge and Soil Vapor Extraction Well Locations 

2 Flow/Pressure/System Balance Report 112 



• 
a e >ystem a ance or one an - ay . T bl 2 S Bl ~ z d 2 M 28 1998 

Zone I Zone2 
Well ID Vacuum (in Hg) Flow (cfm) Well ID Vacuum {in Hg) Flow(cfm) 

EW-NI 0 0 EW-N7 -7 122 
EW-N2 0 0 EW-N8 -3.8 125 
EW-N3 0 0 EW-N9 -9.2 15 
EW-N4 0 0 EW-NIO -8 13 
EW-N5 0 0 ED-NI 0 66 
EW-N6 0 0 ED-N2 0 74 

ED-N3 -9.3 0 
ED-N4 -1.5 68 
ED-N5 -3.9 65 
EW-ITRD-N7 -9.6 0 
EW-ITRD-N9 -9.5 17 

Total Individual 0 566 
Total Building 0 541 

Table 3 and 4 show the measured vacuum and individual flow rates as a function of time for Zone I and Zone 2, respectively. 
Figures 2 and 3 graphically show the time history of the fraction of total flow from individual wells for Zone I and Zone 2, 
respectively. 

Figure 2. Fraction of Total Flow from Individual Wells on Zone I 

. ' 
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a e tme lslOI)' 0 acuum an T bl 3 T" H" fV ow or ne e s d Fl fi Zo 1 SVE W II 
Zone 1 

EW-N1 EW-N2 EW-N3 EW-N4 EW-NS EW-N6 

vacuum flow vacuum Flow vacuum flow vacuum flow vacuum flow vacuum flow 

date inHg cfm in Hg Cfm inHg cfm inHg · cfm in Hg cfm in Hg cfm 

12/17/97 -8 0 -1 109 -6.5 1 -4.5 109 -5.25 4 -3.5 109 

12123/97 -12.5 0.5 0 131 ~11.5 0.5 -1.5 131 -10.5 26 -4 131 
3/5/98 -8.5 0 172 -9.5 -1.75 167 -10.75 47 -3.75 167 

4/28198 -12.2 0 0 172 -11.1 1 -1.75 172 -9.75 59 -4.1 172 
5/28198 0 0 0 0 0 0 0 0 0 0 0 0 

a e 1me 1story o acuum an T b1 4 T H" fV ow or one e s d Fl f< Z 2 SVE W II 
Zone2 

EW-N7 EW-N8 EW-N9 EW-N10 EW-ITRD-N7 EW-1TRD-N9 

vacuum flow vacuum flow vacuum flow vacuum flow vacuum flow vacuum Flow 
date in Hg cfm inHg cfm in Hg cfm inHg cfm in Hg cfm in Hg Cfm 

12/17/97 -5 72 -5 87 -5 2 -5 2 -5.5 2 -5 21 
12/23/97 -4.25 100 -3.5 100 -10 3 -10 4 -10.4 7 -10 33 

3/5/98 -4.5 122 -3.4 122 -12.25 -12.2 -8 -12.25 29 
4/28198 -6.1 122 -3.75 124 -9.4 7 -9.5 4 -10 0 -9.4 9 
5/28198 -7 122 -3.8 125 -9.2 15 -8 13 -9.6 0 -9.5 17 

Table 4. Time History of Vacuum and Flow for Zone 2 SVE Wells (continued) 
Zone2 

ED-N3 ED-N4 ED-N5 . ED-N1 ED-N2 
vacuum flow vacuum flow vacuum flow vacuum flow vacuum flow 

date inHg cfm in Hg cfm in Hg ·crm in Hg cfm inHg cfm 
12/17/97 -5 0 -5 120 -4.75 55 -4.25 98 -5 65 
12/23/97 -9.75 0 -4.75 65 -6.75 109 -2 44 -I 87 

3/5/98 -7.5 -2.5 72 -7.25 67 0 71 0 71 
4/28198 -9.1 0 -2.1 67 -5 67 0 67 0 67 
5/28/98 -9.3 0 -1.5 68 -3.9 65 0 66 0 74 

06/25/98 4 flow/Pressure/System Balance Rep()rt #2 
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Figure 3. Fraction of Total Flow from Individual Wells on Zone 2 

DISCUSSION 

The data collected from individual SVE wells shows that contributions to the total flow are found in two groups. One group 
(e.g. EW-Nl on Zone I and EW-N9 on Zone 2) includes those that produce less than five percent of the total flow. The other 
group (e.g. EW-N2 on Zone 1 and EW-N8 on Zone 2) includes those that produce fifteen to thirty percent of the total flow. If 
one looks at the individual well contributions to the mass extraction rate (ITRD, 1998b ), there are only trace quantities in the 
low flow wells of Zone 1 (EW-Nl and EW-N3); however, the low flow wells of Zone 2 (EW-N9, EW-NlO and EW-ITRD
N7) all have significant concentrations of VOCs that are being removed by the SVE system. Field measurements have found 
there to be little to no change in the vacuum and flow before balancing on each Zone for the last three time steps. 

REFERENCES 

1. ITRD, 1997. Mound OU-1 ITRD Project, Air Sparging/Soil Vapor Extraction, Cost and Performance Data Collection 
Plan. December 1997. 

2. ITRD, 1998a. Mound OU-1 ITRD Project, Air Sparging/Soil Vapor Extraction, Flow/Pressure/System Balance Report 
#1, May 28, 1998. 

3. ITRD, J998b. Mound OU-1 ITRD Project, Air Sparging!Soil Vapor Extraction, Static Soil Gas Monitoring Report
Time Series #1. June 23, 1998. 

4. Data tables from flopres2.xls, Microsoft Excel ver. 97 SR-I. 
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Mound OU-1 Air Sparging/High Vacuum Soil Vapor Extrac_tion 
Innovative Technology Remediation Demonstration Project 

Air Sparging and Soil Vapor Extraction 
Air Sparge Well Treatment Report #1 

INTRODUCTION 

The Air Sparge (AS) system was installed with PVC well points designed to include micro porous sparge points (advertised 
to produce 50 micron size bubbles). The AS system was operational for about six weeks when the flow rate dropped in half 
and the applied pressure had doubled. This indicated significant AS well point or aquifer plugging. Aquifer tests for 
soluble ferrous iron showed low concentrations at the limits of detection of the measurement method (Hach colorimetric test 
kit). This is consistent with the knowledge of the aquifer as it is thought to be an oxidizing aquifer, with low organic 
carbon, indicating that any iron in the system would be oxidized and present as ferric, and not available to produce any 
significant fouling.. Carbonate fouling is thought to be a principal foulant for the AS system by analogy to the treabnent · 
required on the air stripper for the pump and treat system. The air stripper requires frequent treabnent. The carbonate 
levels in the aquifer ~ 200 to 300 ppm and air sparging will tend to drive the equilibrium to produce insoluble carbonate 
salts. Biofouling is also thought to be a small contributor to the AS system performance decline. A treabnent regime was 
designed to mitigate the carbonate, iron or bio fouling that was thought to have caused the decrease in AS system 
performance. 

TREATMENT METHOD 

Commercial chemical treatment materials were selected due to their previous history in cominerce and acceptability to Ohio 
State regulatory agencies. A granular acid (NW-110, US Filter Corporation, Jolmson Screens) is advertised to remove 
carbonate, sulfate, barium and light iron-scale deposits. A concentrated liquid polymeric acid-enhancer (NW-310, US Filter 
Corporation, Johnson Screens) is advertised to dissolve the biofilm (a polysaccharide slime secreted by the bacteria for 
attachment and protection), disperse mineral salts and retain the mineral salts in suspension even at high pH. 

Air sparge wells AS-N 19, AS-N20 and AS-N21 were selected for treabnent. Mobilization began on August 25, 1998. The 
air sparge well heads were modified to allow development with a bailer. Initial water levels were obtained and then each 
sparge well was evacuated. About 2 gallons of water was removed from each well and recovery was relatively slow. The 
pH of the recovered water averaged 6.5 initially. Following the manufacturer instructions, 0.1 gallons of acid enhancer was 
poured down each well. Next 2.8 pounds of granular acid was added. These were mixed with the bailer motion for about 
10 minutes. The water levels were just above the screened interval when chemicals were added. An additional 0.4 gallons 
of distilled water was added and agitated. The wells set for 24 hours. The wells were then re-agitated and sampled for 
measurement of pH. The values were found to be in the 0.15 to 0.30 range. A decision was made to let the wells set for 
another 35 hours. On August 29, 1998, the well points were evacuated and the development water stored in a poly tank. 
The pH readings averaged 0.50. Water was added and evaluated several times until it raised the pH to 3.00 or above. The 
development water was neutralized by the addition of a lime slurry to a pH of 5.8 and disposed of at the Mound wastewater 
treabnent facility. 

RESULTS 

Table 1 shows the changes in air flow for each air sparge well treated. 

a e 1r 1parge T bl I A' S T reatment R esu ts 
Date AS-N19 AS-N20 AS-N21 

Initial Conditions (l2n3/97) 13 cfm 11. cfm 33 cfm 
Pretreatment (8/3/98) 0 0 12 
Post Treatment ( -8/3 l/98) 47. 27 39 

09130/98 Air Sparge Well Treatment Report #I 
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DISCUSSION 

Due to the success of this treatment regime, aU of the remainder of the air sparge wells on Zone 2 will be treated. Since 
Zone 1 is not being used because of the low concentrations of contaminants being extracted, decisions to treat Zone 1 will be 
made if the decision LO restart Zone 1 is made. · 

·REFERENCES 

1. http://www.johnsonscreens.com. Innovative cleaning che1nicals for the water industty. 
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OU-1 Pump & Treat. Soil Vapor Extraction. Air Sparge and ITRD 
A new blower was installed on the SVE system on 11/05/98 replacing the failed 
blower. The system has run continuously, except for a brief scheduled 
maintenance shutdown, since returning to service. 



• OU-1 Pump & Treat. Soil Vapor Extraction. Air Sparge and ITRD 
An area wide power outage occurred on 10/14/98 due to an interruption from the 
power company transformers. The P& T system provided expected service. The 
SVE system experienced a catastrophic failure of the larger of the two blowers 
utilized, in series, for providing system vacuum. The failure occurred on 1 0/22/98 
at approximately 20:00 hours. A new blower is in transit to the facility to replace 
the failed blower. The remaining AS wells on the northern zone were chemically 
treated for fouling which resulted in restoration of original flow. 
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• 1. INTRODUCTION 
Per a Federal Facility Agreement (FFA) between the U.S. Department of Energy (DOE), 
Miamisburg Area Office (MB), and the U.S. Environmental Protection Agency, Region V 
(US EPA), and the Ohio Environmental Protection Agency (OEPA) a Monthly Progress 
Report is submitted for the Remedial Investigation/Feasibility Study (RifFS) at the DOE 
Mound Plant for the period May 1 through May 31, 1998. The purpose of this report is 
to inform the Agencies regarding progress achieved towards environmental remediation 
of the site. This monthly progress report contains: 

• A description of actions that have been taken toward achieving compliance with 
the agreement during the previous month; 

• All plans and procedures completed during the previous month; 

• A description of all actions, data, and plans that are scheduled for the next 
month(s) and other information relating to the progress of construction as is 
customary in the industry; 

• Information regarding progress toward completion unresolved delays 
encountered or anticipated that may affect the future schedule for implementation 
of any scope of work or work plan, and a description of efforts made to mitigate 
those delays or anticipated delays. 

• Other specific, minimum required contents are: 

• Minutes of the monthly project managers' meeting (see Attachment A.1) 

• Status of approved agreements, commitments, or changes 

• Changes in key personnel (see Contact List, Attachment A.5) 

• · Actions taken pursuant to this agreement including percent completion 

• Photographs illustrating actions taken during the RifFS (see Attachment A.2) 

• Results of sampling and tests and other data received or generated by DOE 
pursuant to this agreement 

• All actions or activities completed during the month 

• Actions or activities planned for the next two months 

• Field changes made during the month (see Attachment A.4) 

• A description of any delays or problems that arose during the execution of the 
work described in this agreement and any steps taken by DOE to alleviate such 
delays and problems. 
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• 2. RECENT AND UPCOMING ACTIVITIES 

~~ • • • 

Main Hill Tritium 

Main Hill Rad 

C-Building 
Comments on the Draft Final report were received and incorporated. 

H-Building 
Comments on the Action Memorandum for H-Building were received and incorporated. 
Comments were resolved and resubmitted. 

Main Hill Non-Rad 

OS Building 
All equipment identified to be removed from OS Building has been removed. Lead lined 
panels used for x-ray shielding were removed without incident and were sent to Franklin 
Iron for recycling. Requirements for the final report are being identified and developed. 

Building 48 
A meeting was held to discuss disposition of the EM components in the Building 48 
vault. Several options were discussed and are in the process of being studied. One 
likely method is to apply to the state EPA for a Temporary Authorization to allow the· 
items to be dissolved into a solvent. A final determination remains to be achieved. The 
presence of these items in the building will delay the binning of the building. 

PS (Paint Shop) Building 

Magazines 7. 11 and 54 

Building 91 

SM/PP Hill 

Building 21 soil removal 
The PRS package is currently with DOE for review. 

Guard Post 44 
The final report iS-currently being prepared. 

Magazine 53 
The final report is being prepared . 

• ; PRS266 

Currently working with the GIS group to define the extent of contamination, defining the 
boundaries and requesting them to perform a topographic survey and boundary survey. 

2 



• Test Fire Valley 

Old SO Soils 
The pit excavation was back-filled on April 1, which completes the remediation of this 
disposal site. CERCLA verification testing and final grading of the Old SO site will be 
completed with the closure of WD-Building project. 

Explosive Magazines 8. 5. 1 0 & 20 
MEMP comments were incorporated into the Work Plan/JSHA's , the documents were 
submitted to the Ohio Field Office for review during the week of April 16. 

Buildings 35 & 59 Demolition 
All the debris from building 35 has been removed, only the slab and foundation remain. 
These will be removed after Building 59's slab and foundation are removed. 

Building 59 has been demolished and the removal of the non-rad debris is completed. 
The removal of low-level rad debris has begun. Once the remaining loose debris has 
been removed, size reduction of the donut will begin. This activity should be completed 
in early May. 

Soils Project 

Construction Spoils Area 
Acceptance criteria was delivered to regulators through the April FFA Meeting. 
Responsibility was transferred for concrete staging to Waste Management Operations. 

Miami-Erie Canal 
Remedial work was completed. April work included hot spot removal where verification 
sample results exceeded the 150 pCilg criteria; removing the concrete spillway and 
scabbling the underlying thrust block; and removing the sandstone blocks of the 1895 
bridge. Restoration of the North Canal continued and restoration of the South Canal 
started. 

Building 29 Septic Tank (PRS 86) 
USEPA comments have been resolved. OSC report will be revised and re-issued · 
pending receipt of approval letter from US EPA. 

OU-9 Monitoring 
The Spring 1998 groundwater monitoring started on March 23 and was completed in 
early April. 

Building 19 Soils/Tanks 
The Limited Field Investigation Report has been reviewed. Final revisions of the draft 
are being completed prior to transmittal to the regulators. 

OU-1 Soil Vapor Extraction. Air Sparge and ITRD 
Breakthrough occurred on the second tank. Granular activated carbon has been 
ordered for a third change. Fourth treatment cycle will begin after the carbon change. 
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PRS 414 
The PRS 414 package was given to the regulators for a 30-day review prior to the May 
binning session. It was revised to discuss the PCEfTCE degradation chain. 

Waste Management 

ATS - WD Replacement 
Excavation of the site for preparation of pier installation and re-routing of the domestic 
water line was completed in April. 

CWPF 
A management walk-through of the facility (Readiness Review) was performed on April 
6 in anticipation of start-up on April 9. A DOE walk-through (Readiness Review) was 
performed on April 7. A ribbon cutting ceremony for the start-up of the facility was held 
on AprilS. 

The first compactor operation resulted in more than a 3-1-reduction in volume. The 
miscellaneous contents of 2 1/2 wooden LSA boxes (approximately 282 cu.ft.}_were 
compressed. The new volume will now fit into one half of a metal LSA box and three 
LSA drums (83 cu. ft.). More boxes to process are arriving daily. 

Each waste stream will be processed in a manner that allows for the most expeditious 
and least costly disposal. For example, miscellaneous wood found in the boxes will be 
relocated to the rail staging area and combined with the next rail shipment. 

•
. . ) The week of April 15, seven LSA boxes were processed which resulted in only one full 

LSA box and eight LSA drums being created. This is a 78% volume reduction from 766 
cu. ft. to 169 cu. ft. Arrangements to move and receive additional boxes and drums to 
the facility are in progress. Six boxes of miscellaneous trash (tarps, plywood, plastic 
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trashcans, etc.) from the processed LSA boxes will be moved to the soil staging area for 
disposal. 
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WASTE STREAM- APRIL 1998 
Reporting period April 1, 1998 through April 30, 1998 

Waste Type Units Waste Planned Waste Waste 
in Ship- Shipped Shipped 

Hazardous (SS) LBS. 

-ER CU. FT. 

Solid Waste Disposition 

Construction CU. YDS. 

TRU CU. FT. 

Mixed CU. FT. 

Low Level Radioactive Total 

-so CU. FT. 

-WDAipha CU. FT. 

-WD Beta CU. FT. 

-Lab Trash CU. FT. 

-Classified CU. FT. 

- Soil/Debris CU. FT. 

- Solidified Trit Waste HAT CU. FT. 

-TERF CU. FT. 

- Stack Waste CU. FT. 

- Trit Steel Boxes CU. FT. 

Waste Shipped 
Recycle Units Shipped YTD 
Metal TONS 32 126 

Glass TONS 0 4 

Paper TONS 0 32 

Tires EACH 0 78 

Solid Waste Activities 
A meeting was held with DOE, OEPA, ODH, B&W Waste Management and Rad Control 
to resolve the issue of individually surveying roll-offs from RMMA and Non-RMMA 
areas. The decision is that roll-offs will no longer need individual surveys before 
release. Based on statistical results, they will be surveyed on a random sample basis. 
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Temporary Authorization Packages 
Three temporary authorization packages are currently under development to support 
the Legacy Waste Project. Temporary authorization is an OEPA regulatory mechanism 
by which a facility can initiate a process to address {i.e., treat) hazardous waste 
streams. BWO intends to use the temporary authorization mechanism to address the 
Director Findings and Orders {DF&O) and Site Treatment Plan mixed waste treatment 
requirements for mixed wastes stored in Building 23. The Temporary Authorization 
packages that are driven by the regulatory requirements for a RCRA Permit are similar 
to the RCRA part B Permit format. 

Excess Chemicals/Idle Equipment 
HH-Building - Gas Disposition Project - Disposition activities began .during April for the 
745 excess gas cylinders in HH-Building. Valves were removed from 175 cylinders 
known to be empty (those with open valves). External and internal rad surveys were 
conducted in preparation of cylinder disposition. Based upon the results of the rad 
surveys, the disposition of the cylinders will be either free release; re-sale or scrap 
metal or low level radioactive waste. 

OEPANOV 
DOE notified BWO that a NOV {Notification of Violation) was received from the OEPA 
concerning "excess chemicals" in HH and R-Buildings. Waste Management is 
addressing the issue of these excess chemicals in the Chemical Management Plan. 

PRS 266 Support 
Review of the characterization data report and the draft Work Plan has raised concerns 
of the possible presence of RCRA volatiles and metals. Additional characterization of 
soils for chemieal contaminants will be required prior to disposal. 
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limited Field 
Investigation Report 
on VOCs in 
Groundwater 
PRS 86Area 7 
Verification/OSC 
Report 
Regulatory 
Comments 
Response to 
comments 
Final 
Operable Unit 1 
ROD 
Implementation 
Report 
Regulatory 

Contingent Removal 
Work Plan 

H-Building Hot 
Laundry Action 
Memo 
H-Building Hot 
Laundry Work Plan 

Table 1. Document Status 

April30 

Delivered 12/16/97 

Draft Final March 17, 1998 Received January 14, 
1998 
Delivered March 19 

May 20 Responses accepted 

Delivered February 3 

OEPA comments 
received March 25 

Conceptual Not scheduled Developing concepts 
and issues for 
discussion with 

cies 
Draft Not scheduled On hold pending B&W 

evaluation of risk 
assessment 
Delivered January 27 

March 13 

Draft Final May 19 

Draft March 17, 1998 DOE comments 
Final AprilS, 1998 received March 30 

March 1 , 1998 Project anticipates start 
Final April6,1998 of fieldwork June 1998. 

Received comments 
from DOE on March 19 

Draft Final Submitted to DOE 
Final 
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SM/PP 
• Building 33 

Superstructure 
Closure Report 

• Building 21 and 
associated PRS 
Data Package · 

• Guardpost 44 
Closure Report 

• Magazine 53 
Closure Report 

MAIN HILL NON-
RAD 

• Magazine 7,11 & 54 
Final Report 

• DS Building 
BOP 

• Work Plan 
Transite Work Plan 

• Building 91 
Work Plan 

• Building 48 
BOP 

TEST FIRE 
VALLEY 

• Buildings 35 & 59 
Action Memo 

• Buildings 35 & 59 
Work Plan 

• Magazine 8 Building 
Data Package and 
Work Plan 

SITE WIDE 
• Mound 2000 Work 

Plan 

Draft to DOE 

Draft 

Draft to DOE 
Final 

Draft 

Final 

Final 

Draft 

Draft to DOE 

Draft 

Draft 

Public Review Draft 

Final 
Draft 

Final 

Final 

Draft 

May 15 
June 15 Final to regulators 

April20 To DOE for review for 
information 

May 1 To Core Team 
May 30, 1998 
June 30, 1998 

May 30, 1998 

April 30, 1998 

March 17, 1998 Submitted to Core 
Team. Building binned 
NFA on April16. 
Available in Public 
Reading Room June 15. 

March 31, 1998 Submitted to DOE 
incorporating comments 

March 25, 1998 Fieldwork started April 
13, 1998 

June 1 Submit to EPA 
Delivery is dependant 
on resolution of EM 
issues 

February 18, 1998 

March 6, 1998 Public Review March 6 -
AprilS, 1998 

Aoril 8 
March 9, 1998 Demolition started on 

April 13, 1998 
April17 

April 21, 1998 Submitted to regulators 
for information 

April 27, 1998 Delivered to DOE for 
review 
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• Table 2. Remediation Field Work Status (May through June) 

• AS/SVE System O&M in progress 8,9,11,12 
Installation 

• Miami-Erie Canal In progress 
Removal Action 

- Excavation Completed April 21 , 1998 Restoration in 1-6 

Completed May 7, 1998 Pending last analysis 1-6 

• OU-9 Groundwater Complete March/April 1998 Completed None 
Monitoring 

TEST FIRE 
VALLEY PROJECT 
• Old SO Plant 0&0 Complete April1, 1998 Complete backfill 174 

• • Buildings 35 & 59 In progress April1998 None . 

• Magazine 5,8, 10 None 
&20 

MAIN ILL RAD 

• H-Building Hot June 1 337,210 
Laundry 

• C-Building Complete 
demolition 

HILL 
NON-RAD 

• Start July 1 Transite removal 411,368,112,254 

No ER remedial 
activities scheduled 

LEGACY WASTE In progress No ER remedial 

PROJECT activities scheduled 

lO 



• . SM/PP HILL 
PROJECT 

• BD-21 Removal 407,280,281,283,2 
84 

• Excavation Complete Worked as weather 
permits 

- Confirmation Complete January 23, 1998 Analytical results 
Sampling pending 

• Guardpost 44 Superstructure April9, 1998 
Removal foundation 

complete 

• Magazine 53 Foundation April 2, 1998 
Removal complete 

• PRS266 Soil June 1, 1998 Characterization 395 
Characterization required for organics 

start and metals 

II 



~ • PRS/BDP PACKAGES 

PRS 363 RA Document Final No comments 
05/01/98 

PRS To Binning To Core Team Bin 06116/98 
05/15/98 

PRS 414 To Binning Bin 05/19/98 

PRS 412 NFA 

12 



• Community Relations Activities During May 

members of the public used the CERCLA Public Reading Room during May. 

Delays, Problems and Remedies 

There were no delays or problems to report during the month of May. 

13 



ATTACHMENT A.1 

MINUTES OF THE MONTHLY PROJECT MANAGERS MEETING 



• DOCUMENT ADDITIONS FOR MAY 1998 

Documents Added to the Administrative Record 

The following Building Data Package Revision 1 is now available in the CERCLA Public 
Reading Room. 

BOP GP-44 

Action Memorandum Engineering Evaluation/Cost Analysis Removal Action Buildings 
35 and 59, Final Revision 0, April 1998 is now available in the CERCLA Public Reading 
Room. 

Updated press clippings for May 1998 

Documents Added to the Information Repository 



ATTACHMENT A.2 

PHOTOGRAPHS TAKEN DURING THE MONTH OF MAY 

1. Building 53, magazine restoration 
2. GP-44 restoration 
3. GP-44 restoration 
4. ATS construction 
5. ATS construction 
6. ATS construction 
7. ATS construction 
8. Canal restoration looking North 
9. Canal restoration, concrete pour 
10. Canal restoration, bridge construction 
11. Canal restoration, bridge construction 
12. Canal restoration, hydro-seeding 
13. Canal restoration, hydro-seeding 
14. Canal restoration, hydro-seeding 
15. Wetland area East of CWPF 



• 
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• 

ATTACHMENT A.3 

NEWSPAPER ARTICLES GENERATED AS A RESULT OF COMMUNITY 
RELATIONS ACTIVITIES UNDER THIS AGREEMENT 



• 
ATTACHMENT A.4 

FIELD CHANGE.LOG FOR MAY 



• FIELD CHANGE LOG FOR MAY 

Contractor Cost Schedule 
ADS Summary of Change Contractor Change lmpact1 lmpact2 

(description) Control No (YIN) {Y/N) 

No changes for May 

1 Cost Impact- yes if a contractual change is required 
2 Schedule Impact - yes if a deviation from approved schedules will occur 
~ Note: In general, a change will be logged here when it is significant enough to invoke the contractor's QA 

.. change control process 



• 
ATTACHMENT A.5 

B&W OF OHIO/CERCLA CONTACT LIST 



• B&W OF OHIO/CERCLA CONTACT LIST 

Contact Phone I FAX 

BWO Mound Contacts 

B&WofOhio Page: 
P.O. Box 3030 937-865-4020 937-865-3835 
Miamisburg, Ohio 45343-3030 

Jim Powers 937-865-3865 937-865-4554 
Deputy Site Manager E-Mail Address 

Powersj@doe-md.gov 

Linda Laidley 937-865-5175 
Clerk E-Mail Address 

Laidlk@doe-md.gov 

Dick Alire 937-865-4159 
Main Hill Tritium Project Manager E-Mail Address 

Alirerm@_doe-md.gov 

Bud Thompson 937-865-4071 
Main Hill Non-Rad Project Manager E-Mail Address 

Thomcd@doe-md.gov 

Scott Hood 937-865-4852 
Main Hill Rad Project Manager ~-Mail Address 

Hoodws@doe-md.gov 

Felix Spitler 937-865-3981 
SM-PP Hill Project Manager E-Mail Address 

Spitfj@doe-md.gov 

Joe Bartee 937-865-4812 
Test Fire Valley Project Manager E-Mail Address 

Bartjd@doe-md.gov 

John Price 937-865-3954 
Soils Project Manager E-Mail Address 

Pricjb@doe-md.gov 

John Krueger 937-865-4801 
Legacy Waste Project Manager E-Mail Address 

Kruejw@doe-md&ov 

Mark Becker 937-865-4450 937-865-3952 
E-Mail Address 

Communication Director Beckmc@.doe-mdg_ov 

Monte Williams 937-865-4543 937-865-4554 
Chief Engineer E-Mail Address 

Willma@doe-md.gov 



~ • 

Contact 

Art Kleinrath 
OSCIRPM Soils Project 
US DOE, Miamisburg Area Office 
P.O. Box66 
1 Mound Road 
Miamisburg Ohio 45343-0066 

Alan Spesard 
Main Hill Rad 
US DOE, Miamisburg Area Office 
P.O. Box66 
1 Mound Road 
Miamisburg Ohio 45343-0066 

Ron Church 
Test Fire 
US DOE, Miamisburg Area Office 
P.O. Box66. 
1 Mound Road 
Miamisburg Ohio 45343-0066 

Debbie White 
Temporarily detailed to Real Estate 
US DOE, Miamisburg Area Office 
P.O. Box66 
1 Mound Road 
Miamisburg, Ohio 45343-0066 

Jane Greenwalt 
Public Affairs 
US DOE, Miamisburg Area Office 
P.O. Box66 
1 Mound Road 
Miamisburg, Ohio 45343-0066 

Sam Cheng 
Tritium Complex 
US DOE, Miamisburg Area Office 
P.O. Box66 
1 Mound Road 
Miamisburg, Ohio 45343-0066 

Paul lucas 
Building Transition 
US DOE, Miamisburg Area Office 

. P.O. Box66 
1 Mound Road 
Miamisburg, Ohio 45343-0066 
Kevin Donovan 
Main Hill Non-Rad 
US DOE, Miamisburg Area Office 
P.O. Box66 
1 Mound Road 
Miamisburg, Ohio 45343-0066 

I Phone I FAX 

DOE Contacts 

937-865-3597 937-865-4219 

E-Mail Address 
Arthur.kleinrath@em. 
Doe.gov 

937-865-3859 937-865-4219 

E-Mail Address 
Alan.spesard@em.doe. 
Gov 

937-865-3548 937-865-4219 

E-Mail Address 
Ronald.church@em. 
Doe.gov 

937-865-5197 937-865-4219 

E-Mail Address 
Debra.white@em.doe. 
Gov 

937-865-3116 937-865-4489 

E-Mail Address 
Jane.greenwalt@em. 
Doe.gov 

937-865-4778 93 7-865-4489 

E-Mail Address 
Sam.cheng@em. 
Doe.gov 

937-865-4578 937-865-4489 

E-Mail Address ... 

Paul.lucas@em.doe. 
Gov 

937-865-4661 937-865-4489 

E-Mail Address 
Kevin.donovan@em. 
Ooe.gov 



Contact Phone FAX 

James Johnson 937-865-5234 
SMIPP 
US DOE, Miamisburg Area Office E-Mail Address 
P.O. Box66 James.o.johnson 
1 Mound Road @em.doe.gov 
Miamisbura, Ohio 45343-0066 

Rob Rothman 937-865-3823 
WM/Legacy Waste 
US DOE, Miamisburg Area Office E-Mail Address 
P.O. Box66 Robert.rothman 
1 Mound Road @em.doe.gov. 
Miamisburg, Ohio 45343-0066 

Dick Neff 937-865-3616 937-865-4219 
Sandia National Lab 
Miamisburg Area Office 
P.O. Box66 E-Mail Address 
1 Mound Road Richard.neff@em.doe. 
Miamisbura, Ohio 45343-0066 Gov 

Dan Carfagno 937-865-3931 937-865-4219 
Sandia National Lab 
Miamisburg Area Office 
PO Box66 E-Mail Address 
1 Mound Road daniel.carfagno@em. 
Miamisburg, Ohio 45343-0066 doe.aov 

Terrence Tracy 301-903-2173 301-903-2202 
U.S. Department of Energy 
19901 Germantown Road E-Mail Address 
Room 1018 - Clover1eaf Terrence.tracy@em. 
Germantown, Maryland 20874 doe.gov 

EPA Contacts 

Tim Fischer 312-886-5787 312-353-8426 
US EPA 
SRF-5J E-Mail Address 
77 W. Jackson fischer. timothy@epa 
Chicaao Illinois 60604 mail.epa.gov 

Leo Rosales 312-353-6198 312-353-6198 
P-19J 1-800-621-8431 

77 W. Jackson Blvd. E-Mail Address FAX 
Chicago, Illinois 60604-3590 Rosales.leo@e~amail. '3l"2=353-1155 

Jeffery Raines 312-5 78-8900 

TechLaw, Inc. E-Mail Address 

20 N. Wacker Drive, Suite 1260 Jraines@techlawinc. 

Chicago, llinois 60606 Com 



Ohio EPA Contact 

· Brian Nickel 937-285-6468 937-285-6404 
Ohio EPA 
401 E. Fifth Street E-Mail Address 
Dayton, Ohio 45402-2911 Brian.nickel@e(2a.state.oh. 

us 

Lisa Anderson 937-285-6599 937-285-6404 
Ohio EPA 
401 E. Fifth Street E-Mail Address 
Dayton, Ohio 45402-2911 Lisa .Anderson@epa. 

state.oh.us 

Ray Beaumier 614-644-2304 614-644-3146 
Ohio EPA 
1800 Watermark Drive E-Mail Address 
Columbus, Ohio 43215 ray. beaumier@epa. 

state.oh.us 

Kathy Lee Fox 937-285-6441 937-285-6404 
Ohio EPA 
401 E. Fifth Street E-Mail Address 
Dayton, Ohio 45402-2911 Kathy.Fox@epa.state. 

oh.us 

OOH Contact 

Ruth Vandegrift 614-644-2727 614-644-1909 
Ohio Department of Health, 7th Floor 
35 E. Chestnut Street, P.O. Box 118 E-Mail Address 
Columbus, Ohio 43215 rvandegrift@gov.odh. 

' state.ohio.us 

ATSDR Contact 

Bill Taylor 404-639-6035 404-639-6075 
Agency for Toxic Substances and Disease 
Registry 
1600 Clifton Road, NE 
Mail Stop E-56 
Atlanta, GA 30333 
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420 
84 
84 
84 
84 

1300 
84 
84 
84 
84 
84 
94 
a~ 

84 
420 

84 
84 

r. VUJ 

!it! 004 

Received: 24 NOV 98 
~yzed: 30 NOV 98 

.34 
34 
42 
34 
21 
2l. 
84 

~1 

84 
34 
21 
2!. 
84 
34 
84 
44 
2~ 
21 
34 
3-i 
:n. 
34 
34 
2l 
84 
2l 
34 
2l. 
21 

!30 
2l 
21 
21 
21 
14 
21 
~l 
~:I. 
.3i 
21 
.34 

pph (v/v) 
ppb (v/v) 

ppb (v/vJ 
ppb (V/V} 
ppb (v/v) 
ppb lv/v) 
~ (v/v) 
ppb (v/v) 
ppb (v/v} 

ppb (v/v) 

~b (v/v) 
ppb (v/v) 
p~b (v/v) 
ppb (v/v) 
ppb (v/v) 
p,pb (v/v} 
p~ (v/v) 
ppb (v/v) 
ppb (v/v} 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (V/V) 
l'PD (V/V) 
ppb (v/v) 
~ {v/v) 
ppb (V/V) 
PPh (vjv) 
ppb (v/-r) 
ppb (v/v) 
ppb (vjv) 
ppb (v/v) 
ppb (v/v) 
j?'pb (v{v) 
ppb (v/v) 
~pb {v/v) 
ppb (v/v) 
ppb (v/v} 
ppb (v/v) 
ppb (vjv) 
ppb (v/v} 
ppb (v/v) 

:r -= 'S.eSul1: is d.etec~ed below the repo:~ing li'!Ziie o:z: is an est:imaceci c:cnee=:::-atiOD. 
NC = Not Detect:ed 

~ vt :sa 86 .6 ::>30 



lli\1,, -lL. 11\ IUC.I lv · '" 
Vt~-u,-,D IU:LL 

U/09/98 09:25 

1 ...... 

'8'5058443128 S'XL SllO 

t:liell'l: Jl'ame: 
<:l.1eD'C ]J) I 

lAS ID; 

samtta Nati011al I.;sbcratorlea 
00"10'7-001 

Ma=~· 
AUclaorizea: 
:ta.a~· 

i'ar.ate'l:er 

ll53Slw0001•SA 
AD. 
~" 1'0V 98 
CC:/HS-1. 

1, ~, ~ • b:im!=t:hyll:leDzene 
1, 3 ·~cblc=abezuseAe 
l., 4 -IIic:b.l.orobeD:Zell.e 
l,J-~cblo:obea:«Dc 
~.~,4-~~cblo%0benzeae 
Jlexachlozobut:adi~ 

~·= 

smapled= u mov J8 
PrGilr~: 'llf/A 
t)'1l.v:ei~' "2 

Resul~ oualifiar 

A4 

114 
R4 

84. 
A4n 
170 

r. UU't 

1jll 005 

Received: :l4 p;w 98 
ll.r\al.yzM• 30 NOV .518 

MDL tlU.ita 

21. ppb (v/v) 
2l. pp.b Cvfv) 
34 pp.b (v/v) 

l• pp~ (V/V) 
l)O ppb (v/v} 
u ~b (v/v) 



111;1._,,_:10 
\lf,\o I;! ~~~ 

U/1518& 08:44 '8'5058443128 SNL SlllO 

Vol~tile Org~ca ~ GeM& • BPA !014 

Client Na•t 
Client m: 
LNI ID: 
Matrix• 
Al&~ru:e4: 
:r:ut~t: 

Sand.ia Nati=al 
043'708-001 
l.35.'73-DG01•A 

~· DJ ~JIC 5J8 
GC/ItS•A 

JJi~oS'Od.1~1\IOZ'Ol!loat.bcLe 
Chl.onlutluuw 
1,2-Di~oro-1,1,2,2-
~ct~a~1~~ 

Vinyl. chloride 
B~tbane 
Cblozoeebazle 
Trichl.orofl'\lOZCIII\a~e 
1,1-Diebl~o•~ 
~bon diaultide 
l,l,l·Tricbl0%0•1,2,2-
=i~luoS"Oethane 

keccme 
MeeJ::I:r'l.w cbloricSe 
tr&De•1,2-D1Cblo~theae 
1,1~~~1acaa~e 
Vinyl aeeeate 
cia-1,2-~iehlo~~ 
2 -JNtilnl:me 
c:hlorotozm 
1,1,1~T~Cbloroethaae 
CU'bon eet:raahloa-icl• 
llen.ezae 
1,2-Dicblo~oethane 
~ichl.ozoe~ 
1,2•Dichl.a~pzopaaae 
B:omacU.c:hl~tla&D.e 
cia-1,3-~icblo~opeae 

· 4-Methy1·2-pencanoae 
'!'Ol.Ube 
~ana-1,3·~icblorop~opeae 
1,l.,a-~cblozoeth&Ae 
T~aclalDXOethene 
2-HMUOile 
tlilxrOIIII!Ochlozoome~ 
1., 2-J)ib~ethane (EDB) 
Clslozol:aeqene 
adlyl.heQcaa 
X:ylBaa (total) 
Sty.reu• 
a~fozm 
1,1,2,2·T8tracblo~tbane 
Ben2y1 chlod.cSe 
~-~leolueDe 
1, 3. 5-Trilleehy~D8etae 

SamDleda 25 NOV Ia 
Prepand• N/A 
Piluticmr .&3 

J1 
HZ) 

48 
25 
mJ 
Nl) 

·1soo 
. JQ) 

150 
~ 
JID 
HI) 

)1p 
11200 

MD 
1m ., 
lCD 

3'700 
. .n:> 
NJ) 

sso 
ND 
1m 
liD 
)1%) 

ND ,. 
Nl) 

~ 
ND 
50 
ttl) 

Hl) 

J 

J 
J 

J 

as 
170 

86 
as 
86 

uo 
86 
as 

410 

86 
430 

15 

8' 
II 

630 
86 

430 

I' as 
8' 
16 
8& 
Bfi 
86' 
IG 
ee 

430 
as 
8( 

IS 
IIi 

1300 
86 
Bli 
86 
85 
8£ 
16 ., 
as 

uo 
15 
86 

aeo•i¥e4; 03 DBC '' 
Aaalyae4; 0~ DEC 98 

MDL 

.21 
43 

36 
34 
43 
:s• 
21 
21 
If 

21 
86 ,. 
31 
21 
IG 
34 
I& 
34 
~~ 

21 
34 
34 
21 
3~ 
34 
::n 
86 
21 
J4 
21 
21 

130 
21 
21 
21 
21 
34 
21 
21 
22. 
34 
21 
3• 

ODita 

p~ (V/Y) 
~ (v/v) 

ppb (v/v) 
ppb (V/V) 
ppb (Y/V) 
ppb (Y/V) 
ppb (v/v) 
PSJl:> (v/v) 
~ (v/") 

ppb (Y/v) 
pph (V/.,) 
ppJ:a (V/V) 
~ (Y/Y) 
ppb {Y/Y) 
ppl) (v/v) 
ppl) (V/V) 
ppJ:» (V/Y) 
ppl::» (Y/V) 
ppb (v/v) 

. pp~ (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb. (V/Y) 
pp1) (v/v) 
ppb (v/v) 
pp~ Cv/v) 
p~ (Y/V) 
ppb (V/V) 
ppb (v/v)· 
ppb (V/Y) 
ppb (v/v) 
ppl) (V/vl 
ppb (v/v) 
ppl:) (v/v) 
ppb (v/v) 
ppl> (v/v) 
ppb (v/v) 
pp}) (v/v) 
ppl> (,/v) 
ppb (v/v) 
»pb (Y/V) 
ppb (v/v) 
p~ Cv/v) 

J • Rell\l.lt ia c!eteceed below the repo~tinq limit olE' i• ·B.D. •• ~a. .. t:ed ocn:a~ont:r:a~.:Lcm. 
MD • ~o~ De~•c~ 

~00 "d 



• . . 
l2/l6/88 08:45 1J$0584431ZS SNL SHO 

Yolat:lle Oqu.ica ~ CiiCM8 - IIA TOl" 

C:liMI:. NUll!: 
C:lienl:. m: 

Sandia Ra~ioaal Labo~atori•• 
Ot3708-001 

LU IDa 
.MatJ:i,x: 
Au.tlao~i.•ecl: 
tn•t~t:: 

P~aMt:e:r 

13!,,3-DOOl•SA 
AIR 
o:s nac:: »8 
Cle/MB-A 

1, l, • •".l'd.methyl.l:leDseae 
l,l-Diaalo~emuu:ae 
1t•-nicblo~a.ne 
1,2-Diobloc~aeae 
1,2,4-~Cblo~~e 
Baxacblo~tadiene 

tOO 'd 

.Re•ult: Olla1:1.ftDJr 

I'm 
w 
»D 
liiJ) 

ND 
RD 

ru:. 

as 
as 
86 
86 

as a 
170 

,.~,, r.u~tu~ Joo-41~ 

la!006 

(cont.) 

a.ceived: 03 ~ac 91 
AD&ly.ech 07 DBC 518 

JG.):Z:, tDI.11:8 

.:21 ppb (v/v) 
21 pPb (,./v) 
34 DPb Cv/v) 
14 PJ~ (V/Y) 

J.lO ~ (v/v) 
tl ppb (V/Y) 



T~U~O'I'IU~'I~ 1-;u1o r.U'IIUI ~ua-~u~ 
~t\11-u~-;,;, I~ ;'II rrum;~n~ u'r1. 00'1 

~004 
01t01i188 11:43 0&068443128 SNL SM.O 

Volatile OZgamc:a by GCNS • SPA 'r01t 

Cli~a~t •asne = aa.a4ia lfaciaaal ~zoacor1ea 

• CU.ut Illt 0.3709-001 
LaB !D: J.JI7:14-000~-M 

Mat.~:l.x: Am Sampled• 09 DIC 98 Receivecl: 22 DBC Jl 
A\athari•K: ZZ DBC '8 Prep&1'*S: W/A AD&l.yaecl, ~~ D.BC: .!18 
lDat%'Wftant c GC/!CS-A J:lilutioD: 5.' 

:PiU'iiJIIeter lle8Ul~ Qualifier JU. MDL Unit• 

nicbl~fluorometbaQe Ill) 11 2.8 ppb (V/V) 
~azocrmet:bafte B 23 
1,2•Dicbl~·1.1,Z,~· 

5.~ pp~ (V/Y) 

tetratl~oetl:ume HD 11 •. s &l:t (vfv) 

Viuyl c:hl~i~ l.OO ll 4.5 PPA (V/v) 
BramametJaane NJ) l.l. 5.6 PI'~ (v/v) 
o..laZ'a.tli&IW Nl) 22 4.5 ~ (v/v) 
T1-ic:bl.o~t1uazomechane 7.1 i1 11 2.8 pph (V/Y) 
1.~-Dicbla:o~~• 1.9 a 11 2.8 ppb (v/v) 
ea~~ di•ultide 1'U) 56 11 pp~ (v/v) 
1,1.2·~iCb1~·1,a,a-
~ifluo~et:hene 915 11 2.8 ppb (Y/Y) 

ke~QJl· ND u 11 ppkr (v/v) 
MctbyleDe chloride 43 ll 4.5 ppb (v/v) 
~~aua-1,2-».icblo~athene 28 11 2.8 ~pl) Cv/v) 
1.1-~cblaroethaaa lm u 2.8 ppb (Y/V) 
Vi~tyl ac:c:i:ata liD SG 11 :r;J»b (V/V) 
ci•-1,Z-Dicblo~echene ltOO 11 •. s ppb (V/V) 
2-But&~DCme JID 56 11 = (V/V) 
C!!al.OI:'Ofozm 130 1.1. •. s (V/V) 
1,1,1-TrichloroechaDe ].l J l1 :..a ppb (Y/Y) 

-' . ...,..,_ e~ tetzoaahlorid• .... :1 11. 3-1 ~ (Y/V) 

.~ Beaaeoe 22 11 4-S ppb (Y/V) 
1,2-nicblozoe~ ND 11 4-i ppb (v/v) 
Tric:bl.ozoe~en• 6900 D 170 42 ppb (v/v) 
1, 2-Dichl~p~ane Nl) 11 4.5 ppl) Cv/v) 
a~c;nU.cbl.o'Z"DDMMCm.De 1m 11 ,,5 ~ (v/v) 
cia•l,l·DicblarO,~e !a) 11 2.8 ppb Cv/v) 
•-Me~l-2-p.ac~oa• Ill) 55 11 ppb (v/v) 
Ta1ueD• ~6DD 110 42 ppb Cv/v) 
tr&De•l,l-Dichlorcp~~peDe 1m ll. '·D ppl) (V/V) 
1,1,2-~chlozoe~ Nil ll 2.8 ppb (Y/Y) 
Te~hlozoae~heDe 430 ll 2.1 p~ (v/v) 
2•1lexaDone ND J.?O 17 ppb (Y/Y) 
Dib~oZ'GIIU!:thUla ND 11 2.8 ppb (V/Y) 
1,%-~i~e~hane (KDB) NP 11. 2.8 ppb (V/Y) 
C'hlorabenaene Uti l.1 2.8 ppb (v/v) 
B~llten.ene ].]. J 1l. a.a ppb (v/v) 
Xrlemea (total) 47 11. 4.! ppb (v/vl 
S~yrema w 11 Z.B ppb (V/Y) 

· Bz:omofona Nl) 11 2.8 ppb (v/v) 
l,1,2,2·'1'•cracblo~aa1:Une ND 11 2.8 ppb (v/v) 
Benzyl ch1t4'ide )11) SG 4.5 ppb (v/v) 
4•1thylto1UIID8 3.2 J 11 2.8 ppb (v/v) 

D • ee~ ~~t~t•~•4 ~•iDa a a•candazoy 4iluc1gn, 
J ~ Raault is daeeete4 balo~ the zoeportiug limic or ia an eaciMted COfteent~at:L.on.. ND ~ Not Daeece.4 

.i ' 
~00 'd toot S96 gzg:1gJ. HlSnQMI-V~~3~NVRb Bl:OI t3n.L)66 .so- 'NYr 



~~-u~-~~ 1~;41 rrom;~n~ u~r1. oo'1 

01/06/88 11:43 tt&068443128 SNL SMO 

Cl~anc lf&ma: 
c:lieDt m, 

Sandia National Labaratori•• 
063101-001 

:LAa =· Matrix: 
&ut:bon•ad ~ 
lnat:rumenc! 

P~ter 

135'rat-DOD1-SA. 
AD 
22 DEC: ,, 
GC/NS-A 

l,l,S-~imatbylbeazsne 
1,3,,-~i.e~lh~sae 
1, 3 -J)j,Cbl,OJ:ObeD&a. 
1,6-~iehloxobea•~ 
1,2-Dieblarobaftaem. 

Sampl.ci: 08 nBC 98 
l'%tF•:ns4e 7!1/A 
J)ilut:loru 5. 6 

ll08ult Qualifier 

Jm 
zm 
1m 
MD 
ND 

RL 

11 
11 
11 
"l"l 
ll 

1.2,,-Trichloscbenaene NJ) 110 
Bexacbla~utadiene 1Im 21 

~-~QQ r.U~/UI ~gg-~U~ 

tatoos 

(eoDt.) 

~ceivacl1 32 DZC 98 
balpedr 23 DIC 98 

MDL Utit~• 

t.S ~ Cv/v) 
a.e ppb (V/v) 
2.B ppb (v/v) 
4.5 ppb (Y/V) 
4,.5 ppb (V/Y) 

17 ppb (v/v) 
s.& ppb (v/v) 

~lSOO~I-V8~3lNVnb 81=01 130~)66 .SO- 'NVr 



• 

-'~ • 

J~-u~-~~ · 1~:4' trom:)"L u~rt. DD't 

01/0~/88 11:44 1'~0~8443128 SNL SKO 

T;)U;)II44U;)4J 

C1ieAC llamea 
Clicnt Uh 
1M~
Matnx: 

Sandia NatioDal Laba%atorie• 
043,10•001 

I.ut:.hozi•..t.= 
:utzumene~ 

~3S'J~4-000I·S~ 

AIR 
22 DBC: 88 
GC/MS-A 

Dicl:ll~!lUOZOIMtlsazae 
C!A1~ma~c 
1,2-Diebloco-1,1,2,2-
eatz"dluozoo•~ 

Villyl c:bl.o:i4e 
~thane 
c:hloroet:bane 
Trichlorofluozcme~e 
1.1-t»ieJUoroe~ 
e~oa 4i.ulfi4• 
1,~.a-~icb1o~·•,2,2-

ed.fl\&ozoet:baAe 
~eeoaa 
Methyl~ cblorida 
~aas-1,2-Dichlozoeehene 
1,1-Dichloroethane 
Visryl acetate 
=i•-1,2-Dicbloroethene 
2·8\&tuone 
Cblo~fOSIII 
1,1,1-TZichloroethane 
c~ tat:~&Obl~ida 

Buae:fte 
1.2-Dichloxoethaae 
~ic:JU=oet:btme 
l.Z-»iCblozopro.pane 
•rOIIIOCl:lobJ.o~tbana 
cis-1,l-Dichlozopra.ponc 
4-Me~by1-2-p~~~o~e 

folu.ene 
e~ana-~.~-Diek1o~opzop•n• 
1,1,2-~ieblozaethane 
Tet~.cbloroetbeDe 
2-R~ 
DU:az:OIM)Cl\l.orometbane 
1,2-Dib~eehane CBDS) 
Cbla%Gba.ane 
ft!ayUN=&enw 
XVle~~.ae (total) 
St~ana 

B:otr.Oeonl 
1,1,2,2•!aeracb1ozoechane 
Benzyl cbl02:'ide 
•-l!lthylt:oluene 
1,3.S-Tr1methy1~enzene 

sampled: 11 nae Ja 
Plr:tlpazoecl• If/A 
DilutiOD: 6J 

lleiiUlt Qulifiu-

NJ) 

MD 

95 
HD 
'RD 
1m 
ND 
Jm 

1700 
Rtl 

340 
Jm 
ND 
.111) 

~ 
'7100 

)JD 
J1D 
Nil 
Nl) 

26'00 
HJ) 

ND 
.&GO 

ND 
NJ) 

liD 
)II) 
NJ) 

ND ., 
ND 
1Im 
Nil 
ND ., 

llL 

140 
270 

1.40 
140 
140 
2?0 
140 
140 
6.90 

140 
690 
1,0 
140 
ItO 
SJO 
uo 
&90 
140 
140 
leD 
1,0 
ltD 
uo 
140 
14.0 
l40 
6!JD 
140 
140 
140 
'140 

2100 
uo 
140 
uo 
uo 
l40 
140 
140 
140 
&90 
140 
1~0 

~-~DO r.UO/UI ~gg•;)U;) 

Ill 008 

Re~ivecla za DBC J& 
Azlalyaeda 23 DIC: 9B 

,. ,, 
55 
55 
69 
ss ,. 
34 

140 

34 
140 

&S 
J& 
34 

140 

55 
l.tO 

55 
34 
3" ss 
ss ,. 
•• 55 
34. 

lta 
34 
55 
34 
34 

210 
34 
34 
34 
34 
55 
li 
34 
34 
55 
34 
ss 

sapb (v/v) 
pP (v/v) 

ppb (v/v) 
ppb (v/V) 
ppb (v/v) 
S'Pi» (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 

ppb (v/V) 
ppb (v/v) 
ppb (v/v) 
ppb (Y/Y) 

· ppl) (v/v) 
pp:b (v/v) 
ppb (v/v) 
maD (v/v) 
ppl:J (v/v) 
pp~ (v/v) 
ppb (Y/Y) 
pp)) (v/v) 
~ (v/v) 
pp):a (V/V) 
PI* (Y/V) 

ppb (V/Y) 
P»b (v/v) 
ppb (Y/V) 
pp!:J (v/v) 
ppb (V/V). 

ppb (V/V) 
ppl;) (v/v) 
ppb (v/v) 
ppb (v/v) 
pp'b (v/v) 
ppb (v/..;) 
ppl) ( v tv) 
ppb (v/v) 
ppb (V/v) 
ppb (v/v) 
Jlpb (v/v) 
ppb (v/v) 
ppa (v/v) 

- lv/v) 

SOO'd tOOl S96 9t9:13l 'U.SnGtll-Vlnt3J.NYnQ 81=01 1301)66.SO-'NVr 



• 

tf: 

~-u~-~~ 1~:4l ~rom:~NL utrl. bb~l 

01/06/88 11:44 tt&0684481l8 BNl.. SliD 

C:Uell~ ..... 
C1ia~ m: 

8aad'& xatioaal L&bozo&taria• 
043'710•001 

I.il\8 J!h 
Metria:: 
Aut:hozo~aed: 
~~~Z'UIN:lt : 

Jazaeetar 

135'72&-0DD:l-D 
AUL 
22 DEC 98 
GC/Ma-A 

1. 2 I •-2r.l.mac.b.y1b.UIID8 
1, 3-Dic:bl.OZ'Dl:teswane 
1,4-D1c:hl.azobelulue 
1,2-Diebleco~ ... eae 
1.2.4-~iCblozObaaaeae 
Haxachlor:obU.t.acliltAit 

900 'd 

S-ledt lB DBC: t8 
~cit lit/A 
Dilutionz t9 

aae11lt Qual.itie~ Jl.L 

liD uo - 1.40 
tal 140 
Jm "0 .., l.UO 
Ill) 2?0 

\ 1-~b~ r.UIIUI JQD·~U~ 

1411007 

(c:cmt:. .) 

&ec:eived: aa Jmc '' 
lmal.yz..:4: 23 P1IC ,. 

MDL Unit• 

34 ppb {v/v) 
lt pp]) (v/v) 
IIi ~ (V/V) 
51 pp:b (V/V) 

310 ppb (V/.,) 

'' wb (v/v) 



• 

"uv-u~-~o 1~:~1 rrom:~"L ucr1. oo'1 

11/0319& 14:~1 ft~03844311& 

C:l1.eAI: lhftle I 
Client m: 
Uta Dh 
Matrix: 
Aut.hcri:~~ed: 
Ift8C%U1DCC: 

&alld1a. htiOft&l 
043252•00~ 
13···'7-0DQ1•8A 
A%a 
:u ~ Jl 
GC!/MS-A 

Pazoamete~ 

Dichlazo4if1uo~etha=e 
Clllot:aaa~• 
1,2-~ichloto-1,1,2,2-
e•~·~l~•tkane 

V!Jlyl. cblo~ida 
Bx't:laiQIIIetlw.ne 
dll.ozooe~• 
Trichlazof1~Q~~~an• 
1,1-~ichloroeth&De 
caztaon disulfide 
1,1,2•Trich1a:a•1,3,2-
~iflucroathana 

Acaeoa. 
Mecbylene chloride 
traa.-1,2-Dichloroethene 
1,1-~iebl~etbane 
Vinyl acetate 
eie•l,2·Dichloroethaae 
2•11\ltanone 
c:bloxa:om 
1,1,1-Trichlo%0•~• 
C:az:hoa. t:atz:aokl.~d4 
a .mace 
1.2-~iehlc~ethan• 
~ich1o~:oecbae 
1,2-~ieblo:apro,pane 
B~chlorcmothane 
~ia-1,3-~icbloropropene 
~-"-~Yl-~·pentanone 
Tol.ueAe 
e¥&Da-~,3-D~~blo~op:cpqne 
l,l,2•Tri~le~ec~e 
Tetrachlaroeth~• 
2 •Bexaz2one 
Dil)~ehl.orozne~e 
l., 2 -Dib~moe~~ (EDB) 
Cblo~eAaeZle 
'll:thylbeaell• 
Xylene• (toeal) 
St:.)'l:'tn~e 

B:cmofa:rm. 
1,1,2,2-Tetrachloroetbane 
B~l ehlo:ride 
4-Bthyltcluene 
1,3,5-~ime~hyl~enzene 

T~U~044U~4~ 

S'NL :SHO 

~atori•• 

ut'\-e -z, 
Slftllllledt 

Pz:ep•'C'Wtl• 
nUuticm: 

HI> ., 
liD 
ND 
BD 
Nil 
Nt) 

88 
1m 
n 
NJ) 

Ntl 
Ntl 

2000 
NJ:) 

480 
51) 

KD 
31 
ND 

9700 
ND 
ND 
HD 
N%) 

4900 
)JC 

ND 
sao 

ND 
ND 
NJ:) 
!G) 

22 
u 
RD 
ND 
ND 
ND 
m;, 
1m 

J 

J 

J 

J 
:: 

12 oct ta 
II/A 
5G 

110 
220 

110 
110 
110 
aao 
110 
110 
S6D 

110 
sso 
110 
110 
110 
ICO 
110 
!I GO 
110 
110 
110 
uo 
110 
110 
l.l.O 
110 
110 
sso 
110 
llO 
uo 
110 

1700 
1l,l) 

110 
110 
110 
llO 
110 
110 
110 
SfiO 
110 
110 

@]004 

lt.ece.iveclt 3:1 OCT 98 
Analyae4: 23 OCT 9B 

MDI. 

25 
79 

~D 

90 
38 
B4 
1fii ,, 
41 

~9 
:no 

2.5 
so 
44 
1'7 
30 

200 
22 
28 
24 
24 
43 
l& 
.98 
lS 
41 
21 
19 
&a 
90 
33 

220 
l.3 
21 
a4 
l8 
34 
36 
12 
23 
79 
1 .. 
16 

Uld.ta 

ppb (v/v) 
ppb (v/v) 

pp~ (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
~ (v/v) 
ppb tv/vl 
p~ (V/Y) 

ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/vl 
;ppb (v/v) 
ppo Cv/v> 
ppb (v/v) 
pph (v/v) 
ppb (Y/V) 
ppb (v/v) 
ppb (v/v) 
pp~ (v/vl 
ppb (V/v) 
JiiPl:' (V/V) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/vl 
pph (v/v) 
ppb (v/v) 
pph (v/v) 
ppl:l (v/v) 
ppl:l {V/V} 

ppb (V/V) 
pp.b (v/v) 
ppb (v/v) 
pph (v/vl 
ppb (v/vl 
ppb (v/v) 
ppb (v/v) 
pp.b (v/v) 
ppl) (V/V) 
ppb (v/v) 

J • Res~t ia detected b•lov the report!ng limit or i1 ~n estimated concentration. 
NO - ~o• ~o~octcd 

£00 'd 



• 

Ruv·u~-~o ~~;~' r1ow;~RL v~r1. oo£1 
111051ga 14:S2 ttsos&443l2S SNL SMO 

Cl. ;i..nt: Raile : 
C1tect U): 

S&a41& Hational tabcrato~iel 
043252·001 

LAII m. 
Matrix: 
~tho~i:aecl• 
Ine.t~t~ 

Pazo-te:r 

1.34GI1-0D01-SA 
Am 
21 oer 9a 
GC/MB-A 

1,2.•-~r~thylh.aaene 
1,2-Di~eue 
1,4-Dichlorabenzene 
1.2•Diehlo~~DZ ... 
1,2,,·Yzichlorobeu~cne 
Baxachlarobutac!iaoe 

S~e4• 13 OCT 98 
P%•~= M/A 
Dilution: 55 

Reaule Q\a&litier RL 

1m 110 
1'W 110 
HI) 110 
Jlr) uo 
1m 1100 
HI) 220 

1·1o~ r.uo/UC Joo-,uo 
141 0!)5 

(cont. l 

aeceiveda ~1. OCT 9B 
An6l.yaa4: 43 OC'l' 98 

MDL UJU.t:a 

1.8 ~ls (Y/v) 

3' ~ (v/v) 
38 ppl:t (V/Y) 
39 pp)) (v/v) 

190 p~ (v/v) 
32 ppb (V/V) 

~00 'd l1SOO~I-V~Ui3.LNYn0 LD: II lnH.LI 86 .SO- 'hON 

: · .. 



T~U~044U:I4~ ,-, 011 r.UifUO Joo-uo 
nvv-u:.-:.o 1:):4, rrom:~AL utrl. oo'1 

ldlOOS 
U/06/98 u.:n eso68443lU SNL SltO 

Vol&t:il.e Ol:gaD!c:e l:ly GCMS • S'tA '1'01.4, 

C11en't HULet SADdi& •acioa.l L&bo:a'to:iea 

• C:lieDt ID: 0432S3-00l 
2-8'.-'\e \ ....,. U>: l.34ICI'7-000Z•M 

Matrix; UR S&rllplecl: 15 oc::r " aec:e:lved.l 21 OOT '8 
AUt:ha~ised.: 2.1 oc::r 98 PJ:epP'Ilcl I If/A aualyze4: zJ ocr !la 
Inet~u•mn't z OC/MS·A l);llut:i.OIU 3-4. 

ta¥&M'tU a.ult ou..liti•r RL .MDL thdt:• 

:Dicb..lot:oc:U.fluOZ'Ollle'tlwle ND 6.7 l-5 - tv/v) 
Chl.~t.b&M :ND u .. , ~ (v/v) 
1,2-Dichloro-1,~,2,2• 
eec~a~luo%0a~ 

., 6.7 l..4t ~ (V/V) 
Vil\yl cAl.oric!le 21 '·' 5.4 pP (V/V) 

Br:omomethule HD 6.1 2.3 ~ (V/'Y) 
Chlo~:oat:baae NJ) 13 5.1 :ppb (V/Y) 

'l'J:ichlozof!l""rQCMtl\uaa 2..0 '·' 0.91. ppb (v/v) 
1, 1-Dic:hl.oroet.!.ltmll BD '·' 2.9 p~ fv/v) 
~b~ diaulfide RD 34 2.5 J:IJ:Q:J (v/v} 
l.,l.,a-~ich~-l..z,z-

t~it1'11o:oe1:Aa:tle u 6.? 1.8 ppt:> (V/'V) 
Ao•._ u. J l6 B .1 ppb (V/V) 
Met:hyleAI chloride HD 6.? 1.5 ppb {v/v) 
tr.na-1,a-Diehloroethane 4., :J '·' 3.0 pp)) Cv/v) 
1,1-Di=blo~oa'tb&De BD '·' 2.'7 P»l'» (v/v) 
Vinyl acetate . am 34 4.0 Jlpa, (Y/Y) 
cia-1,2-nich1ozcet:beBe 2DO 6.? 1.8 ppb (v/v) 
l-BUC8AOM NJ) l" 12 ppb (V/V) 
c:bl.OJ:Otom 13 6.7 l.l ppb (V/Vl 
1,1,1-Triah1ozoc~ 8.4 6.? 1.7 p~ (v/v) 

A.~ ~~ft Oa~%&C~o~ide u ti. 7 1 .• pp (v/v) • l•nz•n• a.s :J EL '1 1.4 ppb (v/v) 
1,2•Pieblozoe~e liP 6.1 2.G ppb (v/v) 
Tri.cblo::oetlleae 430 ,_., 

0.94 ppb (v/v) 
1,2-Di~lo~¥~ liD '·" 3.4 ppl;l Cv/v) 
lb:c:maodichl.oz-Oft\e~ 1Ul 6.? 0.91 PPD Cv/v) 
cia-1,3-Dichlo~.ne Rl) 6.1 2.8 pph {v/v) 
4•"echyl•3•p.nt~ l1D 34 1.3 ppb (v/v) 
Toluene " 

,_., 1.1. r»>b (v/vl 
t~ana-1.,3•Dichlocopropene HD f.? 3.? ppb (v/v) 
1,1,2-~iehloroethane N%) &.7 S.ol ppb (v/v) 
Tetrachlorgetbene 3.20 ti.? 2.0 ppb (Y/v) 
2 -Bex'HIOZU! Nil 1DO l..J ppb (v/v) 
J:>ib=mocblorometbalw HJ) t:. '1 o.·u ~ {V/V) 
l,Z·Dibzomoethane (lmB) HI) fL '7 1.2 ppb (v/v) 
C:hlo.r~--· ND '·' 2..1. Wll lv/v} 
Bt:.bylbszene w 6.7 1.1. pp:b (V/VJ 
Xyluee (to~al) 2.1 J '·' 1.9 ppb ("ll/V) 
S~)"l:'cm.e ND '·' 2.2 ppb (v/v) 
8%01l\Ofc=lll ND 6.7 0.?4 pp,b (Y/V) 
l ••• z,a•Te~racbloroethaDe RD 6.1 1.4 ppb (v/v) 
Banay1 Calo1.'i<le N'D 3t ... 7 ;ppb (V/'V) 
4•Bthy1toluene ::1..8 :J G.7 0.84 PP~ {V/V) 
1.3,5-Trimotby~~ene 2.3 J 6.'7 0.98 pph (v/vJ 

J :;; Reault. ie d.eteetec:l below ~u :rapo:rting limit: or i• an eaetmated conc•~~ration. 
~ Q Not Deteet•d 

~~~~g:~~-. • ~ 
soo 'd £OOI S96 9r9:131 !lSOONI-V!!3lNY00 LO: II tOH.L\86 ,so- 'AON 
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1'~U~D44U~4J 

ll/05/98 14:53 !tSOS8443128 SNL SJIO 

Volacil• o~uice by GOtS .. Bn TOl• 

Cliut Name• 
e11ue ~. 
11M~: 

Matrix: 
AU\oho~:i•e4: 
lnatrumene: 

S.adi& Rational Labo~atorie• 
043253-001 
l.J4GI'•0002-SA 
AIJl 

21 ocr '' GC/MS-A 

PiiZ'&IIICtc= Raaul.~ ~i~:i.eZ" 

1, 2, t--rri.uthyll»enaene 1.8 t1 
l,l-D1cblozobeaaeee MD 
1,4-DicZlo~.ue 1G) 

,,Z•Didbloxo~enaeaa 1m 
1,2,1-Tzichlozobeaa.ne Ja:) 

Hexaehlozubutatiena ~ 

aL 

C.7 

'·' 6.7 ,_., 
6'7 
13 

1-111~ r.UII/UII Joo-,UD 

~007 

(cont.) 

aeceiv.d1 21 oer 98 
Allalysecla 23 OCT Ja 

MDI.! un.u:s 

1..1 ppl:J (v/v) 
1.6 ppb (v/v) 
2.3 ppb (Y/v) 
2.3 pptl (v/vl 

11 ppb (v/v) 
l.J pp!) (Y/11) 

J • Re•ulc ie deteeted below &he reporting limi~ or ia ~n ••~i~a~ed eonce:~rat~on. 
ND • No~ netected 

900 'd ~1SOOHI-V~~3!NYnn 80:11 lfiH~}86 .SO- 'hON 
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I# 1Dii' coc (P-01) 
lrllemallall 
Balch No. 

~- UoJIIIJJ SIOfl:~/3 I 
Prq.cvJIIkM~Nger. .J'i~ "Ph t..'\tl_" 
flRIId Nam« Mau~ 00-\ SO,\ 
Reoafd c ICIW Colk -

l..ogbook Rei.N11.: 

Original To A.:company Sampres, 
lallorii!Ory Copy (WhJtet 

• .... .... 
ANALYSIS REQUEST Ar«l CHAIN OF CUSTODY 

SARIWA No. Ptluflllt~llrNIIItltltl. 

rar1ot;; ~ 

ARJCOC·I~03;J;l.. · .~ ~ 

1a~ Copy To AccompanySantCJJes, 
Return to SMO (DJue) 

C&dract ;r
r..tt..: 7'133 ,34:10 
SUOA~ 
Bllo: &anlftl twbnll ~ 
SUR~U.Scu..,Ocpl. __ _ 
P.Q Ia. 5800 Ya 0164 

a,.. copy SMO Susp81se Cupv 
(Velttw) 

I..UU5E 

r c.., Flttd Copv (Pillk) 

[Felf0 

.... .... .. 
Cll 
0 

Q) 
C1l 
0 
Gl 
I» .... .... 
u .... 
ro 
I» 

0 

u .. 
., -c e 
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r 

c 

" .... -
0 
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c .., 
0 
-1! 
-1! 
c .., 
-1! .. 

I 

0 .. 
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c 
;!: 
c 
0 

._ 
c 
D 

I 

a~~ 
0 0 

0 
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Environmental Restoration 
Technologies Department 

• 

FAX 
Date: 11/ 'J f '18 

--~~------------From: Jim Phelan 
Sender's tel ##: SOS-845-9891 
Sender's Fax #: 505-844-0543 

To: ~~~"---sP~;--:-v~-1---
Compaay: _3~~• ~~~1o.:;;;.lv:::;::.....c.~=-=--

Phooe #: __ Cf.L..,.;3;;...,;7~-,_.;g=&:;;..;,.S"_-_'3.:::;.....;_7 o..;......:....,1_ 

FACSIMILE##: ._I _--...9 3,_7 .... --~...,b_s-_-_4_4_S_~__. 

-----------------------------------------------------MESSAGE: 

il Sandia National Laboratories 
P.O. Box 5800 · 
Albuquerque. NM 87185-0719 



• ...._, 

SNL SJIO lit 001 
1).1,0!)/88 14:49 ttS058443128 . . . . . . . . . . . . ...... •' . ·. •. . ...... : ..... -~· ·.:·.: .. ·.·:~.-.. :.· .. _:·::··. 

'DtiJ!t:r 

9ca: to: 

~: 

~a: 

uJ6}q_y ~·-~~~ 1 r• {f)~~} 

r fJJda& ~"*"'' fki·~ 
6'h0 Drur 

8l{-5-·Cf';q~ ~: (sos> 8' 1<1 -3; ri 
f?tf~- 05':1..3 74J.· (505) 844-3128 

Sandia National Laboratories 
Sample Management omce 

P.O. Box 5800 
Albuquerque, New Mexico 87185-0854 
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Facsimile Transmission 
PI'IOJW: 1'261 96$-1006 
ra.: (fZ6) '"'" 11103 

To: • 

SUZ\ 
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MAIUAJONES 
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PRELIMINARY RESULTS 
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CUeat Project No.: C fOS55 

CHeat Project Nam•: 
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• 
SNL SllO 

C:.Uect Name: &anciia VaU.oul u.bontad.ea 
Oliont %D1 D4la51-001 
~ XD: 13618&-0002-SA 
Matl'ix; ua 
Aa~A. • .a. 25 .... ,. 
lDIIt~t 1 GC/MS•A 

"U, ne. ';)..... \ n ? \ w . .rA,:t 
»ana.tc 
Dicml.oi'Odifluo=~M~thanc 
~~ 
1,2-DiCblozo-1.1.2,2· 
~eera£1~~ 

Vinyl c:blori4e 
~aaethano 
c:hl~tllau 
T:ricblo~~luo~omethAne 
1,1-nichlozoe~heae 
car~ diaultide 
1,1,a-T%1Cbla~o-1,2.2· 

cri.flw:.%0tdla.ne 
l.oe~ODO 
Metby1eae ehlor~d• 
t~aaa-1,2•Dicblo~oethenc 
1,1•Dich1aroe~ne 
Viayl &Cc1;aCe 
cia-1,a·Dichloroaehene 
2 -ButiiDOU 
c:bl.o~o:fom 
1,1,1-~ichlozoechane 
Gae~ tecra~b1o~ite 
Be~•ene 
1,3-~i~hloxoathana 
T.:ic:blo~oeeheae 
1,2-Dicbloro»~• 
lftMIICkiic:hlo~daazw 
ci8•1,l-Dichlo~propeae 
•-"-~1·3-pontauane 
To luana 
~e-i,l-Picblorop~ 
1,1,2-~~iebloroethane 
Tetrachl~•~• 
2 -Hexaz:umc 
J)ibz'OIDC)CbloJ:01'1lell:hazla 
1.2-~i~romoetbane tBDa) 
Cblo~ezae 
ZtbyU:JenReDO 
¥;rlmsa• (t.ot.al) 
se~· 
Jb:onlotona 
1,1,2.2-~etra~blo:roe~aaa 
8eftQ"l chloricle 
f•ftbylt:ol\&e~W 
l,l,&-Trimetbylbaa.eaa 

tOO'd 

w 
RD 

JID 
ND ., 
1m 
J!D) 

!m ., 
l.OO 
liD 
50 
MD 
Jll) 

KD 
2300 

Jll) 
200 ., ., 

liD 
am 

11000 ., 
)11) 
'N1) 
HZ) 

6500 
1m 
51) 

590 
NO 
Jm ., 
HD 
a a 
95 
1m 
w 
)m 

1m 
ND 
IQ) 

J 
J 

170 
a•o 
170 
l?Q 
170 
340 
l'IO 
170 
•~o 

1?0 
140 
1'70 
170 
170 
a•o 
170 
•~o 
1?0 
170 
1'70 
1,0 
170 
1'70 
170 
170 
1,0 
160 
170 
170 
170 
170 

J!IOD 
~70 

170 
~7D 

1'0 
170 
170 
170 
170 
840 
1,0 
170 

,-, '' r.u~/UI Joa-uoo 
i!J004 

Reee.iv.dc 28 aaP 88 
~lysecla 2J 181' t8 

a a 
120 

lO 
l.JO 

57 
130 

Z3 
'73 
ca 

~4 

aoo 
27 
7& 
&'7 

100 
~5 

:a eo 
33 
.1 
35 
31 ,. 
a• 
·~ 23 
?1 
32 
28 
93 

130 
.10 

3!0 
11 
l1 
.!11 
27 ... 
54 .,. 
31 

120 
31 
2. 

VIU.~• 

ppb (v/Y) 
pP, (v/v) 

(Y/v) 
(v/v) 
(V/V) 
(v/v) 
(Y/V) 
Cv/v) 
(Y/Y) 

(v/v) 
(Y/V) 
Cv/Y) 
(v/v) 
(v/vJ 
(Y/VJ 
(Y/V) 
(v/v) 
(v/v) ,,,.,, 
(Y/Y) ,..,,,, 
(v/v) 
(Y/Y) 
(V/Y) 
(v/v) 
(V/V) 

(v/vl 
(v/v) 
(v/v) 
(Y/Y) 
(V/V) 
(v/v) 
(v/v) 
(v/v) 
(V/V) 
(Y/Y) 
(Y/v) 
Cv/v) 
(Y/v) 
(V/v) 
(V/v) 
(v/v) 
(V/v) 

HlSflaNI-Y~i3lNYn~ st:gt IN0~)86 .Zl- '!~0 



• 

..... ·-. --
10/1~/8& 08:112 eoo:sauaua . ...... ' . ., .. ......... 

' 

c:J.181i~ Name; 
Cliut: lD• 

Sandia »aeion.al ~atari .. 
0.3351-001 

LA8 =· ICa"ix: 
l,ut:hN"i.aed. 
%bac:.~nt: 

~&er 

n•l.I&•OD02-8A 
:an 
as a2• "' 
de/MB~A 

1, 2, •-'h'imet:qlbenzasa 
2.,3-Dlc:~ena 
l., t-Dieblo~..aeu 
1.2-Dtob1o~a~ ... eae 
1,2,t·~iehlozobena~• 
Bexacbloro~uta41eae 

SDO"d 

•••'11~ Q\&al.if~er 

liD 
w ., 
1m 
ND 
lQ) 

lU. 

170 
170 
170 
170 

1'00 
340 

1-1" I".Ub/UI JOD-Ubb 

!ill OO:t 

Jae~iv.d: a5 AP ta 
Maalysedt 21 SU II 

Min. VAita 

27 pph (Y/¥) 
tO ppb (v/v) . ., PI* (v/v, 
51 pP (v/v) 

210 ppb (Y/V) 
68 . ppb (Y/V) 



-• 

1':1U:ID44U:I4-' 

100 'd £001 !96 9I9:131 1lSnONt~YH13lNYnb Lt:9t INON)86.ll-'l~O 

Clia~ ... , SIUidia liaUcmal ~todaa 
Cl~.a~ ID; 041050·001 
LIB tDI 13.18&-0001-S~ 
Mat~Lx: ua 
Al&tllomecl: 2s sn •• 
IAat:naMAt I Ge/MB•A 

Zone. L/ £/1/v.en f 
t~ter 

Dichlozodiflu~metbane 
Claloftlllethaae 
~,2-Dichlo%0-~,1,2,2-
tet~afluo~oathane 

ViDy1 obl~ida 
Bx..._.tbau 
Cblcn:oe~ 
ftic:hloz'Dfluo&"Ometbana 
11 1•DiehlcroethaDa 
Ca:boD dilulfida 
1,1,2-~cb1o~·1,2,2• 

trif1uaroethaDe 
Acetcme 
Jlle~lena t:hl.ori.de · 
ezana-1,2-D~~oroethaA8 
1,1-Dichla~e~e 
Yilly~ ~to 
ciB-1,2-Dichloroatbsae 
J•But:uaone -
eblozofon 
1.1.1·~1ehlozoatbaAa 
CUb= tet~ac:hloricle ..... 
1,2-Diablo~oethana 
~icblozooetbae 
1,3~Dicb1oxopzopaae 
kamocliehl.o¥ollethane 
ci•·l,l·Dichlorop~pene 
•-Metbyl-2-peDtanoae 
'l'OlueD8 
t~&nl-l,l-Dichlorop~ane 
~.~.a-~icblo¥Getbane 
Tet~Cblo~etb.ne 
2-Be~e 

Dibzoamoc:hloromethane 
l,2·Di~omoeth&De (BDB) 
Oll.orobenzcae 
~teylbazene 
lfl.ezaea (total) 

~-· lz'omo:orm 
1,1,2,2-~e~rachlo~e~baae 
Beczyl chl.o~>ide 
'·BthyltolUDe 
~.3,1-~im•~~l.~eaaene 

S-.p1ed: 1' liP Jl 
llrepand: 8/1. 
D1lU~1DIU It 

uo J 
1m 
71 3 
liD 
liD 
RD 

2600 
1G) .,0 
HD 
HZ) 

MD 
)1D 

ltOOD 
liD ., 
HD ., 

'1JOO 
Nil 
JG) 

120 -HD 
RD 
ND 
33 J 

150 3 
NJ) 

lm 
w 
KD 
1m 
1m 

170 
340 

170 
l.7D 
170 
3'0 
1'70 
1'0 
840 

170 
a•o 
170 
170 
1'70 
140 
1n 
ItO 
170 
170 
170 
1"10 
170 
170 
l"ID 
170 
170 
840 
170 
l7D 
uo 
170 

2100 
170 
110 
1'70 
~70 
170 
170 

. -170 
17D 
840 
1?0 
170 

bceiYecl: :IS IBP II 
AD&lpe4a 2J II:P II 

Jan, 

38 
120 

30 
lJO 

57 
130 

33 
73 
'2 

44 
aaa 

3'7 
'75 
57 

1.00 
~5 

21D 
33 
t1 
35 
l!S ,, 
2. ., 
23 
'71 
32 
a a 
Jl 

2.30 
50 

1~0 

1' 31 
51 
27 •• 54 
11 
JS 

uo 
21 
2• 

hit I It- (Y/V) 
- (V/V) 

(Y/9) 
(V/V) 
(v/v) 
(v/v) 
(V/v) 
(Y/Y) 
(V/Y) 

(v/v) 
Cv/v) 
(V/V) 
(V/Y) 
(Y/Y) 
(v/v) 
(Y/Y) 
(Y/v) 
(v/v) 
(v/v) 
(Y/Y) 
(v/v) 
(y/y) 
(v/v) 
(Y/Y) 
(v/v) 
(v/v) 
(v/v) ,,.,,., 
(v/v) ,..,,..,, 
(Y/V) 
(Y/Y) 
(Y/Y) 
(V/Y) 
(V/Y) 
Cv/v) 
(Y/Y) 
(Y/Y) 
(v/v) 
(v/v) 
(Y/V) 
Cv/v) 
(v/v) 

J • Result ia deteoted. below the nportiag limit or ia an eatiwat•4 concentratic:m. 
HD • Hot: Detected 
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.luG»l.ecl• ~· aP •• 
ftepared a •lA 
Dil'UtiCID; U 

Reault ~££·~ as. 
JID 170 
!m 1"10 
liD 170 
J1l) 170 
ND 1"100 
liD 3.&0 

a.e.ive&• 3S 88P Jl 
AllalYHda 29 R» II 

JID1, Uld.t• 

., ppb CV/V) 
•o ppb (Y/9) 
li7 ppb (v/v) 
Sl ppb (V/Y) 

210 ppb ,,,,, •• ppb (v/v) 

£00'd ~~snaNl-YH13lNVnD 8t=9t (NOK)86 .ll- 'lOO 
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This transmission eonsists of [fJ pages excluding this eover page 

Environmental Restoration 
Technologies Department 

Date: (o/ I 3/'lfl 
From: Jim Pbelao 

FAX 

Sender's tel #: · SOS-845-9892 
Sender's Fax#: 505-844-0543 

4ir ___ F_A_cs_I_M_IL_E_#_:~~---------~:~:7:-:~:':~:-:4:~:~:r=~-~---------------------
MESSAGE: 

Sandia National Laboratories 
P.O. Box 5800 
Albuquerque, NM 87185-0719 
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SANDIA NAT'L. LABS 
(lOS) 144-1121 
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Sai4c.w. 

D&to~ 10/12191 
NamblrefPqa: 6 
Ollhlllll c.w.., 

PRBLIMIRARY RBSULTS 

Qauterra Project: 134186-0001/0002 

Cllat Projeet : MOUND OU-1 SOIL GAS SURVEY 

. Faxedby: MARITALORENZO 
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Environmental Restoration 
Technologies Department 
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· From: Jim Phelan 
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To: M~~ 
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Sandia National Laboratories 
P.O. Box 5800 
Albuquerque, NM 87185-0719 
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ER Sample 10 or 
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Original To pies, 
Laboratory Copy (Whle) 

1"' Copy To Accompany Samples, 
Return to SMO~ 

AND CHAIN OF CUSTODY 
7!f;,t Ptess F1 for lnstlvctiona for ed field. 

2"d Copy SMO Suspense Copy 
('fellow) Wlb 

• 
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• Vo1a~i1e Organice by GCHS - EPA T014 

Client Name: 
Client ID: 
LAB ID: 
Matrix: 
Authorized: 
Inat:rwnent: 

Pa:r:amete:r: 

Sandia Naciona1 
041048-001 

"133260-0001-SA 
AIR. 
28 .nn, 98 
GC/MS-B 

Dich1o:r:odifluoromethane 
Chloromethane 
1,2-Dichloro-1,1,2,2-

tetrafluoroethane 
Vinyl chloride 
Bromometbane 
Chloroethane 
Trichlorof1uoromethane 
1,1-Dichloroethene 
carbon disulfide 
1,1,2-Trichloro-1,2,2-

trifluoroethane 
Acetone 
Methylene chloride 
trans-1,2-Dichloroetbene 
1,1-Dichlo:r:oetbane 
Vinyl acetate 
cia-1,2-Dichlo:r:oetheue 
2-Butanone 
Chloroform 
1,1,1-Trichloroethane 
Carbon tetrachloride 
Benzene 
1,2-Dich1o:r:oethane 
Trichloroethene 
1,2-Dichloropropane 
Bromodichloromethane 
cis-1,3-Dichloropropene 
4-Methyl-2-pentanone 
Toluene 
trans-l,l-Dichloropropene 
1,1,2-Triehloroethane 
Tetrachloroethene 
2-Hexanone 
Dibromochloromethane 
1, 2-Dibromoethane (EDB) 
Chlorobenzene 
Ethylbenzene 
xylenes (cotal) 
Styrene 
Bromofor111 
1,1,2,2-Tetrachloroethane 
Beneyl chloride 
4-Ethyltoluene 
1,3,5-Trimetbylbenzene 

Labo:r:atoriee 

Sampled: 21 JUL 98 
Prepared: N/A 
Dilution: 1.0 

Result Qualifier 

ND 
ND 

ND 
17 
ND 
ND 

0.97 J 
ND 

Z.4 J 

10 
55 
ND 

3.6 
ND 
ND 

120 
140 

9.1 
5.3 
7.1 
2.1 

ND 
270 

ND 
ND 
ND 
ND 
36 
ND 
ND 

180 
ND 
ND 
ND 
ND 

0.87 J 
5.2 

ND 
NO 
ND 
ND 
ND 

2.3 

RL 

2.0 
4.0 

2.0 
2.0 
2.0 
4.0 
z.o 
2.0 

10 

2.0 
10 

2.0 
2.0 
2.0 

10 
2.0 

10 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

10 
2.0 
2.0 
2.0 
2.0 

30 
4LO 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

10 
2.0 
2.0 

Quanterra 
l!nvirunn~tnf:ll 
Service• 

Received: 28 JUL 98 
Analyzed: 29 JUL 98 

MDL 

0.45 
1.4 

0.36 
1.6 
0.68 
1.5 
0.27 
0.87 
0.7l 

0.52 
2.4 
0.44 
0.89 
0.79 
1.2 
0.54 
3.5 
0.39 
0.49 
0.42 
0.42 
0.76 
0.28 
1.0 
0.27 
0.84 
0.38 
0.33 
1.1 
1.6 
0.59 
3.9 
0.23 
0.37 
0.61 
0.32 
0.57 
0.64 
0.22 
0.41 
1.4 
0.25 
0.29 

Units 

ppb (v/v) 
ppb (V/V) 

ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 

ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (V/V) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (V/V) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (V/V) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 

J ~ Result is detected below the reporting limit or is an estimated concencrat1on. 
ND ~ Not Detected 



• 
Volacile Organics by GCMS - EPA T014 

Client Name: 
Client ID: 
LAB ID: 
Matrix: 
Authorized: 
Instrument: 

Paranaeter 

Sanc11a National 
041048-001 
133260-0001-SA 
AIR 
28 JUL 98 
GC/MS-B 

1,2,4-Trimathylbenzene 
1,3-Dicblorobenzene 
1,4-Dichlorobenzene 
1,2-Dicblorobenzene 
1.2.4-Trichlorobenzene 
Hexachlorobutadiene 

ND = Not Detected 

LAboratories 

Sampled: 21 JUL 98 
Prepared: N/A 
Dilution: 1. o 

Result Qualifier 

NO 
ND 
ND 
ND 
ND 
ND 

RL 

2.0 
2.0 
2.0 
2.0 

20 
4.0 

Quanterra 
£nvironmenral 
s.,.,;cm: C con t . ) 

Received: 28 JUL 98 
Analyzed: 29 JOL 98 

MDL Units 

0.32 ppb (v/v) 
0.48 ppb (V/V) 
0.68 ppb (v/v) 
0.69 ppb (v/v) 
3.3 ppb (v/v) 
0.57 ppb (v/v) 



• 
Volatile Organics by GCMS - EPA T01~ 

Client Name: 
Client ID: 
LAB ID: 
Matrix: 
Authorized: 
Instrument: 

Para.met:e¥" 

Sandia National 
041049-001 
133260-0002-SA 
AIR 
2a.JUL ga· 
OC/HS-B 

Diohlorod~fluoromathana 

Chloromethane 
1,2-Dicbloro-1,1,2,2-

tetrafluoroethane 
Vinyl chloride 
Bromometbane 
Cbloroethane 
Trichlorofluoromethane 
1,1-Dicbloroethene 
Carbon disulfide 
1,1,2-Trichloro-1,2,2-

trifluoroethane 
Acetone 
Meehylcne chloride 
trans-1,2-Dichloroethene 
1,1-Diobloroethane 
vinyl acet.ate 
ois-1,2-D~ebloroethene 
2-Butancme 
Chloroform 
1,1,1-Trichloroethane 
Carbon tetrachloride 
Benzene 
1,2-Dichloroethane 
Trichloroethene 
1,2-Dichloropropane 
Bromodichloromethane 
cis-1,3-Dichloropropene 
4-Methyl-2-pentanone 
Toluene 
trans-1,J-D1chloropropene 
1,1,2-Trichloroethane 
Tecrachloroethene 
2-Hexanone 
Dibromochloromethane 
1,2-Dibromoethane (EDB) 
Chlorobenzene 
Bthylbenzene 
Xyl~nes (total) 
Styrene 
Bromoform 
1,1,2,2-Tetrachloroethane 
Benzyl chloride 
4-Ethyltoluene 
1,3,5-Trimethylbenzena 

Laboratories 

Sampled: 23 JUL 99 
Prepared: N/A 
Dilution: 35 

Result Qualifier 

ND 
ND 

ND 
ND 
ND 
ND 
ND 
NO 
ND 

'76 
ND 
~, 

40 
ND 
ND 

2600 
NO 

190 
ND 
NO 
37 
NO 

9500 
ND 
NJ) 

ND 
NO 

9200 
NO 
ND 

6&0 
ND 
ND 
ND 
NO 
55 

210 
NO 
ND 
ND 
NO 
ND 
ND 

J 
J 

J 

J 

RL 

'70 
140 

70 
70 
70 

140 
70 
70 

350 

70 
350 

70 
70 
'70 

350 
'70 

350 
70 
70 
70 
70 
70 
70 
70 
70 
70 

350 
70 
70 
70 
70 

1000 
70 
70 
70-
70 
70 
70 
70 
70 

350 
70 
70 

{luanterra 
Environmenral 
Ger.-~ 

Received: 28 JUL 99 
Analyzed: 30 JUL 98 

MDL 

16 
49 

13 
56 
24 
52 

9.4 
30 
~& 

18 
84 
15 
31 
28 
42 
19 

120 
14 
17 
15 
15 
27 

9.8 
35 
9.4 

29 
13 
12 
38 
56 
21 

140 
B.O 

13 
21 
11 
20 
22 
7.7 

14 
49 
8.7 

10 

Units 

ppb (v/v) 
ppb (V/V) 

ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 

ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (V/V) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 

J = ResU1t is detected below the reporting limit or is an estimated concentration. 
ND ~ Not Detected 



• 
VolAtile Organics by GCMS - BPA T014 

Cl1enc Name: 
Client ID: 

Sandia National Laboratories 
041049-001 

LAB XD: 
Matrix: 
Authorized: 
Instrument: 

Parameter 

133360-0002-CA. 
AIR 
29 JtJL 98 
GC/HS-B 

1,2,4-Trimethylbenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
1,2,4-Trichlorobenzene 
Hexachlorobueadiene 

NO = Noe Detected 

sampled: 23 JUL 98 
Prepared: N/A 
Dilution: 35 

Result Qualifier 

ND 
ND 
ND 
ND 

RL 

70 
10 
70 
70 

ND 700 
ND 140 

Quanterra 
Environmental ( t ) s-;,., con . 

Received: 28 JUL 98 
Analyzed: 30 JUL 98 

MDL units 

11 ppb (v/v) 
17 ppb (v/v) 
24 ppb (v/v) 
24 ppb (v/v) 

120 ppb (v/v) 
20 ppb (v/v) 
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• Environmental Restoration 
Technologies Department 
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FAX 
Date: 1}-z, 7}'J g 
From: Jim Pbelaa 
Sender's tel #: · SOS-845·9891 
Sender's Fax#: 505-844-0543 

To: ~M.:.a.:;.eu~Jt~20..L....F-.'.t:..:::v'1~-
Company: --~ D"(~l;Tr-------

Pbone #: · '13 7 / ii,$' .... '37oa 
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Sandia National Laboratories 
P.O. Box 5800 
Albuquerque, NM 871&5-0719 
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bTJOl/88 13:47 G50514UlZ8 5NL SIIIO li!001 

Sandia National Laboratories 

Albuquefque, New Mexico 87185-0854 

date: July 1, 1998 

to: Jim Phelan, MS-0719 (6131) 

~~ 
tom: Su:z.i Montano, MS-0854 (7578) 

subject: PRELIMINARY RESULTS COC 510160 

A copy of the results report package from Quanterra for the above referenced COC is 
enclosed for your review. The SMO is performing the Contract Verification Review 
(CVR) and will send a copy of the results to you to attach to 1be report. Until you 
receive the CVR. resul1S the report is considered PRELIMINARY. 

If you need information about the results on this COC, please call Doug Salmi at 
144-3110. 

Booloswe 
Ism 

E>ccept/onal Servtoe In ltle Natlonallnler8st 
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01/01/8& 13:4& ttsos&U312& SNL SMO lib 003 

volatile ~as t.y QCM8 • ItA 'rOll 

• Cliut w .... aaadia --~iaaal ~.to~i•• 
~~-~ Dh 06~04C·001 
tM Uh 1:1376t•0001•1A 
-~a-ia: AIJl a...lecl• 24 ~ ,. a.c.i.,.da 21 .,. 18 
Authnriaeclt 35 .nDr II hepand,r •lA ADal""' 21 .nD1 ,. 
lutZuawmt I ae/MS•• Dilutica t 50 

Parametezo iea\&le; Quali!iezo llL OUt• 

Dic1s1ozoa4i!1uo~ehule 111) 100 SIP (v/v) 
~tUM 1m 200 ~ Cv/v) 
1,2-Dlablozo-1,1.2,2-

tctra!l\JOnetbafte )D) 1.00 ppb (Y/Y) 

V~l chlDride liD 100 ppb (v/V) 
BniiDIIIet.Mzae 1I1D 100 ppb Cv/v) 
c:hl=oetMM JID 200 ppb (v/v) 
'!Tich1GIZ"Df1~•t1111Ae liD 100 pP Cv/v) 
1,1•Di~ 1I1D 100 DPlt (V/vl 
~boa lli•\&U:I.cW RD 500 pP (V/V) 
1,1,3-~Cble~e-1,2,2-

t~itl•n~ liP 100 pP (v/v) 

~--- am 500 ppb (v/v) 
Met!wleu eblarida 8500 100 - (Y/Y) 
~~aaa-1,2-DiGhlocoetbena 190 100 - (~/v) 
1,1•DicklazaathaDe HD 100 ppJ:t (V/Y) 
Viuyl a~:ec.ac• liD &a a ppb Cv/Y) 
aia-1.3•D1Cbloxoatbaaa 1100 100 ppb (V/V) 
2-h~l liD SOD pP (v/v) 
c:blOIO~UIIl liD 100 ppb (Y/Y) 

• 1.1.1-~ioblozoachafte RD ~DO PDb (v/v) 
c.rtxm tetzac:Uod.ct.. HI) 100 - (Y/Y) ...... •:~oo, 100 pP (Y/V) 
1,2-Diablozaatbana Zl ~00 ppb (Y/Y) 
T¥1eblozoauaa ICDD 100 ppb (V/Y) 
2.,a-121~-. JID 100 PP (v/v) 
Bftnlladichlo~tbua liD 100 pp '""/v) 
o~a-1,3-D£ah~eaa I1D 100 pp~ (Y/v) 
4-Me~l-2 -pentaDODe liD 500 - (Y/Y) 
'l'oluaM 8500 100 IN (V/Y) 
e~~-1,S·DicblOZQProp•ue ~ 100 ppb (v/v) 
1,1,2-Triehlo~t~ Nl) 100 ppb (v/v) 
":et&'ac:lilezoethel:ae JOOO 100 ppb (v/v) 
Z·KexuoDa lm 1600 ppb (v/v) 
~OZ'OIUtha1ae BD ~DO I!Pb (v/Y) 
1,a-1'i~:tzoue~ CBDBJ liD 100 ppb (v/v) 
ehl.~-- ., 100 pp, (v/v) 
ftbyU.Uae JIOD 100 - (v/v) 
XYl.,_• C~o~al.) 1'700 1.00 =b (v/vl 
&cyzaa ., l.OO ppb (Y/v) 
IICiaOf'Dnl 1m ~00 - (v/v) 
1,1.a,a-Tac~Cblazoethane HZ) 100 ppl) (v/v) 
8~1 o2:a1ari.4e )1D 500 p~ (Y/V) 
•·•clly1to1ueae Jm 2.00 ppla (V/V) 
1,s.s-~ .. tb¥1h-n•ea• ., 100 ppb (Y/Y) 
1. 2. 6-~~l.bi!IIIJ1JIIme Itt) 100 ppb (v/v) 

111:1 • •ot. DetectacS .i 
£00'd £001 S96 9l9:13l 1lSOONI-YI13lNVnD Zl: 11 t01'Al B6 .to- ·1nr 



07/01/88 13:48 ti505&4UlZS SNL SilO 

CU.at: -~ 
Cli•e m: 

SU41a .. tioaal ~aton•• 
04106t•ODl 

LaB Uh 
Mae rill a 
au~isect• 
IUI'izuaellC I 

1337 .. J•OOOI•SA 
AD. 
as .ruar •• 
Ge/ .. -8 

1.3-Dichl~--
1.4-DiCblazdben .. aa 
1,2•Dieblo~ee 
1, a, •-!ri.clalOZ'Dbem&-. 
BencblazalNcadieua 

l1D • Rot Pet:ec:te4 

tOO 'd 

liJOO,!.. __ 

.. oei...,..•• a& ..nDr sa 
AD&lpcch 3J Jail 'B 

100 
100 
100 

1000 
200 

(V/'V) 
(v/v) 
(Y/Y) 
(Y/Y) 
(v/v) 

llSRQNl-YII3lNVnO ft:tt (Q31)86 .tO· ·1nr 



,JUL-LI-:ID u:~;"' rrom;~nL u~rr. oo'' T;!U;!O'+'+U;!'+~ ,-.. ,u r .uotuo Juu-;~&;~ ...... --
li!OO& 07/01/91 U:48 US0584U128 SNL 90 

Volatile OEpDica br CK:M8 - DA '1014 

• Client._. luadia ll'atiOiaal. ~&ti~S.ea 
c:1ieat: m. 0610&7-001 
LM IDa 1J~7tJ-0002-8A 
M&tz!xa AIJl B-.1, .. 1 26 .1ml Jl .. cei,..• 25..,. •• 

AUt!lort••4' 25 Jml Jl ~eels It/A Allalyad; :II .nlf Jl 
lu~c c:IC/118-B DUucJ.cma It 

tanmatK bault Qualitic IlL OD:lt• 

Diehl.orodj.fl.u~ehalw JIID 170 ~ (•/Y) 
ehl.~ JID lf.O pp~ (v/Y) 
1,J•DiCbla~·1,1,2,2• 

teuafluo:metballe RD 1,0 ppb (V/V) 
Vb¥1 cblmu w 1'70 ppb (v/v) 
... .-ttau. ., 1'70 ppb (V/Y) 
c::bl.onetblma Jm 140 »Pb (V/V) 
'J'ric:ial.ozof1~ z• 1,0 

·~ 
(Y/v) 

1,1•Diab1a¥oetheDe liD 1?0 ppb (V/V) 
e.zbaa 4iau1fi~ Jn) 860 DPb (v/v) 
1,1,2-Tzicblozo•1,2,2-

tnfl'UOZ'OetMiw uo J 1'0 ~l:t (v/Y) 
ketcmc liD 840 ppb (v/v) 
Mec_.l-. c:bl.o%'148 110 3 1'70 ppb (Y/Y) 
t~aa.-1,:1•Dichlo~tbeae BD 170 - (v/v) 
1, 1 ... Dic:hlozooetllae 1m :no ppb (Y/V) 
V1nJ1, ac.c•~• liD ••o .- ,..,,..,, 
aii•1,2·Dic:hioratlwu! coo a 1,0 - (v/v) 
:a-8\lt:aa•• I1D .,o ppb hr/v) 
Chloz'Ofaza 670 1'70 

~ 
tv/v) 

• 1,1,1~~i~~~· BD 1'70 (Y/V) . caztlcm teU"acdalRiM ., 1'0 :. (Y/V) ...... 120 J 1'0 - (Y/Y) 
1, 2-DicblozooeU.. MD 1'70 pp!> (Y/Y) 
'lriebloz'oe~ 15000 170 ppb (Y/Y) 
1,a-aiGb1aE8P58P&D• ., S.'O ... &v/vJ 
.~ .. ~ liD 170 PP'D (v/v) 
oie-l.J•Di~ liD 1'0 ppl:l (V/V) 
•-M.tkr1·2-peRtaDOne ND 840 ppb (v/..r) 
~1ua. 12000 1,0 = (V/Y) 
er~·1,3-~i~~ JID 1'70 (Y/V) 
1,1,2-~ieblazoe~ ., 1'70 ppb (V/Y) 
Tecraebloroat~a 700 1,0 ppb (v/v) 
2 -Jieaiu3tmc HI) 3500 ppb (v/v) 
Jl~ciU.~ 1C 2.'70 ppb (v/v) 
l,:I•Dib~ (.BI) ., 1'0 ppb (V/Y) 
Chloau-..- liD 170 ppb (v/v)· 
•cb¥1Mmlce 2SO 170 pP (v/v) 
ZylaDM (~atal) 500 1'70 ppl:t (Y/Y) 
Styrezae 2ft) 1"10 ppb (v/v) 
BXGIIIDfozm HI) 1'70 pp:b (v/v) 
1,1,2,2-Tat~&Cblo%oe~ !1D 110 ppl:) (v/v) 
lMD~1 cJI1oricla Jill) ••a P»b (v/v) 
·-~tol.\WIDII 1m 170 ppb (v/v) 
l,l,S-2%1.atbYlb ... .aa liD a.'o ppb (Y/Y) 

soo .d ~lSfiONI·YI~3lNVnO lZ:tt (Q31l86 .10- ·~nl 
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~ 
~ 

. ,JUL-U-llll Ull:~~ rrom:SNL IJt.l"'l. bb£1 

O't/Ol/98 n:so 

Cllut .._: 
Cl.iMt. Uh 
LNI ZJ): .. ~~'·· AU~ I-: 
JlaatZ'\IIIAat I 

900 'd 

ttS058U3128 SNL SilO 

aamu ... tlCIIMl LUaz-at.oriea 
0.10&7-001 
132'7.J•OOOZ•SA 
ua 
as .nJR ta 
CIC/N8•8 

lalllpled& 2& ,. !18 
Pnpuec!r '11/J. 
DUue.iaa.a It 

1'70 
1'70 
1."10 
1'70 

11DD 
3&0 

@1000 

(V/V) 
(v/v) 
(Y/V) 
(v/Y) 
(V/Y) 
(v/v) 

~lSfiONI-YB!3lNVnD £l:ll (031)86 .10- ·~nr 
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'0? "01..,88 18: 48 ecoa&44S128 SNL SIIIO 1411 UU.L 

Sandia National Laboratorl-

Albuquerque, New Mexico 871 8&-0854 
c~Me: Jwy 1. 1998 

ta: Jim Phelan. MS-0719 (6131) 

~~ 
from: Suzi Momano, MS-OIS4 (7578) 

~ PRELIMINARY RESULTS COC 510160 

£00'd 

:tUU G 

A copy of the 1'csults report package from Quautena. far the above referenced COC is 
enclosed for your review. The SMO is perfotmi:ag the Contract Verification Review 
(CVR.) a»d will IIOGCl a copy of the results to you to attach to tha report. Until you 
receive the CVR. resubs tba rep~ is considel'ed PREUMIN'AR.Y. . 

If you need lnfocmation about the resul1S on this COC, please call Doug sa1m1 at 
144-3110. 

Enclosure 
/sm. 

J.UUa ),0 ,~,,. l.lolo 

.. _ 

~lSnONI-Y~~31NYnD 

Qolo::IIIUU,I-IQQ~IIIU 

n: tt (O:ntla6 .to- ''lnl 

1.1. • I l lU.BI 00 rlu- 1111 



· T~ transmission consists ~f WJ pages e..,;clu~g this cover pnge 
. . .. .. 

• Environmental RestoratiOn 
Technologies Department 

FAX 
Date: j'fr; · 
From: . fA_ : 
Sender's tel#: . S"oS" ... &4 S-'iBCf'?._ 
Sender's Fa."'#: 505-844·0543 

FACSt\tlll.E #: [ 

MESSAGE: 

·[!id Sandia NationalLaboratories 
· P .0. Bo:w. 5800 

Albuquerque, ~1vl 87185-0719 



• 

·~ • 

VWI' I W ...... ,., . .,. I I WHI""'" ........ I • VV .. I I •WVV'"t'"tV"''"'hf ·-~~.,J 

Dnll: 6/15/98 No. of P~f8CS: 
(rru~ covtr) 

FIIX~: Jim Phelan FrDIII: Leslie Scarbrough 

orgf CDIIIJ'IUIJ: Org. 6131 MS0719 org: 7578 

PhDllt: 845-9892 PIJDift: (505) 844·3199 

flit: 844-0543 FIIX: (505) 844-3128 

Note~ 
Preliminary .results for COC # 510159 

Sandia National Laboratories 
Sample Management Office 

P.O. Box 5800 
Albuquerque, New Mexico 87185-0854 

r.IJ, ~ug-.;~.;~.;~ 

11 
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' • ··~; 

Sandia National Laboratories 

Albuquerque, New Mexico 87185-0854 

date: June 1 S, 1998 

to: Jim Phelan, MS 0719 

from: Leslie Scarborough, MS-0854 (7S78) 

d.k-~~-.--.p 
subject PRELIMINARY RESULTS COC #51 0159 

A copy of the results report package from Quanterra for the above referenced COC is 
enclosed for your review. The SMO is performing the Contract Verification Review 
(CVR) and will send a copy of the results to you to attach to the report. Until you 
receive the CVR results the report is considered PRELIMINARY. 

If you need information about the results on this COC, please call Doug Salmi at 844-
3110 . 

Exceptional Sttvfr;tln fht Nafolllllnllrtst 
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100 'd 

Quantcrn City oUadUitr} 
IIHl Eut Gilt A "f .. Slliellt 

a" or 1•411NrJ, c.uror.aa ,.,,. 

Facsimile Transmission 
Phone: ;626)965-1006 
Faa: (6261961-1003 

To: 

ANGELA :MILES 
SANDIA NA T'L LAB 

(505) B+f-3128 

Prom: 

MARIA JONES 
Project Manaser 

OIIC: 6/12/98 

Nmnbcr ofPqq: 10 
~~-,., 

PRELIMINARY RESULTS 

Quaaterra Project: 132402-0001/0004 

Clleat Project No.: CF0555 

ClientProjedName: Mound OU·l Soil Gas Survey 

Faxed by: NOEL CRUISE 

CONFIDINTIAL1TY NDTlC£: 
This mess~~t 1J bncftdc4 ONLY for lhc IIIII of die ID4ivl4ual Ollllllftto whlcb It IIIIIWftmcL ILIIIQ CIOIIIIIa lfttonne&lon &hillS 
ptlvllcp GOnfl~. or pnMCcCd ftoln dlaclaaurt Uldet lfPllablc law. lr .,_ M4ct of d\11 IDCIAF II NOT 1111 llll.Cftdld 
t~clplcm. employee. or 1111111 n:tpaMiblc for ••MM~ lbllaaA18p 1o the ha•.W I'Mipltftt. )'OV .. ~ no&Utt4 W&anr 
dlllrlb\ido~~o dluemlllll&locl. 01 oopylna or lhll ,_,.,. Is wlcU:r prvhlhll8d. U )OV liM r=IYcd lhiJ lrlftllnlsJioD 111 arrw. 
ple~~~e nodfJ uallftlllldllld~ ~ ttlcphonc ll (426) 96§·1006 • 
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VSIS REQUEST AND CHAIN OF CUSTODY 
No. 

PAGE. _OF_ 

S•mpte 
Tum 
Me~e••~--------------~~----------------~~~--------------~ 

ARICOC-( 5],1)1. t)!) 

LAB USE 

O.g. o ... 
I.~ ~y~JD~:'.t-~..-..-:--
2. Rtlnquilhlid by 
z. R~ by- -··-·-- . ·-. ·--·---a,;.- ----·-----------~1------------------------ --------Org. Da&e 

·--. ·-·· ·--. -----· ··-.. -·---
3. Relraquill* by Org. Org. o-. 

···-- -· ----··--- . 
R.c•MIICI bv Otg. Or,. o ... 

a.UE· To Acc~v 
Ret~n ca SMO 

.... FWdCapy 



~""" - • .., vv 16t'•..ll I I WUI•WI1~ ..,~r I • 'it.!&. I T,jy,jQ't'tll;!'t~ a-J~;~ r .uo/1,) o~ug-,,, 

vcalac11e Qqu1c:• bJ aall - ••• '1'014 

Clict Name a · Sandia BatioD&l Labaratoriea 
cUent Uh 041042•001 
~ lDI UZtOZ• OOU.•A 

• Matrix; All Sur.pleclt 22 MAY ta Receivec.t: Ol .rot: 98 
Autobori&ocl1 0) -'UN Jl P&-epare4c N/A AA&lya•cla 04 .lW Jl 
Inac~nt: GC/MS-8 D~ Piluticm: s.o 

rR~ 
taralll8ter ~ Jtesult Qualifier JU. MDL Obits 

~ichlorodifluoramethane ND 10 2.~ ppb (V/V) 
Chloro~~~etb&ne ND 20 7.0 ppb (V/V) 
1.Z•Pich1oro•1,1,2,2· 

tetrafluoroethane ND lD 1.8 ppb (Y/VJ 
Vinyl chloricla w 10 1.0 ppb (v/v) 
Bromomethane RD 10 3.4 ppb (V/V) 
Chl.oroethane ND 20 7.5 ppb (V/V) 
Trichlorofluoromethane Nn 10 1.4 ppb (V/Y) 
1,1-Dichloroe~hene NI) lO '·' ppb (v/v) 
Carbon dl8U1UC1e 1m 50 ),, ppb (v/v) 
l.l.~·Trichloro-1,2,2-
~r1t.1uaraethane ND 10 2.C pp (v/v) 

Acetoue ND 
.'J'lq PP"' I~ 't) !O l.2 ppb (v/v) 

He~b.ylono chl.ozoide Cf7S 850 10 2.2 ppb (V/Y) 
:~ans-1,2-Dichloroe~nana NJ) 10 '·' ppb (v/v) 
1,1-Dichloroe~h&na NP l.O ,,0 ppb (v/v) 
Vinyl acetate Nt) 

/.OO"J. 
l ~ '1, so 6.0 ppb (Y/V) 

~i•·1.l•Dichloroethana '}3) 150 10 2.'7 ppb (v/v) 
2 ·lh:.tanone N1) 50 11 ppb (V/V) 
Chloroform 3.6 3 10 l.O ppb (V/V) 
1,1.l·Triehloroethane ND 10 2.4 ppb (v/v) 

• car~n tet~achloricle NO 
f. oo"3 

~ (, 10 2.1 ppb (v/v) 
Benz an• llB7 170 10 2.1 "~ (v/v) 
1,2-Dicbloroethane ND 

' t7'1 0 

10 3.8 pp):) (V/V) 
Tdcbl.oroethczu: 'iS~ JOO ;. ()0"'!> 10 l.t ppb (v/v) 
1,2-Dichlorop~o.pana Jm 10 s.o ppb (V/V) 
Bromodi~orametbane Nt) 10 1.4 ppb (v/v) 
c!e-1,3-Dichloropropene ND 10 4-l ppb IV/Y) 
'·M•~hyl-2-pentan~na I'D (. oo I ~ '1' ~Q l,.9 ppb (v/vJ 
Toluene qsto 910 10 1.6 ppl:> (v/v) 
tran•·l,l-Dichloropropena 1m 10 s.s ppb (v/v) 
1,1,2-Trichloroetban. )I'D 

f.t)03 ,,~" 10 8.0 ppb (v/v) 
Tetrachl~roethane "t~1 890 10 3.0 ppb (v/v) 
2-Bex.a:lOUe ND 150 20 ppb (v/v) 
g1broQQcb1orcmeth&no aqp l.O l..2 ppb (v/v) 
1,2-Dibromoethana IED8) )II) 10 1.8 ppb (V/Y) 

· Chlozooboauone liD "'or 1:1 
10 3.0 ppb (v/v) 

Ethylbenzana %1 960 (dJO£.. 10 1.6 ppb (v/v) 
Xy18ft88 (to~•l> 'f[gl t::IO [. f>OZ-- '6 ~tl 10 2.8 ppb (v/v) 
Styree ND 10 l.2 ppb (v/v) 
IX OliO form ND 10 1.1 ppb (v/v) 
1,1,2.2-Tetrachloroetb&ne ND 10 2.0 ppb (V/Y) 
Benzyl chloride 1m 50 7.0 ppb (V/V) 
4-E~hyltoluene ND 10 1.2 ppb ("/VJ 
1,3,S•Trimetbylbenzene ND 10 1.4. ppb (V/V) 

J • Result is deteete4 below the reporting limit or 1e an elt1maced concen~rae1on. 
NP• Not Detected 

• 
£00 'd £001 S96 9l9=131 !1SnONI-YH!3lNYnD Lt=£1 IIH~)86 .ll- ·Nnr 



Vola~ilc O~aQi~a by GCM£ - EPA T01~ 

Client Name: 
client m: 
ua m: 

• 

Ma~d.x: 
Auehorized: 
Instrument: 

Sen4ia Jfatioual 
Dtl0·U·001 
132.02·0001-SA 
AXll 
Ol JON 98 
GC/)15-B 

1,2,4-Trimeehylbenzane 
l,J•Dichlo~obenzene 
l.4·Dichlor0benzane 
1,2-~ichlorobenzene 
1.2,4-Trichlorcbenzene 
Rexachlorobut&G1ena 

ND • Not Detected 

Laboratories 

Sampled: 22 HAY 98 
Prep~d: N/A 
Dilution: s.o 

Jlesul~ Qualifier 

1m 
1m 
ND 
ND 

RL 

10 
10 
10 
10 

Nl) 100 
MD ao 

(cont.) 

Received: Ol JUN 98 
Analyzed: 04 ~ j& 

MDl. l1nit• 

1.6 ppb (v/v) 
2.4 ppb (V/V) 
].4 ppb fv/v) 
].4 pp.b (V/V) 

16 ppb (v/Y) 
a.e ppb (V/V) 

tOO 'd !lSOQNJ-YI13lNYnb Lt:£1 llldl16,ti-'Nfit 



Vola~ile a~sanica ~ OCMa - EPA T014 

Client Name: 
Client II): 
~ 11): 

Sandia National L&boratoriea 
041043-001 

• 
MAtrix: 
·t.uthol!'iz•d.: 
Instrument: 

ll340Z-0002-U. 
AIR 
03 J'W u 
GC/MS•Il 

Dichlo~oditluorame~hane 
Chloromechane 
1,2-Pichloro-1,1,~.2-

tetrafluoroethane 
Vinyl chloride 
BrOII\Oibe~e 

ChloroethaDe 
~richlorofl~oromethane 
1,1-DichloroetheDe 
Carbon 411ulfi~• 
l.1.2·T~icbloro-1,2,2· 
~r1tluoroethane 

Acetone 
Methylene ehloride 
.trans-1,~-Dichloroetbene 
!,1-Dichloroetbane 
Vinyl aceta~• 

. cie-1, 2-l)ichl.oroethene 
~-Butanone 
Cblorofozw. 
l,1,1-Tricbloroetbane 
Carbon ta~racbloricle 
aenzane 
l.2•1)1ahlcroet~e 
T:dchloroethena 
l,Z-Di~~oropropane 
Bro~Ddichlorometbana 
cis-1,3-Pichloropropene 
4·Methyl·2·pantanone 
Toluene 
trans-1,3-l)ichloropropene 
1,1,2-Trichloroat~e 
Tetrachloroathene 
2-F.exano~e 
D1~romochloromethane 

1,2-Dibromoet~e (!DB) 
Chlorobanzene 
Ethylbenzene 
Xylene:s (t:.ot.al 1 
St)'%ene 
Bromotorrn 
1,1,2,2-Tetrachloroethana 
B~zyl chlori~e 
4-Ethyltoluene 
1.3.5•Trimechylbenzene 
1.2,4-Trimethylbenzene 

ND • Noe Detected 

samplaa: ~2 ~Y 'a 
Praparaclc N/A 
Dilution: SO 

Retule Qualifier 

N]) 

A) 

'7000 

150 
ND 
ND 

'7100 
ND 
ND 
ND 
ND 

7900 
to 

7l00 
ND 
ND 
ND 
Nl) 

'7~00 
NO 

ND 
uoo 

ND 
1ft) 

tm 
NJ) 

7200 
C700 

ND 
ND 
JU) • 

ND 
NJ) 

w 
ND 

100 
200 

100 
100 
100 
200 
100 
100 
900 

l.OO 

SOD 
'100 
100 
100 
soo 
100 
500 
100 

. 100 
100 
100 
100 
100 
100 
100 
100 
500 
100 
100 
100 
100 

1500 
100 
100 
100 
100 
100 
100-
100 
100 
500 
100 
100 
100 

Reeoived: 03 JON 98 
Analyzed: 04 JON 88 

MDL 

22 
70 

18 
80 
34 
'S 
u 
44 
lCS 

26 
1~0 

22 
u 
40 
60 
2'7 

lBO 
20 
24 
21 
2l 
38 
14 
so 
lt 
4:l 1, 
16 
ss 
80 
30 

200 
:u 
18 
30 
16 
29 
32 
11 
20 
'70 
12 
14 
16 

Uni~!l 

ppb (v/v) 
ppb (V/V) 

ppb (V/V) 
ppb (v/v) 
pp.b (V/V) 
ppb (v/v) 
ppb (v/v) 
ppb (V/V) 
ppb (v/v) 

ppb (v/v) 
ppb (V/V) 
ppb (v/v) 

ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
J,?J,?b (V/V) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (V/V) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (V/V) 

ppb (v/v) 
pp.b (v/v) 
ppb (v/vl 
ppb (v/v) 

ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 

""b (v/v) 
ppb (v/v) 
ppb (V/V) 
ppb (v/v) 
ppb (v/v) 
ppb (V/V) 

ppb (v/v) 
ppb (v/v) 

SOD 'd liURONI·M!J.NYnb 8~: £1 1111~) 86 .n · 'Nnr 



• 
Voletilc Organiee ~ OCMS - IDA ~014 

Client Nama: 
Client ID: 
~ J:D; 
Matrix: 
Aut:.hol'iaeclr 
Inatrument: 

Pal'ametal' 

San4ia National 
041041·001 
~32402-0002-SA. 

AIR 
Ol .JtlM 98 
Ge/MS-B 

1,3-Dicblordbanzcne 
l,t•Dicblorabenze~e 
1,2-Dichloro~aDzane 
1.3,4-TrichlorQbeuaana 
3axachlorobutadiene 

ND • Not Detected 

Laboratodea 

Sampled: 2Z MAY '8 
PreJ)&re4: N/A 
Dilution: so 

Reault QUalifier RL 

MD 100 
ND 100 
N.D 100 
~ lOOO 
ND 200 

900'd £001 S96 9l9i,3l 

·-~~~ r.u~,•~ ~oo-~~~ 

(ec:mt.l 

aeceive4: 03 ~ 98 
Anal~ed: 04 JON 98 

MJ)L Unite 

24 ppb IV/V) 
34 ppl) (V/V) 
l4 pp}) (Y/Y) 

160 pp!) (v/v) 
28 ppb (v/v) 



Volatile Organ1cs ~y GeMS • EPA TOl4 

CliaAt Name: 
client m: 

Sandia N&~ioaal Laboratories 
041044·001 

LAB IP: 

• 

PS&t.rix: 
Autho~iced: 

I~strunutnt: 

Paramet.er 

U2 .. 02·0003·SA 
AIR 
Ol JUN 98 
GC/MS·B 

niehlorodifluoro~ethana 
~lorornc:thane 
!.2-Dichloro•l,1,~,2-

eetrafluoraethane 
Vinyl chloride 
aromometha.na 
ct:loroethana 
trichlorofluoromatbAne 
l,l•Dicbloroethen• 
carb~ 4iault14e 
l,1,2·Trichloro-1.~.2-

trifluoroetA&:la 
Acetone 
Methylene cblor14e 
trans-1,2-~ichloroethene 
l,l·Dichloroathane 
Vinyl acetate 
cia-1,Z·D~e~oroethene 
2-Butanona 
:hlozoofo:n\ 
~.1,1-Tricbloroetbaue 
carbo~ t.at.rachloride 
Ben1ena 
1,2-Dichloroethana 
':richloZ"oethene 
1.2-Dicbloropropane 
9=omodichlorometbane 
cis-1.1-Dicbloropropene 
4-Het.hyl-2-pantanor.e 
Tclue:na 
:rane-1,3-Dichloropropane 
1.1.2-Tricbloroetbane 
~•~rachloroathana 
2·Hexanona 
~1bro~ochlorome~h&n• 

!,2-Dibromoethana (£0B) 
c;hlorobenzano 
Sthylbenzene 
Xybnea lt:.ot.al) 
Styrane 
Bromoform 
1,1,2,2-Tat.rachloroeth&De 
Benayl c:bloricle 
4-Etbylt.oluene 
1.3,5-Trimathylbenzona 

Sampled: 22 MAY 'a 
Praparad: 'N/A 
»il~tion: 120 

Reault Quali!ier 

NJ) 
Nl) 

l.OO 

ND 
NJ) 

NJ) 

ND 
ND 

:uoo 
ND 

300 
Nl)· 

ND 
ND 
ND 

13000 
ND 
ND 
Nl) 
Nl) 

9900 
NP 
Nl) 

680 
Nl) 

w 
ND 
w 

240 
580 
tm 
NP 
ND 
Nl) 

Jm 
Nl) 

J 

RL 

240 
480 

Z40 
240 
240 
480 
240 
2'lD 
1~00 

2t0 
1200 
~40 

2'l0 
240 

1200 
240 

1200 
240 
240 
240 
240 
240 
240 
240 
240 
240 

1200 
240 
Z40 
240 
240 

3600 
:140 
240 
240 
240 
240 
240 
2"0 
240 

1200 
240 
240 

aaeaive4: 03 JUN 98 
Analyzed: 04 JON 98 

MDL 

54 
170 

4l 
190 

az 
180 

32 
l.DO 

88 

G:J 

~90 
Sl 

l.lO 
95 

uo 
65 

420 ,, 
5,9 
5l 
51 
n 
34 

120 
32 

100 
41 
40 

130 
190 
?l 

4?0 
28 
4S 
13 
38 
6§ 
11 
26 ., 

1?0 
JO 
35 

t1Dite 

ppb (V/V) 
ppb (v/vJ 

ppb (v/v) 
ppb (V/V) 
ppb (V/V) 
ppb (v/v) 
ppb (v/v) 
p~ (v/v) 
pph (Y/Y) 

pph (v/v) 
ppb (V/V) 
ppo lv/v) 
ppl:> (v/v) 
ppb (V/V) 
ppb (V/V) 
ppb (v/v) 
ppb (v/v) 
ppb (V/V) 
ppb (v/v) 
ppb (v/v) 
ppb (V/V) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (V/V) 
ppb (v/v) 
PP~ (v/v) 

ppb (v/vl 
ppb (v/v) 
ppb IV/V) 
ppb (v/v) 
ppb (v/v) 
J:)~ (v/v) 
pptl (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (V/V) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (v/v) 
ppb (V/V) 

ppo (v/v) 

J 3 Jaault is detected below the %&porting limit or is ~ c•timated ~oncen~rae,on. 
ND • Not »otocted 

LOO'd £001 S96 9Z9:13l llSOQNI·YI83~NYnD lti£1 111d)86 .tt·'Nnr 



• 

W Wit I \1 ~\I 1-. • WW I I WUI • .... ._ ..... I I , WV .. I 

c:Ueut Name: 
Client til: 

S&n41a Bational L&borator1ea 
041044-001 

IoNS %f): 
Mat.ri~: 
A'\lthozo:ia•4: 
Inst.Z'Uirlent: 

Parameter 

132402·0003-SA 
AIR 
03 JUH g~ 
GC/MS-B 

1.2.4-Trimetbyl~enaene 
1,3-Dichlo~obeazene 
l,4•Dichlorobenzene 
l,l-Dicblorobenzene 
1,2,4-Trichlorobenaene 
F.exachloro~uead1ana 

ND • Nat ~etected 

Sampled: 22 HAT 98 
Pz-•rs•~•d: ll/A. 
Dilution: 120 

a••ult. Qualitier RL 

N1) 240 
rm 2,0 
ND ~•o 
Nl) ~40 

NP 2400 
am 4110 

~-~~~ r. I 1/1~ JOD-~~~ 

(cant.) 

Received: 03 JON 98 
Analyzed: 04 JUN 98 

l'CL Unite 

38 ppb (v/v) 
58 ppb (v/v) 
8~ ppb (v/v) 
83 ppb ("/Y) 

400 ppb (V/v) 

6' ppl) (V/V) 

800 'd ~lSOONI·YI~!lNYOb 6t 1£l llld)86,ll-~nr 



• 

• 

W'-111 1111 WW l"t•WW I IWIU• .. I1~ ..,a,;_r I. "'Vt.1 

Volatile O~&n1c• by GCMS - EPA T014 

Clian~ Name: 
Client: In: 

Sandia National L&bc~atoriaa 
0410~5-001 

LAB tP: 
l'fatriXI 
Authoria:ecl: 
Inetrulftant : 

;raramer.er 

132402•0004-.!A 
AIJl 
0.) JllN 98 

GC/MS•B 

Dichlo~odirluoromethL~e 
Chloromethane 
1.2-Dichloro-1.1,2.2-

teeratluaroethane 
Vinyl chloride 
llromometbane 
Chloroetbane 
Tricblor=fluoromethane 
1,1-Dichlorae~ene 
carbo~ disulfide 
1,1,2-~ricbloro-1,2,2~ 

trifluol'oe~bane 
Aceto.:.e 
Methylene chlor1~• 
trans-1.2-Dichloroetbene 
1.1-Dichloraett&ne 
Vir:yl ace:.ate 
cia-1,2-Pichloroe~ne 
2-Butanone 
Chloa-oforrn 
1,1,1-Tricbloroethane 
carbo~ eeeraehloride 
3enzene 
l.~·Dichloroethane 
-:richlaraethene 
l,l-D!cbloropropane 
Bromo4ic~lorometh&ne 
cia-1.3-Dichloroprop~~e 
t-Mtthyl-2-pen~~ne 
Toluane 
trans-l.l•Dichloropropane 
l,1.2•Trichloroethane 
tatrac~oroethene 
2·Hexa~oue 
Oibrcmochloromethane 
1,2-Di~ramaethane IEDBl 
Chloral:>anzene 
£thylbenzene 
Xylenee (~ocall 

Styrene 
BrolftOfonn 
1.1.2,2-Tetracbloraethane 
Sonayl. ohlo~ic!e 
4-Ethyltoluerae 
l.J,!-Trimeehylbenzene 

Sampled: 22 ~Y 9B 
Prepared: )J/A 
Dilution: 8.4 

., 
no 

N!) 

NO 
HI) 

ND 
150 

1300 
7.0 J 

NO 
12 J 
ND 
Nl:l 

JDQ 
ND 
ND 
N:) 

ND 
18 
ND 
ND 

260 
NO 
MD 
NO 
HD 

4.1 J 
~J 
&m~ Drop 

ND 
NO 
~ 
ND 
N1) 

17 
34 

17 
17 
17 
l4 
11 
17 
8t 

1' 
84 
17 
11 
17 
84 
17 
u 
17 
17 
17 
1'7 
11 
17 
17 
11 
17 
84 
17 

17 
17 

:zso 
1'7 
17 
1' 
17 
17 
17 
1'7 

. 17 
at 
17 
17 

·Racei ved: Ol JON 98 
1nalyz@d: 04 JUN 98 

MPL 

3.8 
12 

l.O 
1l 

5.7 
13 
2.] 
7.3 
tL2 

••• 
20 

2.7 
7.5 
6.1 

l.O 
4.5 

29 
J.l 
t.l 
3.5 
l.S 
6.~ 
l.~ 

8.4 
2.3 
1.1 
J.l 
:z.a 
,,) 

13 
s.o 

33 
1.9 
3.1 
5.1 
2.7 
4.8 
5.4 
1.9 
l.S 

12 
2.1 
2.4 

Unit:• 

ppb (V/V} 
ppl> IV/Vl 

ppb (V/V) 
ppb (v/v) 
ppb (V/V) 
ppb (V/V) 

ppb (v/vl 
ppb (V/V) 
ppb (v/v) 

ppb (v/vl 
ppb (V/V) 
pp~ (v/v) 
ppb (V/v) 
ppb (V/V) 
ppJ:) (V/V) 
ppt: Cv/v) 
ppb (V/V) 
ppb (V/V) 
ppb lv/v) 
ppb (V/V) 
ppb (v/v) 
ppb (v/V) 
ppb IV/V) 
pp~ (v/vl 
ppb (V/V) 

ppb (V/V) 
ppb (v/v) 

ppl:t (v/v) 
ppb lv/v) 
ppb (V/V) 
ppb (V/V) 

ppb (v/vl 
ppb (v/vl 
ppb (v/v) 
ppb (v/v) 
ppb lv/v) 
ppb (V/V) 
ppb (V/V) 

ppb (V/V) 

ppb (v/v) 
ppb (V/V) 
ppb (V/V) 

ppb (V/V) 

J c Reault is detacted below the reporting limit or ia an eac1maee~ conceot~a~ion. 
ND • Nat Detected 

600 'd llSOONI·Y~l~NYnQ 6t=tl 111dt86.li·'NOt 



Volat1lo OrganlCI ~GeMS - BPA.TOl4 

Clier.t Kama: 
Clien:. %%:): 
LAB Il): 

•
.. M&~rix: 

Authorized: 
Instrumen~= 

Sandia Naticnal 
041045-00l 
:ll:a4o02- 0004 •SA 
AIR. 
02 .:aN 91 
GC/MS-B 

1.3.4·T~i~t:hyl~~zane 
1,3-~icblarobe~zene 
1,4-Dichlorabenzene 
1,2-Dichloro~enzane 
1.2,4-Trichlorobenzene 
HexachlorcbutAdiene 

NO • Not Detected 

Laboratories 

Sampled: 22 MAY 98 
Prepa::reciJ N/A 
Oil uti on: B • • 

Res~lt Qualifier RL 

11 
11 
17 
17 

170 
H 

( c:cm.t:.) 

Rocoivad: OJ JON 98 
Analy2ed: 04 JON 99 

M:)I.. Unit• 

2.7 ppb (v/v) 
4.0 ppb (v/v) 
5.7 ppb (V/V) 
s.e ppb Cv/vJ 

48 ppb (v/v) 
4.8 ppb (Y/V) 

OIO'd ~lSnONI-YB!3~NVna 6t=£1 l1Hdl86 ,ll-'Nflr 



.\ Z1. • . 

' 

vi / v ./ / ../ T~ cr6 d TCE /Too/~ er/' XYl ,/ Hours F113 ACE OCM cis-OCE 2-8UT 

13 8.000 0.330 3.300 0.250 33.000 5.900 0.150 0.580 16.000 42.000 8.300. 0.230 
56.5 1.400 0.130 0.240 11.000 0.220 8.600 28.000 6.100 0.130 
137.5 0.490 0.100 0.440 0.050 0.091 4.600 19.000 5.400 0.046 0.180 

\ 
0.160 4.300 ql- ~(.;r lS1 G\ 8 172.5 0.400 0.100 0.950 0.130 3.200 0.640 0.051 0.056 3:900 17.000 5.200 0.044 0.160 ~ 

255.5 0.230 0.092 0.590 0.064 2.400 0.055 0.026 2.200 8.800 3.500 0.028 0.083 
333.5 0.140 0.047 0.590 0.015 1.300 0.280 0.055 0.017 1.600 3.200 1.800 0.016 0.074 
786.25 0.130 0.050 0.063 0.770 0.053 0.037 0.023 0.0056 0.930 0.062 0.430 
795.8 5.160 
808.3 3.980 4.960 
863.75 0.130 0.042 0.750 0.031 0.022 0.0067 0.930 0.053 0.410 0.000 
953.8 2.570 
1095.8 0.023 0.017 0.69 0.16 1.3 0.007 0.011... 0.3 0.048 0.26 0.004 
1109.82 0.158 0.366 0.016 0.216 
1109.82 0.017 0.055 0.12 0.14 0.005 0.002 0.27 0.036 0.18 0.001 0.005 
1194.75 0.012 0.161 0.006 0.385 0.057 0.27 0.056 ~ 3~l{0 

Eocy -- J!'J5.lJ s 



··~ ' Z1~lds • 
1> 

li-t 
\Jifv 

s-. ~'v y~ ~tv t./' ~ 
";6 

Running Average Vinyl lbs./hour 1, 1,2-Trlchlolo- lbs.lhour lbs.lhour Methylene lbe./hour cls-1,2· lbe./hour 
~r 

Date Source Hours CFM Chloride lbs./cu. Fl removed 1 ,2,2-trtnUOIOt!thane lbs./cu. A. removed Acetone lba.lcu. Ft removed chlol1cle lbs./cu. Ft removed Oichloroethene lbs.lcu. Ft I'1!IIICM!d 2-Butanone lbs./cu.Ft 
18-Dec-97 Summa 13 571 8.000 1.274E-06 0.04 0.330 1.576E~ 0.01 3.300 4.884E~ 0.02 0.250 5.410E.()8 0.00 33.000 8.151E-06 0.28 5.900 1.084E-06 
22-Dec-97 Summa 56.5 571 1.400 2.230E~7 0.01 0.130 6.207E-06 0.00 0.240 5.194E.()8 0.00 11.000 2.717E-06 0.09 
29-Dec-97 Summa 137.5 545 0.490 7.804E.()8 0.00 0.100 4.775E.()8 0.00 0.440 6.512E.()8 0.00 0.160 3.463E-06 0.00 4.300 1.062E-06 0.03 
5-Jan-98 Summa 172.5 545 0.400 6.370E-06 0.00 0.100 4.775E-06 0.00 0.950 1.406E~ 0.00 0.130 2.813E-06 0.00 3.200 7.904E~7 0.03 0.640 1.176E~ 

12-Jan-98 Summa 255.5 555 0.230 3.663E-06 0.00 0.092 4.393E-06 0.00 0.590 8.732E-06 0.00 0.064 1.385E.()8 0.00 2.400 5.928E~ 0.02 
19-Jan-98 Summa 333.5 555 0.140 2.230E-06 0.00 0.047 2.244E-06 0.00 0.590 8.732E-06 0.00 O.Q15 3.246E~ 0.00 1.300 3.211E~7 0.01 0.280 5.145E-06 
12-Mar-98 Summa 786.25 578 0.130 2.070E-06 0.00 0.050 2.387E.()8 0.00 0.063 9.324E~ 0.00 0.770 1.902E~7 0.01 0.053 9.738E~ 
19-Mar-98 GC 795.8 556 
20-Mar-98 GC 808.3 556 
25-Mar-98 Summa 863.75 555 0.130 2.070E-06 0.00 0.042 2.005E-06 0.00 0.750 1.853E~7 0.01 
13-Apr-98 GC 953.8 539 
22-May-98 Summa 1095.8 541 0.023 3.663E.:OS 0.00 0.017 8.117E~ 0.00 0.69 1.021E~7 0.00 0.16 3.952E-06 0.00 1.3 2.389E~7 
21-Jul-98 GC 1109.82 540 0.158 3.903E-06 0.00 
21-Jul-98 Summa 1109.82 540 0.017 2.707E~ 0.00 0.055 8.140E~ 0.00 0.12 2.964E-06 0.00 0.14 2.572E-06 
15-0ct-98 GC 1194.75 564 0.012 2.597E~ 0.00 0.161 3.977E-06 0.00 

• 



• , .) • ' ,, 
.. '·. ~ :t Z1 rnasn..i/x1s 

J...v--~' 
~¢ _,;> 00 ~v 

, ?..-~"" t; ~(/ (;Y'J 
lba.lhoUr lba./hour Carbon lba.lhour lba./hour 1.. lba./hour lbs.lhour ~ lbs./hour 

removed Chloroform lbs./cu. Ft. removed tetrachloride lb&./cu. Ft. removed Benzene lbs.lcu. Ft. removed Trichloroethene lb&./cu. Ft. removed Toluene lbs./cu. Ft. removed T etrachloroethene lbs.lcu. Ft. removed Ethytbenzene 

0.04 0.150 4.563E~ 0.00 0.580 1.155E.a7 0.00 16.000 5.357E.a6 0.18 42.000 9.862E.a5 0.34 6.300 3.507E.a6 0.12 

0.00 0.00 0.220 4.379E.a& 0.00 6.600 2.879E.a6 0.10 28.000 6.575E.a6 0.23 6.100 2.578E.a6 0.09 

0.00 0.050 1.521E~ 0.00 0.091 1.811E.a& 0.00 4.600 1.540E.a6 0.05 19.000 4.461E.a5 0.15 5.400 2.282E.a5 0.07 0.046 
0.00 0.051 1.551E.a& 0.00 0.056 1.115E.a& 0.00 3.900 1.306E.a6 0.04 17.000 3.992E.a6 0.13 5.200 2.197E.a5 0.07 0.044 
0.00 0.055 1.673E.a& 0.00 0.026 5.175E.()9 0.00 2.200 7.365E.a7 0.02 8.800 2.066E.a6 0.07 3.500 1.479E.a6 0.05 0.028 
0.00 0.055 1.673E~ 0.00 0.017 3.384E-09 0.00 1.600 5.357E.a7 0.02 3.200 7.514E.a7 0.03 1.800 1.eose.a1 0.03 0.016 
0.00 0.037 1.126E.a& 0.00 0.023 9.016E.()9 0.00 0.0056 1.115E-09 0.00 0.930 3.114E.a7 0.01 0.062 1.456E.a& 0.00 0.430 1.817E.a7 0.01 

5.160 1.212E.a6 0.04 
3.980 1.332E.a5 0.04 4.960 1.165E.a6 0.04 

0.031 9.430E.a& 0.00 0.022 8.624E-09 0.00 0.0067 1.334E-09 0.00 0.930 3.114E.a7 0.01 0.053 1.244E.a& 0.00 0.410 1.732E.a7 0.01 0.000 
2.570 8.604E.a7 0.03 

0.01 0.007 2.129E.a& 0.00 0.012 4.704E.a& 0.00 0.3 1.004E.a7 0.00 0.046 1.127E.a& 0.00 0.26 1.099E.a7 0.00 0.004 
0.366 1.225E.a7 0.00 0.016 3.757E.a& 0.00 0.216 9.127E.a& 0.00 

0.00 0.005· 1.521E.a& 0.00 0.002 3.981E-10 0.00 0.27 9.039E.a& 0.00 0.036 8.453E-09 0.00 0.18 7.eose.aa 0.00 0.001 
0.006 1.194E-09 0.00 0.385 1.289E.a7 0.00 0.057 1.338E.a& 0.00 0.27 1.141E.a7 0.00 0.056 



Z1~.xls •• 
lbs./hour Xylenes lbs./hour t<UIIbs.lhr. step eat. lbs low eat. lbs high est lbs. high/low 

lbs./cu. Ft. rerrlOIIed (total) lbs./cu. Ft ret1lCM!d rerrlOIIed rerrlOIIed ret1lCM!d lemCMid -. 
0.230 6.222E-08 0.00 1.03 22.4727548 0 44.9455096 22.4727548 
0.130 3.517E-08 0.00 0.52 32.34082 22.5996091 42.0820308 32.34082 

1.244E-08 0.00 0.180 4.870E-08 0.00 0.32 18.3311114 25.6003452 11.0618776 18.3311114 
1.190E-08 0.00 0.160 4.328E-08 0.00 0.29 16.9097215 10.0311907 23.7882523 18.9097215 
7.575E-09 0.00 0.083 2.245E-08 0.00 0.17 13.6933901 14.1186507 13.2681295 13.6933901 
4.328E-09 0.00 0.074 2.002E-08 0.00 0.09 22.9779397 6.75312469 39.1984257 22.9757752 

0.03 7.11555819 12.1499867 2.07978789 7.11488729 
0.04 
0.08 

O.OOOE+OO 0.00 0.02 3.7815277 1.8938184 5.67045882 . 3. 78213861 
0.03 

1.082E-09 0.00 0.02 2.32346651 4.64793452 0 2.32396726 
0.01 0.96436455 1.29707032 0 0.64853516 

2.705E-10 0.00 0.005 1.353E-09 0.00 0.01 0.91953041 0.11113635 0 0.05556817 
1.515E-08 0.00 0.01 1.23681494 0.90554046 1 0.95277023 

SUM= 143.067 100.108407 183.094472 141.60144 



• 

• 

6 

5 

4 

1-
~3 

I 
N 

2 

1 

0 
0 

\ 

\ 
~ 

Zone 1 
Rank 7 Eqn 8156 [Power_] y=axb 

r2:0.94767177 DF Adj r2:0.91278629 FitStdErr-=0.57749248 Fstat=72.440582 
a=41.837518 

b=-0.76472164 

I 
I 

i 

I 

I 
~ -- . . 

250 500 750 1000 
Hours 

Rank 7 Eqn 8156 [Power_] y=ai' 

r2 Coef Det OF Adj r2 Fit Std Err F-value 
0.9476717746 0.9127862910 0.5774924754 72.440581940 

Parm Value Std Error t-value 95% Confidence Limits 
a 41.83751765 21.34641719 1.959931603 -17.4296378 101.1046731 
b -0.76472164 0.188886169 -4.04858461 -1.28915372 -0.24028956 

Date Time 
Oct 30, 1998 10:56:23 AM 

File Source 
C:\TCWIN4\CLIPBRD.WK1 

. 

. 

6 

5 

4 

2 

1 

0 
1250 



• . Zone 1 2-Butanone 

a := [ (r:·5 
41.83751765 ·x-0

· ,,.,,,. dx) f2~l5l ) -6.2428 ·Hf
8 

· 34260 l 
b := [ (f :::.s 41.83751765 ·x _, ,,.,, .. dx )f~l51 ) .,; 2428 ur'. 32700] 

[~
434 

c·-
.- 172.5 

41.83751765·x-0
·
76472164 

dx-(
72

·
11

) ·6.2428·10-8 -33300] 
24.5 

d :=[ r92
.
25 

41.83751765-x-0
•
76472164 dx-(

72
·
11

) ·6.2428·10-8 ·35280] 
J434 24.5 

e :=[f.
863.75 l 

41.8375 1765-£0
·
76472164 dx-(

72
·
11

) ·6.2428·10-8 ·33300 
692.25 24.5 

f :=[ r1095
'
8 

41.83751765·x-0
•
76472164dx·(

72
·
11

) ·6.2428·10-8 ·32729] 
J863.75 . 24.5 

g ==[ r1127
'
4 

41.8375 1765-x-
0

·
76472164 

dx-(
72

·
11

) ·6.2428·10-8 ·32520] 
J 1095.8 24.5 

[

1194.75 
b := 41.83751765·x-0

"
76472164 dx·(

72
·
11 

)-6.2428·10-8 ·33840 
1127.4 24.5 

a = 0.845 d = 0.559 

b =0.829 e =0.271 

c =0.886 f=0.302 

g =0.037 

h =0.079 

a+ b + c+d+ e+f+ g+ h =3.809 

3.31 



• 

•• 

3.5 

3 

2.5 

2 w 
0 
<( 1.5 

1 

0.5 

0 
0 

\ 

\ 
\ 

Zone 1 
Rank 4 Eqn 15 y=a+b/xo.s 

r2=0.92900593 OF Adj r2=0.90060831 FitStdErr-0.29969741 Fstat=78.514105 
a=-0.16505615 · 

b=12.26797 

j i 

I I 
I ' I 

~ ..._ . . 

. 
250 500 750 1000 

Hours 

Rank 4 Eqn 15 y=a+bJxO.S 

r2 Coef Det OF Adj r2 Fit Std Err F-value 
0.9290059335 0.9006083070 0.2996974134 78.514105176 

Parm Value Std Error t-value 95% Confidence Umits 
a .0.16505615 0.154786772 -1.06634530 .0.54380573 0.213693440 
b 12.26796971 1.384518784 8.860818539 8.880174292 15.65576513 

Date Time 
Oct 30, 1998 10:53:06 AM 

File Source 
C:\TCWIN4\CLIPBRD.WK1 
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• zone 1 Acetone 

I56.5 12.26796971 d x ·( 58.08) -6.2428 .10-8 .34260 8 := -0.16505615 + o.s 24.5 
X 

13 

1172.5 12.26796971 dx·(58.08) -6.2428·10-8 ·32700 
b:= -0.16505615+ o.s 24.5 

X 

56.5 

c ·-J434 

.- 172.5 

d :=1692.25 

434 

12.26796971 dx·(58.08) -6.2428·10-8 ·33300 - 0.16505615 + o.s 24.5 
X 

12.26796971 dx·(58.08) ·6.2428·10-8 ·35280 -0.16505615 + o.s 24.5 
X 

1863.75 12.26796971 dx-(58.08)·6.2428·10-8·33300 
e:= -0.16505615+ o.s 24.5 

X 

692.25 

1
1095 .. 8 

f ·-.-
863.75 

g :=[1127.4 

1095.8 

h :=Jll94.75 

1127.4 

12.26796971 dx·(58.08) ·6.2428·10-8 ·32729 -0.16505615 + o.s 24.5 
X 

12.26796971 dx·(58.08) ·6.2428 -10-8 ·32520 -0.16505615+ o.s 24.5 
X 

12.26796971 dx·(58.08) ·6.2428·10- 8 ·33840 -0.16505615+ o.s 24.5 
X 

b d + e + f + g + h = 2.807 8+ +C+ 

a =0.45 

b =0.574 

c =0.718 

d =0.479 

e =0.233 

f=0.256 

g=0.031 

h =0.066 



•
. (C':\ 

' 

0.6 

0.5 

0.4 

z 
W0.3 
m 

0.2 

0.1 

0 

\ 

\ 
\ 

0 

Zone 1 
Rank 2 Eqn 45 y-1 =a+bx 1·5 

r2:0.9988908 OF Adj r2::0.99857389 FitStdErr-=0.0063979141 Fstat=7204.4066 
a=1.3986475 

b=0.0070009555 

~ 
~ . 

250 500 750 1000 
Hours 

Rank 2 Eqn 45 y-1=a+bx1.5 

r2 Coef Det OF Adj r2 Fit Std Err F-value 
0.9988908002 0.9985738860 0.0063979141 7204.4066490 

Parm Value Std Error t-value 95°AI Confidence Umits 
a 1.398647542 0.024127065 57.97006539 1.343010430 1.454284654 
b 0.007000956 0.000271232 25.81172983 0.006375494 0.007626417 

Date Time 
Oct 30, 1998 11 :02:22 AM 

File Source 
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• Zone 1 Benzene 

a:=[ rl536.5 J I 1.39864754 2 + ;.007000956-x'·' dx. ( :~.~2) -6.2428. Ill"' ·34260 l 
b :=[1172.5 I 

1 dx·(78.12) l 
56.5 .398647542+ 0.(l07000956·x'·' 24.5 -6.2428 ·I O"'. 32700 

c ·-[1
4

34 I .- dx·(78.12) l 
172.5 1.39864 7542+ 0.007000956 ·x'·' 24.5 -6.2428·1 O"'. 33300 

d:=[[92.25 1 dx·(78.12) . l 
434 1.398647542+ 0.007000956·x'·' 24.5 -6.2428 ·I O"' ·35280 

e :=[[863.75 AJ 692.25 I . dx (78.12) l ... 1.398647 542 + 0.007000956·x'·' . 24.5 -6.2428 ·I O"'. 33300 

f :=[11095.8 1 dx·(78.12) l 
863.75 1.398647542+ 0.007000956 ·x'-' 24.5 -6.2428 ·I 0" •. 32729 

g :=[11127.4 I dx (78.12) l 
1095.8 1.398647542 + 0.007000956-x.., . 24.5 -6.2428 ·I O"'. 32520 

h :=[11194.75 1 dx·(78.12) l 
1127.4 1.39864 754 2+ 0.007000956·x'·' 24.5 -6.2428 ·I O"'. 33840 

a =0.11 d =0.02 
b =0.086 e =7.47•10-3 
c =0.051 f=7.057•I0-3 

g =7.842•10-4 
h = 1.631•10-3 

a+ b + c+ d+ e+f+ g+ h =0.283 



• 
Zone 1 

Rank 26 Eqn 1 y=a+bx 
r2::0.97441001 OF Adj r2=0.94882003 FitStdErf=0.0013761028 Fstat=38.077787 

a=0.053118195 
b=-3.7276781e-05 

0.025 

~ 
~ 0.0225 

0.02 

ljj 
~ 0.0175 
(.) 

0.015 

0.0125 

0.01 
750 

~ . 
~ 

......... 

~ 
~ 

~ 
~ 
~ 

850 950 
Hours 

1050 

Rank 26 Eqn 1 y=a+bx 

r2 Coef Det OF Adj r2 Fit Std Err F-value 
0.9744100143 0.9488200286 0.0013761028 38.077786583 

Parm Value Std Error t-value 95% Confidence Umits 
a 0.053118195 0.005585836 9.509443313 -0.01785659 0.124092976 
b -3.7277e-05 6.04091e-06 -6.17072010 -0.00011403 3.94803e-05 

Date Time 
Oct 30, 1998 10:59:43 AM 

File Source 
C:\TCWIN4\CLIPBRD.WK1 
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• . Zone 1 Carbon tetrachloride 

a :=[J
863.75 l 

(0.053118195 +- 3.7276781·10-s -x)dx·( 153
·
84

) -6.2428·10- 8 ·33300 
786.25 24.5 

b :=[ r1095
.
8 

(0.053118195+- 3.7276781·10-s ·x)dx·( 153
·
84

) ·6.2428·10-8 ·32729] 
Js63.75 24.5 · 

a=0.023 

b =0.049 

a+b =0.072 



• 35 

30 

25 

w2o 
(.) 
0 

I 
(/) 

·0 15 

10 

5 

0 

\ 
\ 
\ 

0 

Zone 1 
Rank 1 Eqn 31 lny=a+b{lnx)2 

r2=0.99949563 OF Adj r2=0.99938355 FitStdErr-0.22160096 Fstat=19816.86 
a=4.2393679 

b=-0.11302749 

I 

~ ......._ . 
250 500 750 1000 

Hours 

Rank 1 Eqn 31 lny=a+b(lnx)2 

r2 Coef Det OF Adj r2 Fit Std Err F-value 
0.9994956337 0.9993835523 0.2216009588 19816.859781 

Parm Value Std Error t-value 95% Confidence Umits 
a 4.239367865 0.013071738 324.3155484 4.210242218 4.268493512 
b -0.11302749 0.001410147 -80.1529877 -0.11616949 .:0.10988548 

Date Time 
Oct 30, 1998 10:55:05 AM 

File Source 
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• Zone 1 cis-1 ,2-Dichloroethene 

·-[I56
'
5 

4.239367865 +-O.ll302749-ln(x)
2 
dx·(96·94) ·6.2428·1(}1 ·34260] 

a·- e 24.5 
13 

[f
l72.5 

b ·-.-
56.5 

4.239367865 +-0.11302749·1n(x)
2 
dx·(96·94 ) ·6.2428 ·10-l ·32700] 

e 24.5 

[r
434 

c·-
.- 172.5 

4.239367165 +-0.11302749·1n(~l2 dx·(96.94 ) ·6.2428·10-l ·33300] 
e 24.5 

[r
92.25 

d ·-.-
434 

4.239367165 +-0.11302749·1n(x)
2 
dx·(96.94) ·6.2428·10-l ·35280] 

e 24.5 

[[

863.75 

e·-
.- 692.25 

4.239367165 +-0.11302749·1n(x)
2 
dx·(96.94) ·6.2428·10-l ·33300] 

e 24.5 

[1
1095.8 

f ·-.-
863.75 

4.239367165 +-0.11302749·1n(x)
2 
dx·(96.94 ) -6.2428 ·I0-1·32729] 

e 24.5 

[11127.4 2 ( ) l ·- 4.239367165 +-0.11302749-ln(x) dx· 96.94 ·6.2428 -10-l ·32520 
g ·- e 24.5 

1095.8 

[11194.75 2 ( ) l ·- 4.23936716S+-0.11302749·1n(x) dx· 96.94 -6.2428·10- 8·33840 
h.- e 24.5 

1127.4 

a =6.73 d = 1.726 g =0.441 

b = 5.627 e = 0.658 h = 1.006 

c =4.076 f=2.997 

• a+ b + c+d+ e+ f+ g+ h =23.262 



N 

0.05 

0.045 

0.04 

0.035 

0.03 

CD 0.025 
w 

0.02 

0.015 

0.01 

0.005 

0 
100 

~ 
\ 

Zone 1 
Rank 1 Eqn 8002 [Exponential] y=a+bexp( -xlc) 

r2=0.98482188 OF Adj r2=0.96964376 FitStdErr-0.0029854329 Fstat=129.76861 
a=0.001 0054063 b=0.097246931 

\ 
1\ 

c=192.43083 

\ I I 

'\ 

~ 
"' ~ 

-............ 
t----_ ---

i 

500 900 
Hours 

Rank 1 Eqn 8002 (Exponentia~ y=a+bexp(-xlc) 

r2 Coef Det OF Adj r2 Fit Std Err F-value 
0.9848218788 o.96964375n o.oo29854329 129.76861471 

Parm Value Std Error t-value 95% Confidence Umits 
a 0.001005406 0.001929611 0.521040947 -0.00435205 0.006362865 
b 0.097246931 0.014063654 6.914769952 0.058199968 0.136293893 
c 192.4308268 33.19396125 5.797163688 100.2696157 284.5920380 

Date Time 
Oct 30, 1998 2:34:50 PM 

File Source 
C:\TCWIN4\CLIPBRD.WK1 
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Zone 1 Ethylbenzene 

a :=[J

56

.

5 

0.001005406+ 0.097246931-exp( -x )dx·( 
119

·
38

)·6.2428·10-
8
·34260] 

192.4308268 24.5 
13 . 

b := o.001005406+0.097246931·exp( -x )dx-(
1 19

·
38

)·6.2428·10-8·32700 [I
172.5 1 

I 92.4308268 . 24.5 
56.5 

c :=[f

434 0.001005406+0.097246931-~xp( -x )dx-(
119

·
38

)·6.2428·10-
8
·33300] 

192.4308268 24.5 
172.5 

d := 0.001005406 + 0.097246931-exp( -x )dx·( 
1 19

·
38

) ·6.2428· J0-8-35280 
[[

92.25 . l 
192.4308268 24.5 

434 

r [
863.75 l 

e := 0.001005406+ 0.097246931-exp( -x )dx·( 
119

·
38

) ·6.2428·10-8 -33300 
192.4308268 24.5 

r 
~g~s.~ l 

f:= I 0.001005406+0.097246931-exp( -x )dx·(
119

·
38

)-6.2428·10-
8
·32729 

192.4308268 24.5 
863.75 . 

. [f) 127.4 . l 
g:= . 0.001005406+0.097246931·exp( -x )dx-(

119
·
38

)·6.2428·10-8·32520 
192.4308268 24.5 

1095.8. 

[f

) 194.75 

h ·-.-
1127.4 

0.001005406+ 0.097246931-exp( -x )dx·( 
1 19

·
38

) -6.2428·10"
8 
·33840] 

192.4308268 24.5 

a =0.037 d =0.018 
-4 

g =4.086•10 

b =0.064 e =4.81•10-3 

c =0.06 
-3 

f=3.789•10 

-4 
h = 8.594•10 



0.35 
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0.25 

(") 0.2 

...... 
u.. 0.15 

0.1 
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Zone 1 
Rank 1 Eqn 14 y=a+b/lnx 

r2:0.97561373 OF Adj r2:0.96748497 FitStdErr-0.015551151 Fstat=280.04672 
a=-0.14056875 

b=1.188601 

-~ 
~ 

. 
r-----_ I . 

250 500 750 1000 
Hours 

Rank 1 Eqn 14 y=a+bllnx 

r2 Coef Det OF Adj r2 Fit Std Err F-value 
0.9756137258 o.96748496n o.o155511509 280.04671902 

Parrn Value Std Error t-value 95% Confidence Umits 
a -0.14056875 0.015331565 -9.16858494 -0.17682214 -0.10431536 
b 1.188601035 0.071026573 16.73459647 1.020649879 1.356552191 

Date Time 
Oct 30, 1998 10:50:58 AM 

File Source 
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• Zone 1 1,1,2-Trichloro-1,2,2-trifluoroethane 

[t
5 l a:= -0.14056875 + 1.1

88601035 
dxf

38
·
37

)·6.2428·10-8 ·34260 
ln(x) 24.5 a =0.109 

13 

rr2.5 b·- -0.14056875 + l.IS860 
1035 

dxf 
38

·
37

) -6.2428 ·liT
8 

· 32700] .-
ln(x) 24.5 b =0.152 

56.5 . 

rr4 
c·- -0.14056875 + 1.1

8860 
I 
035 

d X. ( 
13837

) -6.2428 ·llf
8

. 33300 l 
.- 172.5 ln(x) 24.5 c =0.212 

rr·25 d·- -0.14056875 + l.I8860I0
35 

dx·( 
138

·
37

) -6.2428·HT8 ·35280 l .-
ln(x) 24.5 d =0.152 

434 

rr75 e·- -0.14056875 + I.I8860 
1035 

dx ·( 
138

·
37

) -6.2428 ·HT8 ·33300 l 
.- 692.25 

ln(x) 24.5 e =0.077 

• - rr958 r·- -0.14056875 + 1.1
88601035 

dxf 
38

·
37

) -6.2428 ·liT' -32729] .-
ln(x) 24.5 f=0.086 

863.75 

rr27.4 
-0.14056875 + 1.1

88601035 
dx f 38

·
37

) -6.2428 ·HT
8 

· 32520 l g·-.-
g =0.01 ln(x) 24.5 

1095.8 

[C415 h'- -0.14056875 + l.l8860 1035 
d x · ( 

138
·
37

) -6.2428 ·liT
8 

· 38400 l .- h =0.025 ln(x) 24.5 
1127.4 

a+ b + c+d+e+ f+ g+ h =0.824 



-• • 

0.125 

0.15 

1\ 

\ 

Zone 1 
Rank 10 Eqn 73 y0·5=a+b(lnx)2 

r2:0.89663894 OF Adj r2=0.86218526 FitStdErr=0.014605057 Fstat=60.723766 
a=0.41273529 

b=-0.0057598842 

:E 
(.) 0.075 \ ~ 

0.1 

1-

0.05 

0.025 

0 
0 

~ 
"'-....._ . 

-------1--------
. . 

. . 
250 500 750 1000 

Hours 

Rank 1 0 Eqn 73 y0-5::a+b(lnx)2 

r2 Coef Det OF Adj r2 Fit Std Err F·value 
0.8966389436 0.8621852581 0.0146050570 60.723766031 

Parm Value Std Error t-value 95% Confidence Umits 
a 0.412735294 0.043290232 9.534143707 0.310370161 0.515100426 
b .o.oo575988 o.oo1529818 -3.76507801 .o.oo93n33 .o.00214244 

Date Time File Source 
Oct 30, 1998 10:58:09 AM C:\TCWIN4\CLIPBRD.WK1 
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• Zone 1 Chloroform 

[f56.5 l 
a:= ~0.412735294 +-0.CJ0575988-(ln(x))2dx·( 

119
·
38

) ·6.2428·10-8·34260 
13 24.5 

b :=[ r

172

.

5 

~0.41273~294+-0.00575988·(ln(x))2dx·( 119
·
38

)-6.2428·10-8·32700] 
J~.s . us 

c :=[f

434 

~0.412735294+-0.00575988·(ln(x))2 dx·( 119
·
38

) -6.2428·10-
8 
·33300] 

172.5 24.5 

d:=[r92.25 

J434 

. e :=f[863.75 

692.25 

f:=[ r1095.8 

J863.75 

~0.412735294 + .o:00575988·(ln(x))2dx·{ 
119

·
38

) ·6.2428·10-8 ·35280] 
24.5 

~0.412735294 + -0.00575988 -(ln(x) )2dx·( 
119

·
38

) ·6.2428·10·8 ·333001 
24.5 

~0.412735294 +-0.00575988-(ln(x) )2 dx·( 
119

·
38

) -6.2428·10-8-32729] 
24.5 

g :=[ r

1127

.

4 

~0.412735294+-0.00575988·(ln(x))2dx·( 119
•
38

) ·6.2428·10-8·32520] J 1095.8 24.5 

f
ll94.75 

h := ~0.412735294 +-0.00575988·(ln{x))2dx·( 
119

·
38

) ·6.2428·10-8·38400 
1127.4 24.5 

a =0.265 d = 1.183 g =0.112 

b =0.616 e =0.69 h =0.279 

c = 1.26 f = 0.863 

a+ b+c+d+e+f+ g+h =5.268 



• 0.25 

0.2 

0.15 
~ 
(.) 
c 

0.1 

0.05 

0 
0 

\ 

Zone 1 
Rank 1 Eqn 47 y-1=a+bx21nx 

r2=0.96906376 OF Adj r2:0.95359564 FitStdErr-0.019055589 Fstat=156.62273 
a=3.9593348 

b=2.324366e-05 

i 
I 

\ 
\ 

\ 

~ 
~ r-----i . 

250 500 750 1000 
Hours 

Rank 1 Eqn 47 y-'=a+bx2Jnx 

r2 Coef Det OF Adj r2 Fit Std Err F-value 
0.9690637582 0.9535956373 0.0190555888 156.62273457 

Parm Value Std Error t-value 95% Confidence Umits 
a 3.959334823 0.231387718 17.11125753 3.364533758 4.554135888 
b 2.32437e-05 5.035318-06 4.616135128 1.03e-05 3.61873e-05 

Date Time 
Oct 30, 1998 10:54:14 AM 

File Source 
C:\TCWIN4\CLIPBRD.WK1 
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Zone 1 Methylene chloride 

a:=[[s 

rf
l72.5 

b ·-.-

[ 

56.5 
434 

c:= rn.s 
d:=[[92.2S 

434 

e :=f r63 75 

rr
~§ 

f•-

g ·.-

3.959334823 + 2.3~437 ·HT '·x'·ln( x) dx· ( ~9:) ·6.2428 .ur' ·34260 l 
3. 959334823 + 2.:2431 ·HT' ·•'·In( x) d X. ( ~~) ·6.2428. ur' ·32700 l 

1 
(84.93) 1 3.959334823+2.32437 .10-s.x2·ln(x} dx· 24_5 ·6.2428·10-

8
·33300 

3. 959334823 + 2.:2437 ·HT' ·x' ·In( x) d X·( ~~9:) -6.2428· ur'. 352801 

d 84.93 
l 1 3.959334823 + 2.32437 .10-s.x2·1n(x) x·( 24_5 ) ·6.2428·10~

8 
·33300 

d 84.93 
I 1 3.959334823 + 2.32437 .l(f s ·•' ·In( x) x · ( 24.5 ) -6.2428 .ur•. 3272

9 

d 84.93 
3.959334823 + 2.32437 .10-s ·X2·ln(x) x·( 24.5 ) ·6.2428·t<f

8
.J2520 

.- [f8f~2~~4 
1095.8. 

I l 
J

ll94.1S 

h ·-.-
1127.4 

. 1 
. dx (84.93) 8 

3.959334823+2.32437 .10-s.i.tn(x) · 24.5 ·6.2428·10- ·38400 

a =0.079 d =0.041 g = 1.083•10-3 

b=O.JS2 e=0.013 h= 2.489•10-3. 

c =0.13 f=O.Oll 

a+b+c+d+e+f+g+h=~~8 
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--·~ . 

• 

9 

8 1\ 
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6 

w5 
(.) 

Q.4 

3 

2 

1 

0 
0 

\ 
\ 

Zone 1 
Rank 1 Eqn 8002 [Exponential] y=a+bexp( -x/c) 

r2:0.98073364 OF Adj r2=0.97350876 FitStdErr=0.44541433 Fstat=229.06779 
a=0.050581 073 b=8.3920948 

~. 
~ 

c=272.47288 
I 

""' "' ~ . 
~ 

1---- --- . 
250 500 750 1000 

Hours 

Rank 1 Eqn 8002 [Exponential] y=a+bexp(-xlc) 

r2 Coef Det OF Adj r2 Fit Std Err F-value 
0.9807336444 0.9735087611 0.4454143306 229.oon8506 

Parm Value Std Error t-value 95% Confidence Umits 
a 0.050581073 0.237893014 0.212621094 -0.48757031 0.588732459 
b 8.392094841 o.41036975o 20.45008152 7.463n3973 9.320415710 
c 272.4728812 35.68551615 7.635391346 191.7466353 353.1991272 

Date Time 
Oct30, 1998 11:10:42AM 

File Source 
C:\TCWIN4\CLIPBRD.WK1 
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• Zone 1 Tetrachloroethene 

a :=[J
56

.

5 

0.050581073+ 8.392094841-exp( -x )dx·( 
165

·
83

)·6.2428·10-8·34260] 
272.4728812 24.5 

13 . 

[J
I72.5 

b ·-.-
56.5 

0.050581073 + 8.392094841-exp( -x )dx·( 
165

·
83

) ·6.2428·10-8 ·32700] 
272.4728812 24.5 

[f
434 

c·-
.- 172.5 

0.050581073 + 8.392094841-exp( -x )dx·( 
165

·
83

) ·6.2428·1_0-8 ·33300] 
272.4728812 24.5 

[[

92.25 

d ·-.-
434 

0.050581073 + 8.392094841-exp( -X )dx·( 
165

·
83

)·6.2428· 10-8.35280] 
272.4728812 24.5 

[1
863.75 

e·-

.- 692.25 
0.050581073 + 8.392094841-exp( -x )dx·( 

165
·
83

) ·6.2428· 10-8 ·33300] 
272.4728812 24.5 

[I
1095.8 

f ·-.-
863.75 

0.050581073 + 8.392094841-exp( -x )dx·( 
165

·
83

) -6.2428·10-8 ·32729] 
272.4728812 24.5 

[1
1127.4 

g ·-.-
1095.8 

0.050581073 + 8.392094841-exp( -x )dx·( 
165

·
83

) ·6.2428·10-8 ·32520] 
272.4728812 24.5 . 

[1
1194.75 l 

h := 0.050581073 + 8.392094841-exp( - x )dx·( 
165

·
83

) -6.2428· fo- 8 ·33840 
272.4728812 . 24.5 

1127.4 

a =4.689 d =4.44 g =0.084 

b = 8.984 e = 1.307 h =0.163 

c = 10.726 f=0.924 

a+ b + c + d + e + f + g + h = 31.316 
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~ • 

45 

40 

35 

30 

..J 25 
0 
t- 20 

15 

10 

5 

0 

~ 
\ 
\ 
·\ 
\ 

0 

Zone 1 
Rank 3 Eqn 22 lny=a+bx 

r2::0.99035871 OF Adj r2=0.9882162 FitStdErr-1.4296708 Fstat=1027.2055 
a=3. 7887977 

b=-0.0062185638 

\ 
~ 
~ . -------t--

250 500 750 1000 
Hours 

Rank 3 Eqn 22 lny=a+bx 

r2 Coef Oet OF Adj r2 Fit Std Err F-value 
0.9903587088 0.9882161996 1.4296707603 1027.2054735 

Parm Value Std Error t-value 95% Confidence Umits 
a 3.788797746 0.033611256 112.7240737 3.713907200 3.863688293 
b -0.00621856 0.000389767 -15.9545725 -0.00708702 -0.00535011 

Date Time 
Oct 30, 1998 11:09:54 AM 

File Source 
C:\TCWIN4\CLIPBRO.WK1 

45 

40 

35 

30 

25 ..J 

0 
20 t-

15 

10 

5 

0 
1250 



• Zone 1 
Toluene 

a := r I 095
·
8 

.3.188797746+-0.00621850. d X· ( ~.~5) ·6.2428 .l(f8. 32729 
J863.75 

·-J1127
·
4 

3.788797746+-0.006218S6·xdx·(92·15 ) ·6.2428·10-8 ·32520 
b.- e 24.5 

1095.8 

·-11194
·
75 

3.788797746+-0.006218S6·xdx·(92.15)·6.2428·I0-8·33840 
c ·- e 24.5 

1127.4 

a= 0.194 

b = 0.011 

c = 0.017 

51.171 +&+b+c = 51.393 

1 



• Zone 1 Toluene 

·-I56
·
5 

3.788797746+-0.006218S6·xdx·(92.J5) -6.2428·10-8·34260 
a·- e 24.5 

13 

·-I1725 
3.788797746+-0.006218S6·xdx·(92. 15 ) -6.2428 ·10-8 ·32700 

b ·- e 24.5 
56.5 

J
434 

c·-
.- 172.5 

3.788797746+-0.006218S6·xdx·(92.1 5 ) -6.2428·10-8 ·33300 
e 24.5 

·-1692
·
25 

3.788797746+-0.006218S6·xdx·(92. 15 ) -6.2428·10-8 ·35280 
d.- e 24.5 

434 . 

1863.75 ( 2 5) ·- 3.788797746+-0.006218S6·xdx· ~ ·6.2428·10-8·33300 
e ·- e 24.5 

692.25 

a= 12.5 

b = 19.739 

c = 15.273 

d =3.167 

e =0.492 



• 
w 
(.) 
t-

17.5 

15 

12.5 

10 

7.5 

5 

2.5 

0 
0 

\ 
\ 
\ 
\ 

Zone 1 
Rank 1 Eqn 44 y-1 =a+bxlnx 

r2::0.99746655 OF Adj r2=0.99690356 FitStdErr=0.24762357 Fstat=3937.1808 
a=0.054540077 

b=0.00024873599 

! I 

~ . 

·~ . . 
250 500 750 1000 

Hours 

Rank 1 Eqn 44 y-1=a+bxlnx 

r2 Coef Det OF Adj r2 Fit Std Err F-value 
0.9974665462 0.9969035565 0.2476235750 3937.1807876 

Parm Value Std Error t-value 95% Confidence Umits 
a 0.054540on 0.001072737 50.84199122 0.052149870 0.056930284 
b 0.000248736 9.76212e-06 25.47970987 0.000226985 0.000270487 

Date Time 
Oct30,1998 11:04:17AM 

File Source 
C:\TCWIN4\CLIPBRD.WK1 
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• . ' . 

' ' •-

Zone 1 Trichloroethane 

a:=[Cs 131.39 8 

I ( ) l 0.054540077 + 0.00024873599 .x·ln(x) dx· 24.5 ·6.2428·10- ·34260 

[1
172.5 

b ·-.-
56.5 

I ( ) l 131.39 8 

0.054540077 + 0.00024873599 .x·ln(x) dx· 24.5 ·6.2428·10- ·32700 

[I
434 

c·-
.- 172.5 

I ( ) l 131.39 8 

0.054540077 +0.00024873599 ·x·ln(x) dx· 24.5 ·6.2428·10- ·333QO 

[[

92.25 

d ·-.-
434 

I ( ) l 131.39 8 

0.054540077 + 0.00024873599 .x·ln(x) dx· 24.5 -6.2428·10- ·35280 

e :=[1863.75 

692.25 

I (131.39) l 0.054540077 + 0.00024873599 ·x·ln( x) dx· 24.5 -6.2428 ·I <J
8 
·33300 

[[

1095.8 

f ·-.-
863.75 

I "(131.39) l 0.054540077 + 0.00024873599 ·x·ln(x) dx· 24.5 -6.2428 ·10-
8 
·32729 

[1
1127.4 

g ·-.-
1095.8 

I ( l 131.39 8 

0.054540077 + 0.00024873599 .x·ln(x) dx· 24.5) -6.2428·1(} ·32520 

[[

1194.75 

h ·-.-
1127.4 

I ( l 131.39 8 

0.054540077 + 0.00024873599 ·x·ln(x) dx· 24.5) -6.2428 ·10- ·33840 

a = 5.977 d = 3.305 g =0.173 

h =0.365 
b=7.115 e=l.431 

c=6.42 f=l.475 



• 8 

7 

6 

5 

(.)4 > 
3 

2 

1 

\ 
\ 

0 
0 

Zone 1 
Rank 1 Eqn 8156 [Power_J y=axb 

_r2:0.99976639 OF Adj r2::0.99969964 FitStdErr-0.039877057 Fstat=34236.594 
a=165.52692 

~ 

b=-1.1812407 

I 
I 

. . 
250 500 750 1000 

Hours 

Rank 1 Eqn 8156 [Power_] y=~ 

r2 Coef Det OF Adj r2 Fit Std Err · F-value 
0.9997663865 0.9996996398 o.o398n0574 34236.593643 

Parm Value Std Error t-value 95% Confidence Umits 
a 165.5269153 6.451868062 25.65565720 150.6488809 180.4049497 
b -1.18124070 0.014715813 -80.2701620 -1.21517542 -1.14730597 

Date Time 
Oct30, 1998 10:47:07 AM 

File Source 
C:\TCWIN4\CLIPBRD.WK1 
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• 

• 

a:~J ..-

Zone 1 Vinyl Chloride 

a :=[r:365 165.5269153 ·X-1.18I2<070 d X·( 
62

·
5

) {;.24 28 .l(f B · 34260 l 
24.5 . 

[r25 165.5269153 ·X-l.l8l2401<1 d X·( 
62

·
5

) {;.2428 ·l<f8 
· 32700 l b·-.-

56.5 24.5 . 

[r4 165.5269153 ·X- I.IB 
12

"
70 

dx · ( 
62

·
5

) {;.2428 ·t<f8 
· 33300 l c·-

.- 172.5 24.5 

[r225 d·- 165.5269153.£ I. IBI24070 d X· ( 
62

·5) {;.2428 ·l<f8 
· 35280 l .-

434 24.5 

[1375 e·- 165.5269153 ·X- I.IBI2401<1 d X· ( 
62

·
5

) {;.242ll·l<f8 
· 33300 l 

.- 692.25 24.5 

[r958 r·- 165.5269153 ·X I. 
18124070 

d x · ( 
62

·
5

) {;.2428 ·l<f 8 
· 32729] .-

863.75 24.5 

[r74 165.52691 53 ·x-
1
· 
18124010 

d x· ( 
62

·
5

) ;;.2428 .ur' ·32520] g·-.-
1095.8 24.5 . 

[f 194.75 
h·- 165.52691 53 ·x-I.IBI24070 dx · ( 

62
·
5

) {;.2428 ·I<T 8 
· 33840 l .-

1127.4 24.5 

a =0.732 

b =0.419 

c =0.293 

d =0.139 

e =0.058 

f=0.059 

g =6.837•10-3 

h =0.014 



• 0.25 
. 

0.2 \ 

().15 

0.1 

0.05 

0 
0 

Zone 1 
Rank 2 Eqn 8157 [Exponential_] y=aexp(-xlb) 

r2:0.82753626 OF Adj r2=0.74130439 FitStdErr-0.034266058 Fstat=23.991601 
a=0.21773393 
b=343.54634 

~·. 
. ~ 
·~ 

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

250 500 750 1000 
Hours 

Rank 2 Eqn 8157 [Exponentiai_J y=aexp(-xlb) 

r2 Coef Oet OF Adj r2 Fit Std Err F-value 
0.8275362570 0.7413043855 0.0342660580 23.991600862 

Parm Value Std Error t-value 95% Confidence Umits 
a 0.21n33933 0.029572980 7.362597024 0.141714168 0.293753697 
b 343.5463437 115.6011869 2.971823671 46.38403169 640.7086558 

Date Time 
Oct30, 1998 11:14:17 AM 

File Source 
C:\TCWIN4\CLIPBRD.WK1 
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• Zone 1 Xylenes (total) 

8 
:=[I1095.8 

863.75 

[1
1127.4 

b ·-.-
1095.8 

c :=[fl194.75 

1127.4 

a =0.026 

-3 
b =2.382•10 

-3 
c =4.58•10 

0.217733933-exp( -x )dx·( 
106

·
17

) -6.2428·10-
8
·32729] 

343.5463437 24.5 

0.217733933-exp( -x )dx·( 
106

·
17

) -6.2428·10-
8
·32520] 

343.5463437 24.5 

0.217733933-exp( -x )dx·( 
106

·
17

) -6:2428·10-8·33840] 
343.5463437 24.5 



• Zone 1 Xylenes (total) 

[[

56.5 l 
a:= 0.217733933-exp( -x )dx-(

106
·
17

)-6.2428·10-
8
-34260 

343.5463437 24.5 
13 . 

[1
172.5 

b ·-.-
56.5 

0.217733933-exp( -x )dx·( 
106

·
17

) -6.2428·10-
8
·32700] 

343.5463437 24.5 

[f
434 

c·-
.- 172.5 

0.217733933-exp( -x )dx·( 
106

·
17

) -6.2428·10-
8
·33300] 

343.5463437 24.5 

[[

92.25 

d ·-.-
434 

0.217733933-exp( -x )dx·( 
106

·
17

) -6.2428·10-
8 
·35280] 

343.5463437 24.5 

[f
863.75 l 

e := 0.217733933-exp( -x )dx·( 
106

·
17

) -6.2428·10-
8
·33300 

343.5463437 24.5 
692.25 

a =0.079 d =0.107 

b =0.161 e =0.035 

c =0.217 



Zone~ ~u m ~a... .ar &<::... 

• Running Hours Vinyl Chloride Trichlorofluoro-methane 1,1 ,2-Trichloro-1 ,2,2-trifluoroethane Acetone 
28.00 10 1.7 2.5 
73.00 6.2 1.5 1.6 

156.00 2.9 1.4 1.5 
•191.00 2 0.81 0.88 0.87 
275.75 1.7 1.1 1.1 0.69 
351.00 1.1 0.59 0.67 
808.25 0.27 0.11 0.31 
886.25 
886.25 0.12 0.4 
970.25 
1030.25 
1155.25 
1296.25 
1910.22 0.1 
2687.81 0.14 
2829.30 
3327.36 0.076 
3477.69 
3620.84 
3811.67 
3974.59 
4161.74 
4186.95 
4539.33 0.1 

• 4658.53 
4682.46 
4706.64 
4730.07 
4822.00 
4845.68 
4871.11 
4894.79 
4989.97 
5013.40 
5037.33 
5137.26 
5292.37 
5304.55 
5590.02 
5755.03 
6086.21 0.100 0.007 0.096 
6305.46 
6575.44 

(p Sl S -4L\ -:: 30-~-lti'1! @_ oB~:3o 

·""...__· • 



• Methylene chloride trans-1,2-Dichloroethene cis-1,2-Dichloroethene Chlorofonn Benzene Trichloroethane 
1.6 130 1.2 2.3 130 
1.9 64 0.52 1.6 83 
1.6 0.5 39 0.77 1.2 65 

0.92 0.29 24 0.51 0.73 42 
0.69 0.33 21 0.7 0.68 42 
0.68 17 0.63 0.54 50 
0.2 7.7 0.34 0.2 28 

0.94 16.5 37.3 
8.7 0.37 0.17 36 

15.42 37.33 
12.93 37.88 
16.42 23.69 
7.12 25.06 
3.3 0.3 13 

0.160 4.000 0.470 0.120 15.000 
2.027 10.144 

0.027 0.04 2.600 0.190 0.037 9.500 
2.384 8.767 
2.212 7.425 
2.010 7.280 
1.777 7.509 
2.304 7.437 
2.307 8.235 

0.06 2.300 0.200 11.000 

• 1.888 6.327 I 

1.628 6.713 
1.927 7.715 
2.268 8.733 
1.745 6.747 
1.758 7.283 
1.536 6.514 
1.741 7.278 
1.713 6.567 
1.261 6.057 
1.579 5.309 

0.063 2.000 0.180 9.700 
0.933 6.548 
2.078 6.015 

0.048 0.022 1.800 0.160 8.400 
1.900 0.150 8.200 

0.043 0.028 1.900 0.130 0.022 6.900 
1.700 0.240 7.100 
1.857 1.145 



• Toluene Tetrachloroethane Ethylbenzene Xylenes (total) 
220 10 1.4 7.4 
130 6.1 0.9 5.3 
75 5.2 0.58 3.7 
46 3.6 0.38 2.4 
35 3.6 0.28 2.2 
41 3.3 0.19 1.5 
22 1.8 0.89 

28.51 
26 2 0.76 

26.57 3.43 
28.33 1.19 
19.74 
11.05 
9.9 0.68 0.24 0.59 

12.000 0.700 0.250 0.500 
5.816 
8.200 0.580 0.055 0.210 
6.800 0.051 
5.292 0.112 0.881 
5.223 0.174 
3.365 
4.062 0.197 
5.144 0.127 
6.600 0.590 0.028 0.095 

-=···~ 5.068 .) 
7.780 
7.124 
6.031 0.12 
4.851 0.596 
5.145 
4.691 0.238 
6.355 
3.927 
3.648 
5.34 

4.900 0.580 
1.800 0.306 
1.902 0.212 
3.600 0.580 0.064 
3.700 0.560 0.064 
2.600 0.430 0.011 0.047 
2.600 0.460 
2.348 0.194 

•• 



• 3 

2.5 

2 

1.5 
Q) 
c: 
Q) 

1 N 
c: 
Q) 
aJ 

0.5 

\ 
\ 

0 

-0.5 

-1 
0 

Zone2 
Rank 1 Eqn 44 y-1=a+bxlnx 

r2:0.98682977 OF Adj r2=0.98353722 FitStdErr=0.088996999 Fstat=674.35951 
a=0.37483549 

~ - . 

2000 

Rank 1 Eqn 44 y-1=a+bxlnx 

b=0.00069289046 

4000 
Running Hours 

r2 Coef Det OF Adj r2 Fit Std Err F-value 
o.986829n29 0.9835372161 o.o889969987 674.35951275 

Parm Value Std Error t-value 95% Confidence Umits 

6000 

a 0.374835491 0.018643226 20.10572060 0.332661584 0.417009398 
b 0.000692890 6.07347e-05 11.40848406 0.000555499 0.000830282 

. Date Time File Source 
C:\TCWIN4\CLIPBRD.WK1 Jan 20, 1999 4:27:18 PM 
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• Zone 2 Benzene 

a :=[11910.22 

886.25 

[f
2687.813 

b ·-.-
1910.22 

c :=[I4161.74 

2687.813 

[I
5292.37 

d ·-.-
4161.74 

e :=[ r5731.7 

J5292.37 

f:=[(l4.12 

5731.7 

a =0.95 

b =0.395 

c =0.49 

d=0.272 

e =0.084 

f=0.144 

I (78.12) l 0.3748435491 +0.000692890·x·ln(x) dx· 245 ·6.2428·10·
8
·32701 

78.12 8 

I ( ) l 0.3748435491 +0.000692890·x·ln{x) dx· 24_5 -6.2428·10- ·32100 

1 (78.12) . •] 
0.3748435491 + 0.000692890·x·ln(x) dx· 24_5 -6.2428·10-

8
·32280 

78.12 8 

I ( ) l 0.3748435491 + 0.000692890·x·ln{x) dx· 24_5 ·6.2428·10· ·33780 

I (78.12) l 0.3748435491 +0.000692890·x·ln(x) dx· 24_5 ·6.2428·10·
8
·31920 

I (78.12) l 0.37 4843 5491 + 0.00069289() ·x·ln( x) dx. 24.5 -6.2428 · HT
8 

• 30840 

3.734+ a+ b+ c+ d+ e+ f= 6.069 



Zone 2 Benzene 

•==[[ 1 
dx·(

78
·
12

)-6.2428·10*
8
·35220] 

0.3748435491 +0.000692890·x·ln(x) 24.5 

[J
191 

b ·-.-
73 

1 
dx·(

78
·
12

)·6.2428·10*
8
·33960] 

0.3748435491 + 0.000692890·x·ln(x) 24.5 

c :=[1457.75 

191 

1 
· dx·(

78
.1

2
)·6.2428·10*

8
·35880] 

0.3748435491 +0.000692890·x·ln(x) 24.5 

[[

126.25 

d ·-.-
457.75 

. 
1 

dx·(
78

·
12

)·6.2428·10·
8
·36540] 

0.3748435491 +0.000692890·x·ln(x) 24.5 

e ·-[1886

.

25 
1 

dx-(
78

.1
2

)·6.2428·10"
8
·34200] 

·- 0.3748435491 + 0.000692890·x·ln(x) 24.5 . . 
726.25 . 

a =0.619 

b =0.996 

c = l.l9 

d =0.663 

e =0.266 

a+ b+C+d+e =3.734 

• 



• 200 

150 
Q) 
c 
Q) 

.s::. -~ 100 
0 

~ 
9 50 
N.. ..... 

I 
(/) 

·c:; 
0 

-50 
0 

I 

~ 

Zone2 
Rank 1 Eqn 16 y=a+blnx/x 

r2:0.99708797 OF Adj r2=0.99692619 FitStdErr-1.2688905 Fstat=12668.892 
a=-0.18795633 

.. . . 

2000 

Rank 1 Eqn 16 y=a+blnxlx 

b=1 089.8495 

4000 
Running Hours 

r2 Coef Det OF Adj r2 Fit Std Err F-value 
0.9970879651 0.9969261854 1.2688904968 12668.891876 

Parm Value Std Error t-value 95% Confidence Umits 

6000 

a -0.18795633 0.221422225 -0.84885936 -0.63660037 0.260687714 
b 1089.849497 9.682716430 112.5561721 1070.230450 1109.468544 
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• Zone 2 cis-1,2-Dichloroethene 

a := [ c -0.18795633 + 1089.84 9497 · (In~ x)) d x ·( ~~4) <;.2428 ·10-' · 35220] 

b := [ [ -0.18795633 + 1089 849497. (ln~x) )d x ( ~~) <;.2428 .ur' 33960] 

c :=[J457.75 

191 

-0.18795633 + 1089.8494 97. ( ~~ x)) d x · ( ~~4) <;.2428 ·10-' · 35880] 

[[

126.25 

d ·-.-
457.75 

-0.18795633 + I 089.849497 ·(In~ x)) dx · ( ~~4) <;.2428 ·I !f
8 

• 36540 l 
[[

86.25 
e·-

.- 726.25. 

-0.18795633 + 1089.849497 ·(In~ x)) dx· ( ~~4) {;.2428·1 cr'. 34200 l 
[1

1910.22 

f ·-.-
886.25 

-0.18795633 + 1089.849497 -(;.x) )dx·( ~~4) ·6.2428·1!f
8 
·32701] 

[J

2687.813 

g ·-.-
1910.22 

-0.18795633 + I 089.849497. (In~ X)) dx ·( ~~4) {;.2428 ·I cr' ·321 00 l 
[1

4161.74 

h'-
.- 2687.813 

-0.18795633 + I 089.849497 ·( ln~x)) dx · ( ~~4 )·6.2428 ·I !f
8 
·32280 l 

1. ··=[[5292.37 l -0.18795633 + 1089.849497 ·(ln~x) )dx·(~~~4 ) ·6.2428·10-
8 

·33780 

4161.74 



• Zone 2 cis-1,2-Dichloroethene 

[1
5731.7 

j ·-

.- 5292.37 

[[

14.12 

k'-
.- 5731.7 

a =34.555 

b =41.769 

c =47.588 

-0.18795633 + I 089.849497-( In~ x)) dx· ( ~~) <;.2428 ·Hf1 
· 3 1920] 

-0.18795633 + 1089.849497·(ln(x))dx·(
96

·
94

) -6.2428·10-
8 
·30840] 

· X 24.5 

d =28.408 

e = 12.005 

f=46.926 

g =21.641 

h =28.623 

i = 16.703 

j =5.252 

k =9.11 
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e o.5 
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0 

Zone2 
Rank 1 Eqn 8010 [Power] y=a+bxC 

r2::0.86499245 OF Adj r2::0.82817221 FitStdErr-0.11991582 Fstat=38.441958 
a=-0.24 770396 b=2. 7619059 

~ 

c=-0.22008819 

. 
r--- . 

. . . 

2000 4000 
Running Hours 

6000 

Rank 1 Eqn 8010 [Power] y=a+bXC 

r2 Coef Det OF Adj r2 Fit Std Err F-value 
0.8649924483 0.8281722070 0.1199158219 38.441958435 

Parm Value Std Error t-value 95°AI Confidence Umits 
a -0.24770396 0.459469268 -0.53910887 -1.24880149 0.753393579 
b 2.761905895 0.601349989 4.592842679 1.451676823 4.072134968 
c -0.22008819 0.141256616 -1.55807352 -0.52785992 0.087683535 
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• Zone 2 Chloroform (TCM) 

a:=[ r73 
-0.24770396 + 2.761905895-x-

0
"
22008819 

dx·( 
119

·
38

) -6.2428·10-
8
·35220] 

J~ 2~5 

b :=[J191 
-0.24770396 + 2.761905895-£

0
·
22008819 

dx·( 
119

·
38

) -6.2428·10-
8
·33960] 

73 24.5 

C :=[1
457.75 l 

-0.24770396 + 2.761905895-x-0
·
22008819 dx-(

119
·
38

) -6.2428·10-8 ·35880 
191 24.5 .. 

d :=[f726
.
25 

-0.24770396 + 2.761905895-x-
0

·
22008819 

dx·( 
119

·
38

) -6.2428·10-
8
·36540] 

457.75 24.5 

e ·-[J886
.
25 

-0.24770396 + 2.761905895-x-
0

·
22008819 

dx·( 
119

·
38

) -6.2428·10-
8
·34200] 

.- 726.25 24.5 

f:=[f. 1910
.
22 

-0.24;70396 + 2.761905895-x-
0

·
22008819 

dx·( 
119

·
38

) ·6.2428·10-8·32701] 
886.25 24.5 

g :=[ r2687
.
813 

-0.24770396 + 2.761905895-x-
0

·
22008819 

dx-(
119

·
38

) ·6.2428·10-8 ·32100] 
J 1910.22 24.5 

[1
4161.74 

b·-
.- 2687.813 

-0.24770396 + 2.761905895·~-0.22008819 dx·( 
119

·
38

) ·6.2428·10-8 ·32280]· 
24.5 

i :=[f
5292.37 l 

-0.24770396 + 2.761905895-x-0
·
22008819 dx·( 

119
·
38

) ·6.2428·10-8 ·33780 
4161.74 24.5 

[I
5731.7 

j ·-
.- 5292.37 

-0.24770396 + 2.761905895-£0·22~8819 
dx·( 

119
·
38

)·6.2428·10-8·31920] 
24.5 



• Zone 2 Chloroform 

[1: 14.12 l 
k := -0.24770396 + 2.761905895·x-0

·
22008819 dx·( 

119
·
38

) -6.2428·10'"8 ·30840 
5731.7 . 24.5 

a =0.448 d = 1.288 g = 1.942 
j =0.713 

b =0.859 e =0.642 h =3.095 
k = 1.299 

c = 1.549 f=3.226 
i =2.11 
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Zone2 
Rank 2 Eqn 15 y=a+b/x0.5 

r2:0.93929728 OF Adj r2=0.92580779 FitStdErr=0.10571632 Fstat=154.73727 
a=-0.0439384 
b=7.4255737 

I 

. 

-~ I . 
t-- . 

' 

2000 

Rank 2 Eqn 15 y=a+bfxO·S 

. 

4000 
Running Hours 

. 

r2 Coef Oet OF Adj r2 Fit Std Err F-value 
0.9392972805 o.92580n873 0.1057163245 154.73726515 

Parm Value Std Error t-value 95°.4 Confidence Umits 

6000 

a -0.04393840 0.045389000 -0.96804072 -0.14507139 0.057194593 
b ·7.425573728 o.5969425n 12.43934344 6.0955o2n9 8.755644676 
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• Zone 2 Ethylbenzene 

a :=[[

73 

-0.04393840 + 
7

·
425573728 dx·( 106

·
17

) -6.2428·1<f
8 
·35220] 

xo.s 24.5 

28 . 

b:=[[ -0.04393840 + 7·
425573728 dx·( 106

·
17

) -6.2428 ·l<f
8 
·33960] 

xo.s 24.5 

c :=[f457.75 

191 

-0.04393840 + 7·
425573728 dx·( 106

·
17

) -6.2428·1<f
8
·35880] 

xo.s 24.5 

[1
726.25 

d ·-.-
457.75 

-0.04393840 + 7.4
25573728 dx·( 106

·
17

) -6.2428·1<f
8 

·36540] 
l·s 24.5 

[[

886.25 
e·-

.- 726.25. 

-0.04393840 + 7·
425573728 dx·( 106

·
17

) -6.2428·1<f
8
·34200] 

xo.s 24.5 

[1
1910.22 . ] 

f := -0.04393840 + 7·
425573728 dx·( 106

·
17

) -6.2428·10-
8
·32701 

. xo.s 24.5 

886.25 

[f
2687.813 

g ·-.-
1910.22 

-0.04393840 + 
7

·
425573728 dx·( 106

·
17

) -6.2428·10-
8
·32100] 

. xo.s 24.5 

[[

4161.74 

b'-

.- 2687.813 

-0.04393840 + 7.4
25573728 dx·( 106

·
17

) -6.2428·10-
8
·32280] 

xo.s 24.5 

i :=[15292.37 

4161.74 

-0.04393840 + 7.4
25573728 dx·( 106

·
17

) -6.2428·10-
8
·33780] 

xo.s 24.5 



• Zone 2 Ethylbenzene 

[[

5731.7 

j ·-

.- 529~.37 
-0.04393840 + 7·

425573728 
dx·( 

106
·
17

) -6.2428·10-
8
·31920] 

l·s 24.5 

[[

14.12 . l 
k := -0.04393840 + 7·

425573728 
dx·( 

106
·
17

) -6.2428·10- 8·30840 
xo.s 24.5 

5731.7 

a =0.441 d =0.699 g =0.753 j =0.213 

b = 0.672 e = 0.323 h = 1.077 k =0.373 

c =0.978 f= 1.433 i =0.664 

a+ b+c+d+ e+ f+ g+ h+ i + j + k =7.626 
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Zone2 
Rank 1 Eqn 76 y0·5=a+blnx 

r2=0.96577787 OF Adj r2=0.95893344 FitStdErr-0.14654192 Fstat=310.4294 
a=2.4598418 

:--1--- . 

i 
2000 

Rank 1 Eqn 76 yO-S:a+blnx 

b=-0.26624849 

4000 
Running Hours 

. 

r2 Coef Det OF Adj r2 Fit Std Err F-value 
o.965m8664 0.9589334397 0.1465419233 310.42940415 

Parm Value Std Error t-value 95% Confidence Umits 

. 

6000 

a 2.459841813 0.186535386 13.18699830 2.049280197 2.870403429 
b -0.26624849 0.036780763 -7.23879734 -0.34720240 -0.18529458 
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Zone 2 1,1,2-Trichloro-1,2,2-trifluoroethane (F113) 

a:=[ f
73 ~2.459841813 + -0.26624M9·InCx> dx·( 

187
·
38

) -6.2428·10-
8
·35220] 

J~ . us 

b :=[J
191 ~2.459841813 + -0.26624849-ln(x) dx·( 

187
·
38

) -6.2428·10""
8 
·33960] 

73 24.5 

C :=[[457.75 l 
~2.459841813 +-0.26624849-ln(x) dx·( 

187
·
38

) -6.2428·10"" 8 ·35880 
191 24.5 . 

d :=[ r726

.

25 ~2.459841813 + -0.26624849·ln(x) dx·( 
187

·
38

) -6.2428·10"" 8 ·36540] 
J457.75 24.5 

e ·-[J886

.

25 ~2.459841813+-0.26624849·ln(x)dx·( 187 · 38 )-6.2428·10""8·34200] 
.- 726.25 24.5 

f :=[ r1910

.

22 ~2.459841813 +-0.26624849·ln(x) dx·( 
187

·
38

) -6.2428·10-8·32701] 
J 886.25 24.5 

[12687.813 ]" 
g := ~2.459841813 +-0.26624849·ln(x) dx·( 

187
·
38

) -6.2428·10-8·32100 
1910.22 24.5 

[f
4161.74 l 

h := ~2.459841813 + -0.26624849·ln(x) dx·( 
187

·
38

) ·6.2428·10-8·32280 
2687.813 24.5 

1
. ·.-- [15292.37 . l ~2.459841813 +-0.26624849·ln(x) dx·( 

187
·
38

) ·6.2428·10-8·33780 
4161.74 24.5 

j ·-[[

573

1.

7 ~2.459841813 + -0.26624849·ln{x) dx·( 
187

·
38

) -6.2428·10-8·31920] 
.- 5292.37 . 24.5 



• Zone 2 1,1,2-Trichloro-1,2,2-trifluoroethane (F113) 

[J: I4.12 l 
k := A./2.459841813 +-0.26624849·1n(x)dx·(

187
·
38

)-6.2428·I0-8·30840 
5731.7 24.5 

a =0.903 d =4.09 g =7.536 j = 2.73 

b =2.068 e = 2.152 h = 12.318 k =4.793 

c =4.4 f= 11.706 i =8.303 

a+ b+c+d+ e+f+ g+ h+ i + j + k =60.998 
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. Zone 2 
Rank 3 Eqn 45 y-1=a+bx1.5 

r2::0.89853711 OF Adj r2=0.87824453 FitStdErr=0.22891148 Fstat=97 .414017 
a=0.5221191 

. 

~ . 1----- . 

2000 

Rank 3 .Eqn 45 y-1=a+bx1.5 

b=8.4 733941 e-05 

. 

4000 
Running Hours 

. 

r2 Coef Det OF Adj r2 Fit Std Err F-value 
0.8985371053 0.8782445263 0.2289114757 97.414017075 

. . 

Parm Value Std Error t-value 95% Confidence Umits 

6000 

a 0.522119102 0.055438915 9.417917003 0.400098872 0.644139331 
b 8.47339e-05 3.51985e-05 2.407314453 7.26249e-06 0.000162205 
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• Zone 2 Methylene chloride (DCM) 

a:=[ rl910.22 

J886.25 
( 

1 dx (96.94) . ·1 
0.522119102+ 8.

4733941
.
1
<fs).xt.s · 24.5 ·6.2428·10-

8
·32701 

[[

2687.813 

b ·-.-
1910.22 

I l dx· 96.94 8 
0.522119102+ (8.4733941·10-s).xu ( 24.5 )-6.2428-l<f ·32100 

[ 

r4161.74 

c := L687.813 

~==-=-=-~( ....:.1 ___ ___,..-dx-(96.94) 8 ·] 0.522119102 + 8.4733941 .10-s) ·XU 24.5 -6.2428 ·10- ·32280 

[1
5292.37 

d ·-.-
4161.74 

~~==-7(_:.._1 ---.....---dx-(96.94) l 0.522119102+ 8.4733941-l<fs).xu 24.5 ·6.2428·10-8·33780 

[ 

r5731.7 

e := J 5292.37 

~::::--:-:=-:--::-:--r-(l ___ ___,.._dx· (96.94) - l 
0.522119102+ 8.4733941·10-s).xu 24.5 ·6.2428·10 8·31920 

f:=[ r6614.12 

J573t.7 

~~==-7(.....:1:__ __ ___,....-dx (96.94) l 
0.522119102 +. 8.4733941 ·liT ').xl.' . 24.5 -6.2428 ·liT •. 30840 

a= 1.788 

b =0.635 

c =0.69 

d =0.339 

e =0.099 

f=0.162 

6.562 +a+ b + c + d + e + f = I 0.27 5 



• 

• 

Zone 2 Methylene chloride (DCM) 

a:=[[ ::::-:~-~(_:..I _____ dx·(96.94) -8 ] 
0.522119102+ 8.4733941 .10-s).xu 24_5 ·6.2428·10 -35220 

b:=[[ ::-;::-:-:-:-:--~(......:....1 -----dx-(96.94) -8 ] 0.522119102+ 8.4733941 .10-s).xt.s 24_5 ·6.2428·10 ·33960 

c :=[f457.75 

191 

;:;:-:--::-:-:-~(......:....1 -----dx-(96.94) -8 ] 
0.522119102+ 8.4733941·10-s).xu 24.5 ·6.2428·10 ·35880 

[[

126.25 

d ·-.-
457.75 

:::=:-:-::-:-~(-1:...._ _____ dx· (96.94) -8 l 
0.522119102+ 8.4733941 .10-s).xu 245 ·6.2428·10 ·36540 

e :=[I886.25 . ------T--_____,......._ ~~~~··~·~· ( 
1 

dx·(96.94) _
8 

] 726.25 0.522119102+ 8.4733941·10-s).xi.S 24.5 ·6.2428·10 ·34200 

a =0.708 d = 1.4ll 

b = 1.523 e =0.551 

c =2.37 

a+b+c+d+e =6.562 

I 
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Zone2 
Rank 1 Eqn 801 0 [Power] y=a+bxC 

r2=0.9831284 DF Adj r2=0.98101945 FitStdErr=0.31167442 Fstat=728.39003 
a=-1.1170832 b=41.08203 

c=-0.39347292 

~ r.-- . 

2000 4000 
Running Hours 

Rank 1 Eqn 8010 [Power] y=a+bXC 

. 

r2 Coef Det OF Adj r2 Fit Std Err F-value 

. 

0.9831284002 0.9810194502 0.3116744152 728.39002585 

. 

Parm Value Std Error t-value 95% Confidence Umits 

. 

a -1.11708320 0.308864231 -3.61674512 -1.75320099 -0.48096541 

. 

b 41.08203022 4.337877690 9.470536780 32.14800388 50.01605655 
c -0.39347292 0.033744401 -11.6603912 -0.46297081 -0.32397502 
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• 

• 

... -:---... 

• 

Zone 2 Tetrachloroethane (PCE) 

a:=[ r73 
-1.11708320 + 41.08203022·£

0
'
39347292

dx·( 
165

·
83

) -6.2428·10-
8
·35220] 

J~ us 

b :=[ r191 
-1.11708320+41.08203022·£

0
·
39347292

dx·(
165

·
83

)-6.2428·10-
8
·33960] 

J73 24.5 

[[

457.75 . l 
c := -1.11708320 + 41.08203022·x·

0
·
39347292

dx·( 
165

·
83

) -6.2428·10- 8·35880 
191 24.5 

[[

726.25 l 
d := -1.11708320 + 41.08203022·x·0

·
39347292dx·( 

165
·
83

) -6.2428·10-8·36540 . 
457.75 24.5 . 

[r·25 e·-
.. - 726.25 

[r022 r·-.-
886.25 

[f687.813 
g·-.-

1910.22 

[ rl61.74 
h'-

.- 2687.813 

; :=[ r292.37 
4161.74 

- 1.11708320 + 41.08203022 ·x-
0
·
39347292 

d X· ( 
165

·
83

) -6.2428 · J0-8 
· 34200] 

24.5 

- 1.11708320 + 41.08203022·x·
0

·
39347292

dx·( 
165

·
83

) ·6.2428·10-
8
·32701] 

24.5 

- 1.11708320 + 41.08203022·x·0
·
39347292dx·( 

165
·
83

) ·6.2428·10-8 ·32100] 
24.5 

-1.11708320 + 41.08203022·x·
0

·
39347292

dx·( 
165

·
83

) ·6.2428·10- 8 ·32280] 
24.5 

- 1.11708320 + 41.08203022·£
0

·
39347292

dx·( 
165

·
83

) ·6.2428·10-
8 
·33780] 

24.5 



~ .:,.. 
Zone 2 Tetrachloroethane (PCE) 

[I5731.7 
j ·-

.- 5292.37 
-1.11708320 + 41.08203022·x-

0
'
39347292

dx·( 
165

·
83

)·6.2428·10-8 ·31920] 
. 24.5 

k ·-[ r<>l
4

.
12 

-1.11708320 + 41.08203022·x-
0

·
39347292dx·( 

165
·
83

) -6.2428·10-8 ·30840] 
.- J 5731.7 24.5 

a =5.248 d =9.252 g =8.884 j = 1.591 
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1.0 

DETERMINATION OF THE QUI SOIL VAPOR EXTRACTION SYSTEM 
EFFLUENT VOC CONCENTRATION 

INTRODUCTION 

The OU 1 Soil Vapor Extraction System (SVE) has been in continuous operation since December, 1997. 
The system operates by inducing a vacuum in the subsurface which in tum causes airflow towards the 
vacuum extraction wells. Subsurface contaminants sorbed to sediments will partition into the vapor phase 
and be swept towards the vacuum extraction wells. The vacuum extraction wells are connected via a 
common header that runs through a granular activated carbon bed. Vapor phase contaminants partition 
(sorb) back onto the carbon and are captured prior to venting the effluent to the atmosphere. The carbon 
beds have a variable efficiency rate that is a function of temperature, moisture content and type of 
contaminant. The efficiency of the Mound OU1 SVE carbon beds has been estimated based on 6 months of 
operational data during which the carbon has been recharged on three occasions, (the carbon beds must be 
recharged each time there is an indication that they have become saturated with VOCs). · 

Mound has monitored the concentration of the SVE influent using two measurement techniques. In the 
early stages of operation, Suma canisters were utilized exclusively. A Suma canister is an evacuated vessel 
that is fitted into the SVE system influent header and allowed to infill to atmospheric pressure. The canister 
is sealed and delivered to an offsite lab for gas chromatograph (gc) analysis. In late January, an online gas 
chromatograph system was installed. This system allows "real time" analysis off system influent gas. There 
have been some operational difficulties with the online GC system, and.to this date, suma canisters continue 
to be periodically utilized to verify contaminant concentrations. 

The system was brought online 12/17/97. During the first month of operation, the inline GC system was 
not available to monitor the system influent. As a-result only Suma canister data was obtained. Initial 
analytical results from the Suma canisters· were not received until several weeks of continuous SVE 
operation has occurred. The initial Suma canisters revealed that the system influent VOC concentrations 
were considerably higher than anticipated. As a result, the carbon beds had become saturated with VOCs 
and the efficiency essentially reduced to zero. During this time frame influent VOCs were vented to the 
atmosphere without any concentration reduction. This paper provides an estimate of the total mass of 
VOCs vented to the atmosphere during this period of time. 

2.0 METHODOLOGY 

Based upon summa canister analytical results, plots showing contaminant concentration over time can be 
constructed. Figure 1 shows an example plot for toluene from Zone 2. Mathematical equations can be 
generated to fit the data. These mathematical expressions can then be integrated over time to give an 
estimate of the mass of contaminant removed. In this manner, the mass of each contaminant can be 
estimated, and a total mass of VOCs removed can be determined. 

The carbon efficiency has been estimated utilizing total mass removed estimates in between carbon 
changeouts. The system utilizes two activated carbon beds in series. Each bed is hooked in line to the 
system GC. This allows influent to be monitored after it exits each individual bed. This configuration 
allows the system operator to monitor the individual carbon beds tor contaminant breakthrough (e.g. 
saturation). When breakthrough occurs on the second bed, it is time to recharge the carbon. Knowing the 



total mass removed from the system between changeouts allows an estimation of the total mass of 
contaminants captured by the carbon (i.e. carbon efficiep.cy). Based on data from three carbon changeouts 
the carbon efficiency is estimated to be approximately 8 %. Therefore given the 4000 pound capacity of the 
two carbon beds, approximately 300 pounds of VOCs can be captured before the beds are saturated. 

Based on the analysis described above it is possible to calculate an estimate of the VOC mass that was 
vented to the atmosphere during the time frame 12117/97 through 2/4/98. 

It is estimated, based on the methodology described above, that approximately 900 pounds ofVOCs were 
removed frqm the subsurface via the SVE during the time period 12117/97 through 2/4/98. As noted above, 
the 4000 pounds of activated carbon could capture approximately 300 pounds ofthose VOCs. This results 
in approximately 600 pounds of VOCs being vented to the atmosphere during this time frame. This equates 
to an average of approximately 14 pounds ofVOCs released to the atmosphere per day. 

3.0 CURRENT SYSTEM STATUS 

The online GC is currently being utilized to provide an indication of contaminant breakthrough on the 
carbon beds. In this manner, at the first sign of contaminant breakthrough, a carbon changeout can be 
immediately scheduled. As a result, it is not anticipated that the system will yield VOC effluent 
concentrations in excess of the 10 pound per day RAPCA standard. Recent results indicate that the total 
VOC mass removed from the system is less than 10 pounds per day. As remediation continues it is 
anticipated that the carbon beds will no longer be required and can be removed from the system. 
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Zone 2 Benzene 

a:= · el.399775301+-0.10703637·x
0
·' d (78.12) l 
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126.25 

523.75 X· 24.5 -6.2428·10-
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• Zone 2 cis-1,2-0ichloroethene 

a :=[f726.25 

523.75 

[[

87.75 

b·-
.- 726.25 

c :=[ rl423.75 

j887.75 

-1.16651169 + 1103.430932·ln(x) dx-(
96

·
94

) ·6.2428·10-8 ·36540] 
X 24.5 

-1.16651169+ 1103.430932·ln(x) dx·(%·
94

)·6.2428·10-8 -34200] 
X 24.5 

-1.16651169 + I 103.430932·ln(x) dx-(
96

·94 ) -6.2428·10-8 ·32880]. 
X 24.5 

[[

1892.22 l 
d := -1.16651169 + 1103.430932·ln~) dx·(~:~4 ) -6.2428·1<1"

8
·32460 

1423.75 

a= 18.783 

b+ a= 29.71 

c =24.659 

d = 14.25 



Zone 2 Chloroform 

a :=[1
726.25 l 

~[ 1.237718055+-0.01406703 -(ln(x)/] dx·( 
119

·
38

) -6.2428·10-8 ·36540 
523.75 24.5 

b :=[J
887

.

75 

J[ 1.237718055 +-0.01406703 -(ln(x))
2

] dx·( 
119

·
38

) -6~2428·1Cf 8 
·34200] 

726.25 24.5 

C 
·.--[[,1423.75 . l J[ 1.237718055 + -0.01406703 ·(ln(x))2

] dx·( 
119

·
38

) -6.2428·10-8·32880 
. 887.75 24.5 

d :=[ r1892

.

22 

~[ 1.237718055 +-0.01406703 -(ln(x))2
] dx·( 

119
•
38

) ·6.2428 .J0-8 ·32460] 
J 1423.75 24.5 

,,....-:---..... 

• 
a= 1.822 

b+a=3.132 

c =3.937 

d=3.155 

--~. ·-:•> ... • • • ~ 



Zone 2 Ethylbenzene 

·-[[
726

'
25 

(o.707997432+-0.021366877·x
0

'
5 

·ln(x)) dx·( 106.!7)-6.2428·10-8·36540] 
a·- e 24.5 · 

523.75 

·-[1887
'
75 

(o.707997432+-0.021366877-x
0

'
5

·1n(x)) dx·( 106· 17 ) -6.2428 ·1<f8 ·34200] 
b ·- e 24.5 

726.25 

·-[[
1423

'
75 

(o.707997432+-0.021366877·x
0

'
5 

·ln(x)) dx·( I06.l 7 ) -6.2428·10-8 ·32880]. 
c ·- e 24.5 

887.75 

·-[f1892

'

22 
(o.707997432+-0.021366877·x

0
'
5 

·ln(x)) dx·( 106.1 7) -6.2428 ·10-8·324601 
d.- · e 24.5 

1423.75 

a =0.134 

c =0.064 

d =0.014 



~ ~~; Zone 2 1,1 ,2-Trichloro-1 ,2,2-trifluoroethane 

a :=[1726.25. ( ) l -1.88949218 + 8.3Il038202·x-0
·
19375033 dx· 

187
·
38 

-6.2428·10-8·36540 
523.75 24.5 

b ·-[ r87
.
75 

-1.88949218 + 8.311038202·X-O.l9J7SOJJ dx·( 187·
38

) -6.2428·10-8 ·34200] 
.- Jn6.25 24.5 

c :=[ rl423.75 

J887.75 
- 1.88949218 + 8.311038202·x-0

·
19375033 

dx·( 
187 

·
38

) -6.2428 ·I 0-
8 
·32880] 

24.5 .. 

[Il892.22 l 
d := -1.88949218 + 8.311038202·x-0

·
19375033 dx·( 

187
·
38

) ·6.2428·10-8 ·32460 
1423.75 24.5 

a= 1.768 

b+ a =2.78 

c = 1.973 

d =0.642 
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Zone 2 Methylene chloride 

a:= [726.25 

523.75 

[

887.75 

b ·-.-

726.25 

c := [1423.75 

887.75 

[

1892.22 
d·-

1423.75 

a =0.462 

b+a=0.812 

c = 1.124 

d =0.974 

____ :_I ----dx·(96.94) 
3.839087580+ 43624.5278 24.5 -6.2428·10-8·36540 

i 

dx-(96.94) 
3.839087580+ 43624.5278 24.5 -6.2428·10-

8
·34200 

i 

dx-(96.94) 
3.839087580 + 43624.5278 24.5 -6.2428 ·10-

8 
·32880 

x2 . 

dx-(96.94) 
3.839087580+ 43624.5278 24.5 -6.2428·10-

8
·32460 

i 



• Zone 2 Tetrachloroethane 

a :=[1726.25 

523.75 

[[

87.75 

b·-
.- 726.25 

c :=[ r1423.75 

J887.75 

[ r
1892.22 

d·-

.- J 1423.75 

a =7.283 

h+a = 11.981 

c = 12.089 

d =8.048 

-5.83473929 + 52
·
51059357 dx·( 165

·
83

) -6.2428·1<1
8 
·36540] 

ln(x) . 24.5 

-5.83473929 + 52
·
51059357 dx·( 165

·
83

) ·6.2428·10-
8 

·34200] 
ln(x) 24.5 

-5.83473929 + 52
·
51059357 dx·( 165

·
83

) -6.2428·10-
8
·32880] 

ln(x) 24.5 

-5.83473929 + 52
·
51059357 dx·( 165

·
83

) -6.2428·10-
8
·32460] 

ln(x) 24.5 



• Zone 2 Toluene 

1
726.25 

a·-

·- 523.75 

( I dx (92.15) 8 
0.0012693276+ 0.00038885636·-x-) . 24.5 -6.2428·10- ·36540 

ln(x) 

[

7.75 

b·-

.- 26.25 

c == rl423.75 

J887.75 

d == rl892.22 

t423.75 

a =44.809 

b+a =71.809 

c =64.559 

d =40.677 

( 

. dx·(92.15) _8 

0.0012693276+0.00038885636·-x-) 24.5 -6.2428·10 ·34200 
ln(x) . 

, I ( . dx· 92.15 _8 

(o.OOJ2693276+0.00038885636·-x-) 24.5 )·6.2428·10 ·32880 
ln(x) 

( 

dx·(92.15) 8 

0.0012693276+0.00038885636·-x-) 24.5 ·6.2428·10- ·32460 
ln(x) 



• Zone 2 Trichloroethane 

[1726.25 . l 
a:= 17.82523545+-838.9909405·£0

·
60242103 dx·( 

13
1.3

9
) -6.2428·10"'8·36540 

523.15 24.5 

[f887.75 l 
b := 17.82523545+- 838.9909405·£0

·
60242103 dx·( 13 1.39

) -6.2428·10-8·34200 
726.25 24.5 

[11423.75 . l 
c := 17.82523545+- 838.9909405·£0

·
60242103 dx·(

13 
1.3

9
) ·6.2428·10-8 ·32880 

887.75 24.5 

[IJ892.22 l 
d := 17.82523545+- 838.9909405·£0

·
60242103 dx·(IJ1.3

9
) -6.2428·10"'~·32460 

1423.75 24.5 

a =87.337 

b +-a= 147.859 

c = 176.514 

d = 140.001 



Zone 2 Trichlorofluoromethane 

a :=[1726.25 

523.75 

[[

7.75 

b'-
.- 726.25 

c :=[ r1423.75 

J887.75 

[[

1892.22 

d·-
.- 41423.75 

a =0.823 

b+a = 1.185 

c =0.463 

d=-Q.032 

1.874121293-e347;,~ .... dx·( 
138

·
37

) -6.2428·10-8 ·36540] 
24.5 

1.874121293-e347·~~4049 dx·( 
138

·
37

) -6.2428·10-
8 
·34200] 

24.5 

1.874121293-e347"9~~4049 dx·( 
13837

) ·6.2428 -10-
8 
·32880] 

24.5 . 

1.874121293-e347"9~~4049 dx·( 
13837

) ·6.2428-10-
8
-32460] 

24.5 
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Zone 2 Vinyl Chloride 

a:=[ r726.25 

J523.75 

[J
887.75 

b ·-.-

726.25 

c :=[ r1423.75 

J887.75 

[J
1892.22 

d ·-.-
1423.75 

a =0.564 

b+a =0.851 

c =0.556 

d=0.275 

:::;::::::-:-=--___:1 _____ dx·(62.5) l 
0.080614568+0.00013070947 ·xu 24.5 -6.2428·10-8·36540 

:::;::::::-:-=--___:1 _____ dx·(62.5) l 
0.080614568+ o.ooo 13070947 .... , 24.5 6.2428. ur'.J4200 

0.080614568+ 0.00013070947 ·xu . 24.5 -6.2428·10-8·32880 
~;::::::-::-:-:-___:1 _____ dx (62.5) l 

. dx· 62.5 
0.080614568+ 0.00013070947 ·xu (24.5) ·6.2428·10-8·32460 I l 



•-- .. 
1 Zone 2 Xyfenes (total) 

8 :=[[726.25 -

523.75 

1 
- (106.17) l (0.114854791 +0.00022368488 ·x·ln(x)) dx· -u5 -6.2428·10-

8

·36540 

[[

87.75 

b ·-.-
726.25 

1 ( l - 106.17 8 
(O.ll4854791 +0.00022368488-x·ln(x)) d;· 24.5) <;.2428·Hl" ·34200 

c :=[I1423.75 

887.75 

1 (106.17) -- l 
(0.114854791 +0.00022368488 .x·ln(x)) ~x· 24_5 ·6.2428·1<Y

8
·32880 

[[

1892.22 

d ·-.-
1423.75 

1 
(106.17) l (0.114854791 + o.0002236S48S ·x·ln( x)) dx · 24.5 <;.2428 · ur' ·32460 

8 = 1.99 

b+ 8 = 3.123 

c =2.509 

d = 1.447 



. Zone 1 2-Butanone 

a:=[ r92.25 

J496 

[1
859.75 

b ·-.-
692.25 

-0.22468315 + 43.083008·x-0
·
760ss34 dx-(

12
·
11

) -6.2428·10-
8 
·35280] 

24.5 

-0.22468315 + 43.083008·x-0
·
7
60SSJ

4 dx·(n.ll) -6.2428·10- 8·33300] 
24.5 

C :=[[,1036.5 l 
-0.22468315 + 43.083008·x-0

·
760ss34 dx-(

12
·
11

) -6.2428·10-8·32700 
859.75 24.5 

d :=[fiOS
8

.
5 

-0.22468315 + 43.083008·£0
'
76

0SSJ
4 dx·(n.ll) -6.2428·10-8 ·32580] 

1036.5 24.5 

.. 

C OY\f-,-r bv +·( 0 V\ : 

a =0.143 

b+ a =0.193 Carh~n :If 1 - 13.43 lbs -

c 14 ('boV' :Jt z - ;l .~~ lbs -
c =0.011 

d =-2.977•10-3 

C arJ)oYl ~ 3 - {)' 7-0 lbs -



Zone 1 Acetone 

8 
:=[[92.25 

496 

[[

859.75 

b ·-.-
692.25 

c :=[ rl036.5 

J859.75 

[[

1088.5 

d ·-.-
1036.5 

•• 

-1.8230566 + 
13·082129 dx-(58

·
08

) -6.2428-io-
8 
·35280] 

ln(x) 24.5 

-1.8230566+ 
13·082129 dx·(58

·
08

)-6.2428·10-
8
·33300] 

ln(x) 24.5 

-1.8230566+ 
13·082129 dx·( 58

·
08

) -6.2428·10-
8
·32700] 

ln(x) 24.5 

a =0.233 

b =0.119 

&+ b =0.351 

c =0.074 

-1.8230566+ 
13

·
082129 

dx·(
58

·
08

)·6.2428·10-
8
·32580] d =0.014 

ln(x) 24.5 



• Zone 1 Benzene 

a :=[[92.25 

496 

[I
859.75 

b ·-.-
692.25 

c :=[ r1036.5 

J859.75 

[[

1088.5 

d ·-.-
1036.5 

a =0.014 

b+a =0.021 

c =5.612•10-3 

d = 1.381•10-3 

-:-:==-~----dx-(78.12) 1 . l 
1.3979982 + 0.0070126445-xu 24.5 ·6.2428·10-8·35280 

-:-:= __ __:_l ____ dx-(78.12) l 
l.3979982+0.0070126445·xu 24.5 ·6.2428·10-8·33300 

-:-:=-=-:---....:...1 ----dx· (78.12) l 1.3979982 + 0.0070126445 ·xu 24.5 ·6.2428 ·1 o-8 ·32700 

-:-:==-....:
1
:__----dx-(78.12) l 1.3979982 + 0.0070126445 ·xu 24.5 ·6.2428 ·1 o- 8. 32580 



• Zone 1 cis-1,2-0ichloroethene 

·==rr:25 
b ·-('59.75 

.- j692.25 

c :=[Il036.5 

859.75 

[f
l088.5 

d ·-.-
1036.5 

a= 1.444 

b+a=2.298 

c =0.704 

d=0.181 

1 
dx·(

96
·
94

)·6.2428·10-
8
·35280] 

O.Ol9960753+0.00031028326·x·ln(x) 24.5 

1 
dx·(

96
·
94

) ·6.2428·10-
8
·33300] 

0.019960753 + 0.00031028326 ·x·ln( x) 24.5 

1 dx·(~)·6.2428·10-8 ·32700] 
O.Ot9960753+0.00031028326·x·ln(x) 24.5 . 

· 
1 

dx-(
96

·
94

)·6.2428·10-
8
·32580] 

0.019960753 +0.00031028326·x·ln(x) 24.5 



Zone 1 Chloroform 

a := 
[1.96

92.25 l 
0.37972849 ·x-0

"
36723321 dx·( 

119
·
38

) -6.2428 ·1 0-8 ·35280 
24.5 

b :=[1859
.
75 

0.37972849·x-
0

·
36723321

dx·( 
11938

) -6.2428·10-
8
·33300] 

692.5 24.5 

c :=[ r1036.5 

J859.75 

[]

1088.5 
d ·-.-

1036.5 

a =0.077 

b+a =0.133 

c =0.054 

d =0.015 

0.37972849 -x-0
·
36723321 dx·( 

119
·
38

) -6.2428·10-
8 
·32700] 

24.5 

0.37972849·x-
0

·
36723321

dx·( 
119

·
38

) -6:2428·10-
8
·32580] 

. 24.5 



i 

Zone 1 Ethylbenzene 

-2.9223179+-6.0224466·10-
7

·x
2

.S dx·( J06.J 7) ·6.2428·10-8 ·35280] 
e M.5 

[1
859.75 

b ·-.- . 
692.25 

-2.9223179+-6.0224466·10-
7

·x2.S dx·( J06.J 7 ) -6.2428·10-8 ·33300] 
e M.5 

c :=[f.I036.5 

859.75 

-2.9223179+-6.0224466·10-
7

·x
2

'S dx·( J06.J 7) ·6.2428 .J0-8 ·32700] 
e 24.5 

[J I088.5 7 2S ( 06 17) l , ·- -2.9223179+-6.0224466·10- ·x. dx· _J_. _ ·6.2428·10-8·32580 
d ·- e 24.5 

1036.5 

-4 
a =9.832•10 

-4 
b+a =9.915•10 

~ = 2.577·10-8 

d =7.743•10-12 

/ 



-~) •·~ .. Zone 1 1 , 1 ,2-Trichloro-1 ,2,2-trifluoroethane 

8 :=[[92.25 

496 

1 
0.0019309179+ 1.1

538412 
dx·(

138
·
37

)·6.2428·10-8·35280a =0.121 
xo.s 24.5 J 

[[

859.75 

b ·-.-
692.25 

1 
0.0019309179+ 1.1

538412 
dx·( 

138
·
37

) ·6.2428·10-8·33300b +a =0.206 
xo.s 24.5 J 

c :=[11036.5 

859.75 

1 
0.0019309179+ 1.1

538412 
dx·( 

138
·
37

) ·6.2428·10-8 ·32700c =0.08 
xo.s 24.5 J .. 

[J
1088.5 

d ·-.-
1036.5 

1 
0.0019309179 + 1.1

538412 
dx·( 

138
·
37

) ·6.2428·10-8 ·32580d =0.022 
xo.s 24.5 J 

•. •..... ,. 



zone 1 Methylene chloride 

a :=[[.92.25 )j-
-1.37S1036 +-2.2330941·10-S ·x

2 
dx·(84.93 -6.2428·10-8 ·35280 

e 24.5 496 

-1.37SI036+-2.233094J.IO-s.x
2 
dx·(84·93 ) -6.2428·10-8 ·33300] 

e US [1
859.75 

b ·-.-
692.25 

-4 
a= 3.307•10 

-4 
b+a = 3.32•10 



Zone 1 Tetrachloroethane 

[[

92.25 

a ·-.-
496 

[1
859.75 

b ·-.-
692.25 

c :=[ r1036.5 

J859.75 

[1
1088.5 

d ·-.-
1036.5 

a =2.909 

b+a=4.112 

c =0.668 

d =0.127 

8.440404629-e27S.O~~S?7S dx·( 165·83 ) -6.2428·10-8·35280] 
24.5 

8.440404629-em.o~~sm dx·( 165·83 ) -6.2428·10-8 ·33300] 
24.5 

8.440404629 -e 27S.O~~S77S d X· ( 
165

·
83

) -6.2428 ·I 0-8 
· 32700] 

24.5 

8.440404629-em.o~~sm dx·( 165·83 ) -6.2428·10-8 ·32580] 
24.5 



Zone 1 Toluene 

. [[92.25 

a ·-.-
496 

[[

59.75 

b ·-
.- 692.25 

c ==[ r·036.5 

J859.75 

[f
1088.5 

d ·-.-
1036.5 

a=1.71 

b+a=2.132 

c =0.146 

d =0.02 

44.28960603-e IS6.l~~2829 dx-( 92
·
15

) -6.2428·10-8·35280] 
24.5 

44.28960603·e 1 s6. 1~~2829 dx·(92
·
15

) -6.2428·10-8 ·32700] 
24.5 

44.28960603-eu6. 1~~2829 dx·(92
·
15

) -6.2428·10-8 ·32580] 
24.5 



~ 
~~· Zone 1 Trichloroethane 

a:=[r:~ 1 
dx·( 

13
1.3

9
) -6.2428·10"'

8
·35280] 

0.054568943 + 0.00024820698·x·ln(x) 24.5 · 

b :=[I859.75 

692.25 

1 
dx·( 

13
1.

39
) ·6.2428·10"'

8 
·33300] 

0.054568943 +0.00024820698·x·ln(x) 24.5 

c :=[[,1036.5 

859.75 

1 
dx·( 

13
1.

39
) -6.2428 ·10"'

8 
·32700] 

0.054568943 + 0.00024820698 ·x·ln( x) · 24.5 ·· 

[J
1088.5 

d ·-.-
1036.5 

. ) l 1 
dx· 

13
1.3

9 
-6.2428·10"'8·32580 

0.054568943 + 0.00024820698·x·ln(x) ( 24.5 ) · 

a =2.35 

b+a =3.754 

c = 1.164 

d=0.3 



Zone 1 Vinyl Chloride 

a:=[r:25 

b :=[ r859.75 

J692.25 

c :=[ rl036.5 

J859.75 

[I
l088.5 

d ·-.-
1036.5 

I d (62.5) 8 l 
(-0.053717534+ 0.01374721 ·X) X. 24.5 {;.2428 ·Hf · 352j 0.137 

I dx·(62.5) -8 l 
(-0.053717534+ 0.0137 4 721·x) 24.5 ·6.24~ ·10 ·333j a = 0.221 

· I (62.5) l 
(-0.053717534+0.01374721 .x) dx· 245 -6.2428·10-

8
·32700=0.07l 

J .. 

I d (62.5) 8. l 
(-0.053717534+0.01374?2l·x) X· 24_5 -6.2428-J(f ·325j0.019 



Zone 1 Xylenes (total) 

a :=[r92.25 

1496 

[I
859.75 

b ·-.-
692.25 

c :=[11036.5 

859.75 

-3 
a =8.702•10 · 

-1.484692S4+-1.1717-10-S ·X
2 dx·( 106·17 ) -6.2428·10-S ·35280] 

e 24.5 

e-1.484692S4+-l.l717·10-s ·x
2 dx·( 106.17) -6.2428 .J()8 ·32700] 

24.5 

-3 
b+a=9.11•10 

c = 1.61•10-5 



Zone 2 Benzene 

a :=[173 
e1.39977S30l+-O.I0703637•"o.sd (78.12). 8 l 28 X· -- -6.2428·10- ·35220 

24.5 

[1
191 

b := e1.39977S30I +-O.I0703637·x
0
·' (78.12) l 7

3 
dx· -- -6.2428·10-

8
·33960 

24.5 

[f
351 

c := et.39977S30I +-0.10703637 ·xo.s (78.12) · l dx· -- -6.2428·10-8·35880 
191 24.5 

[1
457.75 

d := et.39977S30t +-O.I0703637·x
0
·' (78.12) l 351 dx· -- ·6.2428·10-

8
·35880 

24.5 

[I
523.75 

e := el.399775301+-0.10703637·x
0
·' (78.12) 8 l 

457.75 dx· 24.5 -6.2428·1<1 ·36540 
. . 

a =0.605 

b =0.968 

c =0.81 

d =0.361 

e =0.182 

a+ b + c = 2.383 
d+e =0.543 

.Zone 2 59S.7& 



Zone 2 cis-1 ,2-Dichloroethene 

a := [ r: -1.1665 1169 + 1103.430932 · ;;) dx· ( ~~4) -6.2428 ·I 0"
8 
·35220 l 

b:=[[ -1.16651169 + 1103.430932·ln(x) dx·(
96

·
94

) ·6.2428·10-8 ·33960] 
X 24.5 

c :=[f351 

191 

-1.16651169 + 1103.430932·ln(x) dx·(
96

·
94

) -6.2428·10- 8 ·35880] 
X 24.5 

[1
457.75 

d ·-.-
351 

-1.16651169+ 1103.430932·ln(x) dx·(
96

·
94

)·6.2428·10-8·35880] 
X 24.5 

e :=[f523.75 

457.75. 

-1.16651169 + 1103.430932·ln(x) dx·(
96

·
94

) ·6.2428·10-8 ·36540] 
X 24.5 

a =34.603 

b =41.323 

c =31.412 ( 

d = 14.46 

e =7.614 

a+ b + c = 107.339 
d+e =22.074 



• Zone 2 Chloroform 

,. 73 l 
a :=[I ~[ 1.237718055+-0.01406703 -(ln(x))

2
] dx·( 

119
·
38

) -6.2428·10-8·35220 
28 24.5 

b:=[J7
1391 l ~[ 1.237718055+-0.01406703 {ln(x))2

] dx·( 
119

·
38

) -6.2428·10-8 ·33960 
24.5 

C 
:=[[

351 l ~[ 1.237718055 + -0.01406703 {ln(x))2
] dx·( 

119
·
38

) -6.2428·10-8 ·35880 
191 24.5 

d :=[ r457

.

75 

~[ 1.237718055+ -0.01406703 {ln(x))2
] dx-(

119
·
38

) -6.2428·10-8·35880] 
J351 24.5 

e 
:=[1

523.75 l 
~[ 1.237718055 +-0.01406703 {ln(x))2

] dx·( 
119

·
38

) -6.2428·10-8·36540 
457.75 24.5 

a =0.488 

b = 1.16 

c = 1.56 

d =0.996 

e =0.613 

a+ b +C =3.208 
d+e = 1.609 



Zone 2 Ethylbenzene 

8 := [ r: e (o.70m74l2 +-0.0213668'n • '·' ·lo( •>) d x· ( I::~ 7) ,;.2428 ·Hf
8 

· 35220 l 
b:=[[ (o.7079974l2+-0.~21366877·x0"5 ·ln(x)) dx·(l 06·17 ) -6.2428·10-8 ·33960] 

e 24.5 ~ 

c :=[f351 

191 

(o.707997432+-0.021366877·x
0
"
5 

·In( x)) dx·( 106·17 ) -6.2428 ·10-8 ·35880] 
e 24.5 

[[

457
"
75 

(o.?07997432+-0.021366877·x
0
·
5 
·ln(x)) dx·( 106·17 ) -6.2428 ·10-8 ·35880] 

d := e 24.5 
351 

[I
523

· 
75 

(o. ~432f-0.0213668T7 ·'·' ·lo(•l) dx. ( 1 06·17 ) -6.2428 ·10-8 ·36540] 
e := e 24.5 

457.75 

a =0.486 

b =0.687 

c =0.454 

d=0.161 

e =0.071 

a+h+c =1.627 d+e=0.232 



-•. ·-·-·-. 

Zone 2 1,1,2-Trichloro-1,2,2-trifluoroethane 

a:=[ r7J -1.88949218 + 8.311038202·X-O.l937
S
033 dx·( 

187
·
38

) -6.2428·10-8·35220] 
J~ 2~5 . 

b:=[C -1.88949218 + 8.311038202·x-0
·
1937s033 dx·( 

187
·
38

) -6.2428·10-
8
·33960] 

24.5 

C:=[r
351 l 

-1.88949218 + 8.311038202·x-0
·
1937s033 dx·( 

187
·
38

) -6.2428·10-8-35880 
191 24.5 . 

d :=[ r457
.
75 

-1.88949218 + 8.311038202·X-O.l937
S
033 dx-(

187
·
38

) -6.2428·10-8·35880] 
J351 24.5 

e 
:=[1

523.75 l 
-1.88949218 + 8.311038202·x-0

·
1937s033 dx-(

187
·
38

) -6.2428·10-8·36540 
457.75 24.5 

·a= 1.536 

b =2.61 

c =2.542 

d = 1.298 

e =0.706 



Zone 2 Methylene chloride 

a:= [ 
----

1
:.. ----dx·(96.94) 

3.839087
580

+ 43624.5278 24_5 -6.2428 · w-
8 

·35
220 

x2 

b:=· [ 191 -3-.8-390-87_5_80_:~:..._43-6-24-.-52_7_8 d X·( ~~~4 ) -6.2428 .J0-
8

. 33960 

i 
73 

c := f351 dx·(96.94) 
3.8390875

80 
+ 43624.5278 24_5 -6.2428 ·I o-

8 
·358so 

2 . 

- 191 

[

457.75 

d ·-.-

351 

e := f523.7S 

457.75 

a =0.019 

b =0.15 

c=0.317 

d =0.23 

e =0.148 

a+ b+c =0.486 

X 

I dx·(96.94) 
3.8390875

80 
+ 43624.5278 24_5 -6.2428 ·I o-

8 
·35880 

i 

I dx·(96.94) 
3.839087580+ 43624.5278 24.5 -6.2428·10"'8·36540 

x2 

d+e =0.378 



• Zone 2 trans-1 ,2-0ichloroethene 

b := !191 ____ I:... ----dx·(%.94) a 
3.839087580+ 43624.5278 24:'5 -6.2428·HT ·33960 

156 

c := !275.75 

191 

b =0.055 

c =0.161 

b+C =0.217 

xl 

---~1----dx·(96.94) 
3.839087580+ 43624.5278 24:5 -6.2428·10-

8

·35880 

x2 



•
"ii) 

? Zone 2 Tetrachloroethene 

a :=[[

73 

-5.83473929 + 
5251059351 

dx·( 
165

·
83

) -6.2428 ·10-
8 
·35220] 

ln(x) 24.5 
28 

b:=[[ -5.83473929 + 
52

·
51059351 

dx-(
165

·
83

) -6.2428·1<f
8 
·33960] 

ln(x) 24.5 

c :=[f351 

191 

-5.83473929 + 
52

·
5 1059357 

dx·( 
165

·
83

) -6.2428·10-
8 
·35880] 

ln(x) 24.5 

. [[451.15 
d ·-.-

351 

-5.83473929 + 
52

·
5 

I 
059357 

dx· ( 
165

·
83

) -6.2428 ·I <f
8 
·35880] 

ln(x) 24.5 . 

e 
:=[[

523.75 l 
-5.83473929 + 

52
·
51059357 

dx·( 
165

·
83

) -6.2428·1<f
8
·36540 

ln(x) 24.5 
451.15 . 

a =5.186 

b =8.522 

c =8.667 

d=4.725 

e =2.692 

a+b+c=22.375 d+e=7.417 



• . ' Zone 2 Toluene 

a:= [ 
( 

dx·(92.15) 8 

0.0012693276+0.00038885636·-x-) 24.5 -6.2428·10- ·35220 
ln(x) 

b := Il91 

73 

c := r351 

191 

[

457.75 

d ·-.-

351 

e := [523.15 

457.75 

a =60.985 

b =83.103 

c =68.443 

d=32.875 

( 

dx·(92.15) 8 

0.0012693276 + 0.00038885636 ._x_) 24.5 -6.2428 .l(f ·33960 
ln(x) 

( 

dx·(92.15) 8 · 

0.0012693276+0.00038885636·-x-) 24.5 ·6.2428·10- ·35880 

ln(x) 

( 

dx·(92.15) 
o.oo 12693276 + 0.00038885636 ·~) 24.5 -6.2428.1 o-8 ·35880 

ln(x) 

( 

dx·(92.15) 8 
0.0012693276 + 0.00038885636 ._x_) 24.5 -6.2428 ·l<f ·36540 

ln(x) . 

e = 17.677 

a+b+c =212.531 / d+ e = 50.552 



•• 

.;~ .. 

Zone 2 Trichloroethane 

a:=[ r73 
17.82523545 + 838.9909405-x-

0
'
60242103 

dx·( 
13

1.3
9

) -6.2428 ·10-
8 
·35220] 

J~ 2~5 

b:=[C 

c:=[C: 

17.82523545 + 838.9909405-x-
0

·
60242103 

dx·( 
13

1.3
9

) -6.2428·10-
8
-33960] 

24.5 

17.82523545+ 838.9909405-x-
0

·
60242103 

dx·( 
13

1.3
9

) -6.2428·10-8 -35880] 
24.5 . 

[1457.75 l 
d :: 17.82523545 + 838.9909405 ·£0

"
60242103 d X· ( 

13
).

39
) -6.2428 ·10-8 

· 35880 
351 . 24.5 

[[

523.15 l 
e := 17.82523545+ 838.9909405-x-0

·
60242103 

dx-(
13 1.39

) -6.2428·10-8·36540 
451.15 24.5 

a= 52.861 

b =85.445 

c =90.253 

d = 51.871 

e =30.615 

a+ b + c = 228.559 
d+e =82.486 

.I 



Zone 2 Trichlorofluoromethane 

a:=[[ 

b:=[[ 

c :=[ r35l 

L9l 

1.874121293-e347·~~4049 dx·( 
138

·
37

) -6.2428·10-
8 
·35220] 

24.5 

1.874121293-e347·~~4049 dx·( 
138

·
37

) -6.2428 ·10-
8 
·33960] 

24.5 

1.874121293·e347·~~4049 dx·( 
138

·
37

) ·6.2428·10-
8 
·35880] 

24.5 

d ·-.-[1
457.75 

351 
1.874121293 -e347·9;~4049 dx·( 

138
·
37

) -6.2428·10-
8 

·35880] 
24.5 

[[

523.15 l 
e := 1.874121293-e347.~~4049 dx·(

138
·
37

) -6.2428·1<f8 ·36540 
451.15 24.5 

a =0.906 

b = 1.821 

c = 1.756 

d=0.795 

e =0.39 

a+ b + c =4.483 



• 

--~ •• 

Zone 2 Vinyl Chloride 

a:=[[ 

b:=([ 

-;::-::::-:-:-::--=-1 -----dx-(62.5) -8 l 0.080614568+ 0.00013070947 ·xu 24.5 -6.2428·10 ·35220 

-;::-::::-:-:-=--1:.. -----dx-(62.5) -8 l 
0.080614568 t- 0.0001307094 7 ..... . 24.5 -6.2428 ·10 . 33960 

. 351 
c := I ::::::-:-:-::-:--:..._----dx· 62.5 -8 

1 
· dx·(62.5) _

8 l 
351 0.080614568t-0.00013070947·x'·' 24.5 -6.2428·10 ·35880 

e ==[ r523.75 

J457.75 

~o::::::-:-:-:--_:_1 -----dx-(62.5) -8 l .080614568 t- 0.00013070947 ·x'·' 24.5 -6.2428 ·10 . 36540 

a =2 

b =2.428 

c = 1.436 

d=0.538 

e =0.256 

a+ b +c =5.864 d+e =0.795 



• . Zone 2 Xylenes (total) 

a:=[[ 1 
dx·( 

106
·
17

) -6.2428·10-
8 
·35220] 

(0.114854791 t-0.00022368488·x·ln{x)) 24.5 

b:=[[ 1 dx·( 
106

·
17

) -6.2428·10-
8 
·33960] 

(0.114854791 + 0.00022368488 ·x·ln(x)) 24.5 

' 

c ==[ r351 

L91 

1 
dx·( 

106
·
17

) ·6.2428·10-
8
·35880] 

(0.114854791 t-0.00022368488·x·ln{x)) 24.5 

[I
457.7~ 

d ·-.-
351 

1 
dx·( 

106
.1

7
) -6.2428·1<f

8
·35880] 

(0.114854791 + 0.00022368488·x·ln(x)) 24.5 

e :=[[523.75 

457.75. 

1 
dx·( 

106
·
17

) -6.2428·10-
8 
·36540] 

(0.114854791 + 0.00022368488·x·ln(x)) 24.5 

a =2.709 

b =4.298 

c =3.49 

d = 1.583 

e =0.822 

a+b+c = 10:497 d+e =2.405 



~ ./ 
fV]tlS5 p~ MOt/e:J} .:o 2/tf/ t'j( 

f<:' e. fcJ, ....... e v-· 

Zone 1 2-Butanone f'('\.0 (.) f'\ d 

a:=[ r56
.5 -0.22468315 + 43.083008·x-0.?60SSJ4 dx-(

72
·
11

) -6.2428·10-8·34;60] 
J 13 24.5 

b ·-.-[1172.5 

56.5 

-0.22468315 + 43.083008-x-
0
'
7605534 

dx-(
72

·
11

) ·6.2428·1CJ
8
·32700] 

24.5 

C 
:=[J

333.5 ' l 
-0.22468315 + 43.083008·£0'

7605534 
dx-(

72
·
11

) -6.2428·10-
8
·33300 

172.5 24.5 

[J

434 
d·-

.- 333.5 
-0.22468315 + 43.083008 ·x-

0
'
7605534 

dx· (
72

.JI ) -6.2428 .J0-
8 
·33300] 

24.5 

e :=[[
500 

-0.22468315 + 43.083008-x-
0
'
7605534 

dx·(
12

·
11

) -6.2428·10-
8
·35280] 

~4 M.S 

a =0.821 

b =0.714 

c =0.425 

d=0.15 

e =0.076 

a+h+c=l.96 

d+e =0.226 \ 1'/. 3 ;;./ 



• Zone 1 Acetone 

rrs l a:= -1.8230566 + 13
·
082129 

dx-(
58

·
08

) -6.2428·10-8 ·34260 a =0.441 
ln(x) 24.5 

13 . 

rr72.5 b·- -1.8230566 + 13
·
082129 

dx·( 
58

·
08

) <;.2428·11T
8
·32700 l b =0.548 .-

ln(x) 24.5 
56.5 

c:=[r5 - 1.8130566 + 13
·
082129 

d X·( 58
·
08

) <;.242lH IT'. 33300 l c =0.438 
ln(x) 24.5 

172.5 

rr

4 
d·- - 1.8230566 + 13

·
081129 

dx · ( 
58

·
08

) <;.2428 ·liT'· 33300] d=0.187 

.- 333.5 
ln(x) 24.5 

e ;: [ r()(} -1.8230566 + 13.082129 d X. ( 58.08) <;.2428 ·liT'. 35280 l e =0.105 
In(x} 24.5 

434 

• a+ b + c = 1.427 

d+e =0.292 



Zone 1 Benzene 

a:=[ r56.5 . I dx·(78.12) l j 
13 

1.3979982 + 0.0070126445 .... , 24.5 -6.2428 ·Hr'. 3
4260 

b:=rr

25 

56.5 

:-:==-_:1:.._ ____ dx·(78.12) l 
1.3979982 + 0.0070126445 ·Xl.S 24.5 -6.2428 ·10-8 ·32700 

. [I333.5 
C ·-.-

172.5 

-:-== ___ 1:...._ ____ dx·(78.12) 8 l 
1.3979982 + 0.0070126445-xl.S 24.5 ·6.2428 ·10- ·33300 

[J
434 

d·-

. .- 333.5 

-;-:=:=--..:_1 ____ dx·(78.12) l 
1.3979982 + 0.0070126445 ·xu 24.5 ·6.2428 ·1 o-8 ·33300 

e :=[[

500 

434 

:-:::-:-__ _:_1 ----dx-(78.12) l 
1.3979982 + 0.0070126445 ·Xl.S 24.5 ·6.2428 ·10-8 ·35280 . 

a =0.11 

b =0.085 

c =0.038 

d=0.012 

a+ b+ c =0.234 

d+e =0.019 
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Zone 1 cis-1 ,2-0ichloroethene 

a:=[[s 1 
dx·(

96
·
94

)·6.2428·10-
8
·34260] 

0.019960753+0.00031028326·x·ln(x) 24.5 . 

rr25 b'-.-
56.5 

1 
dx·(

96
·
94

)·6.2428·10-
8
·32700] 

0.019960753 + 0.00031028326·x·ln(x) 24.5 

c:=[r35 
172.5 

1 
dx·(

96
·
94

) ·6.2428·10-
8 
·33300] 

O.oi 9960753 + 0.00031028326·x·ln(x) 24.5 

rr4 d'-
.- 333.5 

· 
1 

dx·(
96

·
94

) ·6.2428·10-
8 
·33300] 

0.019960753 + 0.00031028326 ·x·ln(x) 24.5 

e:=[[: 1 
dx·(

96
·
94

) -6.2428·10-
8 
·35280] 

O.OI9960753+0.00031028326·x·ln(x) 24.5 . 

a =6.883 

b =5.507 

c =3.039 

d = 1.143 

e =0.633 

a+ b+ c = 15.429 

d+ e = 1.776 



• ' . ' Zone 1 Chloroform 

a:=[ r56
.S 0.37972849·£

0
·
36723321dx·( 119

·
38

) -6.2428·10-8·34260] 
J 13 24.5 

[J.
172.5 

b ·-.-
56.5 

c ==[ r333.s 

J 172.5 

[I434 
d·-

.- 333.5 

0.37972849·x-
0

•
36723321

dx·(
119

·
38

) -6.2428·Hf
8
·32700l 

24.5 

0.37972849·x-
0

'
36723321 

dx·( 
119

·
38

) ·6.2428·10-8 ·33300] 
24.5 

0.37972849·x-
0

'
36723321 dx·( 119

·
38

) -6.2428·10-8 ·33300] 
24.5 

e :=[[500 

0.37972849·x-
0

·
36723321 

dx·( 
119

·
38

) ·6.2428·10-
8 
·35280] 

434 24.5 

a =0.049 

b =0.079 

c =0.082 

d=0.044 

e =0.028 

a+ b + c = 0.209 

d+e =0.072 



Zone 1 Ethylbenzene 

[1

172.5 

b ·-.-
137.5 

c :=[1333.5 

172.5 

[1

434 

d·-
.- 333.5 

e :=[I5oo 
434 

a= 

b =0.014 

c =0.042 

-2.9223179+-6.0224466·10-
7

·'•?·S dx·( I 06.l 7) -6.2428·10-8 ·32700] 
e · 24.5 

-2.9223179+-6.0224466·10-
7 .,ls dx·( 106.l7 ) -6.2428 .J0-8 ·33300] 

e M.5 

\ 

-2.9223179+-6.0224466·10-
7

·x
2

s dx·( I 06.l 7 ) -6.2428·10-8 -33300] 
e 24.5 

-2.9223179+-6.0224466·10-
7-i·S dx·( 106.l7) ·6.2428·1(}8 ·35280] 

e 24.5 

d =8.872•10-3 

e =2.049•10-3 

h+ c =0.056 

d+e=O.OII 



• . . Zone 1 1,1 ,2-Trichloro-1 ,2,2-trifluoroethane 

a :=[[

56

.

5 

0.0019309179+ 1.1
538412 

dx·( 
138

·
37

) -6.2428·10-
8
·34260] a =0.11 

. . xo.s 24.5 

13 

b :=[JI?2.

5 

0.0019309179+ 1.1 538412 dx-( 138·37 )~-2428·I0- 8 ·32700lb =0.152 
xo.s 24.5 . 

56.5 

c :=[[333.5 0.0019309179+ 1.1538412 dx·( 138.37)·6.2428·I0-8·33300lc =0.143 
xo.s 24.5 

172.5 . 

d ·-[[434 

.- 333.5 

0.0019309179 + 1.1
538412 

dx·( 
138

·
37

) ·6.2428·I0-
8
·33300ld =0.072 

xo.s 24.5 

e :=[1

500 

0.0019309179+ 1.1
538412 

dx·( 
138

·
37

)·6.2428·10-
8
·35280] e =0.045 l·5 24.5 

434 

a+b+c =0.405 

d+e=0.117 
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Zone 1 Methylene chloride 

·-[[

565 

-1.37S1036 +-22330941·10-S ·x
2 
dx·(84.93) -6.2428 ·10-8 ·34260] 8 = 0.079 

a·- e 24.5 
13 

·-[[.172.5 -1.37S1036+-22330941-IO-S.i dx·(84.93) -6.2428·10-8·32700] b =0.153 
b.- e . 24.5 

56.5 

c :=[f333.5 

172.5 

[f
434 

d·-
.- 333.5 

-1.37S1036 +-22330941·10-S ·x
2 
dx·(84.93 ) -6.2428 ·10-8 ·33300] 

e 24.5 

-1.37S1036 +-2.2330941-10-S ·X
2 
dx·( 84·93 ) ·6.2428 · J0-8 ·33300] 

e 24.5 

-1.37S1036 +-2.2330941·10-S ·x
2 
dx·(84.93) ·6.2428 ·10-8 ·35280] 

e 24.5 

c =0.076 

-3 
d =7.552•10 

-3 
e = 1.047•10 



Zone 1 Tetrachloroethane 

[I
56.5 l 

a:= 8.440404629-e27s.o~~sm dx·( 165·83 ) -6.2428·10-8·34260 
13 24.5 

[I
I72.5 

b ·-.-
56.5 

c :=[J333.5 

172.5 

[1
434 

J d·-
.- 333.5 

8.440404629-em.o~~sm dx·( 165·
83

) -6.2428·10-8 ·32700] 
24.5 . 

8.440404629-em.o~~sm dx·( 165·
83

) -6.2428·10-8 ·33300] 
24.5 

' 

8.440404629-e275 '0~~sm dx·( 
165

·
83

) -6.2428·10-8·33300] 
24.5 

e :=[[

500 

8.440404629·e 275·0~~sm dx·( 
165

·
83

)·6.2428·10-
8
·35280] 

434 24.5 

a =4.689 

b =8.989 

c =7.731 

d=2.974 

e = 1.524 

a+ b + c = 21.409 

d+e =4.499 



Zone 1 Toluene 

[1
172.5 

b ·- . . -
56.5 

c :=[[333.5 
172.5 

[1
434 

d·-
.- 333.5 

44.28960603-e 156· 1~~2129 dx-(92
·
15

) -6.2428·10-
3
·33300] 

24.5 

44.28960603-e lS6.I~~2m dx-(92·15) -6.2428·l<J8·33300] 
24.5 

e :=[ rSOO 44.28960603·eU6· 1;~ll29 dx·(92 .1 5) -6.2428·10-8·35280] 
J~4 ~5 

a= 12.446 

b=l9.385 

c = 11.524 

d =3.031 

e = 1.225 

a+ b + c =43.355 

d+e =4.257 



• ' Zone 1 Trichloroethane 

. [I56.5 
8 ·-.-

13 

I. (131.39) l 
0.054568943 + 0.00024320698 ·x·ln( x) d x· 24.5 -6.2428 .ur'. 34260 

[1
172.5 

b ·-.-
56.5 

I ( ) l 131.39 8 

0.054568943 + 0.00024820698 .x·ln{x) dx· 24.5 ·6.2428·10- ·32700 -

c :=[I333.5 

172.5 

I (131.39) l 0.054568943+o.ooo24820698 ·x·ln{x) dx· 24.5 ·6.2428·I0-
8
·333oo 

[1
434 

d·-
.- 333.5 

I (131.39) l 0.054568943 + 0.00024820698 ·x·ln{ x) dx· 24.5 ·6.2428 .J0-
8 
·33300 

[[

500 
e:= I 131.39 

0.054568943 + 0 00024820698 x In( ) dx·(--) -6.2428 ·10-
8 
·35280] 

434 . . . X 24.5 

a =5.979 

b =7.124 

c =4.617 

d = 1.814 

e = 1.018 

a+b+c=l7.72 

d+e =2.833 
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Zone 1 Vinyl Chloride 

a:=[[5 

[1
172.5 

b ·-.-
56.5 

c :=[J333.5 

172.5 

[I
434 

d'-

.- 333.5 

e ==[f5oo 
434 

a =0.697 

b =0.441 

c =0.259 

d =0.103 

e =0.058 

1 (62.5) l (-0.053717534+0.01374nl·x) dx· 24_5 ·6.2428·10-
8
-34260 

I (62.5) l ( -0.053717534+ O.Ol374721 .x) dx· 24_5 ·6.2428·10-
8
·32700 

62.5 8 

1 ( ) l (-0.053717534+0.01374721 .x) dx· 24_5 ·6.2428·10- ·33300 

62.5 8 
(-0.053717534+0.01374721 .x) dx· 24_5)·6.2428·10- ·33300 I ( l 

I (62.5) l (-0.053717534+0.01374721 .x) dx· 245 -6.2428·10-
8
-35280 

a+ b + c = 1.396 

d+e=0.161 



• Zone 1 Xylenes (total) 

·-[[
56

'

5 

-1.484692S4+-1.1717-10-S·x
2 
dx·( 106·17 ) ·6.2428·10-8·34260] 

a·- e 24.5 
13 . 

[I
172.5 

b ·-.-
56.5 

c :=[ r333.5 

J 172.5 

[[

434 

d·-
.- 333.5 

-1.484692S4+-1.1717-10-S ·x
2 
dx·( 106·17 ) -6.2428·10-8 ·32700] 

e 24.5 

e-1.484692S4+-1.171HO-s ·x
2 
dx·( 106·17 ) ·6.2428·10-8 ·33300] 

24.5 

·-[f5oo -1.484692S4+-1.1717·Io-s.i dx·( 106.17) -6.2428·10-8 -35280] 
e ·- e · 24.5 

434 

a =0.09 

b =0.198 

c =0.157 

d=0.037 

e =0.011 

8+ b + c =0.445 

d+e =0.049 



A] ... ~ Mound OU-1 Air Sparging/High Vacuum Soil Vapor Extraction 
Innovative Technology Remediation Demonstration Project 

Air Sparging and Soil Vapor Extraction 
Air Sparge Well Treatment Report #1 

INTRODUCTION 

The Air Sparge (AS) system was installed with PVC well points designed to include micro porous sparge points (advertised 
to produce 50 micron size bubbles). The AS system was operational for about six weeks when the flow rate dropped in half 
and the applied pressure had doubled. This indicated significant AS well point or aquifer plugging. Aquifer tests for 
soluble ferrous iron showed low concentrations at the limits of detection of the measurement method (Hach colorimetric test 
kit). This is consistent with the knowledge of the aquifer as it is thought to be an oxidizing aquifer, with low organic 
carbon, indicating that any iron in the system would be oxidized and present as ferric, and not available to produce any 
significant fouling.. Carbonate fouling is thought to be a principal foulant for the AS system by analogy to the treatment 
required on the air stripper for the pump and treat system. The air stripper requires frequent treatment. The carbonate 
levels in the aquifer are 200 to 300 ppm and air sparging will tend to drive the equilibrium to produce insoluble carbonate 
salts. Biofouling is also thought to be a small contributor to the AS system performance decline. A treatment regime was 
designed to mitigate the carbonate, iron or bio fouling that was thought to have caused tlte decrease in AS system 
performance. 

TREATMENT METHOD 

Commercial chemical treatment materials were selected due to their previous history in commerce and acceptability to Ohio 
State regulatory agencies. A granular acid (NW-110, US Filter Corporation, Johnson Screens) is advertised to remove 
carbonate, sulfate, barium and light iron-scale deposits. A concentrated liquid polymeric acid-enhancer (NW-310, US Filter 
Corporation, Johnson Screens) is advertised to dissolve the biofilm (a polysaccharide slime secreted by tlte bacteria for 
attaclunent and protection), disperse mineral salts and retain the mineral salts in suspension even at high pH. 

Air sparge wells AS-Nl9, AS-N20 and AS-N21 were selected for treatment. Mobilization began on August 25, 1998. The 
air sparge well heads were modified to allow development with a bailer. Initial water levels were obtained and then each 
sparge well was evacuated. About 2 gallons of water was removed from each well and recovery was relatively slow. The 
pH oftlte recovered water averaged 6.5 initially. Following the manufacturer instructions, 0.1 gallons of acid enhancer was 
poured down each well. Ne"1 2.8 pounds of granular acid was added. These were mixed with the bailer motion for about 
10 minutes. The water levels were just above the screened interval when chemicals were added. An additional 0.4 gallons 
of distilled water was added and agitated. The wells set for 24 hours. The wells were then re-agitated and sampled for 
measurement of pH. The values were found to be in the 0.15 to 0.30 range. A decision was made to let the wells set for 
·another 35 hours. On August 29, 1998, the well points were evacuated and the development water stored in a poly tank. 
The pH readings averaged 0.50. Water was added and evaluated several times until it raised the pH to 3.00 or above. The 
development water was neutralized by the addition of a lime slurry to a pH of 5.8 and disposed of at the Mound wastewater 
treatment facility. 

RESULTS 

Table 1 shows the changes in air flow for each air sparge well treated. 

bl 1 A" S T Ta e 1r sparge reatment Resu ts 
Date AS-Nl9 AS-N20 AS-N21 

Initial Conditions (12/23/97) 13 cfm 11 cfm 33 cfm 
Pretreatment (8/3/98) 0 0 

. 
12 

Post Treatment (-8/31/98) 47 27 39 

09130/98 Air Sparge Well Treatment Report #I 
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DISCUSSION 

Due to the success of this treaunent regime, all of the remainder of the air sparge wells on Zone 2 will be treated. Since 
Zone 1 is not being used because of the low concentrations of contaminants being extracted. decisions to treat Zone 1 will be 
made if the decision to restart Zone l is made. 

REFERENCES 

l. http://www.johnsonscreens.com, Innovative cleaning chemicals for the water industry. 
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P~e 1 of2 .- '!Join: Mike llllehmart To: Linda Dum 

SECTION I· GENERAL INFORMATION 

Product Name: 
Date: 

NW-310 Acid Enhancer 
06/01/97 

Product Use: 
Fonnula: 

Acidic dispersant properties used to enhance ac:id cleaning activity. 
Polymeric Acid solution 

DOT Class: Not regulated as a hazardous rnaterial by DOT or IMO 
Manufacturer: US FILTER/ Johnson Screens For Emergencies phone: 800-228-5635 

P.O. Box 64118 
St. Paul, Minnesota ·s5t64 For Information phone: 612 636 3900 

SECTION II ·COMPONENT INFORMATION 

COMPONENTS: The components of this product are not listed or considered hazardous in 29CFR 1910.1200 or other 
pertinent sec:tions of OSHA Regulations and comprise proprietary information. 

SECTION Ill· EMERGENCY RESPONSE INFORMATION 

First Aid Procedures: This produc:t is an acid. Causes eye bums. Immediately flush eyes with water for at least 15 minutes 
and get medical attention. Causes skin irritation or bums. Wash skin surface with mild soap and water. 

Fire Fighting Information: 
Use self-contained brealtling apparatus. 
As with any acid, contact wi1h metals may produce flammable hydrogen gas. 
Use extinguishing media appropriate for surrounding fire. 

Spill or Leak Handling Information: 
Personal Protection: must be appropriate to handle a spill. See Pet5onal Prorection Measures Section. Neutralize spills with 
lime or soda ash; flush spill area with plenty of water. Procedures: Keep spectators away. Treat as an acid rnaterial Contain 
spill with inert material (e.g .. sand, earth. absorbable material). Transfer diking material to suitable container for recovery or 
disposal. Material may be diluted and rinsed down a sanitary sewer system to a municipal wastewater plant If quantities in 
excess of 500 gallons are rinsed to a sewer. the district should be notified of cossible pH upset to the wastewater plant 

SECTION IV- HAZARD INFORMATION 

Heahh Effects: The formulation is corrosive to skin and eyes and 1s not known to be a skin sensitizer, Toxic effects described 
in animals from e)(J)Osure by inhalation or ingestion include corrosion of mucosal surfaces, kldneys effects, liver effects, and 
increased oxylate productJon. Tests of Individual constituents In bacterial or mammalian cell cultures gave no mutagenic 
activity. 

Human health effects of overexposure by skin or eye contact nf.ly initially inc:lude: skin irritation with discomfort or rash; or eye 
irritation with discomfort. tearing, or blurring of vision Highl!r expo!iures may lead to these effects· skin burns or ulceration. or 
eye oo~ion with eomeal or conjunctival ulceration 

Human health effects of overexposure by inhalation may include irritation or corrosion of mucous membranes with upper and 
lower respiratory ~rrrtation. Human l"lealth effeots of overexPosure by ingestion may include corrosion of mucous membranes 
with stomach discomfort, nausea, and prostration Significant skin permeation after contacts appears unlikely. There are no 
reportS of human sensitization. 

Reactivity Information: 
Stability: 
Incompatibility: 
Hazardous Decomposition Products: 
Hazardous Polymerization: 

Stable [X J Unstable [ ) 
Met:lls, oxidizing sgents sucl"l as nitric acid, cyanide, sulfides. 
Carbon monoxide. carbon dioxide, phosphorus OXIdes (extremely small) 
May occur I 1 Will not occur I X 1 
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SECTION V- ACCIDENT PREVENTION INFORMATION 

Personal Protective Measures: 
Eye Protection: Wear chemical splash go9gles (ANSI Z871) or approved equivalent 

lgJ UU.O:/ UU'A 

Pi;e1of2 

Hand Protection: Wear neoprene gloves or approved chemical protective gloves suitable for use in acid material. 

F•cility Control Measures: 
Ventilation: 
Storage: 

Keep in well "'tintllated area. Keep package tightly closed. Store above 320F. (OOC.) 
Product should not be stored wrth or near strong caustic or oxidizing agents. 

Other Protective EQuipment Eye wash facUlty should be present where product is stared or utilized. 

SECnON VI- SUPPLEMENTAL INFORMATION 

Physical Properties: 
Appearance 
State: 
Vapor Density: 
Evaporation Rate: 
Specific Gravity: 
Freezing Point 

Claar 
Liquid 
1.0 (vapor is water) 
N/A 
1.19 
3~F 

Color: 
Vapor Pressure: 
Solubility in Water 
pH· 
Boiling Point: 

Yellow 
Vapor Is water 
Complete 
2.3 
2500F 

Waste Disposal: Comply with Federal. State. and local regulations. If approved. may be neutralized and flushed to 
wastewater treatment plant. 

SECnON VII- REGULATORY INFORMATION 

DOT Proper Shipping: Not regulated as a hazardous material by the US Dept. of Trancportation (DOn 49CFR 172.101 
Hazardous Materials Table. 

RCRA Status: Not a hazardous waste under RCRA -10 CFR 261. No reportable quantities. 

SARA/Title m-cERCLA List: ThiS product does not contain a "CERCLA" liSted hazardous substance for emergency 
release notifiCation under Sec. 304 (40CFR 302}. 

SARAITitle Ill-Toxic Chemicals List: This product does not contain a toxic chemical for routine annuai''Toxic Chemical 
Release Reporting" under Sec. 313 (40CFR 372). 

TSCA Inventory Status: Chemical components listed on TSCA Inventory. 

California Proposition 65: This product does not contain any chemicals currently on the California list of known 
carcinogens and reductive toxins. 

US FllterJ Jchnson ScrceM supplies this data &htet for your informarie~n, considersticn and irl~~~:stisalion. The infonnation and 
recommendatiOI'IS contained herein have been compiled fi'om sources beti~ to be reliable. No warraruy, gusnultee or represenlat:ion Is 
made by us Filter/ Johnson Screens as to the absolute COTTectneSs or efficiency of any representation contained in this and ochtr Safety 
Data Sheets nor assumes any responsibility in connection therewith; nor can it be 8S6umed that an acceplable &afety measures are 
contained in this and othtr SafetY Data Sheets, or that other or additional measures may not be required under particular or e<ceptional 
oondilions or c:irc'llmStanees. You should .;alisty yo\II'Stlfthat you have all current data relevant ro your paniaular use. 
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SECTION I-GENERAL INFORMATION 

Procb::t Nlme: 
0.: 
Product Use: 
Fonnu~H: 
DOT etas: 

NW·110 Dry Add 
01/01J96 
OJy add deuner for we:ll systems. 
Granular adds with dispersant ancl inhibitor propenie$. 
None 

Mianuflldurer. u.s. Flterf Johnson Screens Far Emefgendes CICII'IIact eoo-22&-5635 
P08cc64t18 
St. Paul. Minnesata 55164 

SECTION D- COMPONENT INFORMATION 

No canstitUants of lhe f~ are listed or considered haZardous under OSHA 29CFR 1910.1200 

SECTION Ill-EMERGENCY RESPONSE INFORMAnON 

FIRST AID PROCEDURES 
This ptOcfuct Is a stn:lllg acid. If dUst or gnmules get into llle eyes, mouth, or lungs wtwn moistUre di$&ollle& the material. Sl8llefe bUms 
may occur. 

Eyes: f"'uGh with water Ia' 15 minutes ll!ttiJie holding eyelids open. Get medical attention. 
Sldn: Flush wlh water wtdla removing COIIlamil.ated ciOChlng and 8hoe&. FolkiW bV ~ wilh soap and water. Do not 

reuse dolting 01 shoes until deaned. If irritation persiSt5. ge( medical atlllnticln. 
Get medical attention It persistent lnil:ation or nose and lhnHit occurs. 
If swalowad, ;Ne capigus quantities of milk if avalable, or water to dlute stomach contents. 00 NOT induce 
vomttiv. call a physidan cr lake to a rnedic:al facility. 

FIRE FIGHTING INFORMAT10N 
Wear setr-c:ontafned brealhlng apparatus. 
SIMur cto:dde, sulfur b1oxide and ammQI'Iia gas may be relea$ed in a ftre. 
~Media: water, "aacohol" foam. camcn dioxide. 

SPlU. OR L£AI( HANDUNG INFORMATION 
RecrcM!Il' ~ product in bags 01 COIICainets. Uns.aNageable material may be shOveled cr $Wepl up rcr recovery or dispo$al. AIIOid 
breallling dust. Dike and dlssollle residue in water. Neutralize with alkali before flushing 10 sewer. 

SECTION IV· HAZARD INFORMATION 

HEALTH EFFECTS 
Eyes: can cause eye burn$. $kin: causes &"tin iiT'itaticn. fnlt:.l.ation: causes in1tadon of nase and lhroat. 
IngeStion: \Oleic ~ inges1ian (oral LD 50 rat; 1600 mglkg) Ref. (1) Acciden Ptevention Section. 

REACTMTY INFORMATION 
Stidlilly: Stable r X J Unstable I l 
lncGmpatibility Nilrates. nitrltes, cyanicles, sulfides, c:hlorates, Chlorine, hypochlon:lus add and &Odium hypochkrie. At elevated 
ternpetat\ln!ls conc:entratad acpou$ &Ok4iGn hydrolyzes rapidly generating heat and steam. 
Huudous ··on Produc:b: Suttur dioxide, sutturtriOleide, and ammonia. 

SCIM311U sn tr:sr 8616~/LO 
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SECTION V • ACCIDENT PREVENT10N INFORMAnON 

PERSONAL PROTECTION MEASURES 
Eye Plotedlon: goggle& 
te-d Protedlon: rdlber gfalleS requlnld . 
Resphtaly Protedlon: dUSt respilatol should be warn where possibiliry of inhal8tlon of dust or mht tDCists. None required for normal 
use: . 

FACtUTY CONTROL MEASURES 
Stcnge: pr~ absorption of mol&ture alld poalble cakirlg. Sho\lld be stored in a cool and dry place. Do not store with cyanides, 
Nfide&, ~. hypachlorous acid or hypochlolttes. Bags and containers of this material may be hazardoUs when emptied. Empty 
cantllinet'S ....-n product resldueG. ObseMt al haZard precautions outlined in !his sheet. 
OCher~: rNrVmiZe sldn c:antac:t. Wash wfth soap ar~d water before eating, drinlclrG, smalcing. or u~ toiet facilities. 
Referenc:u: 1) ~PropertieS of lndu&trlal Material. 611\ EdAion, VanNostrand Reinhold. 

NPCAIHMIS Rating Health 
Flammability 
Reactivity 
Special Protec:tiol\ 

SECTION VI- SUPPLEMENTAL INFORMATION 

PHYSICAL PROPERTIES 
Appearance: Small whie CIYStalline powder 
stam: Powder 
Solubility in watar:Appraldmately 24'1Eo by welgtt@ 20 c 
Density: Appoximalaly 80 lb&/cubic ft 
DeconiPOR$! @ 200 c 

WASTE DISPOSAL 

2 
0 
1 
E 

Should be neulrallzed wilh alkalis. Neutralized liquid may be run to Industrial &fJVRI with solids dispatched to an approved wwota dispo&al 
faclity in confom•~Ce with local, state. and federal regutatioos. When working witlt solution and spnNng possible, wear sultallfe eve. 
face and body pnDclioiL 

SEC110N VI· REGULATORY INFORMATION 

DOT Ptoper Shipping: 

RCRA SbllUS: 

Not regulated as a hazardous material by the U.S. Dept. of Transportation (DOT) 49CFR 172.101 
Hazardous Materials Table 

Not a hazardous waste under RCRA (40CFR 26t ). No reportable quantities. 

SARAITITl.E UI-CERCLA Ust: lNs product does I'IOt contain il "CERCLA" Usted haZardous substance for emergency release 
notitlc:ation under Sec:. 304 (40CFR 3n). 

TSCA lnvaltofy Sr.tus: Chemical cornponeots listed on TSCA inventory. 

california Proposition 66: This prodUct does not contain any chemicals current1y on the California list of known carcinogens an<f 
reproclUetllle tOIIins. 

U.S. Filter/ Johnson Screens. supplic::~ this daLa sheet for your infonnalion, consideration and investigation. The information and 
reoommendations c:onlained herein have been compiled from sources believed to be reliable. No warranty, guarantee: or 
representation is made by U.S. Filter/ Johnson Scn:~:us as to the obsolulc correctness or efficiency of any representation 
c:outained in this and other Safety Data Sheets nor assurnes any responsibility in connection therewith; nor can it be ASSUmed that 
all acccpcable safety measures are contained in this and other Safely Data Sheets, or that other or additional measull:S may not 
be required under particular or ~lional conditions or circumstances. You should satisfy yourself tbat you have all current 
data rclcvant to your particular use . 

f'OOif'OOli! sr;H3.I1I.:I sn TL H'9C9ZT9.t; f'T: ST 9616Zil.O 
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Introduction 

ITRD Mound OU-1 
AS/SVE Tracer Test Plan 

An air sparging (AS) and soil vapor extraction (SVE) system is being used at Mound OU-
1 to accelerate contaminant mass removal to shorten the time needed to meet restoration 
goals. The subsurface geology is complicated by a long history of cut and fill operations, 
which preceded the current condition of a constructed industrial landfill. The AS/SVE 
system is placed along the west and south perimeters of the landfill. Questions have arisen 
regarding the pneumatic connection between the VOC vapors produced by the AS system 
and collection by the SVE system. Tracer test technology has the capability to evaluate 

·this connectivity. 

Previously, off-site (westerly under the Conrail tracks) migration of AS generated VOCs 
was a concern. However, monitoring of the vadose zone in monitoring wells 376, 377 and 
388 (Figure l) has shown the presence ofVOCs, prior to the operation of the AS system. 

Table 2. Individual Well Summa!l: Anall!ical Data - Detected ComE2unds Onl~ 
Location Chemical Result (ppb, v/v) Qualifier 

0388 Dichlorodifluoromethane 0.8 J 
l, l ,2-Trichloro-l ,2,2-tri fl uoroethane 340 
Methylene chloride 2 
I, I, l-Trichloroethane 19 
Carbon tetrachloride 2.1 
Trichloroethene 3.5 
Tetrachloroethene 2.7 

0376 Dichlorodifluoromethane 0.72 J 

Trichlorofluoromethane 6.6 
Carbon disulfide 1.2 J 
I, I ,2-Trichloro-1 ,2,2-trifluoroethane 360 
Methylene chloride 1.9 J 
1,1,1-Trichloroethane 19 
Trichloroethene 3.2 
Tetrachloroethene 6.3 

0377 T richlorofl uoromethane 17 

1,1,2-Trichloro-1,2,2-trifluoroethane 110 
Methylene chloride 5.4 m 
1,1,1-Trichloroethane 940 
Trichloroethene II 
T etrachloroethene 9.3 

The concentrations ofVOCs currently in the groundwater at OU-1 are low, with upper 
ends typically about 45 ppb (ug/1) for TCE and 70 ppb (ug/1) for PCE. If one estimates 
equilibrium vapor concentrations from the aqueous phase concentrations with Henry's 
Law constant, one can get a feel for the potential additional mass contributed by the AS 
system. 
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Henry's Law constant is defined as 

CI 
·where K" is the Henry's Law constant (unitless) and Co is the concentration in gas phase 

(g/cm3 soil gas) and CL is the concentration in aqueous phase (g/cm3 soil water). If one 
uses the following values, 

Compound Vapor Vapor Water Henry's Law Constant 

TCE 

PCE 

TCE 
PCE 

2.0 

Pressure Density Solubility 
mmHg ug/m3 mg/1 L, water/L, air Atm-m3/g-mol 

69 4.88E+08 1110 4.4E-Ol 1.07E-02 

18.5 1.64E+08 1503 l.IE-01 2.69E-03 

Estimates ofTCE and PCE vapor phase concentrations can be estimated from the aquifer 
concentrations of 45 and 70 ppb (ug/1) noted above. 

Compound cl (ug/1) KH (1, water/1, air) Cg (ppmv) 
45 4.4E-01 4 
70 l.lE-01 1 

This indicates that, while the aquifer concentrations are low, the Henry's Law constant 
indicates a preference for the TCE and PCE to be in the vapor phase, which can be at 
about the same concentrations found in the SVE extraction manifold (assuming no 
dilution). See SVE System Monitoring Time Series #4 report. 

Transfer of aquifer contaminants off-site (west under the Conrail) may be a concern if the 
geology provides the pathway. See Figure 2. Measurement of this may be indicated by 
increases in VOC vapor concentrations at monitoring wells 376, 377 and 388. Since the 
VOC concentrations at these locations were in the 3 - 10 ppm range for TCE/PCE (see 
Table 1), and dilution of AS generated vapors may be significant over the transport 
distance from AS wells to the off-site monitoring wells, there is great uncertainty whether 
this method can show off-site migration. However, if during the tracer test, soil gas 
measurements can be made in the off-site wells, then this may provide a more sensitive 
indication of off-site migration due to use of the AS system. 

Test Objectives 

The objective of this tracer test is to: I) evaluate the collection efficiency of AS system 
generated vapors by the SVE system, and, 2) evaluate the off-site migration of AS system 
generated vapors. 
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Methods 

Discussions have been held with Randy Golding, Tracer Research, Inc., Tucson, AZ, 
regarding the test objectives and the advantages/disadvantages of tracer test methods and 
are summarized below. 

Continuous vs pulsed tracer injection - Continuous tracer injection seeks to establish a 
steady state extraction concentration by continuous injection of tracer gas. Mass injection 
rates are compared to mass removal rates and an efficiency can be estimated. Early time 
gas samples are not needed; however, this method will likely take much longer than the 
pulse method. The pulse method involves injection of a limited one-time pulse of tracer. 
This method limits the amount of chemical placed into the subsurface.· However, 
monitoring of the appearance and disappearance of the tracer is critical. Collection 
efficiency is determined by a ratio of total mass removed to the total mass injected. The 
pulse method is favored due to the smaller amount of chemical to be injeeted, the shorter 
duration of the test and the availability of the on-site GC system. 

Tracer material- Typical tracers used have included sulfur hexafluoride and halon 
compounds. Choice of tracer is based on low water solubility, absence in subsurface 
environment, and ease of monitoring. Halon compounds are favored due to the ease of 
monitoring with the existing gas sampling gas chromatograph/detector system. However, 
characterization of the halon retention time, detection limits, and potential for interference 
by coelution with existing VOCs is needed. Halon 1211 is proposed 
(bromochlorodifluoromethane). Properties ofHalon 1211 are as follows: 

Propef'!Y Value 
Boiling Point 24.8°F (-4°C) 
Specific Gravity (water= 1) 1.83 
Vapor Pressure (mm Hg) 1770 at 68°F 
Vapor Density 5.8 at 68°F 
Solubility in water Insoluble 
Appearance Colorless gas 
Odor Sweet 

This compound is also used as a propellant for medicinal asthmatic inhalers. The total 
mass of a pulsed tracer injection would be about 5 to 20 lbs and the test duration would 
last 1-2 weeks. 

Injection/Extraction location - The SVE radius of influence (ROI) tests have shown wide 
capture zones for well EW-N7, extending to the North up to EW-N9, EW-NlO and ITRD
N9 and to the South to EW-N2 and EW-N4. ROI tests completed on the French drain 
ED-N2 showed minimal capture outside the French drain, and on EW-N3 (screened in a 
low permeability location) showed no influence in adjacent monitoring wells. See ROI 
Report #1. 

One can envision a range of capture zone characteristics for each of the SVE wells 
operating individually and as a group. The objective of this tracer test is to evaluate the 



A ·r· capture effectiveness of the SVE system on AS generated vapors; however, it is 
unaffordable to evaluate the capture of vapors generated individually from each AS point. 
Therefore, it is proposed to perform one test evaluating the capture of tracer gas injected at 
one AS point, collected by one SVE zone. Groundwater concentrations of VOCs do not 
appear to vary widely across OU-1, so, selection of the Zone 2 SVE system area is 
proposed based on available ROI data that shows it seems to have a wide capture area. 
AS wells are located at each SVE well, and at the midpoint between two SVE wells. If 
one AS well is used for the tracer gas injection, it is proposed that an AS well located 
between two SVE wells be selected. AS-N 18 is proposed. 
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Measurement Methods - The semi-automated GC will be evaluated to determine 
compatibility with Halon 1211. Manifold vapor samples can be collected at periodic 
intervals to assess mass removal rates of the tracer. Tedlar bag samples can be collected 
from the off-site wells to assess off-site migration (see Time Zero Soil Gas Report). The 
SVE system must be turned off during the sample collection period when using the GC 
system. 




