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DECOULOS & COMPANY
ENVIRONMENTAL ENGINEERING & LAND PLANNING

Wednesday, April 21, 2004

Jonathan E. Hobill, Regional Engineer
Bureau of Waste Site Cleanup

20 Riverside Drive

Lakeville, MA 02347

RE: 131 Main Street, Carver; RTN 4-17825
Dear Mr. Hobill:

On behalf of Eagle Gas, Inc., Decoulos & Company is pleased to submit this modification to the
Immediate Response Action (IRA) Plan for the above referenced property.

On January 21, 2004 an Immediate Response Action (IRA) Plan was submitted to the Department for this
release. The IRA Plan was filed in response to NON-SE-03-3T-109.

The Department requested a modification of the IRA Plan on April 5, 2004. The purpose of this IRA
Plan is to further assess and mitigate the discharge of oil and hazardous materials to the stormwater outfall
into South Meadow Brook. The proposed scope of work follows the guidelines set forth in the April 5™
request together with on-going discussions with Department representatives.

Eagle Gas is potentially responsible for two existing releases on record for the Site (RTNs 4-13333 and 4-
17582). Over the next few weeks documentation will be provided to merge these two tracking numbers.

We appreciate your patience and cooperation on this matter. Please feel free to call or email if you have
any questions or concerns. Thank you.

lzjurs,
amgy/J. Decoulos, PE, LSP
jamesj@decoulos.com

Very tru

cc: Francis J. Casey, Carver Board of Selectmen
Robert C. Tinkham, Jr., Carver Board of Health
Sarah G. Hewins, Carver Conservation Commission
William A. Halunen, Carver Department of Public Works
Dana E. Harriman, Carver Fire Department
Donald P. Nagle, Esq.
Theodore J. Kaegael, Jr., Kaegael Environmental, Inc.
Theodore L. Bosen, Esq.
Najib Badaoui, Eage Gas, Inc.

3 ELECTRONICS AVENUE, DANVERS, MASSACHUSETTS 01923
TEL: 617.489.7795 FAX: 877.842.9629
WWW.DECOULOS.COM
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Massachusetts Department of Environmental Protection

Bureau of Waste Site Cleanup BWSC105

Release Tracking Number

IMMEDIATE RESPONSE ACTION (IRA) TRANSMITTAL
FORM Pursuantto 310 CMR 40.0424 - 40.8427 ()Subpart D) - 17825

A. RELEASE OR THREAT OF RELEASE LOCATION:

1. Release Name/Location Aid: Eagle Gas’ Inc.

2. Street Address: 131 Main Street

3. City/Town: Carver 4. ZIP Code: 02330-0000

D 5. Check here if a Tier Classification Submittal has been provided to DEP for this Disposal Site.

[] a TiertA [ ] b. Tier1B [] c TieriC [ ] d. Tier2

EI 6. Check here if this location is Adequately Regulated, pursuant to 310 CMR 40.0110-0114.  Specify Program (check one):

D a. CERCLA D b. HSWA Corrective Action |:] c. Solid Waste Management
[ ] d. RCRA State Program (21C Facilities)

B. THIS FORM IS BEING USED TO:  (check all that apply)
1. List Submittal Date of Initial IRA Written Plan (if previously submitted): (MM/DDIYYYY)

[] 2. Submit aninitial IRA Plan.
3. Submit a Modified IRA Plan of a previously submitted written IRA Plan.

[__—__I 4. Submit an Imminent Hazard Evaluation (check one)
D a. An Imminent Hazard exists in connection with this Release or Threat of Release.
D b. An Imminent Hazard does not exist in connection with this Release or Threat of Release.

c. ltis unknown whether an Imminent Hazard exists in connection with this Release or Threat of Release, and further
assessment activities will be undertaken.

d. Itis unknown whether an Imminent Hazard exists in connection with this Release or Threat of Release. However,
response actions will address those conditions that could pose an Imminent Hazard.

D 5. Submit a request to Terminate an Active Remedial System or Response Action(s) Taken to Address an Imminent
Hazard .

[] 6. Submitan IRA Status Report .
[] 7. Submitan IRA Completion Statement.

a. Check here if future response actions addressing this Release or Threat of Release notification condition will be

D conducted as part of the Response Actions planned or ongoing at a Site that has already been Tier Classified under a
different Release Tracking Number (RTN). When linking RTNs, rescoring via the NRS is required if there is a
reasonable likelihood that the addition of the new RTN(s) would change the classification of the site.

b. State Release Tracking Number of Tier Classified Site (Primary RTN): D - l:l

These additional response actions must occur according to the deadlines applicable to the Primary RTN. Use the Primary
RTN when making all future submittals for the site unless specifically relating to this Immediate Response Action.

|:| 8. Submit a Revised IRA Completion Statement.

(All sections of this transmittal form must be filled out unless otherwise noted above)

Revised: 09/11/2002 Page 1 of 6



Massachusetts Department of Environmental Protection

Bureau of Waste Site Cleanup BWSC105

Release Tracking Number

- | 17825

IMMEDIATE RESPONSE ACTION (IRA) TRANSMITTAL
FORM Pursuantto 310 CMR 40.0424 - 40.0427 (Subpart D)

C. RELEASE OR THREAT OF RELEASE CONDITIONS THAT WARRANT IRA:
1. ldentify Media Impacted and Receptors Affected: (check all that apply)
l:l a. Air |:| b. Basement |:| c. Critical Exposure Pathway

z f. Paved Surface I:] g. Private Well |:] h. Public Water Supply D i. School
] k. soil |. Storm Drain 0. Wetland

D e. Residence
[:I j. Sediments

D p. Zone 2

|:| d. Groundwater

m. Surface Water |:| n. Unknown

D g. Others Specify:

2. ldentify Oils and Hazardous Materials Released:

a. Oils
D d. Others

(check all that apply)

I:] b. Chlorinated Solvents D c¢. Heavy Metals

Specify:

D. DESCRIPTION OF RESPONSE ACTIONS: (check all that apply. for volumes list cumulative amounts)

OO ORI

1. Assessment and/or Monitoring Only
3.
5.
7.
9.
11. Bioremediation

Deployment of Absorbent or Containment Materials
Structure Venting System

Product or NAPL Recovery
Groundwater Treatment Systems

13. Excavation of Contaminated Soils

D a. Re-use, Recycling or Treatment |:] i. On Site

2. Temporary Covers or Caps

4. Temporary Water Supplies

6. Temporary Evacuation or Relocation of Residents
8. Fencing and Sign Posting

10. Soil Vapor Extraction

O Ouodno

12. Air Sparging

Estimated volume in cubic yards

D ii. Off Site  Estimated volume in cubic yards
iia. Facility Name: Town : State:
iib. Facility Name: Town : State:
iii. Describe:
[] b. Store [] i.onsite Estimated volume in cubic yards
~ji. Off Site Estimated volume in cubic yards
iia. Facility Name: Town : State:
iib. Facility Name: Town : State:
Revised: 09/11/2002 Page 2 of 6
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Massachusetts Department of Environmental Protection
Bureau of Waste Site Cleanup

BWSC105

Release Tracking Number

IMMEDIATE RESPONSE ACTION (IRA) TRANSMITTAL
FORM Pursuant to 310 CMR 40.0424 - 4o.c()427 ()Subpart D) - (17825

D. DESCRIPTION OF RESPONSE ACTIONS (cont.): (check all that apply, for volumes list cumulative amounts)

[] e Landfil
D i. Cover Estimated volume in cubic yards
Facility Name: Town : State:
[] ii. Disposal Estimated volume in cubic yards
Facility Name: Town : State:
|:| 14. Removal of Drums, Tanks or Containers:
a. Describe Quantity and Amount:
b. Facility Name: Town: State:
¢. Facility Name: Town : State:
D 15. Removal of Other Contaminated Media:
a. Specify Type and Volume:
b. Facility Name: Town : State:
¢. Facility Name: Town : State:
E] 16. Other Response Actions:
Describe:
|:] 17. Use of Innovative Technologies:
Describe:
Revised: 09/11/2002 Page 3 of 6

1 TR T




Massachusetts Department of Environmental Protection

Bureau of Waste Site Cleanup BWSC105

Release Tracking Number

IMMEDIATE RESPONSE ACTION (IRA) TRANSMITTAL
FORM Pursuantto 310 CMR 40.0424 - 40.0427 (Subpart D) - 17825

E. LSP SIGNATURE AND STAMP :

| attest under the pains and penalties of perjury that | have personally examined and am familiar with this transmittal form,
including any and all documents accompanying this submittal. In my professional opinion and judgment based upon application
of (i) the standard of care in 309 CMR 4.02(1), (ii) the applicable provisions of 309 CMR 4.02(2) and (3), and 309 CMR4.03(2), and
(iii) the provisions of 309 CMR 4.03(3), to the best of my knowledge, information and belief,

> if Section B of this form indicates that an Inmediate Response Action Plan is being submitted, the response action(s) that is
(are) the subject of this submiittal (i) has (have) been developed in accordance with the applicable provisions of M.G.L. ¢c. 21E and
310 CMR 40.0000, (ii) is (are) appropriate and reasonable to accomplish the purposes of such response action(s) as set forth in
the applicable provisions of M.G.L. c. 21E and 310 CMR 40.0000 and (iii) complies(y) with the identified provisions of all orders,
permits, and approvals identified in this submittal;

> if Section B of this form indicates that an Imminent Hazard Evaluation is being submitted, this Imminent Hazard Evaluation was
developed in accordance with the applicable provisions of M.G.L. ¢. 21E and 310 CMR 40.0000, and the assessment activity(ies)
undertaken to support this Imminent Hazard Evaluation complies(y) with the applicable provisions of M.G.L. ¢. 21E and 310 CMR
40.0000;

> if Section B of this form indicates that an Inmediate Response Status Report is being submitted, the response action(s) that is
(are) the subject of this submittal (i} is (are) being implemented in accordance with the applicable provisions of M.G.L. c. 21E and
310 CMR 40.0000, (ii) is (are) appropriate and reasonable to accomplish the purposes of such response action(s) as set forth in
the applicable provisions of M.G.L. c. 21E and 310 CMR 40.0000 and (iii) complies(y) with the identified provisions of all orders,
permits, and approvals identified in this submittal;

> if Section B of this form indicates that an Immediate Response Action Completion Statement or a request to Terminate an
Active Remedial System or Response Action(s) Taken to Address an Imminent Hazard is being submitted, the response
action(s) that is (are) the subject of this submittal (i) has (have) been developed and implemented in accordance with the
applicable provisions of M.G.L. c. 21E and 310 CMR 40.0000, (ji) is (are) appropriate and reasonable to accomplish the purposes
of such response action(s) as set forth in the applicable provisions of M.G.L. c. 21E and 310 CMR 40.0000 and (iii) complies(y)
with the identified provisions of all orders, permits, and approvals identified in this submittal.

I am aware that significant penalties may result, including, but not limited to, possibie fines and imprisonment, if | submit
information which | know to be false, inaccurate or materially incomplete.

1 First Name: James 2 Last Name: Decoulos
1 - -
3. Telephone: (6 7) ﬁ89ﬁ7795 4 Ext: 5. FAX (877) 842-9629
6. Signature: /ﬁ&/‘ﬂ(’é 7. Date: 4/L//0'¢
8. LSP#: 9360
9. LSP Stamp:
dJ.
DECOULOS
No. 9360 #:
3 “Q«Q S
N

Revised: 09/11/2002 Page 4 of 6
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Massachusetts Department of Environmental Protection

Bureau of Waste Site Cleanup BWSC105

Release Tracking Number

IMMEDIATE RESPONSE ACTION (IRA) TRANSMITTAL
FORM Pursuantto 310 CMR 40.0424 - 40.0(427 (%ubpart D) - [17825

F. PERSON UNDERTAKING IRA:
1. Check all that apply: [:I a. change in contact name. |:| b. change of address
Eagle Gas, Inc.

D ¢. change in the person
undertaking response actions

2. Name of Organization:

3. Contact First Name: Najlb 4. Last Name: Badaoui
131 Main Street . President
5. Street: 6. Title:
7. CityToun: STV 5. state: MA o 7ip code: 02347-0000
10. Telephone: (508) 866-9098 1M1.Ext. 12. FAX:

G. RELATIONSHIP TO RELEASE OR THREAT OF RELEASE OF PERSON UNDERTAKING IRA:
Z] 1. RP or PRP @ a. Owner [:| b. Operator L__l ¢. Generator D d. Transporter

[] e. OtherRP or PRP  Specify:

D 2. Fiduciary, Secured Lender or Municipality with Exempt Status (as defined by M.G.L. c. 21E, s. 2)

D 3. Agency or Public Utility on a Right of Way (as defined by M.G.L. c. 21E, s. 5(j))

D 4. Any Other Person Undertaking IRA Specify Relationship:

H. REQUIRED ATTACHMENT AND SUBMITTALS:

1. Check here if any Remediation Waste, generated as a result of this {RA, will be stored, treated, managed, recycled or
l:l reused at the site following submission of the IRA Completion Statement. If this box is checked, you must submit one of the
following plans, along with the appropriate transmittal form.

E] A Release Abatement Measure (RAM) Plan (BWSC106) |:] Phase IV Remedy Implementation Plan (BWSC108)

2. Check here if the Response Action(s) on which this opinion is based, if any, are (were) subject to any order(s), permit(s)
D and/or approval(s) issued by DEP or EPA. If the box is checked, you MUST attach a statement identifying the applicable
provisions thereof.

D 3. Check here to certify that the Chief Municipal Officer and the Local Board of Heath have been notified of the
implementation of an Immediate Response Action taken to control, prevent, abate or eliminate an Imminent Hazard.

D 4. Check here to certify that the Chief Municipal Officer and the Local Board of Heath have been notified of the submittal of a
Completion Statement for an Immediate Response Action taken to control, prevent, abate or eliminate an Imminent Hazard.

D 5. Check here if any non-updatable information provided on this form is incorrect, e.g. Site Address/Location Aid. Send
corrections to the DEP Regional Office.

ZI 6. Check here to certify that the LSP Opinion containing the material facts, data, and other information is attached.

Revised: 09/11/2002 Page 5 of 6
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Massachusetts Department of Environmental Protection
Bureau of Waste Site Cleanup BWSC105

Release Tracking Number

IMMEDIATE RESPONSE ACTION (IRA) TRANSMITTAL
FORM Pursuant to 310 CMR 40.0424 - 40.0427 (Subpart D) - | 17825 |

I. CERTIFICATION OF PERSON UNDERTAKING IRA:
| Najib Badaoui

1. , attest under the pains and penalties of perjury (i) that | have personally
examined and am familiar with the information contained in this submittal, including any and all documents accompanying this
transmittal form, (ii) that, based on my inquiry of those individuals immediately responsible for obtaining the information, the
material information contained in this submittal is, to the best of my knowledge and belief, true, accurate and complete, and (iii)
that | am fully authorized to make this attestation on behalf of the entity legally responsible for this submittal. I/the person or
entity on whose behalf this submittal is made am/is aware that there are significant penalties, including, but not limited to,
possible fines and imprisonment, for willfully submitting false, inaccurate, or incomplete information.

2. By: E (v — 3. Title: President
Signature
4. For Eagle Gas, Inc. 04/21/2004
(Name of person or entity recorded in Section F) (mm/ddlyyyy)

D 5. Check here if the address of the person providing certification is different from address recorded in Section F.

6. Street:
7. City/Town: 8. State: ————— 9. ZIP Code:
10. Telephone: M BExt: 12 FAX

YOU MUST LEGIBLY COMPLETE ALL RELEVANT SECTIONS OF THIS FORM OR DEP MAY
RETURN THE DOCUMENT AS INCOMPLETE. IF YOU SUBMIT AN INCOMPLETE FORM, YOU
MAY BE PENALIZED FOR MISSING A REQUIRED DEADLINE.

Date Stamp (DEP USE ONLY:)

Page 6 of 6

Revised: 09/11/2002



20 BACKGROUND

On January 21, 2004 an Immediate Response Action (IRA) Plan was submitted to the
Department for Release Tracking Number (RTN) 4-17825. The IRA Plan was filed in response
to NON-SE-03-3T-109.

The Department requested a modification of the IRA Plan on April 5, 2004. The following
proposed scope of work follows the guidelines set forth in the April 5™ request together with on-
going discussions with Department representatives.

2.1 Site Description

The property is identified as the Eagle Gas Station at 131 Main Street in Carver, Massachusetts
and the deed for the property is recorded at the Plymouth Registry of Deeds in Book 15615, Page
160 (the Site) (see locus on Figure 1).

According to the U.S. Geological Survey (USGS) map of Plympton, Massachusetts dated 1990,
the Site is located approximately 99 meters above the National Geodetic Vertical Datum of 1929
(NGVD) with horizontal coordinates within the Universal Transverse Mercator (UTM) system at
coordinates 4,638,246 mN, and 190,353,296 mE.

The Site has also been mapped by the Carver Department of Public Works (CDPW). The
horizontal control for the mapping is the Massachusetts State Plane Coordinate System and
vertical control is in NGVD. Mapping from the CDPW has been scanned and digitized into
AutoCAD. The modified plan showing the Site overlayed on the CDPW mapping is provided on
Sheet 1 (see Appendix A).

The Flood Insurance Rate Map (FIRM) for the Town of Carver from the Federal Emergency
Management Agency (FEMA) shows vertical control in the Site area in the NGVD system on
Community Panel Number 250262 0009 B. The closest vertical control is identified as RM 4 with
an elevation of 101.87 on a concrete monument along South Meadow Road (see Appendix B).

Approximately 264.55 feet of frontage lies on Main Street. Main Street is a public right of way
owned by the Town of Carver. Main Street is also known as Route 58, as it was once under the
control of the Massachusetts Highway Department. Entrance onto the Site can be gained along
most of the frontage on Main Street.

2.2 Current Use

Eagle Gas, Inc. (Eagle), the current operator of the gas station on Site, operates and maintains
four double walled, underground storage tanks (USTs) on Site. Three of the USTs store
gasoline; each have a capacity of 5,000 gallons; and, are located underneath the southerly portion
of the existing concrete pad. The third UST, with a capacity of 4,000 gallons, stores diesel fuel
and is located under the northerly portion of the concrete pad. The public gas station distributes
fuel for automobiles and trucks.

page 7
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UST tightness tests have been periodically conducted on Site and the results have continued to
demonstrate that the UST system is tight. The entire UST system is monitored and automatically
gauged by a Veeder-Root TLS-350 Monitoring System. A remote diesel supply line (used to fill
the diesel UST with product) was found to be insecure in May of 2003 and immediately taken
out of service. Filling for the diesel UST now occurs directly over the UST.

Eagle Gas, Inc. also operates a general automotive repair business at the two story concrete and
wood building on Site. One bay is located in the southern portion of the building for general
vehicle repairs. No floor drains exist within the bay area.

An unoccupied apartment exists on the second floor of the gas station building. According to a
septic system design plan by Webby Engineering Associates, Inc. of Plympton, MA dated June
27, 1998, the apartment contains two bedrooms and a potable drinking water supply well is
located in the southwesterly corner of the building. The pump and storage tank for the well are
accessed directly from within the vehicle repair shop.

2.3  Current Abutting Uses

A residence is located south of the Site and an access road to a rod and gun club abuts the
triangular shaped Site to the north.

3.0 PROPOSED IMMEDIATE RESPONSE ACTION TASKS

Various tasks and a schedule for implementation of each task have been developed. See attached
IRA Schedule. The schedule starts on May 6, 2004 and ends on August 26, 2004. The dates
shown on the Gantt chart reflect the end dates of each task. The schedule will be updated on
August 23, 2004 based upon progress of the proposed tasks. Details of each task are as follows:

1. Continued inspection and replacement of absorbent booms and pads at the stormwater
outfall discharge area to South Meadow Brook. Inspection and necessary replacement
shall occur every two weeks on the dates specified in the schedule.

2. Spent booms and pads shall be placed in 55 gallon drums located in close vicinity to the
outfall. The disposal and replenishment of clean drums has been scheduled for June 17,
2004 and August 26, 2004.

3. The sampling of surface water at the outfall basin and within South Meadow Brook shall
occur on or about May 20, 2004. The surface water shall be field screened for
temperature, conductivity and pH and laboratory analyzed for Extractable Petroleum
Hydrocarbons (EPH) and semi-volatile organic compounds by EPA method 8270. Two
surface water samples shall be collected in the outfall basin and two surface water
samples shall be collected within South Meadow Brook. One of the samples within the
Brook shall be collected at the intersection of the Brook centerline and the projected
outfall line. The other brook sample shall be collected at the centerline of the Brook just
east of Main Street.

page 9



Immediate Response Action Schedule - DEP RTN 4-17825
Description 7 ,
Inspect and Replace Booms and Pads at Outfall

Inspect and Replace Booms and Pads at QOutfall
Surface Water Sampling @ South Meadow Brook
Sediment Sampling @ Outfall and within Brook

Soil Sampling of BVW to South Meadow Brook
Groundwater Mon Weli Sampling @ Eagle plus
Stabilize Sediment Discharge from Outfall Basin
Inspect and Replace Booms and Pads at Outfall
Level Survey Traverse from FEMA Benchmark

App to Buzzards Bay Estuary Program

App to CZM for CPR Grant

Forensic Assessment of Soil, Sediment and Water Data
ZBA App to Permit Canopy and Qil/Water Separator
Imminent Hazard Evaluation

Preparation of NOI to Carver Con Com

Inspect and Replace Booms and Pads at Outfal
Video Inspection Survey of Stormwater System
Disposal of 55 gal Drums of Spent Pads/Booms
Inspect and Replace Booms and Pads at Qutfall
Inspect and Replace Booms and Pads at Qutfall
Remediation Plan to Eliminate Stormwater Contamination
Inspect and Replace Booms and Pads at Outfall
Inspect and Replace Booms and Pads at Outfall
Inspect and Replace Booms and Pads at Outfall
Disposal of 55 gal Drums of Spent Pads/Booms

5/06/2004

Page 1 of 1



10.

The sampling of sediment at the outfall basin shall occur on or about May 20, 2004. The
sediment shall be screened for grain size distribution and laboratory analyzed for EPH;
semi-volatile organic compounds by EPA method 8270; RCRA 8 metals; poly-
cholorinated biphenyls (PCBs); and, total organic carbon (TOC). Three sediment
samples shall be collected in the outfall basin and two sediment samples shall be
collected within South Meadow Brook. One of the sediment samples within the Brook
shall be collected at the intersection of the Brook centerline and the projected outfall line.
The other brook sediment sample shall be collected at the centerline of the Brook just
east of Main Street.

The sampling of soil within the bordering vegetated wetland (BVW) in proximity to the
outfall shall occur on or about May 20, 2004. Two composite soil samples shall be
collected at depths between 6 and 12 inches and laboratory analyzed for EPH; semi-
volatile organic compounds by EPA method 8270; RCRA 8 metals; PCBs; and, TOC.

The sampling of groundwater monitoring wells KEI-4, KEI-5, BP-1, BP-2, BP-3, BP-4,
DCW-1, DCW-2 and DCW-3 shall occur on or about May 20, 2004. All of the samples
shall be analyzed for EPH and volatile petroleum hydrocarbons (VPH). Wells DCW-2
and BP-4 shall also be analyzed for semi-volatile organic compounds by EPA method
8270 and RCRA 8 metals.

The stabilization of contaminated sediment from traveling into South Meadow Brook
shall occur no later than June 3, 2004. This work will involve placing sand bags at the
intersection of the outfall basin with South Meadow Brook. A silt curtain shall also be
laid adjacent to the sand bags, on the outfall basin side, to prevent contaminated
suspended particles from migrating into South Meadow Brook.

A level survey traverse shall be run from FEMA benchmark RM-4, as shown on FIRM
panel number 250262 0009 B, to the Site locus to allow for elevation data to be tied into
the NGVD system. This work shall be conducted no later than June 3, 2004.

An application shall be submitted to the Buzzards Bay Project National Estuary Program
for the Buzzards Bay Watershed, Wetlands and Open Space Protection Grant Program.
The deadline for filing is June 3, 2004. The application shall be filed by the Town of
Carver and Eagle shall provide support for Town representatives in preparing the
application. See program information in Appendix C.

An application shall be submitted to the Massachusetts Coastal Zone Management for the
Coastal Pollutant Remediation Grant Program. The deadline for filing is June 4, 2004.
The application shall be filed by the Town of Carver and Eagle shall provide support for
Town representatives in preparing the application. See program information in Appendix
D.

page 11



11.

12.

13.

14.

15.

16.

A forensic geochemistry assessment of water, sediment and soil data shall be conducted.
“Peak Area Reports” shall be provided from the laboratory, based on the EPH and VPH
data, that present the normal alkanes, isoprenoids (IPs) and unresolved complex mixtures
(UCMs) of the petroleum hydrocarbons. Information on these assessment techniques are
presented in papers compiled in Appendix E.

An application shall be filed to the Carver Zoning Board of Appeals (ZBA) to permit the
construction of an overhead canopy and the installation of an oil/water separator that
discharges into the Town’s municipal stormwater collection system. Information on the
separator is provided in Appendix F. The application shall be filed no later than June 11,
2004. The oil/water separator shall be designed to collect all runoff from the easterly
portion of the Site. The outlet for the separator shall be fitted with an alarm that will
activate if oil is detected flowing into the Town’s drain manhole.

An Imminent Hazard Evaluation shall be conducted and submitted to the Department no
later than June 15, 2004.

Conceptual remediation plans to eliminate the stormwater contamination to South
Meadow Brook shall begin on June 1, 2004 and continue through the end of July. The
planning will seek input from Department personnel, Town officials and representatives
of the Cape Cod Cranberry Growers’ Association.

A Notice of Intent (NOI), under the provisions of G.L. ¢. 131, § 40 and the Carver
Wetland Bylaws, shall be filed with the Carver Conservation Commission and the
Department no later than June 17, 2004. The NOI shall describe all anticipated actions
within the regulated wetland areas that will eliminate the source of contamination and
restore the utilities and environment to a suitable condition.

A video inspection of the stormwater collection system shall be conducted on or about
June 17, 2004. The inspection shall begin at the outfall and video tape the entire
collection system up to the drain manhole just south of the entrance to the Rod and Gun
Club.

page 12



APPENDIX A
EXISTING CONDITIONS PLAN, SHEET 1



O DMH STORMWATER DRAIN MANHOLE WITH

REVISION

RE:ERENCES (24 PPM) VOC HEADSPACE READING ON 5/16,/03.

1. LAYOUT OF ROUTE 58, WAREHAM — CARVER, MA Q STORMWATER CATCH BASIN WITH
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2. STADIA FIELD SURVEY BY NAJIB BADAOUI AND — 1 — RECORDS FROM THE CARVER
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APRIL, 2004.
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DESCRIPTION OF LOCATION

Standard USC&GS and State Survey disk, stamped 1V, set
in concrete monument on northwest side of South Meadow
Brook in front of house No. 126; located approximately 920
feet northeast along South Meadow Road from intersection
with State Route 58.
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OPEN SPACE PROTECTION GRANT PROGRAM



Buzzards Bay Project

National Estuary Program April 14, 2004

Distribution: Boards of Selectmen, Buzzards Bay Action Committee Representatives, Shellfish Officers,
Conservation Commissions, Planning Boards, Boards of Health, Oil Spill Coordinators

Re: 2004 Municipal Mini-Grants available

Dear Municipal Official:

In accordance with a Cooperative Agreement with the US EPA, the Buzzards Bay Project National Estuary
Program is providing interested Buzzards Bay watershed municipalities with $125,000 of its federal funds to
assist eligible Buzzards Bay watershed municipalities implement environmental restoration and protection
projects. Municipalities can use these funds to protect open space or rare and endangered species habitat,
conduct land surveys in support of those activities, restore freshwater and saltwater wetlands including tidally
restricted salt marshes, purchase oil spill containment equipment, restore fish runs, and to remediate stormwater
discharges threatening water quality. The funds will be distributed in the following categories:

o Oil Spill containment boom and oil spill response supplies: $15,000 total dollar amount will be divided equally
among all interested municipalities However, because of the small dollar amount in this category, the Buzzards
Bay Project is seeking one municipality to be the sole applicant to act as a clearing house for all interested
municipalities. Such a single application will need a letter of endorsement from a representative from each

participating municipality.
o Stormwater Remediation or Management: $40,000 total, no more than $20,000 per municipality
o Herring Run Restoration: $20,000 total in category, no more than $20,000 per municipality

o Wetland and open space habitat restoration/preservation/acquisition: $50,000 total in category, no more than
$20,000 per municipality

Enclosed is the complete application package. Only projects located principally in the Buzzards Bay watershed
are eligible for funding. For land acquisitions and restoration projects, we encourage partnerships with land

trusts and other not for profit organizations.

Grant applications, and questions about the application must be submitted in writing to Sarah Williams,
Municipal Grant Coordinator, Buzzards Bay Project National Estuary Program, 2870 Cranberry Highway, East
Wareham, MA 02538. For your convenience, questions about the solicitation can be emailed to

sarah.williams@state.ma.us.
Seph E. Costa, Ph.D. @ "“'

. R L{ .Jc’ <y
Executive Director

mcerelyg.)

2870 Cranberry Highway, East Wareham, Massachusetts 02538 (508) 291-3625 Facsimile (508) 291-3628 http:/ / www.capecod.net/ ~menviron

The Buzzards Bay Project is sponsored by the U.S. Environmental Protection Agency and the Massachusetts Executive Office of Environmental Affairs through the Coastal Zone Management Office.

&



EXECUTIVE OFFICE OF ENVIRONMENTAL AFFAIRS
OFFICE OF COASTAL ZONE MANAGEMENT
BUZZARDS BAY PROJECT NATIONAL ESTUARY PROGRAM

REQUEST FOR RESPONSES (RFR)

MUNICIPAL GRANT PROGRAM
BUZZARDS BAY WATERSHED WETLANDS & OPEN SPACE PROTECTION GRANTS
FISCAL YEAR 2005
April 14, 2004
ENV 04 CZM 09

Post Date: April 14, 2004 Close Date: June 3, 2004 Value: $125,000
Contact Person: Sarah Williams, Municipal Grant Coordinator -

Address: Buzzards Bay Project National Estuary Program

2870 Cranberry Highway

East Wareham, MA 02538
fax: 508-291-3628
email: sarah.williams@state.ma.us

Summary
The Executive Office of Environmental Affairs, through the Buzzards Bay Project National Estuary

Program in the Office of Coastal Zone Management, announces that funding is available to assist
eligible Buzzards Bay watershed municipalities in the protection of open space, rare and
endangered species habitat, and freshwater and saltwater wetlands, and to help restore tidally
restricted salt marshes, to purchase oil spill containment equipment, to restore fish runs, and to
remediate stormwater discharges threatening water quality. This work is being conducted in
accordance with a Cooperative Agreement with the US EPA using federal funds.

Introduction
The Buzzards Bay Project National Estuary Program' has allocated $125,000 of federal grants, to

assist interested Buzzards Bay watershed municipalities in the protection of open space, rare and
endangered species habitat, and freshwater and saltwater wetlands, and to help restore tidally
restricted salt marshes, to purchase oil spill containment equipment, to restore fish runs, and to
remediate stormwater discharges threatening water quality. These funds have been made available
in accordance with US EPA National Estuary Program Cooperative Agreements and are part of an
ongoing Buzzards Bay Watershed Municipal Grant Program implemented by the Buzzards Bay

Project National Estuary Program.

! The Buzzards Bay Project is an advisory and planning unit of the Massachusetts Office of Coastal
Zone Management within the Executive Office of Environmental Affairs. Information about the -
Buzzards Bay Project is available at www.BuzzardsBay.org.



Eligible Respondents
Eligible towns include Fall River, Westport, Dartmouth, New Bedford, Acushnet, Fairhaven,

Rochester, Mattapoisett, Marion, Wareham, Middleborough, Carver, Plymouth, Bourne, Falmouth,
and Gosnold. However, specific restoration and protection projects must lie principally within

the Buzzards Bay watershed (see attached map).

Eligible uses of funds

Projects eligible for funding include but are not limited to:

1) Oil spill containment boom and oil spill response supplies of any type to minimize water quality
and habitat impacts of water and land born spills.

2) Stormwater remediation projects, particularly those that treat stormwater to improve water
quality in order to open or protect shellfish beds or protect public bathing beaches

3) Herring and anadramous or catadramous fish restoration including, but not limited to, fish ladder
improvements and debris or obstruction removal.

4) Wetland and habitat restoration, preservation, acquisition and protection, and upland open space
acquisition for habitat protection, conservation and passive recreation purposes, including, but not
limited to:

a) Startup or seed money for restoration of wetlands, including development of designs.

b) Appraisals, site evaluations, or professional land surveys of any parcels where wetlands,
wetland buffer zones, or endangered species habitats are a major feature. These evaluations are
intended for parcels that are expected to be available for public land purchases, permanent
conservation restrictions or easements, or purchase by Lands Trust organizations.

c) Appraisals or professional land surveys on any parcels to support the potential purchases
of land for wetland habitat restoration, exclusive of projects required by wetland enforcement orders
or relating to a wetlands violation under ajudicatory review.

d) Outright municipal purchase of parcels where wetlands, wetland buffer zones, or
endangered species habitats are a major feature, and the purchase price of the parcel is $4,000 per
acre or less.

€) Municipal acquisition of Conservation Restrictions fo permanently protect a parcel from
development, particularly on those parcels where wetlands, wetland buffer zones, or endangered
species habitat are a major feature. Work may be conducted in partnership with Lands Trusts.

f) Restoration of tidally restricted salt marshes or impaired freshwater wetlands.

Note: Funds may be used to match state grants in any of the aforementioned categories as part of
another grant application.

The Buzzards Bay Project recognizes that this level of funding represents a modest contribution to
local needs, however, the intent of this grant program is to enable towns to quickly proceed with
either appraisals, professional surveys or conservation restriction purchases, or de51gns when it is
not feasible to wait for Town Meeting funding, or to provide seed funds or match® for larger
projects. To ensure that the minigrants are directed to a wide range of projects, a minimum dollar

2 These are federal funds and can be used to match state funded projects.



amounts and dollar limits will be targeted to the grant categories as follows:

1) Oil Spill containment boom and oil spill response supplies: $15,000 total dollar amount will be
divided equally among all interested mumc1pa11t1es However, because of the small dollar amount in
this category, the Buzzards Bay Project is seeking one municipality to be the sole applicant to act as

a clearing house for all interested municipalities. Such a single application will need a letter of

endorsement from a representative from each participating mumclpahty

2) Stormwater Remediation or Management: $40,000 total, no more than $20,000 per municipality
3) Herring Run Restoration: $20,000 total in category, no more than $20,000 per municipality

4) Wetland and open space habitat restoration/preservation/acquisition: $50,000 total in category,
no more than $20,000 per municipality

If insufficient qualifying eligible proposals are submitted to any of the above categories, funds will
be directed to the category or categories where there is the greatest need and interest. If their are
insufficient qualifying eligible proposals to utilize all funds, remaining funds will be directed to the

next Buzzards Bay Project Municipal Minigrant round

Reqmred Match
A match is required, equal to 33% of the grant award. This match can be provided either as cash or

in-kind services (e.g., DPW labor, in kind permitting or design work, fees waived, installation, etc.).
Match expenditures in support of the project made after January 1, 2004 can be credited toward
meeting the match requirement for the proposed project. A statement of final match amount must be
provided to receive final payment. However, grant funds may not be used to reimburse any work
that may have been done on the project before the actual contracted period.

Inquiries about the RFR
Questions about this RFR can be submitted in writing by mail, fax, or email to the Mummpal Grant

Coordinator through Monday May 17, 2004. Responses to questions, if any, will be sent in writing
and posted on the Buzzards Bay Project website www.buzzardsbay.org/funding by May 21, 2004,

as well as on www.Comm-Pass.com. These answers are for clarification purposes only and do not

constitute an amendment to the RFR unless expressly stated as such.

Proposal Submission

Interested municipalities must submit one copy of the attached two-page application. The
application form must be received by the Buzzards Bay Project at 2870 Cranberry Highway, East
Wareham, MA 02538 by 4:00 P.M at the above-listed address by Thursday, June 3, 2004.

Municipalities may submit up to one application in each of the four funding areas: 1) oil spill
containment, 2) stormwater remediation, 3) Herring or anadramous fish restoration, 4) wetland and
habitat protection and restoration and open space protection or acquisition.

Municipalities are also encouraged to consult with or form partnerships with area Lands Trusts to
help identify local needs wetland and open space habitat protection. Incomplete or incorrectly
submitted applications will be disqualified. Qualified applications will be judged on a competitive

basis according to the selection criteria.



Selection Criteria

Grants will be competitively selected based on these criteria:

. Cost effectiveness

. For wetland and habitat protection and acquisition projects: Presence of rare and endangered
species, and partnerships formed with other municipalities or Lands Trusts to achieve goals

more cost effectively will receive additional weight in the ranking.

. Documented impairments demonstrated by water quality data, closed shellfishing beds,
filled wetlands, declining herring catch or counts, etc. _
. For salt marsh restoration projects only: Site ranking identified in the report published by the

Commonwealth’s “Atlas of Tidally Restricted Salt Marshes In Buzzards Bay” dated June
2002 final, available at www.buzzardsbay.org/smatlasmain.htm and previously provided to
all eligible municipal conservation commissions, Public Works Departments, and Boards of
Selectmen. The applicant may propose a new site not included in the Atlas and justify its
proposed priority.

. For stormwater remediation projects only: Site ranking identified in the report published by
the Commonwealth’s “Atlas of Stormwater Discharges in the Buzzards Bay Watershed”
dated August 2003 will represent 15% of the score. The Atlas available at
www.buzzardsbay.org and previously provided to all eligible municipal conservation
commissions, Public Works Departments, and Boards of Selectmen or requested on CD).
The applicant may propose a new site not included in the Atlas and justify its proposed
priority.

J Match provided

A review committee composed of Buzzards Bay Project staff will evaluate all proposals on a
competitive basis. The review committee may include a non-governmental representative to serve in
an advisory role to the committee. The review committee reserves the right to reject any or all
proposals that they deem do not meet the intent of the federal Cooperative Agreement under which

the funds have been provided.

Contract Awards and Administration
After awards are announced, each applicant will receive a written notification from the Buzzards

Bay Project. Shortly after the grant announcement, a contract will be executed between the
municipality and the Commonwealth. A municipal contact must be identified for contract
administration. Selected municipalities will enter into a standard Terms and Condition Contract
with the Commonwealth of Massachusetts Executive Office of Environmental Affairs. Contracts
must be signed by the appropriate municipal legal authority. Contract funds are awarded on a
reimbursement basis for expenditures made during the period of the contract. Payments are wired
electronically to municipal accounts by the state Comptroller. All work must be completed by June

30, 2005.

Program Schedule

RFR Release Date: April 14, 2004
Written inquiries deadline: May 17, 2004
Application Deadline: June 3, 2004, 4:00pm
Grant Awards: After July 1, 2004

Completion/Termination: June 30, 2005



A copy of this RFR is available from the Buzzards Bay Project website at
http://www .buzzardsbay.org and posted on the Comm-PASS website at: http://www.comm-
pass.com. The attached Supplemental Terms and Conditions are incorporated into this RFR.

~__ RAN

Buzzards Bay watershed boundary (bold line) and town boundaries.




Buzzards Bay Watershed Wetlands and Open Space Protection Grants
Municipal Grant Application
RFR CZM 04-xx

PART I- Proposal Overview

Proposal title:

Participating municipality (-ies):

Municipality to administer grant:

Proposal contact: Title:

Phone: Fax:

Amount requested: Total Match: (>1/3 of requested)

Location of Proposed Work:

Check if true: ____ The town/city of has previously received grants from DEP, EOEA, CZM,
or the Buzzards Bay Project and the necessary signed contract forms® are, to the best of our knowledge, on file.
(Note: If a form cannot be found on file, it must be completed before a contract can be initiated. These forms are
not used in the selection process. A new “Standard Contract Form” and “Contractor Authorized Signature
Verification Form” must be completed for each new contract execution.

PART II- Proposal Detail
Proposed Work: (Provide a succinct summary and tasks to be accomplished. Identify the

individual/position who will coordinate this work effort. You may attach maps or other information.)

Implementation Strategy: (Describe how the municipality proposes to implement the proposed work
(town meeting appropriations, etc.)

3 1. Commonwealth Terms and Conditions. 2. Affirmative Action Plan Form (For Procurements of $50,000 or more), 3. Contractor
Mandatory Submissions Form, and 4. Northemn Ireland Notice and Certification



Proposed budget for awarded funds (Break down budget by category (materials and supplies,
contractual, etc.). If more than one task is proposed, include costs for each task. Proposed contractual

services need not be broken down here.

Proposed Match: (Note: Any match expenditures made by the town after January 1, 2004 can be
credited to the town’s match requirement). Please note that any match claimed below will be
considered estimates and not a commitment at this time. Final match will be documented in awarded

contracts between the Commonwealth and the municipality.
Cash: (a)
In kind: (b)
i: Materials and supplies:
ii: Administrative and Direct Costs
iii. Personnel (list by title, hourly rate, etc.)

Hours Rate Total

1)
2)
3)
4)
)

TOTAL MATCH (Cash-+In kind): (a+b)

Explanations, if any:

Any additional supporting information may be attached.



Notes on RFR Mandatory Attachments

In addition to any forms specific to this RFR, we require signed originals of the following
Commonwealth of Massachusetts forms before contracts can be initiated. All the forms mentioned
below are available for download on the state’s web site at the following location: http://www.comm-
pass.com/comm-pass/forms.asp. If your municipality has previously received a contract from the

Commonwealth, these documents may be on file and need not be submitted by the deadline. If

contracts are not on file, they must be completed before a contract is initiated.

1. Commonwealth Terms and Conditions. If the Bidder has already executed and filed the
Commonwealth Terms and Conditions, please indicate this in your Response. The Commonwealth
Terms and Conditions shall be incorporated by reference into any Contract executed pursuant to this
RFR. A Bidder is required to execute the Commonwealth Terms and Conditions only once. Please
note, in addition to the Commonwealth Terms and Conditions, upon execution of a final contract the
EOEA Supplemental Terms and Conditions are in effect.

2. All Bidders must also complete, execute and return the Standard Contract Form upon selection
for Contract negotiation and execution. By executing the Standard Contract Form, the Contractor
certifies under the pains and penalties of perjury that it has submitted a Response to a Request for
Response (RFR) issued by the Department and that this Response is the Contractor’s offer as
evidenced by the execution by the Contractor’s authorized signatory, that the Contractor’s Response
may be subject to negotiation by the Department, and that the terms of the RFR, the Contractor’s
Response and any negotiated terms shall be deemed accepted by the Department and included as part
of the Contract upon execution of the Standard Contract Form by the Department’s authorized

signatory.

3. W-9 Request for Verification of Taxation Reporting Information must be completed by all new
vendors who wish to conduct business with the Commonwealth and each time a vendor change occurs,

including address, vendor name, etc.

4. Contractor Authorized Signature Verification Form
5. Affirmative Action Plan Form (For Procurements of $50,000 or more)

6. Northern Ireland Notice and Certification
7..Business Reference Form (For bidder’s completion if references are required by the RFR)

8. Affirmative Action Market Form

The attached Supplemental Terms and Conditions are incorporated into this RFR.



Request for Responses (RFR) Supplemental Terms and Conditions

For the purposes of these Supplemental Terms and Conditions, Department shall mean the Executive Office of Environmental
Affairs (EOEA) and the office requesting Responses as identified within this RFR.

These Supplemental Terms and Conditions are incorporated by reference into this RFR. If any amendment, attachment [not
including the Commonwealth’s Standard Terms and Conditions, Standard Form Contract, or any other form jointly published
by the Executive Office for Administration and Finance (EOAF), the Office of the Comptroller (CTR) and the Operational
Services Division (OSD), or any provision or form required by State or Federal law] or other part of this RFR deletes, modifies,

10.

1L

2.

Terms and Conditions shall supersede and control to the extent necessary to accomplish these conditions. The remaining
provisions of this RFR shall remain in effect and enforced to the fullest extent permitted.

The Commonwealth’s Standard Terms and Conditions [as currently and jointly issued by EOAF, CTR, and OSD] are
incorporated by reference into this RFR. To the extent that any amendment, attachment, condition or other part of this RFR
deletes, modifies, replaces or otherwise contains language that conflicts with the Commonwealth’s Standard Terms and
Conditions, the official printed language of the Commonwealth’s Standard Terms and Conditions shall supersede and control
to the extent necessary to accomplish its conditions. The remaining provisions of this RFR shall remain in effect and enforced
to the fullest extent permitted.

The terms of 801 CMR 21.00: Procurement of Commodities and Services (and 808 CMR 1.00: Compliance, Reporting and
Auditing for Human and Social Services, if applicable) are incorporated by reference into this RFR. Words used in this RFR
shall have the meanings defined in 801 CMR 21.00 (and 808 CMR 1.00, if applicable). Additional definitions may also be
identified in this RFR. Unless otherwise specified in this RFR, all communications, Responses, and documentation must be in
English, all measurements must be provided in feet, inches, and pounds and all cost proposals or figures in U.S. currency. All
Responses must be submitted in accordance with the specific terms of this RFR. No electronic Responses may be submitted in
Response to this RFR.
Bidder Communication, Bidders are prohibited from communicating directly with any employee of EOEA except as specified
in this RFR, and no other individual Commonwealth employee or representative is authorized to provide any information or
respond to any question or inquiry concerning this RFR. Bidders may contact the contact person for this RFR in the event this
RFR is incomplete or the Bidder is having trouble obtaining any required attachments electronically through Comm-PASS.
Reasonable Accommodation. Bidders with disabilities or hardships that seek reasonable accommodation, which may include
the receipt of this RFR information in an alternative format, must communicate such requests in writing to the contact person.
Requests for accommodation will be addressed on a case by case basis. A Bidder requesting accommodation must submit a
written statement which describes the Bidder’s disability and the requested accommodation to the contact person for the RFR.

The Department reserves the right to reject unreasonable requests. ,
The Department may require the Contractor to provide all materials, software, maps, studies, reports, and other products or data

in alternative formats upon request.

Public Records, All Responses and information submitted in response to this RFR are subject to the Massachusetts Public
Records Law, M.G.L. Chapter 66, section 10 and Chapter 4, section 7(26). Any statements in submitted Responses that are
inconsistent with the Public Records Law shall be void and disregarded.

All materials, software, maps, studies, reports, and other products or data, regardless of physical form or characteristics,
produced in furtherance of the Contract and funded, in whole or in part, under the Contract shall be considered in the public
domain and available to EOEA or its agencies at the reasonable cost of reproduction in any of the formats in which it is stored
or maintained. The Contractor shall not obtain, attempt to obtain or file for a patent, copyright, trademark or any other interest
in any such materials, software, maps, reports, and other products or data without the express, written consent of the
Department and subject to any other approvals required by state or federal law. .

Best Value Selection and Negotiation. The Department may select the Response(s) which demonstrates the best value overall,
including proposed alternatives, that will achieve the procurement goals of the Department. The Department and a Selected
Bidder, or a Contractor, may negotiate a change in any element of contract performance or cost identified in the original RFR
or the Selected Bidder’s or Contractor’s Response which results in lower costs or a more cost effective or better value than was
presented in the Selected Bidder’s or Contractor’s original Response.

The Department reserves the right to fund a portion, change the scope, and/or delete tasks of any Response to more closely
meet the purposes of the program or to obtain the best procurement value for the Department. Selected Bidders may decide not
to enter into a contract if the revised scope does not meet its approval. The Department does not guarantee that any Contract
will be awarded under the RFR. Any potential Contract with a Selected Bidder shall be subject to the appropriation and
availability of funds.

Costs. Costs which are not specifically identified in the Bidder’s Response, and accepted by a Department as part of a Contract,
will not be compensated under any contract awarded pursuant to this RFR. The Commonwealth will not be responsible for any
costs or expenses incurred by Bidders responding to this RFR.

Comm-PASS. This RFR has been distributed electronically using the Comm-PASS system, RFR attachments that are
referenced will be found either as a separate .pdf file along with the RFR, or are found in the "Forms and Information" section
at: (http://www.comm-pass.com/comm-pass/forms.html). Bidders are solely responsible for obtaining and completing
required attachments that are identified in this RFR and for checking Comm-PASS for any addenda or modifications that are
subsequently made to this RFR or attachments. The Commonwealth and its subdivisions accept no liability and will provide no
accommodation to Bidders who fail to check for amended RFRs and submit inadequate or incorrect Responses. Bidders are
advised to check the "last change" ficld on the summary page of RFRs for which they intend to submit a Response to ensure
that they have the most recent RFR files. Bidders may not alter (manually or electronically) the RFR language or any RFR

replaces-or—otherwise-contains-language-thatconflicts-with-these-Supplemental-Terms-and-Conditions;-these-Supplemental—



13.

15.

16.

17.

20.

21.

component files. Modifications to the body of the RFR, specifications, terms and conditions are prohibited and may
disqualify a Response. Bidders having difficulty obtaining any required attachments electronically through Comm-PASS
should seek assistance from the Comm-PASS “Help Desk” by calling 1-800-MA-STATE.

If the Department is also distributing this RFR directly to Bidders, those Bidders, that requested and received a copy of this

- RFR directly from the Department, will be sent a copy of any medifications or amendments to the RFR by the Department.

Northern Ireland Notice and Certification. All Bidders must complete the “Northern Ireland Notice and Certification™ form to
satisfy M.G.L. Chapter 7, section 22C.

Subcontracting, Prior written approval of the Department is required for any subcontracted service (which includes consultants)
of the contract. Contractors are responsible for the performance and oversight of its subcontractors. Subcontractors are required

to-meet-the-same-state-and-federal-financial-and-program-reporting-requirements-and-are-held-to-the-same-reimbursable-cost————

standards as contractors.

Affirmative Market Program, Massachusetts Executive Order 390 established a policy to promote the award of state contracts
in a manner that develops and strengthens Minority and Women Business Enterprises (M/WBEs). As a result, M/WRBEs are
strongly encouraged to submit Responses to this RFR, either as prime vendors, as joint venture partners, or as subcontractors.
Non-M/WBE Bidders are strongly encouraged to develop creative initiatives to help foster new business relationships with
M/WBEs within the primary industries affected by this RFR. The highest number of points will be awarded for Responses that
clearly illustrate how the proposed business relationship(s) will result in the development and growth of M/WBEs within these
primary industries. A lesser number of points will be awarded for traditional subcontracting relationships. The least number of
points will be awarded for ancillary uses of M/WBEs.

In order to satisfy this section, the Bidder must submit: the names, addresses, phone numbers and contact persons of each
M/WBE firm; a description of each business relationship to be established; and the actual dollar amounts, or percentages, to be
awarded to each M/WBE firm. MBE and WBE firms must submit a copy of their SOMWBA certification letter for the current
period. A directory of SOMWBA certified firms is available via the internet at http://www.magnet.state.ma.us/somwba.

A Minority Business Enterprise (MBE) or a Woman Business Enterprises (WBE) is defined as a business that has been
certified as such by the State Office of Minority and Women Business Assistance (SOMWBA). Minority and women-owned
firms that are not currently SOMWBA-certified but would like to be considered as an M/WBE for this RFR should apply for
certification. A fast track application is available, and will be considered for the purposes of this RFR. For further information
on SOMWBA certification contact the State Office of Minority and Women Business Assistance at (617) 727-8692 or via the

internet at http://www.magnet.state.ma.us/somwba.
All Bidders must complete and sign the “Affirmative Action Plan Form” for any RFR from which a Contract may result that

has a potential financial benefit of $50,000 or more.

The Commonwealth makes no guarantee that any commodities or services will be purchased from any contract resulting from
this RFR. Any estimates or past procurement volumes referenced in this RFR are included only for the convenience of Bidders,
and are not to be relied upon as any indication of future purchase levels.

Unless otherwise specified in this RFR, any reference to a particular trademark, trade name, patent, design, type, specification,
producer or supplier is not intended to restrict this RFR to any manufacturer or proprietor or to constitute an endorsement of
any commodity or service, and the Department may consider clearly identified offers of substantially equivalent commodities
and services submitted in response to such reference.

Alternatives, A Response which fails to meet any material term or condition of the RFR, including the submission of required
attachments, may lose points or be deemed unresponsive and disqualified. Unless otherwise specified, Bidders may submit
Responses proposing alternatives which provide equivalent, better or more cost effective performance than achievable under
the stated RFR specifications. These alternatives may include related commodities or services that may be available to enhance
performance during the period of the contract. The Response should describe how any alternative achieves substantially
equivalent or better performance to that of the RFR specifications. The Department will determine if a proposed altemative
method of performance achieves substantially equivalent or better performance. The goal of this RFR is to provide the best
value of commodities and serviees to achieve the procurement goals of the Department. Bidders that propose discounts,
uncharged commodities and services or other benefits in addition to the RFR specifications may receive a preference or
additional points under this RFR as specified.

Contract Expansion. If additional funds become available during the contract duration period, the Department reserves the right
to increase the maximum obligation to some or all contracts executed as a result of this RFR or to execute contracts with
contractors not funded in the initial selection process, subject to available funding, satisfactory contract performance and
service or commodity need.

Year 2000 Compliance. The contractor warrants that all systems, interfaces to such systems, or information technology
produced in furtherance of this Contract and funded, in whole or in part, under this Contract must be year 2000 compliant. Year
2000 compliant means information technology that accurately processes date/time data (including but not limited to
calculating, comparing and sequencing) from, to and between the twentieth and twenty-first centuries and the years 1999 and
2000 including leap year calculations. Furthermore, year 2000 compliant information technology, when used in combination
with other information technology, shall accurately process date/time data if the other informational technology properly
exchanges date/time data with it. This warranty shall survive the expiration or termination of this contract.

Environmentally Preferable Products and Services. At the Department’s sole discretion, the Department and contractor may
negotiate during the contract term to permit the substitution or addition of Environmentally Preferable Products (EPPs) when
such products become available at a competitive cost and satisfy the Department’s performance needs. Unless otherwise
specified in the RFR, during evaluation of Responses, an EPP may be considered best value even when the price is greater than
(but does not exceed 10% in price) that of a non-EPP. Bidders are encouraged to submit appropriate information to identify
important environmental attributes of items being procured, even when such attributes are not being required. Information or
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23.

24.

technical assistance regarding EPPs may be obtain from OSD at 617-727 7500 ext. 351 or via the internet at
http://www.magnet.state.ma.us/osd/enviro/enviro.htm.

Selected respondents will be required to execute the Commonwealth’s Standard Terms and Conditions, Standard Contract, W-
9 form, Signature Verification, and any other forms specified in this RFR.

GIS Standards. All GIS (Geographic Information System) data collected, compiled or created under this RFR shall conform to
standards developed or established by the Office of Geographic and Environmental Information (a’k/a MassGIS) within EOEA.
Such GIS data shall be made available to MassGIS upon request and at the reasonable cost of reproduction (cost to copy and/or

transmit the data to MassGIS).
Nothing in this RFR authorizes or purports to grant the right to any Bidder, governmental entity or other person to enter or

25.

Ternain on any public or private property. If access to any propeity is necessary in any way Ior any purpose, such as responding
to this RFR (e.g. surveying), that Bidder, governmental entity or other person must obtain appropriate permission authorizing
such access from the person or governmental agency that has lawful control of the property.

Anti-Collusion. In reviewing responses to the RFR and awarding a contract, the Department will strictly interpret all
provisions of the RFR, response and contract and other state regulations to ensure that collusion or the appearance of collusion
has not occurred at any stage of the contracting process. Any attempt to secure information about this procurement through
procedures other than those outlined in this RFR will be considered in violation of this provision and will result in

disqualification of the Bidder.

Bidders must provide a statement with their responses certifying that all parties to this response, including members of teaming
arrangements agree that:

« A contract has not been solicited or secured, directly or indirectly, in a manner contrary to the laws of the Commonwealth of
Massachusetts and that said laws have not been violated as they related to the procurement or the performance of the contract
by any conduct, including the paying or giving of any fees, commission, compensation, gift, gratuity, or consideration of any
kind, directly or indirectly, to any State employee, agent, officer or official; and

« Unless otherwise required by law, any information quoted in this response, including prices, has not knowingly been
disclosed by the respondent directly or indirectly to any other respondent or to any competitor and will not knowingly be
disclosed by the respondent prior to award of a contract. Respondents are further advised that the contractor, including any of
its employees, agents or representatives, is prohibited from paying or giving any fee, commission, compensation, gift, gratuity
or consideration of any kind or amount, directly or indirectly, to any person connected with this procurement during the term of
the procurement and subsequently through the term of the contract as governed by the State Ethics Commission and the

provisions of Chapter 268 of the General Laws.
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THE COMMONWEALTH OF MASSACHUSETTS
EXECUTIVE OFFICE OF ENVIRONMENTAL AFFAIRS

. OFFICE OF COASTAL ZONE MANAGEMENT
A ‘ 251 Causeway Street. Suite 900, Boston, MA 02114-2136
(617) 826-1200 fax: (617) 626-1240

Upcoming Grant Opportunity
Coastal Pollutant Remediation Grant Program

The Massachusetts Office of Coastal Zone Management (CZM) will issue a Request for Response (RFR) for the
Coastal Pollutant Remediation (CPR) grant program in May of 2004. The RFR, with an enclosed application, will
be posted on the Commonwealth of Massachusetts” Procurement Access & Solicitation System at:
http://www.comm-pass.com. A Pre-RFR informational meeting will be held on Thursday, April 8 from 10:00
a.m. to 12:00, at the CZM Office: 251 Causeway Street, 8" Floor, Boston. Potential respondents are strongly
encouraged to attend this meeting to discuss the details of proposed projects, particularly since CZM can only offer
general information to respondents after the RFR is posted. In addition, it is important for applicants to receive
comments from CZM technical staff in advance regarding project design.

CZM administers two grant programs: the Coastal Pollutant Remediation grant program, and the Coastal Nonpoint
Source grant program. The primary goal of both of CZM’s grant programs is to improve coastal water quality by
reducing or eliminating nonpoint sources of pollution through measures and strategies consistent with the Coastal
Nonpoint Source Control Program. In addition, the CPR grant program compliments the Commonwealth’s
Stormwater Management Volume I: Stormwater Policy Handbook and Volume 1I: Stormwater Technical
Handbook, as one source of funding available to communities to assist in remediating existing discharges from
municipal roadways and parking lots.

CPR, funded through State legislative appropriations from Environmental Bonds, funds projects that address
stormwater discharges from municipal roads, highways, or parking areas or for municipal boat sewage management
efforts. The primary goal of the CPR program is to improve coastal water quality by implementing best
management practices for managing roadway runoff and by constructing boat pumpouts to collect and hold sewage
generated by marine vessels in areas where pumpouts are insufficient or inoperable. Proposals must clearly
demonstrate that the source of pollution is either stormwater runoff from a roadway, bridge, parking lot or from
vessel discharges. The funding available for CPR is typically $600,000, on average. The Coastal NPS grant
program was developed to complement CPR and to address more general areas of nonpoint source control.

Funding available for CNPS is approximately $250,000, and proposals are solicited in the fall.

The CPR grant program is open to any cities and towns located within the boundaries of the Massachusetts coastal
watershed'. CZM administers the grants on a reimbursement basis, and projects selected for funding must be
completed by June 30, 2005. Additional information can be found on the CZM web page at:
http://www.state.ma.us/czm/cprgp.htm. Answers to specific questions regarding the program are listed on the FY
2004 Frequently Asked Questions document, which can be found on the Comm-pass website at: http:/www.comm-
pass.com/Comm-PASS/Scripts/xdoc_view.ide?doc_id=015095&dept_code=ENV&cp_xx=. If you would like to
discuss a potential project, contact Julie Keane, Coastal Pollutant Remediation Grants Coordinator, at: (617) 626-
1235, or e-mail: julie.keane@state.ma.us.

! Cities and towns that are located within the following coastal watersheds: Boston Harbor (Mystic. Neponset, and Weymouth & Weir),
Buzzards Bay, Cape Cod (Bay and Nantucket Sound), Charles, Concord, Ipswich, Islands, Merrimack, Mount Hope (Lower Mt. Hope).
Narragansett (Upper Mt. Hope), Nashua, North Coastal, Parker, Shawsheen, South Coastal, Taunton, and the Ten Mile are eligible. Please
refer to the CZM website to check specific city/town boundaries: http:/www.state.ma.us/czim/twnscws. him,

MITY ROMNEY GOVERNOR KERRY HEALEY LIEUTENANT GOVERNCR  ELLEN ROY HERZFELDER SECRETARY  TOM SKINNER DIRECTOR
WWW.IMass.gov/czm

®
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The Coastal Pollutant Remediation Grant Program

The Coastal Pollutant Remediation (CPR) grant program, which is
administered by the Massachusetts Office of Coastal Zone Management
(CZM), allows the Commonwealth to assist communities in their coastal
nonpoint source (NPS) poliution control efforts. Established by the State
Legislature and funded through the Environmental Bond Bill, the CPR grant
program serves to implement portions of the Massachusetts Coastal
Nonpoint Source Control Plan. in addition, the CPR grant program
complements the Commonwealth's Stormwater Management Policy, Coastal Non
serving as a significant source of funding available to communities. Since Pollution Gran
1996, more than $4 million in CPR grants have been awarded. (Foﬁ;iéfr'li_é'ﬁh

List of CPR-Fu
Projects

A Request for Responses for the current CPR grant round is now
posted. Click here for the RFR.

The primary goal of CPR is to improve coastal water quality by reducing or
eliminating NPS pollution, specifically transportation-related sources. Within
this goal are four main objectives:

Characterize and treat urban runoff from municipal roadways.
Improve coastal resources such as shelifish beds and fish habitat.
Demonstrate traditional and innovative best management practices.
Educate the public about stormwater runoff problems.

Eligible Projects

Eligible municipalities are those located in the Greater Massachusetts
Coastal Watershed, which encompasses 220 cities and towns in eastern
Massachusetts.

Grant funds can be used to construct stormwater remediation systems or
marine pumpout facilities, or to sample existing stormwater discharges to
identify the pollution source and propose a solution. Exampie projects
include filtering runoff through subsoil leaching galleys, utilizing new
technologies for particle separation and filtration, and treating runoff
through a water guality swale, as well as many assessment projects to
determine water quality problems so that solutions can be devised.

CPR Projects

For the complete list of projects that have been funded through CPR, click

Below is a list of some representative CPR projects.

o In 1998, the Town of Bourne was awarded $45,350 for the
installation of two vessel pumpout facilities at the Parker and
Kingman Marinas that helped to reduce the discharge of sewage to
Buzzards Bay. The availability and use of vessel pumpout facilities
such as these were a factor in the recent designation of Buzzards
Bay as a No Discharge Area (NDA).

http://www.state.ma.us/czm/cprgp.htm 5/5/2004
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» In 1999, the Town of Rockport was awarded $34,800 for the
installation of two proprietary technology Best Management
Practices (BMPs) to remove sediment from stormwater that was
being discharged to the Saratoga Creek Marsh. Deposit of sediment
in the marsh, the only one in Rockport, was leading to the invasion
of Phragmities (common reed), which was crowding out the native
vegetation and degrading the habitat. This municipal habitat
protection initiative has dramatically reduced the impact of
stormwater to the marsh.

« In 2001, the City of Revere was awarded $30,000 to investigate the
sources of stormwater pollution to Trifone Brook, a tributary to the
Rumney Marsh Area of Critical Environmental Concern (ACEC).
This pollution has been responsible for shellfish closures in the
estuary. As part of this project, a preliminary engineering design is
being developed. When finalized, the design will be used to support
a subsequent application to install a structure that will reduce or
eliminate this pollution, directly benefiting water quality, habitat, and
economic potential of the area.

Grant Cycle

Each spring, eligible municipalities will receive an announcement of the
next grant round. Proposals are due to CZM in mid-spring, and grants are
awarded in the summer. The grants are reimbursable upon project
completion and pays for 75 percent of the total project cost. Municipalities
are strongly encouraged to solicit input from CZM on proposal development
prior to the release of applications.

Contact Information

Pollution Remediation (CPR) Program Questions and Answers (PDF,
142K) or contact Julie Keane, CPR Coordinator, at (617) 626-1235, email
julie.keane@state.ma.us.

More on Massachusetts Coastal Nonpoint Source Control Plan

Grants issued under the Coastal NPS Grant Program, as well as the
Coastal Pollutant Remediation grant program (CPR), serve to implement
portions of the Massachusetts Coastal Nonpoint Source Control Plan (PDF
Version). The Plan includes measures to address nonpoint source pollution
problems from each of the following sources: urban areas, marinas and
recreational boating, agriculture, forestry, hydromodification, wetlands, and
riparian areas. The primary goal of both of CZM's grant programs is to
improve coastal water quality by reducing or eliminating nonpoint sources
of pollution through measures and strategies consistent with the Coastal
Nonpoint Source Control Program.

Mitt Romney, Governor Tom Skinner, Director

Kerry Healey, Lieutenant Governor Susan Snow-Cotter, Assistant Director
Ellen Roy Herzfelder, Secretary Deerin Babb-Brott, Assistant Director
251 Causeway Street, Suite 800 Boston, MA 02114-2136

617-626-1200 617-626-1240 (fax) czm@state.ma.us

Disclaimer and Privacy Policy Updated: 05/05/2004

httn/xamarnar etate ma ne/eczm/enron htm S/5”7004
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View Solicitations Search Current Statewide Contracts Solicitation Notification Service
Business Registry Add/Update a Solicitation

Sell to the State | Buy off a Contract | Conduct a Procurement JExplore More Services

Open Solicitation

Executive Office of Environmental Affairs
Environmental Services

NOTICE: Be Sure To Read This!

Title: Coastal Pollutant Remediation (CPR) Grant Program

Post Date: 04/15/04 Close Date; 06/04/04 4:00PM Last Change: 04/15/04 2:51PM Go to Document History

Summary:

The Massachusetts Office of Coastal Zone Management (CZM) within the Executive Office of Environmental Affairs (EOEA) announces
a grant program Request for Responses (RFR) for fiscal year 2005 (FY035-July 1, 2004 through June 30, 2005). The Coastal Pollutant
Remediation (CPR) grant program is administered by CZM under the Coastal Nonpoint Source Pollution Controll Program. The grants are
dedicated to municipalities on a reimbursement basis for specific projects to improve coastal water quality. Projects eligible for funding
include, but are not limited to, the treatment of stormwater polltion from roadways, assessment to identify the source(s) of pollution and
design remediation systems, and the construction of boat pumpout facilities. The primary goal of the program is to improve coastal water
quality by implementing Best Management Practices (BMPs) for managing roadway runoff by constructing boat pumpouts to collect and
hold sewage generated by recreational marine vessels in arcas where pumpouts are either effectively inoperable or do not exist.

PLEASE NOTE: Changes to the CPR RFR have been made. Please read carefully through the RFR, particularly noting the CPR Grant
Program Conditions section, Selection Criteria and Preference Criteria section, and the Application.

Reference No: ENV 04 CZM 10 Value(U.S.$): 600000.00 maximum total

Related Files:
The following is a list of files for downloading. Files can be viewed and printed using the Adobe Acrobat® viewer, which
can be downloaded FREE from the internet. You may wish to view and print our instructions by clicking here before you
attempt to download.

Title Date Size

Coastal Pollutant Remediation (CPR) Grant 04/15/04 29821 KB

Coastal Pollutant Remediation (CPR) Grant

Program RFR (word file) (Main Document) 04/15/04 211.5K8
Coastal Pollution Remediation (CPR) Program

Questions and Answers- FYQ5 (pdf file) 04/15/04 125.7 KB
Coastal Pollution Remediation (CPR) Program 04/15/04 57 KB

Questions and Answers- FY05 (word file)

Americans with Disabilities Act (ADA) Policy:
In the event you experience difficulty accessing any document posted here, please contact the person listed below, who is
solely responsible for providing alternate access.

Contact Information:

http://www.comm-pass.com/Comm-PASS/Scripts/xdoc view.idc?doc 1id=016374&dept co... 5/5/2004
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Contact Person: Julie Ann Keane , CPR Grant Coordinator

Address: MA Office of Coastal Zone Management
251 Causeway St., Suite 800
Boston, MA 02114

Email: julie.keane@state.ma.us

Interested In Bidding? - Indicate your interest in bidding on this RFR as a prime contractor, subcontractor or both.

Interested Business List - View a list of businesses who have indicated in Comm-PASS an interest to bid, or desire to
subcontract.

Jump to SOMWBA - Obtain a listing of state certified minority or women-owned companies.

Document History - View a summary of the document changes and change dates.

NOTICE

It is the responsibility of every bidder to check Comm-PASS for any addenda or modifications to a solicitation for
which they intend to bid. The Commonwealth of Massachusetts and its subdivisions accept no liability and will
provide no accommodation to vendors who submit a bid based upon an out-of-date solicitation document. Potential
bidders are advised to check the "last change' field on the summary page of solicitations they intend to bid upon to
ensure that they have the most recent solicitation files.

' ©2003 Commonwealth of Massachusetts home - privacy policy - site me

http://www.comm-pass.com/Comm-PASS/Scripts/xdoc view.idc?doc 1d=016374&dept co... 5/5/2004
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Method for Determining the
Age of Diesel Oil Spills in the Soil

by Lars Bo Christensen and Thomas Hauerberg Larsen

Abstract

his study evaluates the changes in the composi-

tion of diesel oil as a function of the time dur-

ing which the oil has been present in the
vadose zone. The study also develops a reliable method
for determining the age of diesel oil in the subsurface
soil environment at service stations, oil terminals, and
similar locations where the diesel is protected from
direct exposure to factors increasing the rate of micro-
bial activity.

Analyses demonstrate that n-alkanes are the domi-
nant components of fresh diesel oil and isoprenoids the
dominant components of degraded diesel oil. The anal-
yses also show that the composition of fresh diesel oil
produced in 1992 and that produced in 1974 is basically
the same.

The difference in composition between fresh and
degraded oil is the basis for defining a degradation ratio
or rate of alteration in the composition of the diesel oil
expressed in terms of a ratio between n-alkanes and iso-
prenoids. At 12 test locations where the date of property
damage was known, the C;;/pristane ratio had by far the
highest correlation factor (.89) with the residence time
of the diesel based on the average degradation ratio for
each location. Based on this high correlation factor, the
Cyfpristane ratio can be used to estimate the age of a
diesel oil spill. The standard error of such an estimate is

approximately two years.

142 = FALL 1993 GWMR

Iintroduction

In the subsoil, several processes
may change the composition of
petroleum products such as diesel
oil. The most important of these pro-
cesses are evaporation, leaching,
and microbial action. Evaporation
results in loss of the more volatile
components; leaching causes
removal of the more water soluble
components; and microbial action
results in transformation of compo-
nents with specific configurations,
e.g., the unbranched alkanes.

In some environments, these
processes have only a minor influ-
ence on oil composition, and the oil
will largely be preserved. In other
environments, however, the pro-
cesses strongly affect the composi-
tion of the oil and remove it com-
pletely in a short period of time
(Atlas 1981). An example of an envi-
ronment that preserves oil is the
environment in underground stor-
age tanks. Evaporation is extremely
low, there is no leaching, and the
proportions of water, oxygen, nutri-
ents, and the free oil phase largely
inhibit any microbial action.

In contrast, the environment in
agricultural topsoil favors rapid
degradation. In general, the condi-
tions in such soil promote a rapid
change in the composition of the oil,
which in some cases will result in an
almost complete removal of oil
within a few months. The oil is
exposed to evaporation, especially
close to the surface, and to leaching,
depending on the actual precipita-
tion. The most significant process,
however, is microbial action, which
is generally high due to the high con-

Pages 142 - 149
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environment at the location at a later time. This pro-
vided 12 “test cases” for accurately observing changes
in the composition of diesel oil in a subsurface environ-
ment over a period of more than two decades. Table 1
lists these 12 cases.

In these 12 cases in which the precise time of the
spill was known, we also required soil samples to meet
the following criteria:

e The diesel oil concentration in the samples had to
exceed 100 mg/kg.

e The samples had to be collected at least 1 m below
ground level.

® The samples had to be collected from the unsaturated
zone underneath a paved area.

® The analyses had to include information on single
components such as Cy7, Cys, pristane, and phytane.

The first two criteria ensured that the samples were
representative of the oil-affected soil in the vadose zone.
Samples with more than 100 mg diesel oil’/kg provide a
high degree of certainty that the proportions of oxygen,
nutrients, and oil present would not promote microbial
action. The third criterion, that soil samples be collected
from the unsaturated zone underneath a paved area,
limited the effect of leaching caused by rain water and
flowing ground water, which might cause changes in the
diesel oil composition. The last criterion, that analysis
was to provide information on individual components
like Cy7, Cis, pristane, and phytane, was met through
the use of GC-FID in all the environmental reports and
in the additional analyses.

The alteration ratios were calculated based on gas
chromatographic analyses for samples taken from loca-
tions where the age of the spill was known. The advan-
tages of using gas chromatographic analysis instead of
other analytical methods are that it is in wide use, the
results are simple to evaluate, and it offers an acceptable
level of reproducibility. Use of this analytical method
was preferred because of the ability to gain access to a
larger data pool, and because further applications of the
method and results revealed by this study will benefit
from the widespread availability and ready applicability
of the gas chromatographic analytical method.

In general, we can describe the cases in which data
were collected as follows. The main part of the oil-
affected soil was situated above the water table between
1 and 5 m below the ground level. The soil temperature
regime was mesic approximately constant, 10C
(USDA), and the sites examined were all service sta-
tions or oil terminals (except for Ejby). Gas chromato-
graphic analysis was performed on samples taken from
the oil-affected soil, and little or no remedial action had
been taken prior to the time of the soil sampling.
However, the sites were permitted to vary in local geol-
ogy, the presence of other oil products, and the size and
volume of the oil-affected soil.

In cases with insufficent data, additional sampling
was undertaken at sites that permitted supplementary
drillings. The additional sampling and analyses were
reported by one Danish and three Dutch consulting
firms.
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Description of the Provestenen Site

A detailed investigation was made at the
Provestenen site, an oil terminal located on an island
in the eastern part of Copenhagen, Denmark. On Jan-
uary 14, 1970, a major dicsel oil spill occurred at the
terminal. The spill had not been remediated and the oil
was still located below the oil tanks without having
mixed with other products at the terminal. The geology
at the site was characterized by homogenous sand depo-
sits, with the ground water table generally located 2 m
below the surface. Five drillings were made at different
distances from the source. Soil samples from different
depths were analyzed for the following four factors: (1)
the concentration of diesel oil and oil components; (2)
the total number of microorganisms (CFU); (3) the
number of oil-degrading microorganisms; and (4) the
concentration of the nutrients of nitrogen and phos-
phorus.

Chemical and Microbial Analyses

The soil samples were extracted with pentane or
hexane and measured by a gas chromatograph equipped
with capillary column and a flame ionization detector
(GC-FID). The analyses were conducted with a temper-
ature program, which ensured all relevant diesel oil com-
ponents were resolved. For practical reasons, including
consistency, simplicity of analysis, and the limitations
imposed by older gas chromatograms, we chose to base
our calculations of the ratios between different compo-
nents on the peak heights. The use of peak area, which
represents the true value of the mass, is an alternative
and may ultimately be a more suitable analytical
method. However, the use of peak height also allows
consistent and accurate analysis, which is shown by the
low average deviation of —10 percent between the
n-Cy/pristane ratio measured by peak height and the
mass (unpublished data). We calculated the following
ratios: n-Cy;/pristane, C;/norpristane, n-C;g/norpris-
tane, and n-Cg/phytane.

Gas chromatography analyses were performed on
different instruments and by different laboratories. The
number of microorganisms was calculated using the
plate count method (modified ISO 6222; 1988 [E] stan-
dard). Oil-degrading microorganisms were counted
using the method of Song and Bartha (1990). The con-
centration of total recoverable phosphorus was mea-
sured in accordance with ASTM D 4183-82 or NEN
6662 (Dutch guideline), and Kjeldahl total-nitrogen was
measured in accordance with Nordforsk, 1975:6 (Nordic
guideline), or NEN 6481 (Dutch guideline).

Results and Discussion

Compositional Differences Between Fresh
and Degraded Diesel Oil

Diesel oil is a complex mixture of hydrocarbons pro-
duced by the distillation of crude oil. The dominant
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Table 2
Average Ratios and Standard Deviation Between
Different Compounds in Fresh Diesel Oil Originating
from Different Oil Companies

Standard

# of Samples Average  Deviation
C,;/Farnesane 11 0.66 0.26
C,,/Pristane 11 1.98 0.83
C,,/Norpristane 11 2.53 0.80
Cg/Phytane 11 1.85 0.45
Cg/Norpristane 11 1.99 0.55

no influence on the degradation ratios. The dominant
components in cracked oil are aromatic compounds;
n-alkanes and isoprenoids are not present. The additives
include many different components, many of which are
non-hydrocarbon components containing oxygen or
nitrogen (IARC 1989). The ratios are unaffected
because neither n-alkanes nor isoprenoids are added.

The different crude oil sources are the factors most
likely to affect the variation among different diesel prod-
ucts. The manufacturing process often involves blending
different distillates and oil fractions, and therefore spe-
cific oil products are expected to vary less than undis-
tilled crude oil, which explains the low variability in the
ratios C,,/pristane found in this study. Another argu-
ment is that most of the crude oil consumed in northern
Europe originates from relatively few sources, primarily
from the Middle East and the North Sea, thus minimiz-
ing the variability.

Effect of Vaporization, Leaching, and Microbial
Action of Diesel Oil in the Subsurface Environment

The quantity of a certain component evaporating
from the diesel oil depends on the vapor pressure and
the relative content of that component; the vapor pres-
sure is related closely to the boiling point (Lymann et
al. 1990). The boiling points of diesel components corre-
spond approximately to the retention time, and the
effects of the evaporation process can be seen on the
chromatogram as a systematic removal, starting with
the elimination of all components with short retention
times, including both n-alkanes and isoprenoids.
Although extensive evaporation can also affect compo-
nents with higher boiling points, the ratio between
n-alkanes and isoprenoids as a whole will not change
(Wrang et al. 1990).

As seen in Figures 2a and 2b, the diesel oil from the
22-year-old spill differed substantially from fresh oil.
The old diesel was completely dominated by isopren-
oids, as were the other degraded diesel samples in this
study. Evaporation alonc cannot explain these changes
in the proportions of n-alkanes and isoprenoids, which
indicates that other processes may be more important.
The limited effect of evaporation on diesel oil in the
subsoil has been found in other investigations that deter-
mined only 0.1 to 0.6 percent of diesel oil evaporated
from the soil (Bossert and Bartha 1984; Lindhardt et
al. 1991).

The effect of leaching on diesel oil is more difficult
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to estimate from the chromatograms. The components
in diesel generally have a very low solubility, and the
components with relatively high solubility, e.g., the
monoaromatics, are present in very low concentrations.
In addition, the components in each of the ratios have
nearly the same solubility. For this reason, it was
expected that leaching would have a limited effect on
the composition of the diesel (Larsen et al. 1992). In
addition, leaching was expected to be limited because
the oil-affected soils examined were all situated below
paved areas, restricting the percolation of rain water.

In contrast to evaporation and leaching, microbial
action generally will affect the components according
to their configuration and not their vapor pressure.
While the components in the ratios have nearly the same
solubility and volatility, they differ with respect to
degradability. Both microbial action and evaporation
remove the n-alkanes. Evaporation removes the
n-alkanes and isoprenoids at the same rate, depending
only on the vapor pressure, whereas microbial action
removes n-alkanes much faster than isoprenoids. For
this reason the isoprenoids will gradually become more
dominant compared with the n-alkanes. The composi-
tion of the diesel taken from a 22-year-old spill was
dominated completely by the relatively bioresistant iso-
prenoids (Figure 2b). This demonstrates that in'samples
from the center of the oil-affected soil body microbial
action was by far the most important process affecting
the composition of diesel oil in the subsurface environ-
ment. Other processes, including evaporation and leach-
ing, played only insubstantial roles.

Microbial action within the oil-affected soil was inhi-
bited by a combination of the relative lack of nutrients
and oxygen and the inaccessibility of hydrocarbons.
These conditions clearly slowed the rate of alteration
of the diesel oil within the subsurface environment.

To study the relationships among the most important
factors influencing microbial degradation, a detailed
study was undertaken at the Provestenen site. The corre-
lations among the factors were subjected to a principal
component analysis (STSC Inc. 1991). Figure 3 contains
the results of this analysis; it shows a positive correlation
among those factors located close to each other and a
negative correlation where the factors were located on
a straight line through both the factors and origin (0, 0).

As Figure 3 illustrates, there was a close positive
correlation among the different degradation ratios,
except in the case of the n-C,;/farnesane ratio, and a
positive correlation between concentration and depth.
Negative correlations existed between the depth in
meters below ground/concentration in mg/kg and n-C; 4/
farnesane ratios. The close correlation among the degra-
dation ratios was expected because they all express the
biological degradation. The C;,/farnesane ratio,
however, was unrelated to any of the other degradation
ratios, indicating that this ratio is unsuitable for estimat-
ing the degree of degradation. The positive correlation
between depth and concentration was probably a con-
sequence of the shape of the oil-affected soil body,
because the concentration of oil in general will increase
toward the ground water table. The negative correlation
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The correlation based on the average degradation
ratios took into account variation in the ratio within the
soil of each location, which may indicate variation in
the environment or the presence of microenvironments.

It has been suggested that the proportion between
the surface and the volume governs the diffusion of
oxygen and nutrients into the oil-affected soil body.
Thus it is likely that for oil-affected bodies with the
same volume, a body with a large surface will be
degraded faster than a body with a limited surface, sim-
ply because of differences in the supply of oxygen and
nutrients. The shape of the oil-affected body is a func-
tion of soil type, porosity, amount of spilled oil, and
other factors. Since these factors varied among the 12
locations, the shape of the bodies would appear random.
If the degradation ratio were a function of the shape,
the ratios from the 12 locations would vary randomly
because the shapes of the bodies vary randomly.
However, this was not the case; thus it is concluded that
the shape of the body did not determine the degree of
degradation inside the body.

Figure 4 shows the correlation between the C,-/pris-
tane ratio and the age of the diesel spill. The dotted
line represents a linear approach to the relationship.
The two innermost dashed lines represent the 95 percent
confidence interval of the average degradation ratios
from each location. As discussed previously, it is impos-
sible to explain fully the nature of the relationship, but
the data suggest a linear relationship indicating a Oth
order kinetic of the degradation of the n-alkanes.

The high correlation between the C;,/pristane ratio
and age can be used to estimate the age of oil within a
subsurface environment. By evaluating the C;;/pristane
ratios and comparing the values with the ages as plotted
in Figure 4, it is possible to determine the age of the
diesel spill at the 95 percent confidence level to within
two years for diesel that is between five and 20 years
old, with some slightly greater variability at the extremes
(less than five years and more than 20 years old). At
certain points along the curve, e.g., for diesel approxi-
mately 12 years old, it appears possible to determine
the age of the oil with even greater accuracy at the 95
percent confidence level.

When using the curve to determine the age of a
diesel spill it is important to remember that the degrada-
tion ratio indicates the age of a sudden spill. Often,
property damage results from a continuous spill or the
mixing of several different spills. In those cases, the
degradation ratio will underestimate the age of the ini-
tial spill or the first date of the property damage. A
mixture of degraded and fresh diesel generally will be
dominated by the fresh diesel because the degraded
diesel is present in lower concentrations. This implies
that the presence of fresh diesel oil does not necessarily
indicate only a recent oil spill, although the presence of
degraded diesel oil is a strong indication of an old spill.

Conclusions
The study demonstrates that the degree and rate of

alteration of diesel oil can be related to the time the oil
has been in the ground. The analysis of 15 different
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Figure 4. Relationship between the age of the oil spill and the
C,7/pristane ratio over a 22-year period.

diesel oils reveals a relatively low variation in the C;4/
pristane and C,s/norpristane ratios. The analysis of die-
sel oil stored in stockpiles since 1974 shows that its
composition is basically the same as diesel oil produced
in 1992. In contrast, the composition of degraded diesel
differs significantly from the composition of a fresh die-
sel oil; the fresh diesel is dominated by n-alkanes, while
the degraded diesel is dominated by isoprenoids, which
are more bioresistant.

Based on the ability to distinguish between fresh
diesel oil produced within the last 20 years and degraded
diesel oil, the degree of degradation of the samples is
compared to the time the oil has been in the ground.
Statistical analysis shows a correlation factor of 0.89 for
the Cy/pristane ratio based on the average degradation
ratio for each oil-affected soil body. This is a high corre-
lation factor and allows the C,,/pristane ratio to deter-
mine the age of a diesel oil spill within a range of * 2
years at a 95 percent confidence level.
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Patterns of Chemical Changes
During Environmental Alteration of
Hydrocarbon Fuels

by Isaac R. Kaplan, Yakov Galperin, Hossein Alimi, Ru-Po Lee, and Shan-Tan Lu

L

Abstract

his paper discusses major environmental

alteration processes and describes a set of

chemical tests that have been developed to
monitor compositional changes in hydrocarbon fuels
released into the environment. The methods examine
various homologous series of hydrocarbons including
straight chain (paraffins or n-alkanes), branched chain
(isoparaffins or isoprenoids), alicyclic (naphthenes or
alkylated cyclohexanes), polycyclic (steranes and ter-
panes), and aromatic structures (benzene, toluene,

ethylbenzene, xylenes, alkylated benzenes, polycyclic

- aromatic hydrocarbons, and aromatic steranes). Each

one of these groups of hydrocarbons has a different
tolerance to environmental alteration by evaporation,
dissolution (water washing), and biodegradation.
When used as an analytical system on environmental
samples, the data obtained provide information on
fuel type recognition patterns and on degradation
levels of the various fuels, allowing for an estimate of

residence time.

Pages 113-124

Introduction

Major Alteration Processes in the
Environment

It has been well established, with
a large literature citation extending
back more than 40 years, that crude
oil in the environment is altered by
a series of processes leading to tar
balls and asphaltenic residues
(Zobell 1946; McKenna and Kallio
1965; Winters and Williams 1969).
These processes involve evapora-
tion, water solution or water wash-
ing, and biodegradation of various
components. As a general rule, the
low molecular weight hydrocarbons
with the highest vapor pressure will
escape from the crude oil rapidly.
Next, in the presence of either stand-
ing water or rain, the soluble compo-
nents begin to be removed. Benzene
is the most water soluble hydrocar-
bon (1750 ppm), followed by toluene
(550 ppm) and other monoaromatic
hydrocarbons with solubilities rang-
ing from 100 to 200 ppm. The olefins
and light hydrocarbon gases such as
methane and ethane are also among
the most soluble hydrocarbons (Gal-
land and Yaws 1992). By contrast,
paraffins from Cg to Cso have rela-
tively low solubilities ranging from
12 ppm to less than 1 ppb.

Following the selective removal
of the most volatile and most soluble
components of crude oil (or fuels),
the residual components can remain
in a sterile environment for an inde-
terminate period of time. For exam-
ple, crude oil has been produced from
early Paleozoic reservoirs more than
500 million years old and Precam-
brian source rocks approaching one
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billion years in age (Halbouty et al. 1970; Tong and
Huang 1991; Walter 1982), such as the Weiyuan in the
Sichuan Basin in China and sediments in McArthur
River Area, Northern Territory, Australia (Wang et al.
1989; Womer 1986). The three controlling parameters
that regulate the microbiological decomposition rate of
the hydrocarbons in refined fuels and crude oil are 1)
temperature, (2) the presence of nutrients and oxygen,
and (3) the presence of free or adsorbed water. Depend-
ing on the indigenous bacterial species, typically the
rate of biodegradation doubles for every 10°C increase
in temperature. The requirement of oxygen for biodeg-
radation of hydrocarbons has been known for several
decades. It is assumed that in environments where it is
absent, hydrocarbons will either not decompose or
decompose slowly. The question of aerobic vs. anaerobic
breakdown of hydrocarbons has been investigated since
the early work of Zobell (1946). Recent publication
suggests that there is evidence for selective anaerobic
decomposition (Rueter et al. 1994). Nutrients are usu-
ally sufficiently present in shallow soil or ground water
to support a microbial biota. Most of the weathering
studies on crude oils (Kolpack and Meyer 1970; Magoon
and Isaac 1983; Douglas et al. 1993; Blanc and Connan
1992) that aimed at determining detailed changes in the
chemical constituents have directed their attention to
the high-molecular-weight low-solubility fractions,
including the so-called biomarkers shown in Figure 1.

This paper addresses the chemical changes that occur
when three representative refined fuels (i.e., gasoline,
diesel fuel #2, and fuel oil #6, or Bunker C fuel) are
released on land rather than in a marine environment.
Although a large literature is growing on the bulk
changes that occur during environmental alteration and
remediation of escaped fossil fuels, previous work has
concentrated largely on volatile aromatic hydrocarbons
(BTEX), on the polynuclear aromatic hydrocarbons
(PAH) (because of their potential toxicity), and on the
paraffinic (n-alkane) fraction of hydrocarbons, because
the latter are the most rapidly degraded.

Monitoring Environmental Alteration in Chemical
Composition

Most fuels have chemical compositions with no sharp
cut-offs for the concentration of constituent hydrocar-
bons (Table 1). Minor amounts of hydrocarbons are
present out of the commonly recognized range, at both
the low and high boiling ends, and are frequently not
identified unless special precautions are taken. For
example, the common range for gasoline is from pro-
pane (Cs) to dodecane (Ci2); however, Ci3 and Cy4
n-alkanes are detected often when gasoline is highly
altered by evaporation. Because these hydrocarbons are
also present in mineral spirits, jet fuels, kerosene, and
diesel fuels, care needs to be taken to prevent misidenti-
fication of the escaped fuel. Likewise, certain important
indicators for both diesel and Bunker C fuel (some PAH
compounds and biomarkers) are present in low relative
concentration and can only be detected if the corre-
sponding fraction is concentrated after its separation on
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Figure 1. Chemical structures of representative hydrocarbons,

Table 1
Gross Composition of Typical Hydrocarbon Fuels
(Percent)
Composition Gasoline Diesel #2 Bunker C
Paraffins 45 55 14
Cycloparaffins 5 12 7
Olefins 7 5 —
Aromatics 43 24 34
Polar + residuals — 4 45

a silica gel column. Errors in identification can also be
made when soil or water extracts are evaporated too
extensively during sample preparation for analysis. In
this case, the volatile hydrocarbon components in the
Cs to Cyo range can be selectively lost, leading to mis-
identification of the fuel type present. Additionally,
errors in identification of a fuel type arise when hydro-
carbon compounds that are vulnerable to environmental
alteration (such as n-alkanes) are used as the only crite-
rion for identification. For these reasons, it is advisable
to measure numerous hydrocarbon species, especially
those displaying a homologous series, for the following
three purposes: (1) to identify a particular fuel type; (2)
1o determine mixing ratios of different fuels; and (3) to
estimate the relative state of degradation. The data der-
ived may also permit the estimation of the approximate
length of time that any one of the fuels identified has
been in the environment.




i Criteria for Investigation of Fuel
Hydrocarbon Parameters

Mtomotive Gasoline Fuel

Automotive gasoline is a generic term used to
 describe volatile, inflammable petroleum fuels used pri-
 marily in internal combustion engines. It is a complex
mixture of hydrocarbon compounds predominantly in
the C; to C;, range, with a nominal boiling-point range
of 40 to 230°C (100 to 450°F). Gasolines are blended
from several refinery process streams, including various
| naphtha streams from direct distillation of crude oil at
atmospheric pressure (light straight-run naphtha), cata-
lytic and thermal cracking processes, catalytic reforming
processes, and from alkylation and isomerization of the
light distillate streams. There are more than 300 individ-
wl compounds recognized to date in gasoline (Whitte-
more 1979). For practical purposes, it is sufficient to
identify about 90 major hydrocarbons in the C; to Cyp
nnge by high-resolution gas chromatography with a
flame ionization detector (GC/FID).

For the purpose of analyzing the environmental his-
tory of fugitive gasoline, we developed a set of parame-
ters, some of which were previously discussed by Kaplan
| (1992) and Kaplan ct al. (1992), to differentiate the
chemical composition and to characterize aging pro-
cesses of different fuels. The following 10 parameters
are routinely measured: (1) BTEX (EPA method 8020);

(2) C; to C, volatile hydrocarbons by GC/FID; (3) Cg
to Csp n-alkanes by GC/FID and by gas chromatogra-
phy-mass spectrometry (GC/MS); (4) alkylbenzenes and
alkylnaphthalenes by GC/MS; (5) alkylcyclohexanes by
GC/MS; (6) lead alkyl additives and lead scavengers by
gas chromatography with an electron capture detector
(GC/ECD); (7) oxygenated additives (alcohols and
ethers) by two-dimensional GC/FID (ASTM method
D4815); (8) simulated distillation by GC/FID (ASTM
method D2887); (9) pigment (dye) additive distribution;
and (10) '*C/"C and D/H stable isotope ratios. In this
paper, we will only address items 1 through 5.

Volatile Gasoline Range Hydrocarbons

The EPA method 8020 (especially with dual column
confirmation measurement) yields reliable results for
BTEX hydrocarbon concentrations (Table 2) and their
relative distribution (Table 3). Because the volatility
and aqueous solubility between benzene and xylenes
varies by a factor of 10, BTEX results offer an excellent
set of parameters for measuring water washing and
evaporative alteration. A large literature addresses
these issues (Bruce et al. 1991; Potter 1989; Odermatt
1994). Changes in the BTEX composition after gasoline
enters the environment are shown in Table 4 for gasoline
residues in free product, ground water, and soil.

The immediate observable environmental change
shown in Table 4 relative to the BTEX contents in dis-
pensed gasolines (Table 2) is the reduction of about 40

Table 2
Average and Range of BTEX Hydrocarbon Content (mg/mL) in Different Grades of Dispensed Gasolines
Benzene Toluene Ethylbenzene Xylenes
Gasoline Grade* Range Average Range Average Range Average Range Average
| Regular leaded (5) 6.6-14.8 9.2 18.6-64.4 326 6.2-14.0 9.1 32.1-77.4 472
| Regular unleaded (12) 5.0-19.4 10.2 17.9-56.6 28.7 5.8-15.4 8.0 27.1-76.6 39.6
] Unleaded plus (8) 7.1-18.2 119 21.6-62.8 36.7 6.0-15.1 9.3 28.6-81.5 45.7
] Super unleaded (12) 6.6-18.9 11.5 22.4-72.2 40.9 6.6-19.1 10.1 33.4-90.8 50.6

4 *Number in parentheses denotes number of sample analyses averaged.

Table 3
Ratios Calculated from the BTEX Data of Different Grades of Dispensed Gasolines

1 Benzene/  Benzene/ Benzene/ Toluene/ Toluene/ Ethylbenzene/ B + T/
Gasoline Grade* Toluene Ethylbenzene Xylenes Ethylbenzene  Xylenes Xylenes E+X
E | Regular leaded (5) Average 0.28 1.0 0.20 3.6 0.70 0.19 0.74

! Range  0.23-0.36 0.92-1.10 0.19-0.20 3.0-4.6 0.59-0.83 0.18-0.19 0.67-0.98
, Regular unleaded (12) Average 0.36 1.28 0.26 3.6 0.72 0.20 0.82

i Range  0.28-0.41 0.86-1.7 0.18-0.32 2.9-42 0.57-0.83 0.19-0.22 0.64-0.95
] Unleaded plus (8) Average  0.32 1.28 0.26 3.9 0.80 0.20 0.88

! Range 0.28-0.37 0.85-1.6 0.19-0.32 3.0-5.0 0.63-0.94 0.19-0.23 0.70-1.05
4 Super unleaded (12) Average 0.28 1.14 0.23 4.0 0.81 0.20 0.86
Range  0.24-0.33 0.77-1.6 0.16-0.30 3.1-5.6 0.61-1.02 0.18-0.21 0.67-1.13

Y *Number in parentheses denotes number of sample analyses averaged.
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Table 4
Average and Range of BTEX Hydrocarbon Content in Altered Gasolines Collected in Different Matricies
and Various Climatic Environments
Benzene Toluene Ethylbenzene Xylenes

Sample Type* Range Average Range Average Range Average Range Average

Free product (mg/mL) (25) 3.6-12.6 6.3 13.4-55.3 23.7 3.2-16.0 6.5 19.1-78.1 39.5

Water (ug/mL) (366) 0.3-20.8 32 0.03-21.4 35 0.1-7.6 1.2 0.2-17.0 5.7

Soil (pg/g) (21) 0.01-10.0 12 0.01-77.4 4.6 0.01-50.9 5.3 0.01-220 217

*Number in parentheses denotes number of sample analyses averaged.
Table 5
Ratios Calculated from BTEX Data of Altered Gasolines

Benzene/  Benzene/ Benzene/ Toluene/ Toluene/ Ethylbenzene/ B + T/
Sample Type* Toluene Ethylbenzene Xylenes Ethylbenzene Xylenes Xylenes E+X

Free product (25) Average 0.26 0.97 0.16 3.60 0.60 0.16 0.65
Range  0.18-0.34 0.40-1.6 0.05-0.30 1.8-6.3 0.29-1.0 0.12-0.23 0.30-1.1

Water (366) Average 2.90 2.70 0.56 2.90 0.61 0.21 0.97
Range  0.09-21.6 0.13-10.9 0.01-35 0.1-9.6 0.04-42 0.08-0.55 0.11-3.4

Soil (21) Average 0.26 0.23 0.06 0.87 021 0.24 0.48
Range 0.03-100 0.02-2.9 <0.01-25 0.03-2.5 0.02-0.59 0.18-9.5 0.07-2.6

*Number in parentheses denotes number of sample analyses averaged.

percent in benzene concentration in free-floating prod-
uct. Toluene, ethylbenzene, and especially xylenes dem-
onstrate less noticeable reduction. The reason for this
is that, due to its highest solubility among BTEX hydro-
carbons, benzene will preferentially diffuse out of the
product and partition in the ground water phase. This
is also evident from the average concentrations of BTEX
hydrocarbons in water samples, where benzene displays
an enrichment relative to toluene, ethylbenzene, and
xylenes. By contrast, the reverse occurs in the soil where
toluene and especially ethylbenzene and xylenes are
preferentially retained. Therefore, when the concentra-
tion ratios of benzene/toluene, benzene/ethylbenzene,
benzenc/xylencs, toluene/ethylbenzene, and toluene/
xylenes are compared in free product, water, and soil
samples (Table 5), the changes discussed previously are
seen easily.

In the course of numerous gasoline-contaminated
site studics, it has been found that a useful parametric
ratio to evaluate the gasoline partitioning is benzene+
toluene/ethylbenzene+xylenes (B+T/E+X). For the
examples shown in Table 3 for dispensed gasoline, the
average ratio has a narrow range of 0.74 to (.88, whereas
the average ratios for product, water, and soil (Table 5)
are 0.65, 0.97, and 0.48, respectively.

The advantage of using the B+T/E+X parameter
over ratios of individual BTEX hydrocarbons is that
one can smooth out variations in the composition of
manufactured gasoline and accommodate processes that
preferentially remove benzene from the ground water.
During the past 20 years, there have been attempts
made to limit the content of benzene in gasoline because
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of its recognized hazard to human health. The reduction
in benzene content was often compensated by toluene,
and to a lesser extent, ethylbenzene and xylenes. The
content of benzene, therefore, has fluctuated more than
other BTEX hydrocarbons. By coupling benzene with
toluene, the fluctuations arc minimized. Benzene con-
centration can also be diminished dramatically during
remediation of a site, especially if vapor extraction has
been used to remove gasoline contamination.

Laboratory BTEX solubility studies conducted by
the authors demonstrated that the B+T/E+X ratio of
newly introduced gasoline in water ranges from about
1.0 to 5.0, depending on the amount of gasoline in con-
tact with water. When the ratio near the source of the
gasoline release falls in this range, it indicates that a
recent release into the water has occurred. The ratio in
the vicinity of the source of release drops as a function
of time and environmental controls, and values below
0.5 are usually indicative of residence ages longer than
10 years. Ratios greater than 5 are typically encountered
at a distance from the source and signify preferential
removal and transport of benzene and toluene by water
away from the source of release.

The C; to C,, composition of the gasoline range
hydrocarbons provides an essential set of chemical
characteristics that are important in (a) determining
source relationships; (b) identifying fuel grade (low or
high octane); (c) differentiating automobile gasoline
from white gas, aviation fuel, and mineral spirits; and
(d) establishing degree of degradation. Free products
are normally analyzed by direct injection, whereas
ground water and soil samples are analyzed by purge-



Table 6
Average and Range of Bulk PIANO Composition of Dispensed Gasolines
Paraffins Isoparaffins  Aromatics  Naphthenes Olefins

Grade of Gasoline* Relative Percent
Regular leaded (5) Average 10.7 320 45.0 7.8 4.6

Range 104 - 11.0 31.7 - 325 441 - 453 7.5-8.0 43-50
Regular unleaded (12) Average 10.2 37.6 38.7 6.0 7.1

Range 84-113 32.5-403 32.9-437 32-97 1.5-13.7
Unleaded plus (8) Average 10.8 37.0 415 5.6 5.1

Range 8.7-133 345 -400 40.0 - 42.9 3.6-66 29-96
Premium unleaded (12)  Average 9.4 34.9 48.4 2.9 3.9

Range 7.1-13.6 26.2 - 39.7 434 -59.8 1.2-53 1.0-73
Overall average 10.3 354 434 5.6 52
*Number in parentheses denotes number of sample analyses averaged.

Table 7
Average and Range of Bulk PIANO Composition for Altered Gasolines
Paraffins Isoparaffins ~ Aromatics Naphthenes Olefins

Sample Type* Relative Percent
Free product (25) Average 10.2 31.8 '49.0 4.5 4.0

Range 43 - 183 209 - 402 27.1 - 70.1 1.2-90 19-57
Soil (10) Average 2.8 15.1 79.4 1.2 1.5

Range 0-53 0-31.6 60.4 - 98.7 0-26 08-21
Water (15) Average 4.7 222 63.1 71 53

Range 0.8 -109 2.2 -56.9 26.8 - 94.3 1.1-16.6 0.2-196
* Number in parentheses denotes number of sample analyses averaged.

and-trap preconcentration followed by injection into a
100-m capillary chromatographic column.
Compositional characteristics of leaded and
unleaded gasolines are conventionally described in
terms of bulk relative contents of paraffins, isoparaffins,
aromatics, naphthenes, and olefins (PIANO) and are
shown in Table 6. Examples of changes that occur in
the bulk PIANO composition of gasoline when it enters
soil and ground water and when it accumulates as free
product are shown in Table 7. Based on the average
gasoline composition, a set of ratios can be established
that allows estimation of degree of alteration by evap-
oration, water washing, and biodegradation. Examples
for two newly dispensed gasolines, dissolved gasoline
in a ground water sample, and gasoline in a soil sample
are shown in Table 8. The evaporation ratios compare
the distribution of different members of the same hydro-
carbon type (i.e., paraffins and isoparaffins) with dif-
ferent Henry’s law constants. Water washing ratios com-
pare benzene and toluene with nonaromatic
hydrocarbons of about the same molecular size and vola-
tility. Total aromatics content is compared also with total
paraffins and naphthenes. The biodegradation parame-
ters compare olefins (hydrocarbons highly susceptible
to biodegradation) with paraffins, as well as isoparaffins
plus naphthenes with paraffins. The ratio comparisons

demonstrate that aromatic compounds are strongly con-
centrated in the ground water and soil relative to the
naphthenes, paraffins, and isoparaffins. In accordance
with known aqueous solubility, n- and isoparaffins are
preferentially concentrated relative to olefins in soil,
while the reverse tendency is observed in ground water.

Semi-Volatile Gasoline Range Hydrocarbons

It has been found that in addition to alkanes, the
three homologous series represented by alkylbenzenes,
alkylnaphthalenes, and alkylcyclohexanes are among
the most useful for hydrocarbon fuel fingerprinting.
Alkylbenzenes and alkylnaphthalenes are more resis-
tant to biodegradation than most of the other gasoline
hydrocarbons (Eganhouse et al. 1993). The longer the
alkyl chain attached to the aromatic ring, the more
resistant the hydrocarbon is to biodegradation (Volk-
man 1984). The alkylnaphthalenes appear to be more
resistant to degradation than the alkylbenzenes. Alkyl-
cyclohexanes are less soluble than the alkylbenzenes
and more resistant to biodegradation compared to par-
affins. They should persist, therefore, for a significantly
longer time in the environment than the alkylbenzenes
and paraffins (Kaplan and Galperin 1996).

Determination of the distribution of hydrocarbon
series is accomplished by analyzing a sample using GC/
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Table 8
Examples of Degradation Ratios and Bulk Compesition Calculated from the Gasoline Range
(C; to Cy0) Analysis of Two Newly Dispensed Gasolines, a Ground Water Sample, and a Soil Sample
87 Octane 92 Octane

Parameter Gasoline Gasoline Water Seil
Evaporation
n-pentane/n-heptane 21 1.4 0.8 0.5
2-methylpentane/2-methylheptane 72 4.6 2.0 0.8
Water Washing
benzene/cyclohexane 43 9.6 193 3.2
toluene/methylcyclohexane 10.8 20.5 13.0 39
aromatics/total paraffins 0.8 0.9 4.6 42
aromatics/naphthenes 6.3 132 16.0 35.0
Biodegradation
(C4-Cg paraffins + isoparaffins)/C4-Cg olefins 6.7 8.1 52 13.9
3-methylhexane/n-heptane 1.6 1.5 1.1 1.2
methylcyclohexane/n-heptane 0.6 0.5 1.6 1.2
isoparaffins + naphthenes/paraffins 4.6 57 4.1 4.9
Octane Rating
2,2 4-trimethylpentane/methylcyclohexane 22 5.1 04 23
Relative Percentages
Paraffinic 9.6 75 4.1 35
Isoparaftinic 383 39.7 121 15.0
Aromatic 38.6 434 75.1 76.9
Naphthenic 6.1 33 4.7 22
Olefinic 7.4 6.2 4.0 24

MS in full scan mode and selecting a series of charac-
teristic ion fragments for each hydrocarbon homologous
series (i.e., m/z 85 for iso- and n-alkanes; m/z 83 for
alkylcyclohexanes; and m/z 134 for C,-alkylbenzenes)
(Figure 1). For polynuclear aromatics, the m/z values
are identified in Table 9.

To demonstrate the distribution of the different
hydrocarbon species, we show a set of mass chromato-
grams and bar diagrams for a newly dispensed gasoline
(Figure 2), a lightly altered gasoline in ground water
(Figure 3), and a severely altered gasoline in ground
water (Figure 4), all collected from the same site. The
comparison of these figures demonstrates that as altera-
tion progresses, the higher volatility (lower molecular
weight) hydrocarbons are most rapidly removed and
the alkanes and isoalkanes (m/z 85) are largely elimi-
nated. The alkylcyclohexanes display a significant
reduction in CH-1 (see appendix for key), which is the
dominant hydrocarbon in freshly dispensed gasoline,
and a systematic increase in the CH-2/CH-1 ratio. For
the Cs-alkylbenzenes (see appendix for key), 1,3-di-
ethylbenzene (peak #20 in the m/z 134 mass chromato-
gram) is rapidly diminished and the group of peaks from
21 to 27 decrease in relative content. The four hydrocar-
bons that persist are represented by peaks 28, 31a, 31,
and 32. There is also a noticeable reduction in the peak
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height of 1,2,3,5-tetramethylbenzene (peak #31) relative
to 1,2,4,5-tetramethylbenzene (peak #31a).

The three branched-chain isomers of octane labeled
in Figures 2 through 4 as i-8 (2,5(2,4)-dimethylhexane),
i-8'(2,3,4-trimethylpentane), and i-8"(2,3-di-
methylhexane) are always present in gasoline that has
been manufactured with the alkylation process (to boost
the octane number). The dominant Csg-isoparaffin
formed during the alkylation process is isooctane (2,2,4-
trimethylpentane),which may reach concentrations as
high as 5 percent of the gasoline hydrocarbon content
in high-octane fuels. This compound, however, is readily
identified by C; to C,, range GC/FID or by GC/MS at
m/z 57. In gasoline where alkylation has been part of
the manufacture process, 2,3,4-trimethylpentane (i-8")
gives the dominant isoparaffinic peak in the m/z 85 mass
chromatogram. Where alkylation has not occurred in
the manufacture, only the dimethylhexanes are present
with 2,3-dimethylhexane (i-8”) displaying the dominat-
ing peak. This is also the case for JP-4 military jet fuel.

The observable changes in aromatic hydrocarbons
(see bar diagrams in Figures 2 through 4) are in the
reduction of alkylbenzenes and the relative increase in
naphthalene and the alkylnaphthalenes. Among the
suite of alkylbenzenes measured, the Cs-alkylbenzenes
diminish more rapidly than the other three alkyl-
benzenes shown in the figures.



Table 9
Relative Concentrations of Aromatic and Polynuclear Aromatic Hydrocarbon Compounds in Gasoline,
Diesel, and Bunker C Reference Fuels
Gasoline Diesel Fuel Bunker C Oil

No. m/z Compound Relative Percent

1 120 C;-alkylbenzenes 57.6 1.2 0.3

2 134 C,-alkylbenzenes 20.4 2.1 0.8
3 148 Cs-alkylbenzenes 43 1.6 0.9
4 162 C¢-alkylbenzenes 0.6 1.0 0.3

5 128 Cy-naphthalene 11.2 0.7 1.6
6 142 C,-naphthalenes 5.5 5.6 5.8
7 156 C,-naphthalenes 0.2 24.6 13.6
8 170 Cs-naphthalenes 0.1 26.1 94
9 184 C4-naphthalenes — 11.8 3.0
10 166 Cy-fluorene — 0.8 0.5
11 180 C,-fluorenes — 2.1 1.2
12 194 C,-fluorenes — 3.0 1.8
13 208 C;-fluorenes — 0.4 1.4
14 222 C,4-fluorenes —_ — 0.7
15 154 C,-biphenyl — 0.1 0.2
16 168 C,-biphenyls + dibenzofuran — 2.1 0.6
17 182 C,-biphenyls + C,-dibenzofuran —_ 3.8 2.8
18 178 Cy-phenanthrene — 1.8 2.8
19 192 C,-phenanthrenes — 3.2 6.2
20 206 C,-phenanthrenes — 1.3 83
21 220 Cs-phenanthrenes — 0.7 52
22 234 C4-phenanthrenes — — 2.0
23 202 Co-pyrene/flucranthene — — 2.6
24 216 C,-pyrenes/fluoranthenes — — 22
25 230 C,-pyrenes/fluoranthenes — — 34
26 244 Cs-pyrenes/fluoranthenes — — 1.9
27 258 C,-pyrenes/fluoranthenes — — 0.7
28 228 Co-chrysene — — 1.1
29 242 C,-chrysenes — — 2.3
30 256 C,-chrysenes — — 12
31 270 Cs-chrysenes — — 1.0
32 284 C,-chrysenes — — 03
33 148 C,-benzothiophenes — — 0.4
34 162 C,-benzothiophenes — 0.8 0.8
35 176 C;-benzothiophenes = 1.4 0.7
36 190 C,-benzothiophenes — 1.0 0.3
37 204 Cs-benzothiophenes — — 0.1
38 184 Co-dibenzothiophene — 0.6 0.5
39 198 C,-dibenzothiophenes — 1.5 1.4
40 212 C,-dibenzothiophenes — 0.7 3.0
41 226 Cs-dibenzothiophenes — — 21
42 240 C,-dibenzothiophenes — — 08
43 234 Coy-naphthobenzothiophene — — 0.3
44 248 C;-naphthobenzothiophenes — — 0.9
45 262 C,-naphthobenzothiophenes — — 0.6
46 276 Cs-naphthobenzothiophenes — — 04
47 290 C,-naphthobenzothiophenes — — 0.1
48 252 Benzo (B+K) Fluoranthene — — 0.08
49 252 Benzo (E) pyrene — — 0.10
50 252 Benzo (A) pyrene — — 0.10
51 252 Perylene — — 0.03
52 231 Triaromatic steranes — — 1.2
53 245 Triaromatic steranes — — 0.6
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Figure 2. Mass chromatograms and bar diagram of a newly
dispensed gasoline.
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Figure 3. Mass chromatograms and bar diagram of gasoline in
ground water.

Diesel Fuel #2

Diesel fuel is characterized by a smooth n-alkane
distribution pattern (Figure 5), maximizing at about Cy4
to C;; and diminishing down to about C,s. It also has
an isoparaffin (or isoprenoid) distribution extending
from i-Cyo to i-Ca (phytane), with i-C; ¢ (pristane) domi-
nating. The bulk composition of diesel fuel #2 consists
of hydrocarbons with carbon numbers predominantly
in the range of Cy to Cy4 and boiling in the range of
approximately 163 to 382°C (300 to 730°F). Diescl fuel
is a blend of straight-run and catalytically cracked
streams, including straight-run kerosene, straight-run
middle distillate, hydrodesulfurized middle distillate,
and light catalytically and thermally cracked distillates.
Its bulk composition is shown in Table 1. Itis noteworthy
that this fuel has a wide range of PAH hydrocarbons
(bar diagram in Figure 5), extending from naphthalenes
(dominant) to phenanthrenes, as well as the sulfur-con-
taining aromatics, such as benzothiophene and dibenzo-
thiophene.

To determine the characteristics of diesel fuel #2,
the following seven tests are routinely conducted: ¢))
Cg to C34 n-alkanes and isoparaffins by high-resolution
GC/FID and GC/MS; (2) alkylcyclohexanes from CH-
1 to CH-14 by GC/MS; (3) alkylbenzenes by GC/MS;
(4) PAH compounds by GC/MS; (5) tricyclic terpanes
(if present) by GC/MS; (6) simulated distillation by GC/
FID (ASTM method D2887); and (7)"*C/"*C and D/H
stable isotope ratios.

In this paper, we describe methods 1 through 4 and
show three examples of environmental change occurring
in diesel in a free product and in soil (Figures 6 through
8). Chemical changes due to biodegradation can most
easily be observed from the n-alkane patterns. Fig-
ure 5 displays the chromatographic pattern for a newly
dispensed diesel, whereas Figure 6 shows the absence
of n-alkanes in a biodegraded product with only isopre-
noids remaining. A mildly altered diesel fuel in soil
(Figure 7) displays a suite of n-alkanes
(m/z 85) with associated isoprenoids (identified in m/z
113 mass chromatogram). It is evident from a compari-
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Figure 4. Mass chromatograms and bar diagram of severely
altered gasoline in ground water.
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Figure 5. Mass chromatograms and bar diagram of unaltered
diesel fuel.

son of the mass chromatograms in Figures 5 and 7 that
the relative abundance of isoprenoids has increased over
their content in the dispensed diesel. In a moderately
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Figure 6. Mass chromatograms and bar diagram of altered
diesel in floating product.
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Figure 7. Mass chromatograms and bar diagram of altered
diesel in soil extract.

degraded diesel present in soil (Figure 8), no n-alkanes
are detectable at m/z 85, but all the isoprenoids remain
(m/z 113). The presence of the isoparaffins (charac-
terized by specific ion-fragments at m/z 85 and m/z 113)
is particularly important in estimating degree of biodeg-
radation. The most stable of the isoprenoid compounds
is i-Cyo (pristane). During severe biodegradation, the
lower molecular weight isoprenoids from i-Cyg to i-Cis
and phytane are preferentially removed after n-alkane
depletion. Pristane then remains as the dominant paraf-
finic constituent in degraded diesel. This can be seen
from the m/z 85 mass chromatogram in Figure 6 and
m/z 113 mass chromatogram in Figures 7 and 8. The
alkylcyclohexanes distribution in the free product (Fig-
ure 6) as well as in moderately altered soil samples
shows little change (possibly an increase in CH-8 relative
to CH-9 in the original diesel). However, in severely
altered diesel in soil samples, the alkylcyclohexanes
have been reduced to below detection.
Alkylbenzenes in the free product display little
alteration (Figure 6) over that in the starting diesel (Fig-
ure 5). For example, hydrocarbon #31 shows a slight
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Figure 8. Mass chromatograms and bar diagram of severely
altered diesel in soil extract.
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Figure 9. Mass chromatograms and bar diagram of unaltered
Bunker C fuel.

increase over #31a; however, it is not apparent if this
small change is significant. In the severely altered diesel
fuel (Figure 8), the three dominant C,-alkylbenzenes
appear as peaks 28, 31a, and 32, whereas hydrocarbon
peak 31 has been completely removed.

Following the examination of several sites in Den-
mark containing diesel fuel #2 in soil, Christensen and
Larsen (1993) concluded that it was possible to estimate
the length of time the diesel fuel had been in the environ-
ment by using the numerical values of the n-C,,/Pr ratios
derived from the newly dispensed diesel and from envi-
ronmental samples. They obtained a linear relationship
extending over a range of about 20 years. Using their
plot, we derived an equation to estimate age (T) as fol-
lows:

T(years) = —8.4 n-Cir

+19.8
Pr

When n-C;7 = 0, T=19.8 years.
Examples of measured values for n-C7/Pr and

1-C14/Ph ratios in new diesel fuel and degraded diesel
in free product and soil are shown in Table 10.
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Table 10

Biodegradation Ratios for Diesel Fuel #2 in Free-floating Product and in Soil Extracts
Sample n-C17/P, n-CmIPh C4-ABIC2-Phen C]'NﬂPh’Cz'Phen
Free-floating Product
New diesel fuel 2.4 3.9 1.6 43
Degraded diesel fuel 1.2 14 12 3.4
Severely degraded diesel fuel 0 0 1.0 22
Seil Extract
Degraded diesel fuel 1.1 0.8 1.7 32
Severely degraded diesel fuel 0 0.3 1.7

Among the least affected by alteration hydrocarbon
components appear to be some of the monoaromatic
and PAH members. In this group of compounds, the
alkylbenzenes are first to be altered by biodegradation,
followed by naphthalene and methylnaphthalenes.
Some of the alkylphenanthrenes and alkyldibenzo-
thiophenes are altered in a manner that may be used
for determining relative rates of change. Table 9 gives
a list of the alkylbenzenes and PAH present in gasoline,
diesel fuel, and Bunker C fuel, and Table 10 shows two
important PAH parameters (i.., Cs-alkylbenzenes/C;-
phenanthrenes and C;-naphthalenes/C,-phenan-
threnes), which may be useful in determining alteration
changes of diesel in free-floating product and in soil
extracts. The ratios demonstrate that for both pairs, the
C,-phenanthrenes are more stable than the alkyl-
benzenes and the alkylnaphthalenes.

Bunker C Fuel

This fuel is also known as heating oil #6. It is a
viscous fluid with a hydrocarbon range from Cy to
approximately Csq and a boiling range of 171 to 566°C
(340 to 1050°F). It is mainly used as a boiler fuel in
ships, commercial, and industrial heating. The main fea-
ture that differentiates Bunker C fuel from crude oil is
the lack of the volatile condensate fraction and the pres-
ence of PAH compounds benzo(B+K)fluoranthene, and
benzo(E+A)pyrene in Bunker C fuel (Table 9). These
hydrocarbons are formed during high-temperature dis-
tillation involved in the processing of crude oils. Seven
methods used to characterize the Bunker C fuel are as
follows: (1) Cg to Cy4 n-alkanes and isoalkanes by high
resolution GC/FID and GC/MS; (2) pentacyclic, tetra-
cyclic, and tricyclic terpanes; (3) regular steranes and
diasteranes; (4) aromatic steranes; (5) PAH; (6) simu-
lated distillation by GC/FID (ASTM method D2887);
and (7) *C/'?C and D/H stable isotope ratios. For this
paper, we are only describing methods 1 through 5.
Methods 2 through 5 all require GC/MS identification.

The terpanes (characteristic ion at m/z 191) and
steranes (characteristic ion at m/z 217) are high-molecu-
lar-weight hydrocarbons (Figure 1) commonly referred
to as biomarkers (Peters and Moldowan 1993). They
originate from the polycyclic lipids found in bacteria
and plants. Because of their particular structure, with
numerous chiral centers and side chains, the biomarkers
represent a large number of different chemical com-
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pounds as well as a set of isomers (or enantiomers) of
the same compound. These can then be used for stability
considerations and comparison of fuel patterns. Among
the terpanes, the Cs-pentacyclic terpane (hopane) and
certain tricyclic terpanes are the most stable (Butler et
al. 1991). Compared to the regular tetracyclic steranes,
the diasteranes are the most resistant to biodegradation.

Another indicator group of compounds in Bunker
C oil consists of aromatic hydrocarbons extending from
monoaromatic members to PAH. This group also
includes sulfur-containing benzo-, dibenzo-, and naph-
thobenzothiophenes (Table 9). Concentration ratios of
some of these compounds appears to be useful in deter-
mining extent of biodegradation.

An example of change occurring in a scverely altered
Bunker C fuel in soil can be seen from the comparison
of Figures 9 and 10. The paraffinic fraction (m/z 85) has
been depleted to below detection (Figure 10). The ter-
pane pattern (m/z 191) shows that two peaks dominate
the residual hydrocarbons; they are K (Cp,17a, 213-30-
norhopane) and N (Csg, 17, 21B-hopane). Sterane
changes were not large, although an increase in Cyg, 24-
methyl-13a, 17B-dicholestane (20S) is evident (Fig-
ure 10). For the PAH fraction, the naphthalenes, flu-
orenes, and phenanthrenes were significantly reduced
and the benzo-, dibenzo-, and napthobenzothiophenes
were reduced to values barely above detection limits.
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Figure 10. Mass chromatograms and bar diagram of severely
altered Bunker C fuel in soil extract.



Table 11
Biodegradation Ratios for Bunker C Fuel in Soil Extracts
Phen: 3+1
Sample n-C,/P, n-C;g/Ph  C,-Phen/C,-DBT  Phen/Chr 9+1
New Bunker C fuel 22 25 5.0 2.0
Degraded Bunker C fuel 1.6 0.77 33 091
Severely degraded Bunker C fuel 0 0.53 2.0 0.4
The hydrocarbons that increased significantly in relative = p— Chermical Compontion
concentration are the mono- and triaromatic steranes. 5
Most crude oils and Bunker C fuels contain highly resis- Abundant r-afianes
tant modified steranes in which either one ring (the C 2
ring) or all three six-membered rings become aroma- e Uight end m-atkanes removed
tized (due to heat exposure) and the steranes are con- ° 3
verted to monoaromatic or to triaromatic steranes (see ] Middie range aikanes, olefins, benterie & toluene removed
Figure 10). In the example shown in Figure 10, the 4
triaromatic steranes became the dominant PAH in the Hore han 90% of walkanes removed
soil. H Aleyleyel o alkyib
Changes in various hydrocarbon parameters in = ' renolds & C,-naphthalene reduced -
Bunker C fuel during biodegradation are shown in 2 6 ids, C, « 2
Table 11. All of these parameters may become useful ° QM E
in estimating the degree of alteration of Bunkcr C in 7 ! ) and oder polynucielr ‘g
X oS aromatic hydrocarbons reduced 2
the environment. The ratios in Table 11 are based on E Y 5
the relative stability of different hydrocarbons to bio- o s R e mooved 2
degradation. The n-C,;/Pr ratio has already been dis- $ Cuto Cyrhomohopanes educed | o
cussed. The n-C,g/Ph ratio is about as good a biodegra- § ? Tricyclic serpanes, di & aromatic sseranes g
dation indicator as the prior ratio, since n-C;g has similar £
properties with n-C; and phytane has the same stability Y 0 d m:p:\e::m! Y

properties as pristane. The decrease in the C,-phenan-
threne/C,-dibenzothiophene and phenanthrene/
chrysene ratios (Table 11) is a function of the greater
relative stability of dibenzothiophene and chrysene over
phenanthrene. The last ratio shown in Table 11, phenan-
threne 3+2/9+1, relates to the position of the methyl
group in the phenanthrene molecule. It indicates that
1-methyl- and 9-methylphenanthrene are more stable
to biodegradation than 3-methyl- and 2-methyl-
phenanthrene.

Conclusions

Based on the analyses of various homologous series
of hydrocarbons in gasoline, diesel #2 fuel, and Bunker
C fuel, a pattern has emerged for estimating types and
relative rates of degradation in free product, ground
water, and soil samples. This report provides examples
of compositional changes based on BTEX, C; to Cyo
gasoline range hydrocarbons, and Cg to C4 mid-range
hydrocarbons obtained by gas chromatography. Specific
hydrocarbon groups such as the alkylcyclohexanes, the
alkylbenzenes, PAH, and steranes and terpanes were
measured using GC-mass spectrometers. Based on the
comparison of newly dispensed fuels with those in the
environment, a scheme has been prepared (Figure 11)
to illustrate the relative degradation level of different
hydrocarbon types in fuels with a volatility range from
gasoline to Bunker C fuel.

Present under certaln condidons only

Figure 11. Change in gasoline, diesel fuel, and Bunker C com-
position during biodegradation.
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In 1993, a paper was published by Christensen and Larsen that offered a method for determining the age of diesel oil
spills in soil (Christensen and Larsen, 1993 Ground Water Mount. R. Fall, 142-149). It presented an empirical time-
based model of the degradation of diesel fuel in soils using chemical data gathered at petroleum release sites in Denmark
and the Netherlands. Now, evaluation of the validity of the application of this work to subsurface petroleum releases in
other countries remains.

In the U.S.A., investigations assessing date(s) of release of diesel fuel in soils, e.g. age dating of subsurface petroleum
contamination, have considerable interest. Litigation-driven scientific investigations with accompanying expert
testimony in a court of law are underway. The number of instances where application of the Christensen and Larsen
empirical time-based model to petroleum-contaminated properties is growing in the U.S.A.

This paper presents two case studies which evaluate the applicability of the Christensen and Larsen empirical time-
based model to petroleum-contaminated properties in general. It illustrates the approach using gas chromatographic
data from two recently-completed projects evaluating the applicability of the Christensen and Larsen model to a No. 2
fuel oil/diesel fuel surface spill in the U.S.A. Results showed that the application of the model to petroleum-
contaminated soils was scientifically valid, provided its applicability was evaluated using hypothesis testing for specific
changes in the characteristics of the petroleum hydrocarbon distribution in a number of soil samples collected over time
at one site. The paper offers observations on the application of the Christensen and Larsen model to petroleum found in
the light non-aqueous phase liquid (LNAPL) phase and groundwater. © 2001 AEHS

Keywords: petroleum product; release date; No. 2 fuel oil/diesel fuel; hydrocarbon degradation; age-dating; petroleum

contamination.

Introduction

In the U.S.A. today, legally-based proceedings sur-
rounding instances of environmental contamination are
commonplace. Such proceedings include but are not
limited to regulatory compliance negotiations with state
and Federal Government regulatory agencies, nego-
tiations among principal responsible parties to a
contaminated property case, and litigation among
parties involved in environmental contamination
cases. When considering petroleum contamination
cases, being able to determine when, i.e. during what
time period, a petroleum release began may constitute
the key piece of technical evidence in a legal proceeding.
Litigation involving major crude oil spills provides the
fodder for legendary technical stories. Litigation
involving petroleum product releases are much more
common in the United States.

Various petroleum products are involved in such
cases, and include light distillate fuels like automobile
gasoline, aviation gasoline, and petroleum-based mixed
solvents such as mineral spirits, Stoddard’s solvent or
naphtha; mid-range distillate fuels such as jet fuels/
kerosenes, No. 2 fuel oil/diesel fuels, No. 4 fuel oils and
heavier diesel fuels; and residual petroleum products.

*Telephone and Fax: +1 (781) 837-5504. E-mail: mjwade@
waderesearch.com

Presented first at: First International Congress on Petroleum
Contaminated Soils, Sediments, and Water. London, England. 14-17
August 2001.
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As a result of man’s search for petroleum resources,
our understanding of the petroleum geochemistry is
well represented in the refereed technical literature
(Philp, 1986). Further, our scientific understanding of
the degradation processes associated with petroleum
contamination in the environment is long standing and
well represented in the refereed technical literature
(Singer and Finnerty, 1984; Senn and Johnson, 1987,
Best and Dawson, 1993; Kaplan ez al., 1996, 1997).
Currently in the United States, scientific investiga-
tions assessing date(s) of release of diesel fuel in soils,
e.g. age dating of subsurface petroleum contamination,
have considerable interest. One particular paper in the
refereed technical literature addresses the subject of
assessing date(s) of release of diesel fuel in soils
(Christensen and Larsen, 1993). The Christensen and
Larsen paper presented an empirical time-based model
on the subject of diesel fuel-contaminated soils and a
method for determining the age of diesel oil spills in the
soil (Figure 1). Technical discussion of this paper has
appeared in the chemical literature (Kaplan er al.,
1996, 1997; Bruya, 2001; Murphy and Morrison, 2001)
as an approach to the age-dating of diesel fuel spills.
Litigation-driven scientific investigations, with
accompanying expert testimony in a court of law, are
underway. The number of instances where application
of the Christensen and Larsen empirical time-based
model to petroleum-contaminated properties is grow-
ing in the United States, and an examination is needed

© 2001 AEHS
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Figure 1. Reconstruction of the published relationship between the age of the diesel spill and the n-C,,/IP19 ratio of various mid-range distillate

fuels as cited in Christensen and Larsen (1993).

to assess the applicability of the Christensen and Larsen
age-dating model to specific locations in the United
States.

This paper evaluates the Christensen and Larsen
empirical model, offering one method of examining the
applicability of this age-dating model by use of two
case studies completed in the past few years in the
United States. Emphasis is placed on study design as
illustrated by the two case studies. Property locations
and detailed analytical results are provided; however,
due to legal concerns, the identification of the
responsible parties is withheld.

Study Methods

Both case studies dealt with subsurface contamination
from mid-range distillate fuels (No. 2 fuel oils/diesel
fuels), both were completed after the publication of the
Christensen and Larsen (1993) paper and both relied
on the publication to different degrees. In both cases
the contaminated properties being studied were located
in the general area of what is known as the New
England states in U.S.A., an area comprising the states
of Maine, New Hampshire, Vermont, Massachusetts,
Rhode Island, and Connecticut.

All analytical data were obtained from project-
specific reports or were generated directly during the

investigation. All available data were evaluated for
conformance with the Christensen and Larsen model.
While certain sample selection criteria were cited in
Christensen and Larsen (1993), no analytical data were
rejected from the two case studies based solely on
agreement or non-agreement with these criteria. In the
first case study, Case Study A, analytical data on the
concentrations of petroleum in soils were obtained over
a 2-year time period using both previously existing
analytical data and newly-generated data. In the
second case study, Case Study B, all analytical data
were obtained over a multi-year period from pre-
viously-completed technical reports.

Analytical data from gas chromatographic analyses
for petroleum hydrocarbons were used in both cases.
Gas chromatographic data regarding concentrations of
resolvable petroleum hydrocarbons were obtained from
data files maintained by the analytical laboratories that
had completed the original work. Copies of all
analytical data reports were obtained and analysed in
detail to identify the prominent hydrocarbon peaks in
each chromatogram, including the major normal
alkane and isoprenoid hydrocarbons, as well as the
general boiling point distribution of the resolved
petroleum contamination. Normal alkanes and iso-
prenoid hydrocarbons were identified by comparison of
the relative retention time (RRT) of the unknown with
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Figure 2. Example chromatographic data showing (a) acceptable relationship between peak area and peak height, and (b) an unacceptable
degree of variability in the relationship between peak area and peak height.

the RRT of the peak of interest in an analytical
standard, either a mixture of normal alkanes from n-C,,
through n-C,, for example, or from a petroleum
standard such as a No. 2 fuel oil/diesel fuel that was
routinely used in the analytical laboratory that com-
pleted the original work (ASTM E 355-77; Journal of
Chromatography Library Volume 22A). The identifica-
tion of individual hydrocarbon peaks was performed by
the analysis of a laboratory standard analysed in
parallel with a particular batch of field samples, using
the same laboratory instrument. The isoprenoid hydro-
carbon phytane was used as the reference peak for

calculation of all RRTs. All resolvable hydrocarbon
peaks were assigned an RRT and peak identifications
were made when the RRT for an individual peak was
within +0.002 retention units. If a specific peak fell out
of the standard range, it was not further identified.
Further, normal alkanes were not identified unless a
homologous series of n-alkanes could be confirmed to
be present in the samples. Documentation of a
homologous distribution of normal alkanes was
important to establish consistent identification of
petroleum contamination in all samples. Identification
of the isoprenoid hydrocarbons from C,; through C,,
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much area for selected individual peaks.

(IP13, IP14, IP1S5, IP16, IP18, IP19 and IP20) was not
difficult as these particular hydrocarbons were usually
the most prominent peaks found in the chromatograms.

Once all hydrocarbons were identified, the relation-
ship between peak area and peak height was analysed
to assess the quality of the chromatographic data. To
accept the raw data files, a linear relationship between
peak area and peak height was required (Figure 2(a)).
A linear relationship is theoretically expected in such a
relationship; when least squares linear analysis tech-
niques resulted in a statistically significant relationship
whose level of significance depended upon the number
of samples, the correlation coefficients usually were
greater than 0.95. Samples where a curvilinear relation-
ship between peak area and peak height was docu-
mented (Figure 2(b)), either from non-linear detector
behavior or inappropriate integration software
(Figure 3), were rejected. If a statistically-significant
linear relationship between peak area and peak height
was documented, peak height data were chosen for
further analysis. The peak height data were used to
calculate the n-C,,/IP19 ratio for each sample.

All n-C,,/IP19 ratio data were used to determine the
applicability of the Christensen and Larsen weathering
model to the site-specific data by hypothesis testing.
Using hypothesis testing procedures, it was possible to
examine the n-C,;/IP19 data against two different
scenarios: Case Study A involved the determination of
what land area had been contaminated by mid-range
distillate fuel from a leaking underground storage tank
prior to 1985, and Case Study B involved a determina-
tion of what portion of a contiguous property had been
contaminated by a large spill of mid-range distillate
fuel that occurred during tank filling operations on
25 December 1974. The null hypothesis for each case

stipulated that the date of release of the distillate fuel
under question was reflected in the n-C,,/IP19 data, i.e.
that the Christensen and Larsen model was applicable
to the data on the degradation of hydrocarbon in the
petroleum product found on the property in question.
Therefore, agreement between the Christensen and
Larsen model and the site-specific n-C,,/IP19 data was
considered confirmation of the date of the property
contamination for all samples being tested. Rejection
of the null hypothesis because the testing results
showed that site-specific n-C,,/IP19 data did not fit
the Christensen and Larsen model and that -the
environmental contamination found in selected
samples did not result from the release scenario being
examined.

Case Study A

Case Study A determined the onset of subsurface
petroleum contamination at property owned by a heavy
industrial company in New England. Reports covering
a 3-year period established subsurface contamination at
the property. Detailed hydrocarbon source identifica-
tion analyses indicated that there was a mid-range
distillate petroleum product in the subsurface environ-
ment that appeared to originate at a contiguous
property in the immediate vicinity of excavations
where two leaking underground petroleum storage
tanks had been removed in 1985. However, the owner
of the underground storage tanks had changed and it
was not clear which owner was responsible for the
release of the distillate fuel to the environment. Thus,
the issue was whether the petroleum contamination in
the environment occurred on or before 1985 when the
property transfer took place.
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Table 1. Sample location/identification numbers, dates the soil samples
were collected and the n-C,/IP19 ratios for each sample for Case
Study A

Sample location/ Date soil

identification no. sample collected n-C,,/IP19
MW1-S2 11/1993 1.06
MW2-84 11/1993 1.04
MW3-83 11/1993 1.02
CT-WEI-88-001 12/1993 1.09
CT-WE3-§5-003 12/1993 1.04
CG-WE6-SS-003 12/1993 0.96
CG-SB5-58-002 12/1993 0.96
CG-SB9-55-006 12/1993 0.98
CG-WE7-85-004 12/1993 1.00

Mean value n-C,,/IP19 1.02.
Standard deviation = 0.05.

In 1995, soil samples were collected during the tank
excavation in the vicinity of the excavation and on the
subject industrial property. In addition, one sample of
the contents of the underground storage tank was
collected and analysed with the soil samples. All
quantitative data files from the laboratory analyses
were examined in detail to identify prominent normal
saturated and branched chain hydrocarbons. A
detailed comparison of the resultant peak identifica-
tions among all soil samples was completed before any

25

quantitative data were used. The n-C,,/IP19 ratio was
calculated for all samples, and the data were used in the
examination of the applicability of the Christensen and
Larsen weathering model. Results are presented in
Table 1.

Hypothesis testing was used to evaluate the differ-
ence in the n-C,,/IP19 ratios in the soil samples
compared with the tank contents sample over a time
period covering the transfer of property ownership.
Using the tank contents data, the hypothesis was
structured according to the tenet that the soils data fit
the Christensen and Larsen model, with the latest
release date to be the date of transfer of property
ownership in 1985. Figure 4 presents the results of this
hypothesis testing. The fact that all nine soil samples
fell into the 95% confidence interval of the model
sustained the hypothesis that the use of the Christensen
and Larsen model was valid for this site.

Further, differences in the n-C,/IP19 ratio were
assessed to evaluate the spatial variability of the date of
release of the mid-range distillate product at the
contiguous property. The overall variability of the n-
C,,/IP19 ratio was surprisingly low. Results of the
summary statistical analysis of the entire nine-sample
data set are presented in Table 1. The relative standard
deviation of the mean value of the data set was
determined to be very low, 4.5%. As the n-C,,/IP19
data show, there appears to be relatively uniform
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Table 2. Sample location/identification numbers, dates the soil sample
data files were initially created and the n-C,,/IP19 ratios for each
sample for Cuse Study B

Sample location/ Date sample

identification no. collected by matrix n-C,,/IP19
Matrix - Soil
GZ-09, S-2 2/4/92 0.25
GZ-11, S-2 2/4/92 0.22
GZ-32, 82 12/4/92 0.19
§$8-02-1 6/6/95 0
$S-02-4 6/6/95 0
S-4 6/11/95 0.24
Area 2 S-7 6/6/95 0.25
S-6 6/11/95 0
S-10 6/11/95 0
S-11 6/11/95 0
SS-02-14 6/10/95 0
§S8-02-15 6/10/95 0
S§8-02-15, #2 8/2/95 0
§S-02-16 6/23/95 0.26
SS§-02-22 8/4/95 0
$S-02-28 6/23/95 0
§S§-02-33 8/3/95 0
§8-02-34 6/27/95 0
SS-02-34, #2 8/3/95 0
TP2-2, S-3 5/12/95 0
TP2-4, S-4 5/12/95 0
TP-2-5, S-3 5/12/95 0
GZ-33-103 4/16/95 0
95140 S-1 6/19/95 0
95140B G14 6/19/95 0
95140B PI 6/19/95 0
AES-2 6/10/95 0
AES-3 6/10/95 0
AES-4 6/10/95 0
Soil Sample S-1 6/28/95 0
Matrix - NAPL
GZ-31 12/1/92 0.31
GZ-33 12/1/92 0.30
Matrix - Groundwater
GZ-5 10/31/91 0.21
GZ-09 1/29/92 0.19
GZ-11 1/24/92 0.20
GZ-22 1/19/92 0.17
GZ-35 12/1/92 0.51
GZ-35, #2 12/2/92 0.34

Groundwater mean value n-C,,/IP19 = 0.27

Groundwater standard deviation = 0.13

weathering of the mid-range distillate that had been
released to the garage property site. Given the low
variability of the n-C ,/IP19 ratio, the release of the
mid-range distillate at the contiguous property site
does not appear to be a slow or chronic release. It
appears that the release occurred over such a time
frame that there is only a small relative standard
deviation among all nine soil samples and very little
differences in the age of the release mid-range distillate
determined. It was observed that the highest ratios were
found in the immediate vicinity of the former under-
ground storage tank. The lowest ratios were found at
soil boring locations furthest away from the suspected
area of release.

The fact that the soil hydrocarbon data were
consistent with application of the Christensen and
Larsen model, the highest ratios found in the immediate
vicinity of the underground storage tank, and the lowest
ratios found at locations furthest away from the

was released prior to 1985 and subsequent environ-
mental contamination rested with one property owner.
Subsequent negotiations among responsible parties
resolved the issue of liability in manner consistent
with the scientific findings of the case.

Case Study B

Case Study B involved the question of responsibility
for subsurface contamination of a property immedi-
ately contiguous to a service station that was the site of
a well documented release of No. 2 fuel oil/diesel fuel.
On 24 December 1974, during subsurface filling
operations being conducted in cold weather, the tank
truck driver fell asleep in the truck cab and when the
hose connection fell off, spilled up to several thousand
gallons of middle distillate fuel onto the service station
property. The spilled oil was collected by a concrete
pipe drainage system and spread into the subsurface of
the adjacent property. Surface oil contamination was
removed shortly after the initial spill, but no oil was
recovered from the adjacent property subsurface
environment. In December 1991, distillate fuel con-
tamination was discovered in a widely dispersed area of
the adjacent property and property damage liability
had to be determined.

The property developer conducted environmental
investigations for some period of time. Existing
technical reports were reviewed and the results of
hydrocarbon analyses using glass capillary column gas
chromatography were obtained. No analysis of the
spilled fuel was available. Chemical data covering the
time period of 1991/1992 and 1995 were available,
providing data coverage for two distinct time periods at
one site. All quantitative data files from the laboratory
analyses were examined in detail to identify prominent
normal saturated and branched chain hydrocarbons.
The n-C,,/IP19 ratios were calculated for all samples
and the data were applied to statistical testing of the
applicability of the Christensen and Larsen weathering
model. The n-C,,/IP19 ratio data are presented in
Table 2.

Hypothesis testing was used to evaluate the difference
in the n-C,/IP19 ratios in the soil samples over two
different time periods. However, there were additional
factors that came into play in Case Study B. In 1974 no
gas chromatographic analyses of the spilled oil had
been completed; consequently, there were no chemical
data on the starting n-C,,/IP19 ratio of the spilled oil.
Further, the state of the art of chemical analysis in 1974
was evolving and glass capillary gas chromatography
was only beginning to make its way into the United
States chemical laboratories. One of the earliest
published analysis of distillate fuel (e.g. diesel fuel)
using glass capillary gas chromatography can be found
in Grob and Grob (1974), where the n-C,,/IP19 ratio
can be determined to be greater than 2.0 as the n-C,
peak in the chromatogram probably is slightly off scale.

The area of New England is unique in that there are
no petroleum refineries in the six states comprising the
area since the later part of the 1960s. Consequently
since then, all petroleum products have been manu-
factured outside the region and are imported by

pipeline, rail or marine transportation. Documentation
(I Il ni 117 a0 1
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Table 3. Calculated n-C ,/IP19 ratios from various samples of No. 2 fuel oil/diesel fuel from technical works published during the late 1960s and
early 1970s in the northeast states, U.S.A.

Sample n-C,,/IP19 Year(s) Reference

Spilled No. 2 fuel oil, barge 2.6 1969 Blumer et al. (1970a)
Florida, Buzzards Bay, MA.

Spilled No. 2 fuel oil, barge 23 1969 Blumer and Sass (1972)
Florida, Buzzards Bay, MA.

Laboratory Standard 1.7 1969/1970 Burns and Teal (1971)
No. 2 fuel oil

Fuel oil No. 2 2.0 1970 Blumer et al. (1970b)
Fuel oil, R/V Knorr 2.2 1972 Farrington and Tripp (1977)
No. 2 fuel oil 1.6 1972 Zafiriou et al. (1972)
No. 2 fuel oil 1.7 1972 Zafiriou et al. (1972)
No. 2 fuel oil 1.6 1972 Zafiriou et al. (1972)
No. 2 fuel oil 1.7 1972 Zafiriou et al. (1972)
No. 2 fuel oil/diesel fuel 2.0 1972 Zafiriou et al. (1972)

Mean value n-C,/IP19 = 1.9
Standard deviation = 0.34

25

22 independent data points
& Provestenen

15
ependent data points

Age of the diesel spill (years)

10 +—
+ Hengelo, loading rack
5 -
0 | 1 | ]
0 0.4 0.8 1.2 1.6 2.0 2.4

n-C,7/pristane

Figure 5. Case Study B data plotted over the published relationship between the age of the diesel spill and the n-C,,/IP19 ratio of various mid-
range distillate fuels as cited in Christensen and Larsen (1993).

oil/diesel fuel being imported into the New England  calculated from the available gas chromatograms
region of the United States in the 1970s was available  published in the oil spill literature of the 1970s. The
in the scientific literature due to concerns about the  mean value calculated from these data were used
environmental impact of oil spills. Table 3 summarizes  together with the soils data from the study site in the
the years, sources and n-C,,/IP19 ratios that were  hypothesis testing for Case Study B.
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Table 4. Annual temperature ranges (°F) and average annual
precipitation (inches per year) at major cities of Netherlands and
Denmark compared to selected cities in U.S.A. (World Almanac
1996). The average daily temperature data include a period of 30 years
Sfrom 1961 ro 1990

January July
City Max Min Max  Min
Country precipitation Annual
Amsterdam 40 32 69 59
Netherlands 26
Copenhagen 36 29 72 55 23
Denmark
Albany, NY 30 11 84 60
U.S.A. 39
Anchorage, AK 21 8 65 52 16
U.S.A.
Atlantic City, NJ 40 21 85 65 40
U.S.A.
Boston, MA 36 22 82 65
US.A. 42
Chicago, IL 29 13 84 63
US.A. 36
Denver, CO 43 16 88 59 15
U.S.A.
Houston, TX 61 40 93 72 46
US.A.
Miami, FL 75 59 89 76 56
U.S.A.
San Francisco, CA 56 42 72 54 20
U.S.A.
Seattle, WA 45 35 75 55 37
U.S.A.

Results of the hypothesis testing for Case Study B
are presented in Figure 5. The fact that all soil data
from the two sampling intervals fell into the 95%
confidence interval of the model in two separate and
distinct time frames sustained the hypothesis that the
use of the Christensen and Larsen model was valid for
this site. Therefore, combined with the existing site-
specific knowledge of the December 1974 oil spill and
details of the site-specific conditions of the adjacent
property, it was concluded that the contamination
represented in the soils data originated from the
December 1974 oil spill.

An interesting aspect of the n-C,,/IP19 data in Case
Study B is that gas chromatograms of groundwater and
non-aqueous phase liquid (NAPL) samples also were
available, being analysed together with soils samples.
The n-C,./IP19 data for the groundwater and NAPL
samples were statistically identical to those of the soil
samples, although the groundwater data exhibited
somewhat more scatter. Such comparability of n-C,,/
IP19 data calls into question the discussion by Kaplan
et al. (1996, 1997) on the separation of age-dating
NAPL samples, and, by inference from the Case Study
B data, groundwater samples. Also, the limitation of
the Christensen and Larsen model involving the need
to use contaminated soils saturated by distillate fuel
(i.e. diesel fuel) also may be in need of closer
examination. The data in Case Study B by no means
indicate that in all cases the n-C ,/IP19 ratios for

eranndwater and NAPT samnles will be identical tn

those found in soil samples. Case Study B NAPL and
groundwater data indicate that all matrices should be
open to complete evaluation in order to perform a
scientifically rigorous site investigation, and a prudent
scientist will review all available chemical and site-
specific data to determine what the data show for a
given site investigation.

Discussion

For both case studies, the application of the Christen-
sen and Larsen model could not be rejected, providing a
means of age dating different petroleum releases at
these two sites which represent two different oil spill
scenarios. The fact that age-dating of petroleum
releases could be completed in a scientifically rigorous
manner using existing technical literature on the subject
must not be ignored. Consequently, the use of an age-
dating approach for distillate fuel oil spills must factor
into any environmental investigation as an useful tool
to be considered by an investigator. Further, the
scientific literature on the subject of age-dating of No.
2 fuel oil/diesel fuel cannot be ignored nor dismissed a
priori and should be part of a comprehensive site
assessment. There are, however, other considerations
that should be taken into account also to ensure that the
use of the Christensen and Larsen model is appropriate
for the particular property in question.

One of the more important of the environmental
factors which an investigator must consider in applying
the Christensen and Larsen model is the specific area of
the United States where the oil release occurred.
Temperature regimes in New England are comparable
to the temperature regimes in Denmark and the
Netherlands (Table 4). In other areas of the United
States, such as the West Coast, Pacific Northwest and
northern tier of states in the Midwest, temperature
regimes are comparable as well, but a prudent
investigator will document such site-specific conditions.
In the southern United States, where the soil tempera-
tures commonly are above 10°C or 48°F (Table 4),
selecting an adequate study design will facilitate an
evaluation of the applicability of the Christensen and
Larsen model in warmer sites. Confirmation of the
application of the Christensen and Larsen model to
warmer sites in the United States has not been reported
in the literature.

Demonstrating changes in the hydrocarbon distri-
bution of normal alkanes versus isoprenoid hydro-
carbons is critical to establishing that degradation of
hydrocarbons occurs at the site being investigated. Gas
chromatography is the technique of choice for this
purpose.” Knowing the starting composition of the
released oil is one way of documenting change in the
hydrocarbon composition of spilled oil contaminated
soils at the study site. Unfortunately, documentation of
the chemical composition of the released oil is not
always possible, either because such data were never
collected in the first place, or the data are no longer
available when analysing 10-15-year-old petroleum
release. Therefore, published data on the chemical
composition of distillate fuels being used in the region
of the country where the study is being conducted
should be consulted. Review of the chemical literature

for New Fnaland in the 19708 (Tahle 3 and in the
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Table 5. Calculated n-C ,/1P19 ratios from various samples of No. 2 fuel oilldiesel fuel from technical works published during the late 1970s, 1980s

and early 1990s in the northeast states, U.S.A

Sample n-C,,/IP19 Year(s) Reference
API Reference
No. 2 fuel oil 2,75 1977 Gordon et al. (1978)
‘Local’ No. 2 fuel oi! 2.0 1979 Gearing et al. (1979)
API Reference
No. 2 fuel oil 1.6 1979 Gearing ef al. (1979)
No. 2 fuel oil 1.76 1978-1979 Gearing et al. (1980)
No. 2 fuel oil 2.75 1980 Hyland (1981)
No. 2 fuel oil 1.81 1981 Gearing et al. (1980)
No. 2 fuel oil 2.3 1982 Gearing and Gearing (1982)
No. 2 fuel oil 1.92 1983 Gearing and Gearing (1983)
No. 2 fuel oil 2.0 1982 Oviatt er al. (1982)
First Source - Spilled
Arthur No. 2 fuel oil 3.1 1990 Wade (unpublished data)
Second Source - Spilled
Arthur Kill No. 2 fuel oil 2.2 1990 Wade (unpublished data)
Spilled No. 2 fuel oil
North Cape Oil Spill 2.81 1996 NOAA (1996)

Mean Value n-C,,/IP19 = 2.25
Standard Deviation = 0.49

1980s and the 1990s (Table 5) shows that while there
may be differences in the chemical composition of No. 2
fuel oil/diesel fuel from company to company and spill
to spill, the mean and standard deviation of the
accumulated data fall within the 95% confidence
interval of the Christensen and Larsen model and
hence application of the age-dating model is appro-
priate for mid-range distillate fuels in the New England
region of the United States. In fact, it is interesting to
note that the mean and standard deviation data for the
n-C,,/IP19 ratio data in Tables 3 and 5 are not
statistically different from one another, nor are they
different from the mean and standard deviation data
for petroleum products in Europe as cited in Chris-
tensen and Larsen (1993). These mean and standard
deviation data are virtually identical to the results of a
survey of fuel oil composition published in 1999
(Morrison, 1999). It is interesting to speculate that
the same manufacturers probably are using the same
basic starting crude oils, the same manufacturing
specifications, and the same chemical refining processes
in the United States and in Europe, and that such
agreement on the n-C,,/IP19 ratio over a 95%
confidence interval from different data sets should
not come as too much of a surprise.

In Case Study B, an additional advantage existed
over the Case Study A design. In Case Study A only
one interval of hydrocarbon degradation could be
tested against the Christensen and Larsen age-dating
model. In Case Study B there were two different and
distinct time periods that could be tested against the
model. Case Study B illustrates an important point of
providing multiple sampling and analysis intervals for
the age-dating model. Obviously, the more points used
in the model, the stronger the model results become.
However, increasing the number of sampling events
extends the length of the project and directly increases
project costs. Eventually a point of diminishing returns
is reached, making further project work unproductive.

However, there was a further strength in the Case
Study B data; comparison of the 1991/1992 soils

chromatographic data with the 1995 soils chromato-
graphic data showed change in the presence of normal
saturated hydrocarbons in the n-C,, to n-C,, range. As
all samples had been analysed by the same analytical
laboratory using the same sample processing protocols,
the same analytical instruments and even the same
analysts completing the work, comparison between the
two groups of analytical data was technically defen-
sible. Detailed review of the 1991/1992 samples showed
that it was possible to identify the normal alkanes and
the isoprenoid hydrocarbons in the analytical data for
all samples. It was not possible to identify normal
alkanes in the 1995 data, only isoprenoid hydrocar-
bons could be identified in the vast majority of the
samples. The fact that normal alkanes were found in
the 1991/1992 data and absent in the 1995 data was
consistent with the Christensen and Larsen model in a
manner that validated the use of this model at this
particular site within the time frame consistent with the
existing site-specific information regarding the 1974 oil
spill.

Moreover, review of the 1995 soil chromatographic
data revealed prominence of the early isoprenoid
hydrocarbons (IP13, IP14, IP15, and IP16), indicating
little, if any, isoprenoid hydrocarbon degradation at
that time. Given the documented loss of normal
alkanes combined with the prominence of early
isoprenoid hydrocarbons, the condition of the chro-
matograms indicated that the majority (or perhaps
even all) of hydrocarbon degradation had been
confined to the normal alkanes, a accepted sign of
the first stages of petroleum product degradation in the
environment. Had hydrocarbon degradation been
more extensive in the soil samples, the early isoprenoid
hydrocarbons would have been severely reduced in
prominence or may have been absent altogether,
perhaps leaving only the later isoprenoid hydrocarbons
(IP18, IP19, and IP20) and a prominent unresolved
complex mixture (UCM) in the chromatograms.

By following the results of the analyses of these two
case studies, application of the Christensen and Larsen
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Figure 6. (a) Complete data coverage of petroleum hydrocarbon degradation sequence superimposed over the published relationship between
the age of the diesel spill and the n-C,,/IP19 ratio of various mid-range distillate fuels as cited in Christensen and Larsen (1993). Such an
approach probably is not the best use of time and project resources. (b) Partial data coverage of petroleum hydrocarbon degradation sequence
superimposed over the published relationship between the age of the diesel spill and the n-C,,/IP19 ratio of various mid-range distillate fuels as
cited in Christensen and Larsen (1993). Such coverage provides better use of project resources while testing the Christensen and Larsen model.
(c) Partial data coverage of petroleum hydrocarbon degradation sequence superimposed over the published relationship between the age of the
diesel spill and the n-C,,/IP19 ratio of various mid-range distillate fuels as cited in Christensen and Larsen (1993). Such coverage demonstrates
non-compliance with the Christensen and Larsen model, but does describe the change of n-C,,/IP19 with time at the site. (d) Single coverage of
petroleum hydrocarbon degradation data superimposed over the published relationship between the age of the diesel spill and the n-C,,/IP19
ratio of various mid-range distillate fuels as cited in Christensen and Larsen (1993). Not knowing anything about the origins of the sample forces
the investigator to assume that Christensen and Larsen applies in order to age-date the contamination, which can prove to be an unwarranted

assumption.

model to the study of hydrocarbon degradation at sites
in the United States becomes an issue of study design.
Documentation of the degradation of hydrocarbons in
samples collected over time at a site is the main point.
Gas chromatography is the tool of choice. Time is the
independent variable, and the rate of degradation then
can be determined. Evaluation of the effectiveness of
site-specific factors such as availability of electron
acceptors, moisture, soil type, soil temperature, etc., is
incorporated into the data on the degradation of
petroleum hydrocarbons when these data are collected
atan tima at tha qitn in anantinn If dnnmmantad

changes in the average hydrocarbon distribution at a
site are found to be consistent with known petroleum
hydrocarbon degradation processes, the investigator
can have confidence that degradation has occurred at
the site. While this conclusion may seem trivial,
documentation of the effects of hydrocarbon degra-
dation is exactly what application of the Christensen
and Larsen model to sites in the United States requires.

Determining the study design becomes a considera-
tion of time and project resources available to complete
the work. On one hand, complete duplication of
tha Chrintannan and Tarsan madal anar o 0 vaar
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time frame may not an efficient use of resources
(Figure 6(a)) for a single project. On the other hand,
selective sampling and analysis at the site will result in
the n-C,,/IP19 data necessary to statistically examine
the use of the Christensen and Larsen model
(Figure 6(b)). The more data the better, but only to a
limiting point. The number of, and time interval
between, sampling/analysis activities at a site most
likely will be determined by economic and legal
considerations together with scientific issues. There-
fore, a prudent and thorough investigator will use a
combination of existing literature support and site
specific physical and chemical data to complete the
investigation. If the n-C,,/IP19 data support applica-
tion of the Christensen and Larsen model to a specific
site, the data points will fall within the 95% confidence
interval of the model (Figure 6(b)). If the n-C,,/IP19
data do not support application of the Christensen and
Larsen model, over time the data points wiil not fall
within the 95% confidence interval of the model;
Figure 6(c) is an example of the latter instance. In
gathering data as shown in Figure 6(c)), an investigator
has documented first that the Christensen and Larsen
model does not apply at this site, and second that
hydrocarbon degradation occurs at a more rapid rate
compared with the Christensen and Larsen model.
Such information is valuable in a comprehensive site
assessment of petroleum contamination and results
such as presented in Figure 6(c) are not wasted time
and effort. Moreover, reliance upon a single determi-
nation of the n-C,,/IP19 ratio at a site with no other
site-specific data, might lead an investigator to assume
that the Christensen and Larsen model is applicable to
the site. Such an assumption that may or may not be
warranted (Figure 6(d)).

Conclusions

Results from two case studies demonstrated that
application of the Christensen and Larsen model for
petroleum-contaminated soils in some areas of the
U.S.A. can be considered scientifically valid. However,
when considering an area with a larger land mass
compared with that studied by Christensen and Larsen,
applicability of the age-dating model must be ensured
by taking additional steps, such as those demonstrated
in the two case studies:

(1) Consideration of the area of the United States in
which the study is being completed may be
important to ensuring comparability of the
temperature regimes of the study areca and the
Christensen and Larsen model;

(2) Review of existing chemical data must be done
with considerable care, evaluating the quality of
the chromatographic data and the method of
integration used by the originating analytical
laboratory; -

(3) While data on the chemical composition of the
spilled oil may not always be available, historical
evidence is available for the chemical composition
of mid-range distillate fuel that was used in the
region of the United States where the site is
located;

(4) Avoid age-dating of single, stand alone, sample.;

(5) Placing a minimum of two points on the graph of
the age-dating model assists in establishing com-
parability of the model to the specific situation
with which the investigator is dealing, but the more
data points that can be placed on the model the
better the result;

(6) Demonstrating that hydrocarbon degradation of
normal alkanes is proceeding in the soils at the site
can be accomplished by establishing a time series
of field sample collections, with proper consider-
ation of statistical representation of random
sampling of the site in question;

(7) Hypothesis testing of the applicability of the
Christensen and Larsen age-dating model to the
site in question using the assembled chemical and
physical data ensures impartial adherence to the
Scientific Method, an important but sometimes
overlooked principle in legal proceedings.

A prudent investigator will examine all site-specific
information available, all chemical data available in all
matrices sampled, to determine what the universe of
data are in a given investigation. It is possible that in
some circumstances, the application of the Christensen
and Larsen model to petroleum found in the ground-
water and/or NAPL phases as well as to petroleum in
soil in the United States may be appropriate.
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Use of Ternary Analysis Techniques in
Forensic Geochemical Assessment of
Subsurface Gasoline Contamination

By Michael |. Wade

his article reports the results of an assessment of

groundwater contamination at a study site in the

New England area of the U.S. Historical monitoring
efforts found contaminated groundwater from gasoline
range hydrocarbons at monitoring wells at the study site
as well as in groundwater monitoring wells hydraulically
down gradient from the study site. Available chemical data
consisted only of groundwater concentrations of BTEX
compounds (benzene, toluene, ethylbenzene and the
xylene isomers) and the oxygenate additive methyl ¢-
butylether (MTBE). No other chemical data were available
and no possibility of collecting additional samples for
chemical analysis existed. Laboratory data were collected
by different contractors over an eight year time period
from 1988 to 1996 using different standard analytical tech-
niques.

Background Information on the Chemical Fate of

Gasoline-Range Hydrocarbons in Groundwater
Detailed chemical analyses of component changes can be

used to determine different source(s) for petroleum hydro-

Table 1.

carbons and also help to estimate the time of onset of all
identified sources. In most subsurface investigations in the
United States, reporting of the groundwater concentrations
of selected monoaromatic hydrocarbons benzene, totuene,
ethylbenzene and the three isomers of Zxylene (o-xylene,
m-xylene, and p-xylene) collectively referred to as the
BTEX compounds, using standard analytical methods is
required by regulatory agencics. Much of the time, BTEX
data are all the chemical data that are available for assess-
ment without going to the expense of additional analytical
monics, which can be considerable depending on the ana-
lytical testing selected. When BTEX component data are all
that are available, relatively simple data analysis tech-
niques can be useful in the determination of separaie
sources and different times of release of cach identified
source. Such data can guide selection of types and loca-
tions for any further sampling and detailed high-precision
chemical analyses of gasoline that can be used to confirm
initial findings from the BTEX data. More often than not,
however, additional analytical testing does not contribute
significantly to an advancement of knowledge over and
above what can be gained using the BTEX data alone.

Concentrations of Selected BTEX Components over Time for Subsurface Releases of Three Separate

Gasoline Formulations Showing the Degradation of Various BTEX Components (Hubbard et al., 1994).

BTEX Component Day 6 Day 42 Day 106 Day 317 Day 398 Day 476
10 % MTBE Case

Benzene 21.6 22.9 16.9 9.9 6.4 5.5
Toluene 13.9 17.1 8.1 1.4 0.8 0.2
Ethylbenzene 2.5 2.5 1.8 0.7 0.3 0.08
p-Xylene 2.5 2.9 1.9 0.8 0.3 0.2
m-Xylene 6.7 6.7 2.9 0.3 0.2 (¢}
o-Xylene 3.6 4.2 2.9 1 0.6 0.3
100% PS-6 Gasoline Case

Benzene 17.8 19.8 14.5 5.5 5.2 2.9
Toluene 12.7 11.2 9.4 1.4 0.1 0.02
Ethylbenzene 2.6 2.2 1.8 0.9 0.1 0.06
p-Xylene 2.5 2.2 1.9 0.8 0.1 0.1
m-Xylene 6.5 6 3.4 0.4 0.1 o}
o-Xylene 3.8 3.6 2.9 1.4 0.3 0.3
85% Methanol Case

Benzene 16.1 19.1 17.5 12 9.8 10.2
Toluene 11 13.9 10.2 2.2 0.6 0.2
Ethylbenzene 2 2.2 1.4 1 0.7 0.6
p-Xyiense 1.9 2.4 1.4 0.8 0.7 0.5
m-Xylene 5 6.1 3.3 0.6 0.1 0
o-Xylene 2.8 3.6 2.4 1.4 1.1 0.5
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Gasoline hydrocarbons released to the subsurface envi-
ronment undergo numerous physical and chemical inter-
actions over time. Published research on the behavior of
petroleum components in the environment has identified
the principal governing factors that influence changes in
petroleum composition (TRC Environmental
Consultants, Inc. 1985; Thomas et al. 1998; Miralles-
Withelm et al. 1993.; Hubbard et al. 1994; Mormile et al.
1994). Component changes in petroleum products are
made from vaporization, photolysis, hydrolysis, solubi-
lization, adsorption/desorption and microbial degrada-
tion. Once petroleum is released into the environment,
these processes begin to alter the composition of the
petroleum and over time their effects can be observed.
This process is collectively referred to as petroleum
product weathering.

In the subsurtace environment, the effects of photolysis
and vaporization are minimal. Hydrolysis of individual
petroleum components is dependent upon the chemical
structure of individual components. Solubilization of
petroleum products is dependent upon the partitioning
of individual petroleum components between soil, water
and petroleum matrices. Distribution and redistribution
of petroleum products and major components within
cach petroleum product is most heavily influenced by
adsorption/desorption reactions between soil, ground-
water and petroleum products themselves. The most
important process governing the composition of
petroleum products in the subsurface is microbial activi-
ty.

The type of microbial degradation of petroleum hydro-
carbons in the subsurface is governed by the availability
of oxygen. Oxygen-governed microbial degradation is
referred to as acrobic degradation. Having ample sup-
plies of dissolved oxygen in the subsurface will speed
degradation of petroleum components. In the absence of
appreciable concentrations of oxygen, other species such
as nitrate, sulfate, and metals such as iron will be used as
a source of oxygen (or electrons) for oxidation/reduction
reactions. Such degradation of petroleum hydrocarbons
in the subsurface in the absence of oxygen is termed
anaerobic degradation. Anaerobic hydrocarbon degrada-
tion is generally regarded as a slower process compared
to acrobic hydrocarbon degradation.

Scientific studies of gasoline degradation in the subsur-
face have focused on the effects of changes on major
components such as the BTEX compounds over time
under controlled circumstances. Review of such studies
following concentrations of BTEX components over dis-
tance and time provides an understanding of the basic
changes that occur among the BTEX compounds as gaso-
line weathers. A controlled subsurface contamination
experiment was completed in an aerobic unconfined
shallow sand aquifer in Ontario, Canada (Hubbard et al,,
1994). The final report provided chemical data on the
transport and fate of BTEX compounds. Table 1 presents
the data from the acrobic degradation experiment which
includes estimates of total mass for BTEX compounds at

Figure 18.
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Table 2. Existing Analytical Information, Listing Well Number, Date Sampled (or Analyzed), Laboratory

Reporting Results, Analytical Method Used, and Concentrations {ug/L) of Common Gasoline

Components in Groundwater.
Well Date Laboratory  Method Benzene Toluene Ethylbenzene X Xylenes MIBE
KOW-1 6/30/88 Lab A EPA 624 12000 56000 Trace 29000 44000
KOW-3 6/30/88 Lab A EPA 624 12000 41000 3700 21000 15000
KOW-5 6/30/88 Lab A EPA 602 4300 16000 3100 13800 N/A
KOW-6 6/30/88 Lab A EPA 602 14 0 36 5 N/A
KOW-7 6/30/88 Lab A EPA 602 27 3 9 8 N/A
KOW-1 3/17/89 Lab B SW-846 8020 10820 40600 4770 29970 20700
KOO-3 3/17/89 Lab B SW-846 8020 10610 19324 2890 21245 37240
MW-5 3/17/89 Lab B SW-846 8020 3986 15524 2948 13645 0
MW-3  4/15/94 Lab C EPA 624 2500 27000 3900 32400 0
MW-5 4/16/94 LabC EPA 624 900 29000 5700 40000 0
MW-5D 4/16/94 Lab C EPA 624 900 27000 4700 33000 0
MW-6 4/17/94 LabC EPA 624 500 11000 2600 20600 0
KOW-2 4/18/95 Lab D SW-846 8015 600 7300 980 29800 0
KOW-3 4/18/95 Lab D SW-846 8015 0 7600 2600 23700 0
MW-5  4/18/95 Lab D SW-846 8015 120 29 74 477 0

N/A = Not analyzed.

Trace = Second analysis not completed on undiluted sample.

cach sample time for three different gasolines, a 10% MtBE
gasoline, a 100% PS-6 gasoline, and an 85% methanol gaso-
line. As can be scen from these data, BTEX compounds
toluene, ethylbenzene and the three xylene isomers were
all shown to degrade in relation to benzene.

Analysis of petroleum components using ternary analysis
has been reported (Luhrs and Pyott 1992). In fact, use of
ternary analysis has been underway to show differences in
soil and /or rock types for decades (e.g., USGS Professional
Papers 317-319, 1959; Hunt 1979). In this article, ternary
analysis has been expanded, providing details on hydro-
carbon interaction over time and space. Figure 1 presents
ternary plots of the changes in relative concentrations of
three BTEX compounds toluene, ethylbenzene and the
arithmetic total of all three xylene isomers (2 xylene) over a
total time period of 476 days for the three different gaso-
line experiments conducted in Ontario, Canada. Figure 1A
presents a ternary plot of the changes in relative concen-
trations of selected BTEX compounds toluene, ethylben-
zene and Exylene over the time period of 476 days for the
10% MTBE gasoline experiment. Figure 1B presents a
ternary plot of the changes in relative concentrations of
selected BTEX compounds toluene, ethylbenzene and
Zxylene over the time period of 476 days for the P5-6
gasoline experiment. Figure 1C presents a ternary plot of
the changes in relative concentrations of selected BTEX
compounds toluene, ethylbenzene and xylene over the
time period of 476 days for the 85% methanol experiment.

While a similar general behavior was shown for all three

different types of gasoline, there were important differ-
ences in the degradation of BTEX compounds in the 85%
methanol gasoline compared to the other two types of
gasoline. A continuation of individual data trends shown
in Figure T would eventually result in the complete foss of
toluene and ethylbenzene with the enrichment of the
2 Xylenes number to the vicinity of 1.0 for MTBE and PS-6
gasoline, while for 85% methano! gasoline the proportions
could be expected to be somewhat different. Based on
these data, older gasoline could be expected to have ele-
vated relative contributions of Z Xylenes and proportions
of individual BTEX components would be skewed towards
the bottom right side of the ternary data plot. Such effects
have been reported previously (Wade, 1997; Siegel 1999y,
Over the 476 days of the experiment, the relative propor-
tions of ethylbenzene and total sum of all xylenc isomers
Y Xylenes) were observed to decrease relative to the pro-
portion of toluene, which was shown to remain relatively
constant at 0.9 relative to the other two components of this
type of data treatment. In terms of concentration (mass),
all three of these BTEX components were observed to
decrease over time; it is only with a ternary data display
treatment shown in Figure 1 that the relative behaviors of
individual BTEX components become apparent.

Ternary Analysis of BTEX Components at the Study
Site

The BTEX groundwater data from samples taken at a
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study site in the New England area using
a historical data set covering a span of

eight years. Due to site access and budget
considerations, no additional data collec-

Figure 2A.

Results - Groundwater Data from 1988 through 1995

tion efforts were possible. Accordingly, all
existing data were examined to assess the
relative contributions of individual BTEX
compounds at all sampling points from
the first sample collection and laboratory
analysis event in 1988, to the newest set
of groundwater analyses in April 1996
(Table 2). Data were obtained on concen-
trations of groundwater BTEX com-
pounds and MTBE using historical data
compiled by others starting in 1988 and
ending in 1996. Confirming data from the
analysis of groundwater from monitoring
well KOW-1 made in 1996 were also
reviewed.

Figure 2 presents a ternary data analysis
tor all historical BTEX groundwater data
for toluene, ethylbenzene and the arith-
metic sum of all three xylene isomers
(X Xylenes) from the Site. Selected sample
points were labeled in Figure 2 to illus-
trate salient points in the data analysis.
Data trends for the selected BTEX com-

Toluene

3. Xylenes

Ethytbenzene

pounds from the study site conform to
data trends shown in the Hubbard et al.
(1994) study of the behavior of subsur-
face gasoline BTEX components.

As can be seen from Figure 2A, BTEX
data from all sampling points KOW-1

Figure 2B.

Results - Groundwater Data trom 1988 through 1995, plus confirming
data in 1996.

and KOW-3 from 1994, 1995, and 1996
samplings all appear in the same relative
position in the ternary data plot. [t is
important to note that there arc no data
outliers for KOW-1 and KOW-3 - all
BTEX data for KOW-1 and KOW-3 are
found in the same isolated position. The
KOW-1 and KOW-3 data aggregation was
separate from that of the KOW-6 and
KOW-7 BTEX data, indicating that there
is not only a compositional difference in
the BTEX data, but also that there is a dif-
ference in the degradation state of the
gasoline at KOW-1 and KOW-3 compared
to that of KOW-6 and KOW-7.

Analysis of the entire data set, running
from 1988 through 1996 showed a dra-
matic shift in the positioning on the
ternary plot of monitoring well KOW-7

Toluene
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(Figure 2B). The shift in the position of
the 1996 KOW-7 data identifies the time
horizon when the second gasoline

Ethylbenzene

arrived at monitoring well KOW-7, that is

sometime between sampling in 1995 and again in 1996.
Direct comparison of specific hydrocarbon degradation

rates between the study site data and the Hubbard et al.

(1994) data would not be appropriate because not only do
individual degradation rates differ at different sites, but
degradation rates within one site can differ from location
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to location as well. However, a comparison of the relative
degradation state of BTEX hydrocarbons within the study
site is relevant. From the historical data, it is reasonable to
expect that the times of release of the gasoline found at
KOW-1 and KOW-3 in 1988 and 1989 were similar to cach
other, with the gasoline hydrocarbons at KOW-1 and
KOW-3 in 1994, 1995 and 1996 were indicative of the same
gasoline only older and in a more degraded state.

It was interesting to note that the gasoline found in moni-
toring wells KOW-1 and KOW-3 in 1996 showed relative
BTEX distribution of degraded gasoline while at the same
time having the significant concentrations of the oxygenate
additive MTBE. The persistence of the oxygenate additive
MTBE to subsurface microbial degradation has been
reported (Barker et al., 1991; Mormile et al., 1994).
Consequently, data from monitoring wells KOW-1 and
KOW-3 over the time period of 1988 to 1996 clearly docu-
ment the release of MtBE-treated gasoline.

From the analysis of historical groundwater BTEX data, it
was concluded that the gasoline hydrocarbon distribution
in the vicinity of KOW-1 and KOW-3 was newer than the
gasoline represented by the hydrocarbon distribution in
the vicinity of KOW-6 and KOW-7. The microbial degrada-
tion state of gasoline hydrocarbons at these KOW-1 and
KOW-3 at the Site are different, with more advanced
degradation at KOW-6 and KOW-7.

Presence of the Oxygenate Additive Methyl t-
butylether (MTBE)

The conclusions from the ternary analysis of historical
BTEX data were substantiated from an analysis based on
finding the oxygenate additive methyl t-butylether
(MTBE) at various monitoring wells. During the 1970s and
1980s, automobile gasoline formulation in the U.S. was
undergoing a period of important changes. The use of
octane enhancing chemicals such as alkylated lead and
manganese-based compounds was being curtailed, while
the development of oxygenate additive compounds such
as methyl t-butylether (MTBE) and others was being
expanded. The timing of the use of MTBE in gasoline mar-
kets around the U.S. provides an age-dating approach for
subsurface gasoline contamination, provided such data are
used together with data on the site-specific degradation of
gasoline hydrocarbons.

Starting in the 1970s, the U.S. Environmental Protection
Agency began an orderly phase down on the use of lead
antiknock additives in U.S. gasoline from 1.2 grams per
gallon (gpg) to a maximum of 0.5 gpg. There were some
interruptions in the leaded gasoline phase down and it
was not a smooth reduction. For example, as a conse-
quence of the Arab Qil Embargo, a one-year delay in the
phase down was approved by President Carter in 1979-
1980 to allow major domestic producers to market leaded
gasoline containing 0.8 grams per gallon until October 1,
1980 (Ethyl Corporation Annual Report, 1978). Also as a
conscquence of reduced gasoline supplies in the U.S. dur-
ing the late 1970s, a manganese-based antiknock com-
pound MMT was used in unleaded gasoline grades for the
peak gasoline driving time in 1979. Otherwise MMT was

approved for usc only in leaded gasolines. Subsequently in
the USA, use of MMT was banned altogether later in the
1980s.

Use of MTBE in the U.S. automobile gasoline supply for
unleaded gasoline was approved by the U.S.
Environmental Protection Agency in March 1979 (lederal
Register, Vol 44, No. 45, Tuesday, March 4, 1979). As mil-
lions of barrels of gasoline were consumed daily in the
U.S. during the 1970s and 1980s (Petroleum Supply
Annual, 1992 and 1993), MTBE-treated gasoline was not
immediately available at all areas of the country simply
because of the approval by the EPA. In the U.S. during the
decade of the 1980s, various gasoline manufacturers intro-
duced MTBE-treated gasolines at different times. In fact, it
is important to know which gasoline supplier serviced
which areas of the U.S. in the decade of the 1908s when
using MTBE data to determine timing of subsurface gaso-
line releases.

Using such data, gasoline hydrocarbons containing
MTBE found in the groundwater at monitoring wells
KOW-1 and KOW-3 in 1988 and 1989 had to have been
released to the subsurface environment in the time frame
no earlier than in the early 1980s. And MTBE-formulated
gasolines could have been released later than this time
frame if the gasoline were a formulation of another gaso-
line retailer. In such cases, knowledge of the gasoline sup-
plier to any particular study site becomes important. In
this case, site-specific knowledge of gasoline supplier
ruled out one supplier of MTBE-treated gasoline in favor
of another supplier. Such information was consistent with
the finding of two different gasolines in the ternary analy-
ses.

Conclusions

A chemical data set from groundwater samples collected
at a coastal property in Massachusetts, including the BTEX
compounds and the oxygenate additive MTBE (covering a
span of cight years from 1988 to 1996) was examined. The
historical data were used to determine the type(s) of sub-
surface contamination present, estimate the age of onset of
any identified subsurface petroleum contamination, and
evaluate data on an independent groundwater sample col-
lected and submitted to an independent analytical labora-
tory to confirm or refute findings from the historical data.

Two different gasoline formulations were apparent from
the ternary analysis of BTEX compounds. Analysis results
showed the effect of hydrocarbon weathering resulting in
the conclusion that there are separate types of gasolines
represented in the historical data. Specifically, two difter-
ent gasolines were identified as having been released at
the Site: an older more degraded gasoline that did not con-
tain MTBE and a newer less degraded gasoline that con-
tained higher concentrations of MtBE.

Based on the composition of gasoline-range hvdrocar
bons and their degradative states, it was estimated that the
gasoline at monitoring wells KOW-1 and KOW-3 was
probably released in the mid-to later-1980s after higher
amounts of MTBE had begun to be used in gasoline tor-
mulations. Based on the extent of hydrocarbon degrada-
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tion and the presence of MTBE at monitoring wells KOW-
I, KOW-3, and MW-1, it was concluded that in subsequent
years, this older gasoline had undergone weathering reac-
tions and had moved away from its apparent source.
Compared to BTEX concentrations at KOW-1 and KOW-
3, much lower hydrocarbon concentrations were found at
monitoring wells KOW-6 and KOW-7 throughout most of
the data sct with a dramatic shift in the ternary position of
KOW-7 in 1996 data. The hydrocarbon distributions at
these two off site wells exhibited advanced hydrocarbon
degradation patterns and contained no MTBE. This type of
contamination was indicative of older gasoline, formulated
before the early to mid-1980s, with arrival of a second
gasoline at KOW-7 sometime between 1995 and 1996.
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APPENDIX F
ROTUNDO COALESCING-PLATE
OIL-WATER SEPARATOR



Location Proauct Aaaiuondl Huuriauou - o - -

0 Oldcastle

ROTONDO@ Northeast Region
PRECAST Avon, CT

Rotondo Precast > Environmental > Pollution Control Structures > Oil/Water Separators

Modular M-Pak® Coealescing Plate Stacks
« the state-of-the-art in coalescing plate design

« provide more horizontal separation area in a smaller volume than any other media available

« specially formed for continuous self-cleaning of oil and solids to make maintenance easier; easily upgraded

Large double doors
« in cast aluminum or galvanized steel; capable of supporting H20 vehicular loading

» allow easy daylight inspection and regular cleaning without entry
+ enables convenient servicing using wet vacuum equipment

« allow transfer of large components and equipment

Optimum configuration of baffles and openings
« developed after extensive trials and test-runs and in-house hydraulic analysis

« promote evenly distributed laminar flow conditions throughout separation chamber for optimum performance

In-flow Control Chamber
» Dissipates turbulence

» Collects heavy grit and floatable debris.

Tee-sections at both inlet and outlet
« provide convenient sampling points, secondary oil containment and full venting of incoming water

http://rotondoprecastct.com/oldcastle precast/locations/locationProductAddInfoPrintable.asp?Locatio...  5/5/2004



The [ Coalescing-Plate Oil-water separator

for Durability, Performance and Servicability

Precision-formed, high quality reinforced concrete retention
structure

—Nothing compares to an Oldcastle precast vault that is specially
designed for the strength, water-tightness and the durability needed for
water-treatment structures

Modular M-Pak™ Coalescing Plate Stacks

—the state-of-the-art in coalescing plate design

—provide more horizontal separation area in a smaller volume than any
other available media

—specially formed for continuous self-clearing of oil and solids to make

maintenance easier; easily upgraded

Large double doors

—in cast aluminum or galvanised steel; capable of supporting the H20
vehicular loading

—allow easy daylight inspection and regular cleaning without entry
—enable convenient servicing using wet vacuum equipment

—allow transfer of large components and equipment

Optimum configuration of baffles and openings

—developed after extensive trials and test-runs and in-house hydraulic
analysis

—promote evenly distributed laminar flow conditions throughout separa-
tion chamber for optimum performance

In-flow Control Chamber
—Dissipates turbulence
—Collects heavy grits and floatable debris.

Tee-sections at both inlet and outlet
—provide convenient sampling points, secondary
full venting of incoming water. :

oil containment and

High Efficiscicy | Hegh Partormance Unit oy
instakiec with grit Gharber upstream Seargnid Traatmatt Unit -restricted fows
(Dep Instalinson with risers}

Oildcastio’s oliwaler separators meot the neads
of & wide rangs of run-off applications:

+ High partormance removal of fugitive oil

ot 5 from storm and washdown water,
Spil imerceotar nelaiation +  Intesrception capacity for acoidental surace
- upgrodabés to higher-perarmancs waber Ireaimang roboasss

+  Enhancad pretreatment for iosogical and
physio-chemical purification systems

Stormwater Treatnent with
upstresrr derson of lange fows
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Oil-Water Separators
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Flow-Ratings and Gecmetrical Data for Standard Configurations

The tables below may be used forguidanemdmsixga;prqriatese;ararrsizes,mdﬂssinﬂarmdmes}nm here, as well as custan mdels are avedilsble fron all
Oldcastle Precast mamfactur ing locatians . Because of differing requivemerts of custarers in different regions, sare variations may exist between the standerd features of
models indicated here and those provided at each Oldcastle menfacoar irg loetion. Additicel intermediate, larger and sreller sizes may also be availsbke . Qonract yar loosl
Oldcastle representativefor guidame.oldca‘;tlepxemstnn.mmhrmmmemmmmmmmmimlmmmmm

to customers’ needs.

Nominal Dimensions Nominal Capacity 1000 gallons
Standing Water Depth 4 feet
Vertical Plate Spacing 18.5 plates per foot
Horizontal Qil Separation Area 555 square feet

Standard Treatment

Pipe Diameters for Standard and High Inlet
Performance Treatment Flow-rates Outlet

Nominal Capacity 2200 gallons
Standing Water Depth 4 feet
Vertical Plate Spacing 18.5 plates per foot
Horizontal Qil Separation Area 1665 square feet

Nominal dimensions

Standard Treatment

Pipe Diameters for Standard and High
Performance Treatment Flow-Rates ¥

Inlet
Outlet

g"
10"

Nominal Capacity 4000 gallons
Standing Water Depth 4 feet
Vertical Plate Spacing 18.5 plates per foot
Horizontal Oil Separation Area 2775 square feet

Standard Treatment

Pipe Diameters for Standard and High Inlet
Performance Treatment Flow-rates¥ Qutlet 12"

t Flowratings are calailated an the basis of the provision of hr santal separation area according Hazen's surface-loading theory and axe in accordance with the
Amer ican Petrolam Institite’s prirciples for separator sizing -APT Rublicetin 421, Feruery 1990.

+ Flowrares in excess of the maximum surge vahe given above can reailt in stripping of ceptimed oil frem coalescing plates . Tre pipe sizes given above are suitabkfar flow-
rates wp to the Standard Trestment flow-rate for this model. Flowrates in exoess of this level may require larger pipes and hydrailic anelysis of downstresm conditions to
enaure that the axtlet pipe cen carry water at the meximum flow-rate required without excessive head building up inside the separator chamber.



Flow-Ratings and Geometrical Data
for Standard Canfigqurations

Understanding Separator Performence
How oil-removal ef etiveness var ies
Droplets in the 10-300 micren range
Basic measures of separatcar perfarmance
Effluert: water quality standards

Horizantal Separation Area
Hazen’s princigle of Sxface Loading
W hy “horZzantal ares” (ard not depth)
Using Hazen'’'s principle to size a separacxr

Rating and Sizing Separatcors
Selecting an appropr iate perfarmance
Determinirg the design flowrae

Determining the effetive hor Zatal separation area required
Hor zantal separation area of sinple retentimn tarks and pads
Hor zaial separation area of a coalescirng-plate separax

Stokes’ Law
Determining cr ibal riserates
The Stokes’ Law equation
How accurate is Stckes’ law?

Using Stckes’ law
Exanple Calculations

Trgallatbion

Plaming for sitedrainage and location of cil-water separatar

Plamirg Installatiom
Corection of pipe fittings

Operation and Maintenance
Note on Safety
Role ard Function of Separatr
Inspection
Servicing and Maintenance
10 Essentials for a sucoessful ad aost-effedve
ail-pdhrion pevertion plan far arface raote
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Understanding Separator Performance

How ail-removal effectiveness varies

Manyfacars affect separatx parfarmance . Iarge perfarmence dif -
frences not anly exist between Gifferent separator designs ad
models,but also between identical separatars thet are used in &if -
frent enviraments and separatars ther are siojected to different
incoming oil-water mixtures .Tre qatity of cil in the infhert, its
dasity (specific gmvity) amd water temperatire all influaxe the
pxfamance of gmvity seperabars. However, thouh significart,
tese factas are still ot nesrly as inportant as the physical
retire of the cil-water mixore itself: the degree to vhich the ail is
dispersed in the water : the size of the ail-drplets.

I is anveniet to divide the diffemt fams of oil-water mixtires
into the fdlowirg four main categor ies:

. Te dil is a slick ar film o the axface —In this case it has
already separated from the water

. Tre cil is mece w of relatively large drops —greater then 300
micrans T in ddameter (approximetely) amd gldbules dispersed
thraoghout the water

. Tre oil exists as smell drplets (gresver then 10 micxans in
diameter, less then ~300 micrans in diameter)

. Tre il exists as extrenely small particles (less than 10 microns)
and emulsias

Most oil-water mixtres in runcff will terd to be a anbiration of
these farms . Tre first two can be removed from water usirg the
most rudimentaryfarm of retetiomn-vessel type ail-water separax
(sometimes refersd to as a "saill-tray”). Althouh the quantity of
dl inthis fam can ke substantial, its rawval alae is seldan suf -
fidat far sfequarding today’s more stringer effluet water-
quality stardards far grease ad oil.

Tre third farm —droplets between 10 and 300 microns— can make
W a significat gqertity of the dil in ructf ad is moe difficilt to
remove. It is in their ahility to ravove this il thet individel sga-
mtas differ most from each other. See next sectim below .

Te farthfam of cil-water mixore usuelly ccars significently
after intense mechenical mixing cr when surfactants, sovets ar
detergents are present. Significat gatities of this fam of oil-
water mixture can be avoided by preventing the use of detergents
ard by not using devices such as cantrifugal purps upstream of
the separatcr. Otherwise more costly treatments may be neces-
sary —axh as bicfiltration ar ghysio-chemical methods.

t Amaom (or ‘micrmeter’) is a wnit of length egel to ane thousandth of a mil-
lineter . (There are 25400 micyans in are inch. 50 micrans is the approxinate limit
of detectim for the human eye.

SEPARATOR  Effectiveness measured by

Critical Oil-Droplet Rise-Rate:
‘ 0.200 0033 0.011

Differential
Droplet Size
Distribution;

Performance”

5
(Magnification:| Z
10X (approx.) g

"Standard
Treatment"
"High

<

Dispersion 1

Dispersion 2

Dispersion 3

Figmre 1 :Comparism of cil-raoval ef etiveness of three separa-
tas far thee dJdifferet dispersias of ail.
Note: the above data assumes influert oil with a specific
gavity of 0.88 at a axcertration of 250 my/liter® and
water at a teawperatmre of S50°F.

Droplets in the 10 - 300 micron range

As mentioned above, it is in tteir adility to mwve droplets within

this range thet oil-water separamas differ most from each other.

Figme 1 (above) shows the concentratim of ail to be expected in

the efflient from three diff erent separatars subjected to three dif -

fret influent ail dispersions .As the sare oil volure is dispersed
as smaller amd smaller droplets, te eff exiveness of each separa-
tor decreases .The oil removdraes ilistrated are typical of sepa-
mtars availsble today. Separatar perfarmaence is character zed by

s adtical cil-deplet riserate (defined below). The ‘High

Pefamance’ separator above dlearly dfers the best pexfam -

ance and waild theref are provide the greatest safeguard far efflu-

ent water quality stendards.However, wen flowrates are vay
larce, this level of perfamance may not be the most economical
sabtion. See choosing the section entitled, ‘Choosing a suitabk

“cridal risrate” value’.

# Oil concentration in water is best weasured ard quoted in my/liter (milligmams per
liw), The less precise term, “parts per milliaw’, is frequantly intended to mesn
the same thing. Enviramental regulations use wg/liter.

@ Oldastle Precast Inc. 1996



Understanding Separator Perfarmence (contirued)
Basic measures of separator performence

ngzavitygaratorsrelymt?eta’rhtyofdrcpla‘sofoﬂtoris
in water (because of their nepral buoyancy). They are "cagit"
either when they make axtact with and adhere to the surface of a
solid doject (such as a coalescing plate) or when they ater a layer
of staticery water at the top of the separator chamber .

The Critical (Oil-Droplet) Rise-Rate

Tre risrate of an oil-droplet is the rebiral speed of asoat it les
& it rises —the droplet’s “terminsl velccity”. A separatx, & a
certzin flowrate, will apare all drplets thet heve risrates
above a certain value .This vale is the adtial riserate of the sep-
arax & tet flowrate . The criticl risrate is a anvenient per-
frmance measure far any gmvity sgaratar - the wayyou descr ibe
the separatar’s effetiveness at removirgail. It is usually mees-
wed in feet per minute .The loweritis, the muxe effective the sep-
aratar will ke at rewovirg cil ad safeguarding a certain water
aelity standard.

Nete: Tre term “surface loading” is sametimes used to mean the
sare thing as the term “critid rissrate” (or “critisl sttlig
mte” in the case of sedimentation). However, tle term “surface
leading” is more usually a measure of the flowrate throxgh a
gmvity sepsration chember divided by the chamber’s area {(n
gan) . Though sometimes the same, these values are not neces-
sarily identical as will be seen in the sectimn entitled ‘Hazen's
Prircigle of Saface Loading” .

The Design Flow-rate

The critiE rissrate chages as the flowrate of water thawsh a
separator is increased or decreased. Therefare, to be mesningful -
ly applied to a partiailar separator design, a ar el riserate value
must also be acconpanied by a design flowrate ("maximum oper -
adrg flowrate") vale far which it gplies.When the flow through
the separatar is incressed, the critiel riserate of the unit incress -
e (le.tte pxrfamance decreases). Conversly: when the flow-
mte is redxed, the criticl rissrare is redxed (i.e. the perfarm -
ance increases) .

The Effective Horizantal Separation Area

Eyou use a compatible set of wnits and divide the desion flowrate
of a separator by its corespadding oritial riserate you get an
answer thet hes uiits of arsa. This nurber represents the effec-
tive har Eatal separation area of the separator.

‘This nunber is conveniat because it derpges little with flowrate.
S it is essartially a sirgle nurber that cen be used to quantify the
efectiveness of any separatcr . Separatars thet provide the grest -
est amout of effexive hr zantal separatiom area generally lave
the highest perfamance. Another advantage of the axxept of
efective Iorzatal separatim area is thet it may be estimated
fram the basic gearetry of the cil-water separaticon chamber and
its components.

—Hor Zzantal separation area is covered later in more detadil.

Effluent water quality standards

Effluent stardards are quantitarive limits placed an the amouat of
polluting substances allowed in water .Alcne, ey carmot be used
to defire separatar prfamance .This is because the perfamance
of all sgparators is dependent. upm physical deracter istics of te
dil-water mixhore going into a separatar ad et just their relative

Most separamas can produce an effluent that meets a water qual -
ity stardard —if the coditions are rigt. Unfortirnately, it is alo
rue that ro separator can guarantee thet the effluent will never
exxeed stringent standards —unless very srict ool over what
goes into it can also be quranteed. This is because it is impossi-
ble to predict vhet the ratire of the influent cil-water mixture char -
acter isrics will always be .What a good separatar can o, lowever,
is redre the praobility of the effluent being at of copliance
significatly. In arder to jude how well a sgerary is Ikely to
s, lesic parfarmance measures such as its adtial dsezae (@
described above must ke determined. Only these types of per-
frmance measures are independent of the enviromental condi-
tis of any par tiailar gplication.

Choosing a suitable “« itizl riserate” value

Crital rissrates far separatars can be chosen with vahes rang-
ing from as little as 0.01 feet per minute to as muh as half a fot
per minute. The value you choose will deperd on the intended
firction of the searatar (as part of a site arface-water pollution
preverim strategy), likely infhent deracteristics (il gelity ad
dispersion characteristics), effiat water quality standerds ad
the sensitivity of the receiving envirorment.

values at the lower ex of the scale (0.01 feet per minute) are best
chosen vwhen desion flowrates can be kept reascnably ow and
where a very hich perfarmence is desirabk.The uypper ed of the
sEle (0.5 feet per minute) would anly be aporcpriate where the
enmphasis is on providing a low-aost wnit far coxmsiaal sll inter-
cetion where the spilled oil is unlikely to be dispersed sionificart -
y.

More frequently, lowever, the best approach has been to choose
a intermediate value to balance costs and benefits .Iarge reten-
tion-tark separatcrs in the past used to be designed with aitial
rise-rates of the arder of 0.2 feet per minute .But the concentration
of dil in the effluent fram these devices has freguently been found
not to meet today’s more stringent standards . In goplicatians that
have to meet standards of the arder of 10 mg/l, a value of 0.033
et per minute {he riserate of a 60 Micran, 0.88 S.G., ail deplet
in 50° F water) hes been fard to ke a suitable doice: removing
a sbstantial portio of dl ad sfegerding effluent qulity to
meet these standards in almost every case provided that proper
axixdl is exercised over the use of detergents and cother prcblem
substances .

t W ashington State Department of Ecology recommends this vale far coalescing-
plate seperatars wsed in Starm water aplicatias — Stormwater Management
Manual for the Puget Saurd Basin, Fewrusry 1992. The American Petroleum
Institute also apgests 60 Micrars as a typical design cil-droplet size in te
trestmat of cil-refirery waste-waters — Design and Qperation of Oil-Water
Separatars, API Publicatim 421, 1990.



Horizantal Separatian Area

Hazen’s Principle of Surface Loading

Tn 1904 Allen Hazen firmly establisted the principle of low the
df ectiveness of a sedimentation tark varies directly with te rate
o fow thragh it, divided by its plan area . This princigle is ot
aily valid for sedimentation processes, but gplies to al ligid
gmvity-separation processes, inchding ofl-water separ acim.

Uhifarmly distributed, laminar flow

When the flow is lamirer and wifornly distr buted thraghat the
separation chemer cross-section (See figure 2), the adtical rise-
mte is eqsl to the flowrare divided by the area of the separatin
poal.

Q

Vp=——
T AH

—where Ay is the hrzantal separation area (in sqere feet) as
described above, Q is the flowrate through the separatar (in abic
et per minute) ad Vi istte cdtial risezate (nfeet per minus).

Hence, tte critid riserate (@ ssttlirgras) for many separatiom
devices is freqetly teken as beirg eqal to the surface loading.
The “surface loading” on a gravity separation denber is (by &ef -
imitio) eqsl to the flowrate throxh the chanber divided by is
area (n plan) .

Other flow regimes

Flow is raly peafetly uifam —althoh it is reasoable
assuae it is in sare instances. In cther cases, lowever, eddies
ad turbulare are significart, especially at higher qperating flow-
mates . Such deviatios fraon wifarm, lamirer flow serve o reduce
the efficdery of gmvity separation processes substantially. h
arder to acout far this, a design factar, F, is imrparated into
Hazen's eguation:

Q

2

—where By, Qad V; are the same as in the equation used above

ard F is a dimensionless factar (@lways greater then or equal to 1)
to acoant far inefficiencies dee to mm-unifan flow .

A= F

H

F camot be less than 1 because the perfarmance of a gmvity sep-
arator carmeot be grester then thet predicted by Hazen’s prirciple
(which assures ideal conditions). The American Petroleum
Institute recomends different values between 1.2 amd 1.75 for
raditiosl retertion-tark (affle-type) semratars ¥ . Many coalesc-
ing-plate separatars and separatcrs designed to ensure optimal
fow disr bution have neer-idesl flow-caditions in the separatx
chamber : so thet F is taken as beirg equal to 1 (ar is amitted
atirly). In the design of ciradar darifies (ke those used in
m unicipal water-treatment projects), F can also ke taken as being
eqel to 1, becasse the flow-regine is essentially uwnifarm-radial.

+ A comm error in sizing gmvity sgaration devices is to assure thet perfarmance
is directly propor tiasl o the vessel valure ar the residence time of liguid in the
chamber .While true for sare reaction vessels, it ismct in this cee.

t+ API Publicariom 421 — Design ard Qperatian of Oil-Water Separatars, 1990

Uniformly distributed,
laminar flow

Non-uniformly distributed
laminar flow

Turbulent Flow

Figmre 2: Dheratios of wifam-laminar, nonnifarm laminar
ad turbulat flow .

Why “horizantal area” (ad mot depth)

Hazen’'s prirciple has been experimentally validaed. It is &l
sinple to derire amalytically using kesic hydradlic egetias of
artinuity . The fdlowirg is a deriration of Hazen's principle usirg
a sinple gmvity separatio flow-model .

Crsider the illustratim in Figme 3 of a sinple rectargdlar oil-
water separation chamber.The separatim pool volume is com-
posed of two zaes or layes: a staticery ligidlayer and a mov-
irng liqrd layer. Any water passing through the separacr fams
part of the movirg liqid layer.Tre tep layer is kept statiaery by
the presence of an oil-dam (or “scum board”) befare the arlet of
the separator . The depth, d, is the mexdmum distance an oil-droplet
will lave o rise in order to reach the bardary between the sta-
ticery and the movirg lignd layer.W e will se, gorty, et it is
not necessary to krow exactly what “d” is.

Now, amsider an oil-droplet movirg thrauch this separation cham-
ber. This drplet has two velocity oamponents as illustrated in
Figre 3: a vertical camparet and a horzantal component. The
vertdal velecity copmert is its raturd rissrate or “terminal
velecity”. 2n oil-Greplet ratrdly rises in water because of its
buoyancy . Equations, such as Stckes' law, cen be used to calau-
lae the rissrate of any cil-drcplet an the besis of its size and den-
sity, as well as other pryerties of the water.The synbol, Vop, B
used here to represet this velocity camponent. The hor zatal
velocity component of this droplet (represented by the synbol Vi)
is the same as the hor Zzatal velecity of the surrounding water thet

If the cil-drplet cn rise as far as the bardary between the mov-
irg ligid layer ard the statimarylayer, it will ke cgptured, because
itshor Zatal velooity will drp to zero to metch the srranding still
water in this layer. Bx if the cil-drplet is et given enough tire,
it will pess at of the sgaration chanber befare it has a dence to
reach this baundary and will not be caught. Another way of stating
this is: if the time regured for separarion is grearer then the esi-
dence time of the water in the sgaranry, the drglet will ot e

“caught” .
© Oldcastle Precast Irke. 1996



Horizantal Separation Area (contirued)

Aseparatormustbewsignaisothatevmjftledrcpletm
into the charber at the very wast lostion (i.e.at the bottan of the
separatar), there will still be eth time fxrit orise o the il dis -
tance, d, to the boudary between the statioary and movirg
wa:arlay&.Wevdcha]ltlﬁstlersqﬁxaitinetoe'snesqaratim
or simply “the separation time” (represenred by “t.”).

The amount of time availsblefar the drplet to do this is called the
residence time —the time the water sperds in the separator cham-
ber (represented by “t.”). In other wards, to ensure removel
t}ﬁsdrcplet,ﬂeseparatimtinemustbelssﬂm&emida'ne
time .W e can therefae cll the fdlowing exaressin arr first kesic
adition for ensuring separation of this droplet:

Condition to ensure separation: t; < {;

We know the speeds in each direction and the wexdmum dis-
tances, dad L (See figwe 3 below . W e also kowtlet, for motion
masgraigt lire Tat a cnstat speed, the time taken is simply the
distance divided by the speed. So,

and

So now we can wrim

Condition to ensure separation: d < L
Ve ™V

W e can then rearrance this expression and wrie

Condition to ensure separation: H—Ld < Wr

Now we can wrie

Condition to ensure separation: —Bgad—l_ < Vr

Notice how the depth, ‘d’, row agpears in both the numeratxr
ad the dercminetor of the left-hand-side expression. This means
it cacels at of the expression — showirg thet  the depth of the
separation chamber is mt critical to separatcar performernce .
Now, it is eesy to marange the expression that remmins to get
Hazen's prircigle .The hor zantal area of the separation chamber
is eqnl to its legth multiglied by its widh:
B-L=Ay

So, we can use “Ay” in our “cordition” expression ard get:

Condition to ensure separation: S <V
H

—This was an arlytical proof of Hazen’s principle.

Using Hazen’s principle to size a separator

So sizing a separator requires that we first selact a flowrate to be
processed and, then, a aitial riserate based on our expectations
fr the cil water mixture to be separated. Dividing the first by the
second gives us the effective sgparation area needed:

Q
Ay=—no
H Vi

Now, the kesic principle of caxservatim of metter (rown in fhid A separator cen, therefare, ke sized to provide this seperatim
mechanics as “the continuity principle”) tells us tret the syperficial area either as the plan area of its water axface or —much more
hor zatal velecity of the water (the actuel hor kaital velocity in uii - efficiently- as the sum of the plan-areas provided by stacks of
frrily distr bured flow) is eqsl to the voluretr icfowrate () divid- har zatally extending coalescing plates . This is artlired in mare

ed by the area of the verticl flow cross-section:

_Q _ Q
V=", " Bd

t In reslity there will be sare velotity variations with water depth in a separamr
chanber and hence the trajectryry of a rising drglet will et ke a straidt lire, buc
aarve. Accanting farthis fact, lowever, significantly incresses the aaplexity o
the algeraic aelysis needed, withot altering the conclusions.The assumption
that the hor zatal velocity does not change with depth was therefore considered
a reasonable sinplificerim.

detail in the rext sectim.

Boundary
between stationary liquid layer (above)
and moving liquid layer (below)

Area of Vertical
Flow Cross-section

— Horizontal Separation Area

- Vertical Component
- of Oil Droplet Veiocity
/ = Terminal Rise-Velocity of Droplet
(Gravity Separation)

e Horizontal Component
of Oil Droplet Velocity
= Water Velocity

Figme 3

Ml of a flow-through gmavity separation process
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Rating and Sizing Separators
Selecting an aporopriate performence
In arer to size a separaky it is firet recessary to krow what kind
o parfarmance is necessary. The perfamence of a separar is
measured in terms of the riserate of the slow et rising drplet the
separatx is certain to ramwve from water flowing at the separa-
tor's maximum operadrng flowrate (ar design flowras). This
vale is kown as the «dtical riserate of the separamr. See the
section entitled, ‘Understanding Separatcr Pafamence’, for
more infarmation an this.

The design flowrate is the meximum cperating fowrae far the
separatar . hrueff gplicatios, tte flowrate through a separaar
can be expected to vary over time. It is commn therefare to
design the separarx for the maximum possible flowrate .BE this
is net necessarily agproprige . If the main samrce of water is fram
washdown processes, the mexdmum flow-rate can be equated to
the maximum water sumply rate . If the main samrce of water is from
mirfall, this carct be dre dirvectly.

Stormwater Runoff

The most convenient method (known as the mtiaml method), &
clailatirg flowrates of storm runcff fraom small aress uses the £4 -
bwirg sinple eguaticon.
Q=Cih
Q is the flowrate
C is a dimmsimless factor that aocoounts far the permesbility and
roghness of the surfaces (taken as 0.9 for paved areas)
i istte design mirfall itesity (welly expressed as inches per
hour
A is the aren of the site exposed to rarfdl

Nete:

Tre design rairfall intesity value is carefully selected an the basis
of losl rairfall data (including times of cowentration ete.) ad also
a the basis of providing the optimel ecanamic design. A common
method is to cdhoose a raifall intesity thet waild allow treatment
of 90% or 95% of all the water leavirg the site.

Becare it is costly to treet large flows of water, it is recamend-
ed thet aily thoee aress that are at risk of cotamiretion from oil
and grease should be allowed to drain through the separatxr.
W ater qality devices are often designed for flowrates substan-
tially less then the flowrates assumed far rest of the anveyancing
system. It is seldom necessary (rfeasible) to treet all of te water
from vey hich intensity rainstcrms. This is especially valid in
areas where the major ity of pollutats are transported dring the
first fhsh. Large waer flows may be either detained ypstresm of
the ail-water separatar ar allowed to by-pass it using suitable flow-
splitting and reconbirnarion structures . Iocal quidelines far sizing
shauld be amsulted in any case.

Example:

Determire the desiogn flowrae for a sgparatar on the tesis of a
cne-hour, alf-inch desion rairfall intensity o a helf-acre paved
area:

Paved Area = C=09

P _ _05 . .
i=05in./hr 12:60 ft/min = 0.000694 ft/min.

A = 0.5 acres = (0.5)=(43560) sq. feet = 21780 sq. feet
.. Q= (0.9)-(0.000694) - (21780) cubic feet / min
=13.61 CFM
1 Cubic Foot = 7.48 gallons
S Q= (13.61):(7.48)GPM
=102 GPM
area required

Once suitable values far desion flowrate ad crifel riserate
have been selected, it is essy to cladlare the effetive hor zatal
separation required. Just divide the first by the second (meking
sure that their units are corpatible fire) as fdlows:

Exanple:
Wet is the effetive separation area required to ensure the

removal of drglets with rissrates of 0.033 feet/minute and greater
& a flowrate of 100 gpm?

Solution:
. feet®
Design flow-rate = 100 gpm = 13.37 ¢fm = 13.37 —
minute
Critical rise-rate = 0.033 fgi
minute

Effective horizontal
separation area

critical rise-rate

3 -
13.37 feet® . e

0.033 feet .~
~“minute

= 405 feet?

In this exanple over 400 square fest of effetive separation area
is required to provide a separatar with a design riserate of 0.033
feet/nmuteT.’n'risiI@jstl'atifatraﬁtiaal retatimnm vessel ar
pad is to be used, its area on plan will have to be of the acder of
400 square fest, If it is rot peesible to proper ly aotyal ciraulation
(mn-nifam distr budion f flow through the unit), its area my
have to be incressed to more then five hudred square fest to
make p far resultirg irefficiencies . The other option is to use an
efficient acalescirg-plate cil-water separatcr.
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Rating and Sizing Separators (contirued)

Horizatal separation area of sinple retention
tanks and ponds

htraditionl retention-tark systems, pads ard clar ifies, the -
Zatal sgparation area is clesely related to the area of the sepa-
mticn chamber measured on plan as shown in Figmre 4. Tre flow
throxh a reterion tark is often ot wifam and a design factar
is usually necessary (See Hazen’s Principle of surface loadirg —
page 5) . Baffles and vertial flow distr butors may be included in
the design of such wnits to Limit turbulence and non-unifarm flow
disr budon.

Nete: vertical plates used far this pupose do mot all to the
amunt of separation area in a separator chamber. Separaticn
area can anly be provided by continxus boundaries that project
haizxtally across the separator chamber.

Horiztal separation area of a coalescing-plate
separatar

In a ccalescing plate separatar the atire arss-section of flow
throxgh the separation chenber is divided into wemy thin water
hyers by hr zatally extending plates . Each ae of these layers
ats like an individial separation chanber.The separatim area of
each of these layers is the sare as the plan-area Tof each plate as
shown in Figure 5.

The easiest way to calailare the total area is to determine the hor-
izntal separaticn-avea dasity of the plate-steck fist. This is the
amaat of horzatal area (square fe) ford in ae adbic fot of
stack If tte average Ve:ticalq:a:irgoftl'eplar&,spish‘omjn
inches —see figure 6~ the horzantal seperation-area density, &y,
can be fard using the fdlowing rue:

a _ Separation  Horizontal area  ¢p
H=  Area = (squarefeet) T

density in 1 cubic foot P

The overall hrzatal area, Ay is tten found by weasurimg the
tot=l volure  (based an its gross dimensians —see Figure 7) of the
submerged plate-stack and multiplyirg it by ay

Ay = Vgross * 8H =(B L H) au

In addition to providirg a very large amat of horzatal separa-
tim area in a awell volume, coalescing plate-stacks, when prop-
erly positicned, prawte more eveily disrbuted flow  throughout
a flow chamber.It is usually assued thet the effedtdive hor Zzatal
area provided by ccelescing plates is sinply the sum of their plan-
aress (or mwojected areas). In other wards, a vale of 1.0 is
assumed far the desion facter, “F (as explained an page 4).

t Inclirgtios ad crrugatios give strength and rigidity to coalescing plates and
make them easier to maintain. However, while the plates thamelves are neither
flat mx hrzatal, flud artinuity ad the inoonpressibility of water means that
each ae still creates a har zaral seperation area equivalent to the parallel- po-
jectim  of its wdermrface area ato a horzaral plane (its area “on plan’).

Figme 4 The horizatal separatim

area provided by a simple
retention tark  (baffle-type)

Figre 5

Figre 7

The horZzatal separatiom
area provided by an inclined
ad corrugated plate

CGross dimensians of a stack of aca-
lescirg plates



Stokes' Law

It is it always necessary to & a Stckes' law caladlation in order
tosize a grvity sgerarr ar rate its prfamance . Appropr e at -
ical risemte values may ke dotainsd directly by experiment.
Alterretively, if seecific daa dox the likely cil-water mixtures
etering the separatar are wavailsbk, recommended values may
be used. Experience and amalysis can also determine the value
chosen. Remember that the fimal dwoice of «adticl Hssze
assumed far any desicn will rot anly determine the ultinate effec-
tiveness of the separatx, bit alo its size and cost —especially
when flowrates throuh the separatcr are expected to be sub-
satial.

It is comm to acaslly list il deracteristics (such as dersity,
drplet size etc.) when defining the perfarmence of a separapx.
This would seem a practical approach except that meny more vart
ables axtrolling searatar perfarmance now need to be quoted
with them (e g water visaosity amd critiel drplet size). Unless dL
of these values are provided, the separanx cannot be assessed
fr pxrformance . When they are provided, the equation known as
Stokes' law can used to convert these varisdbles inba  adticl rise-
e valee .This valee is the same regardless of the oil-water mix-
ture deracter igdcs . It is e value you can use to ocarpare any two
gmavity sgeratars .

Stokes’ Law

Tre fdlowing eqetia, often referred to as Stckes’ law, can be
used to accurately calailare the risrate (‘terminal rise velod -
ty') of a drplet of cil of kown density in water of kown viscos -
1y

g«P,-p, )-d’
V=
i8u

The symbols used in the equation represent vales as fdlows:

V., = the riserate (r ‘terminal velooity’) of the cil-drplet
(aw/s ar fr/sec)

g = the aceleration de to gravity (in ays® o ft/sc’)

To = tie darsity of il (@/am’ ar Tovee®)

Ty = the darsity of the water (g/an’ or loy/fc’)

d = the drplet dameter (in anar ft)

m is the absolute viscosity of the water {(g/om.sec ar lbw/ft-sec).
Note: Metric units have also been given here because they are
commonly used for Stokes’ law calculations. You can use either
netric () wits ar custamry (FBS) wunits (but rot both at the
same time!).

H
[=]
o

300

200 -

100

Qil-Droplet Diameter Size (Microns)

0.5 0.6 0.7 0.8 0.9
Specific Gravity of Oil

Figre 8: The curves representtbeboxniaris(forwaterSOoF
ard 70 ©F) below which Stokes' law is krown to predict
drplet riserate with negligible emx-.

How accurate is Stokes’ Law?

Stokes' law is derired from Newton's laws of particle ad fhid
mectenics and it gplies anly to dojects risirg ar falling in a fhid
wder certain axditions krown as Stokes’ flow caditians . These
oaditions are that the doject must be spherical in depe, ad suf -
ficiatly small and slow-moving so that microsoopic turbulence and
“boundary layer” effects do not aare into play in the vicinity of
tre risirg ar falling doject.

Fartretely, Stckes' law is almost perfectly suited to the design of
wost gravity cil-water separatars .This is trie far two reasons (First,
because of cil’s natural hydrophdbicity and the phenomenon of
arface tension, smell drplets of cil are spherical in sepe.
Secard, although there may exist a significat pxrtim of larger
drglets far which Stokes’ flow caditions will not be sarisfied as
theyrise, the swller ail duplets thet are most criticel to ggaratar
pxfagmance nearly always lie within  tiet range for which
Stokes’ law is known to be accurae (s illstrated in Figure 8
abovs.

Stokes’ law will aily ke useful in predicting the risrates of
drplets risirg in g6l water ar were the flow regime is laminar.
Iaminar flow is where the water moves as ‘layers’ with ro vert-
cal mixirg, cradatin o tobulence. The idea is sinple. The
droplet must be able o rise vertically —from ‘layer’ to ‘layer’
withnt interference . Turbulence and eddying sinply undo the
process of separatim. Iaminar flow is a prerequiisite far any grav-
ity sgaration process .

In summary, if the dil-drplet in qestim is within the range of
sizes ard densities shown in the shaded portion of the grph in
Figre 8, ad the flow regine is laminar, Sxckes' law is acarate

ard relizsbke.
© Oldastle Precast Inc. 1996



Stckes' law - contirmed
Using Stokes’ Law

Stckes’ law is an eqation of farr varidbles .To calailate the rise-
rte of an cil-drdlet, all you need to do is plug in appropr iake vd -
ws far each of tre far varisbles o the right-hend side of the
eqatim:tledasitycftleoﬂ,&echsityof&ewa:er,&edjan-
eter of the oil dnplet (hich we know to ke a sphere) ard the
absolute viscosity of the water.Care needs to be taken to ensure
arrect values are chosen far each of these using the correct wnits .

Vismosity:

The valle for visaosity used in this versiom of Stckes' law is the
absolute visaosity of the water. This is measured in poise, -
tipnise, g/an.s (gmms per centimeter-second), Pa.s (Pascal sec-
avs) o lbn/ft-sec. Be careful with values given which are
described as “kinematic viscosities” (measured in Stckes,
certiStokes ar shgs). These must be converted to the sppropr &
ate “absolute viscosity ” value bef are this version of the Stckes”’
bw equation can be used.

Vales far the visxsity of water wmay be taken from Tablel for
most corditions. Notice how the visaosity of water changes dra-
matically with tenperature. At hicher temperatures, water
becares less visocous and therefare provides less resistanxe to
the motion of partidles - o thet they separate more easily.

Temperature Absolute

Viscosity
o o Poise

F C (=g/cm.s)
40 4.4 0.0155
45 7.2 0.0143
50 10.0 0.0132
55 12.8 0.0122
60 15.6 0.0113
65 18.3 0.0106
70 21.1 0.0099

Table 1: Relationship between viscosity and temperapnre of
waber

Shor taut method:

Figre 9 below was dervved using Stokes’ law.It may be used to
estimate the riserate of a drgplet of ail of a given size and densi -
ty when the water is at a tenperature of 50° F. For tenperatures
other than 50° F, te cooect rissrate value can be dbtained by
m ultiglying values tsken from Figure 9 by the appropriate aorrec-
tion factar given in Table 1 (gbove.
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Figmwe 9:

Rise-rate versus droplet sizefar cil-drpdlets of varios specific gravities inwater & 50 ° F
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Example Calculations

Exanple 1

Caleulate the rissrate of a 60 micron droplet of il that hes a spe-
cificgravity of 0.888 in water at a temperature of 50 F.

Solution:
60

d = 60 MiCrons = 60 IM = oo
v (1000} (25.4)(12)

=1.97x 10" feet

Temperature = 50 °F
The viscosity of water is related to temperature. Table 1
(page 9), tells us that at 50 °F
Viscosity = 0.0132 poise
For Stokes' law we need to use compatible units
Since 14.882 poise = 1 lom/ft-sec:
0.0132

M= i e lbm/ft-sec. = 8.87 x 10™ Ibm / ft-sec

Density of water = 62.4 bm / ft* (= B, )

Specific gravity of oil = 0.888

Density of oil = (0.888)(62.4) lbm/ ft°
= 55.41bm/ft* (=0,)

Acceleration to gravity:
g = 32.2ft/sec?

-P 2
Stoke's law:  V; = 9(P, -P )d
181
442
oy o (922)(624-554)(197 X 107)" ¢ g
U (18) (887 x 107
= 0.00055 ft/ sec
Example 2

CGaladlate the eff ective har zankal seperation area required to
ceparre all drplets with terminal velccities greater then ar equal
to thet of a 60 micron drplet of 0.888 specific gmavity ail in water
at a temperatre of 50 °F, fowing at 100 gallans per minute.

Salucion:

In example 1, we already calculated the terminal rise velocity
of this oil-droplet / water combination according to Stokes' law

vV, = 0.00055 ft / sec.
= (0.00055)(60) ft/min.
= 0.038 ft/ min.

Q = 100 gallons per minute

(1 cubic foot = 7.48 gallons)

. q=_100 . .
__~7.48 ft*/ min
= 13.37 ft*/min

Effective horizontal separation area required

Ay = S = 1387 o520 4°
v 0.033

Page 10

Example 3

Size a suitable rectangular cross-sectianed retention tank (APT
dl-water separay) fara critical rissrate of 0.033 feet/nin at its
crerating flow-rate of 100 gallans per minte. Wat size circular
wiit would be required to provide the same separation effective-
ness?

We will assume 20% inefficiency due to non-uniform flow
distribution {short circuiting), turbulence etc.
In other words, we will use a design factor of 1 21

Effective horizontal _
separation area

Actual horizontal area provided
1.2

Require a plan-area = 1.2 %——

T

In example 2, we found Sw =405.2 ft?

.
Actual plan area of separation chamber required
=(1.2)(405.2) ft* = 486.3 fi°

Inside width of retention tank = 8 feet
."+ Length required (at least) = J4886_3 feet = 60.8 feet

A circular unit (with central inlet and level perimeter discharge)
can be assumed not to have any significant inefficiencies,
because the flow is uniform radial.

The unit will have a circular inlet chamber at its center with a
diameter (d in equation below) of approximately 2 feet which must
be included when calculating the area of the circular chamber:

Diameter required = /_4_ (A + mdf )
T 4
4 2
= /T (405.2 + n(i ))
= 22.8 feet

Clearly both of these gyroaches invdve the crestion of very
laree sructhures:

23 feet

t This is similar to the design gproach far this type of sgarator recommended by

the American Petrolam Institute (Publication 421, 1990)
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Exanple Calculatians (contirued)

Example 4 BEanple 5 (contimed)
Check if tte fdlowing Oldcastle separatar is adequete for the - . )
same perfarmence requirements of example 3 (Vertical plate For a critical rise rate, V, , of 0.033 ft/ min.

spacing = 18.5 per vertial fan). Maximum flow-rate, Q = Vi-A, = (0.033 ft/ min)(555 ft*)

= 18.32 ft*/ min
= (18.32)(7.48) GPM
=137 GPM
Solurion: Example 6
Plate spacing: 18.5 / vertical foot If the corentradio of cil atering the seperator was known to be
12 . 250 mg / liter ad infarmation doaur the droplet size disrbution of
Vertical spacing between plate centers = TS =0.6491in. the dil etering the separanx revesled that typically 2% of the ail
. . 12 2 ’ byvolure in Exanple 1 is less than 60 microns, what would be the
Horizontal area density = a, = 0.649 ft* per cubic foot of stack omcentration of cil in the effluet from a sgarator cperatirg to
’ provide a desion riserate of 0.033 ft / min.?
= 18.5 ft*per cubic foot of stack
(This rule was given on page 7) Salution:

Notice how the number of plates per vertical foot is numerically
identical to the horizontal area density in square feet per cubic
foot. This is always the case (So it is not really necessary to do
this calculation).

At 50° F (0.888 s.g. oil), a separator operating to provide a
design rise-rate of 0.033 feet per minute removes all droplets
>60 microns in diameter

Total horizontal separation area 2. Fraction of original volume not removed <2 %
= (18,5 ft° M) (4 f ) (2 B )(3.75 fL ) = 555 ft* > Concentration of oil in effluent < (250 mg / liter){0.02)
.". This separator exceeds the performance requirements > Concentration of oil in effluent < 5 mg / liter
y ' ) 555 - 405.2 With the limited information given, we can only use an
Additional margin of performance provided = 052 inequality expression (i.e. one with '<') to describe the effluent
’ concentration.
= 36.9 %

Exanple 5

Wat is the desion risrate of the Oldeastle separator in Exanple
4 at 100 gallms per minue? What size oil-drplet does this axre-
sgad to (@l specific gravity = 0.888, water temperapnmre =
50°F? What is the maximum flowrate that can ke puat thraxh this
separary far a design risrare of 0.033 ft/min.?

Slutdon:
Critical rise-rate = Vr = S = _ 1337  ft/min,
A 555
= 0.024 ft/min

0.0004 ft/sec.

To calculate the size droplet to which this corresponds, we
rearrange the Stokes' Law equation (see example 1):

)
d = 18uVr _ /(18) (8.87 x 10 )(0.0004) (oot
g(P -%,) (32.2)(62.4 - 55.4)

1.68 x 10* feet = 51.3 microns
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Tnstallation

Plaming for site-drainage ad oil-water separa -
tar locstion

The Drainage Plan

Careful plaming of paved areas ad their drairege can signifi-
cantly aotr bute to successful catral of pollutarts . See figre 10.
Crsider the £Alowing:

. Vehicles, eguipment amd storage vessels and activities that
oee a risk of ail-discharge should be limited to a single location
if peesible

. Drainage from roofs ard green areas thet are unlikely to have
the same pollution problems should be routed separately — This
reduoes flowrates and treatment costs for contaminated water.

. If cccasianl excessive flows of water are wavolidable, allow far
by-passing of excess water to prevent flows from exceeding the
mexdnmun surge cgpacity of the separatar unit and other treat -
ment system components — By-passing can be achieved with
the help of detetim structores axd limited srface flooding as
ilhgrated in Figre 13. Alterretively a flow-diversion and recom-
birarion structure can be omstructed. Yar local Qldcastle
manifacturer may be able to provide a custan solution far yay,
such as a separatcr with irtegmted by-pessing features, &
ilhgrated in Figmre 11.

Location of separator

When plaming a suitable loetion far the ail-water separatr , keep
te fdlowing in mind

. The tcp of the separator should be located at a ridge or crown
in the pavement — Risers can be provided to creste tops to any
gde level desired (See Figure 12).

. Wen plaming for arsite detentio (axtrolled, limited flood-
irg), the flow castricticn nust be placed ypstream of the oil-
water separatar — Do not position flow-constricdon devices
downstream of the separatr ar plan far any backp of flow in
the separator chanber (See Figure 13.)

. Make swre that there is room for access by nmintenance vehi -
cles to the sgparator —To enable amvenient, regular mainte-
nance as necessary

. Locate the separator where it may be canveniently accessed by
persamel — Were it is unlikely to become permenently cov-
ered by stored mater ils , vehicles or machinery
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Runoff from
roofs and
uncontaminated
areas routed
separately
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Figme 10: Exanple of site-drainage plan farrucff treat -

ment {(The area shaded in grey is iderified where rucff
from the paverent has the potential to be contaminated) .
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Figme 11: Oldcastle Separatar with integmated by-pass.
" S~
o
Figmrel2: Iocate the separatar at a crown in the

pavement.
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The infamation presented here is far guidance purposes anly and Is rot interxded as a detailed instruction maal. It is the responsibility of the owner ar ambrac-

tor to eswre anpliance with all gplicble fedaral, state ad local codes ard regulatians.



Installation (cotirued)

Plaming the Installation of separatar

Oldeastle oil water separatcrs require the same care with installa-
timn as any similar reinforced-concrete enviramental structure.
Contact yar local Oldmastle representativefar specific guidelires
ard equiprent required to install a perticdlar model. In any case,
you should comply with applicable codes ard vegulations . Things
to plan ahead far are:

. Excavation

— In deep excavatians, it is inpartant thet the excavetim is kept
properly shored. Cleararce is reguired to allow far projecting
pipe fittirgs as well as the caxrete vailt (See figmeld).

. Proper bedding preparaticn
—The installed separatcor wnit must ultimetely ke suparted by
undisturbed or well-axpacted scil thet is wulikely to settle sig-
rificatly. Care needs to be taken to ensure that the bedding
material is prperly screeded ard conpacted to provice a firm,
kvdfardation for separaxx vait.

. Be of proper lifting equipment
—freller Oldmastle wnits are installed by koom truck cperatars
from your local Oldeastle Precast mendactur g fadility . Larger
sizes will require a crare to lower the wnit in place.

. Correct positicning of vault with respect to incaning and cutgo-
Irg pipes
— Yaurr Oldcastle Precast representative can advise yai an suit -
able pipe-sizes ad arrangements

. Correct placement of gaskets between vault base, tago-section
ard riser-sectiais
— Your local Oldcastle Precast memfacturer can recommend a
drabk, water- ad al-tigt joirt if recessaryfar yorr agplica-
tim. Special care needs to be taken in areass thet are prae to
high water-tebles to prevat Ifiltration of water into the seoa-
mtor chanber.The joint between riser sections in a cocrete
vault must be clemn befare goplication of any gasker. Gaskes
must be resistat to cil axd hydrocarbon compounds. Check
with the manifacturer to ensure that the gasket is suitsblefar
the aplication. Ask yar Oldastle representativefar advice in
mounting gaskets between caxrete sectians.

. Bven backfilling befare filling with water

. Protection of intemal coponents during canstruction work an
the surface
—Dur irg site anstruction wark, sediments ard debris shaould ke
kept axt of the separatr

. Saaling of pipe carecticons at all points in the drainage system
Durabk, nmm-carosive water-tigt sedls are essatdial to the
finctioning of separatars. Same special guidelines are given
over lesf .

Overflow

Maximum Water Level
‘// Dry weather Lev

Flow-contriction devi
- installed upstream of separator

Figure 13:

Srface detatim to aatrol flowrates

6" Minimum

[-— ] ) Finished
2 x Pipe Diameter Grade

Backfill evenly
on all sides

Bedding Material on
Undisturbed soil

Figure 14 : Plaming separatar installation
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Installation (conkbined)
Carectin of Pipe fittings:

Pire fittirmg far all-water separators must be ail- ard waer- tigt.
Where possibk, Oldmastle Precast mrefers to ship separators with
tee-sectims ard pipes already installed ard sesled, so that all the
ower ar axtractar has to do is provide the extrral coupling to
the arside drainage system. Occasions do arise, lowever, when
it is necessary to leave the installation of pipes util after the unit
tes been installed. In this case the separatar is shigped with
aed or cast-in holes. In this case, it is the regosibility o the
custarer or antractar to provide an adequate seal that is koth
durable ad flexible enough to function proper ¥far tre filll range
o dllowed omstrutiom tolerances. Ask yar loml COldmstle
Precast represertativefar advice an this issue.

Pipe to Wall Seals

When installing pipes ard tees into the separatar vailt, it is inpor-
tat to povide a goad seal to reduce risks of liquid inflow ar ax-
fow at the pipe-wall s=l. There are variety of methods for inaur irg
a drabk, well-sealed carection. Figure 15 shows two suitabk
ways tod it. Whatever method used, the integrity ad draddlity of
the seal deperds an the quality of preperatio, warkmanship, te
drsbility of the meterials used as well as the provision of a rigid
udation wder the vait-structire and piping.

Pipe-to-Pipe Seals

See Figure 16. Most pipe manfacturers have their own recom-
mendations far how best to achieve pipe-to-pipe seals .Again, the
key to achieving a good durable seal lies with the gelity of sxface
preparation, wakmanship, the draaility of mater ials used ard the
provision of proper bedding meterH far the valtstructure and
pipes.When you use proprigary methods, deck with the menu-
fBcturer to meke sure thet the sl is drable and can withstand
hydrocarbons and water. Fdlow the pipe-manfactmrers instruc-
tions when using proprigzry products .

Tees ard Pipe-extensians inside vault

The tee-sections and pipe extensions play inportat rdes in the
functicning of the separatar .Theyallow proper venting of incoming
fow and antrolled turbulence dissipation in the inlet chanber as
well as poviding additiaal catainmer for oil that becores
caped in the separapxr. It is inpxrtat, theefare, tet ey are
attached using properly sealed, baded (or mechenically joined)
axrectios just like the exterral pipe fitting carections. They
m ust be installed so thet they exterd to the axrrect elevatias, po-
vidirg sufficient fresbcard and baffling of water fowing at of the
separatx . See Figure 17

page 14

Roughened
or profiled
surface as
grout "key"

Diameter of cast
or cored hole

Expansion Ring

Epoxy surface
primer for PVC

Non-shrink
Hydrocarbon
resistant grout

Take-up" clamp

Fiexible filler Flexible "boot"

Water stop
bonded to

(a) pipe (b)

Figme 15: Typical pipe-wall ssls for PVC pipe: () usirg
a nn-shrirk graut and () using a prgrigary “boot” sys -
tem. In both cases careful preparatim of sxfaces of pipes
ad concrete ard the choice of suitable adhesives and
rimers for each material is essattial to the arestion of a
agod seal.

Ring gasket

I

Compatible pipe sections

(@

Coupling

"Take-up" clamps

Sleeve Gasket

Figure 16: Pipe to pipe seals outside segparatar ad for camect -
ing internal “tees” and extensims: (a) using proprigary
‘rell’ ends or pipes and (b) a typical sleeve copling
arangement .

freeboard

Extention below surface
= oil-dam at outlet
= flow deflector at inlet

Figme 17: Tee-sections required at inlet ad auclet



Operation and Maintenance

Note an Safety

Always exercise cautian when dealing with wdergrouwd installa-
tians, oil ard other hazardous substances. The details of all nec-
essary safety precautiais camot be covered in cdetail here.
Remamber, however, that the following may be necessary:

. Precautians when hardling oils and other substances —Some
oils are porentially hazardous substances

. Fire-prevention measures arouxd oil

. Measures to avoid accidents when inspecting or entering uder -
groud installations —Seek advice from a health and safery
expertifyau are in daubt abour correct safety procedires

. Corpliance with local, state ad federal safety requlations

Role ard finction of a separator

Oldcastle’s oil-water separator may ke thouht of sinply as a
hidhly efficiet gmavity-sgparation device, thet is caable of remov-
irg extrenely small droplets of oil ther would otherwise be carriad
a thragh the drainage system. The separatcr dees not destroy
the ail ar other pollitarts it cgoores . Etraps and provides tempo-
=y scxae far them.

The use of an oil-water separatar is recognized by the EPA, state
ard local envircnmental agencies as a Best Management Practice
(BMP) . The separatar will serve its prpose best when seen as a
corparent of a larger strategy to motect ruoff water gality.An
dlwater separatcr is a part o the site drainage system and will
aly & its jdb well if the aer parts (e . catchbasins, grit-cham-
bers, pipes etc.) are parfarming their functions properly to.

Though a separaxx far the most part requires little huen inter-
vetim to wak, it does need pericdic inspection, clesmirng and
prevetive maintenance.The amount of maintenance required will
vary with each gpplication. It is the regrsibility of the seperatr
ower to ensure that his separator inspection and maintensnce
plan suits the gplication requirements ard that this plan is prep-
e ly azried throxh. The owner can reduce maintenance costs by
making changes to wark mractices that generate exvessive quan-
tities of sedimets ard oil releases.

Fig 19 :Gravity o buoyancy) causes droplets of ail dispersed in
the water torise up axd separate from water. Tre film of ail
thet develaps an the surface must be removed periodiclly.
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Inspection
Regular inspection is the key to ensur ing thet an cil-water separa-
tar does its jdo wdl The internals of Oldcastle’s separators are

essily viewed simply by openirng the large access doors and lodk -
ing inside .Doing so, in most cases, tekes anly a minute.

The inspection frequency required for separatars varies from
gplication to gplication. It dgpads oy the quantities of ail
released at the site.Durirg the first few months of operatim, it is
advisable to inspect the sgarator axe a wesk to determine the
rte of accumulatio of solid meterial ad dil in the uiit. If the activ-
ity an the paved area which drains through the separary is fary
amsistent, then the frequency of ingpection can be reduced to as
little as axe every three months.

1 Oil Buildp
Measure the thickness of the layer of ail tet hes built p an tte
axrface of the separatar. It should be removed befare it reaches
a dgrh of two inches.

2 Solids Accumulation
Uee a lag pole to determine sludge build-up cn the bottom —
Jjudged by the resistance felt when you attenpt to push the pole
to the bottom of the separator chamber . If more then six indhes
of sludge has accumulated at the bottam of the unit, it requires

clesning ax.

3. Presence of debris axd flearable marerials in the inlet chenber
The inlet chanber must be ket clear. This charber and its
cpenings are importat far dissipeting turbulence and distr b -
irg the flow of water through the separaxxr.The inlet chanber
also acts a5 a last lire of defense for the sgparatar agminst
heavy grt, floating ad ssttling ddxr 5. Excessive amounts of
these in the separatar is an indication of prblems with the sys-
tem upstream that should screen cut these materids .

4 W ater Ievel in the wit

Check that the water level has et risen excessively irside the
uit, The waber level inside the separatar should neverrise more
then twelve inches above its standing level (unless the separa-
tor has been designed to allow far additicml freeboard) The
static water level should ke the same as the level of tte invertd
the atlet pipe (ar atlet weir —if ae is presat). An excessive
rise in water level dring qperatim is an indication of blockage
either downstream of the separatcr or within the calescirg
plates themselves.

5 The Whole System
Ingpect catch-basins, cther units ad drained areas upstream of
separaxy . Tre level of the top of solid material in the base of giti
chambers and catchbasins should be well below the level of the
Isert of the pipe leaving the catch basin. Make sure that paved



Operation and maintenance (contirued)

Ingpection (cotined)

areas drainirg to the catdiasins are free of large quntities of
sard ard dirt amd other meterials thet could irterfere with the
system such as detergents, silvers, add atifreeze agents.
These substances cause oils to become more thoroughly mixed
with water so thet grester quntities of the ail are dispersed as
extrarely smll dreplets (< 10 Micrans), emulsians and even
solhutions . While in this state, dils lave little tedeaxcy to sea-
mte .

Pearicdic clesning axd prevative maintenance is essatial to the
rrper functioning of ail-water separatars.

01l Renoval from the surface

Oil thet is removed fram a separator should be stored separately
as a potentially hazardous mater H. If poesible, stae it sfely with
ather used ails ad regycle it. 01l can be removed fram the surface
of the water in cil-water separatars by a nunber of means:

. Wet vacuuming
This is the quickest and most convenient methed far frequent: cdl-
removal fram a separatcr Most imdustr ial wet/dryvacuum clean-
ers are suitablkefar this .Fntry into the sgparatar is not necessary
ard special extensions and skinming attachments are availdbk
fr doirg this jdb.

. Using skinmming devices

Many skimmer devices are availsble thet lave low energy
requirements .The sinplest is a roype or belt skinmmer where an
adsarbent kelt (or logped rpe) is fed amtinucusly thraugh the
dliater axrface in the separakr . Skimers are useful anly in
situations where there is amstant cil-buildp in the sgparaxr.
They are slow and require frequent inspection and mainte-
nance.

. Bulk punping of the entire separator cmtents

In sare cases (especially after an accidental buk saill of cil), it
is best to ditain the services of a professiaal tark clesning
company, who usually removes a separator’'s entire oatents
@1, water ard salids) using special vacuum trucks .This materi
al is then delivered to a licensed treatment facility were the ails,
solids ad classifisble materials can be estracted and recycled
a safely stared.

Solids Removal from separator chambers

Bulk puping of shude that collects at the bottan of the oil water
separator is recamarded if the level of sdlids bulldp inside the
separator chamber exceeds six inches .This is best achieved using
the services of a prefessicnal tarnk cleaning conpany.This type of
cleaning should not be expected to be necessary more than once
ayear. Fexoessive sludge bulldp is a mblan, it may be due to
prcblems with catchbasins and grit-chanbers upstream of the
separatx

Maintainirg the ccalescinyg plates

The ccalescing plates in an Oldcastle separator are designed to
operae far lag pericds without requiring maintenance.
Inclimations and carrels in the plate stacks enable sdlid par tides
to settle axt of the systam ad ¢il to g=dslly flow to the water sur-
face.

In the evat of the separatar receivirg a heawy silt loed, it may be
necessary to clear the plate-stacks of this material with a hose
(high-pressure if necessary. This can be accomplished without
movirg the plate-stacks . It is mot necessary to ompletely clean
the plates in arder for them to wark propery.

Renoving and Installing Coalescing-Plates

Soretimes it is desirable to campletely remove the plate-stacks
fr dleser inspection of the denber or irtensive maintenance if
nuisance substances were introduced into the separar ar if te
plates become damaged. The plate-stacks Oldcastle uses are
modular and may be lifted easily throuh the sgparator access
doors .Take care to ensure that they are replaced aorrectly with the
proper components securing them in place in their owrrect posi-
tas like those shown in Figure 19 below.

Lifting eyes for ~ Bracing member

Plate-stacks

Surface-Stabilizing Baffie

Coalescing
Plate-stack
Modules

Figmre 19:

Iternal camponents need to be properdy
positioed in the separation chamber
@ Oldcastle Precast Inc. 1996



10 essentials
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wak practices . As time goes an pecple are becoming less and less tolerat of avoidableruxff pallution ad
prelties for non-compliance are becoming more and more severe.

2 Iretall an ail-veter seperator
—which provides relizbk, measurable pefamance, maintainebility ard drraaility

31 Create a cottingency plan fior dealing with small and large releases of oils ad polluting substances
—Yau can startby locking up local tank-cleaning compenies and enquir ing abaut their services and how quick-
ly ey can respad. When a spill or accident coarrs that poses a potentially hazardous situation, yarr pricrity
is to minimize damage . Inplement a suitable clesnup procedure promptly and document the incident. Chances
are yai will have aopletely averted the risk of any sericus envirormental damage . Instead of sesirg the incd -
dent as a “disaster”, take pride in the suxess of yarr ootingecy clean-up plan.

4 Get toxh an all liquids and neterials that cauld be carried into your drainege system —Maintain a clean shop.
Keep litter, sad, sail, ec. off raved areas .Also,keep a close waxh for the fdlowing liquids that can damage
the functioning of an oll-water separatr : antifreeze agents, degreasers, detergents, alodols and solvents.

5 Pay attention to yorr oil-water separatar and the rest of the drairage system and clesn and maintain it prompt -
ly when necessary —Inspect yar cil-water separatar regularly (it swuld aily tske a minus). Also checkyar
catchbasins and other structures . Fird the safest, most convenient method you can use to clean them out as
needed.

6 Service your drainage system praptly —Do not wait uril te system is filll of all o solids. 0il should be
removed befare it reaches a level of 2 indes.Do not use a separatcar ar any other part of e drainage system
as a reogpracle far used all. Do ot leave the separator ar other parts of the drairage system full of large quan-
titles £ dil far layg periods of timel.

7. Stare used il and oil revoved fram separator together in a safe, well coatained location for hazardous wastes
ad Ieve it st to a liceneed recyclirg facility —Tn parts of the cartry, pegple are profiting from the sale of
wase dl. There may be similar qgortinities in yor area.

8 Ingpect your mechinery ard liquid storage regularly and uxiertake preventive measures for early detection and
prevention of lesks from coyoded or wom perts —Prevertive maintenance of yar vehicles’ equipment saves
you money by redxing costly repairs and downtime. It also reduces the cost of maintaining yar rucff trest -
ment system and enhances its reliability.

2 Reduce risks that help you redxe costs —When more enviramentally somd workfractices and source oon-
trol measures are adopted, the separator and other components of your treatment system require less ard less
maintenance . Regular separatar servicing should mot ke a time-cmsumirg or costly activity . Maintaining yamr
separatar this way reduces the need for wore acstly ard intensive overtail at a later stap.

10. Tske regponsibility fir your omn effluent —No-one else has the power you have to artil runcff pollution frem
yar site. D it is yor respmsibility.Oldastle’s oil-water separator reresents the state of the art ngmavity
separatar design, buc it issdll ailya tmd to help you axtrol your water gelity.There is ro technology that can
axaretically take aare of all of your water gality war ies . Avaid over-reliace an cil-level sensors ard alarms,
lesk detection equipment: etc. Such devices may be urelisble in tte log run and may provide yau with a false
sense of securiy. There is ro sibstitute far visually inspectirg yar drainage system an a regular basis (which
shaild anly take a minute anyway.

e e e estttteeeeeereerrmereed

t Staring large quakities of oil and cther porertially hezardous liguids in an qpen hydrailic system is stxargly discoraged and illegal in meny perts of the qartry. As
well as crestirg a fire ad safety hazard, envivamental risks remsin. Double-walled contairment of oil-water seperator chambers does nt constitute secaxhary con-
tadmment of liquids because the system is cpen. Oil ard other water ials can be re-arained into the effluat as a result of blrkage-induced swge ar turbulence, tre
accidertal relesse of interfering substances (e g detergents) into the separator and the coamence of other urpredictable physical, chemical or micrdoiclogical reac -
tiae at the oil waber interface .





