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BASIS OF DESIGN
FOR
GROUNDWATER REMEDIATION SYSTEM
AT
FLINT HILLS RESOURCES, LP
NORTH TERMINAL
WILMINGTON, NORTH CAROLINA

MAY 16, 2003
CATLIN PROJECT NO. 201-125
1.0 DESIGN BASIS

The Basis of Design for this project focuses on the treatment of contaminated surficial
groundwater at the Flint Hills Resources, LP (FHR) North Terminal in Wilmington, North
Carolina. This design is being prepared in general accordance with the Corrective Action
Plan Addendum (CAPA) report dated August 9, 2002 for use as part of the Non-Discharge
Permit Application for the State of North Carolina Department of Environment and Natural
Resources, Division of Water Quality. The Basis of Design and the Construction Plans are
considered Attachments O and E, respectively, of the Non-Discharge Permit application.

This Basis of Design is limited to the proposed groundwater remediation systems discussed
within. Two separate groundwater pump and treat systems have been proposed for the North
Terminal. One system is proposed for the PX Facility (identified on Sheet 3) and the other is
proposed for the Gasoline/#2 Fuel Oil Facility (identified on Sheet 4 and herein referred to as
the Loading Rack Area). The sections within the Basis of Design have been subdivided by
PX Facility and Loading Rack Area.

FHR North Terminal is located at 3325 River Road in Wilmington, North Carolina as
illustrated on Sheet 1 of the Construction Plans. As discussed in the CAPA, the North
Terminal is subdivided into two facilities. These facilities are identified as the PX Facility
and the Gasoline/Fuel Oil Facility on Sheet 2 of the Construction Plans.

The proposed remediation system enhancements outlined in the CAPA included the
installation of additional air sparge wells. The air sparge wells are operated independent of
the groundwater pump/treat system and are not included as part of this Basis of Design.

The goals of this proposed groundwater remediation system is to collect and reduce
recovered surficial groundwater concentrations to below the current NCAC T15A:02L
Groundwater Quality Standards (2L GWQS) prior to discharge. The groundwater removed
from the proposed recovery wells will be pumped into one of the proposed groundwater
remediation systems. This basis of design is limited to only the design of the recovery wells,
the associated groundwater remediation system components, and the infiltration gallery
discussed within this document.
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It is important to note that the site history has been discussed within the CAPA and was also
considered in the design of this groundwater remediation system.

1.1  PXFACILITY
1.1.1 Groundwater Remediation System Components

The major design components of each system include the following:

Recovery Wells

Remediation Equipment Trailer
Oil/Water Separator

Air Stripper

Effluent tank

Infiltration Gallery

A description of each component and the associated manufacturer
information is provided in the attached sections.

1.1.2 System Layout

Surficial groundwater will be pumped from recovery wells KRW-5, KRW-7
and KRW-8. See Sheet 3 of the Construction Plans for location of these
recovery wells. Recovery well KRW-5 was installed on November 3, 1997,
prior to submittal of the CAPA. This recovery well currently discharges to
the Facility Wastewater Treatment Plant (FWTP); however, this well is
proposed to be rerouted into the proposed groundwater remediation system.
Recovery well KRW-7 was installed on November 13, 2002, after submittal
of the CAPA. The location of KRW-7 was based on the suggested location
provided in the Final Report Evaluation of Enhancements to the Existing
Groundwater Recovery System by Breen GeoScience Management, Inc.
(BREEN). Recovery well KRW-8 was installed on November 14, 2002, after
submittal of the CAPA. The location of KRW-8 was based on the
recommendation provided in the CAPA.

As previously noted, surficial groundwater will be pumped from recovery
wells KRW-5, KRW-7 and KRW-8 via the use of electrical submersible
pumps. The groundwater will discharge to the groundwater remediation
system, which will consist of an oil/water separator, an air stripper, and an
effluent tank. The treated groundwater will then be discharged to an
infiltration gallery. The proposed location of the groundwater remediation
system and infiltration gallery is provided on Sheet 5 of the Construction
Plans. A schematic illustration of the groundwater flow from the recovery
wells to the infiltration gallery is provided on Sheet 7 of the Construction
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Plans.
1.1.3 Explanation of System Flow Rates

As previously discussed in Attachment I of the Non-Discharge Permit
Application, the maximum flow rate may be 60 gpm at low groundwater
conditions and 80 gpm at high groundwater conditions. The system
components discussed above have been conservatively designed on the
maximum flow rate of 80 gpm. The maximum flow rate will be determined
by low and high groundwater conditions as measured in monitoring wells
adjacent to the infiltration gallery. Low and high groundwater conditions will
be established by a system performance test that has been suggested by
BREEN to stimulate capture of fluid discharged to the infiltration gallery. In
summary, this basis of design has been completed with the assumption that
the maximum flow rate through the remediation system will be 80 gpm and
that the quantity of recovery wells may be increased based on a system
performance test.

1.2 LOADING RACK AREA
1.2.1 Groundwater Remediation System Components
The major design components of each system include the following:

Recovery Wells

Remediation Equipment Trailer
Oil/Water Separator

Air Stripper

Effluent tank

Infiltration Gallery

A description of each component and the associated manufacturer
information is provided in the attached sections.

1.2.2 System Layout

Surficial groundwater will be pumped from recovery wells LRRW-1, LRRW-
2, LRRW-3 and LRRW-4. These recovery wells were installed on December
23 and 30, 2002, after submittal of the CAPA at the locations illustrated on
Sheet 4 of the Construction Plans. The location of the recovery wells was
based on preliminary groundwater modeling completed by BREEN. These
locations were verified in the Results Initial Aquifer Testing, 2”” Monitoring
Wells, Truck Loading Rack by BREEN.

As previously noted, surficial groundwater will be pumped from recovery
wells LRRW-1, LRRW-2, LRRW-3 and LRRW-4 via the use of electrical
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submersible pumps. The groundwater recovery pumps will discharge to the
groundwater remediation system, which will consist of an oil/water separator,
an air stripper, and an effluent tank. The treated groundwater will then be
discharged to an infiltration gallery. The proposed location of the
groundwater remediation system and infiltration gallery is provided on Sheet
6 of the Construction Plans. A schematic illustration of the groundwater flow
from the recovery wells to the infiltration gallery is provided on Sheet 8 of
the Construction Plans.

1.2.3 Explanation of System Flow Rates

As previously discussed in Attachment I of the Non-Discharge Permit
Application, the BREEN Technical Memorandum recommended four
recovery wells be proposed for the groundwater remediation system at the
Loading Road Area. Recommendations in the Technical Memorandum state
that the total pumping rate of the four recovery wells would be 23 gpm.
CATLIN has assumed this flow rate would be the operational flow rate.
However, in order to allow for the addition of recovery wells or pumping
rates in the future, CATLIN has designed the groundwater remediation
system for a maximum flow rate of 40 gpm.

1.3 REFERENCES

Breen GeoScience Management, Inc. November 5, 2001, Evaluation of
Enhancements to the Existing Groundwater Recovery System Koch North
Terminal Tank 301 Para-Xylene, Wilmington, NC.

Breen GeoScience Management, Inc. January 20, 2003, Revised Technical
Memorandum, Subject: Addendum to November 2001, Groundwater
Modeling Report entitled "Final Report, Evaluation of Enhancements to the
Existing Groundwater Recovery System, Koch North Terminal Tank 301
Para-Xylene."

Breen GeoScience Management, Inc. March 13, 2003, Technical Memorandum No.
3, Subject: Results Initial Aquifer Testing, 2” Monitoring Wells, Truck
Loading Rack.

Carlyle Gray & Associates, May 21, 1984, Final Report of Para-Xylene Spill Sun
Refining and Marketing Terminal, Wilmington, NC.

CATLIN Engineers and Scientists, August 9, 2002, Corrective Action Plan
Addendum.

Code of Federal Regulations 29, Part 1910, Revised as of July 1, 1990. Office of the
Federal Register National Archives and Records Administration.
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Fugro Geosciences, Inc., March 21, 2002, Report Number: 0304-1268, Report Rapid
Optical Screening Tool (ROST) Testing and Related Services Koch Refinery,
Wilmington, NC.

IT Corporation of North Carolina, Inc., July 3, 2001, “Semi-Annual Remediation
System Monitoring Report”, Prepared for Sun Refining and Marketing
Company, Philadelphia, Pennsylvania.

IT Corporation of North Carolina, Inc., December 19, 2001, “Semi-Annual
Remediation System Monitoring Report & September 2001 Soil and
Groundwater Sample Study Results”, Prepared for Sun Refining and
Marketing Company, Philadelphia, Pennsylvania.

North Carolina Administrative Code, Title 15, Department of Environment, Health
and Natural Resources, Division of Environmental Management, Subchapter
2L, Classifications and Water Quality Standards Applicable to the
Groundwaters of North Carolina, November 1993.

Richard Catlin & Associates, June 6, 1996, "Report of Additional Groundwater
Assessment Findings Northeast Extent of Para-Xylene Plume for Sun
Refining and Marketing Company, Wilmington NC."

Richard Catlin & Associates, April 16, 1996, "Corrective Action Plan for Koch
North Terminal Tank 301, 3325 River Road, Wilmington, North Carolina,"
Prepared for Koch Refining Company, L.P.

Richard Catlin & Associates, August 7, 2000; "Comprehensive Site Assessment for
Koch North Terminal Tank 301, 3325 River Road, Wilmington, North
Carolina," Prepared for Koch Refining Company, L.P.
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2.0 RECOVERY WELLS

The design of the recovery wells consisted of the following items: the recovery well, the
recovery well pump, and the recovery well pump protector devices. The following sections
discuss the design of these items.

2.1 PXFACILITY
2.1.1 Design of Recovery Well

As previously discussed, the proposed groundwater remediation system will
treat groundwater from recovery wells KMW-5, KMW-7 and KMW-8. The
location of these wells is illustrated on Sheet 3 of the Construction Plans.

The recovery wells were generally installed to a depth in which a confining
clay layer was encountered. The recovery wells were constructed of a4-inch
stainless steel casing and screen. The attached boring logs and well
construction records illustrate the soil types encountered, the depth of the
recovery wells, the length of casing and the length of screen for the recovery
wells associated with the proposed groundwater remediation system.

2.1.2 Design of Recovery Well Pumps (KRW-5, KRW-7 and KRW-8, only)
2.1.2.1 Assumptions

e The distance from KRW-8 to the groundwater remediation system
is slightly farther than KRW-7 and KRW-5. Therefore, the
location of KRW-8 was used as the worst case headloss scenario
for the design of the recovery well pumps.

e Drawdown in the recovery well will be approximately 15 feet.

e The distance from the recovery well to the groundwater
remediation system is 270 feet.

e The discharge line will be 1 1/4 inch Green XLPE Hose
manufactured by Goodyear or approved equivalent.

e The maximum pumping rate to achieve drawdown will be 20
gpm.

e KRW-5 pump size will be upgraded to accommodate the total
head loss discussed below.

2.1.2.2 Selection

The attached recovery well pump design calculations and
manufacturer information were used to select the recovery well
pumps for KRW-5, KRW-7, and KRW-8. Based on the design
calculations the minimum pump size must maintain a maximum flow
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rate of 20 gpm with an approximate total head loss of 60 feet. The
plan is to utilize the 16E7 (3/4 HP) Grundfos Redi Flo Environmental
Submersible Pump with a Franklin Electric 4" Pollution Recovery
Submersible Motor or approved equivalent for the recovery pumps at
KRW-5, KRW-7 and KRW-8.

2.1.3 Design of Recovery Well Pump Protectors
2.1.3.1 Assumptions

e A pump protector is needed to prevent pump overload and
underload.
e Eachrecovery well will require a separate pump protector device.

2.1.3.2 Selection

The attached recovery well pump protector design calculations and
manufacturer information were used to select the recovery well pump
protectors. Based on the selected recovery well pump, the plan is to
utilize a Coyote Pump Protector, Model 3PH230V-ENC by Coyote
Manufacturing, Inc. or approved equivalent for the recovery pump
protectors at KRW-5, KRW-7, and KRW-8.

2.2 LOADING RACK AREA
2.2.1 Design of Recovery Well

As previously discussed, the proposed groundwater remediation system will
treat groundwater from recovery wells LRRW-1, LRRW-2, LRRW-3, and
LRRW-4. The location of these wells is illustrated on Sheet 4 of the
Construction Plans.

The recovery wells were generally installed to a depth in which a confining
clay layer was encountered. The recovery wells were constructed of a4-inch
stainless steel casing and screen. The attached boring logs and well
construction records illustrate the soil types encountered, the depth of the
recovery wells, the length of casing and the length of screen for the recovery
wells associated with the proposed groundwater remediation system.

2.2.2 Design of Recovery Well Pumps
2.2.2.1 Assumptions

e The distance from LRRW-1 to the groundwater remediation
system is slightly farther than LRRW-2, LRRW-3 and LRRW-4.
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Therefore, the location of LRRW-1 was used as the worst case
headloss scenario for the design of the recovery well pumps for
LRRW-2, LRRW-3 and LRRW-4.

e Drawdown in the recovery well will be approximately 10 feet.

e The distance from the recovery well to the groundwater
remediation system is 265 feet.

e The discharge line will be 1 1/4 inch Green XLPE Hose
manufactured by Goodyear or approved equivalent.

¢ The maximum pumping rate will be 10 gpm.

2.2.2.2 Selected Recovery Well Pumnps

e The attached recovery well pump design calculations and
manufacturer information were used to select the recovery well
pumps for LRRW-1, LRRW-2, LRRW-3 and LRRW-4. Based
on the design calculations, the minimum pump size must maintain
a maximum flow rate of 10 gpm with an approximate total head
loss of 30 feet. The plan is to utilize the 10E5 (1/2 HP) Grundfos
Redi Flo Environmental Submersible Pump with a Franklin
Electric 4" Pollution Recovery Submersible Motor or approved
equivalent for the recovery pumps at LRRW-1, LRRW-2,
LRRW-3, and LRRW-4.

2.2.3 Design of Recovery Well Pump Protectors
2.1.3.3 Assumptions

e A pump protector is needed to prevent pump overload and
underload.
e Eachrecovery well will require a separate pump protector device.

2.1.3.4 Selection

The attached recovery well pump protector design calculations and
manufacturer information were used to select the recovery well pump
protectors. Based on the selected recovery well pump, the plan is to
utilize a Coyote Pump Protector, Model 3PH230V-ENC by Coyote
Manufacturing, Inc. or approved equivalent for the recovery pump
protectors at LRRW-1, LRRW-2, LRRW-3 and LRRW-4.
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BORING LOGS AND WELL CONSTRUCTION RECORDS
FOR
APPLICABLE PX FACILITY RECOVERY WELLS
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MAIL DEKVILE CENIEK -
LEIGH, N.C. 27699-1636 —~ PHONE (919) 733-3221

WELL CONSTRUCTION RECORD WELL CONTRACTOR: _Bobbie Fowler
WELL CONTRACTOR CERTIFICATION #: _ 1142
KRW-5 STATE WELL CONSTRUCTION PERMIT #: _ N/A
1. WELL USE (Check Applicable Box): Residential Municipal Industnial Agricultural Monitoring

Recoverv Heat Pump Water Injection Other  If Other, list use:

2. WELL LOCATION: (Show sketch of the location below)
Wilmington - County: __ New Hanover

Nearest Town:

3325 River Road. KOCH NORTH TERMINAL

(Road Name and Numbers, Community, or Subdivision and Lot No.) DRILLING LOG DEPTH
3. OWNER _ KOCH PETROLEUM GROUP. LP . From To Formation Description -
ADDRESS ___ 3334 River Road 0 20 TAN/BROWN
: FINE —COARSE

(Street or Route No.)
Wilmington. North Carolina 28403
City or Town State Zip Code

SAND POORLY
SORTED (SP)

DATE DRILLED 10723/97
TOTAL DEPTH 20.0°
CUTTINGS COLLECTED X_YES NO
DOES WELL REPLACE EXISTING WELL? YES X_NO
STATIC WATER LEVEL Below Top of Casing 5.0 Ft
sc “+” if Above Top of Casing)
9. TOP OF CASING IS 1.0 Ft. Above Land Surface*
*Top of casing terminated at/or below land surface requires a variance in
accordance with 15A NCAC 2C.0118
10. YIELD (gpm): N/A METHOD OF TEST N/A

11. WATER ZONES (depth) ___ Surficial Aguifer 5 - 50’

® N oa

12. CHLORINATION: Type N/A Amount N/A If additional space is needed,use back of form
13. CASING: Wall Thickness
Depth Diameter or Weight/Ft. Material LOCATION SKETCH
From 0 To 5 _Ft 6” SCH 40 Stain. Stl. (Show direction and distance from at least two State
From To Ft. : Roads, or other map reference points)
From To Ft.
14. GROUT:
Depth Material Method
From 0 To 1 _Ft Cement Tremie
From To Ft.
15. SCREEN: .
Depth Diameter Siot Size Material
From 5.0 To 20.0 Ft 6 in._ 010 in Stain. Stl.
From To Ft. .
From To Ft.
16. SAND/GRAVEL PACK:
Depth Size Material
From 3.0 To 20.0 Ft. Torpedo - SAND
From To Ft.
17. REMARKS:
1 DO HEREBY CERTIFY THAT THIS WELL WAS CONSTRUCTED IN ACCORDANCE WITH 15A NCAC 2C, WELL
CONSTRUCTIONN STANDARDS, AND THAT A COPY OF THIS RECO S BEEN PROVIDED TO THE WELL OWNER.
f/%ﬂ 4 4 O/Z fos
SIGWURE OF/PEﬁSON CONSTRUCTING THE WELL DATE
FOR OFFICE USE ONLY [ .
Quad No:
Serial No:

Submit original to Division of Water Quality, Groundwater Section within 30 days

GW-1 REV.12/99




WELL LOG

ENGINEERS and SCIENTISTS

CATLIN BORING LQG 195-033.GP. CATLIN GOT 01/07/03

North Carolina SHEET 1 OF 1
PROJECTNO.. 195-033  |STATE: NC | COUNTY: __ New Hanover | LOCATION: _ Wilmington
PROJECT NAME: Koch North Terminal LOGGED BY: Chgrles Ray | WELLID:
DRILLER: Bobbie Fowler KRW-7
NORTHING: I EASTING: SYSTEM:
BORING LOCATION: Kock North Terminal T.0.C.ELEV.:
DRILL MACHINE: Diedrich D-50 METHOD: HSA 0 HOUR DTW: BORING DEPTH: 30.0
START DATE: 11/13/02 FINISH DATE: 11/13/02 24 HOUR DTW: WELL DEPTH: 29.0
WC Ul
DEPTH BLOWCOUNT | OVA LAB. (s: 5 SOILSANII:;):ROCK VéEL%L
6in | 6in | 6in | 6in | (PPM) s | G |DEPTH DESCRIPTION DETA
0.0 LAND SURFACE 0.0
] [ 0.0 ]
] C 2 ]
] 8 ]
135 1 135 - : ]
] 7118|1014 Med. SAND with few shell fragments. i_ ]
17.5 7 :35335 17.5 B ]
9 (12]14]16 - E
] White, clean, med. SAND with trace clay. i ]
21.5 ] O N
.E 1011311812 ::51535 24.0 - 24.0 _:
2|
. cL Light Olive color, SANDY CLAY, med. to cse. grained - o .
] 517 (10(12 sand in matrix with med. plasticity. i ]
] [ 29.0 _ ]
295 - 205 ' :
. Y
] Boring Terminated at Depth 30.0 it i ]
] - ]

HP = Hydraulic Push  NM = Not Measured

#2 Medium Sand




WELL CONSTRUCTION RECORD KRW-7

North Carolina - Department of Environment and Natural Resources - Division of Water Quality - Groundwater Section

WELL CONTRACTOR (INDIVIDUAL) NAME (print)___BObbie Fowler, CWD ' CERTIFICATION #_286
WELL CONTRACTOR COMPANY NAME CATLIN Engineers and Scientists PHONE # (910) 452-5861
WR# 0800588 ASSOCIATED WQPERMIT# ______NA

STATE WELL CONSTRUCTION PERMITH#

) (if agglicable) : (if agalicab]e)‘

1. WELL USE (Check Applicable Box): Residential 0 Municipal/Public 0  Industrial 0  Agricultural O
Monitoring 0 Recovery ® Heat Pump Water Injection [0~ Other O If Other, List Use

2. WELL LOCATION: ' Topographic/Land setting -
Nearest Town: Wilmington County__ New Hanover ORidge OiSlope [Valley ®Flat
3325 River Road, NC, 28406 (check appropriate box)
(Street Name, Numbers, Community, Subdivision, Lot No., Zip Code) _ Latitude/longitude of well location
3. .OWNER: Flint Hill Resources, LP . (degrees/minutes/seconds)
Address _3325 River Road Latitude/longitude source:(dGPSOTopographic map
(Street or Route No.) ] (check box)
Wilmington NC 28406 . DEPTH DRILLING LOG
City or Town State Zip Code From To Formation Description
(L910_)-_799-0180
Area code- Phone number o) 23 FatE 7w MED. SAK D,
4. DATE DRILLED 11/13/02 Fevt ArEs { cerns
5. TOTAL DEPTH: 29.5
6. DOES WELL REPLACE EXISTING WELL? YES[O NO X 23 25.5 SANDY CLAY
7. STATIC WATER LEVEL Below Top of Casing: 8 FT. )
‘ (Use “+" if Above Top of Casing) -
8. TOP OF CASINGIS___1____FT. Above Land Surface* 285 1450 _MER T CommsE
*Top of casing terminated at/or below land surface requires a :
variance in accordance with 15A NCAC 2C.0118. ceay, MENIM
9. YIELD (gpm):_ N/A _ METHODOF TEST___N/A _/z{.AfLZLa_z;__
10. WATER ZONES (depth): Surficial
. ‘ LOCATION SKETCH
11. DISINFECTION: Type N/A Amount N/A Show direction and distance in miles from at least
two State Roads or County Roads. Include the road

12. CASING: Wall Thickness
Depth Diameter or Weight/Ft. Material numbers and common road names.

From__ 24 To_ 29 Ft__ 6" Sch 40 SS

From To Ft.__-

From To Ft.
13. GROUT:  Depth Material Method

From__ 0 To__1 Ft.___ Portland Tremmie SEE FIGURE

From To Ft.___ Bentonite Pour
14. SCREEN: Depth Diameter Slot Size Material

From_ 1 To__24 Ft_6 in. 0.010 in. SS

From To Ft. in. in.
15. SAND/GRAVEL PACK:

Depth Size Material

From 1 To 30 Ft. Coarse Torpedo

From To Ft.
16. REMARKS: Casmg was used where the well intersected a clay layer at 25 to +29.5 feet below grade.
1 DO HEREBY CERTIFY THAT THIS WELL WAS CONSTRUCTED IN ACCORDANCE WITH 15A NCAC 2C, WELL
CONSTRUCTION_STANDARDS, AN?:H/%Y OF THIS RECORD HAS BEEN PROVIDED TO THE WELL OWNER

ﬁ»ﬁ/ /2-F-02
SIGNATURE OF PERSON CONSTRUCTING THE WELL DATE

Submit the original to the Division of Water Quality, Groundwater Section, 1636 Mail Service Center - Raleigh, NC
GW-1 REV. 07/2001

27699-1636 Phone No. (919) 733-3221, within 30 days.




WELL LOG

ENGINEERS and SCIENTISTS

Wilmington, North Carolina SHEET 1 OF 2
PROJECTNO.. 195-033  |STATE: NC | COUNTY:  New Hanover LOCATION: __ Wilmington
PROJECT NAME: Koch North Terminal LOGGED BY: Chgrles Ray |WELLID:
DRILLER: Bobbie Fowler KRW-8
NORTHING: ‘ EASTING: SYSTEM:
BORING LOCATION: Kock North T.0.C.ELEV.:
DRILL MACHINE: Diedrich D-50 METHOD: HSA 0 HOUR DTW.: BORING DEPTH: 30.0
START DATE: 11/14/02 FINISH DATE: 11/14/02 24 HOUR DTW: WELL DEPTH: 28.0
BLOW COUNT | ovA 3 L SOIL AND ROCK WELL
DEPTH LAB. 0
in | 6in | 6in | 6in | (PPM) S | 6 |pEPTH DESCRIPTION DETAIL
0.0 LAND SURFACE 0.0
0.0 ] B | 0.0 i
Jle|Rr|A|B n E
7] Sp Olive, med. grained SAND with few fines. Odor __ 7]
i present. L ]
~ I ~
i L @ i
13.0 1 L e i
121121|34 |44 B i
17.0 ] ?Zﬁgfj; 17.0 i ]
B S.A.A, med. to cse. grained. High odor. —_ ——
1242635132 - .
g 21.0 1 i ]
= Tan, S.A.A. Slight odor. - B
410|719 (11 | 230 ]
25.0 - |20 i 25.0 |
: 7 cL Mottled, fine to med. grained, SANDY GLAY with B ]
| high plasticity. No odor. L .
- 8/18|3632 1270 .
_ % 280 ]
] sC Green, fine to med. grained, CLAYEY SAND. B |
% Glaconite sand. No odor. L |
29.0 7
: 1G|/R|A B 4 30.0 _ 200 |

HP = Hydraulic Push  NM = Not Measured

#2 Medium Sand @ Bentonite Pellets



WELL LOG

ENGINEERS and SCIENTISTS

Wilmington, North Carolina

SHEET 2 OF 2

PROJECTNO.: 195-033 |STATE: NC | COUNTY: New Hanover LOCATION: Wilmington
PROJECT NAME: Koch North Terminal LOGGED BY: Chgrles Ray | WELL ID:

DRILLER: Bobbie Fowler KRW-8
NORTHING: | EASTING: SYSTEM:
BORING LOCATION: Kock North T.0.C. ELEV.:
DRILL MACHINE: Diedrich D-50 METHOD: HSA 0 HOUR DTW: BORING DEPTH: 30.0
START DATE: 11/14/02 FINISH DATE: 11/14/02 24 HOUR DTW: WELL DEPTH: 28.0

BLOW COUNT | OvA gL SOIL AND ROCK WELL

DEPTH 6in | 6in | 6in | 6in | (PPM) LAB. < 8 DEPTH DESCRIPTION DETAIL

0.0

llllllllIIIII!IIIIIIII‘I!I'IIllllIII|I|Il||||||!|||lll|ll[|]ll

Boring Terminated at Depth 30.0 ft

Illlll[Illlllll'lllll|lllIllllllllllllllllllllllllllllllll!‘]ll

1 Ll I Lol 1 I Lt 1 I | I | I 1o Jd 1 I kI T I | I | I | l F I - l Lt I ) I Ll ] I Lol 1 I Lt 1

C

"HP = Hydraulic Push  NM = Not Measured

#2 Medium Sand @ Bentonite Pellets



WELL CONSTRUCTION RECORD KRW-8

North Carolina - Department of Environment and Natural Resources - Division of Water Quality - Groundwater Section

WELL CONTRACTOR (INDIVIDUAL) NAME (print)___ BObbi€ Fowler, CWD CERTIFICATION #_286%
WELL CONTRACTOR COMPANY NAME CATLIN Engineers and Scientists PHONE # (910) 452-5861
STATE WELL CONSTRUCTION PERMIT# WR# 0800588 - ASSOCIATED WQ PERMIT# NA

(if applicabie) o (if applicable) -

1. WELL USE (Check Applicable Box): Residential O Municipal/Public 0  Industrial O Agricultural O
Monitoring [0 Recovery ® Heat Pump Water Injection 0  Other [0 If Other, List Use :

2. WELL LOCATION: Topographic/Land setting

Nearest Town: Wilmington County__ New Hanover ORidge OSlope OValley XFlat
3325 River Road, NC, 28406 : (check appropriate box)
(Street Name, Numbers, Community, Subdivision, Lot No,, Zip Code) Latitude/longitude of well location
3. OWNER:_Flint Hill Resources, LP . (degrees/minutes/seconds)
Address _3325 River Road Latitude/longitude source:CJGPSOTopographic map
(Street or Route No.) (check box)
Wilmington NC 28406 ' DEPTH DRILLING LOG
City or Town State Zip Code From To Formation Description
(910 )-_799-0180
Area code- Phone number ) o) v oy FieiE 7o AMESom
4. DATE DRILLED 11/14/02 18a ez { SAND
5. TOTAL DEPTH: 30
6. DOES WELL REPLACE EXISTING WELL? YES O NO = 5 21 Eine 75 MEliwm
7. STATIC WATER LEVEL Below Top of Casing: S5 FT. ¢ ceaY
) (Use “+” if Above Top of Casing)
8. TOP OF CASING IS 1 FT. Above Land Surface* 0%
*Top of casing terminated at/or below land surface requires a
variance in accordance with 15A NCAC 2C .0118. A ] 3o w
9. YIELD (gpm): __N/A  METHOD OF TEST N/A ;Mw%
10. WATER ZONES (depth): Surficial SaMp
. : LOCATION SKETCH
11. DISINFECTION: Type N/A Amount N/A Show direction and distance in miles from at least
12. CASING: Wall Thickness two State Roads or County Roads. Include the road
Depth Diameter or Weight/Ft. Material ~numbers and common road names.
From 23 To_ 28 Ft__6" Sch 40 SS
From To Ft.__-
From To Ft.
13. GROUT: = Depth Material Method
From__ 0 To__1 Ft.__ Portland Tremmie SEE FIGURE
From_ 25 To__ 30 Ft.__ Bentonite Pour
14. SCREEN: Depth Diameter Slot Size Material
From 1| To_ 23 Ft_6 in 0010 in SS
From To Ft. in. n.
15. SAND/GRAVEL PACK:
Depth Size Material
From 1 To 25 Ft._Coarse Torpedo
From To Ft.

16. REMARKS: _Casing was used where the well intersected a clay layer at 25-27 feet below grade.

1 DO HEREBY CERTIFY THAT THIS WELL WAS CONSTRUCTED IN ACCORDANCE WITH 15A NCAC 2C, WELL

CONSTRUCTION STANDARD AVIAT A COPY OF THIS CORD HAS BEEN PROVIDED TO THE WELL OWNER
S35 A /2 ~F-02_

SIGNATURE OF PERSON CONSTRUCTING THE WELL DATE

Groundwater Section, 1636 Mail Service Center - Raleigh, NC

Submit the original to the Division of Water Quality,
GW-1 REV. 07/2001

27699-1636 Phone No. (919) 733-3221, within 30 days.



BORING LOGS AND WELL CONSTRUCTION RECORDS
FOR
APPLICABLE LOADING RACK AREA RECOVERY WELLS

FHR, LP North Terminal; 201125_nondischarge_basis of design CATLIN Engineers and Scientists
CATLIN Project No. 201-125 May 2003




WELL CONSTRUCTION RECORD

North Carolina - Department of Environment and Natural Resources - Division of Water Quality - Groundwater Section

WELL CONTRACTOR (INDIVIDUAL) NAME (print) Bobbie Fowler CERTIFICATION # 2869
WELL CONTRACTOR COMPANY NAME CATLIN Engineers & Scientists PHONE #  (910) 452-5861

STATE WELL CONSTRUCTION PERMIT # 2869 SS P
(if applicable) A O(&}nggfllc)am ERMIT # NA
LRRW-1

1. WELL USE (Check Applicable Box):  Residential(J Municipal/Public O  Industrial O
Monitoring [0 Recovery® Heat Pump Water Injection] Other O If Other, List Use

Agricultural [J

2. WELL LOCATION: (Show sketch of the location below) T hic/Land .
Nearest Town: Wilmington County: ___New Hanover DRidggoélrgﬁy pI: [;I\llal?eett;}%] o
(check appropriate box?l
(Road Name and Numbers, Community, Subdivision, Lot No., Zip Code) Northing/Easting of well location
3. OWNER: Flint Hills Resources, LP /
Address: (C;?i:tl::vgguflosg) Latitude/longitude source:l(%lhgrcl;%o % Topo. map
Wilmington NC 28412 DEPTH DRILLING LOG
City or Town State Zip Code From To Formation Descripﬁon

(910) 799-0180

Area code - Phone number

DATE DRILLED: 12/23/2002

4.
5. TOTAL DEPTH: 20
6. DOES WELL REPLACE EXISTING WELL? YES 0 NO
7. STATIC WATER LEVEL Below Top of Casing 2.0 FT.
(Use "+" if Above Top of Casing)
8. TOP OF CASINGIS__ 0 FT. Above Land Surface*
* Top of casing terminated at/or below land surface requires SEE
ATTACHED

a variance in accordance with 15SA NCAC 2C.0118

9. YIELD (gpm): _N/A METHOD OF TEST_IN/A
10. WATER ZONES (depth): ___Surficial Aquifer

12. DISINFECTION: Type _N/A  Amount _N/A
Wall Thickness

13. CASING: Depth Diameter  or Weight/Ft.  Material
From To ft. in.
From To ft. in.
From To ft. in.
14. GROUT: pepth Material Method U
From To ft. LOCATION SKETCH
From To ft. Show direction and distance in miles from at least
15. SCREEN:D " Diamete Slot Size Material two State Roads or County Roads. Include road
ep 1am T 1Z a b .
from. 0 To. 20 ft 1 i Slot.010 jn. s numbers and common road names
From To ft. in. in.
16. SAND/GRAVEL PACK: | SEE
Depth Size Materia
From. 0 To_21 ft. _ #2 Medium Torpedo Sand ATTACHED
From To ft.
17. REMARKS:

I DO HEREBY CERTIFY THAT THIS WELL WAS CONSTRUCTED IN ACCORDANCE WITH 15A NCAC 2C, WELL
OPY OF THIS RECORD HAS BEEN PROVIDED TO THE WELL OWNER.

CON STRUC}I%N STANDARDS, AND THA
l(’—’% ) e % /~ 3 ._O ’3
SIGNATURE OF PERSON CONSTRUCTING THE WELL DATE
Submit original to Division of Water Quality, Groundwater Section, 1636 Mail Service Center - Raleigh, NC Modified from:
27699-1636 Phone No. (919) 733-3221, within 30 days. GW-1 REV.07/2001
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WELL LOG

CATUIN BORING L OG 201-125 GPI CATUIN GDT 01/03/03

Wilmington, North Carolina SHEET 1 OF 1
PROJECTNO. 201-125  |STATE: NC [county:  New Hanover [LocaTioN: __ Wilmington
PROJECT NAME: FHR North Terminal LOGGED BY: STEVE TYLER |WELLID:
DRILLER: Bobbie Fowler LRRW-1
NORTHING: | EASTING: SYSTEM:
BORING LOCATION: T.0.C.ELEV.:
DRILL MACHINE: CME 45B ATV | METHOD: MR 0 HOUR DTW: 2.0 | BORING DEPTH: 21.0
START DATE: 12/23/02 FINISH DATE: 12/23/02 24HOURDTW: 2.0 |WELL DEPTH: 20.0
BLOW COUNT | OVA s |t SOIL AND ROCK WELL
DEPTH LAB. 0
EPTRY 6 | 6in | 6in | 6in | (PPT) ¢ | & |DEPTH DESCRIPTION DETAIL
0.0 LAND SURFACE 0.0
R RN | o8 _
'j Tan, poorly graded, fine to med. grained SAND with - g ]
] tew fines. Slight HCO from 3.0’ to 7.0’ bis. R ‘2 |
N 200 _
i 2 og0 B 210 |
Boring Terminated at Depth 21.0ft

llllllJIllIIIIlIl

lllllll||llllllll

\lllll||llJJl|lll

HP = Hvdrailic Push

NM = Not Measured

] #2 Medium Sand
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WELL CONSTRUCTION RECORD

North Carolina - Department of Environment and Natural Resources - Division of Water Quali

ty - Groundwater Section

WELL CONTRACTOR (INDIVIDUAL) NAME (print) Bobbie Fowler CERTIFICATION # 2869
WELL CONTRACTOR COMPANY NAME CATLIN Engineers & Scientists PHONE #  (910) 452-5861
STATE WELL CONSTRUCTION PERMIT # 2869 ASSO((‘_}ATEI‘,D VY PERMIT # N/A

if applicable -

(if applicable) L R RW_Z

Residential (] Municipal/Public 00 Industrial O Agricultural (O

1. WELL USE (Check Applicable Box):
Other O If Other, List Use

Monitoring [0  Recovery® Heat Pump Water Injection (]

2. WELL LOCATION: (Show sketch of the location below) Topographic/Lan d Setting
: Wilmingt . New H
Nearest Town: limington ____ County: —NEW HEoYer CRidge ClSlope [IValiey K Flat
(check appropriate box;]

Northing/Easting of well location
/

(Road Name and Numbers, Community, Subdivision, Lot No., Zip Code)

3. OWNER: Flint Hills Resources, LP
: 3334 River Road . .
Address: Sireet or Route No.) Latitude/longitude source:l(%h%}cIl:%o %Topo. map
Wilmington NC 28412 DEPTH DRILLING LOG
City or Town State Zip Code From To Formation Description
(910) 799-0180
Area code - Phone number
4. DATE DRILLED: 12/23/2002
5. TOTAL DEPTH: 20
6. DOES WELL REPLACE EXISTING WELL? YES O NO X
7. STATIC WATER LEVEL Below Top of Casing _ 20 _ FT.
(Use "+" if Above Top of Casing)
8. TOP OF CASINGIS__ 0O FT. Above Land Surface*
* Top of casing terminated at/or below land surface requires SEE
a variance in accordance with 15A NCAC 2C.01 18 ATT ACHED
9. YIELD (gpm): _N/A METHOD OF TEST_N/A
10. WATER ZONES (depth): __Surficial Aquifer
12. DISINFECTION: Type _N/A_ Amount N/A
13. CASING: Depth Diameter vg?%&;[c‘:}ilé%kt}llgés Material
From To ft. in.
From To ft. in.
From To ft. in.
14. GROUT: pepth Material Method
From To ft. LOCATION SKETCH
From To ft. Show direction and distance in miles from at least
15. SCREEN:D " Diameter Slot Size Material two State Roads or County Roads. Include road
ep jame ot Siz ri
From._0_To_ 20_ft 4 . Siot.010 in. 39 numbers and common road names.
From To ft. in. in.
16. SAND/GRAVEL PACK: SEE
Depth Size Material
From_ 0 To_21 ft. _#2 Medium Torpedo Sand ATTACHED
From To ft.
17. REMARKS:

1 DO HEREBY CERTIFY THAT THIS WELL WAS CONSTRUCTED IN ACCORDANCE WITH 15A NCAC 2C, WELL
ORD HAS BEEN PROVIDED TO THE WELL OWNER.

CONSTRUCTIOWARD?‘ID THAT A COPY OF REC
e ' - 1 —\ -~ )
St %u«i /=2~ 3

75
SIGNATURE OF PERSON CONSTRUCTING THE WELL DATE
Modified from:

oinal to Division of Water Quality, Groundwater Section, 1636 Mail Service Center - Raleigh, NC
. GW-1 REV.07/2001

Submit orig
27699-1636 Phone No. (919) 733-3221, within 30 days.




WE LL LOG Winglon, North Carola SHEET 1 OF 1
PROJECT NO. _ 201-125__ |STATE: NC |county: _ New Hanover [ LocaTioN; __ Wilmington
PROJECT NAME: EHR North Terminal LOGGED BY: STEVE TYLER | WELL ID:
DRILLER: BObble FOWIGr LRRW'Z
NORTHING: | EASTING: SYSTEM:
BORING LOCATION: T.0.C.ELEV.:
DRILL MACHINE: CME 45B ATV | METHOD: MR OHOURDTW: 2.0 | BORING DEPTH: 21.0
START DATE: 12/23/02 FINISH DATE: 12/23/02 24 HOURDTW: 2.0 |WELLDEPTH: 20.0
BLOW COUNT | OVA g |L SOIL AND ROCK WELL
D LAB. 0
EPTH | g [ n | in | &in | (PPT) ¢ | 6 |pepTH DESCRIPTION DETAIL
0.0 LAND SURFACE 0.0
. e | o8’ .
] - i
N Tan, poorly graded, fine to med. SAND with few r 2 ]
i fines. Slight HCO from 2.5’ to 8.5’ bis. i g |
E =2 o0 (200 _
o ] sC ;//é ’o Light green, fine lt:{ med., CLAYEY SAND with i e
] Boring Terminated at Depth 21.0 ft T ]

HP = Hydraulic Push  NM = Not Measured #2 Medium Sand
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North Carolina - Depart

WELL CONSTRUCTION RECORD

ment of Environment and Natural Resources - Division of Water Quality - Groundwater Section
Bobbie Fowler CERTIFICATION # 2869

CATLIN Engineers & Scientists PHONE#  (910) 452-5861
ASSO(@%g‘&&}Xe PERMIT # N/A

WELL CONTRACTOR (INDIVIDUAL) NAME (print)
WELL CONTRACTOR COMPANY NAME
STATE WELL CONSTRUCTION PERMIT # 2869

(if applicable) L R RW_3

Residentiald Municipal/Public O Industrial O Agricultural [J
er O If Other, List Use

1. WELL USE (Check Applicable Box):
Monitoring 0  Recovery® Heat Pump Water Injectiond  Oth

2. WELL LOCATION: (Show sketch of the location below) . .
Nearest Town: Wilmington County: __New Hanover Topographic/Land Setting
: Y ORidge OSlope OValley X Flat
(check appropriate box?,

Northing/Easting of well location
/

(Road Name and Numbers, Community, Subdivision, Lot No., Zip Code)

3. OWNER: Flint Hills Resources, LP
: 3334 River Road . .
Address: Stmet or Route No. Latitude/longitude source:l(:clh%}cl;%o I; Topo. map
Wilmington NC 28412 DEPTH DRILLING LOG
City or Town State Zip Code From To Formation Description

(910) 799-0180

Area code - Phone number
. DATE DRILLED: 12/30/2002

. TOTAL DEPTH: 20
. DOES WELL REPLACE EXISTING WELL? YES O NO X

" STATIC WATER LEVEL Below Top of Casing __2.0__  FT.
(Use "+" if Above Top of Casing)

~ O\ oA

8. TOP OF CASING IS 0 FT. Above Land Surface* SEE

* Top of casing terminated at/or below land surface requires
a variance in accordance with 15A NCAC 2C.0118 ATTACHED

9. YIELD (gpm): _N/A_ METHOD OF TEST_N/A
10. WATER ZONES (depth): __Surficial Aquifer

12. DISINFECTION: Type _N/A_ Amount N/A

13. CASING: Depth Diameter ‘X?lévplc‘:}i]é%ktllﬁsfs Material
From To ft. in.
From To ft. in.
From To ft. in.
14. GROUT: pepth Material Method R —
From To ft. LOCATION SKETCH
From To ft. Show direction and distance in miles from at least
15. SCREEN:D oth Diameter Slot Size Material two State Roads or County Roads. Include road
C| 1amete. 0 1 aleri
From. 0 e 20 ft p o Slot.010 jn. SS numbers and common road names.
From To ft. in. in,
16. SAND/GRAVEL PACK: SEE
Depth Size Material
From. 0 To_21 fi. _ #2Medium Torpedo Sand ATTACHED
From To ft.
17. REMARKS:

I DO HEREBY CERTIFY THAT THIS WELL WAS CONSTRUCTED IN ACCORDANCE WITH 15A NCAC 2C, WELL
}QECORD HAS BEEN PROVIDED TO THE WELL OWNER.

CONSTRUCTION STAWS, AND THAT ACOPY OF T
DATE

SIGNATURE OF PERSON CONSTRUCTING THE WELL
Submit original to Division of Water Quality, Groundwater Section, 1636 Mail Service Center - Raleigh, NC Modified from:
27699-1636 Phone No. (919) 733-3221, within 30 days. GW-1 REV.07/2001




WELL LOG

ENGINEERS and SCIENTISTS
imington, North Carotine SHEET 1 OF 1
PROJECT NO. 201-125  |STATE: NC [county: _ New Hanover [LocaTioN: __ Wilmington
PROJECT NAME: FHR North Terminal LOGGED BY: STEVI_E TYLER | WELLID:
DRILLER: Bobbie Fowler LRRW-3
NORTHING: | EASTING: SYSTEM:
BORING LOCATION: 7.0.C. ELEV.:
DRILL MACHINE: CME 45B ATV METHOD: MR 0 HOUR DTW: 2.0 | BORING DEPTH: 21.0
START DATE: 12/30/02 FINISH DATE: 12/30/02 24HOURDTW: 2.0 |WELLDEPTH: 20.0
BLOW COUNT | OVA g | L SOIL AND ROCK WELL
LAB. o)
DEPTH | 6| 6 | ain | an | (PPT) ¢ | 6 |pepTH DESCRIPTION DETAIL
0.0 LAND SURFACE 0.0
] L_ ”. -
. I _
N Tan, poorly graded, fine to med. SAND with few -2 ]
] fines. Moderate to slight HCO from 2.5’ to 10.0" bls. .z ]
i i ]
i . _
N 2] 20,0 [ 200 A
i SC 7//' ’o Light green, ﬁn'eitt?/ med., CLAYEY SAND with | o
N Boring Terminated at Depth 21.0 ft C N

C

HP = Hvdraulic Push

NM = Not Measured

#2 Medium Sand




C WELL CONSTRUCTION RECORD 201-125.GPJ CATLIN.GOT 01/03/03

WELL CONSTRUCTION RECORD
ment of Environment and Natural Resources - Division of Water Quality - Groundwater Section
Bobbie Fowler CERTIFICATION#_ 2869

CATLIN Engineers & Scientists PHONE #  (910)452-5861

ASSO%%%E;&]Bab 8 PERMIT # N/A

North Carolina - Depart
WELL CONTRACTOR (INDIVIDUAL) NAME (print)
WELL CONTRACTOR COMPANY NAME
STATE WELL CONSTRUCTION PERMIT # 2869

(if applicable) L R R W_4

Residential 0] Municipal/Public 0  Industrial [ Agricultural (1
O Other O If Other, List Use

1. WELL USE (Check Applicable Box):
Monitoring 0  Recovery® Heat Pump Water Injection

2. WELL LOCATION: (Show sketch of the location below) . .
Nearest Town: Wilmington County: __ New Hanover Topographic/Land Setting
: y: ORidge CISlope OValley MFlat
(check appropriate box?,

Northing/Easting of well location
/

(Road Name and Numbers, Community, Subdivision, Lot No., Zip Code)

3. OWNER: Flint Hills Resources, LP
: 3334 River Road . .
Address: Simsel or Route NoJ Latitude/longitude source:(Eclh?cI;%o El Topo. map
Wilmington NC 28412 DEPTH DRILLING LOG
City or Town State Zip Code From To Formation Description

(910) 799-0180

Area code - Phone number

. DATE DRILLED: 12/23/2002

4
5. TOTAL DEPTH: 20
6. DOES WELL REPLACE EXISTING WELL? YES O NO X
7 STATIC WATER LEVEL Below Top of Casing__20 _  FT.
(Use "+" if Above Top of Casing)
8. TOP OF CASINGIS__ 0O FT. Above Land Surface*
* Top of casing terminated at/or below land surface requires SEE
ATTACHED

a variance in accordance with 15A NCAC 2C.0118

9. YIELD (gpm): _N/A. METHOD OF TEST_N/A
10. WATER ZONES (depth): __Surficial Aquifer

12. DISINFECTION: Type _N/A_ Amount _N/A

13. CASING: Depth Diameter vg? l\lwvg?é%kt/lﬁss Material
From To ft. in.
From To ft. in.
From To ft. in.
14. GROUT: Depth Material Method e e
From To fi. LOCATION SKETCH
From To ft. Show direction and distance in miles from at least
15. SCREEN:D " Diameter Slot Size Material two State Roads or County Roads. Include road
€p 1ame ol B1 erial
From._ 0 _To 20 ; . Slot.010 in. s numbers and common road names.
From To ft. in. in.
16. SAND/GRAVEL PACK: s SEE
Depth ize Material
From_ 0 To_21 ft. _ #2 Medium Torpedo Sand ATTACHED
From To ft.
17. REMARKS:

WELL WAS CONSTRUCTED IN ACCORDANCE WITH 15A NCAC 2C, WELL
[IS RECORD HAS BEEN PROVIDED TO THE WELL OWNER.

L5265

Center - Raleigh, NC Modified from:
GW-1 REV.07/2001

I DO HEREBY CERTIFY THAT THIS
CONSTRUCTION STANDARDS, y THAT A COPY OF

J e )

SIGNATURE OF PERSON CONSTRUCTING THE WELL

Submit original to Division of Water Quality, Groundwater Section, 1636 Mail Service
27699-1636 Phone No. (919) 733-3221, within 30 days.




W E L L LO G Wirington, NothCarcion SHEET 1 _OF 1
PROJECTNO. _201-125___|STATE: NC | counTy: _ New Hanover [ LocaTion: __ Wilmington
PROJECT NAME: FHR North Terminal LOGGED BY: STEVE TYLER |WELLID:
DRILLER: Bobbie Fowler LRRW-4
NORTHING: | EASTING: SYSTEM:
BORING LOCATION: : T.0.C. ELEV.:
DRILL MACHINE: CME 45B ATV METHOD: MR 0 HOUR DTW: 2.0 | BORING DEPTH: 21.0
START DATE: 12/23/02 FINISH DATE: 12/23/02 24 HOURDTW: 2.0 | WELL DEPTH: _ 20.0
BLOWCOUNT | OvA s |L SOIL AND ROCK WELL
H LAB. 0
DEPTH | 6ia | 6in | ain | (PPT) € | 6 |pEPTH DESCRIPTION DETAIL
0.0 LAND SURFACE 0.0
_ o | a8 ]
. | _
] Tan, poorly graded, fine to med. SAND with few B ;_: i
- fines. Slight HCO from 1.5’ to 4.5' and 8.0'to 12.0 — 2 -
= bls. Moderate HCO from 4.5' to 8.0' bls. - & 1
_ / 200 " 200 N
Light , fine t d., CLAYEY SAND with | n
o | SC %///,/' ’o ight green ":ie:: | t?/ me wi o
j 7 Boring Terminated at Depth 21.0 ft B ]
] i ]
#2 Medium Sand

"HP = Hvdraulic Push  NM = Not Measured




RECOVERY WELL PUMP DESIGN CALCULATIONS
AND MANUFACTURER INFORMATION
FOR
PX FACILITY

FHR, LP North Terminal; 201125 nondischarge_basis of design CATLIN Engineers and Scientists
CATLIN Project No. 201-125 May 2003




Page ! of 5

ELEEEEE

ENGINEERS and SCIENTISTS

WLMINGTON, NORTH CAROLINA

SKETCH/COMPUTATION
SHEET

CATLIN PROJECT:

FHR North Terminal Date:
CATLIN # : 195-033 Reviewed by: TRIYA

Drawn/Calculated by: _Jeif Becken
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Catalog #01-130
Supersedes Catalog #99-130

Flow of
water in
U.S. gal.
per min.

Heed Loss in Hose

PRz oo

Water Flow Pressure Loss
(PSI Per 100 Feet Of Hose)

Flow of
water in
cu. feet
per sec.

Y

0.4

3.02

1175
278
99.5

0.42

1.08

3.86
13.8

1.01

2.58

9.27
332

200

225 501

250 557
613

275

600
700 1.56
1.78

1400 3.12
1500 3.34
1600 3.56
1800 4.01
2000 4.45

Actual Internal Diameter, Inches
1 1% A 2
122.0 29.6 4.15
36.8 5.15
44.6 6.28

745

102.0
131.0

Note: The pressure loss experienced by a liquid flowing
through a hose depends on the rate of flow, the viscosity of
the liquid, the hose 1.D., the smoothness of the tube, and
the hose length. This chart shows the relationship between
rate of flow, 1.D., and pressure loss for water at 68°F with

a viscosity of one centipoise. The pressure is directly pro-
portional to the length of the hose, therefore, the data
shown can be easily extended by use of proportions, e.g.,
the pressure drop for 50 feet of hose length is half that for
100 feet.

GOODSYEAR

See Page 2 for complete product warranty and terms of sale information. In V-Cat, please reference the Conditions of Sale pa?e
in the General Information section. Information in this catalog supersedes all previously printed material. Information valid

through December 31, 2002.

© 2001. The Goodyear Tire & Rubber Company.
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Materials of Construction

GRUNDFOS ENVIRONMENTAL MOTOR LEADS

REDI-FL.O4 PUMP END
Description - v ave aasieiliesnoi% Material - : Desciip Aateris
Check Vaive Housing, Check Valve, 304 SS Connector Sleeve 304 SS
E"tfg:gg:m%g?ggb% e:né%?ggz,s#lfrg%nsmﬂ, Connector Potting Scotch Cast #4® Epoxy w/FPM Cap
Straps, Cable Guard, Priming inducer Connector Plug FPM
Check Valve Seat 304 SS & Teflon® Lead Insulation Teflon®
tmpeller Seal Ring Tefion® Conductor Stranded Copper, 12 AWG
Coupling 316/431 SS NOTES: Specifications are subject to change without notice.
Intermediate Bearings g Teflon® ;eflon@ is a registered trademark of DuPont.

cotch Cast #4® is a registered trademark of 3M Company

GRUNDFOS ENVIRONMENTAL MOTOR

Description: : 5at e :Material =455 :
NEMA Top, Studs & Fasteners, 304 SS N
Stator Housing, Fill Plug Screw ®
NUE 316 58 GRUNDFOS' ' 2\
. GRUNDFOS Pumps Corporation » 3131 N. Business Park Ave. Fresno, CA 93727
Sand Shnger FPM Customer Service Centers: Alientown, PA « Fresno, CA
Shaft Extension 431 SS Phone: (800)333-1366 + Fax: (800)333-1363
Diaphragm FPM Canada: Oakville, Ontario « Mexico: Apodaca, N.L.
Fill Plug Washer Teflon® [T HFaTio16]Fev. a0t |
[__PRINTEDINUSA |




Py 5006

STAINLESS STEEL

/ SPLINED SHAFT
- : VITON SLINGER
TEFLON LEAD : — SPLINE PROTECTOR
MATERIAL C o
(2 OR 3 WIRE) WATER-BLOC LEAD R
: ' CONNECTOR v
VITON SHAFT SEAL
: L CAST IRON END BELL
R kol moter m A ~ STAINLESS STEEL CAP
e G CARBON SLEEVE BEARING
by Grundfos Cor +he : ~ BUILT-IN LIGHTNING
[GEF submers ble . ARRESTOR
Pacnp — INNER LINER
| STAINLESS STEEL
= A OUTER SHELL
I " { - ROTOR ASSEMBLY
| , STATOR ASSEMBLY
| CARBON/STAINLESS
KINGSBURY
BEARING SYSTEM
P
. PRESSURE EQUALIZING g
[ VITON DIAPHRAGM -
/ ASSEMBLY
. : [+ CARBON SLEEVE BEARING
|_CAST IRON END BELL
STAINLESS STEEL CAP .

CONSTRUCTION MATERIALS (4-INCH) 4-INCH WATER WELL
SPECIAL PURPOSE MOTORS

SPECIAL PURPOSE

Castings 304 S.S. Over lron = i UST(LBS) > PR FACTOR:
Shell . 201 S.S. ‘+WIRE 60 Hz SUPER'STAINLESS, 1, CAPACITOR START:- =<
Shaft Extension 303 S.S. %' 300 115 1.75
Fasteners . 316S.S. 300 230 1.75
Seal Cover "~ Acetal " ggo 115 1.60

- 0 230 1.60
Seal Viton ‘ ( Ve 300 530 Teo )
Diaphragm Viton 200 230 -
Diaphragm Plate - 304 S.S. 400 230 1.30
Diaphragm Spring 302 S.S. S _400 1 230 1.25
Diaphragm Cover 316 S.S. 3570 "2 WIRE. SPLIT PHASE, 60 Hz, 3450 RPM e
Slinger . Viton v 300 115 ' 1.75
Lead Sleeve Nickel Plated SAE 330 Brass _ 300 230 1.75
Lead Jam Nut 316 S.S. Yo 300 115 : 1.60
Lead Potting Epoxy ; 300 230 L.00

a 300 230 1.50 pe
Lead Bushing Viton 00— 230—— | 140 U
Lead Wire Teflon 1 400 230 1.30 Ko
Coupling 416 S.S. WARNINGS: Serious or fatal electric shock may resuit from failure to connect all metal plumbing,
NOTE: Lead Sleeve, Jam Nut, Potting, Wire and Coupling are sold separate. %’ﬁ,t%gﬁ) gb:’e%(;igfgod:gte Ssvéeryfo'tgrt?: spv?awnfé‘ai‘;"g:ﬁagf”"d'"g terminal with wire no smaller

*REQUIRES CONTROL BOX

Franklin Electric
Biuffton, Indiana 46714




RECOVERY WELL PUMP DESIGN CALCULATIONS
AND MANUFACTURER INFORMATION
FOR
LOADING RACK AREA

FHR, LP North Terminal; 201125_nondischarge_basis of design CATLIN Engineers and Scientists
CATLIN Project No. 201-125 May 2003
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Catalog #01-130
Supersedes Catalog #99-130

P3 Sot &

Water Flow Pressure Loss

(PSt Per 100 Feet Of Hose)

Flow of _ Flow of Actual Internal Diameter, Inches

water in- water in

U.S. gal. - cu. feet ¥

per min. per sec. : N
0.4
3.02 1.01 0.42
775 2.58 1.08

1 1% 1Y 2 24

27.8 927, 386 Q95

99.5 33.2 13.8

175 390
200 446
225 501
250 557
275 613

450 1.00
500 1.11
600 1.34
700 1.56
800 1.78

338

94.5 23.1 783 323
122.0 29.6 10.1 4.15
36.8 12.5 5.15

44.6 152 6.28

53.3 18.1 7.45

449 186

545 225
76.5 316
102.0 42.1
131.0 539

1400 3.12
1500 3.34
1600 3.56
1800 4.01
2000 4.45

Note: The pressure loss experienced by a liquid flowing
through a hose depends on the rate of flow, the viscosity of
the liquid, the hose 1D., the smoothness of the tube, and
the hose length. This chart shows the relationship between
rate of flow, 1.D., and pressure loss for water at 68'F with

a viscosity of one centipoise. The pressure is directly pro-
portional to the length of the hose, therefore, the data
shown can be easily extended by use of proportions, e.g.,
the pressure drop for 50 feet of hose length is half that for
100 feet.

GOODSYEAR

See Page 2 for complete product warranty and terms of sale information. In V-Cat, please reference the Conditions of Sale pof]e
in the General Information section. Information in this catalog supersedes all previously printed material. Information va id

through December 31, 2002.

© 2001. The Goodyear Tire & Rubber Company.
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Performance Curves | pq 5.6 10E

f N
600 == L
550 - - . 1 RPM ||
A Operating Range: 5§ to 14 GPM Fof : |
500 < Capacities below 5§ GPM, See Model
- 5E
Wy - I\J
-~ I A i
450 ~la HOE19 (12 HP),
- R
\\‘
400 N
N
- ~
350 -
= ~ el {10514 (1 HP)
w = F N
E 300 S
< i N
o ~ <l 10E11 (34 HP) [~ N
< 250 =~ I N AN
17 . N
I ~ ™
- L r Ny N
200 i 10E8 (Y2 HP) s " AN
== N N
N
- - L (I} 10E5 (2 HP) |- e N
. o™ S — e . b ‘\‘ N
100 ‘ —— —= - ™ v
= Min )
— Iy %
50 —> ‘
0 -
0 2 4 6 8 10 12 14
CAPACITY (GPM)
Materials of Construction
REDI-FLO4 PUMP END GRUNDFOS ENVIRONMETAL MOTOR LEADS
Check Vaive Housing, Check Vaive, 304 SS Connector Sleeve 304 SS
mlﬁggr',n%g?é?bﬂfe{r%%?giﬁ S;fr%%nShaﬂ Connector Potting Scotch Cast #4® Epoxy w/FPM Cap
Straps, Cable Guard, Priming Inducer Connector Plug FPM
Check Valve Seat 304 SS & Teflon® Lead Insulation Teflon®
Impeller Seal Ring Teflon® Conductor Stranded Copper, 12 AWG
Coupling 316/431 SS NOTES: Specifications are subject to change without notice.
; : ’ Teflon® is a registered trademark of DuPont.
Intermediate Bearings Teflon® Scotch Cast #4® is a registered trademark of 3M Company.
GRUNDFOS ENVIRONMENTAL MOTOR
NEMA Top, Studs & Fasteners, 304 SS :
Stator Housing, Fill Plug Screw
316 59 GRUNDFOS" 2\
Sand Slinger FPM v, F cA 93
- GRUNDFOS Pumps C tion « 3131 N. Business Park Ave. Fresno, 727
Shaft Extension 431 65 Custgmerosrﬂ:onr/?ce Centers: Allentown, PA ¢ Fresno, CA
i Phone: (800)333-1366 « Fax: (800)333-1363
Dlaphragm FPM : Canad::neOa(kville)? Ontario » Mexico: Apodaca, N.L.
Fill Plug Washer ’ Teflon®
L-RF4-TL-010 [Rev. 4/01 |

( PRINTED INUSA __|




STAINLESS STEEL Pﬁ ¢

/ SPLINED SHAFT
o i | VITON SLINGER
TEFLON LEAD SPLINE PROTECTOR
MATERIAL = o v
(2 OR 3 WIRE) WATER-BLOC LEAD P X

CONNECTOR o~

A

VITON SHAFT SEAL

<

l\CAST IRON END BELL
™~ STAINLESS STEEL CAP

CARBON SLEEVE BEARING
[~ BUILT-IN LIGHTNING

[

ARRESTOR
INNER LINER
= | STAINLESS STEEL
: 3 OUTER SHELL
: r " Y |- ROTOR ASSEMBLY
FRANKLIN'S 4 e
=—— STATOR ASSEMBLY
=
———— E—
= —
==
SS=e——ca
SSe==c
\‘_—_’\\

|
\

» CARBON/STAINLESS
KINGSBURY
BEARING SYSTEM

f
/]

.
I
\

SUBMERSIBLE .

|
I

}
‘(.
a

'??'.'
?)}
\

| PRESSURE EQUALIZING e
VITON DIAPHRAGM
ASSEMBLY

~ CARBON SLEEVE BEARING
| ~CAST IRON END BELL

STAINLESS STEEL CAP

CONSTRUCTION MATERIALS (4-INCH) 4-INCH WATER WELL

SPECIAL PURPOSE SPECIAL PURPOSE MOTORS
- DOWNWARD 5 {288 pR .

Castings 304 S.S. Over Iron i _THRUST.(LBS,) }*% ki i
Shell 201 S.S. 7" 3-WIRE 60 Hz SUPER STAINLESS, 143, CAPACITOR START .8
Shatt Extension 303S.s. 14" 300 115 1.75
Fasteners 316 S.S. 300 ‘ 230
Seal Cover . Acetal ( v ggg — gg
Seal Viton oA 300 =30
Diaphragm Viton 1* 400 230
Diaphragm Plate 304 S.S. 1%" 400 230
Diaphragm Spring 302 S.S. 2" 400 230
Diaphragm Cover ~ |  316S.S. oL 0 2 WIRE, SPLIT PHASE, 60 Hz, 3450 RPM
Slinger _Viton 1 300 115
Lead Sleeve Nickel Plated SAE 330 Brass P | 300, 230
Lead Jam Nut 316 S.S. { Yo 300 L 115

- 3 300 230
Lead Potting Epoxy N—= 300 230
Lead Bushing Viton 1 400 230
Lead Wire Teflon 1% 400 230
Coupling 416 S.S. WARNINGS: Serious or fatal electric shock may result from failure to connect aif metal plumbing,

NOTE: Lead Sleeve, Jam Nut, Potting, Wire and Coupling are sold separate.

"REQUIRES CONTROL BOX

Franklin Electric

Bluffton, Indiana 46714

and the motor, if outside a drilled well, to the power supply grounding terminal with wire no smaller
than motor cabie wires. Do not use motor in swimming areas.




RECOVERY WELL PUMP PROTECTOR DESIGN CALCULATIONS
AND MANUFACTURER INFORMATION
FOR
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AND
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FHR, LP North Terminal; 201125 _nondischarge_basis of design CATLIN Engineers and Scientists
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COYOTE

ALL THE PROTECTION YOU WANT FOR
THREE PHASE PUMPS AND MOTORS

PHASE LOSS LOW VOLTAGE OVERLOAD RUNNING DRY

PHASE REVERSAL

HIGH VOLTAGE - RAPID CYCLING FROZEN DISCHARGE LINE

Weatherproof g A
Enclosure P

16"

RESTARTING AFTER A FAULT

PHASE - restarts one minute after proper power is restored

VOLTAGE - restarts one minute after proper voltage is restored
OVERLOAD - makes up to two attempts one minute apart to restart at normal current,

if unsuccessful, waits for problem to be fixed so as not to burn out motor winding
RUN DRY - restarts at the time set on the timer

" NO PLUMBING * NO PROBES ¢ FULLY AUTOMAT

Built-in sensors simplify installation. Just dial sensitivity 'til light comes on and set run-dry timer.

MODEL U.L. HORSEPOWER RATINGS @ LlSTED

3PH208V-ENC 1/2 - 15 HP 230V

3PH230V-ENC 1/2 - 15 HP 230V
‘L COYOTE

3PH380V-ENC

3PHAGOV-ENC 140 HP 460V MANUFACTURING, INC.

7120 WEST 117 AVE UNIT

No need to specify horsepower when ordering. For BROOMFIELD, CO 80020
800-468-1177

example, the same Model 3PH460V-ENC oper-
ates any motor from 1 to 40 HP. FAX 303-635-0135




THREE PHASE COYOTE
TECHNICAL DATA

OPERATING RANGE
-20° TO + 70° C temperature

0% to 95% humidity noncondensing

RANDOM START

When energizing Coyote by turning on- power at
circuit breaker or fused disconnect there is a delay
of 4 to 10 seconds before Coyote turns on the
pump. This "random start" feature is designed to
prevent many pumps served by a single power
source from all restarting atthe same instant when
power is restored after a power outage.

VOLTAGE FAULT

model low voltage high voltage
trip reset reset trip
3PH208V-ENC 172V 181V 235V 244V
3PH230V-ENC 190V 200V 260V 270V
3PH380V-ENC 320V 330V 430V 440V
3PH460V-ENC 380V 400V 520V 540V
trip delay reset delay
2 seconds 60 seconds

PHASE LOSS OR REVERSAL

trip delay reset delay
1 second 60 seconds
OVERLOAD
trip amps trip delay reset delay

120% of normal 1/4 second 60 seconds

Tries two times to restart 60 seconds apart. If
unsuccessful, Coyote locks out pump and over-
load light blinks.

UNDERLOAD OR LACK OF FLUID

trip delay reset delay
1 second adjustable
1 minute - 12 hours
ALARM

Normally open dry contact closes to activate
alarm on any fault condition.

ALL ABOUT
THREE PHASE COYOTES

What does it do?

Coyate shuts off the pump:
+ Ifthe pump fails to pump fiuid because there is no fiuid available

toit, or because it is gas locked or air locked, or because the inletis
clogged or discharge line frozen;

« I the power supplied to the pump is improper, e.g., phase
reversed or missing, voltage too high or too low, etc.;

« |f the motor draws excessive current or if there is a broken wire

to the motor, or if it is rapid cycling on and off.

How does it work? :
Coyote monitors the incoming power and the electrical character-

istics of the motor. When the pump quits pumping fiuid, those
characteristics change, and Coyote shuts it off.

Will it operate on power supplied by generators and phase
converters?
Yes.

On what kinds of pumps does It work?
Submersibles, centrifugals, jets, and sumps.

In what kinds of applications?
Water wells, oil wells, booster and lift stations, chemicals transfer,

mine dewatering, sewage treatment, solution mining, food process-
ing, construction dewatering, and clean-up of aquifers contami-
nated by hydrocarbons are the most common.

What about protection from the environment?
The insides of Coyote are sealed in plastic to keep out moisture,

insects and blowing sand and dust.

What about power outages? _
When the power is out, the pump won't run. When it comes back

on, Coyote automatically resets itself. There is no need to touch
anything.
What about lightning Induced power surges?

Rugged and effective protection for the electronics of Coyote is
built-in.

How is It installed?
Coyote is installed between the circuit breaker and magnetic

contactor in minutes with a standard screwdriver.

. What iIf | need something a little different from the

standard unit?
Please call us. Options too numerous to detail here are

- available.

with magnetic
contactor in

NEMA 3R or NEMA 4

box

Model
3PH208V-MAG
3PH230V-MAG
3PH380V-MAG
3PH460V-MAG

_

'7 Coyote products are warranted
is limited to repairing, replacing,
been caused by misuse, neglect, improper ins
for loss, direct or indirect, for costs, expenses, or

LIMITED WARRANTY

against faulty materials or workmanship for one year from
or at its option issuing credit for any product returned during this per
tallation, repair, or alteration. Coyote will notbe liable and specificall

for consequential damage of any nature.

date of manufacture. Coyote's liability under this warranty
iod, and provided that any such defect has not
y disclaims responsibility to any party

SANDER GRAPHICS PRINTING




3.0 REMEDIATION EQUIPMENT TRAILER

The following remediation equipment is to be installed on two trailers: oil/water separator,
air stripper, dosing tank and all associated equipment/piping. One trailer is for the PX
Facility groundwater remediation system and the other trailer is for the LLoading Rack Area
groundwater remediation system. The design of each trailer is to consist of the design of the
overflow protection/containment and the foundation for the trailer jacks.

3.1  ASSUMPTIONS

Trailer is to be open top, 50,000 lb. capacity and road ready.

All equipment is to be provided from one manufacturer.

All equipment is to be permanently attached to the trailer.

Containment area shall be provided on the trailer.

Containment area shall be water tight and compatible with the contaminants of

concern for each location.

e The minimum volume to be contained within overflow protection is 110% of the
largest volume of either the oil/water separator or the air stripper (based on
RCRA requirements).

e Equipment operational volume will be based on the selected equipment.

e Trailer to be sufficient size for equipment, containment and 2 feet separation
between other equipment and/or the trailer side walls.

e Trailer is to be selected by equipment manufacturer and approved by CATLIN

prior to delivery to the site.

3.2  DESIGN

Due to the uncertainty of the trailer size and weight, CATLIN will design the
overflow protection and foundation of trailer during the pre-installation approval
process of the recommended trailer.

FHR, LP North Terminal; 201125_nondischarge_basis of design CATLIN Engineers and Scientists
CATLIN Project No. 201-125 May 2003




REMEDIATION EQUIPMENT TRAILER CALCULATIONS

FHR, LP North Terminal; 201125 _nondischarge_basis of design CATLIN Engineers and Scientists
CATLIN Project No. 201-125 May 2003
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40 OIL/WATER SEPARATOR

Due to the historic presence of free phase product observed in on-site monitoring and
recovery wells, an oil/water separator is planned as part of each groundwater remediation
system. This oil/water separator will be designed as discussed below to remove potential
free phase product from the influent.

4.1 PX FACILITY
4.1.1 Design of Oil/Water Separator
4.1.1.1 Assumptions

e The maximum flow rate through the system will be 80 gpm.

¢ The equipment is to be stainless steel.

e Oil/Water Separator to remove free phase product, anticipated to
be primarily Paraxylene.

e The specific gravity of Paraxylene is 0.861.

e A 200-gallon pump out tank is required.

4.1.1.2 Selection

The attached oil/water separator design calculations and manufacturer
information was used to select the oil/water separator. CATLIN
provided the above assumptions to a preferred oil/water separator
vendor, JDI, Inc. JDI, Inc. recommended the HQI AG-3SS-200V
model manufactured by Hydroquip, Inc. Based on JDI, Inc.’s
recommendation, the plan is to utilize the HQI AG-3SS-200V model
manufactured by Hydroquip, Inc or approved equivalent for the
oil/water separator as part of the groundwater recovery system.

4.2  LOADING RACK AREA
4.2.1 Design of Oil/Water Separator
4.2.1.1 Assumptions

e The maximum flow rate through the system will be 40 gpm.

e The equipment is to be stainless steel.

e Oil/Water Separator to remove free phase product, anticipated to
be primarily Paraxylene and/or Diesel fuel.

e The specific gravity of Paraxylene is 0.861.

e The specific gravity of Paraxylene is 0.86.

e A 200-gallon pump out tank is required.

FHR, LP North Terminal; 201125_nondischarge_basis of design CATLIN Engineers and Scientists
CATLIN Project No. 201-125 May 2003




4.2.1.2 Selection

The attached oil/water separator design calculations and manufacturer
information was used to select the oil/water separator. CATLIN
provided the above assumptions to a preferred oil/water separator
vendor, JDI, Inc. JDI, Inc. recommended the HQI AGM2-1H-200V
model manufactured by Hydroquip, Inc. Based on JDI, Inc.’s
recommendation, the plan is to utilize the HQI AG-4SS-200V model
manufactured by Hydroquip, Inc or approved equivalent for the
oil/water separator as part of the groundwater recovery system.

FHR, LP North Terminal; 201125 nondischarge_basis of design CATLIN Engineers and Scientists
CATLIN Project No. 201-125 May 2003




OIL/WATER SEPARATOR DESIGN CALCULATIONS
AND MANUFACTURER INFORMATION
FOR
PX FACILITY
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¢3JDI Inc.

Industrial Washing Systems, Recycling, & Fluid Waste Minimization Equipment

Industrial
Washing
Systems

Solvent
Replacement
Cleaners/
Degreasers

Parts
Washers

Recycling/
Filtering
Systems

Ultrafiltration
Equipment

Oil Skimmers

Evaporators

Oil/Water
Separators

Tanks

June 26, 2002

Mr. Steve Tyler

Catlin Engineers & Scientists
220 Old Dairy Road
Wilmington, NC 28405

Phone: (910) 452-5861
Fax: (910) 452-7563

RE: Oil/Water Separator Systems Quotation

Dear Steve:

As requested, we are pleased to present the following quotation for two Hydroquip, Inc. oil

water separator (OWS) systems. The Hydroquip, Inc. AG-355-200V paraliel plate

oil/water separator has a 200 gallon effluent pump out compartment and will be able to (
handle a continuous flow of 1-80 gallons per minute. The Hydroquip, Inc. AG-455-200V &~ N"’L“é@‘
paralle! plate oil/water separator also has a 200 gallon effluent pump out compartment and
will be able to handle a continuous flow of 1-100 gallons per minute.

Both separators will remove essentially all free and dispersed non-emulsified oil droplets
larger than 60 microns in diameter with a specific gravity of 0.84 or less. They are

designed for above-grade installation and will be constructed of 12 gauge stainless steel.

We appreciate the opportunity to present this quotation and look forward to working with
you again. Enclosed, please find drawings and some background information on the float
switch. If you have any questions or desire further information, please give me a call.

Best regards,
%71//'
Thomas R. Goodwin

President
JDI, Inc.

Enclosures
Faxed page 1 of 10

(910) 791-1855 « P.O. Box 3821 « Wilmington, NC 28406 ¢ Fax (910) 313-1987
email: jdiinc@wilmington.net webpage: www.jdiinc.com




June 26, 2002

Mr. Steve Tyler
Page 2 of 3

Catlin Engineers .

Oil/Water Separator Pricing Information

Item Quan  Description and Part Number Price
1 1 Hydroquip, Inc. HQI A6-35S-200V JE

Parallel Corrugated Plate Oil/Water Separator

*  Design Flow: 1-80 GPM

*  Approx. Dimensions: 40" wide x 88" long x 60" high

*  Materials of Construction: 12 Gauge Stainless Steel
Internal Pipe Schedule 80 PVC

* HQI A6-3SS Systems Features Include:

* 3" NPT Inlet/Outlet

* 2" NPT Oil Chamber Outlet

Parallel corrugated plate coalescer designed fo remove oil
droplets greater than 60 microns with a Reynolds Number
of less than 500

*  Sludge baffle to capture and contain settleable solids

+ 200 Gallon effluent pump out compartment with 2" NPT
fitting and 3 level intrinsically safe float switch

*  Neoprene gasketed removable vapor tight cover for access
to chamber compartments

2 1 Hydroquip, Inc. HQI AG-4SS-200V ‘=

Parallel Corrugated Plate Oil/Water Separator & Votused @
*  Design Flow: 1-100 GPM
*  Approx. Dimensions: 52" wide x 88" long x 60" high

*  Materials of Construction: 12 Gauge Stainless Steel
Internal Pipe Schedule 80 PVC

* HQI A6-4SS Systems Features Include:

* 3" NPT Inlet/Outlet

* 2" NPT Oil Chamber Outlet

+ Parallel corrugated plate coalescer designed to remove oil
droplets greater than 60 microns with a Reynolds Number
of less than 500

*  Sludge baffle to capture and contain settieable solids

+ 200 Gallon effluent pump out compartment with 2" NPT
fitting and 3 level intrinsically safe float switch

*  Neoprene gasketed removable vapor tight cover for access
to chamber compartments

JDI,Inc. PO Box 3821 Wilmington, NC 28406 (910) 791-1855




Mr. Steve Tyler June 26, 2002
Catlin Engineers Page 3 of 3

Terms: Net 30 Days, 1.5% per month Finance Charge after 30 days
Shipping:  F.O. B. Massachusetts

Delivery:  3-4 weeks after receipt of approved drawings

Note: Any applicable taxes will be in addition to the price quoted

Offer Valid for 90 Days
Warranty: One year - Oil/Water Separator Accessories and Treatment Equipment

JDI, Inc. PO Box 3821 Wilmington, NC 28406 (910) 791-1855



YO/ LJf LUV F RV JuoToo g P-4 [N L T [} LI e RO TS (V2]
~J ] ~ p s AN R LY FRA W

HYDRO QUIP INC.

Water Treatment Equipment

ﬂ

~1.0 INTRODUCTION

Hydro Quip, Inc. (HQI) Oil Water Separator (OWS) Model AG-3SS-150V
will remove essentially all free and dispersed, non emuilsified oil, and settieable
solids from the oil water mixture at a flow rate of 80 GPM at a temperature of

55 degrees F. The design utilizes the difference in specific gravity between oil

and water (buoyancy force) enhanced by the use of 18 cubic feet of UNIPACK

coalescing plates. The separator is designed to receive oily water by

gravity/pumped flow that will not mechanically emulsify the oil and will process it
on a once through basis. The tank will be a single wall, rectangular unit installed
above grade. It will be constructed of stainless steel. The UNIPACK coalescing

plates are manufactured of UV-Resistant PVC material.

2.0 SYSTEM DESCRIPTION AND REQUIREMENTS

2 1 FABRICATION: The oil water separator is a special purpose prefabricated

parallel corrugated plate, rectangular, gravity displacement, type oil water
separator. The separator shall be comprised of a tank containing an inlet
compartment, separation chamber, sludge chamber, and clean water outlet

chamber.

22 TANK: The tank shall be a single wall construction 12 gauge stainless
steel conforming to ASTM A240 . Welding will be in accordance with AWS D1.1
to provide a watertight tank that will not warp or deform under load. Pipe
connections to the exterior shall be as follows:

2.2 1 PIPE CONNECTIONS: All connections 3" and smaller are FNPT
couplings. All connections 4" and larger are flat face flanges with ANS! 150
pound standard bolt circle. Use flanged piping connections that conform to ANSI

B16.5.

23 SEPARATOR COROSION PROTECTION: ( For Carbon Steel Only) After
shop hydrostatic test has been successfully completed, a coating system will be
applied to the interior and exterior surfaces of the separator. Interior and exterior
shall be sandblasted to SSPC-SP10; interior lined with Tnemec Series 61 liner

to 9 mils MDFT; Exterior coated with polyamide epoxy to & mils MDFT.

2.4 LIFTING LUGS: The tank shall be provided with properly sized lifting lugs
for handling and installation.

2§ COVERS: The tank will be provided with a vapor tight covers for vapor
control. Gas vents and suitable access openings to each compartment will be
provided. The covers shall be constructed of the same material as the

POB 3160 * 63 N. Washington St. " N. Attleboro, MA 02761-3160
PH (508) 695-3640 * £ (508) 695-4412 * EMAIL HQIOWS@AOL.COM
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HYDRO QUIP INC.

Water Treatment Equipment

tank and will be fastened in place. A gasket shall be provided for vapor
tightness. 304 SS Latches will be provided for cover attachment.

2.6 INLET COMPARTMENT: The inlet chamber shall be comprised of a
non-clog diffuser to distribute the flow across the width of the separation
chamber. The inlet compartment shall be of sufficient volume to effectively
reduce influent suspended solids, dissipate energy and begin separation. The
media will sit elevated on top of a siudge baffle. The sludge baffle will be
provided to retain seftieble solids and sediment from entering the separation

chamber.

2 7 SEPARATION CHAMBER: The ail separation chamber shall contain HQI
UNIIPACK paraliel corrugated plates. The plates shall be at a 60 degree angle
with respect to longitudinal axis of the plate corrugations and spaced 1/2" apart
for removal of free oil 60 micron in size or greater and settleable solids.
Configuration does not promote solids buildup on the plates, which would
increase velacities to the point of discharging an effluent of unacceptable
quality. Laminar flow with a Reynolds Number of less than 500 at a maximum
design flow rate shall be maintained throughout the plate packs including
entrance and exit so as to prevent re-entrainment of oils) with water. Flow
through the plate packs shall be crossflow perpendicular to plate corrugations so
that the oil collects and coalesces at high points of corrugations and rises to the
top of pack without clogging due to oil or settleable solids.

2 8 BAFFLES: An oil retention & underflow weir, and overflow weir. Position
underflow weir to prevent resuspension of settled solids.

2.9 SLUDGE CHAMBER: The sludge chamber shall be located prior to the
coalescing compartment for the settling of any solids. 1t shall also prevent any
solids from entering the clean water chamber.

2 10 OIL SKIMMER : The oil separation chamber will be provided with a
rotatable pipe skimmer for gravity decanting of the separated oil to a product

storage tank.

211 CLEAN WATER CHAMBER: The tank will be provided with a 200 gallon
clean water chamber which allows the water to leave the separator by pumped

fiow through the clean water outlet port.

2.12 VENTS: 1“ vents will be provide with vent piping to atmosphere.

POB 3160 * 63 N. Washington St. * N. Attieboro, MA 02761-3160
PH (508) 895-3640 " F (508) 895-4412 " EMAIL HQIOWS@AOL.COM
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Innovative
Solulions

Multiple-Stage Switches: Vertical Mount

ILS-700 Series Custom Switches with a Maximum Length of 4

The ILS-700 series level switches
are individually designed from over 360
component parts to create a custom
switch available in lengths of from one

foot (304mm) to four feet (1.2m). two pages.

Product Configuration Choices:

Mounting: Up to 12 choices: see tabie A-1 below.
Materials: Up to 14 choices; see tables A-2 and A-3 below.
Fioat Size: See 1able B, opposite page.

Length: 1 toot {304mm) minimum, 4 feel (1.2m) maximum

A. Component Choices:

2.

."

To specify, review the choices in
mounting types, stem and mounting,
fioat sizes, switching points and electri-
cal specifications that appear on these

iILS-700 Secries

-2-50-wah-BRET— -6-GRVG~

3. 100 watt SPST — 6. 31688

4. 20 watt SPDT ~—804-66~
8.321/347 SS
9. HC-276
10. IN 600
11. CuNi
12. Ti 6 Al 4V
13. TiGrp 2

Switchas
MOUNTING TYPES
A 4
1.1/8" NPT
MOUNTING AND STEM MATERIALS e NPT
v 3.3/8" NPT
. FLOAT MATERIALS 1. Brass 4.3/8- 24
v 2. Polypropylene 512" NPT
1. Buna-N 3. Kynar 6. 3/4" NPT
SWITCH TYPES | -
2. Polypropylene 4.pPVC 7.1.00" NPT
v 3, Kynar S-CRuC 8. 1.250° NPT
~p= 1. 20 want SPST 4. PVC —» 6.3168S 0.1.500" NPT

30488 5. 10.2.000" NPT

8. 321/347 1113325 120UNA2A
9. HC-276 12. 3.625" dia. flange
10. tN 600

11. CuNi

12. T 6 Al 4V

13.TiGmp 2

14. Tefion-PFA




B. Series 700 Components and Operating Parameters (Selected Optons Shown)

' Mounting Types Materials Operating Parameters Float Dimenslons
Stsm & Moumt  Float Specific Gravity Tomporsture Pressure

Pat # 10108N Part# 1117 8N

3 F
2345 088 He0: 1o 18T . Dameter 100 Diameter 1.1875
DR Buna-N e (+82°C) 16050 omm) (30mm)
6.7,8.9,10.11, 12 minmum QI 40F ko +220F  (118a) Height 100"  Height: 1.75°
316 SS. (40°C 10 +14°C) (25mm) (44mm)
Brass,
- or PVC. Pan 4 1010 PV
1,235, T g 07 To +140°F Sopsig  oSmear 100
6.7.8,9,10, 1. ~ minimum (+60°C) B8 o 1.00
. {25mm)
09 Part # 1012
~ minimum Diameter: 1.00° (25mm)
1.23.4,5. 16 S5 216 58 -40°F to +300°F 750 psig Height 1.00" (25mm)
6.7.8,9.10,11,12. 7 (H0°C 10 +149C) (52 Bar) Part# 2000
minimum Spherical Diametsr: 2.00° (50mm)
C. Switching Points and Electrical Specifications
Each swilching point requires one roup 1 SPST/ Group 2 SPST SPST Switch Wire Code

dent Clrcults

fioat. For special applications, & single
fioat can be used to activate 1wo switch
points, though these points must have a
. minimum separation of 1/8” (3mm). The
maximum number of actuation levels
depends on the wiring type selected.

Group 1 Group 2

| Common Wire  Black None
o NONC  SW Com ] NONC
o l ) Red Red/Red
37\':/—'

L2 Yellow Yellow/Yellow
Ratings: 20VA @ 120 VAC SPST (3 Bi 8
SOVA @ 240 VAC SPST i ue iue/Blue
Connection: 24" Free Leads ~ L4 Brown
) #22 AWG, PVC jacketed. 105 switch points 1 10 3 switoh points LS Orange
Mounting Attitude: Vertical +/- 30 Only two actuation points ara shown above.
. . . Dimenslions
D. Actuation Level Dimensions
Float Type A 8 c D

Bunma-N1° 1-1/8° 1-12° 2-3H6" &

A = Minimum distance from actuation 3 1
point 1o bottom of mounting. V) A 25mm) (27mm) (37Tmm) (S3mm) (3mm)
B = Minimum distance between jF=——— 1 ACT LUE 12 2316 18
zctu:ﬁtipfr IMI;. ance ! of { {25mm}  {27mm) (37mm) (S3mm) (3mm)
= Minmum aistance from eng O i
) . i

unit to lowest actuation point. ‘ Ay SS1° 1516 134 2716 e
D = Minimum distance between 2 {25mm) (23mm) (42mm) (S9mm) (3mm)
f-;clualion points when a s.inglo float u ¥ e ) ) o
is used to actuate two switches. . SS1-34 1-48°  1-1/2°  2-316° 1%

N Notes: Lo 8 (2Smm) (27mm) (37mm) (S3mm) (3mm)
1. A, B, and C dimensions are ‘Q: 1 é:
based on a specific gravity of 1.0. i T -
2. One foat for two actuation {evels . I i
can be used only with a 20VA swilch. ; I D
3. Actuation leve!s are calibrated on : ::]: e l

‘Q gescending Huid level, with water as oS ‘ .

the fluid, unlass otherwise spacified. ; ‘T: i . innovalive
4. Standard \clerance on actuation : [__.r_ Solu!iuns
levels is +/- 1/8” (3mm). ; =L . p—
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OIL/WATER SEPARATOR DESIGN CALCULATIONS
AND MANUFACTURER INFORMATION
FOR
LOADING RACK AREA
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CATLIN Project No. 201-125 May 2003
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<y JDI, Inc.

Industrial Washing Systems, Recycling, & Fluid Waste Minimization Equipment

Industrial
Washing
Systems

Solvent
Replacement
Cleaners/
Degreasers

Parts
Washers

Recycling/
Filtering
Systems

Ultrafiltration
Equipment

Qil Skimmers

Evaporators

Oil/Water
Separators

Tanks

January 10, 2003

Mr. Jeff Becken

Catlin Engineers & Scientists
220 Old Dairy Road
Wilmington, NC 28405

Phone: (910) 452-5861
Fax: (910) 452-7563

RE: Oil/Water Separator Systems Quotation

Dear Jeff:

As requested, we are pleased to present the following quotation for a Hydroquip, Inc. oil
water separator (OWS) system. The Hydroquip, Inc. AGM2-1H-200V parallel plate
oil/water separator has a 200 gallon equalization tank and will be able to process a

continuous flow of 40 gallons per minute.

The separator will remove essentially all free and dispersed non-emulsified oil and
parazylene droplets larger than 60 microns in diameter with a specific gravity of 0.861 or
less. Tt is designed for above-grade installation and will be constructed of 12 gauge

stainless steel.

We appreciate the opportunity to present this quotation and look forward to working with
you. If you have any questions or desire further information, please give me a call.

Best regards,
Thn
Thomas R. Goodwin

President
JDI, Inc.

Enclosures
Faxed page 1 of 2

(910) 791-1855 = P.O. Box 3821 * Wilmington, NC 28406 * Fax (910) 313-1987
email: sales@jdiinc.com

webpage: www.jdiinc.com




Mr. Jeff Becken January 10, 2003

Catlin Engineers Page 2 of 2
Oil/Water Separator Pricing Information
Item uan Description and Part Number Price
1 1 Hydroquip, Inc. HQI AGM-255-1H-200V S

Parallel Corrugated Plate Oil/Water Separator

*  Design Flow: 40 GPM

*  Approx. Dimensions: 2' wide x 5 long x 3" high

*  Materials of Construction: 12 Gauge Stainless Steel
Internal Pipe Schedule 80 PVC

* HQI AGM-25S Systems Features Include:

* 3" NPT Inlet/Outlet

* 2" NPT Qil Chamber Outlet

e Parallel corrugated plate coalescer designed to remove oil
and parazylene droplets greater than 60 microns with a
Reynolds Number of less than 500
Sludge baffle to capture and contain settleable solids

* 200 Gallon effluent pump out compartment
Neoprene gasketed removable vapor tight cover for access

to chamber compartments

Terms: Net 30 Days, 1.5% per month Finance Charge after 30 days
Shipping: F. O. B. Massachusetts

Delivery: 3-4 weeks after receipt of approved drawings

Note: Any applicable taxes will be in addition to the price quoted

Offer Valid for 90 Days

Warranty:  One year - Oil/Water Separator Accessories and Treatment Equipment

JDI, Inc. PO Box 3821 Wilmington, NC 28406 (910) 791-1855
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Water Treatment Equipment

)

RECTANGULAR OIL WATER SEPARATORS

FEATURES & BENEFITS

e Low maintenange cost

» Easily cleaned through the removable
vapor tight cover(s)

» No moving parts

» No power consumption

 No consumable wearing elements

» No chemicals, absorbent or filter cartridges
to remove, replace or dispose of

» Compact size

* Solids storage

¢ Optional integral oil storage

Operation

The separator shall be a special purpose prefabricated parallel corru
to remove free and dispersed non-emulsified oil and settlable solids,

a tank containing;

INLET COMPARTMENT

The inlet chamber will be comprised of a non-clog diffuser
pipe to distribute the flow across the width of the separator
chamber. The inlet compartment shall be of sufficient vol-

“ume to effectively reduce influent suspended solids, dissipate

energy and begin separation. A sludge baffle will be provid-
ed to prevent settlable solids and sedlment from entering the

separation chamber.

SEPARATION CHAMBER

The separation chamber will contain parallel corrugated
plates for enhanced oil/water separation. The UNIPACK
plates will be spaced for optimum removal of free oil and
settlable solids, and the corrugations will have a 45 to 60
degree angle with respect to the horizontal. Flow through
the plate pack will be in a cross-flow configuration. This
allows the oil to collect and coalesce in the high points of the
corrugations while the solids collect at the low points. This
also allows oil to rise without interfering with the falling
solids, reducing the possibility of clogging. Plates shall be
enclosed in a stainless steel frame to facilitate installation

and removal.

SEDIMENT CHAMBER
The sediment chamber will be located prior to the separation
chamber and will provide an adequate volume and baffling

for the settling of any solids.
POB 3160 * 63 N. Washington St. * N. Attleboro, MA 02761-3160
Ph: (508) 695-3640 * Fax (508) 695-4412 EMAIL: HQI@OWS.COM

gated plate gravity displacement type oil/water separator designed
in accordance with API 421. The separator shall be comprised of

OIL COLLECTION

The oil will be collected at the end of the separation
chamber by a fixed weir trough or rotatable skimmer.
Either collection method will provide for automatic
decant of the separated oil through gravity outlet(s) on
the side(s) of the separator. The type of oil collector
depends upon the application.

INTEGRAL OIL STORAGE COMPARTMENT

An integral oil storage compartment can be provided
for storing separated oil. The compartment adjacent to
the coalescing compartment would collect and store the
oil discharged from the oil collector.

CLEAN WATER CHAMBER

The water will pass under the oil retention bafﬂe and

over the adjustable effluent weir, which maintains the
liquid level throughout the separator, and exit through
the outlet provided at the end of the separator.

COVERS
The separator is provided with a vapor tight cover that
can easily be removed for service and maintenance.
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5.0 AIR STRIPPER

The primary equipment selected for the treatment of contaminated groundwater to NCAC
T15A:02L Groundwater Quality Standards is a tray-type air stripper. The following sections
address the design of the air stripper, the associated blower, and the associated feed pump.

5.1  PXFACILITY
5.1.1 Design of Feed Pump

5.1.1.1 Assumptions

e The maximum pumping rate will be 80 gpm.

e The pump will be required to pump groundwater from the
oil/water separator to the air stripper through a 3-inch PVC pipe.
Maximum length of pipe will be 20 feet.

e The air stripper sits on a platform, which is 4 feet above the
ground surface.

e The air stripper is 6.75 feet tall.

e The effluent discharge outlet for the oil/water separator is one
foot above the ground surface.

5.1.1.2 Selection

The attached air stripper design calculations and manufacturer
information were used to select the feed pump. Based on the design
calculations the minimum pump size must maintain a maximum flow
rate of 80 gpm with an approximate total head loss of 20 feet. The
plan is to utilize the feed pump to be provided by the air stripper
manufacturer or an approved equivalent.

5.1.2 Design of Air Stripper

5.1.2.1 Assumptions

e The maximum flow rate through the system will be 80 gpm.

e The maximum concentrations of the contaminants of concern are
170,000 ppb for paraxylene and 1,100 ppb for MTBE.

e The concentration levels of the treated groundwater must meet
NCAC T15A:02L Groundwater Quality Standards. The NCAC
T15A:02L Groundwater Quality Standards are 530 ppb for
paraxylene and 200 ppb for MTBE.

e The air stripper is to be a shallow tray type air stripper.

e The blower size is based on the minimum size determined by the
manufacturer to allow the proposed air stripper to treat to the
concentration levels discussed above.

FHR, LP North Terminal; 201125_nondischarge_basis of design CATLIN Engineers and Scientists
CATLIN Project No. 201-125 May 2003




o The manufacturer has considered the minimum accessories to
guarantee proper operation of the air stripper provided on Sheet 7
of the Construction Plans.

5.1.2.2 Selection

The attached air stripper design calculations and manufacturer
information were used to select the air stripper and the associated
components previously discussed. CATLIN provided the above
assumptions to a preferred air stripper manufacturer, North East
Environmental Products, Inc. (NEEP Systems). NEEP Systems
recommended their Shallow Tray Model 3641 air stripper.

In order to verify the air stripper size recommended by NEEP
Systems, we conducted two methods of verification. The first method
involved a hand calculation method utilizing the US Army Corps of
Engineers Design Guide DG1110-1-3, Appendix C, October 2001
document to verify the number of shallow trays and the minimum
surface area of each tray of the manufacturer’s recommended air
stripper. The second method involved the use of the excel model
program provided by NEEP Systems for their air stripper design.
Calculation sheets for both methods have been attached. Based on
the positive results of the two methods of verification, the plan is to
install the NEEP System Shallow Tray Model 3641 air stripper or an
approved equivalent as part of the groundwater recovery system.

5.2 LOADING RACK AREA

5.2.1 Design of Feed Pump

5.2.1.1 Assumptions

¢ The maximum pumping rate will be 40 gpm.

e The pump will be required to pump groundwater from the
oil/water separator to the air stripper through a 2-inch PVC pipe.
Maximum length of pipe will be 20 feet.

e The air stripper sits on a platform, which is 4 feet above the
ground surface.

e The air stripper is 6.75 feet tall.

e The effluent discharge outlet for the oil/water separator is one
foot above the ground surface.

FHR, LP North Terminal; 201125 _nondischarge_basis of design CATLIN Engineers and Scientists
CATLIN Project No. 201-125

May 2003




5.2.1.2 Selection

The attached air stripper design calculations and manufacturer
information were used to select the feed pump. Based on the design
calculations the minimum pump size must maintain a maximum flow
rate of 40 gpm with an approximate total head loss of 20 feet. The
plan is to utilize the feed pump to be provided by the air stripper
manufacturer or an approved equivalent.

5.2.2 Design of Air Stripper

5.2.2.1 Assumptions

¢ The maximum flow rate through the system will be 40 gpm.

e The maximum concentrations of the contaminants of concern are
as follows: 6,200 ppb for Benzene, 260 ppb for sec-Butylbenzene,
2,800 ppb for Ethyl Benzene, 3,900 ppb for MTBE, 540 ppb for
Naphthalene, 360 ppb for Propylbenzene, 1,100 ppb for Toluene,
1,000 ppb for 1,2,4-Trimethylbenzene, and 37,500 ppb for
Xylenes (assumed to be paraxylene). These concentrations are
based on the maximum concentrations in the Loading Rack area
during the preparation of the CAPA.

e The concentration levels of the treated groundwater must meet
NCAC T15A:02L Groundwater Quality Standards. The NCAC
T15A:02L Groundwater Quality Standards are as follows: 1 ppb
for Benzene, 70 ppb for sec-Butylbenzene, 29 ppb for Ethyl
Benzene, 200 ppb for MTBE, 6 ppb for Naphthalene, 70 ppb for
Propylbenzene, 1,000 ppb for Toluene, 350 ppb for 1,2,4-
Trimethylbenzene, and 530 ppb for Xylenes.

e The air stripper is to be a shallow tray type air stripper.

e The blower size is based on the minimum size determined by the
manufacturer to allow the proposed air stripper to meet the
concentration levels discussed above.

e The manufacturer has considered the minimum accessories to
guarantee proper operation of the air stripper provided on Sheet 7
of the Construction Plans.

5.2.2.2 Selection

The attached air stripper design calculations and manufacturer
information were used to select the air stripper and the associated
components previously discussed. CATLIN provided the above
assumptions to a preferred air stripper manufacturer, North East
Environmental Products, Inc. (NEEP Systems). NEEP Systems
recommended their Shallow Tray Model 2641 air stripper.

FHR, LP North Terminal; 201125_nondischarge_basis of design CATLIN Engineers and Scientists

CATLIN Project No. 201-125

May 2003



In order to verify the air stripper size recommended by NEEP
Systems, we conducted two methods of verification. The first method
involved a hand calculation method utilizing the US Army Corps of
Engineers Design Guide DG1110-1-3, Appendix C, October 2001
document to verify the number of shallow trays and the minimum
surface area of each tray of the manufacturer’s recommended air
stripper. The second method involved the use of the excel model
program provided by NEEP Systems for their air stripper design.
Calculation sheets for both methods have been attached. Based on
the positive results of the two methods of verification, the plan is to
install the NEEP System Shallow Tray Model 2641 air stripper or an
approved equivalent as part of the groundwater recovery system.

FHR, LP North Terminal; 201125_nondischarge_basis of design CATLIN Engineers and Scientists

CATLIN Project No. 201-125

May 2003



AIR STRIPPER DESIGN CALCULATIONS AND
MANUFACTURER INFORMATION
FOR
PX FACILITY

FHR, LP North Terminal; 201125 _nondischarge_basis of design CATLIN Engineers and Scientists
CATLIN Project No. 201-125 May 2003
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AIR STRIPPER - HAND CALCULATIONS
FOR
PX FACILITY

U.S. ARMY CORPS OF ENGINEERS DESIGN GUIDE
DG 1110-1-3 APPENDIX C (OCTOBER 2001)
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Shal

low profile air strippers
System Performance Estimate

Client and Proposal Information: Series chosen: 3600
Water Flow Rate: 80 gpm 18.2 md/hr
FHR-North Air Flow Rate: 900 scfm 1530 m3/hr
Paraxylene Facility Water Temp: 67 °F 19 °C
CATLIN's verification calcs Air Temp: 100 °F 38 °C
AW Ratio: 84 :1
Safety Factor: 0%
SELECTED MODEL
Model 3611 Model 3621 Model 3631 Model 3641 Model 3651
Untreated infiuent Effluent Effiuent Effiuent Effluent Effluent
Contaminant Effluent Target Ibsihr ppmv ibsihr ppmv tbsihr ppmv ibsthr ppmv Ibsthr ppmv
%removal Y%removal %removai “%removal %removal
p-Xylene 170000 ppb 17477 ppb 1797 ppb 185 ppb 19 ppb 2 ppb
Solubility 175 ppm 530 ppb 6.12 404.87 6.75 446.50 6.82 450.78 6.82 S1.21 6.83 451.26
Mwt 106.16 89.72% 98.94% 99.89% 99.99% 100.00%
MTBE 1100 ppb 629 ppb 359 ppb 205 ppb 117 ppb 67 ppb
Solubility 43,000 ppm 200 ppb 0.02 1.51 0.03 2.37 0.04 2.86 0.04 314 0.04 3.30
Mwt 88.15 42.84% 67.32% 81.32% 89.32% 93.90%
Total ppb 171100 ppb 18106 ppb 2156 ppb 390 ppb 136 ppb 69 ppb
Total VOC Ibs/hr - ppmv 6.14 406.38 6.78 448.86 6.85 453.63 6.86 454.36 6.87 454.56
Total 89.42% 98.74% 99.77% 99.92% 99.96%

The influent concentration of this compound exceeds its solubility factor. Contact your NEEP representative for further detai

This report has been generated by ShallowTray Modeler software version 6.12e. This software is designed to assist a skilled operator in predicting the performance of a ShallowTray air
stripping system. North East Environmental Products, Inc. (NEEP Systems) is not responsible for incidental or consequential damages resulting from the improper operation of either the
software or the air stripping equipment. This software is © Copyright North East Environmental Products, Inc., 2001.

Report Generated: 11/7/2002 Modeler V6.12e 5/24/2001




Shal

low profile air strippers

System Performance Estimate
Client and Proposal Information: Series chosen: 3600
Water Flow Rate: 80 gpm 18.2 m3/hr
FHR-North Air Flow Rate: 900 scfm 1530 m3/hr
Paraxylene Facility Water Temp: 67 °F 19 °C
CATLIN's verification calcs Air Temp: 75 °F 24 °C
AW Ratio: 84 1
Safety Factor: 0%
SELECTED MODEL
Model 3611 Model 3621 Model 3631 Model 3641 Model 3651
Untreated Influent Effluent Effluent Effluent Effluent Effluent
Contaminant Effluent Target Ibs/hr ppmv tbsihr ppmv Ibs/hr ppmv ibsihr ppmv tbs/hr ppmv
%removal Y%removal %removal Y%removal %removal
p-Xylene 170000 ppb 17781 ppb 1860 ppb 195 ppb 20 ppb 2 ppb
Solubility 175 ppm 530 ppb 6.11 404.07 6.75 446,33 6.82 450.75 6.82 451.21 6.83 451.26
Mwt 106.16 89.54% 98.91% 99.89% 99.99% 100.00%
MTBE 1100 ppb 633 ppb 364 ppb 209 ppb 120 ppb 69 ppb
Solubility 43,000 ppm 200 ppb 0.02 1.48 0.03 2.35 0.04 2.85 0.04 313 0.04 3.30
Mwt 88.15 42.49% 66.92% 80.97% 89.06% 93.71%
Total ppb 171100 ppb 18413 ppb 2224 ppb 404 ppb 141 ppb 71 ppb
Total VOC Ibs/hr - ppmv 6.13 405.56 6.78 448.68 6.85 453.60 6.86 454.34 6.87 454.55
Total 89.24% 98.70% 99.76% 99.92% 99.96%
The influent concentration of this compound exceeds its solubility factor. Contact your NEEP representative for further detai

This report has been generated by ShallowTray Modeler software version 6.12e. This software is designed

stripping system. North East Environmental Products, Inc. (N
software or the air stripping equipment. This software is © Copyright North East Environmental Products, Inc., 2001.

Modeler V6.12e 5/24/2001

EEP Systems) is not responsible for incidental or consequential damages resulting from the improper operation of either

to assist a skilled operator in predicting the performance of a ShallowTray air

the

Report Generated: 11/7/2002




low profile air strippers
System Performance Estimate

Client and Proposal Information: Series chosen: 3600
Water Flow Rate: 80 gpm 18.2 m3/hr
FHR-North Air Flow Rate: 900 scfm 1530 m3/hr
Paraxylene Facility Water Temp: 67 °F 19 °C
CATLIN's verification calcs Air Temp: 50 °F 10 °C
AW Ratio: 84 :1
Safety Factor: 0%
SELECTED MODEL
Model 3611 Model 3621 Model 3631 Model 3641 Model 3651
Untreated Infiuent Effiuent Effiuent Effiuent Effluent Effluent
Contaminant Effluent Target Ibsihr ppmv Ibs/hr ppmv Ibs/hr ppmv tbsthr ppmv Ibsthr ppmv
Y%removal %removal Y%removal %removal %removal
p-Xylene 170000 ppb 18090 ppb 1925 ppb 205 ppb 22 ppb 2 ppb
Solubility 175 ppm 530 ppb 8.10 403.25 6.75 446.16 6.82 450.72 6.82 451.21 6.83 451.26
Mwt 106,16 89.36% 98.87% 99.88% 99.99% 100.00%
MTBE 1100 ppb 637 ppb 368 ppb 213 ppb 123 ppb 71 ppb
Solubility 43,000 ppm 200 ppb 0.02 1.48 0.03 2.34 0.04 2.84 0.04 342 0.04 3.29
Mwt 8815 4213% 66.51% 80.62% 88.79% 93.51%
Total ppb 171100 ppb 18726 ppb 2293 ppb 418 ppb 145 ppb 74 ppb
Total VOC Ibs/hr - ppmv 6.12 404.73 6.78 448.49 6.85 453.56 6.86 454.33 6.87 454.55
Total 89.06% 98.66% 99.76% 99.92% 99.96%

The influent concentration of this compound exceeds its solubility factor. Contact your NEEP representative for further detai

wTray Modeler software version 6.12e. This software is designed to assist a skilled operator in predicting the performance of a ShallowTray air

This report has been generated by Shallo
al Products, Inc. (NEEP Systems) is not responsible for incidental or conseguential damages resulting from the improper operation of either the

stripping system. North East Environment
software or the air stripping equipment. This software is © Copyright North East Environmental Products, Inc., 2001.

Report Generated: 11/7/2002 Modeler V6.12e 5/24/2001




low profile air strippers

System Performance Estimate
Client and Proposal Information: Series chosen: 3600
Water Flow Rate: 80 gpm 18.2 m3/hr
FHR-North Air Flow Rate: 900 scfm 1530 m3thr
Paraxylene Facility Water Temp: 67 °F 18 °C
CATLIN's verification calcs Air Temp: 20 °F 7 *C
AW Ratio: 84 :1
Safety Factor: 0%
SELECTED MODEL
Model! 3611 Mode! 3621 Model 3631 Model 3641 Modet 3651
Untreated Influent Effluent Effluent Effluent Effluent Effluent
Contaminant Effluent Target |bsthr ppmv 1bsthr ppmv Ibsthr ppmv Ibs/hr ppmv lbs/hr ppmv
Y%removal %removal %removal %removal %removal
p-Xylene 170000 ppb 18467 ppb 2006 ppb 218 ppb 24 ppb 3 ppb
Solubility 175 ppm 530 ppb 6.08 402.24 6.75 445.94 6.82 450.69 6.82 451.20 5.83 451.26
Mwt 106.16 89.14% 98.82% 99.87% 99.99% 100.00%
MTBE 1100 ppb 641 ppb 374 ppb 218 ppb 127 ppb 74 ppb
Solubility 43,000 ppm 200 ppb 0.02 147 0.03 232 0.04 2.82 0.04 an 0.04 3.28
Mwt 88.15 NNM% 66.02% 80.19% 88.45% 93.27%
Total ppb 171100 ppb 19109 ppb 2380 ppb 436 ppb 151 ppb 77 ppb
Total VOC Ibs/hr - ppmv 6.10 403.71 677 448.26 6.85 453.51 6.86 454.31 6.87 454.54
Total 88.83% 98.61% 89.75% 99.91% 99.96%
your NEEP representative for further detai

The influent concentration of this compound exceeds its solubility factor. Contact

oftware version 6.12e. This software is designed to assist a skilled operator in predicting the performance of a ShallowTray air

This report has been generated by ShallowTray Modeler s
NEEP Systems) is not responsible for incidental or consequential damages resulting from the improper operation of either the

stripping system. North East Environmental Products, Inc. {
software or the air stripping equipment. This software is ® Copyright North East Environmentat Products, inc., 2001.

Modeler V6.12e 5/24/12001

Report Generated: 11/7/2002
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U.S. ARMY CORPS OF ENGINEERS DESIGN GUIDE
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low profile air strippers
System Performance Estimate

Client and Proposal Information: Series chosen: 2600
Water Flow Rate: 40 gpm 9.1 m3/hr
FHR-North Air Flow Rate: 600 scfm 1020 m3/hr
Loading Rack Area Water Temp: 67 °F 19 °C
CATLIN's verification calcs Air Temp: 100 °F 38 °C
AJW Ratio: 112 1
Safety Factor: 0%
SELECTED MODEL
Model 2611 Model 2621 Model 2631 Model 2641 Model 2651
Untreated influent Effluent Effluent Effluent Effluent Effluent
Contaminant Effluent Target Ibs/hr ppmv losthr ppmv ibsthr ppmv Ibsihr ppmv Ibs/hr ppmv
Y%removal %removal %removal Y%removal %removal
Benzene 6200 ppb 370 ppb 22 ppb 1 ppb <1 ppb <1 ppb
Solubility 1,780 ppm 1 ppb 0.12 15.77 012 16.71 0.12 16.77 012 16.77 0.12 16.77
Mwt 78.12 94.04% 99.64% 99.98% 100.00% 100.00%
sec-Butylbenzene 260 ppb 4 ppb <1 ppb <1 ppb <1 ppb <1 ppb
Solubility 70 ppm 70 ppb 0.01 0.40 0.01 0.41 0.0t DX 1] 0.01 0.41 0.01 0.41
Mwt 134.22 98.41% 99.97% 100.060% 100.00% 100.00%
Based on theoretical data only, CONSULT NEEP REPRESENTATIVE FOR WARRANTY
Ethyt Benzene 2800 ppb 151 ppb 8 ppb <1 ppb <1 ppb <1 ppb
Solubility 152 ppm 29 ppb 0.05 5.27 0.06 5.56 0.06 5.57 0.06 557 0.06 5.57
Mwt 106.16 94.61% 99.71% 99.98% 100.00% 100.00%
MTBE 3900 ppb 1580 ppb 640 ppb 259 ppb 105 ppb 43 ppb
Solubility 43,600 ppm 200 ppb 0.05 5.56 0.07 7.82 0.07 8.73 0.08 9.10 0.08 9.25
Mwt 88.15 59.50% 83.59% 93.35% 97.31% 98.91%
Naphthalene 540 ppb 79 ppb 11 ppb 2 ppb <t ppb <1 ppb
Solubility 30 ppm 6 ppb 0.01 0.76 0.01 0.87 0.01 0.89 0.01 0.89 0.01 0.89
Mwt 128.16 85.42% 97.87% 99.69% 99.95% 99.99%
Propylbenzene 360 ppb 18 ppb <1 ppb <1 ppb <1 ppb <1 ppb
Solubility 60 ppm 70 ppb 0.1 0.60 0.01 0.63 0.01 0.63 0.01 0.63 0.01 0.63
Mwt 120.19 94.77% 99.73% 99.99% 100.00% 100.00%
Based on theoretical data only, CONSULT NEEP REPRESENTATIVE FOR WARRANTY
Toiuene 1100 ppb 74 ppb 5 ppb <1 ppb <1 ppb <1 ppb
Solubility 515 ppm 1000 ppb 0.02 2.35 0.02 251 0.02 2.52 0.02 2.52 0.02 2.52
Mwt 92.13 93.27% 99.55% 99.97% 100.00% 100.00%
1,2,4-Trimethylbenzene 1000 ppb 111 ppb 12 ppb 1 ppb <1 ppb <1 ppb
Solubility 57 ppm 350 ppb 0.02 1.55 0.02 1.73 0.02 1.75 0.02 1.75 0.02 175
Mwt 120.9 88.89% 98.76% 99.86% 99.98% 100.00%
Xylenes 37500 ppb 2177 ppb 126 ppb 7 ppb <1 ppb <1 ppb
Solubility 175 ppm 530 ppb 071 70.43 0.75 74.52 0.75 74.76 0.75 74.77 0.75 74.77
Mwt 106 94.19% 99.66% 99.98% 100.00% 100.00%
Total ppb §3660 ppb 4564 ppb 826 ppb 272 ppb 106 ppb 43 ppb
Total VOC Ibs/hr - ppmv 0.99 102.71 1.06 110.76 1.07 112,03 1.08 112.42 1.08 112,57
Total 91.49% 98.46% 99.49% 99.80% 99.92%

Report Generated: 1/13/2003

Modeler V6.12e 5/24/2001

This report has been generated by ShallowTray Modeler software version 6.12e. This software is designed to assist a skilled operator in predicting the performance of a ShallowTray air
stripping system. North East Environmental Products, inc. (NEEP Systems) is not responsible for incidental or consequential damages resulting from the improper operation of either the
software ar the air stripping equipment. This software is © Copyright North East Environmental Products, Inc., 2001.




low profile air str
System Performance Estimate

ippers

Client and Proposal Information: Series chosen: 2600
Water Flow Rate: 40 gpm 9.1 m3fhr
FHR-North Air Flow Rate: 600 scfm 1020 m3/hr
Loading Rack Area Water Temp: 67 °F 19 °C
CATLIN's verification calcs Air Temp: 75 °F 24 °C
AW Ratio: M2 :1
Safety Factor: 0%
SELECTED MODEL
Model 2611 Model 2621 Model 2631 Model 2641 Model 2651
Untreated Influent Effluent Effluent Effluent Effluent Effluent
Contaminant Effluent Target Ibsthr ppmv Ibsihr ppmv Ibs/hr ppmv Ibs/hr ppmv Ibsihr ppmyv
%removal %removal %removal Y%removal Y%eremoval
Benzene 6200 ppb 380 ppb 23 ppb 1 ppb <1 ppb <1 ppb
Solubility 1,780 ppm 1 ppb 0.12 15.74 0.12 16.71 0.12 16.77 0.12 16.77 0.12 16.77
Mwt 78.12 93.86% 99.62% 98.98% 100.00% 100.00%
sec-Butyibenzene 260 ppb 4 ppb <1 ppb <1 ppb <1 ppb <1 ppb
Solubility 70 ppm 70 ppb 0.01 0.40 0.01 041 0.01 0.41 0.01 0.41 0.01 0.41
Mwt 134.22 98.35% 99.97% 100.00% 100.00% 100.00%
Based on theoretical data only, CONSULT NEEP REPRESENTATIVE FOR WARRANTY
Ethyl Benzene 2800 ppb 155 ppb 9 ppb <1 ppb <1 ppb <1 ppb
Solubility 152 ppm 29 ppb 0.05 5.27 0.08 5.56 0.06 5.57 0.06 5.57 0.06 5.57
Mwt 106.16 94.45% 99.69% 99.98% 100.00% 100.00%
MTBE 3900 ppb 1601 ppb 657 ppb 270 ppb 111 ppb 45 ppb
Solubility 43,000 ppm 200 ppb 0.05 5.51 0.07 7.78 0.07 8.70 0.08 9.09 0.08 9.24
Mwt 88.15 58.96% 83.16% 93.09% 97.16% 98.84%
Naphthalene 540 ppb 81 ppb 12 ppb 2 ppb <1 ppb <1 ppb
Solubility 30 ppm 6 ppb 0.01 0.76 0.01 0.87 0.01 0.89 0.01 0.89 0.01 0.89
Mwt 128.16 84.98% 97.74% 99.66% 99.95% 99.99%
Propylbenzene 360 ppb 19 ppb 1 ppb <1 ppb <1 ppb <1 ppb
Solubility 60 ppm 70 ppb 0.01 0.60 0.01 0.63 0.01 0.63 0.01 0.63 0.01 0.63
Mwt 120.18 94.61% 89.71% 99.98% 100.00% 100.00%
Based on theoretical data only, CONSULT NEEP REPRESENTATIVE FOR WARRANTY
Toluene 1100 ppb 76 ppb 5 ppb <1 ppb <1 ppb <1 ppb
Sotubility 515 ppm 1000 ppb 0.02 2.35 0.02 251 0.02 2.52 0.02 2.52 0.02 2.52
Mwt 92.13 93.08% 99.52% 99.97% 100.00% 100.00%
1,2,4-Trimethyibenzene 1000 ppb 114 ppb 13 ppb 1 ppb <1 ppb <1 ppb
Solubility 57 ppm 350 ppb 0.02 1.55 0.02 173 0.02 175 0.02 1.75 0.02 175
Mwt 120.9 88.60% 98.70% 99.85% 99.98% 100.00%
Xylenes 37500 ppb 2240 ppb 134 ppb 8 ppb <1 ppb <1 ppb
Solubility 175 ppm 530 ppb 0.7 70.30 0.75 74.50 0.75 74.75 0.75 74.77 0.75 74.77
Mwt 106 94.03% 99.64% 99.98% 100.00% 100.00%
Total ppb 53660 ppb 4671 ppb 854 ppb 283 ppb 112 ppb 45 ppb
Total VOC lbs/hr - ppmv 0.98 102.48 1.06 110.70 1.07 112.00 1.08 112.41 1.08 112,57
Total 91.29% 98.41% 99.47% 99.79% 99.92%

Report Generated: 1/13/2003

Modeler V6.12e 5/24/2001

This report has been generated by ShallowTray Modeler software version 6.12e. This software is designed to assist a skilled aperator in predicting the performance of a ShallowTray air
stripping system. North East Environmental Products, Inc. (NEEP Systems) is not responsible for incidental or consequential damages resulting from the improper operation of either the
software or the air stripping equipment. This software is © Copyright North East Environmental Products, Inc., 2001.




low profile air strippers
System Performance Estimate

Client and Proposal Information: Series chosen: 2600
Water Flow Rate: 40 gpm 9.1 m3/hr
FHR-North Air Flow Rate: 600 scfm 1020 m3/hr
Loading Rack Area Water Temp: 67 °F 18 °C
CATLIN's verification calcs Air Temp: 50 °F 10 °C
A/W Ratio: 112 1
Safety Factor: 0%
SELECTED MODEL
Model 2611 Model 2621 Model 2631 Model 2641 Model 2651
Untreated Influent Effluent Effluent Effluent Effluent Effluent
Contaminant Effluent Target Ibsihr ppmv Ibs/hr ppmv Ibsthr ppmv tbsfhr ppmv tbsihr ppmv
%removat %removal Y%removat Y%removal Yremovat
Benzene 6200 ppb 391 ppb 25 ppb 2 ppb <1 ppb <1 ppb
Solubility 1,780 ppm 1 ppb 0.12 15.71 0.12 16.71 012 16.77 012 16.77 012 16.77
Mwt 78.12 93.69% 99.60% 99.97% 100.00% 100.00%
sec-Butylbenzene 260 ppb 4 ppb <1 ppb <1 ppb <1 ppb <1 ppb
Solubility 70 ppm 70 ppb 0.01 0.40 0.01 041 0.01 0.41 0.01 0.41 0.01 0.41
Mwt 134.22 98.29% 99.97% 100.00% 100.00% 100.00%
Based on theoretical data only, CONSULT NEEP REPRESENTATIVE FOR WARRANTY
Ethyl Benzene 2800 ppb 160 ppb 9 ppb <1 ppb <1 ppb <1 ppb
Solubitity 152 ppm 29 ppb 0.05 5.26 0.06 5.56 0.06 5.57 0.06 5.57 0.06 5.57
Mwt 106.16 94.29% 99.67% 99.98% 100.00% 100.00%
MTBE 3900 ppb 1622 ppb 674 ppb 280 ppb 117 ppb 48 ppb
Solubility 43,000 ppm 200 ppb 0.05 5.46 0.06 7.73 0.07 8.68 0.08 9.07 0.08 9.23
Mwt 88.15 58.42% 82.71% 92.81% 97.01% 98.76%
Naphthalene 540 ppb 84 ppb 13 ppb 2 ppb <1 ppb <1 ppb
Solubility 30 ppm 6 ppb 0.01 0.75 0.01 0.87 0.01 0.89 0.01 0.89 0.01 0.89
Mwt 128.16 84.53% 97.61% 99.63% 99.94% 99.99%
Propylbenzene 360 ppb 20 ppb 1 ppb <1 ppb <1 ppb <1 ppb
Solubility 60 ppm 70 ppb 0.01 0.60 0.01 0.63 0.01 0.63 0.01 0.63 0.01 0.63
Mwt 120.19 94.46% 99.69% 99.98% 100.00% 100.00%
Based on theoretical data only, CONSULT NEEP REPRESENTATIVE FOR WARRANTY
Toluene 1100 ppb 78 ppb 6 ppb <1 ppb <1 ppb <1 ppb
Solubility 515 ppm 1000 ppb 0.02 2.34 0.02 2.5 0.02 252 0.02 252 0.02 2.52
Mwt 92.13 92.88% 99.49% 99.96% 100.00% 100.00%
1,2,4-Trimethylbenzene 1000 ppb 117 ppb 14 ppb 2 ppb <1 ppb <1 ppb
Solubility 57 ppm 350 ppb 0.02 1.54 0.02 1.72 0.02 1.75 0.02 1.75 0.02 1.75
Mwt 120.9 88.31% 98.63% 99.84% 99.98% 100.00%
Xylenes 37500 ppb 2305 ppb 142 ppb 9 ppb <1 ppb <1 ppb
Solubility 175 ppm 530 ppb 0.7% 70.17 0.75 74.49 0.75 74.75 0.75 74.77 0.75 T74.77
Mwt 106 93.85% 99.62% 99.98% 100.00% 100.00%
Total ppb 53660 ppb 4782 ppb 883 ppb 295 ppb 118 ppb 49 ppb
Total VOC Ibs/hr - ppmv 0.98 102.25 1.06 110.63 1.07 111.97 1.07 112.39 1.08 112,56
Total 91.09% 98.35% 99.45% 99.78% 99.91%

This report has been generated by ShallowTray Modeler s

Report Generated: 1/13/2003

stripping system. North East Environmental Products, Inc. (NEEP Systems)
software or the air stripping equipment. This software is © Copyright North East Environmental Products, Inc., 2001.

Modeler V6.12e 5/24/2001

oftware version 6.12e. This software is designed to assist a skilled operator in predicting the performance of a ShallowTray air
is not responsible for incidental or consequential damages resulting from the improper operation of either the




fow profile air strippers
System Performance Estimate

Client and Proposal Information: Series chosen: 2600
Water Flow Rate: 40 gpm 9.1 m3/hr
FHR-North Air Flow Rate: 600 scfm 1020 m3/hr
Loading Rack Area Water Temp: 67 °F 19 °C
CATLIN's verification calcs Air Temp: 20 °F 7°C
AJW Ratio: 112 :1
Safety Factor: 0%
SELECTED MODEL
Model 2611 Model 2621 Model 2631 Model 2641 Model 2651
Untreated Influent Effluent Effluent Effiuent Effluent Effluent
Contaminant Effluent Target ibsthr ppmv Ibsthr ppmv tbs/hr ppmv Ibsihs ppmv Ibs/hr ppmv
%removal Y%removal %removal %removal %removal
Benzene 6200 ppb 405 ppb 26 ppb 2 ppb <1 ppb <1 ppb
Solubility 1,780 ppm 1 ppb 0.12 15.68 0.12 16.70 0.12 16.77 0.12 16.77 0.12 16.77
Mwt 78.12 93.46% 99.57% 99.97% 100.00% 100.00%
sec-Butylbenzene 260 ppb 5 ppb <1 ppb <1 ppb <1 ppb <1 ppb
Solubility 70 ppm 70 ppb 0.01 0.40 0.01 041 0.0t 0.41 0.01 0.41 0.01 0.41
Mwt 134.22 98.21% 99.97% 100.00% 100.00% 100.00%
Based on theoretical data only, CONSULT NEEP REPRESENTATIVE FOR WARRANTY
Ethyl Benzene 2800 ppb 165 ppb 10 ppb <1 ppb <1 ppb <1 ppb
Solubility 152 ppm 29 ppb 0.05 525 0.06 5.55 0.06 5.57 0.06 5.57 0.06 5.57
Mwt 106,16 94.09% 99.65% 99.98% 100.00% 100.00%
MTBE 3900 ppb 1647 ppb 696 ppb 294 ppb 124 ppb 52 ppb
Solubility 43,000 ppm 200 ppb 0.05 540 0.06 7.68 0.07 8.65 0.08 9.05 0.08 9.23
Mwt 88.15 57.76% 82.16% 92.46% 96.82% 98.66%
Naphthalene 540 ppb 87 ppb 14 ppb 2 ppb <1 ppb <1 ppb
Sojubility 30 ppm 6 ppb 0.01 0.75 0.01 0.87 0.01 0.89 0.01 0.89 0.01 0.89
Mwt 128.16 83.96% 97.43% 99.59% 99.93% 99.99%
Propylbenzene 360 ppb 21 ppb 1 ppb <1 ppb <1 ppb <1 ppb
Solubitity 60 ppm 70 ppb 0.01 0.60 0.01 0.63 0.01 0.63 0.01 0.63 0.01 0.63
Mwt 120.19 94.26% 99.67% 99.98% 100.00% 100.00%
Based on theoreticai data only, CONSULT NEEP REPRESENTATIVE FOR WARRANTY
Toluene 1100 ppb 81 ppb & ppb <1 ppb <1 ppb <1 ppb
Solubility 515 ppm 1000 ppb 0.02 2.34 0.02 251 0.02 2.52 0.02 2.52 0.02 2.52
Mwt 92,13 92.63% 99.46% 99.96% 100.00% 100.00%
1,2,4-Trimethylbenzene 1000 ppb 120 ppb 15 ppb 2 ppb <1 ppb <1 ppb
Solubility 57 ppm 350 ppb 0.02 1.54 0.02 1.72 0.02 1.75 0.02 1.75 0.02 1.75
Mwt 120.9 87.95% 98.55% 99.83% 99.98% 100.00%
Xylenes 37500 ppb 2386 ppb 152 ppb 10 ppb <1 ppb <1 ppb
Solubility 175 ppm 530 ppb 0.70 70.01 0.75 74.47 0.75 74.75 0.75 74.77 0.75 74.77
Mwt 106 93.64% 99.60% 99.97% 100.00% 100.00%
Total ppb 53660 ppb 4917 ppb 920 ppb 310 ppb 126 ppb 53 ppb
Total VOC lbsihr - ppmv 0.98 101.96 1.06 110.55 1.07 111.94 1.07 112.37 1.08 112,55
Total 90.84% 98.29% 99.42% 99.77% 99.80%

This report has been generated by

Report Generated: 1/13/12003

stripping system. North East Environmental Products, Inc. (NEEP Systems)
software or the air stripping equipment. This software is © Copyright North East Environmental Products, Inc., 2001.

Modeler V6.12e 5/24/2001

ShaliowTray Modeler software version 6.12e. This software is designed to assist a skilled operator in predicting the performance of a ShailowTray air
is not responsible for incidental or consequential damages resuiting from the improper operation of either the




low profile air strippers
System Performance Estimate
Client and Proposal Information: Series chosen: 2600
Water Flow Rate: 40 gpm 9.1 m3/hr
FHR-North Air Flow Rate: 600 scfm 1020 m3/hr
Loading Rack Area Water Temp: 67 °F 19 °C
CATLIN's verification calcs Air Temp: 100 °F 38 °C
A/W Ratio: 112 1
Safety Factor: 10%
SELECTED MODEL
Model 2611 Model 2621 Model 2631 Model 2641 Model 2651
Untreated Influent Effluent Effluent Effluent Effluent Effluent
Contaminant Effluent Target Ibsihr ppmv Ibsfhr ppmv Ibsihr ppmv Ibs/hr ppmv lbsihr ppmv
Y%removal Yremoval Yremoval %removal %removal
Benzene 6200 ppb 407 ppb 27 ppb 2 ppb <1 ppb <1 ppb
Solubility 1,780 ppm 1 ppb 0,12 1567 012 16.70 0.12 16.77 0.12 16.77 0.12 16.77
Mwt 78.12 93.44% 99.57% 99.97% 100.00% 100.00%
sec-Butylbenzene 260 ppb 5 ppb <1 ppb <1 ppb <1 ppb <1 ppb
Solubility 70 ppm 70 ppb 0.01 0.40 6.01 0.41 0.01 0.41 0.01 0.41 0.01 0.41
Mwt 134.22 98.25% 99.97% 100.00% 100.00% 100.00%
Based on theoreticat data only, CONSULT NEEP REPRESENTATIVE FOR WARRANTY
Ethyl Benzene 2800 ppb 166 ppb 10 ppb <1 ppb <1 ppb <t ppb
Solubility 152 ppm 29 ppb 0.05 5.24 0.06 5.55 0.06 557 0.06 5.57 0.06 557
Mwt 106.16 94.07% 99.65% 99.98% 100.00% 100.00%
MTBE 3900 ppb 1738 ppb 774 ppb 345 ppb 154 ppb 68 ppb
Solubility 43,000 ppm 200 ppb 0.04 518 0.06 7.49 0.07 8.52 0.08 8.98 0.08 9.19
Mwt 88.15 55.44% 80.15% 91.15% 96.06% 98.24%
Naphthalene 540 ppb 87 ppb 14 ppb 2 ppb <1 ppb <1 ppb
Solubility 30 ppm 6 pph 0.01 0.75 .01 0.87 0.01 0.89 0.01 0.89 0.0 0.89
Mwt 128.15 83.96% 97.43% 99.59% 99.93% 99.99%
Propylbenzene 360 ppb 21 ppb 1 ppb <1 ppb <1 ppb <1 ppb
Solubility 60 ppm 70 ppb 0.01 0.60 0.01 0.63 0.01 0.63 0.01 0.63 0.01 0.63
Mwt 120.19 94.24% 99.67% 99.98% 100.00% 100.00%
Based on theoretical data only, CONSULT NEEP REPRESENTATIVE FOR WARRANTY
Toluene 1100 ppb 81 ppb 6 ppb <1 ppb <1 ppb <1 ppb
Solubility 515 ppm 1000 ppb 0.02 234 0.02 251 0.02 2.52 0.02 2.52 0.02 252
Mwt 92.13 92.60% 99.45% 99.96% 100.00% 100.00%
1,2,4-Trimethylbenzene 1000 ppb 122 ppb 15 ppb 2 ppb <1 ppb <1 ppb
Solubility 57 ppm 350 ppb 0.02 1.53 0.02 1.72 0.02 174 0.02 1.75 0.02 175
Mwt 120.8 87.77% 98.51% 99.82% 99.98% 100.00%
Xylenes 37500 ppb 2395 ppb 153 ppb 10 ppb <1 ppb <1 ppb
Solubility 175 ppm 530 ppb 0.70 70.00 0.75 74.47 0.75 74.75 0.75 7477 0.75 74.77
Mwt 106 93.61% 99.59% 99.97% 100.00% 100.00%
Total ppb 53660 ppb 5021 ppb 1000 ppb 362 ppb 155 ppb 69 ppb
Tota! VOC lbsthr - ppmv 0.98 101.72 1.06 110.36 1.07 111.81 1.07 112.30 1.08 112.51
Total 90.64% 98.14% 99.33% 99.71% 99.87%
This report has been generated by ShallowTray Modeler software version 6.12e. This software is designed to assist a skilled operator in predicting the performance of a ShatlowTray air
stripping system. North East Environmental Products, Inc. (NEEP Systems) is not responsible for incidental or consequential damages resulting from the improper operation of either the
software or the air stripping equipment. This software is © Copyright North East Environmental Products, Inc., 2001.
Report Generated: 1/13/2003 Modeler V6.12e 5/24/2001




low profile air strippers
System Performance Estimate
Client and Proposal Information: Series chosen: 2600
Water Flow Rate: 40 gpm 9.1 m3/hr
FHR-North Air Flow Rate: 600 scfm 102¢ m3/hr
Loading Rack Area Water Temp: 67 °F 19 °C
CATLIN's verification calcs Air Temp: 20 °F 7 °C
A/W Ratio: 112 1
Safety Factor: 10%
SELECTED MODEL
Model 2611 Model 2621 Model 2631 Model 2641 Model 2651
Untreated Influent Effluent Effluent Effiuent Effluent Effluent
Contaminant Effluent Target Ibs/hr ppmv Ibs/hr ppmv |bs/hr ppmv tbs/hr ppmv Ibs/hr ppmv
%removal %removal %removal %removal Y%removal
Benzene 6200 ppb 446 ppb 32 ppb 2 ppb <1 ppb <1 ppb
Solubility 1,780 ppm 1 ppb 0.12 15.57 0.12 16.69 012 16.77 0.12 16.77 0.12 16.77
Mwt 78.12 92.81% 99.48% 99.96% 100.00% 100.00%
sec-Butylbenzene 260 ppb 5 ppb <1 ppb <1 ppb <1 ppb <1 ppb
Solubility 70 ppm 70 ppb 0.0% 0.40 0.01 .41 0.01 0.41 0.01 0.41 0.01 0.41
Mwt 134.22 98.03% 99.96% 100.00% 100.00% 100.00%
Based on theoretical data only, CONSULT NEEP REPRESENTATIVE FOR WARRANTY
Ethyl Benzene 2800 ppb 182 ppb 12 ppb <1 ppb <1 ppb <1 ppb
Solubility 152 ppm 29 ppb 0.05 521 0.08 5.55 0.06 5.57 0.06 5.57 0.06 5.57
Mwt 106.16 93.50% 998.58% 99.97% 100.00% 100.00%
MTBE 3900 ppb 1812 ppb 842 ppb 391 ppb 182 ppb 84 ppb
Solubility 43,000 ppm 200 ppb 0.04 5.01 0.06 7.33 0.07 8.41 0.07 8.91 0.08 8.15
Mwt 88.15 53.54% 78.41% 89.97% 95.34% 97.83%
Naphthalene 540 ppb 95 ppb 17 ppb 3 ppb <1 ppb <1 ppb
Solubility 30 ppm 6 ppb 0.01 0.73 0.0t 0.86 0.01 0.89 0.01 0.89 0.01 0.89
Mwt 128.16 82.36% 96.89% 99.45% 99.90% 99.98%
Propylbenzene 360 ppb 23 ppb 1 ppb <1 ppb <1 ppb <1 ppb
Solubility 60 ppm 70 ppb 0.01 0.59 0.01 0.63 0.01 0.63 0.01 0.63 0.01 0.63
Mwt 120.19 93.6%9% 99.60% 99.97% 100.00% 100.00%
Based on theoretical data only, CONSULT NEEP REPRESENTATIVE FOR WARRANTY
Toluene 1100 ppb 89 ppb 7 ppb <t ppb <1 ppb <1 ppb
Solubility 515 ppm 1000 ppb .02 2.32 0.02 251 0.02 2.52 0.02 2.52 0.02 252
Mwt 82.13 91.89% 99.34% 99.95% 100.00% 100.00%
1,2,4-Trimethylbenzene 1000 ppb 133 ppb 18 ppb 2 ppb <1 ppb <1 ppb
Solubility 57 ppm 350 ppb 0.02 1.52 0.02 1.72 0.02 1.74 0.02 175 0.02 1.75
Mwt 120.9 86.75% 98.24% 99.77% 99.97% 100.00%
Xylenes 37500 ppb 2625 ppb 184 ppb 13 ppb <1 ppb <1 ppb
Solubility 175 ppm 530 ppb 0.70 £69.54 075 74.40 0.75 74.74 0.75 74.77 0.75 74.77
Mwt 106 93.00% 99.51% 99.97% 100.00% 100.00%
Total ppb 53660 ppb 5409 ppb 1113 ppb 413 ppb 184 ppb 85 ppb
Total VOC lbs/hr - ppmv 0.97 100.89 1.05 110.10 1.07 111.69 1.07 112.23 1.08 112.47
Total 89.92% 97.93% 99.23% 99,66% 99.84%
This report has been generated by ShallowTray Modeler software version 6.12e. This software is designed to assist a skilled operator in predicting the performance of a ShallowTray air
stripping system. North East Environmental Products, Inc. (NEEP Systems) is not responsible for incidental or consequential damages resulting from the improper operation of either the
software or the air stripping equipment. This software is © Copyright North East Environmental Products, Inc., 2001.
Report Generated: 1/13/2003 Modeler V6.12e 5/24/2001




low profile air strippers

System Performance Estimate

Client and Proposal Information: Series chosen: 2600
Water Flow Rate: 40 gpm 9.1 m3/hr
FHR-North Air Flow Rate: 600 scfm 1020 m3/hr
Loading Rack Area Water Temp: 67 °F 19 °C
CATLIN's verification calcs Air Temp: 50 °F 10 °C
A/W Ratio: 112 1
Safety Factor: 10%
SELECTED MODEL
Model 2611 Model 2621 Model 2631 Model 2641 Mode! 2651
Untreated Influent Effluent Effluent Effluent Effluent Effluent
Contaminant Effluent Target tbs/hr ppmv Ibsthr ppmv ibs/hr ppmv bsfhr ppmv ibsihr ppmv
%Y%removal Yeremoval Y%removal Y%removat Y%removal
Benzene 6200 ppb 431 ppb 30 ppb 2 ppb <1 ppb <1 ppb
Solubility 1,780 ppm 1 ppb 0.12 15.61 0.12 16.69 012 16.77 0.12 16.77 0.12 16.77
Mwt 78.12 93.05% 99.52% 99.97% 100.00% 100.00%
sec-Butylbenzene 260 ppb 5 ppb <1 ppb <1 ppb <1 ppb <1 ppb
Solubility 70 ppm 70 ppb 0.01 0.40 0.01 0.41 0.01 0.41 0.01 0.41 0.01 0.41
Mwt 134.22 98.12% 99.96% 100.00% 100.00% 100.00%
Based on theoretical data only, CONSULT NEEP REPRESENTATIVE FOR WARRANTY
Ethyl Benzene 2800 ppb 176 ppb 11 ppb <1 ppb <1 ppb <1 ppb
Solubility 152 ppm 29 ppb 0.05 5.22 0.06 5.55 0.06 5.57 0.06 557 0.06 5.57
Mwt 106.16 93.72% 99.61% 99.98% 100.00% 100.00%
MTBE 3900 ppb 1784 ppb 816 ppb 373 ppb 171 ppb 78 ppb
Solubility 43,000 ppm 200 ppb 0.04 5.07 0.06 7.39 0.07 8.46 0.07 894 0.08 9.16
Mwt 88.15 54.26% 79.08% 90.43% 95.62% 98.00%
Naphthalene 540 ppb 92 ppb 16 ppb 3 ppb <1 ppb <1 ppb
Solubility 30 ppm 6 ppb 0.01 0.74 0.01 0.86 0.01 0.89 0.01 0.89 0.01 0.89
Mwt 128.16 82.98% 97.10% 99.51% 99.92% 99.99%
Propylbenzene 360 ppb 22 ppb 1 ppb <1 ppb <1 ppb <1 ppb
Solubility 60 ppm 70 ppb 0.01 0.59 0.01 0.63 0.01 0.63 0.01 063 0.01 0.63
Mwt 120.19 93.90% 99.63% 99.98% 100.00% 100.00%
Based on theoretical data only, CONSULT NEEP REPRESENTATIVE FOR WARRANTY
Toluene 1100 ppb 86 ppb 7 ppb <1 ppb <1 ppb <1 ppb
Solubility 515 ppm 1000 ppb 0.02 2.33 0.02 2.51 0.02 2.52 0.02 2,52 0.02 2.52
Mwt 92.13 92.17% 99.39% 99.95% 100.00% 100.00%
1,2,4-Trimethylbenzene 1000 ppb 129 pph 17 ppb 2 ppb <1 ppb <1 ppb
Solubility 57 ppm 350 ppb 0.02 1.52 0.02 1.72 0.02 1.74 0.02 1.75 0.02 1.75
Mwt 120.9 87.14% 98.35% 99.79% 99.97% 100.00%
Xylenes 37500 ppb 2536 ppb 171 ppb 12 ppb <1 ppb <1 ppb
Solubility 175 ppm 530 ppb 0.70 69.71 0.75 74.43 0.75 7475 0.75 74.77 0.75 74.77
Mwt 106 93.24% 99.54% 89.97% 100.00% 100.00%
Total ppb 53660 ppb 5260 ppb 1069 ppb 393 ppb 172 ppb 78 ppb
Total VOC Ibs/hr - ppmv 0.97 101.21 1.06 110.20 1.07 111.74 1.07 112.26 1.08 112.49
Total 90.20% 98.01% 99.27% 99.68% 99.85%

This report has been generated by ShallowTray Modeler software version 6.

12e. This software is designed to assist a skilled operator in predicting the performance of a ShallowTray air

stripping system. North East Environmental Products, Inc. (NEEP Systems) is not responsible for incidental or consequential damages resulting from the improper operation of either the

software or the air stripping equipment. This software is @ Copyright North East Environmental Products, Inc., 2001.

Report Generated: 1/13/2003

Modeler V6.12e 5/24/2001




fow profile air strippers
System Performance Estimate
Client and Proposal Information: Series chosen: 2600
Water Flow Rate: 40 gpm 9.1 m3/hr
FHR-North Air Flow Rate: 600 scfm 1020 m3/hr
Loading Rack Area Water Temp: 67 °F 19 °C
CATLIN's verification calcs Air Temp: 75 °F 24 °C
A/W Ratio: 12 1
Safety Factor: 10%
SELECTED MODEL
Model 2611 Model 2621 Model 2631 Model 2641 Model 2651
Untreated Influent Effluent Effluent Effluent Effiuent Effluent
Contaminant Effluent Target Ibsthr ppmv ibsthr ppmv Ibsthr ppmv Ibsihr ppmv ibsthr ppmv
%removal %removal Yremoval %removal “Yremoval
Benzene 6200 ppb 418 ppb 28 ppb 2 ppb <1 ppb <1 ppb
Solubility 1,780 ppm 1 ppb 0.12 15.64 0.12 16.70 0.12 16.77 012 16.77 0.12 16.77
Mwt 78.12 93.25% 99.54% 99.97% 100.00% 100.00%
sec-Butylbenzene 260 ppb S ppb <1 ppb <1 ppb <1 ppb <1 ppb
Solubility 70 ppm 70 ppb 0.01 0.40 0.01 0.41 0.01 0.41 0.01 0.41 0.01 0.41
Mwt 134.22 98.19% $8.97% 100.00% 100.00% 100.00%
Based on theoretical data only, CONSULT NEEP REPRESENTATIVE FOR WARRANTY
Ethyl Benzene 2800 ppb 171 ppb 10 ppb <1 ppb <1 ppb <1 ppb
Solubility 152 ppm 29 ppb 0.05 523 0.06 555 0.06 5.57 0.06 5.57 0.06 5.57
Mwt 106.16 93.90% 99.63% 99.98% 100.00% 100.00%
MTBE 3900 ppb 1761 ppb 795 ppb 359 ppb 162 ppb 73 ppb
Solubility 43,000 ppm 200 ppb 0.04 5.13 0.06 7.45 0.07 8.49 0.08 8.96 0.08 9.18
Mwt 88.15 54.86% 79.62% 80.80% 95.85% 98.13%
Naphthailene 540 ppb 89 ppb 15 ppb 2 ppb <1 ppb <1 ppb
Solubility 30 ppm 6 ppb 0.01 0.74 0.01 0.87 0.01 0.89 0.01 0.89 0.01 0.89
Mwt 128.16 83.48% 97.27% 99.55% 99.93% 99.99%
Propyibenzene 360 ppb 21 ppb 1 ppb <1 ppb <1 ppb <1 ppb
Solubility 60 ppm 70 ppb 0.01 0.60 0.01 0.63 0.01 0.63 0.01 0.63 0.01 0.63
Mwt 120.19 94.08% 99.65% 99.98% 100.00% 100.00%
Based on theoretical data only, CONSULT NEEP REPRESENTATIVE FOR WARRANTY
Toluene 1100 ppb 84 ppb 6 ppb <1 ppb <t ppb <1 ppb
Solubility 515 ppm 1000 ppb 0.02 233 0.02 2.51 0.02 2.52 0.02 2.52 0.02 2.52
Mwt 92.13 92.39% 99.42% 99.96% 100.00% 100.00%
1,2,4-Trimethylbenzene 1000 ppb 125 ppb 16 ppb 2 ppb <1 ppb <t ppb
Solubility 57 ppm 350 ppb 0.02 1.53 0.02 1.72 0.02 1.74 0.02 1.75 0.02 1.75
Mwt 120.9 87.46% 98.43% 99.80% 99.98% 100.00%
Xylenes 37500 ppb 2464 ppb 162 ppb 11 ppb <1 ppb <1 ppb
Solubility 175 ppm 530 ppb 0.70 £9.86 0.75 74.45 0.75 7475 0.75 74.77 0.75 74.77
Mwt 106 93.43% 99.57% 99.97% 100.00% 100.00%
Total ppb 53660 ppb 5139 ppb 1034 ppb 377 ppb 164 ppb 73 ppb
Total VOC Ibs/hr - ppmv 0.97 101.46 1.06 110.28 1.07 111.78 1.07 112.28 1.08 112.50
Total 90.42% 98.07% 99.30% 99.70% 99.86%
This report has been generated by ShallowTray Modeler software version 6.12e. This software is designed to assist a skilled operator in predicting the performance of a ShallowTray air
stripping system. North East Environmental Products, Inc. (NEEP Systems) is not responsible for incidental or consequential damages resulting from the improper operation of either the
software or the air stripping equipment. This software is © Copyright North East Environmental Products, Inc., 2001.
Report Generated: 1/13/2003 Modeler V6.12e 5/24/2001
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Jan 07 03 02:06p N E ENVIRONMENTAR 603 288 7063 p.1
1002908-1 xIm.v 40 gpm
low profile air strippers
System Performance Estimate
Client and Proposal Information: Serles chosen: 2600 :
Water Flow Rale: 40.0 gpm 9.1 m3mhr
Catlin Engrs & Sclentists: Jeit Becken Alr Flow Rate: 600 sctm 1020 m3/hr
1ax#910-452-7563 Water Temp: 69 °F 21 °C
FHR North Loading Rack, Wiimington, NC Alr Temp: 40 °F 4 *C
#1002908-1; 2L Removal, 40 GPM A/ Ratlo: 112 2
Safety Factor: 15%
Model 2611 Model 2621 Model 2631 Model 2641 Model 2651
Unireated Influent Effluent EfHiuent Eftiuent Effluent Effluent
Contaminant Effluent Target ibs/hr PPMv los/hr PPMv Ibsthr PPMV Ibs/hr PPMy Ibs/hr  PPMv
%remaval %remaval %removal %tremoval Y%ramoval
Benzena 6200 ppb 426 ppb 29 ppb 2 ppb <1 ppb <1 ppb
Solubllity 1,780 ppm 1 ppb 012 15.6 0.12 16.7 0.12 16.8 0.12 16.8 0.12 16.8
Mwt 78.12 93.1317% 99.5283% 99.9676% 99.9978% 99.9998%
sec-Butylbenzene 260 ppb 5 ppb <1 ppb <1 ppb <1 ppb <1 pph
Solubliity 70 ppm 70 ppb 0.01 0.4 0.01 0.4 0.01 0.4 0.01 0.4 0.01 0.4
Mwi 134.22 98.1675% 99,9669% 89.9994% 100.0000% 100.0000%
Based on theoretical data only, CONSULT NEEP REPRESENTATIVE FOR WARRANTY
Ethyl Benzene 2800 pph 174 ppb 11 ppb <1 ppb <1 ppb <1 ppb
Solubility 152 ppm 29 ppb 0.05 5.2 0.06 5.6 0.06 5.6 0.06 56 0.06 6.6
Mw1 106,16 93.7905% 99.6144% 99.9761% 89.99856% 99.9999%
MTBE 3900 ppb 1818 ppb 847 ppb 395 ppb 184 ppb 86 ppb
Solubility 43,000 ppm 200 ppb 0.04 5.0 0.06 7.3 0.07 8.4 0.07 8.8 0.08 9.1
Mwi BB.15 53.3853% 78.2707% 89.8710% 95.2784% 97.7990%
Naphthalene 540 ppb 91 ppb 1§ ppb 3 ppb <1 ppb <1 ppb
Solubllity 30 ppm 6 ppb 0.01 0.7 0.01 0.9 0.0 0.9 0.01 0.9 0.01 0.8
Mwl 128,16 83.2066% 97.1795% 99.5263% 99.9204% 99.9866%
Propylbenzene 360 ppb 22 ppb 1 ppb <1 ppb <1 ppb <1 ppb
Solubility 60 ppm 70 ppb 0.01 0.6 0.01 0.6 0.01 0.6 0.01 0.6 0.01 0.6
Mwt 120.19 93.9724% 99.6367% 99.9781% 99.9987% 99.9999%
Based on theoretical data anly, CONSULT NEEP REPRESENTATIVE FOR WARRANTY .
Toluene 1100 ppb 85 ppb 7 ppb <1 ppb <1 ppb <1 ppb
Solubility 515 ppm 1000 ppb Q.02 2.3 0.02 2.5 Q.02 25 0.02 2.5 0.02 2.5
Mwi 92.13 92.2538% 99.4000% 99.9535% 99.89964% 99,9997%
1,2,4-Trimethylbenzene 1000 ppb 128 ppb 16 ppb 2 ppb <1 ppb <1 ppb
Salubility 57 ppm 350 ppb 0.02 1.5 0.02 1.7 0.02 1.7 0.02 1.7 0.02 1.7
Mwt 120.9 B87.2004% 98.3617% 99.7803% 99.9732% 99.9966%
Xylsnas 37500 ppb 2508 ppb 168 ppb 11 ppb <1 ppb <1 ppb
Solubility 175 ppm 530 ppb 0.70 69.8 0.75 74.4 Q.76 74.7 0.75 74.8 0.75 74.8
Mwl 108 93.3132% 99.5529% 98.9701% 99.9980% 99.9999%
Total ppb 53660 ppb 5256 1095 414 186 86
Total VOC lba/hr -~ PPMv 0.97 101.2 1.06 110.1 1.07 111.7 1.07 112.2 1.08 112.5
Total *ramoval 90.21% 97.96% 99.23% 89.65% 99.84%
This report has been generated by ShallowTray Modeler software version Ev2.2. This software is designed
to assint a skilled operator In predicting the pPerformanoe of a ShallowTray air stripping system. North East
Environmental Products, Inc. (NEEP) is not responsible for incldental or concequantial damagos resulting
from the improper cparation of either the software or the air stripping equipment.
Modeler Ev2.8 ppmv
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6.0 EIFFLUENT TANK

An effluent tank has been selected to allow sediments/particulates that pass through the air
stripper to settle. The following sections address the design of the effluent tanks and the
associated influent and effluent lines.

6.1 PXFACILITY
6.1.1 Design of Influent Line

6.1.1.1 Assumptions

e Treated groundwater is to gravity flow from the air stripper to the
effluent tank at a maximum flow rate of 80 gpm.

e The maximum distance between the air stripper and the effluent
tank is approximately 10 feet.

e The maximum difference of water elevation in the air stripper
effluent and the dosing tank influent is 1 foot.

e The pipe is to be made of schedule 80 PVC material.

6.1.1.2 Selection

Based on the assumptions above and the attached influent pipe design
calculations, a minimum influent pipe size between the air stripper
and the effluent tank will be 3-inches.

6.1.2 Design of Effluent Tank

6.1.2.1 Assumptions

e Tank is to be manufactured from polypropylene material.

e Minimum holding time of treated groundwater inside the tank is
30 min.

e Tank shape is to be elliptical or horizontal.

e The maximum flow rate into and through the effluent tank is 80
gpm.

6.1.2.2 Selection

Based on the assumptions above and the attached effluent tank design
calculations and manufacturer information, a 3,135 gallon elliptical
tank manufactured by NORWESCO or approved equivalent is
planned to be used as the effluent tank. An elevated outfall pipe is
also planned to be installed within the tank as part of the effluent line
to allow a minimum elevation head of 4 feet of water within the
effluent tank.

FHR, LP North Terminal; 201125_nondischarge_basis of design CATLIN Engineers and Scientists
CATLIN Project No. 201-125 May 2003




6.1.3 Design of Effluent Line

6.1.3.1 Assumptions

Treated groundwater is to gravity flow from the effluent tank to
the infiltration gallery at a maximum flow rate of 80 gpm.

The maximum distance between the effluent tank and the
infiltration gallery is approximately 20 feet.

The maximum difference of water elevation in the effluent tank
and the infiltration gallery is 5 feet.

The pipe is to be made of schedule 80 PVC material.

6.1.3.2 Selection

Based on the assumptions above and the attached effluent pipe design
calculations, a minimum effluent pipe size between the effluent tank
and the infiltration gallery will be 3-inches.

6.2 LOADING RACK AREA

6.2.1 Design of Influent Line

6.2.1.1 Assumptions

Treated groundwater is to gravity flow from the air stripper to the
effluent tank at a maximum flow rate of 40 gpm.

The maximum distance between the air stripper and the effluent
tank is approximately 10 feet.

The maximum difference of water elevation in the air stripper
effluent and the dosing tank influent is 1 foot.

The pipe is to be made of schedule 80 PVC material.

6.2.1.2 Selection

Based on the assumptions above and the attached influent pipe design
calculations, a minimum influent pipe size between the air stripper
and the effluent tank will be 3-inches.

6.2.2 Design of Effluent Tank

6.2.2.1 Assumptions

Tank is to be manufactured from polypropylene material.
Minimum holding time of treated groundwater inside the tank is
30 min.

FHR, LP North Terminal; 201125_nondischarge_basis of design CATLIN Engineers and Scientists
CATLIN Project No. 201-125

May 2003




e Tank shape is to be elliptical or horizontal.
e The maximum flow rate into and through the effluent tank is 40
gpm.

6.2.2.2 Selection

Based on the assumptions above and the attached effluent tank design
calculations and manufacturer information, a 3,135 gallon elliptical
leg tank manufactured by NORWESCO or approved equivalent is
plan to be used as the effluent tank. An elevated outfall pipe is also
planned to be installed within the tank as part of the effluent line to
allow a minimum elevation head of 2.75 feet of water within the
effluent tank.

6.2.3 Design of Effluent Line

6.2.3.1 Assumptions

e Treated groundwater is to gravity flow from the effluent tank to
the infiltration gallery at a maximum flow rate of 40 gpm.

e The maximum distance between the effluent tank and the
infiltration gallery is approximately 35 feet.

e The maximum difference of water elevation in the effluent tank
and the infiltration gallery is 3.75 feet.

e The pipe is to be made of schedule 80 PVC material.

6.2.3.2 Selection

Based on the assumptions above and the attached effluent pipe design
calculations, a minimum effluent pipe size between the effluent tank
and the infiltration gallery will be 3-inches.

FHR, LP North Terminal; 201125_nondischarge_basis of design CATLIN Engineers and Scientists
CATLIN Project No. 201-125

May 2003




EFFLUENT TANK INFLUENT PIPE DESIGN CALCULATIONS
FOR
PX FACILITY
FHR, LP North Terminal; 201125_nondischarge_basis of design CATLIN Engineers and Scientists

CATLIN Project No. 201-125 May 2003
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PIPE SIZING SPREADSHEET FOR DOSING TANK INFLUENT
‘ LINE

Flint Hills Resources, LP
North Terminal
Paraxylene Facility
CATLIN Project Number: 195-033

ASSUMPTIONS CALCULATIONS
g= 32.2 ft/s2 Pipe Diameter (in) Flow (gpm)
z1= 1ft 4 248.48
f= 0.02 3 131.77 |~
L= 10 ft 2 52.98
1.9 47.14
1.8 41.67
1.79 41.14
1.78 40.61
1.77 40.09
1.76 39.58
1.75 39.07
1.5 27.41
1.25 17.96
1 10.65
0.5 2.04
0.25 0.38

195033_PIPESIZING/Sheet1
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0CT-16-2002 WED 11:20 A AGRI-SUPPLY/LUMBERTON 910 871 0817 P. 02

o Hnnznntal Leg Tanks
Wi lth the broadest lep tank line available, NORWESCO manufactures a size that will fit
your needs. Used primarily for transport and nursing applications, NORWESCO's lag

N tanks teature molded-in baffles to reduce sloshing when the tank is in motion. Please

refer to page 4 for support bands.

N

3 Gallon  Diameler Length Fil  OutlelDraln  No.of  Premium Woslght Heavy Welght
Parl No. Part Na

_ capacly ' * Opening  Gpocilicaton  Banos L. ! No.
3= 20 29 & %* 2optional 60318 -

. 650 23 43 6 ¥* 2 optional 61730 —
123 32" 41 8 2 2 optional 40298 —
225 38 49" B 2 2 optional 40209 —
328 g 68 16" 2 2 optional 40217 —

525 49" 7 16" 2" 2 optional 40181 40193
725 * 49" 1017 16° .2 3 required 40180 40194
1025 * 49 139" 16" 2" 4required 40089 4013

« Within UPS dimensional limile
~Aequire full langth support and bands

ygpoft bands. , 1010 Gallon Drainable Leg
S W men R gmpon oy Tegmue S
Whits Blue .
710° 47" 47 104* 16" 2 3 required 40655 40657 ‘
1010* a7 . 4T 140 16" 2 4 required 40393 40385 :
1610° (elliptical) 69" 63" 140" 16" — 4 required 40806 40808 ?
J

~Raquira Tull 10ngth SLPNOIT and bands . .
i

--‘-'Elllptlcal Leg Tanks
3 Jé elliptical 1ank style is designed to provide the greatest capacity with the lowest center of gravity, making it the best design available for

5 £ W 6§pomng larger volumes. NORWESCQO efliptical tanks feature molded-in legs and Tlow-through baffles which work together 1o reduce

b ;"b.
b foshmg and provide increased stability during transpart. All NORWESCO elliptical leg tanks require full length bottom support as well as ;
upport bands. Please refer to information on page 4. .
.t .- " !
- |

Gallon Widih Height Length Rl OutjatDraln Promlum Welghl Helq_\%‘%eolaht

]
Copacity Oponing  Spaciticatlon Whnln 1N
1035 79 53 89 16 z 40191 —
1235 65* 52¢ 128" 1€ 'y 40239 —
1635 71° 577 1427 1€ 2’ 40387 40388
2035 84" 55" 1427 16 2 40618 40623
5 90" 71° 140" 16 31 40547 40283

8g* 76" 181" 16 e @ty 40688

— Ho‘c\i UP{‘O lZH?/jq\ I 7“‘A = Bssuar water wit\ uqm?h
834 I5"/ 5°~l Thas aazplable,

0. PIoaso Comact Norwesco Gustomar Survico of yoir Norwoaca dichibulof lor sprelfic dnlads

PLEASE NOTE: Tank availabilily may vary agcoraing 1o manufaciring locall
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Steel Supports and Accessorles
NORWESCOQ bands are custom fabricated to support the NORWESCO tanks and
are galvanized for added corrosion protection. Whether using the tank in a
stationary position or for transport, bands are necessary to ensure that the tank A
retains its shape and integrity. ‘
/( 4({5 b C o b& uS‘cc{@a (j f«ﬁ\mdnm"(a\]@[u/?/ _J
regu:res +heom Co/‘ WArr;wA+/ oA )«\"/*(//':"7(// —
' , i B |
((% '/w.‘se /’)AA&} a‘e. net /1666(84‘{‘0 L\o/& Y Al | '
fZal R/QCC_ beCG(b(g‘Z_ —fat\ [’ U:}"(( a{ch.?/S‘ [,,C:.V{ (",«)".1? e
. Tank Size A B Na, of Fart No,
{Gallon) gande
Horizontal Leg Tank Bands
35- 18y 184 2 optional 60520
650 22" 22" 2 optional 61745
© 12900 304 304" 2 optional 61744
226 oo 6% 36%" 2 optional 60478
325 0 364 36%° 2 optignal 60478
526 47 474" 2 oplional 60057
725 47% LYe 3 required 60057
1025 47 479 4 required 60067
~ Withih UPS dimonslonat limits
Tank Size A -] No, of Pan No.
(Gallan) Bande
Dralnable Leg Tank Bands
710 X 484 3 required 60584 short
1010 ¥ 45" 464" 2 required 60684 short
1010 " 45 48" 2 required 60585 lang
1610 66" 49" 4 raquired 62434
* 2 short and 2 long bands aro roquired for 1 tank
' : No.
ks : ’ o e
Elliptical Leg Tank Bands
1035 77 474 3 required 60325
1235 64K A7TH' 4 roquired 60477
1635 68 51 4 required 60566
2035 814 514 4 required 62079
2 874" 65%° 4 raquired 60353
st Tow <Hin
L 3
$\s (.3 ea 4 recotad
Doscription T(Hﬁpaﬁlg%u Part No,
Ladder
Ladder (optional) . 2635 & 3135 60354
Adaptor kit(TO’l,‘ ladue)r a 3138 62301
A This kI 1S required when using the ladder on the 3136 gatlon lank
PI.EASE NOTE: Tank avaliabillly may vary accoruing 10 manuraciunng l@wn. PI2438 CONract Norwesco CAISIQMET S8IViCD a7 your Norwosco disifibutor tor specilic delalls.
From-810 671 0817 To-CATLIN ENGINEERS AND Page 03
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PIPE SIZING SPREADSHEET FOR DOSING TANK EFFLUENT
LINE

Flint Hills Resources, LP
North Terminal
Paraxylene Facility
CATLIN Project Number: 195-033

ASSUMPTIONS CALCULATIONS
g= 32.2 ft/s2 Pipe Diameter (in) Flow (gpm)
z1= 5 ft 4 473.82
f= 0.02 3 245.17
L= 20 ft 2 9529 [
1.9 84.44
1.8 74.32
1.79 73.35
1.78 72.38
1.77 71.43
1.76 70.48
1.75 69.53
1.5 48.22
1.25 31.20
1 18.24
0.5 3.37
0.25 0.61

195033 _PIPESIZING/sheet2
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EFFLUENT TANK EFFLUENT PIPE DESIGN CALCULATIONS
FOR
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FHR, LP North Terminal; 201125_nondischarge_basis of design CATLIN Engineers and Scientists
CATLIN Project No. 201-125 May 2003
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PIPE SIZING SPREADSHEET FOR DOSING TANK INFLUENT
LINE

Flint Hills Resources, LP
North Terminal
Loading Rack Area
CATLIN Project Number: 201-125

ASSUMPTIONS CALCULATIONS
gs 32.2 fi/s2 Pipe Diameter (in) Flow (gpm)
z1= 1ft 4 248.48
f= 0.02 3 131.77
L= 10/ 2 52.98 A
1.9 47.14
1.8 41.67
1.79 41.14
1.78 40.61
1.77 40.09
1.76 39.58
1.75 39.07
1.5 27.41
1.25 17.96
1 10.65
0.5 2.04
0.25 0.38

201125_PIPESIZING/Sheet1
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EFFLUENT TANK DESIGN CALCULATIONS AND
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FOR
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0CT-18-2002 WED 11:20 AM AGRI-SUPPLY/LUMBERTON 910 871 0917 P. 02

Hnnzontal Leg Tanks

.-'Wlth the broadest lep tank line available, NORWESCO manufactures a size that will fit
p '_y,oeur needs. Used primarily for transport and nursing applications, NORWESCO's lag
. t::nks feature molded-in haffles to reduce sloshing w.hen the tank is in métion‘ Please

rﬁfer to page 4 for support bands.

f':’,"‘
.,.q\..
"»“M Gallon  Diameler Length  Fll Qutie!/Drain ~ No. of Pramlum Welght Heavy Welght
o Gapacity : Opening  Gpocllicaban  Bands Farl No. Part No.
. Whitg Blve
35 20" 29* 5 0 2 optianal 60318

125 az 41" 8 2" 2optional] 40298
225 38" 49 8 2 2 optional 40299
329 as 68" 16" 2 2 optiona 40217

6500 23° 43" & %" 2 optional 61739 —

525 49" 71 16’ 2° 2 optional 40181 401_93
725 * 49 101" 16 .2° 3 required 40180 40194
. 1025 ~ 49° 139 1@ 2" 4required 40088 40131
weg < Within UPS dimensional limile
i *Aequire ull langth suppon and bands

Drainable Leg Tanks
hen complete drainage is necessary, these are the tanks of choice, They are designed

°;{J(ljimarlly for use on fertilizer and chemical nurse trailers. Please refer 1o page 4 for

Support bands. , 1010 Galion Drainable Leg

Gallon Width Haight Longth Fill .+ Outlal/Drain No. of Pramium Waight Hoavy Walgit
Gapachy Oponing &pecification Bapgs Part No. Part No.
Whils Blus
710 47" 47 104" 16" 2 3 required 40655 40657
1010" 47" Y 140" 16" 2 4 required 40393 40395
1610° (efliptical) 69" 63" 140" 16* - 4 required 40806 40808

~Raqlire Tl jength support and bands

i #Ef‘llmtwal Leg Tanks
“~ ]S alllpucal tank style is designed to provide the greatest capacity with the lowest center of gravity, making it the best design available for

S
r? pspomng Iarger volumes. NORWESCO eluphcal tanks feature molded-in legs and rlow—through baffles which work together 10 raduce

Gallon Widih Height Length _ Rt OuljatDraln  Promlum Welght  Heavy Welght
Capaclty Oponing  Spociicaiion Pw‘ll‘ il:lo. Faé}ul:o.
8

1036 79 &3 89" 16° 2" 40191 —

1286 65T 52f 128: 16'_' 2: 23%2? 40-3—88

1635 .71, 57 142 S Y < S
Y7 40647 0263

g QUETy 40688

’Q Q * l h , np M " C""Nﬁ’ 2035 Gallon Ellptical Leg

“$ Qa9

— Holas upto lZ;b/:)a\\ In7u\ 1 = Assuar water wii W‘?‘f\
834 “”/S"v FhoS acceptoble,

PLEASE NOTE: Tank avaitaliility may Vary accoratng Yo manuractuning locailon. Fluase coniact Norwesco Gualomer Survico of your Norwaaca dichibular for peelfic dnlaul:

Received Oct-16-02 11:30am From-810 67t 0817 To-CATLIN ENGINEERS AND Page 02
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Steel Supparts and Accessorles

NORWESCO bands are custom fabricated to support the NORWESCO'tanks and
are galvanized for added corrosion protection. Whether using the tank in a
stationary position or for transport, bands are necessary to ensure that the tank
retains its shape and integrity.

24((5 4ec 4o be uSccéon (\j 1\’7£\ Ma/\m"gc%ur?/ J
e (,(:f‘ég ‘[‘L?Q.ﬂ/\ Cpf W@\r/dzy’?‘“/ J‘ﬁ ,fr\-‘ﬁ(//':'*// -

. ' v i I B |
(/} .rw/..\sé /z)AA&} a’c /107L /leec(eéﬁ-o )’Lo/cg\ Y ab— I !
!t\ R/qcc beécause —fancc u:/.‘(( a(u.)a?/g Lreto® coate
Aol s A B No, of Fart No,
(Gallon} Bands
Horizontal Leg Tank Bands
35= 184 184 2 optional 60520
6560 27 22° 2 optional 61745
© 1280 304" 304" 2 optional 61744
226 & _ sy 3y 2 optional 60478
329 00 36" 36" 2 optional 60478
826 47 47 2 optional 60057
725 474 LY 3 required 60057
1025 47 LYiy 4 required 60067

~ Withln UPS dimenslonal limits

No, of Pan No.

"R . : o
Dralnable Leyg Tank Bands
710 45" 48 3 required £0584 short
1010 45" 464" 2 required 60684 short
1010~ 45" 48" 2 required 60585 lang
1610 66" : 49° 4 raquired 62434
* 2 short and 2 tong bands aro required for 1 tank
‘ A 8 No. of Part No.
it b ot
Elliptical Leg Taunk Bands
1035 7 474 3 required 60325
1235 B4%" A7H 4 roquired 60477
1635 68" 51 4 required 60580
814 51% 4 required 62079

5 i B,
1509 e o nvacted

Description | Té‘:llgrliz)u Part No,

Ladder
ti . 2635 & 3135 60354
ARG 3135 62301

Adaptor kit Tor ladder A
A THIS K11 IS required whon using the ladder on the 3130 gallon tank

PLEASE NOTE: Tank avaiiability may viry accoruing 10 manulactuing tocation, Fleass conract Nofwssca CuSIOMer Servita ar your Nerwasco disiributar tor specilic defalls.
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LINE

Flint Hills Resources, LP
North Terminal
Paraxylene Facility
CATLIN Project Number: 195-033

PIPE SIZING SPREADSHEET FOR DOSING TANK EFFLUENT

ASSUMPTIONS CALCULATIONS
g= 32.2 ft/s2 Pipe Diameter (in) Flow (gpm)
z1= 3.75 ft 4 345.68
f= 0.02 3 175.63
L= 35 ft 2 66.73
1.9 58.98
1.8 51.77
1.79 51.08
1.78 50.40
1.77 49.72
1.76 49.04
1.75 48.37
1.5 33.32
1.25 21.39
1 12.41
0.5 2.25
0.25 0.40

201125_PIPESIZING/sheet2
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7.0  INFILTRATION GALLERY
7.1  PX FACILITY
7.1.1 Design of Infiltration Gallery
7.1.1.1 Pilot Test Activities

CATLIN conducted a pilot test to assist with the design of the
infiltration gallery referenced in this section. The pilot test activities
were summarized in a Summary of Pilot Test Activities for
Infiltration Gallery at Paraxylene Facility. A copy of this summary is
provided in Attachment A3 of the Non-Discharge Permit Application.
The pilot test findings indicated that an infiltration gallery of 1,231
square feet (assumed to be 10 feet by 123 feet) would need to be
constructed to accept the anticipated maximum flow rate of 80 gpm
of treated groundwater from the proposed groundwater remediation
system. See the attached summary for a more detailed description of
the activities and explanation of the determination of the size of the
infiltration gallery.

It is important to note that the pilot test location was based on the
location discussed within the CAPA. Since the performance of the
pilot test, the proposed infiltration gallery has been moved and design
based on the location illustrated on the Construction Plans.

7.1.1.2 Assumptions

e The pilot test data is applicable to the design of the infiltration
gallery. Therefore, the infiltration gallery will be 10 feet wide by
123 feet long.

e Depth to the groundwater table is approximately 11 feet in the
area of the proposed infiltration gallery.

e The maximum flow rate into the infiltration gallery is 80 gpm.

e The infiltration gallery pipe is to be 4-inch Single Wall Perforated
Polyethylene manufactured by Advanced Drainage Systems
(ADS) or approved equivalent.

e A minimum of one foot of head of water above the invert of the
infiltration gallery pipe will be present.

e The stone material is to be No. 57 granite stone.

e The geotextile material is to be a non-woven material.

e The proposed infiltration gallery location will not have heavy
vehicular traffic loads.

FHR, LP North Terminal; 201125 _nondischarge_basis of design CATLIN Engineers and Scientists
CATLIN Project No. 201-125 May 2003




7.1.1.3 Selection

Based on the pilot test data, a 10 feet wide by 123 feet long
infiltration gallery would be required to accept the anticipated
maximum flow rate of 80 gpm. The pilot test was based on a 5 feet
deep trench. It is our understanding that the Non-Discharge Permit
requires a minimum 12 inches vertical separation between the
infiltration gallery trench bottom and the mean seasonal high water
table. Therefore, a 5 feet deep infiltration gallery will be acceptable.
The preferred pipe manufacturer, ADS, provided Specifications for
the 4-inch Single Wall Perforated Polyethylene. A copy of these
Specifications is attached. Based on the attached Technical Note
from Pipe Manufacturer, CATLIN verified that 123 linear feet of pipe
would be sufficient to discharge the treated groundwater into the
infiltration gallery with a maximum flow rate of 80 gpm.

Based on the pilot test data, assumptions listed above and the
information provided in this section, the infiltration gallery is planned
to be constructed as detailed on the Construction Plans using the
assumed pipe.

7.2 LOADING RACK AREA

7.2.1 Design of Infiltration Gallery

7.2.1.1 Pilot Test Activities

CATLIN conducted a pilot test to assist with the design of the
infiltration gallery referenced in this section. The pilot test activities
were summarized in a Summary of Pilot Test Activities for
Infiltration Gallery at Paraxylene Facility. A copy of this summary is
provided in Attachment A3 of the Non-Discharge Permit Application.
The pilot test findings indicated that an infiltration gallery of 1,060
square feet would necd to be constructed to accept the anticipated
maximum flow rate of 40 gpm of treated groundwater from the
proposed groundwater remediation system. See the attached
summary for a more detailed description of the activities and
cxplanation of the determination of the size of the infiltration gallery.

It is important to note that the pilot test location was based on the
location discussed within the CAPA. Since the performance of the
pilot test, the proposed infiltration gallery has been moved and design
based on the location illustrated on the Construction Plans.

FHR, LP North Terminal; 201125 _nondischarge_basis of design CATLIN Engineers and Scientists
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7.2.1.2 Assumptions

e The pilot test data is applicable to the design of the infiltration
gallery. Therefore, the infiltration gallery will be 1,060 square
feet.

e Depth to the groundwater table is approximately 3.5 feet in the
arca of the proposed infiltration gallery.

e The maximum flow rate into the infiltration gallery is 40 gpm.

e The infiltration gallery pipe is to be 4-inch Single Wall Perforated
Polyethylene manufactured by Advanced Drainage Systems
(ADS) or approved equivalent.

¢ A minimum of one foot of head of water above the invert of the
infiltration gallery pipe will be present.

e The stone material is to be No. 57 granite stone.

e The geotextile material is to be a non-woven material.

e The proposed infiltration gallery location will not have heavy
vehicular traffic loads.

7.2.1.3 Selection

Based on the pilot test data, a 1,060 square feet infiltration gallery
would be required to accept the anticipated maximum flow rate of 40
gpm. The pilot test was based on a 2.5 feet deep trench. It is our
understanding that the Non-Discharge Permit requires a minimum 12
inches vertical separation between the infiltration gallery trench
bottom and the mean seasonal high water table. Therefore, a 2.5 feet
deep infiltration gallery will be acceptable. The preferred pipe
manufacturer, ADS, provided Specifications for the 4-inch Single
Wall Perforated Polyethylene. A copy of these Specifications is
attached. Based on the attached Technical Note from Pipe
Manufacturer, CATLIN verified that 107 linear feet of pipe would be
sufficient to discharge the treated groundwater into the infiltration
gallery with a maximum flow rate of 40 gpm.

Based on the pilot test data, assumptions listed above and the
information provided in this section, the infiltration gallery is planned
to be constructed as detailed on the Construction Plans using the
assumed pipe.

FHR, LP North Terminal; 201125_nondischarge_basis of design CATLIN Engineers and Scientists
May 2003

CATLIN Project No. 201-125




INFILTRATION GALLERY DESIGN CALCULATIONS
AND MANUFACTURER INFORMATION
FOR
PX FACILITY

FHR, LP North Terminal; 201125_nondischarge_basis of design CATLIN Engineers and Scientists
CATLIN Project No. 201-125 May 2003




age I

SKETCH/COMPUTATION

CEeEEEE

ENGINEERS and SCIENTISTS
WLMNGTON, NORTH CAROLINA S H E ET
CATLIN PROJECT: Drawn/Calculated by: _ Jetf Boken
FHR North Terminal Date: ! / 18loz

CATLIN # : 195-033 Reviewed by: __ \Jausy

= — g
/ c.aln L et on Ghllerw

Ascumertians

i
0

[ottest ach
Seet |/ ABsuirel

-i: S?C\ -Xa) g MM mMaty
’ J

EJQ\wj af L R3[ Skudree (
[reg TR haadlle lo alntlelipated &
Tzdir, | Ske a\--lrgcl«u& S um mar «E;r a8
Had Sheelts | usee S A 'L?r\f-)r\.‘m'nu
AL vt gn aolllery v
</ /17
- 5‘:2Q+f hep OCQ.:ocbf abovel | e
o e tlon glallery 1l asgumed) H
desfgr\/ a<S:\/nQ B_;‘\\u AHaf 4 hend
f2+8rm,‘n TN P!? N 77\6 A’a'ri p -'\)..
(8 380 e A= For Thes ‘g;?r?::/o
— I sidn |F bud= | BOcpon
~| Plpel| 4" Dgfa M\!J Reforted | P,
— Use latMtalched Tredhnleal Notp & 10
ADS Sbr | Tesks | condicted | 4o detdrm
Tk Refbjoted Pipe |(ADe modufach
~ E'O{MOCH S A (‘("ﬂ'ﬁf? »() 'vL&

nen
A m

E(Jf detornminiae g/a D IS
ra

= Ao+ A H AL H
Ulndce! -
Ql: Flodor fapnr )
- | Hiz= Hedd woelte alpzvc, Ppe
AO A‘,/"“;g_ e g udtion gos!

e Tl plovitledl 2 Technical A

{ Herk S 528.GPMm 1S nan\‘)




SUMMARY OF PILOT TEST ACTIVITIES FOR
INFILTRATION GALLERY
FOR
PX FACILITY

(SEE ATTACHMENT A3 OF THE NON-DISCHARGE PERMIT
APPLICATION FOR A COPY)
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SPECIFICATIONS PROVIDED BY MANUFACTURER OF
PROPOSED INFILTRATION GALLERY PIPE
FOR
PX FACILITY
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Product

Notes Product Note 3.120

Re:

This specification applies ta high density conmugatced polyethylene pipe, Type C. Nominal sizes for
which this specification is acceptable are 75 — 6§00 mm (3 — 24 inch) diameters. Regquirements for test
methods, dimensions and markings are found in AASHTO designation M-252 and M-294,

Pipe and fittings shall be made of virgin PE compounds that conform with the requirements of cell
classification 335420C as defined and described in ASTM D-3350. Compounds that have higher cell
classifications in one or more properties are acceptable provided product requirements are met.

The minimum parallel plate stiffness values when tested in acecordance with D-2412 shall be as follows:

Diameter Pipe Stlffnass Diameter Pipe Stiffness
(nominal) {(minimum) {nominal) {minimum)
75 mm (3") 240 kN/m? (35 pii) 250 mm (10" 240 KN/m? (35 pil)
| 100 mm (4%) 240 KN/m? (35 pii) 300 mm (12) 345 kN/m? (50 pii) <)
125 mm (57) 240 kN/m= (25 pii) B75 mm (15Y) | P80 RI/m® (42 pii)
=~ 150 mm (6") 240 kN/m® (36 pii) 450 mm (18") 275 kN/m*? (40 pll)
200 mm (8%) 240 kN/m? (35 pii) 600 mm (24") 235 ki/m* (34 pli)

The pipe and fittings shall be free of forcign inclusions and visible defects. For plpe sizes 300 mm (12
inch) diameter and greater, designed drainage perforations shall be permitied In conugation valleys
only. All holes of any kind in the corrugation crests or sidewalls shall be considered unacceptable.
Standard periarations for 75 - 250 mm (8 - 10 inch) shall be AASHTO M-252 Class 2 and for 300 - 600
mm {12 - 24 inch) shall be AASHTO M-294 Class 2. The ends of the pipe shall be cut squaraly and
cleanly so as not io adversely affect joining.

The nominal size for the pipe and fittings is based on the nominal inside diameter of the plpe.
Corrugated fittings may be elther molded or fabricated by the manufacturer, Fittings supplied by
manufacturers other than the supplier of tha pipe shall not be permittad without approval of the Project
Engineer. .

Joints for 75 — 150 mm (3 — 6 inch) shall be made with snap couplings. Joints for 200 — 600 mm (8 —
24 Inch) shall be made with split couplings to engage the pipe cormugationa.

Installation shall be in accordance with ASTM Recommended Practice D-2321 or as spacified by tha
Project Engineer or local approval agency,

A manufacturer's certification that the product was manufactured, tested and supplied in accordance
with this specification shall be fumished to the Project Engineer upon requeast.

5300 RIVERSWE DRIVE COLUMSBUS, ON 43221 [814) 457-3051 hizpeivereADS-ale.com
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Product

[Nz

) Y o
) N t ADUAREET: WRANGLE SvSTFLIE, Wl
: E =5 Product Note 3.109 ]
|2{-H Standard Pipe Perforatigns
3-24"1.D. Single Wall Pipe
Date: October 1. 1996 i
Nominal Siot Length or
1.D, Parforation Diameter Slot Wldth Perforation
In. {(mm) Type Max. In. (mm) Max. In, (rom) Configuration
3 (75) N Slet 0.875 (22.2) 0.125 (3.18) AB
4 (100) T Slat 0.875 (22.2) 0,125 (3.18) co >,
5 (125) Slot 0.875 (22.2) 0.125 (3.18) co
6 (150) Slat 0.875 (22.2) 0.125 (3.18) cD
8 (200) Slot 1.250 (31.8) 0.126 (3.18) olp)
10 (250) Siot 1.250 (81.8) 0.125 (3.18) cD
12 (300) Slot 2,50 (63.5) 0.125 (3.19) cD
12 (300) Circular 0.875 (9.52) - E
15 (375) Circular 0375 (9.52) —_ E
18 (450) Circular 0.375 (8.52) — E
) 24 (500) Circular 0375 (9.52) —_ F
Perforation Configurations
AE <SLOT E (CIRCULAR)
A B A E E
8o~ !
ot o e o B 5 at 80° E
CD <SL.OT " F. CCIRCULAR)
c D C F 3
I8t Jatl0 ] E n1 45° £
N OTE 1 (6Q° from O
ADS pipe is perorated for water entry with slots or circular perforations. The pefforations are unifarmly spaced
along the lengtn and olrcumferencs of the pipe.
NOTE 2
Unless otherwise spacified, ADS pipe is manutactured to comply with the pedoration requiremants specified in the
) following industy standards: ASTM F405, ASTM F867, AASHTO M252, AASHTO M294, and SCS Code 608,
NOTE 3

A SPECIAL PRODUCT REQUEST FORM is required for non-standard pericrations.

3300 AfvERSIDR DRIVE COLUMBUS, OH 422281 (C14) aS7<0051 oTprRANY L AR S-pipe.coln
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TECHNICAL NOTE FROM PIPE MANUFACTURER
FOR
PX FACILITY
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Technical o

Coatin

Notes ...

Re: Outflow From Perforated Pipe
Date: September 1, 1995 ’

Introduction

In order to provide guidance to engineers in designing drainage or recharge systems, ADS
conducted a series of exfiltration tests on pipe with standard perforations. It should be
emphasized that these values are based on a free outlet (no backfill) through the perforations.

Infiltration is assumed to equal the measured exfiltration rates.

Tests were conducted in accordance with AASHTO standard specification M176 for porous
concrete pipe. Although intended for use with porous concrete pipe, the test method is
applicable to perforated pipes of all types.

Test Procedure

A 2-foot-long section was used for each size tested. The level of water in the pipe was
measured by means of a floating staff scale accurate to 1/16th of aninch.

For small diameter pipes, the flow rate was determined by the time to fill a 21.25 liter bucket.
For larger sizes, a V-notch weir was used.

Results

The results of the tests showed a consistency in the manner in which flow rate increased with
increasing height of water in the pipe and were in line with the theory of flow through orifices.
Variation in the inlet area of the perforations impacted the flow rates in a linear manner with
flow increasing uniformly with increased open area for equal head.

A quadratic equation is used to represent the data. The best fit curves by the method of least
squares using a logarithmic transformation are shown for each size. The equation constants

are included in the graphs and tables.
The equation is: Q=Ag+ AjH + AH2

Where: Q = Quantity of water in GPM/it.
H = Head of water above pipe invert in inches
Ao, A, & A, are equation coefficients

3300 RIVERSIDE DRIVE COLUMBUS, OH 43221 (614) 457-3051 http:/www.ADS-pipe.com




Discussion

In design of perforated pipe systems, the pipe is seldom used in a situation where it
has a free discharge through its perforations but is more typically surrounded by gravel
or soil. In virtually every case, the surrounding material will determine the inflow or
outflow of a perforated pipe if the perforation opening area is in the range represented
by the tested pipe. Thus, particular attention should be paid to the permeability of the
surrounding soil in designing these systems. An excellent reference for this work is the
book, Seepage, Drainage, and Flow Nets, by Harry R. Cedergren, published by John
Wiley & Sons.

It should also be noted that the inlet capacity, utilized to the fullest, will quickly exceed
the flow capacity of the pipe. This is particularly true of AdvanEDGE and the smaller
pipe diameters. For guidance on flow capacity of these pipes refer to ADS Technical
Note No. 2.109, Flow Capacity. ‘
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OUTFLOWS - ADS PIPE
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HEAD (INCHES)
FACTORS FOR OUTFLOW CALCULATIONS
ADS 4" SINGLE WALL PIPE TYPE C

OPEN

AREA AO Al A2 H2 H Q=GPMFT
2 002616 047014 01608 O O 0.03
2 002616 047014 01608 4 2 1.56
o  .002616 047014 01608 16 4 4.43
2  .002616 047014 0.1608 36 6 8.58
2 002616 047014 01608 64 8 14.03
2> 002616 0.47014 0.1608 100 10 20.76

(2 002616 047014 01608 144 12 28.77
2 002616 0.47014 0 14 38,
2 002616 0.47014 01608 256 16 48.66

NOTE: Q =AO + (A1*H) + (A2*H2)




INFILTRATION GALLERY DESIGN CALCULATIONS
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SUMMARY OF PILOT TEST ACTIVITIES FOR
INFILTRATION GALLERY
FOR
LOADING RACK AREA

(SEE ATTACHMENT A3 OF THE NON-DISCHARGE PERMIT
APPLICATION FOR A COPY)
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Product

Notes Product Note 3.120

Re:  Specification for Single Wall Corrug |
pDate: Fabruary 2000 ' |

This spedification applies to high density corrugatcd polyethylene pipe, Type C. Neominal sizes for
(3 — 24 inch) diameters. Regquirements for test

which this specification is acceptable are 75 — 600 mm )
methods, dimensions and markings are found in AASHTO designation M-252 and M-294,
ounds that conform with the requirements of cell

Pipe and fittings shall be made of virgin PE comp
n ASTM D-3350. Compounds that have higher cell

classification 335420C as defined and described i -
classffications in one or more properiies are acceptable provided product requirements are met.

The minimum paraliel plate stiffness values when tcsted in accordance with D-2412 sheall be as follows:

Diameter Pipe Stlffnass Diameter Pipe Stifiness
(nominal) (minimum) {nominal) {minimum)
75 mm (3" 240 kN/m? (35 pii) 250 mm (10”) 240 tN/m? (35 pil) B
| 100 mm (&) 240 KN/m? (35 pil) € | 300 mm (12°) | 345 kN/m? (50 pi) -
125 mm (&) 240 kN/m*® (385 pll} _ 375 mm (16%) | P00 RIN/mt_(42 pil)
~ 150 mm (6") 240 KN/ (36 pif) 450 mm (18") 275 kKN/m? (40 pll)
200 mm (8") 240 kN/m? (35 pil) 600 mm (24%) 235 kN/m”® (34 pl)

sions and visible defects. For plpe sizes 800 mm (12
Horations shall be permitted in corrugation velleys
dewalls shall be considered unacceptable.

e AASHTO M-252 Class 2 and for 300 - 800
pipe shall be cut squarely and

The pipe and fittings shall be free of forcign inclu
inch) diameter and greater, designed drainage pe
only. All holes of any kind in the corrugation crests or si
Standard perfarations for 75 - 250 mm (8 - 10 inch) shall b
mm (12 - 24 inch) shall be AASHTO M-294 Class 2. The ends of the
cleanly so as not o adversely affect joining.
The nominal size for the pipe and fittings Is based on the nominal inside diameter of the pipe.

Corrugated fittings may be elther molded or fabricated by the manufacturer, Fmings supplied by
manufacturers other than the supplier of tha pipe shall not be permittad without approval of the Froject

Engineer.

Joints for 75 — 150 mm (3 — 6 inch) shall be made whh snap couplings. Joints for 200 — 600 mm 8-

24 Inch) shall be made with split couplings to engage the pipe corrugations.
Installation shall be in accerdance with ASTM Recommended Practice D-2321 or as specified by the

Project Engineer or locel approval agency.
A manutacturer's cerification that the product was manufactured, tested and supplied in accordance

with this specification shall be furnished to the Project Engineer upon requuast,
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Product | o

il Notes ...

Re:
Date: October 1. 1996

Norminal Siot Length or
1.D. Perforation Diamster Slot Width Perforation
in. (mm) Type Max. In. (mm) Max. In, (mm)  Configuration
3 (75) siot 0.8756 (22.2) 0.125 (3.18) AB
Z &g ooy Slot 0.875 (22.2) 0.125 (3.18) co >,
5 (125) Slot 0.875 (22.2) 0.125 (3.18) CcD
6 (150) Slot 0.875 (22.2) 0.125 (3.18} cD
8 (200) Siat 1.250 (81.8) 0.126 (3.18) co
10 (250) Slot ; 1.250 (81.8) 0.125 (3.18) cD
12 (300) Siot 2.5Q (63.5) 0.125 (3.18) CcD
12 (300) Circular 0.375 (9.52) -— E
15 (375) Circutar 0,375 (8.52) — E
18 (450) Circular 0.375 (9.52) — E
) 24 (600) Circular 0.375 (9.52) —_ F
Perforation Configurations
AB <SLOT E CCIRCULARY
A B A E €
- - .
2 at 180° (;_n;'_:gr” I 6 ot & L
CD <SLOT> " E CCIRCULAR)
c D C F F
(| £&
3 pt12¢* 3 et 120 1] E a4 45° F

K60° fron ©
NOTE 1
ADS pipe is perforated for water entry with slots or circular perforations. The perforations are uniformly spaced
along the Jengtn and olrcurmferenca of the pipe.

NOTE2
Unless otherwize specified, ADS pipe is manufactured to comply with the pedoration requirements specified in the
following industy standards: ASTM F405, ASTM F667, AASHTO M252, AASHTO M284, and SCS Code 608.

NQTE3
A SPECIAL PRODUCT REQUEST FORM is required for non-standard perforations.

3300 AUVERSIDR DRIVE coLUMBUS, OH 45221 (C18) aZ7-0051 DIpVywwWu.APS-plpe.coln
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Technical i

Notes .........

Re: Outfiow From Perforated Pipe
Date: September1, 1995

Introduction

In order to provide guidance to engineers in designing drainage or recharge systems, ADS

conducted a series of exfiltration tests on pipe with standard perforations. It should be
emphasized that these values are based on a free outlet (no backfill) through the perforations.
Infiltration is assumed to equal the measured exfiltration rates.

e with AASHTO standard specification M176 for porous

Tests were conducted in accordanc
crete pipe, the test method is

concrete pipe. Although intended for use with porous con
applicable to perforated pipes of all types.

Test Procedure :
A 2-foot-long section was used for each size tested. The level of water in the pipe was

measured by means of a floating staff scale accurate to 1/16th of aninch.

For small diameter pipes, the flow rate was determined by the time to fill a 21 .25 literb
For larger sizes, a V-notch weir was used.

ucket.

Results

The results of the tests showed a consistency in the manner in which flow rate increased with
increasing height of water in the pipe and were in line with the theory of flow through orifices.
Variation in the inlet area of the perforations impacted the flow rates in a linear manner with
flow increasing uniformly with increased open area for equal head.

o represent the data. The best fit curves by the method of least

A quadratic equation is used t
nsformation are shown for each size. The equation constants

squares using a logarithmic tra
are included in the graphs and tables.

The equation is: Q= A+ AH + AH2

Where: Q = Quantity of water in GPM/t.
H = Head of water above pipe invert in inches
Ag, Ay & Ay are equation coefficients

3300 RIVERSIDE DRIVE COLUMBUS, OH 43221 (614) 457-3051 http://www.ADS-pipe.com



Discussion

In design of perforated pipe systems, the pipe is seldom used in a situation where it
has a free discharge through its perforations but is more typically surrounded by gravel
or soil. In virtually every case, the surrounding material will determine the inflow or
outflow of a perforated pipe if the perforation opening area is in the range represented
by the tested pipe. Thus, particular attention should be paid to the permeability of the
surrounding soil in designing these systems. An excellent reference for this work is the
book, Seepage, Drainage, and Flow Nets, by Harry R. Cedergren, published by John

Wiley & Sons.

It should also be noted that the inlet capacity, utilized to the fullest, will quickly exceed
the flow capacity of the pipe. This is particularly true of AdvanEDGE and the smaller
pipe diameters. For guidance on flow capacity of these pipes refer to ADS Technical

Note No. 2.109, Flow Capacity.




OUTFLOWS - ADS PIPE
4" SINGLE WALL PIPE TYPEC
50 -+
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T 2 4 6 8 10 12 14 16
S
HEAD (INCHES)
FACTORS FOR OUTFLOW CALCULATIONS
ADS 4" SINGLE WALL PIPE TYPE C
OPEN
AREA  AO Al A2 H2 H QeGPMFT
2 002616 047014 01608 0 0 0.03
2 002616 047014 01608 4 2 1.56
» 002616 047014 01608 16 4 4.43
2 002616 047014 01608 36 6 8.58
2 002616 047014 01608 64 8 14.03
2 .002616 047014 01608 100 10 20.76
(2 002616 0.47014 0.1608 144 12 28.77
2 002616 047014 071608 1% 14 38.07
2 002616 047014 01608 256 16 48.66
NOTE: @Q=AO0+ (A1 *H) + (A2*H2)
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