
,; .· 

'-,, 

'-, 

-
'··' ' 

,REVISED FINAL 
BASIS OF DESIGN ' 

'• • ,.''' • ' •J .·.: '·c; • ',: '· • ·.. • '• ; • ,·· ' :\-

INTERIM'CORRECTIVE MEASUREATSWMU 45 
', .· NAVALSTATIONROOSEVELTROADS 

, . . . , PuERTO RIC() , , 

. CONTRACTTASK ORDE:R 0296 

· DECEMBER 11,1995 . 

Prepared/or: 
• > "I 

·nEPi\.RTMENT OF THE NAvY, , 
ATLANTIC DMSIQN 
NAVAL FACILITIES 

ENGINEERING COMMAND 
· . Noffolk, Virginia ,• ·' 

·'Under:··· 

.L.t\NTDIV CLEAN Program'. ,. 
, Contract N62470-8~-D-4814 

, Preparedby: ·', 

,·, . BAKER ENVIRONMENTAL; INC. 
·. CoraopiJlis, Pennsylvania 

" ' ', o" 



-
TABLE OF CONTENTS 

1.0 IN'TRODUCTION ....... ............................................. 1-1 
1.1 Purpose of the Basis of Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1 
1.2 Organization ofthe Document ..................................... 1-2 

2.0 BACKGROUND INFORMATION .••.••••••..•..••.•••.••.•.•••••••••• 2-1 
2.1 SWMU 45 - Description and History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1 
2.2 Previous Investigations .......................................... 2-2 
2.3 Remediation Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-7 

3.0 DESCRIPTION OF THE IN'TERIM CORRECTIVE MEASURE, 
PERFORMANCE REQUIREMENTS, AND SPECIAL CONSIDERATIONS .• 3-1 
3.1 Description of the Interim Corrective Measure and Performance 

Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1 
3.2 Special Considerations ........................................... 3-2 

3.2.1 Engineering Considerations ................................ 3-2 
3.2.2 Logistical Considerations .................................. 3-3 
3 .2.3 Waste Disposal Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-4 

4.0 REMEDIAL ACTION WORK BREAKDOWN STRUCTURE •••••••••••••. 4-1 
33.01 Mobilization and Preparatory Work ................................ 4-1 

33.01.01.05 Permits ......................................... 4-1 
33.02 Monitoring, Sampling, Testing, and Analysis ......................... 4-2 

33.02.03 Air Monitoring and Sampling . . . . . . . . . . . . . . . . . . . . . . . . 4-2 
33.02.05 Water Sampling ................................... 4-3 
33.02.06 Sludge Sampling .................................. 4-3 
33.02.09 Testing and Analysis .............................. 4-3 

33.03 Site Work ..................................................... 4-4 
33.05 Surface Water Collection and Control ............................... 4-5 
33.07 Air Pollution/Gas Collection and Control ............................ 4-5 
33.08 Solids Collection and Containment ................................ 4-6 
33.09 Liquids/Sediment/Sludges Collection and Containment ................. 4-6 
33.10 Drums, Tanks, and Miscellaneous Demolition and Disposal ............. 4-7 
33.13 Physical Treatment ............................................. 4-7 
33.19 Disposal (Commercial) .......................................... 4-7 
33.20 Site Restoration ................................................ 4-8 
33.21 Demobilization ................................................ 4-8 

5.0 REFERENCES ............................................ I • • • • • • • • • 5-1 

APPENDICES 

A 
B 

Construction Schedule 
Cost Estimate Assumptions 

ii 



LIST OF TABLES 

2-1 Surface Water Sample Results - Sampled by Versar, 1991 
Surface Water and Oil Sample Results- Sampled by NSRR, May 1994 

2-2 Pesticides/PCB Compounds Detected in the Sediment and Soil- Sampled by Bakc~r, 
November 1992 

2-3 Detected Constituents- Sampled by Baker, March 1995 
2-4 Remediation Levels for Liquid Contaminants 

2-1 
2-2 
2-3 

LIST OF FIGURES 

Site Location Map 
UST and Tunnel Location Plan 
Sampling Locations and Analytical Results 

lll 



/-.._. 

1.0 INTRODUCTION 

This document presents the Basis of Design for the Interim Corrective Measure at Solid Waste 

Management Unit (SWMU) 45 (former Installation Restoration Program Site 16), Naval Station 

Roosevelt Roads, Puerto Rico. This document has been prepared by Baker Environmental, Inc. 

(Baker) for presentation to the Department of the Navy (DoN), Naval Facilities Engineering 

Command, Atlantic Division (LANTDIV), under Navy CLEAN Contract Number N62470 (Contract 

Task Order 0296), and in accordance with LANTDIV's Scope ofWork dated January 12, 1995. The 

Remedial Action Contracts Delivery Order Requirements Package Guide, NEESA 20.2-062 dated 

June 1992 was used as a guide in preparing this Basis of Design Report. 

The DoN is implementing an Interim Corrective Measure remedial action at the SWMU 45 as part 

of the Installation Restoration (IR) Program for Naval Station Roosevelt Roads. The goal of the 

remedial action is to remove and remediate contaminated liquids and sludge from two underground 

storage tanks (USTs), a cooling water intake tunnel, and a cooling water outflow tunnel. The intent 

of the DoN and the station is to remediate the contaminated material to meet regulatory remt~diation 

levels. This corrective measure addresses the contents of the USTs and tunnels only. Groundwater 

and subsurface soils in the vicinity of these structures will be addressed under future IR work. 

LANTDIV intends to use a Remedial Action Contractor (RAC) to implement this remediall action. 

In this document, the terms "RAC" and "Contractor" are used interchangeably. 

1.1 Purpose of the Basis ofDesi2n 

The purpose of the Basis of Design is to present background data on the project, describe the 

primary elements of the remedial design, recommend design criteria, and present assumptions and 

any special requirements that may affect the design. This document is not intended to bt:: part of 

construction plans or specifications to be utilized by the RAC for execution of the remedial[ action. 

Baker assumes no responsibility for the use of this report for any purpose other than the intended 

uses stated above. 
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1.2 Organization of the Document 

This Basis of Design document contains four main sections. Section 1.0 provides introductory 

information. Section 2.0 presents background information for SWMU 45 including a site 

description, a site history, a summary of previous investigations, and remediation levels for the 

contaminated liquids and sludge in the tanks and tunnels. Section 3.0 presents a description of the 

Interim Corrective Measure, the performance requirements for the corrective measure, and some 

special considerations for implementing the corrective measure. Finally, Section 4.0 presents the 

elements of the Interim Corrective Measure by Hazardous, Toxic, and Radiological Waste (HTRW) 

account numbers. 
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2.0 BACKGROUND INFORMATION 

This section provides background information for the Interim Corrective Measure. This information 

includes a description of SWMU 45 and its history, a summary of previous investigations, and a 

description of the remediation levels applicable to the contaminated liquids and sludge in the tanks 

and tunnels. 

2.1 SWMU 45- Description and History 

Former IR Site 16 consists of SWMUs 11 and 45. SWMU 11 is Building 38, the "Bomb-Proof 

Power Plant," and is not included in the scope of this Interim Corrective Measure. SWMU 45 

consists of the area surrounding Building 38. The focus of this Interim Corrective Measure is two 

50,000-gallon reinforced concrete USTs, the cooling water outflow tunnel that runs from 

Building 38 to Ensenada Honda, and the two cooling water intake tunnels that connect Building 38 

to Puerca Bay. 

Figure 2-1 presents a site location map. SWMU 45 is located in the Forrestal Area of the station on 

a peninsula surrounded by Ensenada Honda on the west and Puerca Bay on the east. The site is 

located on the west side of the access road to the station's landfill offForrestal Drive. The station's 

landfill is south of Building 38. 

Figure 2-2 shows the site features and the surrounding area. As shown, an abandoned incinerator, 

a boiler shack, and the guardhouse for the landfill gate are located south of Building 3 8 along the 

landfill access road. Although it is not shown on Figure 2-2, one of the station's wastewater 

treatment plants, known as the Forrestal Sewage Treatment Plant (STP), is located southeast of 

Building 38. 

Figure 2-2 also shows the location ofthe USTs and the tunnels that are the focus of this Interim 

Corrective Measure. The two 50,000-gallon reinforced concrete USTs lie under a concrete pad north 

of Building 38. The cooling water intake tunnels run parallel to each other and are separated by 

about one foot of concrete. Located north of Building 38 and east of the USTs, the tunnels extend 

from Building 38 to Puerca Bay and can be easily tracked from access points (manholes) located at 

regularly spaced intervals. The cooling water outflow tunnel that is reported to discharge into 
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Ensenada Honda is located on the east side ofBuilding 38. The exact route of this tunnel is not 

currently known. However, the endpoint of the outflow tunnel was reportedly located by divers in 

1992 and the approximate location was recorded using Global Positioning System (GPS) techniques. 

The USTs and tunnels served Building 38 which was a 60-megawatt steam turbine facility that 

reportedly operated from the early 1940s through 1949. Bunker C fuel was used to power the 

facility and was stored in the two 50,000-gallon USTs. 

From 1956 to 1964, Building 38 was used for transformer maintenance and storage. Transformers 

were maintained on the northeast comer of the concrete pad which surrounds Building 38. Former 

station employees have reported dumping transformer oil on the ground around the building. 

In the 1970s Bunker C fuel oil was observed in manholes near Building 38 and on the Enlisted 

Beach during heavy rainfalls. The fuel oil at the beach was attributed to the cooling water outflow 

tunnel that reportedly discharges to Ensenada Honda. A cleanup contractor was contracted twice 

to drain the tanks and clean up the spill. No records are currently available documenting the spill 

cleanup operations or the amount of product recovered. 

The site has been subjected to numerous investigations in the intervening years. These 

investigations prompted the station to perform a removal action (in 1994 and 1995) for 

polychlorinated biphenyl (PCB) contaminated soil around Building 38, and to plan this Interim 

Corrective Measure for the USTs and the cooling water tunnels. 

2.2 Previous Investi&ations 

This section summarizes the previous investigations that have been conducted at SWMU 45. 

Figure 2-3 identifies sampling locations and some analytical results for the investigations conducted 

after 1992. Previous investigations at SWMU 45 include: 

• An Initial Assessment Study (lAS) was performed at Site 16 by Greenleaf/Telesca 

in 1984. The lAS included a records review and personal interviews with station 

employees who would have knowledge of the site. The lAS determined that there 

was sufficient evidence that contamination may exist at Site 16 (SMWU 45) to 

warrant further investigations. 

2-2 



• Environmental Science and Engineering, Inc. (ESE) conducted a Confirmation 

Study at Site 16 in May 1988. This study included surface soil and sediment 

sampling. The results indicated that the soil and sediment around Building 38 were 

contaminated with PCBs and lead. The tanks and tunnels were not sampled as part 

of this investigation. 

• A Resource Conservation and Recovery Act (RCRA) Facility Assessment was 

prepared by A. T. Kearney, and K. W. Brown and Associates in November 1988. 

This report was compiled to summarize all operating, closed, or closing RCRA 

regulated facilities on the station. SWMU 45 is described in this report as a 

transformer maintenance area. An estimated 1,600 gallons of PCB laden 

transformer oil were said to be poured on the ground at this site. Further soil 

sampling and surface water sampling at the outflow tunnel outlet on the Enlisted 

Beach were recommended. 

• Versar, Inc. (Versar) performed a Remedial Investigation/Feasibility (RifFS) in 

May 1992. The RifFS was conducted to determine the extent of PCB and lead 

contamination in the soils around Building 38 and to provide an evaluation of soil 

treatment methods. The RI included surface water, sediment, and soil sampling. 

Wipe and chip samples were also collected on the concrete surface and the manhole 

entryways to the tunnels. The sampling results indicated that the soil and sediment 

were contaminated with PCBs. The results also indicated that the surface water and 

the interior of UST and tunnel manways were contaminated with PCBs and 

recommended they be investigated and remediated as a separate operable unit. A 

summary of the analytical results is provided in Table 2-1. The shaded blocks 

indicate an exceedance of remediation levels. 

• In 1992, Baker conducted a supplemental investigation at the station. The purpose 

was to verify the data obtained during the Confirmation Study, to collect 

information necessary to adequately prepare RCRA Facility Investigation Work 

Plans, and to attempt to remove some SWMUs from further consideration. The 

Building 3 8 site was included in this supplemental investigation. Surface water 
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from the intake tunnel and sediments located at the intake point were sampled. The 

end of the outflow tunnel was located by divers and surveyed using GPS. Sediment 

and surface water samples were collected from the outlet of the cooling water 

outflow tunnel in Ensenada Honda. Water samples and sediment samples (where 

sediment was present) were also taken from manholes in the intake and outflow 

tunnels. 

Analytical results showed that toxaphene in the surface water exceeded Ambient 

Water Quality Criteria (AWQC) (marine acute and chronic) and Puerto Rico Water 

Quality Standards (WQS) in one of seven samples. Endosulfan II also exceeded 

AWQC (marine chronic) and Puerto Rico WQS in the same sample, 16SW184. 

This sample is from a manhole in the outflow tunnel. In addition, two of the seven 

surface water samples (16SW186 and 16SW187) exceeded Federal Maximum 

Contaminant Levels (MCLs) for Aroclor-1260. These samples are from a manhole 

in the intake tunnel. A summary of the analytical results from this investigation is 

provided in Table 2-2. 

• In November 1993, Baker conducted a geophysical investigation to determine the 

exact locations of the USTs and cooling water intake and outflow tunnels. Due to 

the construction of the USTs and tunnels (very thick reinforced concrete), the 

apparent depth of the tunnels, and other anomalies (buried debris), the geophysical 

investigaticm was not successful. 

• In December 1993, Baker prepared a Pre-Investigation Corrective Measure 

Screening Report to evaluate the SWMUs and the Areas of Concern (AOCs) that 

would require further investigation under the station's RCRA Corrective;: Action 

Permit. The report identified the potential corrective measure technologies that 

may be used on-site or off-site for the containment, treatment, remediation, and/or 

disposal of contaminated material. This report also identified future fi,eld data 

requirements that would facilitate the evaluation and selection of the final 

corrective measure. The report made the following conclusions: (1) surface soil had 

been adequately characterized, (2) a groundwater investigation was contingent on 

the results of the Interim Remedial Action (soil removal), and (3) sediment had not 
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been adequately characterized. Additional samples within the tunnels would be 

required. 

During an unrelated investigation in 1994, the outflow tunnel was breached by a 

drill rig. One water and one product sample were collected by the station. The 

analytical results of this sampling are shown in Table 2-1. Neither of these samples 

exceeded any of the comparison criteria. 

• In March 1995, Baker conducted a site inspection, a review of existing drawings, 

and a sampling of the contents of the two USTs and the cooling water outflow 

tunnel. One aqueous sample, one product sample, and one sludge sample were 

collected from Tank No. 1; one aqueous sample and one sludge sample were 

collected from Tank No. 2. Table 2-3 and the following paragraphs summarize the 

analytical results from this sampling event. 

Volatiles, including methylene chloride and chlorobenzene, were detected in a 

majority ofthe samples. Methylene chloride was also detected in the laboratory 

blanks, and was therefore not considered to be site related. One aqueous sample, 

RR38A2, exceeded the Federal MCL for chlorobenzene. 

Two semivolatiles (1,3- and 1,4-dichlorobenzene) were detected in Sample 

RR38A2 at concentrations of 31 Jlg/L and 4J Jlg/L, respectively. 1,4-

dichlorobenzene did not exceed the maximum toxicity characteristic concentration. 

Pesticides and herbicides were not detected in either of the sludge samples 

collected. Aqueous samples were not analyzed for these parameters. 

The PCB Aroclor-1260 was detected in four of the five samples collected. These 

samples included RR38S1 (1,800 J.Lg/kg), RR38S2 (1,7001 J.Lg/kg), RR38Pl 

(2.20 Jlg/L), and RR38Al (0.411 J.Lg/L). Aroclor-1260 was not detected in aqueous 

sample RR38A2. The sludge samples exceeded industrial and residential risk based 

criteria (RBCs). None ofthe samples exceeded the cleanup levels of2 ppm in a 
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treated residue or 3 ppb in an aqueous stream, as discussed in the USEP A 

"Guidance on Remedial Actions for Superfund Sites with PCB Contamination". 

Six inorganics (arsenic, barium, lead, mercury, silver, and vanadium) were detected 

at virrying concentrations and frequencies among the four samples submitted for 

analysis, which included all but the product layer sample in Tank No. 1 (RR3 SP 1 ). 

None of the samples exceeded the maximum toxicity characteristic concentrations. 

Sludge sample RR38S2 had arsenic and lead concentrations that exceeded 

residential RBCs. Aqueous sample RR3 SA 1 had a mercury concentration above 

AWQCs (marine chronic) and a silver concentration above AWQCs (marine 

chronic and acute) and Puerto Rico WQS. Aqueous sample RR38A2 had lead and 

mercury concentrations above AWQCs (marine chronic). 

Three samples (RR38Pl, RR38A1, and RR38A2) were submitted for total 

petroleum hydrocarbon (TPH) analysis. Two of the three samples (RR3 8P 1 and 

RR38A1) contained measurable levels ofTPH. 

The two sludge samples (RR38S 1 and RR38S2) were also submitted for analysis 

ofRCRA hazardous waste characteristics (ignitability, corrosivity, and reactivity). 

Neither of the two samples exhibited any of these characteristics, as identified in 

40 CFR Parts 261.21 through 261.23. 

A specific gravity test was conducted on the sludge collected from the bottom of 

the tanks. The specific gravity ofthe sludge was 1.03, which is slightly heavier 

than water. 

The potential for the tanks and tunnels to be a source of hazardous constituents to the envimnment 

is a m~or concern. The intent of the Interim Corrective Measure is to remove the potential for these 

structures to be a source of future or continuing hazardous constituent releases. 
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2.3 Remediation Levels 

Remediation levels are concentrations to which contaminated media must be treated or cleaned. For 

SWMU 45, remediation levels were established for the contaminants of concern that were identified 

in the tank and tunnel liquid. Remediation levels were also established for the concrete chip samples 

that will be collected to determine the cleanliness of the tanks and tunnels. 

Table 2-4 presents the remediation levels for liquid samples (these levels are shaded). As shown, 

the most stringent Federal MCL, Puerto Rico WQS, or National Pollutant Discharge Elimination 

System (NPDES) permit requirement was selected as the remediation level for each liquid 

contaminant. All of these remediation levels meet the NPDES permit standards for acceptance of 

the liquid at the Forrestal STP. If any liquid contaminant is detected that is not included in this list, 

the most stringent federal standard, Commonwealth standard, or NPDES permit requirement will 

be established as its remediation level. 

For concrete chip samples, 50 ppm was selected as the remediation level for PCBs based on the 

TSCA guidance. 100 ppm was selected as the remediation level for TPH based on guidelines for 

petroleum contamination in other states in which LANTDIV performs remedial activities. 

Remediation levels were not established for the tank and tunnel sludge since it will not be 

remediated on-site. All sludge will be containerized and shipped to a permitted treatment or disposal 

facility. 
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3.0 DESCRIPTION OF THE INTERIM CORRECTIVE MEASURE, PERFORMANCE 

REQUIREMENTS, AND SPECIAL CONSIDERATIONS 

This section presents a description of the remedial actions that will be conducted under the Interim 

Corrective Measure, and special considerations that will assist in implementing the measure. 

3.1 Description of the Interim Corrective Measure and Performance Requirements 

The proposed Interim Corrective Measure involves cleaning the USTs and portions of the cooling 

water tunnels, backfilling the USTs, sealing off manholes, and upgrading the Puerca Bay walkway 

that extends over the intake tunnels. More specifically, the proposed Interim Corrective Measure 

includes the following actions and performance requirements: 

• Breaching then sealing the two intake tunnels. at their intake points in Puerca Bay 

and at their entrance to Building 38. Cast-in-place concrete will be used as the 

sealing material and the seals will be water-tight. 

• Breaching the outflow tunnel in three locations: near the boiler house, near the 

former incinerator, and at the tunnel's entrance to Building 38. Sealing the outflow 

tunnel in two breached locations: near the boiler house and at the tunnel's entrance 

to Building 38. Cast-in-place concrete will be used as the sealing material[ and the 

seal will be water-tight. 

• Removing liquids and sludge from the USTs and from the sealed-off sections of the 

tunnels. Liquids will be transported to an on-site treatment system. The treatment 

system will be capable of remediating the liquids to the remediation levels specified 

in Section 2.3. Sampling and analysis will be used to verify that remediation levels 

have been met. Sludges will be transported to a permitted treatment or disposal 

facility. 

• Cleaning the concrete walls of the USTs and tunnels. Wash fluids may be sent 

through the on-site treatment system. All by-products of the cleaning pro4;ess will 

be handled according to local, Commonwealth, and Federal regulations. 
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• Backfilling the USTs with an inert lightweight material. 

• Installing a water-tight cover on pump pit. 

• Sealing the manway entrances to each UST and the manholes in the intake and 

outflow tunnels. Before sealing occurs, the USTs' and tunnels' cleanliness will be 

confirmed through sampling and analysis. The sealing material will be cast-in­

place concrete and the seals will be water tight. 

• Repairing and upgrading the walkway that extends over the intake tunnels. 

The outflow tunnel will be sealed prior to where it enters the Roosevelt Roads Landfill, near the 

boiler house, to eliminate the hazard of excavating in the landfill. The one sediment sample at the 

end of the outflow tunnel showed slight contamination (methoxychlor 0.39 J Jlg/kg). Therefore, the 

entire outflow tunnel will not be addressed under this Interim Corrective Measure. 

3.2 Special Considerations 

This section presents special considerations, including engineering, logistical, and waste disposal 

considerations, that apply to this Interim Corrective Measure. 

3.2.1 Engineering Considerations 

UST and Tunnel Construction: Building 38, the USTs, and the tunnels were designed in 1942 and 

1943 to be bomb-proof. The tunnels are at least eight feet below the ground surface and are 

constructed of one-foot thick reinforced concrete. The USTs are covered with a concrete~ apron. 

There is a shock wave dissipation zone between the concrete apron and the top of the USTs. The 

tops of the USTs are about nine feet below the ground surface and are constructed of one-foot thick 

reinforced concrete. 

Sealing Tunnels: Because the tunnels discharge into Puerca Bay and Ensenada Honda, it should be 

assumed that they are tidally influenced and that sealing operations would be easier at low tide. 
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Sealing will provide the contractor with a finite amount of potentially contaminated water to treat. 

Sealing the tunnels will also prevent cleaning agents or loosened contaminants from entering the 

surface water. 

Cleaning: Cleaning the USTs and tunnels will require pumping and processing all of the liquid from 

the structures through a system that is capable of separating out the coagulated Bunker C fuel. The 

sludge was found to have a specific gravity of 1.03 which indicates that it will not float on or easily 

separate from the water in the USTs and tunnels. 

The sludge will also be removed from the USTs and tunnels and containerized. The structures will 

then be cleaned by scraping, gritblasting, hydroblasting, or steam cleaning. All by-products of the 

cleaning process will require proper handling according to local, Commonwealth, and Federal 

regulations. 

3.2.2 Lo:=istical Considerations 

Mangroves: There are protected mangroves along the shorelines of Ensenada Honda and Puerca 

Bay. Disturbance to the mangroves must be minimized and any disruption or disturbanc~e of the 

mangroves would require Army Corps of Engineers approval. 

Roadways: The cooling water intake tunnel runs under the landfill access road and the paved road 

offForrestal Drive. The landfill access road is used regularly by station refuse haulers. This road 

also leads to the Forrestal STP. Access to the landfill and the STP must be maintained at all times. 

The paved road off ofForrestal Drive leads to other facilities on the station and to area beaches and 

also must remain open. 

Utilities: The excavation of the tunnels will require locating and working around the existing 

utilities which include overhead electric, water, sewage, and phone. 

Waste Disposal: There is no RCRA or TSCA disposal facility on the island. Should any wastes 

resulting from this Interim Corrective Measure require RCRA or TSCA disposal, they will have to 

be processed and shipped to a permitted facility in the continental United States. 
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3.2.3 Waste Disposal Requirements 

EPA disposal criteria have been compared to the analytical results from the most recent field 

investigation. Therefore, the recommended treatment methods for the liquid and sludge are as 

follows: 

Liquid: Process liquid removed from the USTs and tunnels through a water treatment system capable 

of treating the Bunker C fuel, PCBs, metals, and other detected contaminants. Transport the treated 

liquid via tanker truck to the Forrestal STP. After discussions with the NSRR Water Pollution 

Branch, it is anticipated that the STP will be able to accept the treated water because a temporary 

variance to their existing NPDES permit will be submitted and approved prior to any discharge. 

Sludge: Characterization testing will be performed when sludge is removed. The sludge c:ould be 

sent to an approved and permitted petroleum recycling facility on-island if it meets the facility's 

requirements. Otherwise, the containerized sludge will be disposed of in an approved facility 

(presumably off-island). The sludge will not be disposed of in the station's landfill. 

Waste Concrete: Concrete, if removed from the excavated tunnels, should be washed using the same 

procedures as the in situ USTs and tunnels. Once clean, the concrete should be disposed of in a 

facility approved to receive construction debris, such as a concrete mixing facility. 
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4.0 REMEDIAL ACTION WORK BREAKDOWN STRUCTURE 

The following sections of this Basis of Design present the elements of the remedial action by 

Hazardous, Toxic, and Radiological Waste (HTRW) account numbers as defmed in the Remedial 

Action Contracts Delivery Order Requirements Package Guide, NEESA 20.2-062, June 1992. A 

proposed construction schedule for the project is provided in Appendix A, and a construction cost 

estimate is provided under a separate cover. 

33.01 Mobilization and Preparatocy Work 

Mobilization involves the acquisition, delivery, and setup of equipment, material, and personnel to 

the work site necessary to accomplish the remedial action. 

In addition, during the mobilization period, the Contractor shall prepare all necessary pre­

construction submittals, as described in Section 01010, "General Paragraphs", of the contract 

specifications. These specifications allow the Contractor up to sixty (60) days to prepare and submit 

the necessary pre-construction submittals. Several of the submittals are as follows: 

• WorkPlan 

• Erosion Control Plan 

• Environmental Protection Plan 

• Site Health and Safety Plan 

• Sampling and Analysis Plan 

The Contractor will provide temporary facilities, including an equipment staging/decontamination 

area, a supply storage area, stockpile areas, a treatment facility, and temporary utilities, as necessary 

to complete the work. 

33.01.01.05 Permits 

The Contractor will be required to coordinate and obtain any necessary construction permits (such 

as temporary utility and excavation permits) and clearances prior to the start of construction. The 
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Contractor will also be responsible for coordinating all required inspections by the station's Public 

Works Department. 

33.02 Monitorine. Sampline. Testine. and Analysis 

The Contractor will be required to submit to LANIDN for approval a Sampling and Analysis Plan 

(SAP) describing the proposed sampling, analytical, and quality control procedures for the chemical 

data collected during the performance of work (see Section 01010, "General Paragraphs" of the 

contract specifications). The SAP will ensure that all analytical data generated are scientifically 

accurate and legally defensible. The SAP will describe the quantity, frequency, and location of 

samples to be collected and analyses to be performed. 

The type and quantity of air testing will be based on the requirements set forth in the specifications 

(and the Contractor's Health and Safety Plan [HASP] and Air Monitoring Plan) and as required 

during the project. All required testing, documentation, and submittal of test results will be the 

responsibility of the Contractor. 

33.02.03 Air Monitoring and Sampling 

The Contractor shall develop and implement an Air Monitoring Plan to characterize site air and air 

within confined work spaces with regard to personnel safety and off-site (perimeter of the active 

work areas) migration of contaminants as a result of site activities. The Contractor shall perform 

real-time monitoring for organic vapors with a photoionization detector (PID) or flameionization 

detector (FID) type volatile organic detector and for explosive atmospheres with an explosimeter. 

Action levels shall be identified in the Contractor's HASP and Air Monitoring Plan subject to the 

approval of the Navy Technical Representative (NTR). 

High-volume air sampling shall be used to quantify any release of toxic particulates with remedial 

work at the project site in accordance with Occupational Safety and Health Administration (OSHA) 

requirements for worker health and safety. 

4-2 



-

33.02.05 Water Sampling 

The Contractor shall collect water samples from the on-site treatment system to monitor the 

performance of the treatment process. These samples will determine if the discharge requirements 

. are being met and if the equipment performance requirements are being met. One influent sample 

shall be collected from the treatment system at startup, and every 10 hours of system operation 

thereafter. 

The effluent from the on-site water treatment plant will be sampled on a daily basis. The effluent 

from the plant will be stored in temporary tanks. A composite sample will be collected from the 

tanks each day for characterization. The treated water will be stored in the tanks until analytical 

verification of treatment is received. 

33.02.06 Sludge Sampling 

The Contractor shall collect sludge samples for chemical analysis from sludge that is removed from 

the tanks and tunnels during cleaning procedures and any solids generated by the water treatment 

system. The samples will be analyzed for full toxicity characteristics leaching procedure (TCLP) 

and RCRA characteristics. One composite sample will be collected from each container of sludge 

that is generated. The results of these analyses will determine the disposal method. 

33.02.09 Testing and Analysis 

The walls of the USTs and tunnels will be tested to certify that they are clean. Confirmatory 

sampling will be conducted using concrete chip samples as described in the technical specifications. 

The chip samples will be analyzed for TPH using EPA SW -846 Method 418.1 and PCBs using EPA 

SW-846 Method 8080. The analyses results for the concrete chip samples will be comparc~d to the 

remediation levels established for TPH and PCBs- 100 ppm and 50 ppm, respectively. 

The Contractor shall perform laboratory testing of water and sludge samples collected during 

remediation activities. The Contractor shall adhere to EPA chain-of-custody procedures during the 

collection, transport, and analysis of all samples. Laboratory analyses of all samples shall conform 

with accepted Quality Assurance (QA) requirements. 
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For cost estimating purposes, it is assumed that water samples will be analyzed for the following 

parameters: 

• Volatile Organic Compounds (VOCs)- EPA SW-846 Method 8240 

• Semivolatile Organic Compounds (SVOCs)- EPA SW-846 Method 8270 

• Total Petroleum Hydrocarbons (TPHs)- EPA SW-846 Method 418.1 

• Pesticides/PCBs- EPA SW-846 Method 8080 

• Metals - EPA SW -846 Methods 6010 

• Total Organic Halogens (TOX)- EPA SW-846 Method 9020 

• Oil & Grease- EPA SW-846 Method 9070 

*Note: Should lower detection limits be required, EPA SW-846 Method 7000 should be 

used. 

In addition, it is assumed that influent and effluent treatment plant water will be analyzed £:>r Total 

Suspended Solids (TSS), Biochemical Oxygen Demand (BOD), and Chemical Oxygen Demand 

(COD). 

For cost estimating purposes, it is assumed that sludge samples will be analyzed for the following 

parameters: 

• TCLP Volatile Organic Compounds (VOCs) - EPA SW -846 Method 8240 

• TCLP Semivolatile Organic Compounds (SVOCs)- EPA SW-846 Method 8270 

• TCLP Pesticides/PCBs- EPA SW-846 Method 8080 

• TCLP Metals- EPA SW-846 Methods 6010 

• RCRA Characteristics: lgnitability Method SW -1010, Corrosivity (Method 

SW-9045), Reactivity (Method SW-9010/9030), Toxicity (Method 6010) 

• TOX- EPA SW-846 Method 9020 

33.03 Site Work 

Site work includes, but is not limited to: 1) constructing temporary facilities such as the equipment 

staging/decontamination area, supply storage area, stockpile areas, and treatment facility; 2) clearing 
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and excavating soil above the tunnels; 3) sealing the cooling water tunnels with concrete; 

4) delivering and installing the on-site treatment system; 5) pumping liquid and sludge from the 

USTs and tunnels; 6) cleaning the USTs and tunnels; 7) backfilling the USTs with an inert 

lightweight material; 8) sealing UST and tunnel manholes with concrete; 9) backfilling excavation 

areas; 1 0) manifesting and shipping sludge off-site; 11) installing a water-tight cover on the pump 

pit; 12) reconstructing the walkway over the cooling water intake tunnel; and 13) restoring the site. 

In addition, the Contractor shall be required to install safety and erosion control (silt) fencing in 

accordance with an approved Erosion Control Plan. The Contractor may dispose of cleared 

vegetation by chipping and spreading. 

33.05 Surface Water Collection and Control 

The Contractor shall be required to provide devices or facilities as necessary to prevent surfat~e water 

from contacting contaminated materials (e.g., contaminated equipment, etc.) during construction 

activities, and from flowing off-site. The Contractor shall be required to keep all excavated areas 

dewatered during construction and to collect, sample, analyze, and dispose of any water accumulated 

in the excavation and staging areas. 

33.07 Air Pollution/Gas Collection and Control 

The treatment plant may generate some VOC and SVOC emissions to the atmosphere. As a result, 

a temporary air emissions permit from the Puerto Rico Environmental Quality Board (EQB) will be 

required. This permit must be in place prior to operating the treatment system. 

The excavation and backfilling activities will most likely generate some dust emissions. Soil, haul 

roads, and other areas disturbed by operations shall be treated with dust suppressants, such as 

potable water, to minimize emissions. Because the total area of surface disturbance is less than 900 

square meters, a dust control permit is not required. Treated wastewater cannot be used for dust 

control. 

4-5 



. ~· 

33.08 Solids Collection and Containment 

Soil excavation shall be performed with appropriate earth moving equipment, such as excavators, 

bulldozers, and front-end loaders. It is estimated that approximately 1,000 cubic yards of soil will 

be excavated at the site. Excavated soils will be temporarily stored adjacent to the excavation then 

reused as backfill for the excavated areas. 

33.09 Liquids/Sediment/Siudees Collection and Containment 

The Contractor shall provide a decontamination pad at the site to collect liquids from the 

decontamination of personnel, earth-moving equipment, transportation trucks, and sampling 

equipment. The decontamination fluids will be treated at the on-site treatment facility. 

Liquids within the tanks and tunnels shall be pumped to the on-site treatment facility. After 

treatment, the liquids shall be transported by a tanker truck to the Forrestal STP. The Contractor 

must coordinate with the Environmental Engineering Division of the Public Works Department for 

the discharge of treated water into the Forrestal STP. 

Sludges shall be removed from the tanks and tunnels by pumping, washing, and/or manual removal. 

Sludge generated by the on-site treatment plant shall also be collected and removed. Segments of 

sludge shall be removed and containerized individually to avoid mixing sludge from remote sections 

of the tunnels. Sludges will be containerized in drums or an approved containing device. 

Li~htweight Flowable Fill Material for Tanks 

The tank fill shall be inert, low density material that can be poured into the underground storage 

tanks. The fill material shall have a low density so that future tank entry or removal will be possible. 

When set, the fill material shall be insoluble; it shall not bleed when immersed in water. An 

example of a suitable material is low density cellular concrete which is· a mixture of cement, water 

slurry, and a high stability foam (see appendix B). The material shall not be fly ash based . 
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33.10 Drums. Tanks. and Miscellaneous Demolition and Disposal 

No drums or tanks will be demolished. Top portions of the cooling water intake and outflow tunnels 

will be demolished to provide access to the tunnels. The concrete will be washed and sent to a 

facility· permitted to accept construction debris, such as the off-station concrete mixer facility. 

Personal protective equipment (PPE) shall be disposed in accordance with EPA Guidan(;e (EPA 

Publication 9345.3-03FS). 

33.13 Physical Treatment 

All wastewater, including the water removed from the USTs tunnels, and decontamination fluids, 

will be sent to the temporary on-site treatment facility. The facility will be staged on the existing 

concrete pad around Building 38. The treatment units will remove suspended fuel particles, PCBs, 

and metals. The effluent from the treatment facility will be required to meet the NPDES 

requirements for the Forrestal STP. 

33.19 Disposal (Commercial) 

Treated water from the treatment system shall be pumped to a tanker truck then transporte~d to the 

Forrestal STP. Baker and LANTDIV will jointly prepare the NPDES permit and submit it to the 

EPA through the station. 

Sludge removed during the cleaning of tanks and tunnels, and sludge generated at the on-site 

treatment facility, shall be containerized and sampled. If sludge samples meet any local p€~rmitted 

facility's requirements, the containerized sludge will be sent to the petroleum recycling facility. If 

sludge samples do not meet the recycling facility's requirements, the sludge will be disposed in an 

approved facility off-island. The sludge shall not be disposed in the station landfill. 

Fluids generated during the construction activities shall be sent through the on-site treatment system 

then transported to the Forrestal STP after treatment. The Contractor shall coordinate with the 

Environmental Engineering Division of the Public Works Department for the modifications to the 

NPDES permit that are required. 
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Any rubble, including concrete, excavated during construction activities will be cleaned then 

disposed at a facility approved to accept construction debris such as the off-site concrete mixer 

facility. 

Miscellaneous non-contaminated waste (e.g., refuse and spent PPE) shall be loaded onto 1Jucks or 

roll-off containers and transported to a permitted solid waste landfill or other appropriate facility 

subject to LANTDIV and station acceptance. 

The Contractor will supply the station with copies of all manifest and records regarding the disposal 

activities at the completion of the project. 

33.20 Site Restoration 

The excavated areas shall be backfilled with the excavated soil regraded to the original contours. 

Fill materials will be placed and compacted in accordance with the contract specifications. All 

disturbed areas shall be regraded or reseeded to match original site conditions. 

33.21 Demobilization 

All temporary facilities, equipment, and supplies acquired for this contract shaH be decontaminated 

and removed from the site upon completion of the remedial action. 

Post-construction submittals shall include: 1) a punch list showing correction of all listed items; 2) a 

letter from the Contractor certifying completion of all contracted work in accordance with the 

contract conditions,' applicable regulations, and standards of practice; 3) a completed project current 

condition with an as-built survey for the entire site; 4) submittals, in one collated document, of all 

quality control daily reports, samples, results of the. analysis of samples, corrective actions (if 

required, taken to correct deviations from the plans and specifications that were pre-approved by 

LANTDIV), and results of corrective actions; and, 5) submittal, in one collated document, of all 

quality assurance sample results, and corrective actions (if required, taken to correct unacceptable 

deviations from required quality standards). 
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The Contractor shall submit to LANIDIV a detailed report summarizing the remedial action, lessons 

learned, and recommendations for inclusion in future similar contracts. 
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VERSAR 

WATER 
SAMPLE NO. 

RR16SW01 

RR16SW02 

RR16SW02D 

RR17SW03 

RR16TW01 

NOTES: 

TABLE2-1 

SURFACE WATER SAMPLE RESULTS 
SAMPLED BY VERSAR, 1991 

SITE 16- NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

PCB Concentration, J.1g/m2 

I016Q 1221Q I232Q 1242Q 1248Q 1254Q 

0.5 u 0.5 u 0.5 u 0.5 u 0.5 u 0.5 u 

0.5 u 0.5 u 0.5 u 0.5 u 0.5 u u 

0.5 u 0.5 u 0.5 u 0.5 u 0.5 u u 

0.5 u 0.5 u 0.5 u 0.5 u 0.5 u 0.5 u 

5 u 5 u 5 u 5 u 5 u 10 u 

U = UNDETECfED; NUMERICAL VALUE IS ONE-HALF THE DETECTION LIMIT 

SURFACE WATER AND OIL SAMPLE RESULTS 
SAMPLED BY NSRR, MAY 1994 

SITE 16- NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

1 2 
SAMPLE NO. Oil from Cooling Tunnel (ppm) Water from Cooling Tunnel (ppm) 

PCB 86 <0.002 

ANALYSES CONDUCTED BY: CARIBTEC LABORATORIES, INC. 

1260Q 
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TABLI!2-2 

PESTICIDES/PCB COMPOUNDS DETECTED IN mE SEDIMENT AND SOIL 
SAMPLED BY BAKER. NOVEMBER 1992 

SIT& 16 ·NAVAL STATION ROOSEVELT ROADS. PUERTO RICO 

Sediment 

) 

) 

Surface Water 



·-,_ 

) 

Slmplem 
Units 

NOTI!S: 

u. Colnpolmd liCit detected 
J • Estillllled Yllue, below lllCihod deCectioa limit 
8 • Compound W1S Couaclla ~blank 

J ) ) 

') 

TABLE 2-2 (Cond••ed) 

PISTICIDESIPCB COMPOUNDS DETEC'I'ED IN THE SEDIMENT AND SOIL 
SAMPLED BY BAKER, NOVEMBER 1992 

Sediment 

SITII6. NAVALSTAnON ROOSEVELT ROADS. PUERTO RICO 

16 SED J!IJ(DUJ') 
Jllik& 

) . j 

J6SWIII 
pJ/L 

JUW 

) ) 

) 
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) 

Parameters {flg/L) 

Volatiles: 
Methylene Chloride+ 

Chlorobenzene 

Semivolatiles: 
1 ,3-0ichlorobenzene 

1 ,4-0ichlorobenzene 

TCLP Pesticides/Herbicides: 

PCBs: 
Aroclor-1260 

In organics: 
Arsenic 

Barium 

Lead 

Mercury 

Silver 

Vanadium 

TPH 

Ignitibility/Corrosivity/ 
Reactivity Characteristics 

) 

) 
TABLE2·3 

DETECTED CONSTITUENTS 
SAMPLED BY BAKER, MARCH 1995 

SITE 16 NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

Sample Number 

RR38Sl RR38S2 RR38Pl RR38A1 RR38A2 
!lg(L !lg/L flg/L flg/L flg/L 

NE NE 2JB 2JB 3JB 

101 201 41 41 16 

NE NE NE NO 31 

NO NO NE NO 41 

NO NO NE NE NE 

1,8001* 1,7001* 2.20 0.411 NO 

NO 47.0 NE NO NO 

206 250 NE 15.4B 19.3 

49.9 527 NE 4.4 11.8 

NO NO NE 0.38 0.24 

8.7B NO NE 6.4B NO 

NO NO NO NO 22 

NE NE 67,000 2,000 NO 
\.<) VJ 

NE NE NE 

) 

) 

Toxicity Parameters 
Characteristics Exceeding Toxicity 

(/lg!L) Characteristics 

NA NE 

100,000 None 

NA NE 

7,500 None 

NA NE 

2,000*(I) None 
3.0(I) 

5,000 None 

100,000 None 

5,000 None 

200 None 

5,000 None 

NA NE 

-- --
VI 

None 



Note: 

(I) 

(2) 

(3) 

NA 
ND 
NE 

+ 
* 
J 
B 

) ) 
TABLE 2-3 (Continued) 

DETECTED CONSTITUENTS 
SAMPLED BY BAKER, MARCH 1995 

SITE 16 NAVAL STATION ROOSEVELT ROADS, PUERTO RICO 

All concentration are in micrograms/Liter (f.lg/L) 

According to USEPA's "Guidance on Remedial Actions for Superfund Sites with PCB Contamination", PCBs cleanup levels are <2 ppm in a treated 
residue or 3 ppb in aqueous streams produced during treatment processes. 
Sample did not exhibit the chararteristics of ignitibility, corrosivity or reactivity. 
Characteristics include those identified in 40CFR Parts 261.21, 261.22, and 261.23. 

Not Available 
Not Detected 
Not Evaluated 

Laboratory blank contaminant 
Sample concentration is in f.lg/kg. 
An estimated value, below method detection limit 
Compound was found in associated blank 

) 



TABLE2-4 

REMEDIATION LEVELS FOR LIQUID CONTAMINANTS 
SITE 16- NAVAL STATION.ROOSEVELT ROADS, CEIBA, PUERTO RICO 

Remediation Level 
Contaminant of Concern (!Jg/L) Basis of Remediaiton Level 

Volatiles: 
Chlorobenzene 5 FederalMCL 
Semivolatiles: 
1,3 -Dichlorobenzene 600 FederalMCL 
1,4 -Dichlorobenzene 75 FederalMCL 
Pesticides/PCBs: 
alpha-BHC<1> 0.2 FederalMCL 
gamma-BHC(Jl 0.2 FederalMCL 
alpha-Chlordane<2> 0.0046 Puerto Rico WQS 
gamma-Chlordane<2> 0.0046 Puerto Rico WQS 
4,4'-DDE 0.00024 (as DDT and metabolites) Puerto Rico WQS 
Endosulfan I(Jl 0.0087 Puerto Rico WQS 
Endosulfan II(Jl 0.0087 Puerto Rico WQS 
Endrin aldehyde<4> 0.0023 Puerto Rico WQS 
Methoxychlor 0.02 Puerto Rico WQS 
Toxaphene 0.0002 Puerto Rico WQS 
Aroclor-1260<5> 0 Forrestal STP NPDES Pe1mit 
Inorganics: 
Arsenic 50 FederalMCL 
Barium 1000 Puerto Rico WQS 
Lead 15 Puerto Rico WQS 
Mercury 1 Puerto Rico WQS 
Silver 2 Puerto Rico WQS 
TPH - --

References: 
Puerto Rico Water Quality Standards, coastal/estuarine waters 
Federal MCLs (Drinking Water Regulations and Health Advisories, USEPA, November 1994) 
Forrestal Sewage Treatment Plant National Pollutant Discharge Elimination System (NPDES) Permit 

<1> Lindane used as a surrogate 
(2) Chlordane used as a surrogate .. 
(3) Endosulfan used as a surrogate 
<•> Endrin used as a surrogate 
(S) As polychlorinated biphenyls 
<6) 1,4-Dichlorobenzene used as a surrogate 
Jtg/L = micrograms per liter 
MCL =Maximum Contaminant Level 
TPH = total petroleum hydrocarbons 
WQS = Water Quality Standards 
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RR38S1 
CHLOROBENZENE 1 0 J ug/L 

BARIUM 206 ug/L 

LEAD 49.9 ug/L 

SILVER 8.7 B ug/L 

RR38A1 

RR38P1 
METHYLENE CHLORIDE 2 JB ug/L 

CHLOROBENZENE 4 J ug/L 

AROCLOR 1260 2.20 ug/L 

TPH 67,000 ug/L 
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Introduction 

United States 
Environmental Protection 
Agency 

- In 1980, the U.S. Congress passed the 
Comprehensive Environmental Response, 
Compensation, and Uabftity Act (CERCLA), also known 
as Superfund, committed to protecting human health 
and the environment from uncontrolled hazardous 
waste sites. CERCLA was amended by the Superfund 

--. Amendments and Reauthorization Act (SARA) In 1986. 
SARA mandates the implementation of permanent 
solutions and the use of alternative treatment 
technologies or resource recovery technologies, to the 
maximum extent possible. to clean up hazardous waste 

,,-sites. 

State and Federal agencies, as well as private 
parties, are now exploring a growing numb&r of 
innovative technologies for treating hazardous wastes. 
The sites on the National Priorities Ust total over 1 ,200 
and comprise a broad spectrum of physical, chemical, 
and environmental conditions requiring varying types of 
remediation. The U.S. Environmental Protection Agency 
{EPA) has focused on policy, technical, and 
informational issues related to exploring and applying 
new remediation technologies to Superfund sites. One 
such initiative is EPA's Superfund Innovative 
Technolpgy Evaluation (SITE) Program, which was 
established to accelerate development, demonstration, 
and use of Innovative technologies for site cleanups. 
EPA SITE Technology capsules summarize the latest 
Information available on selected Innovative treatment 
and site remediation technologies and related issues. 
These capsules are designed to help EPA remedial 
project.· managers, EPA on-scene coordinators, 
contracto1:5,. and other site cleanup managers 
understarid the types of data and site characteristics . . . 

1-. 
~ I / 
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needed to effectively evaluate a technology's 
appllcabUtty for cleaning up Superfund sites. 

This Capsule provides Information on the ln~lant 
Systems, Inc. QnPiant) Oleofiitratlon technology, a 
technology developed to separate suspended, 
emulsified, and a portion of dissolved hydrocarbons 
from water. The Oleofiltratton technology was 
evaluated under EPA's SITE Demonstration Program at 
a former ol reprocessing facUlty In June '1994. This 
Capsule presents the following -Information: 

• Abstract 
• Technology Description 
• Technology ApplicabDtty 
• Technology Umltations 
• Process Residuals 
• Site Requirements 
• Performance Data 
• Technology Status 
• Disclaimer 
• . Sources of Further Information · .. •. 

• References 

Abstract 
.., 

Oleoflltration is an Innovative hydrocarbon r~~ry 
technology that utllzes . amine-coat~. ol~p~-~Jc 
granules to separate suspended and· 11nechanlQ&IIy 
emulsified hydrocarbons from aqueous SOlutions. Tt:te 
granules are also reported to separate several ~.!31 
chemical emulsions and to reduce ~ncentratlons 9f 
dissolved hyd~ns. The · ,t~nology ;;;~& 
developed bY Exxon Research .. and. ~nglneerlng 
Company and manufactured under exclusive !icen~, 
and patent by lnPiant of Houston, Texas. . North 

~( •, .. 
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American Technologies Group, Inc. (NATGI) Is the sole 
marketer of the technology. · 

The lnPiant SFC System combines an Innovative, 
vertical-fin, coalescing separator and a patented, amine­
coated, ceramic granule filtration system (the Oleoflter) . 
Into one unit, capable, aCCOtdlng to lnPJant, of treating 
virtually any Insoluble hydrocarbon/water mixture. 
When the hydrocarbon/water mixture entering the 
granules contains less than 500 mRIIgramsJllter (mgfl) 
of total recoverable petroleum hydrocarbons {TRPH) 
and less than 50 mg/L of suspended solids, lnPiant 
claims that the SFC System wUI produce a treated water 
effluent that contains 15 mgfl or less of TRPH. SFC 
Systems operate at atmospheric pressure and are 
avaRable In sizes capable of treating 2.2 to 44 gallons 
per minute {gpm). For treatment of larger flow rates 
(up to 1,000 gpm), the coalescing unit is manufactured 
as a separate stand-alone component from the 
Oleofftter. The Oleofilters designed to treat larger flow 
rates operate under low pressure Pess than 30 pounds 
per square Inch (psQ]. The units can be operated 
Independently or installed In series on a single skid. 
The latter configuration provides the same treatment 
capabRitles as the SFC System. 

The SFC 0.5 System was evaluated under the EPA 
SITE Demonstration Program at a former on 
reprocessing facUlty In Pembroke Park. Aorlda This 
Superfund site has a layer of free product {waste oD) 
floating on groundwater that Is contaminated with a 
variety of organic and ·inorganic constituents. 
Demonstration activities were initiated on June 2. 1994 
and were concluded on June 18, 1994. The SFC 0.5 
System has a treatment capacity of 2.2 gpm. The 
waste oil recovered for the demonstration was 
significantly more viscous than the oft collected for the 
pre-demonstration treatability study. Consequently, the 
feed stream to the SFC System was thinned with virgin, 
lighter weight motor oU and then emulsified with site 
groundwater using an air-powered lnline blender. The 
unit was evaluated over five separate operating cycles 
("runs1. The feed stream was the same for all runs 
except Run 4. The feed stream for Run 4 was a 3-to-1 
mixture of thinned ol to kerosene emulsified In ground­
water. The TRPH concentration In the feed stream for 
Run 4 was two to five times higher than the concentra­
tions for the other runs. These differences In Run 4 
were Implemented in an attempt to resolve filter back­
flushing difficulties associated with treating a very 
viscous on. 

The first critical objective of the demonstration was 
to evaluate whether the SFC System could remove at 
least 90 per~nt. of the TRPH from the emulsified oU/ 
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water Influent stream. Data Indicate that the SFC 
System met this goal for all runs exoopt Run 4. 

The second critical objective was to determine 
whether the SFC System could reduce TRPH 
concentrations In the treated water exiting the system 
to 15 mgfl or less. When data are combined and 
evaluat~ for the runs where the system operated within 
normal design parameters (Runs 1 and 5), this goal was 
met. For the other runs, the 15 rngfl. threshold was 
exceeded. 

The third critical objective was to evaluate the 
effectiveness of the oleophDic granul~i by comparing 
the TRPH concentration In the ol/water emulsion 
before and after passing through the granules. 
Combined data for the runs with slmUar feed streams 
. (Runs 1, 2, 3, and 5) show the granules achieved a 95 
percent reduction In TRPH concentration. A 65 percent 
reduction In TRPH was obtained In Run 4. 

Several noncritical objectives were evaluated for the 
demonstration. One of these objectives was evaluation 
of the relative effectiveness of the SFC System 
hydrocarbon-capturing components. !Results Indicate 
that the coalescing separator accounted for 45 to 62 
percent of the total TRPH removed; the oleophllc 
granules removed the corresponding 55 to 38 percent 

Another noncritical objective was to evaluate the 
abUity of the SFC System to remove suspended solids 
(measured as non-filterable residue, NFR) from the 
oU/water Influent. NFR removal. ranged from 27 percent 
to 58 percent; NFR values In the olfwater Influent were 
generally below 50 mgfL 

The ablity of the SFC System to remove selected 
semfvolatle organic compounds (SVOCs) was another 
noncritical objective. SVOC concentrations In the 
oR/water Influent for Runs 1, 2. 3, and 5 were too low 
to support any conclusions about removal effectiveness. 
Run 4 had higher SVOC concentratlon.c; In the oDfwater 
Influent For this run, 75 percent removal of 
naphtha:ene · and 81 percent mmoval of · 2-
methylnaphthaJene were achieved. 

During the demonstration, the SFC System did not 
achieve steady-state operating condlti<>ns. The lack of 
steady-state conditions apparently resullted from treating 
the uneXpectedly high-viscosity oU during a short­
duration· evaluation of the technologY'. This situation 
precluded the evaluation of two noncritical objectives. 
An evaluation of the effectiveness of the coalescing 

· separator. at segregating ol from water, as determined 
·· by the percent· water In the concer1trated oR effluent, 
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could not be made since the Increased agitation that 
occurred during backflushlng resulted In overflowing of 
backflushlng water Into the concentrated oU effluent 
stream. An acceptable materials mass balance closure 
could not be achieved since the amount of oil retained 
In the unit was not constant across the runs. 

Technology Description 

SFC systems, . which contain only one Internal 
moving part (a liquid-level control float), are designed to 
be explosion-proof and are operated at atmospheric 
pressure. Figure 1 shows the configuration a~ cross­
sectional view of the liquid flow through the SFC 0.5 
System. The hydrocarbon/water mixture (oUfwater 
Influent stream) feeds Into the top of the unit through 
Port· A, moves downward Inside the outer shell, and 

. flows Upward past the vertical-fin coalescing separator. 
Free-floating and emulsified hydrocarbons passing over 
the coalescing fins combine with droplets already 
adsorbed on the fins' surface. 

The hydrocarbon droplets continue to Increase In 
size untO the buoyancy of the droplets overcomes the 
adsorptive forces. The droplets then release from the 
fins, float toward the top of the unit, and are discharged 
from the system through Port 8 as the concentrated oU 
effluent stream. Final hydrocarbon fUtration occurs as 
the remaining emulsified and dissolved hydrocarbons 
flow upward through the center of the unit and gravity 
flow through the bed of amine-coated, oleophllc 
granules. The majority of remaining hydrocarbons 
attach to the granules, and the treated water (treated 
water effluent stream) exits the system through Port C. 

When the Oleofilter becomes saturated with 
hydrocarbons and suspended solids OnPiant states that 
15 to 20 liters of hydrocarbons can be retained by 100 
liters of oleophUic granules), the granule bed 
regenerates Itself automatically by backflushlng. 
Backflushlng Is activated when the system reaches a 
set pressure differential across the bed. The pressure 
drop that Initiates backflushlng can be adjusted by the 
operator to optimize fiftratfon time, whDe preventing filter 
breakthrough. 

The backflush cycle takes 20 minutes. Water for 
backflushlng Is pumped Into the bottom of the system 
through Port C. During the first 4 minutes of the 
backflush cycle, only water Is Introduced. During the 
next 8 minutes, both air (supplied by an external 
compressor) and water are flushe;d through the fUter. 
The air increases the agitation that physically strips the 

~, *(Reference Number, Page Number] 
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hydrocarbons from the granules. During the last 8 
minutes of the backflush cycle, a water only rinse Is 
performed. The backflush water flow rate Is equal to 
the nominal throughput of the fUter (2.2 gpm for the 
SFC 0.5 System), and the air flow rate Is 0.3 standard 
cubic feet per minute (scfm) per gpm of water flow 
(0.66 scfm for the SFC 0.5 System). Therefore, the 
amount of air exiting the SFC 0.5 System during 
backflushing Is approximately 5 scf. The hydrocarbon/ 
water mixture generated during backflushlng (backflush 
water effluent stream) gravity flows. from Port D near the 
top ·of the unit (not shown In Figure 1) to a sump or 
holding tank. The coalesced.hydrocarbons within the 
mixture-typically separate within 10 to 30 minutes and 
can b9 reproce$sect through the SFC System, leaving 
only the ·concentrated hydrocarbons to be recycled or 
disposed of • 

· Although the design of the vertical-fin coalescing 
separator within the SFC System Is novel, the amine­
coated oleophUic granules are the Innovative 
component of th.e system. The granules separate 
emulsions not treatable by conventional oD/water 
separators. The oleophUic granules use a 
montmorDionite .. (clay) base that has ~n heated to 
800°C (1]*. The high temperature decomposes the 
montmorDionite Into ~n aluminum sUlcate that assumes 
a crystalline, ceramic Structure. The aluminum sUlcate 
Is then crushed Into granules with diameters between 
0.6 and 1 mUIImeter. 

The granules arQ subsequently treated to attach the 
oleophlllc amine (see Figure 2). Through a series of 
substitution reactions, an amine molecule bonds to a 
sDica atom, ·leaving a long hydrophobic (and oleophDic} 
chain (C,8H~ to which hydrocarbons are attracted (2, 
pp. 15-16]. A1$. the fUtration process continues, hydro­
carbons flowing past the granules agglomerate with the 
amine-attracted hydrocarbons, forming droplets. The 
hydrocarbons remain attached to the amine, whDe the 
separated water exits the system The magnitude of 
hydrocarbon upta.k$ Is Inversely proportional to the 
compounds'·. sQiubDity In water and Is controlled by a 
partitioning p~ (3, p. 2054]. 

During backftushlng, the hydrocarbon droplets 
and hydrocarbon-laden solids are physically stripped 
from the amlnes and, along with other entrained solids, 
exit the unit with the backflushlng water. The 
hydrocarbons In the backflushlng water are 
predominantly coalesced and now can be removed by 
conventional olfwater separation techniques. lnPiant 
has Installed several systems where the hydrocarbon/ 
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Only the significant parts of the mineral base, 
consisting of silica molecules and hydroxyl groups, 
are shown below. 

OH 
I 
Sl /' 

OH 
I 
Sl /' 

OH 
I 
Sl /' 

Substitution of chlorines (chloride ions) for 
hydroxyl groups. 

Reaction with S02CL2 
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Substitution of amines for chlorines. 

Reaction with RNH2 amine. R=C18 H33 
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OH I . 
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/ ' 

,~,~------------------------------
Figure 2. Generation of oleophilic amine-coated 

granules. Source: [2] 

water mixture from backflushing Is fed back Into the 
system, and the coalesced hydrocarbons are removed 
by the vertical-fin coalescing separator. Any emulsified 
hydrocarbons are-captured by the oleophlic granules. 
This approach eliminates the need for disposal of the 
hydrocarbonfwater mixture resulting from backflushing. 

Technology Applicability 

The SFC System Is. reportedly capabl·e: of tr:eating 
virtually an Insoluble hydrocarbon/water nibcture:: The 
stated advantage otthis technology over other oR/water 
separation techniques Is Its abUity to separate 
mechanical and several types of chemical emulsions. 
lnPiant claims that the SFC System can remove TRPH ·· 
frOm hydrocarbon/water emulsions to levels below 15 
mgfl when the emulsion reaching the granules 
contains less than 500 mgfl TRPH and less than 50 
mgJL of suspended solids. According to lnPiant, the 
amine-coated granules have been proven etfeCtlve on 

~"" ~a wide variety··of. hydrocarbons. Including ,ga~lne; 
/ '>;rude on: diesel: benzene, toluene, ethylbenzene, and 
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xylene (BTEX) compounds; and polynuclear aromatic 
hydrocarbons (PAHs). The granules' reportedly also 
remove chlorinated hydrocarbons such as pentachloro­
phenol (PCP), polychlorinated biphenyls (PCBs), and 
trichloroethane (TCA), as well as vegetable and animal 
oUs. 

The ablity of the oleophUic granules to separate 
hydrocarbon/water emulsions and reduce dissolved 
hydrocarbon concentrations to levels consistent with 
other secondary treatment systems Indicates the 
potential for the SFC System to be used In conjunction 
with other treatment technologies. Site remediation 
techniques, such as steam Injection-vapor extraction 
and sol flushing, can generate hydrocarbon/water 
emulsions that must be treated. Pumps• used In 
transferring oly water also can produce emulsions that · 
must be separated prior to further treatment. The SFC 
System can be employed In these and other 
applications Including the remediation of contaminated 
groundwater, In-process oUfwater separation, 
wastewater filtration, onsite waste reduction and 
recovery, and blge and ballast water treatment. 

When used as a component of a treatment train, 
the technology can significantly reduce hydrocarbon 
loading to other downstream treatment equipment such 
as air strippers and carbon titration units. This reduced 
loading results In Increased on-line time and decreased 
operating and maintenance costs for the treatment 
train. Depending on local pretreatn1ent standards, 
treated water· exiting the SFC System may be 
acceptable for Introduction to the sanitary sewer system 
without further treatment. 

Table 1 addresses the performance of the SFC 
System based upon the nine evaluation criteria used for 
decision-making In the Superfund feaslbUicy· study (FS) 
process. ·It the SFC System Is used as a component In 
a treatment train, evaluation of the entire train also 
should be pefformed. 

Technology UmHatlons 

The · OleoflltratJon technology concentrates 
contaminants by separating tree, emulsified, and some 
dissolved hydrocarbons from water. Although the 
toxicity of the water phase decreases, the toxicity and 
mobUity of the concentrated hydrocarbons are 

· unchanged. The concentrated hydrocarbons must then 
be further treated or disposed. Even !Linder Ideal 
conditions, the treated water typically wDI contain 
between 4 and 15 mgfL of TRPH, · requiring further 
treatment prior to release at some sites. 

Although the oleophUic granules are relatively 
durable, colliSion between granules during filtration and 



- .. · ' \ Table 1. Nine Evaluation Criteria for the SFC System 
•4 .. _. 

Evaluation Criteria Perfonnance 

?Verall ProtectiOn of Human Health • Provides both short-term and long-term protection by reducing 
.tnd the Environment contaminants In groundwater . 

• Prevents further groundwater contamination and offslte migration 
caused by emissions during treatment 

• Demonstrated capabUity of reducing TRPH concentrations In 
oil/water mixtures to 15 mg/L 

• Concentrates but does not destroy contaminants . 

Compliance With Federal applicable • Effluent needs to be treated further to meet Federal Drinking Water 
or relevant and appropriate Standards If It Is to be re-Injected directly into the ground. 
requirements (ARARs) • Effluent may meet pretreatment standards for release to the lecal 

. - . . 
publicly-owned treatment plant (POlW). 

• May have to meet substantive requirements of a Resource 
Conservation and Recovery Act {RCRA) treatment permit If treating 
hazardous wastes. 

• May have to meet substantive requirements of a Clean Air Act (CAA) 
permit for air discharge during bacldlushlng If volatne organic 
compounds (VOCs) are present . • Concentrated on effluent may be regulated under the Toxic 
Substances Control Act (rSCA) If polychlorinated biphenyls (PCBs) 
are present 

Long-Term Effectiveness and. • Residuals treatment or recycling may be required (effluent water, 
Performance· concentrated on, oUy water from backflushlng). 

Reduction Of T oxiclty, MobUity, or • The technology concentrates contaminants, reducing waste volume, 
Volume through .Treatment but does not change the contaminants' mobility or toxicity. 

Short-Term Effectiveness • Community and workers wUI be protect8d because the system Is · 
almo~ entirely self-contained. 

lmplementabnity • Most systems are shipped pre-assembled or as modules that are 
easUy connected. 

. . • Pretreatment of feed stream Is typically not required • 
. . • System Is explosion-proof • 

.. • If VOCs are present. a release (5 to 106-scfm) of contaminated air 
'· will occur during backflushing. 

• Additional treatment options may be needed for residuals • 
. • OleophRic granules usage life Is shortened if treating solutions with 

pH> 10.5 (granules become brittle) or chlorinated solvents with 
concentrations > 100 mg/L (weakens amine bonds). ... ... • Backflush Initiation needs to· be adjusted~ 'if :trf;~aiing ·ols of various .. .. viscosities, to prevent breakthrough prior to bacldlushlng • 

Cost • The cost to remediate 50 mllion gallons of contaminated 
groundwater (22-gpm system with 95% on-line time) Is apprc»dmately . 

,. · .. ··: .l • $2.57 per thousand gallons. 
• .. 

' State Accep~· , • Since this system wll most often be used as a component k1 a . .. . 

treatment train, acceptance Is tied to overall treatment acc8pt8blity: · . ... 

Community AcCeptanCe··· • Should be generally acceptable to the public Since enllsSions during 
treatment are minimal. 

' . ... ••. ':../1" 

6 



- backftushlng results In breakage. Broken granules that 
are small enough to pass through the retention screen 
are discharged from the system during backflushlng. 
Assuming a backflush frequency of every 10 hours. 

r~lant states that approximately 8 percent of the 
1ules must be replaced every 12 months of 

/"' _ .J9ration. 

lnPiant reports that the oleophUic granules are 
sensitive to two chemical conditions, both ·of which 
shorten the operational life of the granules. Treatment 
of solutions having a pH greater than 10.5 for extended 

- periods of time makes the granules more brittle. The 
Increased breakage caused by this condition. Is 
estimated to be an additional 4 percent every 12 
months of operation. Treatment of solutions with 
chlorinated solvents present In concentrations greater 
than 100 mgfL weakens the amine bonds. A slmUar 

-. attrition rate (an additional 4 percent every 12 months) 
Is reportedly caused by prolonged treatment of these 
solutions. 

The SFC System Is reportedly less effective In 
treating chemical emulsions containing anionic 
surfactants than other types. Anionic surfactants affect 
the ablity of the granules' amine coating to attract and 
retain hydrocarbons. lnPiant states that use of SFC 
Systems for the treatment of hydrocarbonfwater 
emulsions created by anionic surfactants resulted In 
~PH concentrations In the treated water of 50 to 80 

_, 1 .,IL Although not evaluated during the SITE 

-

.nonstration, the granules reportedly are more 
effective at removing hydrocarbons from chemical 
emulsions containing cationic or nonlonlc surfactants. 

Although the SFC System appears to effectively 
treat ols of varying viscosities and densities, 
adJustments to the backflushing cycle must be made to 
reduce the amount of operator oversight required. The 
pressure at which the backflushing cycle Is Initiated 
must be adjusted to maximize filtration time whRe 
preventing breakthrough of the hydrocarbons prior to 
backflushing. During the SITE demonstration, tile SFC 
System apparently exhibited breakthrough prior to 
backflushing when a kerosene and on mixture was used 
as the feed on. lnPiant reportedly has Implemented 
modifications to the system that allow In-field 
adjustment of the pressure at which backflushlng Is 
Initiated. These modifications, combined with periodic 
monitoring of system perfonnance, should eliminate the 
difficulties. 

. Treatment of high viscosity oUs may foul ~ 
granules; preventing effective backflushlng. lnPiant 
claims that tile use of hot water for backflushlng or tile 

/~itlon of a steam colt attachment to the system wll 
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reduce the viscosity of most retained oUs and allow 
nonnal backflushlng. During the SITE demonstration, 
all but one of the runs used a very viscous oU that had 
been thinned with virgin motor on. Perfom1ance of 
Runs 1, 2, and 3 resulted In fouling of the granules, 
which had to be removed, washed In mineral ·spirits, 
and reinstalled. Subsequent use of tile hot: water 
(approximately 200°F} Increased tile effectiveness of 
the backflushlng. TreatabUity studies encompassing tile 
full range of ol properties at a site, along with 
provisions for hot water backflushlng, If Indicated, 
should resolve backflushtng difficulties. 

According to lnPiant, when the TRPH concentration 
In the pre-granule water exceeds 500 mg/L. the TRPH 
concentration In tile treated water effluent may exceed 
15 mgfL Run 4 of tile demonstration had an average 
TRPH concentration In the pre-granule water of 1,242 
mgfL The treated water effluent contained an average 
concentration of 39 mg/L (these averages do not 
Include concentrations measured after filter 
breakthrough). This reduction represe~s a 97 percent 
removal of TRPH. Plot-scale treatability testing prior to 
full-scale Implementation should detennlne the ablity of 
the unit to meet site-specific performance goals. 

Process Residuals 

The SFC System generates three process streams: 
treated water, concentrated contaminants (during tile 
demonstration this wastestream was a concentrated 
waste ott), and hydrocarbon-laden water ·from 
backflushlng. Additionally, If the feed stream contains 
volatUe organic compounds (VOCs), air emissiOns wll 
be generated during backflushlng. Under optimum 
conditions, the treated water will reported!~· contain 
between 4 and 15 mg/L of TRPH. Therefore, tills 
process stream may need to be furtiler treated with a 
tertiary process onsite or transported offslte for:further 
treatment The concentrated hydrocarbon effluent 
stream can be transported and disposed of offsite. If 
the concentrated hydrocarbon Is waste ol and· meetS 
tile waste oft specifications of 40 CFR 279, lit can be 
used as fuel. Two options exist for the ~tH-:· Jrom 
backflushJng. This water can be fed back lr\to th8. 
system where the coalesced hydracartXm$' Wul '• b8 
removed and tile water filtered. Altematery,.1he .. Water 
from backflushfng can be tiansported offSfte for 
treatment and disposal. . 

Depending on the size of the SFC System, air 
emissions during backflushlng range from 5 to ·1 0($ scf~ 
If the feed stream contains VOCs, a percentage of theiri 
wll become entrained In ~ backftushlng all!' and exit 
through the top of the system. Depending on the tyPes 
and concentrations ofVOCs and applicable~ · 

.. ,. ~. ~ 'U 

.:: 
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emissions controls such as carbon toters may be 
required. 

Site Requirements 

/~ Site requirements for the operation of the SFC 
System Include a level area, electricity, water, and 
compressed air. The SFC System must be operated on 
a level, non-shifting surface. A 9-square-yard pad of 6-
lnch reinforced concrete will support the largest SFC 
units. Additional space for storage of backftush Influent 
and effluent water must be avalable. If potable water 
Is used for backflushlng, water lines or a service for 

·filling the water tank between backflushes must be 
avaUable. A water tank. with capacity In excess of the 
backflush volume, must be provided. Storage c:apaclty 
for the concentrated hydrocarbons and treated water 
must be avalable (if the water Is not being treated or 
discharged Immediately). 8ectrlcal power, consisting 
of 4 klovolt-amp (kVA), 460/230-volt, 3-phase service 
must be available to operate the largest SFC Systems. 
Smaller systems require 40-amp, 22Q-volt service. 
Alternately, electrical power could be supplied by an 
onsite mobUe generator. · 

Current designs of the SFC System use pneumatic 
controllers, requiring approxi!ll8tely 0.5 , scfm .. of 
compressed air. Additionally, the backfllishlng cyCle 
requires compressed air to .increase agitation of the 
granules. A source of compressed air capable of 

.~educing a volumetric flow rate of 15 scfm and a 
nlnimum air pressure of 100 psi will supply sufficient air 

for both purposes on any size SFC System. lnPlant has 
recently begun replacing pneumatic controllers with 
programmable logic controllers on SFC Systems. 

Depending on the viscosity of the on, hot water or . 
steam may be required for effective backflushing. A 
portable hot water washer or steam generator therefore 
may be required. . 

Performance Data 

The SFC OleofiltlatJon SyStem was accepted_ into 
the SITE· Demonstration Program In .December 1992. 
The Petroieum Prooucts Corporation (PPC) Superfund 
site In Pembroke Park. Aorida was chosen as the 
demonstration site. Accidental releases during the 
operation of this former oU reprocessing facility resulted 
in the deposition of approximately 29,000 gallons of free 
product (wast~ oU) on the groundwater surface. The 
groundwater underneath the on Is contaminated with a 
variety of organic and_ ~ic constituents. 

· Prior to the demonstration, samples of on from the 
site were 5ent"to NATGI for treatabnlty studies. Allquots 

/~f the on were Combined With different volumes of 
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water, mixed with a blender, and poured through 
separatory funnels containing oleophRic granules. 
Samples of the water exiting the funnels were analyzed 
for ·ou and grease by NATGI using EPA Method 413.1 
(4]. Results of the study, presented In Table 2. showed 
the granules to be effective at removing ol and grease 
from the oljwater emulsions. 

Table 2. NATGI Treatability Study Results 

Six one liter aamples of groundwater were contaminated with 
20, 100, 300, 500, 2,000, and 10,000 mg/L of on respectively, 
mechanically emulsified with a hlgh-epeed mixer fot' 1 minute, 
and manually poured Into aeperatory funnels containing 
approximAtely 0.5 liter of amJne.coated ceramic granules. The 
effluent (output) was .natyzed for 011 and Grease using EPA 
Method 413.1 [4] . 

Input Output Percent Removal 
(mgt\. I (mgt\. I (mgll.t 

20 2.5 87.5 

100 4.0 96.0 

3oo 5.0 98.3 

500 3.1 99.4 

.2.000 . 3.6 99.8 

10,000 . 2.5 99.9 '. 

The. SFC 0.5 Oleofiltratlon System {2.2 gpm) was 
evaluated during the .SITE demonstration In June 1994 
at the PPC·slte. Since the site did not have signfficant 
amounts of ol emulsified in water, an artifiCial feed, 
consisting of recovered waste oU emulsified in the 
contaminated groundwater, was formulated to test the 
system. The .contaminated groundwater Wds obtained 
by diverting a small·stream from the site"s full-scale 
remediation system.· This groundwater· feed exited the 
bottom of the full-scale oDjwater separator, passed 
through a flow meter, and entered an alr-po\IVered lnline 
blender used to. create the emuslon to be used in the 
demonstration~._:.: -j· •• 

:·.;_ .•• :, '"t'' :\ • . --~~ . 

The·feed.ol was.coiJected from a sump where· the 
viscous oU had risen to the surface. Approximately 30 
gallons of highly viscous ol were mixed with 15 gallons 
of 10W-30-welght motor oU to reduce the viscosity of 
the ol •. The mixed oU had an average viscosity of 56.3 
centlstokes (cs). A peristaltic pump was used to deliver 
the ol through a feed line to the lnllne blender. ·The 
lnllne blender then created the oljwater emulsion that 
was fed Into the system. ·After passing through the SFC 
System, the.treated water efftuent was.returned to~ 
full-scale. oljwater separator. Although the•SFC System 
was· rePortedly capable of reprocessing the oljwater 
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mixture resulting from backftushing, the water layer 
from backftushlng was returned to the full·scale 

--oR/water separator. The concentrated oR effluent and 
"' 'he on layer from backftushlng were stored In drums for 

Jffstte disposal. 

Samples were collected from the groundwater feed, 
on feed, emulsified oUfwater Influent, water prior to 
entering the granules (pre--granule water), treated water 
effluent, backftushfng · effluent, and concentrated oR 
effluent 

The demonstration consisted of five separate runs. 
Runs 1, 2, 3, and 5 used the mixed feed on. Run 4 
used a 3..to.1 mixture of the previously mixed on to 
kerosene. The feed oU for Run 4 had an average 
viscosity of 30.1 cs. Samples were collected for TRPH 
analysis using EPA Method 418.1 (4]. Additional 
samples were collected and analyzed for NFR, SVOCs, 
and percent water using EPA Method 160.2 [4], EPA 
Method 8270 [5], and ASTM Method D95.s3 [6]. The 
average TRPH concentrations for the oDfwater influents 
ranged from 322 to 2.802 mg/L 

Due to operational difficulties associated with filter 
backftushing, only one complete run (Run 1) was 
accomplished; Runs 2 and 3 were shortened because 
the backflushing cycle preceding each run did not clean 

/...-._the granules sufficiently to allow the pressure differential 
,cross the granule bed to reset to lnPiant's 

specifications of zero Inches of mercury (in. Hg). The 
backftush triggering pressure of 16 ln. Hg was 
consequently reached sooner. The operational 
difficulties w~re apparently caused by the high viscosity 
and solids content of the feed olt, which were different 
from the on provided to lnPiant for the treatabUity 
studies. lnPiant claims that adjustments prior to unit 
delivery and the addition of a steam coD attachment 
would have resolved the difficulties. 

Run 4 was terminated when visible oU appeared In 
the treated water effluent Analytical results confirmed 
that filter breakthrough had occurred. Run 5 was 
terminated when the level of pr6iJranule water In the 
unit had risen to the height where it was discharging 
through the backflush water outlet Aclditiona!ly, it was 
thought that visible oR appeared again In the treated · 
water effluent (analytical results Indicated that this 
conclusion was Inaccurate). Table 3 presents TRPH 
results for the oD.fwater Influent, pre--granule water, and 
treated water effluent for aD five runs. Table 4 presents 
results for NFR, naphthalene. and 2-methylnaphthalene 
for the oR/water Influent and treated water effluent 
Results from the first sample collected in each run have 

. /~'lOt been presented since the collection time (t = 10 
.nfnutes) ~s less than the calcufated residence time of 
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the unit (i.e., ·water entering the unit at Initiation of the 
run had not yet ~eaclle,d the ~ea~OO._wa~~r sample por:t)~ 
Tabl'e 5 presents a summary. Of . projecf objectlv8S. 
results, and conclusions for the demonstration. 

Due to operational differences among same _Q.fJJ')e 
runs, demonstration data have been evaluated using 
several scenarios. Since Runs 1, 2, 3, and 5 used the 
same feed on. data from these runs were pooled and 
evaluated together. Within ~hfs group, only RlJnS 1 and 
5 were Initiated with the granules baCkftushed 
sufficiently for the initial pressure differential across the 
granule bed to approach lnPiant's specification of zero 
ln. Hg. Consequently, eValuation of demonstration 
objectives state a result for the pooled data from Runs 
1, 2, 3, and 5 (13 data paints), and a result for the 
pooled data from Runs 1 and 5 only (8 data points). 

Since Run 4 used a different type of feed olt and ol 
feed rate, data from this run were evaluated separately. 
During this run, the concentration of TRPH present In 
the 'pra.granule water . exceeded lnPiant1

S stated 
limitation of 500 mgfL Consequently, the 
demonstration objective of achieving 15 mg/l or less In 
the treated water effluent was not evaluated. Addition. 
ally, lnPiant claims that ttte pressure dlfferentl.al across 
the granule bed at which backflushlng was triggered (16 
ln. Hg) was set to accommodate the 500 mgfl 
maximum TRPH concentration, and the higher concan. 
tratlon was responsible for the apparent filter 
breakthrough. Accordingly, Run 4 was evaluated using 
the data for the entire run (5 data points) and Blso using 
only the data prior to filter breakthrough {3 data points). 

The SFC System dlci' not" achieve ~lteady·state 
operating conditions during the demonstration. This 
situation precluded the evaluation of two noncritical 
obJectives. An evaluation of the effectiveness of the 
coalescing separator at segregating oR from. water, as 
determined by the percent water In the conc.entrated oU 
effluent, could not be made since the Increased 
agitation that occurred during backftushlng resulted in 
overflowing of backftushlng water Into the concentrated 
ol effluent stream. . An , acceptable mate~s mass 
balance closure could not be achieved! since the 
amount of ol retained In the unit was not constant 
across the runs. '. . . : .. 

lnPlant has provided performance data from a 
bench·scale study of the abRity of the oleophlic 
granules to remove TRPH, BTEX, and PAHs (7]. The 
study, conducted on tank water bottoms from a 
condensate tank at a bulk petroleum storage and 
transfer faclity In The Netherlands, achieved petroleum 
hydrcrcarbon concentrations In the outlet samples of 
1.43 and 2.49 mg/l for times t=10 minutes and t=105 
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. Table 3. Summary of TRPH Analyses . ·. · 

./~ 

Run 

1 

1 

1 

1 

1 

2 

2 

2 

3 

3 

4 

4 

4 

4 

4 

5 

5 

.5 

s:· 

"Eiasped Influent 
Time Concentration 
(min) (mg/L) 

60 842 

120 989 

180 1240 

240 1120 

300 1170 

30 366 

60 322 

90 484 

20 988 

40 981 
. -... ~ 

' 

45 1991 

oo· 2680 

. :-135 ... ·. ·: ~ ~- .. ' 2004 

180 ·· .. 2802 
~- p 

240 ~ p l. ~.: 7' ... 1630 
l :"'~ . . : ·. 

'. 
.·• ~~. ·~} 1"1.~~ ' ·.· 

45 
r.".: ·._. ·_, 681' .. .. 

'75 ... NA 

105 . ··.~.;~;::··'~1~.:· , ...... 

135 .. ,~·ltn tr-'2448 
: .. !" ........ 

:• ,, .. 

NA • Not analyzed by laboratocy. 

. -. 
:·'· "·· 

.. · . : ~ .... .. ,_ ... ,, . 

····:·· 

• l~ -;;:_,.:,i & ~ · s·~ . 

.... ; .. _.· ., .... ,. i"':)--.,...ses·~,: . \·i<•l···..:.} ~-. ·:-:-

. · · · ·i!~~.~n~~~,~::: · :.· .·:~: .. 
·.' ""'!~~ •. 

Pre-granule 
Concentration 

(mg/L) 

691 

499 

651 

445 

487 

301 

227 

261 

386 

137 

1260 

. 997 

1470 

1302 

'955. 

456 

351 .. .;: 

191 

189 ' 

:~.: .. . : .... 
..... I 
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Effluent 
Concentration 

(mgfL) 

29.4 

20.3 

13.8 

10.9 

17.4 

16.8 

32.2 

25.7 

25.0 

20.7 

43.3 

26.7 

47.5 

484 

1470 

'17.2 

14.7 

7.4 
., 

10.1 

.;..:,.: . 

'· . 
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Table 4. summary of NFR and Specific svoc Analyses 

/~ lnftuent .r. Effluent lnftuent Effluent .:, . lnftuent Effluent 
NFR NFR Naphthalene Naphthalene · 2-Meth~naphthalene 2-M~naphthalene ,..., 

Run (rngN (mg/L) (pgN (pgN (pgN (pgN 

1 19 14 13 10 u 11 10 Ll 

1 11 6 *** *** *** *** 
1 18 7 12. 10 u 10 ~ou 

1 24 6 *** *** *** *** 

1 20 11 6J 10 u 5J 10 IJ 

2 30 14 12 10 u 7J 10 u 

2 23 14 *** *** *** **"' 
2 .?6 13 12 10 u 7J 1011.1 

3 31 10 13 10U 7) 10U 

3 37 16 *** *** *** **'~ 

~. 
/ ...... 

4 32 17 210 10U 320 10U 

4 19 29 *** *** *** **'Ill' 

4 40 20 250 
.l· .. 

25 410 21 

4 34 21 *** *** *** *** 

4 24 12 100 90 140 130 

5 29 9 39) 20 38j 14J .. 

5 22 9 *** *** *** *** 
~-

5 23 9 20 ·10U ....... 15 10U ·· 
,·.;. ........ 

5 20 ~ *** *** . *** .... .. ; 

u 
J : . . -

: ~ . 

~-· 
•' .. 



Table·& •.. Summary .of Project ObJectives; Results, and Conclusions 

~ . · Obt,;.ctive Reeult81 >: . ----~p~~---+------~--------------~------------------------... ~ ... 
Critical Obte'cti~• 
Evaluate Claim Oi so% 
minimum removal of TRPW 
flom ollfwater emulsion. 

Evaiuate clal!ll of 15 mg/L 
maximum TRPH concen­
tration In ~~ent. (Test 
hypothesis that sample 
mean Is not statistically 
significant frOm 15 mgfL at 
the 90'1. confidence Interval.) 

Determine TRPH removal 
effectiveness Of oleophillc 
granules. 

Noncritical Ob!ectfv" · 

Determine the relative 
contributions to TRPH 
removal of the coalescing 
unit and ofeophlltc granules. 
(Determine percentage of 
total TRPH removal 

/~~plished by the 
fA, · ;oalesclng unit and by 

granules.) 

Evaluate the SFC System's 
ability to remove suspended 
solids from the oil.fwater 
Influent · .. ' 

Examine the d"dference in % 
moisture between feed oil 
and oil effluent 

Evaluate the ability of the 
SFC SVstem. to remove 
naphthalene, 2-methyl­
naphthalene·and 1,2· 
dichlorobenzene. 

Determine whether mass 
balance closures of 80 to 
120% can be achleYed for 
TRPH and total materials. 

Establish a +SO to -30% 
treatment cost estimate 

The overalfTRPH remOvals were: 
98% - Runs 1 ,2,3, and 5 

(98% - Runs 1 and 5 only) 
81% - Run 4, all data 

(98% - Run 4, data prior to breakthrough) 

The average effluent concentrations were: 
18.7 mg/L- Runs 1,2,3, and S · 

(15.7 mg/L • Runs 1 and 5) 
414.3 nig/L- Run 4, all data 

(39.2 mg/L • Run 4, data prior to 
breakthrough) 

The TRPH removals of granules were: 
95% • Runs 1 ,2.3, and 5 

(96% - Runs 1 and 5) 
65% : Run 4, all data 
~.Run 4, data prior .to breakthrough) 

The TRPH removals for coalescing unit 
61% - Runs 1 ,2.3, and 5 

(62% - Runs 1 and 5) 
57% -Run 4, all data 

(45% • Run 4, data prior to breakthrough) 

The TRPH removals for granules were: 
39% • Runs 1 ,2,3, and 5 

(38% • Runs 1 and 5) 
43% ~ RUn 4, all data 

(55% • Run 4, data prior to breakthrough) 

The N~ removals were: .. 
57% ~ Runs 1 ,2.3, and 5 

(58% - Runs 1 and 5) 
34% • Run 4, all data • ·' 

{27% • Run 4, data prior to breakthrough) 

Could not be evaluated as system did not reach 
steady-state conditions during demonstration. 

The ~removals were: 
75% •· Naphthalene for Run 4, all data 
81% - ·2-Methylnaphthalene for Run 4, 

all data 

Mass.balance closures were not possible due to 
lack of steadY4fate conditions. 

Cost for treating 50,000,000 gallons of water 
(95% on-line time) Is $2.57 per 1,000 gallons 

Runs 1, 2, 3, and 5 met the objective. RUns 1 and 5 
met the objective. O!etall objective not met for 
Run 4 using all data. Objective met for Run 4 using 
data prior to breakthrough. 

The average of Runs 1, 2, 3, and 6 Is statistically 
different from the objective. The average of Runs 1 
and 5 Is not statistically different from the objective. 
For Run 4, the TRPH conoentratlon In the pre­
granule water exceeded the developer's stated 
lmlts. Therefore, no conclusions about thiJs 
objective are stated for Run 4. 

The granules were able to significantly reduce TRPH 
concentrations. . 

For Runs 1, 2, 3, and 5, the coalescing unit 
removed more TRPH than the granule$ by a factor 
of 1.56. For Runs1 and 5, the coalescing unit 

· removed more TAPH than the granu'-' by a factor 
of 1.63. For Run 4 using all data. the coalescing 
unft removed more TRPH than the granules by a 
factor of 1.32. For Run 4 prior to btealdfwugh, the 
granules removed more TRPH than the coalescing 
unit by a factor of 1.22. 

For Runs 1, 2, 3, and 5 and Runs 1 and 5, the NFR 
removal was signlflcanl The NFR removal was less 
for Run 4 using all data and for Run 4 using data 
prior to breakthrough. 

No conclusloos can be made regarding the ability 
of the coalescing unit to produce a low-moisture, 
concentrated. oil stream. 

No conclusions can be made regarding the removal 
of speclflc SVOCs .for Runs 1, 2, 3, and 5 due to low 
Influent concentrations. The SFC System 
significantly removed both naphthalene and 2-
methylnaphthalene during Run 4. (1,2-
dlchlorobenzene was not present above detection 
-limit.) 

No corlclusions can be made regarding either TRPH 
or total mass balance closure. . 

Cost estimates are highly dependent on 8lte-epeclflc 
factors. ktual costs may vary significantly. 

/~. Indicated~ obtlllned by combining data from IPecllled Runs 3 NFR II non«erable retldue (a measure of suspended aolds) 
(e.g., "Runs 1 end 5"lnclcates data pooled from 1hose Runs only) 
TRPtf Is total rec:overab1e petroleum hydrocarbons (EPA Method 418.1) 

4 swc Is Hmlvolatlle organic compound 
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minutes, respectively. The study also Indicated effective 
removal of PAHs but less effective removal of BTEX. 

~echnology Status 

The SFC System Is currently being used In Industrial 
applications Including: 

• Treatment of process water at a laboratory In 
OUdale, California 

• Treatment of wash water effluent at a car wash -
the effluent reportedly meets the pretreatment 
water standards for Santa Clara, California 

• Treatment of wash rack waste water In Ventura, 
California 

• Treatment of storm water runoff In order to meet 
National Pollution Discharge Biminatlon System 
(NPDES) regulations In Houston, Texas 

Disclaimer 

Although the technology conclusions presented in 
this report may not change, the data have not been 
reviewed by EPA Risk Reduction Engineering 
laboratory Quality Assurance personnel. 

Sources of Further Information 

EPA Contact: 
~ITE Project Manager 

,__ . · aurel Staley 
J.S. EPA 
Risk Reduction Engineering Laboratory 
26 West Martin Luther King Drive 
Cincinnati, Ohio 45268 
(513) 569--7863 
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Technology Contact: 
Cathryn Wimberly 
Aprotek 
3316 Corbin Way 
Sacramento, CA 95827 
(916) 366-6165 
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ETEC™ 
. En~e-~Ulyzed Meubolic Remediatio~ 

· Em_eqpngTechnologies International 

10e ETECJM System Is an accelerated reme<iial p'ro· 
ces$ Which can be employed on site in totally enclosed, 

. Rxed blocells; directly in-situ~ or. through bio-injection to 
. ;depths ~r 40-feet or more._lbe proprietary process over­

. · c;o~es traditiona~ limitations by using an enzyme complex 
. , and biosurfactants to perform two very important func­

tions •. 

, • ' : • .. • ' _ , • •, .I ~ : .. I ' .: • ' ' ~ • , ;r 

The Challenge 
11~e U.S. EPA has identified bioremediation aS the 

most cost effective rem~tion process available tixfay for 
soils and sludges containing organic contamination ... 11•ey 
have conducted numerous studies over the past year$ to. 
fu_lly derme the capabUities and problems associated with 
the technology.; · · · 

· . Final analysiS indicates that blo~einedlatl~n ~. ~fact, . 
. extremely effective in remediating most hydr~Carbon con·' . 
taminated sites; The. two most frequent drawbacks to .. 
appllcatio!l of-the techitology are the lack of aY.allablllty of 
the hydrocarbon t~ the bacteria and the long time frame 
reqUired for biodegradation to occur. · 

. 1) . nteytemporari~ybre3k'do~thephysiochemlcil 
. bonds between the day lenses by neiltralizing the 
electric charge. This drastiCally improves perme­
ablllty. and rel.eases · the . trapped hydro.carbons 
C9Dtaminants. 

~> The enz~e sy$tem ·chemically binds to hydro~ .. · . 
.. carbons t<? make a preferred food source, -r.eSuli-
··. ing in~nzyme-eataij-?edine~licre~ecUati~n • 

.. whkh signifleantly accelerat~ the remediatioia' · 
: process, ·In inost · p~feets · (:Qmpleterl to· date,; 

·. ~n~ination ~ iedi.iced to below aC:tiorilev-
·.· .. elSwithm 30<b~. ·. ·. '·-' ·· . 

When h.ydrocarbons are trapped in moderate-to-
high clay content ~oils, there is no way for the bacteria t~ ... n~ emphasis Is on aceele~tt!d (Jestructioh ~i ~~: 
penetrate .the clays to affect remediation. Soils of low . tam~itS on-site through bio-(,lxidati<m. The ETECn. . 
organic carbon content, such as those typically found in · p~s u.~es a full line of proprl~tary r~edial agents to do . : 
subsurface enviro_nments, have a higher capac:;ity to ads~rb . this. ~k. eaclt ofwhid\ are specillc to lndivid~l sotLand' 
organiccompounds. Thelongeracontaminantispresentin .contam~nant chciracteiis~ics ~(:h··as siie, depth, density, 
a soil, the closer ~e bond between the organic matter and and s~veritY: .Inmost cises iitdigenou5 bacteria ar~ ~- · · 
the soiL Thus, itisdiffirulttoncarlytn1possiblcforconven~ ployed for selective degradation.·· : ·.· ·.. · 

tional bioremediation to be effective when hydrocarbons .· 
arc trapre.d in these low permeability soils and clays. The . :0~ iine of enl~c~d biqlogical cleariup weapo~ is· · 
problem. again; is not with the bacteria, but with the . un~ue. in the world tOO.ay. offering co~iderable versatll~ . . 
availability of the: contaminant to ~1e bacteria: ·. · . ity .in application, and c#~ide'*bl~ Co.st~vings ovir ~~ •.. -. 

. . . . peti~!gcleanupme~ods. ~Cn.t:prddl.ct5a~suitabJ~fo.r · · · 
The rate of degradation depends on se~ef.ll addi~ ' ~se In t«?'nperatlires ranging·ffc,.rn sub::Cre~g to ~ore . . . 

tional factors including, the nwnhcr and type of naturally .. dwtl:OO degrees (F). They ma~.bc. used·ln areas with PH 
occurring bacteria, temperature, food source, availability vaJues belo.w4 •. 5 and above 8. 5. and ~ill withstand sali.iiity 
ofmcygen, and balance between the food s<ntrcc and the·: ~evels_(~water)toatleast3Sgrams/lite.r. These produCts 
·number of naturally occurring bacteria. .· ': .in~y be applk-d direct~y t vla ~praylhg or tilling,' or:other 

Jtleans. as may be desirable. . ·. ,. '. ·· · · 
.. ' . . ,, . 

Tlac:Snlilfion · 
·. ,ilte ETECTM prooessadclresseseveryaspectocl!Olcte·· -: :-·~, . ~pplicatlon.~f Ol.ll' ~ilqli~·hne or l'~'~lds tri. titc' 

rlologia!. activity and isdesigm-d to enlWlCC and accef~r~te .. ':, C:~~·anUP..~f organic:oomp<mofl$,, 'S\!dt; 'a,s petrQicmit splits;. 
the llalllf'cll bio-dcgratbtion process. . .. ·-r~i.lhS ~1 a .contlilUOUS rcductl~(l process,. taklrtg :.plac~ .' 

' over several. days to a few weekS~ ailrri~nating lri a n~r: to' 
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complete tran,sfonnatlon ·of the hazardous material into 
sinapler, enVirorurientallybenignsubstancesslichas water, · 
carbon dioxide! and cell mass. In many applications, tlte . 
resulting end products are absorbed into'the food chain of 
other animals o~ plaiats already in dae area and effectiyel y 
disappear- . 

The introduction of colonies of microbes into tile · 
envirOnm_eru· for the purpose ~f removing unwanted sub­
stances does not result' in secondary disposal problems. 
The organisms multiply rapidly to the extent of t1te avail- _ 

· able food ~pply (e.g. o~). and diminish i:n proportion to 
dae remalnlng rupply as·dte Uriw.intec:l products are re­
movedfrom me epvirOnment: As theavailablefood supply 

. decreases, the supplied .organlsnis die ·out and become 
food f~r o~a: natur.ally-occuning plants or animals. in 
other words; the end resUlt is a CO!Ilplete._(or .nearly 
complete),41Sap~ee of both t1te ~wanted substance 
and_the b,~orem~tlonagentuntU dte levels reach those 
nonDally. fol!nd in~ the natUral environment. . . 

. _eTEcn' natura} o~ areooin~letely ~~.and 
pr~ent ~one·_of the p~lid~_-o(te~cafprobleffis· en-
. co~tered-with ~:.use)~f.g~etically. eiagiri~ered. organ~ 
isms~· .Remember .tha~ each o(the$e -organisms already 
OcCurs ~f:Urally in _our en\tironmerit, ana cannot be~me 
ahatatdin~'ofthemselves . .Every.pr:oductisdesignedto· 

. comJ;at a ~?fie problerri or mig«; of pro~lem5 .. 
...... 

.. ·· .. ···.' . ···.' . ·: ; : '•'})Ji1j;' 

:=!:.<;:~:==~~~.=~ . ··.·• ·_:_.:_~:_"".··_}1. 
During the process called a4tolys, ~- cell.~all· is · 

destroyed by dte enzymes, releasing dt~ internal content of. · 

the cell. · · · . ·. . ~·_I 
. ~etrolewn hydrocarbons mostly belong to famUy of 

. organic Chemicals ~led Alkanes~ The aerobic biologlCl:i ' . . ~:. 
mechanlstn __ ~or aUcarie metabol~·_is.com~~ o~-~-~li':, -.. _. ~-. < ·.::1 

. long and $hart cha1p hydrocarbons and OCC:Uts Dl()no: . .-.. ,·. :/ ! .-. '· • 

tenniil!lll (to. t1te corresponding aleohol, al~ehyd~;. 'iQ,d · · · :· .:_;.:. \~~-
monobasi~fattyadd: . . . . . :· .. .. . ·<·~~--:~· 

The emymes prod~ced by the bade~ ca~ :ili.,e. ·._ : . _. · • .. . .. 
transfonnatlon of-the 5u~~trate (hj<li~ns) 1nto $pe~ : · I 
cific end product$ by cleaVuig tltel~ng C:hainhydrocarb0ris

1 
·• · " · .. :~ ; -~ 

The primary al<:ohol derl':'ed f~om ·alk3ne_.oxidizes .to be~ .· .· • .· . ·. ·: . :-:: : · · 

. come the oorrespo~ ,.Jdebyde. by alcohol dehydi"oge.:. . .'_,_._: -_,·_._·:· __ :-.··.~_: __ -_: __ : __ ··:,-.·~,-~_::_ .. ·,··· .. :. -.· nase .and the aldeb~e 0~~ to be~me a f~tty ad(Jby . - --
. ~dehyde.ddtydr~Jgenase~ ~ eiid prod~;~cts of ~e reac- : 
tlonS are fatty adds, ~n dipx,ide and water:· . . • . . . . . . . ~- .•. i'·\ . '.· 

~~.-:-~~:!t!:.f:: ·. r·;:;(t;~, 
~ymecanefl:ectchari~inasinanyas:o~e~Ulionh~~ · _ . · ': . _i:;a: 

bon molecules per ~inute, the sur.Vival rate o.f the enzyme , . . , . ; .; _): .t·: . 
itSelf is verys~ort-- oftbnl~l~ed to jUstafewho':U'S. O~e .. · · · · . ::-;:._::f(:.':· 
to dtis, lm~lemcnt~g bi~l~cal- ~reakdo~ of_h~r~- ·, ·_ :.·-_:-:.:y:f:~:~ 

. ·. bons reqUlred the ~l~lvation. of ~e C<Ol~rues or hv.e .·' : ->~- . 
B~ctcrinli~gic~process . . . . _ . . . bacteria. With ~he d~velopment of":the ~Ec;™ sic!bU.ized . ·' · · :-/ ::-=>;_-.;_~-,. 

=:~~~~:~;El7~:.~:· .. · .. :::;;;;;;:¢mmoubolk:···.· • ..••.... ··_~:·_-...• _._:~ __ •. = ___ ;_~_i_;_·_;:·-:_,_--·-·~-_',•.·_,_·,:_-.t.•· . 

. , · .· ~cterial cells are boUnd by a plasma 111~inb~e degra~tlon o.Fbydrocirbo~. Ep ;·thi:oug~i ~eir.assOciacl~, .. • 
about tOO angstroms thick, or-approximately tObililoiiths . scientists,-IJU de~el~pe<f a process to separate il_te enznnes. 
of a meter, far below t1te resolution ofa light mictoscop~. . . fr_oin dte bact~ ria and ~bUize -~. c!>ncen~(e them u\i _ . -, . - :. · ; " , <; .·.::-: . 

~~s~;;;t:f:::J;~~;~~~t:~~;;r~:---.. ,~~!:fni~~~;:~t~~~~tJa;~~~i::;- ·:;~·,_._:-:ir~·fr~~~}l 
liar lamellar structure .. Phosp~lipids have a hydrophUic, . were Identified by R:usstan sdeptlSt$_ ·Wb<J. ~~redrawn by':' · _ ·_ · ~- · .. :'::' :: ~ ,' ::? .·· 
or Water~loving, portion and i hydrophobic, ·()r water-. ,. thcir~bllity-t6coitstime.paoisof~ilwh.ldiappcaiasoaturaf . . . . . .·. -~_-:::;;:!11-
fearing;_ portion. It's the phospholipids' struciure'that sce(,s in the olf-saturatCdre_glon .. : :;_· ., . ·:-<. - .· ·. ·' · _: : .\:,:~)· 
produced_tiiC.double-laycn:dstniCtu~oftllepla.wa.mein- , . . . . . · · -_. . ·.- ;- · :. ;. · -: · · .... ,:. · ·,· _-: , ___ .. ::_~ _:\; .. ~~::'.h 
brane; m,e l~ophilic head of ihe m~~ecule IS. turned . :: . - "During tit~ ~t~ ~tolY, proce5s, ~ic de~truG(_lon . · . _:. >-;.> /<ffJ!. •. ··, 
~owaro tlac :-queous environments botlalliSidc and O_l~tSklc: . _of dte c:CU wall by self;procluccd e~~cs QCCUrs ... 'Oofliis' . . . >' - ·: . • •. :At~ 
dae celbvhil~ tlte hjdrophqbic ~Is are tumi:d in~. rel~es ·d1e··~temal ~len(9f ~ic .cel_i .. ' li~~ mbc_turj:. : . · _: ·:., _ ;:~.i.1:::. 

~;~s:;~:!tt ::~:;.~an;~~:::.:::~;; : · ·_ ~p~:~;~;~y~~~~~~t;;~~~;;;~r~ .; . -·- :· -.:<;'i~~~lt 
. . .... .. - .. . • .~> ·-: :~tBt 
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concentrate .the enzymes. and biosurfactants ln a crystal ·.: ·. ~iorem~iatlonlsaneu~sci~nce~d.oneimpor-
form. This multienzyme complex is.the ''active_p¥t" of ··t3nt factor to ~ccessful aecelerated bioreniedJation is tlae . 
living baCteria. . . : ·abl,lity to reach arid malo~ critical ~ass ·orthe~iate' ~ere. 

.. . .. , . ·· . ~~e'ls a hig~<lr population of.~~~lia ~-~rJ~ns ... 
In a ~ilized form, the enzymes l..l~e a·_shelf.life of .. ~b~cll~~ed:ln ~ Ulustra«C?ri belo\y. !(~~leal~~ In not, . 

~everal montlas. Reconstituted, they ·.r~ active for ap:·: ~: ntah.t.tained re~ediatlf)n~e,~ca~yaff~<;tl!d~ ustJallj' . 
proxbn~tefy three.weeks: They have pr.ove<f effectlye,m · ~S.!)UttO.~J~O'r.~o~e. ·. ·, :': i; .'_ .. · '., :~··_-. (. ' · ·~ .. 
te~peratiir~from32aegreesFtoashigb~t'22i:>~g~~;·cs: ·, .. · .. ·.··. -~·:.: ·~:··~·,.·::.:·:· > .. ·: . _.,:·. ,. . ~··. 
F. They filaY be uSed ln. areas with pH f,llue$ from :4;.S to . . · E11 haS d~vel(>ped a)1inl<?bll~$n te~ology that 
S.S and~tll.staruf ~lnlty t~atlcast 35,gtanistlit~r. : . · . .ail~ws Cri'tical~assto bc;~b~~r;ipidly, and.n;Untained 

. .· :. :· . . .... 1~0.;.;....--__,._;....-......;.,__..._---:..;.......:.....;..;..,_..:.., ___ __:. _ _;_-, 
-~ applied to hydrocarl,>ons, the stabi~ . · · · .. 

l_ized ~nxyin.e cleaves the long chains of the hy#o.,. ' to 

~b9n$, ~~tiaily cold aacklng oils, ~' ~tc. · ·10. 

. ' 

·. -~-· 

., .... 

.. •.' 

•·. ·. 
-~·-~ 

wmt~ct~;.illyh_~ppeaufteribc~pplic;~tio"''~i'.:_. '2o. . . •. ·>: . :; ... 
_inulti_ca~'ef:Ompl~~ndbiosurf~ct~iia·. · .. ·. . t••~t•. . woeu. ·.· ·w .. ~~'~ ·.~- ·.-wH.itt . :·,wook1t 

· · ~·-~preparationlsapplledo~~hydro- .;·· ·. , wookz· c·llk:ac'u••• ·: ·w•o~ei':. :,··.;;••k'12 ·.. · 

. •.' .. ' . :~ 

carbcin-~ed.,product, ·the enzp,tte a~on starts ' . · :·: . . . ... ~..;.; •• b .. ~.;. ·.~~:.t.:_ttrdrO:~~~~~·" · · : 
iJnmewat~IY,~nthesubsttat~~ -Enz)'!nesus.e.~o- . . . · "*" :_;·.·· .. ·:, :· 70:.: ; ·. 
'tiydratCs;9~anybiomasson ~e h~cirbon$. irus ·. :. . ,.....:..-· '..;:.··...;.;· .. :___';,;.··.;...· .;..,.:..-..-...;;;;;_;;.....;..;.;..,...;.:... .. :-..· · "----·-' .. ·_ .... ~..:..,· ..... ·· _, .. , 
offers tlac l,at1Jrally oceurring baCteria direct. actess · · · •oo. · · · • · .: · · • . , 

~o-tlaeh~~n'qtc)l~.watt5~ The.enzjme .. •· 
afso prom'o.t_es ~ releasc'or~tty adds rn>"' engUlf~ : . 
ing carbohydrates-whtd,t ~lp.:lU'tand.eOiuls.ifythe: · .. 

. ' . . .... · . . . .· . 40 
hydrocarbons .. · During:thcs~ ·r:cacqons the present ·. . :. 
~inoacidS :promote ·thC quick ·gr.c)Wth 'pf natunl., ·; 20 . <, , .. · 

bacterial· nnpulation .. : ·This biopi:ep· mti~n··ci~cs. ~ :. o ~-. ._·_· ...;.· _._..,..:.......,.:...,_;;....., .. ·_,..._--;_~~-""-~~~::..eo+..:....,.,_~• 
r~ · ·. • · . ····. ·. · ·· .. W-1 · ·W-3 .. W_, · ' ' ·W-1 . 

brcakdownofthehyd~nmol~rule. -pnec,_the > ·< c.itlc.l...;.. · · · .· :. , .. · . . ·: :. ·. ·. ·· ·' · 

· outermolea.d~wallsofihc~ydro~p~~a~e.emul-. ····. · .· <. · -~~-..i~~~;.~~~: .· · .... ~. · : .:; 
sifted, ~1C hydrocarbons are readil y'accessible t{ithe. · . · .. :. . : ,'; . , · ·. 
large number _of natural bacteria $lt hav~ .. bce.n qtdckly throughouu,h~ rem~iatio~ pf.OcJ~:: >. . ' . 

::.:·· 
. '~ , . 

. , ~ ... ·. · .. 

_ ... 

·.:,· ......... . 

·. ·'. ·. ~ ,·· 

··.·. 

.·: 

.> .. · . . ;•._ 
. . .. -~ .. 

.-'-..'C···' .... ,_ .. ··.· 

. 
•:-' 

···• !:_·:· ... .· . 
. ... .. • . . . . : . . ..... ·: 

~ . · . 
. ·, 

• .. 

. .... 
ProduCed Wi.~ tblil the blopr .. naration.: · , ·'.·.· :> ·. :. : . .' ' · · · · · ; ,·_. : :. · : · ~: ' >:: •.. : ·. ~-' · · . 

.. --r- ...... -!~;;~·~:· .. · .. ,,~:.;···' .-:.· .... c· . .· .·· ' · .. · .· . . . . ~>~_:::::·:·<::· · .: ... · · .. ·Th~~c;ial proPc!ftl~.:e)fd~c· :ETI;~~.Ke~·:Pac·\ _::·. · ...... _., 

. '• 

·.··.· : . . 

llae natural or cultured bacteria arid enzymcs·a~t~d~ · irnm~bll17.atton tCd~ologff<>rm a ·~ng and' btgl_tly· per-·· 
to the hydrocirbon which fonns the t~!tlo~. s~le ~~m~ .· ~eahle. str:uctu're~ ·making .h. posslh~c{~o a'c:Co~pltsh·the. . 
plex. 11te. tr.insitio~ state conaplcx Is the Ci!'Ulsif)catlo~:~{ Same environmental effec:(.S as a~~-f~ llvi~g:tJaCte~. . . · 
engutn~g of the hrfrocarbon by tJ•e non-~o~~c C,o/-f.n~.: .11!1Snu;tlaod(:)fu~u1~oblll7.atl~~~l$qultc,dla:er~ntf~:o~ tltos~.· .. 
bacterialp~u~complex. Thce"!'ulsifi~hyd~~- ·: ·:mcthodstlatutll17.e5u~\YJ.~by_tltebact~~i~c:rely· .. ~ .. 
~plctcly broken down, engulfed and re~cas~ ~·.ratty:· :adh9res to·an ·lnlmobl.li74&U~n:rit~lla:~:nte K~lji_:r,a.c·\cdt~ .. · 
acids, cai'tJOndioxkleand water. The result is to~dcstruc-:' n~logy_protccts tlte enxynics or)~id~ria fror~ arj' ~infa~or-. 
lion ofhydr~rbonsmeasurcd ln clays 0~ weeks lp.~tead of~; . able ou~ld~cnvironmen~;:ietp!o~~~~dte ~#JW~t!or:t . :' . . . ' . : .... 
mc;mtlas... ·. ·. . ·, .· =.· .: of·iJae nutricntsu~strat~~ oq~~cW~~.ofmet.abOILo;,it. , · , . . . 
11acLTtJC'•~adKcr~-P .. cSolution: · _: · ·.·· .·one·or'~lwspecUl~:~l~~e;pflheK~r~i-ra~:teCt•;·.:,. ,. :· ·~: , ··: .. ,.,. 

-:. .-.~-: .•. ~·... -· ·-.· .. :. ·.•.· · .. • .. • .... ~ .. ·f.·.--... ~: .• •· . __ :;.,,,~:~~-: • ·-.:_- ~ . ·' 
' .- . ~. .: ·. :.- .. · .·.•.· .. ·'.·. ,. . . .· ... ·. . ~ -~ . . . 
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"~ bacteria in the working area, and the~eprOductionofliyin{L·:·:... · ' ·, · · ..... ··:· •·. ·. · .. ..., t.~ · 

bacteria Within this "cocoon." The Kera-Pac immobiliZa-:' * Imbedding Ke~-Pat iirf~·~t;il'~~~~cte~:~~~j-/:.· · ., 
tlonmethod makes it possibie to. develop biol~gical prepa~ bents increases oxygen ,tranSfer· rites a~: th~· oil/ :. ' ·. 
rations with its Chatacteristics set h1 advance. A natural water ~tirface ~terf~ce. ~- iJ,~ :-~~·:of ~soU al~~: ~:: · · · 
hydr~on oxidizing bacterial strain is' used as a base to marine poUu~on. :. . : _ .~ ,< : · ·· : · ·:_ -.: .. ; ._.:, _ ., · :·: · · .. ·I 
create a line of biocompositlons with the_ desl'red charac· . . · · · · · · · · · If 
terlstlcs, such as buoyancy andhigh.sorptlon cap~city;, . • a~ract~rized byveryhigh.~t~~r~~-~~q(;·: ,,;._.: ...... , ..... 
makJ.ng i~highly effective in bOth soil andwate'r remedia· · ·sooA~ over non~iriunobile.) / :': ·,.: .. ·-.:·. ". · .-:;. :·./: :,;-~ ·· :': · ; 

1 Uonapplicatlon .. Our Russ.!ascientistaridbi~l.o.gists,who ·: ... :_ ~ ·: ... . : .';'·.: ,;_;·\'': .. .-.::-!·>.;:~---~·:>~~Y:\t/!-,_:·~:· :. ~-~ ... 
developed the pr9cess are w~rld ~~~ers .iri ~ field <»f' : . . ~ithin the fr~mewoik~~~-~~~~v.~.\~~~~o;Y{·:· ... :_::·· ... . :· : ·"·· .. · .. ; .. :.;, 

.·bacteria lmmobUiZatioR:. providing.an ad~,tedu\ol: . · , Emergmg Techn?logies lnt~~tiq~l_;·9~~rJ ~.~.!ri~~qf:~:e::·-:,·:.:r: · · .. "' : ~:. :~; >: ·~:. · 
ogy widtapplicatlons i.n: tbeb!ore~l~~onaild pharil':'~: ,-. gr~sive, con~ani~iaht te<iu~~ b~l<>gi~ -~~~~.~~l9~~-~f./.:: ' ,' ·· · ., .~ .~~ 
ceutical industries.. . · . . •· ·. · . . · ~tare characten:zedbyth~tr Un:i(onn sttucttJres ~ntalli::,/:'· .. ,~: .. ;. _ , 

.. . . . :: .'fng~insofblooegraw;igbacterla whkh~ybe.irnnibbt<> :;·:.' .; : ... _; ~ ·-:-:: 

. lmme~~gb~~~riaim.~obUize(iwiththe·K~ra-P~· .l~u~~g~ K~ra-P~c~~olo~:·. ···;· ':_ ··~~:-.f:\ .. :·_:_._·.:~·-: ·:;;,_.>~·:I 
~edlodOiogy 111 a hqmd medtum, act.ivat~ dt~ bacter:i<lJ ·' . . .. . . . : . . . . . . .. -:, . . , ~ ·' · •• '.y .~ , .. . . ,;:- . • . • . _ 

... I 
. . 

· . · the free cellS{rC?m ~ Kera-Pacm.~ ~t~ tliec:Qn~~ted · inohi.Uzed ~th 'tlte: rieces5ary:~4t~ents ~c\\ as'~U:<>&en~ :.::· .:>, ..:~.· .:.:~:(;·~·):~{ 

-.~.~ -.·~-~~1Ea~~~t···.if~Lltllift~;~iil{rl,~ 
. . :~~tag~s/. · - - . ·" ··· . . .. '<::·. :A·geiieral dcsCription'oreadt:oftheS~·seven (7)fonnula:::.: . .;-.,_ :::-~ ,~ :·.•:'1-'·';.:;:; . 

., -:-:~ .· . · . ·: >-.: ' .. ·: .... " . ·.· <lions.is~'-roli'~~.~~~;~~~·I(era~~r~~:i~~~m#4¢~ot~.~(<='·/~)/5~:~-:.~:~:1:·! 
_, . . . .-. -~ -~cteria ~e ftxed (im~o~ili~ed) ~Jhe~ at- · · ··utU~tiqn·o_rilt~ propric~ st~ns·iO,iheir·_iffirnp~ll.~.·:: ~··~:··::-~, ... ·~<>/~'!·~~ 

: ·.- ... -.·. · ··. ·.:,:r;~:;~~;-~~·~:·•- ·~A~-:A .. :~~::~tz·M£;~J~,f~t{J:,~tr~!J 
· .· . ·' ., . · .· .·· . . . · · .. · ~- . . - . :· -' ·. . .· .; . ot.herproducts .. -~C-AI·&.typt~llyapp.lied·;:· .. · .· .; . ''--,\~- ~~ ..... :.•:-. 

_: . _ · ..• ,, .~ -~c;U.,U,lp<>!halOqe!"'l~ ..... etiaJgrOWtlf .· · ..•. , · : ·lio-ihe).-emo.b.~;;n:oi'h~o·~~i'!;\;.:' i '!t~Ci";l 

··.i·.··· ·•. ••- ·'•· ·)-~t~~!0."'.lii~;L:{ · .. :~E~,~·.·-z~::::~:G.;:Q:~~-i;S,~t{(~1J, 
. . .. ·~· ·,· ::~t'sdoniinanc:e ~ ~-m~ia,;· '_· .. ···. . _ ·: · . . . . . . ·~-~rcthc~a~eriii(~lls.~cd~cd~ylyO.P.If~~:.:: .. \> ;;·~~-~}.:(~.~~~~ 

· .• · · . : · --. · · -:. ·· .' ..... · . : .: ; ll7~tion odre~.drytug ... ETEC-~Z IS ht~.,'" · ;:.:.., ~- :_,.;, .-::.;:,.: 
-. .' . · ·:... '-.:' · . : •--:· -lUosorhcnhnCdia is_ ~tman~ntly e~ridlc<,t ~:·: · · . . .. · · ~ ' . _. ~"YC~tlcnt fo~n for -~~ltr:an.o;F<>rtail~n'·~J·:.~<~·;.'· · :,):~·? <~.: .. :::.~t;:· 
· .. <' · . :: · . · ..... •!lorptton. ·. . · :. -:. :· . . · · ,..- · ·· ' . . . : · . .. · ·.;cxtcrl<k-d storage oflaQ;c.; q~aantitics orp~~;'_'.-".:",;,:.,·: :· ~.,,.:~ :. '·::~. 
.. ·. ·.:· ·-.-~.·:·l " ... : . . · .... ·,._;,.-: . •. ·, :.· .. ·, ":.· .. ;' •' ·: .. · .·.:'' ... :· .. :·::'' ·. _.···'-~;<·:..\~~;:.·:···/":;:·t·~., 

·. _:··_-.:·.'_: :_ ':::·:·: .. · ~-.. :··.·· ... ·. '· :~ . .-.;:: >/:·. ··. · . : ... · :. · .·.'_~~.::.> · ·: .·, .'. · :•.ict::~d-ls _iL'I~·d ~or·-~lfiill~r: appJlcafto~·.~<:;}~/:~~;_.1~.::;;;:~~1: 
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Pseudo-monas, lnronjunction with the Kera- itself or in conjunction witlt other ETEC 
Pac technology, and was specifically formu- products. 
lated for the remediation of large oil spills on. 

· marinewaters~ereanoilrdmexists. ·ETEC/ ETeC-MZC Is the top of the ETECproduct liite. · ETEC 
Kera-Pac-A3isformulatedtobe.highlybuoy~··. MZC stands ~I as the latest breakthrough . 

. arit and provides an excellent Interface· .wi~1 tedU\ology created by our ~enlists. [t is:a .. 
the oontaminated water media. . · · multi-enzyme complex capable of turning . 

ETEC • A4 . Developedspecifieallyfortheremedlation:of . 
soils containinateClwith oil, products, or toxic · 
organic substances utilizing the Kera~_Pac im. 
mobilization tedUlology. The toxicblodeg· .· 
~iadation process is accompanied With a p9Si· 

bydrocarbons.lntofattyadds. ETEC ~ MZC's: .' · 
action comes from bacteria that~x'ldize by- .. ', 
drocarbons. The MZC complexactSdirectly · 
onh~nmolerules, Wbettthecom• 
plex comes In cOntact with hydr<>CaJVons, it · · 
generates a chain or sequence of biochemical 
reactions. 

ETEC-AS 

. tive change In the structure of the solid, 
· ytelding increased fertility.· ' . ·n.e Kera-Pac immobilization process and ~-ETEC, · : : 

Is a special formulation of bacteria In iffimo- . baCterial product line ~ be speciflc:ally fomt.~lated for .. 
bilized form combined with components tlzat .· specialized uses tltrough modification. · This mak~ It pos~ 
absorb oil and oil· produ<.1S. ETEC.·:AS is; ·. sible to s~lect the most eft~ctlye straiils aridconf'aguratio(as; 
partia.tlarlysuitedas a First Response to large . -with the following advantages: · · ·· ·. . . 
·sCale marine oil spills, and is also ruited 'ror . . . 

. appliCltionsinsorbentcolwnnsforthereme- • Metabolizlngpetrolei~inh~.nsonWater(salf:.'·:·, 
diationofindtistrial waste \Vater. · ·or fresh). · · '· · . . · ,, .. 

: ,.' 

ETEC. A6 lsaselfrccoverybiosorbentandimmobil~ 
bac-teriaformulationcltaracterizedbyitscoo- · 

. densed fonn and extremely high rate of effi­
ciency. This process is used in aqueous en vi~ 

.. ronments through use in sorbent rolwnQ pr~- : 
cesses. 

"' · · SQU remediation of (ietrolewn hycfr0carb0n5 itn,d to_xic: .' ·::~ , 
wastes (i.e., w~Od preservatives, etc.) ·; ;i . 

• A ~mbinati~n or bacteria fixed. ~o' oleaphi_Hc · · . 
sor~ts, whidurc·p~rticularly well suitedln tltc . ' · .. 

immediate r~onsc ~o marin~oil~~pills~' ·: .: · 
. . ... '.. . '· . .. 

ETEC • A 7 .Is a proprietary bactena in tm~obilized fonri 
and in combination with minerals, Nitrogen *· As an accelerator in'contaminant degra<J,ing_filter 
arid Phosphorous, and is well suited to ·low mtXlia and waste ~~ter colum~s ... · ~ . . . : · · .. 

· ·oxygen conditions.· · · · ·.., ·· · · · · ·::.: 
· · . ~te. ETE~ enzynie-'tatalped r:n~tabol!~ remedia-· \ / .. 

ETEC • BSF is a . bacterial derived biosurfactant. .· ThiS 'tion s~tem is eiTeciive in ·a variety of medl~s ·~·~uding. 
derivative from the hydrocarbon oxidizing· ·sludge, mud, day'~ mixed media. In most projeCts to. ·. 
bacterial family emu(siOes ftydroca~_lJon datc,.tftc elnpJwis ha.dlCcll 0!\ lfC!ltingso.iJs wlthahlghcJ.ty 
molecules and makes them acx:eS:cible_u~ large . ·:matri~ sin~-e tbat is dte ~nost ~lffiaaltmt,dhlm _t?·Pel~ctratc: .. :. 
numbers of Indigenous mlcroorga~lsrn~ .. ·.and 5ll~f~!ly reme<hat~.' .l~:mO~t cases~ the S~t~~-tr~att.'<~ · ·, ... 
ETEC. BSFisanexcellcntbiosliinulatorwhcn··;. '-:"1tl• :the! 1:1 l;c;TM system ba_ve ltt.ocn re<~uct.'<l ~o · ~o~11rc: .. 

·· · applied to hydrocarbon coritamlnat~fsoil ~r levels within 30 clays. ·· / -~ · · · :' ·, 

.... 

~·· . : _., 
·.·· :·: 

. -~ 

water. Its surfactant action brew down· · · ·· · '~ ,. 
h-' rbon 1 1 1 b · · ed ll . ~ib tedutology is -~ppli~;able lo any site ;coktt~;nl~ ) . : .. , . :r6roca . mo eru es. t can e.us ... : y- ·. . . ·.· . . . . . . . _. . . .. ;. . . ... · 
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nated 'with organics where non-penneabUity Is a factor. •· 
Examples include mUitary installations, wOod treating fa- . 

· ciliti~s. oil processing facilities-- any type of project where. 
·hydrocarbons are trapped in a clay or similar matriX~··. 

· • Minimal disturbance to exlstiilg site,' . 
• Effectlv~ in low pcnneabilitysoils~ · 
~ On-sitedcstructlonofcontaminallts, ~thnodis-

pOsal,. 
. ;• · .Industrially and environmental.ly safe, . . . 

Advant~esOverAlternateTec~no,logics. . .... ·~ Jlydro~n coiupo~ are degraded:to;C02 
·. · . : · andH,O; . . . . . . . , 

1'1!e ETEC Enzyme· Catalyzed Metabolic Remedia- · . • · · ·Extension of naturally occuning blo!.ogicat oxlda-
tionprocessoffersseveraladvantagesovercornpe~ teclt-: · ·U~nprocess, · · · · . : · · · 
nologies. : . . . . . . ·'' · •. Caq,be used fordtronlccontarnlriaUon, 

• . Regulatory encouragement. 
• More cost effective due to aa:elerated treaunent 

time, . 
• Elimination of long tenn.liabUitie_s, 

. ·;.: 

... . . 

JEiJrJEC l?RODU<f.~AI~·EFi<'-aiD7E-Ol'T' .. :f ·. 

TillE lFOll.l[;)~~(ji·;~X)l\~:Ol~lS (;R~~;()~A~IIN~ . 
Oil Products · 

&Crudes 

Gasoline 

. Diesel Fuels 

BunkerC 

-Jet Fuels. 

.. ·.· · .. .. .... ~. 

-...-<:: .. 

Alip~~tic·_ ·. ~ · . ·Pi6matic 
Conipo~Dds·. . .•.. ,ComPC>.u;nds · .. , 

MethanOl, 

Ethanol 

Ethyler:\e Glycol. 
. . 

-Airaaft Deicing · 

·.·. ~ 

· Creos6te · 

Penta~hlcirophenol .. · 

·E~Ibenzen.~~-·· , 
Methyl Nai>theil~?~ : .. 

AvGas 

··Motor Oils 

. -Auids . · : .· ·: · ·Toluene · .·. \. 
.:· .··· .. 

Lubricants 

Hydraulic Ruids 

. Oil Sludges 

. . ·· . : 

Antifreez¢.: · ,._. ·:. )<Y.Je~.· : .. ::' <~:.:_:\ .. '. ·: · _. 
Piopylene Gtyool ~nzene &··.Af,thraeeoe 
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.tCOPE OF WORK: The certified MEARL GEOCELL 
applicator shall furnL<ih lahor, materials, equipment 
and supervision for the installation of MEARI. GEOCELL 
in accordance with the drawings and specifications. 

2. MArERIAIS: 
2.1 MEARLGEOFOAM LIQUID CONCENTRAfE shall 

he supplied by The Mcarl Corporation, Roselle 
Park, N.J. MEARL GEOFOAM LIQUID CON­
CENTRATE shall comply with the standard 
specifications of ASTM C 869 when tested in 
accordance with ASTM C 796. 

2.2 Portland cement shall comply with ASTM C 1 50, 
1}'pe I, II or Ill. 

2.3 Mixing water shall be potable and free from 
deleterious amounts of acids, alkali, salts, oils 
and organic materials which would adversely 
affect the setting or strength of the MEARL 
GEOCEll. 

2.4 Admixtures for reducing water, accelerating set, 
etc., may be used when specifically approved by 
The Mearl Corporation and in accordance with 
its recommendations. 

2. 5 Other additives such as flyash may be rused when 
specifically approved by The Mearl Corporation. 

3. MIX DESIGN: Mix design shall be in accordance with 
The Mearl Corporation's recommendations for a cast 
density at point of placement of pcf ± 
_____ pcfwith a minimum compressive strength 
of psi at 28 days. 

4. MIXING AND PLACING: MEARL GEOCELL shall be job 
site hatched, mixed and placed with equipment (foam 
generator, mixer and pump) approved by The Mearl 
Corporation. 

5. TESTING: Four ( 4) test specimens shall be 1taken at the 
point of placement for each 100 cubic yards ofMEARL 
GEOCELL. Specimens shall be prepared, handled, 
cured and tested for compressive strength in accordance 
with ASTM C 495. 

6. SPECIAL CONSIDERATIONS: .Contact The Mearl 
Corporation for design assistance, application and 
placement recommendations. 

,~J~~·,~. 1 ~C't~C)~:~ ....... _P~ 1 ~~~;·~.~~~ ", ·~ :~ • 

-:'\)~Jj[_ ,,~\ ~J~ ., !' t ,, 'L.' • - < 

MINIMUM 
DENSIIT, AS CAST DENSITY, AIR DRY COMPRESSIVE STRENGTH 

CATEGORY ±3pcf ±50 kglm~ ±3pcf ±50 kglm~ psi 

I 21 335 17 270 20 

II 27 435 22 350 40 

III 33 530 27 430 80 

IV 39 625 33 530 120 

v 45 720 38 610 160 

Vl 48& Over --;-o & Over 41 & Over 660 & Over 300 

Actual properties wiU depend on cement used. water·cement ratio, curing <.-onditions and other variables as dictated by job conditions. 

fi\JI1 ,...... Mearl Corporation 
~~ 220 W. Westfield Avenue, Roselle Park, N.J. 07204 

/.-...., (908) 245-9500 FAX (908) 245-6469 
. (212) 924-8170 

Pnnted in U.S.A. 
G102 -6/86 

MPa 

0.13 

0.27 

0.55 

0.87 

1.10 

2.07 

MINIMUM 
HEARING 
CAPACITY 
TONS/sf 

1.4 

2.9 

5.8 

8.6 

11.5 

21.6 
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The Mearl Corporation 
FOAM AND CHEMICALS DIVISION M 

MEARL 

1f(g~[}{]~0~~[1lli30JJ[1[1~1f0~ 
MEARL GEOCELL 

LOW DENSITY CELLULAR CONCRETE FOR 
GEOTECHNICAL APPUCATIONS 

COEFFICIENT OF PERMEABILITY* CATEGORY II CATEGORY IV 

MAXIMUM CAST DENSITY, PCF 

COEFFICIENT OF PERMEABILITY, k, em/sec 

@ EFFECTIVE CONFINING STRESS, 2.5 PSI 

@EFFECTIVE CONFINING STRESS, 18 PSI 

30 

4.7x 10-5 

1.9 X 10-5 

42 

1.5 X 10-6 

5.4 X 1Q··7 

*AS DETERMINED BY METHOD OF U.S. ARMY CORPS OF ENGINEERS, EDM 1110-2-1906 AND ASTM D 2434. 

WATER ABSORPTION* CATEGORY II CATEGORY Ill CATEgORY IV 

MAXIMUM CAST DENSITY, PCF 30 36 

%WATER ABSORPTION AFTER 120 DAYS, MAXIMUM 20 16 

*LONG TERM TOTAL IMMERSION AS PERCENT OF CAST DENSITY PER METHOD OF AST!tf.c 796. 

SHEAR MODULUS, G AND YOUNG'S MODULUS, E CATEGORY II CATEGORY Ill 

MAXIMUM CAST DENSITY, PCF 

SHEAR MODULUS, G, PSI (1) 

YOUNG'S MODULUS, E, PSI (2) 

30 

27,670 

67,500 

(1) AS DETERMINED BY METHOD OF ASTM D 4015 AT CONFINING STRESS OF 3 PSI 

36 

41,800 

101,990 

42 

14 

(2) YOUNG'S MODULUS CALCULATED ON THE BASIS OF A POISSON'S RATIO: u = 0.22 and E = 2G (11 + u) 

- RESISTANCE TO RAPID FREEZING AND THAWING * 

NUMBER OF FREEZE-THAW CYCLES 

30 
80 

120 
330 

RELATIVE "E" PERCENT AT CAST DENStn( 
CATEGORY II CATEGORY IV 
30 PCF 40PCF 

98 
90 
86 
70 

98 
95 
90 
79 

*AS DETERMINED BY METHOD OF ASTM C 666 MODIFIED TO ALLOW FOR THE INSULATING PROPERTIES OF 
MEARL GEOCELL 

GM 409/5.91 

220 W. Westfield Avenue, P.O. Box 208, Roselle Park, N.J. 07204 Phone (908) 245-9500 • (212) 924·8170 • FAX (908) 245-6469 



M The Mearl Corporation 
FOAM AND CHEMICALS DIVISION 

MEARL 

MEARL GEOCELL LOW DENSITY CELLULAR CONCRETE 

Projects Installed by: 
ACCURATE ENGINEERED CONCRETE PRODUCTS 
HAVERHILL, MA 

1. Super Stop & Shop - Northampton, MA 
Gannet Reality Trust 

Volume: 15,750 cu yds 
Average Density: 35 pcf 
Engineer: GZA 
Application: load relief for a 74,000 sq ft building 

2. Wellesley Extension Sewer Replacement- Needham/Dedham, MA 
Massachusetts Water Resource Authority 

Volume: 3700 cu yds 
Average Density: 30 pcf 
Engineer: SEA - Cambridge, MA 
Application: fill an abandoned sewer line approximately 2 mi long 

3. Park Avenue Tunnel - New :Vork, NY 
Metro North, MTA 

Volume: 3500 cu yds 
Average Density: 30 pcf . 

. Engineer: Kaiser Envirodyne 
Application: fill voids behind brick arch tunnel 

4. Square One Mall - Saugus, MA 
New England Developers 

Volume: 2130 cu yds 
Average Density: 30 pcf 
Engineer: GZA 
Application: void fill/load relief 

5. Back Bay Station - Boston, MA 
Massachusetts Bay Transit Authority 

Volume: 1400 cu yds 
Density: 35 pcf 
Engineer: MBTA 
Application: reduce the load over subway . station and permit landscaping on 
the surface 

220 W. Westfield Avenue, P.O. Box 208, Roselle Park, N.J. 07204 Phone (908) 245-9500 • (212) 924-8170 • FAX (908) 245-6469 
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6. Rt. Bridge Catskills - Mechanicsville, NY 
NY State DOT 

Volume: 1225 cu yds 
Average Density: 35 pcf 
Engineer: NY - DOT 
Application: ground stabiHzation for bridge approach 

7. Prudential Star Market - Boston, MA 
Prudential Management 

Volume: 700 cu yds 
Average Density: 35 pet 
Engineer: GZA 
Application: void fill over Mass Pike, 1-90 

""" 
8. Uberty State Park - NJ 

State of New Jersey 
Volume: 700 cu yds 
Average Density: 70 pet 
Engineer: Sidney M.Johnson and Associates 

-- . Application: stabilize wood pier being attacked by sea worms 

9. Route 9 Bridges - Northampton, MA 
Massachusetts - DOT 

Volume: 600 cu yds 
~ Average Density: 35 pcf ~ .... - Engineer: MA DOT 

Application: installed over peat bog to stabilize new roadway 

10. Trout Brook Bridge Approach - Brockton, MA 
Massachusetts DOT 

Volume: 360 cu yds 
Average Density: 35 pcf 
Engineer: MA- DOT 

.Application: ground stabilization for bridge approach 

11. Millstone Nuclear Power Plant - Niantic, CT 
North East Utilities 

·""' Volume: 250 cu yds 
Average Density: 25 pet 
Engineer: NorthEast Utilities 
Application: filling decommissioned steam generators from Units 1 & 2 to 

enabl~ shipment to S. Carolina for burial 

12. Yankee Rowe Nuclear Power Plant - Rowe, MA 
Yankee Atomic Electric Co. 

Volume: 220 cu yds 
Average Density: 25 pet 
Engineer: NorthEast UtRitiesjChem-Nuctear 
Application: filling decommissioned steam generators Units 1,2,3, & 4 to - enable shipment to S. Carolina for burial 

.. ~ 
/ 
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