
 

 
 

Underground Storage Tank System Evaluation Final Report 
 

Red Hill Bulk Fuel Storage Facility 
Joint Base Pearl Harbor-Hickam 

 
June 2017 

 
 
 

Submitted to: 

U.S. ENVIRONMENTAL PROTECTION AGENCY  
REGION 9 

75 Hawthorne Street 
San Francisco, CA 94105 

 
 
 

 
 
 
 
 
 
 
 
 

 
Submitted by: 

Atlas Geotechnical 
Eastern Research Group, Inc. 

PEMY Consulting 
Powers Engineering and Inspection, Inc.  

 

 



 

Red Hill Facility Evaluation Report i June 2017 

Date of Report:   June 13, 2017 
 
Date of Evaluation:  May 9 to 12, 2016 
 
Weather:  Sunny, Approximately 75° Fahrenheit 
 
Facility Owner:  Department of the Navy 
  
Facility Address:  Red Hill Bulk Fuel Storage Facility 
 Building 1757 (Administrative Office) 
 Joint Base Pearl Harbor-Hickam  
 Pearl Harbor, HI  96860 
 
Facility Phone:  (808) 473-7801 (John Floyd, Deputy Director) 
 
Inspector(s):  Jade Geronimo, Powers Engineering and Inspection, Inc. 
  Ryan Hubbard, Aspen Controls 
  Christopher Krejci, Eastern Research Group, Inc. 
  Steven Linder, U.S. EPA 
  Phil Myers, PEMY Consulting 
  Bobby Ojha, U.S. EPA 
  Gary Powers, Powers Engineering and Inspection, Inc. 
  Omer Shalev, U.S. EPA 
  Doug Schwarm, Atlas Geotechnical 

Roy Ilaga, Hawaii Department of Health 
George Tabil, Hawaii Department of Health 

 
 



 

Red Hill Facility Evaluation Report ii June 2017 

TABLE OF CONTENTS 
 

I. OBJECTIVE ....................................................................................................................... 1 

II. GENERAL FINDINGS ...................................................................................................... 1 

III. REGULATORY BACKGROUND AND INDUSTRY STANDARDS ............................ 1 

IV. RED HILL INFRASTRUCTURE ...................................................................................... 3 

V. FACILITY OPERATIONS .............................................................................................. 10 

 
 
ATTACHMENTS 
 
ATTACHMENT A: RED HILL FACILITY EPA AND HDOH SITE VISIT AGENDA 
ATTACHMENT B: ERG PHOTOGRAPH LOG 
ATTACHMENT C: RELEASE DETECTION RECORDS 
ATTACHMENT D: RECENT CATHODIC PROTECTION SYSTEM RECTIFIER READINGS 



 

Red Hill Facility Evaluation Report 1 June 2017 

I. OBJECTIVE 

The United States Environmental Protection Agency (EPA) Region 9 requested that a team of subject matter 
experts including ERG conduct a baseline evaluation of the underground storage tank (UST) system and 
peripheral equipment at the Red Hill Bulk Fuel Storage Facility (Red Hill Facility) under EPA’s Contract Number 
EP-W-15-006, Work Assignment ERG-1-11. The purpose of the baseline evaluation was to provide an overall 
assessment of the Facility’s ability to be operated in a manner that prevents release of fuel into the environment. 

II. GENERAL FINDINGS 

To achieve the objective of the baseline assessment, the evaluation team undertook to verify the operational status 
of the UST system with respect to industry standards, UST requirements of Resource Conservation and Recovery 
Act (RCRA) Subtitle I under 40 CFR Part 280, and Hawaii’s state-specific regulations. 

ERG has 15 years of experience supporting EPA in analyzing aboveground storage tanks (ASTs) and USTs and 
assessing compliance with tank regulations. ERG supported the assessment by evaluating the facility’s operations 
against existing and likely forthcoming state and federal UST requirements for field-constructed tanks. To 
augment ERG’s experience, ERG collaborated with Aspen Controls (AC), Atlas Geotechnical (AG), PEMY 
Consulting (PEMY), and Powers Engineering and Inspection (PEI). AC has more than 30 years of specialized 
experience focusing on tank gauging systems as well as automation and control systems. AC was tasked with 
evaluating the control systems used in the facility to handle all fuel transfer and storage operations. Their primary 
focus was to review the level gauging system and overfill alarm system for the storage tanks and compare them to 
systems found in typical petroleum industry terminals. PEMY has more than 30 years of experience specializing 
in tanks and piping ownership issues, including environmental analyses, reliability, and risk management. AG has 
more than 40 years of experience specializing in geomechanics and geotechnical risk management. PEMY and 
AG evaluated the facility’s tanks and piping from a reliability and risk management perspective. PEI has more 
than 28 years of experience inspecting and managing fuel systems, including tanks, pipes, and pressure vessels. 
PEI was tasked with evaluating the facility’s tank and piping inspections, as specified in API Standards 579, 650, 
and 653. 

The assessment occurred on May 9 through 12, 2016. On the morning of May 9, the evaluation team first met 
with Mr. Steve Turnbull, Red Hill Facility Regional Program Director, at the facility’s security gate and 
proceeded to enter the facility. Upon arrival at the facility, the Navy provided an introductory presentation on the 
facility’s operations and the evaluation team proceeded according to the schedule summarized in Attachment A. 
Over the first three days of the assessment, the evaluation team viewed the main areas of the facility associated 
with the UST system, including the Hotel Pier, control room, pumphouse, Surge Tunnel, Upper and Lower Tank 
Galleries, Tank 5 (inside view), Harbor Tunnel, Upper Tank Farm (AST farm), and truck loading rack. On May 
12, 2016, the assessment closed with an exit conference that included representatives from the Navy and Hawaii 
Department of Health (HDOH).  Mr. Jade Geronimo, PEI, and Mr. Christopher Krejci, ERG, took photographs 
during the assessment. Attachment B contains ERG’s photographs. PEI’s photographs were provided separately 
to EPA Region 9 staff by Secure Digital (SD) card. 

The evaluation team did not identify areas of noncompliance with current state or federal regulations; however, 
most of the regulations for UST systems were not yet in effect at the Red Hill Facility, due to EPA’s deferral of 
regulations for field constructed tanks. The evaluation team generally found that systems and management 
practices in place at the Red Hill Facility meet or exceed best practices for petroleum terminals and bulk fuel 
storage facilities. 

III. REGULATORY BACKGROUND AND INDUSTRY STANDARDS 

In 2015, EPA revised the UST regulations and added new requirements for field constructed tanks. EPA’s 
summary of the new regulations can be found at https://www.epa.gov/ust/field-constructed-tanks-and-airport-
hydrant-systems-2015-requirements. Federal UST regulations can be found at 40 CFR Part 280. Hawaii UST 
regulations can be found in the Hawaii Administrative Rules, Chapter 11-281. A brief summary of the regulations 
applicable to the Red Hill Facility beginning October 13, 2018, is provided below. 

• Tank Release Detection – Field constructed tanks with a capacity greater than 50,000 gallons must meet 
either the release detection requirements in Subpart D (except groundwater monitoring and vapor monitoring 
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must be combined with inventory control as described below) or use one or a combination of the following 
alternative methods of release detection:  
o Conduct an annual tank tightness test that can detect a 0.5-gallon-per-hour (gph) leak rate; 
o Use an ATG system to perform release detection at least every 30 days. This method must be combined 

with a tank tightness test that can detect a 0.2 gph leak rate. The ATG must achieve a one gph detection 
limit in combination with a tank tightness test every three years or a two gph detection limit in 
combination with a tank tightness test performed every two years. 

o Perform vapor monitoring using a tracer compound placed in the tank system capable of detecting a 0.1-
gph leak rate at least every two years; 

o Inventory control at least every 30 days that can detect a leak equal to or less than 0.50 percent of flow-
through combined with one of the following: 
▪ A tank tightness test that can detect a 0.5-gph leak rate at least every two years; 
▪ Vapor or ground water monitoring at least every 30 days; or 

o Another method approved by the implementing agency. 
• Piping Release Detection – Owners and operators of underground piping1 associated with field-constructed 

tanks greater than 50,000 gallons must follow either the release detection requirements in Subpart D (except 
ground water monitoring and vapor monitoring must be combined with inventory control as described below) 
or use one or a combination of the following alternative methods of release detection: 
o Perform a semiannual or annual line tightness test at or above the operating pressure that meets the 

detection limits specified in the regulations (0.5 to 1.5 gph depending on piping section volume); 
o Perform vapor monitoring using a tracer compound capable of detecting a 0.1-gph leak at least every two 

years; 
o Combine inventory control at least every 30 days that can detect a leak equal to or less than 0.50 percent 

of flow-through with one of the following:  
▪ A line tightness test; 
▪ Vapor monitoring or ground water monitoring at least every 30 days; or 

o Another method approved by the implementing agency. 
• Spill Prevention – Field constructed tanks must meet the same spill requirements as other regulated UST 

systems. Spill catchment basins (spill buckets) must be either double walled (with periodic monitoring of the 
integrity of both walls of the spill bucket) or tested periodically for proper operation per the new spill 
prevention equipment testing requirements. 

• Overfill Prevention – Field constructed tanks must meet the same overfill requirements as other regulated 
UST systems. Overfill prevention equipment must be inspected periodically for proper operation according to 
EPA’s 2015 revisions to the overfill prevention equipment testing requirements. 

• Corrosion Protection – For field constructed UST systems in use as of October 13, 2015, owners and 
operators must meet corrosion protection requirements for their tanks and piping in contact with the ground 
that routinely contain regulated substances. Tank and piping materials must be constructed either of 
fiberglass-reinforced plastic, cathodically protected and coated steel, steel jacketed with a noncorrodible 
material, or metal without corrosion protection if the tank is determined to not cause a release due to 
corrosion. All cathodic protection systems must be tested within 6 months of installation and at least every 3 
years thereafter.  

• Operator Training – UST Operators must be trained for Class A, B, and C Operator status. Training 
requirements for each type of operator are listed at 40 CFR §280.242. 

State and federal UST system owners are exempt from meeting financial responsibility requirements. 

The most common industry standard by which storage tanks are assessed is the API 653 standard. Although the 
standard is designed specifically for ASTs, several components of the standard and inspection process have been 
modified by the Navy and their contractors to assess the integrity and suitability for service of the tanks in 

                                                 
1 Note that piping associated with the Red Hill USTs is located mostly in tunnels or above ground. Some sections of pipe 
penetrate the concrete plugs beneath the tanks, concrete support structures for the pipes, or earthen material where the 
pipelines emerge from the tunnel system. 
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question. The US Navy has employed a directive or scope of work of inspection to assess the tank using a 
modified API 653 inspection. 

Most API 650/653 designed tanks have surfaces that are externally and internally accessible for inspection. A 
common design is a cylindrical shape that rests on the ground or concrete which makes the bottom of the tank 
inaccessible externally. Testing processes like Magnetic Flux Leakage (MFL) scanning of the bottom have been 
an accepted industry standard to inspect for soil-side corrosion. In many cases, the corrosion rate of the bottom 
plates is the controlling factor for the tanks suitability for service. 

IV. RED HILL INFRASTRUCTURE 

IV.a Tanks 

IV.a.1. Findings 

Upon review of original design drawings and historical documents, overall, key construction components of the 
tanks exceed or meet most modern day construction standards. Based on a limited review of historical inspection 
reports, the methods of tank inspection that have been applied at Red Hill were the best that could be 
implemented with the limitations in place, and no historical issues of concern have been noted related to structural 
integrity. For the Red Hill Facility tanks, nearly 100 percent of the external surface of the tank cannot be visually 
inspected. The Navy has scoped out the use of non-destructive testing to inspect the internal surfaces of the Red 
Hill tanks using the following: low frequency electromagnetic technique (LFET) and BFET (balanced field 
electromagnetic technique), longitudinal and shear-wave ultrasonic testing. The implemented inspection 
technologies and methods meet or exceed industry standard.  

Limited review of previous inspections indicates no structural integrity, tank verticality, or out-of-roundness 
issues of immediate concern. Since the main USTs are located approximately 100 feet below ground and encased 
in concrete with a ¼-in steel liner, concerns of external factors are minimal. Damage mechanisms like distortion 
of the steel plates or other damage due to stress, seismic events, and settlement, which normally impact an AST 
are minimal or non-existent.  

The evaluation team identified the following findings related to tank leak detection:  

• Each tank in operation during the evaluation had successfully passed at least one tightness test with a 
detection limit of 0.5 gph since October 2014. Tanks 5, 14, 17, and 18 were not recently tested, but they were 
temporarily out of service during the inspection. Tank 1 and 19 are also permanently out of service. 

• The first unscheduled fuel movement (UFM) report generated each month for the five months prior to the 
evaluation (see Attachment C) demonstrated that each UFM had been resolved in a logical manner based on a 
detailed investigation of the incident. Based on the observation that the gauges used to generate the UFMs are 
only accurate to within 3/16 of an inch, however, it can detect inventory losses during operation almost 
continuously. 

• All soil gas data for the past few years were below action levels except near Tank 5 for a few months after the 
January 2014 release. While this empirically validates the system, no information was available on the leak 
detection limit for the soil gas system. 

• Groundwater samples had the following exceedances in the first quarter of 2016 for Total Petroleum 
Hydrocarbon - Diesel2: 

 
o MW01    -                430 µg/L 
o MW02    -             6,500 µg/L 
o MW03    -                150 µg/L 
o OWDF01-                320 µg/L 

 
It should be noted that EPA does not consider the groundwater monitoring activities at the Red Hill Facility to 
be within the scope of the facility’s leak detection activities. 

                                                 
2 The HDOH Environmental Action Level is 100 µg/L and Site-Specific Risk Based Level is 4,500 µg/L 
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IV.a.2. Observations 

The Red Hill Facility comprises 24 USTs (including 20 storage tanks and 4 surge tanks) in addition to numerous 
ASTs and associated piping and equipment. The storage tanks are located at the highest elevation within the 
facility, whereas the surge tanks are adjacent to the pumphouse located downhill from the storage tanks. 

The Department of the Navy constructed the USTs from 1940 to 1943, by excavating native soil and rock from 
the site, pouring a concrete enclosure for the tanks, covering the native material with gunite, and lining the 
concrete with carbon steel plates. The UST system has carbon steel, single-wall piping that connects the USTs to 
filling and dispensing stations at various piers and to a truck loading rack located along Pearl Harbor’s shoreline. 
A pumphouse near the base of the Red Hill Facility provides the pressure required to lift fuel to the USTs. 
Adjacent to the pumphouse are four surge tanks that provide equalization for pipeline pressure and mitigate the 
operational issues that could result from the downhill flow of fluids due to the elevation difference across the 
system (more than 300 feet when the tanks are filled to the maximum allowable fluid level). 

On May 9, the evaluation team reviewed available drawings for the Red Hill Facility USTs. On May 10, the 
evaluation team toured the Red Hill Facility USTs and viewed several pieces of leak detection equipment, 
including tank gauges, soil gas monitoring wells, and groundwater monitoring wells. The evaluation team also 
entered and viewed Tank 5 from a catwalk suspended approximately 195 feet above the bottom of the tank. 

Based on PEI’s review of the general design details, it is most likely that if potential leak paths are present under 
the steel liner, the product would likely stay between the steel liner and the concrete outer shell. It is possible for 
small cracks to develop in the steel liner that may allow fuel to escape or water to get behind the steel liner. Most 
likely these risk items would be at the cold joints near the upper and lower spring lines. The Navy does not 
currently fill the large USTs at Red Hill above the upper spring line. Historical data notes that water may have 
gotten under/behind the steel liner. Water can be corrosive to the steel plates over time. PEI suggests that besides 
cracks in the concrete outer shell, groundwater may have found its way under/behind the steel plates through the 
path dug to the roof vent or air shaft. 

The applicable UST regulations exempt from cathodic protection requirements metal tanks and piping which are 
encased or surrounded by concrete (80 FR 41565). The 20 main storage USTs and the four surge tanks are 
encased in concrete, although pipes and nozzles penetrate the concrete plugs that form the tanks’ foundations. 
Impressed current systems provide cathodic protection for several ASTs that are connected to the Red Hill 
Facility system in the downhill portion of the facility (near the shoreline), as well as an aboveground slop tank 
located near the Red Hill USTs. See the piping section (Section IV.b) for more information on the evaluation 
team’s assessment of the Red Hill Facility’s corrosion protection program.  

The Red Hill Facility employs three methods of leak detection: (1) annual tank tightness testing; (2) ATG; and (3) 
soil gas monitoring. Although the Navy conducts groundwater monitoring, EPA does not consider this activity to 
be a leak detection method at this site. Each of these methods, including groundwater monitoring, is described in 
the subsections below. In addition to these methods, the Red Hill Facility previously employed the use of a tell-
tale system comprising a series of steel pipes that penetrated the walls of the USTs near the tank bottom to 
observe fluid outside the steel shell of each tank; however, this system was decommissioned at all of the tanks and 
is no longer used due to concerns regarding corrosion and vulnerability of the tell-tale piping to leakage. 

Tank Tightness Testing 
Beginning in 2015, tank tightness testing at the Red Hill Facility occurs on an annual basis for all in-service 
storage tanks and surge tanks. The tank tightness testing system is Mass Technology Corporation’s Mass 
Technology Precision Mass Measurement System (MTPMMS). It uses a flexible probe inserted to the bottom of 
the tank through the gauge port on the top of the tank. The device measures the differential pressure between a 
point at the bottom of the tank and another point immediately above the surface of the fuel, over a period of 5 
days when the tank is closed to any fuel transfer. At the conclusion of the test, the tester conducts a statistical 
trend analysis of the pressure data to determine whether a leak exists. The Navy’s consultant reports that this test 
can detect a total leak of as little as 0.5 gph, with a 95 percent confidence and a five percent probability of false 
alarm. 0.5 gph is the current detection limit specified in the regulations for tank tightness testing. MTPMMS has 
been third-party certified for bulk UST leak detection by Wilcox and Associates. It was first piloted at the Red 
Hill Facility in 2008 using a 2-day test that was reported to have a total leak detection limit of 0.7 gph, and 
implemented full-scale in 2009. Testing also occurred in 2011 and 2013. Starting in 2014, the testing contractor 
revised the test method detection limit to 0.5 gph, based on the consistency of previous biennial test data and the 
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results of a simulated leak evaluation performed by Ken Wilcox Associates, Inc. The tank tightness testing report 
in Attachment C contains the most recent test records prior to the date of the facility evaluation for all tested 
storage tanks except Tank 18. 

ATG 
ATGs on each of the Red Hill Facility tanks are calibrated at least once per year to an accuracy of 3/16 of an inch. 
The Navy also verifies ATG measurements after each fuel movement with a tape measure calibrated annually by 
the National Institute of Standards and Technology. Any discrepancies between the ATG measurements and 
manual gauging greater than 3/16 of an inch3 are investigated to identify potential leaks. 

The Navy attempts to detect any unscheduled fuel movements (UFMs), including leaks, from their UST system 
by collecting and processing ATG data using the Automatic Fuel Handling Equipment (AFHE) System. 
SPAWAR’s contractor, Englobal, administers the AFHE system, and control room operators receive alerts of any 
potential UFMs. AFHE accounts for volumes that move through the UST system using flow meters, and ATG 
data combined with strapping charts. Under static conditions (no fuel transfers), AFHE generates a warning alarm 
any time there is an apparent net loss or gain of more than half an inch of fuel in one of the tanks4, and a critical 
alarm for more than 0.75 inches. During scheduled fuel transfers, AFHE generates a warning alarm for more than 
one inch and a critical alarm for more than 1.5 inches. The evaluation team interviewed Mr. Teren Young from 
Englobal, who explained the configuration of the Supervisory Control and Data Acquisition (SCADA) system and 
the associated instrumentation and equipment. He presented an overview of how the control room interfaces with 
the instrumentation and how the computer acquires data from the field sensors. 

The Navy investigates any UFM alarm and documents the results of the investigation in a UFM report. The Navy 
also conducts a visual trend analysis of ATG data using Excel Graphs that cover from several months to more 
than a year. During the assessment, interviews with Navy staff and reviews of relevant documents did not indicate 
that the Navy had made a formal determination as to the ATG’s limit of detection (in gph).  

Soil Gas Monitoring 
ERG reviewed soil gas data for the past few years. The Navy collects soil gas samples from three co-located wells 
(completed at depths described as “shallow,” “medium” and “deep”5) at each of the active storage tanks and 
analyzes them in the field for volatile organic compounds (VOCs) using a photoionization detector (PID). The 
Navy does not add any tracer compounds to their tank system. The PID displays readings in units of ppb total 
VOCs. The Navy compares the results to an action level representing half of the calculated vapor concentration 
for fuel-saturated water (280,000 parts per billion by volume [ppbv] for tanks containing jet fuel and 14,000 ppbv 
for tanks containing marine diesel).  

Groundwater Monitoring 
ERG reviewed the quarterly groundwater monitoring report for the first quarter of 2016. The Navy collects 
groundwater samples from four wells located in the lower access tunnel, one sampling point in the Red Hill Shaft, 
and five groundwater monitoring wells outside of the Red Hill Facility tunnel system. The Navy collects samples 
on a quarterly basis and analyzes the samples for petroleum constituents. The Navy compares results to site-
specific risk-based levels (SSRBLs) for total petroleum hydrocarbons as diesel fuel (TPH-d) and benzene, as well 
as HDOH Environmental Action Levels (EALs). The Navy also measures each well in the Red Hill Facility 
tunnel for the presence of light non-aqueous phase liquids.  

IV.a.3. Limitations and Recommendations 

Although tank level systems may be able to detect smaller inventory losses, a leak of less than 0.5 gph (4,380 
gallons per year) from any of the tanks may not be detectable with the facility’s annual tank tightness testing. 

                                                 
3 Note that 3/16 of an inch of product loss in the barrel of a cylindrical tank that is 100 feet in diameter translates to 
approximately 1,000 gallons of product loss. 
4 Note that ½ of an inch of product loss in the barrel of a cylindrical tank that is 100 feet in diameter translates to 
approximately 2,500 gallons of product loss. 
5 Navy staff were not able to provide information on the specific depths of each well during the evaluation. 



 

Red Hill Facility Evaluation Report 6 June 2017 

IV.b   Piping  

IV.b.1. Findings  

Piping components in the tunnel system between the Red Hill 
Facility storage tanks and the pumphouse appear to be in generally 
good condition, as do piping components from the surge tank into 
the pump manifolds. Although the evaluation team noticed minor 
surface defects and pitting on the pipeline in some areas (example in 
Figure 1), there were no major issues observed on the piping. Any 
potential leak paths in these areas would likely be contained by the 
tunnel system and the oil-tight doors, and would likely be detected 
by pressure drops monitored in the control room. 

Piping systems at the Upper Tank Farm (where the system’s ASTs 
are located) are in generally good shape and have been designed and 
maintained to modern standards. Any potential product loss in this 
area would likely be contained by the liner located beneath the 
Upper Tank Farm tanks and equipment, and would likely be 
detectable with a pressure drop in the piping system.  

Based on the observation that many of the rectifiers in the downhill 
portion of the facility exhibited significant changes in voltage and 
current over the period of time reviewed by the evaluation team, some of the impressed current systems on the 
piping at the Red Hill Facility may not be functioning properly. 

IV.b.2. Observations 

After exiting the tanks, the steel pipes run along the side of an open tunnel down to the pumphouse. They are 
suspended against the wall by a series of steel supports located approximately 30 feet on center. Roughly every 
1,000 feet, the pipes penetrate a concrete wall that is approximately 3 feet thick. In some cases, the pipes are in 
direct contact with the concrete. In others, they are sleeved with various non-metallic materials.  

Pipes running between the pumphouse and the filling/dispensing locations (e.g., Hotel Pier, truck rack) also 
receive cathodic protection from impressed current systems where they emerge from the underground tunnel to 
the surface. Aboveground piping has a protective layer of noncorrodible material, as shown in Attachment B. 

The Navy monitors pressure in each of the three pipelines that convey product between the USTs at the top of the 
Red Hill Facility tunnel and at the pumphouse. Pressure transducers directly outside the pumphouse report to the 
main control room. Facility staff noted that any catastrophic release of fuel would be obvious to the control room 
almost immediately through the drop in pressure observed in the affected pipeline.  

In addition to pipeline pressure monitoring, the Navy routinely conducts tightness tests on pipelines near the 
shoreline that are regulated by the U.S. Coast Guard. The Navy has not yet implemented routine line tightness 
testing for the portion of the facility uphill from the pump station, but during the evaluation Navy staff noted that 
they plan to implement routine line tightness in these areas soon. 

The Navy has carried out an extensive API 570 inspection of the piping system connecting the pumphouse at 
Pearl Harbor to the Red Hill Facility tank farm. The API 570 inspection has been performed in addition to 
‘pigging’ of the lines in 2010 and 2015. PEI has reviewed the API 570 inspection reports and concludes that the 
piping system inspection process meets or exceeds industry standard.  

During the evaluation, ERG collected voltage and current readings from the easily accessible rectifiers. However, 
many of the rectifiers read zero voltage and current, and Red Hill Facility staff indicated that rectifiers are 
routinely checked using a multimeter, because some of the meters on the rectifiers do not function properly. 
During the evaluation, ERG requested information on all rectifier readings for the two months prior to the 
evaluation for all impressed current systems, as well as a summary of what the voltage and current values should 
be for each item. Attachment D summarizes the data provided by the Navy, along with the maximum percent 
change observed in the voltage and current over the two-month period of interest. 

 

Figure 1.  Example of Pitting on 
Pipeline in Lower Access Tunnel 
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After the evaluation, Navy personnel indicated that some of the rectifiers had zero readings as a result of the 
Upper Tank Farm piping and AST cathodic protection system awaiting repairs at the time of the evaluation. As of 
May 9, 2017, the cathodic protection contractor has made repairs to all rectifiers with the exception of rectifiers 9, 
12, and 13 which are scheduled for repair in June 2017. Navy personnel noted that the cathodic protection system 
has a number of redundancies that still enable cathodic protection coverage with the noted rectifiers off line. 

IV.b.3. Limitations and Recommendations 

None. 

IV.c Controls 

IV.c.1. Findings 

The Red Hill Facility control system contains all of the expected components and features, and is by far exceeding 
industry standards by upgrading a system that is only 10 to 12 years old.   

IV.c.2. Observations 

During the evaluation, Navy personnel noted that the facility was in the middle of a “refresh” of the entire 
instrumentation system. The old system was systematically being replaced with a new system in phases. The 
inspection focused on both the current system in use and the evaluation of the new system being installed. 

As with any facility handling fuel storage and movements, there is a central computer server that is controlling 
and monitoring the whole facility. These systems are generally called SCADA systems and have many different 
configurations determined by the needs of the facility. The SCADA system that was installed at the Red Hill 
Facility is quite large in scale and scope for the needs of this facility. This server also acts as the alarm logging 
and history database for the facility and stores all the data to be retrieved at any time. Also, there is a redundant 
computer server that is always running and mirroring the data in the main server that can take over immediately in 
case of a computer malfunction. The main control room for the facility is where the HMI (Human Machine 
Interface) is located for the operator. This is the primary workstation during normal operations. There is always an 
operator at these controls during normal conditions (24 hours per day, 7 days per week) and additional operators 
are used during all cargo movements within the facility to assist the main operator. There are also remote 
workstations located in other locations where full access to the SCADA system is available anytime. These 
locations are mainly used in the event of a failure in the main control room or other emergency.  

From the central operations room, almost every aspect of the operations can be controlled and monitored in real 
time.  The server acts as the master controller for the whole facility. The server communicates and controls the 
equipment by connecting through a series of PLCs (Programmable Logic Controllers). Through the PLCs, the 
operator can control valves, pump and receive levels, pressures, flows and temperatures. The SCADA server also 
handles all alarms and shutdowns. The SCADA system monitors all parameters of the field instruments and will 
alarm and shutdown necessary systems when the values have gone into alarm. Most alarms in the system are 
“hard coded” in the system, meaning there is no way for the operator to change or override the alarms in the 
system. The operator can set “service or operational limits” in the system to assist them in tracking the progress of 
cargo operations. The server also has video and facility access security systems tied in so the operator can view of 
these areas.   

The design of the SCADA system at Red Hill Facility is one that allows for complete control of the facility and 
allows for ease of future expansion and/or isolation of systems that might be out of service for repairs.   

The new SCADA system being installed is very similar in design and application but it is being updated with new 
PLCs and computer servers for reliability and future upgrades. The system is also being set up with remote 
workstations just like the previous system. Most industrial facilities are running SCADA systems that are more 
than 10 years old unless they have gone through a recent upgrade.  

The purpose of the SCADA system is to show the values from all field instruments. The Red Hill Facility has just 
under 800 field instruments and all of these instruments are inventoried and controlled through a computer 
tracking system.  Each instrument is assigned a bar code that can be scanned into the computer system and a 
complete history of this device can be accessed. The computer system also keeps track of the calibration 
requirements for each instrument. Through the computer system, a general service/calibration schedule is 
generated to allow the technicians to maintain/calibrate field devices at all times. During the inspection, the 
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technician demonstrated the process for the items that were to be calibrated that day. The technician logged into 
the system and went to a page that informed him of the instruments that were due for inspection/calibration. The 
technician can select the device in the database and the complete history and description of the device can be 
found. In this database, the make, model, and serial number of the device can be found, the page number where 
the device can be found on the piping and instrumentation diagrams (P&IDs) drawings, and the calibration data. 
The database also has the information of when the item was replaced and the previous instruments details. 

Once the technician selects the device to be calibrated, the system will open an instruction/sign off page for the 
device. The technician can work with operations and follow the instruction to isolate and calibrate the device. 
Throughout this process, the technician has to “approve” or “check off” each step of the calibration and report the 
findings. During the whole calibration process, the SCADA system is monitored to make sure the proper alarms 
are being set off or cleared during the process. The instructions in the database list the alarms and require the 
technician to acknowledge the presence of the alarm in the SCADA system. After the technician is finished with 
the calibration, the system will either mark that the unit passed and record the calibration information or, if the 
unit fails the calibration, the computer system will generate a “trouble ticket” for the device that will show up as a 
repair item for the technician. 

The technician also explained and demonstrated how the system can be audited to make sure the 
calibrations/inspections are completed. A report is generated after the calibration. The report has time/date stamps 
when this was performed on the instruments. With this report, the operator/technician can log into the SCADA 
system and pull up the alarm history for the device. The alarm history of the SCADA system should match the 
time/date stamp found on the report from the database. The history of the logs can go back at least several years 
and allows for a complete audit of the history of calibrations and inspections. 

The Red Hill Facility presents a unique situation for TLI (Tank Level Indication) due to the size of the tanks. The 
20 tanks built into Red Hill are 250 feet tall which is far taller than any industry standard tanks.  This does create 
an issue that there is not an “off-the-shelf” solution to monitor and measure the level of product in the tank. The 
facility has been working with manufacturers of the TLI equipment to put together a level gauging system needed 
to accurately monitor the levels in the tanks. The system they are currently using was made by GSI (Gauging 
Systems, Inc.) and has been a reliable system that has allowed them to maintain 3/16 of an inch accuracy. This 
accuracy is well within industry standards and allows for accurate and reliable measurement of the product during 
all operations of filling and draining these tanks. The TLI units are connected directly to the PLC units for each 
tank and are connected to the SCADA system so the operator is seeing real time data in the control room and 
there is no delay. From these TLI units, the SCADA system can control the alarms for each tank. 

In addition to the TLI units, each tank is equipped with an independent level switch. This level switch is powered 
independently from the TLI Unit. This acts as a backup for the tank to make sure the tank does not overfill with 
product. The level switch is a mechanical unit that, once activated, will send a signal to the SCADA system for 
alarm and a signal to the main control valve for the tank to close. In essence, the facility uses an automated 
overfill protection system (AOPS) as outlined in the 4th edition of API 2350 and meets the criteria established for 
existing AOPS. 

On May 10, the evaluation team reviewed P&IDs and noted that drawings appeared to be complete, based on 
prior knowledge of the Red Hill Facility and equipment observed during walkthroughs. P&IDs included 
numbered instrument loops, terminal blocks, piping flows, branches, and lines. The evaluation team also reviewed 
and discussed the process of updating drawings. Navy staff explained that the technician receives his own copy of 
the drawings and identifies needed updates during his normal work. At the end of the year, all of his changes are 
submitted to SPAWAR and the drawings are updated for the next year. The terminal then receives the new set of 
drawings and the process is repeated. 

In conjunction with the ATGs which are monitored constantly at the control room, each of the Red Hill Facility 
USTs contains a high-low alarm, which indicates when a tank is approaching maximum allowable fill height, as 
well as a high-high alarm, which indicates when the UST has been filled to the maximum allowable fill height. 
These alarms report to the control room. The high-high alarm also triggers closure of the skin valve on each tank, 
to prevent overfill. Facility staff noted that none of the Red Hill Facility USTs are typically filled beyond 88 
percent, so the upper dome of each tank is not normally filled with fluid. Tank gauges are calibrated on at least a 
semi-annual basis and checked by manual tank gauging after each fuel transfer. 
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The Red Hill Facility also prevents overfills by working carefully with each ship’s crew during fuel transfers. 
Fuel transfer operations are planned and documented through standardized Notice of Receipt and Declaration of 
Intent protocols. Fuel transfer volumes are verified before initiating transfer, and the control room communicates 
directly with ship staff via radio. Although control room operators typically taper off flow rates to avoid hydraulic 
hammer, operators have the ability to cease any fuel transfer process immediately. The four surge tanks provide 
flow equalization and mitigate hydraulic hammer in these circumstances. The control room and surge tanks are 
located adjacent to the pump house, which the evaluation team visited on the afternoons of May 9 and 10. 

 

IV.c.3. Limitations and Recommendations 

None noted. 

IV.d Hotel Pier 

IV.d.1. Findings 

The Hotel Pier is the main fueling pier associated 
with the Red Hill Facility, and is regularly 
inspected by the Coast Guard along with all of 
the other piers. It has all of the expected 
secondary containment, emergency shutdown 
systems, and alarms.  

IV.d.2. Observations 

After the opening conference on May 9th, the 
field team viewed the Hotel Pier (see Figure 2). 
The Hotel Pier is the main loading and unloading 
pier adjacent to Building 1757. This location also 
births the largest ships of any pier connected to 
the UST system. The Hotel Pier comprises four 
“hotels” (each “hotel” is a group of connections 
for the JP-5, JP-8, and F-76 pipelines). The Hotel 
Pier is made of concrete with spill and leak 
containment; it does not have any loading arms. It 
had all the expected environmental controls such as drip channels sloped to the pier’s storm sewer system, 
emergency shutdown systems, and alarms. Any spills or stormwater that land on the Hotel Pier drains to the storm 
sewer system located beneath the pier. When no ships are present, the storm sewer drains directly to the harbor 
through an outfall located near the southeast corner of the pier. However, when a ship approaches the pier for the 
purposes of fuel transfer, Navy personnel close a valve near the outfall which redirects any fluid in the storm 
sewer to the Navy’s Fuel and Oil Recovery Facility (FOREFAC) for wastewater treatment. In this manner, the 
storm sewer system beneath the Hotel Pier provides secondary containment for all fuel transfer equipment at the 
pier.  

During the evaluation, Navy personnel noted that the U.S. Coast Guard inspects the Hotel Pier annually for 
compliance with Title 33 of the Code of Federal Regulations. After the inspection, the Navy will either receive a 
citation from the Coast Guard if any deficiencies are noted, or a single sheet of paper indicating that no 
deficiencies were found. ERG reviewed this documentation for the past few years and noted that the Coast Guard 
determined the Hotel Pier to be in compliance during recent inspections.  

Piping systems at the Hotel Pier and lower tank farm are in generally good shape and have been designed and 
maintained to modern standards. Any potential product loss may seep into the harbor but would be detectable 
with product loss and pressure drop in the piping system.  

Thorough operational procedures are in place at the pier system in the form of visual inspection and maintenance 
procedure on the piping system to prevent such incidents.  

ERG observed multiple visible and audible alarms on the Hotel Pier, but did not test the alarms during the 
evaluation. 

Figure 2. Overview Photo of the Hotel Pier 
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IV.d.3. Limitations and Recommendations 

Since the Coast Guard regularly inspects the piers, ERG and PEMY recommend that EPA and HDOH leave the 
Hotel Pier and other piers out of future inspection plans for Red Hill Facility. 

IV.e Other Components 

IV.e.1. Findings 

No concerns were noted at the truck loading rack or Upper Tank Farm. 

IV.e.2. Observations 

The evaluation team visited the truck loading rack on May 11th. At the truck loading rack, fuels are dispensed to 
trucks, but no fuel is added to the system. The field team observed secondary containment structures at the truck 
loading rack, including curbing, grading of concrete, and a central sump. All observed structures were in good 
condition with no major debris or visible cracking. 

The Upper Tank Farm has ASTs with leak detection and double bottoms. A large leak or overfill may cause 
product to migrate outside the tank and into the lined tank farm. 

ERG observed multiple visible and audible alarms at the Truck Loading Rack, but did not test the alarms during 
the evaluation. 

IV.e.3. Limitations and Recommendations 

None noted. 

V. FACILITY OPERATIONS 

V.a Staff 

V.a.1. Findings 

The Red Hill Facility already has a training program in place that meets the requirements of the UST regulations 
that will soon be applicable to the facility. Although the facility did not conduct an annual refresher training in 
2014 (likely due to furloughs), they have otherwise been conducting annual training on a regular basis. 

V.a.2. Observations 

On May 10, the evaluation team reviewed operator training records. ERG determined that the Navy is already 
meeting training requirements. ERG reviewed training records for the past three years, which were provided by 
the Navy’s training supervisor, Eric Seman. The Navy provides operators of the UST system with annual, generic 
UST training through USTtraining.com, and one-time, site-specific training on specific operations that each 
employee will support at the facility. Mr. Floyd noted that operators cannot advance to the position of control 
room operator until they acquired a specific amount of experience in the operations group (e.g., as a “rover”).  

The generic UST training includes separate training classes for Class A/B and Class C operators. ERG briefly 
reviewed the slides provided during the training and verified that the curriculum was appropriate for the different 
classes of UST operators. ERG also reviewed the matrix that tracks site-specific training and noted that it 
generally covers the work areas relevant to UST system operation. ERG was able to verify training records for 
most of the individuals with whom ERG interacted during the evaluation. 

V.b Recordkeeping 

V.b.1. Findings 

Records and documents maintained for the Red Hill Facility’s UST system were generally in order, readily 
accessible, and up-to-date.  

V.b.2. Observations 

The evaluation team reviewed the following documents for the Red Hill Facility while on-site: 

• P&ID Drawings; 
• Facility Response Plan; 
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• Integrated Contingency Plan; 
• UST tank tightness testing records; 
• Tank gauge calibration records; 
• UST operator training records; 
• Pipeline Integrity Management Plans from 2010 and 2015; 
• Draft pigging report from 2010; 
• As-built diagrams from the 1940s illustrating the original construction of the USTs; 
• Unscheduled fuel movement (UFM) reports; 
• Monthly rectifier readings; 
• API 653 inspection reports from 1998; 
• Tank assessment reports (TARs) from 2007; and 
• Fuel Department Operations Manual. 

The facility maintains all records on-site. In addition to documents reviewed on-site, the evaluation team 
requested copies of the following documents for further evaluation after the close of the on-site portion of the 
assessment: 

• Integrity Management Plan from 2015; 
• Draft pigging report for 2010; 
• First UFM report (including the resolution of any issues noted) for each month from December 2015 to April 

2016; 
• Monthly rectifier readings for fuels for March and April 2016, along with parameters used to evaluate the 

readings; 
• API 653 inspection report from 1998 and TARs from approximately 2007 for each of the 20 tanks that was 

inspected; 
• Fuel Department Operations Manual; 
• Copy of slide from inspection introductory presentation showing general layout of the facility; 
• Description of any corrosion protection, overfill prevention, and leak detection practices/equipment used for 

the surge tanks, as well as an as-built drawing that illustrates the construction of the surge tanks; and 
• Summary of current status of Modified API 653 inspections for the 20 storage USTs and 4 surge tanks, API 

653 inspections of the Lower Tank Farm ASTs, and API 570 inspections of each section of piping. 

The Navy provided all of these documents through a rolling submission that ended in November 2016.  

V.b.3. Limitations and Recommendations 

PEI has not performed a thorough review of all inspection reports due to a lack of availability. The Navy provided 
full tank inspection reports for Tank 5 only.  

V.c General Housekeeping 

In general, housekeeping was excellent throughout the areas observed by the evaluation team. 

V.d Emergency Response 

V.d.1. Findings 

The evaluation team verified that emergency response plans were in order, readily accessible and up-to-
date. The team also verified that facility staff are adequately trained for emergency response activities 
and possess a working knowledge of what is required in the event of a spill or other type of release. 
V.d.2. Observations 

As discussed in the recordkeeping section (Section V.b), the evaluation team reviewed the site-specific 
Facility Response Plan, Integrated Contingency Plan, and Fuel Department Operations Manual. In 
addition to reviewing these plans, the evaluation team discussed emergency response activities with 
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facility staff (e.g., to respond to spills in the harbor) and talked through emergency response drills that 
facility staff execute to ensure operational readiness.  
V.d.3. Limitations and Recommendations 

None noted. 
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Red Hill Facility EPA and HDOH Site Visit Agenda 
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Day 1 – Monday, 09 May 2016 
Topic/Activity Group Location Time Remarks 

Joint in-brief for 
EPH/HDOH and 
Board of Water 
Supply 

ALL Bldg. 1757, 
2nd Floor 
Conf. Room 

0730-
0815 

Introductions, facility overview, safety/security 
brief, and temporary badging 

Records Review All Bldg. 1757, 
2nd Floor 
Conf. Room 

0830-
1050 

- Review of how equipment records are kept  
- Maintenance and inspection practices 
- Compliance with standards 
- Type of instrumentation  
- Reliability of system configuration 
- Emergency response procedures 
- Equipment and training records 
- Alarm systems, procedures, and reliability of 

controls     systems 
-  Records related to staining in the tunnels or 
below tanks 

Walk-down of 
Hotel Pier 

All Hotel Pier 1100-
1200 

Observe spill protection systems 

Lunch   1200-
1330 

 

Transit to Adit 1 All Bldg. 1757 to 
Adit 1 

1330-
1345 

Transportation provided by FLC GOV’s   

Control Room, 
Pump House, Surge 
Tunnel  

All UGPH 1345-
1530 

Walk-thru of control room to include 
instrumentation, computer systems and controls 

Transit to Bldg. 
1757 

All Bldg. 1757 1530-
1600 

Transportation provided by FLC GOV’s   

Debrief and pre-
brief Day 2 
schedule 

All Bldg. 1757, 
2nd Floor 
Conf.Room 

1600-
1630 

 

 
Day 2 – Tuesday, 10 May 2016 
Transit to Adit 5 All Bldg. 1757 to 

Adit 5 
0730-
0800 

Two 7 PAX GOV’s 

Walk-down of Red Hill Upper 
Tank Gallery from Tank 15/16 to 
Tank 5 

All Adit 5 to Tank 5 
 

0800-
0845 

View visible portion of tank externals 
in upper gallery 

View Tank 5 All Tank 5 
 
 
 

0845-
0915 

Observe tank 5 from pedestrian 
walkway 
 
No Photography 
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Day 2 – Tuesday, 10 May 2016 
Walk-down of Red Hill Lower 
Tank Gallery from Tank 20 to 
Red Hill Shaft  

All Lower Tank 
Gallery 

 
 
 
 
 
 

0915-
1015 

View oil tight doors, corrosion 
monitoring locations, determination of 
piping wall thickness, kinds of piping, 
API fire rating of valves etc. 

View Red Hill Shaft All Red Hill Shaft 
 
 
 

1015-
1030 

NAVFAC EV to coordinate access and 
viewing of RH Shaft  

Walk entire Harbor Tunnel from 
Red Hill Shaft to Adit 1 

All Harbor Tunnel 1030-
1200 

View piping in tunnels 

Travel from Adit 1 to Bldg. 1757 All Bldg. 1757 1200-
1215 

FLC GOV’s 

Lunch   1215-
1330 

 

Records Review All Bldg. 1757, 2nd 
Floor Conf. 

Room 

1330-
1530 

Continuation of previous days review 
as required. 

Debrief and pre-brief Day 3 
schedule 

All Bldg. 1757, 2nd 
Floor Conf. 
Room 

1530-
1600 

 

 
Day 3 – Wednesday, 11 May 2016 

Review of documentation and 
facilities as required 

All Bldg. 1757, 2nd 
Floor Conf. 

Room 

0800-
1600 

Continuation of previous days review 
as required. 
 
Limited SME availability 

 
Day 4 – Thursday, 12 May 2016 

Review of documentation and 
facilities as required 

All Bldg. 1757, 2nd 
Floor 

Conf.Room 

0800-
1600 

Continuation of previous days review 
as required. 
 
Limited SME availability 
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ATTACHMENT B 
 

Photograph Log
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DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #: 1  
COMMENTS:   
 
Fuel Department Operations 
and Maintenance Manual 

 

 
  

 
DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  2  
COMMENTS:   
 
Integrity Management Plan – 
POL Pipelines (May 2015) 
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DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  3  
COMMENTS:   
 
Final API-653 Inspection 
Report for Tank 15 (January 
2007) 

 
 

DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  4  
COMMENTS:   
 
2013 Spill Control and 
Countermeasure (SPCC) 
Plan for Commander, Navy 
Region Hawaii (CNRH) 
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DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  5  
COMMENTS:   
 
Integrated Contingency Plan 

 
 

DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  6  
COMMENTS:   
 
Red Hill Tunnel Fuel 
Storage Facility Response 
Plan 
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DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  7  
COMMENTS:   
 
Integrity Management Plan – 
POL Pipelines (November 
2010) 

 
 

DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  8  
COMMENTS:   
 
Tank Tightness Test Binder 
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DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  9  
COMMENTS:   
 
Fire, Life Safety, and 
Environmental Risk 
Assessment 

 
 

DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  10  
COMMENTS:   
 
UST Operator Training 
Program – Roster Sheet 
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DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  11  
COMMENTS:   
 
UST System Operator 
Training Records 

 
 

DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  12  
COMMENTS:   
 
UST System Operator 
Training – Certificates of 
Participation 
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DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  13  
COMMENTS:   
 
Final 2015 Annual Leak 
Detection Testing Report 

 
 

DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  14  
COMMENTS:   
 
Pipelines running from Hotel 
Pier 
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DATE TAKEN:  5/9/2016  
TAKEN BY: Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  15  
COMMENTS:   
 
One “Hotel” of four on the 
Hotel Pier, with risers for all 
three fuels stored at the Red 
Hill Facility 

 
 

DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  16  
COMMENTS:   
 
Telephone at Hotel Pier 
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DATE TAKEN:  5/9/2016  
TAKEN BY: Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  17  
COMMENTS:   
 
Trailer mounted flowmeter 

 
 

DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  18  
COMMENTS:   
 
 
Hotel Pier looking east from 
the end of the pier toward 
Red Hill 
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DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  19  
COMMENTS:   
 
 
View of docks adjacent to 
pier illustrating the boom 
system in place to control oil 
spills in emergencies 

 
 

DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  20  
COMMENTS:   
 
Spill response kits inside of 
cage on Hotel Pier 
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DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  21  
COMMENTS:   
 
Alarm system at Hotel Pier 

 
 

DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  22  
COMMENTS:  
 
 
Emergency response number 
posted 
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DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  23  
COMMENTS: 
 
Diversion valve for Hotel 
Pier storm water drainage 
system 

 
 

DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  24  
COMMENTS: 
 
 
Hotel Pier alarms 
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DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  25  
COMMENTS: 
 
Emergency response number 
posted 
 

 
 

DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  26  
COMMENTS: 
 
Pipes entering the ground 
running uphill from the 
Hotel Pier. Above-ground 
piping is covered with a 
layer of noncorrodible 
material. 
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DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  27  
COMMENTS: 
 
Pumphouse 

 
 

DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  28  
COMMENTS: 
 
Pumphouse 
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DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  29  
COMMENTS: 
 
Pumphouse 
 

 
 

DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  30  
COMMENTS: 
 
Pumphouse 
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DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  31  
COMMENTS: 
 
Tile covering French drain 
beneath Red Hill Facility 
tunnel 
 

 
 

DATE TAKEN:  5/9/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  32  
COMMENTS: 
 
Pipelines supported by 
concrete wall in tunnel 
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DATE TAKEN:  5/10/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  33  
COMMENTS: 
 
Tank vent associated with 
one of the storage USTs. 

 
 

DATE TAKEN:  5/10/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  34  
COMMENTS: 
 
Minor cracking in tunnel 
floor 
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DATE TAKEN:  5/10/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  35  
COMMENTS: 
 
Stairway leading to gauging 
port on top of underground 
storage tanks 

 
 

DATE TAKEN:  5/10/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  36  
COMMENTS:  SP-26 
 
 
Underground storage tank 
nozzle and skin valve 
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DATE TAKEN:  5/10/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  37  
COMMENTS: 
 
 
Cover for soil vapor 
monitoring wells 

 
 

DATE TAKEN:  5/10/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  38  
COMMENTS: 
 
Pipeline running to fuel oil 
recovery (FOR) process 
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DATE TAKEN:  5/10/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  39  
COMMENTS: 
 
Tell-tale system on Tank 19 
(Tank 19 has been 
permanently removed from 
service and the tell-tale 
system has been 
decommissioned). 

 
 

DATE TAKEN:  5/10/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  40  
COMMENTS: 
 
Tell-tale system on Tank 19 
(Tank 19 has been 
permanently removed from 
service and the tell-tale 
system has been 
decommissioned). 
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DATE TAKEN:  5/10/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  41  
COMMENTS:  
 
Skin valve on tank nozzle 

 
 

DATE TAKEN:  5/10/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  42  
COMMENTS: 
 
Pitting on pipeline 
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DATE TAKEN:  5/10/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  43  
COMMENTS:  
 
Typical surface defects on 
pipeline 

 
 

DATE TAKEN:  5/10/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  44  
COMMENTS: 
 
Staining on Tank 5, just 
below and to the right of the 
nozzle. 
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DATE TAKEN:  5/10/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  45  
COMMENTS:  
 
Tank penetrations near the 
bottom of Tank 5 

 
 

DATE TAKEN:  5/10/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  46  
COMMENTS:   
 
Staining on tunnel wall 
(appearance similar to 
bunker oil) 
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DATE TAKEN:  5/10/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  47  
COMMENTS:  
 
Spill kit in tunnel 

 
 

DATE TAKEN:  5/10/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  48  
COMMENTS: 
 
Typical flush-mounted 
groundwater monitoring well 
near underground storage 
tanks 
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DATE TAKEN:  5/10/2016  
TAKEN BY:  Chris Krejci SITE LOCATION:  Red Hill Facility 
PHOTO #:  49  
COMMENTS: 
 
Pipelines supported by 
concrete wall in tunnel 

 
 

DATE TAKEN:  5/10/2016  
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Pipelines supported by 
concrete wall in tunnel 
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Oil-tight door  
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Flashing lining tunnel walls 
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Typical Surface defects 
noted on piping, showing 
failure of the pipeline 
protective wrap. Facility staff 
noted that this does not affect 
piping integrity, and the 
protective wrapping is 
actually scheduled for 
removal. 
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Markings describing pipe 
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Pipe support in tunnel 
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Rectifier near Hotel Pier 
showing no voltage or 
current 
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Truck loading rack 
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Spreadsheet documenting 
operator training (names 
have been cropped out). 
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Text from 2015 Integrity 
Management Plan describing 
cathodic protection systems 
on-site. 
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Tank tightness testing 
records 

 
 



� � � � � � � � � � � � � 	 
 � � � � 
 � 	 � � � � � � � � 	



� � � � � � �� � � � � � �� � � � �
� � �  � � � �� � � � ! �

" # $ % & ' ( ) * + , -. / 0 1 2 3 4 5 4 6 7 7 8



9 : ; < = > ? @ A < ; ; B < = = C < D E C F C G F : H ; F C I F : ; J K C L H K FH 9 @ M N B = D 9 : C = E O G H ; I F K B G F C E B ; E C K J K H B ; E I F H K < J C F < ; D I< F K C E P : = = B ; E C K J K H B ; E 9 B C = I F H K < J C 9 < G : = : F QR H : ; F N < I C L C < K = P < K N H K O P : G D < S T P < U < : :
V W X Y Z W X [ \ ] W ^E _ ` _ a b _ = c d e b f e g b < d _ a g h C a _ i d h9 f j N _ k l c e i T m <V W X Y Z W X [ n o [ X W ^; < m 9 < G < f k p a f e gG c a f i p g f ; q > M r ? O @ ? O E O s ? ? ? O ? ? M tV W X Y Z W X [ u v ^S e g w p _ k N p x _ i : a f _ i a p f e c a p ky z W { z o z Z | X Z } ~ � y z W { z o z Z

q R B = Q > ? @ A



�

F < N = C H 9 G H ; F C ; F I L p d _ ; c j� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � �   � ¡ � � � ¢   £ ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � ¥ � � ¤   � ¦ £ § ¨ � � � © ª ¦ © ª « � � ¤ � � ¬ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � ­ « � � ¤ � � � £ ¦ ® �   ¦ § �   ¤   £ ¤ � � © �   � � ® ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ­� � ¯ � � � ¢   £ ¤ � £ � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ­� � ° � � � ¢   £ ¤ �   ¦ ± � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ²� � ² ³ � ¦ ® � ¡ � £ ¦ ¤ � � © � � ¡ �   � ¤ � © ¨ � � � £   ª � �   � � �   ª � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ²¥ � � � � � ´ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � µ­ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¶­ � � � � © £ ® � � � � © � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¶­ � ¥ �   £ � ± ±   © ª ¦ ¤ � � © � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¶¯ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �= e b f c ` F p · k _ b� ¦ ¸ ®   � ¹ � � � ¤   ± � �   � ¤   ª � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¯� ¦ ¸ ®   ¥ ¹ � � �   � ¤ �   � � ® ¤ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � µ= e b f c ` 9 e d º i _ b� � ¨ � �   � ¹ � � � � £ ¦ ¤ � � © � ¦ � » �   ª « � ® ® � � ± � ®   ¼ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¥½ ¾ ¿ À Á Â Ã Ä Å Æ Ç Â È É ¾ Ê Ê Ë Ì Í Î Â Ï Ð Ñ Ì Ò À Î Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó Ó ÔÕ Ö × Ø Ù Ú Û Ü Ü Ý Þ ß Ö à Ý ×á â â Â ã È ¾ ä á á È Ï ¾ ã ¾ Í Î Á Ñ Î ¾ å Â æ Á È Â Á Ò ã ç Ò ã Í Â ã Î Æ Ç Â È É ¾ Ê Ê è À Ê é ½ À Â Ê Ë Î Ò Á Ñ ¿ Â ½ Ñ ê ¾ Ê ¾ Î Ìá â â Â ã È ¾ ä è ë Ñ Í Í ì Â ê í ã Ò Ê Ò ¿ Ì ç Ò Á â Ò Á Ñ Î ¾ Ò ã ì Â Í Î Ç Â â Ò Á Î Í



î î

Õ ï ð ñ ò ó Û ô ô õ ö ÷ ï Û ñ ï ò ø ð Û ø ù Û ú õ ò ø û ü ðá æ ç á È Ï ¾ ã ¾ Í Î Á Ñ Î ¾ å Â æ Á È Â Á Ò ã ç Ò ã Í Â ã Îè ½ ç ý Ë ì è À Ê é þ ¾ Â Ê È Ä ê Ò ã Í Î Á À ê Î Â È À ã È Â Á ¿ Á Ò À ã È Í Î Ò Á Ñ ¿ Â Î Ñ ã éè ë ÿ è Â Í Î ë Ñ ã Ñ ¿ Â Ï Â ã Î ÿ Á Ñ ê Î ¾ ê Âç ë ÿ ç Â ã Î Á Ñ Ê Ê Ì ë Ñ ã Ñ ¿ Â È ÿ Á Ò ¿ Á Ñ Ïç � Ç É ç Ò Ï Ï Ñ ã È Â Á � Ñ å Ì Ç Â ¿ ¾ Ò ã É Ñ � Ñ ¾ ¾ � ç � Ç É �� æ É � Â â Ñ Á Î Ï Â ã Î Ò þ É Â Ñ Ê Î í� Ð á � Â þ Â ã Í Â Ð Ò ¿ ¾ Í Î ¾ ê Í á ¿ Â ã ê Ì� ÿ á � ã å ¾ Á Ò ã Ï Â ã Î Ñ Ê ÿ Á Ò Î Â ê Î ¾ Ò ã á ¿ Â ã ê Ì½ Ä � � ë Ñ Á ¾ ã Â È ¾ Â Í Â Ê þ À Â Ê½ � Ë ç ½ Ê Â Â Î � ã È À Í Î Á ¾ Ñ Ê Ë À â â Ê Ì ç Â ã Î Â Á½ Î 	 Ë 
 À Ñ Á Â þ Â Â Î¿ â í � Ñ Ê Ê Ò ã Í â Â Á í Ò À Á¾ ã � ã ê í� è � Ò ¾ ã Î è Ñ Í Â� ÿ Ä Ô 
 � � Â Î ÿ Á Ò â Â Ê Ê Ñ ã Î Ô 
 �ë � Ð Ç ë ¾ ã ¾ Ï À Ï È Â Î Â ê Î Ñ � Ê Â Ê Â Ñ é Á Ñ Î Âë ¾ ê í Ñ Â Ê è Ñ é Â Á ë ¾ ê í Ñ Â Ê è Ñ é Â Á � ã Î Â Á ã Ñ Î ¾ Ò ã Ñ Êë ì ç ë Ñ Í Í ì Â ê í ã Ò Ê Ò ¿ Ì ç Ò Á â Ò Á Ñ Î ¾ Ò ã� á � ½ á ç � Ñ å Ñ Ê ½ Ñ ê ¾ Ê ¾ Î ¾ Â Í � ã ¿ ¾ ã Â Â Á ¾ ã ¿ ç Ò Ï Ï Ñ ã È� � � Ð � � � Ñ Î ¾ Ò ã Ñ Ê � Ò Á é � Á Ò À â Ò ã Ð Â Ñ é � Â Î Â ê Î ¾ Ò ã � å Ñ Ê À Ñ Î ¾ Ò ã Íÿ � ÿ Á Ò � Ñ � ¾ Ê ¾ Î Ì Ò þ È Â Î Â ê Î ¾ Ò ãÿ � � ÿ Á Ò � Ñ � ¾ Ê ¾ Î Ì Ò þ Ñ þ Ñ Ê Í Â Ñ Ê Ñ Á Ïÿ Ë á ÿ Á Ò È À ê Î Í À Á þ Ñ ê Â Ñ Á Â Ñ



� � � � �� � � � �� � � � � �� � � � �� � � � � ! � � !" � � � �# � $ � � %& $ � � %

'
� � ( ) � � � $ � * �� ) ) + � ! � � ! � �� � + $ ! + � � , � �� * - . � � � � , - � � $� ) ) + � ! � � ! � � �! � � � % / � � � � � ) (� � � $ � � ) ! 0 1 2 *3 � � � � ! � $4 5 1 6 - 7 8 9 :

; < ' = > ? ?= @ A B C D E' F G H I J C K = LM N @ A� � ! � � � � � � � +� � � ! � ( � $ . � � . �� � ! . � + . ) � � � . �$ � � � $ � � � O $ 2� � ! � ( � $ . � � . � �( � � � & P / $ ( 1 �* � � % 8 Q 7 Q R 7

? S ' T L U > TG V L A A J B C U= @ W C X Y Z N A [ \ ] JL \ < W X ^ @ C C =A \ I B [ W ; W B ] C* - $ ( � ) , � � �� P _ $ * ) � $ � ) �� 6 - P2 � ! � + � � � � � � (� P� � ` a P  P

b b b

T c S T > > < Z >W B K d W \ W e \ @ N AJ e \ W X f A X W ] g= J W C ? \ N ] B g W^ B ] h N ] Y ^ @ e K� � ) ! $ 6 � ! � � ! � �� - � � � 1 6 � � ` , � � 6( ) � � $ ! + $ � � � �

> < i S = S Z L iA i W [ \ @ A g < Wg ] N J A X ? \ N ] BZ N j k C W lK B j m ^ B n B @ @� � $ ! + � $ � * �6 + ! ) � � � ` $ ! +� � � � $ � � � � $ � *

i S ' T oW k N ] \B g W i B A K [@� � ! ( � � ( $ � � ++ � 1 ( ( ) � � � ! � +* � � ! ( � � ( $ � � +
� ! $ . . ) � + $ ! .+ $ � $ � $ � � * � �+ � ! $ . . ) � + $ ! .

. �� !. �



î p

ö q ö ú r ñ ï ÷ ö ð r ü ü Û õ ûì í Â Í ê Ò â Â Ò þ Î í ¾ Í â Á Ò s Â ê Î � Ñ Í ¾ ã ¾ Î ¾ Ñ Ê Ê Ì Î Ò â Â Á þ Ò Á Ï � ¾ Â ã ã ¾ Ñ Ê Ê Â Ñ é È Â Î Â ê Î ¾ Ò ã Î Â Í Î ¾ ã ¿ Ò þ Ã � è À Ê é ½ ¾ Â Ê È Äç Ò ã Í Î Á À ê Î Â È ý ã È Â Á ¿ Á Ò À ã È Ë Î Ò Á Ñ ¿ Â ì Ñ ã é Í � è ½ ç ý Ë ì � Ñ Î � è ÿ É É Ó É Ò � Â å Â Á 
 ¾ ã Å t Ã u Î í Âç Ò Ï Ï Ñ ã È Â Á � Ñ å Ì Ç Â ¿ ¾ Ò ã É Ñ � Ñ ¾ ¾ 
 � Â þ Â ã Í Â Ð Ò ¿ ¾ Í Î ¾ ê Í á ¿ Â ã ê Ì � � Ð á � � ã Â Á ¿ Ì 
 ì í Â Ë Î Ñ Î Â Ò þÉ Ñ � Ñ ¾ ¾ � Â â Ñ Á Î Ï Â ã Î Ò þ É Â Ñ Ê Î í Ñ ã È Î í Â � ã å ¾ Á Ò ã Ï Â ã Î Ñ Ê ÿ Á Ò Î Â ê Î ¾ Ò ã á ¿ Â ã ê Ì Ç Â ¿ ¾ Ò ã v ã Â ¿ Ò Î ¾ Ñ Î Â È Ñ ãá È Ï ¾ ã ¾ Í Î Á Ñ Î ¾ å Â æ Á È Â Á Ò ã ç Ò ã Í Â ã Î � á æ ç � � í ¾ ê í Á Â 
 À ¾ Á Â Í Î í Â Ñ ã ã À Ñ Ê Î Â Í Î ¾ ã ¿ Ò þ Î í Â è ½ ç ý Ë ì Ñ Î Ç Â ÈÉ ¾ Ê Ê Ó á Ê Î í Ò À ¿ í Ñ Î Î í Â Î ¾ Ï Â Î í ¾ Í Î Â Í Î ¾ ã ¿ â Á Ò s Â ê Î � Â ¿ Ñ ã 
 ¾ ã Ê Ñ Î Â Å t Ã u 
 Î í Â á æ ç í Ñ È ã Ò Î Ì Â Î � Â Â ãÒ þ þ ¾ ê ¾ Ñ Ê Ê Ì Í ¾ ¿ ã Â È � Ì Ñ Ê Ê â Ñ Á Î ¾ Â Í 
 � Ð á � ã Â Á ¿ Ì Ñ ã È Î í Â � Ñ å Ì ¾ ã Í Î Á À ê Î Â È ë ¾ ê í Ñ Â Ê è Ñ é Â Á Î Ò ê í Ñ ã ¿ Â Î ÒÎ í Â ã Â � â Á Ò â Ò Í Â È Ñ ã ã À Ñ Ê þ Á Â 
 À Â ã ê Ì Ñ ã È Ï Ò å Â À â Î í Â Î Â Í Î ¾ ã ¿ Â å Â ã Î Î Ò � Â ¿ ¾ ã ¾ ã æ ê Î Ò � Â Á Å t Ã u Ó½ Ò À Á Î Â Â ã Ò þ Î í Â Â ¾ ¿ í Î Â Â ã è ½ ç ý Ë ì Í � è ½ ç ý Ë ì Ã w u 
 � w Ã x 
 Ã Ô 
 Ñ ã È Ã � � � Â Á Â ë Ñ Í Í ì Â ê í ã Ò Ê Ò ¿ Ìç Ò Á â Ò Á Ñ Î ¾ Ò ã Ê Â Ñ é È Â Î Â ê Î ¾ Ò ã Î Â Í Î Â È þ Á Ò Ï Ã u æ ê Î Ò � Â Á Å t Ã u Î í Á Ò À ¿ í Ã u ë Ñ Ì Å t Ã Ô � ¾ Î í ã Ò È Â Î Â ê Î Ñ � Ê ÂÊ Â Ñ é Ñ � Ò å Â Î í Â Î Â Í Î Ï Â Î í Ò È y Í Ï ¾ ã ¾ Ï À Ï È Â Î Â ê Î Ñ � Ê Â Ê Â Ñ é Á Ñ Î Â Ò þ t Ó Ô ¿ Ñ Ê Ê Ò ã Í â Â Á í Ò À Á Á Â Í À Ê Î ¾ ã ¿ ¾ ãâ Ñ Í Í Â È Î Â Í Î Í Ó ì í Â Ê Â Ñ é È Â Î Â ê Î ¾ Ò ã Î Â Í Î Ò þ è ½ ç ý Ë ì Ã � � Ñ Í Í À ê ê Â Í Í þ À Ê 
 í Ò � Â å Â Á 
 ¾ Î � Ñ Í ã Ò Îê Ò ã È À ê Î Â È Ñ Î Î í Â þ ¾ Ê Ê í Â ¾ ¿ í Î � z Å Ã t þ Â Â Î � È À Â Î Ò Ò â Â Á Ñ Î ¾ Ò ã Ñ Ê Ê ¾ Ï ¾ Î Ñ Î ¾ Ò ã Í { Î Â Í Î ¾ ã ¿ � Ñ Í ê Ò ã È À ê Î Â È Ñ Îz Ô � þ Â Â Î Ó ì í Á Â Â è ½ ç ý Ë ì Í � è ½ ç ý Ë ì Ô 
 Ã u Ñ ã È Ã � � � Â Á Â Ò À Î Ò þ Í Â Á å ¾ ê Â È À Á ¾ ã ¿ Î í Â Î Â Í Î Â å Â ã Î þ Ò Á¾ ã Î Â Á ã Ñ Ê ¾ ã Í â Â ê Î ¾ Ò ã Ó æ ã Â è ½ ç ý Ë ì � è ½ ç ý Ë ì Ã � � � Ñ Í Ò À Î Ò þ Í Â Á å ¾ ê Â þ Ò Á Ï Ñ ¾ ã Î Â ã Ñ ã ê Â Ò þ â ¾ â ¾ ã ¿Ñ ã È Î í Â Á Â þ Ò Á Â ã Ò Î Ñ å Ñ ¾ Ê Ñ � Ê Â þ Ò Á Î Â Í Î ¾ ã ¿ Óá ã ã À Ñ Ê Ê Â Ñ é È Â Î Â ê Î ¾ Ò ã Î Â Í Î ¾ ã ¿ Ò þ Î í Â Ã u è ½ ç ý Ë ì Í Í í Ò À Ê È � Â ¾ ã ¾ Î ¾ Ñ Î Â È Ò ã Ò Á � Â þ Ò Á Â Î í Â ã Â � Ñ ã ã À Ñ ÊÑ ã ã ¾ å Â Á Í Ñ Á Ì È Ñ Î Â Ò þ Ã u æ ê Î Ò � Â Á Å t Ã Ô À ã È Â Á � Ð á � ã Â Á ¿ Ì y Í Ð Â Ñ é � Â Î Â ê Î ¾ Ò ã ç Â ã Î Á Ñ Ê Ê Ì ë Ñ ã Ñ ¿ Â Èÿ Á Ò ¿ Á Ñ Ï � ç ë ÿ � Î Ò ê Ò Ï â Ê Ì � ¾ Î í Î í Â á æ ç Á Â 
 À ¾ Á Â Ï Â ã Î Í Ó � ã Ñ È È ¾ Î ¾ Ò ã 
 Î í Â � Ð á � ã Â Á ¿ Ì Ð Â Ñ é� Â Î Â ê Î ¾ Ò ã ç ë ÿ Í í Ò À Ê È � Â ã Ò Î ¾ þ ¾ Â È ¾ Ï Ï Â È ¾ Ñ Î Â Ê Ì � í Â ã è ½ ç ý Ë ì Ã � ê Ñ ã � Â þ ¾ Ê Ê Â È Î Ò ¾ Î Í þ À Ê Ê þ ¾ Ê Êí Â ¾ ¿ í Î Ñ ã È Î í Â Á Â Ï Ñ ¾ ã ¾ ã ¿ þ Ò À Á è ½ ç ý Ë ì Í � è ½ ç ý Ë ì Ô 
 Ã u 
 Ã � Ñ ã È Ã � � Ñ Á Â Â Ñ ê í â Ê Ñ ê Â È � Ñ ê é ¾ ãÍ Â Á å ¾ ê Â ¾ ã Ò Á È Â Á þ Ò Á Ê Â Ñ é È Â Î Â ê Î ¾ Ò ã Î Â Í Î ¾ ã ¿ Î Ò � Â ê Ò Ï â Ê Â Î Â È Î Ò ê Ò Ï â Ê Ì � ¾ Î í Î í Â á æ ç Ñ ¿ Á Â Â Ï Â ã Î Ó



|

} ~ � ï ø ñ õ ò ù r ú ñ ï ò ø} ~ } � � � Ü Ù × Ý Ù Ú � � Ù � Ý à Øì í Â � Â þ Â ã Í Â Ð Ò ¿ ¾ Í Î ¾ ê Í á ¿ Â ã ê Ì � � Ð á � � ã Â Á ¿ Ì ê Ò ã Î Á Ñ ê Î Â È ë ¾ ê í Ñ Â Ê è Ñ é Â Á � ã Î Â Á ã Ñ Î ¾ Ò ã Ñ Ê � ë ¾ ê í Ñ Â Êè Ñ é Â Á � 
 Î í Á Ò À ¿ í � Ñ å Ñ Ê ½ Ñ ê ¾ Ê ¾ Î ¾ Â Í � ã ¿ ¾ ã Â Â Á ¾ ã ¿ ç Ò Ï Ï Ñ ã È � � á � ½ á ç � á Î Ê Ñ ã Î ¾ ê ç Ò ã Î Á Ñ ê Î � � Å u � t ÄÃ t Ä � Ä x t t t Ä t t u � Î Ò â Â Á þ Ò Á Ï � ¾ Â ã ã ¾ Ñ Ê Ê Â Ñ é È Â Î Â ê Î ¾ Ò ã Î Â Í Î ¾ ã ¿ Ò þ Ã � è À Ê é ½ ¾ Â Ê È Ä ç Ò ã Í Î Á À ê Î Â Èý ã È Â Á ¿ Á Ò À ã È Ë Î Ò Á Ñ ¿ Â ì Ñ ã é Í � è ½ ç ý Ë ì Í � Ñ Î Î í Â Ç Â È É ¾ Ê Ê Í Î Ò Á Ñ ¿ Â ê Ò Ï â Ê Â ä 
 � Ò ¾ ã Î è Ñ Í Â � � è � ÿ Â Ñ Á ÊÉ Ñ Á � Ò Á Ä É ¾ ê é Ñ Ï 
 É Ñ � Ñ ¾ ¾ Ó É Ò � Â å Â Á 
 ¾ ã Å t Ã u Î í Â ç Ò Ï Ï Ñ ã È Â Á � Ñ å Ì Ç Â ¿ ¾ Ò ã É Ñ � Ñ ¾ ¾ � ç � Ç É � 
 � Ð á� ã Â Á ¿ Ì 
 ì í Â Í Î Ñ Î Â Ò þ É Ñ � Ñ ¾ ¾ � Â â Ñ Á Î Ï Â ã Î Ò þ É Â Ñ Ê Î í � � æ É � Ñ ã È Î í Â � ã å ¾ Á Ò ã Ï Â ã Î Ñ Ê ÿ Á Ò Î Â ê Î ¾ Ò ãá ¿ Â ã ê Ì � � ÿ á � Ç Â ¿ ¾ Ò ã v ã Â ¿ Ò Î ¾ Ñ Î Â È Ñ ã á È Ï ¾ ã ¾ Í Î Á Ñ Î ¾ å Â æ Á È Â Á Ò ã ç Ò ã Í Â ã Î � á æ ç � � í ¾ ê í Á Â 
 À ¾ Á Â ÍÎ í Â Ñ ã ã À Ñ Ê Î Â Í Î ¾ ã ¿ Ò þ Î í Â è ½ ç ý Ë ì Ñ Î Ç Â È É ¾ Ê Ê Ó á Ê Î í Ò À ¿ í Ñ Î Î í Â Î ¾ Ï Â Î í ¾ Í Î Â Í Î ¾ ã ¿ â Á Ò s Â ê Î � Â ¿ Ñ ã 
 ¾ ãÊ Ñ Î Â Å t Ã u 
 Î í Â á æ ç í Ñ È ã Ò Î Ì Â Î � Â Â ã Ò þ þ ¾ ê ¾ Ñ Ê Ê Ì Í ¾ ¿ ã Â È � Ì Ñ Ê Ê â Ñ Á Î ¾ Â Í 
 � Ð á � ã Â Á ¿ Ì Ñ ã È Î í Â � Ñ å Ì¾ ã Í Î Á À ê Î Â È ë ¾ ê í Ñ Â Ê è Ñ é Â Á Î Ò ê í Ñ ã ¿ Â Î Ò Î í Â ã Â � â Á Ò â Ò Í Â È Ñ ã ã À Ñ Ê þ Á Â 
 À Â ã ê Ì Ñ ã È Ï Ò å Â À â Î í ÂÎ Â Í Î ¾ ã ¿ Â å Â ã Î Î Ò � Â ¿ ¾ ã ¾ ã æ ê Î Ò � Â Á Å t Ã u Ó ì í Â Î Â Í Î ¾ ã ¿ ¾ Í � Â ¾ ã ¿ ê Ò ã È À ê Î Â È À ã È Â Á � Ð á � ã Â Á ¿ Ì y Í Ð Â Ñ é� Â Î Â ê Î ¾ Ò ã ç Â ã Î Á Ñ Ê Ê Ì ë Ñ ã Ñ ¿ Â È ÿ Á Ò ¿ Á Ñ Ï � ç ë ÿ � Î Ò Ï Â Â Î Ñ ã ã À Ñ Ê Î Â Í Î Á Â 
 À ¾ Á Â Ï Â ã Î Í Ò þ á æ ç Ó á ê Ò â ÌÒ þ Î í Â á æ ç ¾ Í â Á Ò å ¾ È Â È ¾ ã á â â Â ã È ¾ ä á Ó} ~ � ð Ö Ø Ý ô � à � � � Ù � Þ ß � Þ ß � Ö × Ø Ù � �� è ÿ Â Ñ Á Ê É Ñ Á � Ò Á Ä É ¾ ê é Ñ Ï ¾ Í Ê Ò ê Ñ Î Â È Ò ã Î í Â ¾ Í Ê Ñ ã È Ò þ æ Ñ í À 
 Ñ â â Á Ò ä ¾ Ï Ñ Î Â Ê Ì � Ï ¾ Ê Â Í ã Ò Á Î í � Â Í Î Ò þÉ Ò ã Ò Ê À Ê À 
 É Ñ � Ñ ¾ ¾ Ó ì í Â þ À Â Ê ¾ ã ¿ Ò â Â Á Ñ Î ¾ Ò ã Í Ñ Î � è ÿ Â Ñ Á Ê É Ñ Á � Ò Á Ä É ¾ ê é Ñ Ï Ñ Á Â À ã È Â Á Î í Â � Ñ å Ì y Í ½ Ê Â Â ÎÐ Ò ¿ ¾ Í Î ¾ ê Í ç Â ã Î Â Á ÿ Â Ñ Á Ê É Ñ Á � Ò Á Óì í Â Ç Â È É ¾ Ê Ê Í Î Ò Á Ñ ¿ Â ê Ò Ï â Ê Â ä ¾ Í Ê Ò ê Ñ Î Â È Ñ â â Á Ò ä ¾ Ï Ñ Î Â Ê Ì Î í Á Â Â Ï ¾ Ê Â Í ã Ò Á Î í Ä Â Ñ Í Î Ò þ Î í Â � Ñ Í Â � ½ ¾ ¿ À Á ÂÃ Ä Ã � Ó ì í Â Ç Â È É ¾ Ê Ê Í Î Ò Á Ñ ¿ Â ê Ò Ï â Ê Â ä � Ñ Í ê Ò ã Í Î Á À ê Î Â È � Â Î � Â Â ã Ã v u t Ñ ã È Ã v u x Ó ì í Â Ç Â È É ¾ Ê ÊÍ Î Ò Á Ñ ¿ Â ê Ò Ï â Ê Â ä ê Ò ã Í ¾ Í Î Í Ò þ Å t è ½ ç ý Ë ì Í � è ½ ç ý Ë ì Ã w Å t � Î í Ñ Î Ñ Á Â Â Ñ ê í Ã Å 
 � t t 
 t t t Ä ¿ Ñ Ê Ê Ò ãÍ ¾ ã ¿ Ê Â Ä � Ñ Ê Ê Â È Í Î Â Â Ê 
 Î í Ñ Î Ñ Á Â Ã t t Ä þ Â Â Î ¾ ã È ¾ Ñ Ï Â Î Â Á Ñ ã È Å Ô t Ä þ Â Â Î ¾ ã í Â ¾ ¿ í Î Ó � ¾ ¿ í Î Â Â ã Ò þ Î í Â Å t Î Ñ ã é ÍÑ Á Â ¾ ã Ä Í Â Á å ¾ ê Â { è ½ ç ý Ë ì Í Ã Ñ ã È Ã v � Â Á Â â Â Á Ï Ñ ã Â ã Î Ê Ì Á Â Ï Ò å Â È þ Á Ò Ï Í Â Á å ¾ ê Â â Á ¾ Ò Á Î Ò Å t t v Óè ½ ç ý Ë ì Å w � Í Î Ò Á Â � Â Î ÿ Á Ò â Â Ê Ê Ñ ã Î � � ÿ � Ä � 
 è ½ ç ý Ë ì � w Ã Å 
 Ã � Ñ ã È Å t Í Î Ò Á Â � ÿ Ä Ô 
 Ñ ã È è ½ ç ý Ë ìÃ x w Ã � Í Î Ò Á Â ½ Ä � � Ó ì í Â Î Ò â Ñ ã È � Ò Î Î Ò Ï â Ò Á Î ¾ Ò ã Í Ò þ Î í Â è ½ ç ý Ë ì Í Ñ Á Â Ñ ê ê Â Í Í ¾ � Ê Â å ¾ Ñ Ñ Î À ã ã Â ÊÍ Ì Í Î Â Ï Ó ì í Â è ½ ç ý Ë ì Í Á Â ê Â ¾ â Î 
 ¾ Í Í À Â 
 Ñ ã È � Ñ Î Â Á È Á Ñ ¾ ã â ¾ â ¾ ã ¿ Ñ Á Â ê Ò ã ã Â ê Î Â È Î Ò � è ÿ Â Ñ Á Ê É Ñ Á � Ò Á� Ñ å Ì ½ Ñ ê ¾ Ê ¾ Î Ì å ¾ Ñ ê Ñ Á � Ò ã Í Î Â Â Ê â ¾ â ¾ ã ¿ Ò þ å Ñ Á ¾ Ò À Í È ¾ Ñ Ï Â Î Â Á Í Ê Ò ê Ñ Î Â È ¾ ã Î í Â Î À ã ã Â Ê Í Ì Í Î Â Ï Ñ Í Í Ò ê ¾ Ñ Î Â È



�

Î Ò Î í Â � Ò Î Î Ò Ï â Ò Á Î ¾ Ò ã Ò þ Î í Â è ½ ç ý Ë ì Í Ó á Ê Ê â ¾ â ¾ ã ¿ ¾ Í Ò Ê Ñ Î ¾ Ò ã å Ñ Ê å Â Í Ñ Á Â Â 
 À ¾ â â Â È � ¾ Î í È Ò À � Ê Â� Ê Ò ê é Ñ ã È � Ê Â Â È å Ñ Ê å Â Í Ó� ã Á Â Í â Ò ã Í Â Î Ò Ñ â Á Ò È À ê Î Í â ¾ Ê Ê ¾ ã � Ñ ã À Ñ Á Ì Å t Ã u þ Á Ò Ï è ½ ç ý Ë ì Ô 
 � í Â ã ¾ Î � Ñ Í â Ê Ñ ê Â È � Ñ ê é ¾ ãÍ Â Á å ¾ ê Â Ñ þ Î Â Á ê Ò Ï â Ê Â Î ¾ ã ¿ ¾ ã Î Â Á ã Ñ Ê ¾ ã Í â Â ê Î ¾ Ò ã Í Ñ ã È Á Â â Ñ ¾ Á Í 
 Ñ ã á æ ç � Ñ Í ã Â ¿ Ò Î ¾ Ñ Î Â È � Â Î � Â Â ã Î í Âç � Ç É 
 � Ð á � ã Â Á ¿ Ì 
 É Ñ � Ñ ¾ ¾ � æ É Ñ ã È Î í Â � ÿ á Ç Â ¿ ¾ Ò ã v � í ¾ ê í Á Â 
 À ¾ Á Â Í Î í Â Ñ ã ã À Ñ Ê Î Â Í Î ¾ ã ¿ Ò þÎ í Â è ½ ç ý Ë ì Ñ Î Ç Â È É ¾ Ê Ê Ó ì í Â � ¾ Â ã ã ¾ Ñ Ê Î Â Í Î Â å Â ã Î Ò Á ¾ ¿ ¾ ã Ñ Ê Ê Ì Í ê í Â È À Ê Â Î Ò � Â ¿ ¾ ã ¾ ã ½ Â � Á À Ñ Á Ì Å t Ã Ô� Ñ Í Ï Ò å Â È À â Î Ò Í Î Ñ Á Î ¾ ã æ ê Î Ò � Â Á Å Ã t u Ñ ã È Á Â å ¾ Í Â È Î Ò Ñ ã ã À Ñ Ê Î Â Í Î ¾ ã ¿ Î Ò Ï Â Â Î á æ ç Á Â 
 À ¾ Á Â Ï Â ã Î Í Ó



�
�� ����� �� �� ����� ��� �� �� �� �¡¡¢ � �����£ �¤�¡ �¥



¦

} ~ § � Ö × Ø Ù � Ö à � ¨ Õ Ý � � ù Ý Ø Ý à Ø Ö Ù Þ õ Ý × � ¨ Ø ×ÿ Á ¾ Ò Á Î Ò Î í ¾ Í Î Â Í Î Â å Â ã Î Ê Â Ñ é È Â Î Â ê Î ¾ Ò ã Î Â Í Î ¾ ã ¿ � Ñ Í ê Ò ã È À ê Î Â È � ¾ Â ã ã ¾ Ñ Ê Ê Ì Ñ Í Ñ � Ð á � ã Â Á ¿ Ì Ð Â Ñ é� Â Î Â ê Î ¾ Ò ã ç ë ÿ � Â Í Î Ï Ñ ã Ñ ¿ Â Ï Â ã Î â Á Ñ ê Î ¾ ê Â � è ë ÿ � Ó ì í Â Ê Ñ Í Î � ¾ Â ã ã ¾ Ñ Ê Î Â Í Î Í Ò ã Ã Ô Ò þ Î í Â Ã �è ½ ç ý Ë ì Í � Â Á Â ê Ò Ï â Ê Â Î Â È þ Á Ò Ï Å x � Ñ ã À Ñ Á Ì Å t Ã x Î í Á Ò À ¿ í Ô á â Á ¾ Ê Å t Ã x Ó ì í Â ë Ñ Í Í ì Â ê í ã Ò Ê Ò ¿ Ìç Ò Á â Ò Á Ñ Î ¾ Ò ã � ë ì ç � Ê Â Ñ é È Â Î Â ê Î ¾ Ò ã Î Â Í Î Í � Â Á Â Í À ê ê Â Í Í þ À Ê � ¾ Î í ã Ò È Â Î Â ê Î Ñ � Ê Â Ê Â Ñ é Í Ñ � Ò å Â Î í Â Î Â Í ÎÏ Â Î í Ò È y Í Ï ¾ ã ¾ Ï À Ï È Â Î Â ê Î Ñ � Ê Â Ê Â Ñ é Á Ñ Î Â � ë � Ð Ç � Ò þ t Ó � ¿ Ñ Ê Ê Ò ã Í â Â Á í Ò À Á � ¿ â í � � Ç Â þ t Ã � Óè ½ ç ý Ë ì Í Ô 
 Ã u 
 Ñ ã È Ã � � Â Á Â Ò À Î Ä Ò þ Ä Í Â Á å ¾ ê Â È À Á ¾ ã ¿ Î í Â Å t Ã x Î Â Í Î Â å Â ã Î þ Ò Á ¾ ã Î Â Á ã Ñ Ê ¾ ã Í â Â ê Î ¾ Ò ã ÍÑ ã È � Â Á Â ã Ò Î Î Â Í Î Â È Ó} ~ © � � Ù � Ý à Ø ð à Ù Ü Ýë ì ç Ê Â Ñ é È Â Î Â ê Î ¾ Ò ã Î Â Í Î Í Ò ã Ã u Ò þ Î í Â Ã � è ½ ç ý Ë ì Í � Â Á Â â Â Á þ Ò Á Ï Â È þ Á Ò Ï Ã u æ ê Î Ò � Â Á Å t Ã uÎ í Á Ò À ¿ í Ã u ë Ñ Ì Å t Ã Ô Ó � Ò Î Â Î í Ñ Î Î í Â Å t Ã Ô � ¾ Â ã ã ¾ Ñ Ê Î Â Í Î Â å Â ã Î Ò þ Î í Â Ç Â È É ¾ Ê Ê Î Ñ ã é Í 
 ¾ ã ¾ Î ¾ Ñ Ê Ê ÌÍ ê í Â È À Ê Â þ Ò Á Î í Â þ ¾ Á Í Î 
 À Ñ Á Î Â Á Ò þ Å t Ã Ô 
 � Ñ Í ¾ ã ¾ Î ¾ Ñ Î Â È ¾ ã æ ê Î Ò � Â Á Å t Ã u ¾ ã Á Â Í â Ò ã Í Â Î Ò Î í Â Ñ ã ã À Ñ Ê Î Â Í ÎÁ Â 
 À ¾ Á Â Ï Â ã Î Í Ñ ¿ Á Â Â È À â Ò ã ¾ ã Î í Â á æ ç Ó ì Ñ � Ê Â Ã Ä Ã â Á Ò å ¾ È Â Í Ñ È Â Í ê Á ¾ â Î ¾ Ò ã Ò þ Î í Â Í Ì Í Î Â Ï Í Î Â Í Î Â È Ó½ ¾ ¿ À Á Â Ã Ä Å â Á Ò å ¾ È Â Í Ñ Ê Ñ Ì Ò À Î È ¾ Ñ ¿ Á Ñ Ï Ò þ Î í Â Ç Â È É ¾ Ê Ê Í Î Ò Á Ñ ¿ Â ê Ò Ï â Ê Â ä Ó



ª« �¬¡ �� �� �­ � �¤®« �®� ��

¯ °°±² ³ ±°´ µ¶·²´ ¶̧¹ ·¶º ³́ ·»±² ±¼ ½¾ ±±²¿¹ ·¶º À ±´ µÁ ² ½¾ ±±²¿¹ ·¶º Â ¸Ã Ä»± ½Å ·ÃÃ ¶̧°¿Æ ¼̧Ç ÄÈ²
¯ °°̧È´ ·² ±Ç¹ ·¶ºǼ É´ ¶µ
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Site Name 
Report 
Date 

Report 
Time 

Channel 
1 Volts 

Channel 
2 Amps 

Maximum 
% 

Change in 
Volts 

Maximum 
% 

Change in 
Amps 

Rect #09 @ UTF Tank #48 & Piping 3/6/2016 19:00 7.85 12.822 32% 497% 
3/21/2016 19:00 10.7 0.018 
4/5/2016 19:00 11.11 0.018 
4/13/2016 4:39 11.04 0.012 
4/20/2016 19:00 11.2 0.018 

Rect #10 @ UTF Tank #55 & Piping 3/6/2016 19:00 11.62 16.842 1% 2% 
3/21/2016 19:00 11.64 17.13 
4/5/2016 19:00 11.68 17.148 
4/13/2016 4:39 11.68 17.142 
4/20/2016 19:00 11.65 17.052 

Rect #11 @ UTF Tank #54 & Piping 3/5/2016 21:00 1.19 ‐0.012 6% 200% 
3/20/2016 21:00 1.15 ‐0.006 
4/4/2016 21:00 1.12 0.012 
4/13/2016 4:39 1.14 0.018 
4/13/2016 2:37 1.13 0.006 
4/27/2016 7:00 1.13 0 

Rect #12 @ UTF Tank #53 & Piping 3/5/2016 19:00 0.87 0.018 37% 133% 
3/20/2016 19:00 0.85 0.03 
4/4/2016 19:00 0.86 0.012 
4/13/2016 4:39 0.82 0.024 
4/19/2016 19:00 1.16 0.006 

Rect #13 @ UTF Tank #46 & Piping 3/5/2016 21:00 12.82 7.11 2% 13% 
3/20/2016 21:00 12.69 7.56 
4/4/2016 21:00 12.65 7.914 
4/13/2016 4:39 12.68 8.106 
4/19/2016 21:00 12.58 8.124 

Rect #14 @ UTF Tank #47 & Piping 3/6/2016 19:00 5.98 27.168 1% 6% 
3/21/2016 19:00 5.95 27.888 
4/5/2016 19:00 5.99 28.068 
4/13/2016 4:39 6 28.134 
4/20/2016 19:01 5.96 26.364 

Rect #16 @ Fitness Center 3/6/2016 19:00 2.33 0.048 1% 81% 
3/21/2016 19:00 2.35 0.024 
4/5/2016 19:00 2.33 0.054 
4/13/2016 4:39 2.32 0.03 
4/20/2016 19:00 2.32 0.03 
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Site Name 
Report 
Date 

Report 
Time 

Channel 
1 Volts 

Channel 
2 Amps 

Maximum 
% 

Change in 
Volts 

Maximum 
% 

Change in 
Amps 

Rect #20 @ Hotel Pier 3/5/2016 19:00 17.14 0 147% 550% 
3/20/2016 19:00 16.94 0.012 
4/4/2016 19:00 16.92 0.012 
4/8/2016 19:01 0.68 0.516 
4/8/2016 15:11 0.68 0.012 
4/8/2016 14:57 15.55 0.444 
4/8/2016 13:43 0.68 0 
4/13/2016 4:39 17.18 0.006 
4/15/2016 10:21 15.58 ‐0.276 
4/15/2016 7:57 0.66 0.012 
4/18/2016 3:09 17.43 0.006 
4/29/2016 19:00 17.08 0.012 

Rect #23 @ VC-15 (North Avenue) 3/6/2016 5:00 3.48 7.944 1% 7% 
3/21/2016 5:00 3.49 7.704 
3/21/2016 3:11 3.47 7.536 
4/5/2016 5:00 3.46 7.542 
4/13/2016 4:39 3.46 7.668 
4/18/2016 3:09 3.48 7.662 
4/20/2016 5:00 3.45 7.44 

Rect #24 @ Multi Product Tank 301 3/9/2016 2:59 2.46 1.308 1% 2% 
3/24/2016 2:59 2.47 1.304 
4/8/2016 3:00 2.45 1.296 
4/13/2016 4:39 2.45 1.318 
4/23/2016 2:59 2.46 1.32 

Rect #27 @ VS-1A 2/29/2016 19:00 0.83 0.006 16% 86% 
3/15/2016 19:00 0.83 0.006 
3/30/2016 19:00 0.74 0.006 
4/13/2016 4:39 0.75 0.012 
4/14/2016 19:00 0.74 0.006 
4/29/2016 19:00 0.71 0.006 

Rect #46 @ UTF Tank 46 3/6/2016 3:19 6.61 15.636 0.5% 0.3% 
3/21/2016 3:19 6.62 15.654 
4/5/2016 3:19 6.62 15.654 
4/13/2016 4:39 6.64 15.684 
4/20/2016 3:19 6.63 15.654 

Rect #47 @ UTF Tank 47 3/6/2016 3:30 6.01 23.31 0.3% 1.1% 
3/21/2016 3:30 6.02 23.154 
4/5/2016 3:29 6.01 23.298 
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Site Name 
Report 
Date 

Report 
Time 

Channel 
1 Volts 

Channel 
2 Amps 

Maximum 
% 

Change in 
Volts 

Maximum 
% 

Change in 
Amps 

4/13/2016 4:39 6.03 23.418 
4/20/2016 3:30 6.03 23.382 

Rect #48 @ UTF Tank 48 3/5/2016 21:48 15.43 3.928 0.5% 1.8% 
3/20/2016 21:49 15.5 3.88 
4/4/2016 21:49 15.5 3.92 
4/13/2016 4:39 15.48 3.952 
4/19/2016 21:48 15.43 3.952 

Rect #53 @ UTF Tank 53 3/5/2016 23:06 5.8 25.914 1% 1% 
3/20/2016 23:06 5.84 26.136 
4/4/2016 23:06 5.81 25.896 
4/13/2016 4:39 5.81 25.974 
4/19/2016 23:06 5.83 26.04 

Rect #54 @ UTF Tank 54 3/6/2016 0:59 6.18 20.94 1% 2% 
3/21/2016 3:11 6.2 21.144 
4/5/2016 0:59 6.21 21.204 
4/13/2016 4:39 6.22 21.234 
4/20/2016 0:59 6.21 21.276 
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