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September 9, 2002

Malden, MA
Sean,

We can conduct a pilot demo within the building using the one inch diameter wells. We have available a
programmable release process system that will slowly release a measured quantity of a dilute peroxide
solution to the grouridwater into 2 one inch well| The unit operates on a 110 volt, timed pumping system
that purnps the dilut¢ PRP solution into the well pn a time and volume programmable interval.

What we need to know is the general geochemisiry of the groundwater in the area we are to treat. [ realize
we have data on the dlssolved oxygen; however, |we also will need to know the concentrations of total and
dissolved iron, the rLdl:m pH, conductivity a.nd ajkalinity (total and bicarbonate alkalinity) of the
groundwater to allow us to determine the optima) process to deploy. For example, if the dissolved iron is
low, we may want t{- use the PRP system to initiglly diffuse a dilute iron solution into the well(s) to affect
low level insitu Fcninn Reagent reactions followgd by a peroxide solution. If there is sufficient dissolved
iron available, we wauld go directly 1o the diffusjon of the peroxide solution.

What would be required is a restricted area, apprpximately 100 ft*, at or near the wells to be treated to allow
us to safely keep thePRP solution reservorr (55 gallon drum). This solution will be pumped into the
impacted groundwater to: 1) modify the peochegqustry of the groundwater to affect the desired insitu
reactions, and to 2) ‘modify the redox of the plufne to promote aerobic degradation. Because we use dilute
reagents, the reactions are mild although as the chbmpounds are degraded, reaction products are formed.
Intermediate vapors may therefore diffuse from the groundwater into the building. At PAH sites we have
treated, we have noted the formation of intermedjate product vapors (1 to 5 ppmy above background in
treatment area well headspaces 0 to 2 ppmv aboye background in the breathing zone). It would therefore
be advisable to err on the side of safety and thereffore keep the areas of the building being treated ventilated.

This can be easily ergineered using plastic curtains and a small blower to draw air from the treatment area
to the exterior of the building.
In summary, I am confident we can use the existing wells to safely conduct a pilot demonstration at the
Malden site. We need to learn more about the grpundwater geochemistry as noted above and we would
likely need to operat: for a few months in order tp determine effects of the PRP on the concentrations and
distributions of the clumammnms, .
Call if you care to discuss in greater detail and if 15 additional interest, we would be pleased to submit
a proposal describing our specific technical and costs.

R. 1. Scrudato. PlLDi
|
|
|
|
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Previous MNext
From; Ron Adams
To: Sean Carroll
ccC: Mark Vigneri; Rjscrudato@aol.com
Date: 9M7/2002 1:18FPM
Subject: Malden MGP Site

Sean - providing the following after talking over with Ron S:

-we expect to see measureable changes (e.g. greater than the normal sampling data fluctualions you may
observe when sampling gw at the site - on the order of 25% to 50% change} in contaminant concentrations in
groundwater at the two target wells,

-we expect to see the site gw DO and ORP shift such that the targeted area is clearly aerobic after 3 months;
-we expect to see carbon dioxide levels increase in the fargeted wells due to both oxidation and respiration;

Full-Scale

-Up to 3 to 4 more recirc wells would be needed to provide full coverage and sufficient overlep;

-they could operate off one feed system or dedicated feed systems;

operating time would likely be 12 to 18 months with monthly or quarterly visits needed to check system ops.
-assumed H&A would install PVC wells, conduct periodic (waekly or monthly) site gw measurements, and all
analytical;

Install cost is estimated at $100k to $150k with monthly EBSI costs of $5000 to $10,000 including chems, labor,
travel, and equip.

Hope this helps, let me know if you need anything else
Regards,

Ron Adams, P.E.

Sr. VP Client Services
EBSI, Inc.

B830-13 A1A North, #371
Ponte Vedra, FL 32082
(204) 2B0-2596

Fax (904) 280-2597
{703) 282-4206 cell
www.on-contact.com

file:/NnexicBOS\users\SMCA\_folders\Sean%20Carroll\Cabinet\Projects\Malden%Z0MGE\P 4/11/2003
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Previous Next
From: Ron Adams
To: Sean Carroll
ccC: Rjscrudato@aol.com; Mark Vigneri
Date: 9/17/2002 2:07 PM
Subject: Malden MGP - one last thing

Spoke to developer of RECORS technology (the recirc well with chem
injection) and got he following input;

~well should be 4" diam, 30 ft deep
-casing from 0 to 3, screen from 3 fo 8 ft, casing from 8 to 23, screen
from 23 to 30.

hope this helps, let me kniuw if any questions

Ron Adams, P.E.

Sr. VP Client Services
EBSI, Inc.

830-13 A1A North, #371
Ponte Vedra, FL 32082
(904) 2B0-25596

Fax (904) 280-2597
{703) 282-4206 cell
www .on-contact.com

P I N S R LS SR S« FSSSCEN T W TRy PN VS R Y A SR Rt

file:/NnexicBOS\users\SMCA\_folders\Sean%20Carroll\Cabinet\Projects\Malden%20MGE\P 4/11/2003
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Previous Mext
From: Ron Adams
To: Sean Carroll
CC:

Date: 89/M17/2002 4.34 PM
Subject: Re: Malden MGP - one last thing

based on a couple of things

-upper screen has to intersect water table;

-ROI is influenced by the length of the spacing between upper and lower screens - selected 15 to maximize ROI;
-lower screen length only needs to be 5 ft - | stretched it to make the numbers even at 30

Ron

Sean Carroll wrote:

Ron,

Thanks for the additional info. What is the depth of these wells based on? We haven't really nailed down the
vertical extent of the contamination, but what we have seen has been generally about 4 to 6 feet of soil
contamination along the water table - is it necessary to go down to 30 feet with the remediation well?

Sean

Ron Adams 09/17/02 02:07PM >>>

Spoke to developer of RECORS technology (the recirc well with chem
injection) and got he following input:

- well should be 4" diam, 30 ft deep
-casing from O to 3, screen from 3 to B ft, casing from 8 to 23, screen
from 23 to 30.

hope this helps, let me know if any questions

Ron Adams, P.E.

Sr. VP Client Services
EBSI, Inc.

B30-13 A1A North, #371
Ponte Vedra, FL 32082
(904) 280-2596

Fax (904) 280-2597
(703) 282-4206 cell
www.on-contact.com

file:/NnexicBOS\users\SMCA\_folders\Sean%20Carroll\Cabinet\Projects\Malden%20MGE\P 4/11/2003
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ENVIRONMENTAL BUSINESS
SOLUTIONS INTERNATIONAL, INC.
1127 Crossing Way

Wayne, NJ 07470

(973) 686-3701

Fax (973) 686-3702

Envronmental Businds Solulions Internatonal, Toc.

The Rapid Remediation Company =

September 13, 2002

|
| ELECTRONIC QUOTATION
f L Prlet= scale SRCO Taste|lation)
To:  Sean M. Carmroll
Haley & Aldsich, Inc.
465 Medford'Street, Suite 2200
Boston, MA 02129-1400
617-886-7494
Fax 617-886-7794

smcaf@haleyaldrich.com

From: Ron Adams, P.E.
(904) 280-2596
Fax (904) 28(-2597
mdams@ghsi{-inn.mm

RE: Engineering Estimate
Former Ma]d:i:u MGP Site
EBSI Proposal No. 05-0323-DR

Dear Mr. Carroll: l

Environmental Business Solutions International, Inc. (“EBSI”) is pleased to provide Haley and
Aldrich, Inc. (H&A) via email, this proposal for applying the On-Contact Remediation Process®
(“Process™) at the Malden MGP site in Massachusetts. This proposal provides EBSI's general
technical approach m'lld associated costs for treatment of the site using the PRP Process®.

10 INTRODUCTION

4 .
The On-Contact Process® uses stages of proprietary physical and chemical application methods
that are applied through injection points directly into the area of concern. EBSI is uniquely
qualified to perform this work because:

« Pay-For-Performance Contracting. EBSI will commit to achieving the Responsible
Party's project goals, putting a large portion of our proposed costs at risk if our techniques
are not successful. This proposal has been developed to conduct treatments on a ‘best-effort’

basis. We will be glad to prepare a pay-for-performance estimate following initial
demonstration studies.

05-0326-DRRS Malden MGP Eng ESt 1a



Mr. Sean Carroll
September 13, 2002
Page 2

2.0

Massachusetts Experience. EBSI and our staff have conducted several in-situ remediation
projects in Massachusetts. We have experience in closing LNAPL sites in Danvers,
Watertown, and are completing a project in Newton. We have also closed a site in
Framingham impacted with CVOC.

Speed. The Process treats contaminated soil and groundwater in-situ. Reductions in total
VOC compounds are produced in a matter of weeks, as compared to many months or years
required for conventional remediation technologies such as bioremediation or soil vapor
extraction/air sparging;

Successful Chemical Applications - Our use of various remediation chemicals with our
unique delivery system is a far safer approach than conventional methods since the delivery
system allows us to quickly disperse oxidizers and other materials over a broad area,
eliminating the localized heating and vapor production effects observed when these materials
are injected into modified monitoring wells. EBSI’s efficient chemical formulations also
eliminate the need for injecting large quantities of highly concentrated material, allowing
EBSI sites to receive much lower injection volumes at lower concentrations.

Unique Delivery System. The injection point approach utilized by EBSI is capable of
achieving radii of influence of up to 60 feet. Substantially fewer injection points are required
to remediate the site, as opposed to the conventional in-situ oxidation injection well approach
with typical radii of influence of only 10 to 20 feet.

Specialized Field-Monitoring. EBSI conducts in-situ monitoring for groundwater
parameters during the project to gage the progress of remediation, eliminating the need for
costly interim sample collection and analysis costs;

REMEDIAL ACTION SCOPE OF WORK
2.1  Site Background

H&A is currently evaluating remedial alternatives at the Malden MGP site to address
petroleum impacted site groundwater. The site is currently developed and operated as a
commercial bakery. The site has previously been investigated to delineate: the lateral and
vertical extent of contaminants in soil and groundwater. Subsurface soils are described
as fine to silty sands with a hydraulic conductivity in the range of 0.01 cm/s.
Groundwater is encountered at approximately 7 feet bgs and flows to the west. The most
severe impacts are below the bakery operations production area.

2.2  Treatment Program

EBSI's general approach for this pilot demonstration is to install a single four inch re-
circulation/injection well between wells MW-922 and MW-923 which will provide for a

05-0326-DRRS Malden MGP Eng ESt la



Mr. Sean Carroll
September 13, 2002

Page 3

wide area cuverage of continuously injected treatment chemicals. EBSI has assumed for
this estimate! that H&A would conduct the drilling and install the well to our
specifications. The combination of patented techniques is available through licensing
agreements EBSI maintains with the re-circulating well developers. The re-circulation
well 15 expected to influence up to 50 ft radially — the two existing monitoring wells will
each be appreximately 25 feet from the recirculation/injection well. Following startup of
the recirculation well, a chemical feed will be added to the system. The chemical feed
will be from external 15 gallon tanks located outside of the building and connected to the
well by tubing (piping) run along internal walls to minimize interference with the bakery
operations. We believe this is the most efficient way to distribute treatment reagents
over the broad area covered by the site building.

I

EBSI would| provide well installation specifications to H&A who will install the
appruximateljr 20 ft deep, double screened well (e.g. screened from 3 to 10 ft bgs, riser
from 10 ft to13 fi, screen from 13 to 20 — exact sp&ciﬁcation will be provided after an
initial site vmt] An air lift pump powered by an air compressor external to the building
would mrculate water in the subsurface, The well would be sealed and a vacuum drawn
on the well hpad to remove vapors to the exterior of the building. A 15 gallon storage
tank will be:located outside the building and small volumes of reagents will be fed to
the recirculating groundwater to produce dilute in-well concentrations of the catalyst,
tracers and hydrogen peroxide. The in-well concentration of the peroxide solution will
be maintained at less than three percent during the three month demonstration period..
EBSI will operate the system for 3 months and H&A will be responsible for the
collection and analysis of samples before, during and after the demonstration to evaluate
the effectiveness of the system in: 1) altering the site geochemistry over a wide areal; 2)
initiating low-level Fenton Reagent -like reactions to degrade contaminants; and 3) to
enhance biological degradation within in the demonstration area.

|
The design of this demonstration of the PRP technology will enable full scale deployment
with minimal additional requirements.

2.3 Technical Information
|

{
The Peroxide Release Process (patent pending) involves the slow and continuous release
of an admixture of a dilute H,0, solution, an acid, natural, inert tracers and a catalyst
into exlstmg or specifically drilled monitoring and/or recharge wells. The process (PRP)
consists of ﬂ:le slow and continuous release of a stoichiometrically balanced solution into
cnntammated groundwater to affect a three phased process including;

Phase 1. Insitu oxidative processes. In this phase, insitu Fenton Reagent reactions are

generated to produce hydroxyl radicals to degrade dissolved and sorbed chlorinated and
non-chlorinated organic contaminants.

05-0326-DRRS Malden MGP Eng ESt la



Mr. Sean Carroll
September 13, 2002
Page 4

Because Fenton Reagent reactions result in the production of iron hydroxides, dissolved
trace metals are complexed with the hydroxides and bound to and/or trapped by the soils.

Phase 2. Plume Redox Modification. In this phase the introduced, dilute H,0;
solution, modifies the anaerobic regions of the plume through the slow and continuous
release of oxygen as the H,0; degrades creating a conducive environment for the
propagation of aerobic bacteria.

The dilute H;0; solution will be effective in modifying and maintaining the redox of the
plume at about 1/3 the cost of existing oxygen release products.

Phase 3. Microbial Degradation. Because dilute concentrations of the H10, solution
are used in the PRP process, soil microbes are not destroyed enabling aerobic bacteria to
flourish once aerobic conditions are restored in the aquifer.

Plume Tracer. The inert tracer will enable ready tracking of the rate and direction of
groundwater migration by sampling and analyzing groundwater collected from
downgradient monitoring wells. Inexpensive ICP/MS analysis readily detects the tracers
at the part per trillion concentrations.

Because the PRP is inserted into existing wells, the insitu process can operate
continuously for periods of two months or more in heavily trafficked or remote locations.
Once the inserts are installed, there is no evidence of ongoing remediation.

A pilot scale demonstration conducted at an upstate New York petroleum spill site
demonstrated the effectiveness of the process to degrade BTEX and MTBE within six
months at a site that had used conventional pump and treat processes for more than nine
years.

3.0 Remedial Action Estimated Costs

The following is a summary of the costs associated with the aforementioned services
delineated in the above SOW to be provided by EBSL

Summary of Services

Includes all labor, materials, and equipment cosis recirculation devices, support
equipment, vacuum extraction, and chemical treatment, Independent testing and dermd
waste disposal to be conducted by others.

o Conduct site visit to inspect work area for potential locations and installation details.
Provide information and assistance for permitting as needed;

o Conduct initial charge of reagents followed by slow feed system set up and operation.
Refill feed tank(s) and monitoring of the system on periodic basis.

05-0326-DRRS Malden MGP Eng ESt la



Mr. Sean Carroll
September 13, 2002 '

Page 5

4.0

5.0

Real-time monitoring of groundwater parameters during treatment while onsite;
Provide data, technical assistance, and other information as needed for final reporting
requirements;

» Interior work to be completed during non-production hours;

. Estunatcd time to complete -3 - 4 months (from permitting to reporting).

Lump Sum Cinst $87,500 to 96,450

Confidentiality

All information in this quotation is confidential and may not be disclosed to third parties
without writtsn authorization from EBSI. All rights are reserved. By EBSI’s submittal
of this propasal, the recipient understands that all technical information provided by
EBSI {wheﬂ:er in written, oral, or electronic form) regarding the On-Contact
Remediation Process® and/or the PRP process technologies in the proposal itself, as well
as during any follow-up response, is the proprietary and confidential property of EBSI
This information shall be mutually handled confidentially and not disclosed to third
parties outs:de of the management or client for this project. In the event that EBSI is not
awarded the work, all originals and copies of the proposal and other related technical
information provided during the period of proposal preparation and consideration shall be
promptly returned.

Assumptiﬂn.sl

. Ad&quatei facilities shall be available at the site for the unloading and storage of
Process materials in or near the proposed treatment area.

» Potential lu:njﬂn::tin:m points (MW, AS, or SVE wells) are accessible through roadboxes,
or will be made accessible by H&A. EBSI did not include costs for exploration
digging to locate and access subsurface injection points.

¢ Documentation shall be provided to EBSI that delineates the location of underground
utilities including but not limited to, electrical, natural gas, telephone,
communications, water supply, wastewater conveyance sewers, production or other
product cﬁnve}rance lines, etc.

o Utilities shall be made available at the site including a potable water supply and

electrical semce (120 V, 60 Hz, 15 amp electrical outlet) within 100 feet of the work
areas. ;

* EBSI assumes that there are no other sources of contamination in the immediate
vicinity of the treatment area, besides the contamination identified in data submitted
to EBSI pnc-r to this quotation. The presence of additional undocumented sources of
cuntammatmn could diminish the effectiveness of the Process.

« EBSI ma,f perform sample collection, analysis, and data validation in addition to

05-0326-DRRS Malden MGP Eng ESt 1a



Mr. Sean Carroll
September 13, 2002

Page 6

6.0

7.0

8.0

client and independent testing. Copies of the raw data, summary data tables, and the
final laboratory report will be provided to EBSI. EBSI may elec! to obtain and
analyze split samples for data verification purposes.

« Hé&A will provide access to all work areas as needed to implement remedial actions.
EBSI will be allowed to conduct additional treatment as needed to achieve
contaminant concentration reduction goals.

- If this scope of work is contracted on a pay-for-performance basis, the H&A will
collect post-treatment samples in a timely manner following treatment (within 2 to 6
weeks).

Limitations

In preparing this proposal for performing the remediation using the Process, EBSI has
relied upon the site characterization data provided. This existing site information may
have included, without limitation, data regarding site history and the identification,
location, concentration, quantity, and character of known or suspzcted soil and
groundwater contamination. EBSI has relied upon the validity of this existing site
information in designing and configuring the parameters of the specific Process
application proposed for the site, without independent verification of the data provided in
such information. The customer acknowledges that the effectiveness of the Process
application proposed for this site depends upon the accuracy of the existing site
information. If site conditions are found te differ from our proposal assumptions based
on the information provided, thereby requiring an increase in the scope of work, EBSI
will issue a change order for review and approval to modify the scope of work and
contract price accordingly.

Payment Terms

For Pay-for-performance projects, EBS] proposes the following payment 1:erms:

o 40% at contracting;
o  40% after start-up;
o 20% upon submitting technical information to H&A.

Schedule

EBSI can begin site work approximately one month following acceptance of this
proposal. EBSI will schedule the site visit within two weeks of finalizing contracting
procedures. Field work can begin within two weeks of the site visit and regulatory
approval. EBSI has assumed that H&A will collect post-treatment samples between 2 to
3 weeks following treatment. Following receipt of analytical data, EBSI will prepare a
letter report of our field activities and any recommendations or conclusions based on the

05-0326-DRRS Malden MGP Eng ESt 1a
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available data. Total project timeframe is approximately 3 months, depending on
regulatory approval timeframes and laboratory analytical turnaround times.

9.0 Basic Ordering Agreement
|

EBSI will provide our Basic ordering Agreement upon request for review by H&A.

This proposal rcmai%ts in effect for 90 days. EBSI looks forward to working with you on this
Project. Please call me at (904) 280-2596 or Dr. Ron Scrudato at 315 312-2883 (day), 315 342-
2487 (evening), 8451259-2413 (cell) if you need any additional information or have questions or
comments regarding this proposal.

Sincerely,

Kon Adams i

Ronald F. Adams, P.E.
Sr. VP Client Services

05-0326-DRRS Malden MGP Eng ESt 1a
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o HYAC Contractors
II? 41 Pleasant Streer
Stoneham, Massachusetis 02180-3823
Telephone (781) 438-8814
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44" HVAC Contractors
' 7 41 Pleasant Street
S1oneham, Massachusetts 0271 B0-3823
Telephone (781) 438-B814
F_II (7B1) 438-9504

A

January 8, 2003 |
|

Mr. Bruce ‘Wilk.i:uson
Haley & Aldrick.

465 Medford Street

Suite 2200 !

Boston, MA uz-|:29-14m

RE: 129 Commercial Street
Maldcn.lm 02148

Deear Mr. Wﬂkn:mm,

We propose to perform the following for the referenced pmjcct as per preliminary
drawings dated 1/2/03 from R.J.C. Engineers. The following is the scope of work:

Base Make Up Air System

|
Furni shmdlglgﬂ

e 10,000 cfin Gas Fired Electric lemg Make-Up Air Unit with 100% ouside
air and return air dampers

(2) Air :lism‘bmon socks

Seismic vibrmnon curbs

(1) Exhimst Fan for underslab exhaust

(1) E!]:IM Fan for general maintenance shop exhaust
(1) Lnuw

Elmmc.ﬂ

Roofing

Gas piping

Controls

Steel roof deck angles

Rigging/Scissors lifts

Sheet metal material

Starting, Testing & 1¥ Year warranty

" & ®» & 5 ® ® & & 8 & & @
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DI:50PM  FROM-LAKE HYAC 7814380504 T-832  P.03/12

Enhanced Ventilation m

(2) Canopy hood exhaust fans
(2) General exhaust fans
(9) Draft inducers fans

(2) Turbine ventilators

(4) Counterbalanced back draft dampers
Exhaust fan starters

Type B Gas vents

(9) Barometric dampers
Roofing

Rigging/scissor lifts
Insulation

Air balancing

Electrical

Controls

.lﬂ.i'liﬂ&hb.-'

We do not include:
o Gas Service Upgrade
o Bonding

Thank you for the opportunity to work with you on this project. We look forward to
working with you on this and any other future projects.

Sincerely,
Lake HVAC

B. Davrs

Buddy Davis
Vice President of Construction

F=B1E
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Project: 129 Commercial Street HVAC Construction Budget
Malden, MA
Item Description Of Work Cost
MAKE UP AIR §YSTEM
1 (2) 60 TON ELECTRIC COOLING/GAS HEATING UNITS $112,547
2 (2) SEISMIC VIBRATION CLURBS 58.200
K (2) EXHAUST FANS $2.362
4 (1) EXHAUST LOUVER $420
5 (2) DUCT SOCK ATR DISTRIBUTION SYSTEMS $4,900
6 SHEETMETAL MATERIAL $15,680
7 SHFETMETAL SHOP & FIELD LABOR $32,400
8 ELECTRICAL | $36,470
9 GAS PIPING | $13,400
10 |[RIGGING/SCISS0OR LIFTS $7,500
i1 INSULATION | $2,670
12 |ROOFING | $11,250
13 |CONTROLS | $8,670
14  |AIR BALANCING $2,668
15  |STARTING. TESTING & 1ST YEAR SERVICE $6,000
! SUBTOTAL| $265,137
| LAKE HVAC PROJECT MANAGEMENT $12,000
. FINAL DESIGN DOCUMENTS $20,780
T TOTAL MAKE UP AIR SYSTEM TAX INCLUDED| $297,917
|

QUALIFICATION TO MAKE UF AIR SCOPE:

BASED ON MONTHLY UTILITY BILLS, THE EXISTING LOAD DURING THE SUMMER

MONTHS REACHES 80% OF THE RATING OF THE MAIN 12000 AMP CIRCUIT BREAKERS.

WITH THE NEW MUA UNITS, AN ADDITIONAL 286 AMPS WILL BE ADDED TO THIS

ISERVICE. PER CODE, WE CANNOT LOAD AN OVER CURRENT DEVICE GREATER

THAN 80% OF ITS RATING. BASED ON THIS INFORMATION, WE HAVE INCLUDED THE

COST OF REPLACING THE MATN SERVICE DISCONNECT WITH A 100% RATED, 1200 AMP

CIRCUIT BREAKER. THIS SHOULD SOLVE THE PROBLEM, BUT WITHOUT

FURTHER ENGINEERING CALCULATIONS, WE CANNOT RULE OUT THAT THE MAIN

SWITCHBOARD MAY HAVE TO BE REPLACED WHICH WOULD COST UP TO AN

ADDITIONAL $30,000.00

i
]
Prepared By: Lake HVAC, Inc,

1/8/03
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Project: 129 Commercial Street HVAC Construction Budgat
Malden, MA
Item Description Of Work Cost
ENHANCED VENTILATION SYSTEM
1 |EXMAUST FANS & STARTERS $7,810
2  |DRAFT INDUCER FANS $6,562
3 I TURBINE VENTILATORS £2.100
§ BACK DRAFT DAMPERS £789
5 TYPE B GAS VENTS $3,281
6 BAROMETRIC DAMPERS $1.575
7  |SHEETMETAL MATERIAL $12,949
8 |SHEETMETAL SHOPF & FIELD LABOR $23,660
9 ELECTRICAL $8,750
10 INSULATION $5,053
11 ROOFING 519375
12 CONTROLS $6,250
13 ATR BALANCING 1,250
14 |RIGGING/SCISSOR LIFTS $4,120
15 STARTING, TESTING & 15T YEAR SERVICE $3.200
SUBTOTAL| $106,724
LAKE, HYAC PROJECT MANAGEMENT $3,200
: FINAL DESIGN DOCUMINTS $8,500
TOTAL MAKE UP AIR SYSTEM TAX INCLUDED| $118,424
Propared By: Lake HVAC, Inc. L/8/03
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RJC J.0. No. 48402
January 0B, 2003
Lake Industries, Inc.
47 Pleasant Street
Stoneham, MA 021BO

Attention: Mr Buddy Davis

Reference: 129 :nrmmhfsu;mn- Malden, MA
Eskery Ventliation Systam Rencvations

Gentlemen: . .
;e Thls'luﬂlr ¥s written in reference ta the submission of revised air palanice l:alm;htlmr- for the
bakery :rq -of tha lhc‘htv based upan wmphmn wlufthn 'pullrnqwlda!ﬁgn wnni >f¢r lﬁa subject
Pl'ﬂl‘lﬂt o Loy i i | £ i H "
i L P L : :'-‘- -ll":‘ ;:.:
Epacﬁmillv the purpose of this letter is ta summarize tha new air hilmm wlwiur the facility
based upon infarmation received as part of the preliminary design work. The preliminary degign work
provided more detailed information relative to tha bakery operation to insure thai: the’ proposed
renovations would work, There are other bakery equipment considerations which i pact'the overall
installation which shnuid be addressed;-but that elteration work is not considered part of the basic fix
1o the building 'to provide for pressurization during normal cperations, The basic work has to address
the petential of the bakery operation accomplishing the necessary renovations to their baking oven
installstipn but should not include thet actual work. Wa have glse included a separate description, as
an enhanced alteration approsch, which also addresses the bakery equipment installation. In any event
the fullnw:ng Ipplm-s .

A. BASIC ALTEHATIDHS

1. The lprcpnsul makeu p air equipment as part of the initial analysis was to cansist of two
P 8,000 CFM conditioned makeup air units which would provide heated air.during winter
. panm:h and conditioned aif during summer occupied periods. The: nfﬁglnair.w on
how to defiver that makeup air'to the bakery srea was based upon single point defivery

frorr| each makeup air unit utilizing ‘duct socks’. Based upan the préfiminary design

work this concept appesra:te be the carrect approach and tha lecattan and. orientation

. of that air delivery system hag beon more defined. The use of a ‘duct sock’ for supply

" alr delivery to the, npaﬂI in 'this sort'of application has FDA ﬂhpru!ml and the

arrangement can ba for a low velocity delivery method. .In other it provides

a ot of makeup esir a ralativaly area at iw.rwlnmtv st that the air supply

| :doet ot upset desired local mn&!ﬂulmm ventilation syétem sir'pamerms. Plesse

' . ' note from the preliminary drawings the intent is to surround te g-area, just
_ outside i, with the mmpplvairmhnrﬂmnnwtndmpmmm nr’tnfnirm

' waithin the bakiiig eres. Jt is interided that.the makeup.dir equipmegnt; be provided

' with, return air, connéctions back tw the space. so that during Al I’qah'l!h ® pafiods the
lmlpmmt cl;lull.‘l ‘be used fpr basic space heating on an on call buh

a. The ptwnlnn of the 16,000 CFM, 50 ton, ofrmknupalrarmnmm spproximately 0.4
CFN/GSF over the entire building area. This amount of sir delivered ¢ into the
bakiry area amounts to about'1.42 CFM/GSF ovar that 11,258 GSF 3.55 alr
changes assuming 8 24" roof deck height. The 24’ roof deck hslght ports the hourly
air change rate and thus is inappropriate for comparstive purposes. sing a:12' high
spaca occupancy yields a 7.10 air change rate In the bottem half. .o'f j g space yields
mare useful comparative q‘:fonmﬁun

".

|'- s Ir i ; : I ‘-ll:-i.'
I i
. I
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3, The provision of cooling to the reoftep equipment is 3 modification bosed upan the
results ef the early testing accomplished to.destermine if the spoce could be pressurized.
During that brief testing period, on a very warm day, the bakery ares temparature
exceaded 86 °F and the space was too hat to carmy on baking operctions. At that peint
it was determined, by all involved, that the melkeup air squipment would require cocling

capability.
&4, The existing main freezer underfioor duct system would be connected to its own above

fioor duct systam and directly exhausted out of the building thus aliminiting this duct
system from the overall building air prussurization issue.

B. There ere & humber of inopsrative roof exhaust fans above the second ficior mechanical
room which would be removed with the roof opanings/reofing sealed end patched
This inactive equipmant impacts the ability to control overall space relative humidity
during summer perlods and allows uncantrolled gir infiltration during winter pariods.

I :
B. The existing second floor sir compressor autdoor ventilaton system would remain as
currently configured. This area is sufficiently isolated from the bakery ares so that it
should not heve a significant impact en the bakery area humidity mnhul.

i The baslc fix has to allow for the potential that the existing bnkinumrm equiprnent
wauld be retrofittad at some polint in the future , but Is not included jn this scope of ﬂ

work. Thers are, howsvar, sevaral basic repairs which have to accomplished othenaise

the proposed equipment sizing would be toc small. This work is summarizad as
follows: ﬂ

a..  Tha existing ﬂm‘ fioor machmf:al equipment room mmstjhgmpmmt has 1

be replaced 25 it draws 12,000 CFM from the facillty. Thig fian would have 1o

' ‘ be aliminated and a smsller 2,000 CFM fan, menuglly controlled on a timer,
installed if thu iehlnu is to work at all. : " r . ﬂ

b. The existing mmﬂ'h-khg ares makeup air units/ralated azr.di rlhuhun systam
waould be takerout of asrvics, abandoned in place, parmanently disabled from
operation and the rooftap mir inlets sealed. This has tol ke dene as the
untreated outdeor air supply would destroy any ability to- n-unmal space relative
humidity. ~ The enhanced solution would include.:removel of the
‘equipment/systém totdlly te insure roof system mfaem‘l'lan s abandoned
squipment usually becomes & soures of. roof leaks ih e nliﬁwﬂv short porind.

c. . The exsting skylight units would bs closed and sagled th,l.tli.'ffl'hh aquiprntnt
has axhibitad the ability to also introduce outdoor air directly[into the baking
ares thus would adversely impact summer space humidity .control. The
enhenced approach has this aquipmant being replaced with fuof exhaust fans
which could snhanca the operation of the baking equipmant temperatura
control sg well as nnhanmd ::umrul of oven ares i:aldnq' .;a miat.

The basic wmll. alr flow huhnc.qnwwld now look fike the fallowing s:nnar{c.ul

Makwpﬂr:upplv- c A g , . @

Ll ] ' .H"‘ -
2 rooftop units ot 8,000 CFM each = ........ s Enipaeae v e iy, 18,000 CFM
Building - Bakery araa anﬁ;l ; e R

. ' R q 3



U1-08-03  01:52PM  FROMLAKE HVAC : Te14386504 T-832  P.0BNZ  F-g2%

RJC J.0. No, 49.402

Jmu-rr 06, 2003

Page No. 3
Baking ovan gea furnacs exhaust needs, estimated max. = ... ......... 2,280 CFM
Baking oven diract exhaust needs, estimsted max.= . ...........- R 2,000 CFM
Baking even canopy exhaust needs, currently nonfunctional = ,,,,.... va. 4,500 CFM
Froofing oving furnace axhaust needs, variable -max, = ........v0.s .. .. 50D CFM
Hot water boiler exhaust needs, verigble ~mae, = , .. ..., e AR . 500 CFM
Baking area oven aisle roof exhaust fans, conwollable = . ., .......,.......... 0CFM
First floor mechanical room exnaust fan, intermittent -max. = , ... .......
Totsl Basle building exhaust = ........ N e AT SRR cesy 11,250 CFM
Net building pressurization = .. ... .0t it i et .. 4,750 CFM
E [

The net building pressurization is theoratically 4,750 CFM which would be consldered more
than enough fer a 40,000 GSF fndlhy In this situation, However, the exhaust flow ratas sre assuming
the production arsa lnfull operation 50 thore |s real additional pressurization ajr capacity available at
nart loads. How mueh is subject to debate depending on what is going on in-the building, but the
above numbers are based upon projected worst case scenaric. The rooftop equipment is provided with
revurn air duct cennections to the space thus thare is the ahility to adjust daytime actual outdoor alr
fiows based upan wsilizing a bulding pressurization controller, which praviausly has not been discussed,
but may ba @ mors effective energy control scenario than heat/energy recovery. Our office has looked
at application of an energy saving exhaust scenario but the problem is that the most of the proposed
exhausts would/should be picked up may contain grease which would quitkly plug the desiccant
whesls making them worthlegs. The best eurrent approach appears to be contralling the operation of
individual ems, |

8. EHHAHCED HENCWH‘IGNS

Thu preliminary dedgn Iwnut aiso reflects additional work believed to be required 1o
enhance the oparation of the bakery area equipment with'particular emphasis of the baking
ovan vent systems. The work describad under the basic alterations is included and then
enhanced by the inclusian of the additional work perceived to be required under this spproach.
It is belisved that this enhancement work will significantly improve the apparent existing baking
oil misting now occurring in the baking area. There is also a perception that the existing baking
area oven systems do not work well based upon on.site nbsarunnnns andlrunning of the
thiwam:allnir flow numbers. :

T The varlous exhaust air points in 2nd around the bakery area hm now been more
aciurately defined for the bakery area with the help of the bakery operating personnel.
The fellowing description of the various exhaust points and their impact is described
in $ome detail so that this writer can check his own logic by repeating it but also sa
that the bakery oparation personnel can siso follow along and double check our basic
ﬁnnf:mn The various exhaust peints in and around the bakery area can be summarized

85 follows:

8. Tha individual baking avens actuslly esnsist of a gas fired hot air furnace which
is equipped with an air-air hegt exchangar whir:h then heats the air in the oven
, saction by meang of its own circulation fan. This arrangamaent allows for some
| sephisticated baking techniques to be employed in the oven sectinon which do
' not impact the actual furnace saction. The net result is that you havae to deal
with twa different processes which consist of the furnace section and then the
, oven section as they accomplish their individual functions. . For the furmace
! section there is the need to provide for combustion air directly in the
: combustion chember for burning and then there is the need to provide for

eontrol of the air pressure within the furmace section so that the combustion
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can ocecur in & eontralled mannar and then ba able 1o dischargi: the products
of combustion out of the furmece through the reof in o regulated manner
regardless of outside ambient cenditions. For sn individual oven this means
that room air Is drawn Inte cach fumace, about 112 CFM. This alr is bumed
with naturgl das snd the products of combustion then sntwr the fumace
chimney, Tha furnaea chimney is firteel with a mechanical drafl: inducar which
insures an exhaust fiow rate out of the oven under all stmosphurie conditions,
The fiue from the furnace outist to the draft inducer inlet iz fitted with 8
barometric demper which automatically sllows room air to erter the fue to
maintain the furnace under its design negative pressure during operztion. This
setup is fairly common with ol types of heating equipment. The existing draft
inducers zre sized for roughly 250 CFM which hnhdn the products of
combustion from the funace and room induced air in order to regulato the
furnace interior sir pressure.

Currently the éxisting ovens hava palrs of fumacas haLﬁ i\.ip ‘Eﬂ .8 single
chimney section up through the roof. That mesns that two aﬁiﬁ@mm
connected io the same flue which is unusual as normally draft inducers should
be isolated :to_their own.flue so that the fans do not fight pech ather. We
wolld thusi. mmmapd!ﬂm each’ furnage: sectign: ke In Hiduw vintad
through: thq, ruqﬁ y formore sccurate uﬁvldﬂill muun

s wel| nﬂtgﬂwﬂi en the, amolint of mn ifﬂa‘u'q\ﬁ
buﬂdmg ,ut unt ﬁmmr-d becay n} jali mn ia in
EFM ‘Tha 'Im m{ rfronq bgum ‘caul rhq-& n!{,zm al: 250

E j _-,!"-_ ri BN ,Tli,
The hal:in aven nch.ml bahnn u

lstes to the praparstio
fwma f%“mﬂiprw V|

va d as part.of

x\&ty release :&utmﬁhﬁum nﬁgnmmnqﬂbmﬁq] .i.e. the
expandad air.from within the oven dyring the baking process’es wall Bs water
vapor used'during'portions of the baking process. A mechanical exhaust of
this portion of the oven would natwkwﬂllnmtssimmq: .4n this tase it
is proposed 1o collect the various uunn vents In. qmmhm duct them
through, the ropf with s gravity wind turbine vent fofi discharga 1p atraosphere.
Each of the two ‘sihaust syeta wﬁu’fdh “with].glupléxed bsremetric
dampers To insire that gxcessive negative pmsum’mqh:ldt eated with the
ovens during,the baking process. The four baromatrie da could draw up
to 250 CEMpaagh’ and oven doors:left apen could dauble Migiiaiy flaw rite for
o total of 2,000  TFM. ;iEach mnfhupmrbmnvanﬂhﬂntm vauld

quﬁppadwﬂh o rnntmzad damper to isolata this equip "i;lnrhg Tackity
u.hutdnwn parinds. ' This_revision is belleved to bo ohe '
mntmllma pan oil mlsﬁng with the bakery area, but not h:rlal mm

e e rlili-"

The hakinh ovens are wu:ppad with 24" dup canopy: nhmu!pndn Bvir eash
oven' acces goor.’ quwwunbwﬁuswknuﬂhh qﬂﬂ s heat.from the
oven when the siccgss door isiopened. As dﬁmnmwdfbyh_ ery oparation
personnel the oven canopy sxhaust hoods setuslly, had air jechmm 1 out of tham
rathér then into them thus totally negating their ’fuu_cﬁah; WV have analyzed
their function together with the direct ovan venting systam. |itlis bblioved thet
If the gven venting system dpscribed above in itém ‘1B ciji be rebulit the
c:nﬂw sygtem would be aﬂmﬂw in the overall pmcnahtg kit the product. i.c,

o ! S i i [ 3 .
T T r' i o ; Vo i ! .-ft:_..‘ilil_,l

r b N T : =" H . ] iy
; .
oy : g ot b .IJ.'_:' i e

is tnthlty fslu umj;nﬁm!‘ from the
nantw_ ulag prodyct. There

7= '
ﬁuﬁ“ﬁ‘ﬁiiﬁﬁﬁﬁﬂﬁﬂﬂﬁﬁ
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if at the end of the baking process the oven could be shut off or time out and
the ovan deor opened. Between the oven interior gravity vent and the
powered canopy vent the baked product may be able To achisve its initial
cooling if the baking rack was simply movad 2' out of the oven, outer rack
gdpe under the outer canopy edge, so as to be under the influence of the
canepy vent. Tha canopy vents are not kitehen hood appliances and are
evidently intendad to function as low level exhausts. The canopy hoods are
equipped with B* cennactions which indicates an intent to only exhaust ghout
500 CFM per canopy for a total of 4,500 CFM. Each set/row of banked pvens
with a continuous canopy setup would provide more local product cooling
effect as the ovens are cycled. These exhaust fans, 1 @ 2,000 CFM and 1 @
2,500 CFM, would be fitted up as standard ‘kitchen® exhaust fans to caich
what graase was being picked up from the canoples,

£. .  There are hat water boilers and proofing ovens in the baking ares which are

- gas fired and fired with individual flues. There are 4 such flues which we are
rating at approximately 250 CFM each es far as space direct air exhaust is
concermned.

" The baking area operates with rofling pallets of freshly baked. goods emerging
| from the ovans on a regular basis which means that some amount of baking
pan oll is still. being amittad when the rolling pallets ara being.withdrawn from
the ovens. This slituation can he mitigeted by the conversion of the exdsting
| skylight units to baking access aisle exhaust fans which are figured at abhout
2,500 CFM =ach. This approach would require incraasing ithe size of the
makeup air equipment from 8,000 CFM/ED tons to 10,000 CFPMW tons each.

This approach would require increasing of the makeup air unh Hm:iw from 8,000
CEM/S0 ton capacity each, to 10,000 CFM/60ton capacity each, and-then installing
2 pair of 2,500 CFM nisle area roof exhaust fans. It is'believed that this equipment
wauld be fairly effective in removing local space oil misting. There Is a concem relative
1a the existing oil misting impact on the existing epace environmental condition as our
office s not qualified to svaluats same, hmww thare s a p-rae:tvad prnhhm that
probahbly requires sddmninn ;
s
Aﬂumhg thet all of the foregoing is accomplished the nrnﬁun nrl Innll space misting
wouid be diminished but not totally eliminated, refer to the commentin 1f above. The
nhjnr:ttw of the current design is to mitigate the spage negative pressure during bakery
operations. Itls notintended to provide total contral of the space environment as that
anvironment has been created by the setup of the bakery operetions: The foregaing
simply deseribas how 1o coptrel mist creation in the baking arsa.- Thi overall design
is intended to ‘deal with what 1 de with the residue, maybe a large afount of pan oil
residue mist, thet releasss into the baking area. That problem ‘grupmnd 1o be
waddraszsed by roof exhaust fans looated above the central oven access aisle orea. As
baking racks are extracted from the ovens slowly, i.e. the 2° mentioned above, and
then pulled out into the central aisie for cooling the hest from these racks would ereate
a'small individual plume of heat and oil which then be picked up by.the oven baking
asle central roaf exhaust fans. Right now it is planned that mpm exhaust fans
wiotld be sized at approximatsly 2,500 CFM each for 2 toisl of 5, TFM. The=e
fune would be fittad up: e stahdard “kitéhen’ -md'mﬂ#t'hns to t:at!:rﬁ m';hn grlall was
hdngpiundupﬁummeammﬂeu Ve e

| *"I

E i N
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The everall air fiow balanca new looks like the following scenario: 2
Makeup air supply: !
2 roofiop ynits at 10,000 CFM eash = ......... o e R R .o 20,000 CFM
Building - Bakery area exhzust;
Baking oven gas fumace exhaust needs, estimated max. = .. ...... Ceeo. 2,250 CFM
Baking aven direct exhaust needs, estimated madt.= . ... ... nns s een . 2,000CFM
Baking oven canopy exhaust needs, continuous = .. ... e s T 4,500 CFM
Proofing ovens fumace sxhaust needs, variable -max. = ....... B Ty 500 CFiv
Hot water boiler exhaust needs, varable - max, = ............ ceassaens .- 500 CFM
Baking ares oven aisle roof exhaust fans, controligble = .. ......... .+ ... 5.000CFM
First floor mechanical room exhaust fan, intermittent = . . ... _.. v e s . 2,000 CFR
Tﬂtﬂl Baﬁiﬁ buﬂﬂ]l‘lu “hlﬂn = s s s essnoman MR e oE BB EoE o= B Py m o ow "'F 15‘-?5“ EFM
Net building pressurization = . .....ovevoneuennnn T R 7 Lo, (|

The net bullding pressurization Is theoratically 3,280 CFM which wnruld-hq congiderad the

minimum allowable for & 40,000 GSF faclitty In this sftuation. However, the exhaust flow rates are
assuming the maximum number of ovens in operaton so there is real additional pressurization alr
capatity available at part oven load usage. How much is subject to debate depending.on what is going
on in the building, but the above numbers are based upon projected worst case scenario. The raoftop
equipment is provided with retumn air duct connections o the space thus there is the abifity to adjust
daytime actual outdoor alr flows based upon utilizing = building pressurization contoller, which
previously has not been discussed, but may be & more effective ehergy control scensric than
hoet/energy recovery. Our office has locked at application of an ensmgy saving axhzust scenario but
the problem is that the most of the proposed exthausts would/should be picked up may contsin grease
which wauld guickly plug the desiccant whesls making them warthiess. The best current approach
appears to be controlling the operation of individual items. _

The propased control system for the facilfw mechanieal system has evolved inte the following

scenario:

2.

Tha rooftop mekeup air equipment would work s follows:

The rocftop equipment operation would bo controlled by meane of a programmable clestronic
time clock which is to be set w0 determine starting and stopping timss as suits the bakery

nplrlﬂhn. o

During occupied perinds the rogftop makaup air units, AC-1 and AC-2, weuld start and provida
treated sutdoor air 1o the facifity. During sceupied peniods each rooftop unit would run and
its outdoar air damper open and the returmn sir damper would be closed.. Alr would be
discharged from the unit with an adjustablz discharge Temperature of 55°F, adjustoble 55°F
to 65°F. During summer periods, L.e. over 55°F, the mechanical cooling would ba energized
1o malntsin discharge sethoint and during periods below 55°F the heeting section would be

energized 10 meintain discharge setpoint.

Duting unoccuplzd periods the rocfinp units, AC-1 end AC-2, shall shutdovm, the outdoor zir
dampers close end the return alr dempers shall open. A space heating/cocling thermostat
would be provided to cycle the rooftop AC units on 2 call for space hesting only. Tha space
thermostats shall have 8 manual heating/coaling selector switch to enable unoccupied period
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spage cooling.

Smoka/hent detectors shall be provided for each roaftop w dissble the equipment in the event
of actuation.

The exhaust ventilation squipment shall operate as fellows:

Oven operstion would be controlied by means of the existing integral oven control equipment.
The indivicdual oven flue axhaust draft inducer would be interlocked with the respective oven

_eombugtion eontrols. This equipment would be abie to operate Independently of the makeup

alr svmm operation. e

The baking oven gravity exhaust system lsolation damper lotated at each roof level turbine
vant inlet sh:ll open for each oven bank. These twe systems would be interlocked with the
respective| aven bank operstian independent of the makaup air systsm npbratiln o

1|]n' N
Tha gven canopy hood exhaust fans fer each bank of ovens, one exhaust fan Sfmuch aven
bank, shall be manuslly controlled frem the oven ares. These exhaust fans would be
interlocked with the makeup =ir system operation so as to only be enabled during occupled

cycles. |
: TR TR CR LIEPE. {1 =N R

The twe v'wen area g;nual mduunt hn: shall he mnﬂullad by means of = local high limit
thermostet which shall energize the exhaust fans in the event that the space thermostay
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inVentures 'SO‘ ™
Technologies
incorporated

Your ultimate managed attenuation tool ...

iSOC™ Bioremediation
Enhancement

E* Supersaturates monitoring well with low
decay dissolved oxygen (DO), typically 40-200
PPM depending on depth in groundwater
Er Natural convection current fills well with
uniform DO curtain
E* Supersaturated DO curtain of water
disperses around the well into the adjacent
roundwater
Enhanced  bioremediation removes
organics through natural attenuation
Placement of injection wells depends on
site-specific conditions
Er Installed in a few hours and easily
moved from well to well to optimize
perfarmance

iISOC™ with Single Control Panel

What is iSOC™?
ISOC™ iz an ingenious oxygen delivery technology, based
on inVentures' patented Gas inFusion™ technology—a
unique method of infusing supersaturated levels of dissolved
gas into liquids. = At the heart of ISOC™ is the proprietary
structured polymer mass transfer device.

Microporous hollow fiber provides an enormous surface area
for mass transfer— in excess of 7000 m® per m*—and is
hydrophobic (will not pass water). Maintaining a pas
pressure, less than the liquid pressure ensures that ultra
efficient mass transfer takes place without the formation of
bubbles.

When suspendac in existing monitoring wells, iISOC™ infuses
high levels of oxygen into groundwater, without bubbles,
and with a very low decay rate at atmospheric pressure. iSOC™ Mass Transfer Device

What do consultants say about iSOC™?
Several leading environmental firms have achieved significant reductions in MTBE, BTEX, and
TBA, and have commented:
E* "In less than 3 months since ISOC™ installation, MTBE & TBA have decreased by an order
of magnitude, DO has increased in monitoring wells 30' away, and ferrous iron and BOD have
dropped.”
B F?'gin-::rar installation of iISOC™, MTBE has been reduced from 3500 to under 200 PPM in
fractured bedrock in about 4 weeks.”
E¥ "We established an effective barrier of DO in ~3 months with reductions of 84% MTBE,
31% TBA, 73% benzene down gradient of O: barrier.”



Hydrocarbons and iSOC™

The use of dissolved oxygen in hydrocarbon-contaminated
grounchwater to enhance natural attenuation of MTBE and
BTEX has been growing as a remediation technology since
the mid-1990s.

Most conventional technologies, howeaver, wasie most of their
oxygen because the bubbles rise to the lop of the
grounciwater table and escape befare they have a chance to
dissolve or to be utilized by naturally occurring hydrocarbon
degrading microorganisms.

The result is an inadequate biodegradation response in
aquifers with high ferrous iron, moderate BOD, and/or high
concentrations of hydrocarbon constituints.

ISOC™ gyercomes the conventional problems

iSOC™ Remediation Approach

- Create oxygen barrier at leading edge of contaminant plume
to avoid boundary litigation, and to protact off-site receptors.

Source trestment reduces contamination levels with
supersaturated oxygen at heart of the plume.

Achieve rapid, localized remediation of low-level
contamination and hot spots in existing monitoring wells.

primary remediation strategy or as a palisher.

Maintzin cost effective, passive erhancement of natural
bioremediation for less than normal manitoring casts.

Where has iSOC™
been used?

iISOC™ Oxygen Distribution

iSOC™ has been used or approved for
remediation use in 21 US states including
Florida, Georgia, New Jersey, Deslaware,
Connecticut, Pennsylvania, New Hampshire,

Vermont, Massachusetts, West Virginia,
Maryland, Colorado, Wyoming, Montana,
Washington, Califomia, Arizona, Utah, New
York, Indiana, and Michigan; several
countries in Europe, Canada, and Brazil.

Mass transport laws govemn oxygen dispersion and
distribution.

The iSOC™ supplies oxygen according to demand.

Case studies show the typical radius of influence to
be 10 to 20 fest from the ISOIC™ well, although each

site must be judged by its specific characteristics.

iSOC™ case studies show that a 2-well system can
use as much as 32 pounds of oxygen over a 3 month
period, and that a 3-well system can use as much as
64 pounds of oxygen over a 5 month period.

S Tie ,|' Water Column Depth In Fool F Can we use cother gases with
T w 15 r zu' T 50 iSQOCT™?
i '!-?HE"“ il 42 | | 62 |11 Yes .... Consultants see the need to use
_| Methane | 22 ;| 3;3 [ 3 4_ 3? [ 59 athe':r gas::d in their madiaﬁm n:p;mach. .
; such as hydrogen, ane, and propane
| Propane II__ iﬁ ! Bﬂ 19 E_lLﬂ—il- LW for remediation of chlorinated solvents.
| Hydrngen , ! I 2 iISOC™ will transfer these gases into the

85 ;| 95

in &8 Water Column

180
Y N e Pl T R e el - -~ S TRl .
iSOC™ Dissolved Gas Concentrations

groundwater as eflectively as it transfers
oxygen, as illustrated in the table to the left.

1SOC™ [3rochurs v.02.08 - Pege 2

Accelerate site closure through natural attenuation as a I



iSOC™ Quality Construction

iSOC™ is constructed of high quality 55316 stainless steel using the latest
manufacturing equipment and a proprietary structured polymer mass transfer
device.

iSOC™ is 1 5/8" diameter and 15° long with a quick-connect swedge oxygen
fitting for 0.25" polyflow tubing.

iSOC™ has a lifting ring for connecting to a suspension line for insertion in 2" or
larger monitoring wells.

ISOC's™ stainless steel case and polymer mass transfer device have a very
high tolerance to most pure gas & contaminant environments

iSOC™ Advantages

Ef iSOC™ infuses 4 to 10 times more DO than any competitive technology
B3 iSOC™ delivers 40 to 200 PPM DO depending iISOC™ depth

E% iSOC™ uses existing 2-inch monitoring wells used for installation

& iSOC™ is not bothered by iron or other oxygen sinks

Ef /SOC™ connects to standard oxygen cylinder using the iSOC™ Control
Panel

Br iSOC™ requires no power requirements, off-gases, pumps, hazardous
by-products, or permits

TRSTR Er isoCc™ is small, simple, efficient, predictable, easy to use, & very low in
ISOC™Unit  paintenance

iSOC™ Pressure Gauges

i50C™ Conneclidrs

iSOC™ 1 .-Unit G:zéntml Panel fSDC"" 3-Unit Control Panel

. The iSOC™ Control Panel

E¥ iSOC™ control panel comes in 1-unit and 3-unit models o control a single or three ISOCs™
B3 Panel is constructed of high quality 55304 stainless steel for use in most conditions or
contaminant environments

High quality gas compatible pressure gauges indicate the gas pressures in both PSI and BAR
E¥ Oxygen cleaned components are used throughout and completely pressured tested prior to
leaving manufacturing facilities
Ef A unique flow control mechanism is utilized to accurately control flows and allow the iSOCs™
to be placed at different depths in the groundwater
E* Quick-connect fittings allow the ISOC™ and the iSOC™ Control Panel to be connected by
polyflow tubing in seconds
2 1-unit Control Panel is 3"X9"X8" and weighs 3 Ibs.
Bt 3-unit Control Panel is 3"X21"X8" and weighs 8 Ibs.
B2 Each Control Panel is shipped in a specially designed box for protection, and to arrive ready for
quick connection.

{S0C™ Brochure v.02.08 - Page 3



Why use the iSOC™ Control Panel?

¥ Design based on actual installation and operation experience of remediation contractors
Et Specially designed components eliminate typical system installation, start up and
operation problems, provided iSOC™ User Guide instructions followed

£ High quality construction

E¥ Pressure tested from the manufacturer

E* Uses only oxygen cleaned components

E* Al gas compatible components

B2 Allows the iSOC™ to be hung at different depths in the groundwater while maintaining
er control of all units

Costs less time and money than it takes to source, assemble and pressure test oxygen
cleaned and gas compatible components

Er Allows for rapid installation and easy operation of the /iSOCs™

B inVentures Technologies warrants the performance of the iISOC™ when ISOC™ and the
iSOC™ Control Panel are used together

What does an iSOC™ System Loolk Like?

EEERE R Tarmiise g
Flowrnaler . .
Bypass Line— :
1 i
Bypass Ling — o [¥] | "o
Button Vahve L d :
Polyflow Gas i : e
Lina o i50C | ot
\ Eie0 F(\ /ﬁ L____—@—_B J
Gas |rist Panal
iSOG Gas Outist
Parnal Connaction o Gas GySinder
¥ 1w
A ﬁwmtat
Maxirmum 4
water Depth| |- | "} jsOC
(iSOCHead)| | J’ Fe

iSOC™ Equipment Setup Schematic

How much does iSOC™ and the Control Panel Cost?

The iSOC™ groundwater remediation technology is the leading and most cost effective
solution in the marketplace today. Some state trust funds will not reimburse a capilal purchase
but will reimburse a rental charge plus consultant's installation and operation costs - iSOCs™
are available to rent for these situations.

Please contact your area representative for prices — they are listed in—

www.gasinfusion.com



Treatment Technology/

P

Oxygen Revisited

by Evan K Nyer, J. Scott Davis, and Isabel King

In 1987, one of the most advanced in
situ technologies for remediation of sites

., was oxygen. I remember representatives

ﬁof FMC Corp. wandering around one
of the early conferences on remediation
Eami hawking hydrogen peroxide. They
had high hapes that environmental appli-
\cations were going to be the next big use
lof H,0,. Al that time, it was believed
that in situ bacteria required O, to
degrade petroleum hydrocarbons.

| Of course, we all now know that tis
the other, naturally ocourring, electron
acceptors that are responsible for the
majority of the biochemical destruction
:uf petroleum hydrocarbons. Every con-
sultant worth his or her salt recommends
'a monitored natural attenuation (MNA)
remediation strategy. MNA relies on the
natural presence of altemate final elec-
ll:ron acceptors 1o accomplish the reme-
diation.

[ A funny thing has happened during
rthr last couple of vears. The importance
of O, is making a comeback. It looks

. like a couple of compounds degrade

only with bacteria that require O,. Bac-
ileria that require O, for their fina) elec-
tron acceptor are referred to as “obligate
aerobic bacteria.” For some reason, these
Pm:tcria are not able to use nitrate, sul-
fate, iron, manganese, or CO, as pan
of their enzyme systems. On the other
rl‘lar_-d, these bacleria are able to degrade
s0me important contaminants,

| The strongest evidence for obligate
aerobic degradation seems to exist for
methyl tert butyl ether (MTBE) and
Ilmg-chain alkanes (the type of hydro-
lcarbuns found in diesel, fuel, oil, and
other low-end distillates). Several pro-
jects have found that when they add O,
lo sites that contain these compounds,
they have had success in destroying
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them. Laboratory work has confirmed
the ability of several obligate aerobes
for these types of biodegradation.

All of this means that O, is back. It
has been a long time for many of us
since we designed an oxygen delivery
system. | thought that it would be a good
idea to review the different methods for
in situ delivery of O,. While we arz atit,
we might as well discuss some econom-
ics. There have also been some new tech-
nologies introduced during the last 15
years, and we will include some of those,
1 have asked two engineers from our
Tampa office 10 assist me with this arti-
cle, Scott Davis and Isabel King.

Case Study

To provide a baseline for our dis-
cussion in applying the various O, deliv-
ery technigues and comparing the eco-
nomics, we must first develop a case
study of a typical application site. Of
course, we will pick a site within three
hours of our office in sunny Daytona
Beach, Florida. As shown in Figure 1,
our study site is an existing retail gaso-
line service station where a release of
diesel fuel occurred many years ago
beneath a former fuel dispenser island,
The release was not detected throughout
the operation of these fuel dispensers
until more than 10 years had passed,
which has resulted in both adsorbed-
phase and dissolved-phase impacts. Free-
phase petroleum product has not been
detected at the site.

The aquifer at the site compriszs pri- '

marily medium- to fine-grained quartz
sand with shell fragments increasing
with depth. The depth to water at the
site historically ranged from 5 to 6 feet
below land surface (bls). However, a
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Figure 1. Case study site fayout.

steady drought over the last two years
has resulted in a depressed water table
currently at a depth of 7 to 9 feet bls cre-
ating a 4-foot smear zone. Owing to the
close proximity of the Atlantic Ocean
and fresh water supply from tidal surges,
the dissolved oxygen (D.0.} present in
the ground water at the study site is nat-
urally higher than inland Florida ground
water with an average concentration of
3 mg/L. However, a biogeochemical
evaluation conducted at the site showed
that the D.O. was reduced to less than |
mgfL within the dissolved hydrocarbon
plume.

Because the origin of the release
was the diesel fuel dispenser, the pni-
mary constituents of concern in the soil
and ground water are the semivolatile
polynuclear aromatic hydrocarbons
(PAHs) and long-chain alkanes. These
impacts are limited to the immediate
vicinity of the former fuel dispenser
island and extend vertically from 5 10 9
feet bls. For our study site, approxi-
mately 95% of the mass is adsorbed to
the soils within the ground water fluc-
tuation zone. Only 5% of the mass is in
the dissolved phase because of the lim-
ited solubility of the PAHs and long-
chain alkanes. This results in 143 pounds
of petroleum hydrocarbons adsorbed 1o
the soil, and only 7 pounds are dissolved
in the ground water.

Rationale for Oxygen
Enhancements

As described previously, a dissolved
hydrocarbon plume has been present at
the site for more than 10 years, Although
there are elevated concentrations of D.O.
in the site ground water, the levels have
been reduced to below 1 mg/L within the
plume. At these reduced D.O. levels,
the degradation pathways in an aque-
ous environment are susceptible to
switching from aerchic to anaerobic.
We all know that this results in much
slower degradation rates, especially for
the long-chain alkanes and high molec-
ular weight PAH constitvents. and that is
the reason these constituents are still
persistent in the ground water at the
study site after abating the source of
contamination many years ago,

One cost-effective alternative to
remediate this site is to enhance the nar-
ural degradation processes by adding
oxygen to switch the metabolic path-
way from anaerobic conditions back to
aerobic conditions. To design an effec-
tive, enhanced aerobic environment, we
have already conducted a biogeochem-
ical evaluation necessary to observe the
ground water conditions both within and
outside of the dissolved hydrocarbon
plume. From this information, we can
determine the mass of O, present in the

ground water for comparison to the
amount of O, required for degradation of
the petroleumn mass present. As discussed
in many references and including my
latest textbook, the second edition of In
Situ Treatment Technology, the ratio of
0, required to complet:ly degrade petro-
leum hydrocarbons is approximately 3:1
om a mass basis. Based on the mass of
the adsorbed and dissolved-phase hydro-
carbons detected at the study site, we
will need to deliver a ttal of 450 pounds
of O, to aerobically degrade the diesel
fuel constituents. This O, requirement is
far greater than the amount of cxygen
present naturally in the ground water,
and therefore oxygen nhancements are
warranted.

" Oxygen Delivery Methods

When thinking of oxygen delivery
techniques, I like to clissify the O, deliv-
ery methods into three categories: Clas-
sics, Neo Classics, and New Stuff. The
Classics include techmologies such as
air sparging, vacuum extraction system
{VES), and vacuum enhanced rec:overy
(VER), where mechanical equiprnent is
used to deliver atmospheric oxygen to
the subsurface. Althongh we might view
the primary removal mechanism as
volatilization, these technologies also
provide a viable O, source for zerobic
degradation of less volatile compounds.
The Neo Classics include technologies
whereby chemicals such as hydrogen
peroxide (H,0,) and. oxygen-releasing
materials (ORMs) are introduced into
the subsurface to generate O, upon con-
tact with the ground veater and soil mois-
ture, Finally, I like to think of the New
Swff as the latest and greatest techniques
in pure O, delivery. These technigues
can include but are net limited to pure O,
sparging, gas diffusion technclogies,
and electrolytic O, generation processes.
We will discuss the details of applying
these technologies t the study site and
later compare the per-pound cost of
delivering O,.

Classics

Air sparging

This technology involves the injec-
ton of atmospheric oxygen into the sub-
surface using an injection well and an air
compressor. Becauss: the peroleum con-
stituents of concern are semivolatiles
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and long-chain alkanes, the petroleum
mass will be removed primarily through
aerobic degradation processes and not
volatilization. Therefore, this remedial
strategy is commonly referred to as
biosparging. The limited volatility of
the contaminants at the site also pre-
cludes the need for a vacuum extraction
system for recovery of sparged vapors,
thus reducing costs. We must rzmember
that air contains only approximately
21% oxygen, compared to the: pure O,
delivery methods. Another limitation of
air-phase delivery of O, inlo aqueous
environments is that the oxygen-transfer
efficiency 1s at most 2% (Kno 1999).
The remainder of the unused O, migrates
to the unsaturated zone where it is avail-
able for use in acrobic degradation of the
adsorbed-phase comaminants, In addi-
tion, O, has a low solubility in water
and the oxygen saturation is limited 1o
roughly 8 mg/L when ground water is
completely saturated with air (Nyer
2001). Some aquifer conditions exist in
which the oxygen demand of ihe aquifer
is far greater than the mass of atmos-
pheric oxygen that can be delivered.
Under these conditions, the D.O, can
rapidly decrease downgradient of the
injection point.

Implementation of binsparging
would entail installation of six sparge
wells 1 a depth of 20 feet bls, approxi-
mately 2 feet below the vertical extent of
the dissolved-phase impacts. Biosparg-
ing typically entails injection rates of 3
to 5 cfm per injection well cr a total of
30 scfm for the study site, Based on the
depth of the sparge wells and injection
airflow rates, a 15-foot radius of influ-
ence is anticipated. Considering the sat-
urated O, transfer efficiency of 2%,
approximately 2.4 Ibs/day of O, will be
delivered 1o the dissolved-phase and
adsorbed phase hydrocarbons located
beneath the water table. The remaining
98% of the O, mass used in the vadose
zone will provide oxygen to the
adsorbed-phase contaminants in the
unsaturated zone,

Vacuum Extraction Systemsi

VES can be used to introduce atmos-
pheric oxygen to the subsurface by
applying a vacuum 1o a well screened
within the unsaturated soils. The induced
vacuum will move air into the impacted
zone, thus providing a soure of O, for
aerobic degradation. Similar (0 air sparg-

ing, aimospheric oxygen is delivered to
the subsurface but under a vacuum using
VES, and the amount of O, in air is also
limited to 21%. The limitation of using
only this technofogy for addressing both
the soil and ground water is the O, can
be applied to the entire unsaturated zone,
but only a blanket of oxygenated air can
be applied 10 the top or surface of the
impacted ground water. For the study
site and similar conditions, VES would
generally have 1o be used in conjunction
with one of the ground water O, deliv-
ery methods listed later 1o be cost effec-
tive. However, removal of a majonty of
the mass from the unsawrated zone
would prevent the continued leaching
of contaminants, thus improving the
overall condition of the ground water.
Although each site will be different, we
will assume a 2% wansfer efficiency as
we did for air sparging, because the nai-
ural bacteria reside in the soil moisture
and the O, must transfer into the liquid
phase for wiilization.

To implement VES at the study site,
a pilot test showed that applying a vac-
uum to the subsurface resulted in a 20-
foot radivs of influence and a subsurface
airflow rate of 30 cubic feet per minute
{cfm) per well. Three vertical vacuom
extraction wells will be required to pro-
vide coverage of the area of the diesel
fuel-impacted soil at a total flow rate of
90 cfm. Because the site is paved with
very few pervious areas, installation of
passive vents to the surface is recom-
mended to ensure that a fresh supply of
atmospheric O, is available. Based on
this observed airflow rate, 21% O, in air
and taking into consideration the oxy-

* gen-transfer efficiency, approximately

43.3 Ibs/day of O, will be swept through
the vadose zone and transferred to the
soil moisture for use in the biodegrada-

tion process.

Vacuum Enhanced Recovery

VER operates on the same principle
as VES; however, the applied vacuum
will be used to address both the unsaw-
rated and saturated zones. For this sirat-
egy, recovery wells will be insialled to a
depth of 18 feet bls, which is the maxi-
mum depth of the dissolved-phase,
diesel-fuel impacts. The recovery wells
will be set up so that a drop tube is
deployed to a depth of approximately 12
feet bls such that the saturated zone can
be dewatered below 9 feet bls, where a
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majority of the adsorbed-phase hydro-
carbons remain. This will allow delivery
of atmospheric oxygen 10 the adsorbed-
phase impacis for asrobic degradation.

Implementation of VER at the site
would require installation of four recov-
ery wells and a portable VER system
Comprising a vacuum pump, air-water
separator, liquid-phase carbon for ground
water treatment, and vapor-phase car-
bon treatment for the first 30 days of
system operation for air-emissions treat-
ment (Florida requirement), Because of
the permeable sandy soils at the site, a
positive displacement blower or rotary
vane vacuum pump can be used instead
of a liguid ring pump owing to the lower
vacuum requirements. Based on the fine-
to medium-grained sand aquifer, an air-
flow rate of up to B0 cfm is anticipated
for this system with ground water being
removed at z flow rate of up to 12 gpm
for dewatering. While some petroleum
mass will be recovered in the extracted
ground water, more than 95% of the
mass will be removed by the O, delivery
and aerobic degradation process. There-
fore, the dissolved-phase mass will be
negligible compared 1o the adsorbed-
phase mass. Based on the anticipated
airflow rate, 21% O, in air and oxygen-
transfer efficiency, approximately 38.5
Ths/day of O, will be delivered to the area
of adsorbed-phase impacis.

MNeo Classics

Oxygen Release Materials

ORM compounds such as ORC®
{Regenesis Bioremediation Products,
magnesium peroxide) and PermeOx®
(FMC Corp., calcium peroxide) are mild
oxidants that hydrolyze into molecular
oxygen when saurated with water. These
compounds are manufactured in a solid
form (powder and pranular); they are
mixed with water and injected into the
subsurface in a slurry form for in situ
treatment applications. These com-
pounds are typically injecied into bore-
holes and wells by gravity or injected
under pressure using a direct-push prob-
ing rig and high-pressure pump. The
advantage of using these compounds is
that they hydrolyze slowly and report-
edly release O, over a period ranging
from 100 1o 200 days, according to the
manufacturers. ORMs can increase the
D.O. levels in ground water up to five
times greater than vsing atmospheric
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air. Although not specified by the man-
fifacturer, ORMs do not have a 100%
transfer efficiency. Because the ORMs
release oxygen slowly and form minimal
bubbles, an O, transfer efficiency rang-
ing from 253% to 50% is anticipated
depending on the site conditions. There-
fore, we will assume a 35% transfer effi-
ciency for our case study. The delivery of
the O, downgradient of the injection
point is dependent upon the natural
ground water velocity. Therefore, O,
delivery using these products may be
limited to the immediate vicinity of the
injection point at sites with minimal
ground water gradients. The use of these
compounds for reatment of unsaturated
soil is limited to ex silu mixing or appli-
cation to the backfill of an open exca-
vation. Sites with both soil and ground
waler contamination where site condi-
tions prohibil excavation may need to
use another reatment option for address-
ing the vadose zone contamination.
Application of these compounds at
the study site to the diesel-fuel impacts
beneath the water table will require
approximately 4500 pounds of material
to release 450 pounds of O, into the
ground water. With an assumed transfer
efficiency of 35%, a total of 12,850 Ibs
of ORM will be required to transfer 450
Ibs of O, into the ground water. The
solid material will be mixed with water
such that a 30% solution is produced
allowing direct injection into the aquifer
using a direct-push probing rig and high-
pressure pump. The material will extend
from the top of the smear zone impacts
at 5 feet bls to a maximum vertical depth
of the dissolved-phase contamination at
18 feet bls. Based on the ground water
velocity observed at the site, 30 injection
points installed in a grid pattern will be
required to deliver the O, to the entire
impacted aquifer. The manufacturer’s
data indicates that ORMs release oxygen
slowly over a three to seven month
peried depending on the site conditions.
Based on the calculated mass of O,
required, a total of three injections will
be needed in one year to deliver the
required quantity of O, to aerobically
degrade the entire petroleum mass.

Hydrogen Peroxide (H,0,)

Most of the recent applications of
H,0, involve the use of concentrated
solutions {up to 20%) w aggressively

oxidize organic contaminants. Because
of the high reactivity and safety con-
cems associated with this application,
these techniques cannot be used at oper-
ating sites. However, diluted H,0, is 2
good source for deliverying oxygen for
enhanced aerobic degradation. For such
applications, a peroxide concentration
ranging from 500 to 1000 mg/L can be
safely used as an O, source while min-
imizing the dangerous subsurrace reac-
into the ground water using injection
wells, or it can be allowed to infiltrate
through the vadose and smear zones into
the ground water using horizontal
trenches. The transfer efficiency for
diluted H,0, is penerally greater than
atmospheric air but will be limited 1o a
range of 20% to 50% because of the
formation of bubbles and the fast release
of the oxygen. In addition, the mass-

. transfer efficiency of H,0, increases as

the concentration of the solution
decreases because of less bubble for-
mation. For a 0.1% H,0, solution, we
will assume an oxygen-transfer effi-
ciency of 35% for this case study.

Because of the presence of adsorbed-
phase impacts within the ground water
fluctuation zone, three horizontal
wenches will be installed at 4 feet bls for
application of the H,0, through the
smear zone and into the water table. A
50% peroxide solution will be diluted
with sufficient water to create a 1000
mg/L or 0.1% peroxide solution. The
total amount of liquid per injection event
will be limited to 2% of the impacted
ground water volume or approximately
3435 gallons of water. This voiume can
be injected while minimizing concems
for migration of the dissolved hydro-
carbon plume but still providing suffi-
cient volume to flood the adsorbed-phase
impacts above the water table. Based
on the solution volume and 35% trans-
fer efficiency, only 5 pounds of O, will
be injected during each event. This will
result in a need for injections on a
weekly basis for approximately two
years; therefore, an automaled injection
systemn is warranted to reduce the cost of
weekly labor requirements.

New Stuff

Pure O, Sparging

Pure O, sparging is similar in design
to sparging with atmospheric oxygen
except for some slight differences. A
compressor is used in combination with
a pressure swing acsorption (PSA) O,
generator as the oxygen source (Zam-
sojski 1999). The pure O, is injected
into the subsurface st much lower injec-
tion rates in the range of 3 to 10 cubic
feet per hour (cfh), compared to the
higher injection rates of 3 to 5 cfm for
bipsparging. The 0, injections are pulsed
to allow the generator sufficient time to
produce oxygen. The injection cycling
and lower injectior rates are practical
due to the higher (9% to 95%) O, con-

.. centrations than the 21% O, in atmos-

pheric air. Because lower injection flow
rates are used, the production of bubbles
is minimized. Between the higher O,
and the smaller bubbles, an oxygen-
transfer eificiency of 20% will be
assumed. A limitation in using the lower
flow rate O, sparging is that the radius of
influence is usvally less because of
decreased flow and injection pressures.
The ground water flow velocity plays a
greater role in the clelivery and success
of this method.

Because of the lower injection flow
rates and diffusion-controlled delivery of
0, sparging, a greatzr number of closely
spaced injection wells will be required.
For this site, 12 sparge wells installed
with a 20-foot spacing should provide
adequate delivery ani coverage of the
plume area. The design O, injection
flow rate per sparge well of 5 cthand a
cycle time of 10 minutes on and 50 min-
utes off is the anticipated operating fre-
quency for each well. Considering the
higher saturated O, transfer efficiency of
the 95% O, air stream and low injection
rates, only 0.3 Ib/day of O, will be deliv-
ered to the dissolved-phase and
adsorbed-phase hydrocarbons beneath
the water table because of the lower
injection flow rates and required sys-
tem cycling.

0, Diffusion

A new technique for delivering pure
O, into the ground water is gas diffusion.
One such technigue is the Gas inFu-
sion™ technology referred to s in situ
submerged oxygen curtain {iSOCT)
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developed by inVentures Technology
Inc. This technology supersaturzies the
ground water with low decay 1).0. at
concentrations ranging from 40 to 200
ppm depending on the aguifer condi-
tions and depth of injection. This pure O,
delivery method eliminates the require-
ment for mechanical equipment such as
air compressors and O, generatoss, thus
reducing capital and operating expenses,
An in-well diffuser comprising a large
surface area of microporous, aollow
fibers allows increased mass transfer of
0, to the ground water without 1he cre-
ation of air bubbles and minimizing the
loss of O, to the vadose zone. Therefore,
oxygen-transfer efficiency will approach
100% and complete transfer will be
assumed for this evaluation.

The oxygen source is an O, canister
connected to the in-well diffuser using
small diameter poiy-tubing. The advan-
tage of the smaller diameter mbing is that
it can be easily installed without the
need for large subsurface trenches. The
O, flow rate can be controlled by a
rotometer at each wellhead. Typical
injection rates are in the cubic contime-
ter per minute range {cc/min) and the
manufacturer reports that up to 64
pounds of oxygen can be deliversd over
a five-month period using a three-well
systemn. Delivery of the O, downgradient
of the diffusion well is dependent on
ground water velocity and the oxygen
demand of the aquifer. The radius of
influence is reported as ranging from
10 1o 32 feet from the injection point.

Similar to O, sparging, the horizon-
tal velocity of the ground water will be
the basis for selecting the number and
spacing of the O, diffusion wells. Twelve
wells installed at a spacing of 20 feet will
be required to provide adequate coverage
of the impacted area. This shoul 4 allow
adequate delivery of the O, and creation
of a radius of influence between the
injection points. For a 12-well system
and considering & 100% transfer effi-
ciency, approximately 1.7 lbs/day of O,
will be ransferred 10 the aqueous phase.

The volume of the O, cylinder will be

sized such that a replacement can be

installed conveniently during sormal

site visits,

0, Electrolytic Generation
Another new technique in gererating

0, is using electrolysis 1o dissociate
water into hydrogen and oxygen within

a well, One such technology is Iso-
Gen™ developed by Environmental H20
LLC. This technology generates O,-
enriched ground water using a down-
well unit comprising a circulation pump,
electrolytic cell, diffuser wbe, and AC
voltage regulator/transformer. The cir-
culation pump is placed at the base of the
well 1o uptake water. The water is
pumped past the electrolytic cell where
the oxygen and hydrogen are dissociated
from the water. The O -enriched water is
discharged back into the aquifer through
well screens at the upper portion of the
well. The hydrogen gas is released 1o
the atmosphere through the well casing.
The elecirolytic cell operates approxi-
mately 10 minutes on and 40 minutes
off, and the circulation pump run cycle
is approximately 15 minutes on and 35
minutes off 1o allow for adequate O,
generation. The manufacturer’s data
reports generation of D.0. concentra-
tions up to 20 mg/L. in ground water
and a radius of influence of up 1o 30
feet from the well, The influénce area
will be affected by the varying aquifer
conditions (oxygen demand, velocity,
elc. ).

Again, the diffusion conmrolled deliv-
ery and ground water velocity will also
be the basis for selecting the number
and spacing of the O, generation wells.
However, the in-well circulation capa-
bilities will increase the area of distrib-
ution of the oxygen. Based on these con-
siderations, only nine circulation wells
would be required to provide adequate
coverage of the contaminant source area,
However, the manufacturer’s data indi-
cates that the delivery capabilities are
Yimited to approximately 0.4 Yo/month
per well. Because of the low oxygen
generation and delivery rates for this
technology, additional injection wells
will be installed 1o increase the oxygen
supply and to accommodate the 450
pounds of O, required and to complete
the degradation process. A wotal of 15
injection wells will be installed resulting
in a total delivery of 72 Ibsfyear of O,.

Economic Analysis

~ of Oxygen Delivery

Table 1 is a cost evaluation of the O,
delivery methods discussed above. The
cost evaluation provides the total cost per
pound of O, delivered, which includes
the periodic performance monitoring
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‘and equipment maintenance (if required)

over a one-year period. We have ranked
each site beginning with the least costly
delivery method. If you are a vendor of
a specific technology, please don't get
mad at us if you are not pleased with this
ranking. This cost estimate was devel-
oped based on our case study site and
our stated assumptions.

Based on our case study site, which
had a significant adsorbed mass remain-
ing within the ground water fluctuation
zone, we have found that mechanical
systems can deliver significantly more
0, than injection or passive delivery
techniques over a one-year period. This
should not be a surprise 1o anyone
because we all know that we can more
efficiently move more pore volumes of
air than liquid. Therefore, once we over-
come the initial capital expenses of VES,
VER, and air sparging, the O, delivery
casts continue to decrease the longer
we operaie these systems. The O, dif-
fusion technology was the next most
cost-effective method because of the
ability to release oxygen slowly at the
maximum oxygen-transfer efficiency
and relatively low capital and operating
expenses. Diluted peroxide was not as
cost effective because of its inability to
release the O, slowly and its limited
wansfer efficiency. The cost of the ORMs
and number of required injections
resulted in higher costs for this method.
The low generation rates and limited
area of influence rendered pure O, sparg-
ing and electrolytic O, generation the
highest cost alternatives,

Now Jet's revisit our cost evaluation
and re-rank our technologies based on
the cost of 450 pounds of O, required for
the degradation of the existing petro-
leum mass. We have also included the
approximate time for each technology 1o
achieve the oxygen requirement assum-
ing that the oxygen uptake rate (OUR)
will be equivalent to the O, delivery
rate. For VES and VER, where it will
take less than two weeks to deliver the
entire amount of oxygen required, it
would not be practical to assume an
operation time of less than three months
for these systems. These costs are pre-
sented in Table 2.

Table 2 shows that VES, air sparg-
ing, and VER still retain their top rank-
ings for the case study site; however,
the margin in cost berween most of these
technologies has decreased to within the




. same order of magnitude. The primary

: x Table 1
reason is that mechanical systems have . )
; : i Yo
higher initial capital and operating Cast Evaluation of Oxygen Delivered in One Year
expenses than the other technologies, Pounds O, Delivered  Total Cost Cost per Pound
and a majority of the O, generated is Technology for 1 Year for 1 Year of O, Deliver:d
wasted because the delivery rate far Vasnm Braction 15,812 $98.300 %
“m'_:ds m': OUR of the microbes. The Vacuum enhanced recovery 14,056 5145590 f10
0, dlﬂilislonczostmm"mmmth: Air sparging 878 $93.200 $106
mechanical air-phase delivery methods. 0, diffusion 619 $119,900 $194
This is a result Gf t.he Mgh‘mafer ﬂrﬁ' Dilute H‘l‘o‘t solutions 46 S104,843 $426
ci.em:}' and m!ﬁali'\l’ﬁl}’ low Capi!a] and Onxygen-releasing materials 421 £205.755 $487
operating costs. The other O, penera- Pure O injection 114 $150.550 1326
tion and delivery methods are more Electrolytic O, generation 7 113,740 $1580
costly because the oxygen is being pro-
duced at slower rates than mechanical _
means and delivered beyond the injec- Table 2
tion point by slower advective and dif-
fusion transport processes. : Cost Evaluation of 450 Pounds of Oxygen Used
This case study was skewed toward wb?, Tﬁﬂqm Time Lo c;:::
large quantities of oxygen delivery. - ' vering Deliver i
echin 450 Pounds 450 Pound: of O; Used
Would T ever want 10 use any of the pas- i i % % :
sive, pure O, delivery methods? These Wacuum extraction 450 $63.500 10 days 5141
passive techniques wouid be ideal for Air sparging 450 $73.500 187 days $163
sites where polishing off a dilute dis- ;H;Pf;'“m recovery :;g sﬁgg zel'; rfs :“2"-::
B i 2 1en 1S
mh‘;:: phiase hﬂ{imic”bu:: tst;m ¥ | Hlectrolytic O, generstion 450 $159.550 6.25 years 5155
TESHERSLETH 4 Vet SINE mass | Dilote H,0; solutions 450 $160.468 18 yeus 5357
of the project is low and located mainly Oxygen-releasing materials 450 $210,010 1 year $467
in the aguifer. L Pure O, injection 450 $242,050 4 yeus 5338
I
The Last Problems

We have two final problems, F(u".it it
is relatively easy to determms the
amount of mass in the dissolved j:ihaae
contamination from the large m.-.l.l net-
work and the data that is nnnna.l.iy col-
lected at a site. However, it is vcr;,r dif-
ficult to accurately estimate the
adsorbed-phase mass using the soil sam-
pling and analytical methods. Typically,
we do not collect enough soil dam._'feno-
leum mass is difficult to estimate using
field screening meters with mnﬂahcm to
only a few confirmatory lahomtwy sam-
ples. We verify this when we wumm
only 200 gallons of fuel was mlcased but
our vapor-phase emissions on uur vac-
uum systems show that we have recov-
ered hundreds of pounds per day of
petroleumn mass.

Our analysis shows thal there is a
good dichotomy between low oxygen
demand sitvations and high oxygen
demand sitwations. The problem is to
determine which situation exists at your
site. Don't worry; it is only hundreds
of thousands of dollars of your client’s
money and your career on the line,

The second problem occurs only if
you are lazy (stupid) enough to directly

use the values that we have presented in
Tables 1 and 2. Every situation is unique.
Do your own d— cost estimates.
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1.0 INTRODUCTION

This Phase IIT Remedial Action Plan (RAP) Focused Ewvaluation Addendum has been
prepared by Brown and Caldwell for the Former Malden Manufactured Gas Plant (MGP)
Site (the Site) in Mulden, Massachusetts. The former MGP site includes approximately
16.4 acres located in an urban area, consisting of five different parcels with eight different
p-mpert}' owners. The former holdings occupy land currently referred to as Parcels A, B, C,
D, and E. (A site map including the parcel designations is included as Figure 1-1.)

This RAP addresses Parcel B (129 Commercial Street), and specifically focuses on the
evaluation remedial alternatives to address the issues related to exposures to indoor air and
soil vapors inside the building. (Additional discussion of the Risk Characterzation results is
included in Section 2.) This Focused Ewvaluation 1s intended to be submitted as an

addendum to the RAZ? for the enure site,

This Focused Evaluation RAP was prepared in accordance with the requirements of the
MCP (310 CMR 40.0353), the performance standards for a Phase 11l evaluation. The MCP
states that “a Phase Il evaluadon shall result in the identificaton of remedial action
alternatives which are reasonable likely to achieve a level of No Significant Risk considering
the oil and hazardous material present, media contaminated, and site charactenistics, and, the.
recommendation of a remedial action alternative that is a Permanent or Temporary Solution,
where a Permanent Solution includes measures that reduce, to the extent feasible, the

concentradon of oil and hazardous material in the environment to levels that achieve or
approach background.”

The site was the location of a manufactured gas plant from 1855 to the 1970s. The types of
manufacturing processes conducted at the former Malden MGP site included coal
gasification (sometimes referred to as coal carbonization) (1855 to 1907), carbureted water
gasification (1907 to 1954) and oil gasification (1954 to the 1970’s). The process operations
that were conducted cn Parcel B included gas purificaton.

1-1
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From results of the site invesugation, benzene, toluene, ethylbenzene, xylenes, styrene,
naphthalene (BTEXSN) and cyanide were the primary consttents of concem (COCs)
found in the soil and groundwater at Parcel B. Specifically, in the soil, BTEXSN were found
at levels approximatzly half of the UCL concentration at a depth that is coincident with
groundwater (approximately 8 to 10 feet below grade surface). In the groundwater,
BTEXSN concentrations were also detected (with toluene and benzene above UCL

concentrations) at three locations beneath the building,

The impacted media on Parcel B include soil, groundwater and air, with the most significant
impacts to groundwater and air. The presence of COC's in the soil most likely is a result of
historical manufacturing operations at the Parcel B. The contamination of the groundwater
is likely the result of the dissolution of COC's from the impacted soil beneath the building,
Indoor impacts appear to result from volatilization of contaminants from impacted
groundwater. Sampling of the indoor air at the facility located at the property detected
elevated concentraticns of benzene, toluene, naphthalene and styrene. The concentrations
did not exceed the applicable occuparional standards set by the Occupadonal Safety and
Health Administration (OSHA) and the Nadonal Insttute for Occupational Safety and
Health (NIOSH).

The Phase II Report does not confirm an area of concentrated contamination of the COCs
in groundwater and «ir. Additdonal site investigation activities were conducted in July 2002
in an attempt to locate an area of concentrated contamination. Geophysical procedures
were considered, but deemed ineffective due to the building being located directly over the
suspected location(s) of elevated concentrations. Secil samples were collected at locations
corresponding to the drp tanks based on historical maps. The results of the soil sample
analyses did not conirm the location of a source area, however, stained soils and elevated
contaminant concentrations were detected at or near the observed groundwater table
elevatior. The apparent pattern of dissolved phase BTEX is consistent with an area of

elevated contamination located beneath the footprint of the existing building.

1-2

P TNEIT28Y Focused Feasibility Study', RAP0G] 903 (rerm_sct_pln_sddendm) DOC
T/ 2005



The Phase I1I Report includes a sk characterization that was prepared in accordance with
the requirements of the Massachusetts Contingency Plan (MCP) Method 3 Risk
Characterization (310 CMR 40.0901 through 40.0999) and the MADEPs Guidance for
Dispasal Site Risk Characterization — In Support of the Massachusetts Contingency Plan (MADEP,
1995). The onginal human health risk characterization concluded that a Condition of No
Sigmificant Risk for the indoor air inhalation pathway at Parcel B was not demonstrated. The
Risk Characterizaton was revised to incorporate additonal data obrained after the
completion of the original Risk Characterizaton. The revised Risk Characterization, based
on indoor air data collected between September 1999 and October 2002, demonstrated a
condition of No Significant Risk to the current commercial worker via the indoor air
pathway. This change is likely due to the slightly lower VOC concentrations that have been
observed during recent indoor air sampling events inside the facility undertaken as part of an

ongoing RAM.

Release Abatement Measures were insttuted to address indoor air quality. An attempt was
made to seal the floos in the packaging room area of the facility to reduce BTEX migration
into the building. However, this procedure was not successful and in 1999, an active sub-
slab venting system was installed to create a negative pressure gradient beneath the slab. The
ventng system was not intended to remediate the area of concentrated contamination of
BTEX, but to reduce migration of BTEX into the building. The system is currently
operating, but does not consistently control vapor migration into the building. These
operational inconsistencies may be caused by the facility operations, which include ovens

that require significant volumes of combustion air.

Therefore, because mrarginal changes in indoor air concentration could change the outcome
of the Risk Characterization for the indoor air pathway and since the data used in the Risk
Characterization was collected inside the facility with the RAM system in operation, an
evaluation of remedial alternatives for reducing concentrations of VOCs was performed.
(Phase I11, RAP, Halcy & Aldrich.)

1-3
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Phase [II RAP Addendum Contents

This RAP Addendum includes the identification, evaluation and selection of remedial action
alternatives for Parcel B to address contamination in accordance with the Phase III
requirements of the MCP (310 CMR 40.0850 — 40.0862). This report consists of the
following sections:

® Secton 2: Remedial Action Objectives - Presents the remedial action objectives
and the areas, media and constituents of concern to which remedial action

alternatives will be applied.

e Section 3: [dentficat d Initi ing of ies, and Dev
of Remedia Action Alternatives - Identifies remedial technologies and presents the
results of technology screening, Assembles remedial technologies into remedial

action altermatives. Develops and screens the remedial actnon alternatives.

* Secton 4 Detailed Evaluation of Remedial Acton Alternatives - Presents the
Detailed Evaluation of the remedial acton alternatives using the criteria specified
in the MCP.

* Section 5: Selection of Remedial Action Alternative - Compares and selects the

remedial acion alternatives based on the results of the Detailed Evaluation and
describes the response action outcome that the selected alternative is expected to
achieve. Also presents evaluations of the feasibility of achieving a Permanent
versus a Temporary Solution, the feasibility of reducing concentrations in oil to
levels below the Upper Concentration Limits, and the feasibility of approaching or
achieving background concentrations at the Site.

Descriptions of the Site background, Site history and Site investigations are described in the
Phase III Remedial Action Plan, prepared by Haley & Aldrich.
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2.0 REMEDIAL ACTION OBJECTIVES

This section describes the remedial action objectives for Parcel B. This section also provides
a summary of the areas, media and constituents of concern that have been identfied for
remedial actions. The purpose of the remedial action objectves is to define the medium
specific goals for Parcel B that will result in the protection of health, safety, public welfare
aﬂ;] the environmen:. The remedial action objectives are used in the evaluation of the

remedial alternatives.

2.1 AREAS, MEDIA, AND CONSTITUENTS OF CONCERN

Investigations have been conducted at the Site since 1987. The facility at Parcel B appears to
have been built on a layer of fill material ranging from approximately 3 to 10 feet thick. The
fill overlies native sands and silty, fine sands. These materials become generally finer-grained
(and thus less permeable) with depth. The organic layer that is present on other portions of
the Site is not present beneath Parcel B. During the April 1999 groundwater level
measurement event, only two monitoring points were available on Parcel B. The direction
of groundwater flow was interpreted to be to the southwest, parallel to Commercial Street
via extrapolation from the numerous data points to the north. This flow direction was
confirmed by measurements from five additional wells (7 in total) on Parcel B that were
avallable during two subsequent water level rounds conducted in July/August and
December, 2000. These data clearly indicate that groundwater flow is to the southeast, with
Charles Street and Parcel A being upgradient of Parcel B.

For the soil samples, there were no samples reported to have concentradons above the MCP
Upper Concentratior; Limits (UCLs). However, UCLs were exceeded in groundwater

samples taken on the property. Benzene and toluene exceeded UCLs at three locations.

2.2 RISK CHARACTERIZATION SUMMARY

A Risk Characterization was prepared by AMEC Earth and Environmental and was
presented in the Phase II — Comprehensive Site Assessment. Subsequent sampling data
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became available anc, the Risk Characterization was revised and included in the Phase I1] —

Remedial Acoon Plan. The results of the Risk Characterization were as follows:

. There 15 a2 Condition of No Significant Risk for the indoor air inhalation
pathway. However, the level of potential nsk presented by the elevated levels
of VOCs is approximately equivalent to the MADEP criteia at which a
condidon of No Significant Risk cannot be sausfied. Also, the indoor air
samples were collected with the RAM system in operation. Therefore, an

evaluzation of remedial alternatives to address indoor air will be conducted.

. A Conditon of No Significant Risk to Public Welfare was demonstrated for
the site, as stated in the Risk Characterization in the Phase II Report. In
accorcdance with the MCP (310 CMR 40.0996(2)), the comparisons of
groundwater concentrations to UCL's can be made using the arithmetic
averape concentration of hazardous materal at a site. Therefore, even
though there were some exceedances of contaminant concentrations above

UCL’s, the average concentrations of contaminants at Parcel B did not
exceed UCL’s.

. A Cordition of No Significant Risk to the environment was demonstrated

for the terrestrial portion of the site.

. For soil, two “hotspots™ were identified at the Site. However, the nsk
characterization demonstrared a conditon of No Significant Risk for both
soil hot spots, including scenatios for current and future utlity workers

(which would, potentially, have the greatest calculated risk due to exposures

to subsurface soils).

The calculations for the Risk Characterizaton, included in the Phase 11- Comprehensive Site
Assessment, Appendx N, Volume XIII, show that benzene contdbutes the highest
calculated value for tae Hazard Index, with naphthalene contributing the second highest
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value. For the Excess Lifetime Cancer Risk, benzene was the only compound that

contributed to the sk,
2.3 REMEDIAL ACTION OBJECTIVES

The Remedial Actior. Objectives for Parcel B were developed based on the results of the
Risk Characterization. As mentioned above, a fisk to human health due to exposures of the
concentrations of CCOIC’s in indoor air (resulting from migration of contaminants from the
groundwater) was slightly below the MADEP target levels. Since an incremental increase in
the concentratdons of BTEXSN in indoor air would result in an exceedance and the indoor
air samples were taken while the RAM system was in operation, a remedial alternative
evaluation was conducted for mitigation of this nisk. The dsk characterization calculations
show that the compound that contributes the most significant nsk is benzene, with

naphthalene contribwing the next highest risk.

Therefore, the Remeclial Objective for Parcel B is to reduce the concentrations of BTEXSN
in the indoor air in the building. This could be accomplished by either reducing the
concentrations of C(Cs in groundwater, controlling vapor migration with a soil vapor
extraction (SVE) system and/or, controlling vapor migration by modifying the HVAC
system in the building.

Of note, MEC is conducting an evaluation of the HVAC system inside the building to assess
the feasibility of maxing modifications to the existing system. The evaluation is being
conducted to assess if implementation of modifications to the existing system or a new
system is a feasible measure to control the infiltration of vapors from the subgrade.
Therefore, this report does not include evaluation of the remedial alternatives for the HVAC
system. Instead, this report will include remedial alternatives for reducing concentrations of

COC’s in the groundwater and implementation of an SVE system.

It may be possible to achieve the Remedial Objectives with just the implementation of an

SVE system. However, an SVE system would not address the saturated zone or the

2-3
BN 23728\ Focused Feasibility Srody, RAPDG1203(rerm_act_pin_addendm) DOC
T/, 2003



contaminants in the groundwater. A remedial action alternative that consists only of SVE

would not have the potential to achieve a Permanent Solunon.
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3.0 INDENTIFICATION, INITIAL SCREENING OF REMEDIAL ACTION
TREATMENT TECHNOLOGIES, AND DEVELOPMENT OF
REMEDIAL ACTION ALTERNATIVES

This section includes the idenufication of groundwater treatment technologies that are
potentially applicable to the site and the ininal screening of the technologies. The remedial
alternatives were then developed from technologies that passed the initial screening. The

remedial alternatives ure evaluated in a detailed analysis that is included in Section 4.0.
3.1 IDENTIFICATION AND SCREENING OF TECHNOLOGIES

The identification ancl inital screening of the technologies was conducted in accordance with
the requirements of the MCP. The MCP (310 CMR 40.0856) states that “An initial
screening of remedial technologies shall be conducted to identify remedial action alternatives
for further evaluation which are reasonably likely to be feasible, based on the oil and
hazardous materal present, media contaminated, and site characteristics.” *...remedial
action alternatives are reasonably likely to be feasible if: (a) the technologies are employed
by the alternative area reasonably likely to achieve a Permanent ot Temporary Solution; and
{b) individuals with the expertise needed to effectively implement available location would be

available, regardless of arrangement for securing their services.”

In addition to identifying technologies that are applicable based on the remedial objectives
identified in Section 2.0, site-specific considerations were also taken into account. These
considerations inclucde constraints that may affect the implementability of technologies
and/or alternatives due to physical and/or operational limitations. These site-specific

constraints are as follows:

* The building is currently occupied and cannot be removed for implementation of

remedial alternatives,
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Interruptions to operations in the building during the remedy implementation must

be minimized.

The remed:al alternative must not be obtrusive.,

Floor penetrations, if necessary, should be minimized so that addinonal pathways

for vapor migration are not created.

It is possible that an area of concentrated contamination (i.e., such a purfier box)
could be present above the groundwater table. However, even if it could be
located through additional investigadon, a large excavation through the floor slab

would be necessary. This is not, most likely, a feasible option due to access and

space constraints.

Space limitations on site preclude the installation of ex-situ on-site treatment of
extracted groundwater. The building itself occupies a large portion of the site and

the paved lot, located at the southern end of the property, is used for truck loading
and employze parking.

3.2 REMEDIAL TIZ=CHNOLOGIES

The following sections include descriptions of the technologies that are potentally applicable
for remediadon of BTEXSN in groundwater at Parcel B. Considering the remedial
objeciives (in Section 2.0) and the above specific site conditions, groundwater remedial
technologies that muy be appropmate for Parcel B are listed below. As mendoned
previously, ex-situ treatment of the groundwater is not feasible due to space limitations at
Parcel B. Therefore, the technologies that were considered for the site included in-situ

groundwater technolegies. The candidate technologies focused on the BTEXSN present in
the shallow groundwater.
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The key parameters that determine the effectiveness of an in-simn groundwater treatment
technology are the hydraulic conducuvity of the aquifer, the biodegradability of the COCs,
the aquifer geochemistry, the accessibility of the COCs in the subsurface, and the ability to
place wells, trenches or injecion points in locations where they would most efficiently
address the COCs. )7or Parcel B, the parameters for the application of an in-situ treatment
technology appear favorable. The fill material is fairly permeable (although the permeabiliry
dclcreases with depth) and there is no organic layer in this area that could retard groundwater
flow or be detrimentul to chemical, nutrient and oxygen delivery.

There are a varety of in-situ technologies that may be applicable to Parcel B. The
technologies include:

e Air Sparging
¢ Enhanced bioremediaton
- Hydrogen Peroxide Injection
-  Biospanpng
¢ Chemical Oxidadon
- Fenton"; Reagent
- Permanganate

- OQzone

¢ In-well Air Stipping

The applicability of a specific technology for Parcel B is a function of the COCs (BTEXSN),
the degree of impact (BTEXSN, but other constituents, including reduced iron, manganese
and natural organic matenal will consume oxygen or other chemical agents), the
hydrogeology/litholoyy, and parcel related issues (i.e., access, logistics, etc.).

Descriptions of each of these technologies are presented below. The descrptions include
the basic pnnciples of each technology and a bref description of implementation
characteristics. In addition, a discussion of the implementation of horizontal wells is

included. Since the areas targeted for remediation are beneath the building, and installation
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of vertical wells may be prohibitve due to restnctions from production equipment and the
potential migration of vapors through floor penetratons, horizontal wells are the most

appropriate type of irjection system for this site.
Air Sparging

Alir sparging is the direct injection of air into the groundwater, Air rises through the aquifer
to the water table surface. VOCs are volatlized in the process and wansferred to the
unsaturated zone. Additonally, some biodegradation will oceur in the saturated zone due to
the increase in dissolved oxygen. In the unsaturated zone, the VOCs may adsorb to and
desorb from the soil matrix. While adsorbed to the soil matdx, the VOCs will undergo
biodegradation. The portion of the VOCs not biodegraded will eventually reach the ground
surface or migrate into buildings or utility trenches. To prevent impact from the vapors at
or near the surface, air sparging is frequently implemented in conjunction with a soil vapor
extraction (SVE) system to collect vapors generated through sparging. SVE uses slotted
piping located within the unsaturated zone. Systems may use vertical or horizontal piping.
A vacuum is applied to the SVE piping to draw in air and VOC vapors. The recovered gases

are normally treated at the surface by granular activated carbon or thermal destruction units.

Since vapor migration is already a concern at Parcel B, the generaton of additional vapors
that are released at the water table would not be desirable. Therefore, an SVE system would

have to be implemented if air sparging were implemented. (This is further discussed in
Section 3.4.)

Enhanced Bioremedliation

In-sia  bioremediation can be accomplished by enhancing aerobic or anaetobic
biodegradation processes naturally occurring in the environment. In-siu aerobic
bioremediation is a process whereby the natural biodegradation process is accelerared by
providing an electron acceptor (usually oxygen), occasionally nutrients (phosphorus and
nitrogen compounds) and rarely, other microorganisms for the conversion of the BTEXSN

to innocuous producs (bioremediadon end products are carbon dioxide and water). The
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electron acceptor source is supplied by either sparging air or oxygen below the water table or
by introducing a dilue hydrogea peroxide solution (500-2000 mg/L) to the reatment areas.

Anaerobic bioremediation (using nitrates or sulfates as electron donors) was not considered
a strong candidate for this application since it has been demonstrated that benzene is slower
to biodegrade under anaerobic conditions. Also, these alternative electron donors are
seldom used. They offer the advantage that they are not likely to be consumed by reduced
species in the soils and groundwater since many hydrocarbon-impacted aquifers are already
partially reduced. On the other hand, regulatory agencies limit the concentrations of nitrate
that can be introduced and sulfate causes some concern about the formaton of sulfide. For

the purpose of this evaluadon, oxygen as the electron acceptor was considered (i.e., aerobic

bioremediation).

Acrobic bioremediation of BTEXSN compounds has been successful. Published data
indicate reductions of BTEXSN and other hydrocarbons at hundreds of sites. In similar
aquifers, bioremediation has achieved cleanup levels over reasonably short time periods.

Two technologies applicable for the introduction of oxygen to the aquifer are discussed

below.
Hydrogen Peroxide Injecdon

The traditional form of in-situ bioremediation involves the injection of water containing an
oxygen source, namely, dilute hydrogen peroxide (500 to 2,000 mg/L). Hydrogen peroxide
will degrade 1o produce oxygen for biodegradation. The injected water will move with the
groundwater flow, thereby delivering the oxygen across the treatment area. The process is
typically implemented by recovering groundwater from the downgradient portion of the
plume and removing VOCs at the surface, or by using water from a local water supply,
amending with hydrogen peroxide (and sometimes nutrients), and reinjecting in the middle
of and/or upgradient portion of the plume. With the proper design, this process can be

relatively inconspicuous once installed.
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Biosparging, Oxygen Inject

The most commonly used and generally most cost-effective approach for bioremediation of
BTEXSN is referred to as biosparging. It uses essentially the same design as air sparging,
except that the injection rates are much lower and typically carried out using an intermittent
injection schedule. “The result is that oxygen is supplied for biodegradation with minimal
volatilization. Oxygen (from an oxygen tank at the surface) or air is piped to the desired
depth and introduced within the aquifer where biodegradation is promoted. The process
may also increase avzilable oxygen within the unsaturated zone and result in degradaton in
that zone as well. Degradarion within the vapor phase should reduce the migration of VOCs
that may enter buildings and utlity trenches, etc. Remediation should be substantially more
rapid if oxygen is injected rather than air. Oxygen can be supplied from cylinders, or as an

alternative, a membrane system that separates oxygen frotn air could be used.

Biospatging is most often used at sites with contaminants with lower vapor pressures since
lighter constituents volatilize readily and are removed more rapidly using air sparging. For
this site, as stated previously, BIEXSN the contaminants of concern. (Benzene is a volatile
constituent with a relutively high vapor pressure (76 mm Hg at 20°C), while naphthalene is a
polycyclic aromatic hydrocarbon (PAH) with a lower vapor pressure (0.5 mm Hg at 20°C).)

The most important characteristic of the soil for determining the effectiveness of
biosparging is the permeability. The bacteria use oxygen to metabolize organic material into
carhon dioxide and water. Therefore, oxygen is required for the metabolizing process and
for the sustainment of a substantial bacterial populatdon. For sites with intrinsic

permeabilities of less <han 10 (cm®), biosparging effectiveness is marginal.
Chemical Oxidation,

Chemical oxidaton :s the chemical conversion of hazardous constituents to less toxic
compounds that are more stable, less mobile or inert. For hydrocarbons, the end products

are carbon dioxide and water. Ozone, hydrogen peroxide, potassium permanganate, sodium
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permanganate, potassium persulfate, and Fenton’s Reagent (reduced iron and hydrogen
peroxide at low pH) have been used to address the types of constituents present in
groundwater at Parcel B. Degradation reactions are quite rapid. The rate-controlling step is
the ability of the implementation system to deliver the chemical oxidant throughout the
impacted soils and proundwater. It is essential that the correct omidant and in-situ delivery
systems be udlized for achieving the desired reduction goals under site-specific conditions.
For instance, Fenton’s Reagent requires numerous closely spaced injection points that might

not be feasible in the vicinity of the facility.

Factors that can aifect performance of chemical oxidanon are pH, temperature, the
concentration of the oxidant, and the concentradon of other oxidant consuming subsrances
(such as organic marter). Delivery systems for the oxidant can use either vertical or
hornizontal injection wells with sparge points (or tubing with spaced discharged points inside
the horizontal well). This technology can be applied to area of concentrated contamination

areas ot a plume of dissolved phase constiuents. The equipment utlized for this technology

is readily available and not complex.

Additional specific information regarding possible chemical oxidants that could be used at
Parcel B is presented below.

Fenton’s Reapent

Various vendors imolement the chemical oxidation remedial technology using Fenton'
Reagent using somewhat different methods. Some vendors, but not all, add a ferrous sulfate
solution or equivalent while others rely on native iron in the formation. Most vendors add
various amounts of dilute acid to lower the pH, and add hydrogen peroxide solutions
through injection points/wells. Hydrogen peroxide concentrations used vary from about 6
percent to as high as 50 percent. At many sites, the introduction of Fenton’s Reagent using
high concentrations of hydrogen peroxide has resulted in the formation of steam that has
come to the surface and buckled the asphalt paving. Explosions are possible and have
occurred at sites where higher concentrations of hydrogen peroxide were used. Also, VOC

vapors may be created in the unsaturated zone. The implementation of this remedial
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technology requires a high level of field personnel training, a high level of activity at the site,
and the careful handling of high strength hydrogen peroxide. In addition, if free phase
product is present, then larger quantities of the oxidizing agent are required and the

operaton of the techiology may become cost prohibitve.
Permanganate

Permanganate (including potassium or sodium) has largely been used for chlonnated
ethenes, and is not generally selected for hydrocarbons. However, it will react with
BTEXSN. Potassium permanganate requires highly trained personnel for handling, and
requires 2 hopper and mixing equipment in order to create the proper solution prior to
injection into the subsurface. The solutions can be explosive if not handled correctly.

Sometimes, persulfate is added with permanganate to enhance performance.

Implementation of i sodium permanganate system is accomplished with an aqueous
injection system into the subsurface. Sodium permanganate is shipped as a liquid in drums,
usually as a 20 percent solution. It is usually diluted in a tank at grade surface and, delivered
and metered into water injection wells. It is slightly more expensive than potassium
permanganate, but is more soluble and easier to apply. One other issue with permanganate
is that it will leave high levels of manganese dioxide in the ground. This is not necessarily a
problem, as much as 1 perception issue, since manganese is a regulated substance. Another
concern that frequently arises with the implementation of this technology is that a build up
of manganese dioxide may clog the aquifer; however, this would not likely to be a problem

because of the permeubility of the soil matrix (namely, the fill material) at Parcel B.

Typically, the additior: of sodium permanganate would be made in batches at a frequency of
one batch per week, and subsequendy decreasing to one per month. Afier the first few
additions, additional vrater would be added following injection of the permanganate to push

the reagent further out into the aquifer. Activities could take place in a small shed on-site to

reduce visibility to the public.
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Ozone is another type of oxidant that could be used. Ozone is typically generated on site.
The generator could be placed in a trailer or small shed. Ozone can be sparged or dissolved
in water and injectec| into the subsurface. If the ozone is sparged, there could be concerns
about vapors migrating into the facility unless a soil vapor extraction system was used in
conjunction with ozone sparging. If the ozone is dissolved in water, the injecton
system/process would be similar to that used for chemical oxidation with sodium

permanganate or in-situ bioremediaton.

In order to enhance wreatment times or ozone utilizaton efficiencies, a groundwater
recirculation system could be used. As desctibed previously, the groundwater downgradient
of the treatment ares is pumped to the surface, contaminants are removed, ozone may be
added in the dissolved phase, and reinjected upgradient or in the middle of the treatment
area. While this may be appropriate in some locations, the pumping, treating and reinjecting

of the groundwater is problematic at Parcel B, since there is limited available space on site.
-Well Air Stripping

In-well air strpping is similar in theory to air sparging, where air is injected into the
groundwater; however, with in-well air stripping, the air is injected into the formation at such
a rate as to volatilize the VOCs within the well. The volatilized VOCs are subsequently
captured and treated at the surface. There are several variations on the basic concept. In
one method, the air is injected into wells that have been screened at two locatons. The
lower screen is set in the groundwater, and the upper screen is located either in the vadose
zone or the saturated zone. The groundwater is aerated within the well, and the VOCs
volatilize within the wrell, travel up through the aquifer, and the vapors are drawn off by an

in-well vapor extraction system. The vapors may then require treatment above the surface.
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Horizontal ys. Vertical Well Installation

The radius of influeace of vertical injection wells for in-situ bioremediation and chemical
oxidadon, while highly dependent on the subsurface conditions, typically range from 10 to
20 feet. (Some sites have achieved a radius of influence up to as high as 100 feet, although
this is not typical.) This means that in order to address areas under the building, numerous
vertical wells would have to be installed through the floor slab inside the building. A
preliminary calculaticn shows that, most likely, approximately 25 wells would be required.
Also, a vertical well injection system would require the installation of a header system inside
the building either in the floor slab or overhead. Therefore, the use of horizontal wells for

this site 15 recommended.

Horizontal drlling cen be performed adjacent to and outside of the building. The borng
head is directed into the subsurface under the building and can be directed, to some degree,
around obstacles, The drll bit is outfitted with a radio transmitter and the exact locaton can
be tracked from the surface. Typically, a daller would monitor the drill bit location directly
above it at the surface. However, if access to the building is not available, the drill bit
location can be tracked remotely from outside the building. A horzontal well can
completely span the distance under the building, or it can extend to the desired location and
partially span the distince under the building. Once the boring is completed, a well casing is
installed. Then, the appropriate delivery system can be installed at the desired locations. If,
in the future, the loczdon of the delivery system needs to be modified, the locations can be

adjusted relatively easily.

The drill rig that is usad is smaller than a conventional drill rig. Generally, a lay down area of
approximately 20 feet by 30 feet is required for the rg operatdons. An additional area of
approximately 10 fect by 30 feet 1s required for the support trucks. Also, the drilling
operations schedule could be adjusted to fit the project needs. Drilling contractors can

operate at night or on weekends in order to limit disruption to facility operations,

While the drilling ass=mbly can be steered to predetermined points in both the vertical and
horizontal plane, it should be noted that a thorough utility Jocation effort is required and
3-10
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also, information regarding the foundarion system is necessary. If this informaton is not
available, a field investgaton to obtain as much site informadon as possible would be
beneficial. Historical maps show that it is possible that structures relating to the former
MGP operations may be present in the subsurface at the site. If these structures are
encountered during crilling operations, the well installation layout may have to be revised to
accommodate these structures. It may be possible to dall through the former MGP
structure depending on the condition and the types of materal used for constructnon. Also,
the presence of the structures may provide preferential pathways for air or oxidants, and may

reduce treatment efficiencies.

The wells would run the length of the building since access is limited behind (by the railroad)
and in front of the building (along Commercial Street). A conceptual layout of the injecton
wells and the SVE extraction wells is shown on Figure 3-1. In order to minimize costs, it
may be possible to install vertical wells along the front of the building where the treatment
area extends beyond the footprint of the building. So, the most appropriate well
configuration may be a combination of horizontal and vertical wells. The injection wells will
be placed in the upper portion of the Silty Fine Sand deposit as shown on Figure 3-2. This
positon is approximately 8 to 10 feet below the groundwater table. The SVE wells will be
placed in the Fill marerial, approximately 5 feet below the building slab. The exact depth of
the SVE wells may be modified based on informadon obtained regarding the building
footings, etc. Pre-design field testing will be conducted to obtain site specific information
that would be used to develop design patameters. The results of the testing would be used
to calculate parameters, such as, well spacing, well placement, well piping design, flow

pressures and flow rales,

The final design of the honzontal well system will be dependent on site specific conditions,
including the location and type of the building foundation system, underground utilides,
former MGP manufacturing structures, etc. If, after a site field investigation is conducted, a
determination may be made that horizontal well installation may not be feasible due to the
presence of subsurface structures, utilities or other obstructions. A re-evaluaton of the

project may be required at that time.

i-n
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3.3 INITIAL SCREENING OF GROUNDWATER TREATMENT
TECHNOLOGIES

As stated above, the initial screening of groundwater treatment technologies was conducted
in accordance with requirements of the MCP and in consideration of the site-specific
conditions identified in Section 3-1. Some technologies that are generally applicable to the
contaminants and hydrogeologic conditions are not implementable at Parcel B and, therefore

were eliminated in the technology screening. The screening is presented on Table 3-1.

The groundwater technologies that were retained for further evaluation ate listed below.
They include:

* Air Sparging
* Biosparging
» Chemical Cxidadon Using Ozone

3.4 DEVELOPMENT OF REMEDIAL ACTION ALTERNATIVES

From the results of the inital screening, the technologies that were retained provided a basis
for the development of remedial action alternadves. The alternauves were intended to

provide a range of treatment options for evaluation apainst the crtena in the MCP
(310 CMR 40.0858).

Each of the technolcgies listed above will become a potential remedial alternative for the
treatment of groundwater at Parcel B. In addigon, there are several other aspects of a
remedial alternative that must be considered in order for the alternative to address site
specific characteristics. At this portion of the Site, there are several issues that must be taken
mnto account. They are the occupied building that is located on Parcel B, and the

management of the :migration of vapors into the building to address concerns regarding
potential exposures tc facility employees.
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The presence of the building poses inherent restrictions on the location of the installaton of
vertical wells. Since the building is currently in use for bakery operations, there is process
equipment located throughout the building that would preclude the installanon of vertical
wells in many areas. Also, there are concerns that penetrations of the existing floor slab
would increase the potenual of migration of vapors into the building. As discussed in
Section 3.2, the remedial alternatives will be developed udlizing the installation of horizontal
wells for each of the technologies. In addition, where appropriate, consideration was given
to the installation of vertical wells or injection points outside the footprint of the building
where these wells/injection points would enhance the performance, effectiveness, timeliness,

etc., of the selected treatment technology.

Another consideratdon for the development of the alternatives is the potental for the
creation and migraton of vapors into the building. Since recent Release Abatement
Measures have been conducted with limited success, the inclusion of a vapor management
system would be prudent. Therefore, it was conservatively assumed that an SVE system
would be installed with whichever remedial action alternative is selected. Even though
bioremediation is the mechanism for reduction in one technology (biosparging), benzene is a
volatile compound and will most likely undergo some volatlization with the introduction of
air or oxygen to th: subsurface. This being the case, in the detailed evaluaton (in
Section 4.0), the remedial alternatives (with the exception of Alt-1, No Further Action) were

evaluated with SVE as a component of each alternatve.

Based on the results of the initial technology screening and given the considerations listed
above, several remeclial actdon alternatives were developed. In addidon, a No Acton

Alternative was included to provide a baseline for comparison to other alternatives. They

are:
e  Alternative | — No Further Action
* Alternative 2 — Air Sparging with SVE
* Alternanve 3 — Biosparging with SVE
* Alternative 4 — Chemical Oxidation using Ozone with SVE
3-13
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3.4.1 No Further Action (Alt-1)

This alternative would include no further remedial measures to address groundwater and soil
vapor impacts at Parcel B. This alternanve would include annual monitoning of the
groundwater. This alternatve is included in the Detailed Evaluation of remedial acton

alternatives to provids a baseline for comparison to other alternatives.
3.4.2 Air Sparging with Soil Vapor Extraction (Alt-2)

This alternative consists of air sparging of the groundwater beneath the building. As
previously discussed, vapor management is an issue at Parcel B. Since this technology
utilizes a phase transfar mechanism and the contaminants will go from a dissolved phase to a
vapor phase, an SVE system will be a component of this alternative. When air sparging is
combined with SVE, the SVE system creates a negative pressure in the unsaturated zone
through 2 series of extraction wells that are intended to control the vapor plume migration.
The vapors are then treated in an on-site facility and discharged to the atmosphere. A
description of the air sparging system is included herein. A description of the SVE system is

included in Section 3.4.5.

An air sparging syster will include a series of horizontal wells installed below the water table
for the purpose of delivering the air to the subsurface. The horizontal wells will be
connected to manifold piping that runs to a compressed air system housed in 2 shed or a
trailer in a convenien:; location on site. The air delivery system will also include monitoring

and controls in order to fine tune the system for optimum performance.

In preparing a conceptual design of an air sparging system, the two major factors that
determine the effectiveness of air sparging are the vapor/dissolved phase partitioning of the
constituents and the permeability of the soil. The combined effect of these two factors
determines the rate at which the constituents will be removed. These factors also influence

the placement and number of air sparge points required to sufficiently reduce the
concentranons.
3-14
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Other patameters are involved in the design of an air sparging system. These includes the

well spacing, the air sparging flow rate and sparging air pressure, and methods to evenly
distribute air along the length of the horzontal pipe.

The design for the spacing of the air sparging wells is determined based on a calculated
radius of influence (ROI). The ROI is the distance from the air sparging well at which
sufficient air flow and pressure are present to facilitate the transfer of constituents from the
dissolved phase to the vapor phase. The ROI is used to determine the number, spacing and
location of wells. The ROI depends primarily on the hydraulic conductivity of the aquifer
and physical properties of the soil, including permeabilities, and the layering of soils of
varying permeabilities, Often, the ROI is determined from field testing. For this report, the
ROI was calculated from available data in the Phase II — Comprehensive Site Assessment.
For the final design, the ROI will be calculated on site dara obtained dunng a pre-design
field testing program. (A description of the field testing program is included in Section 5.5.)

Empirical data from prior air sparging projects indicate that the radius of influence of
vertical wells can range from 5 to 100 feet (USEPA, 1992} but is typically less than 25 feet.
The use of horizontal application wells is likely to increase the efficiency of air distribution
by a factor of five over vertcal wells (Looney, et. al,, 1991). One case study reported by
USEPA (1992) at the Savannah River site reported an average “distance of influence” of 10
to 15 feet for honizonal wells. Despite this rather large range of well spacing reported in the
literature, it is clear that the acrual distance of influence is highly dependent on the intrinsic
permeability of the scil (USEPA, 1995). The intrinsic permeability can be estimated from
the hydraulic conductivity of the soil by the relationship;

K =K(u/pg)
Where: k = intrinsic permeability (cm?)
K = hydraulic conductivity (cm/sec)
u = water viscosity (g/cm-sec)
= water density (g/cm’)
= acceleration due to gravity (cm/sec’)
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Hydraulic conductviy data were reported in the Phase II report for three monitoring wells
at the Site (B3-OW, B503-OW, B303L-OW). Two of the wells were screened in the Fill
material and one in the underlying silty sand. Since the application of air sparging will be
primarily within the upper portion of the Silty Fine Sand layer (refer to Figure 3-2), the
reported hydraulic conductivity from this layer of 7 x 10 cm/sec was used to estimate the
intrinsic permeability. Using default values for the properties of water (i.e,, at 20 degrees C),
this calculation resulted in an intrinsic permeability of 7 x 107 em’, which is within the lower
portion of the range considered “generally effective” by USEPA (1995).

Based on a review of the soil descriptions for this area, the permeability of the overlying soils
(Upper Sands) and Fill, is likely to be at least an order of magnitude greater than the Silty
Fine Sands, and thus even more conducive to this application. For this conceptual design,
the selection of 2 30 foot spacing assumes a radius of influence of approximately 20 feet with
a five foot overlap. This assumption appears reasonable considering the nature of the soil
beneath the building, and the use of the more effective horizontal wells. Final well spacing

will be determined from the results of the pilot tests that should be conducted pror to final
design.

The air sparging flow rate is the rate required to provide sufficient air flow to enhance the
mass transfer in the szturated zone. This is usually determined based on pilot-testing results.
Intermittent opetation of the air flow system sometimes provides better distributon and
mixing of the air in the vadose zone and contact with the dissolved phase COC’s, and
therefore enhanced performance of the system. For this report, the conceptual design was
based on a typical average air flow rate of 1.0 scfm per foot of slotted pipe (750 scfm total).
The slotted pipe was assumed to be installed in the area defined by the groundwater plume,
as shown in the Phasz I Report, and as shown on Figure 3-1, In order to prepare a final
design, field testing would be required and the design of an air sparging system would be

based on actual site dzta, if this alternative were selected.

The sparging air pressure is the pressure at which air is injecred into the subsurface. In order

to overcome static heed pressures and the head due to capillary forces of the water in the soil
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pores, the air spargicg pressure must be greater than the sum of these pressures. Typically,
systems operate at 10 to 15 psig. For this report, it was assumed that a system would
operate in this range. For a final design, this air pressure would be confirmed based on pilot
testng.

3.4.3 Biosparging vrith Soil Vapor Extraction (Ah-3)

Biosparging is a technology that is very similar to air sparging, with regard to mechanical
delivery systems. This technology pumps air (and if needed, nutrients) into the subsurface in
a well and manifold piping system similar to the configuration described above for air
sparging. The majo: difference is that biosparging relies on biological activity to reduce
contaminant concentrations in the groundwater, in the soil below the water table and in the
capillary fringe. Biosparging utilizes lower air flow rates that are more suirable for
promoting biological growth. When volatile compounds are present, there will also be some
degree of volatilization that will occur. Generally, air injection rates used in biosparging are
low enough so that vapor migration is not a major issue. However, to be conservanve, as

with the other alternatives, SVE was included in this alternative for vapor management.

The components of a biosparging system include a seres of horizontal wells that will be
installed below the water table for the purpose of delivering the air to the subsurface. The
horizontal wells will be connected to manifold piping that runs to a compressed air system
housed in a shed or wailer in a convenient location on site. The air delivery system will also
include monitoring ard controls in order to fine tune the system for optimum performance.
If nutrients are required, a nutdent delivery system will be included. This would be
determined in a pilot study. For this report, it was assumed that a nutrient delivery system

would not be requirec!.

The mechanical components of a biosparging system are very similar to an air sparging
system, and the layout and well spacings are similar. For this report, it was assumed that a

well spacing of 30 feet, the same as for air sparging would be adequate. The layout is shown
on Figure 3-1.

317
P:;'-."_T"-.ZITEE"-.FocLud Fegsibility Sudy' RAPOG1903(rem_sct_pln_addendm) DOC
T1,72003



Other site-specific pzrameters that are factors in the design of a biosparging system are the
soil structure and stratification, the temperature and pH of the groundwater, the microbial
population density, nutrient concentrations, and the concentration of iron dissolved in the
groundwater, For the conceptual design included in this reporr, available data from the
Phase II — Comprehensive Site Assessment was used. If this alternative were selected, then
additdonal effort would be required to confirm these site parameters prior to preparing the

final design.

The air flow rates for biosparging systems are typically around 0.5 scfm per foot of sloned
pipe and the total flow rate is esumated to be 375 scfm. As with air sparging systems,
intermittent operatiori of the air flow may provide better distribution and mixing of the air in
the saturated zone. The air pressure in the system should be maintained at a similar pressure
as air sparging. The air pressure should be greater than the static water pressure and the
head due to capillary forces of the water in the soil pores. Typical systems operate at 10 to

15 psig. This pressure range was assumed for this project.

Typically, the SVE svstem is started up first, before starung the biosparging system. This
will remove the VOCs already in the vapor phase and increase the oxygen the vadose zone.
Thus the VOCs reaching the vadose zone will be degraded to their full potential. Also,
starting the SVE system prior to the biosparging system will avoid creating positive air
pressure under the building, which could increase the potental for vapor migration.

3.4.4 Chemical Oxidation Using Ozone with SVE (Alt-4)

The chemical oxidation system would include the application of an oxidizing agent to
chemically degrade the contaminants. For this application, ozone would be the oxidant of
choice because it could be delivered in gaseous form via honzontal wells and would have a
greater radius of influence than the liquid oxidants. Ozonation has documented

effectiveness for degradadon of BTEXSN compounds.

Ozone would be applied to groundwater in a horizontal well system similar to an air sparging
system or biosparging system. With ozone sparging, the VOCs could volatilize and
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potentially migrate inside the buildings. Therefore, as mentoned earlier, an SVE system
would be installed to control migraton of vapors. The well spacing was assumed to be
consistent with the other alternatives for this report. A field study would have to be

conducted in order to determine the optimum spacing,

Ozone gas can oxidize contaminants in two ways, either directly or through the formation of
free radical intermediates. The oxidation reacton can occur rapidly. Due to ozone’s high
reactivity and instability, ozone must be generated on site. This eliminates the storage and
handling problems associated with other oxidants. Typical application rates of ozone range
from 1-10 Ibs per pound of contaminant. It has been documented that moderate ozone gas

saturation in the subsurface achieves treatment effectiveness for similar sites,

The equipment necessary for ozone groundwater treatment include ozone generation
equipment, a horizontal well system for injection, and vapor extraction and treatment. The
ozone could be generated on site and the application system would operate mechanically,
which would reduce the manual labor requirements typically associated with chemical
oxidation application. Ozone has a very short life span and since there may be a
contaminant area of concentrated contaminaton area under the building, ozone may need to
be applied over a long time frame. Groundwater monitoring would be conducted to

determine the effectiveness and duration of operation of chemical oxidation.
3.4.5 Soil Vapor Extraction (SVE)

As mentioned previously, Alt-2, Alt-3, and Alt-4 would include the installation of an SVE
system. The purpose of this system would be to capture the vapors that are generated from

the groundwater treatment system.

For this system, a vicuum 1s applied by a pump or blower, through the horizontal wells in
the unsaturated zone. The vacuum induces gas flow through the soil toward the wells. The
removed vapors are treated in a vapor treatment system located on-site, before the air is
discharged to the atmosphere. Typical components of an SVE system include manifold

piping, extraction wells, control valves to adjust flow, vacuum blowers and controls, pressure
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gauges and flow mevers, an air water separator, and a vapor treatment unit. A conceprual

layout of a soil vapor extraction system piping is shown on Figure 3-1.

The design of a vapor extraction system is based on the radius of influence. The radius of
influence is the extent of measurable vacuum in the subsurface dunng vapor extracton.
Vapor extraction systems should be designed based on providing adequate air flow to
achieve remediation goals over the target area and should also account and provide for
deviations in performance due to site specific conditions. The final design should be based
on data obtained from field smdies.

The SVE system should have a greater flow capacity and area of influence than the
biosparging system. SVE extraction systems generally have extraction rates 1.25 to 5 times
greater than the bicsparging rate. Of note, a review of the facility HVAC should be
conducted prior to the design of the SVE system in order to avoid possible interference of

the operation of thes: two systems.
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TABLE 3-1

SCREENING OF REMEDIAL TECHNDLGGIES:
FOR GROUNDWATER REMEDIATION

FORMER MALDEN MGP SITE
MALDEN, MASSACHUSETTS
Applicability 1o
Treat or Contain Retain?
Technology COCs Comments (Yes/No)
In-Situ Technologies
Adr Sparging + Can be effecuvely implemented to Yes
reduce BTEXSN concentrations
Enhanced No
Bioremediation
Hydrogen Peroxide +/- Other bioremediation techniques
Injection would be more effective at this site.
Biosparging + Successfully implemented at other sites Yes
to reduce BTEXSN,
Fenton’s Reagent % This technology requires high level of No
operator training and site maintenance
activities due to the materals
management procedures necessary for
handling these chemicals. Also, this
technology is difficult to implement in
a horizontal well system and a vertical
well injection system is not feasible at
Parcel B.
Permanganate +/- This technology requires high level of MNo
operator training and site maintenance
acuvities due to the materals
management procedures necessary for
handling these chemicals. Also, this
technology is difficult to implement in
a honzontsl well injection system and a
vertical well injection system is not
feasible at Parcel B.
Ozone + Can be effecuvely implemented to Yes
reduce COCs wia a horizontal well
system.
In-Well Air Stripping + This technology requires the Mo
installation of closely spaced vertical
wells, which is not feasible at site due
to physical constraints (i.e., building).
Notes:
(+) Better, (+/-) Average, {-) Worse
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4.0 DETAILED EVALUATION OF REMEDIAL ACTION ALTERNATIVES

This section presents the detailed evaluation of the remedial action alternatives for Parcel B

that were developed from the technologies retained after initial screening. The detailed

L]
evaluation provides a basis for the selection of a recommended remedial action alternanve.

The criteria used in the detailed evaluation ate included in the MCP (310 CMR 40.0858) and
]

are as follows:

Ei@ﬁm;sf;a - The effectiveness of the remedial action alternatives is evaluated in
terms of: ‘
- achjeving]g a permanent solution;
- reusing, ' recycling, destroying, detoxifying, or treating oil and hazardous
matctial': and »
- achi&vin% or approaching background concentrations.
f

M—-Ihc short-term and long-term reliability of the remedial acton
alternatives is evaluated in terms of:
f
- degree -::-f certainty that the alternative will be successful; and
- effecﬁw‘;ﬂess of measures required to manage residues or dischatges to the

|
ENViIronment.

Difficulty jn Implementation - The difficulty in implementation of the remedial
action alternatives is evaluated in terms of:

- technicil complexity;

- integration with existing site operations and conditions;

- monitoring, maintenance, or operation requirements;

]
- availability of services, materials, equipment, or specialists;

4-1
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- availability of off-site treatment, storage and disposal facilides; and
- compliance with regulatory requirements, approvals, permits or licenses.
)
Cost - The factors to be considered in the evaluation of this criterion include the

capital and long-term operation and maintenance costs for each alternanve.

Risks - The Iusks of the remedial action alternatives are evaluated in terms of:

- long- aj:nd short-termn  risks to health, safety, public welfare, and the
envi.rnm;ncnt associated with the implementation and operatdon of the
alternative; and

- potennal risks to health, safety, public welfare, and the environment associated

|
with the|residual remaining on site after the alternative is implemented.

Benefits - the benefits of the remedial action alternatives ate evaluated in terms of:

1
- restoration of natural resources;

- prowiding for the productive reuse of the site;
- ﬂvoided; cost of relocating businesses, people or providing alternative water
supplies; and

avoidea] Yoss value of the site,

Timeliness - The timeliness of the remedial action alternative is evaluated in terms
|
of eliminating uncontrolled area of concentrated contaminations and achieving a

level of no significant risk.
i
|
|
Non-Pecuniary Interests - The remedial alternatives are evaluated in terms of the

relative effect of the non-pecuniary interests such as aesthetic values.

The results of the dc%nile:d evaluation for the alternatives are presented on Table 4-1.

4-2
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4.1 EFFECTIVENESS

Alt-1 (No Further Action) would not achieve a Permanent Soluton, does not treat or
destroy the contamirants, and would not achieve or approach background levels. This
alternative would rely on natural biodegradation of the contaminants. Alt-2 (Air Sparging),
Alt-3 (Biosparging), arizd Alt-4 (Chemical Oxidaton) would effectively treat the contaminants
and achieve a Permanent Solution. However, the timeframe to achieve a Permanent
Solution is uncertain jbecause the potential area of concentrated contamination is not well
defined and cannot be directly accessed. Published data has shown these technologies to

successfully treat the 1ypes of contaminants present at Parcel B.
L]

{
42 RELIABILITY!

Ale-1 would not successfully achieve the remedial action objectves since no treatment would
be conducted. Also, ‘this alternative includes no measures to manage residues or discharges
to the envimnmcnt.s For the remaining alternatives, the rehability of the treatment
mechanisms has been shown to be effective for many sites with the types of contaminants
present on Parcel B. For this application, the reliability of the alternatives is more dependent
on the ability of the l:lorizontal well injection system to deliver the air, nutrients or ozone to
the treatment area. The building is located over the majority of the groundwater plume and
access through the bt;:ild'mg is not feasible. Therefore, as previously mentioned, 2 horizontal
well system is the most appropriate delivery system for this application. It has been reported
in some cases, hnriz-:;ntal wells provided more surface area for sparging than a vertical well
and provided uniforsh pressure throughout the length of the well.
{

With regard to the eifectiveness of the measures required to manage residues or discharges
to the environment, the three treatment alternatives include an SVE system that would
extract the vapors and provide on-site treatment. So, the only discharge to the environment
would be treated ai.:l; from the SVE system. Therefore, for this category, these remedial

alternatves are rated as good.

)
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4.3 DIFFICULTY IN IMPLEMENTATION

Alt-1 is No Further Action, therefore, there is no technical complexity.

Alt-2 would require the design and installation of an on-site blower station, horizontal well
Injection system, and 1a vapor extraction and treatment system. The horizontal well system
would have to be designed to not interfere with subgrade uudlities, the foundaton structure
of the building and p:::-ssibl].r historical MGP manufacturing structures. Field testing prior to
the design would be riecessary in order to determine well spacing. Monitoring would also be
required to assess the effectiveness of the alternative. O&M requirements would include
maintenance for pro_i:er functioning of the horizontal injection well and extracton well
systems, and the I:rlqlnwer station. There is sufficient availability of services, matenals,

r
equipment and speciaﬁ]jsts for implementation of this and the other two altematives.

Alt-3 and Alt-4 would require similar design actvides as mentoned above. For Alt-3, field
testing would be rquui:ed to determine if the addition of nutrients would be required to
enhance the performance of the bioremediation of the contaminants. In addition, the
determination of the lesell spacing would need to be calculated based on field studies. The
system could be integrated with existing site operations and conditions. O&M requirements
would include maintelnance for proper functioning of the horizontal injection and extraction
well system, the blovrer station and the nutrent injection system, if necessary. For Alt-4,
installation of an ozone generating station would require more highly trained field personnel.
O&M requirements ';.imujd also include maintenance for the injection and extraction well
system, and an on-site ozone generation staton. O&M activities would be more intense
with this alternauvel As with the other systems, this treatment alternative could be
integrated with existing site operatons and conditdons. For this category, Alt-2 and Alt-3
were rated as good mlld Alt-4 was rated as fair.

4-4
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4.4 COSTS

i
The cost estimates for the remedial action alternatives are presented in Table 4-2 through
4-5. The following it a summary of the capital and present worth cost esumates for each of

the alternatives,

1
[}

= =i = ==

! Estimated Estimated Total Total
Remedial Alternatve Capital Cost Present Worth of

] O & M Costs

|
Ali-1 — No Fuarther Action $0 $440,000 $440,000
Alt-2 — Air Sparging with SVE $900,000 $100,000 $1,000,000
Alt-3 — Biosparging wit}': SVE $840,000 $130,000 $970,000
Alt-4 — Chemical Oxidation using $1,100,000 $100,000 $1,200,000
Ozane with SVE

|
4.5 RISKS i

Alt-1 does not have '.‘;hon-tcrm risks associated with implementaton, since there would be
no implementation. The long-term risks to human health would be the exposures from the
potential migration cif VOCs into the building. Risks to the environment would be the
potental migration of the contaminant plume. Since this alternative does not include

treatment, the contamination would remain for a considerable imeframe and could pose a
|

|

The short-term risks for Ale-2, Ale-3, and Alt-4 would be the limited potennal exposures to
soils from cuttings during the installadon of the horizontal well system. Since the

long term nsk.

groundwater would :Tlm be extracted, the potential for exposures to the groundwater is
minimal. For h]t=4,:there is the potential for exposures to ozone gas, if leakage occus.

However, ozone has 2 low odor threshold, lower than concentrations at hazardous levels.

|
For Alternatives Mt—?q, Alt-3 and Alt-4, monitoring would be conducted to assess the extent
of treatment, the extent the alternatives are expected to reduce groundwater contamination

levels, and the rsks associated with any residuals remaining on Parcel B would be minimal.

4-5
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A Health and Safety Plan (HASP) would be prepared to identify hazards associated with the
implementation and ~f::rl:uv.-rat:bc:n_-t of the selected treatment system. The HASP would include

health and safety prt}ccdures designed to reduce the risk posed to site workers and others

through treatment completion.

4.6 BENEFITS |

Alt-1 does not accorr;'lplish the restoration of the sites within a reasonable time frame. Alt-2,
Alr-3, and Alt-4 wnuid lower the concentrations of contaminants in the groundwater and,
therefore would enhance the restoration of the property. Parcel B is currently being used as
a commercial bakery facility and, implementation of the alternatives would not affect these
operations since m-:i;ite blower operatons and a treatment equipment building could be
located in a non-obtrusive location. Also, the implementation of the alternatves would not
require relocation of the Parcel B commercial facilities. In addition, Parcel B is serviced by 2
public water supply svstem so the installation of the remedial alternatives would not require

alternative water supplies. The remedial alternatives would not reduce the current value of

|
the property.

i

4.7 TIMELINESS |

Ale-1 would require the longest time frame to achieve the remedial objectives, since it would
rely on natural degradation of the contaminants, Alt-2, Alt-3, and Alt-4 include treatment of
the area exhibiting the highest concentrations of constituents. Most likely, Alt-4, treatment
by chemical oxidatto:L with ozone, and Alt-2, air sparging would probably require the
shostest timeframe. It was estimated that these treatment durations would be 3 years. Alt-3,
biosparging, would n:mét likely take the longest timeframe. It was estimated that the
treatment timeframe would be 5years. Since this alternative relies on biological

mechanisms, the remedial imeframe cannot be estomated with certainty.

k]
1
]
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4.8 NON-PECUMIARY INTERESTS

Alt-1 would not have any effect on non-pecuniary interests. The remaining treatment
alternadves would all require the installation of the horizontal well systemn and a treatment
equipment building needed to house equipment. The treatment alternatves would also
require personnel to operate and monitor the treatment equipment and the effectiveness of
the remedial alternative. This means that there would be equipment located on site and field

personnel on-site on a periodic basis to conduct O&M actvides.

o R ————— . e ——— o — T . - i e . b
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TABLE 4-3
ALTERNATIVE 2: Ait Sparging with SVE
COST ESTIMATE
FORMER MALDEN MGP SITE
PARCEL B
. Malden, Massachusetts
Capiral
: NSTALLED
ITEM' ; NOTES' | UNIT° | QUANTITY' | UNIT COST* e
Mobilization and Demoblization 4 Ls 1 $5,000 $5,000
Sive Preparation ] 3 Ls 1 $3.000 $5,000
Horizontal Well Installation ] 6 LF 2520 5140 $352,800
Treatment eguipment enclosure 1 7 Ls 1 $5,000 §5,000
Instrumentation, Electnical, and Controls ]' 8 15 1 $20,000 $20,000
Air Sparging System 1
Blower | 9 EA 1 $6,000 $6,000
Manifold Piping 10 LF 150 $8 $1,100
Solid Honzoneal Well Pine 1 1n LF 510 $3 $1,300
Slorted Hormzontal Well Pipe i 12 LF TS0 $20 $15,000
Uility Vaults ] 13 EA 4 $2,000 §8,000
Soil Vapor Extraction System |
WVacuum Pump i 14 EA 1 §73,000 $73,000
Vapor Control and Treatment System (Activared Carbon) 15 EA 1 56,000 £6,000
Manifold Piping i 10 LF 460 §13 §6,000
Solid Homeontal Well Fipe 11 LF 510 $3 £1,300
Sloreed Horizontal Well Pipe 16 LF 750 §6 §4,100
Dralicy Vaules 13 EA G $2,000 $12,000
Vertieal Exteacrion Wells ' 17 JER 5 $1,500 §7,500
System Start-up and Oprmization 1 15 Ls 1 £5,000 §5,000
Miscellaneous ]. %o 23 $133,500
i; SUBTOTAL $668,000
Engineenng Design & Reporting l 19 o 15 $100,200
Project/ Construction Mangement , U 10 $66,800
Cantingency |; U 10 $66,800
| TOTAL CAPITAL COST $900,000
I
|
|
|
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_ Operation and Maintenance

TABLE 4-3
ALTERNATIVE 2: Air Sparging with SVE

COST ESTIMATE

FORMER MALDEN MGP SITE
PARCEL B
Malden, Massachusetts

O&M ANNUAL PRESENT
ITEM' TES’ UENCY
it pERIOD | TR CosT WORTH?
Chearterly Monitoring ' 20 3 Quarterly $3,500 $40,000
Casbon Changeouts : 21 3 Quarterly §500 $5,700
Plant Operations and Equipment Replacement 28 3 Annually $20,000 §56,600
I
5 TOTAL PRESENT WORTH ___ 5100,000

DBotes;

a: [terns ared quanbbes included in this estmate ase based on prelimunary system designs for the purpose of the Phasge {11 Detaled Evaluadon and may change based on
I

systemn design

b Motes are presented in the pages following

'
the east tables.

e L5 Lump Sum, LF: Linear Foor, 8Y: Squafe Yard, CY: Cubaz Yard

o Urut costs represent Year 2003 dollazs and '_:u estimated based on cost esimatng guidances 2nd Brown and Caldwell experience.

f. Installed costs are rounded o the nearest Fundred, subtotals are rounded to the nearcst thousand, and totals are sounded to the neeest ten thougand,
|

. Inscalled costs are rounded wo the nearest I:'Iumudmd, subtotals are rounded to the neasest thousand, and totals are roended 1o the nearest sen thousand.

F D&M Penosd refers to the esemated monitring time for the remedial option. These timeframes are estimates and actual operting wmes could be shorter or longer.
i Present worth estimates are based on extending the annual cost over the O&M penod a2 a discount rate of 3%,

PA"J\23728\ Foeused Feasibility Study',Cost Estimare
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TABLE 44
ALTERNATIVE 3: Biosparging with SVE
COST ESTIMATE
FORMER MALDEN MGP SITE
I
PARCEL B
Malden, Massachusetts
| . s " INSTALLED |
ITEM® NOTES® | UNIT* | QUANTITY* | UNIT COST* -
Mobilization and Demoblization ' 4 LS 1 $5,000 $5,000
Site Preparation ’ 5 LS 1 $5,000 $5,000
Horizonal Well Installation : G LF 2,520 $140 $352,800
Treatment equipment enclosure Fi 1s 1 §5,000 $3,000
Inscrumentation, Elecrrical, and Controls | ] LS 1 $20.000 $20,000
Air Sparging System
Blower | 22 EA 1 $3,000 $3,000
Manifold Piping 10 LF 150 $8 §1,100
Solid Honzonral Well Pipe . 1 LF 510 $3 $1,300
Slotred Horzontal Well Pipe f 12 LF 750 $20 $15,000
Utiliey Vaults i 13 EA 4 $2,000 $8,000
Soil Vapor Extraction System ]
Vacuum Pump & Controls 23 EA 1 $37,000 $37,000
Wapos: Conteol and Treaement System {Activated Carbon) 15 EA 1 $6,000 $6,000
Manifold Piping | 10 LF 460 $13 $6,000
Solid [Tonzontal Well Pipe 11 LF 510 £3 §1.300
Slotred Horizontal Well Pipe 16 LF 750 $6 §4,100
Utility Vaules 13 EA [ £2,000 $12,000
Vertical Extraction Wells 17 EA 5 §1,500 $7.500
System Start-up and Optimization 18 IS 1 $5,000 $5,000
Miscellaneous : % 25 $123,800
|
1 SUBTOTAL _ $619,000
Engineering Design & Reporting \ 19 % 15 §92,900
P'roject/ Construction Management { % 10 $61,900
Cantngency | % 10 $61,900
' TOTAL CAPITAL COST $840,000

SRR —— e
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TABLE 4-4
ALTERNATIVE 3: Biosparging with SVE
COST ESTIMATE
FORMER MALDEN MGP SITE
PARCELB
Malden, Massachusetts
Operation and Maintenance e
O&M ANNUAL PRESENT
b
i NOTES™ | pppigpt | FREQUENCY | oo WORTH!
Quarterly Monitoring 20 5 Quartetly $3,500 $64,800
Carbon Changeouts i 5 Quartedy §500 §9.300
Plant Operations and Equipment Replacement 28 3 Annually $20,000 $56,600
TOTAL PRESENT WORTH __ §130,000

Motes:

a: lterns anad quanmties included in this estiemzte are based on preliminary system designs for the purpose of the Phase 111 Detatled Evaluacon and may change based on

system design.

b: Motes are presenied in the pages following the cost tables,

o L5 Lump Sem, LF: Linear Foer, 5Y1 Square Yard, CY: Cubic Yard
d: Unit costs represent Year 2003 dollars and are estimated based on cost estimanng gusdances and Brown and Caldwell experience.
£. Installed costs zee rounded to the nearest bundred, subsotals are rounded o the nearest thowsand, and totals are rounded to the nearest ren thousand.

e:. Installed costs are rounded to the nearest undred, subrorsls are rounded o the neasest thousand, and totals are rounded o the nearest ten thousand.

£ O Perod eelers to the estrmated monitoning tme foe the temedial aption. These Gmeframes are esurmates and sctual operating dmes could be sharter ar longee,
g Present worth estimares are based on exterding the annual cost over the O&M penod at 2 discount rate of 3%,

P14 23728\ Focused Frasibility Snedy' Cast Estimate
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TABLE 4-5
ALTERNATIVE 4: Chemical Oxidation with SVE
COST ESTIMATE
FORMER MALDEN MGP SITE
PARCEL B
Malden, Massachusetts
O ANNUAL PRES
= b
ITEM i NOTES ILERICIDF FREQUENCY COST* WORTH"
Quarterdy Monitoring | 20 3 4 tmes, year §3,500 340,000
Carbon Changeouts | 21 3 4 urnes,/year $500 $5,700
Plant Operanons and Equpment R:plmﬁ'nenr 28 3 Annually $20,000 $36,600
'; ~—TOTALPRESENT WORTH 100,000

|

Mowes: '

. Ttems and quantities inchuded in this esomate ase based on prebmunary system designs (ar the puarpose of the Phase 111 Detadled Bvaluation and may change based on

spstem design. !

be Metes are presented in the pages following the cost rables.

© L5 Lump Som, LF: Linear Foot, 5Y: Squa_nlg Yard, Y Cole Yard
d: Unit costs represent Year 2003 dollars and s e estimated based on cost estrmating guidances and Brown and Caldwell experience.
. Installed cosrs ase rounded ro the neasess hundsed, subtotals are rounded to the nearest thousand, and rorals are sounded to the neasest ten thowsand.

e= Installed costs are rounded o the nearest hlmdred. subtotals are rounded 1o the nearest thousand, and totals are rounded to the nearest ten thousand.

f: Q&M Period eefers 1o the esumated monitoring eme for the remedisl opuon. These timeframes are estimates and actal operaung ames eould be shorter or longer.
& Present worth estimares ase based on extending the srnnual cost over the O&M penod at 2 discount rate of 3%

e ma o o ——— o ———— e ——— ——— e A ——
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5.0 SELECTION OF A REMEDIAL ACTION ALTERNATIVE
This secton presents a comparson of the alternatives evaluated in the detailed evaluation, a
feasibility evaluation. and the recommended alternative to address groundwater and soil
vapor impacts at Parcel B. The comparison of alternatives and selection of a remedial action

alternative are based on the results of the detailed evaluation.
|
]

|
In accordance with the MCP (310 CMR 40.0860), this section includes a discussion of the

evaluation of the fea?‘ibilirjr of

{

|
® Implementing a Permanent Solution;

|

® Reducing the concentraton of oil and hazardous material in the environment to

levels that -:;chiwe or approach background; and
|

® Reducing the concentrations of oil and hazardous material in soil at a disposal site

to levels at or below applicable soil Upper Concentration Limits.

5.1 COMPARISONM OF ALTERNATIVES

As shown in the demiled evaluation, Alt-1, No Further Acton, rated the least favorable for
most categories. WLle it is the least costly option, it does not reduce the contaminants in
the subsurface or the associated risks, It does not provide any benefits, nor does it assist in

the restoration of the aquifer within a reasonable time frame. Based on these factors, Alt-1

was not considered a viable alternadve for Parcel B.

The remaining alternatives were rated comparatively favorable for this application. These
technologies have be:n documented to reduce the COCs that are present and the evaluation
of the site geology was favorable for an in-situ treatment application. The costs for the
alternatives are comparable. Implementation of any of these three alternatives would

probably result in a successful reduction of COCs.

5-1
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There were slight disadvantages of one technology over the others relaung 1o
implementability. Alt-4 (Chem Ox) requires more intense training and higher level field
personnel to meet operational requirements. The equipment is slightly more difficult and
complex to install, operate and maintain. In additon, there is a limited potendal for
exposures to ozone by the field personnel. For Alt-2 (Air Sparging), while the volatilizaton
of benzene may be easily accomplished, the volatlizadon of naphthalene may not be
accomplished as easii}r. Since air sparing requires air flow rates twice as high as biosparging,
alr sparging equipmil_:nt and operational costs will be greater. Also, this trearment has a
higher potential to generate benzene in the vapor phase, since that is the treatment
mechanism. Considf_::rmg there is a concern for the potential migraton of vapors into the
building, this alternative is slighty less favorable than biosparging. Therefore, for this
applicadon, the one, alternative that was slightly favored above the others was Alt-3,
Biosparging with sw'ia.

5.2 FEASIBILITY ﬁF IMPLEMENTING A PERMANENT SOLUTION

The MCP (310 CMR 40.0860) requires a feasibility evaluation of implementing a Permanent
Solution only n caseis where the remedial action alternative is a Temporary Solution. The
recommended rcmed:iai action alternative is intended to address constituents in the indoor
air such that concenttations present after implementation of the remedial action alternatve
do not pose a signiﬁ-ll:ant sk of harm to health, safety, public welfare or the environment
during any Eo:eseea:ble period of time. However, since an area of concentrated
contamination in the'soil that is most likely contibuting to the groundwater and indoor air
contamination has nalt been identified, there is uncertainty as to the imeframe that would be
requited to reduce the concentrations to a level whete a No Significant Risk could be
demonstrated. The rémedy would be implemented under a Remedy Operation Status, but if
it became apparent t]:mt it is not feasible to reduce the concentrations in a reasonable time

frame, the remedy would be considered a Temporary Solutdon.
i

1

5-2
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5.3 FEASIBILITY OF ACHIEVING OR APPROACHING BACKGROUND

The MCP requires an evaluation of the feasibility of reducing the levels of concentrations of
oil and hazardous matedals in the environment to levels that achieve or approach
background when a remedial alternative is selected that constitutes a Class A-2, A-3, or A4
RAO. To achieve or approach background levels, current COC concentrations in
groundwater would have to be reduced and any areas of concentrated contaminations
impacting site gmunciwater would have to be mingated. As previously mentoned, an area of
concentrated L‘cmtanstinﬂtinﬂ of the groundwater contamination has not been definitively
located. It is presumed to be beneath the building. Groundwater sampling upgradient of
the building, north of Parcel B, indicated that the groundwater contamination is not from an
upgradient source. J[f an area of concentrated contamination was identified beneath the
building, excavation and removal of material 1s not feasible.
i

The objectve of the remedial action alternatives is to control risks associated with the
migradon of VOCs to indoor air. This objective can be achieved by reducing the
concentrations in groundwater or by collecting vapors with the SVE system. The SVE
systemn will have sante effect on the soil contaminant concentrations since this technology
can result in the mlzaﬁlization of contaminants in the vadose zone, but not the saturated
zone. However, without knowing the location of the area of concentrated contamination,
effectively reducing the concentrations in soil cannot be expected. The resulting impacts to
groundwater from tliue soil may persist for some time. Therefore, treating groundwater to
levels that achieve or!appmach background is not probable.

54 FEASIBILI'I"#' OF REDUCING CONCENTRATIONS IN SOIL TO BELOW
UCLs

The Phase II investigation for the site reported that soil COCs above UCL’s were not

detected on Parcel BI:. However, as stated above, the area of concentrated contamination of

the groundwater cor'tamination has not been definitively located and it has been presumed

that it is beneath the building. Soil sampling in borings drilled through the floor slab in

suspected locations has not located an area of concentrated contamination. At this point,
5-3
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further investigation .in an effort to locate an area of concentrated contamination is not
considered to be feaitble. Of note, some reduction of the COCs in the soil may occur in-
sit as a side benefit ';:tf the installation and operation of a SVE system, although it is not the
primary goal of that|system. Therefore, reduction of concentrations of COCs may occur,
but without lumwing" the locaton of the area of concentrated contamination, the feasibility
of reducing the con::enttatinns of a potennal area of concentrated contamination is not

|
predictable. |

|
5.5 SELECTION OF ALTERNATIVES
|

{
As mentioned in Secdon 5.1, the remedial action alternative selected for the site is Alt-3,

Biosparging with SV%E. The selection of the recommended remedial alternative was based
on the results of the -;demiled evaluation. The recommended remedial alternatve is expected
to achieve the remedial acton objectives set forth in Secton 2, and is technologically
feasible, as defined 113}' the MCP. However, the dmeframe in which treatment would be
required is uncertain. Therefore, potenually this remedial alternative could achieve a
Permanent Solution, however, that would be determined based actual field operations.
|

A conceptual design:ﬂf. the system prepared for this report assumed that three horizontal
delivery wells for biosparging would be installed and run the length of the building. The
biosparging wells wcni;ld be connected to manifold piping and a blower station located in the
southwest corner ofl the property. The wells would be screened in the areas where the
plume has been identified. If it is necessary that nutrients be added to the subsurface, the

required equipment vould be included in the system design.

1
|

The SVE system would include the installation of four horizontal wells in between the
biosparging wells. 'I'{he SVE would also be screened in the area where the plume has been
identified. In an effort to be more cost effective, the area in front of the building wvertical
extraction wells cc-u]t':] be installed. These wells would be located outside and adjacent to the
foundation of the building, The SVE extraction wells would be connected to manifold
piping and a vapor treatment system located in a shed or trailer on-site. The treated air

would be released to the atmosphere. In order to adequately capture the vapors under the

5.4
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building, the SVE system should operate at an air flow rate approximately four times greater
than the air flow rate of the biosparging system.

In addition to treatment, it was assumed that groundwater monitoring would be conducted
at the site. This would include sampling of five wells quarterly duning the operanon of the

treatment system (5 years was assumed).

Pdor to the final u:lesfign, field testing will be conducted to obtain site specific information
that will be used to calculate design parameters. A site specific field testing program will be
developed during the initial design activides. One option for determining the horizontal well
spacing is c:onducti.nil; a two part field test for use in designing the SVE system and the air
spatrging system. Tlfm test would be fairly simple and would include the installation of
several probes near a:n existing well, if possible, in an area that would not affect operations.
The first part of th-lz test would be to establish soil vapor extraction rates through the
subgrade at selected locations. A vacuum would be applied to the well at different pressures
and flow rates, and the vacuum in the GeoProbes® would be measured. This information
would be used to de’:sign the SVE system. Then, for the second part of the test, air (and
possibly a tracer, such as helium) would be injected in the well at different flow rates and
pressures, and the G:;st.tr'i:'r-:::I:u‘:sm would be monitored for the tracer. This information would
be used to design the biosparging system.
1

As previously mentioned in Section 2.3, MEC is conducting an evaluation of the HVAC
system for the facility on Parcel B, and therefore, the implementation of 2 new or modified

HVAC system was not included in this report. If, however, site conditions or other

|
meet the design rcqﬁuirements of the remedial alternative selected for the site, then further

effort will be directed towards the consideration of the implementation of an HVAC system
for the facility at Parzel B that would minimize the infiltration of vapors from the subgrade.

parameters interfere with the successful installation of a horizontal well system that would

1
|
|

5-5
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6.0 PRELIMINARY SCHEDULE FOR IMPLEMENTATION
OF PHASE IV ACTIVITIES

The MCP requires that the selected remedial alternative by developed and implemented in
accordance with the Phase IV requirements of the MCP (310 CMR 40.0870). The MCP
requires that a detailed design be presented in the format of a2 Remedy Implementation Plan
(RIP). The RIP must include a list of relevant contacts, documentation of the engincering
concepts and c;ritel:ia; used in the design and implementation of the remedy, construction
plans and speciﬁcatic;ins, an operation, maintenance, and monitoring plan, a health and safety
plan, and a list of any necessary federal, state or local permits. A description of long-term
monitoring and mwcc activities will also be included in a plan.

i
As mentioned previo;us]}r, the implementation of biosparging has been esumated to take five
years to complete. f’; breakdown of the timeframes to complete the project is included
below: !

|
Field,Lab Studies 3 months

P:epa'mu'nn of Phase IV RIP 5 months
Conwactor Procurement 2 months
Installation of Biosparge and SVE System 2 months
Startep and Optimization 1 month
Preparation of Final Inspection Report 2 months
Remedy Operation 5 years

Total Estimated Time 6-7 years

This is an estimated time frame. If a Permanent Solution is attained in 5 years or less, then a

Class A RAO woulé be filed. Otherwise, a Class C RAO could be filed and the system

would continue to operate as a Temporary Solution unil it becomes feasible to implement a

Permanent Solution. |
|
|
I
-1
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