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Walton, Norman
From: Hansen, Jerry E, Mr, HQAFCEE [Jerry.Hansen@HQAFCEE.brooks.af. mil]

Sent:  Tuesday, August 08, 2000 10:16 AM

To: ‘nwalton@dtic.mil’
§ubject: Distribution statement for AFCEE/ERT reports

Norman, This is a followup to our phone call. The eight boxes of reports you received from us are all for
unlimited distribution. If you have any questions, you can contact me at DSN 240-4353.

08/08/2000
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Bldg Vi g\k

Suite 500
Greenville, SC 29615

November 30, 1999

Mr. Jerry Hansen

AFCEE/ERT

3207 North Road

Brooks AFB, Texas 78235-5363

Subject: Cape Canaveral Pilot Testing of PeRT Wall
AFCEE Contract No. 41624-94-D-8048
Draft Final Pilot Study Report, Version 2
Delivery Order No. 10
Rust Project No. 29515

Dear Mr. Hansen:

Enclosed are three copies of the draft final Pilot Study Report. An electronic copy of the
report is also enclosed. This report includes the comments received from Major
Marchand, EPA (by Gannett Flemming, Inc.), and Dr. Theodore Meiggs of Foremost
Solutions. Responses to these comments are included also. It is understood that there

were comments developed by Mr. Robert Edwards, but these have not been received by
Rust.

If you have any questions do not hesitate to contact me at 864-234-8910.

Sincerely:

W - Nev—

Kathleen A. McNelis
Project Manager

Enclosures

Copy: Joe Harrigan
Project File 29515

Quality through teamwork



Response to EPA COMMENTS ON PILOT STUDY REPORT
PERMEABLE REACTIVE TREATMENT (PeRT) WALL PILOT STUDY
CAPE CANAVERAL AIR STATION
DRAFT FINAL, DATED JUNE 1999

NO.

PAGE PARAGRAPH

2-9 Section 2.3 COMMENT: OVA readings were described as being in the
100 to 300 ppm range. The boring log for monitor well
HGRK-PRTMW-18 indicated 400 ppm detected in the
samples collected at both 35 and 40 feet in depth. Check the
original field notes and revise accordingly.

RESPONSE: Text will be modified to list the maximum
concentration as 450 ppm ( as noted at HGRK-PRTMWDO1)

34 Section 3.4 COMMENT: The text states that a PeRT wall converts
chlorinated VOCs to non-toxic compounds without removing
them from the ground. Please revise to say that a PeRT wall’s
design purpose is to convert chlorinated VOCs to non-toxic
compounds without removing them from the ground. As
stated in the conclusions, it is not clearly demonstrated that
this PeRT wall at this location is achieving its design purpose.

RESPONSE: Text will be modified as requested.

Figure 34 COMMENT: This figure is missing the 10-foot contour line.
Please revise accordingly.

RESPONSE: Figure will be edited to include the 10-foot
contour line.

4-6 Section 4.3.1 | COMMENT: Include the EPA method for VOC analysis.
Additionally, it is significant that TCE was not widely detected
in the samples collected from other monitoring wells and
installed for this study, but was detected in samples collected
from other monitoring wells and direct push locations in the
area. As described in Section 5 of this report, TCE is
suspected to be the parent product for the other VOCs detected
in this study. A decreased TCE concentration in conjunction
with a corresponding increase in levels of daughter products
noted across the various sections of the PeRT wall would be
important evidence that the PeRT wall is performing as
designed. Provide a discussion regarding the absence of TCE
here or in Section 7.

RESPONSE: Text will be modified to include citation of the
EPA method of analysis (SW-846 8260B).

TCE was detected at only four direct push locations, and
historically, in 11 monitoring wells, all of which are
upgradient of the wall. The concentration of TCE in the direct




~3

Table 4-34

COMMENT: C/E DCE should be C/T DCE. Please revise.

RESPONSE: Text will be modified as requested.

Figures 4-18,
4-19, and 4-20

COMMENT: The text labels associated with the monitoring
wells and other objects is illegible. Please revise the figures to
either increase the font size of the labels or reduce the scale of
the map and adjust the labels accordingly.

RESPONSE: the three figures are being edited to show the
wells used to construct the potentiometric surface, and refer to
smaller scale maps for identification of the numerous wells
around the PeRT wall. Reducing the scale of the map would
render its purpose useless of showing the potentiometric
surface for the whole area.

7-1

Section 7.1

COMMENT: Correct the reference to high OVA readings as
per comment one.

RESPONSE: Text will be modified to list the maximum
concentration as 450 ppm (as noted at HGRK-PRTMWDO1).

10

7-1

Section 7.1

COMMENT: The sentence on the seventh line with starts
with ‘AS water flows...’ is incomplete and should be revised
appropriately.

10

RESPONSE: The sentence will be edited to complete and
clarify its intent, as follows:

As water flows through a wall segment, and is treated, it could
be flushing additional chlorinated VOCs, which may be
desorbed from the soil down-gradient of the wall.

11

8-1

Section 8.0

COMMENT: While this project is not ‘natural’ attenuation,
the AFCEE Technical Protocols (1996) is one of the bases for
this pilot study. The technical protocols list many parameter
and associated detection limits, which may be monitored to
determine if attenuation is occurring. This list should be
reviewed and a revised list of monitoring parameters, detection
limits and frequency (i.e. a sampling schedule) should be '
proposed and agreed upon prior to additional monitoring
activities.

11

RESPONSE: It is assumed that a Work Plan will be
submitted for review prior to undertaking further monitoring
activities. The details regarding monitoring parameters,
detection limits and frequency should be provided in this
Work Plan. Since others will perform this work, we do not
have the information requested.




Response to Foremost Solutions Comments on Draft Final Pilot Study Report, Cape
Canaveral Air Station PeRT Wall Pilot Study.

Section 2
Executive Summary PeRT Wall Installation:

Comment Page 2-3
The dimensions are incorrect.

Response:  As discussed with Dr. Meiggs by phone conversation (7/19/99), the
dimensions were measured following installation and were not calculated as
he indicates below. We feel that the actual measurements are a more
appropriate means of stating length of installed walls and therefore the
information on page 2-3 will not be revised.

Comment Page 2-4

For the Mandrel, page 2-4 indicates that 32 panels were installed overlapping 4 inches. Total
length of each segment installed is 30 — 4 = 26 inches. Consequently the Mandrel
dimensions for the long PeRT wall should be 48 feet. Each short wall should be 11.2 feet not
12 feet. The JAG PeRT wall was 48.3 feet long and each short segment was 8.3 feet.

Response:  See response above

Comment Page 2-6
In the General Comparison Table on Page 2-6, the Mandrill installed total length was 70.4
feet not 75.5. The JAG was 64.9 feet plus 8.3 feet in the test panel for a total 73.2 feet.

Response:  See response above.

Comment Page 2-6

The test panels were installed for the JAG project because that was required in the contract.
It would not normally be done on a commercial project. Consequently it should be counted
as an additional PeRT wall installed.

Response:  Test panels were a requirement on this project because there was no other
method proposed to detérmine the slurry injection rate or pressure required to
install a wall of 4” thickness. The results of this test (see page 6-13) indicate
that it was necessary. The first test panel was approximately 1.5-inches thick,
the second 1-inch thick and the third 3-4-inches thick. Therefore, if we were
using this technology on a commercial basis, we would require the test panels
or some other means of determining the same information. Where costs are
presented in this report, the cost associated with the test area are separated.
Thus it is possible to determine installation costs without the use of the test
panels.



Comment Page 2-8
You should include a statement that only trace amounts of chlorinated solvents were
observed shallower than 30 feet bls.

Response:

Concentrations are reported in the monitoring wells screened 15 to 20 feet bls
in this report (Tables 4-2 through 4-5). As many of the concentrations exceed
drinking water MCLs, it would not be appropriate to characterize the
detections as “only trace amounts”. It would be appropriate to add text
regarding the trends in the intermediate zone wells. Proposed text addition is
as follows:

“The same general trends of vinyl chloride increasing and other chlorinated
solvent concentrations decreasing as water flows across wall segments were
noted in wells screened in the intermediate zone. The concentrations
upgradient and downgradient are significantly lower in this zone than in the
deep zone.”

Comment Page 2-9

You should add the following: The JAG technology was less expensive to install, but took
longer and produced substantial amounts of spoils when compared to the Mandrel. Spoils
were only produced when injecting into shallower depths. The JAG process would have
produced little or no spoils if the wall was installed between 15 and 45 feet. Since most of the
contamination was observed between 30 and 45 feet, this would have reduced costs and not
impacted the actual treatment zone.

Response:

Section 3

One of the primary objectives of this project was to demonstrate the
effectiveness and learn the limitations of the two emplacement technologies.
While we did not measure groundwater concentrations above 15 feet, there
will probably be applications where this type reactive wall will be installed 15
feet or shallower. The depths where breakout of slurry occurs are discussed in
the detailed account in Section 6. It is stated in Section 6 that slurry broke out
at depths ranging from 15 to 24 feet bls, that the highest concentrations of
contaminants at this site were below these depths and that the largest amount
of spoils was produced during this break-out. We think the information is
already presented in the report and that this is too detailed for the executive
summary (Section 2). It would not be balanced to present this level of detail
in an otherwise very general discussion of conclusions.

Comment Page 3-5

There is a discussion of the historic uses of the Mandrel. However, there is no discussion of
the historic use of the Jetted Beam. This is due to the fact that the jetted beam approach is
new and has not been used in this manner previously. It’s not surprising that it took a little
more time to work out the installation procedures.




Response We propose the addition of a sentence: “The JAG technology has not
previously been used to install iron”.

Comment Figure 3.3

The legend shows the PeRT wall as a solid black line. It should read “Mandrel installed

PeRT Wall” and the broken black line should read as the “JAG PeRT Wall installed.”

Response:  The figure will be revised to show only generalized “PeRT wall location”
Section 4

Comment Page 4.2

Dimensions on Plan View should be changed. The Mandrel was 48.0 feet and 11.2 feet. The

JAG was 48.3 feet and 8.3 feet.

Response See response to first comment regarding lengths.

Comment Page 4-4
Dimensions for the Mandrel and JAG installations should be corrected as described above.

Response See response to first comment regarding lengths.
Section 5
Comment Page 5-1
Comment: It is not likely that either ethene or acetylene will stay around long enough to be

reduced to ethane.

Response: It is generally accepted that some concentrations of these gases will remain
dissolved in the groundwater — i.e. not all will be released as gas.

Comment Page 5-3

You suggest that reaction rates may be lower when VOC concentrations are very high. This
possibility is likely and is supported by your data.

Response:  Noted.

Comment Figure 5-1
You can’t tell which line is DCE and which line is VC.

Response:  The ﬁgﬁre will be revised to clarify.

Section 6

Comment Page 6-3
Dimensions of the panels installed should be corrected.




Response See response to first comment regarding lengths.

Comment Page 6-4

You indicate that the Mandrel installed iron from 1 foot to 45 feet bls. Iron installed above
the water table was unnecessary and wasteful because: 1) It won’t treat VOC’s; and 2), It will
turn to rust as it reacts with oxygen in the vadose zone. Installation of iron shallower than 15
to 20 feet bls was not necessary or useful for treating VOC'’s for this project. A short
discussion of this issue should be included.

Response: As stated above, one of the primary objectives of this project was technology
demonstration. This was not a remediation of the plume. We did obtain
useful information regarding technology limitations at depths shallower than
15 feet.

The water table in this vicinity was measured as high as 2.65 feet bls during
the monitoring period and quite likely is present even shallower at some
times. This is not atypical of what we see in coastal areas. The determination
of what depths should be included for an actual remediation using this
technology would need to be made on a site specific basis. It is beyond the
scope of this report to speculate what those conditions may be.

Comment Page 6-6

You need to add a fourth limitation as follows: This approach overlooks the fact that we are
dealing with very high concentrations of cis- DCE and VC and very small concentrations of
trans-DCE and 1,1-DCE.

Response: The approach referred to is the method of calculation of percent degradation.
The limitations apply to both the calculations for deep and intermediate
aquifer zones. The terms “very high” and “very small” are not applicable.

Comment Page 6-10
Costs should be adjusted based on installing a total of 70.4 feet instead of 75.4 feet.

Response See response to first comment regarding lengths.

Comment Page 6-18

There are a number of references in this report to alignment requirements. However, there is
no discussion of the necessity for these requirements. Since the reactive wall is more
permeable than the surrounding formation, ground water will prefer to move through the wall.
Consequently strict alignment specifications are not necessary and added additional expense
to the project.

Response: Actually there were two parameters considered essential for installation: wall
alignment and thickness. The details of quality control measurement are
provided in Section 6. Propose adding text to Section 4.1, page 4-2 in first
paragraph of text: :



“Two parameters that were considered critical in the installation were that the
wall thickness be nearly uniformly 4-inches thick and that the wall be
continuously overlapped from top to bottom of installed panel. In the mandrel
installation, the thickness installed was determined by the set thickness of the
mandrel opening (approximately 4-inches). The thickness of wall installed by
the JAG emplacement equipment was determined by varying injection rates
and pressures in a test area on-site prior to installation of the pilot scale PeRT
walls. For both installations, alignment was measured using a 4-foot level.
The tolerance was determined to be *+ 7-inches of deviation at depth. This
would be sufficient to ensure at least a 1-inch overlap at the bottom of the
panel. This means that in the four feet measured by the level, the maximum
allowable deviation would be ¥2- inch from level.”

Comment:

Essentially all the contamination at the site was below the depths at which thinning of the wall
occurred. It is clear that the jetted beam approach will produce varying amounts of spoils
when injecting at depths less than 15 feet.

Response: These points are all made on Page 6-18, bottom paragraph.

Comment:

Somewhere in this document there should be a discussion about the need to place iron at the
depths where contamination is encountered. In addition, installing iron at shallow depths
encounters more oxygen, which deactivates the iron and produces rust.

Response: That was not a design parameter for this project. It may be for other projects,
but the parameters would be determined by site specific conditions.
Discussions of potential site specific conditions and design criteria are beyond
the scope of this Report.

Comment:

An additional discussion that was made in the video, but not in this document, is the fact that
slurry injection of iron places more iron in permeable soil areas and less in tight soil areas.
Which is a benefit not a drawback. The Mandrel can not do this.

Response: This report does not present a direct comparison of the two technologies. In
theory, the comment makes sense. However, we did not test this theory
during the pilot study and therefore cannot present it as a result.

Page 6-19

I don’t understand #4. Please clarify. Costs should be based on installing 73.2 linear feet of

reactive wall not 64. You should have a discussion that the costs encountered here were for a

demonstration project and are likely to be quite different from those for a routine commercial

project.

Response: See comments above regarding lengths of walls and necessity for installation
of test panels. Where we present costs, we break-out the details so that the
information may be used to account for economy of scale. For example,




mobilization, demobilization, and pre-installation testing are broken out as
line items. Costs per linear foot are presented both including and excluding
these items. This should allow the cost information to be scaled to larger size
projects where the economy of scale will result in the one-time costs
(mobilization, demobilization and pre-installation testing) becoming a lower
percentage of total installed cost.

Section 7

Comment Page 7-2
There are a number of additional conclusions that can be made from this project. Call and
let's discuss.

Response:  Based on discussions with Dr. Meiggs on July 19, 1999, the additional
conclusions could include a discussion of pros and cons of each installation
technique, and a discussion of mounding. It was decided that the report
presents a factual discussion of equipment and installation events for each
emplacement technique. After a review of the potentiometric surface data with
Dr. Meiggs, it was determined that mounding had been addressed as far as the
data would allow (Section 4.4.4). '

Section 8

Comment Page 8-2

A number of people have been concerned that both the Mandrel and Jetted Beam techniques
compress the surrounding soil due to the vibration from the vibratory hammers. This could
effect flow into and around the PeRT walls. The magnitude of this possible effect should be_
measured if possible.

Response:  In Section 8 of the report, we recommend that additional water levels be
measured to determine if the possible mounding effect noted in Section 4.4.4
is a trend. It is further recommended that if results are inconclusive after a
longer study time, an aquifer pump test be performed to determine if the wall
presents a barrier to flow.

Comment:
The detrimental effect of oxygen on the iron installed near the ground surface should be
evaluated and quantified.

Response: Based on discussions with Dr. Meiggs on July 19, 1999, the concemn is rusting
of the iron. As no monitoring wells are installed near ground surface, this
would require intrusive coring/excavation activities. At this time, it is not our
recommendation to perform intrusive activities until the performance of the
pilot test has been further evaluated with data collected in Section 8 of the
Report.




Responses to Major Marchand’s Comments

Major Marchand’s comments on the “Draft Final Pilot Study Report Permeable Reactive
Treatment (PeRT) Wall Pilot Study” dated May 1999 for Cape Canaveral Air Station,
Florida

1. Page 2-2, third bullet on page, last line of bullet item. Change c/t-DCE to TCE.
Response:  The report will be revised per the comment.

2. Page 2-6, table on the page. Under the JAG column for the “Tons of iron emplaced”

replace “injected” with “pumped”. Also under the Parameter column, change the
dates things began, not begun (testing and installation).

Response:  The report will be revised per the comment.

3. Page 4-1. At the bottom of the page you need to add some text as to why the given
layout was used. It is clear to me, just not the reader. This was an item from the draft
comments. Send an email with the text for review.

Response: ~ Attached is a draft explanation of the PeRT wall segment. ‘

The 100-foot total length of the two overlapped pilot scale PeRT Walls was thought
to be adequate for a Pilot Study for evaluating the emplacement methodologies.
Since the PeRT walls are not keyed into any confining soils on either end, it was
important that the installation process did not reduce the permeability of the soils in
the vicinity of the emplacement. Reducing the permeability of soils in the vicinity of
the PeRT walls could divert the flow of groundwater such that it did not pass
through the PeRT walls. Since both emplacement methods used in this pilot study
displace soils into the formation (see Section 6 for detailed information on
emplacement methods), it was decided that the best way to limit compaction of soils
was to limit the thickness of the PeRT walls. For this reason, the thickness of the
walls was limited to 4-inches.

Preliminary estimates of required VOC retention time in the reactive iron indicated
that an approximately one-foot thickness of iron would be required for complete
destruction of the VOC contaminants in the groundwater. Since the thin-wall
technology to be tested would result in a four-inch thick wall of iron, it would take
three segments to total the necessary 12 inches of iron thickness. Using
concentration data along the anticipated flow line through the entire thickness of
reactive iron will permit an evaluation of the degradation rate. For this reason, 3 of
the 4-inch walls were installed in such a configuration that a concentration profile
could be developed as groundwater flowed between wall segments. The PeRT wall
segments were placed 4-feet apart to allow the installation of groundwater
monitoring wells between the segments.



End of Comments
Major Ed Marchand
AFCEE/ERT
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NOTICE

This Pilot Study Report has been prepared for the United States Air Force (USAF) by Rust
Environment & Infrastructure (Rust) for the purpose of aiding in the implementation of a final
remedial action plan under the Air Force Installation Restoration Program (IRP). As the Pilot
Study Report relates to actual or possible releases of potentially hazardous substances, its release
prior to an Air Force final decision on remedial action may be in the public’s interest. The
limited objectives of this Pilot Study Report and the ongoing nature of the IRP, along with the
evolving knowledge of site conditions and chemical effects on the environment and health, must
be considered when evaluating this report since subsequent facts may become known that may
make this report premature or inaccurate.

Copies of this report may be purchased from:

a. Government agencies and their contractors registered with the Defense Technical
Information Center (DTIC) should direct requests for copies of this report to: Defense
Technical Information Center, Cameron Station, Alexandria, VA, 22304.

b. Non-Government agencies may purchase copies of this document from the National

Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161.




Pilot Study Report
PeRT Wall Pilot Study
Cape Canaveral Air Station, Florida

TABLE OF CONTENTS

SECTION PAGE
LIST OF TABLES ...ttt et esteees e s e st eaastaeasnesesesasaessasssestesenseasssesssaessssessseesessesesenes v
LIST OF FIGURES ...ttt e eeeteeataesssaassasssssnesesssssssessseesssaesstessssesaeseesssssessssssnssssresenes vi
LIST OF APPENDICES ...t eeeeeeeeseeeeessetsesessssessasssesseassnessesssnesssesssssssesseessesssens viii
LIST OF ACRONYMS AND ABBREVIATIONS ..o X
1.0 INTRODUCGTION ...ttt eeeeeetesee s e e e e vsesesesessneasasesseassesssesseessnsssnssseesesessesseseenns 1-1
2.0 EXECUTIVE SUMMARY ....oooeeeeeeeeeteeee e eeeeeee e eeeeseaasaasssessssessssassssssessssessssseeeseesseess 2-1
2.1 PILOT STUDY IMPLEMENTATION ... cotttitetettereeeeeeeeeseressessseeessssssessasssssesssessssnesssnnns 2-2

2.1.1  Site PrEPAAtION ..cccveeveeriieirtieetieererieeeeeese e reensesseesseetesae e eseseeeeeseeseenessesasesesssssaneans 2-3

2.1.2 PeRT Wall INStAIIAIOMNS e v eiereeeeeeeeeeeeeeeeeeeeereseeeeseseesseeesteeenseassessssesssssesssessnssssnssssesos 2-3

2.1.3  FlowW Sensor INStAllation . ococueieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeseesesnessessnessesseessseas 2.7

2.1.4 Monitoring Well INStAIAON .. ...oecveereeeteeenteeeeeeee e eereeesreeeeeseeseeeeseeseessesssssssessessesses 2-7

2.1.5  Site RESIOTALION ..ocvveevieveeetiieeeeiietee e eeeeee e eeveeeeeeee e eseseseressesssesssesssesssessseesssessesseesnens 2-7

2.2 MONITORING PROGRAM ...ttt eeeeeeeereeeeeeereaesssssstsasssasssssssssesssesssessnsssssesseseseeseeos 2-8

2.3 CONCLUSIONS ..ottt ettt eee e e e s enee e seesesassasesesasasesssesseerssessasassesssessesessesseessessnsas 2-9

3.0 SITE BACKGROUND ......ooooiiteeeteeeeeeeeeeeeseeaeeeeteseesesesssssasssesesessessessssesesessssessses oo seeseeseees 3-1
3.1 REGIONAL GEOLOGY ..oooiooiiiiettiieeeee e e eeeaetaseessssessasrseesessssssssssessssnssssassssssssssessssssessson 3-]

3.2 PREVIOUS STUDIES ......ooiiieieteeteeete e eeeee et eeeeeseesseessssassseseasssessessessoesssesssessessesesessees 3-1

3.3 GROUNDWATER OCCURENC E ...ttt eeteeecteeeeeeeereseeeseessesssesssesesesssssessssssessseesseesoes 3.3

3.4 HISTORICAL BACKGROUND OF PeRT WALL TECHNOLOGY ..oooveeeeeeeeeeeeeeeeen 3-4

4.0 PeRT WALL PILOT STUDY IMPLEMENTATION ... 4-1
4.1 PILOT STUDY OBJECTIVES ...ttt eeeeeeeteseteeseessessesesssssessssessesssessssssessseseseessses o 4-1

4.2 INSTALLATION ...ttt eeeetee s v s et essesasseesesesessse s sennesem e ee e e e et se e e 4-4

4.3 MONITORING ..ottt e e st e e et e e et e s e e s eneesseessesnsesnsesmsee s e s e e e e e e 4-6

4.3.1 Groundwater VOC ANAIYSES ....cveeveereeirireemeeereeseesersssesseesseesssessessssssesssssssssssssssesesssone 4-7

4.3.2 Field ChemiStry MEASUTEINENLS ... .veeveeeeeeeeeeereerreeseessesseessssemeeseeeseesesessesessseseesesssans 4-7

433 Water LeVe]l MEaSUTEITIENTS ..oovueieeeeeeeeeeeeeeeeeeeeeeseeesseeessesaresessosssseeseseeeee e e e e seeessso 4-8

4.3.4  FlOW SenSOT DaAll....cceeueereieieiieiiiereeeeieeeeeseeeeeeeeeseeseesasasessasssesesssesssssss s e s s eseee e seoas 4-8

4.4 HYDROGEOLOGY ..ooueioieiiietiteeieeeeeeeeeeeeeeeeeeereessesssssssssassssesssesasssessens st sseessee e s e s e sesese e 4-9

441 PeRT Wall Area StratiZIADNY .. .ccveeueeeeeeeeeeercreereeeseesssseesssereesessssesesesesssssessssseeseseessesns 4-9

Liwork\29515(39748)wreport\draftfinal2\df2rpt.doc i 11/30/99



Pilot Study Report
PeRT Wall Pilot Study
Cape Canaveral Air Station, Florida

TABLE OF CONTENTS (Continued)

SECTION PAGE
4.4.2  Aquifer Zones MOnitored ............o.eeeeveeeoeeeeseeeeeeeoeeeeeeoeeeeoeeeeeeeeeeeoeoeeoeeeoeoe 4-10

4.4.3  PrECIPIALION........cueueeivetereseceeeee et et 4-10

4.44 Potentiometric Head RelationShips «......veueeeeseeeeeeeoeoeoeeoeoeeoeeoeoeoeeoeoeeooooooe 4-11

4.5 FLOW SENSOR RESULTS ...t 4-14

4.6 USEFUL LIFETIME OF PeRT WALLS ..o oeeeteeeeeeeeeeeeeeoeeoeeeoeoeeeoeooooo 4-15

4.7 MONITOR WELL HEADSPACE SCREENING .......oeoeoeoeoeoeoeeoeoeoeeoeeoeeoeooooooo 4-19

5.0 REACTION MECHANISMS.........ooooiimiiimoieeeeeeeeeeeeeeeeeeeee oo e 5-1
5.1 REACTION RATES ....oouttomieeeeeeeeeeeeeeeeeeeee oo 5-2

5.2 INORGANIC REACTIONS ......ooomeieeeereeeeeeeeeeeeeeeeseeseessessees e 5-4

5.3 NATURAL ATTENUATION.........coemmiteieeeeeoeeeeeeeeeeeeeeeseeeee oo ee e 5-5

6.0 APPROACHES............cooooiiiieeeee e e e 6-1
6.1 MANDREL ...ttt ee e e 6-1

6.1.1  Description of EQUIDPIENL ............ouovvveeeeeerreeeeeeeeeeeeeeeeeoeeeee oo 6-1

6.1.2 OPETAONS.........ccruiuiiiieteie et e e oo eeee e 6-2

6.1.3  MONItOrING RESUILS .....oeeoveeeeeeeceeeeeeeeee e 6-5

6.1.4  LesSONS LeAMed ........ovuvueeieeeeeeeeeeeeeeee oo 6-9

6. 1.5 COSES ..ottt 6-10

6.2 JET ASSISTED GROUTING ......ooououctteeceeeeeeee e 6-10

6.2.1 Description of EQUIDIIENL ..........cveveveeeeoeeeeeeeees oo 6-10

6.2.2  OPETAONS........ooevuiriiteeiteeteeee st ee et eses e s 6-12

6.2.3  MONItOring RESUIS .......cuevuruereeiteeeeceeceeeeeeeeeees oo 6-14

6.2.4 LessonS Learned ........ccoouuueuiuiueieeceieeeeeeeeeee oo 6-18

0.2.5  COSIS ettt e e 6-19

6.3 GROUNDWATER PUMP AND TREAT ......coooeeeemteeemeeeoeeeeeeeeeeseeoeeoeoeoeeoeeoeeeoeoeooeoeo 6-20

6.3.1  ASSUIMPHONS ......ooceurevrrecerinissreesseeeessee e seeseeesesees s eseee e 6-20

6.3.2  Comparison of PeRT Wall to Pump and Treat COst «.......v.oooeoooooooooo 6-21

7.0 CONCLUSIONS.............oomrimmeeenmnesieeseeseeseemaee s esesses e s see oo e e e 7-1
7.1 VOC DEGRADATION.......cocottuummiumnettreeeeeeoeeeeeeeeeseeee e see s 7-1

7.2 USEFUL LIFETIME OF THE PeRT WALLS ......covoomvooooooeoeoooeoooooooooooo 7-1

7.3 EMPLACEMENT TECHNOLOGIES............coommeveemeeemreeoeeeeoeeoeoeeeeoeeoeoeoeoeoeoeoeooeooooeoooo 7-1

7.4 COMPARISON WITH GROUNDWATER PUMP AND TREAT ..o 7-2

L:work\29515(39748)\report\drafifinal 2\df2rpt.doc 1t 11/30/99



Pilot Study Report
PeRT Wall Pilot Study
Cape Canaveral Air Station, Florida

TABLE OF CONTENTS (Continued)

' SECTION PAGE

8.0 RECOMMENDATIONS ... ..ottt bbbt
9.0 REFERENCES ...ttt sas s bbb b b s ees

iii 11/30/99

L:Awork\29515(39748)\report\draftfinal2\df2rpt.doc 11




Pilot Study Report
PeRT Wall Pilot Study
Cape Canaveral Air Station. Florida

LIST OF TABLES
TABLE TITLE ‘
3-1 HISTORICAL CHLORINATED VOC DATA
3-2 DIRECT PUSH SCREENING DATA SUMMARY
3-3 SUMMARY OF PeRT WALLS USING FE* TO TREAT CHLORINATED
VOCs
4-1 PILOT STUDY MONITOR WELL CONSTRUCTION DETAILS
4-2 VINYL CHLORIDE CONCENTRATION SUMMARY
4-3 trans-1,2-DICHLORETHENE CONCENTRATION SUMMARY
4-4 cis-1,2-DICHLOROETHENE CONCENTRATION SUMMARY
4-5 1,1-DICHLOROETHENE CONCENTRATION SUMMARY
4-6 DATA QUALIFIER EXPLANATIONS
4-7 FIELD PARAMETER MEASUREMENTS
4-8 WATER TEMPERATURE SUMMARY
4-9 pH SUMMARY
4-10 ELECTRICAL CONDUCTIVITY SUMMARY
4-11 TURBIDITY SUMMARY
4-12 TOTAL IRON CONCENTRATION SUMMARY
4-13 Fe* CONCENTRATION SUMMARY
4-14 HARDNESS (mg/L as CaCO;) CONCENTRATION SUMMARY
4-15 OXIDATION-REDUCTION POTENTIAL SUMMARY
4-16 SULFATE CONCENTRATION SUMMARY
4-17 DISSOLVED OXYGEN CONCENTRATION SUMMARY
4-18 ALAKLINITY (mg/L as CaCO;) CONCENTRATION SUMMARY
4-19 EXLOSIMETER READING (%) SUMMARY
4-20 WATER LEVEL MEASUREMENTS
421 FLOW SENSOR DATA
4-22 RESULTS FOR FLOW SENSOR AT LOCATION PRT 03
4-23 RESULTS FOR FLOW SENSOR AT LOCATION PRT 05

L:\work\29515(39748)\report\draftfinal 2\df2rpt.doc iv 11/30/99



Pilot Study Report
PeRT Wall Pilot Study
Cape Canaveral Air Station. Florida

LIST OF TABLES (CONTINUED)

‘ TABLE TITLE

4-24 RESULTS FOR FLOW SENSOR AT LOCATION PRT 10
4-25 RESULTS FOR FLOW SENSOR AT LOCATION PRT 15
4-26 RESULTS FOR FLOW SENSOR AT LOCATION PRT 16
4-27 RESULTS FOR FLOW SENSOR AT LOCATION PRT 21
4-28 GROUNDWATER FLOW DIRECTIONS AT THE PeRT WALL
4-29 GROUNDWATER ELEVATIONS AND HORIZONTAL HEAD

DIFFERENCES BY WELL SETS, IN INTERMEDIATE AND DEEP
WELLS AT THE PeRT WALL, BY MEASUREMENT DATE

4-30 GROUNDWATER FLOW DIRECTIONS IN HANGAR K AREA

4-31 HORIZONTAL SLOPE AND VELOCITY FOR PeRT WALL
MONITORING WELL SETS

4-32 DEEP GROUNDWATER HORIZONTAL SLOPE AND VELOCITY

4-33 SUMMARY OF FLOW SENSOR DATA

4-34 ESTIMATED DISSOLVED IRON GENERATED BY CORROSION OF

@ e

4-35 CHANGES IN SELECTED INORGANIC FIELD CHEMISTRY
PARAMETERS ACROSS THE MAIN PeRT WALL, NOVEMBER 1998

5-1 INORGANIC REACTIONS THAT OCCUR IN GROUNDWATER
CONTACTING FE®

6-1 MANDREL INSTALLATION FIELD QUALITY CONTROL

6-2 MANDREL INSTALLATION COSTS

6-3 JAG INSTALLATION VARIABLE PARAMETERS

6-4 JAG INSTALLATION FIELD QUALITY CONTROL

6-5 JAG ASSISTED GROUTING INSTALLATION COSTS

6-6 GROUNDWATER PUMP AND TREAT COST ESTIMATE

6-7 COST COMPARISON, PeRT WALL vs. PUMP AND TREAT

L:\work\29515(39748)\report\draftfinal 2\df2rpt.doc v 11/30/99




Pilot Study Report
PeRT Wall Pilot Study
Cape Canaveral Air Station. Florida

LIST OF FIGURES
FIGURE TITLE
3-1 LOCATION OF CAPE CANAVERAL AIR STATION
3-2 LOCATION OF HANGAR K AND INDUSTRIAL AREA
3-3 PILOT SCALE PeRT WALL LOCATION
3-4 TOTAL CHLORINATED VOC CONCENTRATIONS IN THE

INTERMEDIATE ZONE OF THE UPPERMOST AQUIFER, FEBRUARY
AND MARCH 1997

3-5 TOTAL CHLORINATED VOC CONCENTRATIONS IN THE DEEP ZONE OF
THE UPPERMOST AQUIFER, FEBRUARY AND MARCH 1997

3-6 TOTAL c/t-DCE AND TCE CONCENTRATIONS 32 TO 35 FEET BLS,
JULY 1997

3-7 TOTAL c¢/t-DCE AND TCE CONCENTRATIONS DEEP ZONE, BELOW
38 FEET, JULY 1997

3-8 POTENTIOMETRIC SURFACE MAP: SHALLOW ZONE OF THE
UPPERMOST AQUIFER (APRIL 4, 1996)

3-9 POTENTIOMETRIC SURFACE MAP: DEEP ZONE OF THE
UPPERMOST AQUIFER (APRIL 4, 1996)

4-1 GENERALIZED PeRT WALL LAYOUT

4-2 UTILITIES IN VICINITY OF WORK

4-3 MANDREL WALL LAYOUT

4-4 SECTION THROUGH MANDREL WALL

4-5 JAG WALL LAYOUT

4-6 SECTION THROUGH JAG WALL

4-7 FLOW SENSOR WIRING AND CONTROL LAYOUT

4-8 ELECTRICAL AND CONTROL WIRE SCHEMATIC

4-9 TYPICAL WELL CONSTRUCTION DETAIL, INTERMEDIATE WELL

4-10 TYPICAL WELL CONSTRUCTION DETAIL, DEEP WELL

4-11 TYPICAL WELL DEVELOPMENT RECORD, INTERMEDIATE WELL

4-12 TYPICAL WELL DEVELOPMENT RECORD, DEEP WELL

L:\work\29515(39748)\report\draftfinal2\df2rpt. doc vi 11/30/99



Pilot Study Report
PeRT Wall Pilot Study
Cape Canaveral Air Station, Florida

‘ FIGURE

4-13

4-14
4-15
4-16

4-17

4-18
4-19
4-20

4-21

o

5-1

6-1
6-2
6-3
6-4
6-5

LIST OF FIGURES (CONTINUED)

TITLE

SOUTHWEST TO NORTHEAST GEOLOGIC SECTION ALONG THE
PeRT WALL

MONITORING WELL SCREENED INTERVALS, HANGAR K VICINITY
PRECIPITATION DATA

POTENTIOMETRIC SURFACE MAP FEBRUARY 1998, WELLS
SCREENED 15 TO 20 FEET BLS

POTENTIOMETRIC SURFACE MAP FEBRUARY 1998, WELLS
SCREENDED 35 TO 40 FEET BLS

POTENTIOMETRIC MAP FOR DEEP AQUIFER ZONE, 2/19/98 .
POTENTIOMETRIC MAP FOR DEEP AQUIFER ZONE, 11/16/98
POTENTIOMETRIC MAP FOR AQUIFER ZONE BELOW THE PeRT
WALL, 11/16/98

HYDROGRAPH OF WELL PAIR HGRK PRTMWI11 AND D11
HYDROGRAPH OF WELL PAIRS HK20S/20D AND HGRK
PRTMWI20/D20

PLOT OF THEORETICAL CONCENTRATION REDUCTION OVER
TIME

LAYOUT OF MANDREL WALL PANELS

VOC CONCENTRATION IN WELLS SCREENED 15 TO 20 FEET BLS
VOC CONCENTRATION IN WELLS SCREENED 35 TO 40 FEET BLS
LAYOUT OF JET ASSISTED GROUTING WALL PANELS
CONCEPTUAL LAYOUT OF GROUNDWATER PUMP AND TREAT
SYSTEM

L:\work\29515(39748)\wreport\draftfinal2\df2rpt.doc vii 11/30/99



Pilot Study Report
PeRT Wall Pilot Study
Cape Canaveral Air Station. Florida

APPENDIX A
APPENDIX B
APPENDIX C
APPENDIX D

LIST OF APPENDICES
HISTORICAL MONITOR WELL CONSTRUCTION DETAILS .
REPRESENTATIVE SOIL BORING LOGS
ANALYTICAL DATA SUMMARY REPORT
CALCULATIONS
1. GROUNDWATER PUMP AND TREAT SYSTEM ASSUMPTIONS
AND CALCULATIONS
2. GEOCHEMICAL PARAMETERS

Liwork\29515(39748)\report\draftfinal 2\df2rpt.doc viii 11/30/99



Pilot Study Report
PeRT Wall Pilot Study
Cape Canaveral Air Station, Florida

AFCEE
ARARs
bls
CCAS
CERCLA
CMS
CPT
DCA
DCE
DCB
c-DCE
c/t-DCE
t-DCE
DEQPPM
DO
DOD
DOT
DTIC
EPA
ETI
Fe+0
Fe*?

ID

IDW
IRP
IRPIMS
JAG
MCL
msl

NCP

LIST OF ACRONYMS AND ABBREVIATIONS

Air Force Center for Environmental Excellence

Applicable or Relevant and Appropriate Requirements

Below Land Surface

Cape Canaveral Air Station

Comprehensive Environmental Response, Compensation, and Liability Act
Corrective Measures Study

Cone Penetrometer Technology

1,1-dichloroethane

1,1-dichioroethene

dichlorobenzene

cis isomer of 1,2-dichloroethene

total of cis and trans isomers of 1,2-dichloroethene

trans isomer of 1,2-dichloroethene

Defense Environmental Quality Program Policy Memorandum
Dissolved Oxygen

Department of Defense

Department of Transportation

Defense Technical Information Center

United States Environmental Protection Agency

EnviroMetal Technologies, Inc.

Iron, zero valent

Iron, II valent

Internal Diameter

Investigation Derived Waste

Installation Restoration Program

Installation Restoration Program Management Information System
Jet Assisted Grouting

Maximum Contaminant Level

Mean Sea Level

National Contingency Plan

L:\work\29515(39748)\report\draftfinal2\df2rpt.doc ix 11/30/99




Pilot Study Report
PeRT Wall Pilot Study
Cape Canaveral Air Station. Florida

LIST OF ACRONYMS AND ABBREVIATIONS (CONTINUED)

ND Non-Detect

0o&M Operating and Maintenance

ORP Oxidation-Reduction potential

ou Operable Unit

OVA Organic Vapor Analyzer

Parsons ES Parsons Engineering Science

PeRT Permeable Reactive Treatment

PVC Polyvinyl Chloride

RCRA Resource Conservation and Recovery Act of 1976
RFI RCRA Facilities Investigation

RUFS Remedial Investigation/Feasibility Study

Rust Rust Environment & Infrastructure

SARA Superfund Amendments Reauthorization Act of 1986
SOwW Statement of Work

SSI Slurry Systems, Inc.

TCA 1,1,1-Trichloroethane

TCE Trichloroethene

TDS Total Dissolved Solids

USAF United States Air Force

VOC Volatile Organic Compounds

UNITS OF MEASURE ABBREVIATIONS

pg/L Micrograms per Liter

° Degrees

°C Degrees Centigrade

cf Cubic foot or cubic feet

gpm Gallons per minute

psi Pounds per square inch (gage unless otherwise stated)
mv Milli-volts

L:\work\295 15(39748)\report\draftfinal2\df2rpt.doc X

11/30/99




Pilot Study Report
PeRT Wall Pilot Study
Cape Canaveral Air Station, Florida

LIST OF ACRONYMS AND ABBREVIATIONS (CONTINUED)

' UNITS OF MEASURE ABBREVIATIONS (CONTINUED)

°F Degrees Fahrenheit

mg/L Milligrams per Liter

% Percent

umhos/cm Micro-mhos per centimeter
S.U. Standard Units

L:work\29515(39748)\report\draftfinal2\df2rpt.doc xi 11/30/99



Pilot Study Report
PeRT Wall Pilot Study
Cape Canaveral Air Station. Florida

1.0 INTRODUCTION

This Pilot Study Report has been prepared for the Permeable Reactive Treatment (PeRT) Wall Pilot
Study conducted at the Cape Canaveral Air Station (CCAS), Florida. The requirements for this work are
specified in the December 1997 Statement of Work (SOW) for Delivery Order No. 0010 of Contract No.
F41624-94-D-8048. The pilot study activities were conducted for the Air Force Center for
Environmental Excellence (AFCEE). The purpose of this pilot study was to evaluate two new methods

for emplacing reactive materials at depth.

lThe two methods of emplacement were demonstrated at the CCAS facility in a period between
September and December of 1997. The pilot scale PeRT walls were installed to a depth of 45 feet below
land surface within a chlorinated solvent plume. Following emplacement of the pilot scale PeRT walls,
groundwater monitoring wells were installed in the vicinity to obtain water quality samples.
Groundwater samples were collected during a period between February and November of 1998. The

resulting data was used to evaluate the performance of the PeRT walls.
The remainder of this report is organized as follows:

Section 2: EXECUTIVE SUMMARY. This section presents a summary of the pilot study

installation, monitoring and results.

Section 3: SITE BACKGROUND. This section presents a summary of site conditions,
groundwater flow directions and quality prior to the installation of the pilot scale PeRT

walls.

Section 4: PeRT WALL PILOT STUDY IMPLEMENTATION. This section presents the details of
the overall installation effort, monitoring methodology and hydrogeologic results.

Section 5: REACTION MECHANISMS. This section presents a discussion of the reaction
mechanisms and rates for destruction of chlorinated compounds using zero valent iron
(Fe*?).

Section 6: APPROACHES. This section presents a detailed discussion of the equipment,
operations, results and lessons learned from each of the two emplacement technologies.
This section also includes a conceptual design and cost estimate for a groundwater pump
and treat system which would be equal in treatment capacity with the PeRT walls
emplaced in this pilot study.
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Section 7: CONCLUSIONS. This section presents a discussion of the conclusions reached during
the pilot study and evaluation of groundwater data, including VOC degradation, useful .

lifetime of the PeRT walls, emplacement methods and comparison with groundwater

pump and treat technology.

Section 8: RECOMMENDATIONS.  This section presents recommendations for long-term
monitoring and evaluation of the pilot scale system.

Section 9: REFERENCES. This section lists the references cited in the report.
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2.0 EXECUTIVE SUMMARY

This report presents a description of the installation and monitoring results from pilot scale testing of
Permeable Reactive Treatment (PeRT) walls at the Cape Canaveral Air Station (CCAS). The pilot
testing was performed in the Industrial Area Operable Unit (OU) near Hangar K. The overall objective
of this pilot study was to test two new methods for emplacing reactive materials at depth. The specific

goals of the pilot study were to:

¢ Determine the extent of chlorinated volatile organic compound (VOC) degradation resulting
from use of the PeRT walls;

® Determine the useful lifetime of the PeRT walls;

* Develop defensible data to illustrate the effectiveness of this technology in enhancing the
remediation of contaminated soil and groundwater;

* Evaluate the effectiveness of emplacement technologies that can go to depths greater than 40
feet; and

¢ Compile data and evaluate of the applicability, cost, and performance of this technology, as it

compares to traditional “pump and treat” methods of groundwater remediation.

Pilot scale PeRT walls were created using zero valent iron (Fe*) filings, installed in the ground. For
purposes of comparing two installation methods, two sets of walls were installed. The first was installed
by mandrel emplacement; the second by Jet Assisted Grouting (JAG). Historical data on groundwater
flow and contaminant plume configuration were used to locate and orient the walls. An attempt was
made to orient the walls perpendicular to groundwater flow. The contaminants of concern are
trichloroethene (TCE), cis- and trans-1,2- dichloroethene (c/t-DCE), 1,1-dichloroethene (DCE), and vinyl
chloride. The walls were installed in the uppermost aquifer, from a few feet below land surface (bls) to
45 feet bls.

Previous studies (Parsons ES, 1996a) divided the uppermost aquifer into three zones: shallow (from
water table to 25 feet bls), intermediate (from 25 to 35 feet bls) and deep (from 35 to 50 feet bls). The
highest concentrations of chlorinated compounds were detected in the deep zone (up to 696,100 pg/L
total VOCs). The intermediate zone also contained rheasurable concentrations (up to 95,600 pg/L total
VOCs). In most of the wells screened in the shallow zone, chlorinated compounds were detected at very

low concentrations or not at all.
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A field screening effort using direct push technology was initiated by the Air Force Center for

Environmental Excellence (AFCEE) in April and July 1997. The purpose of this investigation was to

collect additional data in the vicinity where the pilot scale PeRT walls were to be installed. The depth
interval terminology used in this screening effort differs from the previous studies. The “shallow”
- samples were collected primarily from the interval of 32 to 35 feet bls. The exception is HK5S which
was collected from 38 to 41 feet bls. The “deep” samples were collected from various depth intervals,
ranging from 37 to 40 feet bls and 52 to 55 feet bls. The results of this screening effort indicated the

following:

® The c/t-DCE concentrations in the “shallow” samples (generally 32 to 35 feet bls) were generally
higher than the concentrations in the “deep” samples (ranging from 37 to 55 feet bls). The average
c/t-DCE concentration in the “shallow” samples was approximately 93,000 pg/L. The average c/t-
DCE concentration in the “deep” samples was approximately 31,000 pg/L.

* ¢/t-DCE was more prevalent in the “shallow” samples than in the “deep” samples. c¢/t-DCE was
detected in 91% of the “shallow” samples (20 detections in 22 samples) and 29% of the “deep”
samples (5 detections in 17 samples).

* The TCE concentrations in the “shallow” samples were generally higher than in the “deep” samples.

The average TCE concentration in the “shallow” samples was approximately 3,900 pg/L. The
average TCE concentration in the “deep” samples was approximately 700 pg/L. ‘
e TCE was not prevalent in either the “shallow” or “deep” samples. TCE was detected in 9% of
samples (2 detections in 22 samples) in the “shallow” and 12% of the “deep” samples (2 detections
in 17 samples).
® Vinyl chloride was detected in similar magnitude and frequency in the “shallow” and “deep”
samples.
* The distribution of ¢/t-DCE, TCE and vinyl chloride was not homogeneous.

* A semi-confining layer was present at approximately 45 feet bls.
The initial intention of the pilot study was to install the pilot scale PeRT walls to a depth of 60 feet bls.
The presence of the semi-confining layer at 45 feet bls and the absence of contamination at deeper depths

according to the field screening efforts made a revision necessary. It was decided that this semi-

confining layer should not be breached, so the walls should not penetrate below 45 feet bls.
2.1 PILOT STUDY IMPLEMENTATION

Implementation of the pilot study proceeded in the following sequence:
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1 Site Preparation

Mandrel wall installation

JAG wall installation

“In-situ flow sensors installation
Monitoring well installation

Site restoration

N N b WwWN

Monitoring, sampling and analysis

2.1.1  Site Preparation

Pavement in the area was removed and stockpiled. A trench was excavated along the centerline of the
walls to clear utilities and stakes were placed to mark the wall terminations. Roll-off boxes and a
portable tank were delivered and staged for collection of potentially contaminated Investigation Derived
Waste (IDW).

2.1.2  PeRT Wall Installations

The mandrel wall segments were installed first, followed by the JAG wall segments. The layout for each
installation was the same as shown in the TOP VIEW figure, below, the longest section was located up-
gradient. Approximately 4 feet down-gradient of each of the longest section, a shorter section was
installed. Approximately 4 feet down-gradient of each of the shorter sections, another short section was
installed. The longest (up-gradient) segments of the mandrel and JAG walls overlap in the center to form

a continuous treatment zone along the length of wall. The dimensions noted were measured after

construction.
TOP VIEW
«— 515 e 48’ >
—~ 12’ —~ 83
I —— 4
—™ /3
) 4
~— — A —— —
MANDREL JAG

Groundwater Flow
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Slurry Systems, Inc. (SSI) of Gary, Indiana installed the pilot scale mandrel walls. The mandrel used in
this project was adapted from the construction industry mandrels used to install wick drains. SSI
fabricated the mandrel from square steel tubing, as shown in the PLAN VIEW figure below. The
mandrel was designed to create a 60-foot deep iron panel of approximately 30-inches by 4 inches. Slots
were cut through the interior sections of the square steel tubes at intervals along the bottom 12 feet to
allow iron to flow between the internal tubing sections. The outside footprint is approximately 33-inches
by 6-inches. Eight inch fins were welded near the bottom of the mandrel along one edge for alignment of

the beam with the previously driven section:

PLAN VIEW

e Pe— 5 —>

Shoe detachment rod

Slots — cut at intervals
along length

To create the continuous wall segments, a total of 32 panels were installed, overlapping approximately 4-
inches with the adjoining panels. To install each panel, the mandrel was fitted with detachable driving
shoes at the bottom (leading edge) of the mandrel. These shoes prevented soil from filling the void
spaces in the tubes as the mandrel was driven into place with a 22-ton hammer. Once at depth, iron was
poured into the hollow tubing sections and the shoe was knocked loose of the mandrel with the
detachment rod. Additional iron was poured as the beam was withdrawn. An average of 6,000 pounds of
iron was placed in each panel. The up-gradient wall segment is made from 22 overlapped panels and

each down-gradient segment is made up of 5 overlapped panels.

The iron installed in the mandrel wall segments was Peerless Cast Iron Aggregate 8/50 (100% passing an

U.S. Standard No. 8 sieve and 90% to 100% retained on an U.S. Standard No. 50 sieve).

The JAG wall segments were installed by Geocisa/Geobase, under contract to Foremost Solutions. This

installation technique required injection of a high viscosity iron slurry.
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The guar gum was mixed with water in batches in a stirred open top tank to form 2 to 3% solutions. The
' guar gum solution was pumped first to a holding tank, then into a truck-mounted batch mixing plant. A
positive displacement pump controlled the feed rate of guar gum to the batch mixing plant. The pump
discharged the guar gum solution into an auger screw mixer. Iron filings were poured into the top of the
batch mixing plant. An aggregate belt feed, synchronized to the guar gum pump, was used to add the
iron filings to the screw auger mixer. In addition, an enzyme and a thickener were added with a metering
pump. The screen mixer discharged into a grout pump hopper. The grout pump hopper fed a diesel
powered grout pump with two 4-inch diameter swing-tube cylinders. The discharge was to hoses that fed

the down-hole injection equipment.

The down-hole injection equipment used to install the wall segments consisted of a 48-foot long, 1-inch
thick, 36-inch by 12-inch wide-flange steel beam with tubing welded to the web for water and iron slurry

injection, shown below:

PLAN VIEW

water jet tubing
. ‘
@)

O 12-inches
slurry jet tubing
k—+ 36-inches

SECTION VIEW AT BOTTOM

_—/\—
:

ap
‘\water jet
nozzles
slurry injection port

The beam was driven to depth with a 7-ton hammer. Water was jetted during driving to open a channel

under the beam. The water jet assembly was attached to the leading edge of the beam web, with nozzles
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oriented horizontally to direct spray at the inside surfaces of the flanges at either end. During driving, the

water was injected at flows of up to 20-gpm and 6,000-psi pressure. The iron-slurry injection tubing was

fitted with a bottom plug. A short steel rod suspended on a rope was used to knock the plug free when
the beam was at depth. The amount of slurry pumped down-hole was measured by counting the number
of strokes of the pump. The rate of slurry placement in the ground was controlled by the speed at which

the beam was withdrawn.

The iron installed in the JAG wall segments was peerless P1 Cast Iron Aggregate, -16 to dust (100%

passing a standard No. -16 sieve to dust).

The following presents a general comparison summary of the two wall installations:

PARAMETER MANDREL JAG
Installation Contractor Slurry Systems, Inc Geocisa/Geobase under contract to
Foremost Solutions
Depth of wall emplaced From ~1 to 45 feet bls From ~3 to 45 feet bls
Total Length of 3 wall segments 75.5 feet 64 feet
Tons of iron emplaced 98 tons 93 tons pumped, approximately ‘
83 tons emplaced and 10 tons spoils.
Type of Iron Peerless 8/50 Peerless P1 (-16 to dust)
Date contractor arrived on site 29 Sept 1997 3 Nov 1997
Date set-up completed 4 Oct 1997 7 Nov 1997
Date testing began Not Applicable 8 Nov 1997
Date testing completed Not Applicable 12 Nov 1997
Date pilot installation began 6 Oct 1997 13 Nov 1997
Date pilot installation completed 15 Oct 1997 26 Nov 1997
Date demobilization completed 21 Oct 1997 1 Dec 1997
Total Installed Cost $307,712 $306,538
Mobilization $75,000 $40,000
Pre-Installation Testing $0 $30,900
Cost per linear foot — excluding $3,082 $3,682
mobilization and testing
Cost per linear foot - including $4,076 $4,790
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PARAMETER MANDREL JAG
mobilization and testing
Square feet installed 3,322 2,688
Cost per square foot — excluding $70 $88

mobilization and testing

Cost per square foot ~ including $93 $114

mobilization and testing

2.1.3 Flow Sensor Installation

Six in-situ groundwater flow sensors were installed to monitor the groundwater flow velocity and
direction during the pilot study. Each flow sensor consists of a probe approximately 30 inches long and 2
inches in diameter. A heater inside of the probe heats groundwater as it flows past the probe. Each flow
sensor probe has an array of temperature sensors on its surface. Groundwater is heated as it flows past
the probe and these temperature sensors detect the temperature differences. The data is transmitted to a
data logger. Software converts the temperature readings to groundwater velocity and direction

components.

The flow sensors were installed by direct burial in the aquifer. A 3.25-inch hollow-stem auger was used
to advance the 6 borings. Each flow sensor was installed at a depth of approximately 40 feet. An
existing electrical unistrut was modified to mount a DC power converter (the power supply to the flow
sensors) and data logger. Control and signal wires were run below-grade in conduit to the power supply

and data logger.

2.1.4  Monitoring Well Installation

Sixteen pairs of monitoring wells were installed in vicinity of the pilot scale PeRT walls. Each pair
consists of well screened from 15 to 20 feet bls (intermediate well) and a well screened from 35 to 40
feet bls (deep well).

2.1.5 Site Restoration

Site restoration included the following:
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* Testing, removal and disposal of IDW generated during the JAG wall and monitoring well
installations and monitoring well development;

*  Clean-up of iron spilled during installation;

* Replacement of asphalt in parking area; and

* Seeding and placing sod in disturbed grass areas.
2.2 MONITORING PROGRAM

Key performance indicators were monitored over a 10-month period following installation of the pilot

scale PeRT wall sections. These indicators included:

® Analysis of VOCs in groundwater on a quarterly basis to determine the effectiveness of the wall and
the extent of VOC degradation;

* Monthly field measurements of groundwater pH, electrical conductivity, turbidity, hardness,
oxidation-reduction potential, alkalinity, and concentrations of total Iron, Iron II valent (Fe*?), and
sulfate; '

* Monthly water levels in surrounding monitoring wells to determine effect of wall on groundwater
flow; and

* Monthly evaluation of in-situ flow sensor data.

During the pilot test, the water table ranged from 3.78 to 6.25 feet below ground surface at the

monitoring well measuring points (2.66 to 4.95 feet above mean sea level [msl]).

Monitoring results indicate the following general trends for both sets of pilot test PeRT walls in the deep

wells (screened 35 to 40 feet bls):

1. The concentrations of cis-1,2 dichloroethene (c-DCE), trans-1,2 dichloroethene (t-DCE) and
DCE generally decrease as groundwater moves through the wall segments;

2. The concentration of vinyl chloride generally increases; and

3. The average influent concentration (total VOCs) reaching the main reactive wall increased

by 35 percent during the monitoring period.

The same general trends of vinyl chloride increasing and other chlorinated solvent concentrations

decreasing as water flows across wall segments were noted in wells screened in the intermediate zone.
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The concentrations upgradient and downgradient are significantly lower in this zone than in the deep

Zzone.

Groundwater flow in the PeRT Wall/Hangar K area is generally to the west-northwest.  Horizontal flow
gradients and velocities vary across the site, with the highest velocities through the PeRT Wall. In the
overall Hangar K area, the deep aquifer horizontal flow gradients and velocities are one-fifth the values

through the PeRT Wall, and slightly less than this value for the aquifer zone below the PeRT Wall.

It appears that the head differences between intermediate (from 15 to 20 feet bls) and deep (from 35 to 40
feet bls) PeRT Wall wells are very small, indicating little, if any downward flow gradient. Hydraulic
sections indicate that there is as much as 0.6 feet of downward head from the deep PERT wall wells to

the aquifer zone below the wall. This was the case before and following the wall installations.
23 CONCLUSIONS

The two emplacement techniques, mandrel and JAG, were successfully demonstrated to emplace reactive

materials at depths exceeding 40 feet.

The monitoring results collected during the first year of operation were insufficient to determine the
effectiveness of the PeRT walls on groundwater restoration. Two of the reasons for inconclusive results
include the slow rate of groundwater flow and the high variability of the influent chlorinated VOC
concentrations. During installation of the monitoring wells, it was noted that the soils at 35 to 40 feet bls
in this area are silty to clayey sands. High organic vapor analyzer (OVA) readings (between 100 and 450
ppm) were noted on soil samples from these depth intervals. It is therefore likely that the chlorinated
solvents at this depth are adsorbed onto the soils. As water flows through a wall segment and is treated,
additional chlorinated VOCs may desorb from the soil down-gradient of the wall. With the slow rate of
groundwater flow in the area, this could continue for a prolonged period of time. Therefore, additional

monitoring is recommended to determine if further degradation of the chlorinated VOCs occur with time.

The potentiometric map created with the final round (November 1998) of water level measurements for
the deep zone suggest that mounding may be starting to develop at the wall. This mound, however, is in
the range of 0.04 feet and may be totally attributable to uncertainties in survey and water-level

measurement. The tolerances for the survey readings is +/- 0.01 foot and the accuracy of any water-level
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measurement may be in the range of +/- 0.05 feet. However, this possible mounding trend should be

investigated in future water-level data analysis.

Conservative estimates of mineral precipitation suggest that over a 100 year period the following are
maximum percentages of the available pore space that could be filled: carbonates, 20%; sulfides. 6%
and hydroxides, 17%. If these rates of mineral formation persist, porosity in the wall would decrease to
zero in about 400 years and groundwater flow may be significantly diverted earlier. These estimates are

preliminary and.should be reevaluated after another year of groundwater monitoring.

An estimate comparing capital and operating and maintenance (O&M) with conventional groundwater
“pump and treat” systems indicates that the savings in O&M cost associated with the PeRT Walls could

off-set the higher capital cost in less than 4 years.

LAwork\29515(39748)\report\draftfinal2\df2rpt.doc 2-10 11/30/99




V.LVA DOA QALYNINOTHO TVIIOLSIH ! 1-€ T19V.L cjo] 20p°gs sajqenfeuy yespyuodangy/ 6evideouonyromy|

9'81 o1 VN 9'8 VN aN L661 994 CTAMIWVANI
00£°'61 001°L VN 00Z'CI VN aN L661 934 LIAMWVANI
109's1 0zL'9 VN 'L VN (A 9661 [udy LIAMINVANI
000°L6 VN VN 000'c VN 000't6 L661 [udy +*9IAAMINVANI
000992 VN VN 000°6% VN 000°L1T L661 [udy *9IAMIVANI
0£1°€9 086'c VN 0TL'LT VN OEY'I€ L661 92 9IAMIWVANI
198°1€ 0LE'E VN 090°02 VN 0s1°‘9 9661 11dy 9IAMINVANI

6’1 61 VN anN VN aN L661 9od YOOMINVANI
6L9'C (174 VN 98€'T VN L8 9661 11dy YOOMINVANI

aN aN VN anN VN an 9661 [udy €0AMINVANI

aN aN VN aN VN aN 9661 [udy 1VSO9VANI
aN anN YN aN VN aN 96/01/1 1VSO9VANI
0T Ll o1g's VN vLT'8 VN 0ST'e 9661 11dy 920001
000'LY _ aN VN 000'€T VN 000'+C S6/21/21 920001
01891 " 006°c olg 00001 VN 009'C 6/9/9 920001

816'y 006y VN L VN 1 06/02/9 920001
144 X% 0ze'e VN 08¢‘LI VN oLz'ol 9661 11dy $T0001
001'69C 4001°S VN 000'0L1 VN 000'v6 S6/zIfTl $T000I1
009's61 009'c VN 000°0¢€ 1 VN 00079 v6/L/9 $T000I1
00L‘11 00€'8 VN 002'C (1742 08L 06/61/9 $Z00DI1

9 aN VN 9 VN anN 9661 1udy ¥20001

TS aN VN (A3 VN aN S6/€1/T1 ¥20001

(4 aN YN z VN aN v6/£/9 20001
0 anN VN anN VN aN 06/12/9 20001
1'16L'y 1'8 VN SSL'y VN 8T L661 e 10AMINYTLI

LET'T aN VN 002'T VN anN 9661 [dy I0AMINYTLI
002'C aN VN £002'C VN anN S6/1€/T1 10AMINPTLI |
4LA VN VN YTy VN VN v6/ST/1 I0AMINPTLI |

STEINGEE | |
(1/3n)
(1/34) sDOA
(1/3v) sueyaoIoILL, (1/3v) ardureg aje 2
_.oﬁ._ﬁ_“m_._o aprIoy) [AwA T q40a- (1/3) voa (B AL | pordues 21eq artem

VLVA DOA QALVNINOTHD TVOIIOLSIH
I-€ A'TdV.L

epLIo}] ‘uonels aty je1oAeue)) ade))
Apmig 6_‘ L¥od .

oday £ hid




(PanuNu0d) VLYA DOA AILYNINOTHD TYOINOLSIH :1-€ H1aV.L zlog o0p'¢s'sojqeneuy espyodangy eudaouooypomy:|
e1eq quT PRI £661 [Hdy uo poseg -«
MWI| UONOAIIP JUBWINISUT MOJOq tPaIdaIR 10N - (N
Jlqe|ieay 10N Bleq - VN
:SOI0N
09S'p1 0SL' VN 018'T1 VN anN LL61 92d CTIMINVANI
0L8'TL oLl VN 00L'SP VN 000'L2 L661 924 LITMINVANI
¥S0°IT 06 VN 08L'11 VN 006'9 9661 1udy LIIMINVANI
000'1> VN VN 000'1> VN 000'1> L661 [udy +9TIMINVANI
zTe'l oLE VN 9¢6 VN 91 L661 92 9IIMINVANI
269'1 08¢ VN 9€Z'l VN an 9661 [udy 9LIMINVANI
0IE'bT 079' VN 0TS'02 VN oLl L661 924 POLMINVANI
009's6 008'S VN 00698 VN an 9661 [udy POLMINVANI
weLe w VN 0EY'SI VN 0zL'1T L661 e ZOAMINPTLI
0EL'TH an VN 00022 VN 00002 9661 udy Z0aMIWPTLI
00L'TH an VN £ 000'TC VN 00002 S6/E1/TI ZOAMINbTLI
000'S1 an VN 000°s1 VN an p6/02/T1 ZOAMINPTLI
STPA} 9IvIpauiIaju]
(1/3n)
(1/31) sDOA
(r1/3) AURYIIOIONPILL], - ardweg ate, "
B:_w..w_ﬁ_“,m___o spuom) KA | -1 (1A 30a» | (181 voa (A AL | pardues a1eq artem

VLVA DOA AALVNIIOTHD TVOIIOLSIH

(papnpuo)) 1-¢ F1AV.L

epLIO] ‘uoneis Ny [eroaeue)) ade)

Apms 10] Lyad
1oday £ %




STTIM HLVIAIWYALNI
AYVYINIANS VLVA ONINGFEOS HSNd L.OAId 2-€ A19V.L

cio]

s0pgs sajqenjeuy yerpyuodongy, eevdasuonyiomy:|

‘pasn sem sanjea dedsiydnp ayp Jo ofesone
Y} ‘pap10da1 219m sajedljdnp a1oym sajdures 10, "PIpRIOUI 10U 319m SIN[EA PIISI) 10U PUE 010Z PIIIPISUOD 1M SANJEA P3)djop jou ‘sosodind SuiSeroae 04 7
*o(dwies ajeatjdnp e s1 souanbos oy ur Joquinu puodas ay) ‘[oquiks , ./, & Aq pareredas ‘parussaid ale sanjea om] aIoyA |

P13 10N - LN

[9A9] UOND9)9P JUBUINISUT J& PAJISI3(] 10N — AN
wiod [19M € se parojdwo) 10N 4

1S9ION

auoz daap ay)

00001 000692 000°8 000°692 WOo1j SUOHBIUIIU0D
Jo winwirxep
duoz daap ay)
LY L¥9'1e 90L 1¥6'0€ Wo1j SUCHENUIDU0D
Jo joderoay
00001 0001 daN 000%1 SE'8 9vLO6L SILIILSI deAH
aN aN aN aN 91y~ 01 9°8¢- 1€ 01 8¢ 34 9be06L ceocisl dZTIH
aN aN aN aN €Th- 01 €6 | 1S 018y | TLS €1L06L SY8116I dlTiH
dN dN N daN Vb O y6g- IS 01 8y | 8€'8 81806L T10T1S1 dOoZH
dN 00069¢ aN 00069C [AASIRY I Al YAl Iy O 8¢ | <88 06L06L 13518 1Y d6IdH
dN 00099 dN 00099 8°0¢- 01 §°LC- 0y OV LE | 816 0€£806L LC611S1 dS8IH
daN daN aN daN 0'Zy- 01 0'6t- 0S 01 Ly | €08 9¢€806L 8SLIISI dL1MH
aN dN daN dN P'ir- O v'6t- 1€ 0 8% | #9'8 18806L T681161 d913H
600 aN aN aN L'Ty- 01 L'6E- | 1S 01 8p | 0€'8 €SL06L IAVAR I dsidH
IN 00099 000t 00029 8've- O §'I¢- vy 0l Iy | 8l'6 60806L 09811€1 avidH
LN 000¢£T1 0008 000811 6'1¢- 01 6'8C- Iy 01 8¢ | €16 06L06L SE81161 doIMH
N 0001> 0001> 0001> 9°Sp- 01 9°Ch- €6 01 TS | 9¢€6 v6806L vILLISI dLAH
IN 0001> 0001> 0001> v9p- 01 p'ed- §C 01 TG | LS8 12806L 8081161 dsiH
IN 0001> 0001> 0001> 0S 01 Ly «*{UvAH
IN 0001> 0001> 0001> 91y~ 01 9'8¢- 0S 01 Ly | LE'S 6LLO6L SPLIISI dedH
IN 0001> 0001> 0001> 91y~ 01 9'8¢- 0S 01 Ly | 9¢'8 10806L 18L1IS1 ddIH
IN 0001> 0001> 0001> 0S 0 Ly = 1IH
(1/30) (1/3n) (Isu)
(1/3n) uopenuduC) | uopex ('1/3n) (15ur) (s191235) | uoneadry air
uonenudUo)) 4OL® judU0)) | uoneHuUIdIU0)) [eAsduj [eAIdU] duise) Sunseqy Sunpaon mod [P
apuoy) [AwA | g3a-P el | ADL e e li gy PauddIdG paudRDg | Jodog, ysng 3211

AAVIAINNS VLVA ONINTHIIS HSOd LOTAIA

(papnpuo)) z-¢ ATAV.L

epLIO[,] ‘uonels 11y [eloaeue)) ade)

Apnig 10
:OL}—

Ly°d
I'd




SOOA A4LVNIYOHO LVAYL OL,, 34

DNISN STIVM LY 40 AYVININNS :€-€ 2198l

s0pg-gqeneuty yyespyuodangy ge\idasuonyiomy:

Sunnoid parsisse 1of = Oy ‘Sumoal = 12l ‘snonunuod = Juo)) ‘sfeLRiew J9YI0 = + ‘UCLIEIIU0S = JMog ‘3)ed pue [auuny = DPJ  ‘UOI JUI[EA-0IIZ = w3

ferdsswwo) | 1oysuarg o) e M 62 BuneiadQ 8661 JOAD Suiuuepy eujjofT)) Inog 1z
o4 uoydisoan 34 LRy dunead L6/L 401 uoydis-sys eutjore) yinog 9
FEEIEITR
jeroswue) o) gedd ¥ og 3unesadg 8661 JOAd paureuun) uodaiQ Y4
10114 DLE pueg/, a4 J8 pajejduio) £661 J0Ad €:1D uspiog owrelug ¥
eldlawoy | Jdoyouan “yuo) gedd 9T suneradg 96/9 10 °J0A2 AuD yiaqezig sutjore) yuoN £C
[eiswwo) 0%d g+3d LY dunesadg L6/TI J0A? aungiays JOA MON [44
+
uonensuowaq 3umer | /ovDY,, 34 48 paduwo) L661 $120/d21.10 elpueg OJIXIA MaN |14
| ianai® Youarg, pues/, g4 L Y4 Juneradg 86/6 JOA? prRue] A3sIof MaN 0c
Juiyonu],

{etorwuwo) Suoeny 0o Sunesadg 86/€ DOA? [1ompreD Kaszof maN 61
10114 LE g duneradg L661 J0A? Yuomsiswwing | aysdurey moN 81

10114 suroery pad yoci duyesdo 8661 JOAd NN Shasnyoessepy Ll

1o1id eugesey +/, 94 sunersdg $661 JOAD yeanped Ayomuay 91
[erosaWwI0) ORd R Y 8¢ Junesadp 96/1 JOA? 3[[1AA3))0) sesuey SI
[eIRwwo’) Jarsiuue) g+dd 3 ov Suyeradp S6/T1 JOA? sejlog puejaif 14!
10114 dumapy dasqg ooy HJ4 duneiadp DOA? Apauuay] ade) epuoly €1

lo1d ovI g+ 3 ysy duneiado L6/11 J0A? [esaaeue) ade) CPLOL{ 4!

101d [PIpueiN gedd Y Sy duneiadQ L6/0} JOA? [e1Aeue) ade)y epuoLy 1

10114 BLE] e superado DOA? g4V JaroQg aremeja( ]

(R R e) 1o1s1uue) R ¥s uneiadg 86/6 N D0A? sjer] AY20y opelojo) 6
o11d D%d 3 1 ST suneiado J0A? a4V Amo opelojo) 8
[eloIaMmwony L E! g dd LYY Sunesadg 96/01 JOAd 3] JeIp] opelojo) L
e a®) OLE! g3 ¥o¢ duneradg S6/1 JOA® ajeaduung elwojije) 9
1011 d dupdely ureoy, 94 ¥L8 Junesadg JOA? yred AinqmaN elwojied S
[eJswwoy) Yauas g, g+ 30T duneiadg £6/6 J0A? MIIA uIRIUnoN eruojije) 14
10114 Owd 0o 30T duneradg 96/v J0A? PIoL 1BJJON elwojije) £

1o1id 0% e duneiadg 96/21 J0A? epauely eIwojije) 4

1014 19f/oekf 34 ysL Sunesadg 8661 JOA? 44V [1ImMxe N eweqe|y I

AOld
uoneudisaq odA, ey yidog smels aje( [jeIsur s)ueuIwE)UO) ang P/ nuno) ‘ON

SOOA 4LVNIIOHD LVAYL OL ;.44 ONISA STIVM L¥3d 40 AAVININNS

£t H'TdV.L

:$310N

epLIO] ‘uonelS 11y [e1aaeue)) ade)

Apmig 10]
uoday £

pLyad
i




Florida

l CCAS
INDUSTRIAL AREA O

Q' 8000
SCALE

A

CAPE CANAVERAL AIR
STATION

Rust Environment & Infrastructure

FIGURE 3-1
LOCATION OF CAPE CANAVERAL
AIR STATION

CAPE CANAVERAL AIR STATION, FLORIDA
Project No. 29515

. —— o
Zip D. 141307 461G apeCanaveralr . 1-1Loc I Aream




\ FALSE CAPE '
NORTH |
[m« _ <
SPACE CENTER (NASA)
JOHN F. KENNEDY
/ NORTH
BOUNDARY

=3 )= '
BARGE
UNLOADING
ACLITY
INDUSTRIAL
A

/
HA,NGAR K
/
/o
<RMAMENT TEST
/ STORAGE AREA
) / FUEL STORAGE

§/ PORT

CANAVERAL

MEDIUM MISSILE
LAUNCH AREA

CAPE CANAVERAL
AR STATION

TRIDENT TURNING BASIN
soum BOUNDARY

PORT CANAVERAL
TRANING SITE

COCOA BEACH
COMM. ANNEX *2

FIGURE 3-2
ENVIRONMENT & LOCATION OF HANGAR K
0_5000 10000 15000 RUST e ASRucTins AND INDUSTRIAL AREA
SCALE IN FEET CAPE CANAVERAL AIR STATION, FLORIDA
PROJECT NO. 29515.000

N:\39748\9748WPF2.0GN




APPROXIMATE 7,

SUBSURF ACE 7y

ELECTRIC UTILITY i +
LOCATION S/

APPROXIMATE >,
SUBSURF ACE J
SANITARY SEWER //’

// LOCATION /

/
/
/
//
; S » ,
/" /
i + //
PeRT WALL P /
/

LOCATION / \
/ /
77 /
/

7z y
/
/
INDA-BOSA1 A ¥ y
/
A/ /
VAS /
VAd //
VA4 1C0@35
//,/ 'Q' //
Vi / o +
i + APPROXIMATE ;
P SUBSURF ACE /
4 ELECTRIC UTILITY /
) @00 LOCATION
Al + /
/7 (
’ +

ICO017
+ + “ HAZARDOUS
O WASTE STORAGE
\ ~ icooos
&
/\ V %
o
NORTH
LEGEND
IC0025 $ MONITORING WELL
—— PeRT WALL LOCATION
&
FIGURE 3-3
MENVIRONMENT & PILOT SCALE PeRT WALL LOCATION
25 50 75 INFRASTRUCTURE
SCALE IN FEET CAPE CANAVERAL AIR STATION, FLORIDA
PROJECT NO. 29515

N:\39748\8748PT10.dgn



QD INDA-BOSA1

AD 1C0025
SiNpa-mwits. -
e, 1)

0 50 100

B

R

INDA-MWDO4Y

"y INDA-MWI22
7 (14,560)

LEGEND
Q@ MONITORING WELL

(1322)
ORGANICS
DATA OBTAN Dg7|N

INDA-MWio4
{24310

R

i,

TOTAL CHLORINATED VOLATILE
/1), BASED ON

FEBRUARY

NOTE: GROUNDWATER FLOWS GENERALLY
RADIALLY OUTWARD FROM HANGAR K, SEE
FIGURES 3-9 AND 3-10.

150

e
SCALE IN FEET

ENVIRONMENT &
INFRASTRUCTURE

FIGURE 34
TOTAL CHLORINATED VOC
CONCENTRATIONS IN THE INTERMEDIATE
ZONE OF THE UPPERMOST AQUIFER

CAPE CANAVERAL AR STATION, FLORIDA
PROJECT NO. 29515

N\ 33745 \574BWP05.DGN




N {
INDA-MWDD18
-~ {**97,000)

i

LEGEND

¢. MONITORING WELL

(97,0000 TOTAL DCE AND TCE CONCENTRATION
(/1) BASED ON APRIL 1997 FIELD LAB

NORTH (+17420) TOTAL CHLORINATED VOLATILE
ORGANICS (g/I), BASED ON DATA
OBTAINED IN DECEMBER 1995 OR
APRIL 1996

1800) TOTAL CHLORINATED VOLATILE
ORGANICS /1), BASED

2 o, AR SO oy,
& AT A GBTANED IN FEBUARY FIGURES 3-9 AND 3-10. '
FIGURE 3-5
TOTAL CHLORINATED VOC
MENVIRONMENT & | CONCENTRATIONS IN THE DEEP ZONE
w0 oo 150 INFRASTRUCTURE OF THE UPPERMOST AQUIFER

—
SCALE IN FEET

CAPE CANAVERAL AR STATION, FLORIDA

PROJECT NO. 28515
NI074B\574BWP40.0C



Al
25 50 75

SCALE IN FEET

ENVIRONMENT &
INFRASTRUCTURE

i . 7 M K208 ' L
< <27196,000 K
' ; o
. 7 -
'/,"! § i g /
HK19S 5
A 167,000 : &
100004 / .
ELECTRIC UTILITY °° ¢
LOCATION P /
HK18S S
282,000 /
. "‘-;‘/“ v:/// .
APPROXIMATE / /
SUBSURF ACE o
SANITARY SEWER S P mwilz
HkissA  LOCATION Do~ /
192,000 4 e
AHK“S , . Y “( L . ~
190,000 7 Moae00 .
A HK12S A _,»" //,’ 00; RN /
HK21S 127,000 A / - !
2,400 A HKos 7.5."7(3300
56,000 « 2/ <"
HK11S / e
4.000A /
INDA—BOSMV e AHK1S -
HK4S A 88,000
102,000 ¢/ S f //
) 75,000, 3
L AR S ELECTRIC UTn_lT\YS’
S ¥ 1c0025 b/ LOCATION /
/o, HK17S gy N /
Sy 29,000 & N /
7/ INDAMWIEDR. S~ 7 S /
/ 266,000 ¥ INDA-MWI6I. 7 /
S AHKes 9 41,000 ’ Vi
i . B / 10,000 ; 7 T + /
// AN / ;
/ i / i : //
“ S A TAHGgs
SAL 4 o 183,000 - /
RV e - ’ ’
7 i N, @ 1coo34 ’
/ - 7 ‘!‘7« ,/
/- y / )
/ ", ‘ \:'/ ; //
! 8] /,/ / i / . 4
/ / coom e s
+ = HAZARDOUS R4
/ J/ WASTE STORAGE ; HANKGAR
// / 1{ “ /\
™, S / : '\ =
,»', —‘ {\ o 2/\/’ { \ . Q}/ \.\\
el N Q'c‘?“’ ’ \%\/ y
LEGEND
IC0025 @ MONITORING WELL
A DIRECT PUSH SAMPLING LOCATION
& 4,000 TOTAL DCE AND TCE (pug/L) BASED ON
APRIL 1997 FIELD LAB DATA
FIGURE 3-6
TOTAL cA- DCE AND TCE CONCENTRATIONS

32 TO 35 FEET BLS
JULY 1997

CAPE CANAVERAL AR STATION, FLORIDA
PROJECT NO. 29515

N:\39748\9 ]



AHK1QD
269,000

APPROXIMATE

. o SUBSURF ACE

e ELECTRIC UTILITY

T LOCATION A

RN APPROXIMATE

S SUBSURFACE -

SANITARY SEWER
LOCATION

HK14D
66,000 A

A Hxz1p
ND
HK10D A
123,000

/
A HKaD ?‘- 7 HKED

-

NN :’/
Lo
LEGEND

& 97,000

/77°<1,000.~

- INDA-MWDD18_
/7 <1,000 o 97,000
(4 v -

HAZ ARDOUS

T

MONITORING WELL
DIRECT PUSH SAMPLING LOCATION

TOTAL DCE AND TCE (#g/L) BASED ON
APRIL 1997 FIELD LAB DATA

A

i

.
.

A HKID
<1,000

WASTE STORAGE

% N .\
@ Mwp-22
/
/
/
/
/
/
/
/
/
/
/I
APPROXIMATE /
SUBSURF ACE ’
ELECTRIC UTILITY &/
LOCATION /
/
/
/
/
/
/
/
/
7/
/
/
/
/
/
/
YA
/
/
/
/
/
/
— HANGAR
, K
i‘
N
K A
NOTES:

1. SEE TABLE 3-2 FOR SAMPLE DEPTHS.
2, WELL HK22D IS APROXIMATELY 450'NW
OF HK19D AND IS ND.

25 50 75
SCALE IN FEET

ENVIRONMENT &
INFRASTRUCTURE

FIGURE 3-7
TOTAL ct- DCE AND TCE CONCENTRATIONS
DEEP ZONE BELOW 38 FEET
JULY 1997

CAPE CANAVERAL AR STATION, FLORIDA
PROJECT NO. 29515




334ndS80

JFL A9 MIIA NOY4 @

200 400

@

w8 POTENTIOMETRIC SURFACE

MONITORING WELL

(CONTOUR INTERVAL 0.25 FEET)

600

SCALE IN FEET

m ENVIRONMENT &
INFRASTRUCTURE

FIGURE 3-8
POTENTIOMETRIC SURFACE MAP:
SHALLOW ZONE OF THE
UPPERMOST AQUIFER (APRIL 4, 1996)

CAPE CANAVERAL AR STATION, FLORIDA .
PROJECT NO. 29515

NA\30748\0748PS4S.L



d
e DR
> e M
N TN
3 LA
Y R
/p
)

S

X o

NORTH
LEGEND
A @  MONITORING WELL
—48— POTENTIOMETRIC SURFACE
(CONTOUR INTERVAL 0.5 FEET)
FIGURE 3-9
POTENTIOMETRIC SURFACE MAP:
. RUSTEIIOMENT & | e i
2 400 __600 INFRASTRUCTURE | uPPERMOST AQUIFER (APRIL 4, 1996)

SCALE N FEET

CAPE CANAVERAL AR STATION, FLORIDA
PROJECT NO. 29515

N:\39748\9748PS4D.DGN



Pilot Study Report
PeRT Wall Pilot Study
Cape Canaveral Air Station, Florida

4.0 PeRT WALL PILOT STUDY IMPLEMENTATION
4.1 PILOT STUDY OBJECTIVES

The overall objective of this pilot study was to pilot test two new methods for emplacing reactive

material at depth.
The specific goals of the pilot study were to:

1. Determine the extent of chlorinated VOC degradation resulting from use of the PeRT walls;
Determine the useful lifetime of the PeRT walls;
Develop defensible data to illustrate the effectiveness of this technology in enhancing the
remediation of contaminated soil and groundwater;

4. Evaluate the effectiveness of emplacement technologies that can go to depths greater than 40 feet;
and

5. Compile data and evaluate of the applicability, cost, and performance of this technology, as it

compares to traditional “pump and treat” methods of groundwater remediation.

Initially, the intention of the pilot study was to install the PeRT walls to a depth of 60 feet bls. When the
semi-confining layer was discovered, it was decided that the maximum depth of each wall and well
should not penetrate the semi-confining layer. The maximum installation depth was therefore restricted
to 45 feet bls.

Two sets of pilot scale PeRT walls were installed in the vicinity of Hangar K (Figure 3-3). The walls
were installed using two techniques: mandrel and JAG emplacement. The mandrel wall segments were
installed first, followed by the JAG wall segments. The layout for each installation was the same, as
shown on the PLAN VIEW figure below: the longest (approximately 50-foot long) section was located
up-gradient. Approximately 4 feet down-gradient of each of the longest section, a shorter (approximately
10-foot long) section was installed. Approximately 4 feet down-gradient of each of the shorter sections,
another short (approximately 10-foot long) section was installed. The longest (up-gradient) segments of
the mandrel and JAG walls overlap in the center to form a continuous treatment zone along the length of

wall.

The 100-foot total length of the two overlapped pilot scale PeRT Walls was thought to be adequate for a

Pilot Study for evaluating the emplacement methodologies. Since the PeRT walls are not keyed into any
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confining soils on either end, it was important that the installation process did not reduce the
permeability of the soils in the vicinity of the emplacement. Reducing the permeability of soils in the
vicinity of the PeRT walls could divert the flow of groundwater such that it did not pass through the
PeRT walls. Since both emplacement methods used in this pilot study displace soils into the formation
(see Section 6 for detailed information on emplacement methods), it was decided that the best way to
limit compaction of soils was to limit the thickness of the PeRT walls. For this reason, the thickness of

the walls was limited to 4-inches.

Preliminary estimates of required VOC retention time in the reactive iron indicated that an approximately
one-foot thickness of iron would be required for complete destruction of the VOC contaminants in the
groundwater. Since the thin-wall technology to be tested would result in a four-inch thick wall of iron, it
would take three segments to total the necessary 12 inches of iron thickness. Using concentration data
along the anticipated flow line through the entire thickness of reactive iron will permit an evaluation of
the degradation rate. For this reason, 3 of the 4-inch walls were installed in such a configuration that a
concentration profile could be developed as groundwater flowed between wall segments. The PeRT wall

segments were placed 4-feet apart to allow the installation of groundwater monitoring wells between the

segments.
PLAN VIEW
< 5158 >le— 48’ >
- 12’ -8
| —/—— 4
I —3
L ] 4
N —— A —— —
MANDREL JAG

Groundwater Flow

Historical groundwater levels and concentration data were used to locate the wall in an area of high VOC
concentrations, roughly perpendicular to groundwater flow. Following installation of the PeRT walls,

monitoring wells and flow sensors were installed in the vicinity and sampled for approximately one year
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to evaluate PeRT wall performance. Figure 4-1 shows a generaliied layout of the wall sections, flow
sensor and monitoring well placement. Section 6 of this report provides details on the methods of
instéllation. Two parameters that were considered critical in the installation were that the wall thickness
be nearly uniformly 4-inches thick and that the wall be continuously overlapped from top to bottom of
installed panel. In the mandrel installation, the thickness installed was determined by the set thickness of

the mandrel opening (approximately 4-inches). The thickness of wall installed by JAG emplacement

, equipment was determined by varying injection rates and pressures in a test area on-site prior to

installation of the pilot scale PeRT walls. For both installations, alignment was measured using a 4-foot
level. The tolerance was determined to be + 7-inches of deviation at depth. This would be sufficient to
ensure at least a 1-inch overlap at the bottom of the panel. This means that in the four feet measured by

the level, the maximum allowable deviation would be %-inch from level.

In order to measure groundwater flow velocities and directions, six flow sensors, manufactured by
Hydrotechnics, Inc., were installed at locations shown on Figure 4-1 at a depth of approximately 40 feet
bls. The flow sensors are coupled to 2-inch poly vinyl chloride (PVC) pipe (which acts as a conduit for
power and control cables), and are buried directly into soil. Each flow sensor consists of a probe
approximately 30 inches long and 2 inches diameter. An 80 -Watt heater inside of the probe heats
groundwater as it flows past the buried flow sensor. Each flow sensor has an array of 30 temperature
sensors (thermistors) on its surface. The heater increases the temperature of the groundwater flowing
past the probe and the temperature sensors detect the resulting gradients in groundwater temperature.
Temperature data at each probe is transmitted to a data logger that averages data over a half-hour period.
Software developed by Hydrotechnics, HTFLOW®, converts the temperature results to vertical and
horizontal components of groundwater flow velocity and provides the azimuth direction (in degrees from
North).  The thermistors are calibrated prior to shipment such that the measured differences between

temperature sensors are accurate to within + 0.01 °C.

Sixteen pairs of monitoring wells were installed at locations shown on Figure 4-1. Each pair consists of
well screened in the intermediate zone of the uppermost aquifer (intermediate well) and a well screened
in the deep zone of the upper most aquifer (deep well). The intermediate wells are approximately 20 feet
deep and screened from approximately 15 to 20 feet bls. The deep wells are approximately 40 feet deep

and screened from approximately 35 to 40 feet bls.
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4.2 INSTALLATION

The sequence for construction of the pilot study was as follows:

1 Site Preparation

Mandrel wall installation

JAG wall installation

In-situ flow sensors installation

Monitoring well installation

SN kW

Site restoration

Site Preparation

The areas to be disturbed during the installation were laid out and marked. CCAS Base personnel
located utilities within the marked areas. An electrical line and a sewer pipe were found in the grass area
where the in-situ flow sensor power and control cables were to be placed for the pilot study. Figure 4-2

shows the location of utilities in the vicinity of work.

Barricades were set up around the work area to prevent traffic from entering the affected area of parking
lot. Approximately 1,000 square yards of asphalt were removed for installation of the walls, wells and
flow sensor wiring. Kemron Environmental Services performed the site preparation work. A trench was
excavated along the centerline of the walls to clear utilities and stakes were placed to mark the wall

terminations.

Roll-off boxes were staged for collection of solid IDW. Initially drums were used to contain liquid IDW,
then as the volume of liquid exceeded estimates, a tank was rented for collection of liquid IDW. Roll-off
boxes, transportation and disposal of solid IDW was performed by Fenn-Vac. The portable tank was
rented from Baker Tanks. Non-hazardous waste liquid IDW was transported to the Base water treatment
facility. ‘Hazardous waste liquid IDW was transferred into drums and transported by Intersol for

treatment at Fisher Industrial Service.
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Mandrel Wall Installation

The pilot scale mandrel walls were emplaced by SSI. The location of the Mandrel wall installation is
shown on Figure 4-3. Figure 4-4 presents a cross section through the three wall segments. Details
regarding the emplacement methods are presented in Section 6.1. The furthest up gradient (longest) wall
section is 51 ¥2 feet long, 4-inches wide and 45 feet deep (extending from approximately 1-foot bls to 45-
feet bls). Approximately 4 feet down-gradient of the longest wall, a 12-feet, 1-inch long, 4-inch wide, 45
feet deep wall is installed parallel to the first. Approximately 8 feet down-grédient of the longest wall, a
third wall, 11-feet, 11-inches long, 4 inch wide and 45 feet deep wall was installed parallel to the first

two.

Jet Assisted Grouting Wall Installation

The pilot scale JAG walls were emplaced by Geocisa/Geobase, under contract to Foremost Solutions.
The location of the JAG wall installation is shown on Figure 4-5. Figure 4-6 presents a cross section
through the three wall segments. Details regarding the emplacement methods are presented in Section
6.2. The furthest up gradient (longest) wall section is approximately 48 feet long, 4-inches wide and 45
feet deep (extending from 3 to 5 feet bls to 45 feet bls). Approximately 4 feet down-gradient of the
longest wall, an 8-foot long, 4-inch wide and 45-foot deep wall is installed parallel to the first.
Approximately 8 feet down-gradient of the longest wall, a third wall, 8-foot long, 4 inches wide and 45

feet deep wall was installed parallel to the first two.

In-Situ Flow Sensor Installation

Drilling and electrical installation services for the flow sensor installation were provided by U.S.
Environmental. The flow sensor manufacturer, Hydrotechnics, was on-site to oversee the installation of
the sensors and to ensure proper alignment. For each flow sensor installation, a 3.25-inch internal
diameter (I.D.) hollow stem auger was advanced to a depth of approximately 40 feet. The flow sensors
were installed through the center of the hollow stem auger. PVC pipe was coupled to the flow sensors as
a conduit to contain the power cable to the heater and control wires from the temperature sensors. The
3.25-inch anger was selected because it was the smallest diameter auger that would allow installation of
the probe. Hydrotechnics determined the initial probe alignment relative to true North. This
measurement is reported to be accurate to within + 10° from North (Ballard, 1996). Wiring was run

below grade in conduits to the power supply and data logger. The heater power supply and the data
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logger were installed at an existing power supply at the location shown on Figure 4-7. Figure 4-8 shows

the electrical installation at the power supply and data logger.

Monitoring well installation

Monitoring wells were installed by U.S. Environmental at locations shown in Figure 4-1. Drilling was
performed using a rotary flight auger. The auger was a 4.25-inch ID hollow stem auger. This auger

produces an 8-inch diameter boring.

Construction details for each well are summarized in Table 4-1. Each well was constructed of 1%-inch
PVC, expanded to 2 inches at the surface to allow for installation of a locking cap. Well screens consist
of 1% -inch continuous slot wire wrapped, schedule 40 PVC, 5-foot long sections, total screen length of
5-foot. The filter pack was 20/30-gradation silica sand, emplaced from the bottom up through the hollow
stem augers. Bentonite pellets were placed above the filter pack and cement grout was installed through
the augers. Well construction details are shown in Figure 4-9 and 4-10 for a typical well pair.
Monitoring well development records are shown as Figure 4-11 and Figure 4-12 for a typical well pair.
As these wells were installed in a parking lot, all wells were terminated below grade and finished at the
surface with a 8-inch traffic rated manhole set into a concrete pad. Monitoring well identification tags

were installed in the concrete pads.

Soil lithology was logged by a Rust geologist registered in the State of Florida. Representative logs are
included in Appendix B.

Site Restoration

Site restoration work was performed by Kemron. The trench was backfilled with soil. The sub-base and
asphalt were replaced in the parking lot and the parking area was resurfaced and striped. Sod or seed was

placed in grass areas disturbed by the installation work.
43 MONITORING
Key performance indicators were monitored over a 10-month period following installation of the pilot

scale PeRT wall sections. These indicators included water quality, water levels and flow data. The

following tasks were used to obtain these indicators:

L:\work\29515(39748 )\report\draftfinal 2\df2rpt.doc 4-6 11/30/99




Pilot Study Report
PeRT Wall Pilot Study
Cape Canaveral Air Station, Florida

e Collection and analyses of groundwater samples for analysis of VOCs on a quarterly basis to
determine the effectiveness of the wall to the extent of VOC degradation;

* Monthly field measurements of groundwater pH, electrical conductivity, turbidity, hardness,
oxidation-reduction potential, alkalinity, and concentrations of total iron, Fe*?, and sulfate;

* Monthly water levels in surrounding monitoring wells to determine effect of wall on groundwater
flow; and

* Monthly evaluation of in-situ flow sensor data.

43.1 Groundwater VOC Analyses

Samples were collected from the pilot study monitoring wells quarterly for analysis of VOCs by EPA
Method SW-846 8260B. For the first and third quarters, all of the wells were sampled and analyzed. For
the second and fourth quarters, only the deep wells were sampled and analyzed. Results are presented in
Appendix C. Four chlorinated VOCs were consistently detected during this monitoring: vinyl chloride, t-
DCE, ¢-DCE and DCE. The data for each of the detected parameters is summarized in table form as

follows:

® Table 4-2: Vinyl Chloride Summary

» Table 4-3: trans-1,2-Dichloroethene Summ