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West Bench
Well I.D.
(North to South)

EW-N9
AS-N21
AS-N20
EW-N8
AS-N19
AS-N18
EW-N7
AS-N17
AS-N10

Th-232
(pCi/g)

0.58
0.55
0.42
0.42
0.36
0.27
0.47
0.35
2.01

Prepared by Large Soi é"Fzroject Group 10/14/97

South Bench
Well I.D. Th-232
(West to East)  (pCi/g)

AS-N4 16.13
EW-N4 98.64
AS-N5 (1) 132.8
AS-N5 (2) 106.2

~ AS-N6 1.91
AS-N7 561.7
EW-N5 1.53
AS-N8 0.61
VPMP-2 0.66
AS-N9 0.47
EW-N6 0.52

North Bench
Well I.D. Th-232
(Westto East) (pCi/g)

AS-N22 04
AS-N23 0.37
EW-N10 MIA

OU1SOILSAMPS xIs

By Road
Well 1.D. Th-232
(North to South) (pCi/g)
VPMP-3 0.37
AS-N3 . 0.52
EW-N3 0.42
VPMP-4 0.36
EW-N1 0.39
AS-N1 0.44
EW-N2 0.43
AS-N2 0.37

Angle Bores
Well I.D.
(West to East)

AS-N11 (1)

AS-N11 (2) -

AS-N12 (1)
AS-N12 (2)
AS-N13
AS-N14
AS-N15
AS-N16

Th-232
(PCi/g)

0.49
03
1.21
31.03
0.4
0.44
0.39
0.46
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0 Mound OU1 ITRD Project Conference Call Summary -- 26
September 1996 |

Participants:

!|Gene Peters |Gordon Homn|Dick Neff [Ron Church _|James Johnson |lAlec Bray  [Ken Hacker;
[Rich Steimle[Matt Justice [Nam Baek|Kathy Lee Fox|Mike Hightower|Kelvin Potter,

July activities included completion on treatability study reports and review & comment from the
partnership. We had a conference call on 25 June 1996. 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, 1997, time frame.

The contracts (design and development) for the Two-Phase Extraction and the AS/SVE systems
should be awarded on or about 15 October. Design of the systems will commence immediately and
proceed through the winter; field work is expected to begin in February-March, 1997.

‘> The three containment system extraction wells (35 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 pC1 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 25 conference call concluded that 15 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 Well 370 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, 1996.
Mound recommends that the ITRD participate in the 30% and 90% design reviews; Gene
recommends 30%, 60%, 90% and 100%.

i
X

‘” The group feels that the 30% review has the most impact and value-added to the process depending
on how that goes, we may gét involved at later stages. The 30% design package will be distributed to

http://www.em.doe.gov/itrdpine/mo960926.html 4/14/99



Mound OU1 ITRD Project Conference Call Summary -- 26 September 1996 : Page 2 of 2

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

‘}} dlclecide on the need for meeting. Mound will provide the project schedule, which Gene will get out to
all.

Alec discussed the QU4 Canal re-route excavation. Due west of the OU1 pond, the contractors found
a concrete slab, under which was found <55 gallons of NAPL believed to be Stoddard solvent.

Hsge | Search | Contents | Vg“::;‘ | Feedback
About This Document
Last Updated 03/19/1997 (mhp)

http://www.em.doe.gov/itrdpine/mo960926.html 4/14/99



=

- Mound QU 1 ITRD Project Conference Call--13 December 1996 Page 1 of 3

Mound OU 1 ITRD Project Conference Call--13 December
1996

. Gene .. [Kelvin Matt Darwood )
Jim Phelan Peters Mark Gilliat Potter (ICT) Dick Neff
Mike . Gordon James Ron
@_ghtower Tim Tharp Horn Alec Bray  {Ken Hacker 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
permeability 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

http://www_em.doe.gov/itrdpine/mo121396.html 4/14/99
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his comments for the record:

0 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. If the 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 SVE/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/mo121396.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 A/E'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 A/E 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 A/E for their response. In a letter to EG&G, on December 19th, the A/E formally 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 A/E 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 A/E's explanation of how they developed the 30%
design, once the A/E 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 A/E 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 A/E and evaluated during the 70% design.

On January 29th, the A/E visited Mound and presented the 70% design package to DOE, EG&G,
Ohio EPA, and Mike Hightower, who represented the ITRD group. This tuned outtobea
productive meeting and the 70% design package was a more organized package than the 30%
submittal. One of the two main points which came out of this 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 A/E 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 of Geo-Probe samples along the west side of the Landfill west
road. In February, Mound installed 4 boreholes with findings of VOC levels consistent with that
observed just east of the road, in the area of Well 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 A/E, 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 of 23 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/mo31897.html 4/14/99
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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
65 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:

Hacker{Neff |Bray [Johnson|Church
Gilliat |Martin{Tharp{Brown [Darwood

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 SVE/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 extractlon wells,
effectively shutting those wells down from extracting vapor.

‘/ One alternative would be to have a water extraction mechanism suck the water out of the bottom of
the well (2-phase, or bioslurping approach), or another alternative would be to move the screened
interval of the high vacuum extraction wells up higher into the till. As he recalled from the 2 test wells,
the one that was completed S 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 second concern is that if we sparge into the aquifer and don't extract from the aquifer, we may
spread the contaminated plume Iaterally.

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. Otherwise, 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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ﬂ Conference Call Notes
ITRD - Mound OU1
August 20, 1997

Participants:

Melinda Trizinsky|\Gene Peters|Dick Neff  |Matt Justice {Jim Phelan|Ken Hacker
Mark Gilliat Nam Baek |Kelvin Potter|Dan Carfagno|[Tim Tharp|Mike Hightoweﬂ

New Team Member

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:

Jim Phelan 505-845-9892 (voice)
Sandia National Laboratory 505-845-0543 (fax)
MS-0719, Org-6621

o~ PO Box 5800 jmphela@sandia.gov

C Y 1515 Eubank St. SE

Albuquerque, NM 87123

Field Update

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
EWNG6) have not been started. None of the 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
contaminated 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 may
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. All of the AS wells are screened in the gravel aquifer;
therefore, differences in lithology should not affect ROI. However the depth of the 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 1) 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 OU1 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 of the
goals of this 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
system 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

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

‘ﬁs 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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‘3 Conference Call Notes
ITRD — Mound OU1
September 3, 1997

Participants:

Melinda . . . Ken Mark Kelvin

Trizinsky Dick Neff [Matt Justice Jim Phel_an Hacker Gilliat Potter
Tim Mike Kathy Lee ' .

Dan Carfagno Tharp Hightower Fox Paul Beam |John Martin

Note: Melinda Trizinsky, Mark Gilliat, Matt Justice and J il»til'Phelan spoke together on a
second conference call on September 3, 1997 to discuss the monitoring plan for Mound OU1.
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-N11). The well has been drilled to about 70 ft 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 location 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.

http://www.em.doe.gov/itrdpine/mo970903.html 4/14/99
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i._ 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. 158, 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 brief B&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 Gilliat, 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 contractor.

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. 2

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.

Phls'mg 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 groundwater 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
@J active monitoring, water displacement might disturb the accuracy of the 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 OU1 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 exmng GAC treatment, piezometers within the treatment zone, and
compliance weIIs)

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’ of well 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 ﬁom 3
ﬂ extraction wells (sampled weekly) to determine effects of AS/SVE 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 headers to assess performance and aid system optimization.

ROI testing — to evaluate .sy;vtem 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 OU1
November 24, 1997

Participants:

[Dick Neff [Matt Justice Jim Phelan [Mark Gilliat {Dan Carfagno

||Tim TharpMike Hightower|Ron ChurchjMark Spivey|Melinda Trizinsky

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

An updated version of the 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.

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

e 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.

e 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).

@ o 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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6’ : - Conference Call Notes
ITRD - Mound OU1
December 17, 1997

Participants:

Dick Neff _|Matt Justice |Jim Phelan |Mark Gilliat |Dan Carfagnol
Kelvin Potter|Mike Hightower|Ron Church[Mark Spivey|John Price |

Agenda

System start-up

System optimization

Costs

Tracer studies

Data Collection and Sharing
Schedule

System Start-up

- 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.

Costs

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

o 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 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 nught
form on the underside of the till unit. If they form, these air bubbles might migrate in unexpected '

6’ 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 for 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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Conference Call Notes
ITRD - Mound OU1
January 28, 1998

Participants:

ick Neff [Matt Justice Jim PhelanMark Gilliat|Dan Carfagno [[Mike Hightower]
on ChurchMelinda Trizinsky|Tom Ham [John MartinjJames Johnson

Agenda
Project status

Dewatering

Tracer studies

Discrete monitoring points
Data collection and sharing
Schedule

System Status

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, 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. 4! 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 in 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
ITRD - Mound OU1
June 10, 1998

Participants:

|Gary Brown [Jim Phelan |Mike Hightower (Sandia)|Dick Neff [Mark Gilliat

. Melinda Trizins .

hDan Carfagno{Mark Spivey||Art Scheer (Mound) (Clean Sites) Kevin Potter (ICI)

Agenda

VOC mass removal/ SVE System Performance
Automated GC performance
Performance testing
Air Sparging system

Web site

Groundwater Currents Article

YOC 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 of VOCs 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 of the 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:

o 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 1 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 of less than one ton of VOCs 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 (7day
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) Mark S. is running manual samples (1 per week). Mark S. 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 Mark S. 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 looser 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 ROL

@ Contaminant Removal Data

Tedlar bags were used to collect dynamic vapor samples from individual well headers between 4/15/98
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 50 *m bubble; most AS systems use 0.010 inch which is 50 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.

o There are several commercial products available to chemically treat fouled wells. Johnson Screen sells
0 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 of the 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
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Ground Water Currents, 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 DNAPLSs in their treatment area. It might be worthwhile to stay in close touch
with this group.

Other

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

Day(s)
15-26

15-19
15

15 -16
17-18
23

23
23
23
24
24

10-19
20-24

Mound OU- 1 Schedule

June 1998

Action
quarterly groundwater monitoring
query GTI on AS issues/resolutions in OH

develop questions for RE Wright on AS design
(request response by 6/25)

carbon by-pass proposal to DOE-MD
DOE-MD review carbon by-pass proposal

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

mass removal report and data posted on web

individual well VOC data posted on web

pressure/flow report & data posted on web

SVE vacuunvflow measurement

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

July 1998

Action

SVE carbon change out

Spivey on Vacation

Phelan on Vacation

AS treatment proposal to DOE-MD

AS treatment proposal review by DOE-MD

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

Gilliat on Vacation
SVE individual well quarterly samples/Sentex analysis

http://www.em.doe.goV/itrdpine/980610cc. html

By Whom
Gilliat/Terran

Gilliat
Spivey

Spivey
Kleinrath
Kleinrath

Phelan
Phelan/Brown
Phelan
Spivey
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Spivey
Spivey
Phelan
Gilliat
Kleinrath
Kleinrath

Gilliat
Spivey/Brown
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Mound OU-1 ITRD Performance Monitoring Group, Conference Call Miﬁutés, July 22, 1998 Page 1 of 2

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 of Influence Test
Open Discussion -

Participants on the Conference Call

Jim Phelan, (Sandia [[Kathy Lee [Matt Justice (Ohio [Nam Baek (Oxy Dick Neff
Labs) Fox EPA) Chemical) ick e

Dan - Mark Spivey Melinda Trizinsky
Ron Church ﬂCarfagno Mark Gilliat (Mound) (Clean Sites)

Review Schedule/Action Items

_‘> 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 to RE 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
o - 31 or the following week. The AS well treatment will be performed by Terran under contract to
‘9 Sandia National Laboratories, hopefully about August 10.

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 NuWell 310 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 Midmisburg 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 to M. 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 PO15 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.
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About This Document
Last Updated 08/03/1998 (mhp)

http://www.em.doe.gov/itrdpine/072298.html 4/14/99



J

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

Performance Monitoring Group
Conference Call Minutes
August 31, 1998

Agenda

Results of the AS Treatment

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 Back

(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 c¢fm (measured by the thermal anemometer) on 12/23/97. Using the integrating
pitot 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 recommended 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 afier 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 RI/FS
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 indicated that EW-N7 exerts a vacuum of 0.13 in
water on EW-N2, 0.115 in. water on EW-N10, 0.9 in water on ITRD-N9, 0.5 in. water on EW-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



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 resuits report will be
posted on the web soon. The general trends are for declining concentrations with wells EW-N7, EW-NS8,
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/termination 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)

Performance Monitoring Group
Conference Call Minutes
October 7, 1998

Agenda
¢ AS Well Treatment Progress
o  Web Reports

o AS Treatment #1

e Radius of Influence #1

Measurement of Effect of AS on SVE Performance
Groundwater Contaminant Downgradient Plots
Groundwater Contaminant June Data

Discrete Level Monitoring

Tracer Test

Cost and Performance 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 mcludes 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 permeability 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 collectlon 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 of OU-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.



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 information 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 of the 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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Mound OQU-1
Innovative Technology Remediation Demonstration Program (ITRD)

Performance Monitoring Gi‘oup
Conference Call Minutes
November 23, 1998

Agenda
¢ SVE Contaminant Extraction Performance .
e Total Mass Removal
e Individual Well Data )
SVE System Breakdown, Restart and Contaminant Rebound
Sentex GC Problems/Resolution
AS System
e Zone 2 Treatment Completion
¢ Change in Pneumatic Performance
¢ Effect on SVE Contaminant Concentrations
e 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 Ibs. 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 of liquid water through the vacuum extraction
pump as a result of bypass of the carbon treatment 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 of this 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,



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
lower grade of carbon ($0.20/1b 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 of November 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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Mound OU-1
Innovative Technology Remediation Demonstration Program (ITRD)

Performance Monitoring Group
Conference Call Minutes
December 14, 1998

Agenda
e Sentex GC System Repair
e AS System

e pneumatic performance
e effect on SVE contaminant concentrations
e Tracer Test Plan
e Halon 1211 (GC compatibility, regulatory acceptance)
e pulse injection— 1 Ib
e test duration — 1-2 days
e 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 Back (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 Performance
All of the 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 tumned 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 1.5to 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% of the peak value within 2-3 days. The
trailing tail of the curve, however, lasted weeks at very low concentration ( <Ippm). 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 particulars:
1) injected about 10 grams of Halon 1211 2) flow rates of between 12& 15 cfin 3) injected in a low
permeable, 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 Ib to 10 Ibs, since the 1
Ib 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 cfm 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 permitting 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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P!)of y

. o Z1 1S
Buiiif@ D1 SVE System Parameters Q |
- SVE:.
Date Time | Hdr. | Bar. Press. | in Temp. | Ot Temp. | Ex Temp. | Mag. | Bi Press. | Ht Excg. | 6LP Temp. | Sys. Vac. | PostFit. | Pre FR | Hdr. Vac. | H20 Mir. | Cale. Flow | Flow
(USA) {24hr) | Zone | (Hg) 2] R ) (H0 (psig) CHo) (F+50) (Hg) (Hg) | CHg) | (Hg) (gal) | (FtMin) | (CFM)
12/18/97 1245 | 1 30.05 72 42 197 0.85 0 10 1725 | 145 | 14 | 1225 | 22285 4100 559
12119197 13.48 | 1 30 80 54 200 0.9 0 8.5 -17 1145 | -135 -12 2294 4250 580
12/22/97 1330 | 1 293 78 45 190 09 0 9.4 4675 | 142 | 134 | 12 2361 4200 573
12723097 1715 | 1 ED) 204 0.8 0 -105 A775 | 154 | 446 | -131 | 33675 4000 545
12/29/97 1130 | 1 30 200 0.75 0 -105 A7 149 | 441 | 128 474 3000 532
1/5/98 1200 | 1 30.2 82 212 0.825 0 -10 208 176 45 | 1425 | 13 49235 4100 §59
1/5/98 1245 | 1
1/9/98 13:30 | 1 30 74 40 204 08 0 1025 | 196 176 451 | -144 13 8758 4000 545
1/12/98 1351 | 1 30 76 206 0.825 0 -10.25 76 | 1525 | -144 -13 9036 4100 559
1/13/98 1350 | 1 303 68 30 199 0.825 0 -106 190 79 | 1525 | 145 | 134 9058 4100 559
1/14/98 1349 | 1 302 70 38 204 0.825 0 105 192 78 451 | -144 | 138 9058 4100 559
1/15/98 953 | 1 30 75 38 203 0.825 0 -10.4 194 17.6 45 | 14t | 1275 | 9058 4100 559
1116/98 800 | 1
115/98 1345 | 1 30.03 70 32 200 08 0 -10.5 190 1775 A5 | 144 13 9090 4000 545
1727/98 800 | 1
1729/98 13:46 | 1 29.76 74 40 206 08 0 -10.4 194 75 45 [ 1425 -13 97305 4050 552
1/30/98 1350 | 1 30.01 73 35 202 0.82 0 -105 188 4775 | 151 | 144 | 1325 | 9778 4100 559
2/2/58 950 | 1 30.07 82 49 192 0.95 0 86 199 1625 | -13.25 | 126 | -8.75 9778 4350 593
2/3/38 13:40 | 1 20.13 73 40 187 0.98 0 875 192 164 | 1325 | 125 | -114 9778 4400 600
2/4/98 S00 | 1 29.88 63 28 180 0.95 0 -89 181 163 132 | 125 [ 1125 | o778 4300 586
213198 950 | 9 30.11 66 40 180 095 | 0 -89 186 -16.4 126 | 119 | 1075 | 10405 4300 586
216/98 558 | 1 30.04 63 38 180 0.95 0 -8.75 189 1625 | -126 | 119 | 107 | 11147 4300 566
2117/98 555 | 9 29.65 59 45 187 0.95 o 86 196 -16 124 | 1175 | 405 | 11183 4325 | 590
218198 555 | 1 2937 69 45 186 0.95 0 85 194 159 124 | 17 | 104 | 11866 4350 £33
219/98 1355 | 1 2987 69 41 186 0.95 0 89 192 4625 | 1275 | -12 -10.4 | 14999 4300 586
223/98 557 | 1 29.79 85 37 184 0.93 0 89 189 1625 | 1225 | -115 | 98 15330 4275 583
2427198 1315 | 1 29.65 79 62 194 0.85 ) 8.4 205 -159 42 | 114 | 1025 | 15330 4350 593
372/98 557 | 1 29.78 56 28 172 0.95 0 8.75 176 -16 124 | -118 | 105 | 15330 4250 580
314798 1555 | 1 29.89 64 3 177 0.95 0 85 182 -16 A2 | 115 | -105 | 15330 4300 586
35198 948 | 1 30,12 60 33 176 0.95 0 875 180 1625 | 1225 | 116 | 95 15330 4275 583
3r5i98 1351 | 1 3012 66 37 190 0.85 0 89 184 725 | 939 | 131 | 119 | 15330 4100 559
9198 1350 | 1 | 2949 68 35 186 0.825 0 -9.75 186 4675 | 135 | -127 | -11.4 | 16862 4075 556
3/10/98 550 | 1 301 66 20 191 0.85 0 -10.1 190 -17.4 14 | 432 | 17 | 17578 4075 556
311598 945 | 1 30.46 68 20 188 0.85 0 -10 187 174 141 | 134 | 119 | 17648 4050 552
311298 1500 | 1
3/19/98 1315 | 1 29.82 83 58 200 0.85 0 86 204 A7 138 | 13 119 | 18450 4100 559
3/20/98 1355 | 1 25 68 42 190 0.825 0 98 190 47 138 | -13 118 | 19539 4075 556
322% 555 | 1 29.99 64 30 188 0.825 0 -10.1 184 472 142 | 134 | 124 22860 4050 552
3724158 17:00 | 1
3/25/98 557 | 1 3031 66 38 189 0.825 0 103 186 476 | 1425 | -134 | 119 | 22%6 4050 552
3/26/98 740 | 1 30.16 78 57 210 0.775 0 -109 204 18 142 | 134 | 1.8 | 22930 4000 545
3/27/98 1505 | 1 30.02 100 77 232 0.775 0 -10.7 227 -17.9 134 | -128 -11.9 22930 4050 552
33098 745 | 1 29.93 87 66 225 08 0 -10.4 212 176 38 | 131 | 1175 | 22630 4075 556
ﬁ’g& _7122 : 2-';’; _32 z 216 0.8 0 -10.1 213 175 144 | -138 -12 22930 4075 £56
e T B s % gsg 0.8 0 -10.25 200 -17.4 144 | 136 | 123 | 23162 4000 | 545 .
. . 0.8 0 -10.4 209 -17.6 -146 | 136 -12 23175 4025 549,

":.’-4 e
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4/7/98 9:00 | 1
4/8/98 1550 | 1 91 216 0.77 0 -10 212 7.2 139 | 13 118 | 23770 3950 539
4/9/98 15:30 | 1 _
4/13/98 745 | 1 30.05 74 54 206 0.775 0 -10.75 196 178 46 | 139 | -125 | 27517 3950 539
4/14/98 1544 | 1 2977 87 65 215 0.78 0 -106 209 A77 145 | -136 -12 27563 4000 545
4/15/98 1545 | 1 29.81 82 59 206 0.78 0 1104 204 75 44 | 431 | 115 | 27563 3975 542
4/16/98 1555 | 1 296 92 71 220 0.78 0 -10.25 214 175 41 | 1325 | 12 31557 4050 552
417198 1551 | 1 30.05 80 54 220 0.72 0 16 202 185 | 1525 | 144 | -129 | 32567 3850 525
4/18/98 1535 | 1 3012 87 63 220 0.77 0 1 209 8.1 447 | 139 | 125 | 34283 3950 539
4/20/98 1535 | 1 30.12 87 63 220 0.77 0 1 209 181 147 | 139 | -125 | 34283 3950 539
421/98 730 | 1 30.07 70 47 205 0.75 0 12 190 18.2 A47 | 138 | -125 | 34472 3875 528
4/22198 1530 | 1 29.95 84 50 212 0.78 0 107 204 178 143 | 134 | 119 | 34732 4000 545
4/23/98 15:40 | 1 2993 86 62 214 0.78 0 105 208 77 A4 | 134 | 15 | 34874 4000 545
4/27/98 750 | 1 30.19 73 40 200 083 0 103 194 A75 136 | 1275 | -115 | 35244 4050 552
4/28/98 1558 | 1 3028 ) 65 206 0.88 0 -9.75 213 74 139 | 132 | 118 | 35321 4200 573
4/28/98 1707 | 1 3027 ) 65 216 08 0 105 215 76 146 | 139 | -126 | 35321 4050 552
4/29/98 730 | 1 3016 77 54 207 08 0 107 202 1775 | 147 | 14 | 1275 | 35321 4025 549
4/30/98 750 | 1 3001 80 57 212 0.78 0 106 206 76 147 | 139 | 127 | 35802 3975 542
5/1/98 1550 | 1 29.63 85 62 214 0.77 0 103 209 174 145 | 1375 | -125 | 38397 3975 542
5/4/98 750 | 1 29.72 72 49 203 0.76 0 107 193 76 146 | 139 | -126 | 39012 3925 535
5/6/98 655 | 1 29.91 73 54 203 077 0 -10.7 194 176 147 | 139 | -126 | 39152 3950 539
5/7/98 750 | 1 29.69 84 62 212 0.78 0 104 206 174 146 | 138 | -125 | 39175 4000 545
5/7/98 13:05 | 1
5/22/98 15:40 | 1 29.92 90 66 230 075 0 11 220 -18 138 | 13 115 | 46250 3970 541
7/20/98 13:04 | 1 30.05 100 78 244 0.71 0 116 231 1865 | -1275 | 118 | -106 | 58755 | - 3875 528
7/21/98 1145 | 1 30.07 110 87 250 0.7 0 115 239 187 124 | 115 | -101 58755 3875 528
7/21/98 1433 | 1 30.05 114 91 242 0.78 0 105 242 18 13 | 104 | 91 58755 4050 552
07/29/98 7.00 | 1 2997 %0 68 218 08 0 -10.4 214 7.6 122 | 115 | 102 | 59521 4100 559
8/3/98 1508 | 1 560
1013/98 730 | 1 30.06 78 51 196 095 0 94 209 176 479 | a7 152 | 60434 4340 561
1013/98 1550 | 1 29.99 % 66 208 0.98 0 -91 228 7.4 178 | 169 | -151 60434 4475 562
10/14/98 7.00 | 1 3007 76 39 194 0.94 0 -95 206 75 78 | A7 151 60434 4300 563
10/14/98 14:40 | 1 3006 88 58 200 095 0 92 218 7.4 478 | 169 | -151 60434 4350 564
10/15/98 840 | 1 30.21 74 46 192 0.94 0 -95 204 75 479 | A74 | -151 60434 4300 565
10/15/98 956 | 1 30.22 76 48 204 078 0 12 204 188 192 | 184 | -168 | 60434 3950 566
10/15/98 1235 | 1. | 3025 81 54 210 0.82 0 107 210 185 189 | 181 | -163 | 60434 4075 567
2117199 1355 | 1 29.97 62 33 210 0.67 0 128 176 188 153 | 142 | -125 | 106311 3700 568
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B1 AS System Parameters Z‘st
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AS:
Date Main Temp.| Mag. | Main Press. | Zone Press. | Calc. Flow | Flow
(USA) CF) ("H;0) (psig) (psig) (FtMin) | (CFM) |Notes
12/18/97 173 16 9 85 5550 272 |sample 036967-001 taken on zone 1 @ 13:20
12/19/97 194 2.1 95" 525 6400 314 |Sys. Shut down at 8:00, tighten belts, replace bulb over carbon tanks, put bolts in uni, restart Zone 1 @ 12:30
12/22/97 190 215 9.5 S 6500 319 |Sample 036970-001 taken on zone 1 @ 14:04
12/23/97 202 2 11.5 74 6300 309 |Had to utilize AS bleed-off to building due to pressure relief pop-off vaive actuation on Zone switching
12/29/97 1.5 9.6 6 5500 270 |AS Temp. gauge broken, Estimated temp., Sampie 036972-001 taken on zone 1 @ 12:05
1/5/98 1.6 10 6.25 5600 275 |AS Temp. gauge broken, Est. Temp. 185, Sample 036974-001 taken on zone 1 @ 12:15
1/5/98 System shut down, blowers greased, adjusted AS bypass valve, shut ED-N2 due to rain, replaced AS temp gauge
1/9/98 150 1.75 11 74 5700 280
1/12/98 160 15 12 8.25 5300 260 |Sample 036975-001 taken on zone 1 @ 14.05
1/13/98 150 155 12 8.75 5300 260
1/14/98 158 1.45 12 8.5 5200 255
1/15/98 159 14 121 8.75 5100 250
1/16/98 System shut down, blowers greased & lubed, belts tightened, filtters changed, strainer cleaned, pump primed
1/19/98 160 1.15 12.75 9.75 4650 228 |Sample 036977-001 taken on zone 1 @ 14:05
1/27/98 System shut down for Sandia mods., restarted 1/28/98 14:30
1/29/98 183 05 145 11 3150 155
1/30/98 183 06 14.75 115 3400 167
2/2/98 197 0.5 149 11.25 3150 155 |Opened AS-N1 & N3 to full open, Increased EW-N2 & N4 to compensate @ 8:20
2/3/98 190 0.4 149 116 2800 137
2/4/98 176 0.35 14.8 12 2600 128  |Snow & Freezing, precip. = 0.01" in last hour, system shut down at noon due to break through of contaminants
2/13/98 Carbon changed on 2/12/98 Zone 1 ran for 1 hour shut down at 14:40 leaking pump, restart @ 8:00 today
2/16/98 0.19" of rain for the day
2/17/98 0.34" of rain for the day
2/18/98 at 06:20 gal. pumped = 12,017, disconnected lines 3 & 4 from GC and purged them with argon, 0.43" of rain today
2/19/98
2/23/98 Sample ports 3&4 on GC back-flushed with argon, shut down at noon, line contamination (argon)
2/27/98 System restart at 16:00 on 2/26, ran fron 13:30 to 14:00 on 2/25 shut down for stripper cleaning
3/2/98
3/4/98
3/5/98
3/5/98 following rebalance of extraction wells with magnehelics
3/9/98 0.7" precip. Past 24 hrs., Sys. shutdown @ midnight - high K.O. tank level - pump lost prime, GC exhib. Memory
3/10/98 GC baked overnight
3/11/98
3/12/98 SVE System shut down due to Air Stripper fouling
3/19/98
3/20/98 Rain, 04:00 - 16:00 0.72"
3/22/98
3/24/98 System shut down for tour for 30 min.
:::Z://Z: summa 036982-001 @ 06:06, system carbon chg. 07:30 - 15:55, chg. Te Z2=6hr & Z1=2hr cycles, flow dir. Chg.
3/27/98
gg?gg System power cycled for ports 3 & 4 readings approx. 1 hour before zone 1 readings
4/1/98

0.53" of rain since 3/31 19:00 hrs

4/2/98
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4/7/98

System shut down for maint. Restarted at 15:30

4/8/98

Flow is based upon an estimated Bar. Press. of 30.00

4/9/98

High water level in K.O. tank, auto shut down, system left off for weekend

4/13/98

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

4/14/98

4/15/98

Sampling wells via Tedlar

4/16/98

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

4/17/98

160

0.4

14.6

13

2750

135

following slight re-balance, re-balance postponed due to wet conditions, AS-N1 & N3 full on

4/18/98

4/20/98

4/21/98

4/22/98

4/23/98

4/27/98

4/28/98

Before Rebalance, carbon change

4/28/98

Following Rebalance

4/29/98

4/30/98

Raining, ground saturated, 0.97"

5/1/98

5/4/98

$/6/98

5/7/98

S/7/98

System set to run on Zone 2 full time

5/22/98

7/20/98

7/21/98

7/21/98

EW-N1, N4, & N6 set to 4" WC, EW-NS at 0.2° WC, Following QTRLY Tedlar Sampling

7/29/98

8/3/98

270

0.5

13.75

10

3300

162

10/13/98

10/13/98

10/14/98

10/14/98

10/15/98

10/15/98

10/15/98

2/17/99

Sampling wells via Ted!ar. Ground condition are wet.
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Bunﬁﬁ‘@;m SVE System Parameters |~ W, Y 1Build-
SVE:

Date Time | Hdr. | Bar. Press. | In Temp. | Out Temp. | Ex. Temp. | Mag. | Bk. Press. | Ht. Excg. | 6LP Temp.| Sys. Vac. | Post Fit. | Pre Fit. | Hdr. Vac. | H20 Mtr. | Calc. Flow Flow Date
(USA) | (24hr) [ Zone| (Hg) CF) CF) CF) _|CH0)[ (psig) (Hg) | (F+50) (Hg) (CHg) | CHg) | (Hg) (gal) | (Ft/Min) | (CFM) | (USA)
1211897 | 750 | 2 30.05 64 20 184 | 0925 0 925 -165 14 -13 115 | 22265 4200 573 | 121807
1218/97 | 1655 | 2 30 78 190 0.95 0 85 -16 135 | 125 11 24925 | 4250 580 | 12/18M7
12/19/97 | 1725 | 2 30 78 42 190 1 0 -16 135 | 125 11 2294 4450 607 | 121987
12/22/97 | 730 | 2 30 68 182 0.95 0 8.75 -16 135 | 125 | 1075 | 23385 | 4300 586 | 12722097
12/23/97 | 7:30 | 2 30 68 37 186 0.95 0 190 165 | 1375 | -13 A1 32065 | 4325 590 | 1272397
12/23/97 | 1055 | 2 30 69 208 08 0 11075 7.9 155 | -1475] 13 33435 4025 549 | 1223097
12/29/97 | 745 | 2 30 60 200 0.75 0 -10.9 180 7.9 152 | 144 | -128 4374 3900 532 | 12/29/97
12/30/97 | 7:00 | 2 30 63 180 09 0 -9 182 165 134 | 126 11 490825 | 4150 566 | 12/30/97
01/05/98 | 655 | 2 30.2 81 47 190 0.95- 0 85 200 1625 | -134 | -126 | -11.25 | 49235 | 4300 586 1/5/98
01/05/98 | 1245 [ 2 1/5/98
01/08/98 | 7:50 | 2 30 76 44 192 09 0 89 199 164 437 | 129 | 1.2 7241 4200 573 1/8/98
01/09/98 | 11:30 | 2 30 79 40 190 095 0 86 200 1625 | -136 | -128 | -1 8758 4300 586 1/9/98
01/12/98 | 1540 | 2 30 80 51 184 1 0 825 198 -16 1325 | 124 | -106 9036 4400 600 1/12/98
01713/98 | 1559 | 2 303 174 1 0 85 196 161 A31 | -1225| -105 9058 4350 593 1/13/98
01/14/98 | 1545 | 2 301 180 1 0 84 190 161 A31 | 112 | -105 9058 4400 600 1/14/98
01/15/98 | 7:45 | 2 30 73 33 180 1 0 84 189 16 - A3 12 -10.4 9058 4400 600 1/15/98
01/16/98 | 800 | 2 1/16/98
01/19/98 | 7:36 | 2 30.03 65 19 176 | 0.955 0 875 180 1625 | 134 | 126 | -10.75 | 9084 4350 593 1/19/98
01/27/98 | 800 | 2 1/27/98
01/29/98 | 7:50 | 2 29.76 66 38 180 1 0. 85 186 16 13 | 124 1 93015 4425 603 1/29/98
01/30/98 | 1555 | 2 30.01 70 34 171 1.05 0 79 180 156 125 | 118 | -104 9778 4450 607 1/30/98
02/02/98 | 7:35 | 2 30.06 75 45 178 1.1 0 76 192 155 | <1225 | 115 | -104 9778 4600 627 2/2/98
02/03/98 | 11:46 | 2 30.21 68 39 173 1.08 0 775 185 156 | -1225 | 116 | -101 9778 4554 621 2/3/98
02/04/98 | 7.00 | 2 29.87 65 29 170 105 0 79 184 154 121 | 115 -10 9778 4500 614 2/4/98
02/13/98 | 1155 | 2 30.07 67 44 184 0.95 0 -89 190 -16.4 4126 | 119 | -102 [ 11026 4300 586 2/13/98
0216/98 | 755 | 2 30,02 62 39 172 105 0 79 185 155 M7 | N 96 11147 4475 610 2/16/98
02/17/98 | 755 | 2 2956 70 45 179 1 0 79 194 154 116 | -109 9.6 11193 4440 605 2/17/98
02/18/98 | 750 | 2 29.42 70 44 202 0.8 0 99 195 7 139 | 131 | 415 | 12617 4050 552 2/18/98
02/19/98 | 7:55 | 2 29.86 63 38 179 095 0 86 188 -16 125 | 1175 | -101 14975 4300 586 2/19/98
02/23/98 | 7:37 | 2 29.78 64 37 177 0.98 0 85 188 158 | 4175 | -1 95 15330 4375 597 2/23/98
02/27/98 | 7:48 | 2 296 75 53 180 1.05 0 75 196 151 11 | 104 -9 15330 4550 620 2/27/98
03/02/98 | 11:50 | 2 29.76 67 31 170 1.05 0 76 188 152 115 | 1075 | 95 15330 4500 614 3/2/98
03/03/98 | 7:45 | 2 29.76 62 33 166 1.05 0 76 179 152 15 | -1075| -95 15330 4500 614 3/3/98
03/04/98 | 7.04 | 2 2988 65 32 168 1.05 0 76 185 152 116 | -108 95 15330 4500 614 3/4/98
03/05/98 | 7:42 | 2 301 73 28 172 1.05 0 79 188 155 115 | -108 95 15330 4475 610 3/5/98
03/05/98 | 14:45 | 2 30.12 68 37 182 0.95 0 99 186 -16.4 128 | 121 | -109 | 15330 4300 586 3/5/98
03/06/98 | 7:45 | 2 30.2 62 33 180 0.95 0 -9 182 164 129 | -121 | -108 | 15330 4275 583 3/6/98
03/09/98 | 1155 | 2 29.38 64 42 192 0.8 0 -10.1 166 -17.2 14 | -1325| -11.5 | 16862 4025 549 3/9/98
03/10/98 | 7:45 | 2 3013 66 19 180 0.9 0 96 185 -16.8 134 | 126 | -11.2 | 17601 4175 569 3/10/98
0311/98 | 758 | 2 30.43 66 18 176 | 0925 0 95 183 -16.9 134 | -126 -11 17648 4200 573 3/11/98
03/12/98 | 7:38 | 2 3055 67 10 181 0.9 0 96 183 471 | 1375 | -129 | -11.3 | 17648 4150 566 31298 |
03/19/98 | 7.45 | 2 29.88 73 51 189 0.9 0 94 194 1675 | -134 | 126 | -11.1 18430 4200 573 3/19/98
03/20/98 | 1551 | 2 295 68 43 21 07 0 114 192 182 153 | 147 | 129 | 20573 3800 518 3/20/98
03/23/98 | 7:45 | 2 30.02 65 32 182 09 0 95 184 -16.8 135 | 127 | 114 | 22860 4200 573 3/23/98
03/25/98 | 357 | 2 30.29 65 38 184 | 0.875 0 99 182 1725 | 139 | -131 | 115 | 22906 4100 559 3/25/98
03/26/98 | 550 | 2 3013 76 54 202 | 0.825 0 10.25 200 175 35 | 127 | 112 | 22930 4050 552 3/26/98




03/27/965Y BT 3007 98 76 223 | 0825 0 4 5222 -175 | 128 | -12 -108 | 22930 4100 Fa 27/98
03/30/98 | 54032 29.93 87 64 227 0.725 0 A/ 213 -18.1 415 | 1074 95 22930 3900 3/30/98
03/30/08 | 1220 | 2 29.89 98 73 219 0.825 0 9.75 222 -17.1 14 | 133 -12 22930 4150 566 3/30/98
033198 | 555 | 2 29.76 87 66 212 0.8 0 9.9 213 174 141 | -1325] -11.75 | 22930 4075 556 331/98
04/01/98 | S5:51 2 20.77 77 49 204 0.8 0 -10.2 200 -17.4 143 | 135 | -1241 23152 4000 545 4/1/98
04/02/08 | 1355 | 2 29.98 80 54 206 0.8 0 -10.25 202 175 -144 | -135 -12 23175 4025 549 4/2/98
04/07/98 | 900 | 2 477198
04/08/88 | 1350 | 2 90 216 0.8 0 -10 212 174 -145 | -133 -12 23770 4050 552 4/8/98
04/09/98 | 1350 | 2 74 200 0.81 0 -10.2 200 -175 -142 [ 132 -12 26590 4000 545 4/9/98
04/09/98 | 1530 | 2 4/9/98
O04/13/98 | 553 | 2 30.06 74 53 200 0.8 0 -10.5 196 175 -143 | -136 -12 27517 4000 545 4/13/98
04/14/98 | 1330 | 2 20.77 84 60 209 0.81 0 -10.25 206 -17.4 -141 [ -1325] -11.7 27563 4075 556 414/98
04/15/08 | 1345 | 2 29.84 84 63 209 0.81 0 -10.1 205 -17.4 4139 | 129 | -114 27563 4050 562 4/15/98
04/16/98 | 1330 | 2 29.62 91 68 226 0.75 0 -10.9 213 1179 146 | 137 | -122 31532 3975 542 4/16/98
04/17/98 | 1100 | 2 30.01 72 46 205 0.76 0 -1 192 -18 146 | 137 | -1225 | 32494 3910 533 417198
04/17/98 | 11:28 | 2 30.01 74 46 210 0.75 0 -11.25 193 -18.2 -1475 | 14 -12.4 32494 3940 537 417198
04/18/98 | 1340 | 2 30.14 82 59 212 0.77 0 -10.9 202 -18 -145 | 137 -12.2 34260 3950 539 4/18/98
04/20/98 | 1340 | 2 30.14 82 59 212 0.77 0 -10.9 202 -18 145 | 137 | 122 34283 3950 539 4/20/98
04/21/08 | 915 | 2 30.1 73 50 205 0.75 0 -11 190 -18.1 146 | 137 | -121 34472 3875 528 4/21/98
0422/98 | 1346 | 2 29.96 83 59 211 0.78 0 -10.6 203 -17.8 -142 | 133 -12 34732 4000 545 |. 4/22/98
04/23/98 | 1650 | 2 29.94 87 65 214 0.78 0 -106 208 1775 | -141 [ -1325| -11.7 34871 4000 545 4/23/98
04/27/198 | 10115 | 2 30.21 72 46 199 0.8 0 -10.7 190 -17.8 -141 | -1325 -12 35244 4000 545 4/27/198
04/28/98 | 1358 | 2 30.31 82 60 202 0.83 0 -10.1 202 -17.4 142 | 134 | -1241 35321 4075 556 4/28/98
04/28/98 | 17:40 | 2 30.25 90 65 208 0.85 0 975 214 -17.1 -14 | -13.25 -12 35321 4125 562 4/268/98
04/28/98 | 18:42 | 2 30.25 88 63 214 0.8 0 -10.4 214 176 146 | -139 | -125 35321 4050 552 4/28/98
04/29/98 | 930 | 2 30.19 81 56 208 0.8 0 -10.6 206 -17.6 146 | -139 | -126 35321 4025 549 4/29/98
04/30/98 | 550 | 2 30.02 80 57 238 0.62 0 -12.6 210 -19.1 166 | -159 | -1425 | 35802 3700 505 4/30/98
05/01/98 | 13:50 | 2 2964 88 63 218 0.75 0 -105 210 -175 -146 | -138 124 38397 3940 537 5/1/98
05/04/98 | 558 | 2 29.69 71 48 207 0.75 0 -109 194 -17.75 -148 -14 -126 39012 3925 535 5/4/98
05/05/98 | 13:55 | 2 29.88 94 70 220 0.78 0 -10.4 216 -175 146 | -138 | -123 39106 4025 549 5/5/98
05/06/98 | 555 | 2 29.9 73 55 206 0.77 0 -10.7 195 -17.6 1147 | 139 | -126 39152 3950 539 5/6/98
05/07/98 | 10:00 | 2 29.67 82 61 213 0.77 0 -105 205 -175 147 | 139 | -126 39175 3985 543 5/7/98
05/07/98 | 13.05 | 2 29.56 " 83 59 233 0.58 -19.4 39707 3500 477 5/7/98
05/07/98 | 1325 | 2 29.56 82 59 216 0.8 0 -10 206 17 154 | 147 | -134 39771 5/7/98
05/08/98 | 10:30 | 2 2947 85 62 227 0.685 0 -11.4 210 -18 154 | 147 | -1341 44630 3825 522 5/8/98
05/11/98 | 620 | 2 29.83 77 51 213 0.74 0 -1 199 -17.9 A5 | 142 | -126 45380 3900 532 5/11/98
05/11/98 | 1430 | 2 29.83 92 68 225 0.75 ) -10.8 214 -17.8 -15 142 | -126 45476 3975 542 5/11/98
05/12/98 | 718 | 2 29.87 74 50 210 0.74 0 -11.1 194 -17.9 -15 | -t425 | -129 45594 3900 532 5/12/98
05/12/98 | 1330 | 2 29.92 95 71 224 0.76 0 -10.6 217 -17.75 148 | 141 | 1275 | 45642 3960 540 5/12/98
05/13/98 | 7.25 | 2 29.95 84 62 217 0.75 0 -10.9 206 -17.8 -149 | -141 -128 45760 3925 535 5/13/98
05/13/98 | 15:51 | 2 29.94 104 84 232 0775] 0 -10.4 228 -17.7 41475 | 139 | -126 45807 4025 549 5/13/98
051498 | 822 | 2 30.1 85 67 217 0.75 0 -10.9 206 -17.9 -15 142 | -129 45901 3925 535 5/14/98
05/14/98 | 1440 | 2 30.1 106 84 232 0.78 0 -10.4 229 -17.8 41475 | 139 | -127 45925 4100 559 5/14/98
05/20198 | 1350 | 2 30.01 99 75 230 0.78 0 -1 220 -17.8 14 | 134 -12 46230 4050 552 5/20/98
0521198 | 725 | 2 30.01 84 60 222 0.75 0 -1 208 -18 -141 | 134 -12 46230 3950 539 5/21/98
0522198 | 1245 | 2 29.95 90 65 226 0.75 0 -11 220 -18 -14 -13 -12 46250 3950 539 5/22/98
05/26/198 | 15:35 | 2 30.02 94 KA 220 0.75 0 -10.9 225 -17.9 139 | 129 | -11.9 48460 3940 537 5/26/98
gss,za;g 1;:152 : 333:): 1;;0 ;: gg.? g.;g 0 -10.5 230 -18 -139 | -13 -12 48510 3975 542 5/27/98
ety 2 011 L ] 23 078 g -10.9 225 -18 -14 -13 -12 48550 3970 541 5/28/98
e R — > 2 2 275 : -10.5 240 -18 -14 | 132 -12 48550 3970 541 5/28/98
06/02/98 | 1530 | 2 959 : -104 230 -17.9 14 | 131 -12 48720 3990 544 6/1/88

) 100 84 244 0.75 0 -10.2 238 -17.8 14 | 1341 -11.7 78746 4025 549 6/2/98




os/os/gﬁvaz"ﬂs 29.89 85 67 234 0.75 0 115220 -18 142 | -132 -12 48777 3975 P 6/3/88
06/04/98 | 159000 .2 29.89 80 63 . 232 0.75 0 A0 7 220 -18 144 | 132 12 48790 3975 oo | 648
06/08/98 | 815 | 2 0.2 75 55 226 0.74 0 -109 200 -18.25 14 | -134 -12 48889 3900 532 6/8/98
06/09/98 | 13:00 | 2 3001 - 60 22 0.74 0 -115 200 -18.4 145 | -135 12 49020 3900 532 6/9/98
06/10/98 [ 1350 | 2 29.96 102 79 234 0.75 0 -10.8 224 -17.9 -39 | 13 -11.6 | 49043 3975 542 6/10/98
06/11/98 | 1255 | 2 29.96 20 68 245 0.64 0 122 218 -18.9 -15 -14 -127 | 49270 3700 505 | 6/11/98
06/12/08 | 930 | 2 29.82 9% 74 225 0.73 0 -1 219 -18 14 -13 -11.7 | 50197 3920 535 6/12/88
06/12/98 | 13:25 | 2 29.83 104 83 236 0.74 0 -10.75 229 -17.9 138 | 129 | -11.9 [ 50221 3950 539 6/12/98
06/14/98 | 15115 | 2 2963 96 72 230 0.73 0 -1 220 79 139 | 129 | 419 | 520 3925 535 6/14/98
06/15/98 | 10:10 | 2 29.44 92 67 233 0.69 0 -11.4 215 -18 11425 | -133 | 124 54406 3825 522 6/15/98
06/16/98 | 620 | 2 29.63 89 66 231 0.7 0 -11.3 212 18 144 | 135 | -122 | 54575 3850 525 6/16/98
06/16/98 | 1546 | 2 29.7 94 67 240 0.66 0 -11.75 220 -185 149 | -139 | -126 | 54727 3760 513 6/16/98
06/17/98 | 9:40 | 2 30.02 94 70 233 0.71 0 - -11.5 215 -18.4 147 | 137 ] -125 | 54987 3860 526 6/17/98
06/17/98 | 1510 | 2 30.06 102 81 241 0.71 0 -113 228 -18.3 146 | 136 | -125 | sso2 3900 532 6/17/98
06/18/08 | 615 | 2 30.09 88 66 232 0.7 0 -116 212 -18.4 147 [ 1375 125 | 55143 3850 525 6/18/98
06/18/98 | 16:00 | 2 30.01 105 84 242 0.73 0 114 232 -18.2 146 | 1137 | 124 | 55191 3925 535 6/18/98
06/19/98 | 10:35 | 2 299 98 72 240 06 0 -12 222 -18.6 151 | 142 | -128 | 5172 3560 485 6/19/98
06/22/98 | 645 | 2 30.08 90 66 231 0.71 0 115 214 -18.4 146 | 1375 | -126 | 57 3860 526 6/22/98
06/23/98 | 1340 | 2 30.09 102 77 240 0.7 0 -11.4 225 -18.4 -147 | -1375] -124 58085 3850 525 6/23/98
06/24/98 | 910 | 2 30.12 98 77 230 0.73 0 -11.25 220 1825 | 145 | 137 | -126 | 58181 3925 535 6/24/98
06/25/98 | 9:45 | 2 30.05 103 81 240 0.73 0 -11.3 228 -18.3 146 | 137 | -124 | 58253 3925 535 6/25/98
06/25/98 | 1430 | 2 30.06 114 91 247 0.74 0 -1 239 -18.1 144 | 135 | -124 | 58276 3960 540 6/25/98
06/26/98 | 14:00 | 2 29.95 113 89 248 0.72 0 -11.1 242 -18.2 145 | 135 | -122 | 58324 3960 540 6/26/98
06/29/98 | 7:.00 | 2 30.01 9 72 237 0.7 0 115 220 -18.4 146 | 137 | -1225 | 58441 3850 525 6/29/98
06/29/98 | 10:38 | 2 29.98 102 79 240 07 0 -11.25 229 1825 | -145 | -135 | -124 | 58465 3850 525 6/29/98
06/30/98 | 13:25 | 2 29.71 104 78 240 0.73 0 -11 232 18 144 | 135 | -124 | s8ass 3950 539 6/30/98 |
07/01/98 | 1530 | 2 29.96 100 80 240 07 0 -1 230 -18 -145 | 135 -12 58495 3875 528 7/1/98
07/02/98 | 1545 | 2 30.01 104 79 238 0.75 0 -1 232 -18 145 | 135 | 125 | 58510 4000 545 7/2/98
07/06/98 | 6:15 | 2 30.1 87 61 210 0.85 0 -11.2 220 165 135 | 125 | 112 | 58620 4150 566 7/6/98 |
o7/077/98 | 930 | 2 30.03 98 73 208 09 0 -11 225 -16.5 135 | 125 | -11.3 | 58620 4280 584 7/7/98
07/07/98 | 1530 | 2 29.96 102 81 236 0.75 0 -11 234 -18 142 [ 135 -12 58620 4000 545 707198 |
07/08/98 | 8:20 [ 2 2994 99 74 232 0.75 0 11 226 -18 144 | 134 -12 58620 3950 539 7/8/98
o7/08/98 | 1500 2 29.95 108 84 240 0.75 0 -10.8 236 18 142 | 133 12 58620 4000 545 7/8/98
07/09/98 | 750 | 2 29.98 92 71 230 0.75 0 -11.3 222 -18 -144 | -134 -12 58620 3960 540 7/9/98
07/09/98 | 1525 | 2 30.01 107 84 240 0.75 0 -11 236 -18 143 | 133 -12 58620 4000 545 7/9/98 |
07/13/98 | 810 | 2 30.03 86 66 225 0.73 0 -115 212 -18.1 14 [ 132 -12 58620 3800 518 7113/98
07/13/98 | 1415 [ 2 30.02 109 83 241 0.75 0 -11 236 -18 14 -13 -11.7 | 58620 3975 542 7/113/98
07/14/98 | 800 | 2 30.11 95 71 232 0.74 0 -11.3 220 -18.1 -14 -13 -11.8 | 58620 3950 539 7114/98
07/14/98 | 1430 | 2 30.11 98 73 235 0.75 0 -11.3 223 -18.1 14 | -131 -11.8 | 58620 3975 542 7/14/98
07/15/98 | 8:10 | 2 30.09 9% 72 235 0.72 0 113 221 -18.1 14 | 131 | -11.8 | 58620 | - 3900 532 7/15/98
07/15/98 | 1420 | 2 30.07 99 75 236 0.74 0 -11.3 225 -18.1 138 | -13 -11.8 | 58620 3960 540 7/15/98
07/16/98 | 805 | 2 30.04 95 71 235 0.72 0 -11.4 222 -18.2 -138 | -13 -11.8 | 58620 3900 532 7116/98
07/16/98 | 1415 | 2 30.02 107 82 242 0.74 0 -11.1 234 -18.1 136 | 128 | 119 | 58620 3950 539 711698
07/20/98 | 6:45 | 2 30.03 94 69 240 0.67 0 12 220 -18.75 -13 | -122 -1 58755 3775 515 7/20/98
07/21/88 | 540 | 2 30.05 98 73 244 0.69 0 -11.75 229 -1875 | 124 | -116 | -105 | 58755 3825 522 7/21/98
07/21/98 | 1533 | 2 30.04 116 92 246 0.76 0 -10.6 244 -18.1 -115 | -106 9.4 58755 4025 549 7/21/98
07/22/98 | 730 | 2 30.11 98 72 234 0.75 0 1.1 227 -18.1 -11.5 | -10.6 9.3 58755 3975 542 7/22/98
07/22/98 | 1526 | 2 30.02 113 86 244 0.75 0 -10.75 242 -18 -115 | -106 93 58755 4000 545 7/22/98
07/27/98 | 6:00 | 2 30.05 84 60 220 0.75 0 -11.1 211 -18 -126 | -11.7 | -104 | 59451 3925 535 7/27/98
g;gggg 17:; 1 310 ; x.gl 113076 gg 2;2 o.;e 0 -10.75 212 -17.8 126 | -11.7 | -105 | 59498 3950 539 7/28/98
0772058 TTadE 5 e e % -2?37 % : o . | -10e 233 A79 | 126 | 116 | -102 | 59498 | 4000 545 | 7/28/98 |
. . _ 0 -10.3 239 -17.6 118 | -1 -10 59521 4100 559 7/29/98




07/30/98Y€EP: iST 2998 92 69 224 0.8 0 [ 19220 -17.7 124 | -113 -10 59521 4075 P ] ¥57/30/98
07/30/98 | 14: 2 2997 101 78 231 0.77 0 100 -/ 228 -17.7 24 | -11.2 9.7 59521 4100 7/30/98
08/03/98 | 7:15 | 2 30.19 88 65 218 | 08 0 -10.7 214 -17.6 13 | 119 | -103 | 59544 4045 552 8/3/98
080498 | 725 | 2 30.15 o3 69 221 8 0 -10.5 218 176 127 | 116 | -104 59544 4050 552 8/4/98
08/04/98 | 15:00 | 2 30.17 100 78 223 0.83 0 -10 226 -175 125 | 116 | -102 [ 53544 4175 569 8/4/98
08/05/98 | 7.45 | 2 30.14 94 72 220 0.82 0 -10.4 219 -17.8 A122 | 115 -10 59544 4090 558 8/5/98
08/05/08 | 828 | 2 30.14 95 72 232 0.73 0 -11.4 21 -18.3 134 | 124 -1 59544 3925 535 8/5/98
08/05/98 | 1415 | 2 30.15 104 81 246 0.72 0 1.6 232 -18.6 123 | 114 | -104 59544 3926 535 8/5/98
08/05/98 | 15110 | 2 30.13 108 83 243 0.75 0 -1 233 -18.2 1.7 | 108 95 59544 3975 542 8/5/98
08/06/98 | 7:40 | 2 30.07 94 72 237 0.7 0 -11.6 220 -185 -11.4 | -103 -9.1 59544 3850 525 8/6/98
08/06/08 | 1425 | 2 30.05 107 87 247 0.72 0 115 233 185 A1t [ 101 ] .9 59544 3940 537 8/6/98
08/10/98 | 810 | 2 30.02 94 71 237 0.7 0 116 222 -185 116 | -107 9.6 59717 3850 525 8/10/98
08/10/98 | 1430 [ 2 29.97 101 83 242 0.7 0 -115 218 -185 -115 | -105 92 59717 3875 528 8/10/98
08/11/98 | 7:.45 | 2 29.98 92 68 237 0.68 0 -11.8 217 -18.6 113 | -104 9.1 59741 3800 518 8/11/98
08/11/98 | 1425 | 2 30.03 102 80 245 0.68 0 1.7 227 -18.6 -11.3 | -102 9.1 59741 3800 518 8/11/98
08/12/98 | 7:45 | 2 30.15 88 64 237 0.67 0 -12.1 214 -18.8 114 | -104 -9 59741 3750 511 8/12/98
08/1298 | 1425 | 2 30.19 101 76 244 0.69 0 -11.7 227 -18.6 114 | -104 -9.1 59741 3890 530 8/12/98
08/13/98 | 7:35 | 2 30.16 87 62 233 0.69 0 -11.8 212 186 -11.4 | -105 -9.4 59765 3840 524 8/13/98
08/13/98 | 1432 | 2 30.11 92 80 243 0.7 0 115 228 -18.5 115 | -106 9.4 59765 3850 525 8/13/98
08/17/98 | 830 | 2 30.06 93 71 241 0.68 0 -12.1 220 -18.7 1.2 | -102 -9.1 59799 3800 518 8/17/98
08/17/98 | 1415 | 2 30.09 108 85 253 07 0 1.7 235 187 14 | 101 8.9 59799 3900 532 8/17/98
08/18/98 | 650 | 2 30.09 93 71 246 0.67 0 -12.2 222 -18.9 -109 | -99 -8.8 59799 3780 515 8/18/98
08/18/98 | 1425 | 2 30.13 106 83 254 0.68 0 -12.1 234 -18.9 -108 | -98 8.6 59799 3850 525 8/18/98
08/19/98 | 645 | 2 30.25 84 54 240 0.64 0 -126 212 -19.2 -108 | -98 86 59799 3675 501 8/19/98
08/19/98 | 14110 | 2 30.26 101 74 238 0.73 0 -11.4 228 -18.4 -11.8 | -108 9.6 59799 3910 533 8/19/98
08/20/98 | 7:40 | 2 30.29 82 56 226 0.7 0 -11.9 208 -18.5 117 | -108 9.4 50799 3800 518 8/20/98
08/20/98 | 1500 | 2 30.28 107 80 240 0.75 0 -10.9 235 -18.1 -124 | 111 -9.8 59799 3980 543 8/20/98
08r24/98 | 720 | 2 29.89 93 7 233 0.73 0 -11.2 23 -17.9 121 | 111 9.7 59799 3925 535 8/24/98
08/24/98 | 14:40 | 2 29.87 112 ) 245 0.74 0 -10.7 241 -17.9 -11.9 | -109 -9.7 59799 3990 544 8/24/98
08/25/08 | 8:00 | 2 29.87 93 72, 234 0.72 0 -11.4 221 -18.1 -11.8 | -109 -9.6 59799 3900 532 8/25/98
08/31/98 | 700 | 2 30.05 85 58 240 0.63 0 -12.4 212 -189 98 -9 8.1 59799 3650 498 8/31/98
08/31/98 | 925 | 2 30.07 90 60 206 0.86 0 9.8 208 171 174 | 166 | -148 59799 4175 569 8/31/98
08/31/98 | 14140 | 2 3008 104 78 228 0.8 0 -10.3 226 176 48 | 472 | -158 59799 4090 558 8/31/98
09/01/98 | 7:35 | 2 30.01 82 57 208 0.82 0 -10.3 202 -18.7 -19 8 -15.9 59799 4075 556 9/1/98
709/01/98 | 9:25 | 2 30.01 86 66 210 08 0 -10.6 196 185 187 | 178 | -159 59799 4040 551 9/1/98
09/01/98 | 1440 | 2 29.97 106 78 230 0.8 0 -10.1 240 -18.2 185 | 177 | -16.2 59799 4100 559 9/1/98
09/02/98 | 7:45 | 2 29.82 84 60 214 0.8 0 -10.4 216 -18.2 185 | 177 -16 59799 4050 552 9/2/98
00/03/98 | 7:55 | 2 29.9 80 52 212 0.8 0 -10.6 210 -18.1 185 | 177 -16 59799 4050 552 9/3/98
09/03/98 | 1420 | 2 29.85 108 81 232 0.8 0 -10 242 -18.1 184 | 176 -16 59799 4100 559 9/3/98
09/08/98 | 745 | 2 29.91 81 51 208 0.82 0 -10.2 210 -17.8 182 | 174 | -1586 59799 4090 558 9/8/98
09/08/98.| 1545 | 2 | - 29.93 98 68 222 0.82 0 -10.1 230 -17.9 -182 | 174 | -157 59799 4125 562 9/8/98
09/09/98 | 7:55 | 2 3013 76 47 204 0.82 0 -10.6 204 -18 -184 | -176 | -158 | 59799 4050 552 9/9/98
09/09/98 | 14110 | 2 30.16 97 69 219 0.85 0 -10.1 228 179 183 | 174 | -156 | 59799 4175 569 9/9/98
09/10/98 | 7:50 | 2 30.25 77 49 204 0.82 0 -10.6 206 -17.9 184 | 176 | -158 59799 4050 552 9/10/98
09/10/98 | 1410 [ 2 30.23 102 74 224 0.84 0 -10 233 179 -183 | 174 | -156 59799 4150 566 9/10/98
091498 | 755 | 2 30.01 88 67 214 0.83 0 -10.2 218 -17.6 183 | 174 | -155 | 59799 4115 561 9/14/98
09/14/98 | 1500 | 2 29.97 119 93 237 0.86 0 96 252 -17.6 18 | 171 | -152 | 59799 4260 581 9/14/98
09/15/98 | 800 | 2 30.04 94 72 218 0.83 0 -10.1 224 -17.8 182 | 174 | -154 | 59799 4100 559 9/15/98
09/15/98 | 1445 | 2 30.07 110 80 230 0.85 0 98 242 7.7 181 | 173 | -153 59799 4225 576 9/15/98
09/16/98 | 7:30 | 2 30.13 93 69 218 0.84 0 -10.2 223 -17.8 183 | 174 | -154 59799 4150 566 9/16/98
og;:e/ga 1415 | 2 30.12 108 78 228 0.85 0 99 240 -17.8 181 | 173 | -153 59799 4225 576 9/16/98
0017/98 | 7:.45 | 2 30.11 94 65 220 0.84 0 -10.1 224 7.7 183 | 174 | -154 59799 4150 566 9/17/98




-18.2

09/17985Y RS 301 102 76 224 0.85 0 & o233 -17.8 -174 | -153 | so799 “7s P ‘F 9/117/98
00/21/98 | 7: &) 29.9 3 66 219 0.83 0 A0S 224 -17.7 181 [ 173 | -152 | 59799 4125 s’ | 9/21/98
09/21/98 [ 1410 | 2 29.91 110 80 230 0.84 0 99 242 176 18 | 172 | -151 59799 4200 573 9/21/98
09/22/98 | 7120 | 2 2092 89 62 214 0.83 0 -10.1 218 -17.6 181 | 173 | -155 | 59799 4140 565 9/22/98
09/22/98 | 1430 | 2 30.01 100 74 220 0.84 0 -9.9 229 7.7 181 | 173 [ -155 | 59799 4150 566 9/22/98
09/23/98 | 740 | 2 30.21 78 a7 208 0.83 0 -10.4 205 -179 184 | 175 | -157 | 59799 4075 556 6/23/98
09/23/98 [ 1520 [ 2 30.21 94 66 216 0.84 0 -10.1 222 -17.8 183 | 174 | -156 | 59799 4140 565 9/23/98
0924/98 | 710 | 2 30.13 74 46 202 0.82 [} -104 202 -17.8 -183 | 175 | -156 | 59799 4025 549 9/24/98
0924/98 | 1545 | 2 30.05 95 73 218 0.85 0 -10 24 17.7 -181 | 173 | -155 | 59799 4200 573 9/24/98
09/28/98 | 7:10 | 2 30.04 86 58 212 0.84 0 -10.2 216 -17.7 182 | 174 | -153 | 59799 4140 565 9/28/98
09/28/98 | 14110 | 2 30.06 101 73 24 0.85 0 9.9 232 17.7 -181 | 173 | -152 [ 59799 4200 573 9/28/98
09/29/98 | 7:05 | 2 30.02 84 54 212 0.83 0 -10.3 212 7.7 -183 | 174 | -153 | 59799 4115 561 9/29/98
0929/98. [ 1410 | 2 29.94 106 81 228 0.85 0 98 238 -17.6 181 | 472 | -152 | 59799 4225 576 9/29/98
09/30/98 | 810 | 2 29.93 83 57 210 0.82 0 -10.2 212 7.7 182 | 174 | -153 | 59799 4100 559 9/30/98
09/30/98 | 1410 [ 2 29.9 105 77 226 0.85 0 9.8 234 176 -18 | -172 [ -152 | 59799 4225 576 9/30/98
10/01/98 | 8:10 | 2 30.07 82 51 210 0.82 0 -10.3 210 -17.7 -183 | 175 | -154 | 59799 4075 556 10/1/98
10/01/98 | 14:00 | 2 30.13 20 61 215 0.85 0 -10.2 219 179 -183 | -175 | -154 | 59799 4160 567 10/1/98
10/05/98 | 7:10 | 2 30.18 80 55 208 0.85 0 -106 198 -17.8 -182 | 174 | -156 | 59827 4150 566 10/5/98
10/05/98 | 14:10 | 2 30.18 93 70 216 0.85 0 -103 212 77 -181 | -17.3 | -155 | 59827 4165 568 10/5/98
10/06/98 | 650 | 2 30.14 86 64 214 0.86 0 104 206 176 181 | -17.3 | -156 | 59827 4190 571 10/6/98
10/06/98 | 13:15 | 2 30.12 100 81 222 0.86 0 -10.1 220 -176 18 | 172 | -154 | 59827 4200 573 10/6/98
10/07/98 | 655 | 2 30.05 % 67 217 0.84 0 -10.3 210 -17.6 -18 | -17.3 | -154 | 59827 4150 566 10/7/98
10/07/98 | 1415 | 2 30.01 %0 57 216 0.84 0 -10.3 209 -176 18 | 172 [ -154 | 59831 4150 566 10/7/98
10/08/98 [ 1420 | 2 30.17 82 57 212 0.82 0 -10.8 202 -18 -184 | -175 | -153 | 60383 4075. 556 10/8/98
10/09/98 | 10:30 | 2 30.21 78 48 204 0.85 0 -10.4 199 -18.4 -187 [ 176 | -157 | 60407 4100 559 10/9/98
10/12/98 | 645 | 2 30.2 72 46 198 0.86 0 -10.4 192 -18.7 -19 [ 179 [ -159 | 60406 4125 562 | 10/12/98
1012/98 [ 16:30 | 2 30.14 98 72 216 0.9 0 9.8 224 -18.4 -186 | -175 | -158 | 60434 4300 586 | 10/12/98
10/15/98 | 1540 | 2 30.23 87 61 214 0.8 0 -10.2 218 -18.1 -185 | -176 | -158 | 60434 4050 552 |. 10/15/98
1019/98 | 810 | 2 30.23 74 43 198 0.82 0 _-10.3 202 -18.2 -186 | -17.7 | -155 | 60685 4050 552 | 10/19/98
1019/98 | 1400 [ 2 30.23 84 59 206 0.84 0 -10.1 214 -185 189 | 178 | -157 | 60685 4100 559 | 10/19/98
10/20/98 | 7110 | 2 30.28 72 45 200 0.83 0 -10.3 204 -185 -19 | 178 | -157 | 60685 4050 552 | 10/20/98
10/20/98 | 14:10 | 2 30.28 %0 59 210 0.85 0 99 220 -185 -189 | 178 | -158 | 60685 4150 566 | 10/20/98
10/21/98 | 9:10 | 2 30.23 74 4 198 0.83 0 -10.2 202 -186 19 | 178 | -157 | 60685 4050 552 | 10/21/98
10721798 | 1540 | 2 30.14 84 56 206 0.84 0 -10 210 -18.6 19 | 178 | -157 | 60685 4125 562 | 10/21/98
11/05/98 | 22:00 | 2 30.1 66 38 190 0.77 0 -11.25 185 175 | -16.25 | -154 -14 60686 3900 532 11/5/98
11/06/98 | 9:40 | 2 30.21 68 43 191 0.79 0 1.1 190 -17.4 -16.1 | -1525] -138 | 60686 3950 539 11/6/98
11/07/98 | 11:20 | 2 30.43 70 39 189 0.82 0 -10.9 189 -17.4 -16.1 [ -1525] -139 | 60686 4000 545 11/7/98
11/08/98 | 16550 | 2 30.19 73 4 192 0.82 0 -10.75 192 173 16 | 151 | -13.75 | 60686 4000 545 11/8/98
11/09/98 | 650 | 2 30.25 68 41 192 08 0 -10.9 188 -17.4 16 | -152 | -138 | 60686 3950 539 11/9/98
11/09/98 | 1400 | 2 30.16 76 51 196 0.82 0 -10.8 196 -17.4 -159 | 151 | -13.7 | 60686 4025 549 11/9/98
11/10/98 | 6:40 | 2 29.79 82 61 198 0.82 0 -10.4 202 -17 -157 | -149 | -134 | 60686 4050 552 | 11/10/98
1110/98 [ 1425 [ 2 29.59 83 57 202 0.82 0 -10.4 204 17 -157 | 149 | -133 | 60686 4100 559 | 11/10/98
11/11/98 | 7:00 | 2 30.06 70 38 198 0.8 0 -1 194 174 -162 | 153 | -136 | 61086 4000 545 | 11/11/98
11/11/98 | 1415 | 2 30.23 78 47 198 0.82 0 -10.8 198 -17.4 -161 | 152 | -138 | 61088 4025 549 | 11/11/58
11/12/98 | 7:00 | 2 30.45 64 33 190 0.82 0 -10.9 188 -17.4 -162 | -153 [ -138 | 61086 4000 545 | 1112598
1112/98 [ 13550 | 2 30.39 78 51 198 0.82 0 -10.8 198 -17.4 161 | -153 | -137 | 61086 4025 549 | 11112198
11/16/98 | 7:15 | 2 29.9 60 36 188 0.77 0 -11.2 178 -17.4 161 | 151 | -135 | 61086 3900 532 { 11/16/98
11/16/98 | 13:30 [ 2 298 78 53 200 0.78 0 -10.8 196 -17.2 159 | 149 | -132 | 61086 3975 542 | 11/16/98
111798 | 710 | 2 29.99 70 44 196 0.78 0 -11.1 188 -17.4 -161 | -151 | -134 | 61086 3950 539 | 11/17/98
11/17/98 | 1400 | 2 30.14 74 48 198 0.8 0 -11.1 192 175 -16.1 | -151 | -134 | 61086 4000 545 | 11/17/98
: : ;: ://2: 17‘;;2% ; z.g :g :i ; (8,2 %7: g -11.4 174 177 164 | 153 | -135 | 61086 3875 528 [ 11/18/98
4 ] . -1 196 -17.6 -162 | -151 | -134 | 61086 4000 545 | 11/18/98




11/19/9@@5&'}15 30 76 54 199 0.78 0 192 -17.5 -16.1 -15 -134 | 61086 3950 P Q’ 1/19/98
11/19/98 | 13.49€—2 | 29.98 80 61 202 | o8 0 0%/ 197 174 | 161 | 15 | 133 | 61086 | 4025 >/ | 11/19/08
1172098 | 1030 | 2 30.04 80 38 201 0.78 0 61086 3950 539 | 11/20/98
11/23/98 | 850 | 2 30.03 70 48 195 0.82 0 -11.1 184 176 | -162 | -5 -134 | 61086 4050 552 | 11/23/88
11/23/98 | 1350 | 2 30.01 80 58 200 0.83 0 -10.9 196 75 | 161 | 1S 133 | 61086 4075 556 | 11/23/98
1124/98 | 620 | 2 30.24 67 39 196 08 0 -11.1 190 476 | 162 | 151 | -135 | 61086 3975 542 | 11724/98
11/24/98 | 16110 | 2 30.2 76 56 210 0.75 0 -11.8 200 179 | -146 | -136 | -123 | 61093 3900 532 | 11/24/98
11/25/98 | 620 | 2 30.04 68 37 206 0.75 0 -11.8 194 479 | 145 | 136 | -124 | 61093 3900 532 | 11/25/98
11/25/98 | 1415 | 2 29.84 77 54 210 0.75 0 -11.6 200 178 | -144 | -136 | -123 | 61083 3900 532 | 11/25/88
11/30/98 | 650 | 2 30 78 58 216 0.7 [} -12.1 200 183 | 137 | 129 | -116 | 61233 3800 518 | 11/30/88
11730/98 | 1400 | 2 29.92 88 66 224 0.72 0 -11.9 210 182 | -136 | -128 | -115 | 61233 3850 525 | 11/30/98
12/01/98 | 715 | 2 30.31 64 40 210 0.7 0 -12.4 186 185 | -138 | -129 | -116 | 61233 3750 511 12/1/98
12/01/98 | 13:20 | 2 30.4 78 50 216 0.72 0 -12.3 196 185 | -138 | -129 | -115 [ 61233 3825 522 121798
12/02/98 | 7:00 | 2 30.24 66 41 212 07 0 126 190 186 | -137 | 127 | -115 | 61233 3775 515 12/2/98
12/02/98 | 1420 | 2 30.09 85 61 222 0.72 0 -12.2 206 184 | -136 | 126 | -11.3 | 61233 3850 525 12/2/98
12/03/98 | 615 | 2 29.96 76 54 216 0.68 0 123 196 184 | -135 | 125 | -11.2 | 61233 3750 511 12/3/98
12/03/98 | 1320 | 2 29.96 85 62 223 07 0 121 206 184 434 | 124 | 111 61233 3800 518 12/3/98
12/07/98 | 7.00 | 2 29.96 74 48 220 0.67 0 -12.6 194 186 | -129 | -121 -1 61233 3700 505 12/7/98
12/07/98 | 1340 | 2 30.03 73 45 220 0.66 0 126 194 187 | 129 | 121 | -109 | 61233 3690 503 12/7/95 |
12/08/98 | 7.00 | 2 30.11 72 39 222 0.66 0 -12.8 194 188 | -131 | -121 | -109 | 61233 3700 505 12/8/98
12/08/98 | 1510 | 2 3014 70 41 218 0.67 0 -12.8 192 188 | -131 | 121 | -109 | 61233 3700 505 12/8/98
12/09/98 | 7:05 | 2 3037 70 30 218 0.67 0 -12.9 192 19 31 | 121 | -109 | 61233 3700 505 12/9/98
12/09/98 | 1400 | 2 30.41 72 45 220 066 | 0O -12.9 192 191 4132 | 121 11 61233 3675 501 12/9/98
12/10/98 | 7:10 | 2 30.42 64 33 220 0.66 0 132 190 -19.1 13 | 119 | -108 | 61233 3675 501 12/10/98
12/10/98 | 14:10 | 2 30.35 68 42 220 0.65 0 -13.1 190 -19.1 129 | 119 | -107 | 61233 3650 498 | 12110/98
1214/98 | 715 | 2 30.33 58 24 216 0.62 0 -136 176 193 124 | 114 | 102 | 61233 3550 484 | 1214/98
12/14/98 | 1320 | 2 30.35 68 41 224 0.64 0 134 190 194 | -124 | 114 | -102 | 61233 3625 494 | 12114/98
12/15/98 | 7.00 | 2 30.37 59 29 222 0.62 0 131 184 194 | 124 | 114 | -102 | 61233 3550 484 | 12/15/98
12/15/98 | 1415 | 2 30.28 73 50 202 0.78 0 -116 190 -18.1 165 | -154 | -138 | 61233 3950 539 | 12/15/98
12/16/98 | 715 | 2 30.05 62 32 196 0.75 0 117 180 -18.1 164 | -153 | -135 | 61233 3850 525 | 12/16/98
12/16/98 | 1405 | 2 29.93 68 40 196 0.75 0 -11.6 182 -17.8 163 | 152 | -135 | 61233 3850 525 | 12/16/98
1217/98 | 715 | 2 2092 59 30 190 0.75 0 117 174 179 | -163 | 152 | -134 | 61233 3850 525 | 1217/98
12/17/98 | 1355 | 2 29.99 64 35 195 0.76 0 1.6 178 -17.9 -163 | 151 | -135 | 61233 3900 532 | 12117/98
12/21/98 | 655 | 2 30.08 71 50 200 075 0 -11.6 184 -17.9 161 | 149 | 133 | 61233 3875 528 | 12/21/98
12/21/98 | 1410 | 2 299 75 55 232 0.62 0 -13.4 194 -19.3 77 | 166 | -151 | 61583 3600 491 12/21/98
12/22/98 | 945 | 2 30.49 60 12 180 08 0 1.2 176 179 | -161 | -15 -13.1 63644 3900 , | 532 | 12/22/98
12/22/98 | 13.00 | 2 3051 63 13 184 0.75 0 1.7 174 -18.1 164 | -154 | -136 | 64302 3800 518 | 12/22/98
12/23/98 | 7:00 | 2 3052 56 10 188 0.8 0 -11.6 180 179 | -161 | -15 -135 | 64517 3925 535 | 12/23/98
12/23/98 | 1415 | 2 305 58 15 189 0.78 0 114 178 179 | 161 | -152 | -136 | 64517 3900 532 | 12/23/98
12/30/98 | 950 | 2 3013 68 11 190 0.75 0 -11.6 176 -18.1 159 | 149 | -135 | 64849 3850 525 | 12/30/98
12/30/98 | 14:10 | 2 30.16 56 18 192 0.75 0 119 176 183 | -161 | -151 | -133 | 64849 | 3850 525 | 12/30/98
01/04/99 | 9:35 | 2 30.24 54 3 176 0.82 0 -11.2 172 7.7 159 | -144 | -129 | 65776 3950 539 1/4/99
01/04/99 | 13:40 | 2 30.25 52 5 182 0.82 0 109 174 176 | 152 | -139 | -1241 65776 3975 542 1/4/99
01/05/98 | 7:40 | 2 30.39 64 -7 188 0.8 0 115 174 -18.1 159 | 148 | -129 | 65824 3950 539 1/5/99
01/05/99 | 1410 | 2 30.36 68 6 186 0.8 0 114 174 179 | 155 | -146 | -131 65848 3950 539 1/5/99
01/06/99 | 7.05 | 2 30.01 58 21 182 0.84 0 -10.9 174 174 | 149 | 138 | -11.9 | 65873 4050 552 1/6/99
01/06/5 | 13.45 | 2 29.94 58 30 180 0.84 0 -10.8 172 173 | -148 | -138 | -12.1 65897 4050 552 1/6/99
g:;g;g _ 1731 20; ;2> x.:g ;; 15:2 :gg g.sz 0 -11.4 166 176 | 152 | ;141 | 119 [ 65946 3975 542 17199
e o | 2 LR 2 : 176 88 0 -10.6 174 73 | 47 | 138 | -121 65979 4100 559 1/7/99
G et 2z 54 9 164 073 0 -12.1 172 -185 | -158 | -149 | -136 | 66933 3750 511 1/11/99
oinzes T 705 T3 S = s 122 g.;g 0 11.6 172 178 | 153 | 141 | -126 | 67068 3850 525 1711799

~ : . 0 -10.8 176 7.2 145 | 134 | -11.9 | 67183 4050 552 1/12/99




01/12/99>Y ,is 29.89 67 42 189 0.82 0 Lo HS180 -17.2 147 | -135 -11.9 67345 4025 P3a §51/12/99
0114/99 | 141902 30.11 66 14 196 0.73 0 AT/ 72 -18.3 159 | 148 | -129 70692 3800 1/14/99
01/18/99 | 7:40 | 2 29.72 63 36 192 0.72 0 <119 174 -18.2 4153 | -142 -11.4 78674 3800 518 1/18/99
01/18/09 | 1355 | 2 29.71 68 39 200 0.74 0 -11.8 178 181 | -151 | -139 [ -11. 79085 3875 528 1/18/99
011999 | 7:10 | 2 30.06 56 28 192 0.74 0 119 170 -18.1 149 | 139 | -122 79683 3825 522 1/19/99
01/19/99 | 15:30 | 2 30.08 66 37 200 0.75 0 -11.8 180 -18.4 149 | -138 | -119 79866 3875 528 1/19/99
01720199 | 6:35 | 2 30 60 KX) 199 0.72 0 -12.2 172 . -18.4 152 | -144 -125 80192 3800 518 1/20/89
01/20/99 | 1340 | 2 29.98 72 50 206 0.74 0 -119 184 -18.1 15 | 139 | -123 80355 3900 532 1/20/99
0121189 | 7145 | 2 20.87 65 39 205 0.72 0 -12.4 178 183 4151 | -14.4 -125 80750 3800 518 1/21/99
01/21/99 | 1410 | 2 29.85 69 45 212 0.68 0 -125 184 -186 156 | 145 | -129 81534 3725 508 1/21/99
0172599 | 7110 | 2 30.13 64 34 200 0.72 0 -124 178 -18.4 4153 | -143 -125 90663 3800 518 1/25/99
01725/09 | 1400 | 2 30.31 62 35 198 0.75 0 -12.1 176 -18.4 4152 | -14.1 -125 90834 3850 525 1/25/99
01726/99 | 715 | 2 30.44 66 26 200 0.75 0 -12.1 178 . -185 153 | 144 -125 91215 3850 525 1/26/99
01/26/99 | 945 | 2 30.45 66 28 205 0.72 0 -126 176 -188 157 | -146 -129 91276 3800 518 1/26/99
01/26/99 | 13:.45 | 2 30.38 68 41 208 072 0 -126 182 -18.8 -156 | -145 -12.9 91370 3800 518 1/26/99
01/27/99 | 655 | 2 30.01 62 44 205 0.7 0 <125 174 -185 154 | 144 [ -128 91739 3750 511 1727/99
01/27/99 | 1350 | 2 29.91 84 62 222 0.72 0 -12.2 198 -18.4 153 | 142 | -127 91871 3850 525 1/27/99
01/28/99 | 710 | 2 30.06 69 42 210 0.7 0 -12.4 184 185 -154 | -143 -12.8 92193 3775 515 1/28/99
01/28/99 | 1325 | 2 30.11 68 39 212 07 0 -125 184 -18.6 156 | -145 -129 92315 3775 515 1/28/99
0201/99 | 7145 | 2 30.2 63 37 202 0.72 0 -12.4 180 -186 152 | -1441 -125 93618 3775 515 21199
02/01/99 | 1345 | 2 30.08 67 43 228 0.6 0 -13.7 182 -19.6 -164 | 154 | -137 94876 3550 484 2/1/99
020299 | 805 | 2 29.79 66 44 210 0.7 0 -12.4 182 -185 -15 -14 -124 95802 3800 518 2/2/99
02/02/99 | 1325 | 2 29.73 69 44 210 0.7 0 -12.4 184 -18.4 -15 -139 122 95894 3800 518 2/2/99
02/03/99 | 740 | 2 29.96 7 30 206 0.7 0 124 176 185 152 | -14. -12.4 96230 3775 515 2/3/99
02/03/99 | 1335 [ 2 20.89 68 45 208 0.7 0 -123 180 -185 -15.1 -14 -125 96339 3775 515 2/3/99
02/04/89 | 7:110 | 2 298 60 39 204 0.68 0 -12.3 174 -18.4 -15 -14 -12.4 96571 3700 505 2/4/99
02/04/99 | 13:40 | 2 30.06 66 40 206 0.72 0 -12.3 180 -185 151 | -139 -125 96662 3825 522 2/4/99
02/08/99 | 7:10 | 2 30.05 60 32 206 0.68 0 -126 172 -18.6 152 | <141 ] -125 | 101912 3700 505 2/8/99
02/08/99 | 13:40 | 2 30.04 68 42 210 07 0 -125 182 -18.6 -15.1 14 125 | 102031 3775 515 2/8/99
0209/99 | 705 | 2 2997 64 43 208 0.68 0 -125 176 -185 4151 -14 -125 | 102309 3725 508 2/9/99
02/09/99 | 1355 | 2 30.05 80 - 54 220 0.7 0 -125 194 -185 -15.1 -14 -125 | 102399 3800 518 2/9/99
0210199 | 7:05 | 2 30.25 54 33 200 0.68 0 <128 166 187 -153 | -143 | -126 | 102676 3675 501 2/10/99
02/10/99 | 1410 | 2 30.18 78 54 219 07 0 - 125 192 -186 -153 | -142 -125 | 102782 3800 518 2/10/99
02/11/89 | 7.05 | 2 30.02 70 51 210 0.68 0 125 182 -185 2152 | -14. <125 | 103053 3725 508 2/11/99
02/11/99 | 13:.40 | 2 29.91 86 68 222 0.72 0 -12.2 200 -185 15 | -139 4122 | 103123 3850 525 2/11/99
0215/99 | 705 | 2 30.23 54 31 200 0.68 0 -12.8 168 -18.8 4153 | -142 -125 | 105696 3675 501 2/15/89
02115/99 | 1400} 2 30.12 74 49 220 0.68 0 4128 186 -189 154 | -143 | -127 | 105786 3750 511 2/15/99
0216/98 | 705 | 2 29.99 62 40 208 0.67 0 -12.8 178 -18.7 -154 |['-143 -126 | 106001 3700 505 2/16/99
02/16/99 | 13:50 | 2 29.89 78 55 218 07 0 -125 190 -185 -15.1 -14 4125 | 106101 3800 518 2/16/99
0217/99 | 710 | 2 29.97 62 32 208 0.68 0 -127 176 -186 4152 | -144 -125 | 106281 3725 508 217199
02118/99 | 840 | 2 30.01 56 28 200 07 0 -125 168 -185 15 | -139 -121 106446 3750 511, | 218/99
02/18/99 | 1355 | 2 30.01 60 30 200 07 0 -125 172 -185 15 | -139 -121 106491 3750 511 2/18/99
02/22/99 | 7:110 | 2 30.41 52 1 199 0.72 0 -125 168 -186 -15 -139 124 | 107141 3760 513 2122199
02/22/99 | 1345 | 2 30.38 56 27 196 0.72 0 -125 170 -18.6 -15.1 -14 -123. [ 107170 3775 515 2/22/99
0272398 | 7110 [ 2 30.24 56 24 212 0.7 0 -11.6 206 -18 -146 | -135 -12 107276 3775 515 2/23/98
0317/99 | 7.00 | 2 29.91 72 42 196 0.78 0 99 192 175 -155 | -145 -129 | 108840 3950 539 3/17/99
03/17/99 | 1340 | 2 29.83 94 66 212 0.82 0 9.4 214 -17.4 -153 | -144 | -128 | 108900 4100 559 3/17/99 -
03/18/09 | 7:30 | 2 3007 77 37 206 0.78 0 9.9 200 176 | 155 | <146 | -129 | 109045 3975 542 3/18/99
03/18/99 | 13:50 | 2 30.15 80 41 206 0.8 0 98 202 -17.6 155 | 145 [ -129 | 109089 4000 545 3/18/99
0322/09 | 7:35 | 2 30.01 66 3t 206 0.76 0 -10.2 196 -17.9 <154 | -144 | -126 | 109661 3925 535 3/22/99
03/22/99 | 1415 | 2 30.08 82 39 214 0.78 0 98 214 176 152 | -143 129 | 109705 4000 545 3/22/99
03/23/09 | 7:30 | 2 30.15 68 31 210 0.75 0 -10.1 204 177 -153 | -143 -126 | 109794 3900 532 3/23/99
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03/23/99 | 15:30 2 30.06 83 45 220 0.76 0 -9.8 222 -176 -15.2 -14.2 -125 109838 3950 539 399
03/24/99 | 7:20 2 30 69 33 214 0.75 0 -9.9 210 -17.6 -15.1 -14.1 -125 109925 3900 532 3/24/99
03/25/99 | 6:40 2 30.19 68 24 198 0.77 0 -10.4 182 -18.1 -154 | -144 -125 110013 3925 S35 3/25/99
03/25/99 | 13:36 | 2 30.2 68 43 196 0.76 0 -10.4 182 -18.1 -15.3 -14.4 -12.6 110042 3900 532 3/25/99
03/29/99 | 7.40 2 30.27 72 46 202 0.8 0 -10.4 192 -18 -152 | -14.2 -12.4 110387 3983 543 3/29/99
03/29/99 | 13:.05 2 30.28 89 59 212 0.86 0 -9.6 212 -17.6 -146 | -136 -12.1 110416 4160 567 3/29/99
03/30/99 | 7:1S 2 30.35 76 39 202 0.85 0 -9.8 200 -176 -14.6 -13.6 -12 110521 4101 559 30/99
03/30/99 | 1400 | 2 30.32 96 65 218 0.86 0 -9.4 220 -17.5 -14.3 -13.3 -11.9 110551 4176 569 3/30/99
03/31/99 | 7:00 2 30.18 69 44 202 0.83 0 -9.8 196 -17.5 -14.4 -134 -11.9 110623 4063 584 3/31/99
03/31/89 | 13:10 2 30.11 94 68 220 0.85 0 -9.4 224 -17.5 -143 -133 -11.5 110639 4172 569 3/31/99
04/01/99 | 7:10 2 29.94 85 S3 216 0.83 0 -9.5 218 -17.5 -143 | -13.2 -11.5 110711 4123 562 4/1/99
04/01/99 | 13.00 2 29.94 92 60 222 0.84 0 94 228 -17.3 -14.1 -13.1 -11.6 110740 4166 568 4/1/99
04/05/99 | 7:50 2 30.14 84 41 226 0.83 0 -9.3 238 -17.1 -14 -13 -11.6 111044 4139 564 4/5/99
04/05/99 | 1500 | 2 30.12 99 62 236 0.83 0 -9.3 254 -174 -14.1 -13.1 -11.5 111058 4171 569 4/5/99
04/06/99 | 6:40 2 29.86 94 56 232 0.82 0 -9.2 248 -17 -14 -13 -11.5 111117 4151 566 4/6/99
04/06/99 | 15110 2 29.92 92 69 214 0.83 0 -9.6 208 -17.6 -13.8 -12.9 -11.5 111148 4118 561 4/6/39
04/07/99 | 7:10 2 30.23 74 45 202 0.82 0 -10.1 194 -17.9 -14.1 -13.1 -11.7 111205 4036 550 4/7/99
04/07/99 | 14:10 2 30.16 95 63 218 0.84 0 -9.9 218 -17.8 -14 -13 -11.5 111228 4138 564 4/7/99
04/08/99 | 6:50 2 20.95 80 53 210 0.82 0 -9.9 202 -17.6 -14 -12.9 -11.6 111294 4079 556 4/8/99
04/08/99 | 13:35 2 29.9 100 73 226 0.83 0 -9.7 226 -17.6 -13.9 -12.9 -11.3 111319 4156 567 4/8/99
04/12/99 | 7:20 2 30.12 76 37 215 0.78 0 -10.1 212 -17.6 -13.9 -129 -113 111644 3982 543 412/99
04/12/99 | 1350 | 2 30.22 86 S0 222 0.8 0 -9.9 224 -17.6 -139 | -129 -11.3 111675 4046 552 4/12/99
04/13/99 | 7:55 2 30.22 72 37 214 0.78 0 -10.1 214 -17.6 -13.8 =127 114 111759 3972 542 4/13/99
04/13/99 | 13:15 2 30.19 84 54 206 0.8 0 -99 201 -17.9 -14.2 -13.2 -11.6 111789 4001 546 4/13/99
04/14/99 | 6:40 2 30.07 82 41 202 0.78 0 -10 198 -17.8 -14.1 -13 -11.6 111826 3946 538 4/14/99
04/14/99 | 1350 | 2 30.04 91 62 214 0.78 0 -9.9 210 -17.8 -14 -13 -11.4 111849 3984 543 4/14/99
04/15/99 | 6:55 2 29.68 81 S0 210 0.76 0 -10.1 204 177 -13.7 -127 111 111901 3945 538 4/15/99
04/15/99 | 14:45 2 29.45 80 49 210 0.75 0 -10 202 -17.6 -13.6 -12.6 -1.1 111839 3934 536 4/15/99
04/19/98 | 7:20 2 30.05 76 38 222 0.67 0 ~11.3 206 -18.7 -12.3 -11.3 -10 113281 3714 S06 4/19/99
04/19/99 | 16:116 | 2 29.93 91 58 226 0.68 0 -11.1 208 -18.7 -12.7 -11.5 -10.2 113328 3760 513 4/19/99
04/20/99 | 6:45 2 29.98 76 a1 206 0.8 0 -9.5 212 -17.1 -15.4 | -144 -125 113432 4015 547 4/20/99
04/20/99 | 1400 | 2 30.06 89 53 216 0.83 0 -9.3 230 -17 -15.4 -14.4 -125 113475 4114 561 4/20/99
04/21/99 | 7:15 2 29.9 80 46 240 0.62 0 -11.3 230 -18.7 -16.5 -165 -14.3 113898 3628 495 4/21/99
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AS:
Main Temp.| Mag. [ Main Press. | Zone Press. | Calc. Flow | Flow
CF) ("H,0) (psig) (psig) (Ft/Min.) { (CFM) |Notes
160 1.6 9.5 8.25 5400 265
208 18 115 10 6000 295 |sample 036968-001 taken on zone 2 @ 17:02
200 205 10.5 9.25 6350 312 |Air pressure relief valve poping, adjusted dirverted air to compensate
192 2.05 10.75 9.5 6350 312 [Rain, K.O. Tank pump ran and meter at 2361 gal. @ 08:01, sample 036969-001 taken on zone 2 @ 8:05
186 21 105 9 6400 314 |System/zone rebalanced at wells post readings
202 2 116 10.1 6375 313 |Readings following rebalance, Zones set to cycle every 4 hours
1.55 10.6 9.2 5600 275 |AS Temp. gauge broken, Estimated temp. 200, Sample 036971-001 taken on zone 2 @ 8:05
1.55 1" 9.6 5450 268 |AS Temp. gauge broken, Est. Temp. 180
1.4 125 11 5200 255 |AS Temp. gauge broken, Est. Temp. 185, Sample 036973-001 taken on zone 2 @ 8:06
System shut down, blowers greased, adjusted AS bypass valve, shut ED-N2 due to rain, replaced AS temp gauge
170 1.5 125 11 5350 263 |System zone cycle time setto 2 hr @ 9:40
175 1.45 135 11.9 5400 265
165 15 12 105 5300 260 |Water blown out of AS system, AS-N14 tumed on, Sample 036976-001 taken on zone 2 @ 16:05
150 1.55 11.8 . 104 5300 260
155 1.45 11.6 10.1 5200 255
152 1.45 115 10.25 5200 255
System shut down, blowers greased & lubed, belts tightened, filtters changed, strainer cleaned, pump primed
165 1.2 14.25 126 4750 233 |Water blown from AS system, Sample 036978-001 taken on zone 2 @ 8:05
System shut down for Sandia mods., restarted 1/28/98 14:30
134 09 9.75 84 4050 199 |AS bypass opened more due to pressure relief pop-off on zone 1 @ 8:20
140 1.1 105 9.1 4475 220 |Adjusted AS bypass valve to keep pop-off from oscillating on zone 1 start-up
145 1.05 10.1 8.75 4400 216
165 05 135 11.9 3050 150 ]AS-N14 closed after blow out of condensation from N14 & N16 2/2/98 @ 15:00
160 0.49 135 12 3025 148 |Shut K.O. pump off to ensure water build-up for sampling and pump change out

Carbon changed on 2/12/98 Zone 2 ran for 20 min, shut down at 14:40 leaking pump, restart @ 8:00 today

0.19" of rain for the day

0.34" of rain for the day

at 8:00 gal. Pumped = 12,617, this = 6 gpm from zone 2, 0.43" of rain for the day

ran pump manually till oscillation observed in site tube

System shut down at noon due to problems with line contamination

System restart at 16:00 on 2/26, ran fron 13:30 to 14:00 on 2/25 shut down for stripper cleaning

following rebalance of system with magnehelics

north door open, Sys. Auto shutdown @ midnight due to high K.O. tank level - pump lost prime, GC exhib. Memory

Ground surface well frozen, summa 036380-001 @ 12:10, sve shut down @ 15:00 hours due to Stripper fouling

Rain, 04:00 - 16:00 0.72"

summa 036981-001 @ 04:08, system carbon chg. 07:30 - 15:55, chg. To Z2=6hr & Z1=2hr cycles, flow dir. Chg.
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carbon bed appears to ng too tight, wiil reverse flow back to norma/original

System shut off from 8:00 to 10:00 for flow change, seerns to have worked, adj. ED-N1, N2, N4, & NS Flow 0.7WC

0.53" of rain since 3/31 19:00 hrs

System shut down for maint. Restarted at 15:30

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

Flow ls based upon an estimated Bar. Press. of 30.00

High water level in ICO. tank, auto shut down, system left off for weekend

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

Sampling wells via Tedlar

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

before adjustments

160

0.2

14.5

13

1940

slight adjustments made, proper re-balance will need to be accomplished with drier conditions

carbon change

Before rebalance

Foliowing rebalance

Raining, ground saturated, 0.977

RAINI, 0.82" in past 6 hours, Vac relief popped, zone 2 set to run full time

Vac. Relief open, K.O. pump running, tank 1/2 full

1.76” of rain in the 24 hours preceding 5/8/98 @ 07:53 AM

Rain, again!

Summa taken on Scolt 10 ppm cal gas

Rain during night, carbon change: system shut down from 07:30 to 12:30
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Ground conditions are moderat

Ground conditions are wet

RAIN, 0.8" in past 24 hours

1.0" of rain in past 24 hours, vac. relief valve actuated - readings taken 10 minutes following reset -

Since 6/12/98 8:00 a.m. 1" of additional rain

1.58" of rain in past 24-hours

more rain

0.14" 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 monthly ave.

0.5" of rain since midnight

EW-N7 & N8 set to 2.6" WC, ED-N1, N2, N4, & N5 set 1o 0.5 WC, Following QTRLY Tedlar Sampling
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262 144 128 2000 142
Before Radius OF Infiuence testing
After RO testing
Before Zone 2 re-adjustment
After Zone 2 re-adjustments, EW-N7 & N8 set to 2.6 WC, ED-N1, N2, N4, & N5 set t0 0.4" WC
system vac to high Readjusted
226 0.95 138 12 4425 217
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212 28 10.5 8.75 6600 324  |AS restarted at 14:00, readings in Bd. taken at 14:25, system off at 14:30
0
196 28 10.7 9 7500 368

system restarted with new blower, carbon tank B inline
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Kurz Meter reading an average of 4,600 (627 SCFM)

system shut down for carbon change tank (A) only.And maint.@ 7.00 to 15:10

system on carbon tank A

Rain-soil moist

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

system changed back to carbon tank (b) due to high sys. Vac.

Rain-soil moist.

A lot of rain over night App. 2 to 3" soil real moist. Then it turned cold down to 12 degrees F
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Soil Moist And Frozen. And monthly readings taken at this time.

Systemn shut down for maint, @ 07:15 Blowers Iubed. System back on @ 07:49 , Oil in blowers cheched also (ok)
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Cross checked manual with formula on flow... Good... Start copy of cells Q,R,&S

Set up to calculate flow, system rebalanced (ed-N1,2,4,5=0.24,ew-n788=4.8)

System Auto shut down@ 13:10 Blower motor over load. System back on @14:00. Sve Blowers@Elect Blower,

Motor Greased at this time.

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

Rained soil moist.
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Lubricants used:

Aeon PD
Penzoil Pennlith EP Grease
Kendall High Temp EP Grease

(Note: Both greases comply with the manufacturer’s recommendations.)

Maintenance:

December 16, 1998 Initial Startup
January 5, 1998 Greased
January 18, 1998 Greased/Oil
February 4, 1998 Greased

March 6, 1998 Greased
March 18, 1998 Greased
April 6, 1998 Greased
April 27, 1998 Greased

- May 18, 1998 Greased
June 8, 1998 Greased
June 29, 1998 Greased
July 20, 1998 Greased/Oil

August 13, 1998 Greased
September 2, 1998  Greased
September 24, 1998 Greased
October 15, 1998 Greased
October 21, 1998 Blower Failure

ET 0 hours

ET 401.5 hours

ET 255 hours on grease; ET 656.5 hours on oil
ET 402.5 hours

ET 523 hours

ET 120 hours (PM by contractor)

ET 465 hours

ET 407.75 hours

ET 479.64 hours

ET 472 hours

ET 502.3 hours

ET 460.87 hours on grease; ET 3,833 hours on oil
ET 559.74 hours

ET 408.64 hours

ET 524.00 hours

ET 480.17 hours

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
December 7, 1998  Greased
December 31, 1998 Greased
January 16, 1999 Greased
February 1, 1999 Greased
February 22, 1999  Greased

ET 442.7S hours on grease

ET 307.83 hours :

ET 563.25 hours on grease, ET 3434 hours on oil
ET 343.62 hours

ET 388.5 hours

ET 394.25 hours

February 23, 1998  Electrical motor bearing failure, Blower Grease ET 26 hours, oil ET 4586.5
February 25, 1999  SLP Blower Squealing as if bearing going out 0.5 hours after restart
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System Balance on 12/17/97

(by: r.e.wright)

Zone 1

Well ID Press. (psi) Flow (fpm) Flow (cfm) FLAG WellID Vac. ("Hg) Flow (fpm) Flow (cfm) FLAG
AS-N1 12 450 2 EW-N1 -8 10 0 X
AS-N2 8 6000 33 * EW-N2 -1 5000 109 0.5
AS-N3 11 15 0 EW-N3 -6.5 375 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-NG6 -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

Well ID Press. (psi) Flow (fpm) Flow (cfm) FLAG WellID 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 1 280 2 EW-N9 -5 75 2
AS-N13 12 140 1 EW-N10 -5 75 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 ND
AS-N17 12 10 0 ED-N4 -5 5500 120
AS-N18 11.5 10 0 ED-N5 -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 1 6000 33 .
AS-N22 9.5 3800 21
AS-N23 10 18 0

Sum: 122 Sum: 524

FLAG: *= KURZ meter 6K range exceeded!, ND = Not Detectable
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System Balance on 12/23/97

Zone 1

Well ID Press. (psi) Flow (fpm) Flow (cfm) FLAG  Well ID Vac. ("Hg) Flow (fpm) Flow (cfm) FLAG
AS-N1 7.5 1000 5 EW-N1 -12.5 20 0
AS-N2 7.25 3000 16 EW-N2 0 6000 131 *
AS-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-NS5 -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

Well ID 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 N 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 ND
AS-N17 10.9 1800 10 ED-N4 -4.75 3000 65
AS-N18 12 5400 29 ED-N5 -6.75 5000 109
AS-N19 11 2300 13 ITRD-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!, ND = Not Detectable
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System Balance on 03/05/98

Zone 1

Well ID Press. (psi)Flow (fpm) Flow (cfm) FLAG Well ID Vac. ("Hg) Flow (fpm) Flow (cfm) FLAG
AS-N1 0 0 0 EW-N1 -8.5 *
AS-N2 0 0 0 EW-N2 0 7900 172
AS-N3 0 0 0 EW-N3 -9.5 .
AS-N4 0 0 0 EW-N4 -1.75 7650 167
AS-N5 0 0 0 EW-N5 -10.75 2175 47
AS-N6 0 0 0 EW-N6 -3.75 7650 167
AS-N7 0 0 0
AS-N8 0 0 0
AS-N9 0 0 0

Sum: 0 Sum: 554

Building Flow: 559
Zone 2

Well ID Press. (psi) Flow (fpm) Flow (cfm) FLAG Well ID Vac. ("Hg) Flow (fpm) Flow (cfm) FLAG
AS-N10 0 0 0 EW-N7 -4.5 5600 122
AS-N11 0 0 0 EW-N8 -3.4 5600 122
AS-N12 0 0 0 EW-N9 -12.25 ' .
AS-N13 0 0 0 EW-N10 -12.2 *
AS-N14 0 0 0 ED-N1 0 3275 71
AS-N15 0 0 0 ED-N2 0 3300 72
AS-N16 0 0 0 ED-N3 -7.5 i
AS-N17 0 0 0 ED-N4 -2.5 3300 72
AS-N18 0 0 0 ED-N5 -7.25 3050 67
AS-N19 0 0 0 ITRD-1 -8 *
AS-N20 0 0 0 ITRD-2 -12.25 1310 29
AS-N21 0 0 0
AS-N22 0 0 0
AS-N23 0 0 0

Sum: 0 Sum: 555

Building Flow: 586

Flag: ® = No Measurement of flow performed



® System Balance on 04/17/98

Zone 1
Well ID Press. (psi) Flow (fpm) Flow (cfm) FLAG Well ID Vac. ("Hg) Flow (fom) Flow (cfm) FLAG
AS-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-N5 0 0 0 EW-NS5 - 2800 61
AS-N6 0 0 0 EW-NG6 - 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
.f."-\-_:\
‘) " Well ID Press. (psi) Flow (fpm) Flow (cfm) FLAG Well ID 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 ED-N2 - 3300 72
AS-N16 0 0 0 ED-N3 - -
AS-N17 0 0 0 ED-N4 S 3300 72
AS-N18 0 0 0 ED-N5 - 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 Measurement/Unreliable Measurement of flow performed
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Before System Balance on 04/28/98
Zone 1

Qell ID Press. (psi) Flow (fpm) Flow (cfm) FLAG WelllD Vac. ("Hg) Flow (fpm) Flow (cfm) FLAG

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  -101 30 1
AS-N4 0 0 0 EW-N4  -225 9250 202
AS-NS 0 0 0 EW-NS -89 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
"H20 WC
VPMP-3 5

VPMP-2 § 07
VPMP-2 M 0
VPMP-2D 0
VPMP-1 S 26
VPMP-1 M S
VPMP-1 D 0

N

‘\.‘

i
N
."
il



Before System Balance on 04/28/98
Zone 2

AS-N10
AS-N11
AS-N12
AS-N13
AS-N14
AS-N1S
AS-N16
AS-N17
AS-N18
AS-N19
AS-N20
AS-N21
AS-N22
AS-N23

Soil Conditions: Moderate

VPMP-3
VPMP-2 S
VPMP-2M
VPMP-2 D
VPMP-1 §

“SyP-1 M

6*?49-1 D

Press. (psi)

OO0 O0OO000D0D0DO0DO0OOOCOO

"H20 WC
0.6
45

0
0
0.96
0.76
0

Flow (fpm)

OCO0OO0O0DO0CO0OO00DO00O0LO0OO0OO0O O

Sum:

Flow (cfm) FLAG WellID Vac. ("Hg)

OO0 000000000000

o

EW-N7
EW-N8
EW-N9
EW-N10
ED-N1
ED-N2
ED-N3
ED-N4
ED-NS
ITRD-1
ITRD-2

Flow (fpm)
65 6600
3.7 5590
-8.8 300
89 195
0 3100
0 3315
-8.6 )
-2.1 2890
-5.25 3250
-9.25 15
89 402
Sum:
Building Flow:
Deita:

Flow (cfm)
144
122

7
4
68
72
0
63
g
0
9

560
562

FLAG



Following System Balance on 04/28/98
Zone 1

@

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

AS-N1 0 0 0 EW-N1 -12.2 15 0 ¢
AS-N2 0 0 0 EW-N2 0 7890 172
AS-N3 (i} 0 0 EW-N3  -11.1 30 1 .
AS-N4 0 0 0 EW-N4 -1.75 7890 172
AS-N5 0 0 0 EW-NS -9.75 2725 59
AS-N6 0 0 0 EW-N6 4.1 7890 172
AS-N7 0 o] 0
AS-N8 0 0 0
AS-N9 0 0 0
Sum: 0 Sum: 577
Building Flow: 552
Soil Conditions: Moderate - Delta: -25
"H20 WC
VPMP-3 -
VPMP-2 S 0.66
VPMP-2M 0
VPMP-2D 0
VPMP-1 S 29
VPMP-1{ M 4.6

.~ VPMP-1D .

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



Following System Balance on 04/28/98
Zone 2

Qell 1D Press. (psi) Flow (fpm) Flow (cfm) FLAG WelllD Vac.("Hg) Flow (fpm) Flow (c¢fm) FLAG

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 o} 0 0 ED-N1 0 3050 67
AS-N1S (¢} 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 -241 3050 67
AS-N18 0 0 0 ED-NS S 3050 67
AS-N19 0 0 0 ITRD-1 -10 15 0 .
AS-N20 o 0 0 ITRD-2 -9.4 422 9
AS-N21 0 0 0
AS-N22 0 0 0
AS-N23 0o 0 0
Sum: 0 Sum: . 533
_ Building Flow: §52
Soil Conditions: Moderate Delta: 19
"H20 WC
VPMP-3 0.52
VPMP-2 S 42

S WMP-2 M .
@
MP1S 085

VPMP-1 M 07
VPMP-1 D -

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



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

iWell iD Press. (psi) Flow (fpm) Flow (cfm) FLAG WellID Vac. ("Hg) Flow (fpm) Flow (cfm) FLAG

AS-N1 0 0 0 EW-N1 0 0 0
AS-N2 0 0 0 EW-N2 0 0 0
AS-N3 0 0 0 EW-N3 0 0 0
AS-N4 0 0 0 EW-N4 0 0 0
AS-NS 0 0 0 EW-NS 0 0 0
 AS-N6 0 0 0 EW-N6 0 0 0
AS-N7 0 0 0
AS-N8 0 0 0
AS-N9 0 o] 0
Sum: 0 Sum: 0
Building Flow: 0
Soil Conditions: Moist Delta: 0
*H,0 WC
VPMP-3 -
VPMP-2 S -
VPMP-2 M -
VPMP-2D -
VPMP-1 S -
VPMP-1 M -

VPMP-1 D -

o



Readings on 05/28/98
Zone 2

Q\Ieﬂ 1)

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

Press. (psi) Flow (fpm)
1]

© 000000000000 OO
0O 00 000000 0O OO O

Sum:

Soil Conditions: Moist

VPMP-3
VPMP-2 S
2 \MP-2 M
‘MP-Z D
VPMP-1 S

VPMP-{ M
VPMP-1 D

ITRD North S
ITRD North M

*H,0 WC
0.25
34

0.66
0.42

13

Flow (cfm) FLAG
0

O 0000000 OO0 OO

Flag: ® = Measurement performed with Kurz meter

WellID Vac. ("Hg) Flow (fpm)

EW-N7
EW-N8
EW-N9
EW-N10
ED-N1
ED-N2
ED-N3
ED-N4
ED-NS
ITRD-1
ITRD-2

-7»
-3.8
-9.2

8

0

o]
93
-15
-39
-9.6
-9.5

5590
5720
682
600
3030
3400
5
3100
3000
10
790

Sum:
Building Flow:
Delta:

Flow (cfm) FLAG
122
125
15
13 .
66
74

566
541



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

o
Well ID Press. (psi) Flow (fpm) Flow (cfm) FLAG WellID Vac. ("Hg) Flow (fpm) Flow (cfm) FLAG

AS-N1 0 0 0 EW-Nt -10 0 0
AS-N2 0 0 0 EW-N2 0 7700 168
AS-N3 0 0 0 EW-N3 875 0 0
AS-N4 0 0 0 EW-N4 -1.5 7050 154
AS-NS 0 [} 0 EW-NS 73 1850 40
AS-N6 0 0 0 EW-N6 - 4 7900 172
AS-N7 0 0 0
AS-N8 0 0 0
AS-N9 0 0 ]
Sum: 0 Sum: 535
Building Flow: 528
Soll Conditions: Dry Delta: -7
"H,O0WC
VPMP-3 -
VPMP-2 § -
VPMP-2M -
VPMP-2D -
VPMP-1 § -
VPMP-1 M -
VPMP-1 D -

|
‘é: EW-N1, EW-N4, & EW-N6 set to 170 CFM following sampling




07/21/98 System on Zone 2
Pre Qtrly. Samp.

Q\Iell D Press. (psi) Flow (fpm) Flow (cfm) FLAG WelllD Vac.("Hg) -~ Flow (fpm) Flow (cfm) FLAG

AS-N10 0 0 0 EW-N7 -5.25 S000 109
AS-N11 . 0 0 (o] EW-N8 -34 5150 112
AS-N12 0 0 0 EW-N9 -7.5 400 9
AS-N13 0 0 0 EW-N10 -76 0 0
AS-N14 0 0 0 ED-N1 0 2650 58
AS-N15 ] 0 ) ED-N2 0 2500 55
AS-N16 0 0 0 ED-N3 -7.3 0 0
AS-N17 0 0 0 ED-N4 0 2850 62
AS-N18 0 0 0 ED-NS -35 2525 55
AS-N19 0 (0] 0 ITRD-N7 175 0 0
AS-N20 0 0 0 ITRD-N9 7.3 585 13
AS-N21 0 (] ]
AS-N22 0 0 0
AS-N23 0 0 0
Sum: 0 Sum: 473
Building Flow: 522
Soil Conditions: Dry : Delta: 49
“H,0 WC

VPMP-1 D -
ITRD North S -
ITRD North M -

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




07/29/98 System on Zone 1

AS-NM1
AS-N2
AS-N3
AS-N4
AS-NS
AS-N6
AS-N7
AS-N8B
AS-N9

0

0O 000000 OO
0O 00000 OoOOo

Sum:

Soil Conditions: Dry

"H,O0 WC
VPMP-3 3.55
VPMP-2 S 0.29
VPMP-2 M a
VPMP-2D -
VPMP-1 § 1.1
VPMP-1 M 2325
VPMP-1D -

2 North S 0
‘(o NothM  0.085

Press. (psi) Flow (fpm)

Flow (cfm) FLAG WellID Vac. ("Hg)

0

0O 0O 0 0O 0 o0 o o

Flag: * = Measurement performed with Kurz meter

EW-N1
EW-N2
EW-N3
EW-N4
EW-NS
EW-N6

Flow (fpm)

-9.75 18
0 8200

8.5 30
-1.75 8400
75 2100
4.25 8400
Sum:

Building Flow:
Delta:

Flow (cfm) FLAG

0
179
1
183
46
183

5§92
559



07/28/98 System on Zone 2

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

AS-N10 0 o]
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

©C 0O 0O 0000000 OO OO OO
O OO0 0000000 OO OO
O O 0O 0000 OO0 OO OO OO

Sum: 0
Soil Conditions: Dry

“H,0 WC
VPMP-3 0.185
_VPMP-2S 42

"MMP-2 M 0
MP-2D -

VPMP-1 § 0.63

VPMP-1 M 0.27
VPMP-1 D -
ITRD North S 0

ITRD NothM 125

Flag: * = Measurement performed with Kurz meter

FLAG WelliD
EW-N7
EW-N8
EW-N9

EW-N10
ED-N1
ED-N2
ED-N3
ED-N4
ED-NS

ITRD-N7

ITRD-N9

Vac. ("Hg) Flow (fpm)

-7.25 7050
) 6350
-7.6 285
-7.75 600
0 2870
0 3200
-75 7
0 2870
44 2925
-7.9 40
-76 440
Sum:
Building Flow:
Delta:

Flow (cfm) FLAG
154
139
6 .
13 .
63
70

581
545



08/03/98 System on Zone 1
AS Baseline

@
Well ID Press. (psi) Flow (fpm) Flow (cfm) FLAG WelliD Vac. ("Hg) Flow (fpm) Flow (cfm) FLAG

AS-N1 13.1 632 3 EW-N1 0 .
AS-N2 126 2825 15 EW-N2 0
AS-N3 124 600 3 EW-N3 0 ¢
AS-N4 12 5500 30 EW-N4 0
AS-NS 125 0 0 EW-NS 0
AS-N6 15 1740 9 EW-N6 0
AS-N7 11 0 0
AS-N8 1 0 0
AS-N9 12 1420 8
Sum: 69 Sum: 0
Building Flow: 162 Building Flow: 0
Delta: 93 Deita: 0
Soil Conditions:
"H,O0WC
VPMP-1 §
VPMP-1 M
VPMP-1 D
VPMP-2 S
VPMP-2 M
.MVPMP-2 D
am PMP-3
MP-4S
VPMP-4M

Flag: ® = Measurement performed with Kurz meter




08/03/98 System on Zone 2

AS Baseline

iWell 1D Press. (psl) Flow (fpm) Flow (cfm) FLAG WellID Vac.("Hg) Flow (fpm) Flow (cfm) FLAG

AS-N10 13 4125 2 EW-N7 0
AS-N11 131 1420 8 EW-N8 0
AS-N12 133 0 0 EW-N9 0 .
AS-N13 134 1420 8 EW-N10 0 .
AS-N14 0 0 0 ED-N1 0
AS-N1S 0 0 0 ED-N2 0
AS-N16 0 ] 0 ED-N3 0 .
AS-N17 136 3160 17 ED-N4 0
AS-N18 13.25 2450 13 ED-NS 0
AS-N19 129 0 0 {ITRD-N7 0 *
AS-N20 - 126 0 0 ITRD-N9 0
AS-N2t 1275 250 12
AS-N22 1225 3475 19
AS-N23 126 1270 7
Sum: 107 Sum: 0
Building Flow: 142 Building Flow: 0
Delta: 35 Delta: 0
Soil Conditions:
"H,O0WC
IMP-1 S
MP-1 M
VPMP-1 D
VPMP-2 S .
VPMP-2M
VPMP-2D
VPMP-3
VPMP-4S
VPMP-4M

Flag: * = Measurement performed with Kurz meter

©



08/04/98 ROl on Zone 1

P N
o
Well ID Vac. ("Hg) Flow (fpm)

EW-N3 -1

Solil Conditions: Dry

*H,0 WC
VPMP-1 S 0
VPMP-1 M 0
VPMP-2 S 0
VPMP-2 M 0
VPMP-2 D 0



08/04/98 ROI on Zone 2

@
WellID  Vac. ("Hg) "H,0 WC Flow (fom)  Flow (cfm)
EW-N7 7 33 775 157

Soil Conditions: Dry
Approx. Dist. (X,Y) in
"H,0 WC feet from EW-N7

EW-N2 0.13 151
EW-N4 0.165 84
EW-N5 0.14 138
EW-N6 0.085 205
EW-N8 18 74
EW-N9 05 147
EW-N10 0.115 170
ED-N1 0 ?
ED-N2 0.08 ?
ED-N4 0 ?
ED-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-2 S 34 40
VPMP-2M 0 40
2 NPMP-3 0.08 189
PMP-4S 0 153
VPMP-4M 0.03 153
Well ID Vac. ("Hg) “"H,O0 WC Flow (fpm)  Flow (cfm)
ED-N2 0 0.44 2610 57

Soil Conditions: Dry

"H,0 WC
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 RO

Qvaﬂ ID Vac. ("Hg) "H,OWC

EW-N7 ¢
EW-N8 *
EW-N9 ¢
EW-N10 ¢
ED-N1 *
ED-N2 ¢
ED-N3 ¢
ED-N4 .
ED-NS ¢
ITRD-N7 *

ITRD-N9 ¢

Soil Conditions: Moderate to Dry

_g) "H,0 WC
QMP-1 s .
MP-1 M .
VPMP-1 D .
VPMP-2 S .
VPMP-2M .
VPMP-2D .
VPMP-3 .
VPMP-4S .
VPMP-4M .

* = Measurement not performed

26
28
0
04
0.4
04
04

0.02

Flow (fpm)

6375
6375
0
0
2500
2500
(0]
2500
2500
0
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

Well ID Vac. ("Hg) “"H,O0wcC

EW-N7 . 3
EW-N8 . 3
EW-N9 . 0
EW-N10 . .
ED-N1 . 0.36
ED-N2 . 0.36
ED-N3 . .
ED-N4 ’ 0.36
ED-N5 . 0.36
ITRD-N7 . .
ITRD-NS . 0.02
Buildin

Soil Conditions: Moderate to Dry

"H,0 WC

VPMP-1 S .
VPMP-1 M .
VPMP-1 D .
VPMP-2 S .
VPMP-2 M .
VPMP-2 D .
VPMP-3 .
VPMP-4S .
VPMP-4M .

® = Measurement not performed



m on Zone 2
ollowing High Sys. Vac.

Qw (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

.\,;Veﬂ 10

AS-110
AS-N114
AS-N12
AS-N13
AS-N14
AS-N15
AS-N16
AS-N17
AS-N18
AS-N19
AS-N20
AS-N21
AS-N22
AS-N23

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

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
) 0 0
0 0 0
0 0 0
o] 1] 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

Sum: 0

Solil Conditions: Dry

Piezometer

VPMP-1 §
VPMP-1 M

O SIMP-1 D
QMP-Z s
PMP-2M
VPMP-2D
VPMP-3

VPMP-4S
VPMP-4M

“H,0 WC
0.56
0.27
4.05

0
0.16
0
95

Flag: * = Measurement performed with Kurz meter

EW-N7
EW-N8
EW-N9
EW-N10
ED-N1
ED-N2
ED-N3
ED-N4
ED-NS
ITRD-N7
ITRD-N9

6.4
48
6.7

875

0
0
6.4
0
25

-6.6

6100
6925
250
575
2350
2325

2325
2325

650

Sum:
Building Flow:
Delta:

133
151
S
13
51
51
0
51
51
0
14

520
5§32
12

FLAG

NM



System on Zone 1

QVeﬂ 1D Press. (psi) Flow (fpm) Flow (cfm) FLAG WellID Vac.("Hg) Flow {fpm) Flow (cfm) FLAG
AS-N1 0 0 EW-N1 0 .
AS-N2 EW-N2
AS-N3 EW-N3
AS-N4 EW-N4
AS-NS - EW-NS
AS-N6 EW-N6
AS-N7
AS-N8
AS-N9

OO0 O0OO0O0O0OCOOO
0O 0O 00O OO0 o0 OO
0O 0O 0O 00O OO

(=2 =~ I = I = I ]

Sum: 0 Sum: 0
Building Flow: 0

Soil Conditions: Delta: 0

"H,OWC
VPMP-1 §
VPMP-1 M
VPMP-1 D
VPMP-2 §
VPMP-2 M
VPMP-2 D
VPMP-3

e

) >MP4S
‘PMP-4M

Flag: ® = Measurement performed with Kurz meter




09/01/98 System on Zone 2

iWeIIID Press. (psi) Flow (fpm) Flow (cfm) FLAG WelllD Vac. ("Hg) Flow (fpm) Flow (cfm) FLAG

AS-N10 0 0 0 EW-N7 -7.2 8000 175
AS-N11 0 0 0 EW-N8 51 8000 175
AS-N12 0 0 0 EW-NS -12 425 9 .
AS-N13 0 0 0 EW-N10 -12.4 760 17 .
AS-N14 0 0 0 ED-N1 0 2150 47
AS-N15 0 0 (o] ED-N2 0 2150 47
AS-N16 0 0 0 ED-N3 -11.75 4 0 .
AS-N17 0 0 0 ED-N4 0 2150 47
AS-N18 0 0 0 ED-NS -25 2150 47
AS-N19 0 0 0 ITRD-N7  -11.75 1200 26 .
AS-N20 0 0 0 ITRD-N9 -12 1180 26
AS-N21 0 0 0
AS-N22 0 0 0
AS-N23 0 0 0
Sum: 0 Sum; 615
Building Flow: 551
Soil Conditions: Dry Delta: -64
"H,0 WC
VPMP-1 S 0.52
VPMP-1 M 0.31
2 MP-1 D 0
MP-2S 43
VPMP-2M 0
VPMP-2D 0
VPMP3 0.26
VPMP-4S 0
VPMP-4M 55

Flag: ® = Measurement performed with Kurz meter




09/23/98 System on Zone 2

Y
GWell D Press. (psi) 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

©C OO0 00000 O0OO0OOOOO O

Soil Conditions: Moderate to Dry

“H,0 WC
VPMP-1 § 05
VPMP-1 M 0.39
- 5
4.1
0
VPMP-2D 0
VPMP-3 0.2
VPMP-4S 0
VPMP-4M 9.6

0

O 0O 0O 0000000 O0OOo0O O

Sum:

Flow (cfm)
0

O OO0 0000000 OO0 OO

Flag: ® = Measurement performed with Kurz meter

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

EW-N7
EW-N8
EW-NS
EW-N10
ED-N1
ED-N2
ED-N3
ED-N4
ED-NS
ITRD-N7
ITRD-N9

-7 7700
-5 6380
-11.6 220
-11.9 1050
0 2015
0 2190
-11.6 4
0 2050
-2 2125
-11.6 3600
-11.75 685
Sum:
Building Flow:
Delta:

Flow (cfm)

sd88°8EBega

611
565

FLAG



10/15/98 System on Zone 1

P
@
wellID
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-2 S
VPMP-2M
VPMP-2D
VPMP-3

L PMP-4S
MP-4M

Press. (psi) Flow (fpm)
(o]

©C 0O 0 00 OO0 o o
OO0 O0OO0OO0O0OO O

Sum:

*H,0 WC
18
25

0.225

27

0.24

Flow (cfm) FLAG WellID Vac. ("Hg) Flow (fpm)

0

0O 0O OO0 0O o0 o o

Flag: ® = Méasurement performed withAKurz meter

. ;.I
e >

EW-N1
EW-N2
EW-N3
EW-N4
EW-NS
EW-N6

-143 20
0 7800

-13.9 40
-15 8100
-123 3475
-3.6 8000
Sum:

Building Flow:

Detfta:

Flow (cfm)
0
170
1
177
76
178

599
566

FLAG



10/12/98 System on Zone 2

i Well ID

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:

VPMP-1 §
__VPMP-1 M
2 NMP-1 D
MP-2S
VPMP-2M
VPMP-2D
VPMP-3_
VPMP-4S
VPMP-4M

Press. (psi) Flow (fpm)
0

0 0000000 O0OOOC O
0O 00 00000000 O0O OO

Sum:

*H,0 WC
0.66
0.48

0
41
0
0
0.28
0
7

Flow (cfm) FLAG WellID

0

O 0O 0O 000D O0OO0COOCODOO

Flag: * = Measurement performed with Kurz meter

Ty

EW-N7
EW-N8
EW-N9
EW-N10
ED-N1
ED-N2
ED-N3
ED-N4
ED-NS
ITRD-N7
ITRD-N9

Vac. ("Hg) Flow (fpm)
6.25 7300
5 6350
-11.6 290
-11.9 1300
0 2025
0 2100
-11.6 8800
0 2075
-21 2125
-12 3180
11.75 680
Sum:
Building Flow:
Detlta:

Flow (cfm) FLAG
159
139

a38&8bvgrBo

603
562
41



10/20/98 AS System on Zone 2

/ngeﬂ D Press. (psi) Flow (fpm) Flow (cfm) FLAG
‘ -N10 8.1 1760 10
AS-Nt1 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 95 1760 10
AS-N19 9.3 1530 8
AS-N20 8.4 S150 28
AS-N21 9 8100 44
AS-N22 8.25 6900 38
AS-N23 9.2 970 5
Sum: 210
Building Flow: 324

Delta: 114

»




10/21/98 AS System on Zone 2

6We!l 1D

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:

o VP! S
MP-1 M
VPMP-1 D
VPMP-2 S
VPMP-2M
VPMP-2D
VPMP-3
VPMP-4S
VPMP-4M

Press. (psi) Flow (fpm)
52 700
5SS 3450
56 8700
8.9 560

0 0

0 0

0 0
8.1 1680
8.7 3950
89 1480
8 4700
8 8150
75 4350

8.4 0
Sum:

Building Flow:
Deita:
*H,O0 WC

Flow (cfm) FLAG WellID Vac.("Hg) Flow (fpm)

3.81790774
18.816831
47.451139

3.05432619

0
0
0

9.16297857
21.543908

8.07214779

25.6345234

44.4513544

23.7255695

0

205.730686
368
162

Flag: * = Measurement performed with Kurz meter

EW-N7
EW-N8
EW-N9
EW-N10
ED-N1
ED-N2
ED-N3
ED-N4
ED-NS
ITRD-N7
ITRD-NS

Sum:
Building Flow:
Delta:

Flow (cfm) FLAG
0

0O 0O 0O O0CO0OO0COO0OO O
-



System on Zone 1

QVeI' i0 Press. (psl) Flow (fpm) Flow (cfm) FLAG WellID Vac. ("Hg) Flow (fpm) Flow (cfm) FLAG
AS-N1 0 0 EW-N1 0 0 0 .
AS-N2 EW-N2
AS-N3 EW-N3
AS-N4 EW-N4

* AS-NS EW-NS
AS-N6 EW-N6
AS-N7
AS-N8
AS-N9

(=20 = B = B - I = I > I = B« B« ]

0 0O OO0 00 o0 o

0O 0O 00O 0O 0o OO
© 0O o0 oo
0O 0o o oo

Sum: 0 Sum: 0
Building Flow: 0

Soil Conditions: Delta: 0

“H,0 WC
VPMP-1 §
VPMP-1 M
VPMP-1 D
VPMP-2 S
VPMP-2 M
VPMP-2 D
_.VPmpP3

D PMP-4S

MP-4M

Flag: ® = Measurement performed with Kurz meter

a0,

4

‘»“.



11/25/98 System on Zone 2

WellID  Press. (psi) Flow (fpm) Flow (cfm) FLAG WelllD Vac. ("Hg) Flow (fpm) Flow lcfm) FLAG

AS-N10 o 0 0 EW-N7 58 5850 128
AS-N11 0 0 0 EW-N8 45 5300 116
AS-N12 0 0 0 EW-N9 93 325 7 .
AS-N13 0 0 (o] EW-N10 95 1050 23 .
AS-N14 0 0 0 ED-N1 0 1880 41
AS-N15 0 0 0 ED-N2 0 1700 37
AS-N16 0 0 0 ED-N3 -9.5 0 0 *
AS-N17 0 0 0 ED-N4 0 1960 43
AS-N18 0 0 0 ED-NS 0 1260 27
AS-N19 0 0 0 ITRD-N7 95 2480 54 .
AS-N20 0 0 0 ITRD-N9 98 1280 28
AS-N21 0 0 0
AS-N22 0 0 0
AS-N23 0 0 0
Sum: 0 Sum: 504
Building Flow: 518
Soil Conditions: Dry . Detta: 14
“H,0WC

VPMP-1S 058
_VPMP-IM 038

S0 \P-1 D 0
MP-2 S 39
VPMP-2 M 0
VPMP-2D 0
VPMP-3. 0.21
VPMP-4S 0
VPMP-4M 20

Flag: * = Measurement performed with Kurz meter
Note: Building Flow from Telog



System on Zone 1

Barometric Pressure = 30
Temprature = 55

@
Well ID Press. (psi) Mag. Rdg. Flow (fpm) Flow (cfm) FLAG WelliD Vac. ("Hg) Mag. Rdg. Flow (fpm) Flow (cfm) FLAG

AS-N1 0 0 0 EW-N1 0 - 0 0 .
AS-N2 0 0 0 EW-N2 0 0 0
AS-N3 0 0 0 EW-N3 o] - 0 0 .
AS-N4 0 0 0 EW-N4 0 0 0
AS-NS 0 0 0 EW-NS 0 0 0
AS-N6 0 0 0 EW-N6 0 0 0
AS-N7 0 0 0
AS-N8 0 0 0
AS-NS 0 0 0
. Sum: 0 Sum: 0
Building Flow: 0 Building Flow: 0
Delta: 0 Delta: 0
Soil Conditions:
"H,0 WC
VPMP-1 S
VPMP-1 M
VPMP-1 D
VPMP-2 S
VPMP-2M
“ZWMP-2 D
QiPMP-s
MP-4S
VPMP-4M

Flag: * = Measurement performed with Kurz meter



12/30/98 System on Zone 2

Barometric Pressure = 30.16

Temprature = 55

‘Vell 1D

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

AS-N10 0 0
AS-N11 0 o
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 o 0
AS-N2t 0 0
AS-N22 0 0
AS-N23 0 0
Sum:
Building Flow:;
Deilta:
Soil Conditions:
“H,0 WC
EIMP-1 S 0.66
QMPJ M 046
PMP-1 D 0
VPMP-2 S 38
VPMP-2M \]
VPMP-2D 0
VPMP-3 0.28
VPMP-4S 0.045
VPMP-4M >20

Flag: * = Measurement performed with Kurz meter

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

Flow (cfm) FLAG Well ID

0

0O 0O 0000000 O0ODOO O

o o

EW-N7

EW-N8

EW-N9
EW-N10
ED-N1
ED-N2
ED-N3
ED-N4
ED-NS
ITRD-N7
ITRD-NS

Vac. ("Hg)

6.8
-5.2
-105
-10.4
0
0
-10.3

15
-10.4
-104

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

0065 -~ 1003

Sum:
Building Flow:
Delta:

Flow (cfm) FLAG

86
115

6 .
26 .
40

27

0 -
27
40

68 .
2

457
525
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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 Zero (T,)

INTRODUCTION

The amount of volatile organic compounds (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 (S VE) 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 4 liter 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 11 and 12, 1997. Table | 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 |
shows the locations of these monitoring points at the Mound OU-1 site.

Table 1. Time Zero Soil Gas Sampling Locations

Sample Location Descritption
EW-NI SVE Extraction Well N1
EW-N2 SVE Extraction Well N2
EW-N3 SVE Extraction Well N3
EW-N4 SVE Extraction Well N4
EW-N5 SVE Extraction Well N5
EW-N6 SVE Extraction Well N6
EW-N7 SVE Extraction Well N7
EW-N8 SVE Extraction Well N8
EW-N9 SVE Extraction Well N9
EW-NI10 SVE Extraction Well N10
EW-ITRD-N7 Pilot Test Well Near EW-N7
EW-ITRD-N9 Pilot Test Well Near EW-N9
ED-1 French Dratn 1
ED-2 French Drain 2
ED-3 French Drain 3
ED-4 French Drain 4
ED-5 French Drain 5
VP-MP2 Vadose Zone Piezometer No. 2
VP-MP3M Vadose Zone Piezometer No. 3, Middle
VP-MP3D Vadose Zone Piezometer No. 3, Deep
VP-MP4S Vadose Zone Piezometer No. 4, Shallow
VP-MP4M Vadose Zone Piezometer No. 4, Middle
0388 Groundwater Monitoring Well 0388
0376 Groundwater Monitoring Well 0376
0377 Groundwater Monitoring Well 0377

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

03/05/98 1 Static Soil Gas Monitoring Report - Time 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 Summary Analytical Data - Detected Compounds Only

Location

Chemical

Result (ppb,v/v) Qualifier

0388

0376

0377

EW-NI1

EW-N2

EW-N3

03/05/98

Dichlorodifluoromethane
1,1,2-Trichloro-1,2,2-trifluoroethane
Methylene chloride
1,1,1-Tnchlorocthane

Carbon tetrachloride
Trichlorocthene

Tetrachloroethene
Dichlorodifluoromethanc
Trchlorofluoromethane

Carbon disulfide

1,1,2-Trichloro-1,2 2-trifluoroethane
Methylene chloride
1,1,1-Trichloroethane
Trichliorocthene

Tetrachloroethene
Trichlorofluoromethane
1,1,2-Trichloro-1,2,2-trifluoroethane
Methylene chloride
1,1,1-Trichloroethane
Trichloroethene

Tetrachloroethene
Dichlorodifluoromethane

Carbon disulfide

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

Methylene chloride

Chloroform

Trichlorofluoromethane
1,1,2-Trichloro-1,2 2-trifluoroethane
trans-1,2-Dichloroethene
cis-1,2-Dichloroethene

Chloroform

Carbon tetrachloride
Trichloroethene

Toulene

Tetrachlorocthene

Ethylbenzene

Xylenes (total)

4-Ethyltoluene
1,3,5-Trimethylbenzene
1,2,4-Trimethylbenzene
Dichlorodifluoromethane

Methylene chloride

Benzene

Trichloroethene

0.8 J
340

2

19

2.1

35

27

0.72 J
6.6

1.2 J
360

1.9 J

19

3.2

6.3

17

110

54 JB
940

11
93
0.46
37
44
4.1
1.2

1
12
410
460
760
120
35 J
5100 -

66
2500

23 J
140

S0 J
22 J
61
0.48

1.3

24
0.88 J

Lo

e ey ey
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Location

Chemical

Result (ppb,v/v) Qualifier

VP-MP3D

EW-N4

'II'D o EW-NS

EW-N6

VP-MP2

03/05/98

Toluene

Tetrachloroethene
Ethylbenzene
Chloromethane

Vinyl chloride
1,1,2-Trichloro-1,2,2-trifluoroethane
Methylene chloride '
trans-1,2-dichloroethene
cis-1,2-dichloroethenc
Trichloroethene

Toluene

Tetrachloroethene
Dichlorodiftuoromethane
Vinyl chloride
Trichlorofluoromethane
1,1,2-Trichloro- 1,2 2-trifluoroethane
Methylene chloride
trans-1,2-Dichloroethene
cis-1,2-Dichloroethene
Chloroform

Carbon tetrachloride
Trichloroethene

Toluene

Tetrachloroethene

Vinyl chioride

Methylene chloride
cis-1,2-Dichloroethene
Benzene

Trichloroethene
Tetrachlorocthene
Dichlorodifluoromethane
Trichlorofluoromethane
1,1,2-Trichloro-1,2 2-trifluoroethane
Acetone

Methylene chloride
cis-1,2-Dichloroethene
Chloroform

Benzene

Trichloroethene
Tetrachloroethene
Dichlorodifluoromethane
Vinyl chloride
Trichlorofluoromethane
1,1,2-Trichloro-1,2 2-trifluorocthane
Methylene chloride
trans-1,2-Dichlorocthene
cis-1,2-Dichloroethene
Chloroform

Benzene

Trichloroethene

33

1.2
0.56 J
27 J
13 .
0.82 . J

1 JB
1.2 J
140

10

1.2 J
2.6

23
410

85
7.5 JB
50
220
35
5.8 J
920
6.8 J
420 '
2300
120 JB
16000
180 J
780
230
© 400
120
1200
100 J
14 B
290
40
24
2800
80
35
170
74
120
5
17
460
3.1 J
30
260
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03/05/98

Location Chemical Result (ppb,v/v) Qualifier
Toluene 6.6
Tetrachloroethene 14
Ethylbenzene 240
Xylenes (total) 15
1,2,4-Trimethylbenzene 1.3 J

ED-1 Dichlorodifluoromethane 4.8
Vinyl chloride 35
Carbon disulfide 1.1 J
1,1,2-Trichioro-1,2 2-trifluoroethane 73
trans-1,2-Dichloroethene 5.1
cis-1,2-Dichloroethene 150
Chloroform 1.8 J
Trichloroethene 33
Tetrachloroethene 3

ED-2 Dichlorodifluoromethane 0.46 J
Vinyl chloride 14
Carbon disulfide 1
Acetone 6.6 J
Methylene chloride 1.2
trans-1,2-Dichloroethene 1.2
cis-1,2-Dichloroethene 190
Benzene 0.42 J
Trichloroethene 78
Tetrachloroethene 1.7 J

ED-3 Dichlorodifluoromethane ' 35
Vinyl chloride 370 D
1,1-Dichlorocthene 30
Carbon disulfide 0.74 )
1,1,2-Trichloro- 1,2 2-trifluoroethane 23
Acetone 20
Methylene chloride 2.2
trans-1,2-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 52

ED-4 Dichlorodifluoromethane 4
1,2-Dichloro-1,1,2.2-tetrafluoroethane 041 J
Vinyl chloride 6
Carbon disulfide 1.8 J
Methylene chloride 2.1
cis-1,2-Dichloroethene 15
Chloroform 1.3 J
Trichloroethene 2.7
Tetrachloroethene 14
Ethylbenzene 0.65

ED-5 Dichlorodifluoromethane 27

Static Soil Gas Monitoring Report - Time Zero (To)



03/05/98

Location Chemical Result (ppb,v/v) Qualifier
Vinyl chloride 39
Chlorocthane 7.8
1,1-Dichloroethenc 1.4 ]
Carbon disulfide 1.2 J
1,1,2-Trichloro-1,2 2-trifluoroethane 4
Acetone 24
- Methylene chloride 25
1,1-Dichloroethene 3.2
- Vinyl acetate 1.4 J
cis-1,2-Dichloroethence 12
Chloroform 1.1
1,1,1-Tnchiorocthane 0.54
Benzene 3.1
Trichloroethene 5
Toluene 1.6 J
Tetrachloroethene 2.5
Dibromochloromethane 0.38 J
Chlorobenzene 1.7 J
Ethylbenzene 1.2
Xylenes (total) 5
EW-N7 Dichlorodifluoromethane 36000
Vinyl chloride 1600000 D
1,1-Dichloroethene 25000
1,1,2-Trichloro- 1,2 2-trifluoroethane 140000
Methylene chloride 28000 B
trans-1,2-Dichlorocthene 19000
cis-1,2-Dichloroethene 3700000
Chloroform 8000
Benzene 16000
Trichloroethene 2800000
Toluene 2000000
Tetrachloroethene 75000
Ethylbenzene 4200 J
Xylenes (total) 12000 J
EW-N8 Dichlorodifluoromethane 260
Viny!l chloride 1400
Chloroethane 59
Methylene chloride 24
trans-1,2-Dichloroethene 22
1,1-Dichloroethene 270
cis-l.2-DichIoroclﬁcnc 1300
Benzene 6000
Trichloroethene 2500
Toluene 4400
Tetrachloroethene 180
Ethylbenzene 120
Xylenes (total) 210
1,3,5-Trimethylbenzene 15
1,2,4-Trimethylbenzene 37
EW-ITRD-N7 Dichlorodifluoromethane 37
Vinyl chloride 490

Static Soil Gas Monitoring Report - Time Zero (To)



Chemical

Result (ppb,v/v) Qualifier

Location
EW-N9
EW-ITRD-N9
..ﬂ\\
EW-NI10
VP-MP-3M

.;;

03/05/98

1,1,2-Trichloro- 1,2 2-trifluorocthane
cis-1,2-Dichloroethene
Benzene
Trichloroethene
Toluene
Tetrachloroethene
Xylenes (total)
4-Ethyltoluene
1,2,4-Trimethylbenzene
Trichiorofluoromethane
Methylene chloride
cis-1,2-Dichloroethene
Trichloroethene
Toluene
Tetrachloroethene
Ethylbenzene

Xylenes (total)
Dichlorodifluoromethane
Vinyl chloride
Trichlorofluoromethane
1,1-Dichloroethene

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

Methylene chloride
cis-1,2-Dichloroethene
Chloroform

Benzene

Trichloroethene

Toluene
Tetrachloroethene
Ethylbenzene

Xylenes (total)
Dichlorodifluoromethane
Vinyl! chloride
Trichlorofluoromethane
1,1,2-Trichloro- 1 2 2-trifluoroethane
Methylene chloride
cisi-1,2-Dichloroethene
Chloroform

‘Benzene

Trichloroethene
Toluene
Tetrachloroethene
Ethylbenzene
Xylenes (total)
cis-1,2-dichloroethene
Benzene
Trichloroethene
Toluene
Tetrachloroethene
Ethylbenzene

150 -
1900
10 J
1900
3000
150
57
18
1
42
120
4400
8500
13000
580
62 J
220
1600
10000
470
210
4400
140 B
19000
2600
79 J
16000
5000
13000
65
160
38
67
160
250
26 JB
1900
12
15
2700
2900
160
9.4
2
4000
25 ]
6800
9300
450
28 ]

B - =~
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Location Chemical Result (ppb,v/v) Qualifier

Xylenes (total) 120

ﬂ . VP-MP-4S  Dichlorodifluoromethane 160
Vinyl chloride 90
1,1,2-Trichloro- 1,2 2-trifluoroethane 1100
Methylene chloride ’ 23 JB
trans-1,2-Dichlorocthene 470
cis-1,2-Dichloroethene 1600
Chloroform 26 J
Trichloroethene 2700
Toluene 780
Tetrachloroethene 2400
Xylenes (total) 14 J

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

Methylene chlonde 110 JB
trans-1,2-Dichloroethene 930
cis-1,2-Dichloroethene 3000
Chloroform 240
Carbon tetrachloride 50 J
Trichloroethene 13000
Toluene 540
Tetrachloroethene 4300

J - Result is detected below the reporting limit or is an estimated concentration.

B - Compound is also detected in the blank.
D-Compound quantitated using a secondary dillution.

o DISCUSSION

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 J
EW-N7 1,1,2-Trichloro-1,2 2-trifluoroethane 140000
EW-ITRD-N9 1,1,2-Trichloro-1,2 2-trifluoroethane 4400
EW-N6 1,1,2-Trichloro-1,2 2-trifluoroethane 1200
VP-MP-4S 1,1,2-Trichloro-1,2 2-triftluoroethane - 1100
VP-MP-4M  1,1,2-Trichloro-1,2 2-trifluoroethane 760
EW-N2 1,1,2-Trichloro-1,2 2-trifluoroethane 410
e 0376 1,1,2-Trichloro-1,2 2-trifluoroethane 360
0388 1,1,2-Trichloro-1,2 2-trifluoroethane 340
. EW-NI0  1,1,2-Trichloro-1,22-trifluorocthane 250
EW-ITRD-N7 1,1,2-Trichloro-1,2,2-trifluorocthane 150
VP-MP2 1,1,2-Trichloro-1,2 2-trifluoroethane 120

03/05/98
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Location Chemical ‘Result (ppb,v/v)  Qualifier

@ 0377 1,1,2-Trichloro-1,2 2-triftuoroethane 110

EW-N4 1,1,2-Trichloro- 1,2 2-trifluoroethane 85
ED-3 1,1,2-Trichloro-1,2 2-trifluoroethane 23
ED-1 1,1,2-Trichloro-1,2 2-trifluoroethane 73
EW-N1 1,1,2-Trichloro-1,2 2-trifluorocthane 44
ED-5 1,1,2-Trichloro-1,2,2-trifluoroethane 4
VP-MP3D 1,1,2-Trichloro-1,2 2-trifluorocthane 0.82 J
EW-N7 1,1-Dichloroethene 25000
EW-N8 1,1-Dichloroethene 270
EW-ITRD-N9 1,1-Dichlorocthene 210
ED-3 1,1-Dichloroethene 30
ED-5 1,1-Dichloroethene 3.2
ED-S 1,1-Dichloroethene 1.4 J
EW-N2 1,2,4-Trimethylbenzene 61
EW-N8 1,2,4-Trimethylbenzene 37 J
EW-ITRD-N7 1,2,4-Trimethylbenzene 11 J
VP-MP2 1,2,4-Trimethylbenzene 1.3 J
ED-4 1,2-Dichloro-1,1,2,2-tetrafluoroethane 041 J
EW-N2 1,3,5-Trimethylbenzene 22 J
EW-N8 1,3,5-Trimethylbenzene 15 J
EW-N2 4-Ethyltoluene - ’ 50 J
EW-ITRD-N7 4-Ethyltoluene 7.8 J
ED-3 4-Methyl1-2-pentanone : 1.6 J
= N EW-N6 Acetone 100 J
‘/ ED-5 Acetone 24
ED-3 Acetone 20 .
ED-2 Acctone 6.6 -
EW-NI1 Acetone 4.1
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 15
EW-ITRD-N7 Benzene 10
ED-5 Benzene 3.1
ED-3 Benzene 2.5
EW-N3 Benzene 24
ED-2 Benzene 0.42 J
ED-3 ° Bromodichloromethane 0.29 J
EW-NI  Carbon disulfide 37 ]
ED-4 Carbon disulfide 1.8 J
0376 Carbon disulfide 1.2 J
ED-5 Carbon disulfide 1.2 J
sy ED-1 Carbon disulfide 1.1 J
‘z)‘ : ED-2 Carbon disulfide |
ED-3 Carbon disulfide : 0.74 J
VP-MP-4M  Carbon tetrachloride 50 J
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03/05/98

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 Chloroethane 59
ED-5 Chlorocthane 7.8
EW-N7 Chloroform 8000 J
EW-ITRD-N9 Chloroform 2600
VP-MP-4M  Chloroform 240
EW-N2 Chloroform 120
EW-N6 Chloroform 40
EW-N4 Chloroform 35
VP-MP-4S Chloroform 26 J
EW-N10 Chloroform 12 J
VP-MP2 Chloroform 3.1 J
ED-1 Chloroform 1.8 J
ED-4 Chloroform 1.3 J
ED-5 Chloroform 1.1 J
EW-NI Chloroform 1 J
ED-3 Chloroform 0.67 J
VP-MP3D Chloromethane 2.7 J
EW-N7 cis-1,2-Dichloroethene 3700000
EW-ITRD-N9 cis-1,2-Dichloroethene 19000
EW-N5 cis-1,2-Dichloroethene 16000
EW-N9 cis-1,2-Dichloroethene 4400
VP-MP-3M  cis-1,2-Dichloroethene 4000
VP-MP-4M  cis-1,2-Dichloroethene 3000
EW-ITRD-N7 cis-1,2-Dichlorocthene 1900
VP-MP-4S  cis-1,2-Dichloroethene 1600
EW-N8 cis-1,2-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-1 cis-1,2-Dichloroethene 150
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-NI10 cisi-1,2-Dichloroethene 1900
ED-5 Dibromochloromethane 0.38 J
EW-N7 Dichlorodifluoromethane 36000
EW-ITRD-N9 Dichlorodifluoromethane 1600
EW-N6 Dichlorodifluocromethane 400
EW-N8 Dichlorodifluoromethane 260
VP-MP-4S  Dichlorodifluoromethane 160
EW-NI10 Dichlorodifluoromethane 38
EW-ITRD-N7 Dichlorodifluoromethane 37 .
VP-MP2 Dichlorodifluoromethane 35
ED-3 Dichlorodifluoromethane 35

10
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03/05/98

Location Chemical Result (ppb,v/v)  Qualifier
s ED-5 Dichloredifluoromethane 27
A EW-N4 Dichlorodifluoromethane 23
D-1 Dichlorodifluoromethane 438
ED-4 Dichlorodifluoromethane 4
0388 Dichlorodifluoromethane 0.8 J
0376 - Dichlorodifluoromethane 0.72 J
EW-N3 Dichlorodifluoromethane 0.48 J
EW-N1 Dichlorodifluoromethane 0.46 J
ED-2 Dichlorodifluoromethane 0.46 J
EW-N7 Ethylbenzene 4200 J
VP-MP2 Ethylbenzene 240
EW-N8 Ethylbenzene 120
EW-ITRD-N9 Ethylbenzene 65 J
EW-N9 Ethylbenzene 62 J
VP-MP-3M  Ethylbenzene 28 J
EW-N2 Ethylbenzene 23 J
EW-N10 Ethylbenzene 94 J
ED-5 Ethylbenzene 1.2 J
ED-4 Ethylbenzene 0.65 J
EW-N3 Ethylbenzene 0.56 J
EW-N7 Methylene chloride 28000 B
EW-ITRD-N9 Methylene chloride 140 JB
EW-NS Methylene chloride 120 JB
= EW-N9 Methylene chloride 120 JB
‘ VP-MP-4M  Methylene chloride 110 JB
EW-NI0 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 75 JB
0377 Methylene chioride 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-N1 Methylene chlorde 12 J
ED-2 Methylene chloride 1.2 J
VP-MP3D  Methylene chloride 1 JB
EW-N7 Tetrachloroethene 75000
EW-ITRD-N9 Tetrachloroethene 13000
VP-MP-4M  Tetrachloroethene 4300
EW-N2 Tetrachloroethene 2500
VP-MP-4S Tetrachloroethene 2400
A EW-N9 Tetrachloroethene 580
VP-MP-3M  Tetrachloroethene 450
EW-N4 Tetrachloroethene 420
EW-NS Tetrachloroethene 230
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Location Chemical Result (ppb,v/v)  Qualifier

@ EW-N8 . Tetrachlorocthene 180
EW-N10 Tetrachloroethene 160
4 EW-ITRD-N7 Tetrachloroethene 150
EW-N6 Tetrachloroethene 80
VP-MP2 Tetrachloroethene 14
0377 Tetrachloroethene 93
0376 Tetrachloroethene 6.3
ED-3 Tetrachloroethene ’ 5.2
ED-1 Tetrachlorocthene ) 3
0388 Tetrachlorocthene 27
VP-MP3D Tetrachloroethene 2.6
ED-S Tetrachloroethene 25
ED-2 Tetrachloroethene 1.7
ED-4 Tetrachloroethene 1.4
EW-N3 Tetrachloroethene 1.2 J
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-NI10 Toluene 2900 -
VP-MP-4S  Toluene 780
~~.-“\\'_ VP-MP-4M  Toluene 540
.} EW-N2 Toluene 66
EW-N4 Toluene 6.8 J
VP-MP2 Toluene 6.6
EW-N3 Toluene 33
ED-5 Toluene Lo 1.6
VP-MP3D  Toluene . 1.2 J
EW-N7 trans-1,2-Dichloroethene 19000
VP-MP-4M trans-1,2-Dichloroethene 930
VP-MP-4S trans-1,2-Dichloroethene 470
EW-N2 trans-1,2-Dichloroethene 460
EW-N4 trans-1,2-Dichloroethene 50
EW-N8 trans-1,2-Dichloroethene 22 J
VP-MP2 trans- 1,2-Dichloroethene 17
ED-1 trans-1,2-Dichloroethene 5.1
ED-3 trans-1,2-Dichloroethene 4.1
VP-MP3D trans-1,2-Dichloroethene 1.2
ED-2 trans-1,2-Dichloroethene W)
EW-N7 Trichloroethene ' 2800000
EW-ITRD-N9 Trichloroethene 16000
VP-MP-4M  Trichloroethene 13000
EW-N9 Trichloroethene 8500
VP-MP-3M  Trchloroethene 6800
P EW-N2 Trichloroethene 5100
.: EW-N6  Trichloroethene 2800
g EW-NIO  Trichloroethene 2700
VP-MP-4S Trichloroethene 2700
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Location Chemical Result (ppb,v/v)  Qualifier
EW-N8 Trichloroethene 2500
EW-ITRD-N7 Trichloroethene 1900
EW-N4 Trichloroethene 920
EW-NS5 Trichloroethene 780
VP-MP2 Trichloroethene 260
ED-3 Trichloroethene 41
ED-1 Trichloroethene 33
0377 Trichloroethene 11
VP-MP3D  Trichlorocthene 10
ED-2 Trichloroethene 7.8
ED-5 Trichloroethene 5
0388 Trichloroethene 35
0376 Trichloroethene 32
ED-4 Trichloroethene 2.7
EW-N3 Trichloroethene 0.88 J
EW-ITRD-N9 Trichlorofluoromethane 470
EW-NI10 Trichlorofluoromethane 160
EW-N6 Trichlorofluoromethane 120
EW-N9 Trichlorofluoromethane 42 J
0377 Trichlorofluoromethane 17
EW-N2 Trichlorofluoromethane 12 J
VP-MP2 Trichlorofluoromethane 74
0376 Trichlorofluoromethane 6.6
EW-N4 Trichlorofluoromethane 2
ED-5 Vinyl acetate 1.4 J
EW-N7 Vinyl chloride 1600000 D
EW-ITRD-N9 Vinyl chloride 10000
EW-NS5 Vinyl chloride 2300
EW-N8 Vinyl chloride 1400
EW-ITRD-N7 Vinyl chioride 490
EW-N4 Vinyl chloride 410
ED-3 Viny! chloride 370 D
VP-MP2 Vinyl chloride 170
VP-MP-4S  Vinyl chloride 90
EW-N10 Vinyl chloride 67
ED-5 Vinyl chloride 39
ED-2 Vinyl chloride 14
VP-MP3D Vinyl chloride 13
ED-4 Vinyl chloride 6
ED-1 Vinyl chloride 35
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-NI0 Xylenes (total) 26 J
VP-MP2 Xylenes (total) 15
VP-MP-4S Xylenes (total) 14 J
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Location Chemical Result (ppb,v/v)  Qualifier

ﬁ EDS  Xylencs (totah) 5
J - Result is detected below the reporting limit or is an estimated concentration.

B - Compound is also detected in the blank.

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 24
Methylene chloride . 21
cis-1,2-Dichloroethene 20
1,1,2-Trichloro-1,2 2-trifluoroethane 18
Dichlorodifluoromethane 18
Toluene 15
Vinyl Chloride 15
Chloroform 14
Benzene 13

—_—
—

Ethylbenzene

trans- 1,2-Dichloroethene
Xylenes (total)
Trichlorofluoromethane
Carbon Disulfide

- 1,1-Dichlorocthene
‘;; Acetone

1,1,1-Trichloroethane
1,2,4-Trimethyibenzene

Carbon Tetrachloride
1,3,5-Trimethylbenzene
4-Ethyltoluene

Chloroethane
1,2-Dichloro-1,1,2,2-tetrafluoroethane
4-Methyt1-2-pentanone
Bromodichloromethane

Chlorobenzene
Chloromethane
Dibromochloromethane

Ll R T NS T S I R - Y Y - T Y-

Vinyl acetate

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

Table 5. Total VOCs and Number of Compounds per Well

Well Total VOC  Compounds/Well
(ppb, VIv)
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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Well Total VOC  Compounds/Well

: (ppb, v/v)

é EW-NS 19,610 6
EW-N8 16,797 15
EW-N2 9,759 14
VP-MP-4S 9,363 11
EW-N10 8.263 13
EW-ITRD-N7 7,713 1
EW-Né6 v 5,068 10
EW-N4 2,185 12
VP-MP2 1,384 15
mn 1,093 6
ED-3 632 15
376 399 8
388 370 7
ED-2 224 10
ED-1 210 9
VP-MP3D 173 9
ED-5 146 21
ED-4 35 10
EW-N1 15 6
EW-N3 10 7

. Measurement of the amount of VOCs 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 of VOCs to quantify with the Sentex system. Table 6 shows
the list of VOCs 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

Ethylbenzene

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-1 Environmental
Restoration site is being measured under both static and dynamic extraction conditions. Point measurements at each soil
vapor extraction (S VE) 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

(@TRD, 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. 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 11 and 12, 1997 and have been
previously reported ITRD, 1998). The SVE system began operation on December 16, 1997. Samples for Time Series # |
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 1 shows the locations of these monitoring points at the Mound

OU-I site.

Table 1. Quarter #1 Soil Gas Sampling Locations

Sample Location Descritption
EW-NI1 SVE Extraction Well N1
EW-N2 : SVE Extraction Well N2
EW-N3 SVE Extraction Well N3
EW-N4 SVE Extraction Well N4
EW-NS SVE Extraction Well N5
EW-N6 SVE Extraction Well N6
EW-N7 SVE Extraction Well N7
EW-N8 SVE Extraction Well N8
EW-N9 SVE Extraction Well N9
EW-NIO SVE Extraction Well N10
EW-ITRD-N7 Pilot Test Well Near EW-N7
EW-ITRD-N9 Pilot Test Well Near EW-N9
ED-1 French Drain |
ED-2 French Drain 2
ED-3 French Drain 3
ED-4 French Drain 4
ED-5 French Drain 5
VP-MP2 Vadose Zone Piezometer No. 2
VP-MP3S Vadose Zone Piezometer No. 3, Shallow

The Time Zero soil gas samples were analyzed by EPA Compendium Method TO-14 (Winberry, et al. 1988). This method
quantifies forty-nine (49) volatile organic compounds by gas chromatography/mass spectroscopy. The Time Series #1
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 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. Samples analyzed for this effort used
the loop mode that has a practical quantitation limit of about | ppmv.

06/25/98 ‘ 1 Static Soil Gas Monitoring Report - Time Series #1
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Table 2. Calibration Standards

Sentex SCENTOSCAN System

Dichlormethane
cis-1,2-Dichloroethene
Benzene
Trichloroethene
Toluene
Tetrachloroethene
Ethylbenzene
Xylenes (total)

RESULTS

Table 3 shows the results for the principal compounds from each sampling location for Time Zero and Time Series #1.

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

SAMPLE ANALYTE
DCM cisDCE BEN TCE TOL
(ppmv) (ppmv) (ppmv) (ppmv) (ppmv)
Time Zero| Time Time Time Time Time Time Time Time Time
: Series #1 Zero | Series #1 Zero | Senes #1 Zero | Series #1 Zero | Series #1
11/12/97 |04/15/98 |11/12/97 |04/15/98 |11/12/97 |04/15/98 [11/12/97 [04/15/98 |11/12/97 ]04/15/98
tedlar blank nd nd nd nd nd
tedlar blank nd nd nd nd nd
tedlar blank nd nd nd ] nd nd
VPMP-2 0.005 nd 0.460 nd 0.030 | nd 0260 | nd 0.007 | nd
VPMP-3S nd 3.2 nd nd nd
EW-NI 0.001 nd nd nd nd nd nd nd nd nd
EW-N2 nd nd 0.760 nd nd 1.4 5.100 | nd 0.066 | nd
EW-N3 0.001 nd nd nd 0.002 ] nd 0.001 nd 0.003 | nd
EW-N4 0.008 nd 0.220 4.9 nd nd 0920 | nd 0.007 | nd
EW-NS 0.120 nd 16.000 5.9 0.180 | nd 0.780 4.1 nd nd
EW-N6 0.014 nd 0.290 nd 0024 | nd 2.800 | nd nd nd
EW-N7 28.000 nd 3700.000 4.9 16000 | nd 2800.000 | 8.0 2000.000 9.1
EW-N8 0.024 nd 1.300 8.6 6.000 | nd 2.500 7.2 4.400 5.0
EW-N9 0.120 nd 4.400 28.8 nd nd 8.500 | 24.0 13.000 4.7
EW-N10 0.026 nd 1.900 9.7 nd nd 2.700 1.5 2900 | nd
ED-N1 nd nd 0.150 nd nd nd 0.033 nd nd nd
ED-N2 0.001 nd 0.190 nd nd 0.008 | nd nd nd
ED-N3 0.002 nd 0.096 nd 0.003 | nd 0.041 nd nd nd
ED-N4 0.002 nd 0.015 nd nd nd 0.003 | nd nd 5.0
ED-NS 0.003 nd 0.012 nd 0.003 { nd 0.005 | nd 0.002 | nd
EW -ITRD-| 0.140 nd 19.000 20.1 0.080 | nd 16.000 2.8 5000 | nd
N7 .
EW-ITRD- | nd nd 1.900 nd 0010 nd 1.900 8.864 3000 | nd
N9
tedlar blank nd nd nd nd nd

nd - not detected

DCM - Dichloromethane (methylene chloride)

cisDCE - cis-1,2-Dichloroethene
BEN - Benzene
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TCE - Trichloroethene
TOL - Toluene
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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 1 ppmv. For Zone 2, wells EW-NI and EW-N3 are short-screened wells located in the
glacial till. These wells have non-detectable (<1 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-N6 showed only trace VOCs at time zero

which have dropped to non-detectable levels at time series #1.

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-N10 also showed a significant increase in cis-1,2-dichloroethene
and little change in trichloroethene. The French drains all showed less than 1 ppmv for all compounds in the time zero
sample event and, except for ED-N4, all time series #! values were non-detectable (< | 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 increased 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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6@ 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-|
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 (T,) (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 method was designed to obtain soil vapors from the formation in the area adjacent to each well
screen. 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 Summa 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-sitc EPA centified laboratory. Analysis results were reported in
Mound OU-1 Air Sparging/Soil Vapor Extraction, Static Soil Gas Monitoring Report — Time Zero (T,) (ITRD,
1998a). For the Time Series #1 sample collection, a 10-liter Tedlar bag was connected 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 chromatograph. Analysis results were reported in Mound OU-1 Air Sparging/Soil
Vapor Extraction, Static Soil Gas Monitoring Report - Time Series #1 (ITRD, 1998b). Time Series # 2 samples
were collected on July 21, 1998 in the same manner as Time Series # 1, and analyzed by an on-site gas
chromatograph.

L

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-14 (Winberry, et al. 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 the 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 scanner system capable of

sampling 16 ports.

A single point calibration standard is used daily as part of the 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-N10, 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-
N 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 the preconcentrator/trap injection mode and a 1.0 ppmv calibration standard.
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Table 1. Quarter #1 Soil Gas Sampling Locations

@ Sample Location Description

EW-NI SVE Extraction Well N1
EW-N2 SVE Extraction Well N2
EW-N3 SVE Extraction Well N3
EW-N4 SVE Extraction Well N4
EW.NS$5 SVE Extraction Well N5
EW-N6 SVE Extraction Well N6
EW.N7 SVE Extraction Well N7
EW-N8 " SVE Extraction Well N8
EW-N9 SVE Extraction Well N9
EW-N10 SVE Extraction Well N10

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

ED-1 French Drain |

ED-2 French Drain 2

ED-3 French Drain 3

ED4 French Drain 4

ED-5 French Drain §
VP-MP1S Vadose Zone Piezometer No. 1, Shallow
VP-MPIM Vadose Zone Piezometer No. 1, Middle
VP-MP2S Vadose Zone Piezometer No. 2, Shallow
VP-MP3 Vadose Zone Piezometer No. 3

Table 2. Calibration Standards

Sentex SCENTOSCAN System

)

Dichloromethane
cis-1,2-Dichloroethene
Benzene
Trichloroethene
Toluene
Tetrachloroethene
Ethylbenzene
Xylenes (total)

e
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Figure 1. Mound OU-1 Well Locations
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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 . ANALYTE
dichloromethane cis-1,2-dichloroethene benzene
(ppmv) (ppmv) (ppmv)
Time Time Time Time Time Time Time Time Time
Zero Series #1 | Series #2 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 | 07/21/98 | 11/12/97 | 04/15/98 | 07/21/98

tedlar bink * nd - 0.150 * nd 0.068 * nd 0.007
VPMP-2 0.005 nd nd 0.460 nd 0.106 0.030 nd nd

VPMP-3S§ * nd 0.143 * 3212 0.142 * nd 0.036

EW-N1 0.001 nd 0.040 nd nd 0.141 nd nd 0.034

EW-N2 nd nd 0.007 0.760 nd 0014 nd 1.377 0.005
EW-N3 0.001 nd 0.233 nd nd 0.069 0.002 nd nd
EW-N4 0.008 nd nd 0.220 4.866 0.145 nd nd nd
EW-N5 0.120 nd 0.058 16.000 5.910 2.826 0.180 nd nd

EW-N6 0.014 nd nd 0.290 nd 0.143 0.024 nd 0.008
EW-N7 28.000 nd nd 3700.000 4.935 0.936 16.000 nd nd
EW-N8 0.024 nd nd 1.300 8.570 0.994 6.000 nd nd
EW-N9 0.120 nd nd 4.400 28.849 2.258 nd nd nd
EW-N10 0.026 nd nd 1.900 9.737 nd nd nd nd

ED-N1 nd nd nd 0.150 nd 0.052 .nd nd 0.002
ED-N2 0.001 nd nd 0.190 nd 0.016 nd nd

ED-N3 0.002 nd 0.016 0.096 nd 0.303 0.003 nd 0.002
ED-N4 0.002 nd nd 0.015 nd 0.051 nd nd nd
ED-NS$S 0.003 nd 0.002 0012 nd 0.025 0.003 nd nd
EW-ITRD- 0.140 nd nd 19.000 20.128 0.176 0.080 nd nd

N7
EW-ITRD- nd nd nd 1.900 nd 4.533 0.010 nd nd
N9

tedlar blnk nd nd nd nd nd nd

nd — not detected
¢ _ not sampled
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Table 3b. Sampling Results for Time Zero, Time series #1, and Time Series #2

SAMPLE ANALYTE
trichloroethene toluene tetrachloroethene
(ppmv) (ppmv) (ppmv)
Time Time Time Time Time Time Time Time Time
Zero Series #1 | Series #2 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 | 07/21/98 | 11/12/97 | 04/15/98 | 07/21/98
tedlar bink * nd 0.356 * nd 0.051 * * 0.077
VPMP-2 0.260 nd 0.280 0.007 nd 0011 0.014 * 0.087
VPMP-3S§ * nd 0.453 * nd 0.008 0.003 * 0.125
EW-N1 nd nd 0.284 nd nd 0.064 * * 0.143
EW-N2 5.100 nd 0.089 0.066 nd 0.0]2 2.500 * 0.044
EW-N3 0.001 nd 0.165 0.003 nd 0.012 0.001 * 0.058
EW-N4 0.920 nd 0.684 0.007 nd 0.004 0.420 * 0.037
EW-N5 0.780 4.062 1.830 nd nd 0.987 0.230 * 1.572
EW-N6 2.800 nd 0.389 nd nd 0.041 0.080 * 0.152 -
EW-N7 2800.000 8.007 5.563 2000.000 9.132 4.335 75.000 * nd
EW-N8 2.500 7.188 3.082 4.400 5.006 nd 0.180 * nd
EW-N9 8.500 24.009 24.245 13.000 4.748 1.540 0.580 * 3.855
EW-N10 2.700 1.517 1.559 2.900 nd - nd 0.160 * 0.149
ED-N1 0.033 nd 0.331 nd nd 0.037 0.003 * 0.056
ED-N2 0.008 nd 0.108 nd nd 0011 0.002 * 0.015
ED-N3 0.041 nd 2.462 nd nd 0.146 0.005 * 0.04
ED-N4 " 0.003 nd 0371 nd 4.984 0.026 0.001 * 0.032
ED-NS5 .0.005 nd 0.216 0.002 nd 0.016 0.003 * 0.025
EW-ITRD- 16.000 2.827 0.722 5.000 nd 0.656 0015 * nd
N7 :
EW-ITRD- 1.900 8.864 17.762 3.000 nd 0.345 13.000 * 0.721
N9
tedlar bink nd nd nd * nd

09/11/98
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DISCUSSION

Better quantitation of low concentration contaminants was achieved through the use of the preconcentrator/trap
injection mode of the on-site field gas chromatograph. The non-detection results for Time Series #1 were replaced
in most instances by a sub ppmv value in the current series. All low concentration wells (EW-N1, EW-N2, EW-
N3, EW-N4, EW-N5, and EW-N6, ED-N1, ED-N2, ED-N3, ED-N4, ED-NS5, VPMP-1S, VPMP-1M, 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-N10, 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
Sparging/Soil Vapor Extraction, Soil Vapor Extraction System Monitoring — Time Series #4 (ITRD, 1998¢). 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 first five weeks of operation. This report describes the results of the four Summa canister samples collected during the
first twenty days of system operation. : '

SOIL VAPOR EXTRACTION SYSTEM DESIGN SUMMARY

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

Table 1. Extraction Well Details

Extraction Well Screen Length Geologic Strata
Zone |
EW-NI 2 till
EW-N2 15 ~ non-till
EW-N3 i 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-NI0 12.5 non-till
ED-1 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 altemmates Zone 1 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 Summa
canisters must be performed on a zone that is curmrently 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 first 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 | and 2 showed exponential declines of the VOCs over time. Figure | 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 1, 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.

Curve Fit

150

Time (hours)

Figure 1. 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 | Zone 2
vocC Curve Fit Comelation (R?) Curve Fit Correlation (R?)

Trichloroethene y = 196.21x 0640 0.9916 y = 806.01x 9403 0.9550
Tetrachloroethene y = 18.062x020% 0.9612 y = 50.17x°4¢ 0.9615
cis-1,2-Dichlorethene  y = 1955.6x10%4 0.9958 y = 2183.5x%7¢ 0.9884
Viny! chloride y = 158.62x" 168 0.9996 y = 177.29x°"1% 0.9653
Freon 113 y = 2.3445x0%%° 0.9005 y = 12.086x 9% 0.8751
Benzene y =32.97x19%% 0.9958 y = 14.992x 04646 0.9230
Toluene y = 207.49x04%% 0.9935 y =3171.4x2%% 0.9698
Ethy! benzene insufficient data y = 12.767x 0356 0.9679
Xylenes insufficient data y = 49.06x 047 0.9390
Acetone y =46.242x°7 0.7123 insufficient data

Dichloromethane y =0.8515x %7 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:

MVOC = Lyoc

T.P

MW,
€ Vt(3.74E - 6)

where, My is the mass of the contaminant removed (lbs), Cyoc is the concentration of the contaminant (ppm, v/v), MWyoc
is the molecular weight of the VOC (g/mol), MV is the molar volume of the vapor at a specific temperature and pressure
(24.5 Vmol at 25°C and 1 atm), V is the volumetric flow rate in the extraction manifold (std ft*’/min), t is the time interval
(min) and 3.74E-6 is for unit conversions. Figure 2 shows the Zone | 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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[
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540
R ————
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Time rours)
Figure 2. SVE Manifold Flow Rates for Zones 1 and 2

Table 4. VOC Mass Removals from Zones | and 2
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vOC Zone | Zone | Zone 2 Zone 2 Zoneland2 Zonel and2
from from from from from from
12/16/97 12/18/97 12/16/97 12/18/97 12/16/97 12/18/97
Trichloroethene 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-1,2-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 hd * 1.63 1.10 1.63 110
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
800.00
70000
Zone 1t and 2
800.00
§
E $00.00 Zone 2
j 400.00
§ 300.00
200.00
1®000 Zone 1
0.00
0.00 50.00 100.00 150.00 200.00 25000 300.00 350.00 400.00 450.00 500.00

Time thours)

Figure 3. Cumulative Mass of VOC Extracted from Zones | 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 sum total of all VOCs removed be taken from the first sampling date (12/18/97) forward. This indicates that
about 80 1bs of total VOCs were removed from Zone 1 and 375 Ibs from Zone 2 for a total of about 450 Ibs 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
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 first 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 prepared on March 5, 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 | 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 | shows the zone
assignment, screen length and geologic strata where each well is located.

Table 1. Extraction Well Details

Extraction Well Screen Length Geologic Strata
Zone |
EW-NI 2 till
EW-N2 15 non-till
EW-N3 3 titl
EW-N4 22 non-till
EW-NS 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-NI0 12.5 non-till
ED-1 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 ) : 8.5 non-till
ITRD-2 4.5 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 1 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 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 TO-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 first and second carbon beds. Table 2 shows the dates of the first six 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
January 12, 1998
January 19, 1998

RESULTS

Table 3 and 4 show the chemical specific results for Zone 1 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 1 and 2 show the time history for Zone | 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 | (ppm, v/v)
12/18/97  12/22/97 12/29/97 1/5/98 1/12/98 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 33 04 1.0 0.6 0.6
Methylene chloride 03 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 39 2.2 1.6
Toluene 42.0 28.0 19.0 17.0 8.8 32
Tetrachloroethene 8.3 6.1 5.4 5.2 35 1.8
Ethylbenzene 0.0 0.0 0.0 0.0
Xylenes 02 0.1 02 02 0.8 0.1
Total 112.1 55.8 349 312 18.8 8.9
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Table 4. Contaminant Concentrations in Zone 2 (ppm, v/v)

12/18/97 12/22/97 12/29/97 1/5/98 1/12/98 1/19/98
Vinyl chloride 10.0 6.2 2.9 2.0 1.7 1.1
Trichlorofluoromethane 1.7 1.5 1.4 08 1.1 0.6
Freon 113 2.5 1.6 1.5 0.9 1.1 0.7
Acetone 0.9 0.7
Methylene chloride 1.6 1.9 1.6 0.9 0.7 0.7
Trans-1,2-dichloroethene 05 0.3 0.3
cis-1,2-dichloroethene 130.0 64.0 39.0 24.0 21.0 17.0
Chloroform 1.2 0.5 0.8 0.5 0.7 0.6
Benzene . 2.3 1.6 1.2 0.7 0.7 0.5
Trichloroethene 130.0 83.0 65.0 42.0 42.0 50.0
Toluene 220.0 130.0 750 46.0 35.0 410
Tetrachloroethene 10.0 6.1 52 3.6 36 33
Ethylbenzene 1.4 0.9 0.6 04 0.3 0.2
Xylenes 14 3.3 3.7 2.4 22 L5
Total 518.1 302.6 1984 1254 111.1 117.2
450
400
350
% 300}
g
2 250
§ Toluene
g 20.0 1 \
g . \
8 15.0 . \
~. A cis-1,2 Dichloroethene
10.0 1 * -~
e
504 Trichloroethene B WA
- - l—' P e
—————
00 + ) ' ;
1211397 1212087 1272707 1/3/98 110/88 11798 1/24/98
Time (date)

Figure 1. Time History for Zone 1
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Concentration (ppm, viv)

cis-1,2 Dichloroethene N e —

00 + + \
1211397 1272097 1227097 1/3/98

Time (date)

1/10/98 11798 124738

Figure 2. Time History for Zone 2

Table 5. Curve Fits and Correlation Factors for VOC Extraction Time History

Zone |
VOC Curve Fit Correlation ()

Trichloroethene y"'=0.0462+8.76e-5xInx 0.9943
Tetrachloroethene y=-6746.6+6754.52exp(-x/1006471.8) 0.9266
cis-1,2-Dichlorethene  y'=0.0090+0.000111xInx 0.9992
Viny! chloride y'=-0.0808+0.00108xInx 0.9998
Freon 113 y=0.09689+0.62926exp(-x/49.34) 0.9991
Benzene y=0.03523+0.9085exp(-x/94.82) 0.9944
Toluene y'=0.0212+1.58xInx 0.9502
Ethyl benzene Insufficient data

Xylenes Insufficient data

Acetone y'=0.2515+0.000270xInx 0.9983
Dichloromethane y=-1.2307+1.502exp(-x/4674.6) 0.9891

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

Zone 2
vOC Curve Fit Correlation ()

Trichloroethene y=44.88+120.35exp(-x/136.96) 0.9731
Tetrachloroethene y=3.522+9.053exp(-x/136.01) 0.9691
cis-1,2-Dichlorethene  y'=0.0056+1.144e-5xInx 0.9896
Viny! chloride y'=0.0751+0.000127xInx 0.9951
Freon 113 y"'=0.3909+0.000152xInx 0.8543
Benzene y'=0.3920+0.000264xInx 0.9845
Toluene y'=0.00363+5.06e-6xInx 0.9904
Ethyl benzene y'=0.5886+0.000677xInx 0.9975
Xylenes y'=0.1202+8.59¢-5xInx 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;

MW,
M, =Cpoe ——MV”OC Vt(3.74E - 6)
: T.P

where, My is the mass of the contaminant removed (1bs), Cyoc is the concentration of the contaminant (ppm, v/v), MWy
is the molecular weight of the VOC (g/mol), MVrp is the molar volume of the vapor at a specific temperature and pressure
(24.5 Vmol at 25°C and 1-atm), V is the volumetric flow rate in the extraction manifold (std ft’/min), t is the time interval
(min) and 3.74E-6 is for unit conversions. Figure 3 shows the Zone | 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

05/18/98 5 Soil Vapor Extraction System Monitoring - Time Series #2



ey

A

&

A
0

05/18/98

Cumulative Mass Removed (ibs)

Table 7. VOC Mass Removal

Zone! Zone2 Zonel +Zone?2

Viny! Chloride 1.59  6.08 7.67
cisl,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 L 2.32
Xylene ¢ 10.78 10.78
Benzene 0.26 2.51 2.76
Ethylbenzene ¢ 1.69 1.69
Dichloromethane 0.35 * 0.35

total 121.30 620.45 741.75

* . insufficient concentration data to estimate mass
800.00
Zone 1 and 2
0.00 150.00 300.00 450.00 600.00 750.00 900.00 1050.00
Time (hours)

Figure 4. Cumulative Mass of VOC Extracted from Zones | 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 (Figure 5) has reached a plateau at about 0.1 1b/hr for zone 1 and | 1b/hr 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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S0 150 250 350 450 5§50 850 750 850
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Figure 5. Total VOC Mass Removal Rate Over Time
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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 #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 #1 (March 5, 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 | 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 | 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 1
EW-NI : 2 till
EW-N2 15 non-till
EW-N3 3 Till
EW-N4 22 non-till
EW-N5 25 Clay
EW-N6 10 non-till
Zone?2

EW-N7 10 non-till
EW-N8 10 non-till
EW-N9 15 non-till
EW-NI10 12.5 non-till
ED-1 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 8.5 non-till
ITRD-2 4.5 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 altemates Zone | 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

06/23/98 1 Soil Vapor Extraction System Monitoring - Time Series #3
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Since the SVE system operates at a system vacuum of about 12 to 18 inches of mercurv, grab samples must be collected on a
zone that has just been tumned off. 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 TO-14 (Winberry et al., 1988).

The automated process monitoring system is a commercial on-line multipoint monitoning 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-1,2-dichloroethene
Benzene
Trichloroethene
Toluene
Tetrachloroethene
Ethylbenzene
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 | 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 1. This may continue until concentrations in Zone 2 approach those of Zone 1. 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 | 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 | through 3 show the time history for Zone |
for the three compounds with the greatest concentrations (toluene, cis-1,2 dichloroethene and trichloroethene). Figures 4
through 6 show the time history for Zone 2. Curve fits to the data were completed with TableCurve 2D (Ver 4, SPSS, Inc.)
to estimate concentrations before and in between the sampling events. Tables S 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 Analyte Data (ppmv)

Y

Date Source  Total VC Fl113 ACE DCM cisDCE 2-BUT TCM BEN TCE TOL PCE EBZ XYL
Time
(Hours) :
18-Dec-97 Summa 49 8000 0330 3.300 0250 33000 5900 0.150 0.580 16.000 42.000 8.300 0.230
22-Dec-97 Summa 145 1400 0.130 0.240 11.000 0.220 8.600 28.000 6.100 0.130
29-Dec-97 Summa 313 0490 0.100 0440 0.160 4300 0.050 0.091 4.600 19.000 5400 0.046 0.180
5-Jan-98  Summa 481 0.400 0.100 0950 0.130 3200 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 0590 0.064 2400 0.055 0.026 2200 8800 3.500 0.028 0.830
19-Jan-98 Summa 870 0.140 0.047 0.590 0.015 1300 0.280 0.055 0.017 1600 3200 1.800 0016 0.074
19-Mar-98 Sentex 2280 5.160
20-Mar-98 Sentex 2304 3980 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 0430
25-Mar-98 Summa 2432 0.130 0.042 0.750 0.031 0.007 0930 0.053 0.410
13-Apr-98 Sentex = 2880 2.570 ‘
22-May-98 Summa 3816 0.023 0.017 0.690 0.160 1.300 0.007 0300 0.048 0.260 0.004 0.005

VC - Vinyl chloride

F113 - 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)

06/23/98
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Table 4. Zone 2 Analyte Data (ppmv)

Date Source  Total vC TCFM Fl113 ACE DCM DCE «cisDCE TCM BEN TCE TOL PCE EBZ XYL
Time
(hours)
18-Dec-97 Summs 49 10.000 1700 2.500 1.600 130.000 1.200 2300 130000 220000 10.000 1.400 7.400
22-Dec-97 Summa 145 6.200 1.500 1.600 1.900 64000 0520 1600 83.000 130000 6100 0900 5300
29-Dec-97 Summa 313 2.900 1.400 1.500 1.600 0.500 39000 0770 1.200 65000 75000 5200 0.580 3.700
5-Jan-98  Summa 48] 2000 0810 0880 0870 0920 029 24000 0510 0.730 42000 46000 3600 0380 2.400
12-Jan-98 Summa 704 1700 1.100 L.100 0.690 069 0330 21,000 0700 0680 42,000 35000 3600 0.280 2200
19-Jan-98 Summa 864 1.100  0.590 0.670 0.680 17.000 0630 0540 50000 41.000 3300 0.190 1.500
12-Mar-98 Summa 2118 0270 0.110 0.3190 0.200 7700 0340 0.200 28.000 22000 1.800 0.890
25-Mar-98 Summa 2432 0.120 0.400 8700 0370 0.170 36000 26000 2000 0.098 0.760
25-Mar-98  Sentex 2432 0.660 12.050 26.480 20.530
30-Mar-98  Sentex 2544 11.260 26.500 19.130 2370
3-Apr-98  Sentex 2616 9.440 26.890 20400 0.820
13-Apr-98  Sentex 2880 11.990 16.820  14.210
21-Apr-98  Sentex 3072 5.200 17.790 7.960
22-May-98 Sentex 3816 5.130 11.100 6.690
22-May-98 Summa 3816 0.100 3.300 0.300 13.000 9900  0.680 0.240 0.580
28-May-98  Sentex 3960 3.670 6.340

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
¢isDCE - cis-Dichloroethene
TCM - Trichloromethane (chloroform)
BEN ~ Benzene

TCE - Trichloroethene
TOL - Toluene
PCE -~ Perchloroethene (tetrachloroethene)

EBZ - Ethylbenzene
XYL - Xylenes (total)
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Table 5. Curve Fits and Correlation Factors for VOC Extraction Time History

Zone |
vVOC Curve Fit Correlation ()
Trichloroethene y=0.53625+238.669x 0 % 0.9466
Tetrachloroethene y=0. 1015+8.3490exp(-x/709.205) 0.9674
cis-1,2-Dichlorethene  y'=0.00923+0.0001 10xInx 0.9991
Viny! chloride y '=.0,1703+0.006027x 0.9996
Freon 113 y=0.0290+6.2606x %% 0.9638
Benzene y=0.0008045+26.215x978% 0.9894
Toluene y=1.9408+43.826exp(-x/355.146) 0.9646
Ethyl benzene y=0.003159+0.07944exp(-x/578.93) 0.9412
Xylenes y=-0.002799+0.2166¢ex é)(-x/ 1058.7099) 0.8365
Acetone y=0.4835+760.17x4® ©0.9389
Trichloromethane y=0.003906+0.8697x 41 0.9329
Dichloromethane y=-1.2307+1.502exp(-x/4674.6) 0.9891

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

Zone 2
VOC Curve Fit Correlation ()

Trichloroethene y=-27.6418+476.180x 225" 0.9580
Tetrachloroethene y=-2. 5708+36.335x 077 0.9697
cis-1,2-Dichlorethene =_1.356+1727.7007x %15 0.9947
Viny! chloride y'=0.07508+0.000127xInx 0.9954
Freon 113 y=—2.?75|+8.857x‘°"”°5 ~0.9628
Benzene . y'=0.39159+0.0002659xInx 0.9906
Toluene =-11.2187+1908.4769x %% 0.9889
Ethyl benzene y=-0.05655+10.600x 3" 0.9653
Xylenes y'=0.12266+7.99-5xInx 0.9909
Trichlorofluoromethane  y=-0.06286+1.846exp(-x/974.52) 0.9368
Acetone Insufficient data

Trichloromethane y=0.1807+4.0301x 3" 0.7371
Dichloromethane y=0.3699+1.6438exp(-x/560.305) 0.8434

As shown in Figures | 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:

 Mype =Croe —LEVI3TAE - 6)

= Lvoc
MV,,,

C oy

where, Myoc is the mass of the contaminant removed (Ibs), Cyoc is the concentration of the contaminant (ppm, v/v), MWyoc
is the molecular weight of the VOC (g/mol), MV is the molar volume of the vapor at a specific temperature and pressure
(24.5 Umol at 25°C and 1 atm), V is the volumetric flow rate in the extraction manifold (std ft>/min), t is the time interval
(min) and 3.74E-6 is for unit conversions. Figure 7 shows the Zone | 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 | 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.
840
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Figure 8. Total System Flow Rates
Table 7. VOC Mass Removal
Zone ! Zone2 Zonel + Zone 2
Vinyl Chloride 1.98 9.8l 11.79
cisl,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 2061 21.32
Benzene 0.36 461 4.97
Ethylbenzene 0.19 398 418
Dichloromethane 0.36 814 8.50
Chloroform 0.47 - 9.16 9.63
Trichlorofluoromethane * 6.72 6.72
Total 163.76 1479.04 1642.80

06/23/98
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Figure 8. Cumulative Mass of VOC Extracted from Zones 1 and 2
DISCUSSION

The early time periods in a8 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 Ib/hr for Zone 1
and 0.4 1b/hr for Zone 2. As of May 31, 1998 the total mass removal was near 10 1bs/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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Figure 9. Total VOC Mass Removal Rate over Time
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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 effluent 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 1 and
Zone 2. SVE extraction flow rates are measured by a standard pitot, read manually on a quasi-daily basis. The SVE system

“started operation on December 16, 1997. This report describes the cumulative analytical results obtained from Summa

canister and automated gas analysis up to July 31, 1998. 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 18,
1998)); Soil Vapor Extraction System Monitoring — Time Series #3 (June 23, 1998).

SOIL VAPOR EXTRACTION SYSTEM DESIGN SUMMARY

The soil vapor extraction (SVE) system is segregated into two zones. Zone 1 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 length and geologic strata where each well is located.

Table 1. Extraction Well Details

Extraction Well Screen Length Geologic Strata
Zone 1
EW-N1 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-NI10 12.5 non-till
ED-N1 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 85 non-till
EW-ITRD-N9 4.5 Till

All of the SVE wells in each zone intersect 2 main manifold that enters Treatment Building 301. The SVE system operates
with an adjustable scheduler that alternates Zone 1 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.
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SAMPLiNG AND ANALYSIS METHODS

Because of sample collection limitations inherent in the process monitoring system, grab samples are collected 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 TO-14 (Winbemry 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
SVE/AS 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 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/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 carry-over 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 1. The change to manual operation mode from automatic mode was
done in response to frequent heavy rains at the site, which 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 exponential 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 fof
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:

MW,
M, =Cpoe MV—”"CVI(3.74E - 6)

T.P

Muoc is the mass of the contaminant removed (Ibs), Cvoc is the concentration of the contaminant (ppm, v/v), MWyqc is the
molecular weight of the VOC (g/mol), MV is the molar volume of the vapor at a specific temperature and pressure (24.5
Vmol at 25°C and 1 atm), V is the volumetric flow rate in the extraction manifold (std ft*/min), t is the time interval (min),
and 3.74E-6 is for unit conversions.

Figure 7 shows the Zone 1 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 ventilation. At the time of shutdown on May 7,1998, the Zone 1mass removal rate was
approximately 0.04 Ib/hr. The mass removal rate for Zone 2, shown in Figure 9, was approximately 0.25 Ib/hr as of July
31, 1998, giving an estimated mass removal of 6 1bs/day, which is below the deminimis regulatory emission level for air of
10 lbs/day.

09/11/98 3 Soil Vapor Extraction System Monitoring - Time Series #4
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Table 3. Zone | Analyte Data (ppmv)

Date Source Total VC FII3 ACE DCM cisDCE 2-BUT TCM BEN TCE TOL

Time
(Hours)
18-Dec-97 Summa 49 8.000 0.330 3.300 0250 33.000 5900 0.150 0.580 16.000 42.000
22-Dec97 Summa 145 1400 0.130 0.240 11.000 0220 8.600 28.000
" 29-Dec-97 Summa 313 0490 0.100 0.440 0.160 4.300 0.050 0091 4.600 19.000
5-Jan-98 Summa 481 0400 0.100 0.950 0.130 3200 0640 0.051 0056 3.900 17.000
12-Jan-98 Summa 702 0230 0.092 0.590 0.064 2.400 © 0055 0.026 2200 8.800
19-Jan-98 Summa 870 0.140 0.047 0590 0015 1300 0280 0.055 0017 1600 3.200
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 0930 0.062
25-Mar-98 Summa 2432 0.130 0.042 0.750 0.031 0.007 0930 0053
13-Apr-98  Sentex 2880 2,570
22-May-98 Summa 3816 0023 0017 0.690 0.160 1.300 0.007 0300 0.048
21-Jul-98  Sentex 5271 0.158 0366 0016
21-Jul-98 Summa 5271 0.017 0.055 ' 0.120 0.140 0.005 0.002 0270 0.036
VC - Vinyl chloride BEN - Benzene
F113 - 1,1,2-Trichloro-1,2,2-trifluoroethane (Freon 113) TCE - Trichloroethene
ACE - Acetore 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)

09/11/98 4 ’ Soil Vapor Extractior
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Table 4. Zone 2 Analyte Data (ppmv)

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-1,2-Dichloroethene
cisDCE - cis-1,2-Dichloroethene

09/11/98

TCM - Trichloromethane (chloroform)

" BEN - Benzene
TCE - Trichloroethene

TOL - Toluene

PCE - Perchloroethene (tetrachloroethene)

EBZ - Ethylbenzene

XYL - Xylenes (total)

Date Source  Total VC TCFM Fl13 ACE DCM tDCE cisDCE TCM BEN TCE TC
Time
(hours)

18-Dec-97 Summa - 49 10.000 1.700 2.500 1.600 130.000 1.200 2300 130.000 220.
22-Dec-97 Summa 145 6200 1500 1.600 1.900 64.000 0.520 1.600 83.000 130.
29-Dec-97 Summa 313 2900 1.400 1.500 1.600 0.500 39000 0.770 1200 65000 75
5-Jan-98 Summa 48l 2000 0810 0880 0.870 0.920 0.290 24000 0510 0730 42000 46.(
12-Jan-98 Summa 704 1700 1.100 1.100 0690 0690 0330 21000 0700 0680 42000 35(
19-Jan-98 Summa 864 1.100 0.590 0.670 0.680 17000 0.630 0540 50000 41
12-Mar-98 Summa 2118 0270 0.110 0.310 0.200 7.700 0.340 0.200 28.000 22
25-Mar98 Summa 2432 0.120 0.400 8700 0370 0.170 36.000 26.(
25-Mar-98 Sentex 2432 0.660 12.050 26480 20!
30-Mar98 Sentex 2544 11.260 26.500 19.:
3-Apr-98  Sentex 2616 9.440 26.890 20
13-Apr-98 Sentex 2880 11.990 16820 14
21-Apr-98 Sentex 3072 5.200 17.790 79
22-May-98 Sentex 3816 5.130 11.100 6.6
. 22-May-98 Summa 3816 0.100 3300 0.300 13.000 9.9

28-May-98 Sentex 3960 3.67 6.34
17-Jun-98 Sentex 4455 2.324 14029 10
22-Jun-98 Sentex 4575 2.527 14.445 938
24-Jun-98 Sentex 4623 2.685 16617 10..
30-Jun-98 Sentex 4767 1.736 8.555 5.8
20-Jul-98  Sentex 5247 1.177 6.595 3.7
23-Jul-98  Sentex 5319 0.994 6.577 5.6
23-Jul98 Summa 5319 0.076 0.027 0.040 2.600 0.037 9.500 8.2
30-Jul-98 Sentex 5472 1.201 7.394 3.7

Soil Vapor Extractior



09/11/98

cis1,2-dichloroethene

35ﬂ K<}
3of |- 3
BB o oo e 25

101 10
54 15
0 . an 0
4000 §000
total time (hours)
Figure 1. Zone 1 Time History - cis1,2-Dichioroethene
trichloroethene .
1?.5& 175
LT3 | 15
125 -12.5
10 g
B
3
75 &
8
+5
28
a8
0 ¥ A L} . ¥ 1 . 0
0 2000 4000 6000

totat time (hours}

Figure 2. Zone | Time History - Trichloroethene

A

Soil Vapor Extraction System Monitoring - Time Series #4



= toluene '
@ “

total time (hours)

Figure 3. Zone | Time History — Toluene

e

cis1,2-dichloroethene

total time (hours)

Figure 4. Zone 2 Time History — cisl,2-Dichiorethene

09/11/98 7 Soil Vapor Extraction System Monitoring - Time Series #4



09/11/98

trichloroethene

150 150
125{F 125
100 ‘+100
50 50
25 : r-2_.5
0 ) U 1] 1 1 0
0 2000 4000 6000
total time (hours)
Figure 5. Zone 2 Time History — Trichloroethene
toluene
250 250
200 200
150 Lo E
g &
g 100{ - - 100 g
8 8
50 ) )
[
0 T J '. LN L o
[} 2000 4000 6000
total time (hours)
Figure 6. Zone 2 Time History - Toluene
8 Soil Vapor Extraction System Monitoring - Time Series #4



Table 5. Curve Fits and Correlation Factors for VOC Extraction Time History

Zone 1
VvOC Curve Fit Correlation ()
Trichloroethene y=0.53625+238.669x°'% 0.9466
Tetrachloroethene y=0.1015+8.3490exp(-x/709.205) 0.9674
cis-1,2-Dichlorethene  y'=0.00923+0.000110xInx 0.9991
Viny! chloride y'=40.1703+0.006027x 0.9996
Freon 113 y=0.0290+6.2606x° 7% 0.9638
Benzene y=0.0008045+26.215x°9782 0.9894
Toluene y=1.9408+43 826exp(-x/355.146) 0.9646
Ethyl benzene y=0.003 159+0.07944exp(-x/578.93) - 0.9412
Xylenes y=-0.002799+0.2166exp(-x/1058.7099) 0.8365
Acetone y=0.4835+760.17x"' 43¢ 0.9389
Trichloromethane y=0.003906+0.8697x 45! 0.9329
Dichloromethane y=-1.2307+1.502exp(-x/4674.6) 0.9891

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

Zone 2
VOC Curve Fit Correlation (1)

Trichloroethene y=-27.6418+476.180x %"’ 0.9580
Tetrachloroethene y=-2.5708+36.335x°2¢ 0.9697
cis-1,2-Dichlorethene  y=-1.356+1727.7007x°¢¢'3 0.9947
Viny! chloride y'=0.07508+0.000127xInx 0.9954
Freon 113 =.2.7751+8.857x°13%5 0.9628
Benzene y'=0.39159+0.0002659xInx 0.9906
Toluene y=-11.2187+1908.4769x°** 0.9889
Ethyl benzene y=-0.05655+10.600x 4 0.9653
Xylenes y'=0.12266+7.99e-5xInx 0.9909
Trichlorofluoromethane  y=-0.06286+1.846exp(-x/974.52) 0.9368
Acetone Insufficient data

Trichloromethane y=0.1807+4.0301x°3" 0.7371
Dichloromethane y=0.3699+1.6438exp(-x/560.305) 0.8434

‘2
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Table 7. VOC Mass Removal (Ibs)

Zonel Zone2 Zonel + Zone 2

Vinyl Chloride 199 11.18 13.16
cisl,2 Dichloroethene 2181 286.72 308.53
Trichloroethene 3566 883.11 918.77
Toluene 6499 52442 58941
Tetrachloroethene 3371 7961 113.32
Freon 113 1.17 16.03 17.20
Acetone 3.34 * 3.34
Xylene 0.72 2422 24.94
Benzene 036 541 577
Ethylbenzene 0.19 5.09 5.28
Dichloromethane 036 1171 12.06
Chloroform 048 1386 14.34
Trichlorofluoromethane * 5.99 5.99

Total 164.78 1867.36 2032.14

* - insufficient concentration data to estimate mass

10
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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 radial 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 operating 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 1 shows the results for Zonel, SVE well EW-N3, which has a screened interval of 3 fee

located in the glacial till. :
Table 1. ROI, Zone 1, Low Flow Well

Operating Well
Well ID | Vac. ("Hg) | Flow (fpm)
EW-N3 11 .
Measurement Locations
Location “H,0 WC
VPMP-1 S )
VPMP-1 M 0
VPMP-2 S 0
VPMP-2 M 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.

09/30/98 1 Radius of Influence Test Report #1
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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
undemeath the landfill during construction. This extends 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
Well iD | Vac. ("Hg) | Flow (fpm) | Flow (cfm)
ED-N2 0 2610 57

Measurement Locations
Location | “H, O WC | Location | "H,O WC

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.

Table 3. ROI Test, Zone 2, High Flow Well

Operating Well
Well 1D Vac. ("Hg) | Flow (fpm) Flow (cfm)
EW-N7 7 7175 157
Measurement Locations
Location | “H,0 WC | distance (ftf) | Location | "H.,O WC | Distance (ft)
EW-N2 ] 013 151 ED-NS 0.034 NM
EW-N4 | 0.165 84 ITRD-N7 0.25 10
EW-NS | 0.14 138 ITRD-NS 0.9 160
EW-N6 | 0.085 205 VPMP-1 S 0.46 115
EW-N8 | 18 74 VPMP-1 M 0.17 115
EW-N9 05 147 VPMP-2 S 34 40
EW-N10| 0.115 170 VPMP-2 M 0 40
ED-N1 0 NM VPMP-3 0.08 189
ED-N2 0.08 NM VPMP-4S 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 the distances of each monitoring point.
Curve (1) shows a fitted curve to all the 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 1 and is considered one of the
highest flow wells with small vacuum (172 c¢fm, -1.75 in Hg). However, EW-N7 shows a very little applied vacuum at EW
N4. .
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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 permeability. The intrinsic permeability can be estimated for all the flow
into EW-N7 by using an equation for the steady state cylindrical flow into an extraction well:

QPWIU ln(rw /rl)
K=
Lz(P} -P%)

atm

where:
K = intrinsic permeability (ft%)
Q = flow rate (157 f3/min)
P,= well pressure (7 in Hg = 780mbar)
Pum = atmospheric pressure (1013 mbar)
u = viscosity of air (1.8E-7 mbar*sec)
r,, = radius of well (0.017 ft)
r; = radius of influence (150 f1)
L = screen length (10 ft)

Applying the above parameters, the intrinsic permeability of EW-N7 is calculated to be 1.9E-10 ft, or 18 Darcy or 1.8E-7

cm’. Comparing this value to general values for soils, this 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:

-K Apgh

V= G

where:
V = Darcy velocity (cm/sec)
K = intrinsic permeability (cm?)
? = density of air (0.00582 g/cm’)
g = acceleration due to gravity (980 crvsec”)
u= viscosity of air (1.8E-4 g/cm*sec)
? h = change in pneumatic head (ft of air)
71 = change in distance (ft)



Using the intrinsic permeability of 1.8E-7 cm2, change in pneumatic head of 7 in Hg (0.77 atm or 4477 ft air column) to 1
E inch water column (0.9975 atm or 5800 ft air column) over 75 feet, the Darcy velocity is about 350 cmv/hr. Figure 2 also
. j contains the Darcy velocity (curve 2) as a function of distance using the pneumatic gradients from curve (1). This indicates
that even at low vacuums, there is significant subsurface air velocity transporting contaminants to the extraction well.

REFERENCES
1. TITRD, 1997. Mound OU-1 ITRD Project, Air Sparging/Soil Vapor Extraction, Cost and Performance Data Collection

Plan. December 1997.
2. Data tables from assveop3.xls, Microsoft Excel ver. 97 SR-1.




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

Air Sparging and Soil Vapor Extraction
Flow