
 

 
 

 
Shell Chemical Appalachia LLC 

300 Frankfort Rd. 

Monaca, PA 15061 
April 7, 2025  

 

Mr. Ryan Decker 

Clean Water Program 

PA Department of Environmental Protection 

Southwest Regional Office  

400 Waterfront Drive 

Pittsburgh, PA   15222 

 

RE: Water Quality Management (WQM) Permit 0417201 Amendment 

Shell Chemical Appalachia LLC 

Beaver County, Pennsylvania 

 

Dear Mr. Decker: 

 

Shell Chemical Appalachia LLC (“Shell”) has enclosed an application to amend the Shell Polymers Monaca (SPM) 

existing Water Quality Management (WQM) permit.  Shell is proposing to implement the Wastewater Treatment 

Plant (WWTP) Permanent Controls Project to install permanent equipment at SPM that will improve the oils, grease, 

and VOC removal efficiency of the primary treatment section of SPM' s WWTP.   

 

If you have any questions or require additional information, please contact me at kimberly.kaal@shell.com or 

724.709.2467. 

 

Sincerely, 

 

 

 

Kimberly Kaal  

Environmental Manager, Attorney-in-Fact 

 

 

Enclosures - WQM Application including Engineers Report 
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Management Permit 0417201 

(Part II Permit) 

 
 

April 7, 2025 
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Section 1 
 

General Information Form (GIF) 
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Section 2 
 

Acts 14/67/68/127 Notifications and Receipts 
 

▪ Beaver County 
▪ Potter Township 
▪ Center Township 

 







Recipient: Shipper:

BEAVER, PA, US, PITTSBURGH, PA, US,

The following is the proof-of-delivery for tracking number: 772526010437

Thank you for choosing FedEx

Status:

Signed for by:

Service type:

Special Handling:

Delivered To:

Delivery Location:

Delivery date:

Delivery Information:

Shipping Information:

Tracking number: Ship Date:

Weight:

Deliver Weekday

FedEx Express proof-of-delivery details appear below; however, no signature is currently available for this 

shipment.  Please check again later for a signature.

Shipping/Receiving

FedEx 2Day

C.Carlyn

772526010437

Mar 7, 2025 09:01

0.5 LB/0.23 KG

Delivered

April 07, 2025

Dear Customer,

Mar 6, 2025

BEAVER, PA,

5056698
Line

5056698
Line

5056698
Line

5056698
Line







Recipient: Shipper:

MONACA, PA, US, PITTSBURGH, PA, US,

The following is the proof-of-delivery for tracking number: 772526050419

Thank you for choosing FedEx

Status:

Signed for by:

Service type:

Special Handling:

Delivered To:

Delivery Location:

Delivery date:

Delivery Information:

Shipping Information:

Tracking number: Ship Date:

Weight:

Deliver Weekday

FedEx Express proof-of-delivery details appear below; however, no signature is currently available for this 

shipment.  Please check again later for a signature.

Shipping/Receiving

FedEx 2Day

R.Maestro

772526050419

Mar 7, 2025 17:34

0.5 LB/0.23 KG

Delivered

April 07, 2025

Dear Customer,

Mar 6, 2025

MONACA, PA,

5056698
Line

5056698
Line

5056698
Line

5056698
Line







Recipient: Shipper:

MONACA, PA, US, PITTSBURGH, PA, US,

The following is the proof-of-delivery for tracking number: 772526097737

Thank you for choosing FedEx

Status:

Signed for by:

Service type:

Special Handling:

Delivered To:

Delivery Location:

Delivery date:

Delivery Information:

Shipping Information:

Tracking number: Ship Date:

Weight:

Deliver Weekday

FedEx Express proof-of-delivery details appear below; however, no signature is currently available for this 

shipment.  Please check again later for a signature.

Shipping/Receiving

FedEx 2Day

M.Palumbo

772526097737

Mar 7, 2025 15:44

0.5 LB/0.23 KG

Delivered

April 07, 2025

Dear Customer,

Mar 6, 2025

MONACA, PA,

5056698
Line

5056698
Line

5056698
Line

5056698
Line



https://v3.camscanner.com/user/download
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Section  3 
 

Evidence of newspaper publication for 4 consecutive weeks 
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Section 4 
 

PADEP WQM Checklist, Forms and Modules 
 

▪ WQM Application 3850-PM-BCW0400 b 
▪ WQM Checklist 3850-PM-BCW0400 c 
▪ Module 15 - Industrial Wastewater Treatment Facility 
 









COMPLIANCE HISTORY REVIEW SUMMARY 

pg. 1 
 

 
Date Location 

Plan 
Approval/ 
Operating 
Permit# 

Nature of Deviation/ 
Documented 
Conduct 

Type of 
Department 
Action 

Status Litigation; 
Existing /  
Continuing; 
or corrected/Date 

Dollar Amount 
Penalty 

5/24/2023 
to present 

Shell Polymers 
Monaca 

04-00740A/C Site-wide NOx 12-month rolling 
limitation:  The COA expired 
end of January 2024.  Site 
remains non-compliant with 
NOx emission limitation. 

 Continuing 
deviation.  
Engineering 
improvements and 
permitting 
corrections to 
match facility 
design. Proposed 
to be resolved in 
plan approval 
modification 
application. 

• $4,935,023 
• $5,000,000: 
Projects to 
Benefit 
Community, 
Environment and 
Health 
• $521,549.62: 
Monthly 
emissions for 
May 2023 
• $1,046,766.94: 
Monthly 
emissions for 
June 2023 
• $844,373.39: 
Monthly 
emissions for 
July 2023 
• $250,791.20: 
Monthly 
emissions for 
August 2023 
• $0: Monthly 
emissions for 
September 2023 
• $0: Monthly 
emissions for 
October and 
November 2023 · 
• $7,563.60: 
Monthly 
emissions for 
December 2023 · 
• $90,484.90: 
Monthly 
emissions for 
January 2024 

9/11/2023 Shell Polymers 
Monaca 

PA-04-
00740A/B/C 

NOV for Benzene Waste 
NESHAP (BWON) 

Notice of 
Violation 

Pending TBD 

12/4/2023 Shell Polymers 
Monaca 

PA-04-
00740A/B/C 

Visible Emissions >5 min in 
consecutive 2 hrs. MPGF, 
Source C204B, and TEGF A 
C205A and HPEF C205C 

Notice of 
Violation 

Pending TBD 

3/6/2024 Shell Polymers 
Monaca 

PA-04-
00740A/B/C 

Visible Emissions >5 min in 
consecutive 2 hrs. MPGF, 
Source TEGFA C205A 

Notice of 
Violation 

Pending TBD 

6/17/2024 Shell Polymers 
Monaca 

PA-04-
00740A/B/C 

Visible Emissions >5 min in 
consecutive 2 hrs from the 
MPGF Source C204B.   

Notice of 
Violation 

Pending TBD 

8/19/2024 Shell Polymers 
Monaca 

PA-04-
00740A/B/C 

Visible Emissions >5 min in 
consecutive 2 hrs from the 
MPGF 204B, TEGF A C205A 
and TEGF B C205B 

Notice of 
Violation 

Pending TBD 



COMPLIANCE HISTORY REVIEW SUMMARY 

pg. 2 
 

 
Date Location 

Plan 
Approval/ 
Operating 
Permit# 

Nature of Deviation/ 
Documented 
Conduct 

Type of 
Department 
Action 

Status Litigation; 
Existing /  
Continuing; 
or corrected/Date 

Dollar Amount 
Penalty 

9/5/2024-
present 

Shell Polymers 
Monaca 

PA-04-
00740A/B/C 

Exceedances of 12-Month 
Emission Limitations for NOx 
(ongoing)  

Notice of 
Violation(s) 

Pending TBD 

2/12/2025 Shell Polymers 
Monaca 

PA-04-
00740A/B/C 

Cogen Units NOx Emission 
Limit Exceedances: 
- 2/23/2024 Cogen Unit 103 
- 7/4/2024 Cogen Unit 102 

Notice of 
Violation 

Pending TBD 

2/12/2025 Shell Polymers 
Monaca 

PA-04-
00740A/B/C 

Ethane Cracking Furnaces NOx 
Emission Limit Exceedances: 
- 1/20/2024: Furnace 1 (031) 
and Furnace 2 (032) 
- 3/18/2024 Furnace 3 (033) 
- 6/21-22/2024 Furnace 3 (033) 
- 9/30/2024 Furnace 6 (036) 

Notice of 
Violation 

Pending TBD 

2/12/2025 Shell Polymers 
Monaca 

PA-04-
00740A/B/C 

Ethane Cracking Furnaces NOx 
Emission Limit Exceedances: 
- 11/8/2024 Furnace 1 (031), 
Furnace 3 (033), Furnace 4 
(034), Furnace 5 (035); 
Furnace 6 (036) 
- 11/9/2024 Furnace 6 (036) 
 
Visible Emissions >5 min in 
consecutive 2 hrs from the 
TEGF A C205A, TEGF B 
C205B, and HPEF C205C on 
11/8/2024 

Notice of 
Violation 

Pending TBD 

2/12/2025 Shell Polymers 
Monaca 

PA-04-
00740A/B/C 

Visible Emissions >5 min in 
consecutive 2 hrs from the 
MPGF C204B on 9/16/2024 
and 9/18/2024 

Notice of 
Violation 

Pending TBD 

2/12/2025 Shell Polymers 
Monaca 

PA-04-
00740A/B/C 

Visible Emissions >5 min in 
consecutive 2 hrs from the 
MPGF C204B on 12/6/2024 

Notice of 
Violation 

Pending TBD 

 



3850-PM-BCW0400c    7/2016 
Checklist 

COMMONWEALTH OF PENNSYLVANIA 
DEPARTMENT OF ENVIRONMENTAL PROTECTION 

BUREAU OF CLEAN WATER 

 

CHECKLIST FOR WATER QUALITY MANAGEMENT PERMIT 
 

 APPLICANT'S √ CHECKLIST  

APPLICANT NAME Shell Chemical Appalachia LLC  

Check the following list to make sure that you have included all the required information.  Place a checkmark in 
the column provided for all items completed and/or provided.  Failure to provide all of the requested information 
will delay the processing of the application. 
 

ENCLOSE THIS CHECKLIST WITH YOUR APPLICATION FORM. 

  
 

Check  
If 

Included 

DEP 
Use 
Only 

1. General Information Form (GIF).  
 

2. Appropriate application fee, with check payable to the Commonwealth of PA  
 

3. Two (2) copies (original and 1 copy) of application, design module(s), and accompanying 
drawings and plans. 

 
 

 a. Certification and proper signatures.  
 

 b. Engineer’s professional seal on each plan sheet.  
 

 c. Design Engineer's Report with signature and seal on cover  
 

  d. Properly notarized (original).  
 

 e.  Technical specifications with engineer’s seal and signature on cover  
 

 f. Additional copy for Delaware River Basin or Erie and Allegheny counties (if required).  
 

4. Supplemental Information:  
 

 a. General Layout Diagram (unless design plans provide this information).  
 

 
b. Sizes, Capacities and Dimensions Diagram (unless design plans provide this 

information). 
 

 

5. Design Modules.  
 

6. Topographic map with appropriate details.  
 

7. Act 14 Notification.  
 

8. Act 537 Approval (if required).  
 

9. Cultural Resources Notification  
 

10
. 

Acts 67, 68 and 127 Notification (IW and Manure Storage Facilities only).  
 

11. Proof of Public Notification (IW and Manure Storage Facilities only)  
 

12. DRBC Notification (if required).  
 

13. Other (specify):        
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Module 15 

- 1 -

COMMONWEALTH OF PENNSYLVANIA 
DEPARTMENT OF ENVIRONMENTAL PROTECTION 

BUREAU OF CLEAN WATER 

INDUSTRIAL WASTEWATER TREATMENT FACILITY 
MODULE 15

APPLICANT NAME Shell Chemical Appalachia LLC 

Note:  A copy of the Design Engineer's Report must be attached to this module. 

SIC/NAICS CODES 

SIC CODE NAICS CODE 

1st 32 

2nd 22 

Corresponding SIC/NAICS Description 

Manufacturing 

Utilities 

3rd 

4th 

GENERAL DESCRIPTION AND NATURE OF BUSINESS 

Petrochemical Complex 

LIST OF PERMITS (List all NPDES and WQM permits presently held for this facility.) 

NPDES Permit PA0002208 

Water QualityPermit 417201 



3850-PM-BCW0400r    7/2016 Applicant Name:  Shell Chemical Appalachia LLC 
 
Module 15 
 

- 2 - 

 

TREATMENT PROCESS CODES  

PHYSICAL TREATMENT PROCESSES  BIOLOGICAL TREATMENT PROCESSES  CHEMICAL TREATMENT AND OTHER 
PROCESSES 

Treatment Process Code  Treatment Process Code  Treatment Process Code 

Ammonia Stripping AS  Activated Sludge ACTSL  Carbon Adsorption CA 

Dialysis DIALY  Aerated Lagoons AERLG  Chemical Oxidation CO 

Diatomaceous Earth 
Filtration 

DEF  Anaerobic Treatment ANAE  Chemical Precipitation CP 

Electrodialysis ELECT  Nitrification – Denitrification NIDI  Chemical Hydrolysis CH 

Evaporation EVAP  Pre-Aeration PA  Coagulation COAG 

Flocculation FLOCC  Spray Irrigation/Land Application SILA  Dechlorination DC 

Flotation FLOT  Stabilization Ponds SP  Electrochemical Treatment ET 

Foam Fractionation FF  Rotating Biological Contactors RBC  Ion Exchange IE 

Freezing FREEZ  Post Aeration POA  Neutralization NEUT 

Gas-Phase Separation (air 
stripping) 

GPS  Holding or Detention Pond HOLD  Oxidation OX 

Grinding GRIND  Treatment by Plain Aeration PLAIN  Temperature Control TEMP 

Flow Equalization FE  Ridge & Furrow Irrigation RFI  Oil & Grease Removal, Including 
Skimming & Separators 

OGREM 

Eutectic Freezing EUTEC  Sheet or Overland Flow Irrigation SOFI  

Screening SCRN  Surface/Subsurface Injection SSSI  Reduction RD 

Microstraining MSTRN  Sequence Batch Reactor SBR  Odor Control OC 

Grit Removal GR  Artificial Wetlands ARTWL    

Mixing MIX  Imhoff Tank IMHOF  BIOSOLID TREATMENT PROCESSES 

Moving Bed Filters MBF  Polishing Lagoons POL  Aerobic Digestion AERON 

Intermittent Sand Filters ISF  Biological Hydrolysis BIOHY  Anaerobic Digestion ANEDN 

Reverse Osmosis 
(Hyperfiltration) 

RO  Trickling Filtration TF  Belt Filtration BELT 

  Centrifugation CENT 

Rapid Sand Filtration RSF  BIOSOLID USE/DISPOSAL  Conditioning (Chemical, Heat) COND 

Sedimentation SEDI  Incineration INCIN  Chlorine Treatment CHTR 

Slow Sand Filtration SSF  Land Application LNDAP  Composting COMP 

Solvent Extraction SE  Landfill LNDFL  Drying  DRY 

Sorption (not Carbon) SORPT  Pyrolysis PYRO  Elutriation ELU 

Distillation DISTL     Flotation Thickening FLOT 

Multimedia Filtration MF  DISPOSAL  Freezing FREEZ 

Filtration FILTR  Discharge to Surface Water   Gravity Thickening GRAV 

   Ocean Discharge through Outfall OCEAN  Sludge Lagoons SLAG 

DISINFECTION  Reuse/Recycle of Treated Outfall RCYEF  Vacuum Filtration VAC 

Hypochlorite HYPO  Underground Injection UI  Vibration VIB 

Chlorine Gas CL 
 Reuse or Sale of Wastewater or 

Raw Material for Other Processes 
REUSE  Wet Oxidation WETOX 

Ozone OZONE     Pressure Filtration PRESS 

Ultraviolet UV       
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Summary of Wastewater Source and 
Treatment Unit Information  

1. SOURCE OF WASTE ECU wastewater 
 
2. OUTFALL NO. NA -discharge is to other treatment systems 

1. SOURCE OF WASTE Settlement Drum 
 
2. OUTFALL NO. NA -discharge is to other treatment systems 

3. TYPE(S) OF WASTE (i.e., 
Sanitary, Process . . .) 

Process and general wastewater Process and general wastewater 

4. WASTE FLOW PATTERN  Continuous 

 Intermittent       

From       (am) To       (pm) 

 Batch       

 Continuous 

 Intermittent       

From       (am) To       (pm) 

 Batch       

5. DAILY WASTE VOLUME 
 

TOTAL 

 

      Batches/day 

      Gallons/batch 

970,000 Gallons/day 

 

      Batches/day 

946,400 Gallons/batch 

Gallons/day 

6. DESIGN FLOW 
AVERAGE 
MAXIMUM 

      MGD 
0.97 MGD 

Unit (1) 
(Check) 
Existing 

(Check) 
Proposed 

Code for 
Treatment 

Unit 

      MGD 
0.946 MGD 

Unit (1) 
(Check) 
Existing 

(Check) 
Proposed 

Code for 
Treatment 

Unit 

General Sequence of Treatment 
Units (See Treatment Process Code 
List ) 

 

Settlement Drum   OGREM DNF #1   FLOT 

                            

                            

                            

                            

                            

                            

                            

                            

                            

 
(1) If impoundments are proposed and the wastewater entering the impoundment meets the definition of Residual Waste at Title 25 Pa. Code Chapter 287, the design must be in 
accordance with Title 25 Pa. Code § 299.144. 
 
Use Additional Sheets If Necessary 
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Summary of Wastewater Source and 
Treatment Unit Information  

1. SOURCE OF WASTE DNF #1 
 
2. OUTFALL NO. NA -discharge is to other treatment systems 

1. SOURCE OF WASTE Settlement Drum 
 
2. OUTFALL NO. NA -discharge is to other treatment systems 

3. TYPE(S) OF WASTE (i.e., 
Sanitary, Process . . .) 

Process and general wastewater Process and general wastewater 

4. WASTE FLOW PATTERN  Continuous 

 Intermittent       

From       (am) To       (pm) 

 Batch       

 Continuous 

 Intermittent       

From       (am) To       (pm) 

 Batch       

5. DAILY WASTE VOLUME 
 

TOTAL 

 

      Batches/day 

      Gallons/batch 

412,000 Gallons/day 

 

      Batches/day 

      Gallons/batch 

1,585,000 Gallons/day 

6. DESIGN FLOW 
AVERAGE 
MAXIMUM 

      MGD 
0.41 MGD 

Unit (1) 
(Check) 
Existing 

(Check) 
Proposed 

Code for 
Treatment 

Unit 

      MGD 
1.58 MGD 

Unit (1) 
(Check) 
Existing 

(Check) 
Proposed 

Code for 
Treatment 

Unit 

General Sequence of Treatment 
Units (See Treatment Process Code 
List ) 

 

Steam Stripper   GPS DNF #2   FLOT 
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Module 15 
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WASTE CHARACTERISTICS 

OUTFALL 101  
SOURCE OF WASTE: Process and 
General Wastewater 

SAMPLING PERIOD:             
 From To 
 

  Yes   No NPDES Permit application 
submitted within last 3 years 
for this outfall. 

NAME OF LABORATORY/CONSULTANT 
      
      
      
 
Telephone No.:  (   )       

SAMPLING LOCATION * -- TREATMENT FACILITY INFLUENT 
EXISTING TREATMENT 

FACILITY EFFLUENT 
NEW TREATMENT FACILITY 

EFFLUENT (Expected) 
ANALYTICAL 

METHOD USED 
(AA, GC/MS, etc.) PARAMETER UNITS 

MONTHLY 
AVERAGE 

24 HR. 
MAX. MIN. MAX. 

MONTHLY 
AVERAGE 

24 HR. 
MAX. MIN. MAX. 

MONTHLY 
AVERAGE 

24 HR. 
MAX. MIN. MAX. 

O&G mg/L             30 714                                           30       

Benzene mg/L             4 938                                           0.17       

Ethylbenzene mg/L             1 17                                           0.135       

Toluene mg/L             4 195                                           0.1       

Xylene mg/L             1 53                                           0.8       

Stryrene mg/L             2 210                                           0.05       

Napthtalene mg/L             1 3120                                           0.073       

                                                                                          

                                                                                          

                                                                                          

                                                                                          

                                                                                          

                                                                                          

                                                                                          

                                                                                          

                                                                                          

*Use Additional Sheets as Necessary 
 
Comments/additional information:  Influent data is basis for design of the new equipment proposed in this application.  Treatment facility effluent are  from the entire wastewater 
facility (new and existing equipment). 
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Section 5 
 

Design Engineers Report 
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RESTRICTED

Refer to the following table for pumps and blowers added / modified as part of this \ /WTP improvement project:

Equipment No. Pump Name Function
Number of

Pumps

Capacity,
gpm

(m3/hr.)
Controls

P-53504A/B Neutralized Spent Caustic
Circulation Pumps

Spent Caustic to Aqueous Effluent
Cooler

Service and
Standby

756
(171.68)

Level/Manual

P-59317 A/B Filtered Water Forwarding Pumps Service Water to \AM/T Utility Stations Service and
Standby

5720
(1300)

Flow/Pressure

P-53574 NB Vent Knock out Drum Pumps Knockout Drum Liquids to Seftlement
Drum or T-53501 (TBD)

Service and
Standby

8.8 (2) Level

P59761 A/B DNF Unit-l Recirculation Pump Raise System Pressure to dissolve Nz
into Effluent

Service and
Standby

1e8 (45) Manual

P59762N8 DNF Unit-2 Recirculation Pump Raise System Pressure to dissolve Nz
into Effluent

Service and
Standby

1e8 (45) Manual

P-s9763 A/B DNF Unit-1 Effluent Pumps Effluent to Seftlement Drum Service and
Standby

4U (11O) LevelControl
via VFD

P-59768 A/B Float / Sludge Pump Froth / Sludge to Recovered OilTank Service and
Standby

66 (15) LevelControl
via VFD,
Pressure Relief
to a Safe
location

P-59679 A/B Stripper Effluent Pumps Stripped Wastewater to Wastewater
Pre'Heater

Service and
Standby

(rBD) Leveland Flow
Control



RESTRICTED

Addendum to Design Engineer's Report

RESTRICTED

Equipment No. Pump Name Function
Number of

Pumps

Capacity,
gpm

(m3/hr.)
Controls

P-59774NB, Steam Stripper Reflux Pump Refl ux Wastewater to Stripping
Column

Service and
Standby

(rBD) Levelvia VFD,
Pressure
Control

K-50713 Wastewater Tanks Vent Blower Transfer Off Gases to Thermal
Oxidizer

Service and
Standby

(rBD) Pressure
control

P-59772 NB Seftlement Drum Effluent Pumps Transfer Effluent to DNF Unit-1 Service and
Standby

286 (65) Flow Control

P-59771 Settlement Drum Sludge Pump Sludge to Recovered Oil Tank Truck
Out Connection

Service 66 (15) VFD Speed
Control

P-59764 A/B DNF Unit-2 Effluent Pumps Transfer Effluent to Bio-treatment
Package

Service and
Standby

1100
(250)

LevelControl

P-59750 A/B/S Secondary Clarifier Polymer
lnjection Pumps

Clarifier Feedwell 2 - Service and 1

standby
(rBD) Proportionalto

Mass flow

P-59765 A/B/C/S Coagulant Injection Pumps Flocculant to Settlement Drum, DNF-
1, and DNF-2

3 - Service and 1

Standby
(rBD) Proportionalto

Mass flow

P-59766 A/B/C/S Flocculant lnjection Pumps Flocculantto Seftlement Drum, DNF-
1, and DNF-2

4 - Service and 1

Standby
(rBD) Proportionalto

Mass flow

P-535M4/B Diversion Box Transfer Pumps AC waterto FEOR tanks Service and
Standby

330 (75) Level

Diversion Box Oil Skimmer Pump Skimmed Oilto Recovered OilTank Service
(intermiftent)

66 (15) Level/Manual

P-597'1 A/B AC Pond Transfer Pumps AC Water to FEOR Tanks Service and
Standby

330 (75) Pressure
Control

30



RESTRICTED

Addendum to Design Engineer's Report

RESTRICTED

Equipment No. Pump Name Function Number of
Pumps

Capacity
gpm

(m3/hr.)
Controls

P-59716 A/B Process VV\A, Bleed Pumps Transfer off-spec wastewater (from
ECU) between FEOR tanks (ECU
upset stream)

Service and
Standby

44 (1O) Variable Speed

P-59704 A/B Bioreactor Feed Pumps Transfer de-oiled \AM/fiom FEOR
tanks to Bioreactors

Service and
Standby

e23 (87) Flow control

P-59730 A/B FEOR Oil Skimmer Pumps Transfer skimmed oil ftom FEOR
tanks to Recovered OilTank

Service and
Standby

66 (15) Manual/Level

K-50705 Wastewater Tanks Vent Blower Transfer offgases to thermal oxidizer Service and
Standby

772
Nm3/hr

Pressure
control

P-59713 A/B Recovered Oil Tank Water Draw-
off Pumps

Transfer water draw-off from
Recovered Oil Tank to FEOR
Tanks

Service and
Standby

44 (10',) Pressure
Control

P-59708 Recovered OilTank Oil
Skimmer Pump

Transfer Recovered Oilto Truck
(off-site disposal/reuse)

Service
(lntermittent)

66 (15) Manual

31
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D. Post-Construction Stormwater Management (PCSM) 
 

 
  



 

 

 
May 23, 2024 
 
 
Mr. Christopher Dorogy  
Shell Chemical Appalachia LLC 
4301 Dutch Ridge Road 
Beaver, PA 15009 
 
Dear Mr. Dorogy: 
 

Subject: Conceptual PCSM Evaluation 
Wastewater Treatment Plant – Site Preparation 

   Potter Township, Beaver County, Pennsylvania 
   CEC Project 342-493 
 
1.0 INTRODUCTION 
 
Mascaro Construction LP (Mascaro) engaged Civil & Environmental Consultants, Inc. (CEC) 
to assist Shell Chemical Appalachia LLC (Shell) in evaluating the construction stormwater 
impacts of their proposed project to the site’s existing NPDES Permit (PA0002208).  The 
proposed project involves construction of an expansion to the existing Wastewater Treatment 
Plant and associated site infrastructure.  The purpose of this document is to discuss the 
proposed project’s applicability for a field change or modification to the existing NPDES 
Permit as it pertains to Part C Section VIII.   
 
CEC reviewed the approved Post-Construction Stormwater Management (PCSM) 
documents1 provided by Shell.  CEC assumes that these documents are the most recently 
approved permit documents as it pertains to stormwater calculations, and CEC reserves the 
right to update our conclusions herein upon review of additional or updated information.  Note 
that detailed calculations of basin design were not available at the time of CEC’s review, and 
in order to determine the effects of the proposed project on the existing stormwater 
infrastructure and approved stormwater calculations, a review of the latest approved 
hydrologic design files would be required.   
 
2.0 ANALYSIS 
 
The above-referenced documents indicate that the total permitted area is 371 acres.  The 
documents also demonstrate that the proposed project area is: in Drainage Area #1; was 
assumed to have gravel land cover in the post-development condition; and stormwater runoff 
from the area is routed to the Clean Rainwater (CR) Pond, which discharges to permitted 
Outfall 008.  The documents also indicate that the proposed design exceeds the minimum 2-
year volume, all design storm rates, and water quality standards required by 25 Pa. Code Ch. 
102.  See below Table 1. 
 

 
1 “NPDES_PCSM_REV_001_04-25-2016_with_appendicesreduce_1.pdf”, provided by Shell on May 7, 2024. 



Mr. Christopher Dorogy  
CEC Project 342-493 
Page 2 
May 23, 2024 
 

 

 
Table 1  

 

Category Requirement Design Difference Overdesign 
(%) 

Volume (2-year) 931,189 cf 1,414,716 cf 483,527 cf 47% 

Rate (2-year) 632 cfs 474 cfs 158 cfs 25% 

Water Quality Manage >90% of 
site 

Managed 95% of 
site 5% 5% 

 
Based upon conceptual design sketches2 provided by Shell, the Wastewater Treatment Plant will 
consist of an approximately 0.9-acre gravel and impervious pad supported by retaining walls.  The 
pad will contain the wastewater treatment plant expansion features, access roads, and appurtenant 
infrastructure.   
 
The existing permitted facility area totals 371 acres, and the proposed 0.9-acre project is 
approximately 0.3% of that total 371 acres.  The designed drainage area of the CR pond is 87.2 
acres, of which the proposed 0.9-acre project represents approximately 1% of the drainage area. 
 
Furthermore, the latest NPDES permit indicates that the area of the proposed project was assumed 
to be gravel (typically CN 89) in the post-development conditions.  The proposed project will 
increase approximately 0.9 acres of that area to an impervious land cover (CN 98).  Standalone 
preliminary, conceptual calculations demonstrate that for an area of 0.9 acres, a land cover change 
of this nature may increase the 2-year runoff rate and volume by approximately 1 cfs and 
approximately 2,500 cf, respectively.  Compared to the overall values provided in the approved 
permit documents and in Table 1 above, this increase represents a de minimis change to stormwater 
flows overall for the site. 
 
However, flows from the majority of the project area will not be routed to the CR pond, and are 
instead anticipated to be treated as “accidentally contaminated” stormwater routed to the 
wastewater treatment plant.  This will reduce the drainage area of the CR pond by approximately 
1%, and therefore slightly reduce the contributory stormwater runoff routed to the CR pond. 
 
3.0 CONCLUSION 
 
Since the NPDES permit has substantially more credits for stormwater runoff rate, volume, and 
water quality than is required by Ch. 102 (see Table 1), the site will still meet NOI requirements 
after the implementation of the proposed Wastewater Treatment Plant Expansion project.   
 
  

 
2 “Area Plot Plan, Waste Water Treatment & Spent Caustic Area” dated May 5, 2024, and provided by Shell on May 
16, 2024. 



Mr. Christopher Dorogy 
CEC Project 342-493 
Page 3 
May 23, 2024 

Given the overall nature of the proposed project and the de minimis impact on the site’s drainage 
patterns, it is practical to consider site improvements resulting from the proposed Wastewater 
Treatment Plant Project as a redline field change to the site’s currently permitted NPDES plans. 

Sincerely, 

CIVIL & ENVIRONMENTAL CONSULTANTS, INC. 

Justin C. Wagner, P.E. Rachel A. Upadhyay, P.E. 
Principal Project Manager 

Attachments 

342-493_WWTP_2024.05.22 
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Proposed Wastewater
Treatment Plant
Expansion Area

Note:
Annotation by Civil &
Environmental Consultants,
Inc. on 05/23/2024.
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1 Site Description and Analysis 
The purpose of this Post Construction Stormwater Management (PCSM) plan is to describe how the 
Shell Franklin Project (the “Project”) will utilize best management practices to control the volume, rate, 
and water quality of post-construction stormwater runoff so as to protect and maintain the chemical, 
physical, and biological properties of surrounding surface waters. This PCSM plan was developed using 
the guidelines contained within the Erosion and Sediment Pollution Control Program Manual (E&S 
manual), Pennsylvania Department of Environmental Protection Office of Water Management, April 
2000, and the PA DEP Stormwater Best Management Practices Manual December 2006. 

The project involves operation of a petrochemical complex consisting of a 1500 kiloton per year 
ethylene cracker utilizing ethane feedstock, three units designed to convert ethylene into polyethylene 
end-products, an electrical cogeneration facility, waste water and raw water treatment facilities, rail 
yards, hydrocarbon loading and unloading facilities, and associated permanent plant support buildings. 
The total acreage for the development is approximately 371 acres and includes a mix of currently 
undeveloped areas as well as potential historic industrial areas which were previously used as a zinc 
smelting facility.  

As discussed with the Department at several application meetings, this PCSM plan is based on the 
existing site conditions being defined as prior to any demolition/remediation/earth moving activities 
and the “post” condition as after construction of the entire petrochemical complex is complete. 

1.1 Topographic Features of the Project Site and Surrounding Area 

The existing site is located in Potter Township, Beaver County, Pennsylvania and bounded by the Ohio 
River to the northwest, Poorhouse Run stream to the south, State Route 18 to the southeast and 
extends 3,600 ft northeast of Interstate 376. The existing elevation within the site ranges from 
approximately 712 ft to 980 ft, see Figure B-2. The site currently drains in a northwesterly direction 
towards the Ohio River. Based on the Federal Emergency Management Agency Flood Insurance Rate 
Map, the 1% Annual Chance Base Flood Elevation ranges from approximately 700’ to 702’ through the 
site. The existing ground cover for the site includes a zinc processing facility with gravel and paved areas, 
undeveloped tracts of land and an existing paved highway, see Figure A-1. 

1.2 Site Soils 

Based on the information obtained from the geotechnical report, the existing soil based on the boring 
data consists primarily of fill and alternating layers of alluvial sands and gravels. Thickness of the existing 
fill would range from 1.5 to 12.0 ft. The deposited sands and gravels underlying the fills were found to 
be normally loose to very dense. Bedrock consists of the Allegheny Group’s Freeport Formation and 
Conemaugh Group’s Glenshaw Formation which comprise of interbedded, cyclic sequences of 
sedimentary rock consisting of shales, sandstones, limestones, and thin coal seams. For USDA Natural 
Resources Conservation Service Soil Classification Map and Description, see Figure B-3. 

1.3 Project Area Runoff 

The previous land usage for the project area was for a zinc processing facility with gravel and paved 
areas, undeveloped tracts of land, and an existing paved highway. The area of the zinc processing facility 
is considered a brownfield site. The present land use will be based on the scope of work for Early Works 
Construction. Early works consists of remediation and site preparation. Major components of Early 
Works Construction include disposing, reusing and stabilizing cut & fill earthwork; capping, regrading, 
and leveling the site for future plant construction; and providing major drainage features.  

As discussed in the Act 2 Remedial Investigation/Risk Assessment Report and Cleanup Plan (ERM 2015), 
there are seven areas on the former Smelter Property and one area on the Fly Ash Landfill that exceed 
Site-Specific soil to groundwater standards (areas identified on ERM Figure 4-8 that are north of existing 



Electronic documents, once printed, are uncontrolled and may become outdated. 
 

Confidential © 2015, 2016 Shell Chemical Appalachia LLC. All Rights Reserved. 
25873-001-30G-C03-00001, Rev. 001                                                       Page 4 of 90 

 

SR-18). The soils exceeding these standards which remain after any necessary re-location to facilitate 
future unit/building foundations or general site development will be graded smooth and covered with a 
40 mil PVC geomembrane prior to installing a soil cover that is minimum 2-foot thick. One location on 
the former Smelter Property will be under the concrete abutment for the new bridge crossing the CSX 
rail line. Soils in the three northern-most areas on the former Smelter Property (described above) will be 
designated as “no dig zones” based on the presence of mercury above non-residential direct contact 
standards. These three areas will be graded smooth and a bentonite mat, or equivalent, will be installed 
prior to installing an 8-inch thick fiber reinforced concrete slab to create a no dig barrier. The concrete 
slab will be buried with unimpacted soil to match the new grade. 

The “existing” site is comprised of several parcels of land, the majority of which is the former Horsehead 
Corporation zinc processing facility. The site itself has been an industrial complex for approximately 70 
years. The Horsehead property was mostly developed with a stormwater detention pond servicing the 
main processing area and areas draining outfalls designated as 007 and 009. The remaining Horsehead 
site areas and adjacent other parcels do not have stormwater detention facilities, and the rainfall runoff 
flows from these areas is uncontrolled into the Ohio River, Poorhouse Run, and Rag Run. 

The proposed land uses for the site will be a 1500 kiloton per year ethylene cracker unit, three 
polyethylene units, electricity cogeneration facility, waste water & raw water treatment facilities, rail 
yard, hydrocarbon loading & unloading facility and permanent plant roads & buildings. The drainage 
system for the proposed plant site will be incorporated into the both the Early Works, and permanent 
plant surface configurations with major drainage features. All unpaved areas within the plant area will 
be covered in gravel, see Figure A-2.  

An existing drainage report1, developed by the Early Works Contractor, determined the stormwater 
impacts and mitigation methods associated with the proposed conditions during early works and 
construction of the petrochemical facility.  The drainage report determined that the proposed project 
does not cause adverse impacts to the existing flood hazard conditions. The drainage report evaluated 
the proposed culverts for Poorhouse Run and Rag Run streams, existing site conditions, proposed site 
conditions and detention ponds for stormwater flow and volume mitigation.  

Internal drainage features for the proposed plant site will utilize the drainage system constructed by 
Early Works, and those constructed as part of the permanent plant surface configuration. The drainage 
features consist of stormwater manholes, inlets, pipes, trenches, and channels that will eventually 
discharge into Early Works or permanent plant drainage system. Stormwater outfall from the plant site 
will be discharged into permitted locations designed to retain and then release stormwater volumes. 
See Figure B-4 for Overall Proposed Drainage Area. 

1.4 Design Rainfall Events 

Rainfall data was obtained from PennDOT Drainage Manual Chapter 7, Appendix A. The manual found 
that different storm durations produce regional discrepancy in rainfall patterns. Five regional maps were 
created to represent the rainfall patterns.  See Table 1.1 for 24-hour rainfall depths in Beaver County, 
PA. 

                                                           
1 Shell Document Number GM1-102-E0000-CX-1380-00002, from 1st page of Jacobs drainage calculations. 
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Table 1.1: Design Rainfall Events 

Storm Return Years Precipitation (in) 

1 2.04 

2 2.44 

5 2.99 

10 3.44 

25 4.09 

50 4.65 

100 5.24 

500 6.74 

 

2 Runoff Volume Control Analysis 
The existing site was the location for a zinc processing facility that has been decommissioned and 
dismantled, with gravel and paved areas, undeveloped tracts of land, and an existing paved highway. 
The ground cover for the pre-development condition can be seen in Figure A-1. The existing site lies on 
the downstream side of the watershed that eventually drains into the Ohio River, Poorhouse Run and 
Rag Run streams.  

Volume Control Guidance 1 (CG-1) will be used to determine the runoff volume required to be offset by 
using BMPs. This method states: 

The Control Guideline 1 is applicable to any size of the Regulated Activity. Use of Control Guideline 1 
(CG-1) is recommended where site conditions offer the opportunity to reduce the increase in runoff 
volume as follows:  

Do not increase the post-development total runoff volume for all storms equal to or less than 
the 2-year/24-hour event. 

Existing (pre-development) non-forested pervious areas must be considered meadow (good 
condition) or its equivalent. 

Twenty (20) percent of existing impervious area, when present, shall be considered meadow 
(good condition) in the model for existing conditions for redevelopment. 

The Soil Conservation Service (SCS) method will be used to calculate runoff volume. The runoff curve 
number was determined for each area using the SCS soil map and CN values for different types of soil 
and cover. The covers considered are paved (asphalt or concrete), grass and gravel areas. The 2-year 
24hour rainfall depth for the site is 2.44 inches. For summary of calculation of runoff volume for pre- 
and post-development runoff volumes, see Table 2.1 and Table 2.2. 

Table 2.1: Pre-Development Runoff Values 

Existing 
Cover Type/Condition 

Soil 
Type 

Area 
(sf) 

Area 
(ac) CN S 

Ia 
(0.2*S) 

Q 
Runoff 

(in) 

Runoff 
Volume 

(ft3) 

DA #1  - Good Condition Grass 
Cover B 1707512 39.2 61 6.39 1.28 0.18 25402 

DA #1 - Impervious Area - Paved B 1318302 30.3 98 0.20 0.04 2.21 242908 

DA #1 - Impervious Area - Gravel B 841244 19.3 85 1.76 0.35 1.13 79278 

DA #1  - Good Condition Grass 
Cover C 362044 8.3 74 3.51 0.70 0.57 17342 

DA #1 - Impervious Area - Paved C 9301 0.2 98 0.20 0.04 2.21 1714 
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DA #1 - Impervious Area - Gravel C 30595 0.7 89 1.24 0.25 1.40 3575 

DA #1 - 20% Impervious Area = 
Good Condition Grass Cover B 539886 12.4 61 6.39 1.28 0.18 8032 

DA #1 - 20% Impervious Area = 
Good Condition Grass Cover C 9974 0.2 89 1.24 0.25 1.40 1166 

Subtotal DA#1   4818858 111         379416 

                  

DA #2  - Good Condition Grass 
Cover A 25685 0.6 39 15.64 3.13 0.03 68 

DA #2 - Impervious Area - Paved A 4418 0.1 98 0.20 0.04 2.21 814 

DA #2  - Good Condition Grass 
Cover B 583076 13.4 61 6.39 1.28 0.18 8674 

DA #2 - Impervious Area - Paved B 1489864 34.2 98 0.20 0.04 2.21 274520 

DA #2 - Impervious Area - Gravel B 311221 7.1 85 1.76 0.35 1.13 29329 

DA #2  - Good Condition Grass 
Cover C 1059982 24.3 74 3.51 0.70 0.57 50774 

DA #2 - Impervious Area - Paved C 266727 6.1 98 0.20 0.04 2.21 49147 

DA #2 - Impervious Area - Gravel C 612395 14.1 89 1.24 0.25 1.40 71567 

DA #2 - 20% Impervious Area = 
Good Condition Grass Cover A 1104 0.0 39 15.64 3.13 0.03 3 

DA #2 - 20% Impervious Area = 
Good Condition Grass Cover B 450271 10.3 61 6.39 1.28 0.18 6698 

DA #2 - 20% Impervious Area = 
Good Condition Grass Cover C 219781 5.0 74 3.51 0.70 0.57 10528 

Subtotal DA#2   5024524 115         502121 

                  

DA #3  - Good Condition Grass 
Cover C 749604 17.2 74 3.51 0.70 0.57 35906 

DA #3 - Impervious Area - Paved C 198841 4.6 98 0.20 0.04 2.21 36638 

DA #3 - Impervious Area - Gravel C 58709 1.3 89 1.24 0.25 1.40 6861 

DA #3 - 20% Impervious Area = 
Good Condition Grass Cover C 64387 1.5 90 1.11 0.22 1.48 7928 

Subtotal DA#3   1071541 25         87333 

                  

DA #3a  - Good Condition Grass 
Cover A 121745 2.8 39 15.64 3.13 0.03 321 

DA #3a - Impervious Area - 
Paved A 19790 0.5 98 0.20 0.04 2.21 3646 

DA #3a - Impervious Area - 
Gravel A 14919 0.3 76 3.16 0.63 0.66 819 

DA #3a - 20% Impervious Area = 
Good Condition Grass Cover A 8677 0.2 39 15.64 3.13 0.03 23 

Subtotal DA#3a   165131 4         4809 

                  

DA #4  - Good Condition Grass A 283140 6.5 39 15.64 3.13 0.03 747 
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Cover 

DA #4 - 20% Impervious Area = 
Good Condition Grass Cover A 70785 1.6 39 15.64 3.13 0.03 187 

Subtotal DA#4   353925 8         934 

                  

DA #5  - Good Condition Grass 
Cover A 994895 22.8 39 15.64 3.13 0.03 2626 

DA #5 - Impervious Area - Paved A 124888 2.9 98 0.20 0.04 2.21 23012 

DA #5  - Good Condition Grass 
Cover B 37007 0.8 61 6.39 1.28 0.18 551 

DA #5 - Impervious Area - Paved B 15605 0.4 98 0.20 0.04 2.21 2875 

DA #5  - Good Condition Grass 
Cover C 1844788 42.4 74 3.51 0.70 0.57 88366 

DA #5 - Impervious Area - Paved C 137254 3.2 98 0.20 0.04 2.21 25290 

DA #5 - 20% Impervious Area = 
Good Condition Grass Cover A 31222 0.7 39 15.64 3.13 0.03 82 

DA #5 - 20% Impervious Area = 
Good Condition Grass Cover B 3901 0.1 61 6.39 1.28 0.18 58 

DA #5 - 20% Impervious Area = 
Good Condition Grass Cover C 34312 0.8 74 3.51 0.70 0.57 1644 

Subtotal DA#5   3223872 74         144504 

                  

DA #6  - Good Condition Grass 
Cover B 163717 3.8 61 6.39 1.28 0.18 2436 

DA #6 - Impervious Area - Paved B 6049 0.1 98 0.20 0.04 2.21 1115 

DA #6  - Good Condition Grass 
Cover C 647270 14.9 74 3.51 0.70 0.57 31005 

DA #6 - Impervious Area - Gravel C 6118 0.1 89 1.24 0.25 1.40 715 

DA #6 - Impervious Area - Paved C 28559 0.7 98 0.20 0.04 2.21 5262 

DA #6 - 20% Impervious Area = 
Good Condition Grass Cover B 1512 0.0 61 6.39 1.28 0.18 22 

DA #6 - 20% Impervious Area = 
Good Condition Grass Cover C 8669 0.2 74 3.51 0.70 0.57 415 

Subtotal DA#6   861894 20         40970 

                  

DA OUT  - Good Condition Grass 
Cover A 102685 2.4 39 15.64 3.13 0.03 271 

DA OUT - Impervious Area - 
Paved A 27845 0.6 98 0.20 0.04 2.21 5131 

DA OUT  - Good Condition Grass 
Cover B 163186 3.7 61 6.39 1.28 0.18 2428 

DA OUT - Impervious Area - 
Paved B 13810 0.3 98 0.20 0.04 2.21 2545 

DA OUT  - Good Condition Grass 
Cover C 226859 5.2 74 3.51 0.70 0.57 10867 

DA OUT - Impervious Area - C 45612 1.0 98 0.20 0.04 2.21 8404 
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Paved 

DA OUT - Impervious Area - 
Gravel C 27458 0.6 89 1.24 0.25 1.40 3209 

DA OUT - 20% Impervious Area = 
Good Condition Grass Cover A 6961 0.2 39 15.64 3.13 0.03 18 

DA OUT - 20% Impervious Area = 
Good Condition Grass Cover B 3453 0.1 61 6.39 1.28 0.18 51 

DA OUT - 20% Impervious Area = 
Good Condition Grass Cover C 18268 0.4 74 3.51 0.70 0.57 875 

Subtotal DA OUT   636137 15         33799 

                  

TOTAL:   16155883 371         1193887 

 

Table 2.2 presents the post-development runoff volumes with the actual changes in cover and CN 
values. 

Table 2.2: Post-Development Runoff Volumes 

Proposed 
Cover Type/Condition 

Soil 
Type 

Area 
(sf) 

Area 
(ac) CN S 

Ia 
(0.2*S) 

Q 
Runoff 

(in) 

Runoff 
Volume 

(ft3) 

DA #1 - Impervious Area - Paved B 77181 1.8 98 0.204 0.041 2.21 14221 

DA #1 - Impervious Area - Gravel B 334699 7.7 85 1.765 0.353 1.13 31542 

DA #1 - Impervious Area - Paved C 1875723 43.1 98 0.204 0.041 2.21 345618 

DA #1 - Impervious Area - Gravel C 2531255 58.1 89 1.236 0.247 1.40 295814 

Subtotal DA#1   4818858 111         687194 

                  

DA #2 - Impervious Area - Paved A 290994 6.7 98 0.204 0.041 2.21 53618 

DA #2 - Impervious Area - Gravel A 1868300 42.9 76 3.158 0.632 0.66 102525 

DA #2 - Impervious Area - Paved B 952192 21.9 98 0.204 0.041 2.21 175449 

DA #2 - Impervious Area - Gravel B 1881880 43.2 85 1.765 0.353 1.13 177346 

DA #2 - Impervious Area - Gravel C 23563 0.5 89 1.236 0.247 1.40 2754 

DA #2 - Impervious Area - Paved C 7595 0.2 98 0.204 0.041 2.21 1399 

Subtotal DA#2   5024524 115         513091 

                  

DA #3 - Impervious Area - Paved C 66177 1.5 98 0.204 0.041 2.21 12194 

DA #3 - Impervious Area - Gravel C 1005364 23.1 89 1.236 0.247 1.40 117491 

Subtotal DA#3   1071541 25         129685 

                  

DA #3a - Impervious Area - 
Paved A 17322 0.4 98 0.204 0.041 2.21 3192 

DA #3a - Impervious Area - 
Gravel A 147809 3.4 76 3.158 0.632 0.66 8111 

Subtotal DA#3a   165131 4         11303 
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DA #4 - Impervious Area - Paved A 19045 0.4 98 0.204 0.041 2.21 3509 

DA #4 - Impervious Area - Gravel A 334880 7.7 76 3.158 0.632 0.66 18377 

Subtotal DA#4   353925 8         21886 

                  

DA #5 - Impervious Area - Paved A 320397 7.4 98 0.204 0.041 2.21 59036 

DA #5 - Impervious Area - Gravel A 830504 19.1 76 3.158 0.632 0.66 45575 

DA #5 - Impervious Area - Paved B 19910 0.5 98 0.204 0.041 2.21 3669 

DA #5 - Impervious Area - Gravel B 36577 0.8 85 1.765 0.353 1.13 3447 

DA #5 - Impervious Area - Paved C 885803 20.3 98 0.204 0.041 2.21 163217 

DA #5 - Impervious Area - Gravel C 1130681 26.0 89 1.236 0.247 1.40 132137 

Subtotal DA#5   3223872 74         407079 

                  

DA #6 - Impervious Area - Paved B 7206 0.2 98 0.204 0.041 2.21 1328 

DA #6 - Impervious Area - Gravel B 164072 3.8 85 1.765 0.353 1.13 15462 

DA #6 - Impervious Area - Paved C 39560 0.9 98 0.204 0.041 2.21 7289 

DA #6 - Impervious Area - Gravel C 651056 14.9 89 1.236 0.247 1.40 76085 

Subtotal DA#6   861894 20         100164 

                  

DA OUT - Impervious Area - 
Paved A 24578 0.6 98 0.204 0.041 2.21 20799 

DA OUT - Impervious Area - 
Gravel A 112879 2.6 76 3.158 0.632 0.66 1470 

DA OUT  - Good Condition Grass 
Cover B 26780 0.6 61 6.39 1.28 0.18 398 

DA OUT - Impervious Area - 
Paved B 20049 0.5 98 0.204 0.041 2.21 3694 

DA OUT - Impervious Area - 
Gravel B 133456 3.1 85 1.765 0.353 1.13 12577 

DA OUT - Impervious Area - 
Paved C 33765 0.8 98 0.204 0.041 2.21 6221 

DA OUT - Impervious Area - 
Gravel C 284630 6.5 89 1.236 0.247 1.40 33263 

Subtotal DA OUT   636137 15         254672 

                  

TOTAL:   16155882 371         2125076 

 
Best Management practices (BMPs) have been applied to the extent possible in order to prevent an 
increase in total runoff volume.  These BMPs are described in Section 5 of this report.  In addition to the 
BMP’s listed in section 5, gravel will be utilized instead of pavement wherever possible. As gravel allows 
for greater infiltration, the use of gravel instead of pavement where possible reduces the total runoff 
volume from 3,256,037 ft3 (in the pavement only case) to 2,125,076 ft3, a reduction of 35%.  
 
While there is a net increase in runoff volume of 931,189 ft3 in the post-development case, CG-1 is met 
by managing the runoff volume through the use of several detention basins. Worksheet 5, shown in 
Appendix D, demonstrates compliance with CG-1.  
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3 Runoff Peak Rate Analysis 
A drainage report has been developed by Early Works contractor to determine the stormwater impacts 
and mitigation methods associated with the proposed plant surface conditions. The drainage report 
determined that the proposed project does not cause adverse impacts to the existing flood hazard 
conditions at the site. The drainage report evaluated the proposed culverts for Poorhouse Run and Rag 
Run streams, existing site conditions, proposed site conditions and detention ponds for stormwater flow 
mitigation. The drainage report utilized the SCS method in Hydrologic Engineering Center – Hydrologic 
Modeling System (HEC-HMS) to determine the 2, 10, 25, 50, and 100-year peak flows for the pre- and 
post- development condition. The increase in peak flow was then mitigated by the use of multiple 
detention basins. For detention pond plans, see Appendix F. Potter Township General Code Section 176 
requires that detention facilities be designed such that the post-development peak runoff rates from the 
developed site surface conditions are controlled to the rates defined by the subarea release rate 
percentages for the 2, 10, 25, 50, and 100-year storm frequencies. The drainage report concluded that 
the proposed development will not increase flow rates to the Ohio River. For a summary and 
comparison of the pre- and post-development conditions peak stormwater discharge rates, see Table 
3.1. 

Table 3.1: Comparison of Peak Flow Rates 

Storm Return Years 
Pre-Develop 

Condition Flows (cfs) 
Post-Develop 

Condition  Flows (cfs) 
Difference 

(cfs) 

2 632 474 -158 

10 1624 1384 -240 

25 2073 1855 -218 

50 2436 2223 -213 

100 2744 2508 -236 

 
As can be seen, in all cases the post-development peak discharge rates are less than the pre-
development rates. 

4 Water Quality Analysis 
The recommended control guideline for total water quality control from the Pennsylvania Stormwater 
Best Practices is: 

Achieve an 85 percent reduction in post-development particulate associated pollutant load (as 
represented by Total Suspended Solids), an 85 percent reduction in post-development total 
phosphorus loads, and a 50 percent reduction in post-development solute loads (as 
represented by NO3-N), all based on post-development land use. 

Flow chart D from Chapter 8 of the manual illustrates several pathways to water quality compliance. 
Attached in Appendix D is a copy of Flowchart D with this project’s compliance plan highlighted. 
Worksheets 10, 12, and 13, located in Appendix D, demonstrate compliance with the water quality 
control guideline.  

5 BMPs Utilized 

5.1 Non-Structural BMPs. 

Various non-structural BMPs will be used for the site, the BMPs included are:  

BMP 5.6.3” Re-Vegetate/Re-Forest Disturbed Areas (Native Species): This BMP is being utilized 
for Water Quality Nitrate Control.  Exposed slopes are being hydro-seeded with fast growing 
grasses to stabilize and prevent erosion in these areas.  These areas will not be maintained other 
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than to monitor for erosion and to re-establish vegetative cover as necessary.  Natural 
succession from adjacent forest stands will be encouraged in these areas and clusters of native 
trees will also be planted in lower slope areas.  Native tree seedlings of American Chestnut are 
to be planted in an area of approximately 2 acres. 

An area of approximately 5 acres along the riverbank east of I-376 will be re-vegetated utilizing 
upland wildlife forage and cover using meadow native seed mix.  The area will also be replanted 
with large caliper native trees to establish a low maintenance area and to minimize impacts 
from the project.   Native trees include Black Locust, Red Oak, Silver/Red Maples, Shagbark 
Hickory, Serviceberry, Dogwood, and Redbuds.    

BMP “5.7.1” Reducing Street Imperviousness:  Asphalt pavement shoulders for the entire site 
from the original design have been reduced from 5’ asphalt paved shoulder to 2’ asphalt with 3’ 
gravel paved shoulders. The gravel shoulder will be less impervious than the asphalt paved 
shoulders. 

BMP “5.9.1” Street Sweeping: This BMP is being utilized for Water Quality Nitrate Control 
Street sweeping will be incorporated in the normal maintenance program and shall be done in 
accordance with the Pennsylvania Stormwater BMP Manual procedures.  Paved areas with 
regular vehicular traffic will be swept on periodic intervals, (currently schedule for every 6 
months) while paved areas without regular vehicular traffic (e.g. those which will be used by 
vehicles only in maintenance situations) will be swept following use. 

Management-based activities not mentioned in Pennsylvania Stormwater BMP Manual 
procedures: Items to be included are training and educational programs, proper vehicle 
equipment fueling and washing practices, good housekeeping, and proper sanitary waste 
disposal. 

5.2 Structural BMPs 

The entire site will be heavily compacted due to the required laydown, equipment, foundation, parking, 
roads, buildings and heavy equipment access. Listed below are structural BMPs that were considered. 
BMPs being utilized are shown in bold. For each BMP that is not utilized, a brief explanation of why the 
BMP is not applicable to the project is provided. 

BMP “6.4.1” Pervious Pavement with Infiltration Bed, BMP “6.4.2” Infiltration Basin: Subgrade 
for the proposed site will be compacted to no less than 95% of the maximum dry density and 
will contain as much as 80% fines which will tend to severely limit infiltration. The BMPs require 
the subgrade to be uncompacted and should not be placed on areas of recent fill or compacted 
fill.  

BMP “6.4.3” Subsurface Infiltration Bed, BMP “6.4.4” Infiltration Trench, BMP “6.4.5” Rain 
Garden/Bioretention, BMP “6.4.6” Dry Well / Seepage Pit, BMP “6.4.7” Constructed Filter, BMP 
“6.4.8” Vegetated Swale, BMP “6.4.9” Vegetated Filter Strip, BMP “6.4.10” Infiltration Berm & 
Retentive Grading: Subgrade for the proposed site will be compacted to no less than 95% of the 
maximum dry density and will contain as much as 80% fines which will tend to severely limit 
infiltration. The BMPs require the subgrade to be uncompacted.  

BMP “6.5.1” Vegetated Roof: Buildings for the site are pre-engineered building with gable and 
hip (sloped) roof. Pitch on roof will be too steep to use vegetative roof. Design for flat-topped 
buildings were considered but had no cost saving. Building contractor recommended and 
designed buildings with gable and hip roof. Also, buildings are design for typical dead and live 
loads, incorporating load for the vegetative loads would have economic impacts to the project.  

BMP “6.5.2” Runoff Capture & Reuse: Adding storage containers to store and reuse stormwater 
were considered but no applicable reuse was found for the project site. Based on the design 
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criteria for the facility, there is minimal opportunity for incorporating grassing in open areas.   
Using the stormwater for firewater tanks and cooling water would require the stormwater to be 
processed to meet required water quality specifications. 

 BMP “6.6.1” Constructed Wetland: Constructed wetlands required drainage area of at least 10 
acres (5 acres for “pocket” wetlands) or some means of sustaining constant inflow. Drainage 
area if created for wetlands would be less than 10 acres and will not meet the requirements. 

BMP “6.6.2” Wet Pond/Retention Basin: Due to the site constraint, dry detention basins were 
used to mitigate post-development conditions flow. To incorporate wet pond/retention basin 
into design would require more plot space which will have economical and design impacts to the 
project.  

BMP “6.6.3” Dry Extended Detention Basin: Dry extended detention basins have been 
incorporated in the project site.  The basins were designed so that the post-development peak 
runoff rates will not exceed pre-development peak runoff rates for the 2, 10, 25, 50, and 100-
year storm frequencies. All detention ponds have a valve box at the outfall and stormwater will 
be visually inspected for contaminant prior to release.  Net volume reduction or storage will not 
be considered for structural BMP volume credits. Drainage area #1, 2, 3, 3a, 4, 5 will be routed 
to detention ponds.  

BMP “6.6.4” Water Quality Filters & Hydrodynamic Devices: Water quality filters have been 
incorporated in to the design. Area where polyethylene pellets are produced and handled will 
have a pellet separator to remove pellets before entering the storm sewer system. The storm 
system for the process area will have a different storm system from the clean rainwater storm 
system. Accidentally Contaminated stormwater from the process areas will be treated in the 
wastewater treatment plant. The total area of the site draining from the process area is 
approximately 34.7 acres.  

BMP “6.7.1” Riparian Buffer Restoration: Due to the limited plot space, riparian buffer 
restoration is not considered for the site.  

BMP “6.7.2” Landscape Restoration, BMP 6.7.3 Soil Amendment & Restoration: Per the request 
of the owner, the proposed site will have no grassing and open areas will be covered with 
gravel. Landscape restoration and soil amendment & restoration are not considered for the site.  

BMP 6.7.4 Floodplain Restoration: Project site is not located within floodplain. 

5.3 BMP Controlled Areas 

Table 5.1 presents the BMP controlled areas: 

Table 5.1: BMP Controlled Areas 

Area Name BMP 
Area 
(sf) 

DA #1 
BMP 6.6.3 Dry Extended Detention Basin/ 
BMP 6.6.4 Water Quality Filters & Hydrodynamic Devices 

4818371 

DA #2 
BMP 6.6.3 Dry Extended Detention Basin/ 
BMP 6.6.4 Water Quality Filters & Hydrodynamic Devices 

4962254 

DA #3 
BMP 6.6.3 Dry Extended Detention Basin/ 
BMP 6.6.4 Water Quality Filters & Hydrodynamic Devices 

1146920 

DA #4 
BMP 6.6.3 Dry Extended Detention Basin/ 
BMP 6.6.4 Water Quality Filters & Hydrodynamic Devices 

353925 

DA #5 
BMP 6.6.3 Dry Extended Detention Basin/ 
BMP 6.6.4 Water Quality Filters & Hydrodynamic Devices 

3372289 

Total BMP Area   14653759 
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Total Project Area 
BMP Drainage %   

15504379 
95% 

5.4 Thermal Impact Analysis 

Thermal impact is not anticipated for the site. All stormwater will drain into an underground storm 
sewer system and eventually be detained in a detention pond prior to discharge at the outfalls.  
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APPENDIX B: Location and Soil Maps 
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APPENDIX C: Rainwater Data 
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Rainfall

Duration
1 yr 2 yr 5 yr 10 yr 25 yr 50 yr 100 yr

5 min 0.32 0.39 0.46 0.51 0.59 0.65 0.71

10 min 0.5 0.6 0.71 0.8 0.91 0.99 1.06

15 min 0.62 0.74 0.88 0.98 1.12 1.22 1.32

30 min 0.82 0.99 1.2 1.37 1.59 1.75 1.92

60 min 1.01 1.23 1.53 1.77 2.08 2.32 2.57

2 hr 1.09 1.32 1.65 1.92 2.29 2.6 2.94

3 hr 1.2 1.45 1.81 2.1 2.52 2.87 3.25

6 hr 1.37 1.64 2.04 2.37 2.84 3.19 3.56

12 hr 1.69 2.02 2.49 2.91 3.52 3.97 4.46

24 hr 2.04 2.44 2.99 3.44 4.09 4.65 5.24

Note: Rainfall data was obtain from PennDOT Drainage Manual Chapter 7, Appendix A.

 5-Minute through 24-Hour Rainfall Depths for Beaver County (Inches)
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APPENDIX D: Worksheets 

 

 

Worksheet 1: General Site Information Provided. 

Worksheet 2: Sensitive Natural Resources Provided.  

Worksheet 3: Non-structural BMP Credits Provided. 

Worksheet 4: Change in Runoff Volume for 2-YR 

storm event 

Provided. 

Worksheet 5: Structural BMP Volume Credits Provided. 

Flow Chart B: Control Guideline 1 Process Provided. 

Flow Chart D: Water Quality Process Provided. 

Worksheet 6: Small Site/Small Impervious Area 

Exception for Peak Rate Mitigation Calculations 

Not applicable. 

Worksheet 7: Calculation of Runoff Volumes for 

CG-2 Only 

Not Applicable. 

Worksheet 8: Structural BMP Volume Credits Not Applicable. 

Worksheet 10: Water Quality Compliance for 

Nitrate  

Provided. 

Worksheet 11:  BMPs for Pollution Prevention Not Applicable. 

Worksheet 12: Water Quality Analysis of Pollutant 

Loading from All Disturbed Areas 

Not Applicable. 

Worksheet 13: Pollutant Reduction through BMP 

Applications 

Not Applicable. 
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*

**

*The total area and storage volume of the ponds are based on the maximum water surface elevation in the ponds before it overflows into the weir or 
orifice structure.  The detention pond is used to manage, not reduce, the stormwater volume.

*

**Describes the disturbed area managed by water quality filters

**
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95% of disturbed area
is controlled by a BMP.
See page 12, section

5.3 of PCSM narrative.
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APPENDIX E: Hydrological and Hydraulic Calculation References 
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((L Q H L N ML N O P #&&E AJ ( J K Q MI (((I H L G ML H

(((I H L G ML H O P #&&E AJ G J K Q MH ()G K H L G M(K

()G K H L G M(K O P #&&E AJ N J K Q MG K K ( H L G M(G
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2MKQ IIKN(I OP#&&GCQI )IIN( 2)K3 IIQNJK

2)K3 IIQNJK OP#&&GCQJ M(KNM 2KK2 IIQN)K

2KK2 IIQN)K OP#&&GCQL M(QN2 2QQJ IIQNKQ

2QQJ IIQNKQ O%CRGB7I M(KN3 2(QJ IMMNKL

2(QJ IMMNKL OP#&&GCK3 M(KN2 22M) IMKNI(

22M) IMKNI( OP#&&GCK2 M(KN2 222J IMKN2I

222J IMKN2I OP#&&GCK( M(KN( 23(L IMQNM2

23(L IMQNM2 OP#&&GCKQ M(KN( LL2 IMQN)J

LL2 IMQN)J O%CRGB7J M(KN( (JI MLLN)(

(JI MLLN)( OP#&&GCKK MKMNQ 2M2 MLLN)3

2M2 MLLN)3 =%7H#CC
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2(K) II(NQK OP#&&FBQJ I2INM 2KK2 II(N2L

2KK2 II(N2L OP#&&FBQL I2QNJ 2QQJ II(N2K

2QQJ II(N2K O%BRFA6I I22N( 2HQJ IMMNKI

2HQJ IMMNKI OP#&&FBK) I22NK 22M( IM(NKH

22M( IM(NKH OP#&&FBK2 I2)NI 222J IM(N)H

222J IM(N)H OP#&&FBKH I2)NK 2)HL IMKN(J

2)HL IMKN(J OP#&&FBKQ I2)N( LL2 IMKN(M

LL2 IMKN(M O%BRFA6J I2)NM HJI I))NLL

HJI I))NLL OP#&&FBKK IKKNK 2M2 I))NMQ

2M2 I))NMQ <%6G#BB
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(MJP HHMLIJ NO#&&EAPH HPML( (QJ) HHMLH(

(QJ) HHMLH( NO#&&EAPI HK(LG (JJ( HHMLMG

(JJ( HHMLMG NO#&&EAPK HIKLQ (PPI HHMLQI

(PPI HHMLQI N%ARE@5H HIKLM (GPI HMHL)P

(GPI HMHL)P NO#&&EAJ) HIKLM ((MQ HMQLKK

((MQ HMQLKK NO#&&EAJ( HIKLM (((I HMQLMH

(((I HMQLMH NO#&&EAJG HIKLJ ()GK HMQLP(

()GK HMQLP( NO#&&EAJP HIKL( KK( HMQLGK

KK( HMQLGK N%ARE@5I HIILK GIH H)(L)(

GIH H)(L)( NO#&&EAJJ IGGLH (M( H)(L))

(M( H)(L)) ;%5F#AA
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O,,K QPJL4I N%D**(E JI ,MQLP O5JM QP5L5K

O5JM QP5L5K N%D**(E JJ ,MQLP MK55 QQQL5,

MK55 QQQL5, N%D**(E JM ,MPL, MQMM QQILI5

MQMM QQILI5 N%D**(E JO ,MPLM MO54 QQ5LP,

MO54 QQ5LP, N%D**(E JQ ,MPLQ MJ,Q QOMLP5

MJ,Q QOMLP5 N%D**(E JP ,MPLP M,PP QO,L4M

M,PP QO,L4M N%D**(E JK ,MPLQ M5K5 QMKL4J

M5K5 QMKL4J N%D**(E M5 ,MPLO JKIQ QM4LK5

JKIQ QM4LK5 N%D**(E M4 ,MPL5 JQI, QJQLKP

JQI, QJQLKP N&ER($8 , ,MQL, JMPM QJILMK

JMPM QJILMK N%D**(E M, ,MOLK JJJP QJ4LII

JJJP QJ4LII N%D**(E MI ,OMLQ JI5K QIPLO4

JI5K QIPLO4 N%D**(E MJ ,OMLO J,MQ QIOLPI

J,MQ QIOLPI N&ER($8 I ,OMLJ J,I, QIOLIP

+ + N&ER($8 I )#DC 5L5 + +

J,I, QIOLIP N%D**(E MM ,OML, J444 QIJLQO

J444 QIJLQO N&ER($8 J ,OJLK IKKI QI5L,K

IKKI QI5L,K N%D**(E MO ,OML, IQ4P Q,OL,J

IQ4P Q,OL,J N%D**(E MQ ,OQLO IM4O Q,,LOP

IM4O Q,,LOP N%D**(E MP ,OPL, I5,M Q4JL4M

I5,M Q4JL4M N%D**(E MK ,OPLI ,QJQ Q45L54

,QJQ Q45L54 N%D**(E O5 ,OPL, ,JPM Q5,L,I

,JPM Q5,L,I N%D**(E O4 ,OQL, ,,OK Q55L,5

,,OK Q55L,5 N%D**(E O, ,OOL4 4KK4 OKQLP,

4KK4 OKQLP, N%D**(E OI ,PJLO 4JPK OKIL5P

4JPK OKIL5P N%D**(E OJ ,OQLM 445O OKIL55

445O OKIL55 ?&8HDEE
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OIKH QPKL-K M%C**(D JH P,ILQ OHHK QPNLK,

OHHK QPNLK, M%C**(D JI P,ILO O-JN QP,LO-

O-JN QP,LO- M%C**(D JJ P,ILJ NK-- QQPL,Q

NK-- QQPL,Q M%C**(D JN P,HLP NQNN QQJLJK

NQNN QQJLJK M%C**(D JO P,HLH NO-, QQ,LQQ

NO-, QQ,LQQ M%C**(D JQ P,,L- NJHQ QOOLKN

NJHQ QOOLKN M%C**(D JP P-KLH NHPP QOILIQ

NHPP QOILIQ M%C**(D JK P-OLN N-K- QNKLKQ

N-K- QNKLKQ M%C**(D N- P-NL- JKIQ QNILII

JKIQ QNILII M%C**(D N, P-NLK JQIH QN,L,J

JQIH QN,L,J M&DR($7 H P-PLO JNPN QJJLPP

JNPN QJJLPP M%C**(D NH P-KL, JJJP QJHLJI

JJJP QJHLJI M%C**(D NI PJ-L, JI-K QJ-L-H

JI-K QJ-L-H M%C**(D NJ PJJL- JHNQ QIKLOI

JHNQ QIKLOI M&DR($7 I PJILN JHIH QIKLI,

+ + M&DR($7 I )#CB -L- + +

JHIH QIKLI, M%C**(D NN PJHLQ J,,, QIKL,-

J,,, QIKL,- M&DR($7 J PJ,LP IKKI QI,LQK

IKKI QI,LQK M%C**(D NO PJ,LJ IQ,P QHQLKI

IQ,P QHQLKI M%C**(D NQ PNOL, IN,O QHJLII

IN,O QHJLII M%C**(D NP PNJLK I-HN Q,NLJO

I-HN Q,NLJO M%C**(D NK PNHLN HQJQ Q,,L-N

HQJQ Q,,L-N M%C**(D O- PN-LN HJPN Q-JLPJ

HJPN Q-JLPJ M%C**(D O, PN-LI HHOK Q-HL,-

HHOK Q-HL,- M%C**(D OH PNHLI ,KK, OKKLQO

,KK, OKKLQO M%C**(D OI PNPL- ,JPK OKILPQ

,JPK OKILPQ M%C**(D OJ PNPLQ ,,-O OKIL--

,,-O OKIL-- >&7GCDD
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N,,L QPNM-, O%E**(F KJ 56QNMN N6K- QP,M6P

N6K- QP,M6P O%E**(F KK 56QPMP -L66 QQPM-K

-L66 QQPM-K O%E**(F K- 56P5M5 -Q-- QQKMQL

-Q-- QQKMQL O%E**(F KN 56PJMK -N65 QQ,M6Q

-N65 QQ,M6Q O%E**(F KQ 56PKML -K,Q QNQMJ,

-K,Q QNQMJ, O%E**(F KP 56PNML -,PP QNJMQN

-,PP QNJMQN O%E**(F KL 56PPMK -6L6 QN6M,-

-6L6 QN6M,- O%E**(F -6 56PLM6 KLJQ Q-JMPK

KLJQ Q-JMPK O%E**(F -5 56PLMK KQJ, Q-,MKL

KQJ, Q-,MKL O&FR($9 , 56PQMJ K-P- QK-MJJ

K-P- QK-MJJ O%E**(F -, 56PNML KKKP QKJM6J

KKKP QKJM6J O%E**(F -J 55,,MQ KJ6L QK,MKL

KJ6L QK,MKL O%E**(F -K 555-MJ K,-Q QK,MKK

K,-Q QK,MKK O&FR($9 J 555,M- K,J, QK,M,L

+ + O&FR($9 J )#ED 6M6 + +

K,J, QK,M,L O%E**(F -- 556QMP K555 QK,M,J

K555 QK,M,J O&FR($9 K 556KMP JLLJ QJ,MJ6

JLLJ QJ,MJ6 O%E**(F -N 556-MK JQ5P Q,PMK,

JQ5P Q,PMK, O%E**(F -Q 55,JMP J-5N Q,KMQN

J-5N Q,KMQN O%E**(F -P 55,-MK J6,- Q5-MPN

J6,- Q5-MPN O%E**(F -L 55,NMK ,QKQ Q55MKQ

,QKQ Q55MKQ O%E**(F N6 55,NMP ,KP- Q6-M-P

,KP- Q6-M-P O%E**(F N5 55,NMP ,,NL Q6,MQ6

,,NL Q6,MQ6 O%E**(F N, 55,NMQ 5LL5 Q66M,K

5LL5 Q66M,K O%E**(F NJ 55J5MK 5KPL NLPMN5

5KPL NLPMN5 O%E**(F NK 55J5MN 556N NLPM66

556N NLPM66 @&9IEFF
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QIIL NPNM5, O%D**(E KJ 5K5NMK Q-K, NPIMQ-

Q-K, NPIMQ- O%D**(E KK 5K5PMN ,L-- NNPML5

,L-- NNPML5 O%D**(E K, 5K5LMN ,N,, NN,M5K

,N,, NN,M5K O%D**(E KQ 5KI-MK ,Q-5 NNIMJ5

,Q-5 NNIMJ5 O%D**(E KN 5KI-MN ,KIN NQNMN-

,KIN NQNMN- O%D**(E KP 5KI-MK ,IPP NQKM5K

,IPP NQKM5K O%D**(E KL 5K5PMN ,-L- NQ-M,K

,-L- NQ-M,K O%D**(E ,- 5K5NMJ KLJN N,KMQI

KLJN N,KMQI O%D**(E ,5 5JLLML KNJI N,JML-

KNJI N,JML- O&ER($8 I 5JL-MN K,P, NKQM,K

K,P, NKQM,K O%D**(E ,I 5JPKML KKKP NKQM-N

KKKP NKQM-N O%D**(E ,J 5K-NML KJ-L NKQM--

KJ-L NKQM-- O%D**(E ,K 5JN-ML KI,N NK,MLL

KI,N NK,MLL O&ER($8 J 5JQ-M- KIJI NK,MQN

+ + O&ER($8 J )#DC -M- + +

KIJI NK,MQN O%D**(E ,, 5JK5MK K555 NK,MQ,

K555 NK,MQ, O&ER($8 K 5JJJMP JLLJ NJIMQP

JLLJ NJIMQP O%D**(E ,Q 5JJJMP JN5P NIPMP5

JN5P NIPMP5 O%D**(E ,N 5J,QMN J,5Q NI,M-L

J,5Q NI,M-L O%D**(E ,P 5J,NM- J-I, N5QM5,

J-I, N5QM5, O%D**(E ,L 5J,QMN INKN N55MP5

INKN N55MP5 O%D**(E Q- 5J,QMI IKP, N-QM5I

IKP, N-QM5I O%D**(E Q5 5J,KML IIQL N-JM55

IIQL N-JM55 O%D**(E QI 5J,JMN 5LL5 N--MQ5

5LL5 N--MQ5 O%D**(E QJ 5J,PMN 5KPL QLPMQ-

5KPL QLPMQ- O%D**(E QK 5J,PMQ 55-Q QLPM--

55-Q QLPM-- ?&8HDEE
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OHHK QPQLO- M%C**(D JI ,Q,QLP O-JN QPHLKK

O-JN QPHLKK M%C**(D JJ ,Q,JLH NK-- QQKL,H

NK-- QQKL,H M%C**(D JN ,Q,,L, NQNN QQNLJ,

NQNN QQNLJ, M%C**(D JO ,Q,,L- NO-, QQHLN-

NO-, QQHLN- M%C**(D JQ ,Q,JL- NJHQ QOQLKK

NJHQ QOQLKK M%C**(D JP ,Q,QLQ NHPP QOJLJI

NHPP QOJLJI M%C**(D JK ,QH,LH N-K- QO-LQQ

N-K- QO-LQQ M%C**(D N- ,QHILH JKIQ QNNLQK

JKIQ QNNLQK M%C**(D N, ,Q,NLI JQIH QNNLIO

JQIH QNNLIO M&DR($7 H ,Q-OLQ JNPN QJKLJH

JNPN QJKLJH M%C**(D NH ,OP,LP JJJP QJKLII

JJJP QJKLII M%C**(D NI ,OQ,LO JI-K QJKLI,

JI-K QJKLI, M%C**(D NJ ,NPQLK JHNQ QJKLI,

JHNQ QJKLI, M&DR($7 I ,NOQL, JHIH QJPLQP

+ + M&DR($7 I )#CB IQLJ + +

JHIH QJPLQP M%C**(D NN ,NHPLN J,,, QJPLQP

J,,, QJPLQP M&DR($7 J ,N,ILJ IKKI QIHLKN

IKKI QIHLKN M%C**(D NO ,N,HLP IQ,P QHKL,-

IQ,P QHKL,- M%C**(D NQ ,NJ,LJ IN,O QHNLIO

IN,O QHNLIO M%C**(D NP ,NJ-LJ I-HN Q,OLII

I-HN Q,OLII M%C**(D NK ,NIKLH HQJQ Q,HL-N

HQJQ Q,HL-N M%C**(D O- ,NIPLI HJPN Q-OLN,

HJPN Q-OLN, M%C**(D O, ,NIPLK HHOK Q-ILJ,

HHOK Q-ILJ, M%C**(D OH ,NIKLO ,KK, Q--LK-

,KK, Q--LK- M%C**(D OI ,NJPLH ,JPK Q--L-P

,JPK Q--L-P M%C**(D OJ ,NJPLO ,,-O Q--L--

,,-O Q--L-- >&7GCDD
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"; & 3D&CR4 HD&C3H JDDCWH J&4C&4 4R3CHS &&RCHW

"; 3 3RRCS3 JDRC&H J&SCHD 4JHCD4 3HJCSH DJCHV

"; 4 4RCRD D&CH& VVCDJ SJCVW JVCHV &VCJR

"; J V3C&V 4RRCVV 3HVCJS 3&HCRV &SRC3D S3CHH

"; H 33&CRJ H&JCDH J4HC34 4HDC43 3S&CD& D4C&R

"; V 43CW4 HRC4W 4DCJ3 3DCJ& &VCV& 3C44

;; & &4JC&H 4D4C&& 4JSCDH 4R&CW3 3JRCHJ &3&CRH

;; 3 S&CR& DSCHW WRCWH SSCRV JVCS& &SCJJ

;; 4 &VCRR HHCRH JVCJH JRCRV 4RC3V &3CJ&

;; J DCVJ JHCVV 4DCWW 4JCRH 3SC&V &&CW&

;; H 3HC3J HSCV3 JWCJ3 JRCJV 4RC34 &&CDS

;; S &RCW3 3WCJ3 3JC3R 3RC&J &JCWH HCHS

;; V &VC33 WVCHR VVC&W SSCWW H3CVR 3HCWS

;; D &&C&4 J4CJR 4SCVD 4RCJ4 33C3J VCD4

;; &R WSCWD &W3CH3 &HJCH& &3VCVD D4CSJ 4JC44

;; && VC4W 3RC&4 &VCR3 &JCR4 &RC&D 4CH4

;; &3 SJC&D 33SCS& &DSCHR &SSCD3 &3VC3H HJC4J

MG4VS VCVH 44CS4 3DC4S 3HC&3 &DC4V WCSJ

;; D QO HCWW 33CD4 &DCJJ &SCRW &&CVH JC&D

X;&WG& HC33 4HC3R 4&CD& 3WCHD 34CWJ &JC44

X;&WG3 HC&D &WC3W &JCWV &&CSV VCSD &CH&

X;&WG4 &JCVR HSCWV JVCV& 4DCRR 3VCDR DCRR

X;&WGJ DCDS J&CSJ 4HCHS 3DCS& 3&CWR WC&S

X;&WGH &C4S DCS4 WCSV VCVR SC44 4CSH

X;&WGS SC4H 3SC&W 33CJ& &WCVD &JCRR HCJJ

X;&WGV 4C&D 3&CJH &DC44 &VC3R &JC&V WC&W

X;&WGW &DCJ4 DRCDJ VWC3V SHCW4 JDC44 3RCRW

Q\QG";\@OXX

"\QK
&R3C&H 44CDR 3RCVV &3CJ3 SCRS RCRR

Q\;5' "\QK &&RCWR HDCHR HRCDD J&CHJ 3HCJ3 RCRR

X\Z5' "\QK

G ]OX5
3RC4R Qj1 Qj1 Qj1 Qj1 Qj1

X\Z5' "\QK

G O1X5
H4C&S 3&VC3& &HWC&D &RWCHS H3CJD RCRR
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HIJI KLMNMM OP#&&7B 1 1(LNM HHQ1 KLLNLH

HHQ1 KLLNLH OP#&&7B ( 1(LN2 HMHK QK2NKI

HMHK QK2NKI OP#&&7B J 1(LN( H2JI QQQNM(

H2JI QQQNM( OP#&&7B 2 11KNK HJH2 QQIN11

HJH2 QQIN11 OP#&&7B M 1(LN1 H(IM QQ(NKK

H(IM QQ(NKK O%BR73F 1 11KNH MQKK QH2NQL

MQKK QH2NQL OP#&&7B H 11KNH MQ1H QHLNMH

MQ1H QHLNMH OP#&&7B I 1((NM MI22 QMQNK2

MI22 QMQNK2 OP#&&7B Q 1M(NK MILI QMQNQ2

MILI QMQNQ2 OP#&&7B K 1M(NQ MHML QMHNHM

MHML QMHNHM O%BR73F ( 1MJN2 2QIQ QJ1N1I

2QIQ QJ1N1I OP#&&7B 1L 1MQNI 2II( Q(INML

2II( Q(INML OP#&&7B 11 1MQNQ 2HII Q(2NJQ

2HII Q(2NJQ OP#&&7B 1( 1HJN2 2MKM Q(1NJM

2MKM Q(1NJM OP#&&7B 1J 1HJN2 22KJ Q1QNQ1

22KJ Q1QNQ1 OP#&&7B 12 1HJNH 222J Q1QNIM

222J Q1QNIM O%BR73F J 1HJNK 2L1M QLQNLQ

2L1M QLQNLQ OP#&&7B 1M 1H2N( JQKH QLMNMJ

JQKH QLMNMJ OP#&&7B 1H 1HHNJ JIIJ QLJNJ2

JIIJ QLJNJ2 OP#&&7B 1I 1HHNJ JHJ2 IKINQL

JHJ2 IKINQL S4T O%BR 1 1H2N2 "" E@1 II2NQM

"" E@1 II2NQM S4T O%BR ( 1H2NL "" E@( II2N1(

"" E@( II2N1( S4T O%BR J 1H2NL "" E@J IIJNJI

"" E@J IIJNJI S4T O%BR 2 1H2NM "" E@2 II(NIJ

"" E@2 II(NIJ S4T O%BR M 1HMNM (J2H II(N(Q

(J2H II(N(Q OP#&&7B 1Q 1HQNK ((MI II(N(I

((MI II(N(I O%BR73F 2 1HKNL (LJJ IHINHQ

(LJJ IHINHQ OP#&&7B 1K (L(NQ 1KI2 IHIN2Q

1KI2 IHIN2Q OP#&&7B (L (L2NI 1QKH IHIN1Q

1QKH IHIN1Q OP#&&7B (1 (L2NI 1IKL IHHN(M

1IKL IHHN(M OP#&&7B (( (L2NI 1H22 IH2NKI

1H22 IH2NKI OP#&&7B (J (L2NQ 1M21 IH2N1M

1M21 IH2N1M OP#&&7B (2 ((JNH 122( IHJN(2

122( IHJN(2 OP#&&7B (M ((JNI 1JMJ IH(NJQ

1JMJ IH(NJQ OP#&&7B (H ((JNQ 1(JM IHLNHK

1(JM IHLNHK OP#&&7B (I ((JNK 11HH IHLNHH

11HH IHLNHH OP#&&7B (Q ((JNQ 111K IHLNMH

111K IHLNMH OP#&&7B (K ((JNH 1LJL IHLNM1

1LJL IHLNM1 OP#&&7B JL ((JNJ 1LL1 IHLNML

1LL1 IHLNML O%BR73F H# ((JNL ""> E@1 I2HNK(

""> E@1 I2HNK( O%BR73F HU (((NK ""> E@( I2MNLQ

""> E@( I2MNLQ O%BR73F HD (((NM ""> E@J IL1N1K

""> E@J IL1N1K O%BR73F H8 (((NM O%BR73F @? IL1NLL

O%BR73F @? IL1NLL OP#&&7B J1 (((NM (1J IL1NLL

(1J IL1NLL OP#&&7B J( (((NM 1HL IL1NLL

1HL IL1NLL OP#&&7B JJ (((NM KM IL1NLL

KM IL1NLL >%FG#BB
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HIJI K)HL2M NO#&&7B ( PJKLI HHQ( K))LQJ

HHQ( K))LQJ NO#&&7B P P2(L2 HMHK QKMLMM

HMHK QKMLMM NO#&&7B J PJKLI H2JI QQKL2)

H2JI QQKL2) NO#&&7B 2 PJKL( HJH2 QQIL)J

HJH2 QQIL)J NO#&&7B M PJQLK HPIM QQMLPJ

HPIM QQMLPJ N%BR73F ( PJQL) MQKK QHML2M

MQKK QHML2M NO#&&7B H PJILI MQ(H QH(LPH

MQ(H QH(LPH NO#&&7B I P2MLP MI22 QMKLM2

MI22 QMKLM2 NO#&&7B Q JPQLP MI)I QMKLJM

MI)I QMKLJM NO#&&7B K JPQLM MHM) QMKL)I

MHM) QMKL)I N%BR73F P JPKL( 2QIQ QJ(LHP

2QIQ QJ(LHP NO#&&7B () J2)LK 2IIP QPILK(

2IIP QPILK( NO#&&7B (( J2)LK 2HII QP2LQ(

2HII QP2LQ( NO#&&7B (P JMPLI 2MKM QP(LIK

2MKM QP(LIK NO#&&7B (J JMPLQ 22KJ QP(LJQ

22KJ QP(LJQ NO#&&7B (2 JMJL( 222J QP(LJM

222J QP(LJM N%BR73F J JMJL2 2)(M Q)QLHP

2)(M Q)QLHP NO#&&7B (M JMJLM JQKH Q)HL)J

JQKH Q)HL)J NO#&&7B (H JMKLJ JIIJ Q)JLH2

JIIJ Q)JLH2 NO#&&7B (I JMKLJ JHJ2 Q))LJM

JHJ2 Q))LJM S4T N%BR ( JMHL) "" E@( IIIL2K

"" E@( IIIL2K S4T N%BR P JMMLJ "" E@P IIIL)2

"" E@P IIIL)2 S4T N%BR J JMQL) "" E@J IIHLMJ

"" E@J IIHLMJ S4T N%BR 2 JH)LJ "" E@2 IIMLQI

"" E@2 IIMLQI S4T N%BR M JHPLK PJ2H IIMLPP

PJ2H IIMLPP NO#&&7B (Q JI)LK PPMI IIMLPP

PPMI IIMLPP N%BR73F 2 JIPLP P)JJ IHKL)M

P)JJ IHKL)M NO#&&7B (K 2HJL( (KI2 IHQLQQ

(KI2 IHQLQQ NO#&&7B P) 2HQLJ (QKH IHQLMI

(QKH IHQLMI NO#&&7B P( 2HQLJ (IK) IHILHI

(IK) IHILHI NO#&&7B PP 2HQLP (H22 IHHLMP

(H22 IHHLMP NO#&&7B PJ 2HQL) (M2( IHMLQM

(M2( IHMLQM NO#&&7B P2 M(KLQ (22P IHMLPJ

(22P IHMLPJ NO#&&7B PM M(QLQ (JMJ IH2LQP

(JMJ IH2LQP NO#&&7B PH M(ILP (PJM IH2L2K

(PJM IH2L2K NO#&&7B PI M(MLP ((HH IH2L2)

((HH IH2L2) NO#&&7B PQ M(JLQ (((K IH2LJI

(((K IH2LJI NO#&&7B PK M(PLP ()J) IH2LJ2

()J) IH2LJ2 NO#&&7B J) M(PL2 ())( IH2LJ2

())( IH2LJ2 N%BR73F H# M(PL2 ""> E@( IM)L2M

""> E@( IM)L2M N%BR73F HU M(PL2 ""> E@P I2QLPI

""> E@P I2QLPI N%BR73F HD MJPLQ ""> E@J I)PL)K

""> E@J I)PL)K N%BR73F H8 MJPLQ N%BR73F @? I)(L))

N%BR73F @? I)(L)) NO#&&7B J( MJPLQ P(J I)(L))

P(J I)(L)) NO#&&7B JP MJPLQ (H) I)(L))

(H) I)(L)) NO#&&7B JJ MJPLQ KM I)(L))

KM I)(L)) >%FG#BB
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IJKJ LMINJO PQ#&&8C 2 KM2NK IIO2 LM2N23

IIO2 LM2N23 PQ#&&8C ( KM2N2 I)IL OL)NOI

I)IL OL)NOI PQ#&&8C K KMMNI I3KJ OOLNI2

I3KJ OOLNI2 PQ#&&8C 3 KMMN) IKI3 OOJN(2

IKI3 OOJN(2 PQ#&&8C ) (LLNO I(J) OOIN(O

I(J) OOIN(O P%CR84G 2 (LON) )OLL OI)NJ2

)OLL OI)NJ2 PQ#&&8C I (LON2 )O2I OI2N)3

)O2I OI2N)3 PQ#&&8C J KMONM )J33 OIMN3O

)J33 OIMN3O PQ#&&8C O 3((N2 )JMJ OIMN32

)JMJ OIMN32 PQ#&&8C L 3((N3 )I)M OIMNK(

)I)M OIMNK( P%CR84G ( 3((NI 3OJO OK2NLM

3OJO OK2NLM PQ#&&8C 2M 3KJNL 3JJ( O(ON2(

3JJ( O(ON2( PQ#&&8C 22 3KJNL 3IJJ O(3NLO

3IJJ O(3NLO PQ#&&8C 2( 3)KNO 3)L) O((NOK

3)L) O((NOK PQ#&&8C 2K 3)KNJ 33LK O((NIO

33LK O((NIO PQ#&&8C 23 3)KNK 333K O((NII

333K O((NII P%CR84G K 3)KN( 3M2) OMONJJ

3M2) OMONJJ PQ#&&8C 2) 3)KN2 KOLI OMIN((

KOLI OMIN(( PQ#&&8C 2I 3IMNI KJJK OMKNJ)

KJJK OMKNJ) PQ#&&8C 2J 3IMN) KIK3 OM2N3L

KIK3 OM2N3L S5T P%CR 2 3))NL "" FA2 JOMNI)

"" FA2 JOMNI) S5T P%CR ( 3)INJ "" FA( JJLNOJ

"" FA( JJLNOJ S5T P%CR K 3)INO "" FAK JJONO)

"" FAK JJONO) S5T P%CR 3 3)JNM "" FA3 JJJNJ)

"" FA3 JJJNJ) S5T P%CR ) 3IMN2 (K3I JJINIL

(K3I JJINIL PQ#&&8C 2O 3ILNI (()J JJINIL

(()J JJINIL P%CR84G 3 3JMN3 (MKK JILNIO

(MKK JILNIO PQ#&&8C 2L )LKNL 2LJ3 JILN)K

2LJ3 JILN)K PQ#&&8C (M IM2NK 2OLI JILN()

2OLI JILN() PQ#&&8C (2 IM2NI 2JLM JION)(

2JLM JION)( PQ#&&8C (( IM2NL 2I33 JIJNJO

2I33 JIJNJO PQ#&&8C (K IM(NK 2)32 JIJN33

2)32 JIJN33 PQ#&&8C (3 IJ(NK 233( JIJN2O

233( JIJN2O PQ#&&8C () IJMNK 2K)K JIJNMK

2K)K JIJNMK PQ#&&8C (I IIJNJ 2(K) JIINLM

2(K) JIINLM PQ#&&8C (J II)NM 22II JIINOI

22II JIINOI PQ#&&8C (O IIKNM 222L JIINO3

222L JIINO3 PQ#&&8C (L II(NI 2MKM JIINOK

2MKM JIINOK PQ#&&8C KM II(NL 2MM2 JIINOK

2MM2 JIINOK P%CR84G I# IIKNM ""? FA2 J)(N2(

""? FA2 J)(N2( P%CR84G IU IIKN2 ""? FA( J3LNL(

""? FA( J3LNL( P%CR84G IE ILLNI ""? FAK JM(NLM

""? FAK JM(NLM P%CR84G I9 ILLNI P%CR84G A@ JM2NM2

P%CR84G A@ JM2NM2 PQ#&&8C K2 ILLN) (2K JM2NM2

(2K JM2NM2 PQ#&&8C K( ILLNI 2IM JM2NM2

2IM JM2NM2 PQ#&&8C KK ILLNI L) JM2NMM

L) JM2NMM ?%GH#CC

5"6789 ;'4<-24

25873-001-30G-00001, Rev 001, Page 56 of 90



"#$ "%& ' () *" +,,-./01 23

,4565789 ;<=>?@ AB94#%CDE F598C "87%CG7

2 5H 2

"# $%&' "# $%&' ( )*+,,'- ./ )*+,,'- 0 /# $%&' /# $%&' (

12 314 12

IJKJ L)JM)2 NO#&&8C 2 K3IMI IIP2 L)2MKK

IIP2 L)2MKK NO#&&8C Q K3IM3 I(IL PLIM22

I(IL PLIM22 NO#&&8C K K3(MI I3KJ PPLMJ)

I3KJ PPLMJ) NO#&&8C 3 K3(MI IKI3 PPJM(L

IKI3 PPJM(L NO#&&8C ( K33MQ IQJ( PPJM)2

IQJ( PPJM)2 N%CR84G 2 K3QMI (PLL PI(MPP

(PLL PI(MPP NO#&&8C I K3QMK (P2I PI2MJQ

(P2I PI2MJQ NO#&&8C J K(KML (J33 PI2MK)

(J33 PI2MK) NO#&&8C P 3LKMQ (J)J PI2MQI

(J)J PI2MQI NO#&&8C L 3LKMQ (I() PI2MQ2

(I() PI2MQ2 N%CR84G Q 3LKM2 3PJP PKQM)J

3PJP PKQM)J NO#&&8C 2) (22M2 3JJQ PQPMKQ

3JJQ PQPMKQ NO#&&8C 22 (22M2 3IJJ PQ(M22

3IJJ PQ(M22 NO#&&8C 2Q (K)M2 3(L( PQKMIP

3(L( PQKMIP NO#&&8C 2K (QLMI 33LK PQKM(L

33LK PQKM(L NO#&&8C 23 (QPM( 333K PQKM(P

333K PQKM(P N%CR84G K (QJML 3)2( P)PMPP

3)2( P)PMPP NO#&&8C 2( (QJMI KPLI P)IMK(

KPLI P)IMK( NO#&&8C 2I (KIMI KJJK P)KMPQ

KJJK P)KMPQ NO#&&8C 2J (KIM3 KIK3 P)QMKQ

KIK3 P)QMKQ S5T N%CR 2 (KKMK "" FA2 JP3ML2

"" FA2 JP3ML2 S5T N%CR Q (K3M) "" FAQ JPKMJJ

"" FAQ JPKMJJ S5T N%CR K (K3M2 "" FAK JPQMQ(

"" FAK JPQMQ( S5T N%CR 3 (K3MQ "" FA3 JP)MI)

"" FA3 JP)MI) S5T N%CR ( (KJML QK3I JJPMLJ

QK3I JJPMLJ NO#&&8C 2P (3JMJ QQ(J JJPMLI

QQ(J JJPMLI N%CR84G 3 (3PMK Q)KK JJ)MK(

Q)KK JJ)MK( NO#&&8C 2L ILIMJ 2LJ3 JJ)MQK

2LJ3 JJ)MQK NO#&&8C Q) J)3ML 2PLI JJ)M)Q

2PLI JJ)M)Q NO#&&8C Q2 J)3MI 2JL) JILM(Q

2JL) JILM(Q NO#&&8C QQ J)KML 2I33 JILM2)

2I33 JILM2) NO#&&8C QK J)QML 2(32 JIPML2

2(32 JIPML2 NO#&&8C Q3 JJPMJ 233Q JIPMJP

233Q JIPMJP NO#&&8C Q( JJ3ML 2K(K JIPMJ)

2K(K JIPMJ) NO#&&8C QI JJ)MQ 2QK( JIPMIK

2QK( JIPMIK NO#&&8C QJ JIPM( 22II JIPMI2

22II JIPMI2 NO#&&8C QP JIJM( 222L JIPMI)

222L JIPMI) NO#&&8C QL JIIMK 2)K) JIPM(L

2)K) JIPM(L NO#&&8C K) JI3MI 2))2 JIPM(L

2))2 JIPM(L N%CR84G I# JIKML ""? FA2 J(KMPJ

""? FA2 J(KMPJ N%CR84G IU JIKMP ""? FAQ J()ML)

""? FAQ J()ML) N%CR84G IE P)(ML ""? FAK J)3M)L

""? FAK J)3M)L N%CR84G I9 P)(ML N%CR84G A@ J)2MLL

N%CR84G A@ J)2MLL NO#&&8C K2 P)(ML Q2K J)2M)2

Q2K J)2M)2 NO#&&8C KQ P)(ML 2I) J)2M)2

2I) J)2M)2 NO#&&8C KK P)IM) L( J)2M))

L( J)2M)) ?%GH#CC
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HIJI K)ILMM NO#&&7B ( JKMLP HHP( K)(LQ(

HHP( K)(LQ( NO#&&7B M JKMLH HQHK PKHLJJ

HQHK PKHLJJ NO#&&7B J JKML( H2JI PPKLP(

H2JI PPKLP( NO#&&7B 2 JK(LK HJH2 PPPL)K

HJH2 PPPL)K NO#&&7B Q JPKLH HMIQ PPILI(

HMIQ PPILI( N%BR73F ( JPILI QPKK PHHL)2

QPKK PHHL)2 NO#&&7B H JPPL) QP(H PHML2K

QP(H PHML2K NO#&&7B I 2)JL( QI22 PHML((

QI22 PHML(( NO#&&7B P QHQLP QI)I PHML)K

QI)I PHML)K NO#&&7B K QH2LH QHQ) PHML)H

QHQ) PHML)H N%BR73F M QHJLP 2PIP PJMLM2

2PIP PJMLM2 NO#&&7B () QP2LQ 2IIM PMPL2I

2IIM PMPL2I NO#&&7B (( QP2LQ 2HII PMQLMP

2HII PMQLMP NO#&&7B (M H)HLP 2QKQ PM2LPK

2QKQ PM2LPK NO#&&7B (J H)MLP 22KJ PM2LHP

22KJ PM2LHP NO#&&7B (2 QKHLQ 222J PM2LH2

222J PM2LH2 N%BR73F J QKIL) 2)(Q P)PLKK

2)(Q P)PLKK NO#&&7B (Q QKILH JPKH P)HL2Q

JPKH P)HL2Q NO#&&7B (H H)HLH JIIJ P)JLPK

JIIJ P)JLPK NO#&&7B (I H)HLI JHJ2 P)JLMM

JHJ2 P)JLMM S4T N%BR ( H)JLP "" E@( IPPL)Q

"" E@( IPPL)Q S4T N%BR M H)JLH "" E@M IPHLH)

"" E@M IPHLH) S4T N%BR J H)JLQ "" E@J IP2LHI

"" E@J IP2LHI S4T N%BR 2 H)JL2 "" E@2 IPMLQH

"" E@2 IPMLQH S4T N%BR Q H)ILK MJ2H IP)LJK

MJ2H IP)LJK NO#&&7B (P H(PLH MMQI IP)LJK

MMQI IP)LJK N%BR73F 2 H(PLJ M)JJ II(L22

M)JJ II(L22 NO#&&7B (K IKMLH (KI2 II(LJI

(KI2 II(LJI NO#&&7B M) P)(LQ (PKH II(LMQ

(PKH II(LMQ NO#&&7B M( P))L( (IK) II)LKK

(IK) II)LKK NO#&&7B MM IKPL( (H22 II)LIP

(H22 II)LIP NO#&&7B MJ IKQLH (Q2( II)LHK

(Q2( II)LHK NO#&&7B M2 PPJL2 (22M II)LHJ

(22M II)LHJ NO#&&7B MQ PIILK (JQJ II)LQK

(JQJ II)LQK NO#&&7B MH PI(LM (MJQ II)LQQ

(MJQ II)LQQ NO#&&7B MI PHPLM ((HH II)LQJ

((HH II)LQJ NO#&&7B MP PHHL2 (((K II)LQJ

(((K II)LQJ NO#&&7B MK PH2L) ()J) II)LQM

()J) II)LQM NO#&&7B J) PH)LK ())( II)LQM

())( II)LQM N%BR73F H# PH(L( ""> E@( IQQLHK

""> E@( IQQLHK N%BR73F HU PH(LP ""> E@M IQ(LIH

""> E@M IQ(LIH N%BR73F HD K)JL) ""> E@J I)2LPJ

""> E@J I)2LPJ N%BR73F H8 K)JL) N%BR73F @? I)(L)J

N%BR73F @? I)(L)J NO#&&7B J( K)JL) M(J I)(L)(

M(J I)(L)( NO#&&7B JM K)JL) (H) I)(L)(

(H) I)(L)( NO#&&7B JJ K)JL) KQ I)(L))

KQ I)(L)) >%FG#BB

5"6789 ;'4<-24

25873-001-30G-00001, Rev 001, Page 58 of 90



"##$%#&'( )&* + , -) .""/0123 45

"$#6#'(7 89;<=> ?@7$A&BCD E#7(B )('&BF'

, #G ,

"# $%&' "# $%&' ( )*+,,'- ./ )*+,,'- 0 /# $%&' /# $%&' (

12 314 12

5"6789 ;+<, )*+,,'- ='4>-24

INJ5 OPJKPL M%A**(B 5J ,5LKJ LPLN OPNKJN

LPLN OPNKJN M%A**(B 55 ,55KO LOH5 OPNK,O
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1601 W. DIEHL ROAD
NAPERVILLE, IL 60563-1198

Date: June 28, 2024

To:  Garrett Brewer, Kapil Dwivedi, Chris Dorogy, John Roble, Steve Oberhofer

CC: Josh Sutter, Brian Graham

From: Lee Baughman – Area Manager, Nalco Water

Re: Nalco Water’s Treatment Recommendations for Permanent WWT Project

BACKGROUND

Nalco Water appreciates the opportunity to partner with Shell Monaca for the permanent 
wastewater expansion project. Effective primary treatment is essential for preparing 
wastewater for biological treatment and meeting environmental permit limits. Shell 
Monaca’s new plant design is a substantial upgrade from the current temporary facilities 
and will provide reliable oil & grease and VOC removal in normal operating conditions,
as well as more robust handling of upset ECU process water.

Nalco has intermittently treated the temporary flotation units with coagulant and 
flocculant chemistries, utilizing products that were already on the SPM additive permit. 
Despite using temporary injection equipment and chemistry that was not fully optimized, 
these temporary systems improve O&G and turbidity removal and more recently were 
utilized to significantly clean up the off-spec Alpha FEOR tank.

Evaluating the full Nalco Water product line to determine optimal chemistries and 
utilizing properly designed and automated feed systems will greatly improve the 
performance of the Settlement Drum and DNF flotation units. 

PERMANENT WWT PLANT DESIGN

The new plant design separately processes the ECU wastewater stream which is the 
primary source of hydrocarbons entering the WWT plant. ECU process wastewater flow 
is typically 30-40 m3/hr, consisting of:

16-24 m3/hr V-13031 dilution steam separator blowdown
13-14 m3/hr V-18233 furnace boiler blowdown
< 1 m3/hr quench tower bottoms blowdown
Intermittent system slop 

APPENDIX D



1601 W. DIEHL ROAD
NAPERVILLE, IL 60563-1198

In the new WWT plant, the ECU wastewater will first enter a Settlement Drum designed 
to provide the retention time to separate and remove both heavy and light oils from the 
process water. Light oil will be skimmed off to the Recovered Oil Tank (ROT) and 
settled material will be pumped to the ROT. The effluent Settlement Drum water will 
then be processed by a Dissolved Nitrogen Flotation (DNF1) unit. DNF1 effluent water 
is further treated in a Steam Stripper unit to strip volatile components from the liquid 
stream prior to entering the FEOR equalization tanks.

FEOR tank effluent will be composed of the treated ECU process water plus oxidized 
spent caustic, AC pond and diversion box water. This blended stream will then be 
processed by a second DNF (DNF2). 

Under normal conditions, one FEOR will be filled from the various WWT streams while 
the other is being emptied and processed by DNF2. Both FEOR’s will have the ability to 
be lined up to DNF1 for reprocessing off-spec wastewater.

Proposed Permanent WWT PFD
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CHEMICAL TESTING SUMMARY

Nalco tested a range of products on multiple dates and during a variety of conditions for
the process water leaving ECU battery limits (197QP-607). The process water quality 
has ranged from a viscous yellow emulsion to a lower turbidity sample with dispersed, 
soluble hydrocarbon. Turbidity ranged from 20 to over 1,000 NTU.

Comprehensive wastewater polymer testing evaluates the entire Nalco product line to 
first determine which class of products provides the strongest response. From there, 
similar products are tested to determine the optimal chemistry and dosages for the 
application.

Nalco Coagulants Tested on ECU Process Water

Product Name Type Basic Chemistry
8187 Inorganic Coagulant ACH
8105 Organic Coagulant EPIDMA
8103 Organic Coagulant DADMAC
8176 Blended Coagulant ACH + EPIDMA
8185 Blended Coagulant ACH + EPIDMA
8177 Blended Coagulant ACH + DADMAC
8186 Blended Coagulant ACH + DADMAC
4954 Blended Coagulant ACH + DADMAC

DT-9472 Blended Coagulant ACH + Starch
8140 Blended Coagulant PACl + EPIDMA

EC2059A W/O Emulsion Breaker Organic sulfonic acid
9969 W/O Emulsion Breaker Heavy Aromatic Naphtha

71700 W/O Emulsion Breaker Ethoxylated Olyl Amine
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Nalco products containing ACH (aluminum chlorohydrate) and ACH/organic blends 
provided excellent performance cleaning up the ECU process water. Nalco 8187 
consistently provided the best results in all conditions and was quickly brought to site 
during the testing process to be utilized in the temporary systems.

5/22/24 – Coagulant Product Line Screening

5/31/24 – ACH & ACH/Organic Coagulant Screening
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6/13/24 - Nalco 8186 & 8187 Coagulant Testing

6/13/24 - Nalco 8186 & 8187 Coagulant Testing
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6/14/24 - Nalco 8187 Coagulant Dosage Testing

6/14/24 - Nalco 8187 Coagulant Dosage Testing

Free oil and water gravity separation is typically the first process equipment utilized 
when treating oily wastewater streams. After free oil separation, the free oil ideally will 
have been removed to a level such that the remaining emulsified oil can be removed by 
dissolved air flotation (or similar equipment). DAF or DNF flotation units are utilized at 
nearly every Downstream (refinery and petrochemical) facility processing oily 
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wastewater, followed by biological treatment of the water. The majority of Downstream 
wastewater plants utilize a two-chemical approach for flotation units – coagulant 
followed by a flocculant. The addition of polymers improves flotation by increasing the 
size of the particles in the waste, increasing the rise rate and increased the robustness 
of the float.

Nalco tested numerous flocculants across various charge strength, molecular weight, 
and degree of structuring. Selection is made based on the speed of floc formation, 
robustness of the floc and the clarity of the resulting water.

Nalco Flocculants Tested with 8187 Coagulant

Nalco 71305 and 7768 flocculants both provided very strong performance and would be 
excellent options for the Settlement Drum and DNF applications. Both products formed 
the most robust floc and also had the lowest turbidity after settling. 

Product Name Type % Charge Molecular Weight
7768 Anionic Flocculant 30 Very V. High
7767 Anionic Flocculant 50 V. High

71305 Cationic Flocculant 10 V. High
71303 Cationic Flocculant 30 V. High
7196 Cationic Flocculant 30 High
7751 Cationic Flocculant 35 Medium

71301 Cationic Flocculant 50 V. High
71321 Cationic Flocculant 50 High
7194 Cationic Flocculant 50 High

71306 Cationic Flocculant 65 V. High
7752 Cationic Flocculant 85 Medium
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The following photos represent further testing of 7768, 71303, and 71305 compared to 
the current 71306 product:

8187 +5 ppm Flocculant immediately post-mixing (L-R: 7768, 71303, 71305, 71306)

8187 +5 ppm Flocculant after 4-min settling (L-R: 7768, 71303, 71305, 71306)

                                8187+7768 Floc                             8187+71305 Floc
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30 ppm Nalco 8187 Coagulant +5 ppm Various Flocculants

SETTLEMENT DRUM TREATMENT RECOMMENDATIONS

Nalco recommends treatment of the settlement drum with 8187 coagulant and 7768 
flocculant. The 8187 coagulant has already been adopted on site after showing 
significant improvement compared to the temporary 8140 coagulant. Nalco 7768 
provided the most robust floc and has the additional benefits of PADEP approval and 
already being used at several locations at SPM. It is also the most cost-efficient option 
when compared to other viable flocculant options 71305 and 71306. 

Reverse emulsion breakers were tested in combination with various coagulants. The 
results were not definitively supportive of immediately implementing reverse EB 
treatment prior to the coagulant. However, accommodations could be made to quickly 
implement a program based on long-term evaluation of Settlement Drum performance
and process water conditions. This could include providing the future injection location, 
space for feed systems and potentially the injection equipment. 

Application Product Process Flow 
(m3/hr)

Dosage Range 
(ppm)

Average Dosage 
(ppm)

Average Usage 
(GPD)

Cost/lb Annual Costs

Settlement Drum 8187 Coagulant 30 10-60 30 4.2 $0.78 $13,410.22

Settlement Drum 7768 Flocculant 30 2-6 3 0.5 $1.26 $2,001.32
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Due to its’ high basicity, Nalco 8187 can be effectively used over a wide pH range of 5-
10. The pH of the ECU process water at 197QP-607 has consistently measured in the 
8.20-9.40 range (after temperature compensation). 197QI-600A analyzer pH also shows 
a consistent 8.0-9.50 pH range. Under the conditions observed to date, Nalco does not 
anticipate the need for routine pH adjustment. However, if the process water is 
consistently above a pH of 10, the addition of acid could be utilized to target and 
maintain a more neutral pH of 5.5-7.5. A low pH limit of 4 is typically used to minimize 
corrosion rates. Based on historical pH to date, Nalco does not anticipate the need for 
caustic addition unless the process water changes and pH is consistently under 4-5.

Pump control of the Settlement Drum products can be DCS ppm and flow based and 
tied to 197FI-602, however this flowmeter will need to be cleaned and functional for 
reliable control.

DNF TREATMENT RECOMMENDATIONS

Nalco strongly recommends treating both DNF units with 8187 coagulant and 7768 
flocculant. Despite the planned upgrades in equipment, influent wastewater quality in 
Downstream facilities is highly variable and subject to the performance of other process 
units. It is critical to have the ability to optimize both DNF’s with chemical treatment as 
needed. Coagulant demand is expected to be relatively low downstream of the 
settlement drum. Typically, a low dosage of flocculant (around 2-3 ppm) is sufficient for 
improving performance of flotation units.

Both DNF control schemes should be DCS ppm and flow based, with DNF1 tied to 
197FI-602 ECU process water flow (once cleaned and functional) and DNF2 tied to the
biotreater inlet flow rates.

Application Product Process Flow 
(m3/hr)

Dosage Range 
(ppm)

Average Dosage 
(ppm)

Average Usage 
(GPD)

Cost/lb Annual Costs

DNF1 8187 Coagulant 30 5-40 10 1.5 $0.78 $4,789.37

DNF1 7768 Flocculant 30 2-4 2 0.4 $1.26 $1,601.06

Application Product Process Flow 
(m3/hr)

Dosage Range 
(ppm)

Average Dosage 
(ppm)

Average Usage 
(GPD)

Cost/lb Annual Costs

DNF2 8187 Coagulant 250 5-40 8 9.4 $0.78 $30,013.36

DNF2 7768 Flocculant 250 2-4 2 3 $1.26 $12,007.94
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Standardizing the chemistries for the Settlement Drum and DNF applications simplifies 
the storage and feed systems and minimizes both on-site inventory and handling 
requirements.

ANTIFOAM RECOMMENDATIONS

Nalco 7473 antifoam has been utilized at SPM since 2022. 7473 has proven to be 
highly effective for both preventing and eliminating foam in the outfall. The injection was 
initially set up to dose the treated effluent sump (near the weir where the WWT filtered 
water enters the sump). Operations have since moved the injection location to the WWT 
filter splitter box (S-59705) and continues to tout the benefit of dosing at this location at 
2-3 ppm to minimize foamy buildup at the filters. Manual dosing of Nalco 7473 is 
performed when foam is present in the sump or at the outfall. Adding a few ounces in 
the sump quickly eliminates foam in both the treated effluent sump and in the outfall.

Nalco recommends implementing proper dosing systems to minimize daily adjustments, 
manual dosing and to respond to changing process conditions. A 2-pump system 
injecting into both the filter splitter box and the treated effluent sump would provide 
robust foam control for the outfall and ensure environmental compliance.

Pump 1 would dose into the splitter box and could be controlled by 597FI-120 filter flow. 
Pump 2 would dose into the treated effluent sump at a minimum rate. This second
injection discharge could also be split to inject at both the WWT filtered water and the 
cooling tower blowdown mixing locations, eliminating foam from both sources at minimal 
usage.

Application Type Process Flow 
(m3/hr)

Dosage Range 
(ppm)

Average Dosage 
(ppm) 

Average Usage 
(GPD)

Cost/lb Annual Costs

Antifoam (split. box) Nalco 7473 250 1-3 1 2 $3.42 $20,978.93

Antifoam (T.E. sump) Nalco 7473 250 1-2 1 2 $3.42 $20,978.93
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NALCO PRODUCT STORAGE AND PUMP REQUIREMENTS

Based on the expected flow rates for the ECU process water, biotreater influent and the 
treated filter effluent, all three products can be stored in Nalco 400-gallon stainless steel 
Portafeed™ base totes and refilled with 265-gallon one-way containers (OWC). 

The largest variable for usage is the coagulant demand for DNF2, based on the higher 
DNF2 flow rate and typical coagulant dosages. Higher coagulant dosages at DNF2 
could lead to overall coagulant usage above 20 GPD and at that rate Nalco would
strongly recommend moving to a bulk storage tank and receiving bulk truck deliveries. 

An optional arrangement would utilize 800-gallon Hoover totes for base totes and to use 
Nalco Transfer Services to pump off totes into the Hoover totes as needed. This would 
reduce tote storage on site and eliminate the need for gravity forklift transfers. This 
scope and chemical pricing is not reflective in this proposal and would require further 
evaluation for SPM suitability.

Both 8187 coagulant and the 7473 antifoam are fed neat. 8187 coagulant should be 
injected via quill as far upstream in the process as possible to ensure adequate mixing. 
A static mixer can be utilized to achieve proper mixing if adequate distance is 
unavailable.

Neat polymer flocculants such as Nalco 7768 are delivered to SPM with active sites 
coiled and must be properly inverted prior to injection to prevent polymer overfeed. The 
product is not ready for application until the long polymer chains are unwound and fully 
dispersed in water. Nalco recommends the pre-engineered Prominent ProMix as the
best-in-class polymer feeder, with three distinct mixing zones to ensure 100% activation 
of the polymer and reliable injection.

Prominent ProMix feeders are equipped with all necessary components for easy 
installation, reliable performance, and safe operation. The design incorporates an 
electric solenoid valve (water inlet), flow meter/switch, manually adjustable rotameters 

Product Combined Usage  (GPD) Storage Type Refill Frequency 

8187 Coagulant 15 400-gal SS  PF Tote 17 days
7768 Flocculant 4 400-gal SS  PF Tote 66 days
7473 Antifoam 4 400-gal SS  PF Tote 66 days
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for primary and secondary dilution flow, peristaltic neat polymer pump, microprocessor 
based controller, manual ball valves, pump calibration column, PVC piping and 
components, and polymer mixing chamber mounted on a skid to facilitate proper mixing 
and delivery. Once the polymer is properly activated, it can be fed with dilution water to 
the Settlement Drum influent and the DNF flocculator zone. Similar to other ProMix units 
on site, utility water will be required to achieve final dilution between 0.1-0.5%.

With ten (10) ProMix feeders already in use at SPM, this would provide commonality for 
maintenance and spare parts support.
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NALCO PRODUCT INFORMATION

ULTRION 8187 

ULTRION 8187 is a high-actives, low molecular weight liquid cationic coagulant
designed for potable and non-potable water treatment applications. Can reduce or
eliminate the need for pH adjustment; forms a compact, easily dewatered sludge; and
functions over a pH range of 5-10. This product is resistant to chlorine and can be used 
in pre-chlorinated water without a reduction in activity. Principal Uses: primary and 
secondary clarification, municipal and industrial raw water clarification, lime softening, 
heavy metal removal and oily emulsions.

NALCLEAR 7768 

NALCLEAR 7768 anionic flocculant is a very high molecular weight product. Uses 
include primary metals wastewater clarification, sludge dewatering, cold lime softening, 
and as a filter aid. This product functions well with all types of equipment including twin-
belt presses, screw presses, dissolved air flotation/induced air flotation, plate- and-
frame presses, vacuum filter presses, as well as high shear applications.

NALCO 7473

NALCO 7473 is strong general-purpose antifoam used in industrial wastewater 
applications. It is a 100% active concentrate defoamer with an oil-free, water-free 
chemistry. Being hydrocarbon oil free, the concentrates are free from hydrocarbon oil 
borne dioxin precursors.

Product pH Freeze Point Density  (lbs/gal)

8187 Coagulant 3.5 23°F (-5°C) 11.215
7768 Flocculant 6.5-7.5 (1% solution) 26°F (-3°C) 8.703
7473 Antifoam -- 5°F (-15°C) 8.403
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Nalco Water would like to thank you again for the opportunity to service your 
wastewater plant. We are confident that we have the expertise and chemistry to exceed 
your expectations and overcome challenges. We look forward to further discussion and 
answering any questions regarding this proposal.

Regards,
Lee Baughman

Area Manager – Downstream 
1601 W. Diehl Rd, Naperville, IL 60563 
M 724 747 8900
E lee.baughman@ecolab.com



F m \J
)

--
-{ n . --
l

m o

I a) o = a g ! =
: o ttt o E

o_ rD f o_ C 3 o fr
' 5 m :) E
.

f, o (D *: 7 (D -

7 m lJ
)

-.
{ 7 a) -t m o

(t ts



@ o : IL o o = a ! = o o, o tt t

5 o g

o g o o 3 o z I

=o o tr
, z I

U
, ! 3 I o o C
't t c C
'I

@ o o a ! x a O
r

or N a e o o e

o o 5 N a 'o o c o C
'T N a o o c a ! , o o e N

! .8
. o .l z P ! a o o e (,t N

iF a tr o tt tr € o o I o N o tt

v o =o

6 o g

@ -J g ! o I - J o - o =o -J q, o qt = € { c I - J tt - o o - j o =F} ! - o br o o t+

o T
' o - qt s. o I J qt I J C
L o o 5 .F - o ! I J = o o o E I J

€
C

D
O

:t 
,-

\
!0

. 
U

00 oo oo cc 33
s

oo
o)

-- -+
=

O
zz

o4
cc

-y +
3g

E
E

E
bS

U
'iZ

J
'tt

 
(-

) 
o

=
x5 H
T

*
*o

-
88

8
x 

sL
H

C
S

P
gs

&
lt

(J
t-

N
l- i5 oo oo o 

t\t
3

.It ot G
I o o N o



o C o o J o z I

=o o E
, z 9

U
, ! 3 & o (,
r

a c or (o o o I ! x a ct
r

O
r N a o o o c

o o 5 N a ! o o o O
r N , tr
' o o a ! a o e o N

! .E
. o o z P ! a e o e cn N

iE o tr o t c E o o P o N o E

v o z o

o
v o

o o) z o N o N 5

N o) c g N o N 5

o D o

- o N o E

, o i5
'

€

d' o c o e a! o

(t a
a I

! o E D o e

=o o o
7 -t
D (t
t

-lt o -o - o

o F 1' -r
o a -! I o

o o o - o c

.I .E
u @

3 
ss

g
€9

.3
9 F
p

to €E o t 6 o J o

@ o t o D 6' f ql c o o a !

*f
;=

8f
i

E
i$

E
*s

I$
gi

$[

I$
F

H
r*

ts
s3

3
\/l T
-

s d \

d{ o g

o

(f -i1 iT
t i) ,'.

ei
l;;

,
m 2 c rii It'

l

"i, ?: {:
!

o c- ,

! 0, (o o N o N o,



o o o 3 o z I

€ o o U z ?

! o o o z ? ! I (t o o ('l N

o ! 3 a o o or I c O
r

(0 o o ! x or O
r N I o o o o

o o 5 N a .o o o o gt N I c o o a ! - I e o o N

d o tr o E c tt o o !q 0, N o It

v o s z I

o t o B * o ql C
L o o a ! J = o o o It

N
J-

I
I

qt ct o
ig

ilo E
t 

I 
rr

r
0'

 
id

o

3i
$i

i
61

=
.:

?r
c)

:
.o

=
t:

oo
:

A
!=

:
s, e 
*:

 :
s6

 
i:

G
,0

:: 9.
; -

!J =
< o.
::

o:
 

: 
:

o:
::

- o:
::

) J o:
::

J .;:
::

oi
::

-J

!e N o o 6' g tr
, o o = GI o m C
) c E =o o g

N (.
t t- o o o o 3 o C

N o o o 3 al I 3

N
N

N
g)

gt
s

E
g,

t-
oE

i;
f,o

- a
gE

d
o=

a
E

O
9

g 
on

E
9 

d
s'

+
;

io
-r

r
U

,
:O

o :ts
fr

tiq :-
O :=
f

:=
o

-t -
::J

s, o { o 3 tt o t !, rl o o o I g -r
f

a o L c o. G
I o o tr 3 N

5

Ifo
3,

N
rO

(o
) + a o

i:E
E

$s
ft€

x!
r;

[!t
=

.1
9A

3d
'

S
 *

 g
 I

-n
ib

tt:
--

=
?t

:
6t

ro
i

o'
fta

:

H
gH

:
sg

€!
+

:: 
:

o=
::

:::
:

Jj
i.r 55

5N

I gt cn o t, o =
. tt tt o I U
, c 3 tt t- o g o tr d { o o d O
r

(t 'rt
 s

m
L

o v de *!
P o+ qr
o

=
!,

C
L 

E
L

u'
V

o5 +
F

ox go la d'
g

E
d

.il
 

A
=

tr
!t= o

o :{ :o io := !c
i

g)
 

gr

f'l - @ o o !, o o .i .T o o C
L ! tr = tt o o a j o)

gl N 5 o C
L o o o o tt o I !, o {

sr
r 

sr
t

N
N

i\J
 r

m
 

'T
t

E
f €(
o

5'
 '

I
(o

m
'n

O
m

n
O

-{
V

o) f
-1

 :
r

oa ?i

('l iJ a^
) =J =
'c 3 I o € n o o C

) o f f o o : : @

1' o) (o o o) o N (/
)

o,

5 o g
(o

G
pG

Il{
{{

{(
,t(

,r
A

J @



o tr 6 o 3 o z I

=o o I z c

U
, ! 3 & c ct
r I c ct
t

(o { o o I ! x a ct
r

gt 19 { a o o o o

o C
) I N a ! o o o (,
r N a E
, o e a .o r a o o o N

! .d
. o o 2 fl ! a o o o ct
r N

a d c o tt tr It o a I o N o ?

v o z o

ot
ct

{
J{ !)

 
!r

gr oo ?o I x a ! o a, 6' J 6" 'n m o v { o (t =J (c
I

: : : : : :

{ o g o ('l ri, I x @ T
' o (t
, 6' 5 6" 'n m o n { o a m 3 E
' =
'

: :

I 5 o g

o = e o o = o ! = o 6 o E

0< :,.
r 

O 5 at o
€g so -o D

O '=-r!
|

O
C

L
3 .l 

4

s3 oc E
d

O
U

,
o< =

0
rio o= .-
I

@
@

P N an o { o C t o o al o E o a D s!
: o

c)
>

gg
b,

i'L
to

rF
F

ai
s

ii$
sF

s
i!$

si
3

::=
-a

o
:::

A
:=

.v
:::

ri
..l

al
A

:: 
! 

o!
 

=
: 

: 
i 

o 
i 

:
.A . 

t,
.-

: 
i: 

o:
:

N
N

N
19

N
N

N
or

N
i-r

c|
o

@
@

.It o G
I o s o N (,



o c o o o z fl

=o o c, z I

! .d
. o o z P ! o o o O
l

N

a ! 3 a o o (,
r

a c (,
r

@ o o a .o x a gt (,
t

N I o o o o

o o 5 N a ! o o o O
r N I o o o I :o I o o o N

o o o E tr E o o !q I A
) N o tt

v o I

@ o It o o, * o o C
L o o 0. ! = o o o It

J ! a o o o o o J -lr o a 3 o =
t o J

3E
tg

3g
$i

E
i#

[ia
*3

ge
€i

3l
ai

g9
g

s 
i g 

eE
 a

e€
 f;

;=
aa

{:
3i

3
=

; 
t s

 I-
F

 =
 r€

;F
t€

s3
gi

t
A

R
A

;-
3e

ll-
;

=
+

ie
sq

l:H
=

=
li:

 -e
*

;;c
;a

gf
i;

:f 
E

iE
f 

f,i
l4

.g
-c

€5
te

sg
: 

n 
fr

 f 
g 

=
i*

ai
gF

F
s

l;i
is

F
xs

3.
 i 

de
 I 

e 
3 

I
=

=
q*

E
F

*E
a

$s
fle

qq
! 

q
l€

 
H

 5
 o

-;
4d

# 
E

 =
rt

aF
 3

9g
q3

;fl
E

;

.- I o o J o .l o ; o o o =
.

E =
i o

1' 0t (o o ('t o N C
D

5 o g



c) g o o o z I

=o o tr
, z P

! .d
. o o z I ! a o o o gt N

o ! =a @ o gt a c O
t

(c o o a ! x a (,
l

O
t

N a o o o o

o o I N , ! c o o O
r N a c, o o a -o I o o o N

6 o tr o E g It o o P !, N o tt

v o z o

5 o g

o t o d E
i o J o C

L o o o ; = o u, o tt 5

F
gq

aE
gF

 g
2-

=
d=

oo
o

8.
o9

+
<

*3
 

F
€:

do
-9

;g
 

=
1s

*i
d3

* 
€

qf
 s

09
E

a 
I

3 
: 

e 
c 

6 
:.€

. 
(D

0i
-e

 3
1=

E
 *

Y
qq

E
;=

a;
nt

 5
+

!'a
 

o 
5Z

 
-

S
si

a;
63

 g
1=

,3
=

F
tE

;
3-

di
5g

{d
 r

fr
'1

+
S

E
: 
;f 

?

f i
s3

gF
g 

a
; 

A
 -

. 
+

E
 -

: 
E

r

=
;*

1.
=

3.
=

 
<

tr
] 

X
 5

'n
 r

; 
q

=
E

iIF
F

I 
E

x 
+

 
v'

- 
o 

J 
I

vo
=

o-
(D

lr
8?

a'
ig

 
€ 

$
=

E
+

5i
=

 E
I +

 *i
 F

 i 
B

F
.-

^9
c'

- 
4 

f

ec
ge

qA
 r

as
e 

A
e 

g 
B

e;
ts

qi
 3

x'
i I

 l;
3 

u
Js

; 
=

i*
 s

F
;i6

-5
=

6
J-

t=
or

-=
'

eq
i;B

d
+

4 
A

 *
i 

f
(D

=
30

=
tD

J9
g>

id
sq

=
.3

r9
=

v,
 

(D
 g

rf
, 

j s

*i
B

F
5 

=
 +

J
eq

€'
P

i;€
 n

67
-*

a'
(a

oa
?=

'9
6 E
F

I
=

."
rD

P
9A

oo
E

-o
=

' -J
gQ

'3
c(

D
xt

t
oo

:5
-h

ftt S
6 

s
-J 1=

,9
q 

Io
F

' 6
 -d

.
:lE

p
+

fii
od

ql *g
q

d9
d3

3
; g

q
+

q 
o

oo
5

s 
ia

a3
d

E
A

;
$g

q

J?
o"

A
=

ox
=

Jo
a

o 
_.

9
'-J

O
)

@
x'

=
o;

;a
xd

'.o
)

?9
 a

(r
r^

=
(o

U
o

8;
e

:-
(D

 
d

or
=

o.
.+

cL
 =

'
8.

E
ta o6

'
= oo O

=
-h

o
-{

 .} dq qv
t

gt
s

q9 =
a

o* *s Itt
 

.)

=
3 €g ?o

.
&

F
(o

;i
{= S

g
E

A
a.

 3
'

65 qq F
'E 4= (D
a)

oo d- -a
 

t^
oc

L
=

(D :E o:. *> or
=

(x
I (o

T
'

! o! G
I o o) o N (t



o o o o z o :.

{ o o o z o

! 3. o o z P t a o o o O
t N

(t
,

.o =I co o ot t c ('r (9 o o I ! x a (,
r

C
tr N I o o o o

o o 5 N t '0 o o o O
l

19 a tf o o a 'o - a o o o N

o ao o T
' It o o o 0l N o It

v o s z P

o T
' o !) =
t o J A
'

J IL o o o ; J = o o o tt

5H
 E

3B
 

N
s 

<
-3

H
 

s
;3

3F
5

-5
(D

J!
1

€*
q$

H
 s

33
=

B
-e

 F
s

gj
sE

f 
g

E
ris

fi 
d

35
S

*3
 3

[3
st

: e
3=

B
qg

 5
+

e-
q?

h 
o

93
+

a*
 

O

e:
 g

: 
s 

+
*I

6*
'o

- 
=

qF
:iB

 =
e;

1d
E

 d
qo

:i=
: 

O
=

 I 
3A

 +
 

tt
gE

 
o 

f 
6 

t
i3

=
'9

o 
<

I3
=

!1
:-

.<
 

c 
i 

=
+

(D
i{

9f
=

o
g 

* 
E

E
s9

49
=

.9
-(

D
4o

r€
 

s

gi
ii

E
',.

4 
€ 

q

-o
€R

t-
't 

o 
=

: 
=

F
--

C
so

d=
C

rn
 

o 
i

E
.g

E
 -

oo
=

c)
t:!

5o 5 
F

E
 &

(,
 

O
-s

L

9e
gi

o)
 

to
)

q 
'a

J\
,

I m o c € ='o d o o g .l (D o o F
} - o F
i o U
, o - =
! o J o =Fl. ct - c =

=
'Q

 
m

E
 

m
6 

9 
P

d 
P

_e
3;

E
;

--
;-

O
)

65
=

og

;o
=

F
3$

i,i
; 

eQ
o'

-,
cE

 
=

€ 
or

H
 =

9
E

 s
F

i
5 

€8
8

=
 

=
<

 
*

; 
o 

--
 

t!
: 

=
 s.

o
E

 q
id

3"
? 

5 
q

-q
-

:lo
 

ur
= )

oi <
)1

6
'o

€o sq
€ 

B
(D

 c
LO

 
c

a-
'U

l-

3a
e3

€d
G

to
R

^(
,r

oi
tr

ro
{

d?
fg

(,
5^

1 
tD

69
;1

+
5l

O
-

gj
rS

=
 a'

€ 
o

r 
rQ

a
P

ai
s

=
.a

G
9

E
S

S
A

e'
 +

 i'
F

'
l-o

 
E

 -
ii3

 
q 

I
; 

**
=

o:
o?

=
= 13

.
6'

 
nt

].t N o o 3 o g tr
' o 9. G

I o m o c = = o o t - o

o 
=

 
o-

 ;
'1

5 
a)

+
rX

 
o:

: 
c 

o
P

 ?
 E

.i-
3 

f;

>
i E

E
ilg

{ 
a 

€ 
ie

g
ot

D
-E

cr
o-

eq
 [:

9*
;s

 E
S

ne
_

E
 4

 3
..3

E
 i

5(
D

t-
 

nl
lc

 o
 

o 
s.

H
 x

or
co

,o
'.

€ 
; f

 r*
O

E
--

o-

* 
sS

B
s

i 
85

e
e'

 4
{n

a 
9q

 
c

,E
 g

il=
=

-=
(

o 
ttr

 
oJ

5i
<

<
a

f 
E

 6
'=

'
a 

a3
 s

- 
r 

- 
I

a-
 6

*l
xm

6= * 
8 

e'
9,

3-
 €

: 
B

5'
 

€s
.a

(D
 

=
:-

5
r)

oo *'
 

€ 
l=

-5
 #

.3
 s

* 
5 

=
c

vo
(D

=
o 

-=
 

-
g 

E
n;

* 
=

:, 

g
B

 
qB

g
g 

6g
s

g-

Y
co

)
J4 <
o

N to t- o c. o o J F
l. a = U
, o F

}
F

i 6- o tr
, - g 3

€ 
6-

5'
O

. 
+

aq
t

3 
8 

S
a

s 
r 

P
 a

as
[*

 3
3E

q
[; 

E
 a

3s
e3

 =
a+

9
aE

 s
 F

A
 H

a3
 

96
i'=

I3
 ;-

e 
4 

3

aq
 *

aE
;

9-
 

6f
.6

0
4i

 s
g 

8=
'

A
: 

+
qE

 3
3i

 E
 f 

E
s

rf
 a

$8
3

\iq
)

=
 

--
5 

x-
(D

 
5 

(D
 -

E

=
 P

sB
-q

,
P

or
=

O
d

i i
iE

 [,
E

 €
 F

4E
o 

dr
; 

q
e 

6l
-;

=
 +

5 
t I

=
(D

€^
9

a 
s 

iF
=

=
iri

:1
<

O
 

=
''u

 
o 

;i'

* 
d 

=
 F

3
3.

 J
a'

62
a 

pE
 g

a
e 

a 
qe o

sF
i H

s0
o.

=
.<

9.
^-

-.
Jo

)O
O

##
=

 F
is JA

o 
q:

l 
o 

x
<

c-
<

tD
-i{

r<
=

'

F
; 
g 

E
'e

=

a:
.e

 $
t

i.+
R

 
t+

4=
.ii

 
O

O
O

E
{.

 
P

o
j^

 
Y

 
-Z

e 
5A

 
=

 T
ig

? 
fi 
I

o 
6-

9 
o-

o-
;4

9 
3Q

H
 3

{ 
0E

r=
 g

 3
;

-)
A

-J
e-

.o
 

o 
=

'
3?

A
 €e

=
=

.-
- 

=
 

i)
-h

A
g

=
'€

d 
xo

=
 

62
=

F
ao

,"
i5

f 
B

 N
9€

- 
I 

i s
-

--
6(

Jd
1 e;
=

 
a'

3
S

 E
.; 

E
 il

=
^o

 
3 

rt
t

(,
fO

(D
(D

36
3 

t*
#9

3 
;g

:d
 

? 
; 

E
' 

o-
-.

q=
t*

e3
 3

 t:
H

1=
:t

O
T

IJ
J

.o
1

t ot (o o \t o N C
.)

o
a

5 o g



o g o o 3 o z 9

€ o o g z I

! .d
. o o z P T I o o o or N

o ! = o o or c (,
l

(o o o a ! x a gr (t N o o o o

o o 5 N a ! o o o (J
r N a o o o I ! I o o o i,

o o o E t o o !q I ot N o E

n o s z e

5 o g

o E o o) =
!: o = o, J o o o a ! = o o o E

*i
iii

ilg
E

E
iiE

iE
liE

$

gE
E

si
lE

iE
iq

i$
gE

iii

te
 F

iis
f 
iii

i
ilF

gE
E

E
F

lfi
$i

lE
3I

;ie
iE

iia
1i

IE
E

fI
A

E
 a

ia
;i 

iii
E

d 
+

ti
fl=

 E
i+

ie
 F

ir 
F

 F
n$

iil
gg

g*
5g

E
E

ili
f,$

 1
=

a
sF

 s
. a

gE
 -e

s 
F

 g
,E

l\' 5 ! - o o o - o o o F
i d o {r @ o F
l

F
} 6- J o tr
t -

=
+

 +
>

 3
5z

S
at

 5
4'

f;3
1E

g5
 q

a 
ia

;e
3 
i 

=
 g 

F
l-e

H
3F

 =
s 

9i
E

q
 

dN
{r

+
-1

 
4

*;
9F

 
il9

+
il

13
 d

'; 
ii 

i 
+

U
)=

. 
1-

(jt
 

(D
 5

l'-

=
 fi

 iE
 ; 

i€
 i:

=
H

 8
e 

5i
l;+

(J
=

 
=

J 
Z

-o
-O

9F
 n

q 
?f

i d
: 
:

? 
sa

 -
6s

i
6 

ot
 

dH
=

'-
q 

qa
J.

 
+

\=
@

a 
eE

 e
F

ls
J 

I 
=

 
ol

e 
qD

E
 a

! r
E

F
 e

i 
=

; 
E

 a
 3

E

=
 eF

 S
sf

E
o-

<
q-

(D
-(

,

i E
e 

F
?g

;
d'

E
lg

 
=

48
3 

B
3 

=
<

l
E

p 
iri

=
 

i 
P

-
6-

:-
 j 

9<
e-

E
 fi

 g
B

*
T

 
5 

i 
i:

^q
 3

 $
g?

P
 

ro
 

3-
.o

q.
 

€ 
a:

.s
q 

s 
sB

g
6 

i 
E

E
e

=
 

o-
o 

o
oo

rS
@
d3

N ('t { o 3 E o a ql F
l tr - o o o J F
l. - g o -lr rf
l o c = E

.s
+

 P
d:

-1
o 

*J
-=

U
E

 ; 
E

 g
!=

 
+

 
q,

 
i

.9
t 

a'
9.

sE
 ;

 d
;

sE
 

(J
15

'o

E
"q

:F
i

5'
3 

<
*g

0q
 i'

 
5o

-a
ga

 d
9=

6e
 

e3
d3

 
co 39

+
r!

 
s?

'
o(

--
1(

D
(D

€ 
(-

 
6-

a
=

€ 
=

E
'

-t
=

 
sJ

O
 \

 
(.

r|
C

D

s 
3 

..3
9

{o
 

€ 
a

a)
=

 
=

 <
fg

 
go

'
F

-1
 H

E
6a

)
T

tD
(D

J
=

:-
 

A
 

-
0!

 
+

 
:-

=
'

T
o 

-6
i i 

g{
--

=
 

E
 

o
I-

(D
< g=

 s
F

- 
5'

 
6'

o-
E

g 
i3

*3
 

*E
-=

rY
+

=
o-

cl
=

),
o,

-c
o

X
or

 
om

:i5
 

?(
)

- 
o_

 
\L

-
'T

l- 
-:

E
g 

t=
F

 q
 

-v
''

+
(D

oo
-

.It !) (o o @ o N
)

o)



o g o o 3 o z I

€ o o c, = P

! o o o = o :. ! a o o o O
l

N

o ! 3 a ct
t o or a c C
't

@ o o a ! x a or or N 5 o o o

o o I N a .o o e o gr N a c, o o a ! - a o o o N

.D o c o € g It o 6 I f o N o E

n o I

@ o E o ot E
i. o

J-
Y

O
. 

o 
. 

d 
i.=

J 
=

.o
^ 

^ 
vt

 
- 

=
i

ltl
to

;'J
-

H
 I 

s 
; 

ta
3 

r 
g 

E
 S

P

* 
A

 s
 *

 fg
=

 I 
S

 L
 -

a
:: 

q)
 

=
- 

q;
 

-{
o

J 
e 

E
 i 

{E
=

 
'E

 
o 

f,i
f.

5 
s 

g 
I *

E
. 

\I 
J 

, 
+

5
F

 J
 a

 I
 

a'
e1

t*
 P

 ; 
3 

i3
g 

fr
 S

 r 
if

E
 =

- 
t 

s'
 +

o
P

 6
 "

'e
 

gE
d 

6 
q 

-o
 =

d
i 

; 
n'

 *
 +

d
E

. =
 E

 i 
9+

=
 

J.
 

':-
 

g 
-<

 :'t
g 

; 
F

 €
8,

H
 a

 
=

 3€
' 

o 
6 

€q

=
 

r 
s4

s 
i $

F
o 

; 
3+

g 
\ 

qo
z'

 
iJ

 
)u

0.
 

d 
6;

-c
c)

- 
=

o
=

:J
O

..+
 O

-
A

- 
ot

a
E

 
af € 5 (J

l o o

N b, =o C
L o o o -t
t o T
' o ! qt =
i o

(D

..8
o

€ 
5 

qs
 g

<
E

 a
"?

'd
39

 E
g 

G
ai

 s
i 

s

E
-E

 €
 !'

 g
gB

 3
a 

F

**
s 

$€
 F

S
- 

q*
 

!
b>

 f
 I

 
6

is
 B

; 
s'

li6
' 

o 
o 

g.

x 
a 

g3
 q

2A
 

3 
o

=
rD

11
 E

+
to

 
=

lD
.tY

c
P

F
 

i 
O

€3
'*

d 
g?

=
 F

q
'T

tJ
5

ri.
'r 

3.
 +

'tt
to 5c
t5

t+
 

C
, 

V
l

# 
gg

€ 
6E

i 
ze

;' 
is

=
ct

=
d 

:r
Jn

o 
A

eE
.

od
6

t, 0, (o o (0 o N (,

!, IL o o t a ! = o o o t

5 o g



K o It o B rt o o, C
L o o E
. ! = o o o tt 5

o g o o o = 9

€ o o c, z o

! o o o z I ! a o o o O
t N

C
N ! 3 a o o C
'I I c C
't (0 o o t ! x a C
'I

C
'I N I o o o o

o o 5 N I ! o o o O
r N a tr
, o o a .o - a o o o N

o tn c o t, c tt o o I I q, N o It

v o s z ?

gg
ai

F
lA

*g
E

l:
A

 !=
 A

g 
;:g

;F
i 4

E
gg

 3
? 
ei

li=
r 

fi

ei
* 

i: 
E

e*
g*

i 3
gE

E
iB

'g
lE

il1

E
 i 

=
r 

ge
iiF

 g
fr

 +
D

i +
iE

d!
 €

* 
is

; 1
1$

=
*

a 
lig

 E
;$

qs
tr

 f
r€

i 
E

iis
s

5 
H

* 
3=

r*
*

i 5
a 

E
sr

i--
1+

; 
liF

;s
3 
3!

' g
+

ai
=

q 
=

 
C

 
(D

 t
-

J 
(D

 
J 

O
 

-o
 

(f

i 
f 

=
ap

gE
3 

s 
er

E
\' 

F
 

aa
';

) 
*E

 X

It .t t- o g. o o =Fl. - o =J o z .Tt I I

o 
o 

o 
. 

=
i?

oJ
ts

Z
 E

 €
]#

 T
E

 9
 iP

i 
=

 1s
 i3

 4
99

€ 
q 

&
5 

sg
 tq

s
E

 ; 
;=

 z
: 4

 s
:

d;
 

e€
 

"'{
 

93
*

i ;
 a

$ 
* 
iir

i =
 ;$

 i 
E

E
 i

i n
 €

; E
 g

qg
3 

t r
i 

3 
;'r

a
f 

6 
6:

(D
 

; 
=

 I 
=

+
 a

 iF
 g

;3
e

H
 f 
;: 

; q
+

*
-^

 
=

 
ln

1,
 

A

f, 
e 

+
E

 i 
fr

E
e

fr
 ; 

E
il 

i E
,€

3
3 

6 
R

 
i'E

e
3 

=
 5 

I =
;

t i
 

I 
i 

eH
a 

; 
I 

+
;

s 
4 

; 
E

l
=

i'+ f 
A

 
+

 
os

'

; 
s 

t 
qe

3*
 

6-
 t 

fr
o=

+
ts

F
51

.
--

E
=

*g

s N .T
t o { o o J F

} a o g F
l o -lr tr
, z 'T
t

I A

+ +
oo

F
)

ga
i $

:'+
a#

=
 ?

 a
 s

e-
"?

3 
]l-

 
9,

:€
+

 s
i 

e
E

E
: a

 s
i. 

n
6J

=
 

E
+

 
|.

Je
!L

 
(D

x 
J

qi
3 

i5
;

B
=

: 
d 

3 
a

s3
3 

sl
 a

;e
 il

 $
tt=

T
t:-

lo
 

.'J
. 

5
bx

 
6-

. 
u1

:+
 n

* 
q

F
ii;

€
-^

 
la

) 
I

=
5 

9'
9 

-i.
-=

=
 *

a 
H

9J
. 

A
 

t
r=

 ; 
*

ac
=

!o
o

=
9 

d 
P

4#
 

Itt
 

=
6-

t 
d 

d-

;: 
3 

d
6'

3 
vt

 
+

?o
 

{ 
i5

-Y
 

E
 

T
I

03
 

E
 

tr
=

=
oL

)
+

) 
- 

zl
=

Y
 

T
' 

J
lD

Jo
=

* 
g 

3

=
g 

I 
6

-'d
 

fD

LO
O

 
J

jo
 

il

l, ot (o o o o N O
J

6 o g



C
) c o o 3 o z 9

€ o o o z I

ro o o o z I ! o o o O
l

t\t

o ! 3 a o o (J
r

I c ct
r

(0 o o t '0 x a gr gt N a (t o o o

o o 5 N I ! o o o C
't N a o o o a ! a o o o N

o o o tt It o o I + !t N o E

v o s z P

5 o g

o tt o il =
i o J A
' :' C
L o o J a ! = o o o tt =

(.
,

ao o o 3 o g tr
, o .2
. = GI o o at d o o z .Tt I j o J C

L I z .Tt I N J 6- a|

o=
oo

o6
s+

 q
E

dF

;a
 *

*3
i

x 
$ 

3.
=

fi 
3.

a'
q 

qi
gf

n€
 T

g*
C

.
E

* 
H

i+
*

p 
s 

a"
: 

g 
d

a 
o9

:e
E

 F
eB

 I
e 

.)
 {

 
=

'O
'i 

9;
-s

 q
g 

sg
E

 g
E

 3
.q

 =
i

i €
;'+

+
E

 *
8 

X
 9

=
 T

; d
.F

E
 p

€ 
ai

=
 

=
 

o_
l,;

;

i E
gE

 A
g.

 
or

 O
 3

. 
iri

3 
-9

€ 
I 

o-
d-

ct
^-

E
I 

3t
r'J

 =
rJ

--
o 

(D
;

6 
0 

^G
'?

g 
E

 S
x 

s
o 

=
 \5

c'
r

€ 
€ 

+
;6

''
+

op
59

E
 E

 6
Ld

t^
(D

+
J

(D
 

O
-O

 
=

'
aD

'O
)

69 6'
+

=
A

q, L t- o 9. o o J F
} - g c, z 'T
t

I N

E
=

: 
Z

o.
o.

E
i

Z
 E

 g
# 

iE
 e

 s
 H

' P
'i 

? 
=

P
 ie

 ;
 H

 t 
I

; E
 q

; e
e 

fi 
i i

 5
* 

g 
di

 F
3 

A
 ,f

l; 
E

i +
 e

q 
* 

e 
E

 fr
 r

; 
e 

-q
R

 
: 

'-

g 
i t

"*
 F

'i 
i; 

9
+

 A
 S

s 
g 

+
 o

 T
q 

q 
B

e 
=

. 
6 

z 
T

_3
*t

j 
a 

3i
g

r 
6 

6-
tD

 
z

(D
(D

<
-'1

1
ni

o 
-,

. 
i 

A
 3

'
o_

 -
 

=
ii 

rv
 

n 
i 

€
F

' '
e 

*E
 

I 
6'

 d
. 

=
=

i=
(D

=
c^

eF
ie

 3
 *E

+
g:

.q
* 

E
 s

g,
sa

E
E

 a
 *E

x
n 

=
 A

d 
=

 
da

 
q

E
 I 

-;
 

q 
t 

d-

d,
 

E
 3

 
i 

g

:4
 

3.
 

d 
Y

 
3

ij 
j: 

€.
 

rt
 

_1
r,

. 
g

2:
- 

i 
3 

E
 s

il6
91

11
 

2:
'

o=
o

51
"+

9
.-

r 
N

) 
+

 
O

,

3t
rd

B
;=

fiq
1E

;2
oE

+
l

d;
F

e
.-

E
3*

(r
t it I o € o o : F
t a o F
l. o -lr c, z .Tt I N

ao
o

g 
F

'3
 3

 A
'A

-l=
 I

 
B

,v
fD

=
o

J;

6 
93

 
9 

;
5E

*'
- 

€

$E
: 
? 

3
3E

 
9 

E
 

=
=

q(
D

 
x 

o.
l

4J
.A oE

;+
 

: 
=

::Q
'3

 
=

A
5:

 
g 

o

8=
+

 n
 =

=
tE

 3
 q

9;
 d

 
E

F
E

 H
 g

F
[ {

 
g

-o
 

- 
e

5'
r 

€
E

.g
 

=
 

ci
a'

z 
cr

 
q

g'
s 

3 
3

e-
s 

I 
I

9=
 

4 
i6

'

iE
 

g 
5

T
JO

C
L

f i 
fr

 s
€;

 ff
 f

i
dR

 
q 

=
:5

 
d 

oa

a3
 :s

 *
^=

J^ is
 

E
 

2
=

.t 
6 

th
S

on
A

-'d
 

9 
5

5'
* 
s 

*

(t b, ! I o o o tr rl o o o =Fl 0. o -t
r ct z 'n o 0 o 9. o o = CL .T
t

I o F
|

J 9, tr C
L

G
I o c' - C

E
Q

< d:
r

co
a

o 
<

E
l

aO
O

,
g 

F
8

3s
3

<
=

o
o,

 =
€.

-:
 

-
od

6 
e

!:.
9 

4
f 

=
'(

tJ
(t gs

H
8_

16
-

^o
o,

54
3.

E
qs

,+
-d

^J
5

:<
\.

*o
o

o-
E

 -
*o

o_
=

<
0a

=
 

--
(D

i3
s

3o
JJ

(D
--

l,
O

)E
-

66
=

.

<
-o

(o
 '-

+
 o

o
86

q
95

.=
\.+

=
o:

!o
,

1€
 *

6o
rQ

a'
3.

>
-t

 
g.

 J
.

o=
 

ci
c'

gq
o-

'b
 

O

lt 
E

:
3E

 d
=

gE
dt

d

E o, (o o o N (,



o o o o z o

€ o o c, z ?

o ! 3 o o C
tr I C O
r

(o o o I T x I O
r

gr N I o c o o

o o 5 N a T o o o ot N a o o o I ! - I o o o N

! o o o 2 ? ! I o o o O
t N

o o o tt t, o at
, o I A
' N o t,

v o s z P

5 o g

o tt o il 3, o o C
L o o J a

q+
 6

>
 E

3
sd

 
E

 A
 a

g.

=
g 

:3
 3

 d
g,

E
 F

3 
F

A
a=

 i
 ?

 s
6

sd
 q

 * 
ifi

F
g 

iE
 F

E
ttA

=
<

cr
Q

=

E
; s

 A
 3

a
^n

 : 
q 
i;

E
A

 F
 +

 e
E

s:
 €

 3
 f 

E
\&

=
dd

=
ts

{r
o:

t+
-

:g
 1

fi 
ei

l
=

Jo
jZ

a-
sf

 f 
* 

: =
O

rT
l-.

+
O

)-
3i

 -
E

- 
F

+
i; 

se
 e

[
ffF

 ! 
p 

;g
dF

 L
t€

e
.tt

=
\T

lJ
=

'
6 

r 
q<

 
or

 
3

=
E

. =
 a 

rs
gE

 3
 g

F
(D

'T
l 

,u
E

cL
 

=
 

=
i.6

a 
X

 
=

<
3< E

-?
;

9c
Lo

r
nB

e
E

'9
5

6
=

6
=

'J
o

(D

(.
t \ t- o 9. o o F

} - g 'n a F
l.

C
N c C
L

G
I o o ! c

=
 ?

J
C

LL
 

(D

'o
'o

3=
<

 
-.

(D

=
E

 5 
gg

 s
F

i
3q

: 
ea

 g
af

,

e"
i; 

F
g 

3E
e

as
 ;;

i s
a.

"H
lJ

 
1 

*a
f 

d 
=

.3

A
a:

 g
i $

ii
?=

'=
 c

3.
 F

$
F

i E
 $

a 
=

e
:l 

--
 

o 
@

cr
 

gq
 u

)
J=

<
43

 
g 

{o
 

-5
da

'=
 

g;
 

E
'o

a€
 1

83
 F

il
;E

 =
;H

 =
e

5-
-(

:5 gi
 - 

?q
 4

s
3€

 
+

g 
c 

=
(r

o)
ol

36
:-

:r
=

s

=
t 

as
 1

2
*e

 3
s 

-n
e;

 
5g

 
qo

+
E

 
:-

s 
35

-@
d 

a 
ii;

al
 

F
 r

g
+

a 
I 

38
o 

a 
b 

=
:

o-
3'

 
<

I+
 

6'
 

9(
D

=
-z

Jo
.T

t

qt b -{ o 3 E
' o - q, F
l tr a o o o J F
} a .T
t - o F
t

J cn g C
L

G
I o o - c

a-
5-

{
=

o5
=

 F
o

J+
(D

ar
(D

-.
o=

(,

oo
v

=
oo 3d

6
E

 q
g

:5
c iq
;

iQ
o

o-
 

o
' 

>
5

oo E
= og

.
gB L} ad 5'

q
q-

1
6- o5 o -.

1 
o

5e !c @
=

E
A

'
do <

.o
o-

o
o4 36 oq =

o,
+

 
t')

=
'(D E
o- 86 3f
i'

ot =
-ooc =
-

qa
 o

-
q5 6g

o

$.
,

C
O =o ct o o o -t
r o T
' o .t o =
i o )

22
o 

. 
ii

€ 
5:

A
=

 
i 

=
'<

I 
o 

o 
g 

R
g'

Z
 F

F
8 

E
 r 

i 
gP

* 
5E

+
;q

 E
 s

g

E
 t;

; a
e 
s 

r
g 

E
-'d

 g
=

 
3

Io
=

 *=
a 

iA
 

2

=
 *;

=
 5

f 
i

i 
F

S
E

s 
O

;' 
E

a 
dg

 
!"

a 
de

 a
E

 
3

(D
S

<
aI

-
cL

 
>

q 
t€

 
3

=
' 

\(
, 

o)
@

;' 
qc

L
E

 
v=

 
o 

- 
o

d 
or

: 
dc

j 
E

F
 *

sH
e 

fi
+

 
i5

-5
 a

'T
 

6'
O

*E
-H

f
z 

o 
j<

 
o

F
 

sL
 

5-
c 

I
ts

 
z;

 
o 

e 
o,

' 
tX

 
o-

n 
(1

5 
i,q

 4
3.

, 
f

a_
E

r(
av

,
J 

\J
=

' 
rr

i- 
O

,

: 
4:

9s
 

s
s 

X
g.

 E
'l 

3
!q

 
*E

i 
+

q 
E

-c
L 

-.
i 

F
a-

'Y
 

:
i.B

 
r 

>
;g

 
i 

i
=

o.
r=

a+
?O

5e
 

6 
da

8-
+

 
3*

 
':

;g
 

n'
 

* )

t q) (o o t\) o t\) o)



o c v, o o z c

{ o o E
, z I

! .d
. o o z I ! I o o o O
t N

a ! 3 I o o gt a c or (9 o e I 1t x I or gt N I o o o o

o o 5 N a ! e o o (,
r N a tl C
) c I ! I o o o N

o o c o t c It o o g !, N o tt

v o z o

@ 5 o g

o E o !t 6' o IL o o f a ! = o o o E

6E
. 

o 
9E

-
F

6
€ 

3 
:,r

'
j 

r 
g€

o 
I 

o 
o 

o 
o 

S
 g

d 
o

g 
=

 
-r

3 
=

 E
 E

 E
 E

 i 
i;*

 €
 5

.8
fD

 
.i_

' 
! 

! 
\r

 
{ 

: 
o 

A
 

;=
*

€ 
a 

ee
 e

 e
E

 +
F

 ia
e

i i
 I 

s 
s 

s 
g-

F
i &

ge
s-

 +
 _,

. 
;. 

6.
i 

i*
 E

iF

'1
 il 

a 
E

 a
 q

 sn
 g

+
a

e.
 : 

: 
6 

: 
6 

+
; 

I 
r-

,d
H

' 
o 

- 
O

 
o 

9(
D

t 
3.

5'
(D

i 7
 7

 F
: s

 i;
 1*

=
;

E
ri5

fg
iE

F
lE

F
[$

 E
;i 

iE
f,g

f
E

-:
 F

$3
 g

E
iq

i
;9

 g
qi

 =
al

iis
5I

 
E

S
f 

qF
s-

€
; 

!?
 -

."
 g

 t 
* 

E
;d

'
E

 
6g

 
I9

F
*

E
 

=
=

 
q 

d=
f

d 
n 

J'
 

I 
zo

 o
)

F
 

ss
 

ia
g:

O
E

r

=
 

E
il

4r
-

F
 

T
rs

!
g 

af
=

 
d6

3
oo

l
€

! 0, (o o o, o N C
,t



o c o o 3 o z 9

=o o o 2 I

! 3. o o z I ! a o o o or N

o ! 3 a @ o ot a c gt (0 o o I ! x I gt ot N ! o o o o

o o $ N I ! o o o C
't N I c, o o a '0 I a o o o N

o o tr o It c E o o I - !, N o It

v o s z I

o E o d r!
: o J A
I

C
L o o I a ! J = o o o It

s-
{

=
.=

(D
o le a= g;
'5

;' 
r')

X
o

6'
=

::r ^o (J- +
(, 3;
 

.r
3q

 b
'

*=
-

-- ;'O
 

F
F

:+
t- 6+

 
O

a5 B
.a

 
a

o{
. 

<
6E

 
o

F
E

 d -
T

'{ or
- *o #-
h

o@ =
.o

=
o

9 rD
-a

-
T

' aa =
'-

g P
!t

=
!t:o d- A
' -

o
E

ol
o)

 
-,

(-
) 

f,

gd (D
 

(c
l

?o E p_ o f -{ ) o o = o E
.

J @ 6 o)

E
 ii

 3
; ;

 3
: i

gF
sg

a 
;1

*5
 i6

rif
r?

F
#

+
'g

ig
g+

i1
1g

gi
e 

E
s3

 3
i

i f
ig

 E
'*

i;d
' i

fig
a 

i:i
 ii

E
i:e

*g

*l
si

gi
gr

gE
gg

a 
E

Ie
 

sq
E

ag
g*

I e
ir 

rr
:i*

re
E

. 
3F

g 
;

4 
ili

€ 
3f

id
4E

E
3

t 
3[

g 
:d

ai
iE

i

iF
ul

gr
l[:

F
$

P
 

€ 
58

-' 
e8

=
=

-o
'

5-
o

t

I A 6- F
l = E 'n o { o C
L u, o o J I o € o o = d

ss
=

5$
a$

ia
qg

 g
E

 sE
i 1

3
gS

 J
t 

E
e,

=
 -c

)

iig
g;

3E
 gH

I; 
q;

 F
*S

 +
g

-S
 3

H
 a

i 
ie

-
g 

5e
 5

F
 s

3
E

 ri
 +

e 
es

r 
3[

 F
* 
]i

:. 
F

fi 
€l

 ?
2

a 
di

 H
$ 

si
s 

F
=

 r
i 

?:
g 

=
. 

Je
 

=
T

=
' 

,tt
 

(D
 o

) 
=

 
I'

E
 s

 E
da

;
# 

A
 B

I;i
i 

r 
€1

 d
E

I 
I 

+
g 

;e
t, 

A
 

ot
 

g-
g-

S
 g

 
s:

1 
E

 r
ai

l
d 

=
 

[9
.6

'0
.

q 
* 

=
5 

31
9 

d=
 

;
vt

O

I N o g c J n o = tr x c, r| tr = ! - o o o - o o o F
| ..t o

o4
'2

. 
E

 
-{

F
 q

F
 g

 €
zf

r 
9 

; 3
{Y

'q
 

cE
I 

=
{ 

f,a

+
€ 

4 
+

i
€ 

5c
n 

i 
*

s 
gi

 =
 ;-

J-
.U (o
('<

 
x=

a^
O

6r
*

s3
$ 
l:

l;*
 i3

5+
8 

sB
-

tE
 5

 ; 
5

89
d 

e1
1.

-q
 

dY

;ia
 ii

F
sP

 9
d

fi 
?g

 ; 
a

33
E

 il
3

--
9 o=

'5
c

=
-O

 
O

Q
 s

)

8.
dl

 e
 8

.

ei
; 

H
E

* 
j E

 a
;'a

 
e

!{
D o

.It o) (o o s o N
) (lt

o
o

a
a



o o o o z ?

=o o c, z I

! .d
. o o z I 'o I o o o O
l N

o ! 3 I 6 o ('r I c or (0 o o a T x I (r
l

C
'I N a o o o o

e o s N I ! o o o C
'I N a c' o o a ! I a o o o N

d o o tt E o o !P I q, N o t,

v o s z I

5 o g

o t o !, s o o, t C
L o o d ! = o o o tt

9E dE tt (D
=

o.
, 

rD
o-

q
da -lr

 t
t

-v
'

xo oq fo =
€

J+ <
t

(D
o

+
o)

=
'o

a
5g io

P
'E x9

.
fF o- JE

.
@

A + ) (D ]n o) 3 o E a (D l tn C o c) o 5 - g 6- a 'o o I o { !J o ) a (D

I (.
t

cn o !t 3 C
N

F
F =
.

!t !, o I U
, tr J E t- o 9. o F

} = o { o o F
l. - o

gs
o 

' 
' 

o 
H

E
fiE

 d
5 

qE
 B

F
 s

=
6;

 
i.i

: 
d3

 ;e
 

F
 €

$E
 ii

 3E
 g3

gE
f ;

 F
: 

F
e 

:A
 +

;-

[i 
ai

 s
s;

: 
$g

€i
l H

; 
s*

 g
g 

=
<

E
dl

9 
a'

E
 

? 
pS

 
3

qr
E

g 
: 

5_
 u

;a
a*

 fr
 g

 g
1g

 
al

 
; 

3 
6'

$r
t 

- 
=

 
o,

 
E

 
6

F
g 

gi
 

i. 
3 

6

a$
 i€

 3
 q

 3
E

q 
gE

 
P

 
3 

+
tn

i 
r4

, 
a 

3 
(D

$i
i: 

f 
a 

I 
g

-u
 

-_
-*

 
fP

 
3 

3
E

q 
33

 
a 

o 
=

=
; 

e.
5 

d 
q 

?
69

 
;€

 
t^

 
6 

3
Ir

ct
^=

E

83
. 
gg

 
€ 

s 
o,

s€
 e

l 
3 

a 
*

F
A

s;
 +

 *
 :

E
A

+
+

d
=

qi
'6

cL
om

;P
=

(D
-o

=
a=

:f€
c 5V

t fD
il;

a

F 5 o o ! o qt o. v o =g x c, - 3 t- o 9. o tr F
t

-h o { o o F
T - o

9 E E q I r 
gE

+
*g

 
. 

o 
o 

. 
.;F

+
*:

 +
g 

ia
 g

E
 6

E
 s

*3
 A

1;

F
E

gE
E

ilg
3$

gl
Ig

ig

E
F

l;g
t[1

iis
iiE

E
i

i 1
 ;i

 i8
 s

g 
[i 

ra
 ii

F

*E
ig

gl
iil

ill
gg

l
3g

ie
ig

ss
[i9

3g
i

$g
$;

llE
+

i1
11

1
;a

6 
A

sE
 g

 i[
 

is
$'

; 3
'3

 g
 F

s 
33

F
tE

 E
 

d 
g 

d

'u 0, (o o ('l o N (r
t



o c o o o z I

€ o o tr
, z I

! 3. o o z I ! a o o o gt N

@ ! = o o ot a c ot @ o o I ! x a gr gr N I o o o o

o o 5 N a !o o o o O
r N I tr
, o o I ! - o o o N

o o o E
'

E 0 an P I ol N o E

n o ; I

5 o g

o tt o il 4 o 5 0, :' IL o o 0. ! = 0 o o t J

gl .T
t

m o n ill -a - o gl = CL g o r-
1. I o ql r+ 3 o 5 F
F 'n o o C
L ! g J t, o

=
! 

=
 

E
J{

E
 

=
:s

il
il 

g 
es

s
i 

o 
'€

r[
H

iig
E

E
iF

E
ili

gi
$

*f
gI

e*
iH

l$
tE

iE
s 

ss
rS

i e
tF

s?
 i=

E

Ii3
gg

E
,*

3i
gE

li
:1

;;H
* 

3F
x,

{ 
qa

=

E
 rI

11
i g

+
E

E
 1F

1
E

ls
fi5

 F
sF

s 
gi

E
3.

€=
i 

3E
:d

 
E

A
3

'g
iq

 e
.*

gs
 i$

i 9
* 

$f
r.

;9

s'
l

I q o - o o o o a .T
t

o o C
L ! !t o o F
T a

qo
 

- 
^-

H
-;

3 
?9

-q
o 

o 
a 

o 
tn

 Q
-

qs
e 

f; 
e

>
;i.

E
 

P
 E

?=
J 

3 
=

 j 
gg

F
r^

tr
r 

E
 

€ 
p 

{-
B

:S
 

3 
I 

2 
d.

F
df

i 1
F

 E
 s

H
sE

 s
 g

 i 
ga

-u
; 

a'
 =

e 
a 

gB
#i

 q
 A

 $
 : 

*
gS

 A
 ; 

? 
H

E
F

[E
F

qe
e

fif
i F

 ; 
3f

r
;9

 
<

O
 

* 
O

 
q+

+
il 

F
 

gd
-

o 
a1

 
F

^

E
;=

 
$ 
i

es
 

A
q

"=
1 

H
H

ao
 

..>
a-

9'
 

q
c7

 
!

a9
 

r.
h

0-
H

 
s

60
 

I
-v 8;

 
F

vt
a 

-{
s;

 
;.

E
a 

g
c(

Jr
O

?(
o 

€
ex

 
-'

6'
v 

6
J>

G
'=

 
=

12
 

A
J5

v6
'>

o=
'

3.
=

 i
=

5'
o 

o
I 

x 
6'

i5
:

i3
- 

al
3 

R
 s

;s
 : 

iE
 6

 F
I 

i 
=

'il
X

 X
 H

ig
 =

is
 € 

d

li 
f +

; :
 i

tD
 =

 
\ 

(e
tt 

:{
 

\.

3:
 T

E
g 

T
 E

*3
 ti

P
"'e

 e
5s

;m
l 

€ 
ro

r 
6 

l.A
5 

5.
 ;.

; 
d5

+
 

it 
a.

'F
 

ro
 

=
* 

€a
a 

*
x 

3.
9 

g 
4

q 
9q

 
T

r 
5'

e 
;; 

R
 9,

n 
:a

 x
 6

I 
n;

 d
 il

g 
E

5 
'd

 I
a 

L)
E

 
J

.tt
 

V
 

or
'

a 
J+

 
*

d 
:t6

 
-.

,'
C

ltl
 

 
 

-
(D

 
_\

5
6'

 
O

=
.

r 
13

O
'L

L

? 
=

3
o, .s

 :1
"H

 €
'E

tr
- 

dd
e 

gg
3 

g'
^

O
r6

+
=

 
io

L o

.It 0, (o o o, o N 0)



o c o o : o z I

€ o o ct z I

a ! =a C
I' o gr I c gt @ o c a ! x I O
r

(,
r N I o o e o

o o 5 N a ! o o o ot N I o o o I ! I I o o o N

! .d
. o o z I ! a o o o (,
l

N

d o c o T
' It o o I o N o T
'

v o i I

@ o tt o !, +
, o :t A
,

C
L o o a !

. 
og

g=
8.

 .g
gg

F
*g

E
.E

-{
E

g 

-E
i E

gl
 F

 E
 gE

 ti
 F

E
iE

 F
 g 

gi
 F

$ 
iE

 gE
i r

g 

E
 E

$ 
g 
iii

i F
 $ 

E
i E

gi
gl

gg
l[g

t*
lli

g*
E

F
E

gE
E

$l
=

si
E

F
iiE

i
s 

ss
 iE

 s
 e

 g
gi

S
i i 

i
i e

;. 
fl 

i ;
 rF

ie
g 

o"
 s

fi 
5e

 re
 s

 s
 Ia

rE
F

 i 
i

E
 g

r 
fi 

f 
+

*i
 

6

st N =o C
L o o o -h o !t o ! qt E
i o J

C
tr i" .t == GI -t
l

m o v { !t r o

U
!J

+
J

a 
J

o 
€'

o

=
^ 

E
Q

9?
 =

t
; 

A
 A

=
-w

-J 3u
 

=
.O

oo
, 

6=
.

9a
 e

F
) 

-
(D

 x
 

o-
"

n!
 

o 
5'

L1
.1

; 
f 

o
ul

r(
D

+
V

an
 

,<
O

=
- 

(o
*3

 
e 

9
o)

-'J
-

dJ
 

a.
#

3g
 d

g
;; 

E
J

. 
.t,

 
d'

5
J.

F
d 

9o
r

9:
# 

qo
o 

=
=

'
a 

3d
; 

=
*

--
.A (D

J+
oi

D
=

-.
6

tU
r:

-
oo

,tr
t

s 
F

i
6 

6+
-e

oo I 
E

l
*-

-
5(

D
oo

)
22 -,

o
E

=
E

'O 9.
6 =
e

=
x

o(
,

€s slo =
'!

3r
A

oo
,

9e O
a

ri'
i <

O
o

t{
r

or
^

=
O

-5 oJ
 =

'
a! or

o

F
E o .T

t
m o v |t, o, a o ) o = o o (D _c

l-
t o ) o c 5 t .+ =

.
E E o o- € €

! 0) (o o { o N (,

a

5 o g



o c o 9 J o z 9

€ o o o z I

! .d
. o o z e ! I o o o gl N

o ! =I @ o gr a C gt (c o o a :o x & O
t

19 a o o o o

o o 5 N I .E o o o (t
! N a o C
) o a ! a o o o N

o g, tr o E c t o o I 0t N o tt

7 o s z I

G
'

@

tr
rH 3c
,

2v r<{ =
ol

oc
 i'

(,
t

(o o R E

o 'n 'n
o -Tt 'T

t

,, c z z z 6)

,, L z z z 6)

!g cr
=

=
o< €g

E
! c'

l
(o o A

,) c z z z o

F L z z z 6)

o .Tt 'n
o 'n 'T

t

B
e

(D
o

.iF E
g

3(
D

! O
r (o ct 5 E

o
o

c,
o

gE 6:
t

->

gr (o - U'
o (9 o)

o
o

o
C

)
gE E

3

a, (o - at f
o (0

c)
o

o
c)

!
Q

o&
eF

s
ai

 a
o

#3
 i E

gr ao x U
'

o (o 6

o
o

o
o

9! F
H

(' (o
ct

{ sa
f

o
o

o
o

=
-

st
g

>
-5 6>

ol (o
o{ 9- - 

ar
t

o
o

o
o

n=
E

r9
d

E
-5 8>

(' (o
c,

 {
r

E
A

o
o

o
o

9! F
g

(r
r

@ Û
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