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I. PROJECT CONCEPT 

Mission Need 

The West Hackberry site is able to launch a pig at the Raw Water Intake Structure, (RWIS), with a flow rate 
of approximately 7000 gallons per minute (GPM) to 13,700 GPM using one intake pump into the Raw Water 
Intake Pipeline, (RWIP). This pipeline must be in a serviceable condition prior to and during a Level I 
drawdown event. 

A section of 42-inch diameter piping, line number WH-42-10494-A on the West Hackberry site that runs 
between the incoming Raw Water pipeline pig receiver and the Injection Pump house, is in poor condition 
and needs to be replaced. This piping diverts water away from the Raw Water Injection Pumps and routes 
the water to the south raw water header at the Site. This piping is needed in order to inject water from the 
pipeline into the Site storage caverns. The volume of water produced when pigging the Raw Water pipeline 
is approximately 50,000+ barrels. Pushing this amount of fresh/brackish, dirty raw water into the Site 
storage caverns is not recommended. 

Pigging of the West Hackberry Raw Water Pipeline is required to be performed on a periodic basis to assure 
the pipeline is clean and able to support the Level I Drawdown rate for the site. The mission need is to 
ensure an operable RW pipeline to maintain the Level 1 drawdown rate. 

Functional Requirements 

 Assure a method of cleaning the raw water pipeline 

 Piping material and components selection should provide for a 25-year life 

 Provide capability for Periodic Pigging for cleaning the Raw Water Pipeline 

 The brine disposal system was never a part of this system. To prevent excessive quantities of raw 
water, and associated solids from being injected into Site oil storage caverns. 

 Minimum 60,000-barrel capacity containment, and solids settlement facility 

II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for selection of the preferred alternative has 
been standardized for all AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 

Alternative Analysis Team Members 

 Core Team Members 

 Claudia Carroll DOE, Systems Engineer 
 Bill Fogle VCI, Project Engineer 
 Chris Vedros FFPO, Manager Pipeline and Equipment Integrity 

 Team Members 

 Ashley Thomas DOE, Lead General Engineer 
 Laren Tushim VCI, Sr. Mechanical Engineer 
 David Wilkins VCI, Process Engineer 
 Janet Robert FFPO, Director Facilities Design and Integrity 
 Karen Wynn FFPO, Sr. Cavern Engineer 
 Robert Bowles FFPO, Manger Site Construction 
 Steve Sleeman FFPO, Sr. Site Maintenance Engineer 
 Buddy Delaune FFPO, Principal Mechanical Engineer 
 Charles Deluca FFPO, Principal Operational Systems Engineer 
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 Ken Swanson FFPO, Manger Site Operations 

III. SELECTION CRITERIA 

The AoA Team determined the below listed criteria as relevant to the Analysis of Alternatives. Once 
alternatives are analyzed by the AoA Team, these criteria are used to evaluate and select a recommended 
preferred alternative. 

Constructability during On-going Oil Deliveries 

The selected alternative is able to be implemented with little or no impact to on-going oil delivery operations.  
Settlement Pond plus Piping option must preserve or enhance drawdown readiness. 

Weight: Most Important 

Safety during Construction 

The selected alternative when implemented will be able to be constructed safely and operated safely. Ability 
to address Safety and Security concerns during implementation. 

Weight: Most Important 

Ease of Operations 

The selected alternative when implemented will result in a system that is able to be operated without 
significant additional training and is similar to existing systems and equipment. Settlement Pond Plus Piping 
option must ensure that Raw Water Injection Pipeline (RWIP) capacity must be met or exceeded. 

Weight: Most Important 

Ease of Maintenance 

The selected alternative is similar in nature to existing equipment resulting in commonality of similar 
systems for future maintenance and sparing consideration. Settlement Pond Plus Piping option compatible 
with service requirements to meet or exceed the 25-year life of LE 2. 

Weight: Important 

Sustainability 

The selected alternative when implemented will be able to achieve DOE Sustainability goals for energy 
consumption as outlined in the Strategic Sustainability Performance Plan. 

Weight: Less Important 

IV. ALTERNATIVES IDENTIFICATION 

List of Alternatives 

The below listed alternatives are considered for analysis. Initial screenings conducted by the AoA Team 
determine the viability of each alternative. 

A. Status Quo 

The Status Quo Option will still allow the contaminated raw water from pipeline pigging operations to 
continue to be disposed into site oil storage caverns causing undesirable collateral leaching that 
compromises cavern operability.  The system is presently configured to bypass the Raw Water Injection 
Pumps during pigging and directly flow into the storage caverns. This will lead to higher maintenance and 
labor costs.  The current flow is also limited to 25 thousand barrels per day (MBD) (730 gallons per minute 
(GPM)) and is unreliable for service. This option does not provide the operational assurance of the Pipeline 
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to maintain the required Level 1 drawdown rate, and therefore, does not meet the functional requirement 
of this project.  

Viability: No Further Analysis 

B.  Replace Entire 2500 ft 42-inch Piping Using Cement Lined Welded Carbon Steel Pipe and 
Abandon Old Line 

Replacing the entire 2500 ft of piping using cement lined welded carbon steel pipe (CS) and abandon old 
line allows for continuing current operations but is not desirable, since this option will still allow the 
contaminated raw water used to pig the RWIS pipeline to continue to be disposed of into storage caverns 
causing undesirable collateral leaching that compromises cavern operability or similar. The system is 
presently configured to bypass the brine disposal tanks during pigging and directly flow into the storage 
caverns. The tanks are not susceptible to contamination by pigging water. This will lead to higher 
maintenance and labor costs. 

Moreover, the selected material of CS is affected by external corrosion, biological growth internally, and is 
not chemically resistant. In addition, CS costs more for capital and maintenance. Truss support structures 
may be needed which will create additional overhead obstruction if an above ground piping layout is 
selected. If a CS pipe installed belowground option is selected, this would also need to be catholically 
protected against external corrosion. 

Hence, this option does not meet the functional requirement of this project to assure a method of cleaning 
the raw water pipeline while not compromising the brine system or injecting excessive quantities of raw 
water into the Site storage caverns, as required by the site. 

Viability: No Further Analysis 

C. Replace Entire Piping Section with 2500 ft HDPE Pipe Using Existing Piping Section as a 
Casing 

While selection of HDPE as a suitable material based upon the service pressure and temperatures may be 
a good fit, there are other constructability issues. The geometry of the existing 42-inch piping will require 
excavating & removing the 42-inch fittings and fusing or welding the new piping in the ground. This option 
may not be able to meet velocity and delivery pressure numbers, which are being met with other piping 
options. This option will still permit the pushing of large amounts of fresh/brackish, pigging water to be 
disposed of into storage caverns causing undesirable collateral leaching that compromises cavern 
operability.  

Viability: No Further Analysis 

D. Replace Corroded Sections In-Place 

Replace corroded sections in place. This is a patchwork approach and will result in additional downtime in 
the near future. Additionally, this option would still allow the contaminated raw water used to pig the RWIS 
pipeline to continue to be disposed of into storage caverns causing undesirable collateral leaching that 
compromises cavern operability. The system is presently configured to bypass the brine disposal tanks 
during pigging and directly flow into the storage caverns. The tanks are not susceptible to contamination by 
pigging water. This will lead to higher maintenance and labor costs. Corrosion, tuberculation, or biological 
growth over the future years will lead to lower flows, and inability to launch a pig at the Raw Water Intake 
at the required flow rates. This option does not provide the operational assurance of the Pipeline to maintain 
the required Level 1 drawdown rate. 

Viability: No Further Analysis 

E. Replace Entire 2500 ft of 42-inch Piping Section with HDPE Pipe and Abandon Old Line 

The section to be replaced is limited to the remaining 2500 feet of 42-inch pipe. The piping on either end 
swages up from 24-inch on the inlet and down to 16-inch on the outlet. Therefore, the design of the line will 
be based upon the flowing velocity.  Replacing the 2500 foot 42-inch segment by the installation of a HDPE 
pipeline segment allows for continuing current operations but is not desirable, since this option will still allow 
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the contaminated raw water produced from pigging the RWIS pipeline to continue to be disposed of into 
site oil storage caverns, causing undesirable collateral leaching that compromises cavern operability.  

HDPE pipe is not subject to external corrosion or internal biological growth and cathodic protection is not 
needed. The advantages of corrosion and chemical resistance over traditional metal pipes are shared by 
many plastic pipes, but HDPE pipe uniquely combines these attributes with the advantages of heat fused 
joints, flexibility, and fatigue resistance. Polyethylene pipe installations are cost effective and have long 
term (life cycle) cost advantages due to its physical properties, leak free joints, and reduced maintenance 
costs. HDPE offers seismic resistance, in that it can safely accommodate repetitive pressure surges above 
its static pressure rating and is well suited for seismic loading due to its natural flexibility. 

However, cleaning pigs for maintenance would be needed, and the use of ploy pigs or foam pigs is 
recommended. Also, special considerations are required to be followed for underground lay out of flexible 
pipe per appropriate code to prevent distortion, collapses and bursts. 

Viability: No Further Analysis 

F. Settlement Pond 

This option includes demolishing a portion of the existing downstream 42-inch carbon steel pipe, Line# WH-
42-RW-10494-A, and replacing the same with 30-inch 150# carbon steel pipe. A 30-inch 150# CS block 
valve is to be included in this portion of the piping. The new 30-inch pipe will remain above ground just 
downstream of the new 30-inch block valve and then go underground. A small portion of the underground 
piping will be carbon steel at which point there will be a transition made with flanges from 150# CS pipe to 
30-inch HDPE DR11 pipe. The 30-inch HDPE underground piping will transition back to above ground 150# 
CS pipe routed to a new 60,000-barrel Settlement Pond. The 30-inch carbon steel pipe will be routed 
through a pressure reducing device and empty into the new 60,000-barrel Settlement Pond through a 
diffuser. 

The raw water will exit the new settlement pond into the cavern WHC-110 surface drain through four 12-
inch outflows. These outflows will exit through the containment area levee as carbon steel piping. Outside 
the levee, the lines will include a flanged branch connection and a 12-inch 150# isolation valve.  The 
material transition will be made from 150# CS to HDPE immediately after the 12-inch valve.   

The settlement pond will be located approximately 650 feet west of the pig launcher/receiver and south of 
Cavern 110. The pond is intended to contain, for settlement purposes, and release approximately 60,000 
barrels of processed raw water. The pond outflows will discharge into the Cavern 110 drainage ditches, 
located on the east and west sides of the 110 cavern containment levee. The settlement pond will have a 
concrete floor extending up and over the top of the levee to allow for cleaning of sediment. The geometry 
of the pond will also include a center structure and a series of spillover weirs to aid in the processing of the 
pigging water.   

The majority of the selected pipe material is HDPE which has all the advantages as described in the above 
stated HDPE alternative (alternative E). The remainder of the piping will be CS and aboveground. The use 
of CS is minimal, which can be easily inspected and maintained.   

This Option provides the assurance of the operability and maintainability of the pigging line in service to 
maintain the Level 1 drawdown rate. Also, this option allows meeting the functional requirement of this 
project to assure a method of cleaning the raw water pipeline while not compromising the brine system or 
injecting excessive quantities of raw water into the site storage caverns, as required by the site. 

Viability: Continue Analysis 

G. Purchase Cameron Brine Pipeline and Caverns (Outside to West of WH Site) 

This option involves purchasing Cameron Brine Pipeline and Caverns (Outside to the West of the WH Site). 
Cameron LNG is currently undergoing a cavern leaching process that utilizes a new brine pipeline. This 
may not be an immediate solution, based on the leaching operation currently being carried out. This option 
would not be able to be utilized for ~10-15 years due to the current leaching process.  

This option does not provide the assurance of the operability and maintainability of the pigging line in service 
to maintain the Level 1 drawdown rate, as required by the site. Also, this option does not meet the functional 
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requirement of this project to assure a method of cleaning the raw water pipeline while not injecting 
excessive quantities of raw water into the site storage caverns, as required by the site. 

Viability: No Further Analysis 

V. ALTERNATIVES ANALYSIS 

Based on initial analysis of the alternatives, the Options A, B, C, D, E, and G have been eliminated from 
further consideration. The remaining alternative F is examined below as alternative A. 

The below analyses provide the research and technical information gathered by the AoA Team. These 
analyses are not evaluative or comparative.  
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A. Settlement Pond 

This alternative would include replacing a portion of the existing 42-inch Carbon Steel pipeline WH-42-RW-
10494-A with a tie-in spool which contains a size reduction to 30-inch a branch take-off, to feed to the new 
pond area and a pair of interlocked control valves. The new 30-inch branch line will remain above ground 
just downstream of the new 30-inch block valve and then go underground, and run over to the pond area.  
The pipe will transition from Carbon Steen to DR11 HDPE immediately before going underground and 
immediately upon emerging on the settlement pond end. The 30-inch Carbon Steel pipe will be routed up 
to and through a pressure reducing device and eventually to empty into the new 60,000-barrel Settlement 
Pond via a diffuser. 

The Raw Water will exit the new Settlement Pond into the cavern WHC-110 surface drain through four 12-
inch outflows.  These outflows will exit through the containment area levee as Carbon Steel.  Outside the 
levee, there lines will include a flanged branch connection and a 12-inch 150# isolation valve.  The material 
transition will be made from 150# Carbon Steel to HDPE immediately after the 12-inch valve. The settlement 
pond located approximately 650 feet west of the pig launcher/receiver and south of Cavern 110. The pond 
is intended to contain, for settlement purposes, and release approximately 60,000 barrels of processed raw 
water. The pond outflows will discharge into the Cavern 110 drainage ditches, located on the east and west 
sides of the 110 cavern containment levee. The settlement pond will have a concrete floor extending up 
and over the top of the levee, to allow for cleaning of sediment. The geometry of the pond will also include 
a center structure and a series of spillover weirs to aid in the processing of the pigging water. 

Assumptions & Constraints 

 The West Hackberry site is able to launch a pig at the Raw Water Intake at a flow rate of approximately 
7000 GPM to 13,700 GPM using one intake pump. The Pigging line must be in a serviceable condition 
prior to and during a Level I drawdown. 

 Provides a permanent solution for cleaning the raw water pipeline while not compromising the brine 
system or injecting excessive quantities of raw water into the Site storage caverns. 

 Required Velocity Standards are followed per DOE Requirements for design of pipelines. 

 Required Layout and Installation Standards are followed per DOE Requirements for design of pipelines. 

 Design of the new Settlement Pond will treat and release approximately 50,000 barrels + of raw water 
(from RWIP). 

 Required DOE Electrical/Instrument Standards and vendor recommendations are met to avoid and 
remediate possible MOV Malfunction basis. 

 This option assumes installation of Partial Replacement of the existing 42-inch Pipe with a New 30-inch 
HDPE (underground) and CS (aboveground) pipeline segments routed to 60,000-barrel Settlement 
Pond for raw water, treatment and release scope. 

 Alternative F assumes the installation of WH-MM-1359 – Raw Water Injection Pumps Exercise Loop 
Project. 

Benefits & Effectiveness 

This alternative will allow for Pigging of the West Hackberry 42-inch Raw Water Pipeline, which is required 
to be performed on a periodic basis to assure the pipeline is clean and able to support the Level I Drawdown 
rate for West Hackberry. This alternative will allow enhancement of pigging operations as the raw water 
line can be cleaned out more frequently.  

Using this alternative will assure a permanent solution of cleaning the raw water pipeline while not 
compromising the brine system or injecting excessive quantities of raw water into the Site storage caverns. 

This alternative provides the assurance of the operability and maintainability of the pigging line in service 
to maintain the Level 1 drawdown rate, as required by the site. Also, this option allows meeting the functional 
requirement of this project to assure a method of cleaning the raw water pipeline while not injecting 
excessive quantities of raw water into the Site storage caverns, as required by the site. 
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Figure 1 – Partial Replacement of Existing 42-inch Pipe and 60,000-barrel Settlement Pond 
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Risk & Mitigation Factors 

There are associated risks with the Partial Replacement of the existing 42-inch Pipe with a New 30-inch 
HDPE (underground) and CS (aboveground) pipeline segments routed to 60,000-barrel Settlement Pond 
for raw water, treatment and release option. The risks include cost, scheduling, availability, and installation. 
The table below summarizes the risks with the correlating mitigation strategy. The table also describes the 
likelihood of occurrence at the site, along with how great of an impact the event would cause if it were to 
occur. 

Risk and Mitigation Strategies for Settlement Pond 

Risks Mitigation Strategy 
Likelihood – 

Impact 
Risk Code 

Under-estimated cost 
Make sure all possible project costs have been analyzed in 
the life cycle cost analysis. 

Low – Low 
Low Risk 
Hazard 

Pipeline outage for 
installation 

To avoid taking a pipeline outage for the installation, hot 
tap and stopple can be used access the pipeline while the 
cleaning is maintained through the bypass. The 30 Inch. 
HDPE&/CS Pipe can be pre-fabricated and flanges 
installed on existing pipeline. 

Low – High 
Low Risk 
Hazard 

Hot Tap equipment un-
available 

Procure contractor and schedule work in advance to avoid 
delays with hot tap equipment availability. 

High – High 
High Risk 
Hazard 

HDPE/CS Pipe un-available 
Procure contractor and schedule work in advance to avoid 
delays Piping availability. 

Low – High 
Low Risk 
Hazard 

HDPE Pipe Underground 
Layout & Deflection 

Ensure project has looked at and avoided all possible 
underground obstacles and meets appropriate HDPE Pipe 
Standards to address safe and functional layout. 

Medium – High 
Medium Risk 

Hazard 

HDPE Pipe Leakage/Bursts 

Ensure project has looked at and avoided all possible 
causes for leaks and burst scenarios and meets 
appropriate HDPE Pipe Standards to address Pipeline 
Safety. 

Low – High 
Low Risk 
Hazard 

MOV Malfunction 
Ensure project meets appropriate Electrical /Instrument 
Standards and vendor recommendations to avoid and 
remediate possible MOV Malfunction basis 

High – High 
High Risk 
Hazard 

Environmental Impacts due 
to Settlement Pond 
Construction 

Ensure project performs required Environmental Due 
Diligence & obtain necessary Permits. 

Low – High 
Low Risk 
Hazard 

Environmental Impacts due 
to Settlement Pond 
Operation 

Ensure required Pond Design is per required standards, 
and sampling and disposal, Emergency Action plan is in 
place based on Environmental Due Diligence & necessary 
Permits. Provide SOP & Operator Training. Provide 
Cleaning &Maintenance requirements 

High – High 
High Risk 
Hazard 

Safety Incidents during 
Project Construction. 

Ensure project meets appropriate Federal & Industry 
Safety Standards during construction phase. 

High – High 
High Risk 
Hazard 
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VI. ALTERNATIVE SELECTION 

List of Alternatives – Studied Alternatives 

A. Settlement Pond 

This alternative provides the assurance of the operability and maintainability of the Pigging Line in service 
to maintain the Level 1 drawdown rate, as required by the site. Also, this option allows meeting the functional 
requirement of this project to assure a method of cleaning the raw water pipeline while not injecting 
excessive quantities of raw water into the Site storage caverns, as required by the site. 

Comparison of Alternatives 

Core Team Member Ratings 

  

Constructability 
During Ongoing 
Oil Deliveries 

Safety During 
Construction 

Ease of Operations Ease of Maintenance Sustainability 

Most Important Most Important Most Important Important Less Important 

A
lt

e
rn

a
ti

v
e
 A

 

Good Excellent Excellent Excellent Good 

Good Excellent Excellent Excellent Good 

Excellent Excellent Excellent Excellent Excellent 

 

Cost Comparison 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $24,624,027 $24,747,000 

Recommended Alternative 

A. Settlement Pond 

Based on the screening process led by the Core Team Members that reviewed seven possible alternatives, 
Alternative A was the only viable alternative selected to be studied that would meet the mission need and 
functional requirements.  Therefore, Alternative A is the recommended preferred alternative. 



WH-MM-1100, WH-MM-1100A 

 

Replace WHT-1 Flush Water and WHT-10 Seal Flush Tanks 
(Install and Government Furnished Equipment) 

 

VCI Project Engineer: Jason McCrossen 

 

Recommended Alternative: 

This project is in progress to issue as Approved for Construction (AFC) 

 

Analysis of Alternatives 
Life Extension 2 

US Department of Energy 
Strategic Petroleum Reserve 
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I. PROJECT CONCEPT 

Mission Need 

Tank WHT-10 stores potable or well water for bearing cooling and seal flush to the raw water injection 
pumps WHP-526, WHP-527, WHP-528, WHP-529, WHP-530, WHP-531, WHP-532 and the brine disposal 
day pumps WHP-519, WHP-520, WHP-521 AND WHP-522 via pumps WHP-533 and WHP-534. Tank 
WHT-1 stores city water, raw water, or well water for flush water pumps WHP-524 and WHP-525. The seal 
flush water system is critical for the drawdown and fill operations. The pressure of the seal flush water has 
to overcome the pumped pressure for injection into seals. A reliable supply of seal flush water is essential 
for pump operation. The useful life of the existing tank is coming to an end. Due to the age of the tanks, 
deterioration of the interior linings, the settlement of the tanks below grade, and the cost for a local confined 
space rescue team during a six-week repair schedule, make the refurbishment of the tanks cost prohibitive. 

Functional Requirements 

VCI has reviewed several options for replacing these tanks and has decided on using a total of 4 Fiberglass 

Reinforced Plastic (FRP) Tanks, three nominal 750 barrel (BBL) tanks to replace WHT-1 and one nominal 

750 BBL tank for WHT-10. These tanks will be nominally 14’W x 30’H and will share a single reinforced 

concrete pad surrounded by bollards for impact protection. A header will connect the three WHT-1 tanks to 

keep uniform flow during filling and cavern flushing procedures. Tanks will be constructed of polyester resin 

industrial grade with a white exterior gel-coat filament wound construction. Current availability is delivery in 

10-16 weeks from order. The nominal 14’ diameter allows for less expensive shipping cost and more 

importantly, seamless tanks. Tanks can be shipped in on a standard 53’ tractor trailer.  

Three nominal 750 BBL tanks will provide a total of 2,250 BBL of water for WHT-1A, WHT-1B, and WHT-
1C which is sufficient for a total of three string flushes with a contingency. After discussing with the site 
operators, it is not necessary to keep the same 7000 BBL WHT-1 quantity. Three string flushes will be 
adequate and will allow time to refill WHT-1A, WHT-1B, and WHT-1C if a fourth string flush is required.  

 
WHT-10 will be a single nominal 750 BBL tank, which is more than the existing 350 BBL tank. During the 
kickoff meeting held on site, it was discussed that the flow rate can be an issue when all seven (7) raw 
water injection pumps are operating. VCI is also recommending replacing the impellers in pumps WHP-
533, WHP-534, and spare. This will increase the head pressure and volume of water to supply all 7 raw 
water injection pumps during drawdown. Therefore, additional capacity has been added. All work and 
design will be in accordance with standard DOE SPR specifications. 
 
These FRP tanks will be constructed to the local wind load and seismic specifications and will have a 20-
year life expectancy. Tanks will be designed to withstand a 160 mph wind load when empty. Each tank will 
have a 24” manway for inspection and cleaning and an 8” inspection hatch on the top of the tank with egress 
provided by a caged ladder on each tank.  Nozzle size and height will be determined during detailed design. 
No lines will be insulated. In lieu of insulation, low point drains will be used for freeze protection. 

 
The new tanks will move slightly from their existing locations. This will allow for minimum down time during 
construction. WHT-1 and WHT-10 will share a pad on the south side of the existing cable tray in the open 
field. All existing pumps to remain in place at current locations. 

 
Demolition of existing WHT-1 and WHT-10 to be done after new tanks are installed and ready for piping 
connections. System downtime not to exceed 13 days. 

II. PROCESS 

Alternatives Analysis Plan 

The Analysis of Alternatives (AoA) Process Plan is not applicable to projects with detailed design packages 
issued to DOE as Approved for Construction (AFC). 
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This document outlines completed design Scope of Work for WH-MM-1100, 1100A. 

100% Detailed Design for WH-MM-1100, 1100A is in progress but has not yet been issued as AFC at the 
time of this Analysis. 

III. SELECTION CRITERIA 

Formal selection criteria are not applicable to projects with detailed design packages issued as AFC. 

IV. ALTERNATIVES IDENTIFICATION 

Alternative Identification is not applicable to projects with detailed design packages issued as AFC. 

V. ALTERNATIVES ANALYSIS 

Alternative Analysis is not applicable to projects with detailed design packages issued as AFC. 

The AFC detailed design identified and outlined the following scope of work:   

 Replace existing 7,000 BBL carbon steel flush water tank WHT-1 which has reached its life expectancy.  
The replacement must have a storage capacity capable of performing three string flushes with an added 
contingency.  The total volume needed is estimated at 2,250 BBL. 
 

 Replace existing 350 BBL carbon steel fresh water tank WHT-10 which has reached its life expectancy.  
The replacement capacity will be 750 BBL to increase the head pressure to fresh water seal flush and 
bearing cooling pumps WHP-533 and WHP-534.    
 

 Increase the head pressure and the flow rate in the fresh water seal flush and bearing cooling line to 
accommodate all seven (7) raw water injection pumps operating simultaneously. This will be 
accomplished by increasing the size of WHT-10 from 350 BBL to 750 BBL, by raising the base of WHT-
10 two feet above existing grade, and by increasing the size of the impellers on pumps WHP-533, 
WHP-534 and the spare pump. 

 

 Replace both string flush pumps and motors (WHP-524 and WHP-525). Verify pumps are meeting 

string flush requirements and operating in the most efficient portion of the pump curve. Verify motors 

meet required horsepower specifications.  

 

 Build new pump pad South of existing cable tray and North of new proposed tank pad. This new pump 

pad will support all four pumps (WHP-533, WHP-534, WHP-524, and WHP-525) 

 Replace all MOV valves with new valves and instrumentation. 
 

 Backfill sites of demolished tanks WHT-1 and WHT-10.   
 

 Raw water will no longer be used to supply WHT-1 or WHT-10.  Reroute all other piping to new tank 
locations. 
 

 Integrate level alarms of new tanks into existing control system. 
 

 Properly illuminate the site to mitigate safety concerns when working around the new tank locations at 
night. 

 

 Paint all tanks, pumps and motors and skids. Paint all piping and pipe racks, including cable trays and 

supports between the influent and pumps for the WHT-1 and WHT-10 system. 
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 Re-write Operation Manuals for new tanks, pumps, and motors.  

VI. ALTERNATIVE SELECTION 

Alternative Selection is not applicable to projects with detailed design packages issued as AFC. 

WH-MM-1100, 1100A Scope of Work is outlined in Section V.: Alternatives Analysis of this document. 

 
AFC Cost 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

WH-MM-1100, 1100A $2,591,929 $2,664,380 
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I. PROJECT CONCEPT 

Mission Need 

The existing valve station access is a safety concern and involves climbing over rip rap laid along the banks 
of the Gulf Intracoastal Waterway (GIWW). During low tide, it becomes more difficult to reach the access 
points along the bank of the GIWW. The existing bulkhead at Valve Station WH-2 access point is in need 
of repair due to extreme corrosion of the bulkhead and access ladder. Valve Station WH-4 access requires 
travel through the Vinton Ditch which has silted in over the years and becomes impassable during low tide 
events. Valve Station WH-5 access along the GIWW shoreline has eroded and silted in near the shoreline 
and has become difficult to navigate by boat during low tide. In addition, the United States Army Corps of 
Engineers constructed shoreline erosion protection in the form of rip-rap along the banks of the GIWW. 
Access to Valve Station WH-5 requires walking over the rip-rap to access the Valve Station. This has 
become a safety issue 

Functional Requirements 

Provide enhanced access to Valve Stations WH-2, WH-4, WH-5, WH-6, and WH-11. This will involve 

constructing elevated walkways with boat landings with navigation aid lighting for safety.    

II. PROCESS 

Alternatives Analysis Plan 

The Analysis of Alternatives (AoA) Process Plan is not applicable to projects with detailed design packages 
issued to DOE as Approved for Construction (AFC). 

This document outlines completed design Scope of Work for WH-MM-1144. 

III. SELECTION CRITERIA 

Formal selection criteria are not applicable to projects with detailed design packages issued as AFC. 

IV. ALTERNATIVES IDENTIFICATION 

Alternative Identification is not applicable to projects with detailed design packages issued as AFC. 

V. ALTERNATIVES ANALYSIS 

Alternative Analysis is not applicable to projects with detailed design packages issued as AFC. 

The AFC detailed design identified and outlined the following scope of work:   

Valve Station WH-2 Access 

 Remove davit crane from existing bulkhead landing along with anchor bolts; leave the concrete pad in 
place; recycle all metals in accordance with the contract documents. 

 Construct a timber pile foundation to support a galvanized metal walkway, which shall be extended out 
approximately 30 feet towards the water from the existing sheet pile bulkhead near the shoreline. 
Construct a walkway of galvanized steel grating, channels, and angles complete with handrails. 
Construct a boat landing at the water’s edge of the walkway for docking boats. Provide handrails and 
bumpers for safety.  
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 Construct an aggregate walking path approximately 605’ in length starting at the walkway landing and 
ending at WH-2 valve site. The gravel walking path shall be 6’ wide, with a layer of filter cloth, and 6” 
minimum aggregate surfacing. The walking path shall not be installed until all heavy work is completed.  

Valve Station WH-4 Access 

 Construct a timber pile foundation to support a galvanized metal walkway, beginning near the mouth of 
the Vinton Ditch and running at an angle of approx. 60o towards WH-4, to the pipeline Right-of-Way 
(ROW). Construct a walkway of galvanized steel grating, channels, and angles complete with handrails. 
Construct a boat landing at the water’s edge of the walkway for docking boats. Provide handrails and 
bumpers for safety. 

 Construct an aggregate walking path approximately 150’ in length, starting at the walkway landing, and 
ending at the pipeline ROW. The gravel walking path shall be 6’ wide, with a layer of filter cloth, and 6” 
minimum aggregate surfacing. The walking path shall not be installed until all heavy work is completed.  

 Stair landing pad shall be minimum 3000 psi concrete with a light broom finish and all edges to have 
¾” 45° chamfer. Backfill under foundation shall be in accordance with Specification 02222. 

Valve Station WH-5 Access 

 Using the existing Colonial Pipeline crossing, east of the pipeline, construct a timber pile foundation to 
support a galvanized metal walkway, which shall extend out approximately 43 feet from the rip-rap near 
the shoreline. Construct walkway of galvanized steel grating, channels, and angles complete with 
handrails. Construct a boat landing at the water’s edge of the walkway for docking boats. Provide 
handrails and bumpers for safety.  

 Construct an aggregate walking path approximately 427’ in length starting at the walkway landing and 
ending at WH-5 valve site. The gravel walking path shall be 6’ wide, with a layer of filter cloth, and 6” 
minimum aggregate surfacing.  The walking path shall not be installed until all heavy work is completed.  

 Stair landing pad shall be minimum 3000 psi concrete with a light broom finish and all edges to have 
¾” 45° chamfer. Backfill under foundation shall be in accordance with Specification 02222. 

Valve Station WH-6 Access 

 Construct an aggregate walking path approximately 476’ in length starting at the shore and ending at 
WH-6 valve site. The gravel walking path shall be 6’ wide, with a layer of filter cloth, and 6” minimum 
aggregate surfacing.   

Valve Station WH-11 Access 

 Construct an aggregate walking path approximately 244’ in length, starting at the shore, and ending at 
WH-11 valve site. The gravel walking path shall be 6’ wide, with a layer of filter cloth, and 6” minimum 
aggregate surfacing. 

VI. ALTERNATIVE SELECTION 

Alternative Selection is not applicable to projects with detailed design packages issued as AFC. 

WH-MM-1144 Scope of Work is outlined in Section V.: Alternatives Analysis of this document. 

 
AFC Cost 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

WH-MM-1144 $1,804,549 $1,858,551 
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I. PROJECT CONCEPT 

Mission Need 

Repair/replace the roofing system on the Control Center Building 301, the Brine Motorized Control Center 
(MCC) Building 317 and the Lake Charles Meter Station (LCMS) Building 320. The roofing system on the 
Control Center Building 301, the Brine Motorized Control Center (MCC) Building 317 and the Lake Charles 
Meter Station (LCMS) Building 320 are beyond their normal service life cycle and leaking. This project will 
prevent current water intrusion issues due to deterioration of polyurethane foam base and acrylic top coat 
roof system. The mentioned buildings contain sensitive control systems, security and electrical systems, 
and personnel which must be protected from water damage and the elements.  

Functional Requirements 

Requirements are outlined in the DOE Management Program Order, SPRPMO O433.1A, and Contractor 
Requirement Document (CRD). 

 Maintain real property assets in a manner that promotes operational safety. 

 Provide for worker health and safety. 

 Environmental protection and compliance, DOE Cool Roof initiatives and methods shall be used. 

 Property preservation and required maintenance. 

II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for selection of the preferred alternative has 
been standardized for all AoA’s and is detailed in Volume 1 of this Conceptual Design. 

Alternative Analysis Team Members 

 Core Team Members 

 Claudia Carroll DOE, Systems Engineer 
 Corb Elsbury VCI, Project Engineer 
 Marc Gross FFPO, Manager Design Engineering 

 Team Members 

 Patrick Shepherd DOE, Project Engineer 
 Levi Gabre DOE, General Engineer 
 Roland A. Alpha VCI, Architect, N.C.A.R.B.  
 Rachel Gray VCI, Process Engineer 
 Tim Croxdale FFPO, West Hackberry Site Director 
 Steve Sleeman FFPO, Sr. Site Maintenance Engineer 
 Ken Swanson FFPO, Manager Site Operations 
 Robert Bowles FFPO, Manager Site Construction 
 Justin Rye FFPO, Construction Field Specialist 

III. SELECTION CRITERIA 

The AoA Team determined the below listed criteria as relevant to the Analysis of Alternatives. Once 
alternatives are analyzed by the AoA Team, these criteria are used to evaluate and select a recommended 
preferred alternative.   
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Sustainability  

The selected alternative when implemented will be able to achieve DOE Sustainability goals for energy 
consumption as outlined in the Strategic Sustainability Performance Plan. 

Weight: Most Important 

Safety During Construction  

The selected alternative when implemented will be able to be constructed safely and operated safely. Ability 
to address Safety and Security concerns during implementation. Safety is of greatest concern. 

Weight: Most Important 

Security During Construction  

The selected alternative when implemented will be able to be constructed with minimal to zero impacts to 
Site Security detection systems. 

Weight: Most Important 

Ease of Maintenance 

The selected alternative is similar in nature to existing equipment resulting in commonality of similar 
systems for future maintenance and sparing consideration. 

Weight: Important 

Constructability During On-Going Oil Deliveries  

The selected alternative is able to be implemented with little or no impact to on-going oil delivery operations. 

Weight: Less Important 

Ease of Operations  

The selected alternative when implemented will result in a system that is able to be operated without 
significant additional training and is similar to existing systems and equipment. 

Weight: Less Important 

IV. ALTERNATIVES IDENTIFICATION 

List of Alternatives 

The below listed alternatives are considered for analysis. Initial screenings conducted by the AoA Team 
determine the viability of each alternative. 

A. Status Quo 

Continue to attempt repair as needed. Building 301 houses the Central Control Room, ADAS, and electrical 
and communication equipment that must be protected from water damage. Buildings 317 and 320 house 
electrical equipment that must be protected from water damage.  

Viability: No Further Analysis 

B. Repair/Replace the Roofs on Buildings 301, 317, and 320 (Polyurethane Foam Base, Acrylic 
Top Coat) 

Repair the roofs of these buildings by applying polyurethane foam base and acrylic top system. Building 
301 requires removal of the existing membrane, roof cleaning, and removal of all loose material from the 
original roof; this building will also require walk pads around the perimeter and across the top of the roof for 
access during security exercises. Building 317 requires cleaning and removal of all loose material from 
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original roof then application of polyurethane foam directly onto the concrete roof deck. Building 320 
requires cleaning and subsequent application of polyurethane foam with coating directly onto the metal roof 
deck.  

Viability: Continue Analysis 

C. Repair/Replace the Roofs on Buildings 301, 317 and 320 (New Metal Panel Roof System). 

Repair the roofs of these buildings by applying new roof system. Building 301 requires installment of hip 
roof truss system and insulated metal roof panels attaching to new truss system. Buildings 317 and 320 
require removal of the existing polyurethane foam membrane roofing down to the original base roof 
substrate on which the polyurethane foam roof system was applied.  

Viability: Continue Analysis 

V. ALTERNATIVES ANALYSIS 

Based on initial analysis of the alternatives, alternative A is eliminated from further consideration.  The 
remaining alternatives, B and C are examined below as alternatives A and B, respectively. 

The below analyses provide the research and technical information gathered by the AoA Team. These 
analyses are not evaluative or comparative.  
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A. Repair/Replace the Roofs on Buildings 301, 317, and 320 (Polyurethane Foam, 
Acrylic Top Coat System) 

Building 301 is a steel structured building with flush and bypass girts for the wall structure. The exterior 
building panels are ~2” thick insulated pre-finished sandwich type panels with tongue and groove vertical 
joints. The roof structure is a combination of trusses and bar joists with a metal deck. The roof system 
consists of the original insulated deck with a wearing surface with a built-up roof system. Two (2) inch 
urethane foam, with a top coating, assumed to be a silicone type, was applied over the built-up roof system 
as a separate project. The urethane roof coating system has deteriorated to the point of leaking, in addition 
to some deterioration of the actual urethane base insulation.   

Repair to the Building 301 roof top (~11,900 sf.) consists of removing all roofing system components down 
to the original structural metal deck. Clean the existing roof in accordance with the original manufacturer’s 
urethane roof system, including, but not limited to pressure washing with water and scarfing of roof surface. 
Repair any damaged metal deck by replacement of deck components and (or) coating of rusted deck areas 
(not rusted through) with an approved zinc rich paint. Install new tapered insulated roof system with wearing 
sheathing on top to receive the new roof system. Slope insulated roof system to existing roof drains. Install 
new polyurethane roof system (cool white ceramic in color) and apply new acrylic top coating in 
conformance with manufacturer’s instructions. Additionally, install individual maintenance walkpads (~70) 
evenly spaced around the entire perimeter of the finished roof system, ~6’ x 2’ wide for security exercises 
performed on the roof of the building. The manufacturer shall be informed of the type and frequency of 
these exercises occurring on the roof so that this activity can be included in the roof warranty. 

Building 317 is a combination of concrete masonry units (CMU) and steel framing with a vented metal deck 
system, covered with concrete topping fill, ~2” of urethane and coated with what is presumably a silicone 
coating. The roof is in need of recoating, but appears to be in serviceable condition.   

Repair of Building 317 (~784 sf.) consists of removal of all roofing systems down to the original structural 
concrete top filling and vented metal deck. Cleaning of existing roof in accordance with the original 
manufacturer’s roof system, including, but not limited to pressure washing with water. Repair any damaged 
concrete top fill and metal decking and recoat with ~2” of urethane with a white ceramic cool roof color and 
apply an acrylic topcoat.  

Building 320 is a pre-engineered steel frame structure with a metal roof system on steel purlins. 

Approximately 2” of urethane with a reflective coating, has been applied over the existing metal roof. 

Repair of the Building 320 (~1200 sf.) rooftop consists of removal of all urethane roofing insulation down to 
the original metal roofing system; cleaning of existing roof in accordance with the original manufacturer’s 
urethane roof system, including, but not limited to pressure washing with water. Scarfing should not be 
required, unless specifically recommended by manufacturer. Apply ~2" of urethane insulating foam with a 
white ceramic cool roof color and an acrylic topcoat.  

Repair of the roofs consists of applying a urethane foam with an acrylic top coating. Preparation of existing 
surfaces and installation of new components shall be performed in accordance with the manufacturer's 
instructions.  

Remove and reinstall all lightening protection devices that are in the way of the repair and recoating of the 
roof systems for all (3) three buildings. 

Assumptions & Constraints 

Assumptions: 

 Employee displacement may be longer than anticipated; operations affected. 

 Roof replacement/construction shall be planned during historically dry months; work crews are 
scheduled to finish at an accelerated rate. 

 Original roof manufacturer’s warranty is out of date. 
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Constraints: 

 Construction effects on operations (Building 301).  

Benefits & Effectiveness 

Replacing the current roofs on Buildings 301, 317, and 320 with polyurethane foam ensures improvement 
of the roofs life cycle and protects the interior from potential water damage events; requirements described 
in DOE Management Program Order, SPRPMO O433.1A. are satisfied by repair. The items below 
summarize the benefits/effectiveness and mission need items addressed of replacing the mentioned roofs 
on the West Hackberry site. 

 Repaired roofs shall provide for improved maintenance and significantly enhanced performance; the 
leaking will stop. 

 Walkways allow for safer security exercises on site, provides for optimal security protection postures. 

 Removes unserviceable roofing material where degradation has occurred. 

 Protects very valuable equipment inside buildings, some that are drawdown critical. 

 Newly applied roof coatings assure a manufacturer’s warranty in place over the next ten (10) years. 

 Foam removal/application shall require very temporary employee relocation. 

Risk & Mitigation Factors 

Some potential risks associated with replacing the roofs on Buildings 301, 317 and 320 include a potential 
work interruption of key systems, temporary employee displacement during construction, and potential 
safety issues during installation. The table below summarizes mentioned risks with a correlating mitigation 
strategy. The table describes the likelihood of occurrence at the site along with how great of an impact the 
event would cause if it were to occur.   

Risk and Mitigation Strategies for Repair/Replacing Roofs on Bldgs. 301, 317, and 320 
(Polyurethane Foam, Acrylic Coating)  

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Potential work interruption of key site 
communication systems. 

Close coordination with site personnel and 
contractor work plan development. 

High - High 
High Risk 
Hazard 

Temporary employee and system 
displacement during construction. 

Develop a temporary work space plan for all 
affected employees prior to construction. 

Low - High 
Low Risk 
Hazard 

Potential safety hazards involved when 
installing new roof systems site. 

The contractors shall prepare a Job Hazard 
Analysis and the site shall brief employees on 
site near the work or installation.  

Medium - Medium 
Medium Risk 

Hazard 
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B. Repair/Replace the Roofs on Buildings 301, 317 and 320 (New Metal Panel Roof 
System) 

Building 301 is a steel structured building with flush and bypass girts for the wall structure. The exterior 
building panels are ~2” thick insulated pre-finished sandwich type panels with tongue and groove vertical 
joints. The roof structure is a combination of trusses and bar joists with a metal deck. The roof system 
consists of the original insulated deck with a wearing surface on a built-up roof system. Two (2) inch 
urethane foam, with a top coating, assumed to be a silicone type, was applied over the built-up roof system 
as a separate project. The urethane roof coating system has deteriorated, in addition to some deterioration 
of the actual urethane base insulation.   

Repair to Building 301 rooftop (~11,900 sf.) consists of repair to all dents and holes in the existing urethane 
roof system at roof drains, parapets, curbs, any roof penetrations, and damaged areas in the coating 
system. Use manufacturer’s approved repair methodology before installing a hip roof truss system spanning 
from exterior wall to exterior wall with intermediate supports over existing trusses/column lines. The new 
roof truss system and insulated roof panels shall be in conformance with International Building Code (IBC) 
requirements for wind uplift in the West Hackberry area. Furnish and install a new insulated roof panel 
system attaching to the new truss system, concealed fastener type (white color to meet cool roof reflective 
requirements) with all necessary roof flashing and accessories. Furnish and install new 22 gauge pre-
finished gutters and downspouts (match existing location style). Roof panels shall be a minimum of 2.75” 
thick with a Kynar color finish with a clear urethane topcoat. Roof finish shall carry a 20 year “no dollar limit” 
warranty (NDL) for finish failure and rust through.  

Building 317 roof is a combination of concrete top fill and a vented metal decking roof system, covered with 
~2” of urethane and coated with what is presumably a silicone coating. The roof appears to be in serviceable 
condition.   

Repair of Building 317 (~784 sf.) consists of removing the existing roof system down to existing concrete 
top fill/vented metal deck and installing new treated wood sleepers perpendicular to slope of roof deck, 
creating a run-off; the roof is currently flat. Furnish and install a new insulated roof panel system, concealed 
fastener type (white color to meet cool roof reflective requirements) with all necessary roof flashing and 
accessories. Insulated roof panel system shall be in conformance with IBC wind uplift requirements for the 
West Hackberry area. Furnish and install new 22 gauge pre-finished gutters and downspouts (match 
existing location style). Roof panels shall be a minimum of 2.75” thick with a Kynar color finish with a clear 
urethane topcoat.  Roof finish shall carry a 20 year “no dollar limit” warranty (NDL) for finish failure and rust 
through. 

Building 320 is a pre-engineered steel frame structure with a metal roof system on steel purlins. 
Approximately 2” of urethane with a reflective coating, has been applied over the existing metal roof. 

Repair of Building 320 (~1200 sf.) rooftop shall consist of removal of all urethane roofing insulation and 

metal roof deck before installing new insulated metal roof panels. Roof panels shall be a minimum of 

2.75” thick with a Kynar color finish with a clear urethane topcoat and shall carry a 20 year “no dollar limit” 

warranty (NDL) for finish failure and rust through. Furnish and install new 22 gauge pre finished gutters 

and downspouts (match existing locations). 

Lightning protection on all (3) three buildings will require new components (conductors and fasteners) due 
to metallurgy characteristics of the suggested metal roof panels and existing copper components.  

Preparation of existing surfaces and installation of new components shall be performed in accordance with 
the manufacturer's instructions. 

Assumptions & Constraints 

Assumptions: 

 Employee displacement may be longer than anticipated; operations affected. 

 Roof replacement/construction shall be planned during historically dry months; work crews are 
arranged to finish at an accelerated rate. 
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Constraints: 

 Construction effects on operations (Building 301).  

Benefits & Effectiveness 

Replacing the current roofs on Buildings 301, 317, and 320 with a new roof system ensures significant 
improvement of the roofs life cycle and protects the interior from potential water damage events; 
requirements described in DOE Management Program Order, SPRPMO O433.1A. are satisfied by 
replacement. The items below summarize the benefits/effectiveness and mission need items addressed of 
replacing the mentioned roofs on the West Hackberry site. 

 New roofs will provide for improved maintenance and significantly enhanced performance; the leaking 
will stop. 

 Walk pads allow for safe security exercises on site, provides for optimal security protection postures. 

 Removes unserviceable roofing material where degradation has occurred. 

 Protects very valuable equipment inside buildings, some that are Drawdown critical. 

 New roofs assure a new manufacturer’s warranty in place.  

 Urethane roof systems are maintenance intensive and require costly upkeep to maintain the 
manufacturer’s warranty. 

Risk & Mitigation Factors 

Some potential risks associated with replacing the roofs on Buildings 301, 317 and 320 include a potential 
work interruption of key systems, temporary employee displacement during construction, and potential 
safety issues during installation. The table below summarizes mentioned risks with a correlating mitigation 
strategy. The table describes the likelihood of occurrence at the site along with how great of an impact the 
event would cause if it were to occur.   

Risk and Mitigation Strategies for Repair/Replacing Roofs on Bldgs. 301, 317, and 320 (New 
Metal Panel Roof System) 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Potential work interruption of key site 
communication systems. 

Close coordination with site personnel and 
contractor work plan development. 

High - Medium 
Medium Risk 

Hazard 

Temporary employee and system 
displacement during construction. 

Develop a temporary work space plan for all 
affected employees prior to construction. 

High - Medium 
Medium Risk 

Hazard 

Potential safety hazards involved when 
installing new roof systems site. 

The contractors shall prepare a Job Hazard 
Analysis and the site shall brief employees on 
site near the work or installation.  

Medium - Medium 
Medium Risk 

Hazard 
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VI. ALTERNATIVE SELECTION 

List of Alternatives – Studied Alternatives 

A. Repair/replace the roofs on Buildings 301, 317, and 320 (Urethane Foam, Acrylic Top Coating) 

Repair the roofs Buildings 301, 317 and 320 by of applying urethane foam with an acrylic top coating.  

B. Repair/Replace the roofs on Buildings 301, 317, and 320 (New Metal Panel Roof System) 

Repair/replace buildings 301, 317 and 320 by applying a new roof system.  

Comparison of Alternatives 

Core Team Member Ratings 

 
Sustainability Safety During 

Construction 
Security During 
Construction 

Ease of 
Maintenance 

Constructability 
During Ongoing 
Oil Deliveries 

Ease of 
Operations 

Most Important Most Important Most Important Important Less Important Less Important 

A
lt

e
rn

a
ti

v
e
 A

 Good Excellent Excellent Adequate Excellent Excellent 

Good Excellent Excellent Adequate Excellent Good 

Adequate Good Excellent Marginal Excellent Excellent 

A
lt

e
rn

a
ti

v
e
 B

 Excellent Excellent Excellent Excellent Excellent Excellent 

Excellent Excellent Excellent Excellent Excellent Excellent 

Excellent Good Excellent Good Excellent Excellent 

 

Cost Comparison 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $1,268,329 $2,389,067 

Alternative B $2,522,110 $2,545,739 

Recommended Alternative 

B. Repair/Replace the roofs on Buildings 301, 317, and 320 (New Metal Panel Roof System) 

Based on the technical evaluation of the Core Team Members, Alternative B was clearly rated equal or 
superior on all evaluation criteria.  While the initial cost of Alternative B is significantly higher than Alternative 
A, the expected maintenance and ultimate replacement (again) of the roofs in Alternative A lead to higher 
costs over the 25-year design life. Given a far superior sustainability rating and life cycle maintenance 
profile for the metal roofs in Alternative B coupled with the roughly equivalent life cycle costs, the increased 
initial investment is justified. Therefore, Alternative B is the recommended preferred alternative. 
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I. PROJECT CONCEPT 

Mission Need 

The existing emergency generator at Lake Charles Meter Station (LCMS) operates on propane. This project 
proposes to replace the propane fuel source (tank) with a new underground natural gas line to the 
generator. Negotiations with Center Point Energy are arranged to install a new 2” line from their pipeline to 
the battery limits of the LCMS; a separate contractor will install a 2” line from the new natural gas line to the 
emergency generator. 

Functional Requirements 

 Eliminate inherent safety, maintenance and operational issues with the large propane tank. 

 Eliminate security issues regarding large above ground fuel storage. 

 No further consideration of diesel or gasoline alternatives; storage issues would remain with these 
options. 

 Below-grade pipe installation.    

II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for Go/No Go Projects has been standardized 
for all Go/No Go AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 

Alternative Analysis Team Members 

 Core Team Members 

 Claudia Carroll DOE, Systems Engineer 
 Corb Elsbury VCI, Project Engineer 
 Marc Gross FFPO, Manager Design Engineering 

 Team Members 

 Patrick Shepherd DOE, Project Engineer 
 Levi Gabre DOE, Site General Engineer 
 Rachel Gray VCI, Process Engineer 
 Corey Jacob VCI, Civil Engineering Designer 
 Timothy Croxdale FFPO, West Hackberry Site Director 
 Steve Sleeman FFPO, Sr. Site Maintenance Engineer 
 Kenneth Swanson FFPO, Manager Site Operations 
 Robert Bowles FFPO, Manager Site Construction 
 Justin Rye FFPO, Construction Field Specialist 

III. SELECTION CRITERIA 

Formal selection criteria will not be applicable in a Go/No Go Project. 

IV. ALTERNATIVES IDENTIFICATION 

Alternatives Identification is not applicable in a Go/No-Go Project. 
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V. ALTERNATIVES ANALYSIS 

The meter prover emergency generator fuel source (propane tank) will continue to be a safety, maintenance 
and operational hazard due to large pressure vessel fuel storage characteristics which are the nature of the 
Functional Requirements identified for this project. Protection forces must continue to account for this large, 
above grade fuel vessel on SPR property when doing security assessments. 

The below analyses provide the research and technical information gathered by the AoA Team.  
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A. Replace Fuel Source at the LCMS (WHEG-5) 

Replace the propane fuel source (above ground tank) at LCMS with a new underground natural gas line to 
the meter prover emergency generator. Negotiations with Center Point Energy are arranged to install a new 
2” line from their pipeline to the battery limits of the LCMS; a separate contractor will install a 2” line from 
the new natural gas line to the emergency generator. 

 

Figure 1 – Proposed Gas Line for Generator 

Assumptions & Constraints 

Assumptions: 

 Center Point Energy will extend their gas line and grant Government access. 

 Existing generator will fit up for natural gas. 

 Current generator output will not be affected by the alternative fuel source (natural gas). 

Constraints: 

 Security perimeter fence removal during gas line installation will necessitate short term Protective Force 
involvement. 
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Benefits & Effectiveness                              

Replacing the fuel source (WHEG-5) at the LCMS located in Carlyss, LA, approximately 18 miles from West 
Hackberry, Louisiana, solves multiple concerns and enables a stable, safe and efficient fuel source to the 
meter prover emergency generator.  The items below summarize the benefits/effectiveness and mission 
need items addressed of replacing the LCMS propane tank at the LCMS. The items below summarize the 
benefits/effectiveness and mission need items addressed of replacing the fuel source at LCMS. 

 The issue of large, above ground storage is eliminated, a safety concern. 

 A natural gas line below grade provides for a safer, maintenance free alternative. 

 Protection Force may remove the large, pressurized fuel storage tank at LCMS from their vulnerability 
assessment. 

 Removes the large pressure storage vessel from service; underground gas lines are exponentially safer 
for employees. 

 Below grade natural gas eliminates special considerations presented by possible diesel and/or gasoline 
fuel supply sources. 

Risk & Mitigation Factors 

Some potential risks associated with replacing the LCMS propane tank include a potential interruption of 
fuel source to the emergency generator during construction, potential reduction in security postures during 
construction, and potential safety issues during installation. The table below summarizes mentioned risks 
with a correlating mitigation strategy.  The table describes the likelihood of occurrence at the site along with 
how great of an impact the event would cause if it were to occur.   

VI. Risk and Mitigation Strategies for Replacing the Fuel Source at LCMS 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

VII. Potential work interruption of fuel 
source to emergency generator. 

VIII. Plan for an alternative fuel source if the meter 
prover is in operation during natural gas line 
installation. 

Medium - Medium 
Medium Risk 

Hazard 

IX. Potential reduction in security 
postures during construction. 

X. During construction, the need to remove or 
negotiate the security fencing may be needed. 
Plan accordingly with site security and contractor. 

Medium - High 
Medium Risk 

Hazard 

XI. Potential safety hazards involved 
when installing new fuel source to 
the generator. 

XII. The contractors shall prepare a Job Hazard 
Analysis and the site shall brief employees on site 
near the work or installation.  

Medium - Medium 
Medium Risk 

Hazard 
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VI. ALTERNATIVE SELECTION 

Recommended Go Project 

A. Replace Fuel Source at the LCMS (WHEG-5) 

Replace the propane fuel source (above ground tank) at LCMS with a new underground natural gas line to 
the meter prover emergency generator. Negotiations with Center Point Energy are arranged to install a new 
2” line from their pipeline to the battery limits of the LCMS; a separate contractor will install a 2” line from 
the new natural gas line to the emergency generator. 

Cost  

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $292,035 $248,409 
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I. PROJECT CONCEPT 

Mission Need 

Perimeter Security is provided at SPR sites to prevent undetected intrusion to the site facilities.  This project 
is intended to provide a more reliable and maintainable intrusion detection system to replace the current 
aging system.  The existing West Hackberry, Louisiana Perimeter Security Detection System (PSDS) 
consists of ~3,500 feet of Fiber Optic Intelligence Detection System (FOIDS), ~17,000 feet of an existing 
buried Ported Coaxial Cable Sensor (PCCS) system, Infrared Perimeter Intrusion Detection (IPID), taut-
wire, and traditional chain-link fencing.  

Functional Requirements 

The general requirements of the project are to meet DOE security parameters, ensure functionality of 
design (used as intrusion deterrent as intended), and provide a more reasonably maintainable system.  The 
following are functional requirements for perimeter security detection on the SPR sites: 

 Intrusion detection and assessment systems must function effectively in all environmental conditions 
and under all types of lighting conditions. 

 Intrusion Detection Systems (IDS) alarms used for the protection of the SPR must be capable of 
immediate investigation by the Protection Force (PF), Central Alarm Station (CAS), and/or personnel 
via Closed Circuit Television (CCTV). 

 Exterior IDS must be designed, where economically feasible, with independent redundant data 
communication paths for protecting DOE SPR interests. The conductors of the redundant data paths 
must not be installed in the same conduit, cable tray, or duct bank. 

 The IDS system must be compatible with the existing Alarm Display and Annunciation System (ADAS) 
at the site.  Close coordination with the ADAS system integrator is required. It is understood that 
upgrades to the ADAS system may be required. 

 The IDS must be capable of being operated and maintained to ensure that the number of false and 
nuisance alarms do not reduce the effectiveness of the system, while meeting the nuisance alarm rates 
described in DOE Order 473.3 A.; each exterior intrusion detection sensor should not have a false or 
nuisance alarm rate of more than one alarm per 24 hours of operation. 

 The IDS must be capable of detecting, with a probability of 90 percent and confidence level of 95 
percent, an individual crossing the detection zone by walking, crawling, jumping, running, rolling, or 
climbing at any point in the detection zone. 

 The system must deter adversaries from circumventing the detection system. 

 The IDS must cover the entire perimeter without any gaps in detection, including the sides and tops of 
structures. 

 The system must be located in such a manner that the length of each detection zone is consistent with 
the characteristics of the sensors used in that zone and the topography.  

 The length of each detection zone must be within the optimal performance range of the sensor system. 

 The system must be free of wires, piping, poles, and similar objects that could be used to assist an 
intruder traversing the isolation zone or that could assist in the undetected ingress or egress of an 
adversary or matter. 

 An isolation zone must be at least 20 feet (6 meters) wide and clear of fabricated or natural objects that 
would interfere with operation of the detection systems or effective assessment. 

 The system must incorporate a stabilized apron of ~3 feet on both sides of perimeter fencing to deter 
rodent burrows and rain erosion underneath the existing fencing. 
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II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for selection of the preferred alternative has 

been standardized for all AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 

Alternative Analysis Team Members 

 Core Team Members 

 Claudia Carroll DOE, Systems Engineer 
 Corb Elsbury VCI, Project Engineer 
 Marc Gross FFPO, Manager Design Engineering 

 Team Members 

 Patrick Shepherd DOE, Project Engineer 
 Jerry Packard DOE, Security Officer 
 Bryan Dunlap DOE, Physical Security Specialist 
 Ashley Thomas DOE, Lead General Engineer  
 Rachel Gray VCI, Process Engineer 
 Ron Johnson FFPO, Sr. Director Security & Emergency Prep 
 Thomas Guillory FFPO, Manager Protection & Physical Security 
 Kenneth Marino FFPO, Manager Plans & Exercises 
 Todd Demaris FFPO, Sr. Protection Physical Security 
 Randy Bridges FFPO, Process & Security Systems Control 
 Timothy Croxdale FFPO, Site Director 
 Tania Latino FFPO, Site Security Specialist 
 Steve Sleeman FFPO, Sr. Site Maintenance Engineer 
 Kenneth Swanson FFPO, Manager Site Operations 
 Robert Bowles FFPO, Manager Site Construction 
 Don Jackson FFPO, Manager Site Maintenance 

III. SELECTION CRITERIA 

The AoA Team determined the below listed criteria as relevant to the Analysis of Alternatives. Once 
alternatives are analyzed by the AoA Team, these criteria are used to evaluate and select a recommended 
preferred alternative. 

Ease of Operations  

The selected alternative when implemented will result in a system that is able to be operated without 
significant additional training and is similar to existing systems and equipment. 

Weight: Most Important 

Ease of Maintenance  

The selected alternative is similar in nature to existing equipment resulting in commonality of similar 
systems for future maintenance and sparing consideration. Maintenance operations will require less 
attention as the new equipment replaces legacy equipment due to the accompanying manufacturer’s 
service warranty. 

Weight: Most Important 
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Safety During Construction 

The selected alternative when implemented will be able to be constructed safely and operated safely. Ability 
to address Safety and Security concerns during implementation. Safety is of the greatest importance. 

Weight: Most Important 

Security During Construction  

The selected alternative when implemented will be able to be constructed with minimal to zero impacts to 
Site Security detection systems. The Site Security Specialist shall coordinate with the site leadership and 
contractor to accommodate for down time to particular assessment systems during construction. 

Weight: Most Important 

Constructability During On-Going Oil Deliveries  

The selected alternative is able to be implemented with little or no impact to on-going oil delivery operations. 
Close coordination with the Site Security Specialist and site/maintenance operations will allow for minimal 
impact on oil delivery operations. 

Weight: Less Important 

Sustainability  

The selected alternative when implemented will be able to achieve DOE Sustainability goals for energy 
consumption as outlined in the Strategic Sustainability Performance Plan. Energy consumption shall be 
considered in all upgraded equipment criteria. 

Weight: Less Important 

IV. ALTERNATIVES IDENTIFICATION 

List of Alternatives 

The below listed alternatives are considered for analysis. Initial screenings conducted by the AoA Team 
determine the viability of each alternative. 

A. Status Quo 

Allow the current PSDS system to remain in place and continue to repair as needed. Performance of the 
FOIDS and PCCS perimeter detection system is ineffective, is difficult to maintain, and it experiences high 
nuisance alarm rates. FOIDS is secured to perimeter fencing and buried PCCS is consistently under water 
or highly prone to flooding in multiple detection zones; consequently, the fencing and supports are rusted 
and sagging which also contributes to nuisance alarms. The existing Infrared Perimeter Intrusion Detection 
System (IPID) is experiencing very high nuisance alarm rates, requiring constant attention. Continuing to 
use/rely on the current PSDS will result in continuation of demanding maintenance efforts and 
obsolescence; all possibly resulting in undetected intrusion.   

Viability: No Further Analysis 

B. FlexZone w/Chain Link Fencing 

Replace with a single sensor system consisting of the latest-generation of fence-mounted microphonic 
fence disturbance sensor systems such as Senstar FlexZone (Senstar suggested product replacement for 
Intelli-Flex) and IPID or an approved equal with associated software packages. Stabilize the fence to reduce 
erosion, deter rodents/animals, control weeds in support the PSDS. Replace fencing and posts where 
degradation has occurred, replace all barbed wire with razor wire on dual outriggers atop perimeter fencing.  

Viability: Continue Analysis 
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C. REDSCAN  

REDSCAN is an analog system that can be pole or building mounted to provide an infrared laser wall that 
is installed inside the perimeter fence.  The laser watches the fence area and monitors for any movement.  
REDSCAN does not meet DOE requirements as a standalone system for climbing, cutting, and bridging, 
as additional perimeter detection systems must be incorporated to meet functional requirements; 
REDSCAN vertical detection applications are in test stages. The REDSCAN alternative does not 
accomplish a single system install solution such as Intelli-Flex or its approved equal.   

Viability: No Further Analysis 

D. AgilFence  

AgilFence uses advanced fiber optic, fence mounted sensors. Sensors are embedded in the optical fiber 
cable to form an array of sensors for perimeter fence intrusion detection. These extremely responsive 
sensors are used to detect incidents in various scenarios. A slight disturbance to the physical perimeter will 
trigger a response in the nearest optical fiber sensor that translates to an intrusion alert. This alternative 
requires replacing the current traditional chain-link fence in its entirety. Comparatively, one of the reasons 
for the warranted FOIDS replacement is due to fiber cable rodent damage, specifically to fiber cable in 
cable trays and along fencing. Used in Southeast Asia and Eastern Europe, AgilFence is not used in the 
U.S. to date. 

Viability: No Further Analysis 

E. IMPASSE II w/FlexZone 

Replace the current components of the PSDS system (FOIDS/PCCS and fencing) with a combination of 
FlexZone and Impasse II. Impasse II is a steel palisade fence with an installed internal raceway for detection 
sensor systems, video cabling and arresting cables. Stabilize the fencing system to reduce erosion, deter 
rodents/animals, weed control in support the PSDS.  

Viability: Continue Analysis 

V. ALTERNATIVES ANALYSIS 

Based on initial analysis of the alternatives, alternatives A, C, and D are eliminated from further 
consideration. The remaining alternatives, B and E are examined below as alternatives A and B, 
respectively. 

The below analyses provide the research and technical information gathered by the AoA Team. These 
analyses are not evaluative or comparative.  
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A. FlexZone with Chain Link Fencing 

The West Hackberry perimeter intrusion is experiencing obsolescence and maintenance related issues. 
West Hackberry is the only SPR location where PCCS and FOIDS combine as an integral part of the 
perimeter intrusion detection system. Installed ~2002 and ~1997 respectively, the existing fiber optic 
detection system, ported coaxial cable, and infrared perimeter intrusion detection is not meeting the 
requirements of DOE 437.3 A. High nuisance alarm rates, weather effects, maintenance difficulties, and 
overall performance requires immediate attention. FlexZone provides an alternative to address mentioned 
shortcomings of the West Hackberry PSDS, but also introduces a system very much like other systems 
used across the SPR. FlexZone is the manufacturer suggested replacement of the currently used Intelli-
Flex; Intelli-Flex is now a legacy system and soon will be phased completely out from the Senstar inventory 
(correspondence Dated 23 December 2014). 

Replacing the existing perimeter detection system (~23,371’) with the latest-generation of a fence-mounted 
microphonic fence disturbance sensor system such as FlexZone or an approved equal with associated 
software retains the proven performance of the current Intelli-Flex while introducing a similar system. 
Replacing the existing IPID (~3) with an ECSI International, Inc. product or approved equal shall address 
the aging and faulty IPID system. New equipment fielding and training, maintenance, and overall 
performance is similar and therefore provides a substantial advantage when associated with ease of 
operation/maintenance.  

FlexZone is Senstar’s latest generation ranging fence-mounted sensor. FlexZone detects and locates any 
attempt to cut, climb, or otherwise break through the fence. It accurately locates intrusions even when there 
are multiple simultaneous intrusions and in the presence of background environmental noise.  

FlexZone can detect and locate perimeter intrusions over a distance of up to 1,968 feet per sensor 
processor, and within 10 feet of accuracy. One processor can support up to 60 distinct, customizable zones. 
Both power and data can run over the sensor cables, minimizing infrastructure requirements. Advanced 
Digital Signal Processing (DSP) enables FlexZone to adapt to a wide variety of fence types including 
traditional chain-link fence currently in place on the site. Networking capability for remote configurations 
and alarm reporting is available and the product works reliably in the harsh environments. Current FlexZone 
warranties provide for a minimum of 2 years from installation and the manufacturer ensures replacement 
parts are available for a minimum of 10 years from purchase. Training of operators and maintenance 
personnel on calibration and system maintenance is provided.  

The Architectural IPID system from ESCI International, Inc. provides a dependable security barrier of pulsed 
infrared technology to create multiple detection zones, each with a range of up to 1000 feet. Solid state 
electronics are not affected by environmental conditions such as birds, small animals, puddles, leaves, 
grass or mechanical vibrations. It works in rain and fog instantly pinpointing the intrusion zone via normally 
opened or closed dry contacts that can be interfaced with any annunciator or data communication system. 
IPID does not false alarm. The system will only alarm if an object breaks the 3.54” diameter beam more 
than 98.5%. Easy to use, extremely low nuisance alarm rates and widely used by Government entities, the 
product is accompanied by a 10-year warranty. 

The fencing on the site consists of traditional chain-link fence that has experienced degradation due to sag 
and rusting from the salt/humid environment over the past 20+ years. Many sections of the fence have been 
subjected to flooding subsequently contributing to rust damaged fence posts and fabric. As fencing and 
gates are replaced, particular attention should be paid to the existing (~19) Balanced Magnetic Sensors 
(BMS) on gates. Replace the BMS as necessary to address HQ DOE findings 2015 of correcting 
deficiencies regarding to a lack of end of line sensors. 

This alternative shall replace all fencing and posts (~23,371’) with new, galvanized before weave (GBW) 
chain-link fencing fabric and posts. It shall also raise fencing in areas affected by consistent flooding and 
install ~6’ (~3’ on either side of outer perimeter fence bottom) of aggregate or concrete under fencing system 
to reduce erosion, deter rodents/animals, control weeds and obscuration, and support the overall Perimeter 
Security Detection System (PSDS). The installation of concrete or aggregate under the fence will alleviate 
grass cutters from getting near the fence and prevent weed control chemicals from degrading the sensor 
tie material, resulting in sagging sensor cables as these ties break.  
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Replace all barbed wire with razor wire mounted on dual outriggers atop all perimeter fencing and critical 
area fencing (~ 21,000’). In an attempt to reduce sagging over time, remove unused gates (~2) on the outer 
perimeter and any unused obsolete taut-wire systems on site.  

Assumptions & Constraints 

Assumptions: 

 FlexZone and fencing replacement includes all areas deemed necessary by Vulnerability Assessment 
(VA). 

 Work requires minor adjustments to an already existing DOE approved Task Specification (Intelli-Flex). 

 Most, if not all fencing shall be replaced. 

Constraints:  

 Protection Force (PF) compensatory involvement during construction. 

 Chain-link fencing is not considered adequate security to meet today’s asymmetric threats. 

Benefits & Effectiveness 

Replacing the PSDS system will allow for improved security measures on site, which is more cost effective 
and best meets requirements described in DOE 473.3 A. Repairs to the fencing system and replacements 
of sensors will allow for expedited response and deterrence of unauthorized entry on site. The items below 
summarize the benefits/effectiveness and mission need items addressed by replacing the existing PSDS 
on site with FlexZone. 

 Familiar, new equipment and software will provide for improved maintenance and significantly 
enhanced performance (DOE 473.3 A., Attachment 3, Section A 3-44 [2][a][1]). 

 Allows for increased security measures on site, providing optimal security protection (DOE 473.3 A., 
Attachment 3, Section A 3-45 [3][b][2]). 

 FlexZone allows for precision sensitivity leveling/adjustments. 

 Removes unserviceable fencing where degradation has occurred (DOE 473.3 A., Attachment 3, 
Section A 3-45 [3][b][2]). 

 Communications path redundancy ensures continued perimeter protection in the event of a cable cut. 

 Provides better fencing in areas affected by consistent flooding (DOE 473.3 A., Attachment 3, Section 
A 3-45 [3][b][2]). 

 Prevent access onto site through removal of un-used gates, further strengthens security measures 
(DOE 473.3 A., Attachment 3, Section A 3-44 [2][a][1]). 

 Will allow for better protection against ladder/pole assisted climbing intrusion once all razor ribbon on 
top of perimeter and critical area fencing is replaced (DOE 473.3 A., Attachment 3, Section A 3-45 
[3][b][1]). 

 Concrete or aggregate will allow for better erosion, animal/rodent control, weed control and protect 
against potential under wire intrusion (DOE 473.3 A., Attachment 3, Section A 3-44 [2][a][1]). 

 Replacement of the degrading and now legacy PSDS system, upgrading to a current industry standard 
system (DOE 473.3 A., Attachment 3, Section A 3-44 [2][a][1]). 

 FlexZone is noted for low power consumption. 

 Optional Ethernet card with Power over Ethernet (PoE) capability. 

 Sensors are calibrated with Windows-based point and click utility (over the network or locally by USB). 
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Risk & Mitigation Factors 

Some potential risks associated with replacing the current PSDS with FlexZone include potentially reduced 
security posture during construction, training employees on a new system, and potential safety issues while 
updating and installing equipment. The table below summarizes mentioned risks with a correlating 
mitigation strategy. The table describes the likelihood of occurrence at the site along with how great of an 
impact the event would cause if it were to occur.   

Risk and Mitigation Strategies for FlexZone with Chain-Link Fencing 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Reduced security posture during 
construction. 

Close coordination between NOLA, site security and 
contractor work scheduling and sequence.  

High - High 
High Risk 
Hazard 

Will require training on the new 
system. 

Minimize the length of training by making the training 
comprehensive, hands on and repetitive. 

Medium - Low 
Low Risk 
Hazard 

Potential safety hazards involved 
when updating or installing 
equipment on site. 

The contractors shall prepare a Job Hazard Analysis 
and the site shall brief employees on site near the 
system update or installation.  

Medium - Low 
Low Risk 
Hazard 
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B. IMPASSE II with FlexZone 

The West Hackberry perimeter intrusion is experiencing obsolescence and maintenance related issues. 
West Hackberry is the only SPR location where PCCS, FOIDS and IPID combine as an integral part of the 
perimeter intrusion detection system. Installed ~2002, the existing fiber optic detection system and ported 
coaxial cable is not meeting the requirements of DOE 437.3 A. High nuisance alarm rates, maintenance 
difficulties, and overall performance requires immediate attention.  

This alternative is a high security fence, combined with installing a new perimeter security detection system 
such as FlexZone or an approved equal; a single perimeter detection system, arrayed in depth by design 
with a new IPID. A recent Fluor physical security system evaluation (dated March 2016) of the Ameristar 
Impasse II system yielded familiarity and an overall positive evaluation. The Impasse II is widely used for 
military sites, government facilities, petroleum and chemical facilities, and airports. 

A high security fence, IMPASSE II, is a vertical (~8’ in height), palisade steel fencing made of pre-galvanized 
steel, test-based to ASTM B117 standards, with tamper-proof fastenings and an installed internal raceway 
for detection systems, video cabling and up to 3 arresting cables. The raceway eliminates the need for any 
trenching, boring, fastening ties, or degradation from fence sag. The Impasse II security fence panels 
employ a bracketless design using tamper proof fasteners; are installed with heavier posts (I-beam); 
includes a 15-year warranty. The panels are constructed of heavy duty steel, eliminating fence sag. The 
Impasse II does not require the use of razor wire atop its fencing panels – a choice of trident, stronghold or 
gauntlet style options are available. 

Replacing the existing perimeter detection system (~23,371’) with the latest-generation of a fence-mounted 
microphonic fence disturbance sensor system such as FlexZone or an approved equal with associated 
software retains the proven performance and familiarity of the currently installed Intelli-Flex system. 

The Architectural IPID system from ESCI International, Inc. provides a dependable security barrier of pulsed 
infrared technology to create multiple detection zones, each with a range of up to 1000 feet. Solid state 
electronics are not affected by environmental conditions such as birds, small animals, puddles, leaves, 
grass or mechanical vibrations. It works in rain and fog instantly pinpointing the intrusion zone via normally 
opened or closed dry contacts that can be interfaced with any annunciator or data communication system. 
IPID does not false alarm. The system will only alarm if an object breaks the 3.54” diameter beam more 
than 98.5%. Easy to use, extremely low nuisance alarm rates and widely used by Government entities, the 
product is accompanied by a 10-year warranty. 

This alternative shall replace all fencing and posts (~23,371’) with the pre-galvanized Ameristar fencing 
system, Impasse II. It shall also raise areas affected by consistent flooding and install ~6’ (~3’ on either side 
of outer perimeter fence bottom) of aggregate or concrete under fencing system to reduce erosion, deter 
rodents/animals, control weeds and obscuration, and support the overall Perimeter Security Detection 
System (PSDS). As fencing and gates are replaced, particular attention should be paid to the existing (~18) 
Balanced Magnetic Sensors (BMS) on gates. Replace the BMS as necessary to address HQ DOE findings 
2015 of correcting deficiencies regarding to a lack of end of line sensors.  

The installation of concrete or aggregate under the fence will alleviate grass cutters from getting near the 
fence and prevent weed control chemicals from degrading the sensor tie material, resulting in sagging 
sensor cables as these ties break. Remove unused gates (~2) on the outer perimeter and any unused 
obsolete taut-wire systems on site. 

Assumptions & Constraints 

Assumptions: 

 Impasse II and FlexZone installation includes main site, Lake Charles Meter Station, Annex Well Pads 
108 & 102, Raw Water Intake Structure, and required pump pads. 

Constraints: 

 Protection Force compensatory activity during installation/construction. 
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Benefits & Effectiveness 

Replacing the fencing and installing FlexZone with IMPASSE II will allow for the optimal security posture 
on site as described in DOE 473.3 A.  This alternative of the PSDS replacement will allow for stricter 
deterrence of unauthorized entry and improve degrading systems. The items below summarize the benefits 
and effectiveness of adding the IMPASSE II as the PSDS on site. 

 Will replace the degrading fence and allow for replacement of the now legacy PSDS system (DOE 
473.3 A., Attachment 3, Section A 3-45 [3][b][2]). 

 Allows for higher security measures on site, negates the need for razor wire and enables an improved 
platform for installation of a selected intrusion system (DOE 473.3 A., Attachment 3, Section A 3-44 
[2][a][1]). 

 Capable of being an all-inclusive PSDS system in one installation, allowing for shorter duration 
installation and disruption to site security posture (DOE 473.3 A., Attachment 3, Section A 3-45 
[3][b][2]). 

 Allows for easier detection probability calculations; versus calculating for FOIDS, PCCS and taut-wire. 

 The Impasse rail system is designed to house all peripherals required to complete a perimeter security 
system without the expense of trenching and boring typically used in these applications (DOE 473.3 
A., Attachment 3, Section A 3-45 [3][b][2]). 

 The Impasse rail can accommodate crash barrier components such as arresting cables (DOE 473.3 
A., Attachment 3, Section A 3-45 [3][b][2]). 

 Impasse II is made from 96% recycled steel. 

 Permacoat process gives Impasse II distinct advantage over chain link fencing - a corrosion resistant, 
polyester top coat (test based on ASTM B117 Standard). 

Risk & Mitigation Factors 

With any new upgrade at the site come associated risks. Some potential risks associated with IMPASSE II 
on site are reduced security posture during construction, training employees on a new system, and 
generating potential safety issues while updating and installing equipment. The table below summarizes 
the above mentioned risks with the correlating mitigation strategy. The table also describes the likelihood 
of occurrence at the site along with how great of an impact the event would cause if it were to occur.   

Risk and Mitigation Strategies for IMPASSE II with FlexZone 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Reduced security posture during 
construction. 

Close coordination between NOLA, site 
security and contractor work scheduling and 
sequence.  

Medium - High 
Medium Risk 

Hazard 

May require extensive training on a new 
system. 

Minimize the length of training by making the 
training comprehensive, hands on, and 
repetitive. 

Medium - Medium 
Medium Risk 

Hazard 

Potential safety hazards involved when 
updating or installing equipment on-site. 

The contractors shall prepare a Job Hazard 
Analysis (JHA) and the site shall brief 
employees near the system update or 
installation.  

Medium - Low 
Low Risk 
Hazard 
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VI. ALTERNATIVE SELECTION 

List of Alternatives – Studied Alternatives 

A. FlexZone 

Replace with the latest-generation of fence-mounted microphonic fence disturbance sensor systems such 
as Senstar FlexZone (Senstar suggested product replacement for Intelli-Flex) and IPID or an approved 
equal with associated software packages. Stabilize under fencing with aggregate or concrete to reduce 
erosion, deter rodents/animals, and control weeds to support the Perimeter Security Detection System 
(PSDS). Replace fencing and posts where degradation has occurred. Replace barbed wire with razor wire 
mounted on dual outriggers on top of perimeter and critical area fencing. Remove unused gates and 
obsolete taut-wire on the site. 

B. IMPASSE II with FlexZone 

Install the IMPASSE II, is a vertical metal, palisade fencing combined with the latest-generation of fence-
mounted microphonic fence disturbance sensor systems such as Senstar FlexZone (Senstar suggested 
product replacement for Intelli-Flex) and IPID or an approved equal with associated software packages. 
Stabilize under fencing with aggregate or concrete to reduce erosion, deter rodents/animals, and control 
weeds to support the Perimeter Security Detection System (PSDS). Remove unused gates and obsolete 
taut-wire on the site. 

Comparison of Alternatives 

Core Team Member Ratings 

 Ease of 
Operations 

Ease of 
Maintenance 

Safety During 
Construction 

Security During 
Construction 

Constructability 
During Ongoing 
Oil Deliveries 

Sustainability 

Most Important Most Important Most Important Most Important Less Important Less Important 

A
lt

e
rn

a
ti

v
e
 A

 Excellent Excellent Excellent Excellent Excellent Excellent 

Excellent Excellent Excellent Good Excellent Excellent 

Excellent Excellent Excellent Good Good Good 

A
lt

e
rn

a
ti

v
e
 B

 Good Good Excellent Excellent Excellent Excellent 

Excellent Excellent Good Good Excellent Excellent 

Good Excellent Good Good Good Good 

 

Cost Comparison 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $9,442,679 $9,567,291 

Alternative B $13,388,281 $13,530,921 

Recommended Alternative 
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A. FlexZone  

Based on the technical evaluation of the Core Team Members, Alternative A was clearly rated equal or 
superior on all evaluation criteria. The initial cost and life cycle cost of Alternative A were both lowest of the 
alternatives. Therefore, Alternative A is the recommended preferred alternative based on both technical 
and cost factors studied in the alternative analysis. 





WH-MM-1334 

 

Recap Anhydrite Pond 

 

VCI Project Engineer: Jason McCrossen 

 

Recommended Alternative: 

This project has been issued as Approved for Construction (AFC) 

 

Analysis of Alternatives 
Life Extension 2 

US Department of Energy 
Strategic Petroleum Reserve 
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I. PROJECT CONCEPT 

Mission Need 

The Department of Energy Strategic Petroleum Reserves (DOE SPR) West Hackberry Site has two 
Anhydrite Ponds (combined ponds 1 and 3) and pond 2 that were decommissioned and covered with a clay 
layer as part of the closure plan to contain the anhydrite. Over the years the existing caps on the anhydrite 
ponds have dried and cracked exposing the underlying brine laden anhydrite to the rain and elements. The 
additional rain has filled the ponds causing the anhydrite to leach through the existing clay layer up to the 
surface resulting in contamination of the grass and vegetation. With the loss of vegetative cover, erosion 
has occurred on the slopes of the clay layer. In addition, the West Hackberry site is non-compliant with the 
original closure permit. A new/modified cap must be placed on the existing ponds to correct the drying of 
the cap and progressive erosion. 

The anhydrite ponds 1, 2, and 3 are closed and serve no mission need. They must however, not be allowed 
to leak anhydrite. 

Functional Requirements 

The Ponds are closed and have no functional requirement. Currently the pond caps are leaking and must 
be re-capped to meet the original environmental closure agreement.  

II. PROCESS 

Alternatives Analysis Plan 

The Analysis of Alternatives (AoA) Process Plan is not applicable to projects with detailed design packages 
issued to DOE as Approved for Construction (AFC). 

This document outlines completed design Scope of Work for WH-MM-1334. 

III. SELECTION CRITERIA 

Formal selection criteria are not applicable to projects with detailed design packages issued as AFC. 

IV. ALTERNATIVES IDENTIFICATION 

Alternative Identification is not applicable to projects with detailed design packages issued as AFC. 

V. ALTERNATIVES ANALYSIS 

Alternative Analysis is not applicable to projects with detailed design packages issued as AFC. 

The AFC detailed design identified and outlined the following scope of work:   

The existing cap on the anhydrite ponds will be covered with an 80 mil impermeable liner and covered with 
a clay cover and then seeded for vegetation. The following explains the closure process in further detail: 

 Remove the existing organic soil cover (including grass) and dispose of in accordance with 
environmental guidelines. 

 Apply an 80 mil impermeable liner anchored at the ends. A portion of the liner material, previously 
purchased by DOE is currently located at the Big Hill Site. The balance of the required amount of 
material will be purchased by the Contractor. This additional material will be the same 80 mil 
impermeable liner which is located at the Big Hill Site. In addition, the Contractor will also purchase a 
textured liner to be used on the slopes of the pond closure. This textured material will prevent clay 
cover material from sloughing off the 1:3 side slopes.  
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 After placement of the liner, suitable clay material will be backfilled on top of the liner, compacted, and 
sloped according to DOE specifications to allow for runoff.  

 A layer of topsoil will then be added and seeded to promote vegetative cover to prevent erosion. 

 An erosion control blanket shall be placed over the 3:1 sloped areas once seeding is in place, to prevent 
erosion until the seeds have rooted into the soil.  

VI. ALTERNATIVE SELECTION 

Alternative Selection is not applicable to projects with detailed design packages issued as AFC. 

WH-MM-1334 Scope of Work is outlined in Section V.: Alternatives Analysis of this document. 

 
AFC Cost 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

WH-MM-1334 $3,052,096 $3,052,096 
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Inundation Mitigation; Subsidence Mitigation (Phase 3) – 
Caverns 115, 116; Subsidence Mitigation (Phase II) – 

Caverns 109, 114 

 

VCI Project Engineer: Jason McCrossen 

 

Recommended Alternative: 

Perform Site Wide Study to Determine the Well Pads, Critical Infrastructure and 
Critical Buildings that are Below the 100-Year Base Flood Elevations (BFE) and 
Provide a Means for Protection 

 

Analysis of Alternatives 
Life Extension 2 

US Department of Energy 
Strategic Petroleum Reserve 
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I. PROJECT CONCEPT 

Mission Need 

It is mission critical for the protection of critical infrastructure and equipment from storm surge and 
subsidence flooding. In addition, critical infrastructure must be protected from flooding to maintain 
drawdown ready status. In addition, keeping the cavern well pads accessible is mission critical for 
drawdown. If inundation is to continue on the cavern well pads, drawdown could be significantly impacted. 

Functional Requirements 

Inundation Prevention: West Hackberry has been flooded by storm surge in the past and is likely to be 
flooded more frequently in the future as coastal erosion progresses. Flooding can severely disrupt the site’s 
ability to respond to a presidentially ordered drawdown and may be delayed many months pending repair. 
Recovery pumping is not sufficient to mitigate the risk of flooding as flooded ground would prevent the 
deployment of recovery assets.  

Subsidence Mitigation for Caverns: Subsidence reports including Sandia's reports “Analysis of Subsurface 
Subsidence of the Strategic Petroleum Reserve” (SAND88-1309), "Subsidence Monitoring and Evaluation 
Plan for the Strategic Petroleum Reserve Storage Sites” (SAND88-1175) and PB-KBB report "Assessment 
of the Effects on Surface Structures” indicate that the site adjacent to the northern well pads and Black 
Lake is subsiding at a rate of 0.2 to 0.3 feet per year. Although the subsidence rate along the northern end 
of the site has begun to level off, as subsidence continues, the waters of Black Lake slowly capture more 
and more of the site land around the northern well pads and site access roads. Eventually the water could 
flood access roads, equipment, and well pads, rendering these facilities. 

II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for selection of the preferred alternative has 
been standardized for all AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 

Alternative Analysis Team Members 

 Core Team Members 

 Claudia Carrol DOE, Systems Engineer  
 Jason McCrossen VCI, Project Engineer 
 Marc Gross FFPO, Manger Design Engineering 

 Team Members 

 Ashley Thomas DOE, Site Lead General Engineer 
 Zack Bergeron VCI, Civil Engineer 
 Cory Jacob VCI, Civil Designer 
 John Walker VCI, Mechanical Engineer 
 Don Helms VCI, Mechanical Designer 
 Tim Croxdale FFPO, Site Director  
 Robert Bowles FFPO, Manager Site Construction 
 Justin Rye FFPO, Site Construction Maintenance Engineer 
 Steve Sleeman FFPO, Sr Site Maintenance Engineer 
 Kenneth Swanson          FFPO, Manager Site Operations 
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III. SELECTION CRITERIA 

The AoA Team determined the below listed criteria as relevant to the Analysis of Alternatives. Once 
alternatives are analyzed by the AoA Team, these criteria are used to evaluate and select a recommended 
preferred alternative.   

Constructability During On-Going Oil Deliveries  

The selected alternative is able to be implemented with little or no impact to on-going oil delivery 
operations. Raising equipment could cause large shut down of caverns that would prevent moving oil. 

Weight: Most Important 

Ease of Operations  

The selected alternative when implemented will result in a system that is able to be operated without 
significant additional training and is similar to existing systems and equipment. 

Weight: Most Important 

Ease of Maintenance 

The selected alternative is similar in nature to existing equipment resulting in commonality of similar 
systems for future maintenance and sparing consideration. 

Weight: Most Important 

Safety During Construction 

The selected alternative when implemented will be able to be constructed safely and operated safely. Ability 
to address Safety and Security concerns during implementation. 

Weight: Most Important 

Security During Construction  

The selected alternative when implemented will be able to be constructed with minimal to zero impacts to 
Site Security detection systems. 

Weight: Most Important 

Sustainability  

The selected alternative when implemented will be able to achieve DOE Sustainability goals for energy 
consumption as outlined in the Strategic Sustainability Performance Plan.  

Weight: Less Important 

IV. ALTERNATIVES IDENTIFICATION 

List of Alternatives 

The below listed alternatives are considered for analysis. Initial screenings conducted by the AoA Team 
determine the viability of each alternative. 
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A. Status Quo 

Without some flood protection the temporary and perhaps repeated loss of drawdown capability in the 
indefinite future is relatively assured. Increased risk of future site flooding and operation problems are 
impacts as described in the purpose section above.  

This alternative has been screened out based on not meeting the mission need. 

Viability: No Further Analysis 

B. Elevate All Equipment and Critical Infrastructure on Site 

This alternative will raise all equipment and critical infrastructure on site but site will still be inundated and 
inaccessible. 

This alternative has been screened out based on not meeting the mission need. 

Viability: No Further Analysis 

C. Construct Ring Levee Around WH Site to 100-Year Base Flood Elevations 

This alternative will provide a storm water protection to the entire site and infrastructure. 

This alternative has been screened out due to most of the buildings one site at the top of the salt dome are 
above the 100-Year Base Flood Elevations (BFE). In addition, the cost may outweigh the benefits of 
constructing a ring leave around the entire site.  

Viability: No Further Analysis 

D. Construct Ring Levees Around Individual Cavern Pads to 100-Year Base Flood Elevations 

This alternative will provide storm water protection to the individual well pads and infrastructure. Caverns 
109,110, 113, 114, 115, and 116 will have individual ring levees constructed around each cavern without 
the benefit of survey information to determine if the current ring levee is below the 100-year BFE. In addition, 
there will be storm water mitigating features such as sluice gates to gravity flow rain water and pumps to 
pump rain water during high surge times when sluice gates are closed.  

This alternative will be studied further. 

Viability: Continue Analysis 

E. Install New Risers and Elevate All Equipment and Infrastructure on the Caverns 

This alternative will raise all infrastructure on caverns but not the cavern pad and will assure that critical 
infrastructure and equipment would be protected from storm surge and subsidence flooding. In addition, all 
instrument and supporting cables will need to be replaced. This would result in reducing the risk of impacting 
drawdown capability. This alternative will be studied further. 

Viability: Continue Analysis 

F. Perform Site Wide Study to Determine the Well Pads, Critical Infrastructure and Critical 
Buildings that are Below the 100-Year Base Flood Elevations (BFE) and Provide a Means for 
Protection 

Perform a site wide survey to determine which well pads and infrastructure are below the 100-year BFE.  
Construct ring levees around well pads, raise critical infrastructure, and raise or relocate buildings as 
needed. This alternative will be studied further. 

Viability: Continue Analysis 
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V. ALTERNATIVES ANALYSIS 

Based on initial analysis of the alternatives, alternatives A, B, and C are eliminated from further 
consideration.  The remaining alternatives, D, E, and F are examined below as alternatives A, B, and C, 
respectively. 

The below analyses provide the research and technical information gathered by the AoA Team. These 
analyses are not evaluative or comparative.  
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A. Construct Ring Levees Around Cavern Pads to 100-Year Base Flood Elevations 

This alternative will provide storm water protection to the individual well pads and infrastructure. Caverns 
109,110, 113, 114, 115, and 116 will have individual ring levees constructed around each cavern without 
the benefit of survey information to determine if the current ring levee is below the 100-year BFE. In addition, 
there will be storm water mitigating features such as sluice gates to gravity flow rain water and pumps to 
pump rain water during high surge times when sluice gates are closed.  

Assumptions & Constraints 

Caverns will remain in services during construction of ring levees. Electrical pumps will only need to be ran 
during times of expected high tidal surges limiting the amount of energy required. After initial cost of 
construction, long term maintenance is expected to be low. All work will take place within the security 
perimeter and not affect ongoing site operations.  

Benefits & Effectiveness 

This alternative can be done without any shutdown of critical infrastructure and will assure that critical 
infrastructure and equipment would be protected from storm surge and subsidence flooding. This would 
result in reducing the risk of impacting drawdown capability. 

Risk & Mitigation Factors 

There are associated risks with this alternative which are summarized in the table below. The table 
describes the likelihood of occurrence at the site, along with how great of an impact the event would cause 
if it were to occur. 

Risk and Mitigation Strategies for Construct Ring Levees Around Cavern Pads to 100-Year Base 
Flood Elevations 

Risks Mitigation Strategy 
Likelihood – 

Impact  
Risk Code 

Minimal risk, would not require any sort 
of shutdown. 

Perform safe work practices during 
construction. 

High – Low  
Low Risk 
Hazard 
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B. Install New Risers and Elevate All Equipment and Infrastructure on the Caverns 

This alternative will raise all infrastructure on caverns but not the cavern pad and will assure that critical 
infrastructure and equipment would be protected from storm surge and subsidence flooding. In addition, all 
instrument and supporting cables will need to be replaced. This would result in reducing the risk of impacting 
drawdown capability.  

Assumptions & Constraints 

This construction is time consuming and will take caverns out of services for months. It would still require 
some type of high water vehicle to access caverns during high water events.  

Benefits & Effectiveness 

This alternative would guarantee the protection of critical infrastructure at BFE, even with a containment 
breech. 

Risk & Mitigation Factors 

There are associated risks with this alternative which are summarized in the table below. The table 
describes the likelihood of occurrence at the site, along with how great of an impact the event would cause 
if it were to occur. 

Risk and Mitigation Strategies for Install New Risers and Elevate All Equipment and 
Infrastructure on the Caverns 

Risks Mitigation Strategy 
Likelihood – 

Impact  
Risk Code 

Would require a period of time with no 
drawdown capability. 

Plan work to be completed within the 
acceptable shut down period. 

High – High  
High Risk 
Hazard 

Cavern pad would still be inundated by 
flood waters 

Cavern is inaccessible during high water 
events 

High – High  
High Risk 
Hazard 
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C. Perform Site Wide Study to Determine the Well Pads, Critical Infrastructure and 
Critical Buildings that are Below the 100-Year Base Flood Elevations (BFE) and 
Provide a Means for Protection 

Perform a site wide survey to determine which well pads and infrastructure are below the 100-year BFE.  
Construct ring levees around well pads, raise critical infrastructure, and raise or relocate buildings as 
needed.  

Assumptions & Constraints 

This is an extensive look at the entire site as a whole. Provides the information to provide flood protection 
in the most efficient manner. Multiple means of protections can be used in an integrated system to provide 
site wide protection. Very low risk of shut downs or loss of use of caverns.  

Benefits & Effectiveness 

This alternative would determine the best solution for each asset, and would not be a “one size fits all” 
solution and will assure that critical infrastructure and equipment would be protected from storm surge and 
subsidence flooding. This would result in reducing the risk of impacting drawdown capability. 

Risk & Mitigation Factors 

There are associated risks with this alternative which are summarized in the table below. The table 
describes the likelihood of occurrence at the site, along with how great of an impact the event would cause 
if it were to occur. 

Risk and Mitigation Strategies for Perform Site Wide Study to Determine the Well Pads, Critical 
Infrastructure and Critical Buildings that are Below the 100-Year Base Flood Elevations (BFE) 
and Provide a Means for Protection 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Would take the most time. Would have 
to endure several hurricane seasons 
before study is complete. 

Study known low areas first so that 
construction time line can be fast tracked if 
ever needed. 

 Low – High  
Low Risk 
Hazard 
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VI. ALTERNATIVE SELECTION 

List of Alternatives – Studied Alternatives 

A. Construct Ring Levees Around Cavern Pads to 100-Year Base Flood Elevations 

This alternative will provide storm water protection to the individual well pads and infrastructure. 

B. Install New Risers and Elevate All Equipment and Infrastructure on the Caverns 

This alternative will raise all infrastructure on caverns but not the cavern pad. 

C. Perform Site Wide Study to Determine the Well Pads, Critical Infrastructure and Critical Buildings that 
are Below the 100-Year Base Flood Elevations (BFE) and Provide a Means for Protection 

Perform a site wide survey to determine which well pads and infrastructure are below the 100-year BFE.  
Construct ring levees around well pads, raise critical infrastructure, and raise or relocate buildings as 
needed. 

Comparison of Alternatives 

Core Team Member Ratings 

 

Constructability 
During Ongoing 
Oil Deliveries 

Ease of 
Operations 

Ease of 
Maintenance 

Safety During 
Construction 

Security During 
Construction 

Sustainability 

Most Important Most Important Most Important Most Important Most Important Less Important 

A
lt

e
rn

a
ti

v
e
 A

 

Excellent Excellent Excellent Good Excellent Adequate 

Excellent Excellent Excellent Good Excellent Adequate 

Excellent Excellent Excellent Good Excellent Good 

A
lt

e
rn

a
ti

v
e
 B

 

Marginal Good Good Adequate Excellent Adequate 

Marginal Good Good Adequate Excellent Adequate 

Good Good Good Good Excellent Good 

A
lt

e
rn

a
ti

v
e
 C

 

Excellent Excellent Excellent Good Excellent Excellent 

Excellent Excellent Excellent Good Excellent Excellent 

Good Good Good Good Excellent Good 
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Cost Comparison 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $7,477,821 $7,987,527 

Alternative B $3,350,430 $3,437,407 

Alternative C $2,050,635 $2,560,341 

Recommended Alternative 

C. Perform Site Wide Study to Determine the Well Pads, Critical Infrastructure and Critical Buildings that 
are Below the 100-Year Base Flood Elevations (BFE) and Provide a Means for Protection 

Based on the technical evaluation of the Core Team Members, Alternative A and C received similar ratings, 
with Alternative C slightly higher by one evaluator. Given a much lower technical evaluation than both 
Alternatives A and C, with an almost identical investment cost as Alternative C, Alternative B was 
eliminated. Alternative A has a much higher investment cost than Alternative C. Therefore, given the very 
close technical evaluations between Alternative A and C, the significantly lower investment cost makes 
Alternative C the recommended preferred alternative. One key cost factor in the estimate in choosing 
Alternative C is that the ultimate solution for this alternative will be based on a site wide survey that will 
provide the most efficient solution to all site facilities, providing more targeted protection only to facilities 
that are at risk of inundation. 
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Recomplete/Replace Brine Disposal Wells; Replace Brine 
Disposal Line to the Gulf 

 

VCI Project Engineer: Bill Fogle 

 

Recommended Alternative: 
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Injection Pumps and Add New Brine Injection Pumps at the Main Site 

 

Analysis of Alternatives 
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US Department of Energy 
Strategic Petroleum Reserve 
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I. PROJECT CONCEPT 

Mission Need 

To construct/repair a Brine Disposal System that has adequate capacity to handle Level I Performance 
Criteria for a brine disposal rate of 225 thousand barrels a day (MBD) at the West Hackberry (WH) site. 
Develop additional brine disposal capabilities for 25-year life span.   

Functional Requirements 

The repair/rework and/or installation of the Brine Disposal System requirements is to meet the following 
parameters: 

 Brine Temperature Minimum: 60 ⁰F; Average: 93 ⁰F; Maximum: 108⁰F 

 Capable of Level I fill rate of 225 MBD 

This project is one component of a set of projects to upgrade the Brine Disposal System at West Hackberry 
in accordance with SPR Level I criteria.  Other projects that are part of the completed Brine Disposal System 
that are affected by this WH-MM-1350, 1409 Project are: WH-MM-826. Lighting requirements for the Brine 
Disposal facilities are identified in Project WH-MM-652, 617. 

II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for selection of the preferred alternative has 
been standardized for all AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 

Alternative Analysis Team Members 

 Core Team Members 

 Claudia Carrol DOE, Systems Engineer 
 Bill Fogle VCI, Project Engineer 
 Chris Vedros FFPO, Manager Pipeline and Equipment Integrity 

 Team Members 

 Ashley Thomas DOE, Lead General Engineer 
 Laren Tushim VCI, Sr. Mechanical Engineer 
 David Wilkins VCI, Process Engineer 
 Janet Robert FFPO, Director Facilities Design and Integrity 
 Karen Wynn FFPO, Sr. Cavern Engineer 
 Robert Bowles FFPO, Manger Site Construction 
 Justin Rye FFPO, WH Site Construction Specialist   
 Steve Sleeman FFPO, Sr. Site Maintenance Engineer 
 Buddy Delaune FFPO, Principal Mechanical Engineer 
 Charles Deluca FFPO, Principal Operational Systems Engineer 
 Ken Swanson FFPO, Manger Site Operations 

III. SELECTION CRITERIA 

The AoA Team determined the below listed criteria as relevant to the Analysis of Alternatives. Once 
alternatives are analyzed by the AoA Team, these criteria are used to evaluate and select a recommended 
preferred alternative. 
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Technically Sound Solution 

The selected alternative can be engineered to meet mission goals and project functional requirements. The 
Level I Performance Criteria for Brine Disposal at a 225 MBD fill rate is critical to meeting mission needs. 
The New Brine Disposal Wells option should provide adequate brine disposal to accommodate every 
fill/refill event over the 25-year life of LE 2.    

Weight: Most Important 

Constructability During On-Going Oil Deliveries  

When implemented, the selected alternative is able to be implemented with little or no impact to on-going 
oil delivery operations.  New Brine Disposal Wells option must preserve or enhance drawdown readiness. 

Weight: Most Important 

Ease of Operations  

When implemented, the selected alternative when implemented will result in a system that is able to be 
operated without significant additional training and is similar to existing systems and equipment. New Brine 
Disposal Wells option must ensure that the required brine disposal capacity must be met. 

Weight: Most Important 

Safety During Construction  

When implemented, the selected alternative will be able to achieve DOE Sustainability goals for energy 
consumption as outlined in the Strategic Sustainability Performance Plan. 

Weight: Most Important 

Ease of Maintenance  

The selected alternative is similar in nature to existing equipment resulting in commonality of similar 
systems for future maintenance and sparing consideration. New Brine Disposal Wells option should be 
compatible with service requirements to meet or exceed the 25-year life of LE 2. 

Weight: Important 

Sustainability 

When implemented, the selected alternative when implemented will be able to achieve DOE Sustainability 
goals for energy consumption as outlined in the Strategic Sustainability Performance Plan 

Weight: Less Important 

IV. ALTERNATIVES IDENTIFICATION 

List of Alternatives 

A. Repair/Rework Existing Brine Disposal Line to Gulf 

The brine line to the gulf was decommissioned and removed from service in 1996. The decommissioning 
included removal of offshore discharge points, the abandonment and capping of the pipeline segments 
north and south of the Sabine Wildlife Management Area (WMA), and the removal of several pipe 
segments. 

This option does not provide the assurance of a Brine Disposal System that has adequate capacity to 
handle the Level I Performance Criteria for Brine Disposal at a rate of 225 MBD. 

Viability: No Further Analysis 
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B. Install New Brine Disposal Line to Gulf 

Presuming that the Department of Energy (DOE) still retains full ownership of the original right-of-way, there 
are two options for the material design of the pipeline, cement-lined carbon steel (CS) or high-density 
polyethylene (HDPE). Due to the length of the line and the required flowing volume of 6,600 gallons per 
minute (GPM), a single line may be sized between 24-inch and 30-inch in diameter, depending upon the 
desired flowing velocity. 

In addition, the associated pressure drops could require a booster pump station. The booster pumps would 
require ~450-500hp for 250 feet of total dynamic head (TDH) as single units, requiring 460VAC / 3-Ph / 60 
Hz power. Deep-well, multistage turbine units would be ideal units to use in this application. These pumps 
are readily available in corrosion resistant alloy (CRA) materials for extended duty. As an option, DOE may 
elect to have one electric and one diesel drive unit to address periods with no power. 

Another option would be to split the flow between two pumps and have 2 or 3 units installed at the pump 
station. Those units would require ~225 to 250hp each rated for 3500 GPM @ 250 feet of TDH.  This option 
provides for flexibility in the pumping rates. 

However, the area to the south of the current disposal well area, through which this new disposal line would 
be laid out, has been designated as a wildlife refuge. 

Since a new brine disposal line will not be permitted by law, this option is not viable.  

Viability: No Further Analysis 

C. Clean Existing Wells, Develop New Brine Disposal Wells, and Add Additional Pumping 
Capacity 

The current brine disposal wells are capacity limited to 155 MBD of brine. The wells are split between 
shallow and deep zones with different injection pressure requirements. The deep well zone appears to have 
a greater capacity for accepting brine.  

This alternative will include implementing the “get well plan” for the existing screened and screen-less wells 
to increase the overall brine disposal capacity and bring them to optimum performance. The remedial work 
would use various processes including possible acid cleaning/nitrogen backwashing. Additionally, possible 
recompletion into a higher formation may be required if the screens are determined to have failed. The 
remediation is needed to clean away the sand that has covered the perforations or if they have sat unused 
for a period of time allowing the bacteria to build up on the sand face or screens 

This alternative would also add 2 new brine disposal wells, one well on pad 1, going south and one well on 
pad 2, going west-northwest under Black Lake, as shown in Figure 5 below, to increase system capacity. 
Both pads, and the interconnecting road will need to be enlarged and environmental permits obtained. A 
2014 injection rate study by FFPO showed that with the remaining eight wells, the required well head 
injection pressure would need to increase to 540 Psig (30 days after clean out wells with continuous flows) 
to meet the 225 MBD design Brine Disposal rate. The new wells are intended to extend the reach of the 
injection zone further into the lower zone to enhance the capabilities of the zone to take more volumes 
before building excessive pressures.  

To address the additional pressure requirements and address other operational issues due to sharing the 
aquifer for injection by outside sources, additional pumping capacity may be required. This can be achieved 
in one of the following ways: 

1. Utilize Existing Brine Injection Pumps and Add New Brine Injection Pumps at the Main Site 
(TDH of 500 Psig/1155 ft.) 

This alternative would add two new brine injection pumps to be operated in series with the existing brine 
injection pumps for increased brine injection pressure. The two new injection pump station would be sized 
for 225 MBD at approximately 500 Psig Total Dynamic Head (TDH). The installation will utilize as much 
existing infrastructure as possible including but not limited to cable trays, pipe supports, and motor control 
centers, but would require new supporting systems including electrical power, cabling, seal flush pumps, 
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lighting, shelters, and necessary process instrumentation and automation systems. These can be further 
developed during detailed design. The existing security system will be sufficient. 

Since the new equipment is located on the West Hackberry main site, many advantages can be realized 
especially in the areas of operability and maintenance.  

This option is only viable if the 24-inch diameter brine disposal pipeline that the new pumps will discharge 
into has a Maximum Allowable Operating Pressure (MAOP) equal to or greater than the discharge pressure 
that would be produced by the two sets of pumps operating in series. A separate project, WH-MM-826 is 
addressing the installation of a new pipeline and this project must consider the design and/or “As-Built” 
condition of the new, 24-inch, brine disposal pipeline.  Additionally, the existing manifold piping at disposal 
well pads 1 and 2 would need to be replaced in order to be suitable for the higher operating pressures 
produced by the new, additional pumps. 

This alternative provides the assurance of a Brine Disposal System that has adequate capacity to handle 
Level I Performance Criteria for Brine Disposal at a 225 MBD fill rate. 

Viability: Continue Analysis  

2. Replace the Existing Brine Injection Pumps and Add Additional Booster Pumps at Disposal 
Well pad 2. 

This alternative would modify the existing brine injection pumps on the main site, to increase the system 
output pressure to ~600-650 Psig. The required brine injection pressure would then be achieved by an 
additional set of pumps located at or near brine disposal well pad 2. For this alternative, the new booster 
pump station can be sized for approximately 225 MBD at approximately 250 Psig TDH. Additionally, new 
utility electric power, transformers, motor control centers, and associated electrical infrastructure would be 
required for the new power service requirements of the new pumps and associated piping, motor operated 
valves, instrumentation, control, and communication. This option assumes that the operating pressure of 
the pipeline does not support the installation of the additional pumps at the main site as defined in Option 
1. A separate project, WH-MM-826 is addressing the installation of a new pipeline and this project must 
consider the design and “As-Built” condition of the new 24-inch brine disposal pipeline. Additionally, the 
existing manifold piping at disposal well pads 1 and 2 would need to be replaced in order to be suitable for 
the higher operating pressures produced by the new, additional pumps. 

For this alternative, the requirements of the new brine pumps is less than in above option 1; however, there 
are significant additional requirements associated with a new power line, transformers, motor control 
centers, and life cycle maintenance due to the remote location of the new equipment.   

This option provides the assurance of a Brine Disposal System that has adequate capacity to handle Level 
I Performance Criteria for Brine Disposal at a 225 MBD fill rate. 

Viability: Continue Analysis  

D. Purchase Cameron LNG Brine Caverns and Associated Pipeline  

This option involves purchasing Cameron Brine Pipeline and Caverns (Outside to the West of the WH Site). 
Cameron LNG is currently undergoing a cavern leaching process and as part of that effort, they have 
developed one or more disposal wells which are connected via a pipeline to their main site. The idea is to 
offer to purchase the infrastructure from Cameron LNG when they are ready to sell it. It is suggested that 
DOE offer to share access with them as a maintenance option. Much more research would be needed to 
evaluate this alternative. 

This would not be an immediate solution, as the current leaching process will not allow the caverns to be 
utilized for ~10-15 years.  

This option does not provide the assurance of a Brine Disposal System that has adequate capacity to 
handle Level I Performance Criteria for Brine Disposal at a 225 MBD fill rate. 

Viability: No Further Analysis  
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E. Reduce Disposal Rate to 110 MBD 

At the reduced rate of 110 MBD, the fill will take longer, but the pressure build-up can be better managed. 

This option does not provide the assurance of a Brine Disposal System that has adequate capacity to 
handle Level I Performance Criteria for Brine Disposal at a 225 MBD fill rate. 

Viability: No Further Analysis 

V. ALTERNATIVES ANALYSIS 

Based on initial analysis of the alternatives, the options A, B, D, and E have been eliminated from further 

consideration. The remaining alternatives C1 and C2 are examined below as alternatives A and B, 
respectively. 

The below analyses provide the research and technical information gathered by the AoA Team. These 

analyses are not evaluative or comparative. 

Assumptions & Constraints 

 WH Brine Disposal System Temperature Requirements Minimum: 60 ⁰F; Average: 93 ⁰F; Maximum: 
108⁰F are met. 

 Provide adequate capacity to handle Level I Performance Criteria for Brine Disposal at a 225 MBD fill 
rate at the West Hackberry (WH) Site 

 All existing wells have been recompleted and cleaned before they can be utilized for injection. Each 
recompleted well must pass a Louisiana Department of Natural Resources, Office of Conservation 
(LDNR) required mechanical integrity test.   

 After the drilling, the new wells need to be perforated, acidized, and backwashed before they can be 
utilized for injection. Additionally, each new well must pass a LDNR required mechanical integrity test. 

 Provide adequate pumping capacity to address well head injection pressure of 540 Psig (30 days after 
clean out wells with continuous flows), that meets the 225 MBD design rate.  This may be safely done 
by ensuring any wells, if exceeding their maximum allowable surface injection pressure (MASIP), are 
taken offline.  

 Obtain environmental permits for well pad enlargements and road improvements in a designated 
wetland area. 

 The installation of WH-MM-826, Replace Brine Disposal Pipeline. 
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Figure 1 – Example Well Design



W
H

-M
M

-1
3

5
0

; 
W

H
-M

M
-1

4
0
9
  

7
 

 

 

F
ig

u
re

 2
 –

 E
x

a
m

p
le

 W
e
ll
 H

e
a
d

 D
e
s

ig
n



WH-MM-1350; WH-MM-1409  

8 
 

 

Figure 3 – Pad 1 Existing Well Locations and Depths
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A. Clean Existing Wells, Develop New Brine Disposal Wells, Utilize Existing Brine 
Injection Pumps and Add New Brine Injection Pumps at the Main Site. 

This alternative will include implementing the “get-well” plan for the existing screened and screen-less wells 
to increase the overall disposal capacity, and bring them to optimum performance. The remedial work would 
entail various processes including acid cleaning/nitrogen backwashing.  Additionally, possible recompletion 
into a higher formation should the screens fail. The remediation of the wells is needed to clean away the 
sand that has covered the perforations or if they have sat unused for a period of time allowing the bacteria 
to build up on the sand face or screens. 

This alternative would also add 2 new brine disposal wells, one well on pad 1 and one well on pad 2 to 
increase system capacity. A 2014 injection rate study by FFPO showed that with the eight remaining wells 
in use, the required well head injection pressure would increase to 540 Psig (30 days after clean out wells 
with continuous flows) to meet the 225 MBD design Brine Disposal rate. The well on pad 1 would be 
directionally drilled towards the south from the new extended section and would terminate 6,747 feet 
measured depth, 6,700 feet true vertical depth. The well on pad 2 would be directionally drilled towards the 
west-northwest from the new extended section and would terminate at 6,806 feet measured depth, 6,700 
feet true vertical depth. The new disposal wells are intended to extend the reach of the injection zone, 
further into the lower zone to enhance the capabilities of the zone to take more volumes before building 
excessive pressures. Both pads will be enlarged, and the interconnecting road widened, requiring revisions 
to environmental permits to be obtained. The proposed expansion area needs to be elevated with 
consideration given to USACE requirements. Each existing pad has a chain-link fence to keep out the cattle. 
Initially, similar fencing will need to encompass the expansion areas. The proposed pad enlargements are 
shown in figure 5. 

The exact surface location of the well will be dependent on equipment placement capabilities, and must be 
able to provide adequate room for a workover rig and associated equipment. The coiled tubing unit will 
require approximately the same footprint as the workover rig. The bottom hole location is an approximation 
but should be located in the same general area. 

This alternative would add two new brine injection pumps to be operated in series with the existing brine 
injection pumps for increased brine injection pressure. The two new injection pump station would be sized 
for 225 MBD at approximately 500 Psig Total Dynamic Head (TDH). The installation will utilize as much 
existing infrastructure as possible including cable trays, pipe supports, motor control centers, etc but would 
require new supporting systems including electrical power, cabling, seal flush pumps, lighting, shelters and 
necessary process instrumentation and automation systems. These can be further developed during 
detailed design. The existing security system will be sufficient. 

This option is only viable if the 24-inch diameter brine disposal pipeline has a Maximum Allowable Operating 
Pressure (MAOP) equal to or greater than the discharge pressure that would be produced by the two sets 
of pumps operating in series. A separate project, WH-MM-826 is addressing the installation of a new 
pipeline and this project must consider the design and/or the “As-Built” condition of the new 24-inch brine 
disposal pipeline. Additionally, the existing manifold piping at disposal well pads 1 and 2 would need to be 
replaced in order to be suitable for the higher operating pressures produced by the new, additional pumps. 

This option would continue the use of the existing brine injection pumps, in their current state. This may 
lead to higher operating, maintenance, and labor costs. 

Benefits & Effectiveness 

This alternative will allow for a Brine Disposal System that has adequate capacity to handle Level I 
Performance Criteria for Brine Disposal at a 225 MBD fill rate at the West Hackberry (WH) Site. This option 
effectively eliminates the option to pass through north and south of the Sabine Wildlife Management Area, 
WMA. An additional benefit is that the added infrastructure required to meet the mission and functional 
requirements is installed and operated at the main West Hackberry site which reduces the life cycle cost 
and enhances the ease of operations and maintenance. 
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Figure 6 – New Brine Injection Pumps 

Risk & Mitigation Factors 

There are associated risks with Clean Existing Wells, Develop New Brine Disposal Wells, Utilize Existing 

Brine Injection Pumps and Add New Brine Injection Pumps at the Main Site. The risks include cost, 
scheduling, availability, and installation. The table below summarizes the risks with the correlating mitigation 
strategy. The table also describes the likelihood of occurrence at the site, along with how great of an impact 
the event would cause if it were to occur. 

Risk and Mitigation Strategies for Clean Existing Wells, Develop New Brine Disposal Wells, Add 
Additional Pumping Capacity (No changes to Existing Brine Injection Pumps and Add 
Additional Booster Pumps (TDH of 500 Psig/1155 ft.)) 

Risks Mitigation Strategy 
Likelihood – 

Impact  
 Risk Code 

Under-estimated cost 
Make sure all possible project costs have been analyzed 
in the life cycle cost analysis. 

Low – Low  
Low Risk 
Hazard 

Unknown subsurface 
Ensure geological study of subsurface of planned 
route/well to verify obstacles.  Drilling of test wells may 
be required. 

High – High  
High Risk 
Hazard 

Equipment availability  
Procure contractor and equipment in advance once the 
schedule has been determined to avoid delays with 
equipment availability. 

Low – Medium  
Low Risk 
Hazard 

Scheduled outage extended 

Ensure all equipment and parts have been delivered 
before beginning outage work. Verify availability of 
maintenance group to ensure schedules are aligned. Be 
aware of weather disturbances. 

Low – High  
Low Risk 
Hazard 

Pumps and motors 
availability/delivery  

Procure pumps and motors in advance to develop 
schedule to avoid delays with equipment delivery. 

Low – Low  
Low Risk 
Hazard 

Inlet/Outlet pipe misaligned 
Verify new pumps’ inlet and outlet will align with existing 
pipe. If not, design to modify inlet and outlet pipe to fit 
new pumps. 

Medium – Medium  
Medium Risk 

Hazard 

Well completion issues and 
failure 

Ensure well completions are done as per required permit 
applications and completion standards. 

Medium – High  
Medium Risk 

Hazard 
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Risk and Mitigation Strategies for Clean Existing Wells, Develop New Brine Disposal Wells, Add 
Additional Pumping Capacity (No changes to Existing Brine Injection Pumps and Add 
Additional Booster Pumps (TDH of 500 Psig/1155 ft.)) 

Risks Mitigation Strategy 
Likelihood – 

Impact  
 Risk Code 

Sanding issues in wells 
Need to adhere to professional geologist 
recommendations and ensure injection pump minimum 
flow guidance into well. 

Med – High  
Medium Risk 

Hazard 

Clay swelling and plugging 
of wells 

Remediation strategy of additional pumping capacity and 
required space in Injection Piping for the must be in 
place. 

Med – High  
Medium Risk 

Hazard 

Environmental impacts due 
to injection well work 

Ensure project performs required environmental due 
diligence and obtain necessary permits. 

Low – High  
Low Risk 
Hazard 

Safety incidents during 
project construction. 

Ensure project meets appropriate federal and industry 
safety standards during construction phase.  

High – High  
High Risk 
Hazard 

Security incidents during 
and after project 
construction. 

Ensure project meets appropriate federal and industry 
security standards during construction phase, by 
installation of required barriers. 

Med – High  
Medium Risk 

Hazard 
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B. Clean Existing Wells, Develop New Brine Disposal Wells, Replace the Existing 
Brine Injection Pumps and Add Additional Booster Pumps at Brine Disposal Well 
pad 2. 

This alternative will include implementing the “get-well” plan for the existing screened and screen-less wells 
to increase the overall disposal capacity, and bring them to optimum performance. The remedial work would 
entail various processes including acid cleaning/nitrogen backwashing.  Additionally, possible recompletion 
into a higher formation should the screens fail. The remediation of the wells is needed to clean away the 
sand that has covered the perforations or if they have sat unused for a period of time allowing the bacteria 
to build up on the sand face or screens. 

This alternative would also add 2 new brine disposal wells, one well on pad 1 and one well on pad 2 to 
increase system capacity. A 2014 injection rate study by FFPO showed that with the eight remaining wells 
in use, the required well head injection pressure would increase to 540 Psig (30 days after clean out wells 
with continuous flows) to meet the 225 MBD design Brine Disposal rate. The well on pad 1 would be 
directionally drilled towards the south from the new extended section and would terminate 6,747 feet 
measured depth, 6,700 feet true vertical depth.  The well on pad 2 would be directionally drilled towards 
the west-northwest from the new extended section and would terminate at 6,806 feet measured depth, 
6,700 feet true vertical depth. The new disposal wells are intended to extend the reach of the injection zone, 
further into the lower zone to enhance the capabilities of the zone to take more volumes before building 
excessive pressures. Both pads will be enlarged, and the interconnecting road widened, requiring revisions 
to environmental permits to be obtained. The proposed expansion area needs to be elevated with 
consideration given to USACE requirements. Each existing pad has a chain-link fence to keep out the cattle. 
Initially, similar fencing will need to encompass the expansion areas. Upgraded security measures, i.e., 
fencing, cameras and area lighting will be required as a part of the Booster Pump Station installation. The 
proposed pad enlargements are shown in figure 5. 

The exact surface location of the well will be dependent on the final brine header design. The surface 
location must be able to provide adequate room for a workover rig and associated equipment. The coiled 
tubing unit will require approximately the same footprint as the workover rig. The bottom hole location is an 
approximation but should be located in the same general area. 

Additionally, this alternative would replace the existing brine injection pumps on the main site, to increase 
the system output pressure to ~600-650 Psig.  The required brine injection pressure would then be achieved 
by an additional set of pumps located at or near brine disposal well pad 2. For this alternative, the new 
booster pump station can be sized for approximately 225 MBD at approximately 250 Psig TDH. Additionally, 
new utility electric power, transformers, and motor control centers would be required for the new power 
service requirements of the new pumps and associated piping, motor operated valves, instrumentation, 
control, and communication. This option assumes that the operating pressure of the pipeline does not 
support the installation of the new, additional pumps at the main site as defined in Alternative A.  A separate 
project, WH-MM-826 is addressing the installation of a new pipeline and this project must consider the 
design and/or the “As-Built” condition of the new 24-inch brine disposal pipeline. Additionally, the existing 
manifold piping at disposal well pads 1 and 2 would need to be replaced in order to be suitable for the 
higher operating pressures produced by the new, additional pumps. 

For this alternative, the requirements of the new brine pumps are less than in Alternative A; however, there 
are significant additional requirements associated with a new power line, transformers, motor control 
centers and life cycle maintenance due to the remote location of the new equipment.   

Benefits & Effectiveness 

This alternative will allow for a Brine Disposal System that has adequate capacity to handle Level I 
Performance Criteria for Brine Disposal a 225 MBD fill rate at the West Hackberry (WH) Site. This option 
effectively eliminates the option to pass through north and south of the Sabine Wildlife Management Area, 
WMA. 

There would be no additional security requirements for this option and this option optimizes the operating 
pressure of the associated pipeline. 
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Figure 7 – New Brine Injection and Booster Pumps 

Risk & Mitigation Factors 

There are associated risks with Clean Existing Wells, Develop New Brine Disposal Wells, Modify the 
Existing Brine Injection Pumps and Add Additional Booster Pumps at Brine Disposal Well pad 2. The risks 
include cost, scheduling, availability, and installation. The table below summarizes the risks with the 
correlating mitigation strategy. The table also describes the likelihood of occurrence at the site, along with 
how great of an impact the event would cause if it were to occur. 

Risk and Mitigation Strategies for Clean Existing Wells, Develop New Brine Disposal Wells, Add 
Additional Pumping Capacity (Upgrade Existing Brine Injection Pumps and Add Additional 
Booster Pumps (Total Differential Head (TDH) of 250 Psig/580 ft.)) 

Risks Mitigation Strategy 
Likelihood – 

Impact  
  Risk Code 

Under-estimated cost 
Make sure all possible project costs have been analyzed 
in the life cycle cost analysis. 

Low – Low  
Low Risk 
Hazard 

Unknown subsurface 
Ensure geological study of subsurface of planned 
route/well to verify obstacles.  Drilling of test wells may 
be required. 

High – High  
High Risk 
Hazard 

Equipment availability  
Procure contractor and equipment in advance once the 
schedule has been determined to avoid delays with 
equipment availability. 

Low – Medium  
Low Risk 
Hazard 

Scheduled outage extended 

Ensure all equipment and parts have been delivered 
before beginning outage work. Verify availability of 
maintenance group to ensure schedules are aligned. Be 
aware of weather disturbances. 

Low – High  
Low Risk 
Hazard 

Pumps and motors 
availability/delivery  

Procure pumps and motors in advance to develop 
schedule to avoid delays with equipment delivery. 

Low – Low  
Low Risk 
Hazard 

Pump base size inadequate 
for new pump and motors 

Verify new pump and motor will fit on existing pump 
base.  If not, modify pump base for new pump and motor. 
May extend outage schedule 

Medium – High  
Medium Risk 

Hazard 

Inlet/Outlet pipe misaligned 
Verify new pumps’ inlet and outlet will align with existing 
pipe. If not, design to modify inlet and outlet pipe to fit 
new pumps. 

Medium – Medium  
Medium Risk 

Hazard 
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Risk and Mitigation Strategies for Clean Existing Wells, Develop New Brine Disposal Wells, Add 
Additional Pumping Capacity (Upgrade Existing Brine Injection Pumps and Add Additional 
Booster Pumps (Total Differential Head (TDH) of 250 Psig/580 ft.)) 

Risks Mitigation Strategy 
Likelihood – 

Impact  
  Risk Code 

Remaining life of existing 
brine injection pumps is not 
determined 

Pursue more aggressive evaluation and routine fitness 
for service testing on site at WH to project remaining life 
of existing pumps.   

Medium – Medium 
Medium Risk 

Hazard 

Well completion issues and 
failure 

Ensure well completions are done as per required permit 
applications and completion standards. 

Medium – High  
Medium Risk 

Hazard 

Sanding issues in wells 
Need to adhere to professional geologist 
recommendations and ensure injection pump minimum 
flow guidance into well. 

Med – High  
Medium Risk 

Hazard 

Clay swelling and plugging of 
wells 

Remediation strategy of additional pumping capacity and 
required space in Injection Piping for the must be in 
place. 

Med – High  
Medium Risk 

Hazard 

Environmental impacts due to 
injection well work 

Ensure project performs required environmental due 
diligence and obtain necessary permits. 

Low – High  
Low Risk 
Hazard 

Safety incidents during project 
construction. 

Ensure project meets appropriate federal and industry 
safety standards during construction phase.  

High – High  
High Risk 
Hazard 
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VI. ALTERNATIVE SELECTION 

List of Alternatives – Studied Alternatives 

A. Clean Existing Wells, Develop New Brine Disposal Wells, Utilize Existing Brine Injection Pumps and 
Add New Brine Injection Pumps at the Main Site  

This alternative would clean and rework existing wells and develop new brine disposal wells, thereby 
increasing the overall disposal capacity. This option addresses the additional injection well pressure 
requirements and other operational issues due to sharing the aquifer for injection by outside sources, by 
adding additional booster pumps for additional pumping capacity. There would be no changes to existing 
brine injection pumps.  

The installation will utilize as much existing infrastructure as possible including cable trays, pipe supports, 
motor control centers, etc. but would require new supporting systems including electrical power, cabling, 
seal flush pumps, lighting, shelters and necessary process instrumentation and automation systems. 

B. Clean Existing Wells, Develop New Brine Disposal Wells, Modify the Existing Brine Injection Pumps 
and Add Additional Booster Pumps at Brine Disposal Well Pad 2. 

This alternative would clean and rework existing wells and develop new brine disposal wells, thereby 
increasing the overall disposal capacity. This option addresses the additional injection well pressure 
requirements and other operational issues due to sharing the aquifer for injection by outside sources, by 
upgrading the existing brine injection pumps to increase pressure output to ~600-650 psig and adding 
additional booster pumps to be located at brine disposal well pad 2.  

New utility electric power, transformers, motor control centers would be required for the new power service 
requirements of the new pumps and associated piping, motor operated valves, instrumentation, control and 
communication. 

Comparison of Alternatives 

Core Team Member Ratings 

 
 

Technically 
Sound Solution 

Constructability 
During Ongoing 
Oil Deliveries 

Ease of 
Operations 

Ease of 
Maintenance 

Safety During 
Construction 

Sustainability 

Most Important Most Important Most Important Most Important Less Important Less Important 

A
lt

e
rn

a
ti

v
e
 A

 

Not Rated Excellent Good Excellent Excellent Adequate 

Excellent Excellent Excellent Excellent Excellent Excellent 
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 Not Rated Good Excellent Good Good Good 

Good Excellent Excellent Excellent Excellent Excellent 

Marginal Excellent Adequate Adequate Excellent Good 
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Cost Comparison 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $83,439,559 $83,510,275 

Alternative B $85,736,635 $85,818,436 

Recommended Alternative 

A. Clean Existing Wells, Develop New Brine Disposal Wells, Utilize Existing Brine Injection Pumps and 
Add New Brine Injection Pumps at the Main Site 

Based on the technical evaluation of the Core Team Members, Alternative A was rated overall slightly 
higher on the evaluation criteria. The initial cost and life cycle cost of Alternative A were both slightly lower 
than Alternative B. Therefore, Alternative A is the recommended preferred alternative based on both 
technical and cost factors studied in the alternative analysis. 
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I. PROJECT CONCEPT 

Mission Need 

This Description of Work (DOW) addresses the objectives of the work package, Task WH-MM-1359, Revise 
WH Raw Water Injection (RWINJ) Pump Exercise System to change the routing of the RWINJ exercise 
loop cooling water discharge flows so that it does not involve flowing raw water into the caverns that could 
decrease cavern life expectancy. 

Functional Requirements 

The control loops shall be designed/calculated to assure that they are fast acting controls. The pump 
exercise requirement is to run each of the seven RWINJ pumps for approximately 90 minutes with enough 
water (500 gpm) removed from the exercise loop during exercise for cooling. The pumps are exercised on 
a quarterly basis. For the alternative of using brine tanks as a sink: A brine tank requires ~25 MB of 
saturated brine at the start of testing. Then adding 15MB water in the tank at 1.015 MB. 

II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for selection of the preferred alternative has 
been standardized for all AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 

Alternative Analysis Team Members 

 Core Team Members 

 Claudia Carrol DOE, Systems Engineer  
 Jason McCrossen VCI, Project Engineer 
 Lisa Eldredge FFPO, Manager Design Engineering 

 Team Members 

 Ashley Thomas DOE, Site Lead General Engineer 
 Zack Bergeron VCI, Civil Engineer 
 Cory Jacob VCI, Civil Designer 
 John Walker VCI, Mechanical Engineer 
 Don Helms VCI, Mechanical Designer 
 Timothy Croxdale FFPO, Site Director 
 Robert Bowles FFPO, Manager Site Construction 
 Justin Rye FFPO, Site Construction Maintenance Engineer 
 Steve Sleeman FFPO, Sr Site Maintenance Engineer 
 Charles Deluca FFPO, Principal Operational Systems Engineer 
 Ken Swanson FFPO, Manager Site Operations 

III. SELECTION CRITERIA 

The AoA Team determined the below listed criteria as relevant to the Analysis of Alternatives. Once 
alternatives are analyzed by the AoA Team, these criteria are used to evaluate and select a recommended 
preferred alternative.   

Constructability During On-Going Oil Deliveries 

The selected alternative is able to be implemented with little or no impact to on-going oil delivery 
operations. Drawdown critical. 

Weight: Most Important 
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Ease of Operations 

The selected alternative when implemented will result in a system that is able to be operated without 
significant additional training and is similar to existing systems and equipment. 

Weight: Most Important 

Ease of Maintenance 

The selected alternative is similar in nature to existing equipment resulting in commonality of similar 
systems for future maintenance and sparing consideration. 

Weight: Most Important 

Safety During Construction 

The selected alternative when implemented will be able to be constructed safely and operated safely. Ability 
to address Safety and Security concerns during implementation. 

Weight: Most Important 

Sustainability 

The selected alternative when implemented will be able to achieve DOE Sustainability goals for energy 
consumption as outlined in the Strategic Sustainability Performance Plan.  

Weight: Less Important 

Security During Construction 

The selected alternative when implemented will be able to be constructed with minimal to zero impacts to 
Site Security detection systems. 

Weight: Less Important 

IV. ALTERNATIVES IDENTIFICATION 

List of Alternatives 

The below listed alternatives are considered for analysis. Initial screenings conducted by the AoA Team 
determine the viability of each alternative. 

A. Status Quo 

Continuing to route cooling water to the caverns instead of the brine system will produce collateral leaching 
of caverns and will irreversibly compromise cavern life.  

This Alternative has been screened out because it doesn’t meet the Functional requirements of cavern 
integrity. 

Viability: No Further Analysis 

B. Loop Around Cavern 103 

Make connections to the current raw water loop around Cavern 103 which will allow for raw water to cool. 

This alternative will be studied further to determine the viability of this alternative. This loop will be separate 
from cavern maintenance. 

Viability: Continue Analysis 
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C. Use WHT-14 and WHT-15 Tanks 

One alternative is to re-route the cooling loop water to WHT-14 and 15. A detailed analysis will be required 
to determine the configuration and performance of the revised pump exercise system. 

This alternative has been screened out because it doesn’t meet the functional requirements of the salinity 
level in the BDW. 

Viability: No Further Analysis 

D. Use Heat Exchangers to Increase Volume and Flow 

Using existing piping through the heat exchangers to increase the volume of water and time of cycles to 
assist in cooling the water.  

This alternative has been screened out because it doesn’t meet the functional requirements of the heat 
exchanger option. 

Viability: No Further Analysis 

E. Combine with WH-MM-1025 and Share the Pond Alternative 

The construction of a holding pond in conjunction with WH-MM-1025 will allow for the RWINJ pump exercise 
water to be diverted into the holding pond.  

This alternative will be studied further to determine the viability of this alternative. 

Viability: Continue Analysis 

V. ALTERNATIVES ANALYSIS 

Based on initial analysis of the alternatives, alternatives A, C, and D are eliminated from further 
consideration. The remaining alternatives, B and E are examined below as alternatives A and B, 
respectively 

The below analyses provide the research and technical information gathered by the AoA Team. These 
analyses are not evaluative or comparative. 
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A. Loop Around Cavern 103 

Make connections to the current raw water loop around Cavern 103 which will allow for raw water to cool. 
This loop will be separate from cavern maintenance. 

Assumptions & Constraints 

Cavern 103 piping will be unavailable for use as a cooling loop during cavern maintenance. If this alternative 
is selected, Cavern 103 will be unavailable while constructing the exercise loop piping to existing piping.  
The additional valves needed to separate the extended loop and downhole piping will require additional 
maintenance.  

Benefits & Effectiveness 

The alternative will provide the benefit of disposal of heated water from the Raw Water Injection Pump 
Exercise System without injecting raw water into the caverns. It will also greatly increase the size of the 
cooling loop, partially utilizing some existing infrastructure allowing the water to maintain the desired 
temperature without compromising cavern integrity. Some operational training will be required to properly 
operate valves that separate the loop around cavern 103 and the downhole piping. All work will be done 
within the existing security parameter and will not have an impact on site security detection systems. This 
alternative will require continuous use of pumps to cycle the water through the loop. 

Risk & Mitigation Factors 

There are associated risks with the alternative Loop Around Cavern 103 which are summarized in the table 
below. The table describes the likelihood of occurrence at the site, along with how great of an impact the 
event would cause if it were to occur. 

Risk and Mitigation Strategies for Overhaul of RWIS 

Risks Mitigation Strategy 
Likelihood – 

Impact  
Risk Code 

Loop around Cavern 103 would be 
unavailable during cavern maintenance. 

Schedule Cavern 103 maintenance around 
quarterly pump exercise program. 

Low - High 
Low Risk 
Hazard 
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B. Combine with WH-MM-1025 and Share the Pond 

The construction of a holding pond in conjunction with WH-MM-1025 will allow for the RWINJ pump exercise 
water to be diverted into the holding pond. 

Assumptions & Constraints 

A separate project to provide a holding pond for disposal of water associate with pigging the raw water 
pipeline (WH-MM-1025) is implemented in conjunction with this project. 

Benefits & Effectiveness 

The alternative will provide the benefit of disposal of heated water from the Raw Water Injection Pump 
Exercise System and allowing it to function properly. It will also discharge all heated water to a cooling pond 
which will also be effective in allowing the exercise water to maintain the desired temperature without 
compromising cavern integrity. Construction of the pond and connecting piping will only effect site operation 
during final connection of piping to the Raw Water Injection Pump piping. All work will be done within the 
existing security parameter and will not have an impact on site security detection systems. Water 
discharged into the pond will not be pumped back to the Raw Water Injection Pumps. Discharging the 
heated water into the pond to cool will provide a simpler system to maintain. 

Risk & Mitigation Factors 

There are associated risks with the alternative Combine with WH-MM-1025 and Share the Pond which are 
summarized in the table below. The table describes the likelihood of occurrence at the site, along with how 
great of an impact the event would cause if it were to occur. 

Risk and Mitigation Strategies for Overhaul of RWIS 

Risks Mitigation Strategy Likelihood – 
Impact  Risk Code 

Contaminants released from the 
exercise loop could be released into the 
environment. 

Implement a system of testing the water in 
holding pond prior to its release into the local 
watershed. 

Low – High  
Low Risk 
Hazard 
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VI. ALTERNATIVE SELECTION 

List of Alternatives – Studied Alternatives 

A. Loop Around Cavern 103 

Make connections to the current raw water loop around Cavern 103 which will allow for raw water to cool. 

B. Combine with WH-MM-1025 and Share the Pond 

The construction of a holding pond in conjunction with WH-MM-1025 will allow for the RWINJ pump exercise 
water to be diverted into the holding pond. 

Comparison of Alternatives 

Core Team Member Ratings 

  

Constructability 
During Ongoing 
Oil Deliveries 

Ease of 
Operations 

Ease of 
Maintenance 

Safety During 
Construction 

Sustainability 
Security During 
Construction 

Most Important Most Important Most Important Most Important Less Important Less Important 
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Marginal Adequate Good Good Good Good 

Marginal Adequate Good Good Good Excellent 

Excellent Good Good Good Good Good 
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 B

 

Adequate Good Good Good Excellent Good 

Adequate Good Good Good Excellent Excellent 

Excellent Excellent Excellent Good Excellent Good 

 

Cost Comparison 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $2,598,460 $2,692,238 

Alternative B $3,249,257 $3,300,295 

Recommended Alternative 

B. Combine with WH-MM-1025 and Share the Pond 

Based on the technical evaluation of the Core Team Members, Alternative B was clearly rated equal or 
superior on all evaluation criteria.  While the initial cost of the utilization of the pond in Alternative B is slightly 
higher than the exercise loop bridges in Alternative A, the difference in initial cost was not enough to 
overcome the benefits of a shared system solution with WH-MM-1025, along with the higher technical 
evaluations. The key technical factors in choosing Alternative B were the much easier operation and 
therefore easier maintenance of the system in this alternative, allowing the scheduled exercising of the 
RWINJ pumps to not impact cavern integrity. 
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I. PROJECT CONCEPT 

Mission Need 

Replace and/or relocate the West Hackberry Hydraulic Security Barrier (HSB) used for site access control 
to locations commensurate with their intended function of intrusion deterrence and not traffic control. 

Functional Requirements 

The HSB is to meet the Department of Energy (DOE) Order 473.3 A. security parameters, have a functional 
design (used as intended), and be reasonably maintained. Physical barriers serve as the physical 
demarcation of the site security area. Activated barriers must be used to deter and delay unauthorized 
access. Barriers are also used to support and prevent stand-off attacks as well as control/deny potential 
avenues of approach. At a minimum, analysis is required to determine protection measures against Vehicle 
Borne Improvised Explosive Devices (VBIEDs). Controls for motorized gates (HSBs) must be located within 
protective force posts/facilities and designed to facilitate manual operation during power outages. The 
following are functional requirements for the HSB on the Strategic Petroleum Reserve (SPR) site: 

 All potential vehicle approach routes to identified target areas must have barriers installed that will 
preclude an adversary from reaching the target.  

 Speed reducing barriers must be used to slow adversary vehicles to achieve site specific threat/target 
system response requirements.  

 Requirements must be consistent with the operation of the facility and protection goals as documented 
in the vulnerability assessment (VA). 

II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for selection of the preferred alternative has 
been standardized for all AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 

Alternative Analysis Team Members 

 Core Team Members 

 Claudia Carroll DOE, Systems Engineer 
 Corb Elsbury VCI, Project Engineer 
 Marc Gross FFPO, Manager Design Engineering 

 Team Members 

 Patrick Shepherd DOE, Project Engineer 
 Jerry Packard DOE, Security Officer 
 Bryan Dunlap DOE, Physical Security Specialist 
 Levi Gabre DOE, Site General Engineer  
 Rachel Gray VCI, Process Engineer 
 Ron Johnson FFPO, Sr. Director Security & Emergency Prep 
 Thomas Guillory FFPO, Manager Protection & Physical Security 
 Kenneth Marino FFPO, Manager Plans & Exercises 
 Todd Demaris FFPO, Sr. Protection Physical Security 
 Randy Bridges FFPO, Process & Security Systems Control 
 Timothy Croxdale FFPO, Site Director 
 Tanya Latino FFPO, Site Security Specialist 
 Steve Sleeman FFPO, Sr. Site Maintenance Engineer 
 Kenneth Swanson FFPO, Manager Site Operations 
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 Robert Bowles FFPO, Manager Site Construction 
 Don Jackson FFPO, Manager Site Maintenance 

III. SELECTION CRITERIA 

The AoA Team determined the below listed criteria as relevant to the Analysis of Alternatives. Once 
alternatives are analyzed by the AoA Team, these criteria are used to evaluate and select a recommended 
preferred alternative.   

Ease of Operations  

The selected alternative when implemented will result in a system that is able to be operated without 
significant additional training and is similar to existing systems and equipment.  

Weight: Most Important 

Ease of Maintenance  

The selected alternative is similar in nature to existing equipment resulting in commonality of similar 
systems for future maintenance and sparing consideration.  

Weight: Most Important 

Safety During Construction  

The selected alternative when implemented will be able to be constructed with minimal to zero impacts to 
Site Security detection systems.  Safety is of the greatest importance. 

Weight: Most Important 

Security During Construction  

The selected alternative when implemented will be able to be constructed with minimal to zero impacts to 
Site Security detection systems. The Site Security Specialist shall coordinate with the site leadership and 
contractor to accommodate for down time to particular assessment systems during construction. 

Weight: Most Important 

Constructability During On-Going Oil Deliveries  

The selected alternative is able to be implemented with little or no impact to on-going oil delivery operations. 
Close coordination with the Site Security Specialist and site/maintenance operations will allow for minimal 
impact on oil delivery operations. 

Weight: Less Important 

Sustainability  

The selected alternative when implemented will be able to achieve DOE Sustainability goals for energy 
consumption as outlined in the Strategic Sustainability Performance Plan. Energy consumption shall be 
considered in all upgraded equipment criteria. 

Weight: Less Important 

 

 

 

IV. ALTERNATIVES IDENTIFICATION 
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List of Alternatives 

The below listed alternatives are considered for analysis. Initial screenings conducted by the AoA Team 
determine the viability of each alternative. 

A. Status Quo 

Leave existing barriers in place and implement a robust preventive maintenance plan to preclude downtime. 
The current system was constructed in ~2004, maintenance efforts are considerable due to excessive use 
and therefore, is not a viable option. When operability testing shows degraded system performance, the 
typical site maintenance schedule is disrupted. 

Viability: No Further Analysis 

B. Reprogram HSB and Replace Existing HSB Component Parts  

The current HSB shall be reprogrammed to allow for separate use of the security drop arm and HSB. This 
will allow for the HSB to be left in the down position, depending on security posture levels. The HSB internal 
component parts shall be replaced for this alternative. 

Viability: Continue Analysis 

C. Design an Employee Parking Area Entrance with Wafer Access Entry 

Relocate the employee parking area entrance for use by badged employees to an alternate location. 
Replace HSB internal component parts and install a security wafer reader accompanied with intercom and 
fixed camera. 

Viability: Continue Analysis 

D. Install an Electric Powered HSB 

Install an electric powered HSB that is engineered to meet DOE crash specifications in place of the existing 
hydraulic powered HSB. The electric barrier alternative will require excavation, complete electrical retrofit, 
and battery bank installation (back-up power). The electric powered barrier did effectively address the 
problem set of replacing outdated equipment, however, the alternatives study group felt maintenance would 
still be an issue since the use of the barrier would not be changed. Therefore, this alternative is not 
considered a viable option. 

Viability: No Further Analysis 

V. ALTERNATIVES ANALYSIS 

Based on initial analysis of the alternatives, alternatives A and D are eliminated from further consideration.  
The remaining alternatives, B and C are examined below as alternatives A and B, respectively. 

The below analyses provide the research and technical information gathered by the AoA Team. These 
analyses are not evaluative or comparative. 
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A. Reprogram HSB and Replace Existing HSB Component Parts 

The HSB shall be reprogrammed to allow for separate use of the security drop arm and HSB (steel wedge 
barrier). This will allow for the HSB to be left in the down position, depending on security posture levels. 
The HSB internal component parts shall be replaced to address end of life cycle conditions for this 
alternative.  

The existing HSBs were integrated into the site access control system at the same time that onsite parking 
was moved outside the site perimeter (~2004). The HSBs are located in such a way that every vehicle, 
whether entering or exiting the site, to include employee parking, must pass through the HSB. As a result, 
the HSBs suffer from high failure rates and high maintenance costs as well as repeated incidents of vehicle 
damage and potential risks to personnel; this is due to serving the function of a traffic control gate rather 
than their intended function of intrusion deterrence. In the current configuration, the Protection Force (PF) 
potentially operates the security drop arm and steel wedge barrier in excess of ~200 times a day. Issues 
concerning unscheduled maintenance repairs and service calls are costly and likely will continue after 
refurbishment due to continued repetitive use. The Nasatka Security Company (manufacturer and 
proprietor of the current barriers in use on the SPR) provides options to alleviate the challenge with the 
existing configuration. Offered are services providing reprogramming and installation of a color liquid crystal 
display (LCD) touch screen with updated barrier programming options; completely encrypted for security. 

Replacing all internal component parts provides a very cost effective way to prolong the life cycle of the 
existing Nasatka HSBs.  The Nasatka HSBs are proprietary and interior components must be replaced from 
their spare parts listing. 

Assumptions & Constraints 

 The existing HSB model is not too old to be reprogrammed.   

 Vulnerability Assessments (VA) may require the HSB to operate as before, as a traffic device – 
returning the problem set to the original concern of overuse. 

 If the existing HSB is too old to be reprogrammed, the replacement of component parts will remedy this 
issue. 

 Site security shall make minimum re-writes to any entrance security procedures. 

Benefits & Effectiveness 

The site shall reprogram the HSB and will allow for overall improved security and safety measures over the 
life of the HSB. The information below summarizes mission support and the benefits and effectiveness of 
reprogramming the existing HSB and replacing parts identified as excessively worn. 

 Reprogramming allows for the separate use of the security drop arm and HSB steel wedge gate, 
thereby allowing the PF latitude to decide HSB positioning based on security postures (DOE 473.3 A., 
Attachment 3, Section A 3-29 [1][a]). 

 Allows for HSB steel wedge gate to remain in down position during determined security postures but 
still control access to the site (DOE 473.3 A., Attachment 3, Section A 3-29 [1][a]). 

 Allows barriers to be used for its intended design of an intrusion detergent and not a traffic control 
device (DOE 473.3 A., Attachment 3, Section A 3-29 [1][a]). 

Risk & Mitigation Factors 

Some potential risks associated with re-programming the existing HSB and replacing component parts 
include reducing security posture during construction and failure of the HSB internal components. The table 
below summarizes the mentioned risks with the correlating mitigation strategy.  The table also describes 
the likelihood of occurrence at the site as well as how great of an impact the event would cause if it were 
to occur. 
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Risk and Mitigation Strategies for Re-Programming the Existing HSB and Replacing Parts 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Reducing security posture during 
construction. 

Move K-12 rated barriers into place (chicane) while 
component parts are replaced on HSB. 

High - Medium 
Medium Risk 

Hazard 

Vulnerability Assessments require 
the HSB to perform as a traffic 
control device. 

Implement a robust maintenance program and plan 
for HSB refurb ~2 times over its next life cycle. 

High-High 
High Risk 
Hazard 

The HSB requires routine 
maintenance. 

Author a strategic maintenance schedule and plan to 
avoid security risk.  

Low - Medium 
Low Risk 
Hazard 

Visitor or vendor “piggy backs” 
during employee entrance. 

Programming the HSB ensures the security drop arm 
lowers after each vehicle; fixed camera observation 
allows for the “E-up” option when situation dictates.  

Low - Low 
Low Risk 
Hazard 
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B. Design an Additional Parking Lot Entrance at the Employee Parking Area 

Design an additional parking lot entrance at the employee parking area that shall include installing wafer 
entry apparatus (K12-rated security drop arm, wafer entrance/exit reader, intercom and fixed camera) and 
K-rated jersey barriers for badged DOE employees. Large vehicles and incoming visitors continue to use 
the existing HSB entrance, thus allowing the HSB steel wedge gate and security drop arm to remain in the 
current programmed configuration. Replace HSB component parts that are identified as having reached 
the end of their life cycle. 

The existing HSBs were integrated into the site access control system at the same time that onsite parking 
was moved outside the site perimeter (~2004). The HSBs are located in order for every vehicle, whether 
entering or exiting the site, to include employee parking, must pass through the HSB. As a result, the HSBs 
suffer from high failure rates and high maintenance costs as well as repeated incidents of vehicle damage 
and risk to personnel; this is due to serving the function of a traffic control gate rather than their intended 
function of intrusion deterrence. In the current configuration, the Protection Force (PF) potentially operates 
the security drop arm and steel wedge barrier in excess of ~200 times a day. Issues concerning 
unscheduled maintenance repairs and service calls are costly. This alternative potentially reduces the HSB 
to an operating pace of ~10 per day for deliveries and those requiring site vehicle entry. 

The current employee parking area perimeter fence contains an additional gate which is secured and rarely 
used. An additional employee entrance is easily designed utilizing this existing gate in conjunction with the 
security wafer concept. Virtually the same configuration exists at the DOE office complex parking area 
located at Building 900 in New Orleans, Louisiana; the additional entrance allows the PF flexibility to screen 
visitors and vendors while allowing for expeditious employee entrance operations simultaneously. 
Employees approach the security drop arm, scan their security wafer (issued by site or New Orleans 
security office), the security drop arm raises and the employee proceeds through a chicane (replicates the 
use of the steel wedge barrier) of K12 rated barriers to their parking space. The security drop arm shall be 
programmed to drop after each employee vehicle, allowing for the PF to positively identify each employee 
by wafer as well as camera recognition prior to entry.     

Replacing all internal component parts provides a very cost effective way to prolong the life cycle of the 
existing Nasatka HSBs.  The Nasatka HSB components are proprietary and must be replaced from their 
parts listing. 

Assumptions & Constraints 

 The site experiences a small realignment of parking spaces (~6). 

 The existing additional gate at the employee parking lot is sufficient and easily converted to an 
employee only entrance. 

 Security wafers are attained in a timely manner in order not to disrupt entrance operations. 

 Component part refurb eliminates costly/unscheduled maintenance. 

 Vulnerability Assessment (VA) shall define final detailed design. 

Benefits & Effectiveness 

The addition of a security wafer apparatus that will allow for improved security and safety measures. The 

information below summarizes the benefits/effectiveness as wells as addressing specific site mission needs 

by redesigning the current parking area with wafer entry apparatus. 

 Visitors and large vehicles continue to use the existing HSB entrance, employees use alternate 

employee entrance; resulting in less HSB use and expedited employee entrance operations (DOE 

473.3 A., Attachment 3, Section A 3-29 [1][a]). 

 Allows for the HSB to be used for its primary purpose, intrusion deterrence (DOE 473.3 A., Attachment 
3, Section A 3-29 [1][a]). 
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 Less frequent use of the HSB prolongs the life cycle of operating components and costly unscheduled 
maintenance (DOE 473.3 A., Attachment 3, Section A 3-29 [1][a]). 

 

 

Figure 1 – Conceptual Employee Parking Lot Entrance and Exit Layout 

Risk & Mitigation Factors 

With any new upgrade at the site come associated risks.  Some potential risks associated with adding a 
parking area with a wafer entry apparatus include reducing security posture during construction, failing of 
the wafer apparatus, maintaining the wafer entry apparatus and HSB, and failing of the HSB internal 
components.  The table below summarizes the above mentioned risks with the correlating mitigation 
strategy.  The table also describes the likelihood of occurrence at the site along with how great of an impact 
the event would cause if it were to occur. 

 

 

 

 



WH-MM-1363  

8 
 

Risk and Mitigation Strategies for Adding a Parking Area with a Wafer Entry Apparatus 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Reducing security posture during 
construction. 

Move K-12 rated barriers into place (chicane) while 
component parts are replaced on HSB. 

High - Medium 
Medium Risk 

Hazard 

Wafer entry apparatus fails. Employees use original HSB entrance until fixed. Low - Low 
Low Risk 
Hazard 

Both the wafer entry apparatus and 
the HSB require routine 
maintenance. 

Robust routine maintenance schedule; an existing PF 
plan exists to avoid this security risk. 

Low - Medium 
Low Risk 
Hazard 
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VI. ALTERNATIVE SELECTION 

List of Alternatives – Studied Alternatives 

A. Reprogram HSB and Replace Existing HSB Component Parts 

The current HSB shall be reprogrammed to allow for separate use of the security arm and HSB (raise & 
lower); allowing for the HSB to be left in the down position depending on security posture levels. The HSB, 
in the down position option, allows for less wear and tear on the equipment, as well as using the barrier as 
it was intended – for security and not a traffic control device. Replacing the HSB component parts that are 
identified as showing signs of excessive wear and conducting re-programming of the barrier mechanism 
allows separate use of the barrier and the security arm. 

B. Design an Employee Parking Area Entrance with Wafer Access Entry 

Design an additional parking lot entrance at each employee parking area that includes, installing wafer 
entry apparatus, security drop arm, intercom and K-rated barriers accompanied with a security camera for 
badged employees; large vehicles and visitors continue to use the existing HSB entrance (the HSB remains 
in the up position at all times otherwise). Replace HSB component parts that are identified as showing signs 
of excessive wear. 

Comparison of Alternatives 

Core Team Member Ratings 

 Ease of 
Operations  

Ease of 
Maintenance 

Safety During 
Construction 

Security During 
Construction 

Constructability 
During Ongoing 
Oil Deliveries 

Sustainability 

Most Important Most Important Most Important Most Important Less Important Less Important 

A
lt

e
rn

a
ti

v
e
 A

 Good Good Good Excellent Excellent Good 

Good Good Good Excellent Excellent Good 

Good Good Good Good Excellent Adequate 

A
lt

e
rn

a
ti

v
e
 B

 Excellent Excellent Good Excellent Excellent Excellent 

Excellent Excellent Good Excellent Excellent Excellent 

Excellent Good Good Good Excellent Adequate 

 

Cost Comparison 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $397,417 $756,701 

Alternative B $713,462 $713,462 

 

Recommended Alternative 
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B. Design an Employee Parking Area Entrance with Wafer Access Entry 

Based on the technical evaluation of the Core Team Members, Alternative B was clearly rated equal or 
superior on all evaluation criteria. The key factor in the higher technical rating was that Alternative B best 
solves the actual problem of reducing the number of times the HSB needs to raise and lower on a given 
day. The initial cost of Alternative A was significantly lower, however, the life cycle cost of Alternative A was 
higher than Alternative B. With the initial investment cost savings of Alternative A negated by the increased 
life cycle costs, Alternative B is the recommended preferred alternative. 
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I. PROJECT CONCEPT 

Mission Need 

The intent of the mission at the West Hackberry (WH) site in Louisiana is to replace existing perma-strand 
fiberglass piping, which has been deteriorating over time and requiring frequent repairs that impair the sites 
underground fire water distribution system. 

 

Figure 1 – Existing Perma-Strand Fiberglass Piping 

Functional Requirements  

The underground fire water distribution system is required to meet fire water demands for fire hazards listed 
in Design Level III Criteria.  The following are functional requirements for fire water demands on the 
Strategic Petroleum Reserve (SPR) site: 

 Wellhead water supplies shall be 2,000 gallons per minute (gpm) at a pressure sufficient to allow the 
installed monitor streams to reach the wellheads. This shall be a minimum of 100 pounds per square 
inch gauge (psig) at the monitor. 

 Where deluge water spray systems are installed on open pads, they shall be hydraulically calculated 
to provide a density of at least 0.30 gpm/square foot on all protected equipment plus exposed piping 
and valves within 25 feet.  
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 Where foam deluge spray systems are installed on open pads, they shall be hydraulically calculated to 
provide a density of at least 0.30 gpm/square foot on all protected equipment, adjacent pad, and 
exposed piping within 5 feet.  

 Replacing the perma-strand fiberglass wound pipe with other approved pipe will meet the existing 
system’s current pressure and flow requirements for the hazards found on-site. 

 Replacement pipe must be compatible (type connection) or will have to use transition fittings with 
existing hydrants and monitors.  

 Replacing perma-strand pipe (approximately 27,000 feet of 6-inch, 8-inch and 10-inch pipe) can be 
installed in sections to minimize the impact of the on-site fire water distribution system. 

 Replacement pipe shall be Underwriter’s Laboratory (UL) listed and Factory Mutual (FM) approved for 
fire service. 

 The size and type of replacement pipe shall meet or exceed current fire water system criteria found in 
SPR Fire Hazards Analysis dated 12/2/13 and SPR Flow Testing of Fire Protection Water Supplies Rev 
1 dated 6/15/12. 

 Isolation valves are to allow the capability to maintain 50% firefighting ability upon a pipe failure. 

II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for selection of the preferred alternative has 
been standardized for all AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 

Alternative Analysis Team Members 

Core Team Members 

 Claudia Carroll DOE, Systems Engineer 
  Lorna Madison VCI, Project Engineer 
 Stephen Brothers FFPO, Principal Operations System Engineer 

Team Members 

 Anthony Bonadona VCI, Project Engineer 
 Tim Matey VCI, Fire Protection 
 Scott Voelkerding VCI, Fire Protection 
 Rachel Gray VCI, Process Engineer 
 Lisa Eldredge FFPO, Principal Operations System Engineer 
 Buddy Delaune FFPO, Principal Mechanical Engineer 
 Steve Carlson FFPO, Fire Protection 
 Steve Sleeman FFPO, Sr. Site Engineer 
 Curtis Fountain  FFPO, Site Fire Protection & Emergency Mgmt. Specialist 

III. SELECTION CRITERIA 

The AoA Team determined the below listed criteria as necessary to the Analysis of Alternatives. Once 
alternatives are analyzed by the AoA Team, these criteria are used to evaluate alternatives and select a 
recommendation.   
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Constructability during Ongoing Oil Deliveries  

The underground fire water distribution system is provided with sectionalizing valves. The valve locations 
allow isolation of an underground pipe upon a pipe failure or pipe replacement. Replacement pipe 
(approximately 27,000 feet of 6-inch, 8-inch and 10-inch pipe) can be installed in sections to minimize the 
impact of the on-site fire water distribution system. Isolation valves are to allow the capability to maintain 
50% firefighting ability upon a pipe failure. 

Weight: Most Important 

Safety during Construction 

The selected alternative when implemented will be able to be constructed and operated safely. The site’s 
ability to address safety and security concerns during implementation shall not be impacted. A robust 
contractor work plan shall be vetted by the Government for all safety concerns that might be of note during 
construction.   

Weight: Most Important 

Ease of Operations 

The selected alternative is similar to existing systems and equipment and when implemented will result in 
a system that is easily operable without significant additional training.   

Weight: Important 

Ease of Maintenance 

The selected alternative is similar in nature to existing equipment, resulting in commonality of similar 
systems for future maintenance and sparing consideration. Maintenance operations will require less 
attention. Replacing the perma-strand fiberglass wound pipe with other approved pipe will meet the existing 
system’s current pressure and flow requirements for the hazards found on-site, keeping the site operating 
at the same capacity. 

Weight: Important 

Security during Construction 

The selected alternative when implemented will be able to be constructed with minimal impacts to site 
security detection systems. Certain sections of pipe routed below security fences, etc. will require 
coordination with Site Security. 

Weight: Important 

Sustainability 

Replacement pipe (high density polyethylene, cement lined carbon steel, or ductile iron mortar lined) shall 
be UL listed and FM approved for fire service.  All pipe alternatives have good pipe flow characteristics that 
do not deteriorate over time. Therefore, design flows are maintained, and long-term pumping costs are 
minimized. 

Weight: Less Important 

IV. ALTERNATIVES IDENTIFICATION 

List of Alternatives 

The project scope of work is set by considering alternatives to replace the West Hackberry fire water 
distribution piping currently consisting of perma-strand fiberglass piping. 

During the development of this AOA, it was determined and verified that significant problems exist with the 
sectionalizing valves, fire monitors at all caverns, and fire hydrants as well as the perma strand pipe.  It is 
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prudent to provide variations of the replacement pipe alternatives to ensure a complete and reliable fire 
water distribution system. 

The below listed alternatives are considered for analysis. Initial screenings conducted by the AoA Team 
determine the viability of each alternative. 

A. Status Quo 

The status quo consists of doing nothing by continuing to maintain the perma-strand fiberglass pipe. The 
West Hackberry underground fire water distribution system contains perma-strand fiberglass piping.  When 
a section of perma-strand fiberglass pipe fails, only that section will be replaced with either high density 
polyethylene (HDPE), cement lined carbon steel (Z Spec), or ductile iron (DI). Depending on what 
alternative pipe is used for repairs, special configurations are required (perma-strand fiberglass pipe to 
alternative pipe). Impairments will continue with perma-strand pipe and possibly increase with the continued 
degradation of the perma-strand pipe, reducing the reliability of the underground fire water system during 
a fire and/or emergency. 

Viability: No Further Analysis 

B. High Density Polyethylene - FM Approved 

This alternative consists of replacing the perma-strand fiberglass pipe with high density polyethylene.  
HDPE has been used for underground fire water systems for over 25 years and provides exceptional pipe 
flow characteristics, which do not deteriorate over time.   

HDPE pipe and fittings are FM approved for fire service. The size and type of replacement pipe can meet 
or exceed fire water demands for fire hazards listed in Design Level III Criteria and current fire water system 
criteria found in SPR Fire Hazards Analysis dated 12/2/13 and SPR Flow Testing of Fire Protection Water 
Supplies Rev 1 dated 6/15/12. 

B-1. HDPE with Existing Valves and Hydrants 

This variation includes using HDPE pipe and existing mechanical joint sectionalizing valves. Connecting 
new HDPE pipe to the existing sectionalizing valves requires an HDPE fitting (flange to mechanical joint) 
on each side of the sectionalizing valve.  In addition, existing hydrants will require transition fitting (flange 
to mechanical joint) at each hydrant that is connected to perma-strand pipe. Thrust blocks will need to 
remain at all hydrants.  Replacing +30-year-old perma-strand pipe with new HDPE but using +30-year-old 
sectionalizing valves will allow the valves to continue to experience impairments and possibly increase with 
continued degradation, reducing the reliability of the underground fire water system with the inability to 
isolate piping sections.  

Viability: No Further Analysis 

B-2. HDPE with New Valves, Fire Hydrants, and Fire Monitors 

This variation includes replacing perma-strand pipe with HDPE pipe, along with new flanged, sectionalizing 
valves and fire hydrants. Fire monitors at the caverns will be replaced as well. The maintenance records at 
West Hackberry show that not only does the perma-strand piping need replacing, but also that issues have 
been experienced with the 30+ year old valves, hydrants, and monitors. This variation will explore replacing 
the perma-strand portion of the fire water system (pipe, valves, hydrants, monitors) in order to save time 
during constructability and allow for ease of operation and maintenance on the future system. 

Viability: Continue Analysis 

C. Cement Lined Carbon Steel Pipe Flanged - UL Listed 

This alternative consists of replacing the perma-strand fiberglass pipe with cement lined carbon steel.  
Cement lined carbon steel pipe is UL listed and FM approved for fire service. Cement lined carbon steel 
pipe has been used and found to be an excellent pipe for underground fire water systems at the Department 
of Energy (DOE) SPR sites. The construction at Big Hill incorporated cement lined carbon steel (Z Spec) 
into the design of the underground fire water system and has experienced good results. The size and type 
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of replacement pipe can meet or exceed fire water demands for fire hazards listed in Design Level III Criteria 
and current fire water system criteria found in SPR Fire Hazards Analysis dated 12/2/13 and SPR Flow 
Testing of Fire Protection Water Supplies Rev 1 dated 6/15/12. 

C-1. Cement Lined Carbon Steel with Existing Valves and Hydrants 

This variation includes using cement lined carbon steel pipe with existing mechanical joint sectionalizing 
valves. Connecting new cement lined carbon steel pipe to the existing sectionalizing valves requires a 
transition fitting (flange to mechanical joint) on each side of the sectionalizing valve.  In addition, existing 
hydrants will require transition fitting (flange to mechanical joint) at each hydrant that is connected to perma-
strand pipe. Thrust blocks will need to remain at all hydrants. Replacing +30-year-old perma-strand pipe 
with new cement lined carbon steel but using +30-year-old sectionalizing valves will allow the valves to 
continue to experience impairments and possibly increase with continued degradation, reducing the 
reliability of the underground fire water system with the inability to isolate piping sections.  

Viability: No Further Analysis 

C-2. Cement Lined Carbon Steel with New Valves, Fire Hydrants, and Fire Monitors 

This variation includes replacing perma-strand pipe with cement lined carbon steel pipe, along with new 
flanged sectionalizing valves and fire hydrants. Fire monitors at the caverns will be replaced as well. The 
maintenance records at West Hackberry show that not only does the perma-strand piping need replacing, 
but also that issues have been experienced with the 30+ year old valves, hydrants, and monitors. This 
variation will explore replacing the perma-strand portion of the fire water system (pipe, valves, hydrants, 
monitors) in order to save time during constructability and allow for ease of operation and maintenance on 
the future system. 

Viability: Continue Analysis 

D. Ductile Iron Pipe Mechanical Joint - UL Listed 

This alternative consists of replacing the perma-strand fiberglass pipe with ductile iron. Ductile iron (DI) 
enamel or mortar-lined pipe is UL listed and FM approved for fire service. For years, DI has been used and 
found to be an excellent pipe for underground fire water systems. DI assures extended physical and 
hydrostatic strength of the pipe and fittings. The pipe requires mechanical joints (restrained or unrestrained) 
at all connections. The size and type of replacement pipe can meet or exceed fire water demands for fire 
hazards listed in Design Level III Criteria and current fire water system criteria found in SPR Fire Hazards 
Analysis dated 12/2/13 and SPR Flow Testing of Fire Protection Water Supplies Rev 1 dated 6/15/12. 

D-1. Ductile Iron with Existing Valves and Hydrants 

This variation includes using DI pipe with existing mechanical joint sectionalizing valves. DI pipe is 
connected by mechanical joint; therefore, the use of a transition fitting is not required at the existing 
sectionalizing valves or fire hydrants.  Thrust blocks will need to remain or be replaced at all hydrants, tees, 
and elbows. Replacing +30-year-old perma-strand pipe with new ductile iron pipe but using +30-year-old 
sectionalizing valves will allow the valves to continue to experience impairments and possibly increase with 
continued degradation, reducing the reliability of the underground fire water system with the inability to 
isolate piping sections. 

Viability: No Further Analysis 

D-2. Ductile Iron with New Valves, Fire Hydrants, and Fire Monitors 

This variation includes replacing perma-strand pipe with DI pipe along with new mechanical joint 
sectionalizing valves and fire hydrants.  Thrust blocks are still required because the use of a mechanical 
joint connection is not a fully restrained joint.  Fire monitors at the caverns will be replaced as well.  The 
maintenance records at West Hackberry show that not only does the perma-strand piping need replacing, 
but also that issues have been experienced with the 30+ year old valves, hydrants, and monitors.  This 
variation will explore replacing the perma-strand portion of the fire water system (pipe, valves, hydrants, 
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monitors) in order to save time during constructability and allow for ease of operation and maintenance on 
the future system. 

Viability: Continue Analysis 

V. ALTERNATIVES ANALYSIS 

Based on initial analysis of the alternatives, alternatives A, B-1, C-1, and D-1 are eliminated from further 
consideration. The remaining alternatives B-2, C-2, and D-2 are examined below as alternatives A, B, and 
C, respectively. 

Assumptions & Constraints  

Assumptions: 

 Fire water system pump-in manifold is available as an emergency back up to the main pumps. 

 Existing underground fire water system includes: 

 Approximately 27,650 ft of 6-inch, 8-inch and 10-inch perma-strand pipe 

 Approximately 11,000 ft of 6-inch, 8-inch and 12-inch cement lined carbon steel pipe 

 Approximately 129 6-inch, 8-inch, 10-inch and 12-inch underground gate valves. 81 out of 129 
valves are installed on perma-strand 

 70 fire hydrants 

 Approximately 82 fire water monitors 

Constraints: 

 Existing fire hydrants and sectionalizing valves may be inoperable or have damaged connections 
(mechanical joint, flanged) requiring repair or replacement of the hydrant or valve during construction. 

 May not be able to isolate small sections of pipe for replacement due to sectionalizing valves being 
unable to stop water flow. 
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 High Density Polyethylene – FM Approved 

This alternative replaces the below grade fire water distribution with high density polyethylene. HDPE pipe 
and fittings are FM approved for fire service. 

HDPE is non-conductive; therefore, cathodic protection is not required and is immune to stray ground 
currents for minimum long-term maintenance. HDPE pipe flow characteristics do not deteriorate over time.   

Pipe and fitting systems offer superior toughness and ductility to other plastics. HDPE pipe and fittings have 
exceptional resistance to rapid crack propagation and excellent environmental stress crack resistance 
(ESCR) for both pipe and fittings. FM testing assures extended physical and hydrostatic strength of the 
pipe and fittings. HDPE pipe provides superb abrasion resistance and superior fatigue resistance, which 
means fewer problems with water hammer. HDPE is flexible and lightweight, with superior tensile strength 
and flexibility. These characteristics of HDPE make the butt fusion welds as strong as the pipe. This benefits 
directional drilling and pipe bursting. 

HDPE allows cold bending flexibility to follow "lay of the land" contours and reduce the need for directional 
fittings. HDPE does not rust, rot, corrode, or tuberculate. The HDPE piping is a fully restrained system 
without external tie rods or restraints. Butt fusion, flanged, and mechanical adapter joints are fully restrained 
to eliminate the need for thrust blocks and external joint restraints. The Average Daily Traffic (ADT) and 
large equipment loading over the pipe is a consideration when using HDPE. Engineered backfill and 
inspection, along with sufficient depth and manufacturer’s recommended bedding and cover is required for 
the anticipated loads. HDPE pipe arrives on-site as a non-structure at about 10 percent of the installed 
system’s required strength and requires proper contractor installation and fill materials to reach its 
manufacturer-specified service strength. HDPE does not have a long history of performance, yet the plastic 
pipe industry has made a claim that extrapolates a service life of nearly 100 years for some applications. 

The installation and inspection of HDPE must be performed according to the manufacturer’s specification 
and be in compliance with relevant standards. Because HDPE pipe transfers loading to the surrounding 
support soil, the type of backfill used, the width of the installation trench, and the resulting soil strength must 
be carefully determined, approved, and inspected during installation. Soil found to be extremely 
contaminated with hydrocarbons can result in pipe degradation. 

Benefits & Effectiveness 

The replacement of the below grade fire water distribution piping with HDPE allows for multiple benefits 
and addresses current mission needs. The items below summarize the benefits and effectiveness of using 
HDPE on-site. 

 HDPE is non-conductive. Therefore, cathodic protection is not required and is immune to stray ground 
currents for minimum long-term maintenance. 

 HDPE is a fully restrained system without external tie rods or restraints. Butt fusion, flanged, and 
mechanical adapter joints are fully restrained to eliminate the need for thrust blocks and external joint 
restraints. 

 HDPE allows cold bending flexibility to follow the "lay of the land" contours and reduce the need for 
directional fittings. 

 HDPE pipe flow characteristics do not deteriorate over time. Therefore, design flows are maintained, 
and long-term pumping costs are minimized. 

 HDPE is a fusion bonded pipe, allowing for fast installation. 

 Operating sectionalizing valves not required; therefore, current fire water capability is not impaired.  

 Condition of existing underground sectionalizing valves and underground fire hydrant connections is 
not an issue. 

 Replacing the entire fire water system will save time during constructability and allow for ease of 
operation and maintenance on the future system. 
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Risk & Mitigation Factors 

Replacing the below grade fire water distribution piping with HDPE will come with associated risks. The 
table below summarizes risks with the correlation mitigation strategy. The table also describes the likelihood 
of occurrence at the site, along with how great of an impact the event would cause if it were to occur. 

Risk and Mitigation Strategies for HDPE with New Valves, Fire Hydrants, and Fire Monitors 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Safety while removing and 

installing new pipe. 

Ensure a job hazard analysis is prepared by contractors 

and for anyone on-site in the area of replacement. 
Medium - Medium 

Medium Risk 

Hazard 

ADT and large equipment 

loading over the pipe. 

Specific criteria when using HDPE.  Engineered backfill 

and inspection along with sufficient depth.  A 

manufacturer recommended bedding and cover is 

required for the anticipated loads. 

Medium - Medium 
Medium Risk 

Hazard 

Undetected pipe. Provide detectable metal tape. Medium - Medium 
Medium Risk 

Hazard 

Impact by equipment 

(backhoe). 
Inspection prior to digging. Medium - Medium 

Medium Risk 

Hazard 

Water hammer. Fully restrained pipe network (flange). Medium - Medium 
Medium Risk 

Hazard 
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 Cement Lined Carbon Steel Pipe Flanged – UL Listed 

This alternative replaces the below grade fire water distribution with cement lined carbon steel. Cement 
lined carbon steel pipe assures extended physical and hydrostatic strength of the pipe and fittings. The pipe 
requires that all connections are welded. The protection provided by the cement lining can increase the 
effective life of the pipe, depending on its condition and environment. 

Cement lining does not deteriorate over time like unlined piping. Z Spec pipe does require special coatings 
and cathodic protection to reduce corrosion to the outside of the pipe. Z Spec pipe is 100% welded and, 
therefore, is a fully restrained system without external tie rods or restraints. This eliminates the need for 
thrust blocks and external joint restraints. Z Spec pipe is UL listed and FM approved for fire service and is 
currently used at the site in areas of the meter skid and seven (7) caverns. Z Spec pipe has been used and 
found to be an excellent pipe for underground fire water systems at the DOE SPR sites.  The construction 
of Big Hill incorporated Z Spec pipe into the design of the underground fire water system and has had good 
results. Replacing perma-strand with Z Spec pipe may require transition (mechanical joint to flange) at non-
perma-strand pipe connections. 

Benefits & Effectiveness 

The replacement of the below grade fire water distribution piping with cement lined carbon steel allows for 
multiple benefits and addresses current mission needs. The items below summarize the benefits and 
effectiveness of using Z Spec on-site. 

 The construction of Big Hill incorporated Z Spec pipe into the design of the underground fire water 
system and has experienced good results. 

 Z Spec piping assures the extended physical and hydrostatic strength of the pipe and fittings. The 
protection provided by the cement lining can increase the effective life of the pipe, depending on its 
condition and environment. 

 Cement lining does not deteriorate over time. Therefore, the design flows are maintained. 

 Z Spec piping is 100% welded and, therefore, a fully restrained system without external tie rods or 
restraints.  This eliminates the need for thrust blocks and external joint restraints. 

 The transition (flange to flange) from existing Z Spec pipe to new Z Spec pipe is not an issue.  

 The ADT and large equipment loading over the pipe is not an issue. 

 Operating sectionalizing valves are not required; therefore, current fire water capability is not impaired.  

 The condition of the existing underground sectionalizing valves and underground fire hydrant 
connections is not an issue. 

Risk & Mitigation Factors 

Replacing the below grade fire water distribution piping with cement lined carbon steel will come with 
associated risks. The table below summarizes risks with the correlation mitigation strategy. The table also 
describes the likelihood of occurrence at the site, along with how great of an impact the event would cause 
if it were to occur. 

Risk and Mitigation Strategies for Cement Lined Carbon Steel with New Valves, Fire Hydrants, 

and Fire Monitors 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Safety while removing and 

installing new pipe. 

Ensure a job hazard analysis is prepared by contractors 

and for anyone on-site in the area of replacement. 
Medium - Medium 

Medium Risk 

Hazard 

Corrosion of pipe. Wrap pipe and provide cathodic protection. Medium - Medium 
Medium Risk 

Hazard 

Water hammer. 
Fully restrained pipe network (flange) and welded 

connections. 
Medium - Medium 

Medium Risk 

Hazard 
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 Ductile Iron Pipe Mechanical Joint – UL Listed 

This alternative replaces the below grade fire water distribution with DI. DI is UL listed and FM approved 
for fire service. DI requires special coatings to reduce corrosion to the outside of the pipe. 

DI piping assures extended physical and hydrostatic strength of the pipe and fittings. The protection 
provided by the cement mortar lining can increase the effective life of the pipe, depending on its condition 
and environment. The lining does not deteriorate over time.  

DI pipe is a mechanical joint; therefore, it is not a fully restrained system unless special joint restraints are 
provided. DI will require thrust blocks due to it not being a fully restrained system. However, DI will not 
require transitions, making transitioning (mechanical joint to mechanical joint) from new DI pipe to existing 
hydrants and valves connected to perma-strand a non-issue.  

Benefits & Effectiveness 

The replacement of the below grade fire water distribution piping with DI allows for multiple benefits and 
addresses current mission needs. The items below summarize the benefits and effectiveness of using DI 
on-site. 

 DI pipe assures extended physical and hydrostatic strength of the pipe and fittings.   

 The protection provided by the enamel lining can increase the effective life of the pipe, depending on 
its condition and environment.   

 The lining does not deteriorate over time. Therefore, design flows are maintained, and long-term 
pumping costs are minimized.   

 ADT and large equipment loading over the pipe is not an issue. 

 Operating sectionalizing valves are not required; therefore, current fire water capability is not impaired.  

 The condition of the existing underground sectionalizing valves and underground fire hydrant 
connections is not an issue. 

Risk & Mitigation Factors 

Replacing the below grade fire water distribution piping with DI will come with associated risks. The table 
below summarizes risks with the correlation mitigation strategy. The table also describes the likelihood of 
occurrence at the site, along with how great of an impact the event would cause if it were to occur. 

Risk and Mitigation Strategies for Ductile Iron with New Valves, Fire Hydrants, and Fire Monitors 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Safety while removing and 

installing new pipe. 

Ensure a job hazard analysis is prepared by contractors 

and for anyone on-site in the area of replacement. 
Medium - Medium 

Medium Risk 

Hazard 

Corrosion of pipe. Wrap pipe and provide cathodic protection. Medium - Medium 
Medium Risk 

Hazard 

Water hammer. 
Provide additional fully restrained pipe connections 

and/or add thrust blocks. 
Medium - Medium 

Medium Risk 

Hazard 
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VI. ALTERNATIVE SELECTION 

List of Alternatives – Studied Alternatives 

A. High Density Polyethylene - FM Approved 

This alternative consists of replacing perma-strand pipe with HDPE pipe, along with new flanged, 
sectionalizing valves and fire hydrants.   

B. Cement Lined Carbon Steel Pipe Flanged - UL Listed 

This alternative consists of replacing perma-strand pipe with cement lined carbon steel pipe, along with 
new flanged sectionalizing valves and fire hydrants.   

C. Ductile Iron Pipe Mechanical Joint - UL Listed 

This alternative consists of replacing perma-strand pipe with DI pipe along with new mechanical joint 
sectionalizing valves and fire hydrants.   

Comparison of Alternatives 

Core Team Member Ratings 

 

Safety During 
Construction 

Constructability 
During Ongoing 
Oil Deliveries 

Ease of 
Operations 

Ease of 
Maintenance 

Security During 
Construction 

Sustainability 

Most Important Most Important Important Important Important Less Important 

A
lt

e
rn

a
ti

v
e
 A

 Excellent Good Excellent Good Excellent Excellent 

Excellent Good Good Good Excellent Excellent 

Good Good Excellent Good Good Good 

A
lt

e
rn

a
ti

v
e
 B

 Good Adequate Excellent Excellent Excellent Excellent 

Excellent Good Good Good Excellent Excellent 

Good Good Excellent Adequate Good Adequate 

A
lt

e
rn

a
ti

v
e
 C

 Good Adequate Excellent Good Excellent Excellent 

Excellent Adequate Good Good Excellent Excellent 

Good Good Excellent Adequate Good Adequate 
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Cost Comparison 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $19,375,237 $19,375,237 

Alternative B $34,181,862 $34,227,135 

Alternative C $30,079,477 $30,124,750 

Recommended Alternative 

A. High Density Polyethylene - FM Approved 

Based on the technical evaluation of the Core Team Members, Alternative A was clearly rated equal or 
superior on all evaluation criteria. The initial cost and life cycle cost of Alternative A were both lowest of the 
alternatives. Therefore, Alternative A is the recommended preferred alternative based on both technical 
and cost factors studied in the alternative analysis. 
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Heat Exchanger Bundle Spares 

 

VCI Project Engineer: Lorna Madison 

 

Recommended Alternative: 

New Isolation Valves and Spare Tube Bundles (SeaCure) 

 

Analysis of Alternatives 
Life Extension 2 

US Department of Energy 
Strategic Petroleum Reserve 
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I. PROJECT CONCEPT 

Mission Need 

The heat exchangers at each Strategic Petroleum Reserve (SPR) site are mission critical. Without the heat 
exchangers, the SPR drawdown capability is severely limited. The existing heat exchanger internal 
components (tube bundles) have been in service for over a decade and are subject to corrosion due to the 
properties of the available water sources. While the anticipated service life of the existing tube bundles is 
unknown and projections based on the analysis of corrosion coupons show an extended life, tube bundles 
in general suffer degradation over time such that individual bundles may need to be taken out of service for 
tube maintenance or repair. Irrespective of the service life predicted or achieved, an effective repair and 
replacement strategy must be developed. If the heat exchangers cannot be guaranteed reliable, taken out 
of service for repair, or replaced with readily available spare bundles, the SPR drawdown rate cannot be 
met, and the mission would be compromised. 

Functional Requirements 

 Heat exchanger tube bundle sparing when combined with material selection of spares and operating 
philosophy must provide design cooling capacity with 100% reliability during drawdown over the life of 
the Life Extension 2 (LE 2).  

 Tube bundle material selection combined with bundle sparing should provide a 25-year service life. 

 Spare tube bundles must fit into the existing exchanger shells and provide the same heat transfer, 
same flow capacity, and same or lower pressure drop as the original tube bundles. 

 Positive shutoff isolation valves must be provided to isolate the exchangers to plug tubes in place and/or 
to replace tube bundles as required in support of the sparing philosophy. 

 

 

FIGURE 1 – Heat Exchanger Tube Bundle Transport 
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II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for selection of the preferred alternative has 
been standardized for all AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 

Alternative Analysis Team Members 

 Core Team Members 

 Claudia Carroll DOE, Systems Engineer  
 Lorna Madison VCI, Project Engineer 
 Stephen Brothers FFPO, Principal Operations System Engineer 

 Team Members 

 Ed Orloski VCI, Process Engineer 
 William Leet VCI, Process Engineer 
 Lisa Eldredge FFPO, Principal Operations System Engineer  
 Buddy Delaune FFPO, Principal Mechanical Engineer 
 David Morrow FFPO, Sr. Mechanical Engineer 
 Steven Sleeman FFPO, Sr. Site Maintenance Engineer 
 Justin Rye FFPO, Construction Field Specialist 
 Ken Swanson FFPO, Manager Site Operations 

III. SELECTION CRITERIA 

The AoA Team determined the below listed criteria as necessary to the Analysis of Alternatives. Once 
alternatives are analyzed by the AoA Team, these criteria are used to evaluate alternatives and select a 
recommendation. 

Ease of Operations 

The selected alternative when implemented will result in a system that is able to be operated without 
significant additional training and is similar to existing systems and equipment. Cooling capacity is critical 
to meeting mission needs. Current design cooling capacity must be met or exceeded. Tube bundle sparing 
must allow development of operating procedures designed to produce 100% cooling capacity on every 
drawdown over the 25-year life of LE 2 without the expectation of tube failures during a drawdown. 

Weight: Most Important 

Safety during Construction 

The selected alternative when implemented will be able to be constructed and operated safely. The site’s 
ability to address safety and security concerns during implementation shall not be impacted. Project work 
plans must invoke SPR protocols to establish a safe work environment for all construction related activity.  

Weight: Most Important 

Ease of Maintenance 

The selected alternative is similar in nature to existing equipment resulting in commonality of similar 
systems for future maintenance and sparing consideration. Spare tube bundles must fit existing exchanger 
shells with metallurgy compatible with service requirements to meet or exceed 25-year life of LE 2. 

Weight: Important 
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Sustainability 

The selected alternative when implemented will be able to achieve the Department of Energy (DOE) 
sustainability goals for energy consumption as outlined in the Strategic Sustainability Performance Plan.  
Exchanger bundle sparing should be minimized to reduce materials and energy consumption in support of 
sustainability goals. 

Weight: Less Important 

IV. ALTERNATIVES IDENTIFICATION 

The West Hackberry (WH) site is equipped with six parallel Crude Oil Coolers (Figures 2.1 & 2.2), which 

must cool 1,300,000 barrels per day of 116°F crude oil down to 100°F by using 1,340,000 barrels per day 

of 80°F raw water. The ability to satisfy the Level I design criterion for crude oil drawdown is jeopardized 
when one or more exchangers suffer simultaneous tube failures and are taken out of service. 

The six Crude Oil Exchangers are arranged in a network which consists of three parallel trains of two 
exchangers in parallel. In this configuration, the exchangers are not equipped with means to isolate 
exchanger trains or individual exchangers to plug leaking tubes such that the failure of a single tube at West 
Hackberry will force suspension of a drawdown to address the leak. Two of the trains are equipped with 
single isolation gate valves and spectacle blinds on the water side. The third train is equipped with only 
spectacle blinds set in place on the water side. Butterfly valves, which are designed but not maintained for 
positive shutoff, and spectacle blinds are installed on the crude oil inlet and outlet sides of the exchangers. 
None of these valves provide the positive shutoff required to safely isolate the exchangers during a 
drawdown to repair leaking tubes. 

The existing exchanger tube bundles are constructed of SeaCure tube material. This material is a high 
performance ferritic stainless steel. It was specifically developed as a lower cost alternative to titanium, 
which is resistant to chloride crevice corrosion and chloride pitting. Preliminary testing indicated that this 
metallurgy was a good choice for upgrading the original carbon steel (CS) tube bundles installed in the 
Crude Oil Coolers at West Hackberry to address ongoing corrosion issues with under deposit pitting 
observed with stagnate brackish water and biological growth in the exchanger bundles. The original CS 
tube bundles were replaced with SeaCure tube bundles to overcome the rapid tube bundle corrosion 
failures experienced with the original CS tube bundles. The SeaCure tube bundles have been in service for 
more than 10 years with no loss of performance. Monitoring has shown no significant increase in pressure 
drop across the exchanger shell and tubes. No leaks have been observed in the field. However, this 
constitutes limited history with respect to service life from which to project remaining tube bundle life. Given 
the progressive nature of corrosion and the lack of data to project remaining tube life, the reliability of the 
Crude Oil Coolers is subject to question. This introduces some risk in continuing to reliably operate the 
West Hackberry site to the Level I drawdown rate of 1,300,000 barrels per day over the next 25 years. 

The Crude Oil Coolers at West Hackberry are identical in size and design to those installed at the Bryan 
Mound and Bayou Choctaw SPR sites. In developing a sparing philosophy for the West Hackberry 
exchanger tube bundles, consideration should be given to sparing bundles on-site and among these three 
SPR sites to provide effective, timely response to manage the potential impact of tube bundle failures on 
drawdown schedules. 
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FIGURE 2.1 – Raw Water Heat Exchanger Tube Bundles 
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FIGURE 2.2 – Crude Oil Heat Exchanger Tube Bundles 

1. Alternatives for Sparing Heat Exchanger Tube Bundles 

The project scope of work is set by considering alternatives for how the existing Crude Oil Coolers are best 
spared. 

A. Status Quo 

The status quo is to maintain the existing system in place without providing spare tube bundles. 

The existing SeaCure tube bundles have performed well over the last 10-16 years of service with little 
evidence of deterioration in performance. This alloy was specifically chosen for applications where localized 
corrosion in chloride-containing waters is an issue. However, insufficient data has been collected to project 
the remaining useful life of these exchangers to determine whether the SeaCure tube bundles will last 
another 25 years.  

The existing heat exchangers are not equipped with isolation valves, which can provide positive shutoff on 
the crude oil and raw water (cooling water) sides to facilitate isolation of exchanger trains or individual 
exchangers to identify and repair tube leaks. A tube leak will compromise drawdown operation by reducing 
effective cooling capacity and allowing the higher pressure raw water to leak into the exported crude oil, 
pushing the crude oil off spec on high basic sediment and water (BS&W). To address a tube leak, the 
drawdown must be suspended to take the entire heat exchanger network out of service to locate and repair 
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the tube leak. The time it takes to effect repairs in this way will delay drawdown to the detriment of the 
drawdown schedule.    

Given the nature of corrosion, the risk increases of jeopardizing the mission by failing to plan a tube bundle 
sparing philosophy to address corrosion and preserve drawdown capability over the next 25 years. 

Viability: No Further Analysis 

B. New Isolation Valves Without Spare Tube Bundles 

This alternative consists of maintaining the heat exchanger network in place without providing spare tube 
bundles. Instead, isolation valves will be provided in the appropriate numbers and placement for each 
exchanger on both the crude oil and raw water inlets and outlets to permit isolation of any one exchanger 
which suffers a tube failure.   

Installation of isolation valves facilitates isolation of individual exchangers before drawdown or on the run 
during a drawdown operation. Isolation from service allows for opening of the isolated exchanger to effect 
repairs and plug tubes should they fail a fitness for service test to more quickly repair and return an 
exchanger to service before drawdown. These isolation valves also provide the capability to identify and 
isolate an individual exchanger during drawdown to eliminate the leak and proceed with drawdown at a 
lower rate. Single isolation valves and blinds are already provided on some of the raw water inlet line and 
outlet lines. However, no positive shutoff isolation valves are provided on the crude oil inlet and outlet lines 
to safely work each exchanger. Based on first look, 24 new isolation valves would have to be added to 
upgrade all 6 exchangers for safe, positive isolation of individual exchangers. The preferred configuration 
leads to installation of true double block and bleed capability upstream and downstream of each exchanger 
on both the crude oil and water sides.     

Given the nature of corrosion and the increasing frequency of tube bundle failures over time, the risk 
increases over time of jeopardizing the mission by failing to actually stage spare bundles to replace tube 
bundles. This accumulates too many tube plugging repairs such that the available heat transfer area is no 
longer adequate to preserve cooling capacity for drawdown. 

Viability: No Further Analysis 

C. New Isolation Valves and Spare Tube Bundles 

This alternative consists of maintaining the existing system in place and providing appropriate numbers and 
placement of valves for isolation of each exchanger. Also, a number of spare tube bundles will need to be 
provided so exchangers can be quickly repaired by plugging failed tubes or replacing tube bundles with 
spares on hand following the discovery of failures during fitness for service testing prior to drawdown.  

The effectiveness of plugging individual tubes is limited in the face of progressive tube failures due to 
corrosion, leading to continued loss of effective heat transfer area in the exchanger and exchanger capacity. 
Having spare tube bundles available provides for full tube bundle replacement to restore full heat transfer 
surface area to avoid reducing drawdown rates below the Level I criterion. Purchase of 2 spare bundles for 
West Hackberry is recommended for insurance against tube bundle leaks. This amounts to 100% sparing 
of one single exchanger train or 33% of the total exchanger tube bundle count. Purchase of 2 spare bundles 
provides insurance against leakage of a new bundle on initial installation. It also provides contingency 
against storage and handling damage to the new spare bundles.    

As part of the bundle sparing philosophy across SPR sites, the new 2 spare bundles purchased for the 
Bryan Mound site can be imported in an emergency along with the 2 bundles purchased for West Hackberry 
to bring the initial spare count to 4 bundles. This equates to initially sparing 100% of two single exchanger 
trains or 67% of the total exchanger tube bundle count. Sparing with 4 bundles in this fashion should provide 
sufficient time to fabricate and deliver additional tube bundles to address any unforeseen increase in 
corrosion rate or bundle deterioration towards the end of LE 2.   

Viability: Continue Analysis 
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D. Spare Tube Bundles Without New Isolation Valves 

This alternative consists of maintaining the existing system in place and providing a number of spare tube 
bundles, so the tube bundles in an entire train of exchangers can be replaced with new bundles should 
failures be experienced preceding drawdown. The purchase of 2 spare tube bundles for West Hackberry is 
recommended as noted in alternative C above. 

The ease and effectiveness with which individual heat exchanger tube leaks can be isolated and repaired 
prior to drawdown or during drawdown is compromised by failure to install the proper crude oil inlet and 
outlet isolation valves cited in alternative C above. 

Viability: No Further Analysis 

2. Alternatives for Tube Bundle Materials Selection 

The project scope of work is set by considering alternatives for materials of construction for the spare tube 
bundles. 

A. Status Quo - SeaCure 

Ferritic Stainless Steel (SeaCure) is a high performance stainless steel that can be used as an alternative 
to copper-nickel and titanium tubing. SeaCure is a high strength/low work material with good ductility. This 
alloy is specifically fabricated for applications where localized corrosion in chloride-containing waters is an 
issue. While performance data is not widely available for SeaCure in similar applications, the installed 
SeaCure tube bundles have performed admirably in service at West Hackberry relative to their failure prone 
carbon steel predecessors with little evidence of significant deterioration to date. 

Viability: Continue Analysis 

B. Austenitic Stainless AL-6XN 

Austenitic Stainless AL-6XN is a low carbon, high purity austenitic stainless alloy, which is designed to be 
a seawater resistant material. High nickel and molybdenum contents make AL-6XN an answer to chloride 
ion stress corrosion cracking. Whereas, the nitrogen content allows AL-6XN to have a greater tensile 
strength, while retaining high ductility and impact strength. AL-6XN is a relatively new offering for this 
service with limited performance data with respect to the corrosion mechanisms witnessed at West 
Hackberry. 

Viability: No Further Analysis 

C. Super Duplex Stainless 2507 

Super Duplex Stainless 2507 is a chromium, molybdenum, and nickel based alloy, which has exceptional 
strength and corrosion resistance. Duplex 2507 exhibits excellent resistance to chloride stress corrosion 
cracking and pitting, making this material good for seawater application. Super Duplex Stainless 2507 is a 
relatively new offering for this service with limited performance data with respect to the corrosion 
mechanisms witnessed at West Hackberry. 

Viability: No Further Analysis  

D. Titanium 

Titanium (Grade 2) is a high titanium alloy that possesses good weldability, strength, ductility, and 
formability. Titanium (Grade 2) is typically used in applications where corrosion resistance is required for 
various aggressive materials. This material is resistant to high chloride content, and service life may extend 
beyond the LE 2 25-year life requirement. Titanium may be more susceptible to flow induced vibration and 
failure for the wide variation in flow experienced at West Hackberry without careful exchanger design. 
Nonetheless, titanium has a track record of successful application in high chloride services dating back 
over 40 years.   

The substitution of titanium for SeaCure requires repeating the Heat Transfer Research, Inc. (HTRI) 
software calculation to determine heat exchange rate, placement of baffles, tube wall thickness, and 
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minimum bend radius for tubes. A material change would also require redesign of the tubesheet and the 
tube to tubesheet welding, currently designed for welding ferritic stainless tubes to the tubesheet. All would 
be required because the strength, elongation, minimum bend radius and welding of Titanium is different 
from that of Ferritic Stainless steel. 

Viability: Continue Analysis 

E. Inconel 

Inconel (Alloy 22) is a fully austenitic nickel based alloy, which exhibits excellent resistance to corrosive 
attacks by seawater, stress corrosion cracking, pitting, general corrosion, and crevice corrosion.  Inconel is 
engineered to offer a combination of heat resistance, high temperature corrosion resistance, toughness, 
and strength. However, Inconel has limited performance data with respect to the corrosion mechanisms 
witnessed at West Hackberry. 

Viability: No Further Analysis 

V. ALTERNATIVES ANALYSIS 

Initial screening reduces the viable alternatives to providing new isolation valves and spare tube bundles 
with the bundles fabricated from SeaCure or titanium for further analysis. These alternatives are examined 
below as Alternatives A and B. 

The below analyses provide the research and technical information gathered by the AoA Team. These 
analyses are not evaluative or comparative. 

Assumptions & Constraints 

 Even though the manufacturer reports that it has never experienced a failure in designed service of 
SeaCure material which has been around since 1978, there currently is insufficient data available to 
estimate the remaining life of the tube bundles currently in place to provide assurance of 100% reliability 
during drawdowns without bundle replacements over the next 25 years of service. 

 SeaCure tube metallurgy is field proven in the current service to a life of 10-16 years, based on SPR 
experience with SeaCure tube bundles across sites. 

 No data has been collected to date which justifies a change in tube bundle metallurgy from SeaCure. 

 Even though Titanium metallurgy is field proven in the current service by 40+ years of industrial 
experience apart from the SPR, a level of unreliability is introduced for SPR service by having to repeat 
the HTRI calculation to determine heat exchange rate, placement of baffles, tube wall thickness and 
minimum bend radius for tubes and by the redesign of the tubesheet and the tube to tubesheet welding. 

 Lead times on fabrication of spare tube bundles are excessive such that replacement bundles must be 
inventoried to quickly address tube failures when discovered to initiate drawdown. 

 Tube bundle and tube plug procurement and inventory must be managed effectively to provide the 
repair and replacement parts in time to initiate drawdowns. 

 The purchase of 2 spare tube bundles provides sufficient insurance to spare the 6 exchangers on-site 
at West Hackberry, following installation of isolation valves for each of the 6 exchangers. 

 Sparing of exchangers among sites is possible given that the existing tube bundles at West Hackberry 
are interchangeable with those at the Bayou Choctaw and Bryan Mound sites. 

 Detailed design will request to have all HTRI calculations redone by the vendor in order to determine if 
any issues exist like vibration problems with the tubing. It is also recommended that a third party verify 
the accuracy of the calculations/findings. 
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Sparing Philosophy 

The basic philosophy for sparing Crude Oil Cooler tube bundles against leaks follows the following logical 
progression of steps:  

 Conduct periodic inspection and fitness for service testing to assess exchanger readiness for drawdown 
service and provide early indication and repair of potential tube failures. 

 Monitor exchanger pressure drops in the field for an indication of increased pressure drop or tube failure 
to provide early indication and repair of potential tube failures.  

 Isolate and test individual exchangers for leaks when leaks occur. Pull heads and plug up to 8-10% of 
tubes as leaks are discovered to repair leaks and return exchangers to service.  

 Replace leaking tube bundles with spare bundles purchased for site if more than 8-10% of tubes require 
plugging in any one exchanger to address leaks. Recondition pulled bundles as spares, following 
replacement.   

 Replace leaking tube bundles with spare bundles from other SPR sites if more than 2 spare bundles 
are required to address leaks. Recondition pulled bundles as spares, following replacement.   

 Purchase additional replacement bundles for fabrication when inventory of spare bundles is depleted. 
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A. New Isolation Valves and Spare Tube Bundles (SeaCure) 

This alternative would add isolation valves to provide proper isolation capability on the crude oil side and 
cooling water side isolation of individual exchangers to facilitate on-site repair and bundle replacement of 
tube bundles, which fail fitness for service testing prior to drawdown in timely fashion. This alternative would 
also provide a number of spare SeaCure tube bundles to replace leaking tube bundles should failures 
precede drawdown or during drawdown. 

Benefits & Effectiveness 

This alternative will allow for the effective management of Crude Oil Cooler tube bundle life in the face of 
progressive corrosion of indeterminate rate over the next 25 years of operation based on the performance 
of SeaCure tube metallurgy observed on-site over the last 10-16 years of operation. 

Installing crude oil side and water side isolation capability on each individual heat exchanger allows for 
quick isolation, opening, and repair of tube bundles when they fail the pressure step fitness for service 
testing conducted prior to each drawdown. The installation of the isolation block valves also provides the 
capability to isolate a leaking tube bundle when the leak is detected during drawdown to proceed with 
drawdown at a reduced rate. 

As discussed previously, purchasing and staging of 2 spare bundles for West Hackberry provides sufficient 
insurance to quickly replace 2 of 6 tube bundles (the equivalent of one train) upon discovery of tube failure 
or one too many repairs by plugging tubes to preserve cooling capacity to the Level I drawdown criterion. 
Sharing spares with the Bayou Choctaw and Bryan Mound sites increases the options available to West 
Hackberry to address tube bundle leak issues. 

Specification of SeaCure metallurgy for the tubes in the bundle provides a service life greater than 10-16 
years based upon SeaCure tube bundle performance witnessed to date across the SPR sites. This is 
expected to provide sufficient life to see West Hackberry through the next 25 years with selective 
replacement of any failed tube bundles. In specifying the same metallurgy in use at West Hackberry today, 
procurement, inventory, and maintenance procedures are simplified to working with familiar metallurgy.   

The West Hackberry site will be able to meet the required Level I drawdown rate of 1,300,000 barrels per 
day. 

Risk & Mitigation Factors 

There are associated risks with the installation of new isolation valves and spare SeaCure tube bundles 
option. The table below summarizes risks with the correlation mitigation strategy. The table also describes 
the likelihood of occurrence at the site, along with how great of an impact the event would cause if it were 
to occur. 

Risk and Mitigation Strategies for New Isolation Valves and Spare Tube Bundles (SeaCure) 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Existing SeaCure tube 
bundle remaining life is 
indeterminate 

Pursue more aggressive corrosion monitoring and fitness for 
service testing on site at West Hackberry to project remaining 
life of existing tube bundles.   

High - High 
High Risk 
Hazard 

Existing SeaCure tube 
bundle life is shorter than 
expected 

Restrict life forecast to what has been observed in the field to 
date and proceed with collection of data to properly estimate 
remaining life as noted above. 

Medium - High 
Medium Risk 

Hazard 

Existing or spare tube 
bundle life is shortened by 
mishandling of individual 
tube bundles  

Revisit special handling procedures to cope with size and 
weight of bundles during handling and with the effects of the 
thin tube wall design to avoid damaging a bundle, which may 
trigger additional bundle purchase. 

High - High 
High Risk 
Hazard 

Spare tube bundle life is 
shortened by improper 
bundle storage 

Work with fabricator to specify proper bundle storage and 
handling practices in advance of purchase of spare bundles.  
Implement best practices. 

High - High 
High Risk 
Hazard 
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Risk and Mitigation Strategies for New Isolation Valves and Spare Tube Bundles (SeaCure) 
(Continued) 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Tube bundle sparing 
count is low 

Rework the exchanger bundle repair and sparing plan in 
greater detail as remaining life calculations are completed to 
assess spare bundle count.  Work to expand sparing 
philosophy across SPR sites. 

Medium - High 
Medium Risk 

Hazard 

Lead time on tube bundle 
fabrication is long 

Assume lead time is long and pursue procurement and proper 
layup of new bundles in storage within short order of approval 
of funds for project. 

High - Low 
Low Risk 
Hazard 

Metals price for parts 
fabricated from SeaCure 
is highly variable over time 

Include allowance in cost estimate for future price increases.  
Request pricing for both SeaCure and titanium in requests for 
proposal for fabrication of spare exchanger tube bundles to 
ensure competitive pricing. 

High - High 
High Risk 
Hazard 

Mix-up on tube bundle 
replacement parts in 
storage 

Risk mitigated by specifying and stocking only SeaCure plugs 
for exchanger tube bundle repairs. 

Low - Low 
Low Risk 
Hazard 

Valves called out in SPR 
piping specs are no longer 
commercially available 

Verify commercial availability of valves called out in SPR 
piping standards before specifying valves for purchase. 

High - High 
High Risk 
Hazard 

Lead time on isolation 
block valve delivery is 
long 

Procure isolation block valves within short order of approval of 
funds for project. 

High - High 
High Risk 
Hazard 

Safety Incidents during 
installation of isolation 
block valves 

Adhere to project safety guidelines in accord with the Federal 
& Industry Safety Standards during construction. 

Medium - High 
Medium Risk 

Hazard 

Safety incidents during 
heat exchanger bundle 
repairs or bundle 
replacements 

Adhere to project safety guidelines in accord with the Federal 
& Industry Safety Standards during maintenance operations. 

Medium - High 
Medium Risk 

Hazard 
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B. New Isolation Valves and Spare Tube Bundles (Titanium) 

This alternative would add isolation valves to provide proper isolation capability on the crude oil side and 
cooling water side isolation of individual exchangers to facilitate on-site repair and bundle replacement of 
tube bundles, which fail fitness for service testing prior to drawdown in timely fashion. This alternative would 
also provide a number of spare titanium tube bundles to replace leaking tube bundles should failures 
precede drawdown or during drawdown. 

Benefits & Effectiveness 

This alternative will allow for the effective management of Crude Oil Cooler tube bundle life in the face of 
progressive corrosion of indeterminate rate over the next 25 years of operation based on industrial 
performance of titanium tube metallurgy observed 40+ years of operation. 

Installing crude oil side and water side isolation capability on each individual heat exchanger allows for 
quick isolation, opening, and repair of tube bundles when they fail the pressure step fitness for service 
testing conducted prior to each drawdown or for isolation of leaking bundles. The installation of the isolation 
block valves also provides the capability to isolate a leaking tube bundle when the leak is detected during 
drawdown to proceed with drawdown at a reduced rate. 

As discussed previously, purchasing and staging of 2 spare bundles for West Hackberry provides sufficient 
insurance to quickly replace 2 of 6 tube bundles (the equivalent of one train) upon discovery of tube failure 
or one too many repairs by plugging tubes to preserve cooling capacity to the Level I drawdown criterion. 
Sharing spares with the Bayou Choctaw and Bryan Mound sites increases the options available to West 
Hackberry to address tube bundle leak issues. 

Specification of titanium metallurgy for the tubes in the bundle provides a service life of 15-20 years based 
upon similar industrial experience. This is believed to provide sufficient life to see West Hackberry through 
the next 25 years with selective replacement of any failed tube bundles. However, selecting titanium 
complicates the storage and handling of replacement exchanger parts as this metallurgy is not familiar to 
West Hackberry. 

The West Hackberry site will be able to meet the required Level I drawdown rate of 1,300,000 barrels per 
day. 

Risk & Mitigation Factors 

There are associated risks with the installation of new isolation valves and spare titanium tube bundles 
option. The table below summarizes risks with the correlation mitigation strategy. The table also describes 
the likelihood of occurrence at the site, along with how great of an impact the event would cause if it were 
to occur. 

Risk and Mitigation Strategies for New Isolation Valves and Spare Tube Bundles (Titanium) 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Existing SeaCure tube 
bundle remaining life is 
indeterminate. 

Pursue more aggressive corrosion monitoring and fitness for 
service testing on-site at West Hackberry to project 
remaining life of existing tube bundles.   

High - High 
High Risk 
Hazard 

Existing SeaCure tube 
bundle life is shorter than 
expected. 

Restrict life forecast to what has been observed in the field 
to date and proceed with collection of data to properly 
estimate remaining life as noted above. 

Medium - 
High 

Medium Risk 
Hazard 

Tube bundle life is 
shortened by mishandling of 
individual tube bundles. 

Revisit special handling procedures to cope with size and 
weight of bundles during handling and with the effects of the 
thin tube wall design to avoid damaging a bundle, which may 
trigger additional bundle purchase. 

High - High 
High Risk 
Hazard 
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Risk and Mitigation Strategies for New Isolation Valves and Spare Tube Bundles (Titanium) 
(Continued) 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Spare tube bundle life is 
shortened by improper 
bundle storage. 

Work with fabricator to specify proper bundle storage and 
handling practices in advance of purchase of spare bundles.  
Implement best practices. 

High - High 
High Risk 
Hazard 

Tube bundle sparing count 
is low. 

Rework the exchanger bundle repair and sparing plan in 
greater detail as remaining life calculations are completed to 
assess spare bundle count.  Work to expand sparing 
philosophy across SPR sites. 

Medium - 
High 

Medium Risk 
Hazard 

Lead time on tube bundle 
fabrication is long. 

Assume lead time is long and pursue procurement and 
proper layup of new bundles in storage within short order of 
approval of funds for project. 

High - Low 
Low Risk 
Hazard 

Metals price for parts 
fabricated from titanium is 
highly variable over time. 

Include allowance in cost estimate for future price increases.  
Request pricing for both SeaCure and titanium in requests 
for proposal for fabrication of spare exchanger tube bundles 
to ensure competitive pricing. 

High - High 
High Risk 
Hazard 

Mix-up on tube bundle 
replacement parts in 
storage. 

Provide for segregation of SeaCure and titanium plugs for 
exchanger tube bundle repairs. 

Low - Low 
Low Risk 
Hazard 

Valves called out in SPR 
piping specs are no longer 
commercially available. 

Verify commercial availability of valves called out in SPR 
piping standards before specifying valves for purchase. 

High - High 
High Risk 
Hazard 

Lead time on isolation block 
valve delivery is long. 

Procure isolation block valves within short order of approval 
of funds for project. 

High - High 
High Risk 
Hazard 

Safety Incidents during 
installation of isolation block 
valves. 

Adhere to project safety guidelines in accord with the 
Federal & Industry Safety Standards during construction. 

Medium - 
High 

Medium Risk 
Hazard 

Safety incidents during heat 
exchanger bundle repairs or 
bundle replacements. 

Adhere to project safety guidelines in accord with the 
Federal & Industry Safety Standards during maintenance 
operations. 

Medium - 
High 

Medium Risk 
Hazard 
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VI. ALTERNATIVE SELECTION 

List of Alternatives – Studied Alternatives 

A. New Isolation Valves and Spare Tube Bundles (SeaCure) 

This alternative would add isolation valves to provide proper isolation capability on the crude oil side and 
cooling water side isolation of individual exchangers to facilitate on-site repair and bundle replacement of 
tube bundles, which fail fitness for service testing prior to drawdown in timely fashion. This alternative would 
also provide a number of spare SeaCure tube bundles to replace leaking tube bundles should failures 
precede drawdown or during drawdown. 

B. New Isolation Valves and Spare Tube Bundles (Titanium) 

This alternative would add isolation valves to provide proper isolation capability on the crude oil side and 
cooling water side isolation of individual exchangers to facilitate on-site repair and bundle replacement of 
tube bundles, which fail fitness for service testing prior to drawdown in timely fashion. This alternative would 
also provide a number of spare titanium tube bundles to replace leaking tube bundles should failures 
precede drawdown or during drawdown. 

Comparison of Alternatives 

Core Team Member Ratings 

 

Safety During 
Construction 

Ease of Operations Ease of Maintenance Sustainability 

Most Important Most Important Important Less Important 

A
lt

e
rn

a
ti

v
e
 A

 

Excellent Excellent Excellent Excellent 

Excellent Excellent Excellent Excellent 

Excellent Excellent Excellent Excellent 

A
lt

e
rn

a
ti

v
e
 B

 

Excellent Excellent Good Excellent 

Excellent Excellent Good Excellent 

Excellent Excellent Adequate Excellent 

 

Cost Comparison 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $3,624,514 $4,677,268 

Alternative B $3,404,950 $4,457,704 
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Recommended Alternative 

A. New Isolation Valves and Spare Tube Bundles (SeaCure) 

Based on the technical evaluation of the Core Team Members, Alternative A was clearly rated equal or 
superior on all evaluation criteria, and in fact received the highest rating on every factor by all Core Team 
Members. Alternative B has a slightly lower investment cost and life cycle cost. The key deciding factor 
between alternatives consistency in materials with currently proven technology that is shown in the higher 
ratings on ease of maintenance. Therefore, Alternative A is the recommended preferred alternative, with 
the benefits of material and maintenance considerations outweighing the slightly higher investment and life 
cycle cost. 
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I. PROJECT CONCEPT 

Mission Need 

The Oil-in-Water Monitor Instrumentation installed in the Brine Return Line at West Hackberry (WH) must 
be replaced in order to detect and eliminate oil breakthrough and subsequent oil carryover into the 
remainder of the brine handling system in order to address environmental and safety standards. 

Functional Requirements 

The following are the functional requirements for the replacement of the Oil-in-Water Monitor at West 
Hackberry: 

 Monitors must be installed farther upstream than the current monitor in cavern header piping for 
individual wellheads to provide early warning and timely response to oil breakthrough due to wellhead 
string failure in order to minimize site environmental impact. 

 Monitor selection shall provide the sensitivity required to detect initial oil breakthrough from any one 
cavern wellhead.  

 Monitor selection shall provide for robust, reliable operation with minimum inspection, calibration, and 
repair activity over the estimated 25-year life of the Life Extension 2 (LE 2).   

 Monitor installation plans shall consider providing alternative means of cavern depressurization/fill in a 
safe manner during installation.  

II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for selection of the preferred alternative has 
been standardized for all AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 

Alternative Analysis Team Members 

 Core Team Members 

 Claudia Carroll DOE, Systems Engineer 
 Lorna Madison VCI, Project Engineer 
 Stephen Brothers FFPO, Principal Operations System Engineer 

 Team Members 

 Anthony Bonadona VCI, Project Engineer 
 Ed Orloski VCI, Process Engineer 
 William Leet VCI, Process Engineer 
 Rachel Gray VCI, Process Engineer 
 Lisa Eldredge  FFPO, Principal Operations System Engineer 
 Buddy Delaune FFPO, Principal Mechanical Engineer 
 Randy Bridges FFPO, Process and Security Systems Control 
 Bob Sevcik FFPO, Director - Environmental Department 
 Steve Sleeman FFPO, Sr. Site Maintenance Engineer 
 Justin Rye FFPO, Construction Field Specialist 
 Ken Swanson FFPO, Manager Site Operations 
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III. SELECTION CRITERIA 

The AoA Team determined the below listed criteria as necessary to the Analysis of Alternatives. Once 
alternatives are analyzed by the AoA Team, these criteria are used to evaluate alternatives and select a 
recommendation. 

Ease of Operations 

The selected alternative when implemented will result in a system that is able to be operated without 
significant additional training and is similar to existing systems and equipment. Monitors must be installed 
farther upstream than the current monitor in cavern header piping at the individual wellheads to provide 
early warning and timely response to oil breakthrough to minimize environmental impact. Monitor selection 
shall provide the sensitivity required to detect initial oil breakthrough from any one cavern wellhead.  

Weight: Most Important 

Ease of Maintenance 

The selected alternative features technology which exhibits the necessary detector sensitivity and 
compatibility with existing controls’ hardware and which can be readily serviced and maintained on-site 
alongside existing equipment. Monitor selection shall provide for robust, reliable operation with minimum 
inspection, calibration, and repair activity over the estimated 25-year life of the Life Extension 2 (LE 2).   

Weight: Most Important 

Constructability during Ongoing Oil Deliveries 

The selected alternative is able to be implemented with little or no impact to ongoing oil delivery operations. 
Close coordination with the Site Security Specialist and site/maintenance operations will allow for minimal 
impact on oil delivery operations. Monitor installation plans shall consider providing alternative means of 
cavern depressurization/fill in a safe manner during installation.  

Weight: Important 

Safety during Construction 

The selected alternative when implemented will be able to be constructed and operated safely and have 
the ability to address Safety and Security concerns during implementation. A robust contractor work plan 
shall be vetted by the Government for all safety concerns that might be of note during construction. 

Weight: Most Important 

Sustainability 

The selected alternative when implemented will be able to achieve the Department of Energy (DOE) 
sustainability goals for energy consumption as outlined in the Strategic Sustainability Performance Plan.  
Water monitors/interface instrumentation installed in the brine return line at the West Hackberry site shall 
be replaced in order to ensure that the required oil/hydrocarbon content criteria are met. 

Weight: Less Important 

IV. ALTERNATIVES IDENTIFICATION 

List of Alternatives 

The below listed alternatives are considered for analysis. Initial screenings conducted by the AoA Team 
determine the viability of each alternative. 

A. Status Quo 

The status quo consists of continuing to use the existing Oil-in-Water Monitor at West Hackberry.   
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Current practice for detecting oil breakthrough to the brine side on cavern wellhead string failure in time to 
prevent significant oil contamination of the brine system is not effective. Operators are trained to 
successfully to check for pressure equalization across the wellhead to detect a string break in a blocked-
in, no-flow scenario. However, the currently installed instrumentation for detection of oil breakthrough under 
flowing conditions is not effective. The currently installed system has failed to detect entrained oil content 
in the header system multiple times due to issues with monitor type, monitor installation, monitor 
maintenance, and installed location of the monitor. Based on experience to date, the single monitor is 
currently installed too close to the end of the line into the brine pond to protect the brine piping from 
accumulating significant quantities of oil with breakthrough of that oil into the brine pond where it registers 
as an environmental excursion. Continuing to operate the existing Oil-in-Water Monitor does nothing to 
reduce the incidence of environmental excursion with oil breakthrough into the brine pond and downstream 
brine systems.  

Viability: No Further Analysis 

B. Flowmeters 

This alternative consists of conducting a pilot study using the existing flowmeters on site to see if they can 
detect oil in water. This pilot study would be conducted before any other alternative being pursued to monitor 
oil in water. The flowmeters are already installed on-site. The pilot study is pending. 

Should the pilot study determine that the flowmeters are not capable of detecting oil in water, then an 
alternative technology would be selected from the list below to pursue reliable detection of oil in water.  
Alternate technology selection necessitates a second pilot test to prove the capabilities of the alternate 
technology in the field. 

Viability: Continue Analysis 

C. New UV Fluorescence Monitors  

This alternative consists of installing new ultraviolet (UV) fluorescence based monitors at individual 
wellheads to provide for early detection and response to oil breakthrough into the brine header at each 
wellhead. Brine quality, line velocity, temperature, suspended solids, and organic matter do not affect 
measurement by UV fluorescence based monitors. These monitors are highly accurate, providing 
instantaneous and continuous measurement. They have the required sensitivity with range of detection 
from 0–10 parts per million (ppm) to 0–150 ppm oil-in-water. They are self-cleaning and require low 
maintenance. They are available for an in-line and a loop/side stream type installation.    

Viability: Continue Analysis 

D. New UV Absorption Monitors 

This alternative consists of installing new UV absorption based monitors at individual wellheads to provide 
for early detection and response to oil breakthrough into the brine header at each wellhead. The presence 
of organic materials including bacteria, yeast, and algae will interfere with the performance of these meters. 
Compensation, filtering, or frequent zeroing is required to successfully operate these monitors.  This monitor 
type cannot be recommended as a reliable Oil-in-Water Monitor for West Hackberry brine operations on 
account of these potential interferences and the extra care required to maintain performance of this 
instrument in service. 

Viability: No Further Analysis 

E. New Calorimetry Monitors 

This alternative consists of replacing the existing monitor/system with calorimetry based monitors at 
individual wellheads to provide for early detection and response to oil breakthrough into the brine header 
at each wellhead. The presence of solids will interfere with the performance of these meters.  
Compensation, filtering, or frequent zeroing is required to successfully operate these meters. Catalyst 
addition is required for color transformation/recognition, and a database of standards of colors must be 
collected and defined for each different hydrocarbon and application. Moreover, this does not provide the 
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user with the ppm oil detection sensitivity required. This monitor type cannot be recommended as a reliable 
Oil-in-Water Monitor for West Hackberry brine operations. 

Viability: No Further Analysis 

F. New Light Scatter Monitors 

This alternative consists of replacing the existing monitor/system with nephelometry (light scatter) based 
monitors at individual wellheads to provide for early detection and response to oil breakthrough into the 
brine header at each wellhead. The presence of solids, trace chemicals, and color bodies will interfere with 
the performance of these meters in the absence of sample stabilization to give a false high hydrocarbon 
reading. Compensation and filtering techniques are required to offset potential interferences.  This monitor 
type cannot be recommended as a reliable Oil-in-Water Monitor for West Hackberry brine operations. 

Viability: No Further Analysis 

G. New Microscopy Monitors 

This alternative consists of replacing the existing monitor/system with microscopy (imaging) based monitors 
at individual wellheads to provide for early detection and response to oil breakthrough into the brine header 
at each wellhead. Brine quality, line velocity, temperature, suspended solids, and organic matter do not 
affect measurement of these monitors. These monitors are highly accurate, providing instantaneous and 
continuous measurement. They have the required sensitivity with range of detection of up to 1000 ppm oil-
in-water and the ability to detect particle and droplet size information e.g. Dv10, Dv50, and Dv90 data. The 
above features can be combined with other analyses like florescence and spectral analyses for the best 
available reliability in measurement techniques.  

Viability: Continue Analysis 

H. New Radar, Acoustic, Capacitance, or Energy Absorption Monitors 

This alternative focuses on alternative technology selection from a list of options which are typically 
characteristic of interface level control and not oil-in-water measurement. This includes options such as 
radar, microwave, acoustic, and capacitance, energy absorption, etc. The monitor of choice among these 
would be installed at each individual wellhead to provide for early detection and response to oil 
breakthrough into the brine header at each wellhead. The presence of solids and organics will interfere with 
the performance of these meters. Compensation, filtering, recalibration, or frequent zeroing is required to 
successfully operate these meters. These meters lack the required sensitivity for gaging oil breakthrough. 
They typically measure oil concentrations on the percent level rather than the ppm level desired for 
detecting oil breakthrough. These meters are better suited to gaging oil water interface levels than for 
detecting oil entrainment into system flows. These monitor types cannot be recommended for reliable oil-
in-water monitoring service for West Hackberry brine operations. 

Viability: No Further Analysis 

I. New Technology 

This alternative consists of replacing the existing monitor/system with new technology that is still in its 
testing phase such as laser-based monitors. Although newer technology may be available, insufficient field 
testing has been performed and communicated to establish such technology as commercially reliable and 
robust options for application here. Therefore, new technology lacking full proving in the field is not 
considered a viable alternative here. 

Viability: No Further Analysis 

V. ALTERNATIVES ANALYSIS 

Based on the initial analysis of the alternatives, alternatives A, D, E, F, H and I are eliminated from further 
consideration. The remaining alternatives, B, C, and G, are examined below as alternatives A, B, and C, 
respectively.  
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The below analyses provide the research and technical information gathered by the AoA Team.  These 
analyses are not evaluative or comparative. 

Common Assumptions & Constraints 

 Monitor selection will provide for robust, reliable operation with minimum inspection, calibration, and 
repair activity over the estimated 25-year life of the LE 2.   

 Monitors will be installed farther upstream than the current monitor in cavern header piping at the 
individual wellheads to provide early warning and timely response to oil breakthrough due to wellhead 
string failure to minimize site environmental impact. 

 Monitor selection will provide the sensitivity required to detect initial oil breakthrough from any one 
cavern wellhead.  

 Monitor installation plans will consider providing alternative means of cavern depressurization/fill in a 
safe manner during installation. 

 Monitors will meet the required environmental and safety standards. 
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A. Flowmeters 

This alternative will evaluate the existing installed flowmeters to detect oil in water under flowing conditions. 

Assumptions & Constraints 

 The flowmeters are installed and fully operational. 

 The flowmeters will be performance tested in the field to confirm whether they can reliably detect oil 
breakthrough into water.  

 The flowmeter pilot study will be conducted first before any alternative technology is considered.   

 If the flowmeter fails to detect oil in water, the next best alternative from the list of alternatives below 
will be selected, and a pilot test will be performed to determine its viability. 

Benefits & Effectiveness 

The use of the current flowmeters installed at the site allows for multiple benefits and addresses current 
mission needs.  The items below summarize the benefits and effectiveness of conducting a pilot test and 
using the current flowmeters. 

 The pilot test will allow the site to test whether current equipment installed on-site is able to detect oil 
in water.  

 If the pilot test shows that the flowmeters are adequate, no new equipment will need to be purchased. 

Risk & Mitigation Factors 

Conducting a pilot test on the currently installed flowmeters will come with associated risks. The table below 
summarizes the risks with the correlating mitigation strategy. The table also describes the likelihood of 
occurrence at the site along with how great of an impact the event would cause if it were to occur. 

Risk and Mitigation Strategies for Using the Flowmeters/Conducting a Pilot Test 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Safety while conducting the pilot test. 
Ensure a job hazard analysis is prepared by 
contractors and for anyone on-site in the area 
of replacement.  

Medium - Medium 
Medium Risk 

Hazard 

Flowmeters do not reliably detect oil in 
water. 

Conduct performance test in the field to 
establish whether they work.  If they don’t 
provide the desired results, proceed with 
selection and testing of alternative technology. 

Medium - Medium 
Medium Risk 

Hazard 
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B. New UV Fluorescence Monitors 

This alternative will replace the existing monitors/system with UV fluorescence based monitors/system. 

Assumptions & Constraints 

Assumptions: 

 New ultraviolet UV fluorescence monitors are installed at each individual wellhead. 

 The monitors can detect from 0–10 parts per million (ppm) to 0–150 ppm oil-in-water.   

 UV florescence monitors are self-cleaning and low maintenance. 

Constraints: 

 Meter recalibration may be required from time to time for changes in ratios of Aliphatic/Aromatic vs. 
Total Hydrocarbon (HC). 

 Performance testing of a single monitor installed in the field is required to confirm this technology 
selection before committing to purchase of additional monitors. 

 Monitor life requires periodic field servicing and periodic replacement over the estimated 25-year life of 
the Life Extension 2 (LE 2). 

Benefits & Effectiveness 

The replacement of the existing monitors/system with UV fluorescence based monitors/system allows for 
multiple benefits and addresses current mission needs. The items below summarize the benefits and 
effectiveness of installing new monitors/system on-site. 

 The UV fluorescence based monitors/system will eliminate the risk of getting oil into the brine pond. 

 Process Parameters, Total Suspended Solids (TSS), and Organic Matter cannot influence or affect the 
measurement of UV fluorescence based monitors. 

 The monitors/system are highly accurate, providing instantaneous and continuous measurement. 

 The monitor/system have a good range of detection from 0–10 parts per million (ppm) to 0–150 ppm 
oil-in-water.   

Risk & Mitigation Factors 

Replacing the existing monitors/system with UV fluorescence based monitors/system will come with 
associated risks. The table below summarizes the risks with the correlating mitigation strategy. The table 
also describes the likelihood of occurrence at the site along with how great of an impact the event would 
cause if it were to occur. 

Risk and Mitigation Strategies for Replacing the Existing Monitors/System with UV 
Fluorescence Monitors 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Safety while removing and 
installing the new monitors/system. 

Ensure a job hazard analysis is prepared by 
contractors and for anyone on-site in the area of 
replacement.  

Medium - Medium 
Medium Risk 

Hazard 

UV florescence monitors not 
compatible with oil. 

Supply analyzer vendors adequate information on 
the chemical/physical properties of the oil and brine. 

Medium - High 
Medium Risk 

Hazard 

UV florescence monitors 
incorrectly calibrated. 

Ensure the monitors are calibrated for the correct 
ratios of Aliphatic/ Aromatic vs. Total Hydrocarbon. 

Medium - High 
Medium Risk 

Hazard 

UV florescence monitors installed 
too far from wellheads. 

Ensure location of the monitors will provide 
adequate oil detection and response time from site 
personnel. 

Medium - High 
Medium Risk 

Hazard 
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C. New Microscopy Monitors 

This alternative will replace the existing monitors/system with microscopy based monitors/system.   

Assumptions & Constraints 

Assumptions: 

 New Microscopy monitors are installed at each individual wellhead. 

 Microscopy monitors are the best technology available. 

 The detection is up to 1000 ppm oil-in-water and particle and droplet size information e.g. Dv10, Dv50, 
and Dv90 data. 

Constraints: 

 Microscopy monitors are more suitable for water injection type work. 

 Microscopy monitors analyses side stream only. 

 Performance testing of a single monitor installed in the field is required to confirm this technology 
selection before committing to purchase of additional monitors. 

 Monitor life requires periodic field servicing and periodic replacement over the estimated 25-year life of 
the Life Extension 2 (LE 2). 

Benefits & Effectiveness 

The replacement of the existing monitors/system with microscopy based monitors/system allows for 
multiple benefits and addresses current mission needs. The items below summarize the benefits and 
effectiveness of installing new monitors/system on-site. 

 The microscopy based monitors/system will eliminate the risk of getting oil into the brine pond. 

 Process Parameters, Total Suspended Solids, and Organic Matter cannot influence or affect the 
measurement of UV fluorescence based monitors. 

 The monitors/system are highly accurate, providing instantaneous and continuous measurement. 

 The monitors/system have a good range of detection of up to 1000 ppm oil-in-water, and the ability to 
detect particle and droplet size information e.g. Dv10, Dv50, and Dv90 data. 

 The microscopy based monitors/system can be combined with other analyses like florescence and 
spectral analyses for the best available reliability in measurement techniques.  

Risk & Mitigation Factors 

Replacing the existing monitors/system with microscopy based monitors/system will come with associated 
risks. The table below summarizes the risks with the correlating mitigation strategy. The table also describes 
the likelihood of occurrence at the site along with how great of an impact the event would cause if it were 
to occur. 
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Risk and Mitigation Strategies for Replacing the Existing Monitors/System with Microscopy 
Monitors 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Safety while removing and 
installing the new monitors/system. 

Ensure a job hazard analysis is prepared by 
contractors and for anyone on-site in the area of 
replacement.  

Medium - Medium 
Medium Risk 

Hazard 

Microscopy monitors not 
compatible with oil. 

Supply analyzer vendors adequate information on 
the chemical/physical properties of the oil and brine. 

Medium - High 
Medium Risk 

Hazard 

Microscopy monitors incorrectly 
calibrated. 

Ensure the monitors are calibrated for the correct 
concentration (ppm) and particle/droplet size. 

Medium - High 
Medium Risk 

Hazard 

Microscopy monitors installed too 
far from wellheads. 

Ensure location of the monitors will provide 
adequate oil detection and response time from site 
personnel. 

Medium - High 
Medium Risk 

Hazard 
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VI. ALTERNATIVE SELECTION 

List of Alternatives – Studied Alternatives 

A. Flowmeters 

This alternative will utilize the existing flowmeters currently installed to monitor oil in water. 

B. New UV Fluorescence Monitors 

This alternative will replace the existing monitors/system with ultraviolet fluorescence based 
monitors/system. 

C. New Microscopy Monitors 

This alternative will replace the existing monitors/system with microscopy based monitors/system.   

Comparison of Alternatives 

Core Team Member Ratings 

 

Safety During 
Construction 

Ease of Operations 
Ease of 
Maintenance 

Constructability 
During Ongoing Oil 
Deliveries 

Sustainability 

Most Important Most Important Most Important Important Less Important 

A
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e
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a
ti

v
e
 A

 Excellent Good Adequate Excellent Good 

Excellent Good Good Excellent Good 

Excellent Good Excellent Excellent Excellent 

A
lt

e
rn

a
ti

v
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 B

 Good Excellent Excellent Good Excellent 

Excellent Good Excellent Good Excellent 

Good Excellent Excellent Good Excellent 

A
lt

e
rn

a
ti

v
e
 C

 Good Adequate Good Good Excellent 

Excellent Good Adequate Good Excellent 

Good Adequate Good Good Excellent 

Cost Comparison 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $312,085 $000,000 

Alternative B $9,481,169 $11,137,029 

Alternative C $9,439,937 $11,095,797 
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Recommended Alternative 

B. New UV Fluorescence Monitors 

Based on the technical evaluation of the Core Team Members, Alternative B was rated overall higher on 
the evaluation criteria.  Alternative A has a significantly lower investment cost and life cycle cost followed 
by Alternative C and Alternative B. Alternative A has a significant risk of technically not meeting the mission 
need and functional requirements and therefore is not recommended. Alternative B was rated significantly 
higher overall than Alternative C on the evaluation criteria. Therefore, Alternative B is the recommended 
preferred alternative, with the significant benefits of operational considerations outweighing the higher 
investment and life cycle cost. 
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I. PROJECT CONCEPT 

Mission Need 

The level 1 criteria for the West Hackberry SPR Site is to be capable of drawing down 1.3 Million Barrels 
per day of oil. To accomplish this, 1.56 Million Barrels of raw water must be taken in at the Raw Water 
Intake Structure (RWIS) and injected into the caverns to displace the oil. 

The RWIS consists of four intake pumps, motors and valves, four traveling screens, two screen wash 
pumps, firewater pumps, motors, and valves, cathodic protection equipment, and the associated concrete, 
steel, and timber support structures.   

It is mission critical for the West Hackberry Site (WH) to have an operating Raw Water Intake Structure 
(RWIS) for drawdown purposes. 

Functional Requirements 

A dependable, reliable, fully operating RWIS is mission critical. The RWIS will provide raw water to displace 
cavern oil during drawdown activities. The SPR system shall provide the capability to draw down and deliver 
crude oil from SPR storage sites to designated distribution terminals with further access to commercial 
pipeline distribution networks and marine docks. Each SPR site shall be capable of drawing down and 
delivering crude oil to the designated distribution terminals and pipelines for custody transfer at rates 
prescribed by the level 1 requirement. 

II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for selection of the preferred alternative has 
been standardized for all AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 

Alternative Analysis Team Members 

 Core Team Members 

 Claudia Carrol DOE, Systems Engineer 
 Jason McCrossen VCI, Project Engineer 
 Marc Gross FFPO, Manger Design Engineering 

 Team Members 

 Ashley Thomas DOE, Lead General Engineer 
 Zack Bergeron VCI, Civil Engineer 
 Cory Jacob VCI, Civil Designer 
 John Walker VCI, Mechanical Engineer 
 Don Helms VCI, Mechanical Designer 
 Tim Croxdale FFPO, Site Director  
 Robert Bowles FFPO, Manager Site Construction 
 Justin Rye FFPO, Site Construction Maintenance Engineer 
 Steve Sleeman FFPO, Sr. Site Maintenance Engineer 
 Kenneth Swanson          FFPO, Manager Site Operations 

III. SELECTION CRITERIA 

The AoA Team determined the below listed criteria as relevant to the Analysis of Alternatives. Once 
alternatives are analyzed by the AoA Team, these criteria are used to evaluate and select a recommended 
preferred alternative.   
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Constructability During On-Going Oil Deliveries 

The selected alternative is able to be implemented with little or no impact to on-going oil delivery operations.  

Weight: Most Important 

Ease of Operations  

The selected alternative when implemented will result in a system that is able to be operated without 
significant additional training and is similar to existing systems and equipment. 

Weight: Most Important 

Ease of Maintenance  

The selected alternative is similar in nature to existing equipment resulting in commonality of similar 
systems for future maintenance and sparing consideration. 

Weight: Most Important 

Safety During Construction  

The selected alternative when implemented will be able to be constructed safely and operated safely. Ability 
to address Safety and Security concerns during implementation. 

Weight: Most Important 

Security During Construction  

The selected alternative when implemented will be able to be constructed with minimal to zero impacts to 
Site Security detection systems. 

Weight: Most Important 

Sustainability 

The selected alternative when implemented will be able to achieve DOE Sustainability goals for energy 
consumption as outlined in the Strategic Sustainability Performance Plan. SOW is mainly civil/structural 
repairs. It could potentially become important if there are required mechanical upgrade. 

Weight: Less Important 

IV. ALTERNATIVES IDENTIFICATION 

List of Alternatives 

The below listed alternatives are considered for analysis. Initial screenings conducted by the AoA Team 
determine the viability of each alternative. 

A. Status Quo  

Continue to operate as normal and perform normal maintenance as needed. 

The RWIS currently meets the mission need but continued wear on equipment could hinder drawdown 
readiness going forward. Therefore, this alternative does not meet the life extension goal of providing a 25-
year life expectancy for the RWIS. 

Viability: No Further Analysis 

B. Perform Overhaul of RWIS 

Repair concrete, steel, and timber structures; install sump sparging system; refurbish traveling screens; 
rewind intake pumps motors.  This will save the DOE SPR money in the long run vs continuing to repair as 
needed. 
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To avoid confusion on scope of work in the future, the following needs to be called out as part of this project: 

1)    Replace deteriorated sheet pile. 

2)    Replace cathodic protection systems. 

3)    Replace/Repair/Remove PED-1 Pedestal Crane. 

4)    Provide a staging area for loading/offloading of equipment. 

5)    Provide a ""Deck Boat"" for the transport of equipment, materials, supplies, personnel, etc. 

Viability: Continue Analysis 

C. Eliminate RWIS and Use Portable Pumps When Drawdown Is Needed  

Portable pumps can be used on as-need basis since drawdown is not a regular occurrence. 

This alternative has been screened because specifically for West Hackberry, this option does not meet the 
Mission Need. 

Viability: No Further Analysis 

D. Relocate the RWIS to the Ship Channel East of the WH Site 

The Ship channel is maintained to a depth of 40” by the United States Army Corps of Engineers 
(USACE). This increased depth greatly reduces the amount of sediment which is carried in by the intake 
pumps resulting in greater longevity of pumps and systems. 

Viability: Continue Analysis 

V. ALTERNATIVES ANALYSIS 

Based on initial analysis of the alternatives, alternatives A and C are eliminated from further consideration.  
The remaining alternatives, B and D are examined below as alternatives A and B, respectively. 

The below analyses provide the research and technical information gathered by the AoA Team. These 
analyses are not evaluative or comparative. 
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A. Perform Overhaul of RWIS 

Repair concrete, steel, and timber structures; install sump sparging system; refurbish traveling screens; 
rewind intake pumps motors; rework/replace valves; upgrade flush water/firewater supply pumps and 
motors; refurbish electrical systems; replace cathodic protection system.   

 

Figure 1 – Raw Water Intake Structure 

Assumptions & Constraints 

Site must maintain a level 1 drawdown rate. To accomplish this, only a limited portion of the structure can 
be down for maintenance at a time. In addition, the structure provides raw water for more than the Raw 
Water Injection Wells. String flush and pig runs for pipelines all require raw water from the structure. 

Benefits & Effectiveness 

A complete overhaul would support the mission by improving the functionality of a critical drawdown process 
for a 25-year period. Refurbishing the existing structure and equipment would reduce maintenance time 
and expense. Reworking the existing pumps and motors would result in improved performance and 
decreased energy costs needed for operation. There would be no additional training necessary for 
operation and no additional security measures due to the structure being located within the existing security 
perimeter.   
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Risk & Mitigation Factors 

There are associated risks with the alternative which are summarized in the table below. The table 
describes the likelihood of occurrence at the site, along with how great of an impact the event would cause 
if it were to occur. 

Risk and Mitigation Strategies for Overhaul of RWIS 

Risks Mitigation Strategy 
Likelihood – 

Impact  
Risk Code 

Large upfront expense. 
Upfront expense offset by decreased 
maintenance costs over the life of the RWIS. 

High – Low  
Low Risk 
Hazard 

Partial operating structure may not meet 
Level 1 Requirements. 

Leave enough pumps in service to maintain 
Level 1 readiness. 

Low – High  
Low Risk 
Hazard 

Safety concern for work over water. 
Wear appropriate PPE to include an U.S. 
Coast Guard-approved life jacket or buoyant 
work vest. 

Low – High  
Low Risk 
Hazard 
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B. Relocate the RWIS to the Ship Channel East of the WH Site 

The Ship channel is maintained to a depth of 40” by the United States Army Corps of Engineers 
(USACE). This increased depth greatly reduces the amount of sediment which is carried in by the intake 
pumps resulting in greater longevity of pumps and system. 

Assumptions & Constraints 

Relocating the RWIS to the ship channel would be functional and improve the long term quality of the raw 
water entering the system. Acquiring property on the channel and constructing a new RWIS will be costly 
and time consuming. The new property would also require new security measures as it would be outside 
of the existing security perimeter. Installation of new Raw Water intake line should only affect site operation 
during the tie in of the new Raw Water Intake Pipeline with existing site infrastructure.   

Benefits & Effectiveness 

Relocating the RWIS to the Ship Channel would support the mission by improving the functionality of a 
critical drawdown process for a 25-year period. A new structure would be very sustainable as the pumps 
and motors would be substantially more efficient and easier to maintain than existing equipment. There 
would be some new operational procedures with the new equipment but the overall operational philosophy 
would likely be very similar to the one at the existing location. The cleanliness of the water in the Ship 
Channel would contribute too increased efficiencies throughout the Raw Water system. 

Risk & Mitigation Factors 

There are associated risks with the alternative which are summarized in the table below. The table 
describes the likelihood of occurrence at the site, along with how great of an impact the event would cause 
if it were to occur. 

Risk and Mitigation Strategies for Relocate RWIS to Ship Channel East of WH Site 

Risks Mitigation Strategy 
Likelihood – 

Impact  
Risk Code 

Large upfront expense. 
Upfront expense offset by decreased 
maintenance costs over the life of the RWIS. 

High – High  
High Risk 
Hazard 

Acquiring additional land for 
construction of new RWIS and Raw 
Water Intake Pipeline. 

The lower sediment levels on the ship canal 
will provide higher quality raw water and 
cause less wear on piping and equipment. 

High – High  
High Risk 
Hazard 

Safety concern for work over water. 
Wear appropriate PPE to include an U.S. 
Coast Guard-approved Personal Floatation 
Device (PFD). 

Low – High  
Low Risk 
Hazard 

Construction of a new Raw Water Intake 
Pipeline would cross through a number 
of environmentally sensitive wetland 
areas. 

Work with federal, state, and local 
environmental agencies to enact safeguards 
that minimize environmental impact. 

High – High  
High Risk 
Hazard 
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VI. ALTERNATIVE SELECTION 

List of Alternatives – Studied Alternatives 

A. Perform Overhaul of RWIS 

Repair concrete, steel, and timber structures; install sump sparging system; refurbish traveling screens; 
rewind intake pumps motors; rework/replace valves; upgrade flush water/firewater supply pumps and 
motors; refurbish electrical systems; replace cathodic protection system. 

B.  Relocate the RWIS to the Ship Channel East of the WH Site 

The Ship channel is maintained to a depth of 40” by the United States Army Corps of Engineers 
(USACE). This increased depth greatly reduces the amount of sediment which is carried in by the intake 
pumps resulting in greater longevity of pumps and system. 

Comparison of Alternatives 

Core Team Member Ratings: 

  

Constructability 
During Ongoing 
Oil Deliveries 

Ease of 
Operations 

Ease of 
Maintenance 

Safety During 
Construction 

Security During 
Construction 

Sustainability 

Most Important Most Important Most Important Most Important Most Important Less Important 

A
lt

e
rn

a
ti

v
e
 A

 

Adequate Excellent Excellent Excellent Good Good 

Adequate Good Excellent Good Good Excellent 

Good Excellent Good Good Excellent Adequate 

A
lt

e
rn

a
ti

v
e
 B

 

Marginal Adequate Adequate Good Adequate Adequate 

Good Excellent Excellent Good Adequate Excellent 

Excellent Good Excellent Good Excellent Excellent 

 

Cost Comparison 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $5,281,373 $5,657,727 

Alternative B $30,838,096 $31,121,412 
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Recommended Alternative 

A. Perform Overhaul of RWIS 

Based on the technical evaluation of the Core Team Members, Alternative A and Alternative B had different 
strengths and weaknesses identified, resulting in ratings that did not clearly identify a preferred technical 
alternative. The initial cost, however, was significantly lower for Alternative A. While there is anticipated 
increased life cycle cost with performing an overhaul to the existing RWIS over construction of a new RWIS, 
this increase is not nearly enough to justify the anticipated large difference in initial construction costs. 
Therefore, Alternative A is the recommended preferred alternative, based on the significantly lower initial 
cost. 



WH-MM-1529 

 

Replace Physical Security CCTV Assessment System 

 

VCI Project Engineer: Corb Elsbury 

 

Recommended Alternative: 

Replace Digital CCTV System (Cameras) 

 

Analysis of Alternatives 
Life Extension 2 

US Department of Energy 
Strategic Petroleum Reserve 
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I. PROJECT CONCEPT 

Mission Need 

Replace/upgrade the existing physical security Closed Circuit Television (CCTV) assessment systems with 
the latest technology at West Hackberry on the main site, Raw Water Intake Structure (RWIS), Electrical 
Sub-Station (ESS), Raw Water Injection Pump Pad (RWIPP), Raw Water Intake Structure, (RWIS), and 
Lake Charles Meter Station (LCMS) consisting of perimeter and critical area fixed nose-to-tail cameras and 
Pan Tilt Zoom (PTZ) cameras for use as part of the surveillance and intrusion detection alarm assessment 
system. 

Functional Requirements 

The SPR assessment system must meet DOE Order 473.3 A. requirements and USNRC Intrusion 
Detection Systems and Subsystems Technical Information, March 2011, Office of Nuclear Security and 
Incident Response. 

 Cameras and lighting must be effective in all weather conditions and all lighting conditions; lighting must 
compliment and not interfere with effectiveness of the assessment system. 

 Central Alarm Station (CAS) monitors/screens shall be of sufficient size, picture quality and refresh 
rates to provide an accurate display of persons or animals without undue eye strain or inability to 
determine images. 

 The CCTV assessment system shall be configured as an element of the total Intrusion Detection 
System (IDS) along with the required complimentary lighting. 

 Lighting shall allow for the fast and reliable assessment of alarms from either the CCTV system 
or Protection Force (PF) personnel as defined in the Site Security Plan (SSP). 

 The system must have the capability to automatically switch to the camera associated with the alarm 
event and clearly display the event for operator assessment. 

 Video assessment coverage must be complete (e.g., no gaps between zones or areas that cannot be 
assessed due to shadows or objects blocking the camera’s field of view). 

 CCTV systems shall use real time signal or near real time transmission of camera views. 

 Alarms shall be enabled to assess immediately by either the PF or by a remote central alarm monitoring 
station personnel using the CCTV management system; ergonomics shall be considered in all 
configurations. 

 CCTV assessment cameras used as primary assessment for alarms shall be fixed (i.e., not pan or tilt) 
with fixed focal length lenses or zoom capability. 

 All cameras must be compatible with the existing Alarm Display and Annunciation System (ADAS) at 
the site. Close coordination with the ADAS system integrator is required as part of this study. It is 

understood that technical upgrades to the ADAS system may be required. 

II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for selection of the preferred alternative has 
been standardized for all AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 

Alternative Analysis Team Members  

 Core Team Members 

 Claudia Carroll DOE, Systems Engineer 
 Corb Elsbury VCI, Project Engineer 
 Marc Gross FFPO, Manager Design Engineering 
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 Team Members 

 Patrick Shepherd DOE, Project Engineer 
 Jerry Packard DOE, Security Officer 
 Bryan Dunlap DOE, Physical Security Specialist 
 Levi Gabre DOE, Site General Engineer  
 John Vollman VCI, IT Specialist 
 Rachel Gray VCI, Process Engineer 
 Ron Johnson FFPO, Sr. Director Security & Emergency Prep 
 Thomas Guillory FFPO, Manager Protection & Physical Security 
 Kenneth Marino FFPO, Manager Plans & Exercises 
 Todd Demaris FFPO, Sr. Protection Physical Security 
 Randy Bridges FFPO, Process & Security Systems Control 
 Timothy Croxdale FFPO, Site Director 
 Tanya Latino FFPO, Site Security Specialist 
 Steve Sleeman FFPO, Sr. Site Maintenance Engineer 
 Kenneth Swanson FFPO, Manager Site Operations 
 Robert Bowles FFPO, Manager Site Construction 
 Don Jackson FFPO, Manager Site Maintenance 

III. SELECTION CRITERIA 

The AoA Team determined the below listed criteria as relevant to the Analysis of Alternatives. Once 
alternatives are analyzed by the AoA Team, these criteria are used to evaluate and select a recommended 
preferred alternative.  

Ease of Operations 

The selected alternative when implemented will result in a system that is able to be operated without 
significant additional training and is similar to existing systems and equipment. 

Weight: Most Important 

Ease of Maintenance 

The selected alternative is similar in nature to existing equipment resulting in commonality of similar 
systems for future maintenance and sparing consideration. 

Weight: Most Important 

Safety During Construction 

The selected alternative when implemented will be able to be constructed safely and operated safely. Ability 
to address Safety and Security concerns during implementation. 

Weight: Most Important 

Security During Construction 

The selected alternative when implemented will be able to be constructed with minimal to zero impacts to 
Site Security detection systems. 

Weight: Most Important 

Sustainability 

The selected alternative when implemented will be able to achieve DOE Sustainability goals for energy 
consumption as outlined in the Strategic Sustainability Performance Plan. 

Weight: Important 
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Constructability During On-Going Oil Deliveries 

The selected alternative is able to be implemented with little or no impact to on-going oil delivery operations. 

Weight: Less Important 

IV. ALTERNATIVES IDENTIFICATION 

List of Alternatives 

The below listed alternatives are considered for analysis. Initial screenings conducted by the AoA Team 
determine the viability of each alternative. 

A. Status Quo  

Continue to maintain existing digital CCTV system. The current digital technology residing on the site is not 
considered the latest technology and does not function at optimal capacity in its current configuration. 
Upcoming ADAS Upgrades (WH-MM-753) will address some shortcomings with technology but will not 
address the existing cameras (installed ~2010). Increased maintenance efforts and operational 
compatibility issues are expected to result from new components of ADAS connected with older technology 
cameras.  

Assessment capabilities will eventually degrade if the technology gap is not addressed. Failure to meet 
DOE Order 473.3 A. and USNRC Intrusion Detection System requirements may result if the CCTV cameras 
are not upgraded along with the ADAS. 

Viability: Continue Analysis 

B. Replace Digital CCTV System (Cameras) 

Install the latest generation digital IP cameras. Replace all existing fixed and Pan-Tilt-Zoom (PTZ) physical 
security CCTV assessment system cameras (~108) on the main site, employee parking lot, Electrical Sub-
Stations (ESS), Raw Water Injection Pump Pads (RWIPP), Raw Water Intake Structure (RWIS), Lake 
Charles Meter Station (LCMS), and any additional identified areas of security coverage needed.  

Viability: Continue Analysis 

V. ALTERNATIVES ANALYSIS 

The below analyses provide the research and technical information gathered by the AoA Team. These 
analyses are not evaluative or comparative. 
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A. Status Quo 

Continue to maintain all currently existing fixed and Pan-Tilt-Zoom (PTZ) physical security CCTV 
assessment system cameras at West Hackberry. 

Assumptions & Constraints 

Assumptions: 

 Camera types and lighting replacements shall be compatible (done during detailed design). 

 The current digital cameras are operating in a satisfactory manner. 

 Upcoming ADAS Upgrades will address camera related software and/or hardware issues. 

 Manufacturer’s warranty is expired on the current cameras. 

Constraints: 

 Seamless integration of older existing digital cameras with latest technology (ADAS Upgrades). 

Benefits & Effectiveness 

Maintaining the current cameras at West Hackberry will allow for effective security and safety measures. 
The information below summarizes the benefits and effectiveness of maintaining all currently existing 
cameras on site as well as addressing the mission needs of the site. 

 Current camera equipment allows for requisite detection, classification, and identification. 

 The CCTV assessment system functions at an acceptable capacity, providing the PF response speeds 
fast enough to assess area and intruder incursions. 

 Meets the DOE Protection Order 473.3 A. requirements. 

 Allows for maintenance and operators to continue working with a familiar system, new equipment 
training is not required. 

Risk & Mitigation Factors 

With any new upgrade at the site comes associated risks. Some potential risks associated with maintaining 
all existing cameras on the site are the rapidly changing digital technology, maintaining equipment without 
a manufacturer’s warranty, and potential system conflicts with upcoming ADAS upgrades. The table below 
summarizes the above mentioned risks with the correlating mitigation strategy. The table also describes 
the likelihood of occurrence at the site along with how great of an impact the event would cause if it were 
to occur.  

Risk and Mitigation Strategies for Status Quo (Maintain Existing CCTV System) 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Rapidly advancing digital CCTV 
technology renders current cameras 
obsolete. 

Implement a rigid 5-year life cycle 
replacement interval, sync possible camera 
upgrades with ADAS upgrades. 

High - High 
High Risk 
Hazard 

Expired manufacturer’s warranty. 
Renew the warranty or continue to educate 
maintainers on the current system 
maintenance requirements. 

High - Medium 
Medium Risk 

Hazard 

System conflicts between cameras and 
ADAS upgrades. 

Ensure cameras are compatible and/or 
patched to accept ADAS upgrades. 

High - High 
High Risk 
Hazard 

Site Security posture is degraded during 
installation. 

Work closely with NOLA and site security to 
alleviate gaps in security, potentially 
compensatory PF options needed.  

High - High 
High Risk 
Hazard 

Existing cabling infrastructure is not 
serviceable and needs to be replaced. 

Must survey all existing camera locations and 
the existing cable for suitability for re-use. 

Medium Risk 
Hazard 

High Risk 
Hazard 
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B. Replace Digital CCTV System (Cameras) 

Install the most current generation of new digital IP cameras. Replace all existing fixed, Pan-Tilt-Zoom 
(PTZ), and Pan Tilt (PT) physical security CCTV assessment system cameras (~108) on the main site, 
employee parking lot, Electrical Sub-Stations (ESS), Raw Water Injection Pump Pads (RWIPP), Raw Water 
Intake Structure (RWIS), Lake Charles Meter Station (LCMS), and any additional identified areas of security 
coverage needed.  

This alternative proposes to replace the existing CCTV system cameras with the latest generation 
technology of Pelco cameras or approved equal on the West Hackberry site. Replace all fixed cameras 
with (~90) the Pelco ExSite IP EHXME Series camera or approved equal. Replace all pan/tilt/zoom (PTZ) 
cameras (~18) with the Pelco ExSite IP IPSXME Series camera or approved equal. Install these cameras 
on the main site, employee parking lots, Electrical Sub-Stations (ESS), Raw Water Injection Pump Pads 
(RWIPP), Raw Water Intake Structure (RWIS), Lake Charles Meter Station (LCMS), and any additional 
identified areas of security coverage needed on the West Hackberry site.  

The Pelco ExSite IP Series cameras are the latest generation of explosion proof IP cameras designed to 
meet the rigorous requirements for hazardous locations with integrated camera/lens/receiver for safe and 
efficient installation. These cameras feature low-light technology, multiple compression formats, and both 
upright and inverted operation for optimal image quality, performance, and reliability. The Pelco Exsite IP 
is capable of recording, managing, configuring, and viewing multiple live streams. These explosion proof 
camera systems shall include an optional programmable window wiper and washer/wipe sequence under 
a single command.  

Dome cameras are not suggested replacements for two (2) important reasons. Fitting on camera 
illumination to a dome camera is more difficult (requiring significant additional lighting efforts) than fitting 
illumination to a fixed or PTZ camera; lighting cannot be fitted to follow the movement of the camera. 
Therefore, it is assumed dome cameras lack optimal night-time performance requirements needed unless 
each dome camera is retrofitted with its own lighting assembly. Secondly, dome cameras are extremely 
sensitive; typically, they are outfitted with smoked domes, integral zoom lenses, and higher F-stop ratings 
(aperture speed) which reduce light transmission needed for optimal performance.  

Any cameras currently mounted on wooden utility poles shall be mounted on square tapered 7-gauge, steel 
poles, 30’ in length. Each newly installed camera pole shall be properly grounded and have a lightning air 
terminal on top of the pole.  

Lighting is critical for optimal performance and shall be addressed in ongoing lighting upgrade efforts; white 
light is one of the critical essentials (illumination-white light, camera and lens) needed at the front end of 
every CCTV system. 

Assumptions & Constraints 

Assumptions: 

 Camera types and lighting replacements shall be compatible (done during detailed design). 

 A site modeling determination shall be held to establish detailed requirements and potentially gained 
efficiencies with new cameras. 

 All new equipment shall be installed and accompanied with manufacturer warranties and product 
training. 

Constraints: 

 Construction dates of lighting projects (~2020 project); lighting and camera specifications must be 
compatible for optimal performance (CCTV replacement is tentatively scheduled for ~2023). 

 

 

Benefits & Effectiveness 
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Replacing all cameras on the West Hackberry site with the most current digital IP technology will allow for 
optimal security and safety measures while eliminating any difficulties with maintenance and operability. 
The information below summarizes the benefits and effectiveness of replacing all cameras on site with 
latest generation digital IP technology as well as addressing the mission needs of the site. 

 Replaces cameras with the most current technology and camera equipment; detection, classification, 
and identification are achieved in the most expeditious and accurate manner. 

 A new digital high definition camera technology will allow for optimal compatibility with ADAS upgrades. 

 Up to date IP system installs require significantly less wiring than the older technology systems. 

 New digital IP cameras can provide up to 25% more resolution and are especially better at capturing 
objects that are moving and running, even at high speed. 

 The use of an IP encoded CCTV signals allows greater flexibility for integration with IDS, access control 
and video analytics. 

 Repetitive maintenance efforts are all but eliminated with new components as they shall come with 
manufacturer’s warranties and new equipment training.  

 The CCTV assessment system will function at optimal capacity, providing the PF response speeds fast 
enough to assess areas and intruder incursions without latency. 

 The latest technology provides optimal viewing capacity and zoom capabilities, potentially reducing the 
total number of cameras and ancillary equipment needed to accomplish the DOE PF mission. 

 Consistently meets the DOE Protection Order 473.3 A. requirements, reducing DOE Headquarters 
security assessment inspection shortcomings/findings. 

 The possibility of the complete replacement of CCTV cameras across the SPR will enable much more 
efficient maintenance procedures, sparing, and operator familiarity.  

Risk & Mitigation Factors 

With any new upgrade comes associated risks. Some potential risks associated with replacing all of the 
cameras at West Hackberry include reduced security posture during construction, rapidly advancing 
technology, and the lack of new equipment training for employees. The table below summarizes the above 
mentioned risks with the correlating mitigation strategy. The table also describes the likelihood of 
occurrence at the site along with how great of an impact the event would cause if it were to occur.  

Risk and Mitigation Strategies for Replacing All Cameras (Digital) 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Rapidly advancing digital CCTV 
technology renders current cameras 
obsolete if not replaced. 

Implement a rigid 5-year life cycle 
replacement interval, sync possible camera 
upgrades with ADAS upgrades. 

High - High 
High Risk 
Hazard 

Shall require training on the new 
equipment. 

Minimize the length of training by making the 
training comprehensive, easy to follow and 
hands on. 

High - Low 
Low Risk 
Hazard 

Site security posture is degraded during 
installation. 

Work closely with NOLA and site security to 
alleviate gaps in security, potentially 
compensatory PF options.  

High - Low 
Low Risk 
Hazard 

Existing cabling infrastructure is not 
serviceable and needs to be replaced. 

Must survey all existing camera locations and 
the existing cable for suitability for re-use. 

Medium - High 
Medium Risk 

Hazard 
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VI. ALTERNATIVE SELECTION 

List of Alternatives – Studied Alternatives 

A. Status Quo  

Continue to maintain all currently existing fixed and Pan-Tilt-Zoom (PTZ) physical security CCTV 
assessment system cameras at West Hackberry. 

B. Replace Digital CCTV System (Cameras) 

Install the most current latest generation digital IP cameras. Replace all existing fixed, Pan-Tilt-Zoom (PTZ) 
and Pan Tilt (PT) physical security CCTV assessment system cameras (~108) on the main site, employee 
parking lots, Electrical Sub-Stations (ESS), Raw Water Injection Pump Pads (RWIPP), Raw Water Intake 
Structure (RWIS), Lake Charles Meter Station (LCMS) and any additional identified areas of security 
coverage needed. 

Comparison of Alternatives 

Core Team Member Ratings 

 Ease of 
Operations 

Ease of 
Maintenance 

Safety During 
Construction 

Security During 
Construction 

Sustainability Constructability 
During Ongoing 
Oil Deliveries 

Most Important Most Important Most Important Most Important Important Less Important 

A
lt

e
rn

a
ti

v
e
 A

 Good Adequate Good Good Good Excellent 

Good Adequate Good Good Good Excellent 

Excellent Good Excellent Good Adequate Excellent 

A
lt

e
rn

a
ti

v
e
 B

 Excellent Excellent Good Good Excellent Excellent 

Excellent Excellent Good Good Excellent Excellent 

Excellent Excellent Excellent Good Excellent Excellent 

 

Cost Comparison 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $000,000 $7,112,602 

Alternative B $7,537,818 $14,804,481 

Recommended Alternative 

B. Replace Digital CCTV System (Cameras) 

Based on the technical evaluation of the Core Team Members, Alternative B was clearly rated equal or 
superior on all evaluation criteria. Alternative A, since it is the Status Quo, has no investment cost and life 
cycle cost that is roughly equivalent to the investment cost of Alternative B. The difference in both 
investment cost and life cycle cost between the two alternatives is simply about when the investment needs 
to be made to replace the infrastructure, not when the investment needs to be made. Therefore, the benefits 
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of performing the replacement in Alternative B are considered to outweigh what amounts to making the 
investment later in the status quo alternative. Keeping the status quo for a longer period of time also poses 
significant security risk that the technology becomes more obsolete, more difficult to maintain, and could 
result in unacceptable outages – all of which are captured in the ratings for operation and maintenance.  
Additionally, the upgrade of the CCTV systems across the four SPR sites at the same time provides better 
training, security and consistency of operation and maintenance. Last, the ADAS project (which is a Go/No-
Go project) and the Lighting Upgrades Project are better designed and installed in coordination with the 
upgraded CCTV infrastructure in Alternative B so that they function as an integrated system. Therefore, 
Alternative B is the recommended preferred alternative, with the benefits of operational considerations 
outweighing the earlier investment of cost required. 



WH-MM-652, WH-MM-652A, WH-MM-617, WH-MM-617A 

 

Cavern Lighting (Install and Government Furnished 
Property); Roadway Lighting (Install and Government 

Furnished Property) 

 

VCI Project Engineer: Corb Elsbury 

 

Recommended Alternative: 

Replace All Lights, Designated Utility Poles and Associated Cabling (LED) 

 

Analysis of Alternatives 
Life Extension 2 

US Department of Energy 
Strategic Petroleum Reserve 
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I. PROJECT CONCEPT 

Mission Need 

Lighting at SPR sites is integral to providing increased security and safety of site personnel and facilities. 
The project intent is to provide more sustainable, reliable, and lower maintenance lighting servicing the 
cavern and building areas as well as frequently used roadways. Specifically, this project looks at adding 
new lighting in areas that are under-lighted, replacing existing lights with energy efficient types, removing 
lights in areas that no longer need them, installing low-maintenance poles, and installing new wiring in duct 
banks or conduit.   

Functional Requirements 

Lighting levels to meet Design Level III Criteria Para. 5.3.2.1. and DOE Order 473.3 A. requirements. 

 Perform a lighting survey to identify areas where lighting is inadequate or no longer needed; use light 
modeling programs using methods recommended by the Illuminating Engineering Society (IES). 

 Adequately light each work area, walkway and parking area whenever an employee is present (OSHA 
1915.82(a) (2). 

 Compliment the lighting systems with the electro optical/closed circuit television (CCTV) assessment 
system. 

 Allow for the rapid and reliable assessment of alarms from either the CCTV system or Protective Force 
(PF) personnel.  

 Install maintenance free utility poles with protected cabling. 

 Consider energy efficient lighting. 

II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for selection of the preferred alternative has 
been standardized for all AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 

Alternative Analysis Team Members 

A diverse group of individuals was selected to participate in this analysis to provide technical advice and 
operational experience.  

Core Team Members 

 Claudia Carroll DOE, Systems Engineer 
 Corb Elsbury VCI, Project Engineer 
 Marc Gross FFPO, Manager Design Engineering 

 Team Members 

 Patrick Shepherd DOE, Project Engineer 
 Jerry Packard DOE, Security Officer 
 Bryan Dunlap DOE, Physical Security Specialist 
 Levi Gabre DOE, Site General Engineer  
 Rachel Gray VCI, Process Engineer 
 Ron Johnson FFPO, Sr. Director Security & Emergency Prep 
 Thomas Guillory FFPO, Manager Protection & Physical Security 
 Kenneth Marino FFPO, Manager Plans & Exercises 
 Todd Demaris FFPO, Sr. Protection Physical Security 
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 Randy Bridges FFPO, Process & Security Systems Control 
 Timothy Croxdale FFPO, Site Director 
 Steven Barton FFPO, Site Security Specialist 
 Steve Sleeman FFPO, Sr. Site Maintenance Engineer 
 Kenneth Swanson FFPO, Manager Site Operations 
 Robert Bowles FFPO, Manager Site Construction 
 Don Jackson FFPO, Manager Site Maintenance 

III. SELECTION CRITERIA 

The AoA Team determined the below listed criteria as necessary to the Analysis of Alternatives. Once 
alternatives are analyzed by the AoA Team, these criteria are used to evaluate alternatives and select a 
recommendation. 

Ease of Operations 

The selected alternative when implemented will result in a system that is able to be operated without 
significant additional training and is similar to existing systems and equipment. 

Weight: Most Important 

Ease of Maintenance 

The selected alternative is similar in nature to existing equipment resulting in commonality of similar 
systems for future maintenance and sparing consideration. Maintenance operations will require less 
attention as new equipment replaces legacy equipment. 

Weight: Most Important 

Safety During Construction 

The selected alternative when implemented will be able to be constructed safely and operated safely. The 
site’s ability to address Safety and Security concerns during implementation shall not be impacted.  Safety 
is of the greatest importance. 

Weight: Most Important 

Security During Construction 

The selected alternative when implemented will be able to be constructed with minimal to zero impacts to 
Site Security detection systems. 

Weight: Most Important 

Sustainability 

The selected alternative when implemented will be able to achieve DOE Sustainability goals for energy 
consumption as outlined in the Strategic Sustainability Performance Plan. Energy consumption shall be 
considered in all upgraded equipment criteria. 

Weight: Most Important 

Constructability During On-Going Oil Deliveries  

The selected alternative is able to be implemented with little or no impact to on-going oil delivery operations.  

Weight: Least Important 
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IV. ALTERNATIVES IDENTIFICATION 

List of Alternatives 

The below listed alternatives are considered for analysis. Initial screenings conducted by the AoA Team 
determine the viability of each alternative. 

A. Status Quo 

The status quo consists of continuing to maintain the ~30-year old high pressure sodium (HPS) lighting 
systems and to use portable lighting, when needed, in areas not well lit.  This alternative includes accepting 
the risk of wooden pole deterioration/failure (~101), safety risks, and unscheduled maintenance/repair 
costs. Lighting at West Hackberry is at the end of its useful life. The determination that wooden poles are 
extremely susceptible to the predominantly wet, saline environment as well as woodpecker damage make 
them less than a viable option. Cabling associated with lighting is ~20-years old and will continue to be at 
risk of being severed and/or malfunctioning as ongoing major maintenance operations on the SPR continue.   

Recent inspections from the Enterprise Assessment (EA) Team from DOE Headquarters found the SPR 
perimeter fence detection system lacked adequate scene illumination and was deficient in the number of 
light poles, fixtures, and light shielding.  All of these issues negatively affect the PF’s ability to assess and 
track intruder locations. The use of color cameras at nighttime, particularly when a scene is illuminated with 
HPS lamps, is problematic. The status quo will continue to provide for low visibility for night maintenance 
operations/security and allow for the risk of the deterioration/failure of wooden light poles.  Areas of the site 
deemed inadequately lighted hinder maintenance efforts as well as pose a safety risk for night shift 
employees. The degraded ability of the PF to assess intruder location and intent due to poor lighting 
conditions will continue.  

Viability: No Further Analysis 

B. Replace Designated Utility Poles, All Lights and Associated Cabling (LED) 

The (LED) alternative consists of replacing wooden utility poles used for mounting lights and light fixtures 
with lights, along with the associated wiring/cabling. Under-lighted areas (i.e., main site, caverns, Raw 
Water Intake Structure (RWIS), Brine Disposal Wells, roadways, Recovery Pump Exercise (RPX) pad, etc.) 
are to be identified, while considering light-emitting diodes (LED) lighting as a suitable replacement. 

Viability: Continue Analysis 

C. Replace Designated Utility Poles, All Lights and Associated Cabling (Induction) 

The (Induction) alternative consists of replacing wooden utility poles used for mounting lights and light 
fixtures with lights, along with the associated wiring/cabling.  Under-lighted areas (i.e., main site, caverns, 
RWIS, Brine Disposal Wells, roadways, RPX pad, etc.) are to be identified, while considering induction 
lighting as a suitable replacement. 

Viability: Continue Analysis 

D. Replace designated Utility Poles, All Lights and Associated Cabling (High Intensity Discharge 
- HID) 

The HID alternative consists of replacing wood utility poles used for mounting lights and light fixtures with 
lights, along with the associated wiring/cabling.  Under-lighted areas (i.e., main site, caverns, RWIS, Brine 
Disposal Wells, roadways, RPX pad, etc.) are to be identified, while considering high intensity discharge 
(HID) lighting as a suitable replacement. 

Viability: Continue Analysis 

 

 



WH-MM-652; WH-MM-652A; WH-MM-617; WH-MM-617A 

   4 
 

V. ANALYSIS OF ALTERNATIVES 

Based on initial analysis of the alternatives, alternative A is eliminated from further consideration.  The 
remaining alternatives, B, C, and D are examined below as alternatives A, B, and C, respectively. 

The below analyses provide the research and technical information gathered by the AoA Team. These 
analyses are not evaluative or comparative.  

 

 

Figure 1 – Changes to Existing Light Poles 
This figure demonstrates the procedure common to all three alternatives; 
all creosote wooden poles supporting lighting shall be demolished and 
associated cabling installed in duct bank, conduit or existing cable trays vs 
directly buried. 
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A. Replace All Lights, Designated Utility Poles and Associated Cabling (LED) 

The (LED) alternative consists of replacing all lighting and fixtures with LED technology while replacing 
designated wooden utility poles (~101) and associated cabling at West Hackberry.  

A recent lighting evaluation conducted at West Hackberry determined that there were ~55 light deficient 
areas, and ~33 of those were located on roadways. A lighting evaluation shall be performed to confirm the 
light deficient areas and also determine where lighting is no longer needed (main site, caverns, RWIS, ESS, 
Raw Water Injection Pump Pad (RWIPP), RPX, brine disposal well pads, roadways, employee parking lots, 
etc.). Methods recommended by the IES shall be used to model expected light levels and to assist in the 
design and layout of all replacement lighting. The DOE Design Level III Criteria for roadway ground level 
lighting is 0.2 foot candles (fc), 5.0 fc for process and maintenance areas, 0.1 fc for parking areas, and 1.0 
for cavern areas.  

The Department of Energy modeled uniformity comparisons of LED, Induction and HPS produced results 
that suggested LED lighting displayed a 2:1 advantage in placement. This study was conducted using new 
luminaries, equal wattage, identical new utility poles and spaced for optimal performance. Visual uniformity 
comparisons of LED, Induction and HPS suggests that LED at maximum lux (luminous flux per unit area) 
of 27 lm/W (Lumens/Watt) characteristics performed better than Induction (11.2 lm/W) and HPS (24 lm/W). 
Negating obstacles such as above ground tanks and large buildings, it is reasonable to plan for a wooden 
pole replacement number to be much closer to ~50 versus the existing ~101 wooden pole replacement 
count. Additionally, assumptions may be made on the previously identified light deficient areas (~55) and 
to estimate for half of that number (~23).  

It is important to note that the proposed camera replacements shall dictate the type of lighting (or vice versa) 
identified to replace existing HPS and Induction lighting at West Hackberry. The lighting systems must meet 
the requirements listed in DOE Order 473.3 A.  

All wooden roadway poles (~15) shall be replaced with hot dipped galvanized steel poles with extended 
hinged arms to allow for ease of maintenance. The remaining wooden utility poles (~86) shall be replaced 
with a more durable material than wood such as hot-dipped galvanized poles (HDP) or an approved equal. 
Hinged poles shall only be used in areas deemed unreachable by man-lift. Cabling replacement shall be 
addressed by pulling new lighting cabling through existing duct banks or conduit. If there is no existing duct 
bank or conduit, options of using existing cable trays or installing new duct banks or conduit shall be 
examined.  

Assumptions & Constraints  

Assumptions: 

 A lighting evaluation shall be done prior to detailed design. 

 LED lighting should reduce the need for poles and additional lighting fixtures by half. 

 Lighting and new camera lighting requirements/engineering shall be de-conflicted during detailed 
design. 

 Where possible, unprotected cabling shall be installed in existing cable trays vs installing new duct 
banks or conduit. 

 Most cabling associated with lighting is located in duct bank. 

 LED lighting at maximum burning hours (100K) retains 85% lumen output. 

 LED fixtures are widely available with multiple light patterns and correlated color temperatures (CCT); 
available from 2000 to 10,000; eliminating light pollution (washout). 

Constraints: 

 Possible existing power sources for all new utility pole installation. 

 Available/existing cable trays within a suitable distance for use. 
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Benefits & Effectiveness 

Identifying site lighting deficiencies, replacement of wooden utility poles, old cabling, lights and fixture 
replacement with LED technology allows for multiple benefits and addresses current mission needs.  
Replacing the wooden utility poles and addressing the lighting deficiencies also allows for optimal security 
and safety, which best supports the requirements described in DOE 473.3 A. 

 Improved visibility for night maintenance (safety) and security operations; LED lights are instantly 
turned on with no warm up (DOE 473.3 A., Attachment 3, Section A 3-35 [3][b]). 

 Allows for better PF intruder assessment capabilities due to the rapid and reliable assessment of alarms 
(DOE 473.3 A., Attachment 3, Section A 3-35 [3][a]). 

 Improved lighting will complement the CCTV assessment system, allowing for improved security (DOE 
473.3 A., Attachment 3, Section A 3-36 [3][g]). 

 Alleviates safety risks from deteriorating wooden utility poles and increases performance of poles in 
poor weather (DOE 473.3 A., Attachment 3, Section A 3-36 [3][d]). 

 Cabling with duct bank or conduit is the industry standard and prevents inadvertent cutting of cables, 
which prevents unscheduled maintenance repairs and personnel safety concerns (DOE 473.3 A., 
Attachment 3, Section A 3-36 [3][d]). 

 Deficiencies found by the EA Team, DOE Headquarters are addressed and corrected (DOE 473.3 A., 
Attachment 3, Section A 3-36 [3][d]). 

 Employees feel safer with more adequately lighted areas and allows for a safer work environment per 
OSHA guidelines (DOE 473.3 A., Attachment 3, Section A 3-36 [3][h]). 

 LED provides the ability to focus on exact luminous areas, allowing for a safer work environment (DOE 
473.3 A., Attachment 3, Section A 3-36 [3][f]). 

 LED lighting is more energy efficient (~44%) than HPS, easier to maintain and has a longer life cycle 
than the existing high pressure sodium (HPS) lighting; meeting DOE sustainability mandates. (U.S. 
DOE Solid State Lighting Technology Demonstration, June 2010) 

 Color Rendering Indexes (CRI) of 60-90. 

 LED lighting provides higher lighting acuity value per lumen/watt (135 Lumens/watt). 

 Extremely long life span (100K hours at 70 Watt hours). 

 No toxic materials used in manufacturing and low to no recycling costs.  

 Risk & Mitigation Factors 

With new LED lighting, cabling and utility pole upgrades at the site come associated risks. Potential risks 
associated with replacing wooden utility poles, lights and cabling, as well as determining lighting 
deficiencies include reducing security capability during construction, failing to identify all inadequate lighting 
areas, maintaining a safe work environment, and having a loss of lighting in areas where poles are being 
replaced. The table below summarizes the mentioned risks with the correlating mitigation strategy. The 
table also describes the likelihood of occurrence at the site along with how great of an impact the event 
would cause if it were to occur. 
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Risk and Mitigation Strategies for Replacing Utility Poles, Lighting, Cabling and Determining 
Lighting Deficiencies (LED) 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Reduced security capability during 
construction. 

Close coordination with NOLA, site security 
and contractor during work plan development 
and scheduling. 

Medium - Medium 
Medium Risk 

Hazard 

Lighting survey does not identify all 
inadequately lighted areas. 

Use a computer based program to confirm 
lighting survey results. 

Low - Low 
Low Risk 
Hazard 

Safety while installing new poles, 
lighting, and cables. 

Ensure a job hazard analysis is prepared by 
contractors and for anyone onsite near the 
installation of the poles, lighting, or cables.  

Medium - Medium 
Medium Risk 

Hazard 

Loss of lighting in areas while poles are 
being replaced. 

Prepare a strategic plan for minimizing the 
effects, and use portable lighting as 
necessary. 

High - Medium 
Medium Risk 

Hazard 

Lighting technology required to address 
both lighting and security (CCTV) 
needs. 

Close coordination between maintenance and 
PF to determine the correct lighting 
technology. 

Medium - High 
Medium Risk 

Hazard 
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B. Replace Designated Utility Poles, All Lights and Associated Cabling (Induction) 

The (Induction) alternative consists of replacing all lighting and fixtures with Induction lighting technology 
while replacing designated wooden utility poles (~101) and associated cabling at West Hackberry, 
Louisiana. A lighting evaluation shall be performed to identify areas where lighting is inadequate or no 
longer needed (main site, caverns, RWIS, ESS, RWIPP, RPX, brine disposal well pads, roadways, 
employee parking lots, etc.). Methods recommended by the IES shall be used to model expected light levels 
and to assist in the design and layout of all replacement lighting.  

A recent lighting evaluation conducted at West Hackberry determined there were ~55 light deficient areas, 
with ~33 of those on roadways.  The DOE Design Level III Criteria for roadway ground level lighting is 0.2 
foot candles (fc) 5.0 fc for process and maintenance areas, 0.1 fc for parking areas, and 1.0 for cavern 
areas. A Department of Energy gateway study (June 2010) concluded Induction lighting used 6% less 
energy than HPS. HPS maintenance requires lamp replacement on average of every 5 years, ballasts every 
15 years, igniters every 20 years, the housing every 25 years and photocell every 15 years. Induction 
lighting is nearly maintenance free for the rated bulb/ballast, exhibits a high color rendering index (CRI) of 
80+ (HPS CRI is ~20-22) that produces vivid colors versus the yellowing (washout) associated with HPS, 
Induction also contains just slightly less amalgam (mercury). Induction lighting is found to operate much 
cooler (150F- 180F than HPS (450-750F) presenting less of an environmental impact. Induction visual 
acuity (seeable lumens) is 191 lm/W while HPS has only 67 lm/W.  

It is important to note that proposed camera replacements shall dictate the type of lighting (or vice versa) 
identified to replace existing lighting. Lighting systems must meet the requirements listed in DOE Order 
473.3 A.  

All wooden roadway pole replacements (~15) shall be considered with hot dipped galvanized steel poles 
with extended hinged arms to allow for ease of maintenance. The remaining wooden utility poles (~86) shall 
be replaced with a more durable material than wood such as HDP or an approved equal. Hinged poles shall 
only be used in areas deemed unreachable by man-lift. Cabling replacement shall be addressed by pulling 
new lighting cabling through existing duct banks or conduit. If there is no existing duct banks or conduit, 
options of using existing cable trays or installing new duct bank or conduit shall be examined. 

Assumptions & Constraints  

Assumptions: 

 A lighting evaluation shall be done prior to detailed design. 

 Lighting and security camera lighting requirements/engineering shall be de-conflicted during detailed 
design. 

 Where possible, cabling shall be installed in existing cable trays vs installing new duct banks or conduit. 

 Most cabling associated with lighting is located in duct banks or conduit. 

Constraints: 

  Possible existing power sources for all new utility pole installation. 

  Available/existing cable trays within a suitable distance for use. 

  Induction lighting is a mercury hazard and has a high recycling cost. 

  Induction lighting is difficult to control optically. 

Benefits & Effectiveness 

The replacement of all wooden utility poles and cabling, existing lighting, and identifying site lighting 
deficiencies allows for multiple benefits and addresses current mission needs.   

Replacing the utility poles and determining lighting deficiencies also allows for security and safety, which 
supports the requirements described in DOE 473.3 A. 
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 Improved lighting will complement the CCTV assessment system, allowing for improved security (DOE 
473.3 A., Attachment 3, Section A 3-36 [3][g]). 

 Alleviates safety risks from deteriorating wooden utility poles and increases performance of poles in poor 
weather (hurricane force rain/wind) (DOE 473.3 A., Attachment 3, Section A 3-36 [3][d]). 

 Cabling with duct banks or conduit is the industry standard and prevents inadvertent cutting of cables, 
which prevents unscheduled maintenance repairs and personnel safety concerns (DOE 473.3 A., 
Attachment 3, Section A 3-36 [3][d]). 

 Requires relatively low maintenance efforts (Green Light Source). 

 Rated life of 60K hours (to 70% lumens, which is limited by ballast life). The lamp and power supply are 
recommended to be replaced at the same time. 

 Color Rendering Index (CRI) of 80 and Correlated Color Temperature (CCT) of 3000K. 

Risk & Mitigation Factors 

With new induction lighting, cabling and utility pole upgrades at the site come associated risks. Potential 
risks associated with replacing wooden utility poles, lights and cabling, as well as determining lighting 
deficiencies include reduced security capability during construction, failing to identify all inadequate lighting 
areas, maintaining a safe work environment, and having a loss of lighting in areas where poles are being 
replaced. The table below summarizes the mentioned risks with the correlating mitigation strategy. The 
table also describes the likelihood of occurrence at the site along with how great of an impact the event 
would cause if it were to occur. 

Risk and Mitigation Strategies for Replacing Utility Poles/Lighting/Cabling and Determining 
Lighting Deficiencies (Induction) 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Reduced security capability during 
construction. 

Close coordination with NOLA, site security 
and contractor during work plan development 
and scheduling. 

Medium – Medium  
Medium Risk 

Hazard 

Lighting survey does not identify all 
inadequately lighted areas. 

Use a computer based program to confirm 
lighting survey results. 

Low – Low  
Low Risk 
Hazard 

Safety while installing new poles, 
lighting, and cables. 

Ensure a job hazard analysis is prepared by 
contractors and for anyone onsite near the 
installation of the poles, lighting, or cables.  

Medium – Medium  
Medium Risk 

Hazard 

Loss of lighting in areas while poles 
are being replaced. 

Prepare a strategic plan for minimizing the 
effects, and use portable lighting as 
necessary. 

High – Medium  
Medium Risk 

Hazard 

Lighting technology needed to address 
both lighting and security needs. 

Close coordination between maintenance and 
PF to determine the correct lighting 
technology. 

Medium – High  
Medium Risk 

Hazard 

Induction lighting contains mercury. 
Maintenance on induction lighting should be 
conducted after complete cool down. Address 
in an updated maintenance procedure. 

Medium – High  
Medium Risk 

Hazard 
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C. Replace Designated Utility Poles, All Lights and Associated Cabling (HID) 

The High Intensity Discharge (HID) alternative consists of replacing all lighting and fixtures with HID lighting 
technology while replacing designated wooden utility poles (~101) and associated cabling at West 
Hackberry. A recent lighting evaluation conducted at West Hackberry determined there were ~55 light 
deficient areas, with ~33 of those area located on roadways. A lighting evaluation shall be performed to 
confirm the light deficient areas and also determine where lighting is no longer needed (main site, caverns, 
RWIS, ESS, RWIPP, RPX, brine disposal well pads, roadways, employee parking lots, etc.). Methods 
recommended by the IES shall be used to model expected light levels and to assist in the design and layout 
of all replacement lighting. The DOE Design Level III Criteria for roadway ground level lighting is 0.2 foot 
candles (fc) 5.0 fc for process and maintenance areas, 0.1 fc for parking areas, and 1.0 for cavern areas. 

The most common types of HID are mercury vapor lamps, metal halide lamps and HPS; HPS being the 
most common on the SPR. HID lighting lamps produce an arc for intense light, therefore requiring ballasts. 
HID ballast technology is old and highly inefficient, requiring time to establish the electric arc and is not 
easily controlled or dimmable while LED and Induction lighting can be integrated into a remote monitoring 
and dimming control system.  

Mercury vapor lamps, the oldest types of high-intensity discharge lighting, were formerly used for street 
lighting, but are now only rarely used for that purpose. Nearly all new lamps sold in North America today 
for street lighting are either metal halide or LEDs, which have also displaced mercury vapor lamps in sports 
arenas and gymnasiums. Mercury vapor lamps provide about 50 lumens per watt, but ballast loss can 
reduce the system efficacy to about 30 lumens per watt, which is not competitive with LEDs.  

Metal halide lamps produce a bright, white light with the best color rendition among high-intensity (HID) 
lighting types. They are used to light large indoor areas, such as gymnasiums and sports arenas, and 
outdoor areas, such as parking lots. Metal halide lamps are similar in construction and appearance to 
mercury vapor lamps. The addition of metal halide gases to mercury gas within the lamp results in higher 
light output, more lumens per watt, and better color rendition than from mercury gas alone.  

HPS lighting is a type of HID lighting used for street and outdoor area lighting, parking garages, and some 
industrial applications. Although HPS lamps can be efficient and long-lasting, they typically have poor color- 
rendering compared to other lamp types and are being displaced by LEDs in many applications. 

It is important to note that proposed camera replacements shall dictate the type of lighting (or vice versa) 
identified to replace existing lighting. Lighting systems must meet the requirements listed in DOE Order 
473.3 A. 

All wooden roadway pole replacements (~15) shall be considered with hot dipped galvanized steel poles 
with extended hinged arms to allow for ease of maintenance. The remaining wooden utility poles (~86) shall 
be replaced with a more durable material than wood such as HDP or an approved equal. Hinged poles shall 
only be used in areas deemed unreachable by man-lift. Cabling replacement shall be addressed by pulling 
new lighting cabling through existing duct banks or conduit. If there is no existing duct bank or conduit, 
options of using existing cable trays or installing new duct bank or conduit shall be examined. 

Assumptions & Constraints  

Assumptions: 

 A lighting evaluation shall be done prior to detailed design. 

 Lighting and new camera lighting requirements/engineering shall be de-conflicted during detailed 
design. 

 Where possible, cabling shall be installed in existing cable trays vs installing new duct banks or conduit. 

 Most cabling associated with the lighting is located in duct banks or conduit. 

Constraints: 

 Possible existing power sources for all new utility pole installation. 

 Available/existing cable trays within a suitable distance for use. 
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 Source efficiency is typically 120 lumens/watt or higher.  However, losses from trapped light, protective       
covers and lenses, inefficient ballasts and unfavorable operating temperature typically result in a 
measured system efficiency of 30 lumens/watt or less. 

 HID lights are more fragile and have a warm up (15-20 seconds) during ignition. 

 Contains mercury and has a relatively higher recycling cost. 

Benefits & Effectiveness 

Replacing of wooden utility poles and identifying site lighting deficiencies allows for multiple benefits and 
addresses current mission needs.  Replacing the utility poles and determining lighting deficiencies also 
allows for optimal security and safety, which best supports the requirements described in DOE 473.3 A. 

 Allows for better PF intruder assessment capabilities due to the rapid and reliable assessment of alarms 
(DOE 473.3 A., Attachment 3, Section A 3-35 [3][a]). 

 Improved lighting will complement the CCTV assessment system, allowing for improved security (DOE 
473.3 A., Attachment 3, Section A 3-36 [3][g]). 

 Alleviates safety risks from deteriorating wooden utility poles and increases performance of poles in poor 
weather. (DOE 473.3 A., Attachment 3, Section A 3-36 [3][d]). 

 Cabling with duct bank or conduit is the industry standard and prevents inadvertent cutting of cables, 
which prevents unscheduled maintenance repairs and personnel safety concerns (DOE 473.3 A., 
Attachment 3, Section A 3-36 [3][d]). 

 Deficiencies found by the EA Team, DOE Headquarters are addressed and corrected (DOE 473.3 A., 
Attachment 3, Section A 3-36 [3][d]). 

 Employees feel safer with more adequately lighted areas, allowing for a safe work environment per 
OSHA guidelines (DOE 473.3 A., Attachment 3, Section A 3-36 [3][h]). 

Risk & Mitigation Factors 

With new upgrade at the site come associated risks. Some potential risks associated with replacing utility 
poles and determining lighting deficiencies include reducing security capability during construction, failing 
to identify all inadequate lighting areas, maintaining a safe work environment, having a loss of lighting in 
areas where poles are being replaced and addressing both lighting and CCTV needs. The table below 
summarizes the mentioned risks with the correlating mitigation strategy. The table also describes the 
likelihood of occurrence at the site along with how great of an impact the event would cause if it were to 
occur. 

Risk and Mitigation Strategies for Replacing Utility Poles and Determining Lighting Deficiencies 
(HID) 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Reduced security capability during 
construction. 

Close coordination with NOLA, site security 
and contractor during work plan 
development and scheduling. 

Medium – Medium  
Medium Risk 

Hazard 

Lighting survey does not identify all 
inadequately lighted areas. 

Use a computer based program to confirm 
lighting survey results. 

Low – Low  
Low Risk 
Hazard 

Safety while installing new poles, 
lighting, and cables. 

Ensure a job hazard analysis is prepared by 
contractors and for anyone onsite near the 
installation of the poles, lighting, or cables.  

Medium – Medium  
Medium Risk 

Hazard 

Loss of lighting in areas while poles are 
being replaced. 

Prepare a strategic plan for minimizing the 
effects, and use portable lighting as 
necessary. 

High – Medium   
Medium Risk 

Hazard 

Lighting technology needed to address 
both lighting and security (CCTV) 
needs. 

Close coordination between maintenance 
and PF to determine the correct lighting 
technology. 

Medium – High  
Medium Risk 

Hazard 
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VI. ALTERNATIVE SELECTION 

List of Alternatives – Studied Alternatives 

A. Replace All Lights, Designated Utility Poles and Associated Cabling (LED) 

The (LED) alternative consists of replacing wooden utility poles used for mounting lights and light fixtures 
with lights, along with the associated wiring/cabling. Under-lighted areas (i.e., main site, caverns, Raw 
Water Intake Structure (RWIS), Brine Disposal Wells, roadways, RPX pad, etc.) are to be identified, while 
considering light-emitting diodes (LED) lighting as a suitable replacement. 

B. Replace All Lights, Designated Utility Poles and Associated Cabling (Induction) 

The (Induction) alternative consists of replacing wooden utility poles used for mounting lights and light 
fixtures with lights along with the associated wiring/cabling. Under-lighted areas (i.e., main site, caverns, 
Raw Water Intake Structure (RWIS), Brine Disposal Wells, roadways, RPX pad, etc.) are to be identified, 
while considering Induction lighting as a suitable replacement. 

C. Replace All Lights, Designated Utility Poles and Associated Cabling (High Intensity Discharge) 

The (HID) alternative consists of replacing wooden utility poles used for mounting lights and light fixtures 
with lights along with the associated wiring/cabling. Under-lighted areas (i.e., main site, caverns, Raw Water 
Intake Structure (RWIS), Brine Disposal Wells, roadways, RPX pad, etc.) are to be identified, while 
considering high-intensity discharge lighting as a suitable replacement. 

Comparison of Alternatives 

Core Team Member Ratings 

 Sustainability Ease of 
Operations 

Ease of 
Maintenance 

Safety During 
Construction 

Security During 
Construction 

Constructability 
During Ongoing 
Oil Deliveries 

Most Important Most Important Most Important Most Important Most Important Least Important 

A
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e
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a
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v
e
 A

 Excellent Excellent Excellent Good Good Excellent 

Excellent Excellent Excellent Good Excellent Excellent 

Excellent Excellent Excellent Good Good Excellent 

A
lt

e
rn

a
ti

v
e
 B

 Good Excellent Good Good Good Excellent 

Good Excellent Good Good Excellent Excellent 

Good Excellent Good Good Good Excellent 

A
lt

e
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a
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v
e
 C

 Good Good Adequate Good Good Excellent 

Adequate Adequate Adequate Good Excellent Excellent 

Adequate Excellent Adequate Good Good Excellent 
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Cost Comparison 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $2,586,840 $2,620,702 

 
Alternative B 
 

$4,616,609 $4,669,649 

 
Alternative C 
 

$4,628,195 $4,696,848 

Recommended Alternative 

A. Replace All Lights, Designated Utility Poles and Associated Cabling (LED) 

Based on the technical evaluation of the Core Team Members, Alternative A was clearly rated equal or 
superior on all evaluation criteria. The initial cost and life cycle cost of Alternative A were both lowest of the 
alternatives. Therefore, Alternative A is the recommended preferred alternative based on both technical 
and cost factors studied in the alternative analysis. 
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I. PROJECT CONCEPT 

Mission Need 

The marine boats used at the West Hackberry (WH) site are critical for the maintenance and operations of 
all the crude oil pipelines being used at the WH site. In addition, the boats are also critical for any water 
side work required at the Raw Water Intake Structure. This task will construct a marine service center for 
the site’s work boats. The location of the center will be adjacent to the West Hackberry SPR boat slip near 
the northwest corner of the site. It will install a covered boat slip with hoist to raise the site’s work boats out 
of the water while not in use. 

Functional Requirements 

The purpose of the marine service center is to raise the work boats out of the water to facilitate and reduce 
their maintenance. It will also allow for quick deployment of the boats in emergencies since the boats will 
no longer be trailered. In addition, the Marine Service Center will have fuel tanks for filling boats and oil 
boom deployment spools for quicker spill response. 

II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for selection of the preferred alternative has 
been standardized for all AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 

Alternative Analysis Team Members 

 Core Team Members 

 Claudia Carroll DOE, Systems Engineer 
 Jason McCrossen VCI, Project Engineer 
 Marc Gross FFPO, Manger Design Engineering 

 Team Members 

 Ashley Thomas DOE, Site Lead General Engineer 
 Zack Bergeron VCI, Civil Engineer 
 Cory Jacob VCI, Civil Designer 
 John Walker VCI, Mechanical Engineer 
 Don Helms VCI, Mechanical Designer 
 Timothy Croxdale FFPO, Director of Site  
 Robert Bowles FFPO, Manager Site Construction 
 Justin Rye FFPO, Site Construction Maintenance Engineer 
 Steve Sleeman FFPO, Sr Site Maintenance Engineer 
 Kenneth Swanson FFPO, Manager Site Operations 

III. SELECTION CRITERIA 

The AoA Team determined the below listed criteria as relevant to the Analysis of Alternatives. Once 
alternatives are analyzed by the AoA Team, these criteria are used to evaluate and select a recommended 
preferred alternative. 

Ease of Operations 

The selected alternative when implemented will result in a system that is able to be operated without 
significant additional training and is similar to existing systems and equipment. 

Weight: Most Important 
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Ease of Maintenance 

The selected alternative is similar in nature to existing equipment resulting in commonality of similar 
systems for future maintenance and sparing consideration. 

Weight: Most Important 

Safety During Construction 

The selected alternative when implemented will be able to be constructed safely and operated safely. Ability 
to address Safety and Security concerns during implementation. 

Weight: Most Important 

Security During Construction 

The selected alternative when implemented will be able to be constructed with minimal to zero impacts to 
Site Security detection systems. 

Weight: Most Important 

Sustainability 

The selected alternative when implemented will be able to achieve DOE Sustainability goals for energy 
consumption as outlined in the Strategic Sustainability Performance Plan.  

Weight: Important 

Constructability During On-Going Oil Deliveries 

The selected alternative is able to be implemented with little or no impact to on-going oil delivery operations.  

Weight: Less Important 

IV. ALTERNATIVES IDENTIFICATION 

List of Alternatives 

The below listed alternatives are considered for analysis. Initial screenings conducted by the AoA Team 
determine the viability of each alternative. 

A. Status Quo 

If this work is not implemented, equipment maintenance cost will not be reduced and deployment time will 
remain unchanged. 

This alternative has been screened out due to the functional requirement to continuously maintain pipeline 
and valves. In addition, it is imperative the site have emergency access to spills which may occur. With the 
boats in a ready state 24/7, response times can be greatly reduced. 

Viability: No Further Analysis 

B. Construct Marine Services Center over Water 

Construct Marine Service Center over water to raise the work boats out of the water to facilitate and reduce 
its maintenance. It will also allow quick deployment of the boats in emergencies since the boats will no 
longer be trailered. This facility will contain fuel tanks for refueling and a reel for deploying boom in the 
event of a spill. This Marine Service Center will house 3 DOE boats and be approximately 5000 sq.ft.  

Viability: Continue Analysis 
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C. Construct Marine Services Center on Land 

Construct Marine Service Center near the water with quick boat access to the water. This will provide a 
place to perform maintenance and keep boats protected from the weather. This facility will be inside the 
security where the boats are currently stored. This facility will contain fuel tanks for refueling and a reel for 
deploying boom in the event of a spill. This Marine Service Center will house 3 DOE boats and be 
approximately 5000 sq.ft. 

Viability: Continue Analysis 

V. ALTERNATIVES ANALYSIS 

Based on initial analysis of the alternatives, alternatives A is eliminated from further consideration.  The 
remaining alternatives, B and C are examined below as alternatives A and B, respectively. 

The below analyses provide the research and technical information gathered by the AoA Team. These 
analyses are not evaluative or comparative. 
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A. Construct Marine Services Center over Water 

Construct Marine Service Center over water to raise the work boats out of the water to facilitate and reduce 
maintenance required on the boats. It will also allow quick deployment and ease of operation of the boats 
in emergencies since the boats will no longer be trailered. This will increase safety of operating due to less 
work involving launching boats. This facility will contain fuel tanks for refueling and a reel for deploying 
boom in the event of a spill. This Marine Service Center will house 3 DOE boats and be approximately 5000 
sq.ft. 

 

Figure 1 – New Marine Service Center Over Water 

Assumptions & Constraints 

Assumptions: 

Marine Service Center over water will allow for faster and safer deployment to the remote valve stations, 
intake structure, and potential spill response. It also reduces the amount of fuel consumed by trailering 
boats to and from the Ellender Bridge for deployment. Construction of the Marine Service Center will not 
inhibit any site operations as this facility will be located offsite outside the security perimeter.  

Constraints: 

One potential constraint is refueling boats over water and having the Service Center outside of security. 
Security during construction could impact existing security perimeter if contract workers are accessing the 
construction site from inside the SPR site. This constraint is only during construction and the threat level 
after construction is very low.  
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Benefits & Effectiveness 

This alternative will provide a covered enclosure to protect the work boats from the elements and to prevent 
premature degradation. Having the Marine Service Center located on the water making it a convenient 
location for the deployment of the work boats. Spill response and response time to Raw Water Intake 
Structure will be significantly reduced. 

Risk & Mitigation Factors 

There are associated risks with the alternative which are summarized in the table below. The table 
describes the likelihood of occurrence at the site, along with how great of an impact the event would cause 
if it were to occur. 

Risk and Mitigation Strategies for Construct Marine Services Center 

Risks Mitigation Strategy 
Likelihood – 

Impact  
Risk Code 

Marine service center will not be within 
security gate. 

Security will have to monitor service center 
as an outside asset.  

Low – Low 
Low Risk 
Hazard 
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B. Construct Marine Services Center On Land 

Construct Marine Service Center near the water with quick boat access to the water. This will provide a 
place to perform maintenance and keep boats protected from the weather. This facility will be inside the 
security where the boats are currently stored. This facility will contain fuel tanks for refueling and a reel for 
deploying boom in the event of a spill. This Marine Service Center will house 3 DOE boats and be 
approximately 5000 sq.ft. 

 

Figure 2 – New Marine Service Center On Land 

Assumptions & Constraints 

Assumptions: 

Marine Service Center on land will provide cover for the site boats and fueling tanks and boom reels for 
deploying boom during a spill. Construction of the Marine Service Center will not inhibit any site operations 
as this facility will be located inside the security perimeter, but away from major site activities. 

Constraints: 

Boats will still need to be launched every time increasing time and increasing the risk of injury.  

Benefits & Effectiveness 

This alternative will provide a covered enclosure to protect the work boats from the elements and to prevent 
premature degradation. 
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Risk & Mitigation Factors 

There are associated risks with the alternative which are summarized in the table below. The table 
describes the likelihood of occurrence at the site, along with how great of an impact the event would cause 
if it were to occur. 

Risk and Mitigation Strategies for Construct Marine Services Center on Land 

Risks Mitigation Strategy 
Likelihood – 

Impact 
Risk Code 

Response time will be longer due to 
location. 

Acceptable response times will have to be 
evaluated.  

High – Low  
Low Risk 
Hazard 
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VI. ALTERNATIVE SELECTION 

List of Alternatives – Studied Alternatives 

A. Construct Marine Services Center 

Construct Marine Service Center over water to raise the work boats out of the water to facilitate and reduce 
its maintenance. It will also allow quick deployment of the boats in emergencies since the boats will no 
longer be trailered. This facility will contain fuel tanks for refueling and a reel for deploying boom in the 
event of a spill. 

B. Construct Marine Services Center on Land 

Construct Marine Service Center near the water with quick boat access to the water. This will provide a 
place to perform maintenance and keep boats protected from the weather. This facility will be inside the 
security where the boats are currently stored. This facility will contain fuel tanks for refueling and a reel for 
deploying boom in the event of a spill. 

Comparison of Alternatives 

Core Team Member Ratings: 

 

Ease of 
Operations 

Ease of 
Maintenance 

Safety During 
Construction 

Security During 
Construction 

Sustainability 
Constructability 
During Ongoing 
Oil Deliveries 

Most Important Most Important Most Important Most Important Important Less Important 

A
lt

e
rn

a
ti

v
e
 A

 

Excellent Good Good Marginal Good Excellent 

Excellent Good Good Marginal Good Excellent 

Excellent Good Good Good Good Excellent 

A
lt

e
rn

a
ti

v
e
 B

 

Adequate Good Good Excellent Adequate Excellent 

Adequate Good Good Excellent Adequate Excellent 

Good Excellent Good Excellent Good Excellent 

 

Cost Comparison 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $2,452,378 $2,543,442 

Alternative B $1,989,307 $2,114,225 
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Recommended Alternative 

A. Construct Marine Services Center 

Based on the technical evaluation of the Core Team Members, Alternative A and B received similar overall 
ratings, with the main differences in Ease of Operations and Security During Construction. Alternative B 
has a slightly lower investment cost, and both are anticipated to have similar life cycle costs.  While the 
ratings for Security During Construction are much lower for Alternative A because of the need for 
construction access through the existing perimeter security gates, there are established policies and 
procedures for controlling this access, this type of construction access has been utilized at the site, and 
therefore it does not create a significantly high security risk. The key deciding factor between alternatives 
is the day-to-day operations at the site which are significantly influenced by the location of the constructed 
facility, in which Alternative A is clearly superior. Therefore, the benefits to constructing the Alternative A is 
the recommended preferred alternative, with the benefits of operational considerations outweighing the 
slightly higher investment cost. 





WH-MM-753 

 

Upgrade ADAS System Servers and Workstations 

 

VCI Project Engineer: Corb Elsbury 

 

Recommended Go Project:  

Upgrade/Replace Existing ADAS Servers and Workstations 

 

Analysis of Alternatives 
Life Extension 2 

US Department of Energy 
Strategic Petroleum Reserve 

  



  



 

Table of Contents 

I. PROJECT CONCEPT ................................................................................................................................... 1 

Mission Need ................................................................................................................................................ 1 
Functional Requirements .............................................................................................................................. 1 

II. PROCESS ..................................................................................................................................................... 1 

III. SELECTION CRITERIA ................................................................................................................................ 2 

IV. ALTERNATIVES IDENTIFICATION ............................................................................................................. 2 

V. ALTERNATIVES ANALYSIS ....................................................................................................................... 2 

A. Upgrade/Replace Existing ADAS Servers and Workstations .......................................................... 3 

VI. ALTERNATIVE SELECTION ....................................................................................................................... 7 

Recommended Go Project ............................................................................................................................ 7 
Cost ............................................................................................................................................................... 7 

 

 

 

 

  



 

 

 



WH-MM-753  

1 
 

I. PROJECT CONCEPT 

Mission Need 

The servers, workstations and other hardware components that comprise the ADAS system on the SPR 
must be replaced every 4-5 years in order to maintain hardware and operating capability; the current ADAS 
system components at West Hackberry, Louisiana were purchased in ~2010. Upgrading the applicable 
Alarm Display and Annunciation System (ADAS) servers and workstations at West Hackberry, Louisiana 
SPR site is recommended.   

Functional Requirements 

The SPR ADAS assessment system must meet the Department of Energy (DOE) Order 473.3 A. and SPR 
Level III Criteria, Section 13.12 requirements (Intrusion Detection and Assessment Systems). Additionally, 
the system upgrade must meet DOE Program Cyber Security Plan (PCSP) and NIST-800-53, Security and 
Privacy Controls for Federal Information Systems and Organizations. 

 Upgrades to the latest generation applicable servers and workstations. 

 Shall augment perimeter protection. 

 Shall allow for rapid assessment of nuisance alarms to reduce response degradation by PF. 

 Upgrades to the ADAS shall include the new ARINC Advanced Information Management (AIM) 
systems. 

 Computer systems shall be capable of continuous patching. 

 Required to have auxiliary or uninterrupted power.  

 Upgrades to the ADAS shall include workstation hardware compatible with the new operating system; 
ergonomics shall be considered in detailed design. 

 Replace the NICE audio logger with a comparable system that will operate on currently-supported 
Microsoft operating systems. 

 System must interface with DOE current badging system. 

II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for Go/No Go Projects has been standardized 
for all Go/No Go AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 

Alternative Analysis Team Members 

 Core Team Members 

 Claudia Carroll DOE, Systems Engineer 
  Corb Elsbury VCI, Project Engineer 
 Marc Gross FFPO, Manager Design Engineering 

 Team Members 

 Patrick Shepherd DOE, Project Engineer 
 Jerry Packard DOE, Security Officer 
 Levi Gabre DOE, Site General Engineer 
 Rachel Gray VCI, Process Engineer  
 Ron Johnson FFPO, Sr. Director, Security and Emergency Services 
 Thomas Guillory FFPO, Manager, Protection and Physical Security 
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 Todd Demaris FFPO, Sr. Protection and Physical Security 
 Randy Bridges FFPO, Director, Process and Security Systems Control  
 Timothy Croxdale FFPO, Site Director 
 Steve Sleeman FFPO, Sr. Site Maintenance Engineer 
 Robert Bowles FFPO, Manager, Site Construction 
 Ken Swanson FFPO, Manager, Site Operations 
 Tania Latino FFPO, Site Security Specialist 
 Justin Rye FFPO, Construction Field Specialist 

III. SELECTION CRITERIA 

Formal selection criteria will not be applicable in a Go/No Go Project. 

IV. ALTERNATIVES IDENTIFICATION 

Alternatives Identification is not applicable in a Go/No-Go Project. 

V. ALTERNATIVES ANALYSIS 

The current ADAS system components were procured in 2010. Servers, hardware, and workstation 
components that comprise the ADAS system must be upgraded every four to five years to maintain system 
capacity. Assessment capabilities will continue to degrade to the point of SPR failure to meet the DOE 
Order 473.3 A. requirements. 

Failure to replace these systems will result in obsolete systems that are providing physical security 
measures on the SPR. Use of servers and workstations beyond their life cycle will result in the lack of 
available security patches and upgrades; creating significant risk to the ADAS system, a DOE Risk 
Management Implementation Plan Requirement (RMAIP) violation. 

The below analyses provide the research and technical information gathered by the AoA Team.  
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A. Upgrade/Replace Existing ADAS Servers and Workstations 

The servers, workstations, and other hardware components that comprise the ADAS system must be 
replaced every 4-5 years in order to maintain hardware and operating capabilities; the current ADAS system 
components were purchased in ~2010. Current version levels of the ARINC AIM System, components, and 
Microsoft Operating Systems shall be upgraded concurrently to ensure maintainability and support from 
current system integrators and warranties. Incorporate system enhancement features determined 
appropriate for ARINC AIM software upgrades.   

The work covered by this alternative consists of furnishing all equipment and software required to perform 
the work in connection with the front-end upgrade of the Alarm Detection and Annunciation Systems 
(ADAS) servers, workstations, and associated software at the site. 

All furnished servers must be Energy Star rated. All workstations and LCD displays furnished must be rated 
EPEAT silver or gold. 

AIM SCS Hardware Upgrades:  This alternative shall include the supply of new computer hardware to 
replace the existing AIM SCS system hardware. The new hardware infrastructure shall use the latest 
commercial-off-the-shelf (COTS) modular hardware wherever possible to facilitate system maintenance, 
scalability, and future enhancements. This includes standard TCP/IP protocols, Windows operating 
systems, and Intel based servers and workstations. The software and hardware configurations shall enable 
high availability and support a multi-user/multi-function environment for data throughput, management, 
storage, and retrieval. The system design, including: servers, workstations, LAN infrastructure, and field 
components shall be designed to ensure that no single point of failure degrades system functions or creates 
a loss of real-time and/or historical data. The proposed hardware configurations shall meet the performance 
and reliability expectations for continued security operations and sustainability. 

AIM SCS Host Servers:  The new AIM SCS host servers shall be loaded with Windows Server 2008 R2 at 
a minimum and shall include the latest AIM release 2013/2014+ or later if certified by the time the software 
is loaded. The current AIM database shall be re-loaded and the servers shall be configured, integrated, and 
factory tested to ensure all applications and user functions operate as documented in the vendor’s test 
plans and procedures. Operational features for both users and administrators shall be retained. The host 
servers shall perform all processing of software functions, interfaces to third party systems/edge devices, 
and field I/O panels, alarm processing, access control, IP/CCTV surveillance, and a security suite of 
applications. 

The host server hardware at each site will meet the following requirements at a minimum: 

 (2) Identical Dell R720’s or later models running a minimum of Windows Server 2008 R2 or most 
current version. 

 Hosting AIM 2014.R2 or later version as the primary application. 

 AIM SCS relational databases are stored in a RAID5 10TB disk array. 

 Both servers shall be configured to operate independent of each other. (Primary & Standby). 

 A network link mirrors information for failover preparations with additional high speed NIC cards for 
Data/Video processing and connectivity. 

 Configured to assist the entire system specified to at least 99.999% of system availability. 

 Redundant power supplies for each server for increased reliability. 

 Compatible with ARINC’s current suite of Cyber Security products and policies. 

Active Directory Servers:  Active Directory (AD) servers shall be added to the system to provide the 
framework for storing information about the network of computers (servers and workstations) that form the 
AIM System domain. The AD servers shall be loaded with Windows Server 2008 R2 at a minimum and 
shall be staged, and configured to maintain the necessary policy and environmental variable structures. 
The AD servers shall incorporate the necessary tools to configure user rights and privileges in the AIM 
System at the operating system level and to facilitate network identification of the various computers in the 
System network domain.  
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The user management tools provided by Windows shall provide standard user authentication (username, 
password) facilities for preventing unauthorized access to the system computers. 

The AD server hardware at the site will meet the following requirements at a minimum: 

 (2) Identical Dell R720’s or later models running Windows Server 2008 R2 or most current version. 

 Hosting Active Directory v1.1 or later version as the primary application. 

 AD databases are stored in a RAID5 5TB disk array. 

 Both servers shall be configured to operate independent of each other. (Primary & Standby). 

 A network link mirrors information for failover preparations with dual GB NIC’s. 

 Configured to assist the entire system specified to at least 99.999% of system availability. 

 Redundant power supplies for each server for increased reliability. 

 Compatible with ARINC’s current suite of Cyber Security products and policies. 

AIM SCS User and Video Workstations:  The new workstations shall meet ARINC’s graphical, user, and 
video requirements for viewing system graphics, alarm/event information, and reports. These workstations 
shall provide a standard Windows-based GUI with easy-to-use security applications. Standard windows 
shall be used to access security information prepared by the host server(s). System workstations shall 
communicate with the host servers to store and retrieve information. The new workstations shall replace 
the existing CAS, Computer Room, and AAP alarm and video workstations with new systems connected to 
the AIM system data and video LANs. The Alarm workstations shall be designed to execute and present 
user requested information and video in a timely manner for applications such as auto video call-up, PTZ 
control, user requests, reports, data input, PTZ tours, and video sequencing/display. 

The workstations shall be configured with components to view and modify database configuration 
information, which shall be fully capable of meeting or exceeding functional and operational requirements 
defined in relevant ARINC documentation volumes. They will also support future security requirements for 
video call-up as required. 

The user workstation hardware (one in the CAS and one training workstation in the computer room) shall 
meet the following requirements at a minimum: 

 Dell T5000's, 4GB RAM, 1TB HDD, Dual VGA Graphics Card, Dual GB NIC. 

 Windows 7 Ultimate or most current version. 

 AIM Alarm GUI connected to the data and video LAN. 

 Two (2) 24" LCD displays in the CAS, 1 19” LCD display in the computer room. 

The video workstation hardware (two in the CAS) shall meet the following requirements at a minimum: 

 Dell T5000’s, 8GB RAM, 1TB HDD, Dual HD Graphics Card, Dual GB NIC. 

 Windows 7 Ultimate or most current version. 

 AIM Video GUI connected to the video LAN. 

 Two (2) 24” LCD displays per workstation. 

Local Area Network Switches:  The data LAN communications backbone shall be configured in a redundant 
configuration meeting the ARINC AIM specification requirements for redundancy and system availability. 
The LAN network devices shall support 10/100/1000+ gigabit TCP/IP network communications between all 
network nodes (e.g., system servers, workstations, IP based field devices, clipping servers and video 
workstations), and printers, etc.). A pair of Ethernet Local Area Networks CISCO Catalyst 3750 (Vx) models 
(Data LANs) shall provide a dual redundant communications data backbone for the entire AIM SCS system. 
Video network devices shall be configured for high availability operations to the maximum extent as 
possible. 
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The data network LAN shall meet the following requirements: 

 (2) Cisco Catalyst 3750Vx - 24 Gb port, w/4 SFP Slots (A/B rails) or approved equal. 

 (2) Cisco Catalyst 3750Vx - 48 Gb port, w/4 SFP Slots w/ Network Mod, 4 GbE ports, and 24 units of 
GLC-FE-100FX approved equal. 

The video network LAN shall meet the following requirements: 

 (2) Cisco Catalyst 3750Vx - 24 Gb port, w/4 SFP Slots (A/B rails) approved equal. 

 (2) Cisco Catalyst 3750Vx - 48 Gb port, w/4 SFP Slots w/ Network Mod, 4 GbE ports, and 24 units of 
GLC-FE-100FX approved equal. 

Video Management System:  An updated video management system shall be provided that will be 
ergonomically integrated with the AIM SCS system and shall provide automated and manual camera video 
streaming as configured for the video workstations in the CAS alarm stations. The upgraded video 
management system will retain all video recording capabilities currently operational in the AIM SCS systems 
at the site, and will be fully compatible with the existing cameras and encoder/decoder devices. All servers, 
workstations, and video recorders provided as part of this system shall utilize currently-supported operating 
systems (Server 2008, Windows 7 as a minimum). 

AIM SCS Software Upgrade:  The vendor shall supply new updated operating system and application 
software to replace the existing AIM SCS system software. All operating systems provided will be the latest 
versions supported by both the operating system provider and the AIM SCS system software. All functions 
currently present in the AIM SCS system shall be retained in the new application software versions. 
Additionally, all vendor-developed improvements and increased functionality that have been added to the 
application software since the initial delivery of AIM SCS Version 2008.1 to the West Hackberry SPR site 
shall be included in the version of the application software installed. 

All applicable software licenses shall be provided, installed, and configured on the appropriate 
servers/workstations as required for the functionality included with the upgraded system. This includes all 
operating systems, vendor-developed application software, and third- party software applications. 

Assumptions & Constraints 

Assumptions: 

 The ADAS will be temporarily out of service during installation of upgrades. 

Constraints: 

 Technology/equipment performance advances prior to installation. 

Benefits & Effectiveness 

Replacing/upgrading the ADAS system servers and workstations extends equipment life cycle and allows 
for increased security. The items below summarize the benefits/effectiveness and mission need items 
addressed of replacing the mentioned systems on the West Hackberry site. 

 Installing upgrades to the site ADAS system increases security posture and complies with physical 
security directives. (DOE 473.3 A.) 

 Replaces a system that was installed over 5 years ago, increasing security software and components 
susceptible to increasingly advanced cyber-attacks. 

Risk & Mitigation Factors 

Some potential risks associated with upgrading/replacing the existing ADAS servers and workstations 
include, but are not limited to, additional security measures during construction, training employees on a 
new system, potential safety issues while updating/installing equipment and technology advances prior to 
installation. The table below summarizes mentioned risks with a correlating mitigation strategy.  The table 
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describes the likelihood of occurrence at the site along with how great of an impact the event would cause 
if it were to occur.   

Mitigation Strategies for Upgrade/Replace Existing ADAS Servers and Workstations  

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

The ADAS will be temporarily out of 
service during construction.  

Heightened security measures during installation, 
planning with site and contractor to compensate for 
gaps in coverage. 

High - High 
High Risk 
Hazard 

Upgraded system and technology 
require employee instruction. 

Ensure the contractor is required to include training 
packages (software and hands-on) with the 
installation. 

High - High 
High Risk 
Hazard 

Potential for safety issues during 
installation. 

Ensure a robust Job Safety Analysis is done by the 
site and contractor during installation. 

Low - Low 
Low Risk 
Hazard 

Reduced security posture during 
construction. 

Close coordination between NOLA, site security 
and contractor work scheduling and sequence.  

Medium - High 
Medium Risk 

Hazard 
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VI. ALTERNATIVE SELECTION 

Recommended Go Project 

A. Upgrade/Replace Existing ADAS Servers and Workstations on West Hackberry, LA. 

Replace/upgrade the applicable servers and workstations to the latest generation of applicable software 
with ARINC AIM compatible software server and workstation hardware.  Upgrade the current ARINC and 
AIM software and Cisco video server software.  Replace the NICE audio logger with an applicable Windows 
software compliant version.  Current version levels of the ARINC AIM System, components, and Microsoft 
Operating Systems shall be upgraded concurrently to ensure maintainability and support from current 
system integrators and warranties. Incorporate system enhancement features determined appropriate for 
ARINC AIM software upgrades.   

Cost  

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $1,221,461 $2,396,440 
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I. PROJECT CONCEPT 

Mission Need 

The West Hackberry (WH) site in Louisiana will replace Slop Oil Pumps WHP-517 and 518 with new pumps 
and add a new sump pump to collect oil released to the containment pad. The Slop Oil system modifications 
at the West Hackberry site must be performed in order to ensure reduced maintenance and improved 
operability and availability in a safe manner. 

Functional Requirements 

The following are the functional requirements for the replacement of the Slop Oil Pumps WHP-517 and 
WHP-518: 

 Replacement pump inspection and repair should be minimized or eliminated over the estimated 25-year 
life of the Life Extension 2 (LE 2).  

 Pump system reliability must be greater than or equal to 95%. 

 Material selections will provide a 25-year life with minimum maintenance. 

II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for Go/No Go Projects has been standardized 
for all Go/No Go AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 

Alternative Analysis Team Members 

 Core Team Members 

 Claudia Carroll DOE, Systems Engineer 
 Lorna Madison VCI, Project Engineer 
 Stephen Brothers FFPO, Principal Operations System Engineer 

 Team Members 

 Anthony Bonadona VCI, Project Engineer  
 William Leet VCI, Process Engineer 
 Rachel Gray VCI, Process Engineer 
 Lisa Eldredge FFPO, Principal Operations System Engineer 
 Buddy Delaune FFPO, Principal Mechanical Engineer   
 Steve Sleeman FFPO, Sr. Site Engineer 
 Justin Rye FFPO, Construction Field Specialist 
 Ken Swanson FFPO, Manager Site Operations 

III. SELECTION CRITERIA 

Formal selection criteria will not be applicable in a Go/No Go Project. 

IV. ALTERNATIVES IDENTIFICATION 

Alternatives Identification is not applicable in a Go/No-Go Project. 
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V. ALTERNATIVES ANALYSIS 

Continuing to operate the existing high maintenance Slop Oil Pumps WHP-517 and WHP-518 may result 
in a loss of mechanical integrity and failure. This could result in an environmental upset for the site. In 
addition, Butterworth, the supplier of WHP-518, is on the Procurement Restricted List, making replacement 
parts extremely difficult to procure. In the event of a loss of mechanical integrity and/or failure, the slop oil 
will not be disposed in an efficient manner and may create an unsafe condition due to potential exposure. 
Thus, the site would not be able to meet the required environmental and safety standards. 

The below analyses provide the research and technical information gathered by the AoA Team 

A. Replace Slop Oil Pumps and Install Sump Pump 

West Hackberry will replace the existing Slop Oil Pumps, WHP-517 and WHP-518, with new pumps and 
add a new sump pump to collect oil released to the containment area.   

Assumptions & Constraints 

Assumptions: 

 The pump components will be compatible with slop oil, brine, water, and bottom sediment.  Pump life 
will meet or exceed the 25-year life of Life Extension 2 (LE 2). 

 Pump installation reliability will be greater than or equal to 95%. 

 The existing pump motor will not be replaced unless required. 

 Instrumentation and Distributed Control System (DCS) configuration will be adequate for control from 
the control room. 

 Modifying the pump suction and discharge piping is typically required for installation of new pumps. 

Constraints: 

 The fabrication and procurement of the pumps may be long lead items. 

 Changes in the composition of the slop significantly affect the wear on the pumps. 

 Piping may need to be modified to accommodate installing new slop oil pumps. 

Benefits & Effectiveness 

The replacement of the existing Slop Oil Pumps, WHP-517 and WHP-518, relocation of the discharge piping 
tie-in, and addition of a sump pump and piping allows for multiple benefits and addresses current mission 
needs. The items below summarize the benefits and effectiveness of replacing the Slop Oil Pumps and 
installing a sump pump and associated piping on-site. 

 Replacing these two high maintenance Slop Oil Pumps with two new pumps will increase system 
reliability.   

 Upgrading the pumps from manual operation in the field to local operation in the field along with 
operation from the DCS will improve overall operability and response time to further increase system 
reliability. 

 An upgrade of the pump piping implemented as part of this activity to relocate the discharge piping to 
provide direct oil injection into a cavern allows for bypassing the heat exchangers when they are pulled 
from service for repairs, which help meet ongoing oil delivery needs. 

 Adding a new sump pump with interconnecting piping will facilitate the draining and pumping of oil from 
the large diameter manifolds near the heat exchangers directly into the slop oil tanks without the need 
of a vacuum truck.   
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 Adding a new sump pump will reduce prep time of the equipment including exchangers which drain into 
the sump. 

Risk & Mitigation Factors 

Replacing the Slop Oil Pumps along and installing a sump pump and piping will come with associated risks 
such as safety during installation. The table below summarizes risks with a correlating mitigation strategy.  
The table describes the likelihood of occurrence at the site along with how great of an impact the event 
would cause if it were to occur.   

Risk and Mitigation Strategies for Replacing Slop Oil Pumps and Installing Sump Pump 

Risks Mitigation Strategy 
Likelihood – 

Impact  
Risk Code 

Safety while removing and installing 
the existing Slop Oil Pumps, WHP-517 
and WHP-518, relocating the 
discharge piping tie-in, and adding a 
sump pump and piping. 

Ensure a job hazard analysis is prepared by 
contractors and for anyone on-site in the area 
of the replacement.  

Medium - Medium 
Medium Risk 

Hazard 

New pumps availability/delivery 
delayed. 

Procure pumps and motors in advance to 
develop schedule to avoid delays with 
equipment delivery. 

Low – Low 
Low Risk 
Hazard 

New pumps are inadequate for 
required flow and pressure. 

Supply the pump vendors with adequate 
information for the required minimum and 
maximum flow rates and pressures.  
Characterize the slop to provide the vendors 
with the correct chemical/physical properties. 

Medium – High  
Medium Risk 

Hazard 

New pumps metallurgy is inadequate 
for slop. 

Ensure the chosen pump metallurgy is 
compatible with the slop. 

Medium – Medium  
Medium Risk 

Hazard 

Pump base not structurally sound. 

Verify with a structural engineer that the new 
pumps will be supported on the existing pump 
base structure for the duration of LE2.  New 
pump base structures may be required for the 
new pumps. 

Medium – High  
Medium Risk 

Hazard 

Existing pump motors are inadequate. 
Verify with the pump vendors that the pump 
motors will provide adequate horsepower to 
the new pumps. 

Low – Medium  
Low Risk 
Hazard 

Inlet/Outlet pipe misaligned. 
Verify new pumps’ inlet and outlet will align 
with existing pipe. If not, design to modify inlet 
and outlet pipe to fit new pumps. 

Medium – Medium  
Medium Risk 

Hazard 

Pump instrumentation inadequate for 
field readings for the control room. 

Install all the instrumentation need to supply 
DCS with adequate field reading for control 
logic. 

Low – Medium  
Low Risk 
Hazard 

DCS configuration inadequate. 
Configure DCS controls to display adequate 
readings from the field and control logics to 
operate the pump from the control room. 

Low – Medium  
Low Risk 
Hazard 

 

  



WH-MM-788  

4 
 

VI. ALTERNATIVE SELECTION 

Recommended Go Project 

A. Replace Slop Oil Pumps and Install Sump Pump 

West Hackberry will replace the existing Slop Oil Pumps, WHP-517 and WHP-518, with new pumps and 
add a new sump pump to collect oil released to the containment area. 

Cost 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $1,313,613 $1,446,672 
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I. PROJECT CONCEPT 

Mission Need 

Crude Oil Injection Pumps WHP-22, WHP-23, and WHP-131 at the West Hackberry (WH) site in Louisiana 
produce insufficient head to accomplish cavern injection without a reduction in cavern pressures during 
cavern fill. Due to the inadequate head developed by the existing Crude Oil Injection Pumps, the site is 
dependent upon the uncontrolled delivery pressure from the Sunoco Logistics Terminal Pipeline. The 
mission is to find an alternative that allows the pumps to attain adequate injection pressures to provide the 
required Level I fill rate into the caverns. 

The West Hackberry site is committed to providing a maximum cavern fill rate of 225,000 barrels per day 
by Level I Performance Criteria.  

Functional Requirements 

 The crude oil injection pump system must provide sufficient head to inject crude oil into the caverns at 
a Level I fill rate of 225,000 barrels per day before and after remediation. 

 Replacement of pumps should not compromise fill and drawdown operations and should provide 
installed pump system reliability of greater than or equal to 95%.  

 100% idle spare capacity is to be provided for each new or modified pump service to ensure reliability. 

 Pump life should be maximized in order to minimize equipment and parts replacement requirements 
over the 25-year life ascribed to the Life Extension 2 (LE 2) projects. 

II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for selection of the preferred alternative has 
been standardized for all AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 

Alternative Analysis Team Members 

 Core Team Members 

 Claudia Carroll DOE, Systems Engineer  
 Lorna Madison VCI, Project Engineer 
 Stephen Brothers FFPO, Principal Operations System Engineer 

 Team Members 

 Ed Orloski VCI, Process Engineer 
 William Leet VCI, Process Engineer 
 Rachel Gray VCI, Process Engineer 
 Lisa Eldredge FFPO, Principal Operations System Engineer  
 Buddy Delaune FFPO, Principal Mechanical Engineer 
 Steve Sleeman FFPO, Sr. Site Engineer 
 Justin Rye FFPO, Construction Field Specialist 
 Ken Swanson FFPO, Manager Site Operations 
 Janet Roberts FFPO, Director Facilities Design & Integrity 

III. SELECTION CRITERIA 

The AoA Team determined the below listed criteria as necessary to the Analysis of Alternatives. Once 
alternatives are analyzed by the AoA Team, these criteria are used to evaluate alternatives and select a 
recommendation. 
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Ease of Operations 

The selected alternative when implemented will result in a system that is able to be operated without 

significant additional training and is similar to existing systems and equipment. The Crude Oil Injection 

Pump System must provide sufficient head to inject crude oil into the caverns at a Level I fill rate of 225,000 

barrels per day before and after remediation. 

Weight: Most Important 

Safety during Construction 

The selected alternative when implemented will be able to be constructed and operated safely and have 
the ability to address safety and security concerns during implementation. Project work plans must invoke 
Strategic Petroleum Reserve (SPR) protocols to establish a safe work environment for all construction 
related activity.  

Weight: Most Important 

Ease of Maintenance 

The selected alternative is similar in nature to existing equipment, resulting in commonality of similar 

systems for future maintenance and sparing consideration. Pump system modifications should not 

compromise fill and drawdown operations and should provide installed pump system reliability of greater 

than or equal to 95%. 100% idle spare capacity is to be provided for each new or modified pump service to 

ensure reliability.  

Weight: Important 

Sustainability 

The selected alternative when implemented will be able to achieve the Department of Energy (DOE) 
sustainability goals for energy consumption as outlined in the Strategic Sustainability Performance Plan.  

Weight: Less Important 

IV. ALTERNATIVES IDENTIFICATION 

The three existing Crude Oil Injection Pumps WHP-22, WHP-23, and WHP-131 at West Hackberry are 
available to receive crude oil from the Sunoco Logistics Terminal Pipeline and inject the crude oil into the 
West Hackberry caverns (Figure 1).   

The existing pumps are of mixed design. WHP-22 and WHP-23 are similar in design. WHP-131 is a larger 
pump of substantially different design with different operating characteristics. WHP-22 and WHP-23 are 
sized for 50% cavern fill capacity with a design flow rate of 120,000barrels per day per pump. WHP-131 is 
sized for 100% cavern fill capacity with a design flow rate of 240,000 barrels per day. 

To supply the 225,000 barrels per day fill rate required by the Level I Performance Criteria, the larger 100% 
capacity pump may be used or the two smaller 50% capacity pumps may be operated in parallel. To achieve 
the Level I fill rate of 225,000 barrels per day and fill each cavern to capacity, either pump configuration 
parallel must produce a differential pressure in excess of 863 psi at a design flow rate of 120,000 barrels 
per day per pump.   

Currently, with two of the three pumps running, a differential pressure lower than 550 psi is achieved at the 
design flow rate. The Sunoco Logistics Terminal Pipeline arrival pressure must be in excess of 550 psig for 
the existing pumps to fill at the required rate. Due to the uncontrolled nature of the pipeline arrival pressure, 
the pressure at the inlet to West Hackberry can drop below 100 psig, significantly reducing the available fill 
pressure at the caverns.  Reduced fill pressures result in the inability to fill caverns to the 221-million-barrel 
inventory mark required by the Level I Performance Criteria. 
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SUNOCO LOGISTICS

TERMINAL PIPELINE

CAVERNS

WHP-131WHP-23WHP-22

 

Figure 1 – Existing Pump Configuration at West Hackberry 

However, less dense oil requires a higher cavern fill pressure. Additional pressure loss in the tubing string 
following remediation is also anticipated. Some wells will require tubing string liners, which will reduce the 
inside diameter and increase pressure loss. With 16 inch liners in place, the required well head pressures 
are expected to increase to 921 psig with 42o API oil for Caverns WH-104, WH-106, WH-107, WH-108, WH-
113, and WH-114. If a second remediation of Cavern WH-107 with 13-3/8-inch liner should prove 
necessary, the required well head pressure would increase to 1075 psig for this cavern with 42o API oil.  
These pressures create a shortfall in head in the existing pump configuration and capacity. Lower well head 
pressures during fill reduce the amount of crude that can be inventoried at West Hackberry. 

The sizing of existing pumps WHP-22 and WHP-23 for 50% of desired cavern fill capacity dates back to 
the original design of the pumps for brine service. This 50% sizing has been useful in the past to allow 
these pumps to be used for cavern to cavern crude oil transfer service in addition to cavern fill operations.  
However, other pumps have been installed on-site for this service such that the Crude Oil Injection Pumps 
are no longer needed for cavern to cavern transfer service.    

The motors on the existing pumps are not sealed pump motors. The motors are an older style motor 
classified as WPIIX weather proof housing. These motors are permissible by code but outdated with 
respected to current best practices. Originally designed for brine service, the pump motors feature openly 
exposed motor windings where best practice today would favor installation of sealed motors for safe 
operation befitting the Class 1 Division 2 area classification of the pumps in crude oil service.    

Options to replace the three Crude Oil Injection Pumps to remedy these issues focus on the best sparing 
philosophy for reliably satisfying new system requirements.  

A. Status Quo 

The status quo is to maintain the existing system in place using the Crude Oil Injection pumps as shown in 
Figure 1. 
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The existing pumps do not provide sufficient head to fill individual storage caverns to capacity when the 
Sunoco Logistics Terminal Pipeline arrival pressure drops below 550 psig. The existing pumps are nearing 
the end of their useful life.    

Viability: No Further Analysis 

B. Three New Pumps and Motors 

This alternative consists of purchasing three new, higher head 50% capacity replacement pumps for the 
existing Crude Oil Injection Pumps as shown in Figure 2.  

Replacement of the three existing pumps with three new identical pumps capable of providing a minimum 
differential pressure of 975 psi at 120,000 barrels per day per pump will provide a sufficiently high fill header 
pressure to fully inventory the caverns. Operation of two pumps at a time is required to provide the Level I 
fill rate of 225,000 barrels per day. The third pump will be an idle spare to achieve the required reliability.  
All three pumps should have the same characteristic curve for maximum flow delivery. 

This option provides a quick and simple solution. Care must be exercised in how these pumps are set and 
piped up to minimize impact to West Hackberry fill operations. 

Viability: Continue Analysis 

C. Two New Pumps and Motors 

This alternative consists of purchasing two new, higher head 100% capacity pumps to replace the three 
existing 50% capacity Crude Oil Injection Pumps in the configuration shown in Figure 3.  

Each of the new pumps will be sized to provide the minimum differential pressure of 975 psi at 240,000 
barrels per day with greater pump and motor efficiency. One new pump will be operated at a time. The 
second pump will serve as an idle spare to achieve the required reliability. Installation of the new pumps 
will be staged to avoid compromising fill and drawdown capacity.    

This option provides a quick and simple solution to replacing the existing pumps. Care must be exercised 
in how these pumps are set and piped up to minimize impact to West Hackberry fill operations. 

Viability: Continue Analysis 

D. New Pump Impellers and Motors 

This alternative consists of retrofitting the existing three 50% capacity Crude Oil Injection Pumps with new 
impellers and new motors.  

This alternative proposes to install new impellers and new motors in the existing pump cases to obtain the 
required minimum differential pressure of 975 psi at the design flow rate of 120,000 barrels per day per 
pump.  Based on pump affinity laws, the impeller diameter would be increased by 28% to generate the 
required head at the design flow rate. The motor horsepower would increase from 1,750 hp to 3,500 hp on 
WHP-22 and 23 and from 3000 hp to 6000 hp on WHP-131.    

The maximum impeller sizes that the existing WHP-22, WHP-23, and WHP-131 pumps can accommodate 
are 15.25, 15.25, and 19.125 inches in diameter, respectively. These maximum diameter impellers cannot 
supply sufficient head to support a fill rate of 225,000 barrels per day or to completely fill caverns.  
Therefore, this alternative is not feasible. 

Viability: No Further Analysis 
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Figure 2 – Three New Pumps and Motors 
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Figure 3 – Two New Pumps and Motors 
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E. Two New Booster Pumps  

This alternative consists of installing two new 100% capacity booster pumps in series with the existing 
Crude Oil Injection Pumps as shown in Figure 4. 

SUNOCO LOGISTICS

TERMINAL PIPELINE

CAVERNS

WHP-131WHP-23WHP-22

NEW

PUMP

NEW

PUMP

 

Figure 4 – Two New Booster Pumps 

The shortfall in differential pressure of 365 psi would be supplied by two new pumps, which would be 
installed to take suction from the existing Crude Oil Injection Pumps and boost the pressure to the required 
header pressure of 1075 psig. One of these new “second stage booster” pumps would serve as a 100% 
idle in-line spare. This will provide reliability for this service in excess of 99.7%, given that a typical 
centrifugal pump has a mean time between failures of approximately 5.5 years. For this service to supply 
the required differential pressure, two of the existing Crude Oil Injection Pumps must operate in series to 
feed one of the two new booster pumps. The total reliability of this line-up will still be above 99.5% with the 
existing spare pump and the proposed sparing of the new Booster Pumps.   

This option provides the extra pump power to achieve the new pumping requirements but does nothing to 
address the concerns of aging of the existing Crude Oil Injection Pumps. The existing pumps must be 
maintained and operated to make this alternative work. The addition of two new booster pumps increases 
the complexity of the pump system and triggers redesign of the pump system controls.    

Viability: Continue Analysis  

F. Install One New Pump in Series/Parallel to Series Operation of Existing Pumps  

This alternative consists of installing one new higher head pump in parallel to the larger existing Crude Oil 
Injection Pump WHP-131 with the two smaller pumps staged in series with the larger pump. 

This option focuses on reducing purchased pump count while providing the extra piping to network the 
pumps to satisfy the cavern fill objectives. The new pump would be sized to provide 100% flow at the 
additional head required when needed to handle lighter crude and top off caverns to maximize cavern 
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storage capacity. The new pump would also provide the necessary head for cavern fill after remediation.  
This new pump would be piped up to facilitate manual line-up of the new and existing pumps either in series 
or parallel combinations as required to fill caverns. By lining up the larger 100% capacity WHP-131 pump 
in series with the two smaller 50% capacity WHP-22 and WHP-23 pumps arranged in parallel to each other, 
the new 100% capacity pump can be spared. Continued operation of the existing Crude Oil pumps in 
series/parallel combination with the new pump will provide the pump pressure necessary to fill caverns 
under all other scenarios. Reliability of this configuration starts out greater than 99% but declines over time 
with the degradation of the existing Crude Oil Injection pumps, which are nearing the end of their life. 
System reliability will likely drop below 90% with the further aging of the existing pumps.   

This option does not provide a true 100% on-line spare for the new pump as stated previously in the 
functional requirements. However, 100% sparing is not essential here. The full capacity of the new pump 
is only required to top off sweet caverns after remediation when storing lower density (higher API) crude 
oil. Cavern fill with such lower density oil is not conducted as frequently as processing higher density (lower 
API) sweet and sour crude oils.   

This option provides the extra pump power to achieve the new pumping requirements but does nothing to 
address the concerns of aging of the existing Crude Oil Injection Pumps. The existing pumps must be 
maintained and operated to make this alternative work. The complexity of the system from the operating 
and maintenance standpoints increases considerably with the installation of a fourth Crude Oil Injection 
Pump of different performance characteristics than those of the three existing pumps, which already present 
different performance characteristics. This results in a design in which as many as four sets of pumps must 
be sequenced in series to achieve the cavern fill objectives. The complexity of the pump controls required 
and the elevation of maintenance demands to preserve the reliability of this system at greater than 95% 
make this option unattractive.       

Viability: No Further Analysis 

V. ALTERNATIVES ANALYSIS 

Based on initial analysis of the alternatives, alternatives A, D, and F are eliminated from further 
consideration. The remaining alternatives B, C, and E are examined below as alternatives A, B, and C, 
respectively.  

The below analyses provide the research and technical information gathered by the AoA Team. These 
analyses are not evaluative or comparative. 

Assumptions & Constraints 

 Insufficient data is available to estimate the remaining life of the existing Crude Oil Injection Pumps to 
provide comfort operating the existing pumps without replacement over the next 25 years of service.  

 Well remediation will proceed in the near future to increase the pump head requirements of the existing 
system.  

 Replacement pump sizing for 50% of cavern fill capacity to provide cavern to cavern crude oil transfer 
service is not required as this service is provided by other existing pumps on-site.   

 Continued operation of the existing Crude Oil Injection Pumps beyond their useful life is feasible but 
entails the expectation that repair parts may not be available in the near future. 

 Upgrade of the existing pump motors with open motor windings to sealed motors to ascribe to modern 
best practices for improved safety is recommended where motor replacements are called out. 

 Space is available to build at least one new pump foundation to facilitate staging of replacement pumps 
to minimize impact on fill and drawdown operations. 

 Pump replacement must be sequenced one pump at a time to minimize impact on fill and drawdown 
operations. 

 Cost savings may be realized in pursuing a change in pump type from API 610 Pump type BB3 to OH2 
in the detailed design of the project. 
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 Preference should be given to pouring new pump foundations over old after the old foundations are 
cleaned up. 

 New switchgear is required for installation of new pumps. 

 The existing power distribution system is adequate to handle new pumps. 

 No power system outage may be taken to wire up new pumps if impact is to be minimized on West 
Hackberry fill and drawdown operations. 

 Replacement of the existing pumps will trigger an upgrade of the existing pump control system in cases 
where the pump count and pump network configuration change. 

 Installation of new higher head pumps and/or addition of more pumps requires installation of newly 
designed control system to mesh the pump services to advantage. 
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A. Three New Pumps and Motors 

The site will purchase three new, higher head 50% capacity replacement pumps for the existing Crude Oil 
Injection Pumps.  

Benefits & Effectiveness 

The replacement of the Crude Oil Injection Pumps with three new, higher head 50% capacity pumps 
matched in performance characteristics allows for multiple benefits and addresses current mission needs.    

 This alternative provides a straight forward approach to increasing Crude Oil Injection Pump head to 
effectively fill caverns with minimal construction disturbance to West Hackberry fill operations and with 
minimal operating control complexity.   

 The West Hackberry site will be able to meet the required fill rate of 225,000 barrels per day with this 
strategy. 

Risk & Mitigation Factors 

There are associated risks with replacing WHP-22, WHP-23, and WHP-131 with three new matched pumps 
of like capacity. The table below summarizes mentioned risks with a correlating mitigation strategy. The 
table describes the likelihood of occurrence at the site along with how great of an impact the event would 
cause if it were to occur. 

Risk and Mitigation Strategies for Three New Pumps and Motors 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Remaining life of existing 
Crude Oil Injection Pumps is 
not determined. 

Pursue more aggressive evaluation and routine fitness 
for service testing on-site at West Hackberry to project 
remaining life of existing pumps.   

Medium - 
Medium 

Medium Risk 
Hazard 

Pump and motor 
availability/delivery. 

Include adequate escalation to account for delays in 
fabrication and delivery of long lead items such as 
pumps.  Procure pumps early on in the project 
schedule. 

Low - Low 
Low Risk 
Hazard 

Pump replacement parts 
availability. 

Confirm replacement parts availability at time of 
purchase of new pumps.  Purchase minimal 
replacement parts to facilitate timely maintenance. 

Low - Low 
Low Risk 
Hazard 

Safety incidents during 
installation of replacement 
pumps. 

Adhere to project safety guidelines in accordance with 
the Federal & Industry Safety Standards during 
construction. 

Medium - 
Medium 

Medium Risk 
Hazard 
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B. Two New Pumps and Motors 

The site will purchase two new, higher head 100% capacity replacement pumps for the existing Crude Oil 
Injection Pumps.  

Benefits & Effectiveness 

The replacement of the Crude Oil Injection Pumps with two new, higher head 100% capacity pumps allows 
for multiple benefits and addresses current mission needs  

 This alternative provides the most straight forward approach to increasing Crude Oil Injection Pump 
head to effectively fill caverns with minimal construction disturbance to West Hackberry fill operations 
and with minimal operating control complexity.   

 The West Hackberry site will be able to meet the required fill rate of 225,000 barrels per day with this 
strategy. 

Risk & Mitigation Factors 

There are associated risks with replacing WHP-22, WHP-23, and WHP-131 with two new 100 % capacity 
pumps. The table below summarizes mentioned risks with a correlating mitigation strategy. The table 
describes the likelihood of occurrence at the site along with how great of an impact the event would cause 
if it were to occur. 

Risk and Mitigation Strategies for Two New Pumps and Motors 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Remaining life of existing 
Crude Oil Injection Pumps is 
not determined. 

Pursue more aggressive evaluation and routine 
fitness for service testing on-site at West Hackberry 
to project remaining life of existing pumps.   

Medium - Medium 
Medium Risk 

Hazard 

Pump and motor 
availability/delivery. 

Include adequate escalation to account for delays in 
fabrication and delivery of long lead items such as 
pumps.  Procure pumps early on in the project 
schedule. 

Low - Low 
Low Risk 
Hazard 

Pump replacement parts 
availability. 

Confirm replacement parts availability at time of 
purchase of new pumps.  Purchase minimal 
replacement parts to facilitate timely maintenance. 

Low - Low 
Low Risk 
Hazard 

Safety incidents during 
installation of replacement 
pumps. 

Adhere to project safety guidelines in accordance 
with the Federal & Industry Safety Standards during 
construction. 

Medium - Medium 
Medium Risk 

Hazard 
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C. Two New Booster Pumps 

The site will purchase two new 100% capacity booster pumps to supplement operation of the existing Crude 
Oil Injection Pumps to meet the increased discharge pressure requirements.  

Benefits & Effectiveness 

Modification of the existing Crude Oil Injection Pump system with two new 100% booster pumps in series 
with the existing pumps allows for multiple benefits and addresses current mission needs.    

 This alternative provides a simple approach to increasing Crude Oil Injection Pump head to effectively 
fill caverns with minimal construction disturbance to West Hackberry fill operations and with minimal 
operating control complexity.   

 The West Hackberry site will be able to meet the required fill rate of 225,000 barrels per day with this 
strategy. 

Risk & Mitigation Factors 

There are associated risks with supplementing WHP-22, WHP-23, and WHP-131 operation with two new 
booster pumps. The table below summarizes mentioned risks with a correlating mitigation strategy. The 
table describes the likelihood of occurrence at the site along with how great of an impact the event would 
cause if it were to occur. 

Risk and Mitigation Strategies for Two New Booster Pumps 

Risks Mitigation Strategy 
Likelihood - 

Impact 
Risk Code 

Remaining life of existing 
Crude Oil Injection Pumps is 
not determined. 

Pursue more aggressive evaluation and routine fitness 
for service testing on-site at West Hackberry to project 
remaining life of existing pumps.   

Medium - 
Medium 

Medium Risk 
Hazard 

Pump and motor 
availability/delivery. 

Include adequate escalation to account for delays in 
fabrication and delivery of long lead items such as 
pumps.  Procure pumps early on in the project schedule. 

Low - Low 
Low Risk 
Hazard 

Pump replacement parts 
availability. 

Confirm replacement parts availability at time of 
purchase of new pumps.  Purchase minimal replacement 
parts to facilitate timely maintenance. 

Low - Low 
Low Risk 
Hazard 

Safety incidents during 
installation of replacement 
pumps. 

Adhere to project safety guidelines in accordance with 
the Federal & Industry Safety Standards during 
construction. 

Medium - 
Medium 

Medium Risk 
Hazard 
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VI. ALTERNATIVE SELECTION 

List of Alternatives – Studied Alternatives 

A. Three New Pumps and Motors 

The site will purchase three new, higher head, 50% capacity replacement pumps for the existing Crude Oil 
Injection Pumps.  

B. Two New Pumps and Motors 

The site will purchase two new, higher head, 100% capacity replacement pumps for the existing Crude Oil 
Injection Pumps.  

C. Two New Booster Pumps 

The site will purchase two new 50% booster pumps to augment the existing Crude Oil Injection Pumps.  

Comparison of Alternatives 

Core Team Member Ratings 

 

Ease of Operations 
Safety During 
Construction 

Ease of Maintenance Sustainability 

Most Important Most Important Important Less Important 

A
lt

e
rn

a
ti

v
e
 A

 

Good Excellent Excellent Good 

Good Excellent Good Excellent 

Good Good Excellent Excellent 

A
lt

e
rn

a
ti

v
e
 B

 

Good Excellent Excellent Excellent 

Excellent Excellent Excellent Excellent 

Excellent Good Excellent Excellent 

A
lt

e
rn

a
ti

v
e
 C

 

Adequate Excellent Adequate Good 

Adequate Excellent Adequate Excellent 

Good Good Adequate Excellent 

 

Cost Comparison 

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $18,507,612 $18,735,022 

Alternative B $16,672,564 $16,834,389 

Alternative C $10,450,301 $10,803,710 
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Recommended Alternative 

B. Two New Pumps and Motors 

Based on the technical evaluation of the Core Team Members, Alternative B was clearly rated equal or 
superior on all evaluation criteria. The initial cost and life cycle cost of Alternative C were both lowest of the 
alternatives, followed by Alternative B and then Alternative A. Alternative C was the lowest rated alternative, 
and the initial cost and life cycle cost savings were not sufficient to outweigh the technical benefits of 
Alternative B. Alternative B rated technically better and has a lower initial and life cycle cost than Alternative 
C. Therefore, Alternative B is the recommended preferred alternative based on its technical superiority to 
the other alternatives. 
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I. PROJECT CONCEPT 

Mission Need 

West Hackberry’s crude oil Allocation Custody Transfer, (ACT) meter skid, is configured as a 6-train unit.  
The 3-train original station utilized electric motor actuators from EIM.  When the second 3-train station was 
added to increase the drawdown capabilities of the WH location to current drawdown levels.  Reliability and 
Operability issues, and part availability dictate the need to upgrade the original EIM, and older Rotork Mark 
III units to more current technology.  These valve actuators allow the West Hackberry ACT Unit facility to 
record the volumes of oil transfer for drawdown. 

Outside of the WH facility SPR flows through the Lake Charles meter Station, (LCMS) in order to 
sell/transfer oil to the local refiners.  This location is made up of six (6) parallel meter trains.  Each of these 
trains contains six (6) motor-operated valves.  Beyond the meter trains, there are another five (5) switching 
valves.  All of the actuators located at this location are EIM branded.       

The original EIM actuators remain on most of the MOVs, with a few being replaced with Rotork Mark III 
units several years ago.  Please refer to table 1 for additional valve and actuator information.  The 
associated Flow Control Valves, (FV), pipeline launcher/receiver valves also retain their original EIM 
actuators.  The original EIM actuators have exceeded their intended design service life, but still have 
reasonable reliability, as a result of the continnued maintenance performed by site personnel, in conjuction 
with dedicated vendor support.  However, WH is the exception to the rule.  The replacement Rotork 
actuators, at WH are now also nearing the end of their design life span and should be upgraded or replaced 
with the current Rotork IQ Generation III actuator units to standardize their equipment across the site 
metering and pipeline systems.   

The intent of this project is twofold, first upgrade or replace the outdated EIM and Rotork actuators with 
current model actuators, including their respective power and control cables; and secondly, the systematic 
upgrade or replacement the valve actuators on the corresponding pipeline launcher and receiver systems, 
and water crossing isolation valves.  

This effort will serve to standardize the actuator selection and sizing across the SPR which should reduce 
long term parts system-wide inventory requirements.  

The failure of any one actuator can take an entire meter train out of service. This results in the inability to 
provide the N+1 operational status mandated by the specification.  The replacement of the valve actuators 
will ensure BM’s ability to meet its Level I drawdown which the SPR is committed to maintaining.   

Functional Requirements 

 Actuators shall be US registered, i.e., UL, FM, or CSA-US for Class 1, Division 2; for hazardous area 
locations.   

 Actuator torque requirements are based on base valve vendor calculations for Breaking, Running, and 
Seating force requirements at 1.5X MAWP design pressure.  Calculations shall also take into account 
the valve body orientation, particularly as applied to gate valves.   

 The valve actuator selection should provide a 25-year service life with minimum maintenance. 

 The valve actuator selection should provide standardization across the SPR sites, and associated 
metering locations. 

 The design should accommodate in-place local and remote inspection/diagnostic testing 

II. PROCESS 

Alternatives Analysis Plan 

The complete Analysis of Alternatives (AoA) Process Plan for Go/No Go Projects has been standardized 
for all Go/No Go AoA’s and is detailed in Volume 1 of this Conceptual Design Report. 
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Alternative Analysis Team Members 

 Core Team Members 

 Claudia Carroll DOE, Systems Engineer 
 Bill Fogle VCI, Project Engineer 
 Chris Vedros FFPO, Manager Pipeline and Equipment Integrity 

 Team Members 

 Laren Tushim VCI, Sr. Mechanical Engineer 
 David Ryan FFPO, Sr. Logistics Engineer, Maintenance and Material 
 Austin Thompson FFPO, Manager Crude Oil Program and Logistics 
 Janet Robert FFPO, Director Facilities Design and Integrity 
 Robert Bowles FFPO, Manger Site Construction 
 Justin Rye FFPO, WH Site Construction Specialist   
 Steve Sleeman FFPO, Sr. Site Maintenance Engineer 
 Ken Swanson FFPO, Manger Site Operations 

III. SELECTION CRITERIA 

Formal selection criteria will not be applicable in a Go/No Go Project. 

IV. ALTERNATIVES IDENTIFICATION 

Alternatives Identification is not applicable in a Go/No-Go Project. 

V. ALTERNATIVES ANALYSIS 

The existing actuators on the seven meter runs on the meter skid headers would require continued repair 
and replacement of the actuators as they fail. This would require an acceptance of a lower level of reliability 
and subject the SPR to an unanticipated failure during an oil movement. The failure of any one actuator 
can take an entire meter train out of service and result in the inability to meet the Level I drawdown 
requirement. 

The below analyses provide the research and technical information gathered by the AoA Team. These 
analyses are not evaluative or comparative. 
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A. Replace/Upgrade existing EIM actuators with Rotork IQ at West Hackberry and 
Lake Charles Meter Station 

Replace the existing actuators on the meter skid isolation valves. The new replacement valve actuators 
will provide more reliability, reduce operations and maintenance down time, and provide accurate 
metered oil deliveries. 

The intent of this alternative is twofold: first replace the outdated EIM actuators with current Rotork IQ / 
IQT actuators; secondly upgrade the older Rotork IQ series actuators with similar, current technology 
actuators. (See Table 1 for Big Hill site actuator list and Table 2 for Sun Logistics Nederland Terminal 
actuator list.) 

This effort will serve to standardize the actuator selection and sizing across the SPR which should reduce 
long term parts system-wide inventory requirements. The replacement of the valve actuators will also 
ensure BM’s ability to meet its Level I drawdown which the SPR is committed to maintaining. 
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VI. ALTERNATIVE SELECTION 

Recommended Go Project 

A. Replace/Upgrade existing EIM actuators with Rotork IQ at West Hackberry and Lake Charles Meter 

Station 

Replace the existing actuators on the meter skid isolation valves. The new replacement valve actuators will 
provide more reliability, reduce operations and maintenance down time, and provide accurate metered oil 
deliveries. 

Cost  

 Total Estimated Cost 

(TEC) 

Life Cycle Cost 

(LCC) 

Alternative A $5,494,523 $5,656,847 
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