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Dear Attorney Roth:

We are providing Tennessee Gas Pipeline Company’s responses to your informal data
requests from the Technical Session of October 8, 2008. We have phrased and responded to the
requests as we understood them. The responses were prepared by a multi-disciplinary team of
Tennessee Gas Pipeline Company personnel. We have used tabs only for those responses which
required attaching documentation.

We very much look forward to having the Company answer any questions which you
may have with respect to this material on Tuesday, October 28, when we will meet for our next
Technical Session.

[Yonald J. Pfuhdstein

DJP/skr
Enclosure

ce: Michael J. lacopino, Esqg.
Service List

GALLAGHER., CALLAHAN & GARTRELL, P.C.

www.goglaw com




Request I: Is TGP willing to install 2 permeable parking surface at Pelham?

Response: Tennessee recommends against use of porous pavement at the Pelham
compressor site. Tennessee’s engineers investigated the technology of porous pavement
through Web sites provided by Mr. Roth, other Web-based material, and contractors that
have experience with the technology. Tennessee attempted to contact Roger Gaudette
with Ford Motor Company by e-mail at rgaudette@ford.com , as recommended by Mr.
Roth, in order to discuss the porous pavement installation at the Ford-Rouge Plant in
Detroit, Michigan. The e-mail was sent back as non-deliverable. A follow-up phone call
was placed to Ford but they could not find a Roger Gaudette. Tennessee spoke with Bob
Givens with Omni Engineering (920-735-6900) in Appleton, Wisconsin, regarding
porous pavement. Bob’s company has researched porous pavement and was able to
propose it for an impending project because it enabled the client to build on additional
land that would have been required to be used as a water retention area. That project
consists of pavement at the Experimental Aircraft Association near Wittman Airport in
Oshkosh, Wisconsin. Porous pavement is only being used on about ten percent of the
total project due to cost and because it should not be used in heavy traffic areas. The
following is a list of points from verbal discussions with Bob, as well as e-mail
correspondence with the installation contractor:

« Maintenance, in the form of vacuuming, is required to keep the surface porous
and free of dirt;

e The installation will consist of porous asphalt on top, a layer of %” clear washed
stone below the asphalt, a layer of fabric below the clear stone and then the soil.
The fabric keeps the soil from clogging the clear stone;

o The installation contractor submitted a bid that consisted of three inch asphalt and
did not include the material below the asphalt. The contractor quoted $13.15 per

* square yard for normal asphalt and $22.70 per square yard for porous asphalt.
The contractor estimates that the area below the asphalt would be two to three
times the cost of standard road/parking base; and

¢ A separate contractor indicated a forty percent cost increase over standard asphalt.

The general consensus is that the technology has improved over the years and can
provide a benefit in certain areas of use, however it does not appear to be a good fit for
the Pelham compressor station based upon the issues listed above and the following
points:

e The compressor station total paved area for parking, as well as roads internal and
external to the station fenceline, is estimated to be 42,500 square feet (0.97 acres)
compared to a total land area of 11.6 acres. In other words, the paving is less
than ten percent of the total acreage purchased by Tennessee.;

e Other non-paved areas of the compressor station will contain crushed rock or
grass; and




« Tennessee has designed the compressor station and associated stormwater
management system in accordance with the New Hampshire Department of
Environmental Services site-specific alteration of terrain requirements to ensure
that stormwater runoff generated within the developed site will be controlled,
contained, and discharged in a manner that is consistent with the existing site
conditions. As included in the certificate application submitted to the New
Hampshire Energy Facility Site Evaluation Committee, the alteration of terrain
permit application details the drainage plan that includes two containment basins
to be constructed to control the site surface hydrology leading to Beaver Brook.

Request 2: Why is TGP planning to use an enviro-septic system vs. a pipe and stone
system?

Response: Septic systems typically use three steps to treat raw sewage: (1) A septic tank
to remove sixty-to-eighty percent of solids and grease from raw sewage, (2) a field for
dispersing effluent from the septic tank (which contains the other twenty-to-forty percent
of the solids and grease), and (3) a bacterial layer to digest compounds in the effluent.
The solids deposited in the septic tank are removed and taken to an approved land filled
or are subsequent treated in a tank where anaerobic bacteria breakdown the solids. Both
Enviro-Septic and conventional systems have septic tanks, so there is no advantage
between two systems in regard to the initial treatment.

In a conventional system the effluent from the septic tanks, as noted above, is dispersed
through a system of perforated pipes and deposited on the soil surface for further
treatment (digesting) by acrobic bacteria living on the soil surface.

In an Enviro-Septic system, similarly to the conventional system, the effluent from the
septic tank is dispersed by a system of pipes. However, for the Enviro-Septic system,
the effluent is treated inside of the pipes. This means that the effluent coming out of the
pipes has already been digested by the bacteria. There are no solids or grease coming out
of the pipe that clogs the soil, which otherwise would reduce the capacity of the leaching
field. The treatment of effluent inside of the pipe is the major advantage of the Enviro-
Septic system.

The following are differences between the systems:

1. As noted above, the Enviro-Septic system leaching field has a longer life because
the bacterial breakdown of the effluent occurs inside of the pipe system and not in
the soil.

2. The Enviro-Septic system has a smaller footprint than the conventional pipe and

stone system.

The Enviro-Septic system costs less due the smaller size footprint.

The Enviro-Septic system is easier to install due to its smaller footprint.

5. Due to the treatment of effluent in the Enviro-Septic system inside of the pipe
system, the aerobic bacterium is kept viable longer than if it is treated outside of
the pipe (as in a conventional system).

o




Request 3: Please provide drawings of the buildings and equipment that will be
installed as part of the project.

Response: Please see the attached documents behind Tab 3.

Request 4: Please provide a copy of the “safety matrix” you mentioned at the
meeting,

Response: Please see the attached document behind Tab 4.

Request 5: Please provide job descriptions and qualifications for the various
members of the construction inspection team.

Response: Please see the attached document behind Tab 5,

Request 6: Please provide the details of the cathodic protection system that will be
used at Pelham.

Response:  The excerpt from Tennessee’s corrosion control manual related to
compressor stations is attached behind Tab 6.

Request 7: Please provide the specifications and warranty information for the
Pelham compressor.

Response: Please sce the attached documents behind Tab 7.

Request 8: Has TGP ever made any warranty claims against Solar? If so, please
provide the details.

Response: Tennessee is unaware of any warranty claims it may have made within the
past five years.

Request 9: Please provide an estimate of the annual number of hours the
emergency generator at the Pelham station is expected to run.

Response: The generator will be tested one weekday each week for one daytime hour.
Historically, power outages in the Industrial Drive arca have averaged three-to-four
incidents per year, with an estimated duration of fewer than twenty-four hours per event.

Reqguest 10: Please provide an estimate of the number of days the Pelham site is
anticipated to exceed the limits in the air permit due to operating in extreme cold
conditions (sub-0° F temps).

Response: Please refer to Table 2-2 from Tennessee’s permit application. Historical
weather data reflects the number of hours in sub-zero temperature ranges from eight to




181 hours on an annual basis. The combustion turbine is permitted for twenty-five parts
per million (“ppm™) (Table 3, Item #1, TP-BP-0544) under the New Source Performance
Standard (“NSPS”), Subpart KKKK. NSPS Subpart KKKK specifies the twenty-five
ppm limit in specific to above-zero temperature conditions and a higher emissions limit o
150 ppm for sub-zero conditions (40 CFR 60.4320, Table 1). Tennessee expects the
combustion turbine to always comply with the NSPS limits as reflected in Table 1 of
NSPS Subpart KKKK, during both above- and sub-zero conditions.

Request 11: What is the impact of station start-up and shutdown on air emissions?

Response: Please refer to Tables 2-4 and 2-6 of the permit application. During start-up
and shutdown, the combustion turbine is operating between zero and fifty percent load.
Because the optimal performance of the turbine is between fifty and one hundred percent,
exhaust concentrations during start-up and shutdown can exceed the concentrations that
are guaranteed for normal operational loads. Even assuming a conservatively over-
estimated number of start-ups and shutdowns per year, Tennessee expects the impact to
be negligible. In recognition of such negligible impact, start-up and shutdown emissions
are exempt from the permit limits.

Request 12: What would be the impact of a 55° stack vs. a 92° stack on air emissions
at the neighboring properties?

Response; Tennessee conducted air dispersion modeling at both the 55 and 92” stack
heights. The results are summarized below.

Table A

Maximum Predicted Concentrations for Compressor Station 270B1 with a 55 foot
and 92.5 foot Stack Height at the Closest Residential Receptors Compared to the Significant
Impact Levels (SIL) and National Ambient Air Quality Standards (NAAQS)

55 Foot Stack 92.5 Yoot Stack (GETP}
Maxi Percent of Maxd Percent of
Ave SIL 3 NAA?S i(f::i‘::::;tion \AAQS C::fé::;f;tion NAAQS
» "l / o / o ,l o
Pollutant Period (pg/mr’) | (ng/m’) (ng/m’) (pg/m’) (ng/m’) (prg/m)
NO, Annual 1 100 0.34 0.34 0.08 0.080
PMy 24-Hour 5 15G 0.26 0.17 0.06 0.040
Annual 1 30 0.024 0.05 0.006 0.012
S0, 3-Hour 25 1300 0.31 0.02 0.10 0.007
24-Hour 5 365 0.16 0.04 0.03 0.008
Annual I 80 0.014 0.02 0.004 0.005
CO i-Hour 2000 40,000 G.23 0.02 4.76 0.012
&-Hour 300 10,000 8.26 0.08 1.808 0.018

The maximum predicted concentrations for both stack heights are all considerably less
than half of one percent of the National Ambient Air Quality Standards (“NAAQS™),




which are set to protect public health and welfare with a margin of safety (including
consideration of the most sensitive populations). All maximum concentrations for both
stack heights are considered insignificant according to Environmental Protection Agency
and NH Department of Environmental Services criteria because they are well below
defined Significant Tmpact Levels (“SIL”) as shown in the table. Thus, under either
measure, the choice of a 557 vs. 927 stack height has no appreciable air quality impact.

To minimize any potential visual or safety impact of the stack, stack heights are typically
designed and built at less than “good engineering practice” height if maximum air
pollutant concentrations are predicted to be less than SIL.

Request 13: Has Tennessee ever violated any air emissions permit limits for other
stations on its system?

Response: Tennessee paid fines of $2050 and $11, 500 on March 27, 2008, and
November 11, 2006, respectively, for minor emissions violations. Both incidents

occurred at stations that are not as technologically advanced as the Pelham station will
be.

Request 14: Does the project impact the hydrology of Beaver Brook?

Response: The project is designed to eliminate any potential impact to the hydrology of
Beaver Brook (“Brook™). There is no work proposed within the Brook that would alter
the flow regime nor is there any work proposed within fifty feet of the wetland area
associated with the Brook. The earthwork associated with the compressor station is
engmeered to control surface runoff and will not affect the groundwater table. During
construction at the site, Tennessee will require its contractors to install and maintain
appropriate silt fence, hay bale, and temporary slope breakers as erosion control to
minimize the potential for sediment transport from the construction site.  The
implementation of erosion control procedures will follow the Federal Energy Regulatory
Commission’s Upland Erosion Control, Revegetation, and Maintenance Plan. The
project will also comply with the site’s New Hampshire Department of Environmental
Services alteration of terrain permit.

Request 15: What measures will Tennessee use to avoid impacting the Brook’s
hydrology?

Response: Tennessee has designed the compressor station and associated stormwater
management system in accordance with the New Hampshire Department of
Environmental Services Site-Specific Alteration of Terrain requirements to ensure that
stormwater runoff generated within the developed site will be controlled, contained, and
discharged in a manner that is consistent with the existing site conditions. As included in
the certificate application submitted to the New Hampshire Energy Facility Site
Evaluation Committee, the alteration of terrain permit application details the drainage
plan that includes two containment basing to be constructed to control the site surface
hydrology leading to the Brook. The alteration of terrain permit takes into account the




addition of approximately one acre of new impervious cover on the approximately eleven
acre site for use as building facilities, a paved access road, and a paved parking area. The
remaining site acreage continues its function as pervious surface. The calculated loss of
stormwater infiltration to the grounds due to the project is mitigated by the measures
detailed in the alteration of terrain permit. No planned work is to take place within fifty
feet of the wetland area associated with the Brook.

Eequest 16: What would be the impact to the Brook if such measures were not
used?

Response: If standard erosion control measures were not implemented during
construction, there could be temporary impacts to the Brook associated with erosion and
uncontrolled stormwater runoff that could result in siltation of the water, Without a post-
construction stormwater management system in place, such impacts could continue on a
long term basis, which could result in sediment deposits in the stream and adverse
impacts to fisheries and habitats. The lack of a post-construction stormwater
management system could also result in increases in stormwater runoff volume and
velocity, which could negatively affect certain characteristics of the Brook.

Request 17: Dces Tennessee need to claim any exceptions or reservations to the
FERC erosion control plan?

Response: Tennessee has not requested and does not require any variances from the
FERC Upland Erosion Control and Revegetation Plan. Tennessee will comply with the
erosion control provisions therein.

Request 18: Who permits the hydrostatic test water discharge?

Response: The hydrostatic test water discharge plan is reviewed and approved by the
United States Environmental Protection Agency. This approval has not yet been applied
for because the permit has a short life. Applications for such permits are typically
submitted thirty to sixty days prior to discharge.

Request 19: What, if any, contaminants are in the hydrostatic test water
immediately prior to discharge?

Response:  The hydrostatic test water is not anticipated to contain regulated
contaminants. The source water will be from local municipal supply. The pipeline
undergoing testing is constructed with new, never before used, steel pipe. Cleaning
devices will be used to remove debris and any foreign material from the pipeline prior to
the hydrostatic test. The removed waste material will be properly disposed of at an
appropriate off-site regulated waste facility. The hydrostatic test water will not be
discharged directly to surface waters or storm water inlets. The discharge water will be
released to the ground in a well vegetated area. The discharge will be controlled by use
of valve flow control or an energy dissipating splash plate contained within a hay bale
and filter fabric erosion-siltation corral and/or discharged through a filter fabric sock. To




further ensure that the discharge will not contain pollutants, Tennessee will not add any
chemicals to the hydrostatic test water.

Request 2{0: Does the hydro test water discharge impact the designated wellhead
area at or around the Pelham station?

Response: Tennessce anticipates the use and discharge of approximately 40,000 gallons
of water during the pressure test. The volume of test water discharged is relatively minor
and will be allowed to infiltrate back to the ground, where it will eventually recharge the
groundwater. The hydrostatic test water discharge will not impact the wellhead area
because it will be sourced from local municipal supply, the water will only be in contact
with new steel pipe (thus the discharge will be free of regulated contaminants), and the
water will be discharged outside the designated wellhead area.

Request 21: From where will TGP get its hydro test water?

Response: Tennessee will obtain the appropriate approval from the Town of Pelham to
utilize the municipal water supply to source the hydrostatic test water from a nearby
hydrant. Alternatively, municipal water will be trucked to the site. Under no

circumstance will Beaver Brook be used as a source of hydrostatic test water.

Request 22:  Please provide a copy of the landscaping plan that was filed with
FERC.

Response: Please see the attached document behind Tab 22.

Request 23: Please provide documents related to Keyspan’s projected need for gas
transportation service from the project facilities.

Response: Please see the attached documents behind Tab 23.
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1. WAUKESHA INSTALLATION MANUAL FORM 31091 APPLIES. PLEASE ASK YOUR WP! SALESMAN PH 713—723~1050 FOR THIS FREE MANUAL.

2. WAUKESHA-PEARCE INDUSTRIES, INC. START-UP SERVICEMEN ARE REQUIRED, BUT NOT INCLUDED.
WPl RATE SCHEDULE APPLIES. A WPl WAUKESHA ENGINE MECHANIC AND WPl ELECTRICAL TECHNICIAN
ARE NEEDED FOR ON-SITE GENSET COMMISSIONING. PURCHASERS MAINTEMANGCE CREW ARE
NEEDED TO PROVIDE {ABOR, TOOLS, MATERIALS, AND ASSISTANCE TO THE WPl PERSONNEL.
WP SHOULD BE HIRED TO VISIT THE SITE DURING OFFLOADING/INITIAL GENSET ALIGNMENT,
AND FOR START--UP/COMMISSIONING. TASKS PLRFORMED BY WPl INCLUDE, CHECK MOUNTING,
CHECK SKID LEVEL, CHECK ENGINE LEVEL, CHECK GENERATOR COUPLING ALIGNMENT, CHECK
FUEL, COOLANT, OIL, EXHAUST, AND ELECTRICAL CONNECTIONS, CHECK WIRING,
CHECK FLUIDS, CHECK SAFLTIES, CHECK ENGINE, START ENGINE, ADJUST CRANKCASE BREATHER, AND ADJUST FUEL SYSTEM.
PLEASE CALL THE WP ENGINE DIVISION SERVICE MANAGER PH 713-723-1050 TO SCHEDULE WP! SERVICEMEN.

3. CALCULATE ENGINE EXHAUST BACKPRESSURE PER FORM 1091-7.
ALL EXHAUST PIPING, SUPPORTS, ROLLERS, HANGARS, £TC. FOR ZERO FORCES AND MOMENTS AT TURBO,
INCLUDING ACCOMODATION OF HEAT EXPANSICN, BY PURCHASER.

4. THORQUGH CLEANING OF OFF-SKID FUEL PIPING CONSISTING OF MECHANICAL CLEANING TO REMOVE DIRT, SCALE, RUST,
AND WELD SLAG, BY PURCHASER, 1S REQUIRED.

5. COOLING SYSTEM IS DESIGNED FOR 50/50 INMHIBITED NOM-AUTOMOTIVE FTHYLENE GLYCOL/DEMINFRALIZED WATER SOLUTICN.

6. LOCATE AND READ THE WPl OPERATING AND MAINTENANCE MANUAL WHICH INCLUDES JOB SPECIFIC DRAWINGS, DATA,
OPERATING /MAINTENANCE MANUALS, AND PARTS LISTS.
7. CALL YOUR LOCAL LUBRICANTS SUPPLIZR AND THE WPI SERVICE MANAGER FOR HELP SELECTING THE PROPER GAS ENGINE CIL
FOR THIS APPLICATION.
8. ALL CUSTOMER PIPING AND ELECTRICAL CONDUIT CONNECTIONS AT ENGINE, AT ENGINE PIPING, AND AT GENERATOR, MUST BE FLEXIBLE.
9. DISCONNECT BATTERY CHARGER FIRSY, THEN DISCONNECT ALL ELECTRICAL POWER SUPPLIES, SUCH AS BATTERES,
BEFORE MAKING ANY CONNECTIONS OR SERVICING ANY PART OF THE ELECTRICAL SYSTEM.
10, THE GENERATOR NEUTRAL CONDUCTOR, PART OF THE CURRENT CARRYING WINDINGS, MUST BE SEPARATELY AND SOLIDLY GROUNDED {OR HRG).
A SEPARATE GROUNDING CONDUCTOR, TC PROVIDE A PATH TO GROUND FROM THE GENFRATOR FRAME/SKID, 1S REQUIRED. SIZED PER NEC CODE.
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INTAKE/EXHAUST SYSTEMS 6

EXHAUST SYSTEM INSTALLATION

GUIDELINES
Allow for thermal expansion of the exhaust pipe 3. Design the exhaust system so # will not impose
beyond the Waukesha flex, The Waukesha exhaust torsional forces on the exhaust flex connection.
}j}? X (\Then suppheg) ¢ wil art:c:)r:\mc;date engmet 4. The exhaust flex connection should be designed to
merma dixpantsmnlﬁtj car;no Wntaherla@[rr;méemen afliow for flexing caused by engine operation,
1rr}|?oseh tst’ex ecrjna erma ?Im ' r:jsu are Pipes acceleration, deceleration, starting and stopping.
Wik run hotler and consequently expand more. The Waukesha exhaust flex {when supplied) will
COEFFICIENT OF EXPANSION accommodate engine vibrations with a sofidly
Stesl 0.00085 infin/100° F mounted unit, but cannot tolerate the additional
Stainiess steel 0:00099 infin/100° F forces/displacement imposed by mounting on spring
isotators. Additional flex capabilities will be required
EXAMPLE: 10 ft. of steel pipe on a L7042G with an when the unit is mounted on isolators.
exhaust temperature of 1060° F will expand based on 5. Consid ted lite. Cvclic flexi lead t
60° F ambient. (0.00085 infin/100° F) (10 ft) (12 infft) - wonsiaer expected e, Lyclic flexing can lead to
(1060° -60° /100 } = .78 in premature failure by causing fatigue breakage.
Remember that a flex connection has “spring 6. Utilize a combinaticn of fixed supports, rollers and
constants” (lateral, axial, radial, torsional) that flex connections to provide a."?’e“ designed exhaust
should be considered when engineering the exhaust system. See sketches for additional concepts.
system.  Transmission of forces fo the engine 7. Provide water traps/drains to prevent exhaust
exhaust system {(engine exhaust flange) must be nil. cor_wdgnsestion ‘and/or rain from regching the engim_a.
(Any specific load or bending moment limits shown This Is especialiy frue on long pipe runs. Use rain
on an engine’s installation drawing must not be caps where applicable. Slope piping away from
exceeded.) engine.
== ==
¢! L g
(i 3 -
AXIAL LATERAL
{
¢ I %} o
b ! .«:,,_ !
} B
%:} == 20
RADIAL TORSIONAL
Page 1 of 4
EXHAUST SYSTEM EN: 112676 Ref
INSTALLATION GUIDELINES DATE: 11/96 rTYTEE




INTAKE/EXHAUST SYSTEMS 6

INSTALLATION GUIDELINES

8. The minimum reguirements for the design of the symmetrical design up to and including the point of
exhaust system should be to contain explosions that convergence of the two exhaust streams to produce
could be encountered during the operation of the proper flow and restriction balance. Convergence
engine. Waukesha recommends the use of carbon angle from the center of symmetry must not exceed
steel schedule 20 pipe as a minimum. Stainless 45 degrees. The outlet area of the y-connection
steel schedule 10 pipe is preferred because of its must be equal to ar greater than the sum of the two
greater strength properties at elevated inlet areas.
tempezaturbe;s. V}Jl’agke_s.ha dee? qo‘tntrecomme_nd 11. Size piping and silencer so that exhaust system
us;r:g tou & walled piping or siip joints on engine back pressure, as measured at the engine outlet
exnausts. flange, is less than that indicated in the

8. Utllize smocth transition to final pipe size when a specificaticns page in the tech data hook.
fransition a n d-s;ze_ 15 lreq;l;rgdci Waz;%(e?ha 12. Provide clearance to permit use of a chain hoist for
recommends a diverging angle ¢ egrees for fow removal of heavy components.
pressure drop (see sketches for straight and
elbowed transiticns). 13. For other exhaust system parameters see chapter

. . . seven, (Exhaust OSystem) of the “Waukesha

10. Engines with two exhaust outlets combined into cne lnsta”atio(n Eﬂanuai" (F);rm 1)0%)

(such as 12VAT25GL engine) must have a )
Page 2 of 4
EXHAUST SYSTEM EN: 112676 Rgf'

] — e
DATE: 11/98 8242




EXHAUST OUTLET FLANGE [125%) _J t
(SEE INSTALLATION DRAWING
FOR FLANGE SIZE)
TYPICAL
WAUKESHA &
EXHAUST }
FLEX . —
EXHAUST SYSTEM MUST "
AND THERMAL CRPANSION 3] [ el
BEYOND THIS POINT SEE NQTE 3 i =l
o
TYPICAL EXHAUST SYSTEM EXAMPLE:
OTHER SYSTEMS UYILIZING LONGER BIPE RUNS, HEAT SEE
RECOVERY EQUIPMENT. CATALYTIC CONVERTER, ETC. NOTE 1
CAN BE ENGINEERED LISING SIMILAR CONCEPTS. I
B - A
SEENOTE 3 i. P I ;J:{Z
—a DRAIN
{SEE
NOYTE 7)
oot ADDITION FLEX
(SEE NOTE 4)
ADDITION FLEX ™.
{SEE NOTE 4) ~
g - x x 2 * x x ¥
NORMAL PROFILE WITH SPRING ISOLATORS LOW PROFILE WITH SPRING ISOLATORS
1
\”\‘/ LEGEND
A GROWTH {CHANGE IN LENGTH) SEE NOTE 1
“#  DIREGTION OF GROWTH
{GROWTH NOT ALLOWED iN OPPOSITE DIRECTION)
SEE
NOTE 8 7% FIXED (RIGID) PIPE MOUNTS
&3 O ROLLER
STRAIGHT ELBOWED =3 FLEX GONN. MUST ACCOMMODATE ALLABETWEEN RIGID
TRANSITION TRANSITION MOUNTS
Page 3of 4
EN: 112676 Ref.
EXHAUST SYSTEM : S
INSTALLATION GUIDELINES DATE: 11/36 8247




INTAKE/EXHAUST SYSTEMS 6

DUAL OUTLET (S1DE VIEW) DUAL OUTLET (TOP VIEW)

SEE NOTE 10

45°MAX

ot

SEE NOTE 11

The dual outlets shown below violate the symmetry requirement or have a converging
angle which exceeds 45° potentially causing high or unbalanced restriction.

AN

DUAL OUTLET WITH UNEQUAL DUAL QUTLET INTO HEADER
LENGTH LEGS WITH SIDE DISCHARGE
 Psi—)
BRANCH INTO MAIN LINE DUAL QUTLET INTO A TEE

Page 4 of 4
EXHAUST SYSTEM EN: 1126785 Rsef-
iINSTALLATION GUIDELINES DATE: 11/96 Ty
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May 17 Ol 03:43p ISOLATION TECH 1-631-253-3316 F.2

14 2

ISCOLATION YECHNOLOGY, INMNC. s

PO, BOX 460 FAX 516-253.3318
MASSAPEQUA, NY. 11758

Fisuas Hols Ow Hewt
Ao Cobbu®
INSTALLATION AND ADJUSTMENT INSTRUCTIONS
ISOLATION TECHNOLOGY TYPES CK, CN, AND WK VIBRATION ISOLATORS

1. Isclators are shipped fully assembled and are spaced and
arvanged in accordance with installation drawings or as
recommended by ISOLATION TECHNOLOGY.

2. Set isoclators on sub-base, shimming or grouting where
required to level all isolator base plates “A" at same elevation
{1s4* maximum difference in elevation can be tolerated}.Isolator
top plates "B" and base plates “A" must be properly aligned. Do
not force inte line. Isclatoar base plates must rect on a flat

surface. Bolt thru holes *“L" oy cement to sub-base when requirvred
type WK must De securely bolted.

3. Release bolts and 7/ or nuts "J" and "K* until snubber
compression plate "FT 1l not binding snubbers “HY . (Not Teguired
for tvpe CH).

4. Place machine or foundation on isolators. The isolator top
plates will descend. ¥

5. For Ttype WK iscolator (and on some special applications for
other types) mounting bolt holes "G" are provided in the

isclator top plate to furniszh additional means of fastening the
machine on the lsolators.

ADJUSTHERT PROCEDURE

6. Insert isolator leveling bolt "D" with nut “C* thru bolt
holes in the machine base or foundation and screw into isolator
top plate "B" untll contact is made with compression plate “E”.

7. 1f clearance at "X" is less than 1/4" on any isoclator, screw
the leveling bolt "P* down two complete turns on each isolator,
making 2 complete circuit of all isclators. Repesat this
procedure until there is move than 1/4* clearance or more at all
isolators. DO NOT TURN THE 80LTS MORE THAN TWO TURNS ON EACH
CIRCUIT AS IT WILL MAKE ADJUSTMENT HMORE DIFFICULTY AND MAY
OVERLDOAD ISOLATORS. If initial clearance X" exceeds 1/4" on all
imolators omit this step.

g. If machine i= not level after procedure #7 is completed,
screw down an egqual amount on leveling bolt "0 of all isolators
toward the LOW END until it is level. (Operating height of all
isolators can be increased, if dewired, by repeating step #7 on
AL imolators , aftevr machine is level, until vequired height is

veached. NOTE: *X* should not exceed 3/4°.

9. Tighten nut *“C* to complete spring adjustment.

L R T I R O




Masw 17 01 03:43p ISOULATION TECH 1-831-253-331g

442

HORIZONTAL CHOCK ADJUSTHENT
{MNoL required for type CN)

NOTE: Best isclating efficiency will be obtaired if plates “F*
are Jjust barely touching snubbers *H". Snubber tightening should
be used only where necessary to prevent excessiwve movement of
the machine at start-up or shutdown. For impact machines such as
punch presses, damping provided by slight smubber adjustment
Will be useful in controlling movement, aince the vibration
transmivsion will not be increased by small amounhts of damping.
overtighteinig of snubberes will cause vibration transmission.

10. Operate the machine. Tighten nuts or bolts *J* at each end
of all isolators until bolts of WK are Finger tight, or until
there is no horizontal play in thw studs of typa CK.

11, If movement is oxcessiwve, tighten the nute or bolte *J" on
sach end 1/4 turn at a time op ALL isolators until movement s
reduced toe an allowable maximum.

12. Tighten lock nuts “K", to complete thae Iinstallstion.

®= UWhon the load is applied.(step #4) , the top plate moves down
and compresses the spring until: (a) the springs support the
load, or (B) the top plate rests on the bottom housing. In case
{A), scroewing on the leveling bolt will immediately start to
raise the equipment: in cese (B), screwing down on the leveling
boilt compresses the springs until they suppoTt the equipment
welght ., at which point further turning will raics the equipment.




G

MOD
HORIZ OISV‘? AL CORE/REMOTE

A Wablee company

E’L HAE
MOUNT,

YoungTouchstone

/DIRECT MOGTOR DRIVEN FAN
UBMITTAL APPROVAL DRAWING ~ PAGE I OF 4

HM19F
W OI
Fo3-0%70
/3

ISOMETRIC VIEW

[
' D
] ] Pe 00
2 ES
S Ho“’ 71
L8 c Sﬂ E
3 £ L% o
gs‘ g 50!‘-'
gﬂ U TS :
SR VR
H § 2
o H o . {
o, 8
er'/ N ET ) »
F : . N
O?u )
...:j'w’ /
CENVSET

ALL DIMENSIONS ARE SUBJECT TO CHANGE .
8/8,03




FTen F3 PART

Uﬂmg_v~ L0h

e ]

55 m m . s 2L %.Gw;emwa 2/ 3
88.51 ¥ .ﬂ 4 1 T SHMNCD (\LQG&T} N T e
PRy & | REMOVABLE o 2y Lkl RAE
q o) 200 muﬁ%amv &0
ATEET AL
Vo /é I
72.00 n ’ ves operw £ans 8§ 28
) = T/4° NPT Tk
p: 45N BARIRE S T ] S
64,75 ——m | f
B3.75 nm..-.. . s as o--1v. s e s -n-ol\-« 63.75 m.inwm . ke . -‘Iu]tw?.m-
® . 4 N
0 0 1L g m
e T i | =R ; 1
0Fr| e Pl O e o
Y . [ t t Iy * O O
| DRAIN {12X)
40,00 ,_\ 4, o] 40.00 .
L ] 1: W _ M.“ m
32,75%,75 =D W =l A % 0
CONN TP - T 7. : .
. 1 . . R mv
LENSET
}
i i 1 Co d
.00 M:_L FJ .00 IIIM.._L X VILEW an
3 n_ﬁ _.uu/ 688 HOLES FOR ‘)
- y
o..m e nos. m@cz.:mmf?xu w,wx
b [ ]
4 ﬂ B0 NOT SCALE mr
vV L Ew b ] (€ Young Touchstane met i s,
©u ‘mwm_, A Mbierg Company PHONE. (731)424-508!
FINIGH PART PER P g AL T
] Omabi_;o NQ-\%WU J‘.ﬂ.ﬂ.&g‘nlidﬂqx.gkkk TS xF .
UREST OIHCRmSE SPECIFILD
wenns | waes | F INAL >mmmzm§
o P vy | o« | HMISFE125310M035 | 425132




E1TER #] FART § T GESTRIPT LON

AL FOI D470 3/3

38 @ 8 43 g
Sw/ 7O Ra @ A Yy x
ENGINE | |
72.25 =t 5 L,
70.00 -0 ] - 70,50
67.75 = r@ i _ -
£4.18 > lm/ - a AM©W.\ AN - 65.25
_ | AUX FROM
- qd | FVGINVE
10HP 3Pt 230460V —] ° [a o
60HZ TEFC MOTOR W/ P |
115V SPACE HEATERS 2 s
- 45+ TYP
34,50 Cl
28.25 _’V
ol i N ” FLANGE DETAIL
e e S e ) S R
. AN v = A %W
s o] //%@U \ﬂ) —2.75
g €3 == 2 e 1.37 “
=] , | Tw FAOM oA}
mm 2 Y 88 3 23 ENGLANE
oo 2 55 a %3
\utx 70
TENGIAE mﬁmmm_m,mww DO NOT SCALE

NOTE :
1} YT MODEL £: HM!9 FB1 253 10M 035

XGGX XXXX .

G ENSET ErD

Z VLEW

® =F

FINISH PART PER
ERAWING FO7738

TORQUE_PER 408422
e A T T

ﬁwxwﬁﬁfa

Noa SHITH LN
JACHSON, TR, 383501
PHORE nuu_u>- 504!

PR IEYMT " ( da rom

DILENSICNE IR INCHES
DECINAL T ALES

1 ﬂmcm::;_. PRINT OHLY

mn £ DESCRIPY 00

_,_zm*u\wuaa F, 4w
Tpr ¥ pare § reees lohy

UL LSS TN SE $PECIY 1] —E

INLT PEINT, MAPCRTY OF YOUMC 1OUCMTY

ORAMN 5Y DATE

WX N B

HOPRCOUCED, Gl V3ER DLTRORNTALLY 16 ON Wi EREaT,

JNE B/45,/08

SIN TO: fd. OF ST
* 2

FINAL >mmm§mr%
HMTOF6125310M035

PART NUMBER

425132




1/2"

21
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OUTLET

SERVICE : EXHAUST SILENCER FOR ENGINE
PRESSURE DROP: (4.0)*(Velocity Head in 107)

OCTAVE BAND 63 125 250 500 1K 2K 4K 8K
INSERTION LOSS 22 30 35 33 29 28 28 29

MATERIALS OF CONSTRUCTION :

SHELL : DOUBLE WRAP 16 GA CARBON STEEL
HEADS : 3/16" CARBON STEEL

EXTERNAL PAINT : HIGH TEMP BLACK

I

1/2" N
DRAIN

WEIGHT: 920 LBS.

TRUNNION SUPPORT
2 1/2” PIPE (SIZE) WITH
3/8" PLATE, 18” 0.D.

115"

10" INLET _AND OQUTLET FLANGES
1/2" PLATE, 167 0.D.

PT

(12) 1" DIA. HOLES
ON 14 1/4" B.C. STRADDLE C.L.

CERTIEICATION
CUSTOMER: _ WAUKESHA—PEARCE

CUSTOMER P.O. NO..___3151294S

DATE: __B6/13/C7 _ BY: _J. JOHNSON

10635 BRIGHTON LANE
MAXIM STAFFORD, TEXAS 77477

PHINE (B32) 554-0980
SILENCERS FAX (832) 554-0950

10"M51 EXHAUST SILENCER
(WITH SIDE INLET AND TRUNNION)

DRAWN | Tow |s/6/01 ORDER NO. | DRAWING NO.|REV

~|CHECKED|JJ  8/4/02 | 40285-01 |142~8A11329

No,

REVISIONS

APPR.

APPROVED 10M51T—SI-TRUN
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407 TACLE ST, PASADENA, TX 7750E PHONE: {T13) 472-2232 £AX: {713} 4721358

CUSTOMER: TENNESSEE GAS PIPELINE

PURCHASE ORDER NO.

¢ TGP~ 120736

PROJECT: 1D 128243

LOCATION: STANON 27081 PELHAM, NH PROECT

SR {ARIS

DESCRIPTION :

PIPING & INSTRUMENT DIAGRAM {P&i0)

AR COMPRESSOR PACKAGE DAAWING HO.:
TEM HO I5-0711-51-PD
SCALE: _N.IS. [QUANTITY: ONE SHEET REY,

ORAWN BY: w5 [CHK'D 81 wr |DATE: 8/50/00
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Pianacl F11.2 | 3°-NPT 1500f RADIAL FLANGE SA-181-70
indusiries, LT, F2} 2 | 2-NPT 15004 RADIAL FLANGE SA=181-70
F31 111 1/2°-NPT 1500 RADIAL FLANGE SA-181-70
07 BAQL ST PASADENA, TX 1IN PHONE (703} 472-2000 EAX: (T13) 472-1358 Fa| 2 | 1"nNpT ?wDOa FEAT FLANGE SA~181-70
CUSTOMER: JEMMESSIE GAS PILLNE F51 2 F1/2"~NPT 15004 FLAT FLANGE $A-181-70
PURCHASE ORDER Nl ToP-120705 F6{ 1.1 1/4"~NPT 15004 FLAT FLANGE SA-181-70
BROJECT: 1D 128248 = Q T
L L — S — ALY [3/8" % 37X 3 LFE U ] AB4503
DESCRIPTION | 321t {247 0.0. BASERING ASSY. FOR 30" 0.0, TANK AB500Z
GENERAL ARANGVENT NPT 1 [ASME DATA PLATE ci21¢
RECENER CRAWING_ 1o
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PURCHASE ORDER_NO.: TgP-120736

PROJECY: D 128248

LOCATION: STATIGN 27081 PELHAM, NH PROECT

DESCRIPTION ;
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REAR VIEW OF DOOR

FRONT VIEW OF 80X INTERIOR (DOGR OPEN) | A s T DR S L T

o] REVISIONS el e e

TO DRIVE MOTCR

? B HOTE. POWER SUPPLY CONNECTIONS SHOWN IN CONIROL BOX ANE
PEIJS7 FOR 380 & 460 vOLY ASPUCAYIONS. FOR 200 & 230 VOLT
APPUCATIONS, USE POWER SUPPLY CONNECTIONS AS SHOWN T
2V & 230V RPUT THE LEFT. ACTUAL POWER SUPPLY COMNEGTON POINTS MAY VARY
$26V00 FROM WHAT 15 SHOWN. BUT ARE IDENPFIED AS SHOWN.
FONR PPy THE 200v/230Y POWER SUPPLY 1S DESIGNED FOR SINGLE-PHASE
CR BI-PHASE SUPPLY VOLIAGE. I BI-PHASE USE, AS THIS usIT 1S
[SIHTT DESIGNED FOR, BOM INCOMING SUPPLY PHASES ARE FUSED FOR
. PROTECRON. NO NEUTRAL (N) WIRE IS 7O BE UTWSZED WiH THE
i m i CUSTOMER SUPPLIED POWER SOURCE FOR THIS EOUHPMENT,

Fhows o DTS & 1401 X CRTM I
REGCE WAGE wEl

TOL M CECMALS: D00 AS SPECIFIED
TOL OH WERES: 4 eodat

e S b WYE~DELTA A

RO AHE @ @
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MAIN “POWER ON" LIGHT

LEFT/RIGHT

HNLET SOLENOID VALVE

LEFT PURGE
SOLENGID VALVE

RIGHT PURGE
SOLENGID VALVE

REPRESSURIZATION
SOLENOID VALVE

L FAIL TQ SHIFT

TIME DELAY

P LEFT TOWER "DRYING" LIGHT

¢ RIGHT TOWER "DRYING™ LIGHT

+ LEFT TOWER "PURGING” LIGHT

¢ RIGHT TOWER “PURGING” LIGHT

ITEM DESCRIPTION
Sty OFF /0N SELECTOR SWITCH & MAIN "POWER ON” LIGRY
2Y LEFT TOWER "DRYING" LIGHT
[ Authorized ta menufocture product os shown
on submitied drawings. ar RIGHT TOWER "DRYING" LIGHT
3 Authorized ta manufdciure praduct with il LEFT TOWER "PURGING” LIGHT
ted ch . W
a8 peted changes 5v RIGHT TOWER "PURGING” LIGHT
{3 Hot cuthorized U ufact educt, Pl k ted : "
ar aMMcwmmm E%mm.wwwjnaa mmm:mnum*cM..ai%nnmmm..oﬂnu%uaﬂwa‘ i FAIL TO SHIFF™ ALARM LIGHT
(Pizase note thot checking this box wil hold ar stop (o CONTROL SCGLENOID VALVE(INLET)
all production of this order).
S0LZ CONTROL SOLENOID VALVES(PURGE)
50L3 CONTROL SOLENOID VALVES{PURGE
APPROVED BY; {PURCE)
S0L4 REPRESSURIZATION SOLENGID VALVE
DATE: oM ELECTRONIC CONTROL MODULE
MiNUTES © 47 5 9.7 10
s L L
oM 1 : RIGHT PURGE
CM 2 TOWER INLEY
TN 3 LEFY PURGE
| A [ I5S0E0 FOR CUSTOWER APERGVAL ' uy 1o/08
WADE | CHR'D
Ho. REVISIONS o | ogr | OATE
Pinnacle
Industries, LTO.
07 LAGUE ST PASMDENA, DX 17505 PHOME: (M3} 472-2222 FAX (M) #72-135%
CUSTOMER; TERNESSEE (43 PIPELIVE
BURCHASE ORDER _NO.: TGP-120736
[PROJECT: 10 128248 -
"COCATION: STATICN 27081 PELHAN, RH PROFCT
BESCRIPTION :
BLECIRICAL SOEUATC
DRYER BRAWNG N9
T 35-D711-61-D~ELEC
[SCALE: W5 TQUANTITY: ONE SHEET REV,
DRAWN BY: WS |CHK'D BY: ur [oaTe: /s |2 oF 1| AL
REV, DATE | DRN. | CHK'D REVISION DESCRIPTION

\e‘iii.: TFAIL TO SHIFT” ALARM LIGHT

GREAT LAKFES AIR PROD.

APPROVED] R BRGLOCARON | TITLE
FOR COMST
ay DATE GPS175N4XP2~116
BN HEET ELECTRICAL
DATE  [9/18/20081 SOHEMATS
o s SCHEMATIC
OATE  |9/19/2008| DRAWING NO. REV.
SCALE™ NONE Q4480
PLOT 1= 1"
CAD FiLE NO. BROJECT: -
ENACAWMINGPSELNGPS 1 TSHAXP2 115 Planacke Dibttiical e PINNACLE INDUSTRIES, INC.




LS"NPT
AIR QUTLET

40.00"

DESCRIPTION

=
=
)

PRESSURE RELIEF VALVE

TOWER PRESSURE GAUGE

PURGE CHECK VALVE

QUTLET CHECK VALVE

INLET DIVERSION VALVE

F\)NR}F\JI‘UN:?

PURGE EXHAUST VALVE

AV

PURGE EXHAUST MUFFLER

CONTRO. SOLENDID MANIFOLD

VISUAL MOISTURE INDICATUR

PURGE FLOW TRIFICE

O Muthorized to monufaclure produst as shown
on submitted dramings.

£} Authorized lo manuloclurs product with
@3 noled chonges,

ot production of this ordor).

PURGE FLOW INBICATLUR

PURGE #1L.OW REGULATER

GC390-SA CBALESCING PREFILTER

GP-600 PARTICULATE AFTERFILTER

B3 Rot suthorized 1o monufacture proguct. Plegse moka nolad

REPRESSURIZATION VAl VE

of discussed revisions and resubmit drowings for opproval,
{Pltaze nats thol checking this box wilt hald or stop

PRESSURE SWITCH

APPROVED By

OO ZIZ T R~ ey Mol oY ool 1

o a0 3 W V¥ T IS N Y

PRESSURE REGULATOR

NOTES:

DATE;

1. ALL DIMENSIONS ARE IN INCHES.
2. MAWP: 250 PSIG, MAX. TEMP, 225'F.

& | SRED FOR CUSTOMER APPRUVAL 23 or 10/08
WADH i
o, REVISIONS e RO oare

Pinnacls

Indysirias, LTD.

AGT DAGE, ST PASMIENA, TX TSOE PHOMET (T13) 72-2220 Fax {73} -39

CUSTONER; FEMVESSEE GAS PIPFALAE

PURCHASE QROER NG,: foP- 120733

FROJLCT: @ 128345
{LOCATION: _STATKW 27081 PELHAN, AN PROEGT

DESCRIPTION 1
GEMRAL ARRANCEWENT

DRYER DRAVANG. RG.t

[iTEW_no. 507 1-§I-0~ G4
SCALE: W74 JGUANTHY: o1 sacer | RV
DRAWN BY: N5 cax'D av: wr {oaTe: sonos 10 or 2| A

j

REV. DATE _ DRN. REVISION DESCRIPTION APRV,

Great Lakes Air

Products Inc.

SCALE ] 1
.w

=1 DRN. T Aerniclpe ] THLE
PLOT = 0]

S I OPS 1 75N4AXP2— 116

This drawing GGH.M u_.o%w.ﬂ»_%m\ow.m: m mmmz mm\yuj/\m

T .
RO AT RO e DRYER

WESTLAND, MICHIGAN CRAWNG O, - ;wmﬁ
Written aguthorization required @Nru@m

for duplication.

CAD FILE NO. PRGJECT:
ENAGADWIN\GPSMEC\GPS1 TSHAXE2~115 Finnacte

PINNACLE INDUSTRIES




MATERIALS
iTEM | DES. DESCRIPTION
672 XVS | INLET CONTROI SOLENOID VALVE
571 X1V, X2V| PURGE CONTROL SOLENDID VALVE
015616 | &V JOUTLET CHECK VALVE
Q17,018 | CV | PURGE CHECK VALVE
671 PV, P2y PURGE EXHAUST VALVE
572 P1V,P2V| INLET DIVERSION VALVE
555 PFR_ | PURGE FLOW REGULATOR
@ 735 Pl |0-300 PRESSURE GAUGE{PURGE FLOW INDICAIOR)
@ _Wv’ i 01,02 Pl | 0300 TOWER PRESSURE GAUGE
H /\Vlf 020 OR__ | PURGE FLOW CRIFICE
L AR GUTLET 8005/86 RV I PRESSURE RELIEF VALVE
@ 079 F 1 VISUAL MOISTURE INDICATOR
e/ ' 026,027 | MuUF | PURGE EXHAUST MUFFIER
e ailln!u._O/\Nv._r\@ 6P-600 01 BY | BALL VALVE
N AFTERFILTER 30,31 Ps | PRESSURE swircH
@I 33 PR | PRESSURE REGULATOR VALVE
\@ 211 | RPV  } REPRESSURIZATION VALVE
e 17 OPG [ DIFFERENTIAL PRESSURE GAUGE
.......... CONTROL TUBING
H
A | SUED FOR CUSTOMER JPPROVAL '3 W 558
LR, Ty | {0} @ L] AR INLET Na. REVISIONS MADE | SHEDE pare
“ OO 6C-350-5A Indosties, L1D.
= PREFILTER

407 EMLE ST. PASADENA, X 13508 PHOME: (T3} 472022 6 {73} 4120358
CUSTOMER: JENNESSEE GAS FYELAE

PURCHASE DADER HO.: ToO-1AT7%
LR AR T
LOCATION: STATION 27001 PEL&N RH FREECT

DESCRIPTION =
PLOW bACRAR
ORYER CRAWIRG. HO.:
ol Wi 5-01-81-D-PD
SCALE: NTE TqUANTEY: O SHEET | REX
3 T . " ! 15 A
b {1 Autherized to manufocture produet as shown DRAMR BY: U5 |CHK'D BY: MY mn_:m. ikt Bl Reced
on submilted drowings.
{3 Authorized %o manufaclure proguct with 0
@ @ & @ @ as nated changes. REv.) DATE JGRK. | GO REVISIONS DESCRIETION
L] Mot duthorized to manutacture product, Please moke noted Qmmqb N.M h&ﬁa‘mﬂm{ mN&W wme.
o discussed revisions ond resubmit drowings for opproval,
{Plegse note thot checking this box witf hold or stop FETROED] REV. e
ol production of his order). BY TATE ]
—_ GPS175N4XPZ2—-118
DR, - Karridat
DATE | 9/19/08 | P&ID
APPROVED m< CHKD |7 omsan
DAYE 9/148/08 TorawinG N, REV,
SCALE MNSA
DATE: ST TR 97174
CPD FILE NO, PROJECT.
CONCAIROFLIWAGPEA GRS LI SHATFZ1 16 Prnacle flod Pintacle industries
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NOTES:
L UNIT 79 BE PAINTED PER SPEC. AC-1354
2. ALL BELDING TO BE SEAL WELDRD.

A | 5SUED FOR CUSTOMER AFPROVAL s Wy | ogje
WADE | CHK'D
NG.
REVISIONS ar | oy DATE

Pinnacle
Industries, LTD.

407 EMGLE 51, PASADENA, TX 77508 PHONE: {1} €72-2227 Fax: (N3 472-135%

CUSTOMER: TENNESSEE GAS PIPELINE

PURCHASE ORDER NO.: J6P-120736

PROJECT: D 728248

LOCATION: STATN 27081 PELRAN, NH PROECT

DESCRIPTION :
GENERAL ARRANGEMENT

AR COMPRESSOR PACKAGE DRAMWING HO.:
{TEM NO.: J5-0711-61-GA
SCALE: M.TS [QUANTITY: e SHEET REY.

BRAWN BY: MS _nxz.c 8Y: My ?z.m.. siao0e |Lloor 1] A
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GEMERAL NOTES a5 1y
1 1/2*
:ﬁﬁﬁﬂwﬁpﬁﬁm.ﬁgﬂiﬁ?ﬂrﬂmﬁﬁa&g e - SMOOTH BORE. MOLE

CUSTORER: o EME.F[EEJ
SERIAL NO TEST PRESSURE: 1200.P.5.1.6. FOR_4_HR(S) LIET DETAL

P.0. ND.: Eﬁﬁmuﬂ.l CORROSION ALLOWANCE: ___ 1/B" SCALE: TS, REQD: 2 ORILL 5/8"¢ HOLE
DESIGN PRESSURE: 200 PG RED:LG0X M| RUTT WEIRS TYP. 2 PLACES
DESGN TEURERANURE:  jog_ ¥ PRODUCTION IRPACTS: N — I
HBMT; w20 TO 80D ... P.S4.G. | APPROX. UNIT WEIGHT: —— 33000 185,
POSTMLD HEAT TREATMENT: KO © . T.| TAG OR MARK: PELHAM COMS STA. 37081 1. FGR A MORE DEFINITIVE TEST, HING TOGK, , L2 A
JONT EFFIAENCT. i LOCATION: P m COMPANY PERFORMS ULTRASOMT EXAMNATION : 1] &

Ad, §oLF T SRk TAE N TR HES | OF QUTY WELDS B ROMINAL PIPE STZE AND !

NEAR WHITE BUAST & PAINT PER AGw135 SHALLER N U OF RADIOGRAPHY. s b
2 1/2-4 LS (LF.T. WUKOPON HS 34767 PRIMER k& .

273 MLS DF.T. MUKOTRANE S 72272 (FEDERAL STANDARD 595 COLOR FS—36134 GRAY) 2
2-3 MILS DF.T. WMUKOHANE HS 72015 (CLEAR}

GROUNIING LUG DETANL A ADDER LUG DETAIL
SCALE: N.TS. REQD: 2 SCAL: ®TS., REGD: 2
{LADOER BY OTHERS)

BEs-8 1 scrigs BOWCIMER Nl ¥ /2 T eaa [T A Yoy
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Ki=4 | |"~60GO¢ NBT FLA & et 3T/ ¥ w g
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FAN DATA

P Closs (0000 Seres XU EC 06 M OWMETER  J Shades
83 oAl 1H e
ORME REIKCER

: 3128 BERGS LEATS

= 107.25

MOYOR DATA

COIL_DATA

A

m

39.5

() 2 - 12° GOGf RF-4fi

WOTR P 10 RPM TS0 ST TEFC 460%aAes |

Pzpc.%.mg& Gas Looker AC-100 Job Mo, TGP 27081

REFERENCE DNS | A B

Job Mo, TGP 27081 %75 1313

PRI |

oe;mm«-t_vgﬂtvgo\\

+ + + +
+ + + +
+ + + +
+ + + +
REY DATE DESCRIFTION gr

Tulsa, OK

Chart Cooler Service Company, Inc

oRaWN_ By DY S APPROVED BY:

SCALE: NONE 10/3/2008

El Paso Pipeline Group
EQUIPMENT QUTLINE

Modei: H96 13602




Tennessee Gas Pipeline
Concord Compressor Expansion Project

Compressor Building Protection System Standard Matrix

RSH Enginearing
Rev A 090508

Hillshore County, NB
Compressor Bldg Heat Compressor Bldg Flame Compressor Bldg Haznrdous Mannal FGS (Bidg
Detection Detettion Atmosphere Smoke Detectors'| Manual ESD (Pull Handle or PB) Tesl Buttons Shutdowa Buttoer
Push
System Quipui High Heat / Rate of Raise Fault Fire or UVAIR Fanht 20% LEL | 40% LEL MCC Pressuge Sw Push Button® ESD FGS Button® Pressure Sw
. L
. . Normal then fast .
¢ * ston® 2 2y L — Teton® f Zstop™ Gstan®
Uit Stop Action Estop No Hstop MNo No ‘Vented Fast afier 120 secs Estop Estop No No Estop Bstop
ESD {De-Engerize ;
. Y Ny ¥ N ~ ol N i No
Solenoid - Plant }* i i s Ne No Sce Note 4 a0 Yes Ves o o
£GS (8ldg Shutdowa)” Yes No Yes No No See Note No Yes Yesg No Yes Yes No
b Labe Gi
Shnt W:v bube Gif Yes No Yes Mo HNo No No Yes Yes No No Yos Yes
ystem
Shemt Trip Lights & Yes No Yes No No Yes No Yes Yes No No Yes Yes
Receptacles
Visual Indsication (Strohe Amber or Arober or Amber & Ambet &
. Red .
Lights) Red Biue & Biue Red Red Arrber Red Red Blue Blue Red Red
Hom Indication Fue** (Time-out after 5 Fire®* (Time-out Tirg** (Time-cut | Fire** (Time-out
(Unattended) nuinuies) o after 5 minutes) Mo No e Mo after 5 min.} afiet § min.} No Ho No Ne
Hom Indication (Attended) Fire** Fault Rapid** Fault Low Level | High Level Rapid Fie Fire No No Rapid Rapid
C rssor Bldg Purge & \ . . . : .
oB%MMMM_ mmnm *_Imo Offprss No Action Orf+ No Astion On Remain On No Action Offhed OffF&x No Action | No Action | No Action No Action
Maintice Valve Contiof? Enabled No Action Enzbled No Action | No Action | No Action No Action Enabled Enabled No No Ne Action No Action
Gas Control Signat Alaim Warn Almm Wain Wam Alarm EMMHWMW MMMB Alarm Alarm No No Alarm Alarm

See Page: 2 for MNotes

G:13068\ShutdownMatrixibps Matrix xis

Fage 1 - Protection System Matrix




Tennessee Gas Pipeline Compressor Building Protection System Standard Matrix R M:mwoﬁmmw

Concord Compressor Expansion Project
Hiliskoro County, NH

Note & FGS vs. ESD: i a FGS does not result i the isclation and venting of alf sources of gas within the compressor building, then a Plant ESD must be inftiated.
Note &; All "SYSTEM QUTPUT" contrel output functions asscciated with "Alarm® or 1V Only are not performed if the instalied system inciudes the confirmed *Fire" or UVAR flame detection method,

Note *; EMERGENCY step involves issuing an Emergency Stop fo the unit control system that will immediately cycle the unit vaives to a "safe" condition, and fockout the contreis fo prevent a re-start.
Two additional stops can supplement the emergency stop action depending on the control mechanism reguired 16 turn off lube pumps and shunt trip ineeming power feeds.

ATFIRE or ESD STOP" may be issued to hurbine controls to inhibit the normally initiated emergency DG Post Lube. The Stop shall require the venting of the compressor case if associated with 2 FGS.

FAST stop invoives issuing a Fast Stop to unif contro! system that will shutdown the unif without a coast down and cycle the unit vaives in sequence, and not fockout the contrals.
The Stop shall require the venting of the compressor case if assoclated with a2 FGS

NORMAL stop is not a protection function but involves issuing a Normal Stop to the unit control system 1o shuldown after a epast down, cycle the unit valves in sequence, and not lockout the controls.
Note **: FIRE code consists of an atarm hom of a fong confinuous blast that does not ceass until a timer has axpired (5, 1C, 15 minutes or maybe never) or unti acknowledged.

RAPID gode consists of a brief alarm horn blast (about 3 sec.) foliowed by a rapid series of hom pulses (3/4 sec. ON, /2 sec. QFF) until acknowledged or timed out (=bout 80 sec.)

FAST code consists of a series of homn pulses (3/4 sec. ON, 3/4 sec. OFF} untlt acknowledged or timed ou! {zbout 90 sec.)

SLOW cede consists of a series of horn pulses (1-1/2 sec. ON, 1-1/2 sec. OFF) until acknowledged or timed out (about 90 sec.)

FAULT code consists of a repeating series of brief alarm hom blasts {2 sec. ON, 20 sec. OFF) repeated until acknowledged.
LOW LEVEL code consists of series of 2 alarm hom blasts (2 sec. ON, 2 sec. OFF) followed by a pause {20 sec.} and repealed until acknowiedged.

HIGH LEVEL code consists of series of 3 alarm homn biasts (2 sec. ON, 2 sec. OFF) followed by a pause (20 sec.) and repeated undil acknowledged,

AUXILIARY input is the lowest priofity horn code that is disabled unti? a more serious condition has cessed.
Note ***:
The purge and exhaust fan electrical loads in the compressor building are fo be shunt tripped afong with the “Shunt Trip Lube Oif Systeml" contrel output function.

General
Note: Not alt Gontrol inputs {like smoke detectors in the compressor building or hazardeus atmosphers detectors in fhe controt room) are required at all locations.

Nate ' : Many Smoke Detectors that meet NFPA Requirements have a latched output that must be re-set by cycling the power. Delayed actions associated for devices of this type are not required.
Note *: Electricatly Operated ESD Contred Stafions may be installed in place of muitiple Pneumatic Control Stations. Stations inciude the Building Protection Control Panel, and may also include Compressor Building Exits,

and convient locations about the building and yard,
Note ¥ Because the inputs that drive this output are transient in nature, the output must be latched and then reset when the ESD sysiem is Resat.
Note * : Etectrically Operated FGS (Building Shutdown) Gontrol Stations may be installed in many locations, but usuafly include the Buiiding Protection Control Panel, and Gompressor Building Exits.
Note ®: Biue beacons may be provided as an oplion to indicate a “Fault” condition, This is to provide an additional indication to supplerent the Amber Strobes

GM3068\ShutdownMatrixibps Malrix xis je Page 2 - Protection Malrix Notes



CONSTRUCTION INSPECTION AND RESPONSIBILITY

Chief Inspector

The Chief Inspector is the Company’s authorized representative and is to inspect and
coordinate the construction project and ensure conformance with the Company specifications.
The Chief Inspector ensures that the proiect proceeds in accordance with the contract
reguirements and that all necessary construction documentation is compiled and transmitted to
the Project Sponsor. Depending on organizational structure, the Chief Inspector role may be
filed by a Contract employee or Company employee (Construction Specialist classification).
The Chief Inspector reports directly to the designated Project Manager and possesses project
stop work authority.

Chief inspector responsibilities shall include:

e« Continuously inspect the Contractor’s workmanship and ensure conformance to Company
specifications.

e« Ensure compliance with all project specific environmental requiremenis as outlined within
the project Environmental Construction Plan and/or as directed by the project Environmental
Inspector.

e Ensure compliance with all project specific right-of-way requirements as outlined within the
Right-of-Way Line List and/or as directed by the project Right-of-Way Agent.

e Ensure personal and Contractor compliance with the minimum safety standards as outlined
within the Company’s Safety and Health Handbook.

o Thorough review and familiarity with project scope of work, drawings, and specific
specification including environmental and right-of-way requirements.

¢ Technical liaison between the Project Manager and Contractor. Identify and communicate
resource requirements such as survey, radiographic, inspection, materials, test equipment,
etc.

« Disseminate and explain Company specifications and project specific documentation to craft
inspectors.

e Maintain line of communication with Area Operating Office regarding project progress
(scheduiing of personnei to support gas-handling operations; job plan development;
scheduling of “tailgate” meetings for tie-ins; and scheduling facility commissioning and in-
service).

¢« Advance planning and organization of all construction activities including, inspection, survey
and radiographic duties; materials availability; tie-ins and service disruptions; and
commissioning and start-up.
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¢ Maintain, coordinate and communicaie weekly progress and schedule. Weekly progress
report shall include identification of potential cost and schedule issues as well as safety,
environmental, progress and quality control issues.

e Verify, approve and forward, to the Project Manager, Contracior progress billing invoices.

¢ Obtain approval from the Project Manager prior to commencing any extra work activities.
Obtain agreement for exira work compensation and complete exira work change order form
prior to undertaking any extra work.

« Steward, document and actively participate in weekly Confractor safety meetings and safety
audits.

¢ Plan, schedule and administer “fail gate” meetings prior to commencing safety sensitive
work (tie-ins, excavations requiring shoring, line evacuation, hot cuts, etc.).

» Ensure sign-up sheets are completed daily.

¢« Report all (Company & Contractor) incidents to the Project Manager in accordance to the
reporting procedures outlined within the Safety and Health Handbook.

¢ Perform material “take-off” and ascertain status of all materials, Communicate material
issues to the Project Manager in a timely manner.

e Verify welder's quaiifications are current and are correct for the work.
s« Ensure conformance to Company and/or otherwise approved welding procedures.

+« Ensure each welder is making sound welds at each joint in accordance to the Company
specifications including utilization of the correct welding procedure.

s Ensure repairs made to correct defects are sufficient and in accordance the Company
specifications.

e Ensure all welding material is stored in accordance fo the Company and manufacturers’
specifications.

e Review certifications of hydrostatic test and welder festing instruments and eguipment.
Consult the Project Manager and/or Metallurgical Services for technical guidance or
interpretation of Company specification.

¢« Ensure all test equipment (dead weights and recorders) meets the minimum acceptance
criteria identified in the Company specifications. Including inspection of contractor supplied
hoses, valves, fittings, caps, and manifolds prior o testing.

s Ensure that the radiographer's certification is complete and correct, that acceptable
radiographic procedures are established, that the technician(s) has a copy of the Company
specifications and that the technician is familiar with Company procedures including
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documentation and form compietion. Consult the Project Manager and/or Metallurgical
Services for technical guidance or interpretation of Company specifications.

+ Ensure radiographic procedure compliance (including developing and handling of film) and
that the appropriate procedure is used and this procedure is producing acceptable
radiographs. Consult the Project Manager and/or Metallurgical Services for technical
guidance or interpretation of Company specifications.

» Coordinate the radiographic crew with project schedule to effectively manage cost and
anticipate production weld problems.

e [Ensure that all proposed design changes or material substitutions are discussed and
approved by the Project Manager prior fo proceeding with the work.

e Verify that the survey party chief(s) is familiar with pipeline construction, has a copy of the
survey requirements, and has the proper materials and equipment to perform the work.

¢ Ensure the timely completion of all required documentation (including “Red-line” drawings)
and forward fo the Project Manager and others, in accordance with instructions in the
Construction Inspector's Guidebook.

e Communicate “lessons learned” and foster an environment of continuous improvement.
Participate in post-job review meeting.
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Certified Welding Inspector (WIS, AWS)

The Certified Welding Inspector is the Company’s authorized representative and is to inspect
and ensure that proper welding and radiographic procedures are qualified and utilized, the
radiographers used are certified, the welders are qualified, sound welds are produced, and
proper documentation is maintained. These activities must be performed in accordance with the
appropriate Company specifications approved by Metallurgical Services. The Certified Welding
inspector works under the direction of the Chief Inspector.

Certified Welding Inspector responsibilities shall include:

Continuously inspect the Contractor's workmanship and ensure conformance to Company
specifications.

Ensure compliance with all project specific environmental requirements as outlined within
the project Environmental Construction Plan and/or as directed by the project Environmental
Inspector.

Ensure compliance with all project specific right-of-way requirements as outlined within the
Right-of Way Line List and/or as directed by the project Right-or-Way Agent.

Ensure personal and Contractor compliance with the minimum safety standards as outlined
within the Company’s Safety and Health Handbook.

Review and become familiar with the construction drawings and Company welding
specifications.

Ensure that all proposed design changes or material substitutions are discussed and
approved by the Chief Inspector and that proper Company approval is obtained prior to
proceeding with the work.

Plan and organize inspection duties in advance with the Chief Inspector and assist them in
coordinating the radiographic crew's activities with the Contractor’s project schedule to
effectively manage cost and anticipate production weld problems.

Verify the qualification of all contract welders, by either witnessing their qualification test or
verifying that the welder is currently qualified by the company and properly recorded in
Metallurgical Services’ records. All initial and/or retest contract welder qualification reports
must be filed with and deemed current by Metallurgical Services, prior to allowing the welder
to weld on any company project. Make sure that all contract welders weld only within their
qualifications. (A contract welding inspector is not required to qualify or verify the
qualification of company welders.)

Monitor the quality of welds being made and the quality of the radiographic inspection to
ensure that sound welds are being made.
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e \Verify that each welder is making sound welds and is following the Company and/or
otherwise approved welding procedure and specification on the job site. Monitor all of the
welding procedure requirements periodically during welding, such as preheating, proper
voliage and amperage ranges, welding direction, fravel speed, etc.

o Verify all weld repairs made to correct defects in welds does sufficiently correct the defect
and the finished weld satisfies the requirements as outlined by the appropriate codes and
Company specifications.

e Ensure that the radiographer’s certification is complete and correct; acceptable radiographic
procedures are established; and the technician(s) has a copy of the Company specifications
and is familiar with Company procedures, documentation and form completion.

s Ensure that proper documentation is maintained by the radiographic crew, including the
disposition of each reject.

« Ensure the appropriate radiographic procedure is used (including developing and handling
of film) and such procedure is producing acceptable radiographs with the image of the
essential hole or wire of the penetrameter being clearly visible on each film. Also verify that
the correct size, type and kind of penetrameter used for the diameter and wall thickness of
the pipe weld being radiographed. Consuli the Proiect Manager and/or Metallurgical
Services for fechnical guidance or interpretation of company radiographic specifications.,

« Verify that all welding materials (welding rods, pipe w.t., transitions pieces, etc.) used in the
installation are in compliance with Company requirements and specifications, stored in
accordance to the Company and manufacturer’s specifications; and damaged materials are
not used for any weld.

s Keep the Chief Inspector aware immediately of any daily problems or anticipated problems
with the welding phase of the construction project. Make immediate notification of any
unsafe issue or a specification or applicable code violation. Qnly the Chief Inspecior has
stop work authority.

e Ensure that radiographic film, NDT reports, radiographer's qualification reports,
nondestructive testing weld examination reports, list of qualified welders’ reports, and
welding coupon test reporis are labeled properly and/or filled out correctly and given {o the
Chief Inspector for proper distribution and review.
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Electrical Inspector

The Electrical inspector is the Company’s authorized representative and is to inspect all
electrical, communication, and instrumentation installations on construction projects and ensure
such installations are performed in accordance with Company drawings, plans, specifications
and the terms of the construction contract or agreement.

The Electrical inspector must have a thorough working knowledge of electrical, communication
and instrumentation systems for natural gas pipeline or industrial facilities. This includes having
a basic knowledge of data acquisition systems and knowledge of the current accepted edition of
the National Electric Code (ANSI/NFPA 70).

The Electrical Inspector works under the direction of the Chief Inspector.
Electrical Inspector responsibilities shail include:

e Continuously inspect the Contractor's workmanship and ensure conformance to Company
specifications.

e Ensure compliance with all project specific environmental requirements as outlined within
the project Environmental Construction Plan and/or as directed by the project Environmental
Inspector.

¢ Ensure compliance with all project specific right-of way requirements as outlined within the
Right-of-Way Line List and/or as directed by the project Righi-of-Way Agent.

¢ Ensure personal and Contractor compliance with the minimum safely standards as outlined
within the Company’s Safety and Health Handbook.

¢ Review and become familiar with the project scope of work, drawings, specific
specifications, and the electrical and/or instrumentation section of the construction contract
or agreement.

« Verify all materials used in the electrical and/or instrumentation installation are in
compliance with Company requirements and specifications.

s Ensure any designh changes or material substitutions are discussed with the Chief
Inspector/Senior Iinspector and that proper Company approval from the Project Manager is
obtained prior to proceeding with the work.

e Keep the Chief inspector aware of any daily problems or anticipated problems with the
electrical and/or instrumentation phase of the construction project.

¢« Read and interpret piping, conduit, wiring, and instrumentation drawings pertaining to the
electrical and/or instrumentation phase of the construction project.
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e FEvaluate and ensure that the control logic in project electrical drawings will adequately
interface with existing systems.

« Become familiar with the interpretation of hazardous class area locations as defined by the
N.E.C. and Company specifications and ensure approved wiring methods and enclosures
for these areas are instalied properly.

« Perform and/or supervise the loop checks of electrical construction and document
information.

¢ Ensure flame and gas detection systems and their operation are in accordance with
Company specifications for the environment to be controlied.

¢« Ensure all A/C power systems including single phase and three phase systems and proper
wiring methods are installed in accordance with Company specifications.

¢ Ensure the interfacing of pneumatic and electrical control systems (i.e., actuators, pressure,
and | to P transmitters) are installed in accordance with Company specifications.

e Perform Material “take-off” and ascertain status of all electrical materials or components.
Communicate material issues to the Chief inspector in a timely manner.

+ To ensure proper completion of company reporis, documentation and as-built “Red-lined”
drawings, provide the Chief Inspector or his designee, with all necessary information,
including as-built changes in the Material “take-offs” and drawings prior to leaving the job
site.
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Utility Inspector

The Utility Inspector is the Company's authorized representative and is fo observe the
Contractor’s progress and inspect all activities in his/her assigned areas in accordance with
Company drawings, plans, specifications and the terms of the construction contract or
agreement. The Utility Inspector works under the direction of the Chief Inspector and will also
be asked to assist other cerlified craft inspectors, as directed. The following areas of
responsibility are normally assigned to Ultility Inspectors:

Fencing

Rights-of-Way Clearing and Grading

Stringing and Joint Tally of Pipe Received

Ditching and Bending

Coating, and Holiday Detection by Jeeping

Road and Railroad Boring

Directional Drilling Assistance (inspector relief)

Lowering In (recording final joint tally, incl. w.t., grade, type coating & pipe
mill)

Tie-ins (pipe surveilance - incl. magnetic particie testing, plus coating
application and repairs)

Padding and Backfilling

Concrete Foundations (forms, rebar, anchor bolt placement, test on concrete)
Building Erection plus Above Ground Pipe Support Construction

Tubing and Screwed Pipe Connections

Cathodic Protection (installation assistance)

Property Damage, Private or Public (assist in repair)

Vendor Equipment (instaliation assistance)

Clean Up and Painting

Other Inspection Areas (as assigned)
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Utility Inspector responsibiiities shall include:

Continuously inspect the Contractor's workmanship and ensure conformance to Company
specifications.

Ensure compliance with all project specific environmenta! requirements as outlined within
the project Environmental Construction Plan and/or as directed by the project Environmental
Inspector.

Ensure compliance with all project specific right-of-way requirements as outiined within the
Right-of-Way Line List and/or as directed by the project Right-of-Way Agent.

Ensure personal and Contractor compliance with the minimum safety standards as outlined
within the Company’s Safety and Health Handbook.

Review and become familiar with the drawings, specifications, and the construction confract
or contractor agreement plus rights-of-way requirements.
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¢ Inspect the work performed by the Contractor on assigned areas of responsibility to ensure
Company standards and specifications are completed satisfactorily.

e« Ensure that any design changes or material substitutions are discussed with the Chief
Inspector or his designee (if Chief inspector is absent) and that proper Company approval is
obtained.

¢ Keep the Chief Inspector and aware of any daily problems and/or anticipated problems.
Make immediate notification of any unsafe issue or a specification or applicable code
viclation.

e May assist with inspection, under the direction of other certified craft inspectors assigned to
the project.

o May assist with hydrostatic test setup and/or perform such tests in the field.

e To ensure proper completion of company reports, documentation and as-built “Red-lined”
drawings, provide the Chief Inspecior or his designee, with all necessary information,
including as-built changes, joint taily information (w.t., grade, type coating and pipe mill
designation), pipe surveillance data, and cathedic protection facility locations prior to leaving
the job site.
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Environmental inspector

The Environmental Inspector is the Company’s authorized representative and is {o inspect and
ensure that all field project construction is being conducted in compliance with the applicable
environmental plans/procedures and the requirements of federal, regional, state, and local
environmental permits or approvals, as prepared and approved by the Company Environmental
Department. In particular, these construction projects may involve activities which are regulated
by the Federal Energy Regulatory Commission (FERC) under 18CFR157.206(b). Prior to
construction, project-specific environmental materials will be provided to the environmental
inspector, which include detailed plans, procedures and environmental conditions to be
complied with before, during, and after construction. Environmental Inspector training (tailored
for a specific project) may be conducted just prior to the commencement of construction,
dependent upon the environmental issues associated with said project. At least one qualified
Environmental inspector, either with sole or with cross-functional duties, will be assigned to
each construction project. The Environmental Inspector works under the direction of the Chief
Inspector but has dual reporting responsibilities to both the Chief Inspector and the Company
Environmental Department. During construction, the other inspectors are also responsible for
monitoring environmental issues and reporting any concerns, problems or irregularities to the
assigned Environmental inspector for proper handling.

With full assistance, cooperation and support from the Chief Inspector, the Environmental
Ingpector responsibilities shall inciude:

» Continuously inspect the Contractor's workmanship in regard to environmental issues and
ensure conformance to Company specifications.

¢ Ensure compliance with all project specific environmental requirements and/or as directed
by the assigned representative of the Company Environmental Department.

+ Ensure compliance with all project specific right-of-way requirements as outlined within the
Right-of-Way Line List and/or as directed by the project Right-of-Way Agent.

» Ensure personal and Contractor compliance with the minimum safety standards as outlined
within the Company’s Safety and Health Handbook.

¢ Coordinate and/or perform updated environmental training as new construction Contractor
employees and/or Company assigned inspectors begins working on the construction site.

» Photograph and document specific areas and workspaces before, during and after
construction.

¢ lidentify areas that require stabilization.

¢ Ensure erosion and sedimentation control devices (hay bales, silt fence, etc.) are installed
and maintained properly.
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e Monitor temporary restoration and re-vegetation of upland areas, water bodies and
wetlands.

e Ensure construction activities occur within authorized work areas.

s Ensure sfreets near the authorized work areas are sufficiently cleaned at the end of each
workday.

e Monitor waste collection and disposal.

e Inspect activities daily to verify and document that the Construction Contractors are
complying with requirements of environmental plans, procedures, permits or clearances, and
(if applicable) the FERC Certificate environmental conditions and mitigation measures.

¢ Corrects and reports environmental compliance problems, The Environmental Inspector has
“Stop Task” authority and makes “Stop Work” recommendations to the Chief Inspector or
Senior Inspector, who have overall project “Stop Work” authority for a project spread or
crew.

¢ Document environmental activities with daily logs, weekly reports, and other required
documentation.

« Identify potential environmental compliance problems and initiate appropriate action prior to
occurrence.

« Monitor and make recommendations to the contractor when returning the soil profile to pre-
construction conditions. Photograph such areas before and after construction.

e FEducate other inspectors on project specific environmental concerns and invite them to
bring their environmental concerns to his/her attention as they occur.

« Maintain the environmental plans and documents during construction (e.g., updating project
alignment drawings to illustrate the locations of additional temporary and permanent erosion
controls).

¢ Ensure the repair of ineffective erosion control measures within 24 hours of identification.

e Ensure appropriate marking of identified surface and subsurface drainage and irrigation
system locations.

+ Ensure double ditching procedures are adequate in agricultural and residential areas and
when necessary, perform or oversee the compaction tests of subsoil and topsoil.

e Verify imported soils used as fill and/or additional cover in sensitive areas (i.e., agricultural,
residential and wetland areas) are from an approved source to meet permit conditions
and/or meets the landowner’s requirements.
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e Provide notification of construction activities to agencies as required in permits.

» Monitor hydrostatic test fill and spill activities and conduct sampling of the test water, as
necessary.

s Make recommendations {o the contractor for the proper placement of dewatering structures
and slope breakers to ensure they will not cause soil erosion or direct waler into known
cultural resources sites or locations of sensitive species.

o  Work with water and wetland resource agencies to assure the applicable environmental
plans, procedures and permit requirements are properly implemented.

s Monitor trench-dewatering activities and make recommendations to the contractor to help
avoid the deposition of sand, silt, and/or sediment near the point of discharge into a wetland
or waterbody. If such deposition is occurring, the dewatering activity shall be stopped and
the design of the discharge shall be changed 1o prevent a repeat occurrence. Advise the
Chief Inspector when conditions (such as wet weather) make it advisable to restrict
construction activifies.

¢ Review the Contractor’'s pre-job inventory and location of lubricants, fuel, and other
materials that could be discharged on o the workspace area grounds. Prior to commencing
construction, consult with the construction project’s assigned Company Environmentai
Coordinator to determine reportable spill quantities for materials on the inventory. Ensure
MSDS information is available for all materials, including the natural gas and/or products in
existing adjacent piping or pipelines.

¢ Classify each material on the previous pre-job inventory as hazardous or non-hazardous.
Contact the assigned Company Compliance Specialist to obtain the approved waste
transporters and disposal sites for both hazardous and non-hazardous material waste and
advise the Chief Inspector accordingly.

s Ensure all Contractor's equipment is supplied with adequate absorbent diapers to prevent
unavoidable small leaks or emergency line break leaks (such as, engine oil, hydraulic oil,
lubricants, antifreeze, etc.) from contaminating the ground. Any excessive leaks needing
repair should be reported to the Chief Inspector for immediate Contractor attention.

e Ensure the Construction Contractor has an action plan that will be implemented, should a
spill oceur, including emergency notification procedures. Review the Spill Prevention and
Control Plan to ensure all items listed are adequately covered by the Construction
Contractor and/or others prior to commencing construction.

e If not covered herein, the Environmental Inspector shall ensure that all of the listed
responsibilities for Lead Environmental Inspector (LEl) under the preceding tab are also
satisfactorily completed.
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THE EL PASO CORROBION CONTROL MANUAL,

ANNUAL SURVEYS
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{ntroduction

The Natural Gas Pipeline Safety Act resulted in the establishment of Federal
minimum standards for corrosion control. Cathodic protection (CP) must be
applied to pipelines and be tested each calendar year (at intervals not to exceed
15 months) to determine if CP is adequate per Title 49-CFR-Part 192-Section
465-External Corrosion Control: Monitoring.

These procedures define Company requirements fo meet these and other
regulations, as well as best practice and sound engineering judgment.

Complete documentation and proper record keeping is an integral part of
Company operating procedures and compliance with regulations.

Survey Requirements

Annual pipe-to-electrolyte pipe-to-soil potential surveys will be conducted over all
pipeline, compressor station, meter station, platform and other applicable
facilities in compliance with O&M procedures using Company approved
instrumentation.

Annual surveys should be completed within thirty (30) days of their start date in
order fo survey under as consistent as possible weather and soil conditions.
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Data entry and all applicabie paperwork are to be completed and transmitted to
Corrosion Control Services within thirty {30) days after completion date in order
to provide timely analysis and remediation scheduling. Any deficiencies requiring
remedial action found in conducting the survey must be reported in a timely
manner as per the Company O&M procedures.

if applicable, to completely evaluaie CP effectiveness, onshore Annual Surveys
may be rofated, or surveyed during different times of the year. This will enable
CP data to be evaluated as to seasonal variations.

if the applicable survey grouping is started later than 12 months from the
previous completion date or the survey grouping Is to be “rotated’, O&M
Procedures must be considered to ensure the Annual Survey does not exceed
the 15 month time frame between surveys for each individual reading.

Survey Grouping

A single pipe-to-soil reading at a test point only validates a single point {(normally
3 feet or less) on the pipeline system. Test points are normally put into a logical
grouping to facilitate CP evaluations, allow trend analysis over a large area, and
aid in the filing and documentation of the survey as required by Federal
Regulations.

The Tennessee Gas Pipeline system and the corrosion database program
(Paradigm) are divided into “charts.” They can be from one to several valve
sections depending on the needs of the area.

El Paso Natural Gas and El Paso Field Services pipeline systems and the
corrosion database program (Paradigm) are divided into segments.

The area covered by a test point grouping (chart or segment) may not be altered
without the approval of Corrosion Control Services.

Current Sources

Before conducting a survey, CP current sources that have an influence on the
surveyed pipe section must be checked for proper operation.

Read and record voltage and current output for all impressed current sources.
Read and record current output of bond stations, and sacrificial anodes where
practical.
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All existing annual survey test points and data must be maintained for the life of
the system unless prior approval is obtained from Corrosion Control Services to
deactivate the test point.

Test Point

This is the point over the centerline of the pipe where the reference electrode
(half-cell) must be placed to take the potential reading. A pipeline locator may be
required to locate the center of the pipe. The reference electrode must be placed
over the centerline of the buried piping.

Since the test point may vary from the “pipe contact” location, the test point
location designated by milepost/station number/GPS coordinates is the recorded
data location.

P/S potentials taken over blacktop, concrete, frozen ground, or other extremely
high resistance surfaces are considered invalid due to the high IR drop that may
be present and the possibility the reading indicated may be remote to the relative
position of the hali-cell. Half-cell contact must be made with the representative
environment that surrounds the pipeline.

It may be necessary to wet the point of contact (with potable water) in areas of
dry or high resistivity soils o lower the contact resistance of the half-cell to an
acceptable level. In areas paved with asphalt or frozen, the high resistance
cover should be removed. Where possible, a permanent access point should be
installed.

Because there is an abundance of gravel at stations, it may be necessary tc use
a shovel and dig down to soil at some test points in order to get an accurate
measurement.

Reference Electrode Check

Before conducting the survey, check the reference electrode per procedure
CORR-005. Maintaining Reference Electrodes.

Survey Cycle

When an interrupted survey is performed, corresponding ‘onfoff' potentials must
be logged at each half-celi position to allow for IR determinations,
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The normal survey interruption cycle of the current sources is 800 ms ‘on’ and
200 ms ‘off’ for a total duty cycle of 1 second. In some cases, an interruption
cycle of 500 ms on and 100 ms off for a total duty cycle of 600 ms may be used.
Other survey cycles may be used with approval of Corrosion Control Services.

Meters used to record survey data must be approved for use with these cycles by
Corrosion Control Services.

Survey Meters

All annual surveys (where practical) will be recorded electronically using a
company-approved meter. The calibration of the meter must be checked before
the beginning of any annual survey with a power source of a known voltage. Use

of special meters requires Corrosion Control Services approval prior to use for
annual survey readings.

Minimum Pipeline Survey Data Requirements
DC voltage and amperage outputs at all impressed current sources.

A structure-to-environment potential at each designated test point as defined by
the computerized survey. These potentials normally consist of an "ON" potential
and if applicable may include an “instant off’, polarized, or native potential.

Any test point found below criteria must have a survey performed (2.5-10 foot
Test points for new facilities are to be added to the survey.

Normally during the annual surveys, an atmospheric survey will be performed on
all exposed pipe and all aboveground facilities, within the specified times frames.

Missed Readings

Any test lead that is broken and cannot be read shall be listed as a deficiency
and corrected promptly, usually within one year of discovery.

Any test point that is inaccessible and cannot be read for whatever reason at the
time of the survey shall be listed as a deficiency. If it is possible that the
condition preventing access has changed, make follow-up attempts monthly {or
periodically) and document in Paradigm the attempts and reasons for not making
the reading prior to the 15th month {(or end of year), if the reading cannot be
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made. If the access problem is due to permissions, gates, locks, permits, efc.,
make the proper notifications and document your actions in Paradigm. Do not
wait until the 12th month or later to perform the survey if there is a known
potential access problem. Surveys should be scheduled to avoid typical
seasonal problems like flooding, snow, etc. or other anticipatable obstacles.

All existing annual survey test points and data must be maintained for the life of
the system unless prior approval is obtained from Corrosion Control Services to
deactivate the test point.

Process for deactivating test points:

1. Review close-interval surveys, annual survey data or other historical records
to ensure that sufficient test leads remain to evaluate the effectiveness of the
cathodic protection system.

2. Obtain approval from Corrosion Control Services to deactivate the test point.

3. Enter an Inactive Date and Inactive Reason in the Paradigm database.
Ensure that this point is automatically removed from survey routes.

4. If the test point is no longer readable, follow appropriate company processes
to remove the test point from the alignment sheets, drawings, GIS and any
other database, with approval of Corrosion Control Services.

If readings cannot be made practically, Corrosion Control Services may
deactivate the test point femporarily according to the process listed above.

Analyzing the Survey
All P/S potentials will be evaluated with regard to criteria and limits.
All survey test points not read on the survey will be listed as deficiencies.

A trend analysis will he performed on all data for a minimum of three (3} years to
evaluate any change in the level of protection. Any substantial change in the
trend will be evaluated as to cause and its projected effect.

Any reading showing a substantial change will be investigated to determine its
cause and evaluated to determine its projected effect.
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Rectifier(s) and/or any other cathodic protection current sources will be evaluated
for required output.

AC potentials will be evaluated to determine magnitude and cause. AC
potentials above 15 VAC are a potential safety concern, will be listed as
deficiencies, and will have prompt remediation, if necessary.

Stress Corrosion Cracking (SCC)

Two forms of SCC are found on pipelines, high pH (also known as classical)
SCC and near-neutral pH (or low pH) SCC. Many factors interact in a complex
manner to produce SCC, including metallurgy, residual stresses, cyclical
stresses, temperature, and chemical composition of the electrolyte to name a
few. The environmental risk factors of high pH SCC include:

e High pH SCC is typically found within 20 miles downstream of a
compressor station.

¢ High pH SCC occurs in a relatively narrow cathodic potential range of -600
to -750 mV Cu/CuSOq4 IR free

» Temperatures greater than 100°F are necessary for high pH SCC
susceptibility under normal conditions.

o Operating stress greater than 60% SMYS.
« Cracks are commonly associated with coal tar and asphalt coatings.

For segments that fall under these risk factors, or with a known history of high pH
SCC, IR free potentials in the range of -600 to -750 mV versus Cu-CuS04 should
be avoided.

Near-neutral pH SCC primarily occurs due to dishonded coatings that shield the
cathodic protection current from reaching the structure. There is a corrosion
condition below the disbonded coating that results in an environment with a pH of
between 6 and 8. This type of SCC is commonly associated with tape coatings.
Because of the electrical shielding, this form of SCC is not associated with a
particular range of potentials.

Documenting the Survey

When the Annual Survey of a pipeline, chart, and/or segment has been
completed, and the data entered into the appropriate database and analyzed,
that survey should be promptly submitted to Corrosion Control Services with a
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completed ANNUAL PIPELINE CORROSION SURVEY summary letter and
appropriate attachments. Any deficiencies must be reporied and documented
per company O&M procedures.

A copy of the survey should be put into the DOT files.

Any close-interval survey, done with the Annual Survey, shall be included on the
resurvey form and a printout of the close-interval survey and readings is to be
submitted with the Annual Survey.

Maintaining the Paradigm Annual Survey Database

Database

All pipeline facilities should be set up in Paradigm. Facilities should be located in
the proper hierarchy. Each reading location should be entered under the proper
segment and tab. Reading locations include test stations, rectifiers, bonds and
critical bonds, groundbeds, towers, offshore pipelines, and piles.

All test points should use the actual milepost/station number for half-cell
placement. Mile post/station numbers can be corrected. During the Annual
Survey when a feature such as a test point or rectifier is found to be incorrectly
designated, change it to the correct value. If the milepost/station number change
is at a rectifier, correct it on the appropriate monitoring form and notify Corrosion
Control Services. Remember, mileposts are calculated from station numbers,
not the other way around! Anytime a milepost or station number is changed, a
reason must be entered in to the Description field of the database for the test
point.

The required readings for each reading location should be made active.

The appropriate criteria should be established for each p/s reading. This is
normally 850 mV ON, IR considered.

The appropriate limits should be established for each reading. These are listed
in Exhibit 1 at the end of this section.

Corrections, deletions, or additions can be made 1o the Description section. The
Description section is intended to give information to the person making the
survey, not to the person{s) reading the resulling printout. The standard
corrosion abbreviations found in Exhibit 2 should be used in this section.
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For many test points, special instructions are necessary for the person
conducting the survey to know how to find the test points. Include these special
instructions in the appropriate Paradigm database field. The Description field is
currently displayed on all reports and on the DVM.

For TGP, the AnSurvey Route field is used to give directions, instructions,
irregularity information, etc. to the person conducting the survey. This
information is not currently displayed on Paradigm reports and on the DVM, but
will be included in the next upgrade.

The Comment field is useful to denote events or conditions for that year's Annual
Survey. This section should not supplement the Route File. Comments shouid
be associated with a particular reading or year’s survey. General comments
should be put in the Description field.

Atmospheric locations, and compressor stations must be entered and maintained
using Paradigm for EPNG. TGP atmospheric and station surveys may be
entered into the Paradigm database or recorded on the appropriate company
form.

Data from retired or abandoned facilities MUST NOT be deleted. Approved
methods for making data inactive or archiving data must be used. There are
numerous circumstances that may require deleting an individual data set from a
database. The data containing the information is not to be deleted but must be
converted to an inactive test point. This will maintain the test point's history and
assist in documentation. A large group of points can be moved to another
section of the hierarchy and made inactive. The data for a reference point or
group of points cannot be deleted from the database or deactivated from the
database without Corrosion Control Services approval. Test points can then be
deactivated with approval from Corrosion Control Services.

For individual databases, the technician will maintain all the facilities for which he
is responsible. Duplication of facilities in multiple databases shall not occur. |If
the responsibilities for a facility are shared, and more than one technician will
enter data, the database should be shared on a network.

For individual databases, the technician is responsible for backing up the

Exhibit 1: Limits for Testpoints

DESCRIPTION  UPPER LOWER REMARKS
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DESCRIPTION  UPPER LOWER REMARKS

On P/S 2500 850

Off P/S — Interrupted 1260 850

Polarized P/S Potential | 1260 850

Rectifier DC volts Upper = Unit Maximum Rated Output
Upper = Unit Maximum Rated Output,

Rectifier DC amps Lower = Minimum Required Current
Qutput

AC P/S Volts 15

Note: Limits can only be changed with Corrosion Control Services
Approval

Exhihit 2: Typical Corrosion Abbreviations

PREFIXES

| _ DEFINITION _
PS or P/S Pipe-to-Soll

SL Same Point Local
UL Up Station Local
DL Down Station Local
US-XXX Up Station-XXX Ft.
DS-XXX Down Station-XXX Ft.
SUFFIXES (Used with Rectifiers or Galvanic Ground Beds)
V Volts
A Amperes
MA Milliamperes
~ SUFFIXES (Used with Bond Currents)
MA Milliamperes
AMP Amperes
POS Positive Polarity
NEG Negative Polarity

Annual Compressor Station Survey

The annual Compressor Station survey may be conducted using one cof two
survey procedures at the discretion of Corrosion Control Services. Procedure #1
is conceptually a P/S potential survey taken at 3-foot intervals over all the
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underground piping with all current sources ON. Procedure #2 are P/S potential
surveys taken with readings only at designated test point locations with all
current sources ON.

Procedure 1 (Close-Interval Survey)
Current Sources

Before conducting an ON survey, all CP current sources that have an influence
on the surveyed piping section must be checked for proper operation.

Read and record voltage and current output for all impressed current sources.

All existing annual survey test points and data must be maintained for the life of
the system unless prior approval is obtained from Corrosion Control Services to
deactivate the test point.

Always connect to the individual structure being surveyed. If surveying multiple
lines in a common trench, multiple survey runs may be necessary {o achieve a
valid survey, due to metaliic IR drop, shielding effects, coating effectiveness and
the station grounding system.

Test Point

This is the point over the centerline of the piping where the reference electrode
must be placed to take the potential reading. A pipeline locator may be required
to locate the center of the pipeline.

Since the test point may vary from the pipeline contact location, the test point
location designated by milepost/station number is the recorded data location.

P/S potentials taken over blacktop, concrete, frozen ground, or other extremely
high resistance surfaces are considered invalid due to the high IR drop that may
be present and the possibility the reading indicated may be remote fo the relative
position of the half-cell. Half-cell contact must be made with the representative
environment that surrounds the pipeline.

It may be necessary to water the point of contact with the half-cell in areas of dry
or high resistivity soils to lower the contact resistance of the half-cell to an
acceptable level.

The reference electrode must be placed over the centerline of the buried piping.
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Because there is an abundance of gravel at stations, it may be necessary fo use
a shovel and dig down to soil at some test points in order to get an accurate
measurement.

Pullout (Shunted) Readings

A pullout (also known as a shunted reading) is a reading or group of readings
taken remote from the contact point, over the pipe.

The most common survey pullout method involves the person carrying the survey
instrument, disposable wire and electrode(s).

Another method keeps the person, survey instrument, and rewind spool of
reusable wire at the “pipe contact” while the electrode(s) is pulled out along the
piping by an assistant.

Each pullout should be in the preferred survey direction, given a unique run
number and indicated on the CP survey print.

A local reading must be designated for every pipe contact.
Survey Interval

The maximum interval aiong the piping at which P/S potentials may be made is
three (3) feet. The distance may be shorter and non-uniform, but must not
exceed three feet in distance.

Reference Elecirode Check

Check reference electrode per procedure CORR-005: Maintaining Reference
Electrodes.

Survey Cycle

When an interrupted survey is performed, corresponding ‘on/off potentials must
be logged at each half-cell position to allow for IR determinations.

The normal survey interruption cycle of the current sources is 800 ms ‘on’ and
200 ms ‘off for a total duty cycle of 1 second. In some cases, an interruption
cycle of 500 ms on and 100 ms off for a total duty cycle of 600 ms may be used.
Other survey cycles may be used with approval of Corrosion Control Services.
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The meter recording the data must be capable of reading these cycles.

Survey Meters

All Annual Surveys (where practical) will be recorded electronically using a
company-approved meter. The calibration of the meter must be checked before
the beginning of any Annual Survey with a power source of a known voltage.
Use of special meters requires Corrosion Control Services approval prior to use
for annual survey readings.

Survey Types

Normal annual surveys are performed in ON mode. With Corrosion Controi
Services approval, ‘IR-free’ or ‘polarized potential’ survey methods may be
performed.

In some instances, a Native (depolarized) potential survey may be required to
establish a base line for use in determining if 100 mV of polarization is present on
the structure.

In rare occasions, a Side Drain survey may be conducted in areas of bare piping
or severe coating defects.

if the area of the pipe is covered by the road surface is of sufficient length, the
area must be evaluated to determine if test holes or flush test stations are
required to fully evaluate the section.

Distance Flagging

A distance flag should be entered into the data stream every 100 feet as the
survey proceeds. The most common method is to pre-mark the pipeline at 100-
foot intervals by using either a survey chain or by pacing off the length.

Minimum Survey Data Requirements
As a minimum, the following information is required for the survey:

¢  Minimum of 30 P/S potentiais per 100 foot flags.

¢ ON near and far ground readings at pipe contact.

¢ P/S potential readings are required at all pipe contacts.

o Polarized surveys require both ON and polarized potentials.
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o NATIVE surveys require a native potential only.
* [nfluencing rectifier current and voltage outputs.
s A description entered for all features or reference points.

» ON potentials over all crossover lines connected to the line being
surveyed, from the line being surveyed to the next mainline.

+ ON potentials are to be taken at the building walls where the piping enters
the wall underground and at all piping risers.

¢ ON potentials are to be taken on all buried tanks.
Procedure 2 (Testpoint)
Current Sources

Before conducting an ON Survey, all CP current sources that have an influence
on the surveyed piping section must be checked for proper operation. Ensure all
distributed anodes are operating as needed. Anodes can be read directly or with
a potential profile to ensure normal operation.

Read and record voltage and current output for all impressed current sources.

All existing annual survey test points and data must be maintained for the life of
the system unless prior approval is obtained from Corrosion Conirol Services to
deactivate the test point.

Always connect to the individual structure being read.
Test Point

The test point location is designated by map number, station coordinates, or read
order number in conjunction with an annual survey station map.

P/S potentials taken over blacktop, concrete, frozen ground, or other extremely
high resistance surfaces are considered invalid due to the high IR drop that may
be present and the possibility the reading indicated may be remote to the relative
position of the half-cell. Half-cell contact must be made with the representative
environment that surrounds the pipeline. In areas paved with asphalt or frozen,
the high resistance cover should be removed. Where possible, a permanent
access point should be instailed.
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it may be necessary to water the point of contact with the half-cell in areas of dry
or high resistivity soils to lower the contact resistance of the half-cell o an
acceptable level.

The reference electrode must be placed over the centerline of the buried piping,
and within 6 inches of the riser.

Reference Electrode Check

Check reference electrode per procedure CORR-005: Maintaining Reference
Electrodes.

Survey Cycle

If an interrupted survey is performed, corresponding ‘on/off’ potentials must be
logged at each testpoint to allow for IR determinations.

The normal survey interruption cycle of the current sources is 800 ms ‘on’ and
200 ms ‘off for a total duty cycle of 1 second. In some cases, an interruption
cycle of 500 ms on and 100 ms off for a total duty cycle of 600 ms may be used.
Other survey cycles may be used with approval of Corrosion Control Services.

The meter recording the data must be capable of reading these cycles.
Survey Meters

All Annual Surveys (where practical) will be recorded electronically using a
company-approved meter. The calibration of the meter must be checked before
the beginning of any Annual Survey with a power source of a known voltage.
Use of special meters requires Corrosion Control Services approval.

Minimum Survey Data Requirements
As a minimum, the following information is required for the survey:

¢ P/S ON potential readings are required at all testpoints.
» Influencing rectifier current and voltage outputs.
+« ON potentials are to be taken on all buried tanks.

s Add test stations for new facilities to survey (as necessary). The test lead
must be read on the next Annual Survey.
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Analyzing the Survey
Procedure 1 (Close-interval Survey)

Download survey information from the survey instrument to the PC. Then
analyze the data for any area(s) in need of remedial correction or future
monitoring.

Edit the data to correct information that was omitted or improperly entered during
the survey. Examples are incorrect or omifted station numbers, missing
reference points, etc.

If an interrupted survey was conducted, print out all wave prints for analysis.
Determine if there were any transients on the piping and if they affected the
potentials being collected. Ensure that all interrupters were synchronized and
operating properly.

Graph the survey data for analysis.

Evaluate the near and far ground readings for differences in potential.
Differences can be caused by the location the readings were taken, pipe OD and
wall thickness, pipe weight, distance between pipeline connection points, and
amount of current flowing in the pipe. Large potential differences should be
evaluated {o identify isolation problems, unknown current sources, etc.

AC potential readings will be evaluated as to magnitude, cause, and effect.

Side drains or lateral potentials will be evaluated as to direction of current flow.
Current flow should be toward the pipeline. There should be no current flow
fowards the pipe during the off cycle when conducting interrupted survey.

Rectifier and other impressed current source settings will be evaluated and new
minimum current reguirements will be set as required for each unit.

All unexplained indications of current pickup or discharge will be evaluated as to
cause.

All P/S potential readings will be evaluated for profile irregularities, which may or
may not be below criteria. These will be tabulated as part of the survey and
monitoring assigned to them.
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if a 100 mV polarization survey has been performed, the difference between the
polarized (instant off) potential and the depolarized (native) potential must be at
least equal to 100 mV.

On areas of the pipeline where SCC has been detected, polarized potentials in
the range of -600 to -750 mV should be avoided. Potentials in this range along
with certain conditions can contribute to stress corrosion cracking. See the
section on SCC in Analyzing the Survey under Annual Pipeline Survey.

Analyze all skip areas.

List all skips where the potentials cannot be observed, The areas (description,
beginning station, ending station, reason skipped) are to be listed on the
summary letter attached fo the appropriate company form.

« If the potential profile does not meet any of these criteria, then the area is
to be entered on the deficiency list and efforts must be made to drill
through the pavement to take P/S potentials to verify the level of CP.

P/S Potential Limits - High tensile strength steels (Grade X-60 and higher) may
require an upper P/S potential in order to prevent hydrogen embrittlement and
hydrogen blistering of coatings. An ON potential more negative than 2500 mV
should raise a flag as an area for further investigation. The true polarized
potential at which hydrogen is generated may be extremely difficult to
determine in the field. Therefore, ON potentials over 2500 mV will be justified by
the field corrosion control personnel in conjunction with Corrosion Control
Services. The company limit is a polarized potential of 1260 mV at the drain
point.  Polarized potentials exceeding 1260 mV should be reported as
deficiencies. If the close-interval survey disclosed remote area(s) where the
potential is running close to this limit, then an Allowable Maximum (AM) can be
setup to monitor such areas in the future.

Anode potentials are to be evaluated to determine their working potentials. The
amount of normal background potential in the station yard is to be considered.

Procedure 2 (Testpoint Survey)

Analyze the data for any area(s) in need of remedial correction or future
maonitoring.
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Edit the data to correct information that was omitted or improperly entered during
the survey. Examples are incorrect or omitted station numbers, missing
reference points, efc.

AC potential readings will be evaluated as to magnitude and cause.

All unexplained indications of current pickup or discharge will be evaluated as to
cause.

All P/S potential readings will be evaluated for profile irregularities, which may or
may not be below criteria.

On areas of the pipeline where SCC has been detected, polarized potentials in
the range of -600 to -750 mV should be avoided. Potentials in this range along
with certain conditions can contribute to stress corrosion cracking. See the
section on SCC in Analyzing the Survey under Annual Pipeline Survey.

P/S Potential Limits - High tensile strength steels (Grade X-60 and higher) may
require an upper P/S potential limit in order to prevent hydrogen embrittlement.
Thin film coatings such as fusion bond epoxy (FBE) are susceptible to hydrogen
blistering. An ON potential more negative than 2500 mV should raise a flag as
an area for further investigation. The true polarized potential at which hydrogen
is generated may be exiremely difficult to determine in the field. Therefore, ON
potentiais more negative than 2500 mV will be justified by the field corrosion
control personnel in conjunction with Corrosion Control Services. Polarized
potentials exceeding limits should be reported as deficiencies.

Initiate the appropriate remedial action form for all deficiencies noted during the
survey that cannot be corrected by routine adjustments to the rectifier(s) or
immediate repairs.

Complete documentation and computer data entry of:

s Redctifier readings and annual inspections,

¢ Remedial actions taken,

¢ Potentials before and after remedial actions,

e Discrepancies that could not be corrected, and
+ Update drawings with any changes.

Place a copy of the survey in the DOT file and send a copy to Corrosion Control
Services.
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Submitting the Survey

Complete the appropriate documentation for all surveys, either by entering the
data into the database and/or completing required hard copies.

WOTE THE INFORMATION N THIS DOCUMENT IS AN EXCERPT FROM SECTION 300 OF
THE BL PABC CORROSION CONTROL MANUAL




6.6

Warrantv

6.6.1

Solar warrants the Products to be free from defects in workmanship and
materials rendered or-used by Solar-inthe performance of the Order. Solar
warrants that the Field Services provided by Solar under the Order will be
performed in a workmanlike manner. These warranties are subject to the
Terms of Warranty and shall apply only to claims made during the
applicable warranty period as determined in-accordance with the Pedod of
Warranty.

10
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6.6.2 The applicable warranty periods are as follows, for:

6.6.3

()

(i)

(iif)

(iv)

™

{vi)

New and Refurbished Equipment: The warranty period shall be
the first to expire of that period (a) which beging upon such
equipment first being placed in service or upon .demonstrated
capability to support such service and ends twelve (12) months
thereafter, or (b) which begins on Solar’s notification to EI Paso
Energy of the readiness of the New or Refiirbished Equipment for
delivery Ex Works Solat’s facility and ends eighteen {(18) months
thereafter,

Engineered Products: The warranty period shall be for twelve {12y
months ffom the date of shipment from Solar’s facility:

Parts: The warranty period is twelve (12) months from date of
shiprient from Solar’s facility.

Repair: Parts reéplaced and works performed are wananted for a
warranty petiod of twelve (12) months from the date of shipment
from Solar’s facility.

Overhaul and/or Exchange: The warranty period is twelve (12}
moniths from the date of shipment from Solar’s facility.

Field Services: The warranty period is ninety days (90) and sach
warranty period will commence on the earlier of the resumed
operation of the unit or ninety days (90) from the service date.

For Products, Solat’s obligation under this warranty is expressly limited to

repair or replacement, as Solar elects; of any warranted and defective
portion of the Products freeof charge (excluding freight and labor costs to
remove and replace) at Solar’s repair center; provided:

@

(i)

(i1i)

(iv)

All Products are installed and used in accordance with Solar’s
recommended practices; '

Any failed Products ere returned to Solar’s repair center in
accordance with Solar’s standard claim instructions, transportation
charges prepaid;

Solar’s examination of any failed Products confirms the existence
of a warranted difect; and

Any claim under this warranty is made within thirty (30} days of

discovery of the defect and, in any event; before the expiration of

the applicable wamranty period. This warranty shall not apply to:

(2) normal maintenance, service, adjustments; or consumables (b)

the removal or reinstallation of any warranted Products: (c) any
1
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6.6.4

6.6.5

6.6.6

Products or parts of Products which have been repaired or altered
unless such repair or alteration is done by Solar; or, (d) any
damage caused by the effects of corresion, erosion, or wear and
tear or failure oceasioned by operation or any condition of service
that miore severe than specified by Solar.

All claims for defective Field Services under this warranty must be made
in writing immediately upon discovery but in any event within thirty (30)
days from the furnishing thereof. Upon submission and substantiation of a
claim, Solar shall, at'its option, either: (a) correct the defective serviees; or
{b) refund anequitable portion of the price of the Field Service.

Training and Documentation are provided without warranty or recourse
and on an “as is” basis:

EXCEPTING ONLY WARRANTY OF TITLE, THE FOREGOING
IS EXPRESSLY IN LIEU OF ALL OTHER WARRANTIES,
REPRESENTATIONS AND LIABILITIES WHATSOEVER,
EXPRESSED, IMPLIED AND STATUTORY, INCLUDING
WITHOUT LIMITATION, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.

iz
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Equipment Specifications and Vendor Data
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Emissions Data from Solar Turbines for Centaur 50-6200LS

Concord Expansion Project
Compressor Station 270B1
Application for Temporary Permit




- Solar Turbines PREDICTED EMISSION PERFORMANCE
A Catorpillar Company

Customer Engine Mode
CENTAUR 50-6200LS
Joh 1D CS/MD 58F MATCH
Inquiry Number Fuel Typa Water Injection
SD NATURAL GAS NO
Bun By Date Run Engine Emissions Data
Brian K Maui 13-Nov-07 REV. 0.1
NOx EMISSIONS CO EMISSIONS UHC EMISSIONS
L1 || 6703Hp  100.0%Load] Elev. 200 Rel Humidity. 60.0%] Temperature. . 0 Deg.F]
PPMvd at 15% 02 25.00 50.00 25.00
tonfyr 23.95 29.16 8.35
Ibm/MMBtu {Fuel LHV) 0.100 0.122 0.035
Ibm/(MW-hr} 1.09 1.33 0.38
(gas turbine shaft pwr
g :bm’fhr ) [ 5.47 I 6.66 P 1.91 )i
20090 | 6346 Hp 100.0% Load| Elev. - 200 ft] Rel Humidity -60.0% | Temperature 40.0 Deg F |
PPMvd at 15% 02 25.00 50.00 25.00
ton/yr 22.87 27.85 7.98
Ibm/MMBtu (Fuel LHV) 0.100 0.122 0.035
lbm/(MW-hr) 1.10 1.34 0.38

{gas turbine shaft pwr)
lbm/hr | 5.22 | 6.36 1 1.82 |

L || 8027 Hp '+ 75.0% Load| Elev.  200f] Rel Humidity . 60.0% | Temperatu
PPMvd at 15% 02 25.00 50.00
ton/yr 20.70 25.20 .
Ibm/MMBtu (Fuel LHV) 0.100 0.122 0.035
lbm/(MW-hr) 1.26 1.53 0.44

as turbine shaft pwr
(o Ibm?hr )

| 4.73 | | 5.75 1 1 1.65 |

Notes

1. For short-term emission limits such as los/hr., Solar recommends using "worst case" anticipated operating
conditions specific to the application and the site conditions. Worst case for one pollutant is not
necessarily the same for another.

2. Solar's typical Sol.oNOx warranty, for ppm values, is available for greater than 0 deg F, and between
50% and 100% load for gas fuel, and between 65% and 100% load for liquid fuel (except for the Centaur
40). An emission warranty for non-SoLoNOx equipment is available for greater than 0 deg F and between
80% and 100% lcad.

3. Fuel must meet Solar standard fuel specification ES 9-98. Emissions are based on the attached fuel
compoasition, or, San Diego naturat gas or equivaient.

4. If needed, Solar can provide Product information Letters to address turbine operation outside iypical
warranty ranges, as well as non-warranted emissions of SO2, PM10/2.5, VOC, and formaldehyde.

5. Solar can provide factory testing in San Diego to ensure the actual unit(s) meet the above values within
the tolerances quoted. Pricing and schedule impact will be provided upon request. :

8. Any emissions warranty is applicable only for steady-state conditions and does not apply during start-up,
shut-down, malfunction, or transient event.




Solar Turbines PREDICTED EMISSION PERFORMANCE
A Caterpillar Company

Customer Engine Model

CENTAUR 50-6200L%
Job [0 CS/MD 59F MATCH
inguiry Number Fuel Type Water Injection
SD NATURAL GAS NO
RBun By Date Run Engine Emissions Data
Brian K Maul 13-Nov-07 REV. 0.1
NOx EMISSIONS CO EMISSIONS UHC EMISSIONS
|[[4760Hp ™ 75.0% Load | Elev..  200#] Rel. Aumidity | 60.0% | Tempera
PPMvd at 15% 02 25.00 50.00
ton/yr 19.19 23.37 6.69
Ibm/MMBtu (Fuel LHV) 0.100 0.122 0.035
thm/(MW-hr) 1.23 1.50 0.43

as turbine shaft pwr
(@ Ibnﬁhr )

| 4.38 [ [ 5.33 1 1.53 ]

L5 1] 3381 Hp 50.0% Load| Elev. ' 200 Rel. Humidity- 80.0% | Temperature - - 0-Deg. F.

PPMvd at 15% 02 25.00 50.00 25.00
ton/yr 17.19 20.93 5,99

Ibm/MMBtu (Fuel LHV) 0.100 0.122 0.035
Ibm/(MW-hr) 1.57 1.91 0.55

(gas turbine shaft pwr
|brr5hr)i 3.92 [ | 4.78 | 1,37 |

|L.3178Hp  50.0% Load] Elev. ""200 ft] Rel. Humidity, 60.0% | Temperatare _ 40,0063

PPMvd at 15% 02 25.00 50.00 25.00
tonfyr 16.01 19.50 5.58

Ihm/MMBtu (Fuel LHV) 0.100 0.122 0.035
Ibm/(MW-hr) 1.55 1.88 0.54

as turbine shaft pwr
@ lbm?hr)l 3.66 N 4.45 Lo 1.27 B

Notes

1. For short-term emission limits such as lbs/hr., Solar recommends using "worst case” anticipated operafing
conditions specific to the application and the site conditions. Worst case for one pollutant is not
necessarily the same for another.

2. Solar’s typical SoLoNOx warranty, for ppm values, is available for greater than 0 deg F, and between
50% and 100% load for gas fuet, and between 65% and 100% load for fiquid fuel {except for the Centaur
40). An emission warranty for non-SoL.oNOx equipment is availabie for greater than 0 deg F and batween

80% and 100% load.

3. Fuel must meet Solar standard fuel specification ES 9-98. Emissions are based on the attached fuel
compositian, or, San Diego natural gas or equivalent,

4. if needed, Solar can provide Product Information Letters to address turbine operation outside typical
warranty ranges, as well as non-warranted emissions of SO2, PM10/2.5, VOC, and formaldehyde.

5. Solar can provide factory testing in San Diego to ensure the actual unii(s) meet the above values within
the tolerances quoted. Pricing and schedule impact will be provided upon request.

6. Any emissions warranty is applicable only for steady-state conditions and does not apply during start-up,
shut-down, malfunction, or transient event,
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SUBJECT: SoLoNOx il Low Emissions Systems
AUTHOR: L.H. Cowell/K.O. Smith

INTRODUCTION

In 1992, Solar introduced the first industrial gas turbines employing a lean-premixed combustion system
for emissions control. Since then, Solar has placed more than 750 SoLoNQx gas turbines into service.
These turbines are routinely meeting emissions limits as strict as 25 ppmv NOx and 50 ppmv CO (15%
O,) on natural gas. Other gas turbine manufacturers have eventually foffowed suit and, at this time,
nearly every manufacturer has introduced a low emissions gas turbine product line based on lean-
premixed combustion.

Despite the significant improvements in gas turbine emissions since 1992, regulatory agencies continue
to consider and implement more stringent emissions regulations. To meet the need for lower NOx, Solar
has completed development work on the Centaur 50 and Taurus 60 engines and is now preparad to offer
these models fired on natural gas as SoLoNOXx I with 15 ppm NOx emission warranties.

PURPOSE

The purpose of this Product information Letter (PIL) is to describe the unigue features of SoLoNOx H.
Also included are discussions of the changes to engine controls and operation, the design qualification
completed, and the product experience gained to date.

SOLONOX If CAPABILITIES

Sol.oNOx 1l is currently offered for gas Centaur 50 and Taurus 60 engines. In the future, reduced
emissions capabilities will be offered on both gas and dual fuel Taurus 70, Mars and Titan engines. For
Centaur 50 and Taurus 60 engines and packages, SoLoNOx !l warranty and performance capabilities
are:

* Emissions {NOx / CO / UHC ppm @15% 02} — Natural Gas: 15/25/ 15

* Low Emissions Operating Range — Continuous compliance over the 50-t0-100% load range of the
engine with ambient temperatures above -20T (0F).

¢ Performance — Unchanged power and heat rate compared to SoL.oNOx.

+ RAMD - Reliability, availability, maintainability and durability levels expected to mest or exceed
SoLoNOx.

» Exchangeability — SoLoNOx Il engines are compatible with SoL.oNOx packages with limited
modifications.

Lean-Premixed Combustion

SoLoNOx and SoLoNOx !l employ lean-premixed combustion to reduce NOx emissions. Lean-premixed
combustion reduces the conversion of atmospheric nitrogen to NOXx by reducing the combustor flame
temperature. Since NOx formation rates are strongly dependent on flame temperature, lowering flame
temperature (by lean operation) is an extremely effective strategy for raducing NOx emissions (Figure 1).
Lean combustion is enhanced by premixing the fuel and combustor airflow upstream of the combustor
primary zone. This premixing prevents stoichiometric burning locally within the flame, thus ensuring the
entire flame is at a fuel lean condition.

PIL 164 i 11 December 2001




THIS PIL SUITABLE FOR DISTRIBUTION OUTSIDE SOLAR

Conventionai

NOx EMISSIONS
f
r-d
=}
>

Notas:

(1) Gerwentional Combustors Have High Flame
Temperaiures

1 3 1

FLAME TEMPERATURE (3)

(2) SoloNOx Combustors Operate with Lower Flame
Temperatures and Lower NOX Emissions

{3} NOx Emissions increase Rapidly with Flame ~Coventional
Temparature M 5
& | Lean
L.ean Premixed 2 | Premixed :
PREMIXING = \ 3
— & :
E 3
AR s [ i t
INLET 2000°F " '
= '
< i
i |
, - {EAN | RICH
J -
PILOT MAIN I
FUEL FUEL FUEL/AIR RATIO

87 484-005M

Figure 1. How Lean-Premixed Combustion Reduces NOx Emissions

There are two aspects of lean-premixed combustion that warrant attention:

o CO/NOx trade-cff

¢ Combustor operating range

CO / NOxX Trade-off

Since the flame temperature of a lean-premixed combustor is designed to be near the lean flammability
limit, lean-premixed combustor performance is characterized by a CO / NOx trade-off (Figure 2). Atthe
combustor design peint, both CO and NOx are below target levels; however, deviations from the design
point flame temperature cause emissions to increase. A reduction in temperature tends to increase CO
emissions due to incomplete combustion; an increase in temperature will increase NOx. This trade-off
must be addressed during part-load turbine operation when the combustor is required to run at an even
leaner condition. The trade-off also comes into play in development efforts to reduce lean-premixed
combustor NOx emissions by further reducing the primary zone design point temperature.

Combustor Operating Range

In a gas turbine, the lean-premixed CO / NOx trade-off is manifested as a limited load range over which
emissions limits can be satisfied. As a gas turbine moves away from full-load operation, a lean-premixed
cormbustor will eventually produce excessive CO emissions. To broaden the operating range, fow
emissions gas turbines can use combustor airflow contro! within the gas turbine to maintain a nearly
constant flame temperature.

Combustor airflow control is achieved with compressor air bleed at part load to broaden the operating
range of the lean-premixed combustion system for two-shaft engines. Single-shaft gas turbines use the
inlet guide vanes (IGV) to perform the variable geometry function,
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Figure 2. Typical Lean-Premixed Combustor Emissions

SOLONOX 1i DESIGN

The primary change from SoLoNOx to SoLoNOx 1l is to incorporate an Augmented Backside Cooled
(ABC) combustor liner. SoLoNOx Il also employs the latest fuel injector design and improvemenis to the
fuel and controls systems. The following sections describe the ABC combustor and other changes made
for SoLoNOx i,

Augmented Backside Cooled (ABC) Liners

The present generation of lean-premixed combustors primarily uses film cooiing to maintain acceptably
low combustor wall temperatures. Film cooling involves the passage of cooling air through holes in the
finer and the formation of a cooling film on the hot side of the tiner, using internally positioned louvers or
effusion cooling as depicted in Figures 3 and 4.

Research has shown that the method used to cool a lean-premixed combustor liner can have a significant
effect on emissions. Specifically, conventional film cooling can lead to reaction quenching at the
combustor primary zone wall. This quenching process leads to high CO emissions because the CO, a
combustion intermediate, is prevented from oxidizing to CO,. The quenching is traceable to the injection
of a relatively large flow of cooling air into the primary zone.

CONVECTOR

COMBUSTOR
WALL

CONVECTCR COMBUSTCR EFFUSION
WALL HOLES

COOLING
COOLING AR
A SPLASH PLATES FILM STARTING
{louvers) Y, SLOT R th Tk
Figure 3. Louver Cooling Design Figure 4. Effusion-Cooling Design
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The development of an advanced liner that does not promote reaction quenching provides a two-fold
benefitin terms of emissions. First, of course, CO emissions are reduced. Additionally, the lower CO
levels allow combustor reoptimization to a lower flame femperature, This produces lower NOx levels
along with the jower CO concentrations. Figure 5 shows graphically how the ABC liner reduces CO
emissions and the corresponding optimum fuel/air ratio reduces NOX emissions.

ABC Liner ! Fiim Cooled Liner
Design Range Design Range
% CoO
o %ﬁ ; NOx
Z Y
Q %
7 )
v ¥,
=5 %,
i CO wi Hot
Wall Liner \%&
Lean Rich

FUEL/AIR RATIO

Figure 5. Extension of Design Range with ABC Combustor Liner for Low Emissions

ABC liners forego cooling air injection completely. Instead, combustor wall temperatures are controlled
solely through convective cooling by a high velocity airstream on the cold side of the liner (Figure 6). In
most instances, the high heat flux from the flame requires augmenting of the backside convective process
to keep liner wall temperatures from becoming excessive. Turbulators in the form of trip strips, fins, and
pins act to increase the cooling flow turbulence at the liner wall and augment the heat removal process.

BACKSIDE-COOLED
CYLINDER CONVECTOR
COOLING AIR

PRIMARY
ZONE

-~

COOLING AIR

BACKSIDE-COOLED CONVECTOR
CYLINDER
120-004M

Figure 6. Augmented Backside-Cooled (ABC) Combustor Cross Section

Although effective in reducing CO formation through quenching, backside cooling is a challenge to
implement because of the high flame temperatures and heat fluxes associated with gas turbine
combustors. An additional degree of liner protection can be achieved through the application of a thermal
barrier coating (TBC) an the hot sides of the liner walls. These TBCs are frequently composed of
zirconia-based materials that are plasma-sprayed on the liner. A typical TBC coating of approximately
0.25 mm (0.01 in.} can reduce wall temperatures by approximately 40T (72°F).
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The durability of the ABC liner Is expected to meet or exceed durability demonstrated with film-cooled
liners. Liner durability is determined by two factors: temperature and temperature gradient. Wail
temperatures must be kept sufficientty low to prevent long-term oxidation or thermal creep. Solar's
experience indicates that in most circumstances a wall temperature limit of 1600F provides excellent life.
This criterion is applied to the design of all gas turbine liners, including film-cooled diffusion flame and
DLE film-cooled liners, as well as backside cooled liners.

Excessive thermal gradients along the liner wall can lead to high stress concentration gradients that
cause buckling or cracking. Assessing liner thermal gradient limits requires a combination of thermal
paint temperature analysis, stress analysis and operating experience. The thermal gradients in Solar's
film-cooled liners have been determined to be acceptable for tong liner life. Generally, the thermal
gradients in ABC liners are lower than most film-cooled finers. Therefore, the corresponding life of ABC
liners is expected to meet or exceed fim-cooled liners.

Fuel Injectors

SOLoNOx 11 uses the latest version of fuel injectors from SoLONOx. As can be seen in Figure 7, these
injectors are significantly larger than the conventional combustion counterparts due to the higher airflow
through the injector air swirters and the required volume of the premixing chamber used to mix the fuel
and air. The injector module includes a premixing main fuel injector and a pilot fuel injector.

OB

Figura 7. Comparison of SeLoNOx and Conventional Fuel Injectors

Main Fuel Circuit. The premixing main fuel injector uses an axial swirler to impart a high degree of swirl
to the primary zone ait. A series of multi-orificed, radial fuel tubes injects natural gas fuel into air just
downstream of the air swirler. Uniform mixing of the fuel and air occurs within the annular premixing
chamber prior to reaching the combustor primary zone. The strong swirl stabilizes the combustion
process in the primary zone by establishing a recirculation zone that draws reacted hot gases back
upstream, thus providing a continuous ignition source. Above 50% engine load, greater than 95% of the
fuel is intreduced through the main fusi tubes.

Pilot Fuel Circuit. The pilot fuel injector circuit is used mainly for lightoff and low-load operation. The
pilot fuel injector consists of an alr swirler and tangential fuel inlet ports to provide partial premixing of air
and fuel prior to combustion. During lightoff and low-load operation, approximately 30 to 50% of the fuel
passes through the pilot injector, providing a rich fuel / air mixture. Combustor stability is enhanced in this
mode compared to lean-premixed operation, aithough NOx and CO emissions are higher. Above 50%
engine load, the pilot fuel is reduced to less than 5% of the total fuel flow to optimize emissions
performance. The pilot fuel is also momentarily increased during off-load transients to help stabilize the
flame during the transient.
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Combustor Air Management

The airflow to the SoLoNOx 1l combustor is controlled to avoid lean extinction and broaden the low
emissions operating range in the same way as for SoLoNOx. Two techniques are used to control the
primary zone airflow to maintain the primary zone fuel/air ratio near its optimum low emissions level
during part-load engine operation. Two-shaft gas turbines used for gas compression and mechanical
drives, bleed air from the combustor casing at part load. Single-shatft gas turbines used for power
generation maintain optimum primary zone fuel/air ratios by modulating the compressor inlet guide vanes
{IGV). Closing the IGVs reduces the airflow through the engine compressor and combustor.

Swirler Inlet Valve

Centaur 50S and Taurus 60S gas turbine fuel injectors have had a two-pasition swirler inlet vaive (SiV)
located upstream of the main air swirler, which was used to control the airflow into the combustor primary
zone. The design intent was to offer additional low emissions combustor operating range without
increasing the engine heat rate. However, in practice, the part-lcad heat rate reduction has been lower
than anticipated. Therefore, with SoLoNOX || gas-only Centaur 50S and Taurus 80S gas turbines, the
injector SIV has now been removed to reduce system complexity and cost and improve injector durabiiity.

Engine Casings
SoLoNOx 1! gas turbines use the same engine casing as SoLoNOXx.

Control System

SoLoNOx Il and SoLoNOx engines utilize identical control philosophies, incorporating methods to
improve control precision, accuracy and reliability. During start-up and low-load operation, the pilat flow
rate has been optimized to achieve maximum flame stability for the most rapid and flexible transient
capability. Below 50% load for gas fuel (80% for liquid fuel), the combustor airflow is managed in the
same way as in a conventional engine. SoLoNOx and SoLoNOx [ differ from conventional above 50%
for gas (80% for liquid) of the rated load — the low emissions mode. The conirol system for SoL.oNOx i
engines modulates either the bleed valve or IGVs to keep the combustion primary zone temperature
within a specified range. Accurate control of the primary zone temperature is critical fo controfiing NOx
and CO emissions. SoLoNOx Il requires highly accurate electric actuators on the systam being
modutated to control the primary zone temperature to ensure repeatable and accurate emissions control,
The benefits of using electric actuators extends beyond emissions to other elements of engine
performance and transient response. The SoLoNOx Il gas turbine controls use the power turbing inlet
temperature (Ts) as an indirect measurement of the primary zone temperature to control the bleed valve
or IGV position as a function of engine load.

Fuel Systems

As with SoLoNOX, the natural gas fuel system for SoLoNOXx ! gas turbines includes two separate fuel
circuits: one for the pilot system and one for the main system. Separate fuel manifolds are used to
supply pilot and main gas to the respective fuel circuits of each fuel injector. The fuel flow split between
main and pilot is controlled with a precision electronic valve on the pilot line. During start-up and low-load
operation, high flow rates of pitot gas are used. When the engine is in the low emissions made, the pilot
fuel valve throtties the pilot valve to low levels. The fow pilot flow is used to stabilize the flame.

QUALIFICATION AND EXPERIENCE

The primary improvement associated with SoL.oNOx il is the incorporation of the ABC liner. Extensive
qualification work was completed on the combustor liner in both rig and engine tests, The initial
SoLoNOx Il package was qualified in the factory and the field.

ABC Liner Development

Initial development work on the ABC combustor was directed at the Centaur 50 gas turbine in a joint
Solar / U.S. Department of Energy program. A short in-house gas turbine test documented excellent
emissions performance and acceptable wall temperatures at full-load conditions. A 50-hour cyelic test
was completed to demonstrate thermal barrier coating (TBC) spalling resistance.
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A field test of a prototype Centaur 50 ABC combustor is ongoing. Testing of this liner was initiated in
1998 in a two-shaft Centaur 50S at a compressor station in Arizona. More than 18,000 hours of operation
were achieved at that site. Site emissions were consistently less than 15 ppm NOx and 25 ppm CO fram
50 to 100% of rated engine load and ambient temperaturas from the 40 to 110°F. In December 2000, the
prototype liner was pulled from the engine and examined thoroughly. The liner was in excellent condition
with no signs of TBC spalling or cracking and no indications of any premature wear. In early 2001, this
same liner was installed in a single-shaft Centaur 508 used in a cogeneration application in
Massachusetts. To date, the liner has accumulated an additional 4750 hours, bringing the total liner firing
time to 22,750 hours. Emissions continue to be below 15 ppm NOX at this cold weather plant {Figure 8)
in both winter and summer. Although not indicated, the corresponding CO emissions are below 10 ppm

at all engine loads.
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Figure 8. ABC Liner Emissions Performance in a Cogeneration Application in Massachusetts

Following the very successful demonstration of the prototype, the ABC liner design was made production
ready. Additional rig and engine testing were completed to verify that the minor changes required for the
production design did not impact durability or performancs. The liner was tested to verify that the outlet
temperature profile is suitable for turbine hot end life. An engine thermal paint test (Figure 9) was
completed to assess maximum wall temperatures and thermal gradients, The paint colors and uniformity
of thermal paint shading on the combustor liner in Figure 9 indicate acceptable temperatures and
gradients. A detailed mechanical analysis was completed, indicating low stress levels and
concentrations. The ABC liner is now in full production and successfully qualified for SoLoNOXx il.

Figure 9. Thermal Paint Applied to an ABC Combustor Liner Indicating
Acceplable Temperatures and Low Thermal Gradients

7 11 December 2001
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Sol.oNOx li Experieﬁce

SoL.oNOx Nl has been offered on a “demonstration” basis since mid-2000. Five gas Taurus 608 and one
Centaur 508 turbine have been built, factory tested and shipped to site. Four of the Taurus 60S CED
packages are in operation at one site in a cogeneration application in Texas. The other Taurus 60S and
the Centaur 508 are two-shaft machines and will run in pipeline compressor applications.

Engine build and factory test for alf six SoLoNOx Il units were completed with no differences from
Sol.oNOx units except reduced NOx. Engine operation was not affected nor was power or heat rate.
The transient ability to handie fuil off-loads and on-loads was consistent with similar SoOLONOx engines.

Figure 10 summarizes the factory emissions for these units, indicating the capability to meet 15-ppm
emissions warranties with margin from 50 to 100% load. CO and unburned hydrocarbon emissions were
below 10 ppm for all operating points indicated.
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Figure 10. Factory Emissions Performance SoLoNOx Il Demonstrator Units

Operation of SoLoNOx Il in the field was initiated in June 2001 with the four Taurus 60S packages in
Texas. These units were commissioned without difficulties and have been operating without issues,
meeting 15 ppm NOx. The customer reports satisfaction with the units. The early hour operation of these
units pius the 22,750 hours of engine time demonstrating ABC liner indicates that SoLoNOx ! will be a
product with excellent reliablity, availability, maintainability, and durability {RAMD).

SUMMARY

SoLoNOx il is now being offered for gas-only Centaur 50S and Taurus 608 HED and CED engines and
packages. Sol.oNOx Il emissions warranties can be offered as low as 15 ppm NOx and 25 ppm CO over
an operating range of 50 to 100% load and ambient temperatures above 0°F. Development and
gqualification work continues to offer lower emissions for the Taurus 70, Mars and Titan engines and for all
dual fuel SoLoNOX products,

At the heart of Sol.oNOx Il is a change in the combustor to an ABC liner configuration. Also included are
improvements to the IGV and bleed valve actuators and fuel valves to improve precision, speed, and
reliability. The improved actuators and fuel vaives are now standard for all new shipments, but upgrades
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are necessary for existing package retrofits. There are no operational impacts or restrictions associated
with Sol.oNOx .

The ABC liner has been extensively qualified, including more than 22,750 hours of engine operating time
in the field. Sol.oNOx Il emission levels and performance have now been demonstrated on six production
units. Four of these units are operating successtully in the field.

ACKNOWLEDGEMENTS

Design, development and production implementation of the Centaur 50 and Taurus 60 ABC combustor
liner were completed by A. Batakis, A. Fahme, K. Maden, E. Metzdord, D. Pessin, J. Powell, and P
Schneider.

BIBLIOGRAPHY
Mutasim, Z.Z., 1998, “Coating Technology Advancements for Industrial Gas Turbines,” TTS1 17,
Turbomachinery Technology Seminar, Solar Turbines Incorporated, San Diego, California.

Smith, K.O. and Fahme, A., 1998, “Backside-Cocled Combustor Liner for Lean Premixed Combustion,”
International Gas Turbine and Aeroengine Congress and Exhibition, Stockhelm, Sweden, .

PIL164 | g 11 December 2001




Concord Expansion Project
Compressor Station 270B1
Application for Temporaiy Permit



Solar Turbines

A Eaterpitfar Eorvpiny

SoLoNOx Products — Emissions in Non-SoLoNOx Modes

Leslie Witherspoon
Solar Turbines Incorporated

PURPOSE

Solar's dry-low NOx emissions systems (So-
LoNOx) have been developed to provide the low-
est emissions possible during normal operating
conditions. In order to optimize the performance
of the turbine, the combustion and fuel systems
are designed to reduce NOx, CO and unbumed
hydrocarbons (UHC) without penalizing stability
or transient capabilities. At very fow load and cold
temperature extremes, the- SolLoNOx system
must be controlled differently in order to assure
stable operation. These reguired adjustments to
the engine controls at extreme conditions cause
emissions to increase. Emission warranty limita-
tions are, therefore, imposed for load (50 to
100%) and for cold ambient temperatures (>0°F),

The purpose of this PIL is to provide emissions
estimates for NOx, CO and UHC at these ofi
design conditions.

COLD AMBIENT EMISSIONS ESTIMATES

Solar's standard temperature range warranty for
SoLoNOx engines is >0°F. At ambient tempera-
tures below 0°F, the unit is no longer in SoLoNOXx
mode and emissions are expected to be higher
than when operating in SoLoNOx made. At ambi-
ent temperatures below 0°F, many of Solar's tur-

bine engine models are controlled to increase
pilot fuel from approximately 3 to 10% of the total
fuel flow to improve flame stability. Without this
increase in pilot fuel at temperatures below 0°F,
the engines may exhibit combustor rumble since
operation may be near the lean stability fimit.

For permitting purposes, customers have used
the New Source Performance Standard (NSPS)
fevels, 40 CFR 60, subpart GG for a conservative
NO, emission estimate at ambient temperatures
below 0 °F. Table 4 herein summarizes NSPS
NOx emission levels for Solar's equipment.

In some cases, either the customer or regulatory
agency desires a “less conservative” estimate of
actual emissions for when the turbine is not oper-
ating in SoLoNOx mode. For such instances, the
following actual emission estimates are provided.
"Expected” emissions are extrapolated from San
Diego factory tests and may vary at these ex-
treme temperatures and as a result of variations
in other parameters such as fuel composition,
fuet quality, etc. Emission warranties cannot be
offered for ambient temperatures below 0°F.

For SoLoNOx engine models, except for Cen-
taur 40 and Mars 90, expected emissions (ppm
corrected to 15% O,) as a function of ambient
temperature are given in Table 1.

Table 1. Expected Emissions below 0°F (except for Centaur 40 and Mars 20}

_ Ambient ' Fuel System Fuel | NOx,ppm | CO, ppm. | UHC, ppm -
0°F to -20°F Gas only (50 to 100% load) Gas 42 100 50
Gas 72 100 50
0,
Dual fuel (80 to 100% load) Liquid 120 150 75
Beilow -20°F Gas only {50 to 100% load) Gas 120 150 75
Gas 120 150 75
a,
Dual fuet {80 to 100% load) Liquid 120 150 75
PIL 167 1 9 January 2003
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Table 4. NSPS Limits (NOx, ppmv @ 15% 0y

" Product . GasFuel. | toGrid | Liquid Fuel® |- _
Titan 130-19500 GSsC 209° 105° 208 102
CS/MD 214° . 1 210 Nt
Mars 100-15000 GsC 209° 105° 207 104
CS/MD 203° - 201 =
Mars 90-13000 GSC 208 LU TR g7
CSIMD 199° A AT 193
Taurus 70-10300 GSC 2122 | T 20
CSIMD 207} | 201
Taurus 60-7300, -7800 | GSC 1909193° [ 1 issie1 |
CS/MD 180%/193° T 188/191 MEONE
Mercury 50 EXEMPT : o ' R S
Centaur 50-6200, -6100 | GSC 184° 183
CS/MD 180° 177
Centaur 40-4700 GSC 182° 179
CS/MD 167° _ , _ 165
Saturn 20-1600 GsC 156° R 155
CS/MD 150° | v T g
®  SoLoNOx, water Injection, or add-on conirol is required to meet NSPS
Fue! bound nitrogen content assumed to be <0.015% by volume
°  Conventional turbine meets NSPS
mates of NO,, CO, and UHC emissions when natural gas. At ambient temperatures below -
operating below 50% load and above -20°F. The 20°F, the NO, emission estimate is 120 ppmv for
estimated emissions can be assumed to vary toads <50%. For liquid fuel operation below 80%
linearly as load is decreased from just below 50% load, emissions documentation is in progress.

load to idle.

The above values apply for any product for gas
only or dual fuel systems using pipeline quality

Solar Turbines Incorporated
9330 Sky Park Court
San Diego, CA 92123-5398

Caterpillar is a registered trademark of Caterpillar Inc.
Soiar, Titan, Mars, Taurus, Mercury, Centaur, Saturn, SoLoNOx, and Turbofronic are trademarks of Solar Turbines Incorporated.
Specifications subject to change without notice. Printed in U.S.A. ® 2003 Solar Turbines Incorporated. All rights reserved.
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For Centaur 40 and Mars 90 engine models,
expected emissions (ppm corrected to 15% O,)
as a function of ambient temperature are given in
Table 2.

Some regulatory agencies in states with colder
winter climates (primarily Alaska and Wyoming)
have started to ask about cold ambient tempera-
ture restrictions and corresponding emissions
below 0°F. In all cases to date, the regulatory
agency did not require a certain emission level to
be met, but merely asked what emissions are
expected so that emissions could be appropri-
ately estimated for annual emissions inventory
purposes and NSR applicability issues,

Some customers have used ihe permitting strat-
egy of installing digitai thermometers to record
ambient temperature. The amount of time is re-
corded that the ambient temperature falls below
0°F. The amount of time below 0°F is then used
with the emission estimates shown above to es-
timate “actual” emissions.

For customers who wish to permit at a single
emission rate over all temperatures, inlet air heat-
ing can be used to raise the engine inlet air tem-
perature (T1) above 0°F. With inlet air heating to
keep T1 above 0 °F, standard emission warranty
levels may be offered.

EMISSIONS ESTIMATES AT LESS
THAN 50% LOAD

At operating loads <50%, SoLoNOx engines are
controfled to increase stability and transient re-
sponse capability. The control steps that are re-
quired affect emissions in two ways: 1) pilot fuel
flow is increased, increasing NO, emissions, and
2} airflow through the combustor is increased,
increasing CO emissions. Note that 50% load is
an approximation and that engine controls are
triggered either by power output for single-shaft
engines or gas producer speed for two-shaft en-
gines.

For permitting purposes, Solar has historically
recommended the use of New Source Perform-
ance Standard (NSPS) levels, 40 CFR 60, sub-
part GG for conservative NO, emission estimates
outside the typical load range warranty. (Table 4
herein summarizes NSPS NOx emission levels
for Solar's equipment.)

In some cases, either the customer or regulatory
agency desires a “less conservative” estimate of
actual emissions for when the turbine is not oper-
ating in SolLoNOx mode. For such instances, the
actual emission, +20%, are estimated based on a
combination of empirical calculations and the lim-
ited test data available. Table 3 provides esti-

Table 2. Expected Emissions below 0°F for Centaur 40 and Mars 90 Engines

. Ambient Fuel System Fuel NOx, ppm. CO, ppm | UHC, ppm
Gas only (50 to 100% load) Gas 120 150 75
Centaur A0 and Mars 80
Below 0°F Dual fuel {80 to 100% load) Gas or 120 150 75
Centaur 40 Liquid
(Dual fuel not applicable for
Mars 80)
Table 3. Estimated Emissions
- Engine Load NOx, ppm CO, ppm UHC, PPM
L ess than 50% 70 2200 300
idle 50 3500 500
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Volatile Organic Compound, Sulfur Dioxide,
and Formaldehyde Emission Estimates

Leslie Witherspoon
Solar Turbines Incorporated

PURPOSE

The purpose of this PIL is to summarize meth-
ods available to estimate emissions of volatile
organic compounds (VOC), sulfur dioxide (SQ,),
and formaldehyde from gas turbines. Most cus-
tomers are required to estimate emissions of
these poliutants during the air permitting proc-
ess.

INTRODUCTION

In absence of site specific or representative
source fest data, Solar refers customers to a
United States Environmenta! Protection Agency
(EPA) document titted “AP-42," or other appro-
priate EPA reference documents. AP-42 is a
sollection of emission factors for different emis-
sion sources. The emission factors found in AP-
42 are a generally accepted way of estimating
emissions when more representative data are
not available. The most recent version of AP-42
(dated Aprit 2000} can be found at
http://www.epa.govitin/chief/ap42/index. htmi.

Solar does not typically warranty the emis-
sion rates for VOC, SO;, or formaldehyde,

Volatile Organic Compounds

Mest permitting agencies require gas turbine
users to estimate emissions of VOC, a subpart
of the unburned hydrocarbon (UHC) emissions,
during the air permitting process. Volatile or-
ganic compounds, non-methane hydrocarbons
(NMHC), and reactive organic gases (ROG) are
some of the many ways of referring to the non-
methane {and non-ethane) portion of an "un-
burned hydrocarbon™ emission estimate.

For natural gas fuel, most Selar customers
use 10-20% of the UHC emission rate to repre-
sent VOC emissions, The estimate of 10-20% is
based on a ratio of total non-methane hydrocar-
bons to total organic compounds. The use of

10-20% provides a conservative estimate and
has been accepted by permitting authorities over
the years. The 10% level assumption is most
commonly used by customers in the air permit-
{ing process.

For liquid fuel, it is appropriate to estimate
that 100% of the UHC emission estimate is
VOC.

Sulfur Dioxide

Sulfur dioxide emissions are produced by con-
version of sulfur in the fuel to $0.. Since Solar
does not control the amount of sulfur in the fuel,
we are unable to generically predict SO, emis-
sions. Customers generally estimate SO, emis-
sions with a mass balance calculation by assum-
ing that any sulfur in the fuel will convert to SO,.

As an alternative to a mass balance calcula-
tion, EPA’s AP-42 document can be used. AP-
42 (Table 3.1-2a., April 2000) suggests emission
factors of 0.0034 Ib/MMBtu for gas fuel (HHV)
and 0.033 Ib/MMBtu for liquid fuel (HHV).

Formaldehyde

in gas turbines, formaldehyde emissions are a
result of incomplete combustion. Fermaidehyde
in the exhaust stream is unstable and very diffi-
cult to measure. In addition to turbine character-
istics inciuding combustor design, size, mainte-
nance history, and load profile, the formalde-
hyde emission level is also affected by:

s Ambient Temperature

o  MHumidity

e Atmospheric Pressure

»  Fuel Quaiity

o Formaldehyde Concentration in the Am-
bient Air

PIL 168 Rev 2
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s Test Method Measurement Variability
o Operational factors

Table 1 summarizes total hazardous air pollut-
ants {(HAP) and formaldehyde emission factors
for gas turbines < 50MW in size. The emission
factor data is taken from an EPA memo: “‘Re-
vised HAP Emission Factors for Stationary
Combustion Turbines, 8/22/03". The emission
factors in the memo are a compilation of the
HAP data EPA collected during the Maximum
Achievable Controi Technology {MACT) stan-
dard development process. The emission factor
documentation shows there is a high degree of

variability in formaldehyde emissions from gas
turbines, depending on the manufacturer, rating
size of equipment, combustor design, and test-
ing events. To estimate formaldehyde emis-
sions from gas turbines, users should use the
emission factor(s) that best represent the gas
turbines actuai/planned operating profile.

The 95% Upper Confidence of Mean and
95% Upper Confidence of Data emission factors
from the August 22, 2003, memo are shown in
Table 1. The EPA memo also presents HAP
emission factors in the following categories:
mean, median, maximum, and minimum.

Table 1. EPA’s Total HAP and Formaldehyde Emission Factors for <50 MW Lean Premix Gas Tur-

bines burning Natural Gas.

(Source: Revised HAP Emission Facters for Stationary Combusiion Turbines, OAR-2062-008C, IV-B-09, 8/22/03)

. 85% Upper Confi- | 95% Uppér Confi- oL
Poltutant Engine Load dence of Mean - | = dence of Data- Memo Referencg .
Totai HAP > 90% 0.00144 0.00258 Table 19
Total HAP All 0.00160 0.00305 Table 16
Formaldehyde > 90% 0.00127 0.00241 Table 19
Formaldehyde All 0.00143 0.00288 Table 16

Table 2 summarizes approximate ton per year
formaldehyde emissions from Solar's current
production models based on the 95% Upper

Confidence of Data emission factors as shown
in Table 1 and 1SO condition fue! flow data.

Table 2. Formaldehyde Emissions Estimates for Solar's Products

(53 F, 60% RH, sea level, no losses)

| Formaldehyde Emission Estimate, tpy
" Solar _ . “Using the 85% Upper | .Using'-th:e 95%.Upp_ér
. Turbine Fuel Input, MMBtu/hr " Confidence of Data Confidence of Data
Model LHV (HHV) Emission Factor - Emission Factor —
All L.oads > 80% Load
Saturn 20 16.8 (18.5) 0.23 0.20
Centaur 40 42.7 (47.0) 0.59 0.50
Centaur 50 50.3 (55.3) 0.7¢ 0.58
Taurus 60 58.1 (63.9) 0.81 0.67
Taurus 70 71.9 (79.1} 1.00 0.83
Mars 90 99.2 (109.1) 1.38 1.15
Mars 100 111.6 (122.7) 1.55 1.29
Titan 130 132.0 (154.2) 1.83 1.53
PIL 168 Rev 2 2 8 October 2003
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in August, 2003, EPA finalized the combustion
turbine Maximum Achievable Contral Technol-
ogy (MACT) standard. A gas turbine will be
considered “new” If it is part of a project that
commenced construction (enter into a contrac-
tuai agreement) after January 14, 2003. “New”
turbines at major sources of hazardous air pol-
lutants (HAP), >10 tpy of a single HAP, >25 tpy
of all HAPs, will need to comply with the MACT
standard of 91 ppb.

As you can see from Table 2 it is unlikely
that any multiple unit Solar turbine project will be
a major source of HAPs. However, if a gas tur-
bine is placed at a site that is a major source of
HAPs due to other emission sources at the site

Solar Turbines Incorporated
9330 Sky Park Court
San Diego, CA 82123-5398

Caterpillar is a registerad trademark of Caterpillar inc.

(most vulnerable customers include compressor
stations with reciprocating engine base, chemi-
cal plants, and refineries), then the gas turbine
MACT standard will be applicabie.

If the MACT is applicable, new gas turbines
will be required to meet 91 ppb formaidehyde.
Source test data to date do not indicate that mig-
range industrial gas turbines can meet the for-
maldehyde standard without the use of an oxida-
tion catalyst. In fact, the preamble to the final
MACT standard noted that the 91 ppb value is
“post control”, e.g. a measured level after a CO
oxidation catalyst. With this in mind, Solar will
not warranty formaldehyde at the 91 ppb lavel.

Solar, Titan, Mars, Taurus, Mercury, Centaur, Saturn, SoLoNOx, and Turbotronic are trademarks of Solar Turbines incorporated.
Specifications subject to change without notice. Printed in U.S.A. © 2003 Sotar Turbines Incorporated. All rights reserved.
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Emission Estimates at Start-up, Shutdown, and
Commissioning for SoLeNOx Products

Leslie Witherspeon
Solar Turbines Incorporated

PURPOSE

Emissions during start-up, shutdown, and com-
missioning of Sclar’s size class of gas turbine are
negligible and are not warranted by Solar. With-
out appropriate forewarning, however, many cus-
tomers and reguiators will treat Solar's turbines
as though they were large utility turbines. The
purpose of this PIL is to provide insight into the
different situation with Solar's class of turbine and
provide emission estimates for start-up, shut-
down, and commissioning.

INTRODUCTION

Due to the surge of energy projects in the utility
sector and the start-up and shutdown emiasion
characteristics of large utility turbines, some regu-
latory agencies have been asking Solar's cus-
temers to account for emissions during start-up
and shutdown conditions in their air permitting.
The operating characteristics and emissions pro-
file of Solar's size class of turbine is different than
those of a utility-size combined-cycle power plant.
This basic fact is often overiooked by regulatory
agencies and can cause Solar's customers to
expend significant effort in estimating start-up
and shutdown emissions that are essentially in-
significant. In most cases, once our estimated
start-up emissions are relayed to the permitting
engineers, the issue is dropped.

Start-up occurs in one of three modes: cold,
warm, or hot. in general, the start-up duration for
a hot, warm, or cold Solar turbine is less than 10
minutes in simple-cycle and most combined heat
and power designs. Heat recovery steam genera-
tor (HRSG) steam pressure is usually 250 psig or
less. At 250 psig or less, thermat stress within the
HRSG is minimized and, therefore, firing ramp up
is not timited.

A utility-size combined-cycle power plant typically
operates at 1800 to 2400 psig. At 1800 to 2400
psig, a 2 to 3 hour start-up sequence is required
for a cold start (steam turbine shutdown for
greater than 72 hours), 1 to 2 hours for a warm
start (steam turbine shutdown for 8 to 72 hours);
and 30 minutes for a hot start (steam turbine
shutdown for less than 8 hours). Large simple-
cycle gas turbines generally start-up in 10 to 30
minutes.

Start-up, shutdown, and commissioning emis-

- sions will not be guaranteed by Solar Turbines.

The information presented in this document is
representative for both single and two-shaft en-
gines only. Operation of duct bumers and/or any
add-on control equipment is not considered in the
estimates.

START-UP EMISSION ESTIMATES

The start-up duration is the same for cold, warm,
and hot starts. Expected start-up emissions are
summarized in Table 1, in parts per million by
volume (ppmy, and in Table 2, in pounds per year
for each product. The emission estimates are
calculated from empirical exhaust characteristics.
Getting to the SoLoNOx made takes three steps:

1. Purge-crank
2. lgnition and acceleration to idle
3. Loading / thermal stabilization

During the “purge-crank” step, rotation of the tur-
bine shaft is accomplished with an electric starter
motor to remove any residual fuel gas in the en-
gine flow path and exhaust. During “ighition and
acceleration to idle,” fuel is introduced into the
combustor and ignited in a diffusion flame mode

PiL170
Caterpiliar; Confidential Green

27 January 2003
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Table 1. Estimated Emissions during Start-Up {ppmy)

. Start-up Step: . Cominutes 4 Pp!
1. Purge-Crank 4 -— —— -—
2. Ignition-ldle-Generator Synchroni- Diffusion 3 50 3500 500
zation
3. Loading / Thermal Stabilization Transitional 3] 70 2200 300
4. 50% to Full Load SoloNOx Variable <25 <50 <25

and the engine rotor is accelerated to idle speed,
The third step consists of applying up to 50%
load while allowing the combustion flame to tran-
sition and stabilize. Once 50% load is achieved,
the turbine transitions to SoLoNOx mode (Step 4)
and the engine control system begins to hoid the
combustion primary zone temperature and limit
pilot fuel to achieve the carbon monoxide (CQ)
and nitrogen oxides (NOx) emission levels.

The specific load at which a unit enters SoLoNOx
mode (Step 4) varies by engine model and ambi-
ent temperature. For two-shaft engine, the So-
LoNOx "trigger” load also varies by gas producer
speed (NGP}.

It is important to note that Steps 2 and 3 are
short-term fransient conditions making up less
than 10 minutes. No emission guarantee is pro-
vided by Solar for <50% load. NOx, CO, and un-
burned hydrocarbons (UMC) are guaranteed at
25 ppmv, 56 ppmv, and 25 ppmv respectively,
when operating greater than 50% load.

SHUTDOWN EMISSIONS

Normal, planned cooldown / shutdown duration
varies by engine maodel. The Centaur 40, Centaur

Solar Turbines Incorporated
9330 Sky Park Court
San Diego, CA 92123-5308

Catl and Caterpillar are registered frademarks of Caterpillar inc.

50, and Taurus 60 take about five minutes. The
Taurus 70, Mars 90 and 100, and Titan 130 take
about 10 minutes. Typically, the emissions will be
similar to Start-up Step 4 for 90 seconds and
Step 3 for the balance of the estimated duration
(@ssumes unit was operating at full-load).

COMMISSIONING EMISSIONS

Commissioning generally takes place over a two-
week period. Static testing, where no combustion
occurs, usually requires one week and no emis-
sions are expected. Dynamic testing, where
combustion will occur, will see the engine start
and shutdown a number of times and a variety of
loads will be placed on the system. It is impossi-
ble to predict how long the turbine wilt run and in
what combustion / emissions mode i will be run-
ning. The dynamic testing peried is generally fal-
lowed by one to two days of “tune-up” during
which the turbine is running at various loads,
most likely within low emissions mode (warranted
emissions range).

Solar, Titan, Mars, Taurus, Mercury, Centaur, Saturn, SoLoNOx, and Turbotronic are trademarks of Solar Turbines incarporated.
Specifications subject to change without notice, Printed in U.S.A. © 2003 Solar Turbines Incorporated. Al rights reserved.

PIL 170 2
Caterpillar: Confidential Green

27 January 2003




€002 Arenuep 4z

uaale) jenuspiuos) ejidisien

041 7d

‘|ang sefi sawnssy

‘UMop-Inys o1 joud peoy in 1e Buiteiadc St JUN saWINgsy
“siapow xOonoTas Buisn peoj o001 B 3 Svd woy ¢ dals 10} $8IEIMOY ISNELX T
‘BIEp By Uoishusp pea| 3401 BSN O pue 6 SIEW apow juejesnbe awey uasnyp Buisn prOy 9| ) 31 Sy W0y € pue 7 delg 10) seleIMog 1SNeYXT
$8550] 0U 1848} BBS "M %00 464 SUOIIPUDD QT SBWNSSY

Sq1} suoisSuEY EMOpINGS e |

187641 Sziezl fuwed g dag
SE'D |ve9  j6EVI | 5L veE iy 1EE ssrale | Daspe pdeg UM prEnYs
591 maa_ﬁ_sw dn-je)s ey
597 |89 g | €3 06C 197641 szielt | (U g Edais
680 {997 |eadi |eaToec 1as'6s1 wi'6e | g 7 dayg dn-ueig
{sad I (7] T
%N | %0ZH | % Z0 | Mwamoyy % 20 | meimarg amImaLf
IBneyxy mNeyxy 1sneyxy

T B T G{ESUI] UMepIngs [(RI0]
O F T T [ T K-V o ywe L2t 60V 51 \warl a6 ¢ dars
60 |20 |6KD [0r9 jzewl | edElz fsoo [sto S0 lore leeve | sesen SEPL | LvisE Jvo0 fere [ foes jersileiezr | Gespdpders umopanyg
TlEe[6h - bolgzy e Fi (070 (50 : SUGISSIIY ArLeS [RI0L
VCEL (690 [S6C 950l |Betiz PaT Tees |iE0 Tt Vhe Ll Br0St [c50 008 JSE0 [rvz [ELet] Siranr | e g Ies
980 (€501 |ST0 |s6T jever |ewuz fern |sss oo |er leer sz ZeBL L EOFOSL [oRD (€€ |EVT T |EVEl | sivar | tupa g zdms douers
g | {saf | el Gl [ Gal | a0 | Gl e Oyl 3 san | fsail | sag Gy
JHN| 00 |¥ON [%02ZH|% 20| memors [onun | 03 | %on [noat |% 20 | srewmay % 70 | seamors fonn | 00 | xoN | %oz | % 2o | eeimery
1sneyxy 1snegxg Jneyxg ey
(BOOEm Qe snRL WISGYZ 09 SRE T Sty gy weeg

$90UEBISWINOAD AUE 1apun pajueiiem ag LON M ejeq

[on sB9 XONO70S 404 (A/q)) SUOISSHUT umopInys pue dn-Lels Jo uogewsg 7 sjqey

01 103197 UOIBULION} JONPOIY

poieiodionu) sauUqIng iejog



Solar White Paper on:
Developments in Low Emissions Combustion Systems

Concord Expansion Profect
Compressor Station 27081
Application for Temporary Permit




Developments in Low Emissions
Combustion Systems for
Industrial Gas Turbines

Solar Turbines

A Caterpiltar Company




Contents

INTRODUCTION ..ottt cre s e seb ettt ee et 1
LEAN-PREMIXED COMBUSTION ...ccccoovveeeeercriiees e

SOLONOX DEVELOPMENT ....ovvcivn s eveeee e 2
MAINTAINING PRODUCT STABILITY oo, 7
ADVANCED COMBUSTOR TECHNOLOGIES ..o, 10
SUMMARY oo s et 15

Cat and Caterpillar are trademarks of Caterpitiar inc.
Solar, Centaur, Taurus, Mars, Titan, and SoLoNOx are trademarks of Solar Turbines Incorporated.
Specifications subject to change without notice. Printed in U.S.A,
Copyright® 2001 by Solar Turbines Incorperated. Al rights reserved.
TPSOLONOX/901




Developments in Low Emissions
Combustion Systems for
Industrial Gas Turbines

R.A. Eimers, Director, Engineering
K.O. Smith, Ph.D., Manager, Advanced Combustion
L. Cowell, Product Manager, SoLoNOx Products

INTRODUCTION

fn 1992, Solar introduced the first industrial gas
turbines employing a lean-premixed combus-
tion system for emissions control. Since then,
Solar has placed more than 825 SoLoNOx™
gas turbines into service. These turbines rou-
tinely are meeting emissions limits as strict as
25 ppmv NOx and 50 ppmv CO {15% Q) on
natural gas. Other gas turbine manufacturers
have followed suit and, at this time, neary
every manufacturer has introduced a low
emissions gas turbine product line based on
lean-premixed combustion technology.

Despite the significant improvements in
gas turbine emissions over the last eight years,
regulatory agencies continue to consider and
implement more stringent emissions regula-
tions. For example, NOx control levels for gas
turbines have been set as low as 1 ppmv in
Massachusetts. Levels this low require the use
of expensive exhaust gas cleanup systems in
addition to advanced low NOx combustion
technoiogy. CO leveis as low as 10 ppmv may
be required by future emissions reguiations.

The primary purpose of this paper is to
provide a broad overview of low emissions
combustor development and how it is being
shaped by emissions regulations that are con-
tinually changing. Discussed in this paper is a
description of the development and present
status of SoLoNOx; a discussion of how in-
creasingly restrictive emissions regulations
impact industrial gas turbine production; and a
review of new combustion technologies with
the potential to achieve lower emissions levels.
Solar continues to explore combustion tech-
nologies in the belief that clean combustion is
a more cost-effective path to low emissions
than exhaust gas cleanup.

LEAN-PREMIXED COMBUSTION

SoLoNOx employs lean-premixed combustion
to reduce NOx emissions. Lean-premixed
combustion reduces the conversion of atmos-
pheric nitrogen to NOx by reducing the com-
bustor flame temperature. Since NOx forma-
tion rates are strongly dependent on flame
temperature, lowering flame temperature (by
lean operation) is an extremely effective strat-
egy for reducing NOx emissions (Figure 1).
Lean combustion is enhanced by premixing the
fuel and combustor airflow upstream of the
combustor primary zone. This premixing pre-
vents stoichiometric burning locally within the
flame, thus ensuring the entire flame is at a
fuel lean condition.

There are three aspects of lean-premixed
combustion that warrant attention:

» CO/NOx tradeoff
» Combustor operating range
» Combustor pressure oscillations

CO/NOx Tradeoff

Since the flame temperature of a lean-
premixed combustor is designed to be near the
lean flammability limit, lean-premixed com-
bustor performance is characterized by a
CO/NOx tradeoff (Figure 2). At the combustor
design point, both CO and NOx are below
target levels; however, deviations from the
design point flame temperature cause emis-
sions to increase. A reduction in temperature
tends to increase CO emissions due to incom-
plete combustion; an increase in temperature
will increase NOx, This tradeoff must be ad-
dressed during part-load turbine operation
when the combustor is required to run at an
even leaner condition. The tradeoff also comes




Conventionat

Notes:

(1} Comventional Combustors Have High Flame
Temperatures

{2} Sol.oNOx Combustors Operate with Lowar Flame
Ternperatures and Lower NOx Emissions

{3} NOx Emissions Increase Rapidly with Flame
Temperature

Lean Premixed

Figure 1. How Lean-Premixed Combustion
Reduces NOx Emissions
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Figure 2. Typical Lean-Premixed
Combustor Emissions

into play in development efforts to reduce lean-
premixed combustor NOx emissions by further
reducing the primary zone design point tem-
perature.

Combustor Operating Range

In a gas turbine, the lean-premixed CO/NOx
tradeoff is manifested as a limited load range

over which emissions limits can be satisfied.
As a gas turbine moves away from full-load
operation, a lean-premixed combustor will
eventually produce excessive CO emissions.

To broaden the operating range, low emis-
sions gas turbines can use variable geometry
to maintain the combustor primary zone at its
optimum low emissions point despite load
changes. Variable geometry involves com-
bustor airflow control within the gas turbine to
maintain a nearly constant flame temperature.

The current generation of low emissions
gas turbines uses either compressor air bleed
or variable geometry at part-load to broaden
the operating range of the lean-premixed com-
bustion system. Although effective, compres-
sor bleed results in a reduction in part-load
efficiency because high-pressure air is vented
to the atmosphere upstream of the gas gen-
erator.

Some applications such as single-shaft gas
turbines can use the inlet guide vanes (IGV) to
perform the variable geometry function without
an efficiency impact; however, the IGV tech-
nique is not applicable to two-shaft gas tur-
bines.

Combustor Pressure Oscillations

The introduction of lean-premixed combustion
systems for gas turbines has raised manufac-
turer awareness of the consequences of large
combustor pressure oscillations. Simply put,
lean flames have a greater tendency to cause
pressure osciilations that can lead to engine
damage. it is recognized that the reduced
stability of a lean-premixed flame contributes to
combustor oscillations. Despite increased
awareness, however, manufacturers are still
working to develop design methodologies and
combustion system features that prevent ex-
cessive combustor pressure oscillations.

The three lean-premixed combustion sys-
tem characteristics previously identified repre-
sent significant constraints in efforts to develop
advanced combustion systems that will further
reduce gas turbine NOxand CO emissions.

SOLONOX DEVELOPMENT

tn 1987, Solar began a major development
effort to integrate dry, low NOx combustion
technology into its product line. Several poten-
tial low NOx combustion techniques were




evaluated and lean-premixed combustion was
selected as the most promising approach for
near-term apptication. Advantages of lean-
premixed combustion include the concept's
proven potential for low NOx emissions, gen-
eral similarity of combustion system hardware
to that used in conventional gas turbines, and
Solar's extensive lean-premixed technoiogy
base developed through earlier research work.

Combustion System Description

Development of the SoLoNOx combustion
system required modifications to the following
engine companents:

« Combustor Liner

* Fuel Injectors

¢ Variable Geometry Systems
¢ Engine Casings

+ Control System

¢ Fuel System

Combustor Liner

‘The lean-premixed combustor liner is generaily
similar to a conventional liner in terms of ge-
ometry, materials and construction (Figure 3).
The most significant difference in the lean-
premixed liner is an increase in combustor
volume. The larger volume is required to en-
sure complete combustion and low CO and
UHC emissions at the lower overall flame
temperature of the lean-premixed combustor
(Figure 4). Since combustor length was con-
strained by the engine exchangeability objec-
tive, the increased combustor volume was
achieved by increasing the outer liner diame-
ter. The larger liner required an increase in the
diameter of the combustor housing (Figure 5).

A second difference in the lean-premixed
liner is the absence of large air injection ports
in the combustor primary zone. All air used in
the combustion process is introduced through
the air swirlers of the fuel injectors. Remaining
compressor delivery air is used for cooling the
walls or for dilution to achieve the specified
radial temperature profile and pattern factor at
the combustor exit.

Early SoeLoNOx combustor liners incorpo-
rate conventional air film louver wall cooling
technigues. More recently, an improved effu-
sion-cooled liner design has been developed

Figure 3. Lean-Premixed Annular
Combustor Infet Section

Figure 4. Comparison of Conventional and
SoloNOx Combustor Liners

to give improved CO compliance at ambient
temperatures below -20°C (0°F).

The first production SoLoNOx combustors
used louvers on the inside of the liner to direct
air axiaily along the walls to produce a protec-
tive film of cooling air between the wall and the
hot combustion gases {Figure 8). This method
of liner cooling is commonly used in industrial
and aircraft gas turbine combustors. The cool-
ing air film gradually mixes with the hot gas
stream; thus, a succession of louvers must be
placed along the liner to maintain the required
temperatures. This method of wall cooling
uses relatively high levels of cooling air, be-
cause the wall just downstream of the louver
must be overcooled in order to keep the wall
adjacent to the next louver below the maximum
temperature limit.




figure 8. Comparison of Conventional and
SolLoNOx Combustion Systems

COMBUSTOR CONVECTOR
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AR SPLASH PLATES
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Figure 6. Louver Cooling Design

Effusion cooling of the combustor walls has
been developed for SoL.oNOx combustor liners
in order to reduce the cooling air required and,
in turn, reduce CO emissions.

The injection of cooling air along the com-
bustor wall can quench the combustion reac-
tions in the wall region, thus contributing to CO
and UHC emissions.

The basic geometry of the effusion-cooled
liner is the same as the louvered version. Effu-
sion cooling is obtained by starting a film of air
with a cooling louver at the front of the com-
bustor and then continuously feeding this film

with additional air through a multitude of small
diameter holes laser drilled at an angle of 20
degrees to the wall surface (Figure 7).

An effusion liner has the total cooling air
reduced by about 20% relative to the jouverad
finer. Thermal gradients in an effusion liner are
significantly less than in the louvered liner
while still maintaining acceptable wall tem-
peratures. Additional cooling effectiveness is
achieved by adding an impingement shield to
the SoLoNOx combustor liner and combining
air impingement on the back side of the com-
bustor wall with effusion through the wall (Fig-
ure 8). .

As Solar continues to develop lower emis-
sions combustion products, combustors using
only back-side convective cooling are being in-
troduced. The total avoidance of cooling air

COMBUSTOR EFFUSION CONVECTCH
WALL HOLES

FIL M STARTING
SLOT 02 0571

Figure 7. Effusion-Cooling Design

COMBUSTOR  IMPINGEMENT EFFUSION
WALL SHIELD

AiR

FILM STARTING
5L07 De-0seht

Figure 8. Impingement/Effusion-
Cooling Design




injection into the combustor primary zone al-
lows greater latitude for combustor optimiza-
tion for minimum NOx and CO.

Fuel Injectors

SoLoNOx fuel injectors (Figure 9) are signifi-
cantly larger than their conventional counter-
parts due to the higher airflow through the
injector air swirlers and the required volume of
the premixing chamber used to mix the fuel
and air. The injector module includes a pre-
mixing main fuel injector, a pilot fuel injector,
and in some cases a variable geometry system
for part-load control purposes.

R R

Figure 8.  Comparison of SoLoNOx and
Conventional Fuel Injectors

Main Fuel Circuit. The premixing main fuel
injector uses an axial swirler to impart a high
degree of swid to the primary zone air. A series
of multi-orificed, radial-fuel tubes injects natural
gas fuel into air just downstream of the air
swirler. Uniform mixing of the fuel and air oc-
curs within the annular premixing chamber
pricr to reaching the combustor primary zone.
The strong swirl stabilizes the combustion
process in the primary zone by establishing a
recircuiation zone that draws reacted hot
gases back upstream, thus providing a con-
tinuous “ignifion source. Above 50% engine
load, the majority of the fuel (approximately 90
to 100%) is introduced through the main fuel
tubes,

Pilot Fuel Circuit. The pilot fuel injector circuit
is used mainly for lightoff and low-load opera-
tion. The pilot fuel injector consists of an air
swirler and tangential fuel inlet ports to provide
partial premixing of air and fuel prior to com-
bustion. During lightoff and low-load operation,
approximately 30 to 50% of the fuel passes
through the pilot injector, providing a rich
fuel/air mixture. Combustor stability is en-
hanced in this mode compared to lean-
premixed operation, although NOx and CQ
emissions are higher. Above 50% engine load,
the pilot fuel is reduced to less than 10% of the
total fuel flow to aptimize emissions perform-
ance. The pilot fuel is also momentarily in-
creased during off-load transients to help sta-

bilize the flame during the transient.

Variable Geometry Systems

Several variable geometry systems have been
empioyed to avoid lean extinction and broaden
the low emissions operating range of the lean-
premixed SoLoNOx combustion system. Each
{echnique providas control of the primary zone
airflow to maintain the primary zone fuel/air
ratio near its optimum low emissions level
during part-load engine operation.

Casing Bleed. Two-shaft gas turbines used for
gas compression and mechanical drives, bleed
air from the combustor casing at part load. This
method of variable geometry has proved effec-
tive in controlling the CO emissions while using
the production bleed valve of conventional
engines. A consequence of air bleed, however,
is a deterioration in engine part-load thermai
efficiency, since the compressed bleed air no
longer enters the turbine section of the engine
to preduce power.

Inlet Guide Vanes. Single-shaft gas turbines
used for power generation, maintain optimum
primary zone fuel/air ratios by modulating the
compressor IGVs. Closing the IGVs reduces
the airflow through the engine compressor and
combustor. No bleeding of high-pressure air is
required.

Swirler Inlet Valve. In addition to casing
bleed, Centaur 408, Centaur 508, and Taurus
608 gas turbine fusl injectors have a two-
position swirler inlet valve (SIV) located up-




stream of the main air swirler, which is used to
control the airflow into the combustor primary
zone. This valve is pneumatically actuated
from outside the combustor casing. In the open
position, full airflow passes through the swirfer.
fn the closed position, the slotted SIV reduces
the primary zone airflow. By closing the SIV,
the primary zone fuel/air ratio is changed in a
step-wise fashion. Additional low emissions
combustor operating range is obtained without
any heat rate penalty.

Engine Casings

Larger combustor casings are required for the
SoL.oNOx system due to the increased di-
ameter of the combustor liner and larger fuel
injectors. This larger combustor case also
requires modification to the mating compressor
diffuser and gas producer turbine cases. The
overall length of the engine remains un-
changed.

Control System

The SoLoNOx gas turbine control system is
identical to the conventional gas turbine sys-
tem at start-up and low-load operation, but
differs when the gas turbine operates in the
low emissions mode (above approximately 30
to 50% of the rated load). The control system
for SoLoNOx engines modulates the variable
geometry systems to keep the combustion
- primary zone temperature within a specified
range. Accurate control of the primary zone
temperature is critical to controlling NOx and
CO emissions. Direct measurement of this
temperature, which is greater than 1540°C
(2800°F), over an extended period of time is
impractical, however. Conventional gas tur-
bines use the power turbine inlet temperature
(T8) as an indirect measurement of the com-
bustor exit or turbine inlet temperature. The
SoLoNOx gas turbines also use this same T5
for control. '

Fuel System

The natural gas fuel system for SoLoNOx gas
turbines inciudes two separate fuel circuits:

one for the pilot system and onc for the main.
Separate fuel manifolds are used to supply
pitot and main gas to the respective fuel cir-
cuits of each fuel injector. The fuel flow split
between main and pilot is controfled with a

precision electronic valve on the pilot line.
During start-up and low-load operation, high-
flow rates of pilot are used. When the engine is
in the low-emissions mode, the pilot fuel valve
throtiles the pilot valve to low levels. The low-
pilot flow is used to stabilize the flame.

Initial Field Test Engines

The first prototype production SoLoNOx gas
turbines used in gas transmission service were
installed at customer field evaluation sites in
1892. A Centaur 505 gas turbine, rated at
4100 kW (5500 hp), was installed at the El
Paso Natural Gas Company (EPNG) Window
Rock Station near Window Rock, Arizona
(Figure 10). in mid-1992, a Mars 100S gas
turbine, rated at 10 500 kW (14,000 hp), was
installed at the Pacific Gas Transmission
(PGT) station near Rosalia, Washington.
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Figure 10. Centaur 50S Engine Instalied at
EPNG, Window Rock Station,
Arizona

Production Engines

Production Centaur, Taurus, Mars and Titan
SolLoNOx gas turbines are now in service as
prime movers for gas transmission, mechani-
cal-drive applications, and power generation
throughout the U.S., Canada, Europe, and
Japan. These engines have demonstrated the
capability of meeting the emissions guarantees
at ambient temperatures between -20°C (0°F)
in Canada and 50°C (120°F) in the Ar-
zona/California desert. Operation has also
been successful on lower Btu fuels such as the




Dutch Groningen gas, but with slightly higher
CO emissions than natural gas. The experi-
ence to date has shown excellent durabiity of
the SoLoNOx combustion hardware. inspec-
tions of the high time engines indicate that
these engines will have life expectancies
equivalent to Solar's conventional engines.
Table 1 presents a compilation of SoLoNOx
engine operating experience.

Table 1. SoloNOx Experience
through June 2001
Type | Units |. Estimated -
Sold Hours
Centaur 40 88 2,810,000
Centaur 50 102 1,130,000
Taurus 60 335 6,080,000
Taurus 70 127 1,180,000
Mars 90/100 180 2,475,000
Titan 130 38 63,000
Total 870 13,838,000
Dual Fuel Capability

The need to provide fow emissions dual fuel
capability for power generation applications
presents its own set of complexities and tech-
nical challenges. The injector designs (Figure
11) become physically complex and the oper-
ability issues relative to long-term injector
durability and maintenance are challenging.

Figure 11. Typical Dual Fuel Injector Design

Solar has been building field experience
with dual fuel SoLoNOx capability since 1995,
There are now more than 100 dual fuel, low-
emissions engines successfully operating in
the field.

The major technical chailenge is injector
coking, in steady-state operation as well as
during fuel transfers. Over the last two years,
significant improvemenis have been made in
the capability of the associated purge systems
and a number of enhancements required in
fuel handling have been defined. The current
injector design and development efforts are
focused on long-term coking issues with the
high temperature and pressure environment in
which the injector operates, while continuing to
focus on lower emissions capability on liquid
fuel.

MAINTAINING PRODUCT STABILITY

It is understandable that one might assume
that SoLoNOx is a mature Solar gas turbine
technology, since nine years have passed and
hundreds of turbines have been instalied since
1992. Yet, numerous forces have been at work
over this period that have required SoLoNOx to
evolve technically. A look to the future sug-
gests that these same forces will continue to
act. To continue to meet market requirements,
SoLoNOx, as well as other dry low emissions
(DLE) systems, will have to evolve. The forces
that are driving the evolution of SolLoNOx
include:

» Continuing need to reduce NOx emis-
sions to meet increasingly strict air qual-
ity regulations.,

» Promulgation of increasingly strict CO
emissions limits.

* Market desire for dual fuel capability
(natural gas and No. 2 distillate) at many
power generation sites and the growing
desire to use a broad range of alternate
fuels that need to have no visible smoke
when operating on liquid fuels, even
during transient operation,

s Product cost reductions.

» Need to uprate engine performance over
time to meet customer requirements.

» Desire to infroduce new turbine products
to provide a more diversified product line.




* Ability to address technical “surprises”
that arise during product introduction or
extended operation in the field. A prime
example is the occurrence of unaccepta-
bly high combustor pressure oscillations,
which have forced combustion system
design changes throughout the entire
gas turbine manufacturing community.

in this environment of ever-changing driv-
ing forces, it is unlikely that low-emissions
combustion systems will be able to maintain
complete design stabhility.

Combustor Performance Functions

A well-designed gas turbine combustor must
satisfy a wide range of performance criteria.
The primary goal of achieving essentially 100%
combustion efficiency is only one of many
requirements. Other requirements include:

* Producing a specific radial exit tempera-
ture profile in the gas flow delivered to
the turbine section of the engine.

s Having a generally uniform circumferen-
tial exit temperature (as reflected in the
pattern factor) to ensure turbine nozzle
durabiity.

¢ Having sufficient operating stability to
permit engine light-off and acceleration
to full-load conditions.

« Providing combustion stability during
large on-load and off-load transients op-
erating without excessive combustor
pressure oscillations.

« Maintaining sufficiently low material tem-
peratures to meet durability requirements
{30,000 hours for Solar) even under
highly cyciic operating conditions.

 Burning widely different fuels (gases and
liquids) in gas only and dual fuel sys-
tems.

¢ Avoiding coking of combustor compo-
nents during liquid fuel operation.

» Functioning acceptably with engine inlet
temperatures that may range from 0°F to
over 120°F.

¢ Functioning acceptably in different con-
figurations of the same turbine product.
For example, gas turbines for power
generation have different operating char-
acteristics than engines for mechanical

drive applications. In addition, operating
characteristics may vary in engines that
are specifically designated to operate at
extremely hot or extremely cold customer
sites.

* Meeting all of the above requirements
while maintaining trace emissions con-
centrations (NOx, CO and UHC) at low,
parts per million levels,

Clearly, combustor development ¢an be a
challenging activity, particutarly when stringent
emissions requirements exist. Compounding
this challenge is the complexity of the gas
turbine combustion process. The combustion
process involves highly turbulent, reacting,
high temperature, two-phase (for liquid fuels)
flows that defy accurate quantitative modeling.
Consequently, commercial combustor devel-
opment always involves an iterative process of
analysis, design, and performance testing.

Meeting Emissions Guarantees

Although gas turbine output, efficiency and
cost are the most important considerations for
the majority of turbine operators, emissions
have become a “gate” through which turbines
must pass lo compete in emissions-sensitive
markets.

Simplistically, the turbine manufacturer has
two emissions-related milestones that must be
met to ensure a viable low emissions product.
First, the turbine manufacturing process must
be sufficiently repeatable to ensure that new
engines consistently meet their emissions
guarantees during both pre-shipment testing
and engine start-up at the customer's site. in

" addition, the manufacturer must establish a

design that is sufficiently robust to meet emis-
sions guarantees over an extended period of
operation at the customer’s site.

Meeting Emissions Guarantees

at the Factory

By and large, the major challenge in routinely
meeting emissions guarantees with new en-
gines relates to airflow management within the
turbine. Production processes and tooling must
be maintained so that the precise airflow distri-
bution required within the engine is achieved.
This includes the percentage of air flowing to
the fuel injectors, the liner and through other




passages used to cool turbine components
downstream of the combustor. Manufacturing
variations in any of the injector flow areas
{there are 12 to 14 nominally identical injectors
in Solar's low emissions engines), in the open
area of the combustor liner, or in the orifices
used to control turbine coolfing will have a
direct impact on the flame temperature in the
primary zone of the combustor. Since NOx
emissions are exponentially sensitive to flame
temperature, airflow distribution is critical in
meeting emissions guarantees. If too much air
passes through the one or more of injectors,
CO emissions may be excessive. if too little air
enters the combustor through the injectors,
NOx emissions may be higher than guaran-
teed.

Other factors that influence the emissions
achieved with new turbines inciude:

e Uniformity with which fuel is delivered to
each of the 12 to 14 injectors. Non-
uniform fuel flows will lead to-non-uniform
flame temperatures in the combustor.
High local flame temperatures will con-
tribute to high NOx while low temperature
Zones may cause excessive CO emis-
sions.

 Variable rates of air leakage through
seals between the combustor and other
engine components can lead to air
maldistributions. Seals must provide for
differential thermal expansion between
engine components without allowing ex-
cessive air leakage through the seal.

One final phenomenan that impacis engine
test success relates to the occurrence of unac-
ceptably high combustor pressure oscillations.
Combustor oscillations tend to be of the “rum-
ble” type (below 100 Hz) or of the “buzz" type
(200 to 500 Hz). Excessive oscillations can
lead to higher levels of emissions and, ulti-
mately, liner component failure due to high-
cycle fatigue. At the present time, the elements
of combustor design that lead to high ampli-
tude oscillations are receiving significant atten-
tion in the industry and are becoming better
understood.

The primary means of combating oscilla-
tions is through the use of pilot flames to en-
hance the stability of the main flames down-
stream of each fuel injector. In cases where

oscillations occur, the amount of fuel needed
for the pilot injectors varies from engine to
engine. This is largely a reflection of manufac-
turing variabifity. In extreme cases, the pilot
fuel required to dampen oscillations may be so
farge as to push NOx emissions above guar-
anteed levels. Combustor pressure oscillations
are undoubtedly the most frustrating charac-
teristic of lean-premixed combustion systems.
Two engines, nominally identical, may have
very different levels of oscillations, Attempts to
correlate oscillations with engine hardware
characteristics {manufacturing variances) have
not been completely successful.

Meeting Emissions Guarantees in the Field

The sensitivity of emissions to combustor and
engine component design features was dis-
cussed above. From that discussion, it is clear
that degradation in the combustion system
components through extended operation in the
field may also impact emissions. The potential
mechanisms for emissions degradation are
many, including:

» Poor fuel quality that contaminates fuel
valves and injector passages, compro-
mising performance of these compo-
nents,

e Poor air quality and/or maintenance
practices that lead {0 excessive com-
pressor blade fouling.

» Mechanical failures of bleed valve ac-
tuators and fuel system valving.

e Fretting of component interfaces that
leads to increased air leakage with time.

» Blockage of liquid fuel ports or the deg-
radation of liquid fuel injection patterns
due to coking.

+ Fuel leakage within the injectors due o
thermal or mechanical stresses. The
need for dual fuel injectors to have gas
and liquid fuel main passages, gas and
liquid fuel pilot passages, and a pilot air
passage makes these injectors very
compiex.

Since component life is affected by turbine
duty cycle, so too are emissions. Engines
experiencing frequent cyclic loading and en-
gines operated at peak conditions can be
expected to show degradation in hardware




more rapidly and have a higher potential for
undesirably high emissions.

Additionally, regarding turbine component
degradation with time, two other factors may
be significant in causing turbine emissions to
be different in the field from emissions meas-
ured at the factory. First, a wider variation in
ambient temperatures at the operator's site will
almost always occur relative to Solar's test
venue in San Diego. Extremely hot or cold
ambient conditions will impact NOx and CO
emissions. In addition, since natural gas and
No. 2 diesel are not pure fuels, fuel composi-
tion variations can cause variations in emis-
sions levels, This may not only occur between
two different test sites, but also at an opera-
tor's site where significant fuel composition
variations occur over the life of the engine.

Product Stability Status

Based on the rapidly growing experience base
with lean-premixed combustion systems, gas
turbine manufacturers are now well aware that
emissions are extremely sensitive to a number
of factors, some of which are beyond the con-
trol of the manufacturer. These factors include:

¢ Combustor and engine design
parameters

* Manufacturing variability

* Ambient conditions

¢ Fuel composition variations

+ Component degradation over time

* Fuel quality (contaminants)

¢ Engine duty cycle

« Combustor pressure oscillations

The development of robust low emissions
gas turbines across a product line is now fully
appreciated as the formidable task that it is.
Low emissions turbine development in a regu-
latory environment in which the emissions
targets are changing with time and are estab-
lished on a regional basis adds additional
complexity to an already complex task. Manu-
facturers have to stretch their development
resournes to address issues at two levels. At
the firet level, the challenge is to maintain a
growing fleet of engines and assure that cur-
rent emissions regulations can he met. At
another level, resources are needed to con-
tinue technology development for the stricter
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emissions requirements that are anticipated for
the future, but not quantified definitively (either
control level or implementation date). Virtually
every aspect of gas turbine manufacturing is in
a cascade effect (Figure 12). The engineering
and manufacturing challenges are consider-
able. The costs to the manufacturer are much
greater than the cost increments reflected on
the engine price tag.

In light of the now recognized technical
challenges, the progress made in the last nine
years in reducing gas turbine NOx emissions
from hundreds of parts per million to under 25
ppm should be recognized as a major technical
achievement and a significant factor in im-
proved air quality. However, the regulatory
trend towards ever-lower emissions levels is
driving the development of further advance-
ments in combustion system technologies.

ADVANCED COMBUSTION
TECHNOLOGIES

In response to the trend toward more stringent
emissions regulations, gas turbine manufac-
turers are assessing their current lean-
premixed systems to establish viable combus-
tion system technology enhancements. The
areas that exhibit the greatest potential for
lower emissions include advanced combustor
liners, more effective variable geometry sys-
tems, integration of control systems, and alter-
native combustion processes.

Advanced Combustor Liners

The present generation of lean-premixed com-
bustors primarily uses film cooling to maintain
acceptably iow combustor wall temperatures.
Film cooling involves the passage of cooling air
through holes in the liner and the formation of
a cooling film on the hot side of the liner using
internally positioned louvers.

Research has shown that the method used
to cool a lean-premixed combustor liner can
have a significant effect on emissions. Specifi-
cally, conventional film cooling can lead to
reaction guenching at the combustor primary
zone wall. This quenching process leads to
high CO emissions because the CO, a com-
bustion intermediate, is prevented from oxidiz-
ing to CO.. The quenching is traceable to the
injection of a relatively large flow of cooling air
into the primary zone.
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Figure 12. Cascading Effects of Reduced Emissions Limits

The development of an advanced liner with
a "hot wall" that does not promote reaction
quenching will provide a two-fold benefit in
terms of emissions. First, of course, CO emis-
sions will be reduced. Additionally, the lower
CO levels will allow combustor reoptimization
to a lower flame temperature. This will produce
lower NOx levels along with the lower CO
concentrations, as illustrated in Figure 13.
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Figure 13. ABC Combus.tor Cross Section
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Development work is ongoing in an effort to
mitigate the reaction-quenching characteristic
of film cooling. Technologies being studied
include both augmented backside cooled
(ABC) and ceramic combustor liners.

Augmented Backside Cooled Liners

ABC liners forego cooling air injection com-
pletely. Instead, combustor wall temperatures
are controlled solely through convective cool-
ing by a high velocity airstream on the cold
side of the liner (Figure 14). In most instances,
the high heat flux from the flame requires
augmenting of the backside convective proc-
ess to keep liner wall temperatures from be-
coming excessive, Turbulators in the form of
trip strips, fins, and pins act to increase the
cooling flow turbuience at the liner wall and
augment the heat removal process. An alter-
native approach is to use impingement cooling
with cooling flows through the outer convector.
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Figure 14. ABC Combustor Cross Section

Although effective in reducing CO forma-
tion through quenching, backside cooling is a
challenge to implement because of the high
flame temperatures and heat fluxes associated
with gas turbine combustors. An additional
.degree of liner protection can be achieved
through the application of a thermal barrier
coating (TBC) on the hot sides of the liner
walls. These TBCs are frequently composed of
zirconia-based materials that are plasma-
sprayed on the liner. A typical TBC coating of
approximately 0.25 mm (0.01 in.) can reduce
wall temperatures by approximately 40C°
(72F*).

Ceramic Combustor Liners

The ceramic combustor addresses the CO
guenching issue in the same manner as the
ABC liner. Cooling air injection through the
liner is avoided, thus providing potential emis-
sions benefits. These emissions benefits have
been found to be very similar to those of the
ABC combustor.

In the ceramic combustor configuration
employing a continuous fiber ceramic compos-

ites (CFCC) design, the inner and outer com-

bustor cylinders, which form the combustor
primary zone, have been redesigned to incor-
porate CFCC cylinders. The ceramic cylinders
are housed within metallic cylinders that bear
the structural and pressure loads on the as-
sembly.

The advantage of the ceramic combustor
versus an ABC combustor is that ceramic
materials can tolerate higher temperatures.
Typical CFCC materials are expected to give
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good service at liner temperatures near
1100°C (2011°F) as opposed to the 850°C
{1560°F) limit for typical metallic combustor
finers. Monolithic ceramics can tolerate even
higher temperatures, but are characteristically
brittle. Currently, the high risk of turbine dam-
age from these brittle materials effectively
precludes their use in an industrial gas turbine.

Although CFCCs can tolerate higher tem-
peratures, when used as a combustor material
they still require cooling. Back-side cooling of
the primary zone CFCC cylinders is needed to
moderate wall temperatures for good durability.
Use of a metallic housing for the CFCC liners
makes it more difficult to achieve adequate
CFCC cooling.

Development Status

Initial development work on both the ABC
combustor and ceramic combustor has been
directed at the Centaur 50 gas turbine in a joint
Solar/U.S. Department of Energy (DOE) pro-
gram. One of the primary program goals is to
explore the potential for lower emissions using
these advanced combustor technologies.
The ABC combustor utilizes a backside-
cooled primary zone with the dome and dilution
sections maintaining the current production
metal configuration (Figure 15). A yttria-
stabilized zirconia TBC is applied to the hot
sides of the two primary zone cylinders.
Testing to date has been very successful.
A short in-house gas turbine test documented
performance and acceptable wall temperatures
was completed to evaluate the TBC spalling

120-007WE

Figure 15. ABC Combustor for Centaur 508
Gas Turbine




at full-load conditions. A 50-hour cyclic test
resistance. Results from both tests were en-
couraging and significant emissions reductions
with this liner design observed. Figure 16 pre-
sents typical ABC liner emissions data.

At the present time, a field test of a pro-
duction prototype Centaur 50 ABC combustor
is ongoing. The field test will demonstrate
performance over an extended time period and
over a wider range of turbine operation. More
than 22,000 hours of successful operation
have been logged.

The prototype ceramic combustor design
parallels the ABC design (Figure 17). The
primary zone combustor cylinders of the pro-
duction Centaur 50 gas turbine liner were
replaced with SiC CFCC cylinders manufac-
tured by DuPont Lanxide and B.F. Goodrich.
The combustor has undergone extensive test-
ing.at Sofar in both combustor rigs and an in-
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Figure 16. Typical ABC Liner Emissions
(Full Load)
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Figure 17. CFCC Liner for Centaur 50S
Gas Turbine
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house gas twbine. The testing has docu-
mented that the CFCC combustor meets all
performance goals established for the liner and
has emissions essentially identical to the ABC
combustor.

At this point, the development focus is on
CFCC material durability, in a 4000-hour field
evaluation, the CFCC cylinders showed a
moderate degree of oxidation. It has been
determined that the 1200°C (2190°F) tem-
perature limit specified early in the program for
these materials is too high for a gas turbine
environment. Design modifications have been
completed to augment the cooling of the CFCC
cylinders and drop the temperatures to the
1100°C (2011°F) level. Durability is expected
to increase at the lower temperature. Field
testing of this combustor design is underway.

In general, Solar's development results
have demonstrated a significant emissions
advantage with the ABC combustor. This tech-
nology is now being implemented in SoLoNOx
engines with the Cenfaur 50 and Taurus 60
gas turbines being the first engines to use the
ABC liner.

Variable Geometry Systems

Variable geometry systems provide control
over the airflow entering the gas turbine com-
bustor primary and dilution zones. in a non-
variable geometry combustion system, the flow
split between the primary and dilution zones
remains constant as turbine load varies. As a
result, the operating range over which low
emigsions can be maintained is quite narrow,
Varying the combustor airflow spiit allows the
primary zone stoichiometry to be maintained at
an optimum condition across a larger portion of
the turbine load range. The ultimate benefit is
a wider range of low emissions operation due
to a finer degree of control over the combus-
tion process.

Current lean-premixed gas turbines use
compressor air bleed or IGY modulation to
perform the variable geometry function. Al-
though effective, both approaches have a
negative impact. Air bleed resuits in a loss in
turbine efficiency at part load. 13V modulation
is suitable only for single-shaft gas turbines,
where the compressor and gas generator are
mechanically linked. In cogeneration applica-
tions, it can result in excessive boiler inlet
temperatures at part-load conditions.




Variable power turbine nozzles also can be
used to perform the variable geometry func-
tion. However, the use of modulating compo-
nents in the high temperature turbine section
raises gas turbine durability issues.

Development work is focused on a system
that will enhance the performance of low emis-
sions gas turbines at part load.

Controls Integration

A key element in achieving lower emissions in
gas turbines is the further integration of the
control system to more accurately controf the
combustion primary zone temperature (Tpz).
Since the primary zone temperature is too high
to measure directly, it has to be derived from a
thermodynamic heat balance across the com-
bustion system. The parameters used in this
calculation are the compressor discharge
temperature, the power turbine inlet tempera-
ture, the flow split between the combustor
primary zone air and the total combustor air-
flow, and the ratio of the power turbine inlet
temperature to the first-stage turbine inlet
temperature (T3).

Development work to date has led to the
use of electronic actuators and variable pilot
circuit controls. The long-term vision is to in-
corporate closed-loop controls with on-line,
real-time sensing of NOx and CO levels. The

- shorter-term activity is focused on developing
and improving the accuracy of the control
algorithms necessary to control Tpz over the
required load and ambient ranges.

Catalytic Combustion

The success of the first-generation lean-
premixed combustion system has established
that the technology is well-suited to meet NOx
emissions levels as low as 25 ppmv. Develop-
ment test data and production system per-
formance suggest that lean-premixed combus-
tion has the potential for even lower NOX Jev-
els. Lean-premixed combustion should be
capabie of meeting 15 ppmv NOx limits and
perhaps limits as low as 9 ppmv. However, for
a 9-ppmv NOx lean-premixed system, there
may be significant load-range restrictions on
the gas turbine, particularly if CO emissions
limits are reduced from today's requirements.
To achieve NOx emissions levels in the iow,
single-digit range and not compromise turbine

performance, it may be necessary to find an
alternative to lean-premixed combustion.
Catalytic combustion, or some yet to be recog-
nized technology, will be necessary at the 3-
ppmv NOx fevel, a level that is beyond the
capabilities of lean-premixed combustion.

Concept Description

Catalytic combustion produces extremely low
NOx levels by operating at very low flame
temperatures of 1250 to 1350°C (2280 to
2460°F). Catalytic combustor flame tempera-
tures are below levels that can be sustained in
a lean-premixed combustor. The major ele-
ment of this ultra-flow NOx technology is a
catalytic reactor that initiates and stabilizes the
combustion process at conditions not normally
sustainable through homogeneous (lean-
premixed) combustion. Catalytic combustor
components for gas turbine applications are
iflustrated in Figure 18.

The catalytic system has a number of fea-
tures that are reminiscent of lean-premixed
combustion and, in fact, a catalytic combustor
can correctly be considered a catalytically
stabitized, lean-premixed system. A typical
catalytic combustor includes the following
components: preburner, fuel injection/pre-
mixing section, catalytic reactor, homageneous
burn-out zone, part-load injector, and variable
geometry system. All but the preburner and
catalytic reactor are found in some form in the
lean-premixed combustor.

CATALYST  POST-CATALYST
PREMIXER 8ED COMBUSTOR
1518"C

{2400°F)  Wa=30%

PARTL, QAD 1121*Q
e MANPYEL  INJECTOR {20850°F)
Wa = 70%
VARIABLE
GEOMETRY
SYSTEM

TN-0TR

Figure 18. Catalytic Combustor Schematic




Although under development for nearly 20
years, catalytic combustion has yet to prove
itself totally in a gas turbine enviranment. This
is attributable to both unresolved technical
issues and the lack of a significant market
need. The state of catalytic combustion today
is comparable to the status of lean-premixed
combustion 10 years ago. Significant rig test-
ing is ongoing, but the technology has not yet
progressed to the long-term field-test stage.
Significant technology milestones in the areas
of catalyst and substrate durability, system
integration, and controls remain to be
achieved. Additionally, the economics of the
technology need to be established as accept-
able for the catalytic combustor to succeed in
the marketplace.

SUMMARY

Despite the great success of the first-
generation low emissions gas turbines in low-
ering NOx emissions, manufacturers are deal-
ing with the reality of even more stringent
emissions regulations, Gas turbine manufac-
turers are working to improve the lean-
premixed combustion systems used in current
low emissions gas turbines and develop new
and cleaner combustion technologies.

Improvements being advanced for lean-
premixed combustion systems include ad-
vanced iiner cooling technologies and more
effective variable geometry systems. These
technologies are well along in their develop-
ment and are nearing or are already in the
field-test stage. Full commercialization will
depend upon a combination of technical suc-
cess, market need, and economics.

Experience with lean-premixed systems
over the iast few years indicates that there is a
practical lower NOx limit associated with lean-
premixed combustion. This limit appears to be
in the 5-to-15 ppmv range. To achieve NOx
levels below this through low emissions com-
bustion, gas turbine manufacturers are looking
to catalytic combustion as the most likely can-
didate.

One issue affecting the development of
advanced gas turbine combustion technology
is the uncertainty in emissions levels that will
be required in the future and a timeline for their
implementation. Manufacturers are unable to
focus development resources cost effectively

15

on well-established emissions targets, but
must broaden development efforts {o meet a
range of emissions constraints. With limited
resources available, this results in a slower
pace of technology development.

BIBLIOGRAPHY

Etheridge, C.J., 1994, “Mars Sol.oNOx
Lean-Premix Combustion Technology in Pro-
duction,” ASME Paper 94-GT-255, Interna-
tional Gas Turbine and Aeroengine Congress
and Exposition, The Hague, Netherlands.

Mutasim, Z.Z., 1998, “Coating Technology
Advancements for Industrial Gas Turbines,”
TTS117, Turbomachinery Technology Semi-
nar, Solar Turbines Incorporated, San Diego,
California.

Rocha, G., Etheridge, C.J., and Hunsber-
ger, R.E., 1998, "Evolution of the Titan 130
Industrial Gas Turbine,” TTS122, Turbomach-
nery Technology Seminar, Solar Turbines
Incorporated, San Diego, California.

Schneider, P.H., 1998, “New Technologies
in Advanced Turbines Systems,” TTS130,
Turbomachinery Technology Seminar, Solar
Turbines Incorporated, San Diego, California.

Smith, K.O. and Fahme A., 1996, “Experi-
mental Assessment of the Emissions Benefits
of a Ceramic Gas Turbine Combustor,” ASME
Paper 96-GT-318, International Gas Turbine
and Aeroengine Congress and Exhibition,
Birmingham, United Kingdom.

Smith, K.O. and Fahme, A., 1997, *Testing
of a Full Scale, Low Emissions, Ceramic Gas
Turbine Combustor,” ASME Paper 97-GT-156,
international Gas Turbine and Aeroengine
Congress and Exhibition, Orlando, Florida.

Smith, K.O. and Fahme, A., 1998, “Back-
side-Cooled Combustor Liner for Lean Pre-
mixed Combustion,” International Gas Turbine
and Aeroengine Congress and Exhibition,
Stockholm, Sweden.

Solt, J.C., 1897, Catalytica, Personal
Communication, Mountainview, California.

van Roode, M., Brentnall, W.D., Smith,
K.Q., Edwards, B.D., Faulder, L.J., and Norton,
P.F., 1996, "Ceramic Stationary Gas Turbine
Development Program-Third Annual Sum-
mary,” ASME Paper 96-GT-460, International
Gas Turbine and Aercengine Congress and
Exhibition, Birmingham, United Kingdom.




CONTROLLED
OUTLET STRUCTURE

\
\

z_>_z._.>_z\._u_..~mwmm<m

VEGETATED AREA DOWNSLOPE

FOR USE AS STORMWATER BUFFER

VEHICLE
TURNAROUND

SWALE

INSTALL 1’-HIGH STONE
CHECK DAMS IN GRASSED SWALE

STONE LINED INLET

OUTLET PLUNGE POOL \ ‘

STONE SWALE TO
_u_.czom_uoo_. \

STONE OVERFLOW
EL=173.0°

1>~
4'—DEEP STORMWATER
IMPOUNDMENT

STONE LINED INLET

;

BLOWERS

@ 10'—WIDE GRAVEL ACCESS ROAD @

O ©

)

© v

2H:1V SIDESLOPE
STABILIZE WITH STONE

INSTALL SILT FENCE

AT DOWNGRADIENT PERIMETER
OF WORK PARALLEL TO EXISTING
CONTOURS

\ma\\/

|
)

I
24" HDPE CULVERT _—
INV IN=179.0°

INV OUT=178.0°

S=0.0465, 21.5 LF
1

H

DISTRICT ——"

INSTALL 1'—HIGH STONE
CHECK DAMS IN GRASSED SWALE

s
COMPRESSOR : =
BUILDING 4 el
FFE=193.0°
[0
SUBSURFACE
< WASTEWATER
DISPOSAL SYSTEM

DESIGN BY OTHERS

olL
L] COOLER | wmm_% qmwzx
OTHERS
|
/

/ / N

INSTALL SILT FENCE
AT DOWNGRADIENT PERIMETER

OF WORK PARALLEL TO EXISTING ~ S
CONTOURS ~ 2
PAVED ACCESS \ ~ -
AND PARKING CONTROLLED
?Sﬁ STRUCTURE \
/ \
/ MAINTAIN /PRESERVE
' VEGETATED AREA DOWNSLOPE
~ CONTROL FOR USE AS STORMWATER BUFFER
| SLOPE 2% BUILDING \
FFE=192.0’
\
AN OUTLET PLUNGE POOL \

[] o /

7
2H:1V SIDESLOPE J/ STONE OVERFLOW '
: mw_mmzo SECURITY STABILIZE WITH STONE _H_ EL=179.0°
2H:1V SIDESLOPE COOLER
STABILIZE WITH STONE UNITS 7 8
Auwv N
L 55 2H:1V SIDESLOPE
TR + STABILIZE WITH STONE
INSTALL 1'=HIGH STONE 35 By
X— —— X —— —— X —— —— X— —— X—— —— X—— — X—— —— X—— —— ¥—— —— X—— —— X—— —— X—— — X—— —— x—— — CHECK DAMS IN GRASSED SWALE — — x—— — x\"? — x— — x— 4 —DEEP STORMWATER
PROPOSED SECURITY FENCE IMPOUNDMENT

0.
17

200
M
\/\9

GENERAL NOTES:

1. THIS DRAINAGE AND GRADING PLAN WAS PREPARED BY SGC ENGINEERING,
LLC PURSUANT TO A PROFESSIONAL SERVICES CONTRACT BETWEEN EL
PASO CORPORATION AND SGC ENGINEERING LLC, DATED MARCH 19, 2008

2. NORTH SHOWN HEREON IS GRID NORTH BASED ON UTM ZONE 19, NAD83,
US SURVEY FEET.

3. ELEVATIONS SHOWN HEREON ARE REFERENCED TO NAVD88, US SURVEY
FEET.

4, EXISTING FEATURES SHOWN ON THIS PLAN ARE THE RESULT OF A FIELD
SURVEY CONDUCTED BY SGC ENGINEERING, LLC ON JULY 12-20, 2007.

5. WETLANDS SHOWN HEREON WERE FIELD LOCATED BY SGC ENGINEERING,
LLC. THE AREA WITHIN FIFTY FEET OF THE DELINEATED WETLANDS SHOWN
HEREON ARE PART OF THE WETLAND CONSERVATION DISTRICT, NO
CUTTINIG IS ALLOWED WITHIN THIS DISTRICT.

PLAN REFERENCES:

1. BOUNDARY, TOPOGRAPHIC AND PLANNIMETERIC MAPPING AS SHOWN ON
THIS PLAN IS REFERENCED TO A PLAN ENTITLED "BOUNDARY AND
TOPOGRAPHIC SURVEY OF PROPERTY LOCATED ON INDUSTRIAL PARK ROAD,
PELHAM, HILLSBOROUGH COUNTY, NH, PREPARED FOR EL PASO
CORPORATION, BY SGC ENGINEERING, LLC, DATED 07/07,/2007.

2. SITE LAYOUT OF GAS UTILITY BUILDINGS AND INFRASTRUCTURE BY EL
PASO CORPORATION.

3. PRELIMINARY CIVIL DESIGN AND LAYOUT BY EL PASO CORPORATION.

LANDSCAPE PLAN NOTES:

CONSERVATION AN

REMOVAL OF EXISTING INDIVIDUAL LARGE TREES IN TEMPORARY
WORKSPACE WILL BE EVALUATED BY ENVIRONMENTAL INSPECTOR AND
PIPELINE CONTRACTOR ON A CASE-BY—CASE BASIS, AND REMOVAL WILL
BE MINIMZED TO THE EXTENT PRACTICABLE. TREES THAT CAN BE
RETAINED WILL BE MARKED AND PROTECTED. PLANTING AND RESTORATION
WLL ACCOMMODATE THE PRESENCE OF THE TREES OR VEGETATION THAT
ARE NOT REMOVED.

2. ASSUME PLANTING DENSITY OF 15 FEET ON CENTER IN TEMPORARY

WORKSPACE OUTSIDE OF PERIMETER FENCE OR PLANT PLACEMENT TO
ACHIEVE DESIRED VISUAL SCREENING.

RECOMMENDED PLANTING LIST:

COMMON NAME SCIENTIFIC NAME SIZE
EASTERN WHITE PINE PINUS STROBUS 8-9'
AMERICAN ARBORVITAE THUJA OCCIDENTAILIS VAR. NIGRA 9-10'
RHODODENDRON ROHODODENDRON CATAWBIENSE VAR. BOURSAULT 4-5
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Levine, Andrew E {Andy)

From: Levine, Andrew E tAndy)

Sent:  Thursday, January 18, 2007 7:36 AM

To: Elizabeth Danehy Arangio

Ce: nculiford@keyspanenergy.com: Ipoe@keyspanenergy.com; Skipwuorth, Nermar D {Dodson)
Subject: RE: Revised Concord Lateral Information

Liz —

Fapologize for any damage i caused from the shock, Pl atternpt o explain the major drivers behind the cost

increase, butwill also be happy to discuss it with you as well,

Increase in material and labor costs - Ag you may already be aware, there has been a significant Increase in the
cost of materials and labor ovar the past o years. Not only have the costs increased, but the lead times to
receive materals have expanded. We ware able to mitigate some of this on CXN — NE by ordering compression
garlier than origmally estimated (with canceliation charges), but we are experiencing overruns on installation. We
have included our latest information on materia) and instalfation costs in this revision t the information ofering.

Comoression utilized — The 5/2/06 memn coniemplated the instaliation of reciprocating comprassars, which are
cheaper and can be more easily customized to the exact required hersepower. Upon being asked o revise the
estimate, we brought in our Enviranmenital, Health 2nd Safsty Depariment (Air Permit Specialist), who parform
research on the requirements in NH o receive an air permit. Based upon the recommendzation of EH & S, we
have modified the design o include a single Sofar Centaur {turbine), because this is the smailest unit that wit
meet NH's RACT regulations, This is a more expensive unit than the design utilized in the 5/2/05 letter.

Land o site the station — in the original letter, we anticipated using an existing small tract of land that TGP owis,

Upon consitliation with EHAS and » site vislt, It was determingad that this site was not acceptable. With the larger
rarsepower and change to turbine compression, the site is not large enough. Additionally, the parcel of land has
an apattment complex adjacent to it, ¢greating Noise Sensitive Areas {N3SA's) in very close proximity. 1t would be

difficult if not impessible to meet noise requirements with residents this close.

Metar change - It is my understanding that the Concord meter has not been utilized recently, is in disrepair, and is
scheduled to be abandoned With Laconia in the same yard, it was the logical repiacement,

I hope this helps explain the causes of the increass, | attempted to include this information in the letter as |
anticipated you would have questions. TGP is commitled to pursuing ail available options 1o serve KeySpan's
requtraments in NH, We're happy to discuss a negotiated rate proposal indexed o actual evpenditures if you feel
(2s many people do) that the construction “bubble” in the 20ergy business will burst before 2009, i've also ask riy
facility planner to determing # thers is additional capacity that can be (o1 is) create from this comprassion with itile
00 no addiional cost. i there is, & will not reduce the overali cost but may average the rate down, if KeySpan is
wiling fo subscribe for agditionsl capacity.

If you have other ideas or would fike to mest and brainsiorm, Dodson and | would welcome the opporiunity.
Please: call me so that | can answer additional questions or provide a meore detailed explanation.

Sincarely,

Andrew £ Leving

Manager, Business Davelopment
Tenrassee Gas Fineline Company
713.420.2599

cell 713,824 7522

fax 713,420.4343

Frora: Elizabeth Danehy Aranglo Imaiito:esranglo@keyspanenergy.com]
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Sent: Thursday, January 18, 2007 6:43 AM

To: Lleving, Andrew E {Anchy)

Ce ncui!iFord@keyspa:zenergy.com ; tpoe@keyspanenargy.com ; Skipworth, Norman D (Dodson); Elizabeth
Danahy Arangio

Subject: Re: Revised Concord Latera! information

Fi Andy,
Fiow are you? Hope all is well.

[ooked over the new information and after picking myself up from the floor, Just wanted to foueh base
with you on a few things. First, | see you changed the delivery point from Concord to Laconia - why the
change? Also, what are the drivers that contributed to the $5M increase?

Fm in the office ail day today so il it's easier fo give me a.call - I'l] be here - 781-466-5057.

Thanks,
Lz

Levine, Andrew & {Andyy wrote;

Lizftancy/Ted,

Happy New Year! Hope things are going well and you're enjoying these 3 days of winter we will receive this year,
Altached please find refreshed information on the cost of a Concard Latera! Expansion. Pleass review the
mformation and let Dodson or me know i you have questions. Call me when wintar js over, of Friday, whichever
comes first. Thanks.

Sincarely,

Andrew E. [evins

Manager, Business Deveiopment
Tennessee Gas Pipeline Company
713.420.2699

calt 7123824 7522

fax 713.420.4343

From: Pena, Marissa D

Sent: Tuesday, January 16, 2007 3:24 PM
Tor Levine, Andrew £ (Andy)

Subject;

*i')tw*kki“k**‘x*i‘i—**kv‘c*l’k**1'-.?'r?r'k*r'ﬁ.“&:!«*'*‘k‘k**ﬂ:*‘ﬁ‘-‘l\‘tk**i'**'#****"r'k*****?\'***
This wmail and sy Diles transmicted wich it froem the ElPaso
Corpeoration are confidential and intended solely for the
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February 5, 2007

Ms. Elizabeth Danehy Aranglo
KeySpan Energy Dalivery

5Z Second Avenue

Wailtham, MA 02451

Dear Liz;

On May 2, 2008, and then updated on January 16, 2007, Tennessee Gas Pipeline Company ("Tennssses"} provided
KeySpan Energy Delivary ("KeySpan”) with a letter containing indicative costs and rates for Tennesses 1o creats
additional capacily on the Concord Lateral. Foliowing the issuance of the January 18, 2007 letter, Tennessse and
KeySpan met to review the project specifics and deterrmnine the cptimum expansion scenarios, culminating in
KeySpan requasting that Tennessee provide a revised letter with the resuits. Additionally, i was decided at that
meeting Tennessee should sesk a more detalled estimate in the next two months with site specifics and conkactor
quotes to be in a position to make a formal offer to KeySpan.

Pursuant to KeySpan's request for documenting the iatest expansion scenarios, to keep KeySpan informed and
continue the discussions concerning the Concord Lateral expansion, Tennesses is pleasad to provide the following
information;

Concord Lateral Expansion Scenarios

20.000/d Case

Highlights:

1. KeySpan contracts for 20,000 Dih/d from Dracut receipt meter to Lacania delivery meter.

2. Tennessee will construct a 4770 horsepower, Solar Centaur compressor station near Nashua.
3. Tennesses will expand the axisting meter station 1o sccommedate the additional volumes.

Contract Quantity (Dth/d) 20,000

Term Twenty Years
Primary Receipt Point Dracut
Primary Delivery Point Laconia

Demand Rate {Dh/d)

$0.80 (818.25 Dth/month)

Commodity Rate

Maximum per Tanff

Fuel

Tarifffor Zone 610 B

; tstimated Capital (in millions) $16.8

30.860/d Case

Highlights:

1. KeySpan contracts for 30,000 Dih/d from Dracut receipt meter to Laconia delivery meter.

2. Tennessee will construct a2 4770 horsepower, Solar Centaur compressor station near Nashua,
3. Tennesses will expand the sxisting meter station to accommodate the additional volumes.

Contract Quantity (DiR/d) 30,000

Term Twenty Years
Primary Receipt Point Dractt
Primary Dellvery Point Laconia

Demand Rate {Dihd)

$0.40 ($12.17 Dibimonth)

Commodity Rate

Maximum per Tariff

Fuei

Tarnif for Zone 8t 8

Estimated Capital {in millions)

$516.8

WOE Lo
B
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Liz Arvangio
Febroary 5, 2007
Page 2 of 2

The above information should be considerad valid through April 5, 2007 dus to market changas in capital {material
and consbruction) costs,  Please noie that this project will require an open season per Tenngssee’s Federal Energy
Reguiatory Commission {"FERC") Gas Tarif, execution of a precedent agreement, znd filing of a 7{c} application with
the FERC. As such, the earliest Tennassee can envision such a project being placed In-service is November 1,
2008, and that would depend upen the results of field surveys fo determine the federal, state and looal oermits
required to complate the project,

Any agreement resulting from our discussions is subject to El Paso Corporation management's approval and formal
wiilten agreements covering transporiation service and facility construction on accepteble terms znd conditions
between KeySpan and Tennessee, as well as compiiance with Tennessee's FERC Gas Tarifi, including the Genarai
Terms and Conditions referenced therein and to all anoficable laws, orders, rules, and regufations of duly constituted
authoritles having jurisdiction.

Tennessee is excited about working with KeySpan 1o meet its growth on the Concord Lateral, if you have any
cuestions or would ke to discuss the information, please contact Mike Stokdyk at {713) 420.2415 or Dodson
Skipworth at (713} 420-2727. We look forward to YOU response,

Sincerely, ) ; ,
2y JZZ://C/
Mike Stokdyk v

Meanager, Business Development
Tennessee Gas Pipeline Company

cer AL Leving
D. Skipworth
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PRECEDENT AGREEMENT

This Precedent A greement (MAgreement’™ is made and entered into effective ag of

the %21 day of {Q,{,fgg;f___ 2007 by and between TENNESSEE GAS PIPELINE
7

COMPANY, a Delaware corporation, herein called “Transporter,” and Energy North

Natural Gas, Ine. dib/a KeySpan Egergy Delivery New England, &« New Hampshire

corporation, herein called “Shipper.”

WHEREAS, Transporter owns and operales an interstate natural gas transmission
pipeline system that extends in & northeasterly direction from the 43 supniy area in
Texas, Louisiana, and the offshore Guif of Mexico; through the States of Texas,
Louisiana, Arkansas, Mississippl, Alabama, Tennessee, Kentucky, West Virginia, Ohio,
Pennsylvania, New York, New Jersey, Massachusetts, New Hampshire, Rhode Islandd,
and Connecticut ("Transporter’s System™); and

WHERFEAS, on February 15, 2807, Transporter initiated an apén season for
additional {irm transportation service from the intercomnection of Tennessee’s system
with the Maritimes and Northeast Pipeline system at Dracut, Massachusetts {“Trracut
Interconnect™ to delivery points on Transporter’s Concord Lateral {("Concord Open

eason”) in connection with the proposed Coneord Lateral  Expansion Project (the

o

“Praoject™); and

WHEREAS, Shipper participated in Transporter’s Concord Open Season for
additional Hrm capacity and requested Transporter w0 provide it long-term firm natural
gas ransportation servics; and

WHEREAS, Shipper acknowiedges that the rendition by Transporter of the firm
nafural gas transpertation service requested by Shipper muy require T ransporter o
construct certain facilities (the “Project Faciliries™) on Transporter’s Svystem.

NOW, THEREFORE, in consideration of the muual covenants and agreements

contained herein, Transporter and Shipper agree as follows:




Lo Transporter agress, subject to the satisfaction of the conditions set forth
heremn, to construct the hecessary Project Faeiiities to render firm ransporiation service
for Shipper at the applicable rate selected by Shipper below and pursuant to & firm
iransportation agreement (“Firm Agreement”) between Trensporter and Shipper, which
Firm Agreement shall be in a form substantialty similar to Fxhibit A hereto.

2. Subject 1o the terms and conditions of this Agreement, Transporter and
Shipper agree to execute and deliver the Firm Agreement, in accordance with the
provisions of Section 11 of this Agreement, pursuant to which Transporter shall transport
and deliver for Shipper on a firm basis up te 30,000 dekatherms (“Dth™) of natural gas per
dey. Service thereunder shal comtnierice on the latter of November 1, 2009, or the date
on which Transperier is able to render service ta Shipper under the Project (the
“Commencement  Date™), for a primary term  ending twenty years from  the
Commencement Date, from the receipt point as specified in Section 3 below {“Receipt
Point™) 1o the delivery point as specitied in Section 3 below (“Delivery Point™).

3. The Receipt Point shall be Pracut, Massachusetts; meter #12538.  The
Delivery Point shall be Laconia, New Ham pshire | meter #20426.

4. Transporter shall have tHe 1 ght o reduce the transportation quantity specified
in Section 2 above if that reduction is necessary, in Transporter’s sole discretion, to
render the overall Project or any applicable portion of the Project econcmic, Transporter
shall have the right to either terminate this Agreement or reduce the tramsportation
quantity specitied in Section 2 if in Transporter’s sole disoretion, such termingtion or
reduction is necessary 1 comply with any Federsl Encrgy Regulatory Commission
{"FERC™) regulation, requirement, directive, or order, or with Transporter’s FERC Gas
Tarif

5. Upon execution of this Agreement, Shipper must select one of the fol iowing

rale options:




e Shipper selects for the primary term of the Firm Agreement
the negotiated rate for its service as reflected in Exhibit B
hereto,

mememe Shipper selects the recourse rate for its service, which shall

be the applicable rate, surcharges, and fuel and loss

percentage under Transporter’s Rate Schedule FT-A, as

may be revised frofn time-to-time,

6. Shipper shall use reasomable cfforts to obtain before Gclober 1, 2007, the
approval of iis executive management and board of directors to execute the Fim
Agreement pursuant (o the terms of this Agreement. Shipper shall have the right, upan
thirty days prior written notice provided to Transporter no later than October 1, 2007 to
terminate this Agréement if Shipper’s executive management or hoard of directors does
not approve the execution of the Finm Agreement pursuant to the tems of this
Apresment.

7. Transporter shall use reasonable efforts to obtain before October 26, 2007,
the approval of its executive management and board of direstors for the construction of
the Project Facilitics and the execution of the Firm Agreement pursuant to the terms of
this Agreement. Transporter shall have the right, upon thirty days prior written notice
provided to Shipper no later thean October 26, 2007, 6 terminate this Agreement if
Transporter’s cxecutive management or board of directors does not approve the
construction of the Project Facilities and the execution of the Firm Agreement pursuant to
the terms of this Agreement.

8. If Shipper or Transporter sxercises the night to terminate this Agreement
pursuant to Section & or 7, respectively, the parties shall attempt in good fzith to negotiate
within the thirty day period an amendment to this Agreement to accomplish the business

objectives of this Agreement in light of such execulive management’s or board of

(s}




dwestors’ disapproval.  This Agreement shall terminate upon the expiration of the
foregoing thirty day period unless within sueh period (4) both parties’ respective
execulive management and board of directors provide the neeessary approvais, (b) the
parties mutually agree to an amenGment of this Agreement, or (¢} the pirties agree in
writing to extend the thirty day period.

9. Transporter shall use commercially reasonable efforts to ebtain all necessary
authorizations, including any necessary puthorizations from the FERC {collectively,
“Transporter’s Authorizations™), to construct the Project Facilities, sign the Firm
Agreement, and to render the proposed firm transportation service for Shipper pursuant to
the terms and conditions specified herein, in (ke Firm Agreement, and in Transporier’s
FERC Gas Tariff. Shipper agrees to support Transporier’s filing(s) 1o implement the
Froject Facilities, service, and rates, as proposed by Transporter,

101 the Transporter’s  Authorizations referenced in Section 9 are not
satisfuclary to Transporter, in Transperter’s sole discretion, then Transporter shall have
the right to terminate this Agreement upon ninety days prior written notice to Shipper.
The authorizations that must be satisfactory to Transporter include; but are not limited to,
rates, facilities, terms and conditions of service, and environmental conditions, ¥ notice
is given by Transporter that the Transporter’s Authorizations are not satisfactory, the
purtics shall attempt in good faith to negotiate within the ninety day period an amendment
to this Agreement to accomplish the business objectives of this Agreement in hght of the
lack of sausfactory Transporter’s Authorizations. This Agrsement shall terminate Upon
the expiration of the foregoing ninety day period unless within such period (a) a change to
the Transporter’s Authorizations renders them sat'i-s:t'"ﬁctory o Transporier, {b) the parties
otherwise mutually agree to an amendment of this Agreement, or (¢} the parties agree in

willing to extend the ninety day period.




L1 IF the Transporter’s Authorizations are salisfactory to Transporter, in
Transporter’s sole diseretion, Transporter shatl so notify Shipper. Within ten days afier
such nouice, Transporter and Shipper shall exscute and deliver the Firm Agreement,

12, If Transporter determines at any time that all ar any applicable portion of the
Project would not be economic, in Trensporter’s sole discretion, Transporter shall have
the right 1o terminate this Agreement upon thirty days prior written notice to Shipper
{("Notice of Termination™). This Agrecmeni shall terminate apon the expiration of the
thirty day period unless within such period (a) Transporter, in writing, withdraws such
Netice of Termination or (b) the parties, in writing, enter info a mutually accentable
amendment to this Agreement,

3. Shipper shall use commarcizlly reasonable offorts to obtain before March 1,
2008, all necessary authorizations froin the New Hampshire Public Utitity Commission
("NHPUC™} 1o sign the Firm Agreement pursugnt to this Agreement If such
authorizations are not satisfactory to Shipper, in Shipper's sole discretion, then Shipper
shalt have the right to terminate this Agreement upen thirty days prior written notice to
Transporter given before March 1, 2008, If such notice is given by Shipper, the pariics
shall attempt in good faith to negotiate within the thirty day period an amendment to this
Agreement to accomplish the business objectives of this Agreement in light of the lack of
satisfactory aulhorizations. This Agreement shall terminate upon the expiration of the
foregoing thirty day period unless within such period (2) a change to the NHPUC
authorizations render them satisfactory to Shipper, (B) fhe parties otherwise mutually
agreeto an amendment of this Agreement, or (¢) the parties agree in writing o exlend the
thirty day period.

{4, Notwithstanding anything contained in this Agreement to the contrary,
Transporter shall be under no obligation to commence or continue at any time the
acquisition of pipe and materials, the acquisition of rights-ofway, the construction of the

Projest Fucilities, or any other astivity invelving either the commitment or actual




expenditure of funds by Transporter that may be required o construct the Project
Facilities or 1o provide the proposed  transporiation service for Shipper unless (a)
Transporter has received all Transporter’s Authorizations on termis satisfactory to
Transporter, in Transporier’s sols discretion; (b) Transparter has determined, in its sole
discrefion, that construction of the Project Facilities and the rtendition of firm
ransportation service fo Shipper is economic; and () Shipper and Transporier have
exectted the Firm Agreement.

15, Shipper shall satisfy the credit essurance provisions outlined in Transporter’s
FERC Gas Tariff by October 1, 2007, and shall have a continuing obligation to maintain
such credit assurance. In the event Shipper fails to establish itself as creditworthy by
October 1, 2007, and/or maintain such creditworthiness thereafter, Transporter shell have
the righl to terminate this Agreement upon thirty days written notice.

16{(a). If Transporter exercises its termination right under Section 13, then
Shipper shall reimburse Transporter for Shipper's pro rata share, based upen Shipper’s
contracted volume divided by the total Project contracted volume, of all of Transporter’s
costs incurred, accorued, allocated to, or for which Transporter is contractually obligated to
pay in conjunction with is efforts to satisfy its obligations wnder this Agreement (“Pre-
Service Costs™).  Shipper’s reimbursement for such Pre-Service Costs shall constitute
Transporter’s sole-and exclusive remedy for the actions déscribed this Section 16{ay,

(b} If Shipper {i) fuils to perform, in whole or in pari, ifs material duties and
obligations hersunder; (i) during the termi of this Agreement, interferes with or ohstructs
the receipt by Transperter of any Transporter’s Authorizations and, as a result of such
actions by Shipper, Transporter does not receive any of Transporter’s Authorizations in
form and substance as requested by Transporter or does not veceive such Transporter’s
Authorizations at all; or (i) otherwise breaches this. Agreement, Transporier shall,

without limiting its ability to colleet any and all other damages related to such breach by

87
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Shipper, be entitled 1o collect from Shipper all of the Pre-Service Costs incwred or
accrued as of the dete of such breach.

(¢) Pre-Service Costs shall include, but not be limited to, costs andfor out-of-
pockel expenditures Incwred, sccrued, allocated to, or for which Transporter is
contractually obligeted to pay to third parties, as well as all internal overhead and
administration and any other internal costs incurred or accrved, from the effective date
ol this Agreement through and including the effective date of any termination, associated
with enginzering, construction, miaterials and equipment, environmrental, regulatory,
and/or legal activities mcurred in furtherance of Transporter’s efforts to satisfy its
obligations under this Agreement.

17. Any notice andfor request provided for in this Agreement or any notice
either party may desire to give to the other shall be in writihg transmitted by facsimile
before 5 p.m. Central time and then by ovemight courier to fhe post office address of the

party inlended to receive the same, as the case may be, as follows:

Transporter: Tennessec Gas Pipeline Company

1001 Louisisma Street

Houston, TX 77002

Atta: Director, Marketing and Business Development
FAX{713) 420-4343

Shipper:

EnergyNorth Natural Gas, Inc.

dfb/a KeySpan Energy Delivery New England
52 Second Avenue, 4" Floor

Waltham, MA 02451

At Ehzabeth Arangie

FAXY {781-290-0186)

Notice is effective as of the date of the facsimile.
[& Any entuiy that shall succeed by purchase, merger, consobidation, or other
transfer o the praperties of either Transporter or Shipper, either substantially or as an

entivety, shail be entitled to the rights and shall be subject to the obligations of its

A




predecessor 1o interest under this Agreement. Either party may, without rebieving itself of

ils obligations under this Agreement, assign any of itsTights hereunder 1o a comipany with
which it is affiliated, but otherwise no assignment of this Agreement or of any of the
rights or obligations hereunder shall be made, unless there first shall have been obtained
the written consent therete of the other party to this Agreenient, which covsent shall not
be unreasonably withheld, It is agreed, however, that the restrictions on assignment
contamed in this section shall not in any way prevent either party to this Agresment from
pledging or mortgaging its rights hereunder as security for its indebtedness. Once the
Fim Agrecment is executed, zwy assigmment of such Firm Agreement is subiect io the
terms and conditions of Transporter’s FERC Gas Tariff and the terms of this Agreement
shall no longer control.

19.8hipper agrees to cooperate in the preparation and filing of all necessary
applications for authorizations and, subject to the terms and conditions herein, agrees to
proceed with due diligence to prosecute such application(s), if necessary.

20. No medification of the terms and provisions of this Agreement shall be
made except by the execution by both parties of a written agreement,

SHALL BE IN ACCORDANCE WITH AND CONTROLLED BY THE LAWS OF

21, THE INTERPRETATION AND PERFORMANCE OF THIS AGREEMENT

THE

STATE OF TEXAS, EXCEPT THAT ANY CONFLICT OF LAWS RULE OF THE STATE OF

TEXAS THAT WOULD REQUIRE REFERENCE TO THE LAWS OF SOME OTHER STATE

OR JURISDICTION SHALL BE DISREGARDED.

22, Unless termvinated sooner pursvant 1o the terms herein, this Agreement shall

emminate upon the execuion of the Finm Agreemenl,  Upon tenmination of this

oo




Agreement for any reason provided for herei n, neither party shall have any further ri ghts

or obligations under this Agreement.

23. No waiver by a party of any defanli(s) by the other party in the performiance
of any provision, condition, or requirernent of this Agresment shall opérate or he
consirued as a waiver of any future default(s), whether of a like or of a different character,
nor in any manner release the delanlting party from performance of any other provision,
condition, or requirernent herein,

24, This Agreement, and all of the terms and provisions contdined herein, and
the respective obligations of the parties hercunder, are subject to Transporter’s FERC Gas
Tarifl and to all valid laws, orders, rules, amd regulations of duly constituted
govermmental autherities having jurisdiction.

25. 1 any provision of this Agreement is declared mall and void or voidable by a
court of competent jurisdiction, such declaration shall in no way affect the validity or
effectiveness of the other provisions of this Agreement, which shall remain in full force
and cffect, and the parties shall thereafter nndertake commercially reasonable efforts w

agree upon an equitable adjustment of the provisions of this Agresment with a view to

effecting its purpose.

o

26. No presumption shall operate in favor of or against any parly as @ result o
any respensibility or role that any party may have had in the drafting of this Agreement,

27. This Agreement sets forth all undersiandings and zgrecments betwesy the
parties respeciing the subject matter hereof, and al) prior agresments, undorstandings, and

representations, whether written or oral, respecting the subject matter hereof are merged

nio and superseded by this Agresment.




M OWITHESS WHERECE, the parties have caused this Agreement {o be
executed by (heir duly authorized representatives as of the date first hereinabove

wriften,

TENNESSEE GAS PIPELINE COM 7

}2’(/ wﬁ:@mw«i o
Mame: ,:) T)Wﬂf”?‘ T eTEiad
Title:_ ¢ nesnli € ﬂm‘*c%s-»wm- Y

ENERGY NORTH NATURAL GAS, INC.
d/b/a KeySpan Energy Delivery New England

By ;-' Zf"" 2‘5’“‘\1\ ’\V 2

Name: \\(“[,’\r’\\f‘ﬂ *I-f;,s’)A"VL«}
Title: v 0 ¢ PO, 1enm




EXHIBIT A

Service Package No:
Ameandinent No:

GAS TRANSRORTATION AGREEMENT
{For Use under FT-A Rate Schedute)

THIS AGREEMENT is made and enlered into &5 of the e Gayof
e DY B0 DEtwaEen TENNESSEE GAS PIPELINE COMPANY, a Deataware Corporation,
hereinafter referred (o as "Transporter” and EnergyNorth Natural Gas, ne., div/a KeySpan
Energy Delivery New England, a New Hampshire, Corporation, hereinafter referred to as
“Shippar.” Transporter and Shipper shall collectively be referred o hereii as the “Parties "

WHEREAS, Shipoer and Transoortsr have enterad into a FPrecedent Agreemant dated
IDATE] {ihe "Pracedent Agreement”), pursuant to which Transporter agreed io file an application
with the Federal Energy Regulatory Commission (*FERC") for the necassary authorizations to: (i)
provide certain natural gas frarsportation service and {ii} construct and operate the facilities
necessary o provide such service: and

WHEREAS, Transporter has now been authorized by the FERC order issued on IDATE]
in {IDOCKET) to render the firm transportation service described herein and to construst ang
operate he necessary facifites;

THEREFORE, the Parties agree to the following:

ARTICLE |- DEFINITIONS

1.1 TRANSPORTATION QUANTITY - shall mean the masdmum daity quantity of gas which
Transporter agrees o receive snd ransport on & firm basis, subject to Article I harein, for
fhe account of Shipper hereunder on each day during each vear daring the term hereof,
which shall be 30,000 dekatherms. Any Hmitations on s quantiies to be recelved from
asch Poind of Receipt andfor delivered to each Point of Delivery shalt be as specified on
Exhiblil "A" attasned harelo,

1.2 EQUIVALENT QUANTITY -shall he as defined in Article | of the General Tarms and
Conditions of Transporter's FERC Gas Tariff.

ARTICLE I} - TRANSPORTATION

1 TRANSPORTATION SERVICE - Afler réceipt and acosptance by Transporter, in its sole
determination, of all FERC and ather authorizations necessary to provide service hereynder
and Ihe satisfeclory complelion by Transporter, in Transporter's sole dedermination, of the
faciliies required o provide such service, beginning on the Commeancemeant Date {as defined
n Section 2.7 below), Transporter agrees o accept and receive daity on 2 firm basis, at the
Peint(s) of Receipt from Shipper or for Shipper's account such quantity of gas as Shipper
makes avalable up {o the Transportation Quantity, and to delfiver to or for the acoount of
Shipper to the Poin(s) of Dalivery an Equivalent Quantity of gas.

3]
—_

COMMENCEMENT OF SERVICE ~ Upon compigtion of consiruction of the pipeline faciities
required W enable Transporter to rerider the transportation sefvics deseribad herein and after

s
B




receipt and acceplance by Transporter of all FERC and other necessary authorizations, 2s further
described in Section 2.1 above, Transporter will notify Shipper, in writing, of the date on which
transporter will be ready to comrnence transporiation service under this Agreement {the
"Commencement Date™),

ARTICLE 1 - POINT(S) OF RECEIPT AND DELIVERY

Tha Primery Point(s) of Recelpt and Delivery shall be those poiniy sgecified ori-Exhibit "A”
attached hereto,

ARTICLE IV

Transporter shall construct, install, own, and operate the facilities necessary for Transporter to
receive and deliver the gas as contemplated herein for Shipper's account at the Point{s) of
Receipt and the Point{s) of Delivery.

ARTICLE V - QUALITY SPECIFICATIONS AND STANDARDS FOR MEASUREMENT

For &t gas received, transported and delivered hereunder the Parties agree lo the Quality
Specifications and Standards for Measuremeant as speciied in the General Terms and Conditions
of Transporter’s FERC Gas Tanff Volume Na. 1, To the exlent that no new messuremaent
facilities are installed to provide service hereunder, measurement operations will conlinue in the
manras in which they have previously been handled, In the event that such facilities are not
operated by Transporter or a downstream pipeline, then responsibility for operations shall be
deamed (o be Shipper's,

ARTICLE VT- RATES AND CHARGES FOR GAS TRANSPORTATION

&1 TRANSPORTATION RATES - Commencing upon the Commencement Dale, the rates,
charges, and surcherges to be pald by Shipper to Transporter for the ranspariation service
provided herein shall be In accordancé with Transporter's. Rate Schedule FT-A and the
General Terms and Conditions of Transperter's FERC Gas Tardl, Excent as provided o the
contrary i any writfen or electronic agreement{(s) batwesn Transporier-and Shipper in effect
during the term of this Agreement, Shipper shall pay Transporter e applicable maximum
rate(s) and sl other applicable charges and surcharges specified in the Summary of Rates
in Transporters FERC Gas Tariff and in this Rate Schedule, Transporier and Shipper may
agree that a specific discounted rate will apply anly o cerlain velumes under the agreement,
Transporier and Shipper may agree that' a specified discounited rate will apply only s
specified voumes (MDQ, TQ, commodity volumes, Extended Receipt and Delivery Service
YVolumes or Authorized Overrun volumes) under the Agreement; that a specified discounied
rate will apply only if specified volumes are achieved (whh the maximurm rales applicabla (o
volumes above the specified velumes of to &l volumes if the spécified voluries are never
achieved); that a specified discounted rate willapply only during specified periods of the year
or over & spacifically defined period of tme, thal a specified discountad rate will pply only fo
specified points, zones, markets or other defined geographical ared; dndior that a specifiad
discountad rate will apply only to production or reserves committed or dedicated o
Transporter. Transporter and Shipper may agree to g specified discounted rate pursuani o




6.3

o R

the provisions of this Section 6.1 provided that the discounted rate is belween the apolicatie
maximum and minimum rates for this service,

in addition, z discount agreernent may include a provision that if one rate component which
was at or below the applicable Maximum Rate at the time the dissaunt agreament was
execuled subsequently exceeds the epplicable Maximum Rate due to a change in
Transporter's Maximum Rates so that such rate component must be adjusted downward 1o
squal the new applicable Maximum Rate, then other rate components may be adjusied
upward to achizve the agreed overal rate, as long as none of the resuling rale components
axceed {ha Maximum Rate appliicable to that rate compongnt,  Such changes o rate
components shall be epplied prospectively, commericing with the date a Commission Order
accepis revised tariff sheel rates. However, nothing contained herein shall be construed te
aller a refund obligation under applicable law for any period durig which rates that had
been charged under a discount agreement exceeded rates which ultimately are found to be
just and reasonabis,

INCIDENTAL CHARGES - Shipper agrees lo reimburse Transporter for any fiing ar
similar feas, which Heve not been previously paid for by Shipper, which Transporier
incurs in rendering service hersunder,

CHANGES IN RATES AND CHARGES - Shipper agrees that Transporter shall have the
unitateral right to file with the appropriate regulatory authority end make effective changes
n {a8) the reies and charges applicable b service pursuant o Transporters Rate
Schedule FT-A, (b) the rale schedule(s) pursuant to which sarvice hersunder is rendered,
or (¢} any provision of the General Terms and Conditions appiicable to those rate
schedules. Transporter agrees that Shipper may protest or contest the aferementioned
filings, or may seek authorization from duly constituted reguiatory authorifies for such
adjustiment of Transporter's existing FERC Gas Tarif as may be found necessary o
assure Transporter just and reasofnable rates,

ARTICLE VI - BILLINGS AND PAYMENTS

Transponer shall bill and Shipper shali pay all rates and charges in accordance with Articles V and
Vi, respectively, of the General Terms and Gonditions of the FERC Gags Tariff,

ARTICLE VIt - GENERAL TERMS AND CONDITIONS

This Agreermnent shall be subject to the effective provisions of Transporter's Raie Schedule ET-A and
to the General Terms and Conditions incorporated therein, as.the same may be changed of
supsrseoed rom fime o time In accordance with the rules and reguiations of the FERC,

o
N

ARTICLE 1X - REGULATION

This Agreement shall be subject to 2l applicable and lawful govermmental statules, orders,
rules and regulations and is.contingent upon the recelpt and continuation of all necessary
regulatory approvals or authorizations upon terms acceptable to Transperter. This
Agreemient shall be void and of no force and effect If any necessary regulatory a2oproval is
net 3o oblained or continued. All Partizs hereto shalt cooperate to obiain or eoniinue all
necessary approvals or authorizations, tiut no Parly shail be liable to any other Party for
failure to obtain or continue such

approvats or aulhorizalions,

The lransportation service described herain shall be provided sublect to Subpant &, Part 284

g R




uf the FERC Regulations.

ARTICLE X - RESPONSIBILITY DURING TRANSPORTATION

f{xc&pt as herein specified, the responsiility for gas during transportation shall be as stated in the
General Terms and Conditions of Transporter's FERC Gas Tariff Yolums No. 1.

[

ARTICLE X1 - WARRANTIES

In addition o the warranties set forth int Arlicle IX of the General Terns and Condilions of
Transporter's FERC Gas Tariff, Shipper warrants the following:

() Shipper warrants that all upstream and downsiream fransportation arrangements
are In place, or will be in place as of the requesled effective date of service, and
thal it has advised the upstream and downsiream transporiers of the receip! and
delivery poinis under this Agreement and eny quantity limitdlions for each point
as specified on Exhibit "A" attached hereto. Shipper agrees to indemnify and
hold Transperter harmless for refusal to transport-gas hereunder in the everit any
Upsiream or downsiream bransporier falls 10 recdive or deliver gas as
contempiated by this Agreement.

o) Shipper agrees lo indemnify and hold Transporier harmiess fram alisuits,
actions, debis, accounts, damages, costs, losses and expensss (including
reasonable altorneys fees) arising from or out of breach of any warranty by
Shipper herain.

Transportar shall not be obligated o provide or continue service hereunder Iy the event of
any breach of warranty.

ARTICLE Xif - TERM

This sontragt shall be effective as of the dale Hersof; grovided, howeaver, that Transporter
shali be uader no obligation to receive or to deliver any qaantities of natural gas hereunder
prior o the Commaencement Date. This Agreément shallremain in force and effect, unless
medified as per Exhibit B, untll the expiration of twently years following the Commencerent
Date {"Primary Term®) and on a month 16 month basis-thereafter uriless terminated by either
Party upon al least thirty {30) days prior wrillen notlice 1o the other Party; orovided, however,
that if the Primary Term is less than one year, then notice of lermination may ba provided via
PASSKEY; nrovided further, that if the Primary Term is anie year or mors, then any rights to
Shipper's extension of this Agreament after ihe Primary Term shall be governad by Adicle
I, Section 10.4 of the General Terms and Conditions of Transporier's FERC Gas Tafiff; and
orovided further, that if the FERC or other governmental body having juristiction over e
service rendered pursuant o this Agreement authorizes abandonment of such service, this
Agreemant shall tarminate on the abandonrognt dale permitted by the FERG or such aiher
governmental bady,

Any portions of this Agreernent necessary laresolve o cashout imbalancas under this
Agresmient as required by e Generat Terms and Condftions of Transporter's Tarff shall
survives ing ether parts of this Agreement unll such time as such balancing has been
accomplished; provided, however, that Transporter notfies Shipper of such imbatance not

i

T




laler than twalve months after the termination of ihis Agresmerdt,

this Agreement will lénminate sutdmatically upen written notice from Transporier in the
evert Shioper fails to pay all of the amount of any bili for servica rendered by Trensporier
hereuncer in accord wilh the terms and conditions of Article VI of the Géneral Terms and
Conditions of Transporter's FERC Gas Tariff,

ARTICLE XIil - NOTICE

Except as otherwise provided in the General Terms and Conditions applicable to this Agreement,
any nofice under this Agreement shall be inwriting and mailed to the post office address of the Party
intended to receive the same, as follows:

TRANSPORTER: Tennessee Gas Pipeline Company
F.Q Box 2811
Haouston, Texas 77252-2511

Attention: Dbrector, Transportation Control

SHIPPER:
NOTICES: EnergyiMorth Natural Gas, Inc.
tfbia KeySpan Energ?/ Delivery New England
52 Secand Avenue, 4% Floor
Waitham, MA 02451
Attardien: Elizabeth Arangio
BILLING: EnergyNorth Natural Gas, ine.

d/b/a KeySpan Energy Dellvery New Engiand
57 Second Avenue, 4 Floor
Waltham, MA 02451

Allention: Elizabath Arapgio

o 10 such olher address as either Party shall deslgnate by formal written notice to the other.

ARTICLE XIV - ASSIGNMENTS

Either Party may assign or pladge this Agreement and all rights and obligations hereunder
under the provisions of any mortgage, deed of rust, indenture, or other instrurment which it
has execuled or may execute hereafter as security for indebtedness, Either Party may,
without relieving itself of its obligation under this Agreement, assign any of its righis
nereunder 1o & company with which i is affillated. Othensdse, Shipper shall not sssign tis
Agraerment or any of ite rights hereunder, except i accord with Adicle 1, Section 11 of the
Gensral Terms and Conditions of Transporter's FERC Gas Tarif.

Any person which shall succeed by purchaise, mergsr, or conselidation (o the propertiss,
subslantislly as an enlirely, of elther Party hereto shall be eniitled to the rights and shall be
subjacl o the obligations of s predecessor in interest undear this Agreemaent,




ARTICLE XV - MISCELLANECUS

5.1 THE INTERPRETATION AND PERFORMANCE OF THIS CONTRACT SHALL BE i
ACCORDANCE WITH AND CONTROLLED BY THE LAWS OF THE STATE OF TEXAS,
WITHCUT REGARD TO THE DOCTRIMES GOVERNING CHOICE OF LAW,

15.2  ifany provision of this Agreement is declared null and void, or voidable, by & court of
compeient jurisdiclion, then that provision will he considered severable at.either Party's
option; and if the severability option-is exercised, the remaining provisions of the Agreement
shal remals in full foree and effect

153 Upless olherwise expressly provided in this Agreement or Transporter's Gas Tariff, no
rodification of or supplement to the ferms and provisions stated in this Agreement shall be
or become effective untit Shipper has submitted a request for change through PASSKEY
and Shipper has been rotified threugh PASSKEY of Transporter's agreement to such
change.

154 Exnibit "A" attached herglo is incorporated hereln by reference and made a part hereof for
all purposes,

INWITNESS WHEREOF, the Parties hereto have caused this Agreement 1o be duly
executed as of the date first hereinabove written,

TENNESSEE GAS PIPELINE COMPANY

BY:
Agent and Altormney-in-Fact
SHIPPER: ENERGYNORTH NATURAL GAS, INC,
dihla KEYSPAN ENERGY DELIVERY NEW ENGLAND
BYy:
TITLE:

CATE:
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GAS TRANSPORTATION AGREEMENT
{(For Use under FT-A Rate Scheduls)

EXHIBIT B

TO GAS TRANSPORTATION AGREENENT

DATED
BETWEEN
TENNESSEE GAS PIPELINE COMPANY
AND

BUYOUT/EARLY TERMINATION PROVISIONSY

SERVICE PACKAGE:

BUYOUT PERIOD(S)

AMOUNT OF T4 REDUCEL
FOR PERIOD(E])

AMOUNT OF
BUYQUT PAYMENT
FOR PERIOD(S)

AMY LIMITATIONS ON
THE EXERCISE OF THE
BUYOUTITERMINATION
OFTION AS BID BY
THE SHIPPER!

TNOTICE MUST BE GIVEN AS PROVIDED FOR IN THE NET PRESENT VALUE
STANDARD OF THE GENERAL TERMS AND CONDITIONS.




EXHIBITE

DATE

EnergyNorih Nafural Gas, Ine.

d/bia KeySpan Energy Delivery New England
57 Second Avenue, 4% Floor '
Waltham, MA 02451

Altention: ids. Elizabelh Arangio

RE: Fim Transportation Megotiated Rate Letlar Agreemerit
Tennessen FT-A Service Package:No. _

Dear Ms. Arangio;

Tennessee (Gas Pigefine Cempany (“Fransportes”) held an open seasen I accordance with applicable
provisions of its FERC Gas Tanff entitled *Concord Open Season” {‘Open Season”), EnergyNorth Natyral
Gas, Inc. ditfa KeySpan Energy Celivery New England ("Shipper') was a successiul bidder in the Open
Season and elecied the negotiated rate oplion as offered by Transportér.

In response o e raquest of Shipper, and pursuant to Section 5.6 of Transporfer's FT-A Rate Schedule,
and upon the completion of the construction and pracing in-service of the necessary facifties, Transporter
hersby agrees to adjust its then applicable FT-A transportation rate for FT-A service provided under the
above referenced Service Package as ollows:

1. al i Shinper, its assignee(s) or its agent(s} (hereinafter collectively referred fo zs “Shipper’)
violales the terms of this Negotiated Rate Agreement or the terms of the above-
referenced Service Package, Transporter shall have the right, in s sole discretion, to
mmediately terminate this Negotizted Rste Agreement andior assess, from the dale of
ihe viofation, thé applicable maximum monthly reservation rate for the ertire contract
quantity and the maximurm applicable daily comimadity rates on all kansactions oeetring
under this Negotiated Rate Agreement.

i For the period commencing on the Commenscement Date and extending through the
Prinary Term (ss defined in Sections 2.2 2nd 121 of the above referenced Servige
Package) for gas defivered by Transpored on hehaif of Shipper under the above
ceferanced sarvice package, the applicable FT-A rates shal he 2 monthly reservation rate
ol $12.17 per Bih and the maximum aoplicable commodity rates under Rale Schedule £T-
A These rates are not inclusive of surcharges.

i addition, Shipper shaill pay applicable fuel and lost and unaccourted for charges,

Z. This Negotlated Rate Agraemeri! shall be filed with the Federal Energy Regulatory Commission
{'FERCT} and Is sublect 10 approval by the FERC. In addition, the sffectiveness of fhis Negotiated
Rale Agresment s contingent upon at lhe Parfies executing the above-referenced Service
Package and b) service sommencing thersunder.

Lad

Hany terms of his Megotiatad Rale Agreement are disallowed by any order, rulemiaking, regulation
or plicy of the FERT, Transporter may immediately terminaie this Negatiated Rate Agreement, |f
any tms of this Negoliated Rale Agreement are in any way modified by order, rulemaking,
requlstion or policy of fhe FERC, Transoarter and shipper may mutaally agree in good faith (o

Megotiated Rate Agreemen! in order to ensure that the arigingl commercial intent of the

B

amsnd this




:'?_i:‘%f‘\ét:i_j:;'sI"_"i;:' GAG PIRELINE COMPANY
EMERGYNORTH MATURAL GAS T,
dibfa KeySpan Energy Dalivery New England

PABE

parties is presarved. In the evant that the parties cannot achieve mutual agreement, Transporter
reserves the rght to immediately ferminate this Negotiated Rate Agreement,

Please acknowledas vour acceptance of this proposal by signing ang reluming via mait or facsimite 1o the
undersignad at (713) 420-4343. Ope fully executed copy will be retuined for yaur records,

Sinceraly,

Dodson Skipworth
Wanager, Markefing
Termesses Gas Pipeline GCompany

TEMNESSEE GAS PIPELINE COMPANY

S, Heath Dengke
Agent and Altorney-In-Fact

ENERGYNORTH NATURAL GAS INC,
dibia KeySpan Energy Dalivary New England

Dafer -







STATE OF NEW HAMPSHIRE
PUBLIC UTILITIES COMMISSION

DG 07-161

ENERGYNORTH NATURAL GAS, INC. d/b/a
KEYSPAN ENERGY DELIVERY

Petition for Approval of & Firm Trausportation Agreenrent
with Tennesse¢ Gay Pipeline Company

Order Approving Settlement Agreement

ORDE

=
=

0. 24,823
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{

February 29, 2008
APPEARANCES: Sarah B. Knowlton, Esq., of McLane, Graf, Raulerson, and Middleton, and
Thomas P. O'Neill, Esq., on behaif of EnergyNorth Natural Gas, inc. d/b/a KeySpan Energy
Delivery New England; Kenneth E. Traum, of the Office of the Consumer Advocate, on behalf
of residential utility ratepayers; and Edward N, Damon, Esq. for the Staff of the New Hampshire
Poblic Utilities Commission.
i. PROCEDURAL HISTORY

On September 14, 2007, EnergyNorth Natural Gas, Inc. d/b/a KeySpan Energy Delivery
New England (EnergyNorth or the Company) filed with the Comingission a petition for approval
of & firm transportation agreement with Tennessee Gas Pipeline Company {TGP) 1o provide
EnergyNorth additional capacity of 30,000 MMBtus’ per day on the Concord Lateral, The
Concord Lateral is TGP’s northernmost branch pipeline off its main pipeline, originating in
Dracut, Massachuseds and terminating iy Concord. In connection with the agreement, TGP
would construct and operate the facitities necessary to render firm transportation service and
EnergyNorth would incur an annual demand cost of $4,380,000. Service would COMUMERCE on
the latter of November 1, 2009 or the date on which TGP is able to render service to

EnergyNorth for a primary term of twenty years. The {iling was.accompanied by supporting

" An MMBi is one imillion British thermal uniits of heat encrgy.
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testimony of Elizabeth D. Arangio, Director of Gas Supply Plagning, Theodore Poe, Jr.,
Manager of Energy Planning, John S. Stavrakas, P.E,, Director of Engineering, and Paul M.
DeRosa, Lead Pricing Analyst,

On Getober 4, 2007, the Office of Consumer Advocate {OCA) filed its notice of intent to
participate in this docket tn behalf of residential utility consumers consistent with RSA 363:25.
Cn October 9, 2007, the Commission issued an oxder of notice estgblishing a pre-hearing
conference, which was held at the Commission on November 8, 2007, The order of notice
specified that the following issues, among others, would be investigated: (1) whether
EnergyNorih’s investigation and analysis of the alternatives for satisfying the resource need is
reasonable; and (2) whether EnergyNorth's entry into the long term arrangement with TGP for
additional pipeline capacity is prudent and in the public interest. F oilowing the pre-hearing
conference, the Company, OCA and Staff met in a technical session and agreed upon a proposed
procedural schedule that was submitted by Staff on November 13, 2007, and approved by
secretarial letter the following day. Revisions (o the procedural schedule proposed by the parties
and Staff were granted by secretarial letters on January 3, 135 and 29, 2008, On November 16,
2007, EnergyNorth filed a miction for protective order and confidential treatmoent rogarding its
response 10 Staffs dafa request TechlI-3.

Staff filed the testimony of John B. Adger, Jr.and Yavuz Arik of Liberty Consulting
Group (Liberty) on January 10, 2008, Their testimony evaiuated EnergyNorth’s-proposal to
eqter into the agreement with TGP and eertain alternative options. On February 1, 2008,
EnergyNorth filed the surrebuttal testimony of Elizabeth D. Arangio. A settiement agreement
between EncrgyNorth and Siaff was filed on February 8, 2008, On February 13, 2008,

EnergyNorth filed a motion for protective order and confidential trearment regarding certain
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responses 10 Stafl’s data requests and attachments to the Company’s surrebutial testimony. A
hearing on the settfement agreement was held on February 14, 2008. On February 29, 2008,
Staff filed its recommendation supporting the Company’s requests for confidential treatment.
IL SETTLEMENT AGREEMENT
Under the settlement agreement, EnergyNoysth and Staff agreed that the Company’s
decision (o enter into the TGP agreement is prodenit and consistent with the public imterest,
Accordingly, the Company and Staff agreed that the TGP agreement should be approved. In
addition, the settlement agreemsnt provided that the Company, Staff and OCA will participate in
a planning conference in or around July 2009 in which the Company will present to the OCA and
the Seaff its plans to meet its incremental gas supply necd associated with the Concord Lateral
upgrade for the 2009/2010 heating scason. Particular questions Lo be addressed include the
following:
= What the Company has done, and what it intends to do, to ensure the broadest possible
array of alternatives for firm, peaking ges supplies delivered to Dracut for the CRSUINg.
winter season;
»  How the Company expeots to use all of the capacilty availakile to it on the Concord Lateral
for the ensuing winter season fo minimize costs to its customers i New Hampshire.
The Company wiil also describe its plans to issue a request for proposal to potential suppliers to
meet its overall pertfolio needs for the 2009-2010 heating season, Review by the Staff and GCA
of the Company’s plans does not relieve the Company of its obligation to prudently eperate its
business and obtain gas supplies on 4 least cost basis nor does it bind Staff or GCA to a

particular position regarding the adequacy and/or effectiveness of the Company’s plans.
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Ifl. POSITIONS OF THE PARTIES AND STAFF

A, EnergyNorth

EnergyNorth supported its petition with testimony describing the proposed agreement
with TGP and the analysis undertaken by the Company resulting in its conclusion that the
proposed agreement is needed and 15 the least cost alteriative under a range of pricing dnd
demand scenarios, and compares favorably to the range of reasonably available allernatives
based on price and non-price factors. The Company's analysis focused on a comparison of the
proposed agreement with TGP with certain on-system peaking options available to the Company
nvolving the addition or expansion of supplemental storage-and vaporization facilities.

The Company also considered the possibility of using demand-side management options
to satisty the forecasied need but concluded that such options could not provide the level of
resources required o meet forecasted customer demand over the Company’s planning horizon,
The Company stated that the customer participation rates and money needed to ackieve the
necessary incremental savings over and above the savings already achieved by existing energy
elficiency programs and included in the demand forecast would be extraordinary and nof
realistically achievable. The Company also expresséd concern sbout the reHability of demand-
side management options o meet peak day demands.

According 0 EnergyNorth, its base case desion day forecast submitted in Docket No. DG
06-103 shows a minimum need for incremental peak day delivery capability of 5,310 MMBius
per day on the peak day beginning in 200972010, incressing to 19,660 MMBtus per day by
201072011 In addition, the forecast shows a minimumn need for incremental peak season supply
totaling 33,300 MMBius per day beginming in 2008/200%, increasing to 128,000 MMBius per

day by 2010/2011.
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Aecording to EnergyNorth, capacity on the Concord Lateral is currently fully subscribed.
TGP’s upgrade of the Concord Lateral would create incremental capacity that EnergyNorth
could use fo transport gas supplies from Dracut, where the Tennessee Gas Pipeline interconnects
with both the Maritimes & Northeast Pipeline and Portland Natural Gas Transmission System, to
the Company’s citygates in Now Hampshire. The Company stated _that the upgrade would atlow
the Company © purchase gas supply at Dracut from a number of sources, thus increasing the
reliability and diversity of supply within the Company’s overall portfclio,

To facilitate the proposed agreement, TGP would need to construct a new mid-point
COMPressor station and expand its existing meter siation to accommodate die incremental
volumes eligible for wansport on the Concord Lateral. EnergyNorth stated that TGP's costs of
completing the Concerd Lateral upgrade are reflected in the rate negotiated by the Company and
TGP, For the twenty-year period covered by the preposed agreement, EnergyNorth would pay
TGP 2 fixed monthly reservation {demand) rate of $12.17 per dekatherm?® and the maximum
applicable commodity rates under TGP's Federal Energy Regulatory Commission (FERC)
scheduie FT-A, exclusive of surcharges and applicable fuel and lost and unaccounted for
charges, m exchange for which the Company would be provided with a maximum daily
transportation quantity of 30,000 MMBeus on a peak day and peak season basis.”

The proposed arrangement with TGP is documented by a Precedent Agreement dated
August 29, 2007 between the Company and TGP to which is attached a Gas Transporiation

Agreement {For Use Under FT-A Rate Schedule) and a Firay Transporation Negotiated Rate

" A dekatherm (D) 35 equivalent to one MMBry or ten therms.

¥ Since the ratal contract sost 15 the same regardless of the number of units purchased by the Company from TGE
between the minimum needed quantity of 19,660 MMBtas per day and the conlract quantity ef 30,000 MMBuws per
day, the Company chose to enter an agreement for the maximom capacity available from TGP given its investment
w complete the Concord Lateral upgrade. According to EnergyNorth, if the Company had contracied for additional
capacity above the specified masimum daily transportation quantity, TGP would have ingreased the total cost of the
Condract.,
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Letter Agreement. The Precedent Agreement memorializes the whale arrangement wnfil such
time as the (Gas Transportation Agreement is executed before the in-service date of November 1,
2008, The Firm Transportation Negotiated Rate Letter Agreement is filed with FERC and is
subject to FERC approval.

I order to compare the relative price and non-price attributes of'a pipeling project
expanding the capacity available (o serve EnergyNorth's service territory versus a distribution
project that would add on-sysiem storage and vaporization capabilities, the Company first
assessed the type and size of on-system facilitics that would be needed. The Company
determined that two potental on-system alternatives would provide an additional 235,000
MNBtus per day” of incremental vaporization oniput capability: e construction of new
liquelied natural gas (LNG) facilities in Concord 10 add 0.3 Bef® storage cupability, with and
without Houefaction, and the construction.of new and expanded propane facilities in Concord
and Nashua 1o add 0.15 Bef of storage capability at each of the locations. Tn the Company's
view, no other alternative would provide the necessary level of resources required to meot
forecasted customer demand over the Compatiy’s long term planning horizon or that would
interconnect directly with the Company’'s distribution system on a safe and refiable basis.®

Next, the Company prepared capital and operating cost projections for the alternatives Lo
the Concord Lateral upgrade and caloulated the levelized, annual costs of the altératives,
exclusive of supply costs, for comparison to the annual demand charges for the Concore Lateral

upgrade. Finally, the Company developed a linear-programming (LP) model designed to

* Aceording 1o the Company. this was the fargest on-sysienm capability that could be added withouta costly
distribution system upgrade.

* A Bef is one billion cubic.feet gas and is approximately equivalent to 1,000,000 dekatherms of heat energy.

* The Company stated it also met with both Péstland Natural Gas Transmitssion System aiid Marftimes and Northesst
Pipedines LLC 1o discuss the possibility of a direst connent to the Company’s distribution sysfem but it quickly
conchided that @ direct connection was neta viable option.
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identify the most cost-effective resource addition, inclusive of projected supply costs, The
output of the LP modef indicated that the Concord Lateral upgrade is a more cost effective
alternative for meeting the identified need for incremental capacity than any of the on-system
alternatives, Specificelly, EnergyNorih’s annuval total contract cost for the proposed agreement
with TGP would be 34,380,600, compared to approximately $8:1 million for an LNG facility
without Houefaction. approximately $11 million for a new LNG taciiity with liquefaction, and
$6.5 million for a propane facility.

The Company also concluded that non-price Tactors weighed in favor of the Concord
Lateral upgrade and against the alternatives. For exampie, the use of on-system alernatives
would require trucking necessary to transport LNG or propane to the Company’s facilities, which
the Compény believed presented safety and reliability concerns not implicated by the Concord
Lateral upgrade. The Company afso stated that there i 4 greater likelihood of operational
contingencies with the use of on-system altematives than with a pipetine facility, including the
need to carefully mix supplies of propane-air with pipeline supplies of natural gas i order to
prevent harm o customer appliances.

Based on its review of EnergyNorth’s analysis, Liberty concluded that if pesk period
supplies are available on a firm basis at Dracut for an average premium of $12 per MMBtu or
fess over the Henry Hub price, which is a vealistic assumption in Liberty’s view, then those
supplies are the most cost effestive solution to EnergyNorth’s peaking problem at this time.
Liberty recommended that EnergyNorth be required to demonstrate that supplies will be
available on a firm basis at the inlet 1o the Concord Lateral on (enms that are competitive with iig

on-system aliernatives for peaking supplies.
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The Company responded that the recommended showing can be made. The Company
contacted four suppliers which are active at Dracut and with which the Company has done
business to obtain non-binding indicative pricing information for the 200%-2010 heating season.
Alhough the pricing which the Company received vaned, depending on the load factor of the
need, the Company stated that the pricing information was consistent with its experience buying
firm supplies delivered at Dracut. In the Compary's view, the pricing is indicative of what the
market expects gas supplies o cost in 2009-2010 based on today's market and, as evidenced by
the wide range of indicative pricing received, there are likely costs built into the pricing to allow
for the unknowns of what may or may not materfalize in the 2009-2010 market at Dracut.

The Company stated that one of the three suppliers responding to the Company’s request
provided & price quotation very near the pricing assumptions made by the Company. However,
the Company did nof fecommend locking into a contract now. First, the Company noted that the
mast recent studies and reports corroborate the market expectation that due to incremental eay
supplies entering the Northeast, the basis price for gas supply is expected to decrease over time.
Second, the volumes the Company quoted to the suppliers reflect minimum usage.of the
proposed contract. The-Company has not taken into aceount the éffects of adding the TGP
contract into its overall portfolio and the changes it would have on existing resources. For
example, the addition of the Concord Lateral capacity to the Companys portfolio could enable
the Company to purchase supply at Dracut in Heu of its current cltygate service, and the addition
of the Concord Lateral eapacity could allow the Company the opportunity to optimize the use of
its existing underground storage and to supplement LNG and propane supplies, including its
dedicated LNG liquid contract with Distrigas. In the Company’s view, it would be prudent o

issue the request for proposals for the necessary supply in the spring or summer of 2009, The
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Company explained that notwithstanding the proposed setflement agreement, it remained under
an obligation (o prudently purchase its gas supplies, including the purchase of supplies in 2009,

EnergyNorth explained that TGP had recently filed its application for FERC epproval and
it expects to receive FERC approval in early 2009. This would allow construction of the
necessary facilities in the spring and summier of 2609, in time for increased firm transportation
service commencing November 1, 2009,

In closing, the Company stated that it had identified an incremental need for citygate
deliverability of gas to reliably serve its customers. The Company conducted an in depth
analysis of various options to meet that demand and has defermined that the Concord Lateral
upgrade and the proposed arrangement with TGP is the most prudent and cost effective means of
meeting that need. The Company requested that the Commission find the settlement agreament
to be in the public interest and to approve it in its entiréty. Since the Company needs 10 notfy
TGP by the end of February if it is not going lo proceed with the proposed amangement, the
Company requested an order approving the settiement agreentent by that time,

B OCA

The OCA stated that although it did not sign the settlement agreement between the
Company and Staff] that fact should not be interpreted as oppositon by the OCA 1o the
setifement. According 10 the OCA, resource constraints prevented the OCA from devoting
sufficient time to the docket and gaining sufficient comfort with the settlerient. OCA stated it
would like o see:more emphasis placed on demand side management and energy efficiency

options as part of any solution w increased gas demand in the Ature.
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Staff stated itsupports the settlement agrezment for the reasons discussed by Liberty
Consulting Group. Liberty Consulting Group was engaged by the Commission to evaluate the
proposed agreement with TGP and review EnergyNotth's analysis in support of ts proposal. Of
particular relevance to this dotket, Liberty had recently advised the Staff'of the Connecticut
Department of Utility Control (DPUQC) in connection with a proposal for an LNG-based peaking
facility that was approved by the DPUC and recently commenced operation.

Liberty restricted its evatuation of the altertiatives to the LNG with liguefaction opticn
because of service quality issues associated with the use of propane air in some locations and
because the LNG without Hquefaction option presents fssues of access to and terms for fhe
provision of LNG supply that could compromise its viability as an option. Liberty stated, for
example, that the Company’s contracts for LNG supply limit the quantities available during peak
winter mionths and the availability of sufficient trucks for transporting LNG from the source o
the Company’s peaking facilities can be a binding constraint. In addition, according to Liberty,
it is widely understood that providers of LNG give better prices to customers which have their
own liquetaction capability, thus making it a more attractive option in this respect.

Liberty did not analyze a demand-side management alternative for meeting the
incremental capacity need because it did not have any data that would have allowed that,
alternative to be put into the mix of choices. Accordimgly, 1t ook 1o position on the Company’s
rationale for excluding demand-side management as an option at this time. Liberty agreed with
the OCA that, besides demand-side management programs, the use of interruptible rates is an

altermative that could be exarmined in connection with meeting a peaking demand.
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Liberty identified several concerns and shortcomings-regarding EnergyNorth’s analysis,
For example, it found that the Company had double counted some of the component costs of the

an-system alternatives and had used several inappropriate parameteis for its revenue

=
I

requirements analysis, further increasing, the apparent costs of the on-system alternatives.
Liberty afso had some methodological questions about the Compary’s optimization analysis
which it addressed with the Company.

Liberty, with Staff’s assistance, adjusted the Company’s analysis at each siage. Based on
mformation provided by EnergyNorih and information from its Connecticut experience, Liberty
estimated that approximately $56 million would be required fora 0.3 Bef tank with 25,0000
MMBuw sendout capacity and Hquefaction capability. Liberty observed that smaller facilities
waould be even more costly per unit of capacity because of costs that do not Vary in gize.
Comparing the fevelized annual capacity costs derived from its analysis, Liberty stated that the
estimated capacity cost of the Concord Lateral upgrade, adjusted i order to make  fair
comparison, was 53.7 million while the on-system LNG with liquefaction alternative was
estimited to be approximately:$6.5 million, a difference of approximately $2.8 million.

One of the important adjustments regarding the supply costs of the alternatives being
analyzed was to the estimated basis differential’ for gas delivered to the inlet of the Concard
Lateral. Prices at that location are necessary to run the Company’s L eptimization model since
the Company’s proposed arvangement with TGP and one of its current gas supply resources

require i,

7 Basis differential is the ohserved difference in price between s available at a receipt point and gas delivered v a
delivery poini, in this case from Henry Hub 1o the inlet of the Concord Lateral at Thracut, Avcording to Liberty, a
farge differential refiects the value of pineline transportation between a gas source and New England during periods
of transponiation constraints, such as when the weather 5 very cold,
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Liberty explained that the Company added $2.30 per MMBtu to the Henry Hub price
during the winter months as the estimated basis differential. Liberty expressed concern that
while 4 $2.30 per MMBtu basis differential may be appropriate for baseload supplies, it {s not
representaiive of the market differentials that would be likely during periods of peak demand.

According to Liberty, the data suggest that the-daily basis between Henry Hub atd sither
Dracut or TGP Zone 6 is approximately $0.50 except on'eold winter days when the differential
goes much higher. Liberty concluded that the $2.30 per MMBtu number 1s much oo fow to be
applied to the peaking supplies that are an important part of theanalysis. Liberty stated that the
basis differentials observed during the very cold moenth of January 2004 should be considered
indicative of what they would be when the incrementa) capacity would be called on. Liberty
noted that although tie basis differential went as high as $57 during January 2004, the weighted
average basis differential for EnergyNorth's spot purchases in that month was approximately $12
per MMBuu. Liberty observed that even though basic gas prices arg higher, and oil prices are
much higher, than they were in 2004, it relied on the $12 per MMBw value for its analysis
because that number has actually been observed.

According to Liberty, the on-systern LNG with liquefaction alternative would allow
EnergyNorth (o buy gas during the summer when the basis differential is only about $0.50 1o
$0.60 per MMBto. Although hard 1o predict, the basis differential associated with the proposed
arrangement with TGP may be higher if supply has to be purchased in the winter, Liberty stated
that the difference betwsen the estimated capacity costs of the two alternatives, approximately
$2.8 million, s in effect available Lo offset this higher basis differential,

After making its suggested changes to the inputs and parameters involved in the

Company's analysis, Liberty recomputed the levelized revenue reguuremends associated with
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cach alternative and repeated the Company’s optimization analysis to see how the results would
change when Liberty’s values were substituted for the Company’s.

tn retesting the higher basis as'a surcharge on the incremental Concord Lateral capagity,
Liberty found that for 2009-2010 the aptimization maded still picked. the Concord Lateral option
over the LNG with liquefaction alternative. When Liberty reran the model with 20112012 fas
prices and tre 2004 basis differential, the mode! still picked the Concord Lateral oplion. Testing
even higher differentials, Liberty found that with a basis diffefential of $16.93 per MMBu
{which is 40% higher than that experienced in January 2004} the model split the requirements
between the Concord Lateral and Liberty’s LNG with liguefaction alternative. Liberty also
found that the model was still splitfing the requirement at $21,93 per MMBin, though more of it
would be supplied by the LNG altemative,

Liberty conchuded that the proposed agreement with TGP provides cost effective access
to sources of peak period supplies that the Company requires. Liberty agreed with the Company
that, besides the question of cost, there are some atfractive aspects of the Concord Lateral
upgrade option, Including the fact that the availability of that capacity would allow the Company
t make certain adjustments within the portfolio that might kiwer other ¢osts and have the effect
of vifsetting some of the cost of the proposed agreement with TGP, Liberty stressed that the
Concord Lateral upgrade is not a resource that the Company can use to mest its requirements for
peaking capacity but rather is a means of providing access to potential sources of peaking
capacity that are in addition to the Company’s existing on-system peaking plants.

Liberty recommended that the Company be required to show that those supplies will be
avatlable on a firm basis at Dracul on terms that are competitive with its on-system altematives

for peaking supplies. In Liberty’s view, for the period of interest in Liberty’s analysis, if peak
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period supplies are available on a fism basis at Dracut for an average premiunt of §12 per
MMBtu or less over the Henry Hub price, then those supplies are the most cost effective solution
to EnergyNorth's peaking problem at the present time, Accordingly, Liberty recommended that
the Company be reguired to show that firm peaking supplies can be made available over the nex
five years af Dracnt at a price that would not upset the comparisens made in its analysis. Liberty
expressed confidence that on the basis of'its experience with the New England gas markets, such
a showing could be made-and thus conchuded that the Company’s proposal to enter into the TGP
contract should be dpproved once the requisite showing was made.

At hearing, Liberty confirmed that EnergyNorth had made the showing Liberty Had
reconunended. Liberty first noted that one of the sappliers approached by the Company had
provided a quote that was in the accepiable range and two others expressed a willingness w offer
firm supply at Dracat but at a daily price. Liberty also noted that two motivated sellers were not
asked for indicative pricing due to on-going negotiations regarding other supply amrangements.
Finally, Liberty confirmed that longer term studies suggesi (hat winter perlod basis differentialy
will decling because of increases of LNG supply to New England from projects such as Canaport
and Neptune and because of increased capacity available to the Northeast from multiple pipeiine
projects.

Liberty discussed the planning conference provided for in the settlement agreement. At
the planning conférence 0 be held'in July 2009, the Company will review its approach to
obtaining supply before issning requests for proposals. The objective will be to look at the
widest possible array of supply ahernatives, which will likely include call options priced at
montaly or daily indexes and delivered peaking services. The Company will also discuss the

anticipated use of all Concord Lateral capacity and on-system peaking facilities,
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Liberty also noted that yuestions regarding the Company’s longer term options for
meeting its growing requirement for peak period eapacity remain jo be addressed. Liberty stated
that continued foad growth in the furure will pose a problem similar to that addressed by the
Company’s proposed agreement with TGP. Liberty stated that capacity choices involive. long
lead times® and if the Company can foresee a requirement for additional capacity as soon as
three years from now s indicated by one forecasting model used far some of the discovery
responses submitted by the Company in this docket, the.time fo.start planning for the next
merement of capacity is now. Liberty urged that given the lengthy nature of the facility siting
and approvals process, consultations to support the possible development of on-system options
should begin soon. Liberty opined that those issues could bie addressed as part of the Company’s
integrated resource planning process.

V. MOTIONS FOR PROTECTIVE ORDER AND CONFIBENTIAL TREAT MENT

A, Moetion for Protective Order and Confidential Treatment Regarding
Respouse to Staff Data Request Tech 1-3, filed on November 16, 2607

EnergyNorth requested that the Commissiod issue a proteciive order giving confidential
freatment to certain computer souree code aud ancitlary computer files in regponse to Staffs
Data Request Tech 1-3, which reguested discovery of the text files for the linear programming
(LP) computer model vsed by the Company o evaluate the proposed Concord Lateral and
potential altiernative projects. EneravNorth asserted that the text fifes requested were developed
internally by EnergyNorth and have commercial vatue, and it publicly disclosed, the model, or
services based on the model, could be soid to gaina commercial advantage. EnergyNorth

chaimed thai such diselosure would be giving away EnergyNorth's own work produet, resulting

F s example, Liberty retated that even with a site in hand and & willing community, it took a Connectiow gas
utility six and & half years to g0 from the initial proposal to the DPUC for an LNG-based peaking feiity to ihe
facility being placed in service.
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In a commercial disadvantage to the Company. EnergyNorth maintzined that the LP model it
developed constitutes confidential commercial information and stated it does not disciose the
information to anyone outside.of its corporate affitiates and their representatives. EnergyNorth
requested that the protective order aiso be extended to any discovery, testimony, argument, or
briefinig relative to the confidential information.

B. Mation for Protective Order and Confidential Treatment Regarding

Information Provided in Certain Responses o Staffs Data Requests
and Artacknents to Surrebuttal Testimeny, Filed on Februar v 13, 20608

EnergyNorth requested that the Commission issue a protective order giving confidential
treatment to Stafl data requests 1-20 (an attachment that includes a summary of bid resporises for
the fall 2007 RFPs for supplies), 2-23 (daily effective degree day data for Manchester), 2-24
(Attachment E contains bidder and price quotes for the Dracut 20,000 dth RFP dated J uly 31,
2007), 2-27 (Attachments A-E inchude daily and monthly Henry Hub pricing and Attachments F-
Jinclude daily Dracut pricing between September 2003 and September 2007), 2-28
(Attachments A-F include monthly pricing for propane for the past § years), 2-29 {Attachments
A-F contain purchases by supplier and price in January 2004), 2-34 (correspondence with
ABS/Granite Ridge re potential purchase ol incremental services), Tech 2-1 { Attachimern A
contains me-series Platt’s/Inside FERC monthly settlement prices), and 3-22 {Amendment No.
2 0 the natural gas firm peaking agreement with Granite Ridge), as well as attachments 2-8 1o
the surrebutlal testimony of Elizabeth D. Arangio (attachments contain listing by name of gas
suppliers solicited as part of the REP process, price quotes for the 2008/2010 peak season af
Dracut, and market intelligence on projected casts of natural gas from third -party congultants).

The Company asserted that with the exception of its response fo $taff 2-23 and Tech 2- L,

ail of the listed data responses, as well as attachments EDA-2 through 3, confain pricing
& & g
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information and responses to requests for proposals that constitute confidentis! information that
is exempt from public disclosure under RSA 91-A. In addition, EnergyNorth claimed it has a
contractual obligdtion to keep the information provided by potential ‘gas suppliers in the RFP
respanses confidential and that the release of that information would likely have & nepative
impact on the responses and information in future RFPs. EnergyNorth stated that this
information is similar 1o that which the Commission hag routinely provided protective tréatment
in a number of cost of gas and other proceedings. EnergyNorth maimtained that the information
provided in resporise to Staff 2-23 and Tech 2-1 is proprietary to third-party vendors and that it
had an obligation to maintain the information in confideace under its arrangements with those
vendors. EnergyNorth stated that it maintains the pricing information and the information
provided by third party vendors confidentially and does not generally make it avaiiabie to third
parties, The Company asserted that release of the information for which confidential treatment is
sought is likely to result in a competitive disadvantage for the Company in the form of fess
advantageous or more expensive gas supply contracts since suppliers possessing the confidential
information would be aware of EnergyNorth’s expectations regarding gas supply contracts and
other contract terms, and weuld be unlikely to propose to supply such goods and services on
terms significantly more advantageous to the Company.

Finally, EnergyNorth requested that Staffs outside consultant be prohibited from Hsing
the confidential information for any purpose other than for services provided to the Commission
and, specifically, thai the consultant return to the Comimission or EnergyNorth at the conelusion
of the consultant’s services ali materials containing any of the confidential material and be
prohibited from using the confidential information for any othier client it may have or-for ils own

DUIDOSEs.
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At hearing, Staffrequested that the Company provide additional support for graniing
confidential treatment for certain of the Hems identified by the Company if its motion, relating w0

Iy

Henry Hub pricing and Dracut pricing (2-27, propane pricing (2-28), and certain monthly
settlement prices (Tech 2-1). The Company responded tat this information is obiained from
various. third parties with which the Company has a contractual obligation 1o maintain the
information in confidance.
V. COMMISSION ANALYSIS

A, Merits

N.H. Code Admin. Rules Puc 203.20(b) provides that the Commission wil] EPTTOvE 2
disposition of any contested case by settlement if the Commission determines that “the result ig
just and reasonable-and serves the public interest.” For the reasons set forth below, we find that
the settlement agreement satisfies these standards and we therefore approve it,

We note that the decision of whether to approve the praposed arrangément between
EnergyNorth and TGP is an important one invelving a long term commitment of substantial
ratepayer dollars, $4,380,000 for 20 years, not including the supply costs. Moreover, zs reflected
in its direct testimony in Docket No. DG 06-105, Staff had initially expressed skepticism about
using a new pipeline project, which is often associated with high fixed sapacity costs and low
variable commodity costs, to meet a low load factor, i.e., peaking demand increment, which is
notmally satisfied at least cost with peaking capacity and associated supplies.” Under such
rather unusual clrcumstances, we believe it s reasonabie to review the prudence of the
Company’s proposal in advance of the final decision to enter the proposed arrangemeént rather

than after the fact as Is customary.

? Liberty aiso maintained that-ErergyNorth’s vequirement is for peak period supplics which is nermally met by
peaking qapacity.
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The Company has performed a detailed analysis of the alternative supply oriented
solutions with input from its pricin ¢ analyst, engincers, and gas planners, and documented the
analysis at some length in testimony. In cooperation with Staff, Liberty, an outside expert with
recent relevant expericnce with the costs of constructing and operating LNG-based peaking
plants, has reviewed the Company’s analysis and carefully evaluated the proposed agregment
between EnergyNorth and TGP in light of & likely om-system, LNG-based peaking alternative.
Liberty changed the Company’s inputs and parameters about which it had doubts, addressed
methodalogical questions about the Company’s L optimization model with the Company, and
reran the modet before finally satisfying itself that the Company’s fundamental conclusion,
namely that the proposed agreement with TGP represents the preferred solution for meeting the
Company’s need for incremental capacity, is sound. The Company and Libarty have conducted
thorough evaluations and reached the same conclusions. We are persuaded that, as agreed 10 In
the settlement, the Company’s decision to enter into the TGP dgreement is prodent and
consisient with the public interest.

Of course, decisions must still be made about the supplies that will be-acquired to
take advantdge of tie incremental capacity on the Concord Lateral. That will be the focus of the
planning conference between the Company; Staff and OCA to be held'in Taly 2609, The
Company recognizes, and we agree, that notwithstanding the settlement, it remains under an
obligation to prudently purchase its gas supplies, including the purchase of supplies in 2009,
Beyond the issues 1o be discussed ai the planning conference, Liberty tivted that capacity choices

ol the kind faced by the Company in this case require long lead times and advance planning.
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B. Motions for Protective Order and Confidential Treatment

The Right-to-Know Law provides-each citizen with the right to inspect all public records
in the possession of the Commission. Sze NH RSA 91-Ad, 1. The siztute contains an
exemption, invoked here, for “confidential, commercial, or financial information.” RSA 91-A:3,
V. Gur applicable ruile, N.H. Code Admin, Rules Puc 203.08, is designed to facilitate the
implementation of the statute as it has been interpreted by the courts. Tn most cases, a balancing
test i used (o determine whether confidential treatment should be graated. See ¢.g., Union
Leader Corp. v, New Hampshire Housing Fin. Auth., 142 N.H. 540 (1997),

We note that Staff has concluded that grounds exist for granting the two motions for
confidential treatment and that much of the information for which such treatment is sought is
simitar to information for which the Commission las granted confidéntial treatment in the past.
I addition, the information in these responses are not publicly available elsewhere. Asto such
information, in balancing the interests for and against public diselosure of the information for
which confidential treatment is sought, we are persvaded on the basis of the record inthis docket
that the interests of EnergyNorth, and ultimately its ratepayers, as well as the legitimate interests
of third parties in non-disclosure outweigh the public’s interest in obtaining access o the
information,

We will therefore grant confidential treatment to the extent set forth above. Consistent
with past practice, the confidental {reatment provisions of this order are subject to the on-going
rights of the Commission, on its own motion or on the motion of Staff, any party or any other

member of the public, 1o reconsider in Hght of RSA 91-A, should circumstances so warrant,
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Based upon the foregoing, it is hereby

ORDERED, the settlement agreement is approved; and it is

FURTHER ORDERED, that the motions for protective order and confidential treatment
are granted to the extent set forth above..

By order of the Pablic Utilities Commission of New Hampshire this twenty-ninth day of

Fabruary, 2008,

Thomas B. Getz Graham J. Morrison Chitton €. Below
Chairman Conmissioner Commissioner

Altested by:

ChristiAne G, Mason
Assistant Executive Director & Secretary




