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RESOURCE REPORT 6 - GEOLOGICAL RESOURCES 
FERC ENVIRONMENTAL CHECKLIST 

. 

• ' • .  . t .  .# • 

• % 
/ • . . .  

Filing Requirements 

Identit~ the location (by milepost) of mineral resotuv, es and any 
planned or active surface mines crossed by the proposed facilities. 

Descn'be hamrds to the facilities from mining activities, including 
subsidence, blasting, slumping or landsliding or other ground failure. 

3. Identify any geologic hazards to the proposed facilities. 

Discuss the u ~ l  for and locations whe~ blasting nmy bc nece~sm'y in 
order to r.~.~ruct the proposed f a c i l i ~  

For undmgrotmd stotal~ filcilitle% how drilling activity by others 
within or adjacent to tim facilities would be monitored, and how old 
wclll would be located trod monitored within the facility boundaries. 

Briefly summarize the physiography and bedrock geology of the project 
m'ea .  

Descn'be monitoring of potential effec~ of the operation of adjar2mt 
s~'age or pcoduction facilities on flxe proposed facility, and vice versa. 

Descn'l~ tmmsm'es take~ to locam and d~ermine the condition of old 
wells within the field and buffer zone and how tim applicant would 
reduce risk from failure of known mid undiscovered wells 

[den~y and ~ u u  ~fmy and env~n~memal nregua~ requ~d by 
state and Federal drilling regulations 

4 .  

5. 

6 .  

V 7. 

8. 

9. 

Coml~uy Con, pliuce or 
• lu~ppu~t l~y. 0r. 

Requirement 

§ 6.2 Mineral Resom'ces 
Figures 6.1-1 flu'ough 6.1-10 

§ 6.3.6 Surface and ,';ulmn'face 
Mines 

§ 6.3 Geologic Hazsxh 
Figure 6.2-1 Generalized Substa'face 

Fault M ~p of Louisiana 

| 6.4.7.7 Blasting 

§ 6.S.I Motoring ¢,f Old Wells 
§ 6.s~ Monitoring Z~illing Activities 

of Others Within the Field 

§ 6.22 Subsurfa~ Ooologic Seuins 

§ ~ Monitoring Potential Effects 
of the O ~ n  otYon Adjacmlt 
Stor~e or ~ i n c l l o n  Facility 

§ 6.2.3 Mineral ]Rl~)urces Cm'nmtly 
or Potent/ally Exploitable 

§ 6.4.3 Well Compk~in~ C a s ~  and 
C~mem~ 
§ 6.4.6 Raw Water f~r $olutic~ 

|6 .4 .7  Brine Disposal Wells 
§ e S  Gas S u m ~  Caverns 
oFermic~ ~oaito~: and Safmy 
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R E S O U R C E  R E P O R T  6 - G E O L O G I C A L  R E S O U R C E S  
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6 . 1  P R O J E C T  D E S C R I P T I O N  

The Pine Prairie Energy Center Storage Project (Project) is a high deliverability, natural gas 
storage facility designed for injecting and storing natural gas in salt caverns and for the 
withdrawal of stored gas from these caverns for delivery to various gas transmissior pipelines. 
Three gas storage caverns, each with a storage working capacity of 8.0 billion cubic feet (Bcf), 
will be solution mined in the Pine Prairie Salt Dome, located in southwestern Louisiana. The 
Project will be configured to accommodate a fourth Gas Storage Cavern, for an ulthnate working 
gas capacity of 32 Bcf. 

The Project will consist of the following surface and subsurface components: 

- A Gas Handling Facility 
- Three Gas Storage Caverns 
- F o u r  Raw Water Wells 
- Four Brine Disposal Wells 
- Four Pipeline Corridors 
- Six Meter and Regulator Sites, and Interconnects 
- Required Utilities and Roadways 

6 . 1 . 1  G A S  S T O R A G E  S I T E  

The natural gas storase-related elements oftbe Project will be located at the Gas Storage Site, 
which is set on a 60.57-acre parcel of compeny-owned land approximately 15 mile~ north of 
Etmice and approximately I mile west of Easton, in Section 36, Township 3 South, Range 1 
West in Evangeline Parish, LA. The property is unimproved land that consists primarily of pine 
forest, native grasses and shrubs. 

The Gas Storage Site is made up of three tracts of land: 

- The Gas Handling Facility will be located at the south end, and Cavern Wellhead 1 
will be located at the north end of Tract C. 

- Cavern Wellhead 2 and Cavern Well l~d 3 will be loc~xi in the wcat-centnfl and 
east-central portions of Tract B. 

- The fumrv cxpm~on Cavm'n W©lllmui 4 will be located in the north-c~zmd section 
of Tract A .  

6-1 
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6.1.2 GAS STORAGE CAVERN DEVELOPMENT 

Three Gas Storage Caverns will be solution-mined, one at a time, in three main step~;. (See 
Figure 6.3-1 Gas Storage s/re Layout.) In the first step, the cavern will be developed up to 
1,000,000 barrels of free space in about 4 months. In the second step, the cavern volume will be 
increased up to approximately 6,000,000 bbl in about 7 months. At this stage, a gas ~ghtness test 
will be carried out and the cavern will be commissioned and converted to gas servio:. In the third 
step, the cavern volume will be increased up to the final design capacity of 8,000,000 bb] by 
using the Solution Minin 8 Under Gas (SMUG) technique. The flow rate will be maintained at 
around 5500 gpm during this operation, and only the bottom part of the cavern will '3e increased 
in size during this phase. The final cavern volume will be reached after another 4 months. A 
detailed discussion of the solution mining process to be used for this Project can be found in 
Section 6.4.5 of this Resource Report. 

Four definitive phases have been scheduled to develop the Project: 

Phase 1 - Gas Storage Cavern 1 will be developed to a working gas capacity of up to 
6.0 Bc£ Phase 1 will also incorporate the required pipeline infrasWuctur,~ and 
incremental compression. 

Phase 2 - Gas Storage Cavern 2 will be developed to a working gas calucity of 
6.0 Bcf. Phase 2 will also incorporate the required additional pipeline infrastructure 
and incremental compression. 

Phase 3 - Both Gas Storage Cavern 1 and 2 will be solution mined usin8 the Solution 
Mining Under Gas (SMUG) process to add an additional quantity of wo|'king gas 
capacity to each of the caverns to bring each cavern up to a total working; gas capacity 
ofS.0 Bcf. 

Phase 4 - Gas Storage Cavern 3 will be developed to a working gas capacity of S.0 
Bcf. Phase 4 will also incorporate the required additional pipeline in f~mcturc  and 
incremental compression. 

Since it takes approximately 17 months to create a Gas Storage Cavern (excludin 8 the drilling of 
the weft), the overall Project duration is expected to be arotmd 4.5 years, at which time Gas 
Storage Cavern 3 should be ready for commissioning. 

V 

6.1.3 BRINE DISPOSAL AND RAW WATER WITHDRAWAL 

The Brine Disposal and Raw Water Withdrawul Site will be located on a 10-acre p~xcel of land 
to be acquired by PPEC. (See Figure 6.3-2 Brine Dtapoaal and Raw Water Wlthd~:.wal Facility 
Site Layout.) The precise dimensions of this parcel are being established through n,~ofiatious 
with the affected landowners; however, it will fall entirely within a larger area of agq~oximately 
30 acres that PPEC and its consultants have already evaluated for purposed of PPEC's 
application and the various Resource Reports associated with it. This site will be located 

6-2 
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approximately 1.92 miles southwest of the Gas Handling Facility. (See Figure l.l-,tAl Primary 
Brine Disposal and Raw Water Withdrawal Site Layout.) 

PPEC will drill and complete four Raw Water Wells to draw raw water f~om the Evangeline 
aquifer for its solution mining activities. The base of the Evangeline formation ocows at 
approximately 700 feet below ground level. The Raw Water Wells will be drilled to a depth of 
approximately 800 feet using a traditional commercial rotary-type water well rig. A Typical 
Raw Water Withdrawal Site diagram is shown in Figure I.I-14AI. 

A total of about 80 million bbl of raw water will be necessary to create one Gas Storage Cavern 
(one needs about 10 bbl of water to create one bbl of free space in the given configtration). 
Section 6.4.6 contains further discussion of the Evangeline aquifer and its role in the proposed 
Project. 

PPEC will also drill and complete four Brine Disposal Wells in the Lower Miocene to 
Pleistocene age formations. These injection wells will be used to dispose of brine rruduced in 
the salt cavern solution mining process. A Typical Brine Disposal Well site diagrmn is shown in 
Figure I.I-ISAI. A detailed discussion of the Brine Disposal Wells to be cor~zucted for this 
Project can be found in Section 6.4.7. 

6.2 MINERAL RESOURCES 

6.2.1 SURFACE GEOLOGIC SETTING 

The Pine Prairie salt diapir and associated structure is located in central Evangeline Parish, 
Louisiana. More specifically, the dome occurs in sections 23, 25-27, 35-37, Townslfip 3 South, 
Range 1 West and sections 1-3, Township 4 South, Range 1 West (New Orleans Gt~logical 
Society, 1962). 

The Gas Storage Site is located on the Pine Prairie salt dome. 

The Pine Prairie dome is one of the northernmost salt domes of the South Louisimm salt basin 
and it is situated on Pleistocene terrace surfical deposits. The resultin8 topography !s rather fiat 
with stmmn emrenchmvnt being the main element of surface refief. This position is "d~f' as 
compared to many of the salt domes in the South Louisiana salt basin that are surrotmded by 

or swamps (wetlands). Fisk (1944) described the exummve fluvial terraces along the 
Mississippi River and some offls tribmaries such m the Arkansas and Red rivers. Four major 
terrace systems are recognized. These systems f~om oldest to youngest are the W'dliam, Bentley, 
Montsomery, and Prairie Tmraces (Bryant et al., 1991). 

A generalized geologic map of Louisiana f~om the Lo "msiana Geological Survey shows two 
prominent physiographic provinces in Evangeline Parish. (See Figure 6.1-1 Gener, d Geologic 
Map of Louisiana.) A narrow strip of lower elevation in the northeast corner of the 
consists of alluvial valley fill. Most of the Parish is to the west of the alluvial valley fill, which 
consists of Pleistocene uplands or telra~ upland deposits (Varvam, 1957). These Pleistocene 
terrace deposits occupy - 25% of the state's surface and consist of sand, gravel, a~t mud 
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(Louisiana Geologic Survey-Generalized Geology of Louisiana). These terrace surfr.es are 
remnants of preexisting flood plains, and exhibit trends along the major rivers in north Louisiana 
and in parallel to the coast belts in south Louisiana. The terrace deposits were raisec[ as the 
coastal plain tilted in response to downwarp'mg of the Guif of  Mexico basin. (Varvaro 1957) 
describes two terrace systems in Evangeline Parish. The older Montgomery terrace, which is 
more elevated, steeply tilted, and dissected which occurs in the north-northwesterly part of  the 
parish and the younger, lower and less tilted Prairie terrace. 

Figure 6.1-2 Extract of Geologic Map of Evangeline Parish is derived from the ge~,logic map of 
Evangeline County (Varvaro, 1955). The Pine Prairie dome is located on the southern edge of 
the Montgomery terrace system where Pleistocene terrace sediments of the Montgomery 
Formation generally outcrop at the surface. Stream entrenchment of the terrace de,)sits is 
generally the main element contributing to surface refief, however ~ 15-20 feet of ~rface 
elevation is associated with the Pine Prairie salt dome (Barton, 1926). The younger terrace 
sediments of the Prairie Formation outcrop in areas of lower topographic reilef such as the 
northwestern portion of section 35, southeastern section 27 and most of section 26. Recent 
alluvium is found in the local stream valleys. The following description of the Momgomery and 
Prairie Formations is primarily der/ved from Varvaro (1954). 

6.2.1.1 Montgomery Formation 

The Montgomery terrace deposits are generally thought to represent much of P l e i s b ~  time 
(Bryant et al., 1991). In Evangeline Parish, this formation outcrops topographically higher and 
north of the Prairie formation. It dips more steeply southward and occurs tmder the Prairie 
formation. At the outcrop the formation is mainly red, brown or buff clays contalnhl8 numerous 
calcareous, phosphatic, and limonitic nodules of pen gravel size with occasional st~mks of 
manganese dioxide. The clays vary in thickness from 15 to 50 feet and borings show an increase 
in gralnsize from clay to sand & gravel at depth (Varvaro, 1954). 

6.2.1.2 Prairie Formation 

Surface outcrops in Evangeline Parish are mainly clays, silty clays, and silt. Clay predominates 
and completely blankets the outcrop area. This clay has an average thickness of 30 feet (Varvaro, 
1954). Beneath the clay layer, which contains calcareous, limonite, and manganese nodules, 
occu~ coarser sediments that grade downwards from silt to sands and gravels at about 100 feet. 
The fluvial sediments equivalent with the terrace deposits are typically sandy and gypsiferous at 
the outcrop (Varvaro, 1954). 

6.2.2 SUBSURFACE GEOLOGIC SETTING 

6.2.2.1 Methods 

V 

A suite of geologic maps and cross-sections were constngtod to c ~  the geology of the 
Pine Prairie salt dome and the flank sediments around most of the dome (Figures 6.1-3 through 
6.1- 10). The scope of work included: 
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v - Updating at a more detail scale the caprock/salt map to incorporate those wells that 
have been drilled since the 1959 New Orleans Geologic Society map, 

- Providing appropriate subsurface structure maps to characterize the flant~s of the 
dome and a brine disposal area and 

- Integrating the above into geologic cross-sections. 

A database of over 170 well logs and all of the available well completions histories for Pine 
Prairie Field were acquired. Mapping was done at a scale of one inch equals five hundred feet. 

6.2.2.2 Caproek/Salt Map 

The data for the caprocldsalt maps 0Pigar~ 6.1-3 Top of Salt / Caprock above 7000 fl) was 
obtained directly fxom well logs) completion history cards, and published sources. ]ndirect 
(sometimes referred to a negative) well control was used in constructing the caprnel'Jsalt map. 
Indirect control consists of using the total depth of those wells that did not penetrate caprock or 
salt in the placement of contours. Only those wells in which a well log was available were used 
as indirect control. Because of the lack of data separating the caprock from the top of salt, the 
first occurrence of either the caprock or salt was use for mapping. The map, therefc re, depicts 
the geomelry of the combined salt diapir and the associated caprock. With the information to be 
obtained from the proposed cavern wells, an attempt to map the caprock thickness and its 
attributes as well as the top of salt can be made. 

It was early recognized that the area overlying the Pine Prairie salt dome was 15 to 20 feet higher 
in elevation than the adjacent areas of the Pleistocene terrace (Barton, 1926). Surface exposures 
of limestone in the area had been known and exploited for lime since before the Civil War. 
However, subsurface exploration was not begun until 1908 when Myles Mineral C_~,mpany began 
a drilling program for limestone and salt (Barton, 1926). The first well on the dome to encounter 
salt was the Mylas Mineral Co. Fee #I well drilled in 1908 (New Orleans Geological Society, 
1962). The top of the caprock at Pine Prairie actually is exposed atthe surface over small areas 
of secfon 35 and was quarried for lime in the mid-1800s as reported by Barton (1E~6). The 
incorporation of this information into the caprock/salt map (Figure 6.1-3) could not be 
accomplished in detail. The -500 foot contour is the shallowest definable depth shown on the 
map. From about -1000 feet to -4000 feet the salt diapir flanks are almost vertical. ~3etween- 
4000 feet and-6000 feet, the salt flar~ gently outward. Thispart ofthe salt dispir is genendly 
weft established by well control, both direct and indirect. Between --6000 feet and -7000 feet the 
salt develops a very pronounced overhang all the way around the diapir with the salt surface now 
sloping inward to a depth of at least 12,000 feet. This overhang is documented by t~e oil and gas 
wells drilled for the deep Wilcox below the overhang. However, these wells provide mainly 
indirect control on the salt, so that pert of the salt below the overhang is not well cooatrolled. The 
po~on of the diapir below the overhang has been mapped but has not been presenu~l as part of 
this report. 

6-5 
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Figures 6.1-4 through 6.1-10 show the location of the proposed salt caverns in relation to the 
edge of salt and the shallow Conoco/Targa caverns in both plan and profile view. Six profile 
sections (Figure 6.1-5 - 6.1-10) illusUmte the cavern positions relative to each other and to the 
edge of the salt. From the standpoint of the geometry of the salt diapir and the position of the 
caverns to the edge of the salt, there appears to be ample space for cavern development. The 
shallow depth of the caprock and thc complex shape of the diapir indicate that salt movement has 
been complex and geologically recent. 

6.2.2.3 Structure Maps of Flank Sediments Adjacent to the Dome 

The correlation of the well logs for Pine Prairie showed basically good correlations over 
substantial areas of the dome. Correlations for the Cibicides hazzardi (Cib hazz) and deeper 
sections (Vicksburg, Ceckfield, Sparta, and Wilcox formations) were previously established in 
the fiield by oil and gas activity. The section above the Cib hazz was informally subdivided and 
designated by letter for this study. This section comprises and undifferentiated secton of sands 
and shales of Pleistoceno to Lower Miocene age. Mapped horizons are (from youngest to oldest): 
"O", "J", Cib hazz, and Vicksburg. Production was associated with the deeper Cockfield, Sparta, 
and Wilcox formations except for some very shallow Miocene production in section 36. 

v 

As part of this geologic site characterization, two structure maps of the flank strata were 
c o ~  to provide a general idea oftbe nature of the domes' flanks and the associated 
faulfin 8. The structure maps presented in Plgurm 6.1-11 and 6.1-12 arc thc "J" marker and top 
of Vickshurg that bracket the proposed brine disposal interval. These maps define rite general 
character of the west, south, and east flanks of the dome. 

The east flank is more extensive and is ~ with more faulting than the west :.:lank. 
There are areas adjacent to the salt on the maps in which the structure has not been l'esolved in 
certain areas located high on the flanks of the dome because of correlation or slzuctlwal 
complexities. These areas do not affect the genera/characterization of the dome's fianks. The 
faulting for the most part appcm~ to be radial faulting associated with the extension of the mram 
produced by continued movement of the salt relative to the surmundin8 strat~ The radial faults 
seldom extend to or beyond the rim syncline as se¢~ on the mapped flanks of the dome. Fanlting 
shown on the various structure maps is inferred by contour pattern and not docummtted by 
related fault cuts in the well logs. An attempt was made to track individual faults fzom one 
horizon to the next 

Since the focus of the study was on the southern portion of the dome, the northern t~ird oflhe 
Pine Prairie dome was not mapped. Because the structure on the various shallow horizons 
provides useful information that can be related to the internal slzuctore of the salt arLd salt fabric, 
the detailed mapping of these horizons could be considered in the future. 

6.2.2.4 Brine Dlspo~d Formations 

The ~ca selected for brine disposal is located in the Eastern part of section 4, T 4S-RIW on the 
west flank of Pine Prairie dome. Flgm'~ 6.1-13 and 6.1-14 are structure maps ofth0 Horizon "Y' 
and Vicksburg that define the upper and lower boundaries of the brine injection intt~al. These 
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maps step out further from the dome than Figunm 6.1-11 and 6.1-12 to cover the an~t between 
Pine Prairie dome and Reddell field, which is a deep-seated salt mrucuu¢. Both maps show radial 
faulting and a rim syncline associated with Pine Prairie dome. The faults die out bef3re reaching 
the rim syncline and are expected to only have a minimal impact upon brine disposal. 

The relatively minor occurrence of small faulting in the vicinity of the brine disposal area may 
have a minor negative impact upon individual disposal wells, but does not pose any risk to the 
feasibility of brine disposal for the Project. Site-specific injection testing will be d0t~ to acquire 
rig data needed to properly char~terize the reservoir properties and capabilities of the disposal 
h o r i z o n .  

A stratigraphic section (Figure &l-IS) and a cross-secti0n (Figure 6.1-16) have b~',n 
c, onstngted for the proposed brine disposal area offtbe west flank of  the dome SW ,~ross the 
rim syncline to the lnexco Co. Pardee #1 well. Well control away from the flank of:he dome is 
sparse; however, correlation markers can be projected between the two wells, whic~ are 
approximately 2 miles apart. Figure 6.1-15 is a profile section showing the marker horizons and 
the Pine Prairie salt stock. The strafisraphic section (Figure 6.1-16) was hung on th,- "J" datum 
and shows the stratigraphic relationships of  the sands in the "Y' and Cib hazz intervJd that is the 
recommended brine disposal interval. 

The cross section and profiles show that brine disposal interval is approximately 2600-2700 feet 
thick, and/s composed of interbedded well defined sands 10 tol00 feet thick, with shaley 
intervals generally between 5 to 40 feet thick. These sands are laterally persistent ut Og area and 
age vertically separated from one another by shale or shale dominant intervals. ~ should allow 
for closely spaced wells to utilize various intervals within the overall disposal inter~'al without 
the wells interfering with each other. Based upon the well leg, net"g0od" sand is somewhere in 
the order of 800' to I000' thick in the Gulf Refinin 8 #2 Goumey well on the west flank of the 
Pine Prairie dome. The brine disposal area is further downdip offthe flank and elo~er to the 
synoline to the west; therefore it is expected that there may be a somewhat thicker disposal 
interval and possibly better sand dev¢lopmenL 

While no slte-speoific porosity or pezmeability data was available, the Arias of  Major Central 
and Eastern Gulf Coast Gas Reservoirs (Gas Research Institute, 1992) lists general porosity 
values of 26 to 28 percent end petmeabilities of several hundred millidarcies to sevta'al darcys 
for these same formations. This data was selected from downdip fields where the gxs reservoirs 
are above 10.000 feet. 

6.2.2.5 Raw Water r o r m ~ n  

The raw water for the solution mining of the caverns will be drawn f~om the Evangeline aquifer. 
The Evangeline aquifer is ~ of tmmuned Pliocene sands and the Pliocame-Miocene 
Bloun~ Creek Member of the Fleming formation. The Blounts Creek consists of ~uis,  silts and 
silty clays with some gravel end lignite. The Evangeline is separated in most areas t~om the 
overlying Chicot aquifer by clay beds. Both aquifers dip gulfward and are recharged in their 
updip outcrop areas (LGS Geological Bulletin No. 31 and LDEQ appendix 4 of Trfi,~ual 
Summary Report of 2001). 
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The quality of the water is good and the water hardness is soft. The top of the Evangeline aquifer 
is approximately 700 BGL whereas its base is between 1,400 and 1,900 feet BGL in the raw 
water production area. There are no known water quantity limitations or quality issues in the 
area of the Project. 

6.2.3 MINERAL RESOURCES CURRENTLY OR POTENTIALLY EXPLOITABLE 

6.2.3.1 Oil & Gas Exploration 

Barton (1926) provides information on the pre-1926 drilling activity associated with the dome 
The Myles Mineral Company Fee #8 well established the first commercial oil production in 1912 
(New Orleans Geological Society, 1962). Since that time, hundreds of wells have been drilled 
on the Pine Prairie salt dome in search of oil and gas. This resulted in production being 
established in the shallow Miocene section and in the deeper Cockfield, Sparta, and Wilcox 
formations around the flanks of the dome. The logs and completion histories of these wells 
provided the database for this study. 

Most of the known oil and gas exploration on the Pine Prairie dome is on the eastern flank of the 
dome. However, there are a few wells shown that are on top of the salt dome. The closest 
nearby oil and gas wells and their proximity to the proposed salt cavern wells are listed below. 
These shallow wells were drilled to depths of approximately 500-550 feet and are between 
650-1000 feet from the nearest proposed cavern wells. Well data from the Strategic Online 
Natural Resources Information System (SONRIS), made available by the Louisiana Department 
of Natural Resources, list the current status of these wells as dry and plugged. 

Pan American Pet. Co. # 1 

Federal Royalty et al., # 1 
Ledanois Land & Stone # 1 
Fre___eport Sulpher Ledanois #2 

1950 ] 497 [ Dry & Plugged 

1950 555 t! Dry & Plugge___dd 
1950 521 Dry & Plugged 
_ _ ~  518 _ D_____~ & Plugged 

-~650 feet NE Cavem 4 
780 feet NW Caveml 

-~ 980 feet ESE cavem 1 
-~ 850 feet NW cavern 3 
~410 feet ESE cavern 2 

The oil and gas production at Pine Prairie is limited to the flank sediments around the dome, with 
no deep salt well penetrations near the Project area. There is no supradomal or caprock 
production. Brine disposal will be located a sufficient distance away from any existing 
production. 

6.2.3.2 Abandoned Limestone Quarry 

The caprock of the Pine Prairie dome outcrops at the surface. Surface exposures of limestone in 
the area had been known and exploited for lime since before the Civil War. Varvaro (1954) 
reports that in 1934 a crushing plant and commercial lime plant was erected at the outcrop on 
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Pine Prairie dome by the Louisiana Stone and Lime Corporation and operated for several years. 
This plant is no longer in operation and has been completely removed. Only a water-filled pit 
surrounded by scattered boulders of caprock remain (Varvaro, 1954). There is a surface quarry 
shown in Section 35 on the USGS topographic map which is located ~ 2350 feet west of Gas 
Storage Cavern 3 and ~ 2600 feet west of the future Gas Storage Cavern 4. This old surface 
quarry is outside of the Project area. 

6.2.3.3 Abandoned LPG Storage 

According to the SONRIS database, there are three old LPG storage caverns south of the 
proposed Gas Storage Caverns. These LPG caverns were drilled from 1951 - 1956 and are 
currently listed as being owned by ConocoPhillips. Cavern 001-B is listed as plugged & 
abandoned. Caverns 002-B & 003-B are listed as active. These cavern wells have reported depths 
of between 1,460- 1,516 feet, which are significantly higher than the proposed top of cavern 
depths of 3,000 feet for the proposed Project. The ConocoPhillips site has not been operational 
since 1996. The horizontal distance of these LPG cavern wells from the proposed salt cavern 
well locations is shown below. 

LPG Well ~ : DateDrilled ::::: TD ~: : :::i~-::::Status: ~ ':'~:: : ~ii: ~::::: ::~: Distancefr0mNearest 
• (feet):~ i: ~: ::~ii: :~e~ve'~:::~;H.: 

oo 1-B 1951 

002-B 1952 
003-B 

1,460 Plugged & -~ 945 feet SE cavern 3 
Abandoned ~ 460 feet S cavern 2 

1,510 Active ~ 780 feet SE cavern 2 
1956 1,516 Active -~ 1,370 feet SE cavern 2 

6.3 GEOLOGIC HAZARDS 

6.3.1 EARTHQUAKES/SEISMIC RISK 

USGS Earthquake Hazard Map shows that the project area is located in a very small hazard 
zone: 4 to 6% g peak acceleration, with 2% probability of exceedance in 50 years (USGS 
Louisiana seismic hazard map on their website). 

Louisiana is not considered seismically active although historical records indicate that small 
earthquakes occasionally occur (Stevenson & McCulloh, 2001). Historical data indicate that 43 
mostly low intensity earthquakes with recorded magnitudes of~ 2.7 to 4.4 have been felt in 
Louisiana since 1843 (Stevenson & McCulloh, 2001). No detected earthquakes have definitely 
been attributed to any specific mapped fault systems in Louisiana (Stevenson & McCulloh, 
2001). 

6.3.2 ACTIVE FAULTS 

Louisiana is within the Gulf Coast Basin tectonic province generally characterized by south 
dipping and thickening sedimentary strata. In south Louisiana, the most prominent structural 
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features are parallel to the coast growth faulting and salt domes or diapirs. Figure 6.2-1 is a 
generalized map showing the major subsurface faults in Louisiana. The regional fault systems in 
south Louisiana are growth faults that are generally contemporaneous with deposition where 
active movement generally occurs during periods of rapid localized sedimentation ~nd basin 
subsidence. Movement along growth fault systems is generally related to a pnr, ess 3f gradual 
creep as opposed to sudden rupture of rock that is associated with earthquakes. 

The Project area occurs north of the northernmost growth fault system in south Louisiana as 
depicted in Figure 6.2-1. Review of more detailed published subsurface maps of fire area 
(Geomap 2001, Varvaro, 1957) show the Pine Prairie Salt Dome to be in an area of gentle 
southward dip except where modified by the salt withdrawal area associated with fie dome. 
There is no local faulting shown except for some radial faulting associated with the dome. The 
closest regional growth faulting is - 5 miles to the south, where a regional east-west trending 
fault system terminates into the deep-seated Reddell salt dome. 

Examination ofweU data and the mmcture maps of the flank sediments surrounding the Pine 
Prairie dome in the interval down to the Vicksburg (which is the lowermost horizon considered 
for brine disposal) give no indication of faulting other than some radial faulting associated with 
the dome (Figures 6.1-4 and 6.1-5). No topographic features suggestive of active flmlting have 
been recognized in the Project area. Currently, the data g/re no indication ofaclive faulting that 
could pose a risk to the Project. 

6.3.3 SOIL LIQUEFACTION 

Soil liquefaction is a phenomenon in which saturated, cohesion-less soils temporarily lose their 
strength and liquefy when subjected to dynamic forces such as intense and prolong~gl ground 
shaking. FERC defines areas with potential soil liquefaction as "areas which are underlain by 
Holocene deposits which are likely to be non-cohesive, such as alluvial, lacustrine, and littoral 
deposits, and where the water table occurs at 10 feet or less below the surface, and where the 
U.S.G.S. Open-File Report (OFR) 82-1033 indicates a 90 percent probability that horizontal 
ground accelerations of 10 percent of gravity or greater would be exceeded in 50 yoars." 
Northeast U.S. Pipeline Projects, 44 FERC '[ 61,149 at 61,420 (1988). 

The Ground Shaking Hazards fxom Earthquakes in the Contiguous United States map presented 
on the USGS website showing the geographic distribution of major hazards indicat~ that the 
State of Louisiana is a low risk area for soil liquefantion wbere tlaa¢ is less than a l 0% chance of 
expofiencing an earthquake strong enough to came appreciable damage in a 50 year period. 
USGS OFR 82-1033 indicates that there is a 90% probability that horizontal grou~l acceleration 
of 4-6% of gravity or greater would not be exceeded in 50 years in the Project area. 

Although some portion of the Project area may have cohesion-less soils or have a vmter table at 
I 0 feet or less below the surface, the limastoneYanhydrite of the caprock outcrops at/or near the 
surface, the surface deposits are Pleistocene terrace sedimen~ and the seismic risk is low in the 
Project area. Therefore, the potential for soil liquefaction appears to be low in the Project area. 
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6.3.4 LANDSLIDING 

The Landslides Areas in the Contiguous United States map (Radbruch-Hail ct ai., 1!)83) and 
USGS Open File Report 97-289 (Godt) showing the geographic distribution of major hazards 
indicate that Louisiana has a low susceptibility for landslides. Landsliding involves the 
downward and outward movement of earth material under the force of gravity due t3 natural or 
artificial cause. Landslide susceptibility is associated predominantly with the greaUx relief and 
more varied and rugged terrains than those found in the Project area. 

The Project area is characterizcd by fiat and gently rolling hills with elevation rangiag from 
95 to 120 feet above the mean sea level. The potential risk of ground failure due to landsliding 
appears to be low inthe Project area. 

6.3.5 KARST TERRAIN 

Karst features, such as caves, caverns and sinkholes, form as the result of long-term dissolution 
of soluble carbonate (limestone, dolostonc, and marble) rocks by slightly acidic gro ~Iwater. 
Although the caprock at Pine Prairie outcrops at the surface or occurs in the near-subsurface, 
there is no indication that karstic conditions exist in the Project area. 

6.3.6 SURFACE AND SUBSURFACE MINES 

There are no subsurface mines in the Project area. There is an inactive surface quarry - 2500 
feet west of the project area. There are three LPG storage caverm in the salt south of the 
proposed Gas Storage Caverns, which are discussed in Section 6.2.3.3 of this reporl. Other than 
these three LPG caverns, there is no surface or subsurface mining known to be planned or a~vc  
in the Project area. Therefore, the Project is not likely to binder mine reclamation cr expansion 
effort, nor induce contamination from surface mines or induce ground failure associated with 
surface and subsurface (underground) minin~ 

6.4 PROJECT DESIGN AND LOCATION 

This section describes how the Project would be located or designed to avoid or mhfimize 
adverse effects to the resources or risk to itselt~ including geomechanical investigations and 
monitorins. It will ~ the need for and locations where blasting may be necessary in order 
to conslract the proposed facilities. 

V 

6.4.1 GENERAL STORAGE CAVERN DESIGN PARAMETERS 

6.4.1.1 Suitability of the Pine Prairie Dome for Storage Conatruetion 

Underground salt cavern gas storage facilities must be created in impermeable salt formations 
and operated to prevent waste of the stored gases, uacontxolled e~ape of gases, pollution of 
fresh water, and danger to life or property. 
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The geologic review of the Pine Prairie Salt Dome shows that from a geologic viewpoint, there is 
sufficient opportunity for cavern development, brine disposal, and fresh water sources for the 
proposed Project. The geological information will be augmented during the initial t~nstmcfion 
phase of the Project by coring the caprock and salt to determine the nature of the ca)rook, salt 
dissolution activity, and the internal structure and mineralogy of the salt. Each of these items 
will be used to refine the design of the caverns during leaching operation and future gas storage 
operations. All cores should be slabbed, described in detail, and photographed. The logging of 
all wells is important and therefore the ~ drilling of these wells should be done in a manner 
that will allow a quality log to be obtained. Information firm logs and cores should be 
incorporated into the existing study. 

6 . 4 . 1 . 2  A p p l i c a b l e  S t a n d a r d s  a n d  C o d e s  

The Project will be designed and operated in strict accordance with all federal and state standards 
and codes regulating the consiruction, operation, and safety of underground natural gas storage 
facilities including 

- U.S. Department of Transportation (DOT) Pipeline Safety Regulations 49 CFR Part 
192 - Transportation of Natural and Other Gas by Pipeline: Minimum Fc~leral Safety 
Standards 

- FERC Regulations 18 CFR Part 380 
- Louisiana Department of Natural Resources, Office of Conservation LAC-43 Natural 

Resources 
- Louisiana Office of Conservation LAC 43: XVII, Statewide Order 29-/~.~- 

Hydrocarbons storage wells in salt domes cavities 
- Louisiana Office of Conservation LAC 43: XIX, Statewide Order 29-B 
- All the most recent applicable federal, state and local codes and regulations. 

PPEC is in the process of obtaining all required state and local permits for the project, including 
the permits authorizing: 

- Drilling and solution minin 8 of Gns Storage Caverns 1, 2 and 3 (PP-CVv-01, 02 & 03) 
- Drilling and operation of fot~ Brine Dispomd Wells (PP-BDW-01, 02, 03 & 04) 
- Drilling and operation of four Raw Water Wells (PP-RWW-01, 02, 03 ~, 04) 
- Future operation of the Gas Storage Caverns 

&4.1.3 Geeteclmiud lnvmtiptJon 

1"his section addresses the geomechanical issues related to the construction and operation of the 
three Gas Storage Caverns. A clear distinction will be made between issues related to the 
development of caverns in Gulf Coast salt dome smtcttaes and cavern developmem: in bedded 
salt 

Crenfin 8 a cavern in bedded salt is technically more challenging than creating a cavern in a salt 
dome. Doing the former requires a thorough understanding of the parameters that may affect the 
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geomechanical stability of the system. These parameters include salt mass thicknesi, salt 
impurities repartition, existence of insoluble clay and shale beds within the salt mas;, assessment 
of differential leaching and cavern shape, roof stability, and salt strength characteristic, as it may 
widely vary within the bedded salt mass. 

In conU'ast, Gulf Coast salt domes represent a stable geologic media for gas storage caverns. The 
326 known Gulf Coast salt domes are located in four states: Texas, Louisiana, Mi~ssippi, and 
Alabama. (Halboaty, 1979) The vast majority of the shallow salt domes have been .-xtensively 
explored and studied since the early 1900's for various applications, including U.S. Strategic 
Petroleum Reserve Storage, nuclear waste repository sites, salt mining, LPG storage:, brine 
production, and natural gas storage. 

Over several decades, salt cavern engineering and design methodologies, generally 3ased on 
experience with similar caverns, have been developed and tested mr.cessfully. As a result, 
guidelines, regulations and compliance requirements from state agencies and other commissions 
integrating historical trial and error experiences have been established. 

v 

The homogeneity of the Gulf Coaat salt domes, the purity of the salt (reportedly ranging as high 
as 99.2%), the consistent strength characteristics of the salt (Louann Salt), as well e~3 the extent 
of the salt mass (typically 1 to 2 miles in diameter and 12,000 feet deep) has made it possible to 
use convenlional leaching techniques to create the caverns. The quasi- perfect cavern shape 
(vertical ellipsoid) resulting from spec'tfically engineered natural gas storage caverns using 
conventional leaching techniques provides geomechanical stability of the system, reducing 
greatly the risk of excessive subsidence, excessive shrinkage (creep) and the risks o f catastrophic 
failure of the cavern. 

Specific information on the mechanical behavior of various salt strata is well documented in the 
literature. In particular, the American nuclear waste management literature from the period 1970- 
1995, when salt was a major subject of study as a potential repository rock, providet large 
amounts of data. 

PPEC is providing a geomeohanical report for the proposed Project in Attachment 6-1. The 
x~,-port was prepared by Doctor Robert L. Thorns, profes~r emeritus at LSU and adjunct 
pi-ofessor at Texas A&M. Dr. Thorns is currently a member of the environmental acvisory 
committee for the United States Strategic Petroleum Reserve. He has also served a,; an expert 
consultant to the FERC on geomechanical issues related to development of salt cavern natural 
gas storage. He has more than 30 years experience in the field of salt rock mechank~, salt mining 
and cavern solution mining for natural gas and other hydrocarbon storage, and is a imst president 
of the Solution Mining Research Institute. 

The conclusions of the geomechanical report are summarized herea1~. 

V 

Natmad gas storage in Gulf Coast salt domes has been highly successful, accounting for 95% 
of gas stored in U.S. salt caverns. Problems involvin8 loss of natural gas from ta r  caverns in 
the U.S. have been associated with old brine or liquid storage caverns that were relzofitted 
for natural gas storage. 
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Gas storage caverns can be desisned and conslxucted with confidence in Gulf Coast domes 
because of considerable experience with such caverns. Furthermore, the geology of domes 
i s  well suited to c o n s m ~ o n  of caverns with abundant salt cover and thus good containment 
properties. 

Caverns engineered from the outset for storage of gas in Gulf Coast domes are :;table 
containment reservoirs, since any local fracturing due to excessive loads will h , ~  when the 
loads are reduced. And, containment of gas will be maintained because of the ~Lbundant salt 
cover available in domes. 

The proposed caverns are very similar to the Egan Storage Fac'flity (ESF) Caverns that were 
analyzed in detail and discussed in the Sandia National Laboratory (SNL) Repcrt 99-0421, 
Feb. 1999. The SNL Report fmdin 8 of geomechanical suitability for gas storage by the ESF 
caverns can be safely transferred to the proposed Project caverns because the uJt thickness 
will be greater between the proposed Project caverns than it is at the ESF caveras. 

• Therefore, Dr. Thorns' opinion, from a geomechanical viewpoint, is that the PPEC's 
caverns, as proposed, are suitable for the safe storage of natural gas. 

As a conservative measure, PPEC will take core samples in the first cavern well PP.4~W-01. 
Geomechanical salt parameters can be expected to be generally similar over the entire heights of 
caverns constntcted in Gulf Coast domes because of the homogeneity of salt present. However, 
core samples will be taken at various relevant depths within the salt formation. The cores will be 
tested to assess the elastic constants (i.e., Young's modulus and Poisson's ratio) oflhe salt cores. 
Additional tests will be performed to assess the time-dependent behavior of the salt cores 
(triaxial creep tests). To ensure the accuracy and v~idity of the test resul~ these experiments 
will be carried out over a period of several months. It is common knowledge that ~ e  results ere 
informational only, and do not impact the feasibility nor the safety of the operation, but rather 
establish a baseline database needed to adjust and optimize the future operating ranl~es of the 
facility. 

The design and solution mining process will be continually reviewed throughout the construction 
phase to take into account pertinent additional information. PPEC will inform the Commissioner 
of Conservation about any tests or sur~eys conducted during the construction phase and provide 
copies to the Commi~oner of Conservation as soon as practicable. 

6.4.2 STORAGE CAVERN LOCATION AND GEOMETRY 

The wellhead and bore hole will be located so the walls of the cavenls at maxixamn 
development diameter are at least 100 feet fzom the pmpmy boundary and no ]e~ than 300 
feet in any direction flora tbe edge of the salt mass. 

• The minimum seperafion of adjacent walls of the storage caverns as measm-ed m any 
d'necfion will be approximately 527 feet (wellhead to wellhead separation of 71~0 feet), and 
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in no case will the pillar thickness be less than the 200 feet required by LAC 43: XVIL 
§301 (D)(2)(b)(iv). 

• The minimum distance from the caverns' walls and the edge of the salt mass is estimated 
above 1,500 feet at the casing seat depth. 

, The will be developed to a maximum diameter of approximately 270 feet. 

• The minimum vertical distance between the projected caverns and the existing LPG storage 
caverns 2B and 3B is estimated at 2495 feet. 

• The base of salt extends below 7,000 feet, thus providing an ample buffer below the bottom 
of the completed cavern, which is estimated at approximately 5285 feet. 

Figures 6.1-4 through 6.1-10 depict the profile of the Pine Prairie Salt Dome and show the 
location of all the caverns, the separation between caverns and between caverns, and the edge of 
the salt dome. 

6.4.3 WELL COMPLETION, CASING AND CEMENTING 

• The cavern wells will be drilled and completed in accordance with applicable statewide rules 
and regulations of the commissioner. LAC 43: XVII, §§ 101-303. 

The casing program includes two cemented casings from surface into the salt dame. A 
26-'mch intermediate casing witl be set approximately 300 feet below the salt top (800 feet 
below surface) and a 20-inch production casing will be set at approximately 3 ,~0  feet 
below ground surface. The salt interval between the top of salt and the production casing 
seat is around 3,400 feet. 

All casings have been designed in accordance with eppficable regulations and good 
engineering practice. In perficular, the mbulars will be welded to ascertain gas tishtaess end 
they will be cemented back to surface. All casing strings will be centralized throughout the 
interval to be cemented. 

Cement flurries will be compatible with the salt formation and cement will be placed by the 
plug and displacement method. The casing cement job will be documented by an affidavit 
from the cementing comlmny showin 8 the amount and type of cementing matedals and the 
method ofplacement. All eemenling aml service reports will be filed with the 
Commissioner of Conservation within 30 days. As the casing string will be im~dled by 
welding, it will be of a weldable grade such as API 5L Grade B or an ASTM ~eldable 
grade. 

Casing string welders will be qualified under either Section 3 ofAPI 1104 spec~cation or 
Section IX oftbe ASTM Boiler and Pressure Vessel Code for the thickness to be welded. In 
addition to a visual inspection of the completed weld an x-ray or ulu'asonic ins~)ection will 
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be run on at least 10% of tbe  string. The record of  the inspection will be filed IDr review by 
the Comm'msion. Defective welds will be ground, re-welded and re-inspected. 

The production casing will be pressure tested in accordance with the requirements of  LAC 
43: XVII, § 301(DX3)(e). The hydraulic tests will be done before drilling out the plug. The 
test pressure calculated at the casing seat will equal the maximum operating pn~ 'ure  at that 
point. The test pressure will be maintained for a minimum of one hour to verif..,, casing 
integrity and absence of  thread leaks. 

The casing seat and cement of the final cemented casing string will be hydrostatically tested 
after drilling out the plug. At least 10 feet of salt below the casing will be penetrated prior 
to this test. The test pressure calculated at the casing seat will equal the maximum operating 
pressure at that point. However, the test pressure will not exceed 0.9 psi per fo 3t of  depth. 
The test pressure will be maintained for a minimum of one hour. 

• The test will be prepared and supervised by a qualified engineer and a report of these test 
results attested to and filed with the Commissioner of Conservation within 30 cays. 

• Figure 6 .33  depicts the cavern well architecture. 

6.4.4 CAVERN OPERATING PRESSURE 

The storage minimum and maximum operating pressures are currently based on the 
geological and geomechanical feasibifity investigation findings on the Pine Prairie Salt 
Dome. As previously stated, these values will be revised after the above described site 
specific core tests are completed. The maximum allowable operating pressure at the 20-inch 
production casing seat of  the cavern will not exceed 0.9 psi per foot of  overbur.ten. 

For a 20-inch production casing shoe of  3,900 feet the con'esponding maximtml operating 
pressure is 3,510 psig. The correspondiug maximum surface pressure will vary dependiug 
on the average gas specific gravity and the bottomhole and surface gas temperetures. For a 
bottomhole temperature of  140 ° F and a surface tempemtme of 120 ° F and a m~urai gas 
specific gravity of 0.6, the maximum surface pressure will be around 3,218 psi;;. 

The minimum operating pressure at the 20-inch production casing seat of the ¢lvern will not 
be above a 0.15 psig pet foot of  overburden corresponding to 585 psig at 3900 feet (20-inch 
production casing depth). 

• The wellheads will be fitted with pressure control equipment in order to a sce r~n  that the 
storage cavern will not be subjected to pressures in excess of the maximum ope.-afing 
pressure even for short periods ofthne.  

v 
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6.4.5 SOLUTION MINING OPERATIONS 

The Gas Storage Caverns will be solution-mined one at a time and with a average flow rate 
of 5500 gpm. Both direct and reverse circulation will be used. A diesel oil bl~lket fluid 
will be utilized to prevent uncontrolled leaching of the cavern roof end protect The 
production casing seat. 

The leaching tubings will be 16-inch and 10-3/4-inch concentric strings. The initial cavern 
development will be performed utilizing direct circulation leaching, with the ot~ter string 
located at 4,700 feet and the injection string at 5,650 feet. The protective diesel blanket will 
be initially located at 4,200 feet (500 feet above the outer leaching string). 

• The blanket depth will be monitored and repositioned as necessary to protect the casing seat 
and create a cavern roof having the desired dome shape. 

Throughout the cavern development process, insoluble material will build up or the bottom 
of the cavern. Top of insoluble depth will be periodically verified and the 10-3/4-inch 
hanging string will be cut or perforated as necessary to prevent plugging of the ,,~ing. 

The direct circulation phase of leaching will be complete after approximately 1,300,000 
barrels of cavern space has been created (in about 4 months). At this point, the ~avem shape 
and capacity will be confirmed by performing a sonar survey (through tubing te:hnique). If 
the shape and volume are acceptable, the main cavern phase will start. 

• The main cavern step will be done in reverse circulation mode, raw water bein 8 injected 
down the annulus of the 16-inch and 10-3/4-inch hanging strings and the resulfi~ brine 
being produeed through the 10-3/4-inch h ing 

• The remainder of the cavern development will be accomplished with reverse chculafion (in 
about 7 months). Blanket fluid depth will be raised at several intervals throughout the 
development to a final depth of 4,050 feet, leaving approximately 150 feet between the 
cavern well production casing shoe 0,900 feet) and top of cavern roof (4,050 f~et). This 
pmteeted zone is imown as cavern neck. This process provides for shaping the roof for 
structural integrity. This will be confirmed during cavern development with a~iitional sonar 
surveys. In all cases the blm~et material will be maintained at a level to protec: the 
production casing 

Solution mining software called SANSMIC (developed by Sandia National Laboratory) and 
WinUBRO (developed by ~ p )  have been run to simulate the leaching I m ~ s s  
described above and predict cavern shape. 

• Throusbout the cavern creation process, the cavern capacity will be verified utilizing sonar 
surveying technology (acoustical wave reflection technology). The sonar surveys will 
determine the size, shape and ovendl extent of the caver~ 
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At completion of the cavern development, a final sonar survey in brine (and without the 
l¢:0~hill 8 t l ~ ] ~ S )  wil l  be  pe r fo rmed  and  submiUed to the Louis iana  Depar tment  o f  Natural  
Resources  (this last  survey in brine will  be  measured  wi th  the leaching s tr ings p, d led out  o f  

the well). 

cleanin 8 and inspection, the hansin 8 strinss will be run back into the -,veil for 
dewaterln8 and future Solution Mining Under Gas (SMUG) operations. 

Pr/or to conversion of the cavern, th© cavern wilt bc shut-in for stabilization dura$ about one 
m o n t h  and  a NiU'ogen/brine interface Cavern Mechanica l  Integri ty Test will be  iN~eormod a s  

required by LAC 43: X'VII, ~ 109(BXg). This test is done by pressuring the entire cavern, 
well and wellhead system while monitoring any associated movement 0fthe inU:rface 
nitrogen. A mass balance is flgn calculated for the nitrogen over the whole test, 

The surface test pressure will be calculated in order to Imessure up the cavern to a pressure 
equivalent of 0.90 psi per foot of depth at the production casing seat. 

Following the confirmation and approval by the Louisiana Depar~ent of Natur-I Resources 
of the pre-upemfion requirements, as provided in LAC 43: XVII, § 109(BX5), the caverns 
will be oonverted to nattmtl gas storage service. The caverns will be dewatered by injection 
o f  n a t u n d  gas  in the annulus  o f  the 20- inch  p roduc t ion  cas in  8 and  the 16-1rich iumging strln 8. 
Bdne will be displaced from the caverns up the 10 ~-ineh hanging s~ng for ultimate 
disposal in brine disposal wells. Natural gas will be injected under pressu~ an0 withdrawn 
from the caverns through expansion and pressure reduztion. The duration of the gas first fill 
operation is around 2 months. 

The cavern volume will be increased up to the final 8,000,000 bbl by use of the Solution 
Minin 8 Under Gas (SMUG) technique. The flow rate will be m a i n ~  at aro, md 
5,500 gpm during this operation. Only the bottom part of the cavern WIll be i n ,  eased in size 
during this phase. The final cavern volume will be re.bed after about 4 month~. 

• ~ 6.3-4 through 6.38 illustrate the results of the shnulatlons. 

v 

6.4.6 RAW WATER FOR SOLUTION MINING 

• The four Raw Water Wells will .be. drilled and completed in accordance with tht: ndes and 
regulations provided by the Louimana Department of Transportation and Develq~ment 
(LDTD), Office of Pubfic Works. The LDTD, Office of Public Works "is responsible for 
registering water wells and holes in Louisiana." (LAC 70: XilI, § 101(AX2)). 

• The raw water for the solution minin 8 of the caverns will be drawn from the large Evangeline 
aquifer. PPEC will have all necessary water rights at the Project location Tbete are no 
known water quantity fimitafiom or quafity issues in the area of the Project. The quality of 
the water is good and the water hardness is soft. 
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• The top of the Evangeline aquifer is approximately 700 BGL whereas its base is between 
1,400 and 1,900 feet BGL in the raw water production area. 

There are no other industrial facilities in the area of the PPEC Project to compet e with water 
quantities and therefore the water production for the project is not anticipated to have a 
substant~l effect on the existing water table. 

• The raw water wells will have an 18-inch casing end will employ submersible tx~bine pumps 
and motors. 

6.4.7 BRINE DISPOSAL WELLS 

Four Brine Disposal Wells will be drilled and completed in accordance with LAC 43: XIX, 
§§ 403-443. 

Brine resulting from the solution mining of the Gas Storage Caverns will be disposed by deep 
well injection off and away from any influence from the Pine Prairie Salt Dome. The brine will 
be injected in the highly permeable sand formation between the J marker and the Vicksburg 
formation. The interval of interest is well defined in the area of PPEC with conside,'able well 
control. Since there is no other brine disposal in the area of PPEC, there should not be any 
interference from other disposal well~ 

6.4.7.1 Notice and Hear/rigs 

PPEC will give notice by mailing or delivering a copy of the appfication to the county clerk 
and to affected persons, including operators of wells located within ono-qum~ mile of the 
proposed disposal well. PPEC will also publish a notice oftbe application once in a 
newspaper of general circuiafion for the county where the well will be located. PPEC will 
provide proof of publication prior to the hearing or administrative approval. 

PPEC will give notice of its petition to operate an Underground Injection ConUol Class II 
Well at least 15 days prior to the date of the hearing in accordance with the proeisions of 
Statewide Order 29-B. PPEC will notify the Commissioner within 30 days offl~ date upon 
which disposal commenced according to LAC 43: XIX, § 417(D). 

6.4.7.2 Well Design And Com~"uetion Speetfieations 

• The brine diaposal wells will be drilled to a dapth of approximately 6,000 fl usitLg a 
u~ditional rotary type rig. 

The ~ wells will be completed, equipped, operated and maintained in a rmnner that 
will prevent enchmsmment of any underground source of drinking water (USDW) or 
damage to sources ofoil end gas and will confine injected fluids to the ~ approved. 
The uming wogram will be designed for the lift'time of the well. 

V 
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The surface casing will be set through the base of the deepest USDW and cemer,ted back to 
surface in accordance with LAC 43: XIX, § 109(B)(I). The intermediate casing will be 
cemented above the injection zone surface in accordance with LAC 43: XIX, § 109(DX3). 

The disposal well will be equipped with tubing set on a mechanical packer. The packer will 
be set no higher than 150 feet above the top of the disposal zone. The wellheads will be 
equ/pped with ahove-ground pressure observation valves on the tubing and each annulus. 
The valves will be equipped with operable one-half inch female fittings. 

• Within 20 days after the completion of the disposal wells, PPEC will file in duplicate to the 
commissioner a completed form WH-I. 

6.4.73 Monitoring And Reporting 

PPEC will monitor the injection pressure and injection rate of eamh disposal well on a monthly 
basis. The results of the monitoring will be reported annually on form UIC-10. PPEC will report 
on form UIC-10 any casing annulus pressure monitoring used in lieu of pressure te~ting and any 
other casing annulus pressure test performed. All reports submitted to the Office of 
Conservation will be signed by a duly authorized representative of PPEC. 

6.4.7.4 Logging And Testing Programs 

V 
Before operating the disposal well, the tubing/casing annulus will be tested und,~ the 
supervision of the Office of Conservation at a pressure not less that the maximum authorized 
injection pressure, or at a pressure of 300 psi whichever is greater. 

• The open-hole and cased-hole logging program will be conduct~xl in accordance: with 
requirements in LAC 43: XIX, § 419. 

• The Brine Disposal Wells will be tested to demonsCate their mechanical integrity at least 
once every five years. PPEC will notify the Commissioner at least 48 hours prior to any 
testin 8. A complete record of all Mechanical Integrity Tests win be made out, ,,erified and 
placed on file in duplicate on the form PLT-lwithin 30 days after the testing. 

6.4.7.S Conflnemeat of 

If the PPEC determines that the disposal operation is causing fluid to enter an una~horizod 
stratum or to escape to the land surface, PPEC will shut-in the well immediately m i  nolify the 
CommissJouer by telephone within 24 hours. LAC 43: XIX, § 421(A) Injection into the weU will 
not be resumed until tim Commissioner has determined that the well is in compl i a~  with all 
material perndt conditions. Id. Iftbe certificate of compliance is not issued within ~) days, PPEC 
will plug and abandon the well in accordance with §137. Id. 

6A.7.6 Wellheads nnd Flowline F~uipment 
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All wellhead components (casinghesd, tubinghead, etc.), valves and fittings will be of steel. 
The water side of the wellhead will have the same pressure rating as the products side. Each 
flowline connected to the wellhead will be equipped with a remotely operated shut-offvalve 
as well as a manually operated positive shut-offvalve located on the wellhead. "]'he wellhead, 
flowlines, valves, and all related connections will have a test pressure rating at hmst 
equivalent to125 percent of the maximum pressure which could be exerted at the surface. All 
valves will be periodically inspected and maintained in good working order. 

The wellhead and storage cavern will be protected with safety devices to prevent pressures in 
excess of maximum operating pressure from being exerted on the storage cavertg and to 
prevent bacldlow of stored products in event of flowline rupture. The brine flo~ line will be 
equipped with a safety shut-offvalve to prevent the escape of gas. 

• Competent personnel will be present at the control room during injection or withdrawal of 
gas. 

• The wellheads will be protected from mechanical damage by trespassers and/or accidental 
physical damage. 

6.4.7.7 Blasting 

No blasting is anticipated for the Project Therefore, potential risks for the structons caused by 
blasting does not exist However, should any blasting be required, R will be conducted in 
accordance with applicable Federal, State and local regulations. 

6.5 GAS STORAGE CAVERNS OPERATION MONITORING AND SAKgTY 

This section of this Resource Report describe, how PPEC would monitor potential effects of the 
proposed underground storage operation on adjacent operations and vice versa; de~:ribes the 
measures that would be taken to determine the condition and location of old wells; zmd finally, 
identifies and discusses safety and environmental safeguards required by state and federal 
drilling regulations. 

6.&l MONITORING OF OLD WELLS 

Oil and gas activities have been conducted or are ctmently being conducted just ofl~te on the 
immediately adjacent properties to the south, east, and north. The Strategic Online Natural 
Resources Information System (SONRIS) database operated by the Louisiana Department of 
Natmal Resomr~, (LDNR) was queried to determine conent or past existence of oil, m/um] g ~  
injection wells, or other mineral activities on Tracts A, B, C and on adjoining property. 
Although LDNR's records indicate that drilling activity began in the vicinity of the Project area 
in the early 1900% the first well drilled onsite did not occur until 1949. The results of the query 
indicate that at least one (1) well has been identified and registered with the LDNR on Tract C, 
and at least five (5) wells have been registered with the LDNR on adjoining woperty. The onsite 
registered well (41997 at Latitude 30 ° 44' 53.52" & Longitude 92 ° 2' 35.04") appears to be 
located in a swale area in the southern portion of Tract C. The registered wells (41883, 38355, 
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197959, 37722, and 37580) are located on the adjacent property to the west, and two 
unregistered additional wells were located along the mid east edge of that property. According 
to LDNR records, all eight wells were reported to have been plugged and abandone~l or dry and 
plugged. Additionally, several visible petroleum pipeline markers/signs and a short section of 
what appears to be 3-inch fiowline have been observed along the Eastern and Soutbmstern 
portions of the adjoining property to the east. 

This well review ascertains that there will be no communication between old wells ~uad the Gas 
Storage Cavern wells. Furthermore, each cavern well will have two casing strings o:mented to 
the surface and completed into the salt mass. The second intermediate casing will be completed 
at least 
300 feet into the salt and the production casing will be completed approximately 30)0 feet into 
the salt mass. This dual protection will alleviate potential communication between t~e cavern and 
any overlying strata containing old wells. 

6.5.2 MONITORING DRILLING ACTIVITIES OF OTHERS WITHIN THE FIELD 

Special field rules for the drilling activities in the vicinity of the storage field would have to be 
implemented by the Office of Conservation. Should any drilling activity occur wit1"in the field, 
the operator would have to comply with these special field rules. 

6.5.3 MONITORING POTENTIAL EFFECTS OF THE OPERATION OF/ON 
ADJACENT STORAGE OR PRODUCTION FACILITY 

The only adjacent storage facility (once used for LPG) is not active. PPEC is not av~are of, nor 
does it anticipate, any surface or subsurface activity either on or near the proposed .,torage 
location. 

6.5.4 MONITORING AND INSPECTIONS DURING GAS OPERATION 

6.5.4.1 Safety lmpeeltons 

PPEC will carry out semi-annual inspections of the surface gas facilities and file a written report 
with the Commissioner of Conservation within 30 days of the inspection, as required by LAC 43: 
XVII, § 301(EX1Xa)(i). PPEC will notify the Commissioner of Conservation at le~t  five days 
prior to such inspections so that his representative may be present to witness the inspections. Id. 

These inspections will include, as a minimum, the fonowing: 

- Operation of all manual valves 
- Operation of all automatic shut-in safety valves, including sounding of alarm devices 
- Flare system installation, or hydrocarbon filters 
- Earthen brine pits, tanks, firewalls and related equipment 
- Howiines, manifolds, and related equipment 
- Warning signs, safety fences, etc. 
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6.5.4.2 Cavern Capacity Determination 

The storage cavern capacity will be verified at least once every five years in accordance with the 
requirements of LAC 43: XVII § 301(EXI)(b). These capacity verification data will be 
submitted to the Commissioner of Conservation within 30 days of the measure. 

6.5.4.3 Cavern Mechanical Integrity Test 

Prior to storing natural gas, the cavern will be subjected to a Mechanical Integrity Test conducted 
in accordance with the requirements of LAC 43: XVII, § 109(BX9). 

A detailed testing procedme will be submitted to the Louisiana Department of Natu,al Resources 
for review and approval prior to conducting the Mechanical Integrity Test as requirtd by LAC 
43: XVII, § 109(B)(9Xd). The outline of the test procedure will be as follows: 

After the end of the leaching phase, the cavern brine temperature and salt satmafion will be 
allowed to approach stability. For test purposes, the cavern will be considered stable and the test 
will commence when the shut-in brine pressure changes less than 10 psig in 24 horus. Calibrated 
temperature and pressure gauges will be used to monitor both wellhead and ambien': 
mmperatur~ throughout the test. 

A conventional nitrogen-brine interface test will then be conducted, in which sufficient nitrogen 
will be injected to lower the nitrogen-brine interface in the outer annulus to below the final 
production casing, but above the cavern roof. Temperature and interface surveys will be rum at 
the beginning and at the end oftbe test. This data will be combined with sm'face l~:SSUre and 
temperature data to determine the mechanical integrity of the well. 

6.5.4.4 Christmas Tree and Cemented Casing Inspection 

Once the cavern is in service, the Christmas tree and the casing will be inspected every five years 
as required by LAC 43: XVII, § 301(EXIXc). 

6.5.4.5 Cavern Inventory Monitoring 

The volume of gas injected into and withdrawn from each storage well will be detmmined by gas 
movement data from the master meter and records of pressure and temperattae chrome (or by an 
alternate method approved by the Commissioner of Conservation). 

6.5.4.6 Cavern Pressure Monitoring 

The pressure of the storage caverns will be monitored continuously. Cavern wellheads will be 
i ~ t e d  with a high and low level pressure recorder and ahuans/shutdowns. Tlis system 
will prohibit any violation of maximum and minimum operating pressure limits even for a short 
period of time. All gas injection and withdrawal activities will be continuously mo~xitored by an 
individual who is experienced and trained in such activities. 
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6.5.4.7 Sub~klenee Monitoring 

A subsidence-monitoring plan will be implemented and maintained throughout the life of the 
ProjecL Permanent monuments will be installed around the storage cavern and regular 
monitoring program to check the elevation changes on each monument will begin. "['he 
monuments will be anchored into the bedrock below the ground to avoid detection c f local tilt 
subsidence (or at 30 feet below the surface). The cavern wellhead will be pert of the subsidence- 
monitoring program. The fiequency of the elevation survey (cavern wellheads and monuments) 
will be once every six months during the dewater~  period and once a year thereafter. The 
surveys will take place in the same season of the year to minimize the effect of ambtent 
temperature. 

6.5.5 PLANNED SAFETY AND EMERGENCY RESPONSE PLANS 

The Commissioner of Conservation has jurisdiction over safety precautions regardix~ the storage 
and transmission oftbe gas while it is stored underground and in the associated wellhead 
facilities. PPEC must have all required safety measures and equipment in place before the 
facility may begin operation as required by LAC 43: XVII, §§ 101-301 (2000, amended by 29 
La. Reg. 914, § 3123 (2003). 

6.5.5.1 Risk Identification 

Geomeelmaieal Aeeident 

The risk of a geomechanical accident that could lead to gas loss, explosion and/or subsiden~ 
will be minimized by using conventional salt cavern technology employed successfAly for 
decades in the United States. This technology was used in the development of the cavern design 
at the Moss Bluff and Egan Hub Gas Storage Facilities, which have experienced no measurable 
volume loss due to creep, cavern instab'dity or surface subsidence. If  a geomechani~al accident 
were to occur, it would be unique in nature and would require a case-specific anni3~ds to 
determine the appropriate response. In any event PPEC would take appropriate action to ensure 
the safety of its employees and the public, and would take appropriate action to minimize 
damage and/or negative impact to the facilities and surrounding areas. 

G u  Leak 

In the case of a gas leak, the action taken would depend on the location of the leak. If the leak is 
above-ground (e.g., on the wellhead, or piping leaving the wellhead), then the welli~ad and/or 
piping would be shut in and isolated, and repairs made to stop the leak. These relines could 
range fi'om tightening flange bolts to removing and replacing components such as valves, 
fittings, etc. 

If the leak is determined to be down-hole (e.g. cavern well) the operator will immediately notify 
the Commissioner of Conservation in accordance with LAC 43: XVII, §§ 101-301 [2001), 
amended by 29 La. Re 8. 914, § 3 I09(H)(7) (2003). Under the supervision oftbe Commissioner, 
a work-over would likely be conducted to resolve the situation. However, each down-hole 
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situation is unique in nature, and a thorough analysis would be conducted at the tim,: of the 
incident in order to develop an appropriate solution to remedy the situation, on a cme-by-case 
basis. I fa  solution to stop gas migration is not deemed feasible, the cavern causing l;as migration 
would be plugged and abandoned in accordance with LAC 43: XIX, § 137. 

6.5.5.2 Safety W a r n i n p  

Appropriate safety precaution signs will be displayed and unauthorized personnel k~,'pt out of the 
storage area. Each storage wellhead will be visibly marked with an appropriate identifying sign. 
LAC 43: XVI1, § 301(E)(3). 

6.5.5.3 Emergency Shutdown 

Emergency shutdown valves will be installed on the gas injection/withdrawal piping of each 
storage wells and on any brine or fresh water piping that is connected at the wellhead. 

For salt cavern storage automatic surface shut-in safety valves are used in lieu of down-hole 
shut-in safety valves. The gas operated automatic surface shut-in safety valves configured for 
Fall-Safe Closed operation (i.e., valve will close automatically if there is a loss of c~)ntrol signal, 
loss of valve operator supply pressure, thermal (fire) activation, signal fzom a safer) control 
sensing device, or manual activation of emergency shutdown system), will be installed within 
10 feet of a positive shm-offmanuai wellhead valve on the fresh water, brine and g ~  piping. 

v Safety control sensing devices will include hydrocarbon sensors, overpxessme seusors and excess 
flow sensors on the fresh water piping enterin8 and brine piping that exits the cavor~ wellhead. 
These safety control sensors will be tied into the cavern emergency shutdown conm)ls to shut in 
the appropriate gas operated automatic shut-in safety valves automatically in the ev,mt that gas 
enters the water or brine piping during cavern expansion operations. These valves c~m be 
actuated either by an automatic shutdown Irigged by a safely sensing device, mam~lly from the 
comrol room computer, or manually at the cavern. Closing these valves during an c.mergency 
situation would effectively isolate the caverns from the rest of the facility. 

6.S.5.4 Fire Prevention and Control 

All equipment will be designed with the appropriate fall-safe emergency shutdown systems 
and alarms. Emergency shutdown valves, which will be catmble of remote and local 
operation, will be activated automatically by 1 ) over- or under-lxeSsoring in the natural gas 
system and 2) detection of  natural gas heat or flame. 

• Manual isolation valves will be installed on each wellhead. 

• Ignition sources will not be located within 75 feet of a well or unprotected somxe of 
flammable gas. 

V 

• Any building containing a source of flammable gas will be constructed in accor.~nce with all 
state and federal building codes and regulations appficable to hazardous locatio]ts. 
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v * All piping and valves will be protected against thermal expansion of hydrocarbon. 
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6.5.5.5 Emergency Planning 

An emergency response plan will be developed in accordance with all applicable l~-.al, state and 
federal regulations. The plan will include procedures for the safe control or shutdown of the 
storage facility in the event of a failure or other emergency. The emergency respo~;e plan will 
be documented and include roles and responsibililies; emergency response procedmes; and 
m~ining, testing, and implementation requirements so that: 

- The safety of personnel is ensured, 
- The protection of the environment is maximized, and 
- Damage to property and the environment is minimized. 

Emergency response equipment will be strategically positioned to ensure a rapid, efficient, and 
effective response to "most likely" events. 

PPEC will also develop plans intended to minimize the possibility of emergencies. These plans 
will address: 

- Methods for safe handling, storage, and disposal of hazardous and non-hazardous 
materials; 

- Procedures for performing routine inspections of equipment and systen~g storage 
tanks and drums, containment structures, storm water management devk~s; 

- Proccdmes for repairing equipment leaks or drips; and 

- Applicable pollution prevention laws, rules, and regulations. 

6.&&6 Site Security 

Security measures, including the installation of barricades, 6-foot small-mesh industrial-type 
steel fence, locking gates, security lighting and/or alarm systems, will be provided to prevent 
unauthorized accc~ and protect the public, and alert the fac'dity operator and other :.~rsonncl of 
any abnormal operating conditions, so that they can reazt quickly in evaluating the :dtuafion. 
Heavy-duty barriers will be constr~ted to protect the wellhead and above ground piping in the 
wellhead area from vehicular and equipment damage. The facilities will be manned 24 hours per 
day. Operators will make rounds at scheduled intervals to ensuxe all equipment is ¢~at ing as 
designed. 

6A6 RECORDS RETENTION 
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All records pertaining to the Project design, construction and gas operation will be retained for 
the life of the storage caverns. These records will include: well drilling logs, electri-,al logs, 
directional surveys, completion and cementing data, pressure test records, geophysi,:al records, 
solution mining records, surveys, photographs, inspection, maintenance, reports, permits, 
certified location plot, storage well pressures, volumes of gases injected and withdrawn, and the 
inventory of gas in storage. 

6.5.7 NOISE CONTROL 

The drilling of the cavern wells, the brine disposal wells and the fresh water wells vdll be 
conducted on a 24 hours per day basis, and may require site-specific noise control e:lulpment for 
such 24-hour operations. Once a specific rig has been selected, PPEC will file with the FERC 
and the appropriate state and local amhoritles a description ofthe rig and its noise e~itfing 
characteristics, including a specification of noise control measures. The drilling ol~n'ations will 
require 90 to 120 days per cavern well and approximately 20 to 45 days per well fol the water 
wells and brine disposal wells. 

6.5.8 ABANDONMENT PROCEDURE 

Prior to starting the plugging operations on any Project well or the abandonment of the Project 
storase caverns, an application describing the method to be used will be filed with end approved 
by the Commissioner of Conservation and the FERC. LAC 43: XVII, § 301(EX4). Unless the 
Commissioner specifies to the contrm'y, the wells will be plugged in accordance with LAC 43: 
XIX, § 137. Id 
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Introduction: Geomechanics of Storage in Gulf Coast Salt Domes 

Gulf Coast salt domes of the United States (U.S.) are located in four states: Texas, 
Louisiana, Mississippi, and Alabama (Halbouty, 1979). Louisiana domes are located in 
the Central Basin of Gulf Coast salt domes. All Gulf Coast domes evolved from the 
same "mother bed" of the Louann salt basin, and thus exhibit similar geomech,nical 
characteristics. The dome configurations are usually circular or elliptical in plsn, ranging 
from one to two miles in diameter; and are vertically extensive, ranging over tens of  
thousands of feet in depth. The salt is generally massive and impermeable, and thus 
exhibits excellent containment characteristics for gaseous and liquid hydrocarb3ns. In 
addition to storage of natural gas (gas) as discussed below, Gulf Coast saR domes are 
used to store the Strategic Petroleum Reserve (SPR) of  the U.S. Department of  Energy 
and also approximately 83% of all U.S. "light hydrocarbons" [mainly liquid propane gas 
CLPG)] (Thorns and Gehle, 2000). 

Gulf Coast salt domes have been explored and studied since the early 190O's, first 
for oil and sulfur, and more recently, for storage of hydrocarbons or disposal of  wastes 
(Veil, et al., 1996). Exploration for oil generated considerable data on the stroc.ural 
geology of domes, and studies of storage and disposal projects extended the database to 
include the geomechanical properties of domal salt. Consequently the stroctuml geology 
and salt properties of Gulf Coast domes have been thoroughly investigated and are 
generally understood, especially for projects involving storage of gas, oil, or l i ~ t  
hydrocarbons. 

The first (two) salt caverns designed and consa~ctod specifically for ga~ storage 
in the U.S. were completed in 1970 in the Eminence Salt Dome in Mississippi (Allen, 
1972). The caverns were deep, with the tops of caverns at about 5500 fl and th~ bottoms 
extending to depths of  about 6200 ft. The caverns exhibited excessive salt creep and 
"shrinkage" early on during periods of  low intema! cavern pressure. They wen.- then re- 
solution mined at shallower depths and maintained with adequate minimum ca,,em 
pressure to control salt creep (Coates, et al., 1985). Today, over thirty years later, the 
now enlarged Eminence storage facility remains in operation. The early Fanincnce 
experience with excessive cavern shrinkage and subsequent mitigation represe, itsa 
"lessons learned" example in controlling salt creep in gas storage caverns. And the 
continuing operation of the facility after three decades demonstrates the Iong-tt rm 
containment properties of caverns designed and constructed, or "engineered", specifically 
for gas storage in Gulf Coast salt domes. 
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Large reserves of both bedded and domal salt occur in the U.S., and ga~; is stored 
in caverns in both types of formations. As of 1998 approximately 95% of all gas storage 
in U.S. salt formations was sited in Gulf Coast domes (Thorns and C,-ehle, ibid.). This 
dominant use of Gulf Coast salt dome caverns for storage of gas constitutes a strong 
endorsement of their use by the gas storage industry. It also implies that an e~v:ensive 
data base, much of it proprietary, and many years of satisfactory operating exp.'rience 
exist for these caverns. 

The salt stocks of Gulf Coast domes typically consist of almost pure so:lium 
chloride extending vertically for tens of thousands of feet. Thus near cylindrical vertical 
cavern shapes can be solution mined in the stocks over depth intervals of several 
thousands of feet and still leave hundreds of feet of salt cover above and belog for safe 
containment of stored gas or liquids. For example, some of the oil storage cav,:rns that 
were solution mined in domes for the U.S. Strategic Petroleum Reserve (SPR) extend 
over depth intervals of 2000 ft (Linn and Culbert, 1999). Furthermore, because of the 
generous amounts of salt in the vertical direction, dome-shaped roofs can be mined over 
salt dome caverns to achieve superior stability due to roof shape. 

By contrast, interbedded "insolubles" occur in bedded salt formations and 
generally hamper solution mining of caverns. The insolubles typically consist of 
anhydrite, shale, and dolomite, and often occur in distinct massive layers and thereby 
bound the vertical extent of individual salt layers. Thus caverns in bedded salt 
formations are short and wide if limited to a single salt layer, or look like schematics of 
inverted Christmas trees if they extend vertically through several salt layers an~ 
intervening beds of insolubles. Also, cavern roofs in bedded salt tend to be flat or only 
slightly domed because of the limited vertical extent of salt. These roof configurations 
are inherently less stable than the deep dome-shaped roofs that can be constructed over 
caverns in salt domes. 

Pine Prairie Energy Center Project in Pine Prairie Dome, Evangeline Parish, 
Louisiana 

SG Resources Louisiana, L.L.C. (SGRL) has proposed the Pine Prairie Energy 
Center Project (PPEC) for storage of gas in the Pine Prairie Dome, located about 20 miles 
north of Eunice. The caverns pmposad for storage are similar to caverns that were 
engineered for gas storage and are now operating in the Moss BluffDome, Liberty 
County, Texas, and in the Jennings Dome (Egan Storage Facility (ESF)), Acacia Parish, 
Louisiana (Gatewood and Dussaud, 1993; Klamerus and Ehgartner, 1999). Therefore the 
PPEC will incorporate a database resource comprised of experiences with successful gas 
storage caverns in Gulf Coast salt domes. The two ESF caverns operating in the Jennings 
Dome are of particular interest because they are essentially "twins" to the fLrst twO 
caverns proposed for the PPEC. Klamerus and Ehgarmer (ibid.) of Sandia Nalional 
Laboratories (SNL) carried out a detailed geomechanical study of the ESF cav:ms and 
included their findings in a report (SNL Report). The SNL Report is included as 
Attachment A to this document. 
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PPEC maps resulting from previous geological, geophysical, and preliminary 
cavern design studies are shown in the main body of this report. These maps i.clude 
illustrations of the structure of the dome and the proposed locations of the storage caverns 
in the salt stock. 

Figure 1 shows the Salt Structure map of the Pine Prairie Dome and the SGRL 
cavern storage property. The SGRL property is located over the shallowest salt of large 
areal extent, which is generally the best location for storage caverns in Gulf Ccast domes. 
This is because the shallowest salt in Gulf Coast dome stocks tends to be more pure 
(sodium chloride) and thus essentially free of impurities. This can be inferred :'rom 
Kupfer's suggestion (1967), "those portions of a salt stock which have moved I he greatest 
distance are the purest". The salt stock movement noted here is during dome growth. 
Other desirable features associated with the shallowest salt of a dome usually include a 
well-known top of salt boundary and an abundant lateral salt cover for caverns 

The salt structure map of the Pine Prairie Dome beneath the SGRL caverns does 
not indicate the presence ofan "anomalous zone (AZ)" (Neal, et al., 1992). The presence 
of an AZ may be suspected if there is a valley-like depression running up a dor3e flank, 
and sometimes, across the top of a dome. AZs typically include some impurities, and 
perhaps gases and fluids, but are still mainly sodium chloride. Storage caverns 
intersected by AZs may be more expensive to operate because of increased ma ntenance 
costs relative to caverns constructed in "normal" Gulf Coast salt. 

Figure 2 illustrates cavern configurations, spacing, and depths for the two caverns 
nearest the salt edge in the Pine Prairie Dome. This Figure will be referenced later for 
comparison to the ESF caverns. 

Geomeehanical Charaeterbties of Gulf Coast Domal Salt 

Geomechanical salt test data are available in the technical literature for four Gulf 
Coast salt domes that are located within 75 miles of the Pine Prairie Dome. The Jennings 
(Egan), Jefferson Island, Avery Island, and Weeks Island Domes are located to the south 
and southea~ of the Pine Prairie Dome at distances of approximately 35, 60, 70, and 75 
miles, respectively. The two closest domes, Jennings and Jefferson Island, are currently 
used for storage of natural gas, and thus represent relevant examples for the Pir,e Prairie 
Dome project. The other two domes, Avery and Weeks Island, are the sites of 3perating 
rock salt mines. 

Geomechanical test data for salt typically include values of strength ant creep 
parameters derived from laboratory tests. Frequently derived strength paramett~rs include 
Unconfined Compressive Strength, and the elastic properties denoted as Young's 
Modulus and Poisson's Ratio. Pfeifle, et al., (1993) have reported the values shown in 
Table I for the Jefferson Island, Avery Island, and Weeks Island Domes. 

V 
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Table 1. Salt Parameters from Louisiana Domes 

Salt Dome Unconfined Strength (Mpa) Youns's Modulus (Opa) Poisson's Ratio 
Jefferson Island 24.28 18.25 0.38 
Avery Island 23.70 30.76 0.49 
Weeks Island 13.17 31.87 

Similar salt parameters have been reported for the ESF site in the Jennings Salt 
Dome (SNL Report, ibid.). Values of Young's Modulus and Poisson's Ration for 
Jennings salt were 648,000 ksf(31 Gpa) and 0.25, respectively. The same val,es were 
also derived for salt from the Waste Isolation Pilot Plant (WIPP) located in bexlded salt 
near Carlshad, New Mexico. Although the saR parameters are the same in this case for 
both domal and bedded salt, it is important to note the significance of the diffe,ence in 
the structure of domes and bedded salt formations relative to geomechanical 
considerations for gas storage cavems. 

Geomechanical salt parameters can be expected to be generally similar over the 
entire heights of caverns constructed in Gulf Coast domes because of the homc.geneity of 
salt present. Material parameters in bedded formations will vary according to the 
individual layers of  salt or insolubles encountered in cavern construction. Thu~ salt 
parameters determined for one dome can often be used to obtain reasonable emimates of 
the behavior ofcavems in another dome, provided the caverns are located ovel the same 
depth intervals. The behavior of caverns in bedded salt is less likely to be tran:;ferable 
between sites unless the site formations display very similar layering of salt an:l 
insolubles spanning the same cavern depth intervals. 

Salt creep is another geomechanical characteristic affecting performance of gas 
caverns, as noted in the previously cited early Eminence Dome experience. S~:ady state 
creep of salt is often described with the "Norton" material model, which invoh'es a model 
"fitting" parameter, effective stress exponent, and activation energy term. Pfeifle, et al. 
(ibid.), have also reported values of  salt creep parameters for Louisiana domal salts based 
on laboratory tests. These include effective stress exponent values of  2.49 and 4.15 for 
Jefferson Island and Avery Island salt, respectively. 

Parameters derived from laboratory tests of salt are used as input to coraputer 
programs that implement finite element or fmite difference codes for analyses .ffcavems. 
A number ofcodes and material models exist and continue to be developed for analyzing 
saR cavern behavior. Recent developments have included salt material models 
accounting for damage due to dilatancy, healing, transient creep, and load reversal 
(Munson, 1999). For example, a criterion for onset of dilatancy in salt was used in the 
analysis of a gas storage cavern in the Petal Dome in Mississippi (Ratigan, et at., 1993). 
In the same publication this criterion was also used to check spacing of existing brine 
caverns for possible temporary storage of natural gas until caverns engineered for such 
storage were constructed. Onset ofdilatuncy implies that salt will become loc~dly 
permeable where it occurs, but it does not indicate general loss of  cavern integ'ity. 
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The damage criterion for dilatancy, based on laboratory tests of salt, indicates that 
salt will dilate when the ratio of  a shearing stress measure to a confining stress measure 
attains or exceeds a specified numerical value (Van Sambeek, et al., 1993). The shearing 
and confining stress measures are the square root of the second invariant of the deviatoric 
stress and the fast invariant of the total stress tensors, respectively. The specified 
numerical value ranges from 0.25 to 0.27. It is interesting to note that a number of salt 
researchers in both the U.S. and abroad arrived at almost identical criteria for the onset of 
salt dilatancy at about the same time (Klamerus and Ehgartner, ibid.). 

Preliminary designs of gas storage caverns in Gulf Coast domes are often based 
on considerable experience with previous similar caverns, applicable regulations, and 
economic considerations. Computer analyses incorporating site specific salt pzoperties 
based on tests of specimens from the first well are then used to check the prelirainary 
designs, in some cases such analyses may be used to investigate geomechanic~d issues 
related to further enlargement of operating caverns. Operating caverns can be ,miarged 
by solution mining under gas (SMUG) provided the mining is carried out between gas 
injections and withdrawals (Gatewood and Dussaud, ibid.). 

After operating for a number of years the ESF caverns were considered for 
enlargement by the SMUG process. The studies described in the SNL Report were 
carried out to investigate the geomechanical issues related to enlarging the ES} caverns 
so that their working gas capacity would be increased from 6 BCF to 8 BCF. As noted 
previously, the ESF and PPEC caverns are very similar, especially for the enlarged cases. 
The similarity can be verified by comparing the cavern schematics depicted in Fig. 1 of 
the SNL Report and in the corresponding Fig. 2 of this report. Numerical valu~'s of 
important features for the two sets of  caverns are also listed in Table 2 for corn ~a'ison 
purposes. 

Table 2. Similar Features of PPEC and ESF Gas Cavern., 

Caverns (Gas Casing scat/ Spacing (Ft) Diameter (Ft) Max/Min 
Capacity) Bottom fit) Pressure (psi) 
PPEC (6.0 BCF) 390015285 950 250 35101::85 
,.E.SF (8.0 BCF) 3750/5150 800 290 33751.' 63 

The strong similarity of important features of the operating ESF cavern; and the 
proposed PPEC caverns, including depths, can be seen. One difference is that the 
minimum spacing o f  the PPEC cavern wells is 950 tL while the spacing o f  the ?,SF 
c a v e r n  wells is 800 R. The salt between caverns constitutes the "pil lar" (or "web"), and 
its thickness is about 510 R for the enlarged ESF caverns and a more conservat ve 700 f i  
for the PPEC caverns. The maximum and minimum (max/min) operating pres,;ures are 
based on the same gradients o f  0.90 psi/fi and 0.15 psi/fi o f  depth, respectively, to the 
casing seats. Depths to the casing seats o f  the caverns differ by only 150 f i  in ".900 fi, or 
by less than 4%. The thickness o f  salt roof, or "back" is not an issue for either site since 
it is over 3300 f~ for the FPEC caverns and about 850 ft for the ESF caverns. The lateral 
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cover of salt is also of  no concern for the PPEC caverns, since its thickness is ever 1500 
tt for both caverns at a depth of 4000 ft. See Fig. 2. 

Based on the above discussions of cavern similarities, the findings of the SNL 
Report for the enlarged ESF caverns are proposed as representative and even oa the safe 
side for the PPEC caverns. Both sets of caverns have an abundant salt cover, therefore 
any major geomechanical issues involve possible fracturing or damage to the slit pillar 
between them. Thus the SNL Report findings for the ESF caverns will be on the safe 
side since the PPEC caverns have a thicker pillar. SaR creep is of  interest, but 0oses no 
hazard for such deep caverns surrounded by abundant salt. Furthermore, facili.-y 
operators will avoid excessive salt creep because of economic considerations i.e. valuable 
gas storage capacity is lost. And in real life operations gas caverns are seldom operated 
at maximum or minimum pressures, and if so, only for short periods of  time. 

Table 4 on page 36 of  the SNL Report summarizes results of investigat ons fur 
possible fracturing or dilatant damage to the pillar (or web) between the ESF caverns. In 
no case did maximum principal stresses become tensile in the pillar, thus ruling out a 
possible tensile fracture. In only one case did the dilatancy safety factor drop I:elow 1.0, 
and that was at the bottom ofone cavern in an area that did not affect cavern 
containment. Furthermore, the properties of faster creeping WIPP salt, rather than 
Jennings Dome salt, were assumed in obtaining this result. No dilatant damagt: was 
indicated for the site-specific Jennings Dome salt. Maximum surface subsiden:e 
predicted for the ESF caverns was about 0.85 R after 20 years when WIPP salt properties 
were assumed, and only 0.16 R after 50 years for Jennings Dome salt propertie~. The 
deeper PPEC caverns should cause even less subsidence. Finally, the SNL Report 
includes the statement on page 37 "The analysis predicted very little cavern int:raction 
which suggests that the caverns are conservatively spaced." If this is true for rite ESF 
caverns it indicates that the PPEC caverns are even more conservatively spaced. 
Therefore, based on the SNL Report for the ESF caverns it appears likely that the very 
similar PPEC caverns will also remain satisfactory for gas storage for up to 50 years. 

From a geomechanics viewpoint Gulf Coast saR domes represent a stable 
geologic media for gas storage caverns. Munson (ibid.) reported that local fracturing of 
salt around an example cavern did not lead to general failure or increased permeation 
provided the salt surrounding the fractured zone remained impermeable. Furthermore, 
fractures in salt tended to heal if the Ioadings causing the fractures were reduced, and this 
can be accomplished by raising the minimum operating pressure in gas caverm. These 
observations are consistent with the previously cited experiences with the still operating 
Eminence gas storage facility. 

Monitoring and Mitigating Measures  

Subsidence monitoring over cavern fields can be performed with peric~lic 
leveling surveys. Mitigation measures for subsidence include designing cavern 
configurations and planning operating schedules to control excessive salt creel:. 
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Cavern behavior can be predicted by taking salt coxes during drilling of  the first 
cavern well and testing specimens in the laboratory to obtain salt parameters fc.r analysis 
of  salt creep, fracturing, and cavern life. This is considered a prudent economi: measure 
by most current cavern operators, but is not considered essential for avoiding hazardous 
events in caverns engineered from the outset for gas storage in G-ulf Coast domes. 
Cavern integrity and containment can be monitored by diligent checking of gin. inventory 
records to ensure that no gas has escaped. 

Cavern shrinkage is a result of sah encroachment into a cavern via creep. 
Shrinkage can be monitored on the basis of cavern inventory records maintaincd by gas 
facility operators. Data from sonar surveys performed periodically to satisfy rcgulatory 
requirements can also be used to monitor cavern shrinkage. Mitigation of  shrinkage is 
achieved by controlling salt creep, which has been discussed previously. Cavern 
shrinkage losses can be made up with the SMUG process if the initial cavern v 31ume is to 
be maintained. 

Conclusions 

Natural gas storage in Gulf Coast salt domes has been highly suceessfu], 
accounting for 95% of gas stored in U.S. salt caverns. Problems involving loss of natural 
gas from salt caverns in the U.S. have been associated mainly with old brine or liquid 
storage caverns in bedded salt that were retrofitted for nauual gas storage. 

Gas storage caverns can be designed and constructed with confidence in Gulf 
Coast domes because of considerable experience with such caverns. Furthermore, the 
geology of domes is well suited to construction of  caverns with abundant salt c.)ver and 
thus good containment properties. 

Caverns engineered from the outset for storage of gas in Gulf Coast dories are 
stable containment reservoirs, since any local fracturing due to excessive loads will heal 
when the loads are reduced. And, containment of  gas will be maintained because of the 
abundant salt cover available in domes. 

The proposed PPEC caverns are very similar to the ESF caverns that wt:re 
analyzed in detail and discussed in the SNL Report. The SNL Report finding of  
geomechanical suitability for gas storage by the ESF caverns can be safely tran ~ferred to 
the PPEC caverns because the salt thickness is larger between the PPEC caverns. 

Therefore, my opinion from a preliminary geomechanical viewpoint is that the 
PPEC caverns, as proposed by SGRL, are suitable for safe storage of  natural gas. 

V 

7 



Jnofflclal FERC-Generated PDF of 20040720-0004 Received by FERC OSEC 07/16/2004 in Docket#: CP04-379-000 

V 

Dr. R.L. Thoms- Geomechanics Report 
Pine Prairie Energy Center 

R e f e r e n c e s  

Halbouty, M.T., 1979. Salt Domes, Gulf Region, United States and Mt:xico, 2 nd 
Ed., Gulf Publishing Co., Houston, p. 15. 

Thoms, R.L., and R.M. Gehle, 2000. A Brief History of SaR Cavern U~e, Salt 
2000, Proc. 8 th World Salt Symposium, R.M. Geertman (Ed.), Elsevier, V. 2, p. 207. 

Veil, J., D. Elcock, M. Raivel, D. Candle, R.C. Ayers, and B. Gmnewad, 
Preliminary Technical and Legal Evaluation of Disposing of Nonhazardous Oil Field 
Waste into Salt Caverns, 1996. Argonne National Laboratory, W-31-109-ENG-38. 

Allen, K., 1972. Eminence Dome-Natural Gas Storage in Salt Comes ¢ rAge, J. 
Pet. Tech., Nov., p. 1299. 

Coates, G., C. Lee, W. McClain, and P. Senseny, 1985. Closure and Olllapse of 
Cavities in Salt, Sixth Symposium on Salt, B.C. Schreiber (Ed.), The Salt lnstilute, V. 2, 
p. 139. 

Linn, J.K., and J. Culbert, 1999. Experience in Underground Storage o[Cmde 
Oil in Salt, Special Pub. 90, Geo-lnstitute, G. Fernandez and R. Bauer (Eds.),/,merican 
Society of Civil Engineers, p. 810. 

Gatewood, J., and M. Dussaud, 1993. Solution Mining Salt Cavern Un:ler Gas 
Pad, or How to Leach and Store Simultaneously, SMRI Fall Meeting, Oct. 24-27, 
Lafayette, Louisiana. 

Klamerus, E.W., and B.L. Ehgartner, 1999. 3-D Finite Element Analyses of the 
Egan Cavern Field, SAND99-0421, Sandia National Laboratories, P.O. Box 5800, 
Albuquerque, NM. 

Kupfer, D., 1967. Mechanism of Intrusion of Gulf Coast Salt, Proc. Synp. on 
The Geology and Technology of Gulf Coast Salt, May 1-2, Kupfer, D. (Ed.), S,.'hool of 
Geoscience, Louisiana State University, Baton Rouge, p. 55. 

Neal, J.T., T.R. Magorian, R.L. Thorns, W.J. Autin, R.P. McCulloh, S. Denzler, 
and K.O. Byrne, 1992. Anomalous Zones in G-ulf Coast Salt Domes with Special 
Reference to Big Hill, TX, and Weeks Island, LA, SAND92-2283, prepared by SNL for 
U.S. Department of Energy. 

Hansen, F.D., K.D. Mellegard, and P.E. Senseny, 1984. Elasticity and Strength of 
Ten Natural Rock Salts, Proceedings FirstgT.onference on The Mechanical Behavior of 
Salt, Nov. 9-1 I, 1981, H.R. Hardy and M. Langer (Eds.), Trans Tech Publicalions, 
Clausthal-Zellerfeld, Germany. 

Pfeifle, T.W., TJ. Vogt, and G.A. Brekken, 1994. Correlation of Chemical, 
Mineralogic, and Physical Characteristics of Gulf Coast Dome Salt to Deformalion and 
Strength Properties, RSI-0518, prepared for SMRI by RE/SPEC, P.O. Box 725 Rapid 
City, SD, p. 20 - 30. 

Munson, D.E., 1999. Correlation of Creep Behavior of Domal Salt. SI~RI Spring 
Meeting, April 11-14, Las Vegas. 

Munson, D.E., K.S. Chan, and A.F. Fossum, 1999. Fracture and Healing of Rock 
Salt Related to Salt Caverns, SMRI Spring Meeting, April 11-14, Las Vegas, p. 69. 

Ratigan, J.L., J.D. Nieland, and J.D. Osnes, 1993. Rock Mechanics ASlW.Cts of 
Natural Gas Storage in Domal Salt, SMRI Fall Meeting, Oct. 25-26, Lafayette, Louisiana. 

v 
g 



Jnofflclal FERC-Generated PDF of 20040720-0004 Received by FERC OSEC 07/16/2004 in Docket#: CP04-379-000 

V 

Dr. R.L. Thorns - Geomechanics Report 
Pine Prairie Energy Center 

Van Sambeelc, L., A. Fossura, G. Callahan, and J. Ratigan, 1993. Salt Mechanics: 
Empirical and Theoretical Developments, Proc. Seventh Symposium on Salt, lt. 
Kakihana, H.R. Hardy, T. Hoshi, and K. Toyokura (Eds.), Elsevier, V. I, p. 127. 

V 

V 

9 



Jnofflclal FERC-Generated PDF of 20040720-0004 Received by FERC OSEC 07/16/2004 in Docket#: CP04-379-000 

Dr. Robc~ L. Thorns - Gcomcchanics Rcport 
Pinc P~ir;c Encrgy Ccntcr 

V 

Figure I: Location of the proposed cavern and location of geologic cross sections 
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Figure 2: Profile of  Pine Prairie Dome showing location of cavern 1 and 2 V 
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Abstract 
Three-dimensional finite element analyses were performed for the two gas-filled storage 
caverns at the Egan field, Jennings dome, Louisiana. The effects of cavern enl.'trgement 
on surface subsidence, storage loss, and cavern stability were investigated. Th{: finite 
elcment model simulated the leaching of caverns to 6 and 8 billion cubic feet 0}CF) and 
examined their performance at various operating conditions. Operating pressmes varied 
from 0.15 psi/R to 0.9 psi/fl at the bottom of the lowest cemented casing. The analysis 
also examined the stability of the web or pillar of salt between the caverns und(.'r 
differential pressure Ioadings. 

The 50-year simulations were performed using JAC3D, a three dimensional finite 
element analysis code for nonlinear quasistatic solids. A damage criterion based on the 
onset ofdilatancy was used to evaluate cavern instability. Dilation results frorr the 
development of microfractures in salt and, hence, potential increases in permeability. Its 
onset occurs well before large scale failure. The analyses predicted stable caverns 
throughout the 50-year period for the range ofpressurns investigated. Some localized salt 
damage was predicted near the bottom walls oftbe caverns if the caverns are operated at 
minimum pressure for long periods of time. Volumetric cavern closures over time due to 
creep were moderate to excessive depending on the salt creep properties and ol:erating 
pressures. However, subsidence above the cavern field was small and should pose no 
problem to surface facilities. 

This work, conducted at Sandia National Laboratorie% was supported by Market Hub Par nets, 
Houston, Texas. 
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v 1 INTRODUCTION 

Three-dimensional (3-D) finite-element geomechanics analyses were performed for the 
expansion ofthe Egan Gas Cavern Field at Jennings Dome, Louisiana. The field initially 
consisted of one cevem which was enlarged to a 6 billion cubic feet (BCF) wo:-king gas 
capacity. Leaching then commenced on Cavern 2, located 800 ft. away. In thi; report, 
the stability of final cavern sizes of 6 and 8 BCF are evaluated. The locations ,ffthe 
caverns are shown in Figure 1. 

The two cevem field necessitated the use ofa 3-D sb'uctural model (Hoffman, 1993a). 
The analyses predicted surface subsidence, volumetric cavern closure, and cav,.'m 
stability over a 50-year period for various operating cavern pressure conditions, varying 
fi'om 0.15 to 0.90 psi/fl at the casing shoe, approximately 100 feet above the ct:iling of the 
c e v e r n ,  

The finite element model is described in the following section. Next, the anal3~is results 
are presented in terms of cevem performance and integrity. Finally, the conclusions of 
the investigation are presented in the last section. 

2 PROBLEM DESCRIPTION 

V 

2.1 C a v e m  Geometry 

The cavern geometries are based on leaching prediction simulations as shown in Figure 2. 
The caverns are approximately 3850 feet deep at the roofand stand approxima.ely 1300 
feet high. The enlargement from 6 to 8 BCF occurs in the lower section of the caverns, 
i.e., the body of the cavern bulges outward somewhaL 

The finite element models used for this study include a typical domal stratigraphy of salt, 
caprock and overburden, as illustrated in Figure 1. The overburden and caprock are 
idealized at an average thickness 0f2500 i~ and 500 fl4hick, respectively. Since the 
caverns are located in the central portion of the dome, a symmetry plane can Ix: used in 
the model. The location of this symmetry plane is illustrated in Figure 3. 

2.2 Model History 

The analysis history was simulated where Cavern 1 is initially 6 BCF and Cawm 2 does 
not exist. After 4 years, two possible cavern sizes for Cavern 2 (6 and 8 BCF) are 
examined. The analysis concludes by enlarging Cavern 1 and examining diffeient 
scenarios for operating pressure as shown in Table 1. The range in gas operating pressure 
was equal to 0.15 and 0.9 psi/R at the casing shoe. The casing shoe was assumed to be 
located I00 fl above the cavern roof. A constant uniform gas pressure was use:l during 
the low, typical, and high pressure periods in the analyses. The variation in cevem size 
and salt properties for the three different Cases studied are shown in Table 2. 

V 

-1 -  
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Table 1. Time and Pressure History of the Two-Cavern Analysi~ 

4 

6 

Cavern 1 
Time 
trrs) 

0 6 BCF 

8 BCF 

10 - 15 Low Pressure 

15 - 20 High Pressure 

20 - 25 Low Pressure 

25 - 30 High Pressure 

30 - 50 Typical 
Pressure 

50 

Typical Pressure 
Low Pressure 
High Pressure 

Cavern 2 

6 or 8 BCF 

High Pressure 

Low Pressure 

Low Pressure 

High Pressure 

Typical 
Pressure 

Comment 

start analyses using typical operating 
pressure 
Examine option of adding a new 6 BCF 
cavern (Case #1) or 8 BCF cavern 
(Case #2) 
Enlarge Cavern I to 8 BCF 

Examine web stability under m;tximum 
pressure differential between caverns 
Examine web stability for other pressure 
scenario 
Induce maximum creep using adverse 
operating conditions 
Examine sensitivity of subsidence and 
cavern closure to increased pr~sure 
return caverns to typical operating 
conditions and examine long-terra 
performance 
Stop analyses, repeat worst ca.~: with fast 
creeping salt properties from WIPP 

= 0.50 psi/ft = 1875 psi 
=0.15psi/ft = 563psi 
= 0.90 psi/ft = 3375 psi 

CILge 

Salt 

Table 2. Cavern Size for each Analysis Case Study 

#1 #2 #3 * 

Jennings Jennings WIPP (fast cr¢:eping salt) 

Time Cavern 1 Cavern 2 Cavern 1 Cavern 2 Cavern 1 Cavern 2 

0-4 years 6 BCF None 6 8CF None 6 BCF None 

4-6 years 6 BCF 6 BCF 6 BCF 8 BCF 6 BCF 6 BCF 

6-50 years 8 BCF 6 BCF 8 BCF 8 BCF 8 BCF 6 BCF 

* The cavern sizes for  this Case were chosen after completing Case #1 and #~ 

- 2 -  
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Figure 1. Prof'de of Jennings Dome Showing Location of Egan Caverns I and 2 
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Figure 2 Predicted Geometries of Caverns I and 2 at 6 and 8 BC F 
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Cavem 1 Cavem 2 

Plane of Symm3t~ _] 

Figure 3. Plane of Symmetry used in the Finite-Element Model 

V 

2.3 Structural Model 

Sandia has a long history of research and development in nonlinear large strain finite 
element codes and the application of these codes to geomechanics problems an,l cavern 
analyses similar to the ones solved in this report (Hoffman, 1993b). Sandia's qaasistatic 
finite element technology is based on iterative solvers and has been extensively developed 
for large problems involving geometric and material nonlinearities. The use ofitemtive 
solvers and experience with nonlinear material response provides a base technology that 
offers efficient solution of very large complex geomechanics problems. The firdte 
element code used in the present calculations, JAC3D (Biffie, 1992), uses an ei.ght-node 
hexahedral Lagrangian uniform strain element with hourglass stiffness to control zero 
energy modes. A nonlinear conjugate gradient method is used to solve the nonlinear 
system of equations. This efficient solution scheme is considerably faster than :.he direct 
solvers which are used in most commercial codes. 

Because of vertical symmetry, only one-half of the model is represented by the ;'inite 
element mesh, as illnstrated in Figure 4. The model, consh'ueted of 8-node hexahedral 
elements consists of 48,274 nodes and 44,020 elements for analysis Cases #1 ar,d #3. For 
Case #2, a larger Cavern 2 (8 BCF) resulted in a slightly smaller model consis~lg of 
47,324 nodes and 43,060 elements. The finite element mesh showing detail around both 
Caverns for Case #1 and #3 is illustrated in Figure 5. Similarly, the Caverns fol Case #2 
are detailed in Figure 6. In both these Figures, Cavern 1 shows an inner mesh of a 
different colorO. This inner mesh represents the difference between a 6 BCF Cavern and 
an 8 BCF Cavern. As described earlier and shown in Tables l and 2, Cavern 1 is initially 
a 6 BCF Cavern and is enlarged to an 8 BCF Cavern. This was accomplished by giving 
these elements a different material ID and using the element death option in JAC3D. 
The death option allows the analysis to continue using the same mesh but the n~lteriai 
properties are eliminated and nodal movement is no longer restricted to the mat~:rial 
restraints. The shapes of the Caverns in Figures 5 and 6 are comparable to the predicted 
cavern outlines shown in Figure 2. 

V 
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Figure 4. Finite Element Mesh 
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Cavern 1 Cavern 2 

F i g u r e  5. Case  #1 a n d  #3 - C a v e r n  M e s h  

Cavern 1 Cavern 2 
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Figu re  6. Case  #2 - Cavern Mesh  
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Displacements were constrained in the direction normal to the vertical plane of symmetry 
and the bottom of the mesh. The far field boundary (curved boundary) is 4,000 feet fi'om 
the center point between the two caverns (a distance representing the edge of the dome) 
and was constrained only with a depth-dependent horizontal pressure. 

A uniform pressure distribution was appfied to the inside of the caverns to sim Jlate gas 
storage. When a cavern was enlarged during the analysis (6 BCF to 8 BCF), tte pressure 
surface changed from the smaller cavern surface to the larger cavern surface. 7he density 
of the gas was ignored. In reality, the stored gas will provide an increase in prt~sure with 
depth. Ignoring this effect is conservative since the additional pressure resultirg from the 
density of the gas would result in reduced salt stresses and slower creep at the base of the 
c a v e r n .  

In addition to the pressure loads, gravitational body forces are applied to the rnzk. To 
ensure initial equilibrium, elevation-dependent initial suesses are applied to each element 
in the model based on the density of the overburden, caprock, and salt. In the dastic 
materials (overburden and caprock), the vertical stress component at a g/yen lo:ation was 
appfied based on the weight of the material above that point. The horizontal component 
was applied to be consistent with a vertically loaded elastic material in equilibrium. 
Under these load conditions, the resuRing ratio of horizontal to vertical stress components 
is defined as follows: 

O' h - -  "9 

O" v l--v 

where v is the Poisson's ratio ofthe material. For the salt, an initial stress state was 
assumed in which the vert/cal and horizonlal slzess components arc equal to the weight of 
the overlying material (lithostatic). 

2.4 Thermal Model 

The geothermal or ln-situ temperature at Jennings dome was assumed to be 80 °F at the 
ground surface and increase at 0.012 °F per foot of depth. At the mid height (-4,500 fl) 
the corresponding temperature is 134 °F. A constant temperature of 134 °F wa~ applied 
to all elements in the model. A constant temperature was considered reasonable because 
the gas inside the cavern will circulate and keep the walls of the cavern relatively the 
same. In addition, the elements along the cavern wall experience the highest clmnge in 
stress and hence creep. The temperature is important because the creep respom~e of the 
salt is temperature dependent. Radial tv~eratme gradients due to cavern cool.ng wen: 
not considered in these calculations. Previous 2D cavern studies have shown the 
predicted cavern deformation to be insensitive to radial thermal gradients developed by 
cooling effects of the cavern product (Hoffman, 1992). 

V 
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2 . 5  Constitutive Models and Material Properties 

The geotechnical properties for Jeunings salt were measured at two different hJooratories 
(Wawersik and Zimmerer, 1993; Humbert and Vouille, 1994). A creep indica~or test 
showed the salt to creep similar to Bryan Mound salt, a previously tested domd salt. For 
this reason Bryan Mound properties were selected as the baseline properties for the salt in 
Case study #1 and #2. However, the Jennings and Bryan Mound salts are the .,lowest 
creeping salts tested to date at Sandia and creep properties can vary within a dome. The 
testing by Humbert and Vouille (1994) showed some variability of salt creep at Jennings 
dome. Therefore, to be prudent, in addition to simulations using the expected lennings 
properties, the properties of clean salt from the Waste Isolation Pilot Plant (W]PP) were 
used for Case study #3. The WIPP salt is well characterized and has a relatively fast 
creep rate. The creep properties of WIPP salt represent a conservative upper b3und to 
those that could occur at Jennings. 

The domal salt exhibits both elastic and creep behavior. The creep constitutive model 
used for this material is determined from the effective stress as follows: 

v 

where 

t "  = Ace" exp(-~T ) 

~ is the creep s~'ain rate, 

A and . are constants determined from fitting the model to creep data, 

a is the effective or yon Mises s~ess, 

Q is the effective activation energy (CaFmole), 

R is the universal gas constant (1.987 Cal/mole-K), and 

T is absolute temperature. 

The creep constants for salt are given in Table 3 and correspond to parameters For the 
Jeanings or Bryan Mound salt OVawersik and Zeuch, 1984) and Waste Isolation Pilot 
Plant salt (Kriog, 1984). 

The overburden and caprock were modeled as elastic materials using the prope:ties listed 
in Table 3. The properties assmne a homogeneous material with typical properties of 
shale and sand (Touloukian and Ho, 1981; Carmichael, 1984) representing caprock, and 
overburden respectively. 

V 
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Table 3. Structural  Properties of  Overburden,  Caprock,  and Salt 

Materials Young's 
Modulus, 
E(ks0 

Poisson's 
Ratio, v 

648,000 

Density, 

P 
(k/fl 3) 

0.1168 

Structure 
Factor, A 

(ksf "a/see) 

Stress 
Exponent 
n 

Activation 
Energy, Q 
(kcal/mole) 

Overburden 2,000 0.33 - - - 

, Caprock 146,000 0.29 0.1559 . . . .  

Jennings Salt 648,000 0.25 0.1434 4.26 x 10 ] ]  4.54 15.17 

WIPP Salt 0.25 0.1434 1.33 x 10 "12 4.90 12.03 

V 

V 

2.6 Structural Stability of Rock Salt 

This study evaluated the potential for damage to or around the caverns based o]1 two 
different criteria: tensile failure and dilatant damage. For the purposes of  these analyses, 
the tensile strength ofthe salt was conservatively assumed to be zero. Tensile ,-racking in 
rock salt tends to initiate perpendicular to the largest tensile stress in the rock s ~mple. 
The largest tensile stress is one of the principal stresses. Because the maximum principal 
stress is the algebraically largest ofthe three principal stresses (in 3D space) and the 
largest normal stress in any direction, the potential for tensile failure exists if t~ c 
maximum principal stress is tensile or numerically positive. 

Dilatancy is considered the onset of damage to the salt resulting in significant i 1creases in 
permeability. An attempt was made to measure the dilatancy of Jennings salt in the 
laboratory testing. There was considerable uncertainty associated with the results 
(Ehgartner, 1994). Therefore, for purposes of these analyses, the dilatancy critt:rion will 
be taken from the literature which shows a very consistent ratio of  0.25 between the 
second invariant of  the deviatoric slrcss and the first invariant of  stress (EhgarUler, 1997). 

The dilatant damage criterion is used to delineate potential zones of  dilatancy in the salt 
formation surrounding the storage facility. Dila~ncy is attributed to microfracturing or 
changes in the pore structure of  the salt, resulting in an increase in permeability and, 
hence, a flow path through or into the salt. The potential for dilatant damage is defined 
by a "damage" safety factor (D) which is expressed as follows: 

D = - - / '  

where .I 2 is the second invariant of the deviatoric stress tensor, and lj is the first 

invariant of the stress tensor (It = 3o . ,  where a .  is the mean stress). When D is equal 

to or less than one, the shear stresses in the salt are large compared to the mean stress and 
the potential for dilatant behavior is high (Spoirs, 1988; Van Sambeek 1993). Hunscbe 
(1992) suggests that dilatancy is linked to creep rupture. He contends that as rock salt 
dilates, its structure loosens and may fail after some time due to creep rupture. 

- 13- 
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It should be clearly stated that the above dilatation criteria is not used in the pr.~ent study 
to quantify damage, but merely to identify regions with a high potential for daraage. This 
criteria identifies regions where the deviatoric stress is high and the mean stress is low, a 
stress state conducive to dilation. No comprehensive constitutive model exists at this 
time which can predict damage evolution in a reasonable computation time for a 3D 
problem of this size. Hence, the post-processed dilatation criteria was used as a 
conservative engineering approach to estimate possible regions of salt dilation. Much can 
be inferred from this criterion. For example, if the dilatant damage safety factor is 
decreasing with time, it can be concluded that the potential for damage is increasing. 
Hence, salt healing (a reduction in dilatancy) is not likely to occur. Second, if the 
predicted damage is growing in both size and magnitude, then the damaged regSon 
(fracture or dilation) may continue to grow. Similarly, if a tensile region is predicted to 
be growing in both size and magnitude, the resulting fractures, although not explicitly 
modeled, should also grow. 

3 ANALYSIS RESULTS 

v 

3.1 Cavern Deformation 

For Case #1 and #2, the analysis was performed using the Jennings salt properties for up 
to 50 years when the analysis was stopped. The final deformed shapes (t = 50 years) of 
the two caverns are shown in Figures 7 and 8. When compared to the original ~avern 
meshes shown in Figures 5 and 6, no major changes in geometry are observabl,. ~. 

When Case #3 was run using the faster creeping WIPP saR properties, deformations at 
the base of the caverns after 20 years were large enough at the lower corner ofJ3e cavern 
that the sides and base of the caverns began to overlap. At this point, the analysis was 
stopped because surface contact algorithms were not included in the model. Dfformation 
rates would be expected to slow once the walls of the cavern begin to contact the floor. 

The deformed mesh for Case #3 at t=10 years is shown in Figure 9. At this point the 
deformations are relatively small. This is because only typical operating pressures were 
applied to the inside the caverns. Over the next ten years (10-20) each cavern alternately 
experienced a low operating pressure for 5 year. This low internal pressure resulted in 
high creep rates causing the cavern to close in much faster. The final deformexl shapes 
(t = 20 years) for Case #3 are shown in Figure 10. As is expected, the majority of the 
deformation occurs in the lower half of the cavern where the creep rate is highest because 
of increased stress levels. 

V 
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Figure 7. Case #1 - Deformed Caverns at 50 years 

V 
Cavern 1 Cavern 2 

V 

lllllllllllllllllllllllIIllllIllllllllllllIllllllllllII 
lllIIIIIIIIIIIIIIIIIIIIIIlllIIIIIIIIIIIIIIIIIIIIIIIIIIl 
I I I I I I I ~!I I ;.a.t/.~.111111111111111 ~.~.~; :.'~..to~ I I I I I I I I 
IIIII I~,..~:~:~?./illllllllllllI~,..:.:: :: ~..,oll lllllIl 
lllIIIIlli~; ~11111IIIllllIIII|~:. ~;1~IIIIIlllI 
llllIIIDr:: ',~,oIIIllllllllIIii.:;. ',%tIIIIllIIl 

IllllIIIIIllIIIII'IlIIllIlllIII ",illllll,,,, "'ll'llllllllllllll'"l"iillllllllllllllli'" llllllllllllllllllllllllllI . . . .  I, ' i i i J i i i i i i i  
IIIIIllIlll lllllllllllllllIl II 
IIlllIIIII) ,[llIllllllllllIllI[ .rlllllIiiiil 
iilllllilf, ..I,," '~IIIIIIIIIIIIIIWY .,I,,:: '%1111111III 
IIIIIIIIY .~;llIlI~. 'llllllliIlllllI! .lllIlili~ "1111111III 
IIlnlIIi .'IIIIIIIll' iiIIIllllllIIIn llIIIIIIIll! ,IIIIllIII 
IIIIIIII i llllllIII" IIIIlllllllIIII. IIIIrIIIIll, IIllIIIIIIl 
IIlllllh 'IIIIIIIII, "IIIIIIIIIIIIII 'llIIIllIlh ~lllllllIIl 
IIlllIlll I lllllllll ,lllIIIIllllll IIIIiIIIII: lllIlllIIl 
IIlllllll illllllllPl lllllIIIIIllll llllllIlll: lllllllIIl 
IIlllIlll lllllllllhl llnlliillllll qllliIll, lllillliil 
IIIIIIIi: r 'llllllllllllllli, ',I i, :IIIIIIIIII 
llllllII, . j ;lllllllllllllI~ ,i i. IIIIIIIII 
IllIII II~ """ iIIIIlllllllIIIi~ ' """ ill IIIIIII 
IIllIIIii' , ,,IIII iIIIllllllllIIIi', IiIIp, ~IIIIIIIIl 
IIIIIIIIl~', r. ,llIIlllllllllIii~, ' 'fi,. ,'jllIIIllIIl 
lllIIIIIli'. .'llIIIlllllllIII II~': . :~iIIIIIIIIIl 
inlllllib,., :~iIIIIiiiiiiii lli~. , i[]~llllllil 

~I~ J mt Ifw IIIIIl lit, ~,lllIIIIllIIIIIIIi.~ , . I  IIIIIII 
IIllllllI, ~, ..IIIIIIIIIIIIIIII,, ~.ilIlllllIl 

: i ! i !iiiiiiii];.. !, |iiiiliiiiiiii5  .. , |iiiiiiii 
i i i i i i i P'~.'./~.//.. ~\\.~.~ I I I I i i i i i i ntl.'.////.. ~ ~k~.~ i i i i i i i i 
lllllllfl//lJllli~\~llllllllllll~ll/lJlll|~llllllIl 
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

Figure 8. Case 02 - Deformed Caverns at 50 years 
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Figure 10. Case #3 - Deformed Caverns at 20 years 
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3.2 Storage Loss 

Figures I 1, 12, and 13 show the percentage of initial cavern storage volume as a function 
of time for Cases #1, #2 and #3 respectively. For both Cases #1 and #2, Cave'n 1 
reduces to about 85% of its initial volume and Cavern 2 reduces to about 86eA of its 
initial volume after 50 years. The lea difference is attributable to the four year delay in 
the creation of Cavern 2. Even though Cavern 2 is larger in Case #2 (8 BCF) "ban it was 
in Case #1 (6 BCF), the percentage loss was nearly the same. 

For Cases #1 and #2 the rates of storage loss are very similar. When operating at high 
pressures the caverns experience almost no change in volume. When operating at typical 
pressures the eavems only loose about lea ofthe storage volume every 5 to 10 years. At 
low operating pressures the caverns loose about lea per year. 

The much faster creeping WIPP salt properties (Case #3) had a significant effeu:t on the 
storage loss of the Egan Caverns. After only 10 years and operating at typical operating 
pressures the volume reduced to 85% in Cavern l and 86% in Cavern 2. This is the same 
as the volume loss in both Cases #1 and #2 (using Jennings salt properties) after 50 years. 
For Case #3 after 20 years, Cavern 1 reduced to 45% of it's initial volume and C, avem 2 
reduced to 46% of its initial volume. Once again this small difference was due mostly to 
the delay in the creation of Cavern 2. 

The rates of storage loss were also significantly higher in Case #3. When open.ring at 
high pressures the caverns experience almost no change in volume. When operating at 
typical pressures the caverns loose about 11/2 to 2 % of the storage volume per year. At 
low operating pressures the caverns loose about 8% per year. 

3.3 Subsidence 

The grotmd surface subsidence above both caverns to the edge of the model is plottod in 
Figures 14, 15, and 16 for Cases #1, #2 and #3 respectively. For Case #1 and #~ the 
subsidence is plotted at 10, 30, and 50 years. For these two Cases there is almost no 
surface subsidence after I0 years. After 30 yeats the subsidence reaches 0.10 f(~et at the 
center point between caverns in Case #1 and 0.125 feet in Case #2. After 50 years the 
subsidence increases slightly to 0.13 feet in Case #1 and 0.16 feet in Case #2. 

The fester creeping WIPP salt properties resulted in higher surface subsidence i:3 Case #3 
as shown in Figure 16. For this Case, subsidence was plotted at 10 and 20 yeae, L At 10 
years the subsidence at the center point between caverns reached O. i 4 feet. After 20 
yeats the subsidence reached 0.85 feet at the center. 

For all the surface subsidence plots, the subsidence is nearly symmetric, forming a single 
surface depression, about the eenter point and extending to the edges of the motel. This 
is due primarily to the depth of the Caverns (3,850 feet deep at the top) and relatively 
close distance between the two caverns (800 feet). Some surface subsidence is shown to 
be occurring above the edge of the dome, 4,000 feet away from the center of the model. 
This is probably realistic because the outer edge of the model is not mechanically 

V 
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Figure 16. Case #3 - Ground Surface Subsidence 
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constrained in any direction, but has a depth dependent lateral pressure applied to match 
the insitu stress conditions occurring at the edge of the model. 

3.4 Cavem Stability 

As described in Section 2.6 of this report, this study evaluated the potential for damage to 
or around the caverns based on two criteria: tensile failure and dilatant damage.. The 
tensile strength ofthe salt was conservatively assumed to be zero and the largest tensile 
stress is the maximum principal stress. Therefore, if the maximum principal .,tress is 
positive, the potential for tensile failure exists. Dilatency was also described in Section 
2.6 ofthis report and was considered the onset of damage to the salt resulting in 
potentially significant increases in permeability. When the "damage" safety fitctor D is 
equal to or less than one, the potential for dilatsnt behavior is considered to be high. 

Contour plots of the maximum principal stresses and dilatency safety factors (D) are 
plotted in: Figures 17 and 18 for Case #1, Figures 19 and 20 for Case #2, and I'igures 21 
and22 for Case #3. For Cases #I and #2 the contours are plotted at 15,20,25. and30 
years. For Case #3 the contours are plotted at 6, I0, 15 and 20 years, again because the 
analysis was stopped after 20 years. 

Comparing the maximum principal stress contours, particularly at 15 and 20 years, for all 
three Cases, there is not much difference in the magnitude or distribution ofstr~ses. 
There also appears to be very little if any stress interactions between the caverns. When 
comparing the dilatancy contours at 15 and 20 years for all three cases, there is little 
difference in the magnitude or variation in the dilatant safety factor. 

In all the maximum principal stress contours for all three Cases, the entire Cav,.'m wall 
from top to bottom is showing stresses in the highest range plotted between -I,000 psi 
and 0 psi when a cavern is operating at low pressures. This implies that when operating 
at a low pressure (0.15psi/R) this entire area, although still in compression, is the moot 
vulnerable to tensile failure. It is interesting to note that the contours follow thL: shape of 
the caverns very well and there does not appear to be significantly higher stress~ in the 
lower portion of  the caverns as is typically the case when caverns are modeled as perfect 
cylinders (Hoffman, 1993b). 

Similarly, the dilatancy contours for all three cases show the minimum safety fictor 'D'  
between 1 and 1.5 over nearly the entire cavern wall when operation at low pre~.;sures. 
Again, this implies that for low operafmg pressures the entire cavern wall is most 
vulnerable to dilatant behavior. 

For all these contour plots, both the maximum principal stresses and d'datancy safety 
factors appear very similar when comparing the site specific salt properties in Cases #1 
and #2 to the faster creeping salt (WIPP) in Case #3. Comparing the actual pea~ values at 
the element level, results in a slightly different conclusion. 

Most of the maximum principal stresses and dilatant safety factors occurred near the 
bottom of the cavern approximately 20 feet above the base. In addition, the va2ues in the 
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Figure 17. Case #1 - Maximum Principal Stresses at 15, 20, 25, and 30 years 

v 

v 

Figure 18. Case #1 - Dilatancy Safety Factors (D) at 15, 20, 25, and 30 years 
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Figure 19. Case #2 - Maximum Principal Stresses at 15, 20, 25, and 30 years 

:a~of 

Figure 20. Case #2 - Dilatancy Safety Factors (D) at 15, 20, 25, and 30 years 
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Figure 21. Case #3 - Maximum Principal Stresses at 6, 10, 15, and 20 years 
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Figure 22. Case #3 - Dilatancy Safety Factors (D) at 6, 10, 15, and 20 years 
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elements at the shoulder level of the cavern (the point in the bottle shaped caw:rn were 
the neck joins the body) sometimes showed increased stresses and lower dilatency 
factors. Elements at these levels on beth sides ofeach cavern were selected for 
monitoring the maximum principal stress and dilatancy safety factor history. 

The maximum principal stresses for these locations in Caverns 1 and 2 for Ca~e #1 are 
shown in Figures 23 and 24 respectively. The maximum stress in this Case is -323 psi 
and it occurs at 25 years into the analysis. The maximum principal stresses in Caverns 1 
mid 2 for Case #2 are shown in Figures 25 and 26 respectively. The maximutr stress in 
this Case is -426 psi and it also occurs at 25 years. The maximum principal stresses in 
Caverns I and 2 for Case #3 are shown in Figures 27 and 28 respectively. The maximum 
stress in this Case is -171 psi and it occurs at 18 years. 

The dilatant safety factor 'D '  for the most vulnerable locations in Caverns 1 ar.d 2 for 
Case #1 are shown in Figures 29 and 30 respectively. The minimum factor in this Case is 
1.08 and it occurred at 25 years into the analysis. The dilatant safety factor in Cavern 1 
and 2 for Case #2 are shown in Figures 31 and 32 respectively. The minimum factor in 
this Case is 1.15 and it occurred at 21 years. The dilatant safety factors in Caverns I and 
2 for Case #3 are shown in Figures 33 and 34 respectively. The minimum fact3r in this 
Case is 0.92 and it occurred at 18 years. 

A summary of all the maximum principal stresses and minimum dilatancy safeW factors 
(D) are summarized in Table 4. The peak values are shown for each Case and also at the 
base of  the cavern and near the shoulder. Peak values at the shoulder are usually not as 
high or low as near the base but i f  failure occurs at the shoulder it could have greater 
consequences than it were to occur near the base. 

As shown in Table 4, the maximum principal stress was higher (-323 psi) in Cuse #1 than 
in Case #2 (-426 psi). These values are slightly below the minimum gas presst re exerted 
on the cavern walls (-563 psi), but well above the assumed tensile strength of  salt (0 psi). 
Also, the dilatancy safety factor was much closer to 1.0 in Case #1 (1.08) than it was in 
Case #2 (I.  i 5). This is why the Case #1 cavern geometries were chosen for the: Case #3 
analysis. 

In the Case #3 analysis using the faster creeping WIPP salt properties, the maximum 
principal stress was higher (-171 psi) and the dilatancy factor dipped below 1 to 0.92 
when the cavern was operated at low pressure. This indicates the potential for dilalant 
behavior exists i f  the salt at Jennings unexpectedly creeps like WIPP salt. However, this 
would probably be localized to a small area near the base. The values for sUes~; and 
dilatancy at the shoulder of the Caverns in Case #3 actually improved compared to 
Cases #1 and #2 as shown in Table 4. 

V 
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Figure 29. Case #1 - Dilatancy Safety Factor, Cavern 1 
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Figure 32. Case #2 - Dilatancy Safety Factor, Cavern 2 
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Figure 33. Case #3 - DUatancy Safety Factor, Cavern 1 
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Table  4. Peak Values of  Principal Stress and Dilatancy 

Maximum Principal Minimum Dilatmlcy 

Stress (psi) Safety Factor, 1) 

Case at Shoulder At Base at Shoulder al Base 

# 1 -609 -323 I. 16 1.08 

#2 -605 -426 1.17 1.15 

# 3 -628 -171 1.30 D.92 

v 

4 CONCLUSIONS 

Three-dimensional finite element analyses were performed for the two gas-fill~xt storage 
caverns at the Egan field, Jennings dome, Louisiana. The effects of cavern enlirgement 
on surface subsidence, storage loss, and cavern stability were investigated. ThJ: finite 
element model simulated the leaching of caverns to 6 and 8 BCF and examinexl their 
performance at various operating conditions. Operating pressures varied from 0.15 psi/ft 
to 0.9 psi/ft at the lowest cemented casing seat, which is a typical industry start:lard for 
referencing gas pressures in caverns. The analysis also examined the stability of the web 
or pillar of salt between the caverns under differential loading. 

The 50 year simulations were performed using JAC3D, a three dimensional finite element 
analysis code for nonlinear quasistatic solids. The results show that volumetric cavern 
closures over time due to creep were moderate and subsidence above the cavern field was 
small and should pose no problem to surface facilities. Cavern closure is predicted to be 
approximately 15% after 50 yeats of operation and the resulting subsidence an-ounts to 
only 0.16 ft at the surface when using the Jennings salt creep properties. When using the 
much faster creeping WIPP salt properties, the Cavern closure was about 55% after 20 
years and the surface subsidence was about 0.85 feet. 

A damage criterion based on the onset of tensile failure and dilatancy was usec to 
investigate eavern stability. Tensile failure was assumed to occur if the maxir aum 
principal stress was no longer in compression or is positive. This assumes thai the salt 
has no tensile strength, which is a conservative assumption. In this analysis, no tensile 
failure of the salt was predicted. 

Dilatant behavior reflects the development of microfractures in salt and hence potential 
increases in permeability. Its onset occurs well before large scale failure. Sorre localized 
dilatant damage was predicted near the bottom walls of the caverns when the caverns are 
operated at minimum pressure and the salt is assumed to creep like WIPP salt t much 
faster than actually measured in laboratory testing). No dilatant damage was predicted for 
any of the pressure scenarios in the site specific Jennings salt. 
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q ~ v  
The analysis predicted very little cavern interaction which suggests that the caverns are 
conservatively spaced. This resulted in no potential for web instability between caverns 
even when operated at different pressure extremes. In addition, sU'ess pemn-b~Iious did 
not extend very far above the roof of tbe caverns, thus showing the caverns are located 
sufficiently below the top of the salt. The analyses predict very little different.- between 
Case #1 and #2 (Cavern 2 at 6 versus 8 BCF, respectively) or any significant c~anges due 
to the enlargement of C.avem 1 from 6 to 8 BCF. In summary, the predicted &tmage 
factors of the Egan caverns suggest stable caverns up through a time period orS0 years. 

V 

V 
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V Figure 6.2-1 Generalized Subsurface Fault Map of Louisiana 
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RESOURCE REPORT 7 - SOILS 
FERC ENVIRONMENTAL CHECKLIST  

V 

]~MJmum lrdlag Requirements 

• Identify, describe and group by milepost the soils affected by the Table 7.2 
proposed pipeline and aboveground facilities. List the soil Section 7.3. { through 
associations by milepost and descn'be their characteristics. Section 7.3 5.5. 

For aboveground facilities, determine the acreage ofprin~ farmland 
soils that would be affected by constrm:tion and operation. 

List the soil series; describe their characteristics and percentages 
within the site. 

• Indicate the onsit¢ percentage o f  each series that would 
be permanently affected. 

• Indicate which series arc considered "prime or unique 
farmland." 

Company  Compliance 
or Inapplicability of 

Requi rement  

Table 7.1 

• Describe by milepost potential impacts on soils. Section 7.2 

Identify proposed mitigatien to minimize ~ t  on soils and 
compare with staff's Upland Eromen Control, Revegetatinn, and 
Maintenance Plan. Identify any measures of the Plan that are deemed 
unnecessary, technically infeas|~le, or unsuitable and deszn%e 
alternative measures that will ensure an equal or greater level of 
protection. 

S~on 7.3 

V 
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7.1 PROJECT DESCRIPTION 

The Pine Prairie Energy Center Storage Project is being proposed in response to the expanding 
market for high-deliverability, multi-cycle natural gas storage services. The Project will include 
three salt caverns, each with a storage working capacity of 8.0 billion cubic feet (Bcf). The Gas 
Storage Caverns will be solution mined in southwestern Louisiana's Pine Prairie Salt Dome and 
will interconnect with seven key interstate gas transmission pipelines. 

7.1.1 GAS STORAGE SITE 

The following components of the Project will be located on a 60.57-acre parcel of company- 
owned land in Evangeline Parish, Louisiana. The property is unimproved and, except for 
occasional timbering and oil and gas exploration and production, there are no othCx known uses 
of the property. 

The Gas Handling Facility will house the compressor station, gas dehydrafiorL equipment, 
and other associated infrasUucture necessary to support the direction and muting off, as to 
and fzom the Gas Storage C.avems located nearby. (See Figures 1.1-2C1 Ga~ Storage Site, 
1.1-3A1 Gas Handling Facility Site Layout, 1.1-9A1 Gas Handling Facility Site Layout.) 

• Three Gas Storage Caverns will be developed within the Pine Prairie salt dome. (See 
Figure 1.1=13AI Typical ~ r n  Well Site Diagram.) 

The Contractor Fabrication Area will be a temporary element of  the Project. It will be 
located at the Gas Storage Site and will be relocated within the site from Cav,,~'n Site 2 to 
Cavern Sitel during construction to accommodate construction and operation of the 
individual Gas Storage Caverns. 

Service Corridors will provide personnel and vehicular access to, as well as pipeline, utility 
and transmission services between, the Gas Handling Facility and the Gas Storage Cavern 
Sites. 

7.1.2 BRINE DISPOSAL AND RAW WATER WITHDRAWAL SITE 

The Brine Disposal and Raw Water Wi~utrawal Site will be constructed appmxm~tely 2 miles 
southwest of the Gas Storage Site. (See Figure 1.1-2D1 Br/ne Dbposa/and Raw Water 
Withdrawal Site and Fignre 1.1-4A1 Primary Brine Disposal and Raw Water Wifhdrawal Site 
Layout.) 

• Four Raw Water Wells will be developed to service the solution mining open~ons. (See 
Figure 1.1-14A1 Typical Raw Water Well Site Diagram.) 

7-1 
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Four Brine Disposal Wells will be developed to dispose of brine produced in the salt cavern 
solution mining process. (See Figure I.I-15A1 Typical Brine Disposal Well Site Diagram.) 

The comdors connecting the Brine Disposal Wells and the Raw Water Wells provide 
personnel and vehicular access, and pipeline, utility and transmission service;, to the well 
sites. These corridors will include all service roads, road entries fiom Ambro.~ Road, 
pipelines, pipeways and power lines (see Figure 1.1-4). 

V 

v 

7.1.3 GAS TRANSMISSION PIPELINES 

A system of gas transmission pipelines will link the Project with six mainline gas transmission 
pipelines. The backbone of this system is a 34-mile segment of an existing 24-inch high- 
pressure gas pipeline known as the Louisiana Chalk Gathering System, which PPEC has the 
option to purchase and intends to convert for use as part of the Project. A second 24-inch high- 
pressure gas pipeline will be constructed immediately adjacent to portions of the existing 
Louisiana Chalk Gathering System segment in or contiguous to the existing ROW. 

# The Mid Pipeline Corridor will be approximately 6.36 miles long. (See Figures 1.1- 
IOB1 -10B3 Detailed Route and Wetland Alignment Sheet, Mid Pipeline Corridor.) 

The North Pipeline Corridor, which was created by the construction of ~e  Louisiana 
Chalk Gathering System, will extend approximately 17.80 miles from the Mid Pipeline 
Corridor connection to the Tennessee Gas Metering Site. (See Figurer 1.1-8A1 - 8A7 
Foo~rint of Pipefine Alignment and FacHitiea, North Pipeline Corr~lor.) It extends a 
very short distance into Rapides Parish. 

The South Pipeline Corridor is an existing pipeline corridor that was created by the 
construction of the Louisiana Chalk Gathering System. This 16.49-m'fle pipeline 
corridor will link the Mid Pipeline Colridor with gas Iransmission pipelbLes to the south 
and southeast ofthe Gas Storage Site. (See Figur~ 1.1-10AI - 10A6 Detailed Route 
and Wetland Aiignment Sheet, South Pipeline Corridor.) This pipeline o3rridor will 
extend a short distance into Acadia Parish. 

The East Lateral Pipeline Corridor, approximately 3.17 miles long, will service the 
ANR SE Metering Site and ultimately terminate at the Florida Gas Transmission 
Metering Site. (See Figares 1.1-10C1 - 10C2 Detailed Route and Wetl~ndAlignme~ 
Sheet, East LateralPipeline Corridor.) This short corridor is located in Acadia Parish. 

7.1.4 METER AND REGULATOR SITES, AND INTERCONNECTS 

Seven Meters and Regulators, located at six Meter and Regulator Sites, will be coJmected to the 
24-inch pipelines extending to and from the Gas Handling Facility to fac'ditate cmtody transfer 
measurement to and f~m their associated pipeline interconnects. One of the MeU.T and 
Regulator Sites will be located in Rapides Parish at the terminus of the North Pipeline Corridor, 
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and two will be located in Acadia Parish along and at the terminus of the East Lateral Pipeline 
Corridor. The other three Meter and Regulator Sites will be located in Evangeline Parish. 

Figures 1.1-2A1, 1.1-2A2 and 1.1-2A3 illustrate the Project location on a regional geographic 
basis and Figures 1.1-SA1, 1.1-8A2 1.1-8A3, 1.1-8A4, 1.1-8A5, 1.1-8A6 and 1.1-8,4,7 provide 
the location on U.S. Geological Survey (USGS) topographic quad maps. Appendix A provides a 
detailed description of the temporary and permanent land requirements associated with 
construction of the Project. 

7.2 SOIL ASSOCIATIONS AND SERIES 

The soil association and soil series descriptions were compiled fi'om information ]3resented in the 
Soil Survey of Evangeline Parish, Louisiana, Soils Survey of Acadia Parish, Loui~:iana and Soil 
Survey of Rapidea Parish, Lou~/ancL The soil associations and soil series underlying each 
Project component, as identified in the Parish soil surveys, are described below. 

Figures 7.2-1A1 through 1A7 Soil Map of Evangeline Parish, 7.2-1A8 Soil Map of Acadia 
Parish and 7.2-IA9 SoilMap of Rapides Parch provide the soil associations and soil series 
underlying each Project component. Important soil characteristics, limitations of the soil 
association and series at each Project component site, and the percentage of each :;oil series 
permanently impacted by each Project component as compared to the total ProjecL area are 
presented in Table 7-1. 

All soil series occurring within the project footprint have a texture of silt loam. Therefore, 
landscape position as it affects the frequency and duration of flooding and/or soil saturation is 
the primary determinant of whether the soils meet the criteria for hydric soils. 

Most of the soils in the upland areas and in lower areas having a convex surface are not hydric 
soils, including the Crowley silt loam and the Vidrine silt loam that constitute the Crowley- 
Vidrine complex (Cv). Other nonhydric soft series within the project footprint im:lude the 
Acadia silt loam (AcB), Duralde silt loam (DUB), and Mamou silt loam (MaB). 

Soils occurring on fiat or concave surfaces, as well as moderately fine- to fine textured soils 
found in areas that are frequently flooded, typically have indicators ofhydric soil~;. Hydric soils 
occurring within the project footprint include the Basile silt loam (Bw), Mowata silt loam (Mt), 
Midland (MbA), and Wrightsville silt loam (Wv). 

Interpretation of most soft mapping units is straightforward, conforming to the hykic soil- 
nonhydric sod designsfiom identified above (e. g., the Du~de  silt loam is a nonl~ydric so'd, and 
the Mowata silt loam is a hydric soil). However, the soil mapping unit called the "Wrightsville- 
Vidrine complex" is more compficated. Areas mapped as this complex am knovot as pimple 
mounds, which are mounds of rations sizes extending one to two feet above an otherwise flat 
land imrface. The soil of the mound area is the Vidrine soil series (nonhydric), while the soil of 
the fiat land ~rface is the Wrightsville series (hydric). This commonly-occurring soil mapping 
unit forms a mosaic on the land surface, in which the elevated areas are nonwetlands and the 
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areas of  fiat land surface are wetlands, also exhibiting indicators of  hydrophyti¢ vegetation and 
wetlands hydrology. 

7.3 PROJECT COMPONENTS 

All components of  the Project are found within the following soil series: 
• Acadia silt loam series, 
• Basils series, 
• Crowley series, 
• Duralde silt loam, 
• Mamou silt loam series, 
• McKamie series, 
• Midland silty clay loam, 
• Mowata silt loam series, 
• Muskogee series, 
• Vidr/ne series, and 
• Wrightsviile series. 

The series generally consist of  silty loams. The soils that actually overlie the subject sites are 
typically silty loams. The soils In the subject area are generally flat or gently slOl:ing with slopes 
ranging fi'om 0% to 8%. 

V 

V 

7.3.1 G A S  S T O R A G E  S I T E  S O I L  S E R I E S  

The Muskogee-McKamie complex and Duralde silt Ioams comprise the majority of the soils 
affected by the Gas Storage Site. These complexes consist of  silt or very fine-grained sand 
loams. 

The Muskogee-McKamie complex is characterized by moderately to well-drained soils located 
on narrow escarpments. Slopes range from 3% to 8% and have experienced erosion. The 
Muskogee soils are wet for a short period after a rain because permeability is slow. In a 
representative profile, the Musogee surface layer is a grayish-brown silt loam six inches thick. 
The subsoil, to a depth of  22 inches, is yellow brown silty clay loam. Below a depth of  22 
inches, it is gray and yellowish-brown clay mottled with M Gmendly, the cont(,~t of  nitrogen, 
phosphorous and potassium is very low. The soil is strongly acidic. Runoffis  rapid. Available 
water capacity is high. The Muskegee sods in Evangeline Parish are mapped only with 
McKamie soils. 

The well-drained McKamie soils have a dark-gray very fine sandy loam or silt lo~m surface 
layer. The subsoil is M clay. Generally, the content of  nitrogen, phosphorous avd potassium is 
very low. The soil is very strongly acidic in the surface layer and strongly acklic m the subsoil 
grading to neutral. Permeabifity is very slow and runoffis rapid. Available warm capacity is 
moderate. 
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About 85% of the acreage is woodland. Other uses of the land are for crops and pasture. The 
supply of moisture available to plants is inadequate during dry periods in some years. The 
principle limitations are the erosion hazard and low fertility. 

The Duralde series consists of somewhat poorly drained soils that are loamy throughout the 
profile. These soils are mainly gently sloping (1% to 3% slopes), but they also occur in very 
small mounds. The Duralde series is wet for extended periods because permeability is slow in 
the lower part of the subsoil. The surface layer is dark grayish-brown silt loam. The subsurface 
layer is yellowish-brown silt loam, and the subsoil is dark-brown silty clay loam raottled with 
grayish brown and yellowish brown. Generally, the content of nitrogen, phospho]~ous, potassium 
and calcium is very low. The soil is medium acidic to very strongly acidic in the ;,-urface layer 
and upper part of the subsoil and grades to neutral in the lower part. Ranoffis medium. 
Available water capacity is high. 

About 90% of the acreage is wooded. A small percentage has been cleared for ~)ps and 
pasture. The soil is saturated in winter and spring, but lacks ad~luatc moisture for plants during 
dry periods in some years. The principle limitations for crops are low fertility, wvtness and the 
erosion hazard. 

7.3.1.1 Gas Handling Facility Soil Series 

The Muskogee-McKamie complex and Duralde silt loams comprise the majority of the soils 
affected by the Gas Handling Faeifity. These complexes consist of silt or very fine grained sand 
loams and are described in detail above. 

7.3.1.2 Cavern 1, Cavern 2, Cavern 3, and Future Cavern 4 Soil Serie~l 

The Muskogec-McKamie complex comprises the majority of the soils affected b)  the caverns. 
This complex consists of silt loams that are described in detail above. 

7.3.1.3 Contractor Fabrication Area 

The Contractor Fabrication Area will affect the Muskogee-McKamie complex, w~ich is 
described in detail in Section 7.3.1. 

7.3.1.4 Serv/ce Corridors 

The Service Corridors will affect eithe~ the Duralde silt loam orth¢ Muskogee-M~Kamie 
complex. Both of these soils are described in greater detail in Section 7.3.1. 

7.3.2 BRINE DISPOSAL AND RAW WATER WITHDRAWAL SITE 

The land to be occupied bythe Brine Disposal and Raw Water Withdrawal Site i~ composed of 
the Duralde series and the Wrightsville~Vidrine complex. These complexes consist of silty clays 
to loams. The Duralde series is described above in Section 7.3.1. 
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Tl~ Wrishtsvillc-Vidrino complex is level to nearly level, poorly to somewhat po>rly drained 
soils located adjacent to major streams in the southern halfofEvangeline Parish. 

The Wrightsvillc soil is in broad, flat areas and is the int~'mound part of the comFl~. In a 
representative profile the surface layer is gray silt loam three inches thick. The subsurface layer 
is light-gray a/It loam 15 inches thick. The upper portion of  the subsoil is light olive gray silty 
clay. The lower part is gray silty clay loam. Generally it is very low in mtrogen znd 
phosphorous and low in pota~ium. It is stronsly acidic to moderately alkaline in the subsoil. 
Available water capacity is moderate. 

The Vidnnc s0il is on mounds and small ridges. It is wet for ext~ded periods bo~m~sc 
perlli~tbflity is very sl0w in th0 subsoil. This soil has a grayish-brown silt loam sm'facc layer. 
The upper part ofth© subsoil is yellowish-brown silt loam and the lower part is graylsh-brown 
silty clay mottled with red. The soil is generally very low in nitrogell and phosphorous and low 
in potassium. It is strongly acidic in the surface layer and grades to neutral in the lower part of 
the subsurface layer. Surface rtmoffis slow to medium and available water capacity is moderate. 

About 70% of the acreage is woodland, but an increasing amount is being cleared for crops and 
pasture. The soils are saturated in winter and early spring, but lack adequate moi~,mre for plants 
during dry periods in some years. The principle limitations are wetness and low f~'ility. 

7.3.2.3 Service Corridor 

The service comdor is located about half in the Duralde series, which is describext in Section 
7.3.1, and half in the Wrightswille-Vidrine complex, which is described above in :k~ction 7.3.2. 

V 

7.3.3 PIPELINE CORRIDORS 

7.3.3.1 Pipel/ne Corridor 

The Mid Pipeline Corridor is comprised of three segments and will be approximately 6.36 miles 
long. 

The first segment of the Mid Pipeline Corridor will be approximately 1.92 miles in 
length and will extend fitrm the Gas Handling Facility to the Brine Disposal and Raw 
Water Withdrawal Site. 

The sod occurring in the first segment of the Mid Pipeline Corridor extending from the 
Gas Handling Facility to the Brine Disposal and Raw Water Withdrawal Site is 
composed of the Wrightsville-Vidrine Complex and the Duralde series wtdch are 
described above in Section 7.3.2. The segment closest to the Gas I-Iandli~ g Facility is 
located in the Wrightsville-Vidrine complex. The segment closest to the Brine Disposal 
and Raw Water Withdrawal Site is located in the Duralde series. Each soil 
complex/series nms for about I mile. 
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In the second segment, the two 24-inch bi--directional natural gas pipelines will continue 
from the Brine Disposal and Raw Water Withdrawal Site for approximately 0.36 mile to 
the ANR ML2 Meter and Regulator Site. 

The soil occurring in the second segment of the Mid Pipeline Corridor ext,mding to the 
ANR ML2 metering site is also composed of the Wrightsville-Vidrine complex and the 
Duralde series which is described above in Section 7.3.2. Each soil complex/series runs 
for about 0.20 mile. 

In the third segment, the two 24-inch hi-directional pipelines will continue~ from the ANR 
ML2 Meter and Regulator Site 4.08 miles further to the North & South Pipeline Corridor 
connection. 

The soil occurring in the th/rd segment of the Mid Pipeline Corridor extending to the 
North & South Pipeline Corridor connection is composed of the Wrights~. lle-Vidrine 
Complex, the Basile-Wfightsville complex, the Mnskogec-McKamie com~lex, the 
Midland silty clay loam, and the Acadia silt loam. These soils are generally gently 
sloping (0-3%) silt Ioams. 

The Wrightaville-Vidrine Complex is described in detail in Section 7.3.2. 

The Basile-Wrightsville complex is composed of nearly level soils, along long narrow flood 
plains at low elevations in the southern half of the parish. They are wet for extended periods 
because they are frequently flooded and have a high water table. 

The poorly drained Basile soil makes up about 60% of the acreage. In a representative profile, 
the surface layer is gray silt loam 16 inches thick. The subsurface is light-gray si]t loam six 
inches thick. The subsoil, to a depth of 50 Inches, is silty clay loam. It is gray mottled with 
yellowish-brown in the upper 10 inches and is light olive gray below. The Basile is very 
strongly acidic in the surface layer and neutral to moderately alkaline in the subsc,il. It is 
ge~nerally very low in nitrogen and phosphorous content and low in potassium. P,:rmesbility is 
slow and runoff is very slow. 

The poorly drained Wrightsville soil makes up about 30e  of the acreage. The surface layer is 
commonly gray silt loam, but ranges to gray silty clay loam over-wash as much a5 15 inches 
thick. The subsoil is gray or fight ol/ve-gray silty clay mottled with yellowish brown. This soil 
is medium acidic in the surface layer and very strongly acidic to alkaline in the subsoil. 
Generally it is very low in nitrogen end phosphorous content and low in potassitun. Permeability 
is very slow and nmoffis slow. Available water capacity is moderate. 

Most of the acreage is wooded. Flooding commonly lasts 3 to 14 days in winter and spring. 
Moisture is adequate for plants in most years. The major limitations are frequent flooding, 
wetness and low fertifity. 

The Muskogec-McKamie complex is descn'bed in detail in Section 7.3.1. 
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The Midland silty clay loam is in broad, slightly concave areas in the southern paIt of Evangeline 
parish. It is wet for extended periods because nmoffis slow and permeability is very slow in the 
clayey subsoil. The surface layer is dark-gray silty clay loam 5 inches thick. The subsoil is gray 
to brown-gray clay mottled with brown and yellowish brown. Generally the cont(a3t of nitrogen 
and phosphorous is very low and the potassium content is low. The soil is meditun acidic at the 
surface and grades to very strongly acidic below. Available water capacity is moderate. 

Most of the acreage is used for crops and pasture. The soil is saturated in winter End spring and 
water accumulates on the surface after a rain. The moisture available to plants, however, is 
inadequate during dry periods in most years. The principle limitations are wetness and low 
fertility. 

The Acadia silt loam is a very gently sloping (1% to 3%) soil in long narrow area.,; adjacent to 
drainages in the southern half of the parish. It is wet for extended periods after rams because 
lmmeab'dity is very slow in the clayey subso'ft. The surface layer is a gray silt logan 16 inches 
thick. The subsurface is light gray silt loam 6 inches thick. The subsoil, to a depth of 50 inches, 
is silty clay loam. R is gray mottled with yellowish brown in the upper 10 inches and is light 
olive gray below. Available water capacity is moderate. Generally the content of nitrogen and 
phosphorous is very low and the content of potaasium is low. The surface layer h medium acidic 
to very strongly acidic, and the subsoil is strongly to very strongly acidic. Runoff'is medium. 

About 75% of the acreage is wooded. A small percentage of  the acreage has beer. cleared for 
crops and pasture. The soil is saturated in winter and early spring, but lacks adeqltate moisture 
for plants during dry periods late in summer and fall in some years. The major li~aitations are 
low fertility, the erosion hazard and wetness. 

7.3.3.2 North Pipeline Corridor 

The North Pipeline Corridor will extend approximately 17.80 miles from the Mid Pipeline 
Corridor connection to the Tmmessee Gas Metering Site. There will be no additional 
construction along this corridor except for the TGP M&R site located at the northern end of the 
corridor, The TGP M&R site is discussed below in Section 7.3,5.1. 

7.3.3.3 South P[pellne Corridor 

The South Pipeline Corridor will extend south from the Mid Pipeline Corridor co:mection to the 
Transco Metering Site, through the Texas Gas Transmission Metering Site to the Texas Eastern 
Transmission Metering Site, then south to the East Lateral Pipeline Corridor con~ecfion for a 
total length of 16.4 miles. 

The South Pipeline Corridor is located along the following series/complexes, in alphabetical 
order: 

Acadia silt loam 
Basile - Wrightsville Complex 
Crowley=Vidrine Complex 
Mamou silt loam 
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• M o w a t a  s i l t  l o a m  

The soils found along the South Pipeline Corridor are generally silt learns. 

The details of the Acadia silt loam and the Basile - Wrightsville Complex are discussed above in 
Section 7.3.3.1. 

The Crowley-Vidrine Complex are nearly level, poorly drained to somewhat poorly drained soils 
on broad, slightly convex areas in the southwestern part of Evangeline Parish. Th,- Crowley soils 
make up about 65% of the acreage and the Vidrine soils make up about 30%. 

The Crowley soils are wet for extended periods because runoffis slow and permeability is very 
slow in the clayey subsoil. The surface layer is dark grayish-brown silt loam 8 inches thick. The 
subsurface layer is grayish-brown silt loam 12 inches thick. The subsoil is grayish silty clay 
mottled with red and yellowish brown to a depth ofmore than 50 inches. Generally the content 
of nitrogen and phosphorous is very low and that ofpotsssium is low. This soil is strongly acidic 
in the surface layer and grades to neutral in the lower subsoil; Available water capacity is 
moderate. 

The Vidrine soil is on smooth mound areas and micro-ridges, h is wet for signifi¢ antly long 
periods because of the slowly permeable clayey subsoil. The surface layer is grayiab-brown silt 
loam. The upper part of the subsoil is yellowish-brown silt loam and the lower part is grayish- 
brown silty clay mottled with red. Generally the content of nitrogen and phospho~ous is very 
low and that of potassium is low. The soil is strongly acidic in the surface layer md grades to 
neutral in the lower subsoil. Permeability and runoffare slow. Available water c~acity is high. 

Most of the acreage is in crops and pasture. The soils are saturated in winter and early spring, 
but lack adequate moisture for plants during dry periods in some years. The principle limitations 
are wetness and low fertility. 

The Mamou silt loam is at higher elevations in the southwestern part of Evangeline Parish. 
Slopes range from 1% to 3%. It is wet for extended periods of time because permeability is 
slow. The Mamou's sm'face layer is grayish-brown silt loam 6 inches thick. The subsurface 
layer is yellowish-brown silt loam mottled with gray. It is about 5 inches thick. 1~e silty clay 
subsoil is mottled red and dark gray in the upper part and yellowish brown in the lower part. 
Below a depth of 26 inches it is mottled yellowish-brown loam. The nitrogen, phosphorous and 
potassium content is low. The surface layer is slightly acidic to neuUal. Runoffi~: medium. The 
available water cal~'ity is high. 

Most of the Mamou acreage is used for crops and pasture. The soil is saturated for short periods 
in the winter and spring, but lacks adequate moisture for plants during dry pefiod~ in some years. 
The principle limitations am low fertility, the erosion hazard and wetness. 

Mowata silt loam is in broad, concave areas in the southern part of Evangeline P~islx It 
becomes waterlogged after a rain and is wet for extended p~-iods becansc runoffis slow and 
permeability is very slow in the claypan subsoil. The surface and subsurface layc:s are gray silt 
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loam and have a combined thickness of 23 inches. The subsoil is dark-gray silty clay above a 
depth of 33 inches and gray silty clay loam below. The nitrogen and phosphorous content is very 
low and the potassium content is low. The soil is medium acidic in the sttrface la31:r and 
strongly acidic below. Available water capacity is moderate. 

Most of the Mowata acreage is used for crops and pasture. The soft is saturated in winter and 
early spring and water accumulates after a rain. Soil moisture, however, is inadequate during dry 
periods in most years. The principle limitations are wetness and low fertility. 

The details of the Wrightsville-Vidrine Complex are described above in Section 7 3.2 

7.3.3.4 East Lateral Pipellne Corridor 

The East Lateral Pipeline Corridor will extend east fxom the South Pipeline Corridor Connection 
and will terminate at the Florida Gas Transmission Metering Site after a distance of 3.17 miles. 

The East Lateral Pipeline Corridor is located in Acadia Parish and runs through the Acad/ana silt  
loam, Basils and Brule soils, Crowley silt loam, Iota silt loam, and Kinder-Vidrin¢: silt loams. 

The majority of the 1.4 miles on the west end of the East Lateral Pipeline Corrido3" is located in 
the Crowley silt loam. This includes the contractor's temporary yard at the junction of the 
existing pipeline and the East Lateral Pipeline Corridor (Section 7.3.5.7) and the ANR South 
M&R site (Section 7.3.5.6). 

The Crowley is a silt loam with 0 to 1% slopes. It is a level to nearly level, some~dutt poorly 
drained stream terrace located on broad, slightly convex ridges. This soil has naturally medium 
fertility. Runoffis very low to medium, and permeability is very slow. A perchexl water table is 
at a depth of 0.5 to 1.5 feet. 

The Crowley surface soil in Acadia Parish is a dark grayish brown silt loam. The subsm-face 
layer is characterized as a light brownish gray silt loam. The subsoil layer is grayish to brownish 
silty clay. 

Most of the acreage is cropland. Other uses include pasture and crayfish farming. 

The Kinder-Vidrine is a silt loam with 0 to 1% slopes. The Kinder soils are level to nearly level 
and the Vidrine soils are nearly level to gently sloping. The Kinder-Vidrine silt klam is poorly 
drained. It is composed of stresm terraces. The Kinder soils are located on broad fiats and 
depressions on the terraces. The Vidrine soils are located on convex, circular moonds. Both 
soils have naturally low fertility. Ronoffis low and permeability is slow. A perched water table 
is at a depth of 0 to 2 feet 

Both the Kinder and the Vidrine surface layers are a dark grayish brown silt loam. The Kinder 
subsurface layer is characterized as a light brownish gray silt loam. The Vidrine does not 
contain a subsurface layer. The subso'd layer is grayish to brownish silty clay. 

%10 



Jnofflclal FERC-Generated PDF of 20040720-0004 Received by FERC OSEC 07/16/2004 in Docket#: CP04-379-000 

PUBLIC 

V 

V 

Most of the Kinder-Vidrine acreage is woodland. Other uses include cropland, pasturo and 
crayfish farming. 

The Iota is a s i r  loam with 3 to 8% slopes. It is a moderately sloping to sloping, well drained 
soil located on uplands. This soil has naturally low fertility. Runoff is very high, and 
permeability is very slow. 

The Iota surface layer in Acadia Parish is a brown silt loam. The subsurface layer is 
characterized as a pale brown silt loam. The Kinder subsoil layer is a variegated 8ray, reddish 
brown and light brownish gray silty clay. The Vidrine subsoil layer is a dark gra)ish brown, 
light yellowish brown, and gray silty clay. 

Most of the Iota acreage is woodland, although it is also used as pasture. 

The Basils and Brule soils have a 0 to 3% slopes. The Basils soils are level to nearly level and 
the Brule soils are nearly level to very gently sloping. The soils are poorly dralne:l. These soils 
are located in floodplains. The Basils soil is in swales and the Brule is located on low convex 
ridges. These soils have a naturally low to medium fertility. Runoffis very low to pondod, and 
permeability is moderate. 

The Basile surface layer is a dark grayish brown siR loam. The Brule surface lay(.T is a dark gray 
silty clay loam. The Basils subsurface layer is characterized as a grayish brown silt loam. The 
Brule subsurface layer is characterized as a dark grayish brown silty clay loam. "Ihe Basile 
subsoil layer is light brownish gray silty clay loam. The Brule subsoil layer is brc,wn to 
yellowish brown or gray silt loam. 

Most of  the acreage is woodland. Other uses include wildlife and pasture. 

The Acadiana is a silt loam with 1 to 3% slopes. It is a gently sloping, moderately well drained 
soil on stream terraces located on convex side slopes. This sou has naturally low fertility. 
Runoffis medium, and permeability is very slow. 

The Acadiana surface layer in Acadia Parish is a dark grayish brown silt loam. "Ills subsurface 
layer is characterized as a light yellowish brown silt loam. The subsoil layer is a variegated gray, 
reddish brown and light brownish gray silty clay. 

Most of the Acadiana acreage is woodland and pasture, although other uses include cropland, 
home sites and recreation. 

7.3.3.5 TGT Lateral  Pipeline Corr idor  

The TGT Lateral Pipeline Corridor is underlain by the Crowley-Vidrine Complex and the 
Mowata silt loam. The Crowley-Vidrine complex and the Mowata silt loam are both described 
in detail in Section 7.3.3.3. 

V 
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7.3.4 METERING AND REGULATOR SITES AND INTERCONNECTS 

Seven meters at six metering sites will be connected to the Gas Handling Facility ;~ite to 
facilitate custody transfer measurement to and from their associated pipeline inten:onnects (see 
Table I-2). Each metering site will be serviced by a 24-inch bi-directional natural gas pipeline 
interconnect. 

7.3.4.1 TGP Metering and Regulator Site and Interconnect 

The Tennessee Gas Pipeline Metering and Regulator Site and Interconnect is loca:ed in Rapides 
Parish, north ofthe Gas Handling Facility. The majority of the TGP Metering Sit,~ and Regulator 
and Interconnect is underlain by the Malbis fine sandy loam. This is a very gently to gently 
sloping (1 to 5% slope), moderately well drained, loamy soil on uplands. This soil has naturally 
low fertility. Runoffis medium, and water and air move moderately slow througl', the soil. A 
seasonal high water table is at a depth greater than 6 feet. Roots penetrate easily. The part oftbe 
subsoil that contains plinthite perches water for short periods during winter and sgring. Slope 
and hazard of erosion are the main limitations. 

Most of the acreage is wooded. A small portion of the acreage is in pasture. 

The northeast comer of the metering site is underlain by the Guyton complex. This complex is 
on alluvial plains of streams that drain the uplands, therefore it is fi~luently flooded. It consists 
of poorly drained loamy soils. Slopes are 0 to 1%. 

The surface layer is grayish-brown silt loam about 3 inches thick. The subsurface layer is light 
bmwn/sh-gray silt loam about 14 inches th/ck. The subsoil to a depth of 80 incbe5 is gray/sh- 
brown silty clay loam mottled with yellowish brown. 

This complex has low natural fertility. Runoffis slow and water moves slowly through the soil. 
A seasonal high water table is enconntered at a depth of 0 to 1.5 feet from December through 
April. This complex is often flooded because of nmoffreceived following rains Curing the 
winter and spring. It is dry during smnmer and fall. Flooding, low strength, and ,,etness are the 
main limitations. 

Most of the acreage is in mixed hardwoods and pine trees. This complex is not suited to crops or 
to most pasture plants, because of flooding. 

7.3.4.2 ANR ML2 Metering and Regulator Site and Interconnect 

The ANR ML2 Metering and Regulator Site and Interconnect is underlain bythe Wrightville- 
Vidrine complex, which is descn'bed in detail in Section 7.3.2. 

7.3.4.3 TGT/TRANSCO Metering and Regulator Site and lnterconne~ 

The TGT/TRANSCO Metering and Regulator Site and Interconnect is underlain by the Crowley- 
Vidrine complex, which is described in detail in Section 7.3.3.3. 
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7.3.4.4 TETCO Metering and Regulator Site and Interconnect 

The TETCO Meter and Regulator Site and Interconnect is underlain by the Mamou silt loam, 
which is described in detail in Section 7.3.3.3. 

7.3.4.$ ANR SE Metering and Regulator Site and Interconnect 

The ANR SE Metering and Regulator Site and interconnect is entirely located in the Crowley silt 
loam, which is des~ibed in detail above in Section 7.3.3.4. 

7.3.4.6 FGT Metering and Regulator Site and Interconnect 

The FGT Metering and Regulator Site and interconnect is underlain by the Acadi~ma silt loam, 
which is described in detail in Section 7.3.3.4. 

V 

V 

7.3.5 CONTRACTORS' TEMPORARY YARDS 

7.3.5.1 Contractors' Temporary Yard No. 1 

This facility is entirely located in the Crowley silt loam, which is described in Section 7.3.3.4. 

7.3.5.2 Contraetorl' Temporary Yard No. 2 

This facility is located in the Mamou silt loam and the Crowley-Vidrine complex. The Mamou 
silt loam is described in Section 7.3.3.3 and the Crowley-Vidrine complex is described in Section 
7.3.3.3. 

7.3.5.3 Contraetor~' Temporary Yard No. 3 

This facility is located in the Mowata silt loam, which is described in detail in Set,on 7.3.3.3, 
and the Wrightsville-Vidrine complex, which is descn%ed in detail in Section 7.3.2. 

7.3.5.4 Contractors' Temporary Yard No. 4 

This facility is entirely located in the Wrightsville-Vidrine complex, which is de~m'bed in detail 
in Section 7.3.2. 

7.3.5.5 Contractors' Temporary Yard No. S 

Approximately the northern half of the facility is located in the Wrightsviile-Vidrme complex 
and the southern half is located in the Crowley-Vidrine complex. The Wrighisvilte-Vidrine 
complex is described in detail in Section 7.3.2 and the Crowley-Vidrine complex is deecribed in 
Section 7.3.3.3. 
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7.4 POTENTIAL PROJECT IMPACTS ON SOII~ 

Construction activities have the potential to adversely affect soil characteristics, thereby limiting 
the restoration potential of areas disturbed by land-clearing activities, well develoi3ment, the 
movement of heavy equipment, and restoration activities. Potential soil impacts h the Project 
area include loss of vegetation and subsequent soil erosion, soil compaction and damage to soil 
structure as a result of construction vehicle ~affic, and structural damage to wet soils and soils 
with poor drainage. Table 7-1 provides soil limitations of the soil associations and series 
affected by each Project component. 

Short-term increases in erosion can occur as a result of the removal of vegetation ,:luring clearing 
and grading activities and the subsequent exposta'e of topsoil to wind action and precipitation. 
Soil series that exhibit high erosion potential in the Project area are listed in Table 7-1. 
Procedures listed in the Erosion and Sediment Control Plan (E&SCP) will be followed for these 
areas and will reduce the potential impacts of erosion (see Appendix B). 

Other impacts to soils that may result from construction of the Project facilities in.:lude rutting 
and compaction of soils due to transport of heavy equipment. These impacts may be more likely 
when soils are saturated or moist Soils with the potential for compaction and rutting from heavy 
equipment usage were identified from the Evangeline Parish, Acadia Parish and Rapides Parish 
soil surveys. Soil associations and soil series with somewhat poorly drained chan=:teristies 
potentially susceptible to compaction or rutting are also listed in Table 7-1. 

V 
7.5 MEASURES TO MINIMIZE AND MITIGATE PROJECT IMPACTS ON SOILS 

The proposed Project will have temporary short-term impact on most of the soils only during 
construction. A description ofthe construction methods that PPEC will use to mhfimize any 
long-term effects, which will occur mainly at the Gas Storage Site and the Meterhtg and 
Regulator Sites, can be found in Resource Report 1. PPEC will closely follow the Project 
E&SCP (a copy of which can be found in Appendix B). Temporary Erosion Control for the 
proposed Project will include the use of a sediment fence, hay bales or a combination oftbe two. 

V 
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Table 7-2 Detailed Milepost  Chart 

~:: M i l e P o s t l  ¸ :":  : ! : i / ¸ : i ~ i : i : S o i i i i $ ~ e s / C 0 ~ l e x  : ' ~::::i::~:i~ ¸ : ¸ ::̧ ̧ ̧̧ ̧̧ i̧  ̧i ' 

0.00 EL-  1.42 EL 
1.42 EL-  1.94 EL 
1.94 EL - 2.07 EL 
2.07 EL - 2.11 EL 
2.11 EL-2 .18  EL 
2.18 EL-  2.43 EL 
2.43 EL - 2.49 EL 
2.49 EL - 2.66 EL 
2.66 EL-  2.72 EL 
2.72 EL-  2.79 EL 
2.79 EL-  2.88 EL 
2.88 EL-  3.03 EL 
3.03 EL-  3.17 EL 

0.00M - 0.17 M 
0 . 1 7 M -  0.21 M 
0.21 M - 0.24 M 
0.24 M - 0.48 M 
0.48 M - 0.53 M 
0.53 M - 0.62 M 
0.62 M - 098 M 
0.98 M -  1.11 M 
1.11 M -  1.22M 
1.22 M -  1.34 M 
1 .34M-  1.43 M 
1.43 M -  1.63 M 
1.63 M - 4.22 M 
4.22 M - 4.78 M 
4.78 M -  5.05 M 
5.05 M -  5.52 M 
5.52 M -  5.87 M 
5.87 M - 6.05 M 
6.05 M -  6.30 M 
6.30 M -  6.36 M 

E A S T  L A T E R A L  
Crowley silt loam, 0 to 1% slopes 

Kinder-Vidrine silt loam, 0 to 1% slope 
Iota silt loam, 3 to 8% slopes 

Basile and Brule soils, 0 to 3% slopes 
Iota silt loam, 3 to 8% slopes 

Basile and Brule soils, 0 to 3% slopes 
Acadiana silt loam, 1 to 3% slopes 

Kinder-Vidrine silt loam, 0 to 1% slope 
Acadiana silt loam, 1 to 3% slopes 

Basile and Brule soils, 0 to 3% slopes 
Acadiana silt loam, 1 to 3% slopes 

Kinder-Vidrine silt loam, 0 to 1% slope 
Acadiana silt loam, 1 to 3% slopes 

M I D  C O R R I D O R  
Wrightsville-Vidrine Complex 

Acadia silt loam, 1 to 3% slopes 
Basile-Wrightsville Complex, frequently flooded 

Acadia silt loam, 1 to 3% slopes 
Wrightsville-Vidrine Complex 

Midland silty clay loam 
Wrightsville-Vidrine Complex 

Basile-Wrightsville Complex, frequently flooded 
Wrightsville-Vidrine Complex 

Basile-Wrightsville Complex, frequently flooded 
Wrightsville-Vidrine Complex 

Basile-Wrightsville Complex, frequently flooded 
Wrightsville-Vidrine Complex 

Duralde silt loam, 1 to 3% slopes 
Wrightsville-Vidrine Complex 

Duralde silt loam, 1 to 3% slopes 
Wrightsville-Vidrine Complex 

Duralde silt loam, 1 to 3% slopes 
Muskigee-McKamie Complex (MUD2) 

Duralde silt loam, 1 to 3% slopes 
T E X A S  GAS L A T E R A I ~  

0.00 T- 0.42 T 
0.42 T - 0.64 T 
0.64 T -  0.70 T 

Crowley-Vidrine Complex 
Mowata Silt Loam 

Crowley-Vidrine Complex 
S O U T H  C O R R I D O R  

5.25 S -  5.36 S 
5.36 S -5.58 S 
5.58 S-5.89 S 
5.89 S -6.16 S 
6.16 S -6.37 S 

Mamou silt loam, 1 to 3% slopes 
Crowley-Vidrine Complex 

Mowata silt loam 
Crowley-Vidrine Complex 

Mowata silt loam 

7-20 



Jnofflclal FERC-Generated PDF of 20040720-0004 Received by FERC OSEC 07/16/2004 in Docket#: CP04-379-000 

PUBLIC 

V 

V 

• : J 

Mile Pint  

6.37 S'-7.12 S 
7.12 S -7.16 S 
7.16 S -7.89 S 

7.89 S -7.99 S 
7.99 S -8.11S 
8.11S -8.20 S 
8.20 S -8.29 S 
8.29 S -8.37 S 
8.37 S -8.91 S 
8.91 S -9.05 S 
9.05 S -9.13 S 
9.13 S -9.16 S 
9.16 S -9.30 S 
9.30 S -9.45 S 

9.45 S -10.26 S 
10.26 S -10.43 S 
10.43 S -10.46 S 
10.46 S -11.43 S 
11.43 S -11.55 S 
11.55 S -11.80 S 
11.80 S -11.97 S 
11.97 S -12.02 S 
12.02 S -12.39 S 
12.39 S -12.45 S 
12.45 S -12.56 S 
12.56 S -12.62 S 
12.62 S -13.02 S 
13.02 S -13.17 S 
13.17 S -13.22 S 
13.22 S -13.56 S 
13.56 S -13.60 S 
13.60 S -14.06 S 
14.06 S -14.54 S 
14.54 S -15.16 S 
15.16 S -15.21 S 
15.21 S -15.24 S 
15.24 S -15.45 S 
15.45 S -16.08 S 
16.08 S -16.37 S 
16.37 S -16.49 S 

17.80N 
17.80 N 
17.80 N 

emwley-Vidrine Complex 
Mowata silt loam 

Crowley-Vidrine Complex 
SOUTH CORRIDOR 

Mowata silt loam 
Crowley-Vidrine Complex 

Mowata silt loam 
Wrishtsville-Vidrine Complex 

Basile-Wrightsville Complex, frequently t']0oded 
Wrishtsville-Vidrine Complex 

Mowata silt loam 
Wrishtsville-Vidrine Complex 

Mowata silt learn 
Crowley-Vidrine Complex 

Mowata silt loam 
CYowley-Vidrine Complex 

Mowata silt loam 
Crowlcy-Vidrine Complex 

Mowata silt loam 
Crowley-Vidrine Complex 

Mowata silt loam 
Wrishtsville-Vidrine Complex 

Basile-Wrishtsville Complex, fi'equently fl_ ~ded 
Wrishtsville-Vidrine Complex 

Acadia silt loan~ 1 to 3% slopes 
Basile-Wrishtsville Complex, frequently fl3cxted 

Acadia silt loam, I to 3% slopes 
WrishtsviUe-Vidrine Complex 

Crowley-Vidrine Complex 
Mow'am silt loam 

Crowley-Vidrine Complex 
Mowata silt loam 

Crowley-Vidrine Complex 
Mowata ~ t  loam 

Crowley-Vidrine Complex 
Mamou silt loam~ 1 to3% elopes 

Bmle-Wrishtsville Complc% frequently fl3oded 
Wrishtsvine-Vidrine Complex 

Mowata silt loam 
Crowley-Vidrine Complex 

Wrishtsville-Vidrine Complex 
NORTH ~ TGP Meter  Site 

Ruston Fine Sandy Loam, I to 3% s l o p e s  
Marois Fine Sendy Loam, 1 to 5% mopes 

Con~lex r Frequent~ Floode¢~......_ 

v 
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R E S O U R C E  R E P O R T  8 - L A N D  USE,  R E C R E A T I O N  A N D  A E S T H E T I C S  
F E R C  E N V I R O N M E N T A L  C H E C K L I S T  

Filing Requlremenm 

1. Clauify and quantify land use affected by: 

• Pipeline construction and permanent right~-of-way; 
• Extra work/staging areas; 
• Acce~ roads; 
• Pipe and contractor yards; and 
• Abovesround facilities. 

2. Identify by ndlepost all locatimu where the pipeline ROW would at 
least partially coincide with existiug ROW, adjacent to 
ROWt. and outside of existin~ ROW. 

3. Provide detailed typir~ ~ ROW crma-~-tion diagrams 
showin8 information such u widfla and relafiw locatiom of exi~ing 
ROW, new pemmment ROW and tempmary ce~un~-~-fio~ ROW. 

4. Summarize the total acreage of land affected by consl3x~tion and 
oper~on of the prejec~ 

5. Identify by milepost all planned residential or commercial/business 
developmem and the time fi~me for commact/on. 
• Identify all planned development crossed or within 0.25 mile of 

proposed facilitY. 

6. lden~fy by milepost ~vecial land uses. 

7. I ~  by begimfing nfilepost and length of c~ssing aU land 
administered by Federal, state, or local agencies, or private 
conservm~on orpnlzat~us. 

8. Identify by milepost aU natural, recreational, or scenic areas and all 
~ p ~ e d  natural landmad~ crmsed by the project. 
• Identify areas within 0.25 ndle of any proposed facilfly. 

9. Identify all facilities that would be within designated c~mtal zone 
management areas. 

10. Ideufify by nfilepo~ all residence that would be wflhin 50 feet of the 
~ right-of-way or extra work are& 

11. Identify all desigmt~d or proposed candidate National or State Wild 
and Scenic Rivent ¢~aed by the pm~ 

12. Dcscn'be any measur~ to visually scree~ sbovegnm~ facilities, such 
u comlm~sor mtions. 

13. ~ t e  that appltcatiom fc~ ROW m otber proposed land me 
have been or mort will be fikd wflh Federal Ims~mmmglng agencies 
with~m~k~on over land that would be affected by the project 

14. I ~  aft buildings within 50 fee¢ of the ~ o n  s~ht-of-way 
or ext~ wo~ areas. 

15. Descn~ the mmagement and use of ill peblk finds that woeld be 
crossed. 

16. Provide a list of landownm~ by m~epost or tract number that 
conesponds to info~mmion on alillmnent sheem. 

17. Provide a s i t e - ~  phm for n~ideaces w/thln 50 feet of  

C o m p a n y  C o m p H u c e  or  
lnappHc~d~lllty o f  

Requhement 

Appendix A Lg~d Requirements 
and Existm~ Land Use 

Table 8-2 New und Existing 
ROWs Along Proposed Pipel~s 

Figures 1.2-1AI, 1.2-2A1 - A3, 
1.2-3AI - AT, 1.3-1A1 - A4, and 
1.3-2A1 - A3 
Table 8-1 Suronmry of Acreage 
~ n y p r o j ~  

§ 8.3.2 Planned Residential Areas 

§8.4 Publk I ~  d, Recreation md 
Other Desilnated Areas 

§8A Public Lsz d, l~on ~d 
Otb~ Dcsi~mted Arms 

§8.4 Publlc Laxd, Recreation and 
Other Desi~mted Areas 

N/A - because th; Project is 
locatod ouU~ide of a Coamul Zone 
Managemem Area 

§ s.3 Rm~d A~u 

§&4 Pebtk L~d, Re.cation md 
Oe~ V e ~ m ~  Xre~ 

§ 8.5 V h m l ~ o u ~ e s  

N/A - The ~e~ does not involve 
aay fedend, rote ~ Indien 
administered ¢~ © wried lands 

§ s.3.1 ~ P.mide~, 

§ 8.4 Publ~ Lm~ Recreation and 

Appendix D Landowner List 

Appendix B Erodon and 
Sediment Controt Plan 
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8.0 RESOURCE REPORT 8 - LAND USE, RECREATION AND 
AESTHETICS 

V 

8.1 SITE DESCRIPTION 

The Pine Prairie Energy Center Storage Project is a high deliverabifity, natural gas storage 
facility designed for injection, storage and withdrawal of natural gas in salt caverns. The Gas 
Storage Site will be located on a 60.57-acre parcel of company-owned land approximately 15 
miles north of Eunice and approximately 1 mile west of Easton, in Section 36, Tcwmhip 3 
South. Range 1 West in Evangeline Parish, LA. The Brine Disposal and Raw W~er Withdrawal 
site will be located on an approximately 10-acre parcel of land to be acquired by ],PEC. The 
precise dimensions of this parcel are being established through negotiations with the affected 
landowners, it will fall entirely within a larger area of approximately 30 acres that PPEC and its 
consultants have evaluated. This site is located approximately 1.92 miles southwest ofthe Gas 
Storage Site. Pipeline and related metering and regulation facilities associated with the Project 
will extend for relatively short distances into Rupides Parish (to the north of the proposed Gas 
Storage Site) and Acadia Parish (to the south of the Gas Storage Site). 

The property to be occupied by the Gas Storage Site and the Brine Disposal and Raw Water 
Withdrawal Site is unimproved land comistin 8 primarily of pine forest, native grasses and 
shrubs. With the exception of occasional timbering, there are no known current uses of the 
property. 

8.2 LAND REQUIREMENTS OF PROPOSED FACILITIES 

Table 8-1 summarizes the total acreage of land affected by construction and operation of the 
Project. A detailed description of the temporarily and permanently impacted lane. types is 
located in Appendix A. 

V 

8.2.1 GAS STORAGE SITE 

The following components of the Project will be located on a 60.57-acre parcel of company- 
owned land in Evangeline Parish, Louisiana. 

8.2.1.1 Gas Handling Facility 

The Gas Handling Facility will consist oftbe Compressor Station, gas dehydration equipment, 
and other associated infi'astmcture necessary to support the direction and muting 3f gas to and 
from the Gas Storage Cave,in located nearby. (See Figure) 1.4-1A2 Map of Surly (Gas 
Storage Site and Gas Handling Facilify, 1.1-3AI Gas Storage Site - Aerial, I.I-9A1 Gas 
Handling Facili(y Layout.) The main compressor building will be approximately 65 x 343 x 25 

8-1 
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fl eve height. An estimated 9.88 acres will be temporarily impacted by construction of the Gas 
Handling Facility, of which 8.03 acres will be permanently impacted (see Table 8..1). 

8.2.1.2 Gas Storage Caverns 

Three Gas Storage Caverns will be developed within the Pine Prairie salt dome. (See Figure 
1.1-13A1 Typical Gas Storage Cavern Well Site Diagram.) Each cavern will initially require a 
matted area for drilling operations measuring 200 flx 323 fi plus an adjacent area measuring 150 
fi x 30 fi (1.58 acres each). Once the cavern wells are drilled and completed, a 110 f ix 110 fi 
area will be permanently maintained at each site (0.28 acre each). An estimated 4.74 acres will 
be temporarily impacted by construction of the Caverns 1, 2 and 3, of which 0.84 acre will be 
permanently impacted (see Table 8-1). 

8.2.13 Pipe Fabrication Area 

The Contractor's Fabricalion Area (200 x 323 feet) will be a temporary element ofthe Project 
(See Figure l.l-3A1). It will first be located at the Gas Storage Cavern 2 site while Gas Storage 
Cavern I is being constructed. After Gas Storage Cavern I is completed, the Contractor's 
Fabrication Area will be relocated to the Gas Storage Cavern 1 site, where it will ::emain for the 
duration of construetion activities. The Contractor's Fabrication Area will occupy the same 
space as one cavern area; therefore, an estimated 1.58 acres will be temporarily impacted and 
there will be no additional permanent impacts. 

8.2.1.4 Service Corridor 

Service Corridors will provide personnel and vehicular access, as well as pipeline, utility and 
transmission services, between the Gas Handling Facility and the Gas Storage Ca'terns. An 
estimated 6.40 acres will be temporarily impacted along the Service Corridors, of which 
4.20 acres will be permanently impacted (see Table 8-1). 

V 

8.2.2 BRINE DISPOSAL AND RAW WATER ~firlTHDRAWAL SITE 

The Brine Disposal and Raw Water Withdrawal Site will be constructed on a tract of 
approximately 10 acres to be located 1.92 miles southwest of the Gas Storese SiU:. (See Figure 
1.1-4A1 Brine Dfirpo3al and Raw Water ;Hthdrawal Facility Site -Aerial.) 

8.2.2.1 Raw Water Wells 

Four Raw Water Wells will be developed to service the solution mining operatiors. Each well 
will initially require a matted area for drilling operations measuring 125 flx 125 It (0.36 acre). 
A 30 flx 30fl area (0.02 acre) will be permanently maintained eround each well f3r wellhead 
piping and operation of associated componants. An estimated 1.44 acres will be lemporsrily 
impacted by the construction of the four Raw Water Withdrawal Wells, and 0.08 acres will be 
permanently impacted (see Table 8-1). 

8-2 
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8.2.2 .2  Brine Disposal Wells 

Four Brine Disposal Wells will be developed to dispose of brine produced in the :',air cavern 
solution mining process. Each well will initially require a matted area for drilling operations 
measuring 145 flx 210 fl plus a 28 ftx 150/t matted area (0.80 acre). Upon completion of 
drilling, a 110/t x 110 fl area (0.28 acre) will be permanently maintained around each well. An 
estimated 3.20 acres will be temporarily impacted by construction oftbe four Raw Water 
Withdrawal Wells, and 1.12 acres will be permanently impacted (see Table 8-1). 

8.2.2.3 Service Corridors 

The Service Corridors connecting the Brine Disposal Wells and the Raw Water Wells will 
provide personnel and vehicular access, as well as pipeline, utility and transmission services, to 
the well sites. These con-idors will include all service roads, road en~es fIom Ambrose Road, 
pipelines, pipe-ways and power lines. An estimated 5.36 acres will be temporarily impacted 
along the Service Corridors, and 0.52 acre will be permanently impacted. 

V 

V 
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Table 8-1 Summary  of Acreage Impacted by Project 

Proposed Facilities 

Gas Storage Site 
• Gas Handling Facility 
• Gas Storage Caverns Sites 
• Contractor's Fabrication Area 
• Service Corridors 

Subtotal 
Brine Disposal and Raw Water Withdrawal 
Well Site 

• Water Withdrawal Wells 
• Brine Disposal Wells 
• Service Corridors 

Subtotal 
Mid Pipeline Corridor 

(including Temporary Extra Work Space) 
North Plpoilne Corridor 
Soutk PlpeUne Corridor 

(mcludtn8 T e m p o ~  ~ Work Space) 
Eut Lateral Plpoane Corridor 

(includin 8 Temponu 7 Extra Work Space) 
TGT Lateral Pipeline Corridor 
Meter and Regulator Sites and Interconnects 

• Meter and Regulator Sites 
• Interconnects 
(including Temporary Extra Work Space) 

Contractors' Temporary Yards 

T O T A L  

Total 
Length (mUm) 

Size (seres) 
o r  

Number of Sites 

4 
4 
1 

6.36 miles 

17.80 miles 
27.73 miles 

Temporarlb 
Impacted 

(sere) 

9.88 
4.74 
1.58 
6.4O 

22.60 

1.44 
370 
5.36 

10.00 
85.24 

0.25 
133.08 

l~el-mJlmen~l~ 
Impacted 

(acre) 

8.03 
0.84 
0.00 
4.2O 

13.07 

0.08 
1.12 
O.52 
1.72 

42.56 

0.00 
30.66 

3.17 miles 36.15 11.51 

0.70 miles 8.79 2.55 

6 
7 

42.70 
9.60 

43.51 

391.92 

5 

4.28 
0.00 

0.00 

109,35 

V 
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8.2.3 GAS TRANSMISSION PIPELINES 

The third major component of the proposed Project is a system of gas transmission pipelines 
linking the Project with seven mainline gas transmission pipelines. (Figure 1.1-6AI Corridor 
Intersection Site, Figure 1.1-6A2 East Lateral Pipeline Tie-in, and Figure 1.1-6A3 TGT Tie-in.) 
Table 8-2 identifies the locations where a pipeline will be constructed in or adjaomt to an 
existing transmission ROW. 

8.2.3.1 Mid Pipeline Corridor 

The Mid Pipeline Corridor will connect the Gas Handling Facility with the North Pipeline 
Corridor and the South Pipeline Corridor (the corridors by which the Project will initially be 
interconnected with the six transmission pipelines at the Meter and Regulator Sit,) and 
Interconneetions discussed later in this Resource Report). This corridor will be approximately 
6.36 miles long. 

The first segment of the Mid Pipeline Corridor will be approximately 1.92 miles in length 
and will extend from the Gas Handling Facility to the Brine Disposal and Raw Water 
Withdrawal Site. This segment will house two 24-inch bi-direetional natural gas pipelines, 
one 16-inch raw water withdrawal pipeline and one 16-inch brine disposal pipeline. 

In the second segment, the two 24-inoh bi-direcfional natural gas pipelines will continue from 
the Brine Disposal and Raw Water Withdrawal Site for approximately 0.36 ndle to the ANR 
ML2 Meter and Regulator Site. 

In the third segment, the two 24-inch bidirectional pipelines will continue from the ANR 
MI.2 Meter and Regulator Site 4.08 miles further to the North & South Pipeline Corridor 
connection. 

The Mid Pipeline Corridor will be constructed in a 100-foot wide ROW (50 feet ]3ermanent, 50 
feet temporary, with exlra temporary work space at specific road and bayou cro~,ings). The 
corridor will be approximately 6.36 miles long. Disturbed acreage along the Mi4. Pipeline 
Corridor will include 85.24 acres of temporary ROW, and 42.56 acres ofperman.mt ROW, of 
which 30.66 acres is permanent wooded impact. 

8.2.3.2 North Pipeline Corridor 

The North Pipeline Corridor will link the Mid Pipeline Corridor with existing inta'state gas 
transmission pipelines at Metering and Interconnect Sites located north of the Gas Storage Site. 
(See Figur~ l.l-gA1 - 8A7 Foo~rqnt of Pipeline, Alignment and Facility, Nort, i Pipeline 
Corridor.) It will consist of an existing 24-inch bi-dirc~onal natural gas pipelinv (with an 
existing 30-foot wide permanent ROW) that extends approximately 17.80 miles I~om the Mid 
Pipeline Corridor connection to the Tennessee Gas Meter and Regulator Site. Tl~is existing 
pipeline is a portion of the former Louisiana Chalk Gathering System (see Table 8-2). R is 
primarily located in Evangeline Parish, but it extends for a short distance into Ra')ides Parish. 

8-5 
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Disturbed acreage along the North Pipeline Corridor will include less than 0.25 n,:res of 
temporarily impacted land; however, zero acres will be permanently impacted since the existing 
ROW will be used (see Table 8-1). 

8.2.3.3 South Pipeline Corridor 

The South Pipeline Corridor is an existing pipeline corridor that was created by the construction 
of the Louisiana Chalk Gathering System. (See Figures 1.1-10AI - 10.4,6 DetaHedRoute and 
Wetland Alignment Sheet. South Pipeline Corridor). It will link the Mid Pipeline Corridor with 
gas transmission pipelines to the south and southeast of the Gas Storage Site. The South Pipeline 
Corridor will be composed of: 

• A new 11.24-mile long, 24-inch bidirectional pipeline that will loop and be 
installed Immediately adjacent to the existing 24-inch pipeline 

The new 24-inch bi-dirocfional pipeline will extend from the Mid Pipeline C3rridor 
connection, south past the Transco Meter and Regulator Site and the Texas (;as 
Transmission Meter and Regulator Site, and will end at the Texas Eastexn Transmission 
Meter and Regulator Site. The new pipeline will be constructed within a 100-font wide 
ROW that consists of the existing 30-foot permanent easement (or servitudes), plus 70 feet 
of temporary work space, with extra temporary work space at specific road and bayou 
crossings. This will vary in some areas because of the configuration of the e~istins 
easement, but the total workspace will not exceed 100 feet, except at specific road and 
bayou crossings. 

• An existing 16.49-nflle long, 24-inch bidirectional pipeline 

The existing 24-inch pipeline continues south from the Texas Eastern Transx~sion Meter 
and Regulator Site for approximately 5.25 miles to the proposed East Lateral Pipeline 
Corridor connection. Existing ROW will be used for the installation of the new 24-inch 
pipeline, except where an additional 10 feet of width is required for about 6,981 feet of the 
ROW, and a new 30 feet of width is required for 7,913 feet of the ROW. 

The South Pipeline Corridor is located primarily in Evangeline Parish, but it also extends a short 
distance into Acadia Parish~ Disturbed acreage along the South Pipeline Corridor will include 
133.08 acres of temporary ROW and 48.60 acres of permanent ROW, of which 6.40 acres is 
permanent wooded impact (see Table 8-1). 

8.2.3.4 East Lateral Pipeline Corridor 

The new 24-inch bi-direetional natural gas pipeline in the Fast Lateral Pipeline Corridor will link 
the South Pipeline Corridor to transmission pipeline interoonnects south and southeast of the Gas 
Storage Site. (See Figures I.I-10CI - IOC2 Detailed Route and WetlandAligm~ent Sheet, East 
Lateral Pipeline Corr/dor.) Extending east flora the South Pipeline Corridor Colmeetion 
(located approximately 5.25 miles south of the Texas Eastern Transmission Inte~:onnection), the 
3.17-mile East Lateral Pipeline Corridor will service the ~ SE Metering Site and will 
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terminate further east at the Florida Gas Transmission Metering Site. The pipeline will be 
constructed in a 100-foot wide ROW (30 feet permanent, 70 feet temporary, with extra 
temporary workspace at specific road and bayou crossings). 

Disturbed acreage along the East Lateral Pipeline Corridor will include 36.15 acn,'s of temporary 
ROW and l 1.51 acres of permanent ROW, of which 3.41 acres is permanent wooded impact. 
(see Table 8-1). 

8.2.3.5 TGT Lateral Pipeline Corridor 

Disturbed acreage along the TGT Lateral Pipeline Corridor will include 8.79 acres of temporary 
ROW, which will be reduced to 2.55 acres of permanent ROW. 

8.2.4 METER AND REGULATOR SITES AND INTERCONNECTS 

Seven Meters and Regulators, located at six Meter and Regulator Sites, will be ~nnected to the 
24-inch pipelines extending to and from the Gas Handling Facifity to facilitate co3tody transfer 
measurement to and from their associated pipeline interconnects. One of the Meter and 
Regulator Sites will be located in Rapides Parish at the terminus of the North Pipeline Corridor, 
and two will be located in Acadia Parish along and at the terminus of the East Lateral Pipeline 
Corridor. The other three Meter and Regulator Sites will be located in Evengeline Parish. 

V 
Sites will vary from 100 flx 200 fl to 200 fi x 200, fi depending on location and equipment 
requirements. The ROW width will be 100 feet (30 permanent, 70 feet temporary, with extra 
work space at specific road and bayou crossings) and will total approximately 4,200 linear feet. 
An estimated 5.50 acres will be temporarily impacted by consmtction of the MeteT and Regulator 
Sites and Interconnects, and 4.28 acres will be permanently impacted. 

8.2.5 CONTRACTORS'  TEMPORARY YARDS 

It is anticipated that a total of five Contractors' Temporary Yards will be required along the 
pipeline corridors to store equipment and provide a fabrication area. It is esfimaUxl that Yard 1 
will have a temporary impact on 5.4 acres of land, Yard 2 will temporarily impac,: 14.6 acres, 
Yard 3 will temporarily impact 11.1 acres, Yard 4 will temporerily impact 1.61 acres and Yard 5 
will temporarily impact 10.8 acres. In total, an estimated 43.51 acres will be temporarily 
impacted by the construction of the five yards, but zero acr~ will be permanently impacted. 

v 
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Table 8-2 New u d  Existing ROW Along Proposed Pipelines 

Interconnecting Pipeline 

Pipeline connecting Gas Handling 
Facility and Gas Storagc Caverns 

New ROW 
(Milepost) 

4.44M - 6.36M 

Existing ROW 
Ovlael ) 

A d | a e m t  ROW 

Mid Pipeline Covddor 4.08M - 6.36M 0.0M - 4.08M 
North Pipeline Corridor 0.00N - 17.39N 
South Pipeline Corridor 0.00S - 16.49S 5.25S - 16.49S 
East Lateral Pipeline Corridor 0.00E - 0.85EL 0.85E - 3.17EL 
TGT Lateral O.OOT - O.70T 

v 
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8.3 RESIDENTIAL AREAS 

8.3.1 EXISTING RESIDENCES 

The proposed Project is located in a sparsely populated, rural area with scattered farm and non- 
farm residences. The route has been developed to minimize work near existing refidences. The 
route will pass within 50 feet o f  only one year-round residence. The home is loca~:ed adjacent to 
the existing South Pipeline Corridor. Anypotenfial impacts to residents will inv¢.lve short-term, 
site-specific impacts from construction noise and dust, construction equipment use o f  local roads, 
and work activities at r oad  crossings.  

8.3.2 PLANNED RESIDENTIAL AREAS 

The majority o f  the Project is located in a rural area o f  Evangeline Perish, with one Meter and 
Regulator and Interconnect Site in Rapides Parish, and two Meter end Regulator ,rod 
Interconnect Sites and part o f  the East Pipeline Lateral are in Acadia Parish. The 'e  are no 
currently proposed planned residential or commercial properties or projects on any o f  the land to 
be affected by construction, or the surrounding area. 

8.4 PUBLIC LAND, R E C R E A T I O N  AND O T H E R  DESIGNATED AREAS 

Land in this category includes lands idenfi6ed for special scenic, recreational or cultural 
purposes or those that have received a special land use designation. These lands i~lclude but are 
not limited to: 

National or state parks and forests, Native American Indian rescrvafiom, wilderness 
areas, wildlife management areas, nature preserves, national trails, registc,'red natural 
landmarks, and flood conlrol land; 

• Land used for designated recreational or conservation purposes, 

• Land of  historical or cultural significance; 
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• Landfills, hazardous waste sites, quarries, mines, or other special uses; and 

# National scenic rivers, State scenic rivers and designated scenic areas or loads. 

There are currently no existing or proposed categories of land described above th:tt would be 
affected by the Project. 

8.4.1 AGENCY AND LANDOWNER CONSULTATIONS 

Agencies and landowners were contacted as appropriate to gather information reg:arding public 
lands, recrea~on areas and other special land use designated areas. Contacts madv in preparation 
of the Resource Reports are included in Appendix C (Correspondence). 

V 

8.4.2 IMPACT AND MITIGATION 

In the absence of  public lands, recreation and other designated areas, no mitigation for impacts to 
these areas is proposed. Hunting is a popular activity in Evangeline, Acadia and t~pides 
Parishes. Discussions will be held with any affected landowners and hunting clulis prior to any 
hunting season if  construetion will be taking place during the season, to minimize any potential 
short term impacts. In addition, a safety awareness and training program will be teveloped and 
imple~anted prior to construction. 

8.5 VISUAL RESOURCES 

There are no visually sensitive areas along the proposed pipeline mutes or within ½ mile of the 
proposed aboveground facilities. All above ground facilities have been sited at lo~.,atious far 
removed and screened from the nearest residences. 

v 
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R E S O U R C E  R E P O R T  9 - A I R  A N D  N O I S E  Q U A L I T Y  
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Descrt%e existing air quality i .  project vicinity. Ideatlfy criteria 
polkmum that may be emitted above EPA-identified significance levels. 

Quantify existing noise levels at raise sensitive areu and at other areas 
covered by relevant state and local noise ordinances. Measuae or 
est~nate the existing ambicnt sound environment Include 8 plot plan 
that idemifies the locatiom and duration of raise meuurement~. 

Quantify existing and proposed e n ~ i o m  of compressor equipment, plus 
~ emissiom, including Nox and CO, md the besis fro" thesc 
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Dcscn'be proposed compressor units, imluding ~ t u r ~ .  model 
numbs, honepowar and meqp/source. 
Identify any nearby noiw.scns/tive arm by distance and d/re .on from 

proposed comprmsor bui Wenclosu . 
Identify any spplicable siam ~ local noise rcgulatimn. Specify how the 
facility will meet the regulmions. 
Calculate the noise impact at noisc-scmitive areas oftlm proposed 
comprcssor un/t mod/~ t /om ~ .dd/tion~ ~ bow the impm 
was calculated, including nmnufactmcr', dam and proposed noise control 
equipmm  
Prov/dc cop/m of ~uptic~on for state air ix~mim and agency 

For major 8ourc~ of air emissiom, provide copies of 8pplicatiom for 
permits to c o m m ~  (and otx'nte, if tpplicable) c* for at~l i~ 'di ty 
d c ~  u~dar ~ d a ~ o m  for the p ~ v ~ i o n  of si~Jflcam m 
quality deterioration md subsequent detemfimtiom. 

Descn~ nmammm and mam~acum~'s ,peclfxcatiom fc~ equlpment 
prupoeed to mitigam/mpact to ~ and no~ quality, including emission 
control systems, immllat/on of fdmrs, mufflers, ca imul~on ofp'q~ng 
and building, and orientation of equipn~-nt away ffmn noisc-sens/~ve 
Itr~MJ. 
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:Requi  r emeu t  
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I § 9.&.~ Exis~ Noise Levels 
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Figure I 

Table 9.1 Smtmmry of 
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Table 9-2 Smmd Surv W 
Smnmary Resulm 

§ 9.3,2 & 9.3.~ 

Attschmwt 9-1 Hoover & 
K©ith Repo~ 

A p ~  E 

19.3a Pro~med 
Miti[~on Measmes 

v 



Jnofflclal FERC-Generated PDF of 20040720-0004 Received by FERC OSEC 07/16/2004 in Docket#: CP04-379-000 

PUBLIC 

T A B L E  O F  C O N T E N T S  
• mr Page 

V 

9.0 

V 

AIR AND NOISE QUALITY 

9.1 PRO JECT DESCRIPTION .................................................................. 9-1 

9.1.1 Gas Storage Site .................................................................. 9-1 
9.1.2 Brine Disposal and Raw Water Withdrawal Site ......................... 9-2 
9.1.3 Gas Transmission Pipelines ......................................................... 9-3 
9,1.4 Meter and Regulator Sites, and Interconnects ............................. 9-4 

9.2 A IR  QUALITY 

9.2.1 Regional Climate and Existing Air Quality ................................. 9-3 
9.2.2 Process Description ...................................................................... 9-4 
9.2.3 Air Quality Regulatory Requirements ......................................... 9-4 
9.2.4 Applicable State Air Requirements ............................................. 9-7 
9.2.5 Potential Impacts on Air Quality and Mitigation Measures ........ 9-8 
9.2.6 Determinations and Permits ......................................................... 9-9 

9.3 NOISE QUALITY ............................................................................ 9-10 

9.3.1 General ............................................................................ 9-10 
9.3.2 Existing Regulatory Environment .............................................. 9-10 
9.3.3 Site Description .......................................................................... 9-10 
9.3.4 Ambient Sound Survey and Noise Impact Analysis .................. 9-11 
9.3.5 Existing Noise Levels ................................................................ 9-11 
9.3.6 Potential Impacts on Noise Quality ........................................... 9-12 
9.3.7 Proposed Mitigation Measures .................................................. 9-13 
9.3.8 post-Coostructiun Sound Survey ............................................... 9-14 

ATTACHMENTS 

Attachment 9-1 Hoover & Keith Report No.1842 Ambient Sound Survey 
and Noise Impact Analyses 

L I S T  O F  T A B L E S  

Table 9-1 
Table 9-2 
Table 9-3 
Table 9-4 

Table 9-5 

Summary of  Potential Emissions 
Sound Survey Summary Results 
Summary of  Noise Quality Analysis 
Summary of  Noise Control Measures at Brine Disposal and Raw Water 
Facility 
Summary of  Noise Control for Gas Handling Facility 



Jnofflclal FERC-Generated PDF of 20040720-0004 Received by FERC OSEC 07/16/2004 in Docket#: CP04-379-000 

PUBLIC 

R E S O U R C E  R E P O R T  9 - A I R  AND N O I S E  QUALYFY 

9.1 PROJECT DESCRIPTION 

This resource report addresses the Air and Noise quality impacts associated with the proposed 
Pine Prairie Energy Center Storage Project (the Project). The Project is a high deliverability, 
natural gas storage facility designed for injecting and storing natural gas in salt c~tverns and for 
the withdrawal of stored gas from these caverns for delivery to various gas transmission 
pipelines. The gas storage caverns will be solution mined in the Pine Prairie Salt Dome, located 
in southwestern Louisiana in Evangeline Parish. 

The Project will consist of surface and subsurface components: 

• A Gas Handling Facility 
• Three Gas Storage Caverns 
• Four Raw Water Wells 
• Four Brine Disposal Wells 
• Four Pipeline Corridors 
• Six Meter and Regulator Sites, and Interconnects 
• Required Utilities and Roadways 

V 9.1.1 GAS STORAGE S l r E  

The natural gas storage-related elements of the Project - the central compression facilities and 
related gas handling equipment - will be located at the Gas Storage Site, which will include thc 
Gas Storage Cavern Area and the Gas Handling Facility. The Gas Storage Site will be located 
on a 60.57-acre parcel of company-owned land in Evangeline Parish, LA. 

The Gas Storage Site is made up of three lracts of land: 

1. The Gas Handling Facility will be located at the south end, and Cavern Wellhead Site 1 
will be located at thc north end of Tract C. 

2. Cavern Wellhead 2 and Cavern Wellhead 3 will be located in the west-central and east- 
central portions of Tract B. 

3. The future expansion Cavern Wellhead 4 will be located in the north-cena'al section of 
Tract A. 

9.1.1.1 Gas Handling Facfli W 

An 8.03-acre Gas Handling Facility will be established within the 60.57-aere Gas Storage Site. 
It will be permanently fenced and maintained for construction and operation of the Gas Handling 
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Facility, the Leaching and Disposal Facilities, Contractor Fabrication Area and Permanent Roads 
(see Figures 1.1- 1A3 Project Location and Route Map, 1.1-2A2 Entire Project Overview, 
1.1-9A1 Gas Handling Facility Layout and 1.4-1M Map of Survey- Gas Storage Site & Gas 
Handling Facility). 

The Gas Handling Facility will house the Compressor Station, gas dehydration equipment, and 
other associated infrastructures necessary to support the direction and muting ofjgm to and fi'om 
the storage caverns located nearby. The main compressor building will house si~ 8,000 
horsepower Cap) Caterpillar G16CM34 (or equal) gas engine driven Ariel JGV/6 (or equal) 
reciprocating compressors along with ancillary support equipment. 

9.1.1.2 Gas Storage Caverns 

Three Gas Storage Caverns will be developed within the Pine Prairie salt dome ufing the 
solution mining method. (See Figures 1.1-3A1 Gas Storage Site - Aerial and I.I-13A1 Typical 
Gas Storage Cavern Well Site Diagram) The tops of the caverns will be approximately 3,900 
feet below the ground surface, with the caverns extending down to approximately 5,700 feet. 
Four definitive phases have been scheduled to develop the Project: 

Phase 1 - Gas Storage Cavern I will be developed to a working gas cap~city of up to 
6.0 Bc£ Phase 1 will also incorporate the required pipeline infrastructure and 
incremental compression. 

Phase 2 - Gas Storage Cavern 2 will be developed to a working gas caps:ity of 6.0 Bcf. 
Phase 2 will also incorporate the required additional pipeline infi'asUucture and 
incremental compression. 

Phase 3 - Both Gas Storage Cavern 1 and 2 wiUbe solution mined using the Solution 
Mining Under Gas (SMUG) process (described in Resource Report 6) to add an 
additional quantity of working gas capacity to each of the caverns to bring each cavern 
up to a total working gaa capacity of 8.0 Bcf. 

Phage 4 - Gas Storage Cavern 3 will be developed to a working gas eal~:ity of 8.0 Bcf. 
Phase 4 will also incorporate the required additional pipeline infi'astructu:e and 
incremental compression. 

The Project will be configured so it can accommodate a fifth Phase in the future (adding Gas 
Storage Cavern Well 4 and additional incremental compression equipment) for art ultimate 
working gas capacity of 32 Bcf. 

9.1.2 BRINE DISPOSAL AND RAW WATER WITHDRAWAL SITE 

The second major component of the Project-the Brine Disposal and Raw Water Withdrawal 
Site - will be located on a 10-a~'c parcel of land. PPEC will drill and complete fcur raw water 
wells in the Evangeline Formation, and will use water drawn from this formation in its solution 
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mining activities. PPEC will also develop four deep injection to dispose of brine produced in the 
salt cavern solution mining process. 

9.1.3 GAS TRANSMISSION PIPELINES 

The third major component ofthe proposed Project is a system of gas transmission pipelines 
linking the Project with seven mainline gas transmission pipelines. This system consists, in part, 
of a 34-mile segment of an existing 24-inch high-pressure gas pipeline known as the Louisiana 
Chalk Gathering System. PPEC has procured an option to purchase this pipeline segment (along 
with certain facilities and associated ROW and servitudes) and will exercise this ,3ption before 
starting construction of the Project. PPEC will construct a second 24-inch high pressure gas 
pipeline immediately adjacent to the existing 24-inch pipeline for much of the length of the 
South Pipeline Corridor. 

V 

9.1.4 METER AND REGULATOR SITES, AND INTERCONNECTS 

Seven Meters and Regulators, located at six Meter and Regulator Sites, will be oonnected to the 
24-inch pipelines extending to and from the Gas Handling Facility to facilitate custody transfer 
measurement to and from their associated pipeline interconnects. One of the Meter and 
Regulator Sites will be located in Rapides Parish at the terminus of the North Pip~line Corridor, 
and two will be located in Acadia Parish along and at the terminus of the East Lal.eral Pipeline 
Corridor. The other three Meter and Regulator Sites will be located in Evangelin= Parish. 

9.2 AIR QUALITY 

9.2.1 REGIONAL CLIMATE AND EXISTING AIR QUALITY 

The topography of the area consists of gently rolling hills at the northern-moat mt~ering site and 
relatively flat land throughout the rest of the Project area. Much of the land ran-face, however, 
has been laser-leveled to maximize the ability to add or remove water from fields to facilitate 
rice and crawfish cultivation activities. Therefore, relatively little of the natural topography 
remains. 

Evangeline Perish has a warm, humid, subtropical ctimate characterized by relatively high 
rainfall. An average rainfall of more than four inches occurs in every month except September 
and October. The GulfofMexico ha~ a moderating effect on the climate. The m~ximum 
temperatm'e is at least 90 ° F on more than 80% of the days in July and August, but temperatures 
higher than 100°F arerare. Winters are usually mild. Extremely cold weather seldom lasts 
more than 3 or 4 days at a time. 
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9.2.2 PROCESS DESCRIPTION 

The Pine Prairie Energy Center will receive sweet natural gas via pipeline. This gas will be 
muted through filter/separators and compressed for injection into the Gas Storage; Caverns. 
Additionally, the fa~lity will provide for the withdrawal of natural gas from eacl~ cavern for 
delivery to the sales pipeline. The majority of compression is required during the: injection phase 
of the storage cycle, but a limited amount of compression is also required during the withdrawal 
phase. Compression will be provided by six Caterpillar G16-CM34 lean-bum, rmtural gas-fired 
engines. The rated horsepower for each engine is 8,033 lap. 

During withdrawal, high-pressure natural gas is reduced from cavern pressure to the surface 
facility operating pressure. Following pressure reduction and filtration, the gas i~ processed 
through the TEG dehydration plant, which consists of three dehydration units. Wet gas flows to 
a TEG contactor, where a counter flowing stream of lesn tri-ethyiene glycol absorbs entrained 
water vapor. Dry natural gas leaves the dehydration unit for metering into the saJes pipeline. 
Water laden TEG (rich TEG) is sent to a distillation unit for regeneration. Depending on the 
water vapor content of the Gas Storage Cavern gas, a portion of the gas may by-l~ ass the 
dehydration system to be blended with dry, dehydrated gas downstream of the TEG contactor. 
This blending allows the Gas Handling Facility to efficiently process gas to meet pipeline quality 
specifications, reduces still vent emissions to the condemer/oxidizers, and reduces fuel 
consumption and exhaust emissions from the reboilers. Each dehydration unit w111 have a 
maximum gas processing capacity of 250 Mmsof/d, for a total plant capacity of 750 Mmsct7 

9.2.3 AIR QUALITY REGULATORY REQUIREMENTS 

The Clean Air Act (CAA) of 1970, 42 USC §§ 7401 et seq., as amended in 1977 and 1990 and 
40 CFR Parts 50-99 are the basic Federal statutes and regulations governing air e~dsalons. The 
provisions that are potentially relevant to this project are the Air Quality Control Region 
(AQCR) designations, National Ambient Air Quality Standards (NAAQS), Prevention of 
Significant Deterioration (PSD), New Source Review (NSR), New Source Performance 
Standards (NSPS), Maximum Achievable Conlrol Technology Standards (MACI'), and Title V 
Operating Permits. In addition, the Project will be subject to state regulations adininistered by 
the Louisiana DeparUnent of Environmental Quality (LDEQ). 

9.2.3.1 .Mr Quality Control Region (AQCR) 

The project is located in the Southern Louisiana-Southesst Texas Interstate Air Quality Control 
Region. AQCRs are designated as Classes I, H and Ill. 

Class I AQCRs are pristine wildenmess areas. The Project and associated facilities will 
not be located in a Class I area, nor will they be locked within 100 kilometers of a Class 
I area. 

• The Project site is in a Class rl AQCR. 
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The Class HI designation is intended for heavily industrial zones, and ha,: to be 
specifically requested. In order to qualify, it must meet all the requirements outlined in 
40 CFR Part 51.166. A request for Class HI designation is not needed. 

9.2.3.2 National Ambient Air Quality Standards (NAAQS) 

The EPA has established NAAQS for six "criteria" air pollutants: Ozone, Nitrogca Oxide (NO,.), 
Carbon Monoxide (CO), Sulfur Oxides (SOx), Particulate Matter (PM10), and Le~d. The NAAQS 
are set at a level where the air quality is protective ofhnman health and the environment. All 
areas in the U.S. have been checked against the NAAQS and are classified as one of the 
following 

• N o n - a t t a i n m e n t :  any area that does not meet the NAAQS for the specific pollutant. 
Adjacent areas whose ambient air quality may be m~'ected also 
have the potential of being classified as non-atXainnlent areas; 

• A t t a i n m e n t :  any area that meets the NAAQS for the specified l~)llutant; or 

• Unc lass l f l ab le :  any area that cannot be classified on the basis of available 
information. 

The proposed Project area is in attainment with the NAAQS. 

The Louisiana Ambient Air Quality Standards for criteria pollutants are the same as the federal 
standards. Evangeline Parish is classified as attainment for all criteria pollutants. There a~  no 
existing, significant air pollutant-emitting sources in the Project area. 

9.2.3.3 Prevention of Significant Deterioration (PSD) Requirements 

Procedures have been established for fedend pre-construction review of certain large projects 
located in attainment areas. The review process is intended to prevent the new sources from 
causing air quality to deteriorate beyond acceptable levels. The emission ~ t d  for "major 
stationary source~' varies under PSD regulations according to the type of facility. A gas 
handling facility that includes compressors would be subject to PSD review if  it constitutes a 
new major stationary source for an attainment pollutant. As defined by 40 CFR l:'ms 
51.166(bX1)(l)(b), the Project would be considered major und~ PSD if it emits, x has the 
potential to emit, 250 tons per year or more of any criteria polhaanL 

The emission estimates for the Project (see Table 9-1) indicate that it will not trigger PSD 
requirements. Control devices will be installed, where appropriate, and in some im~mces 
operational lira/is (e.g. hours of operation) will be eatablished to ensure that the limits imposed 
by the PSD Major Source definition are not exceeded. 

V 
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9.2.3.4 New Source Performance Standards (NSPS) 

NSPS are ¢stabli~ed as another method to control emissions, thzr~by helpin 8 to :nsure 
continued attainmemt with the NAAQS or to help bring a non-attalnment area into attainment 
The potential NgPg that could be applicable to the Project include the following: 

Sul~art De is applicable to fuel-fired heat transfer equipment with heat hiput capacity of  
10 MMBTU/hr or more. This standard is potentially applicable to the tzl.-ethylene glycol 
reboil~ however the reboilers' maximum heat input capacity is less that 10 
MMBTU/hr, and so is not applicabl0 to this pr0jecL 

Subpart KKK is applicable to equipment leaks o f  VOCs at onshore natural gas 
processing plants. The standard is not applicable since no natural gas processing plant 
will be included in the Gas Handling Facility. 

Subpart LLL is applicable to SO2 emissions from onshore natural gas processing. This 
standard applies to facilities that separate the H2S ~ C02 contellts from sour natural 
gas. Sour natural gas will not be handled at the Project. Since the proposed Project is not 
an onshore natural gas processing facility, Subpart LLL does not apply. 

Subpart Kb is apphcable to VOC storage tanks with capacities greater them or equal to 
10,000 gallons. Four VOC tanks with capacities greater than 10,000 gallons will be used 
at the Gas Handling Facility;, consequently, Subpart Kb will be applicable. 

9.2.3.~ Maximum Available Control Technology (MACT) 

The Project could be subject to the National Emission Standards for Hazardous Air Pollutants 
from Natural Gas Transmission and Storage Facilities as found in 40 CFR, Part 63, Subpart 
HIH-I. These M_ACT standards apply to facilities that: 

• Transport or store natural gas prior to entering a pipeline to a local distribution company 
or to a final end user i f  there b no local distn'bufion company, and 

• Are considered a mejor source for hazardous air pollutants (HAP) (10 to||s per year (tpy) 
individual HAP, 25 tpy aggregate). 

The three glycol dehydration units are a potentially affected source at the Gas H~3dling Facility 
because they have the potential to emit benzene, toluene, ethylbenzcne and xylen: (BTEX). 
These chemical compounds are classified as HAPs and are also volatile organic compounds. 
Under MACT emission control requirement, HAP emissions must be reduced by 95% or greater 
in all gases vented to the control device. This MACT standard should not apply to the proposed 
Project because the Gas Handling Facility is not estimated to be a major HAP sota'c,e. 

The other potentially affected emission source would be the compressor engin~ which have the 
potential to emit formaldehyde. The EPA is currently developing a MACT stand, trd for feel- 
fired reciprocating engines that address formaldehyde emissions. The emissions ~om the 
proposed engines to be used in the Project were spociated for the individual HAP~. The resets 
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of this analysis show that the total HAP emissions from the dehydrators and envies  are below 
the major source definition of 10 tpy individual and 25 tpy aggregate, and so the I~IACT would 
not apply. 

9.2.3.6 Title V Operating Permit 

The Title V Permit program, as described in 40 CFR Part 70, requires major sour:es of air 
emissions to obtain federal operating permits. The operating permit establishes conditions for 
the operation of applicable emission sources of air pollution. In addition, the permit defines the 
compliance demonstration and recordkeeping and reporting requirements. When determining 
the need for a Title V Operating Permit in attainment areas, such as Evangeline Parish, the major 
source threshold is: 

• 100 tons per year of any criteria pollutant, and 
• 10 tons per year of any individual HAP or 25 tons per year for a&ffegated HAPs. 

Because the Gas Handling Facility is estimated to be a major source of NOx and CO emissions, a 
Title V Operating Permit application will need to be filed with the LDEQ. 

V 

9.2.3.7 Risk Management Program (RMP) 

The RMP is federal regulation designed to prevent the release of hazardous mat~als  fi-om 
accidents and minimize impacts when releases do occur. The regulation contains a list of 
substances and threshold quantities for determining applicability of the regulaliort to a facility. If  
a facility stores, handles or processes one or more substance on this list and at a quantity equal to 
or greater than specified in the regulation, it must prepare and submit a risk management plan. 

With the exception of natural gas constituents (e.g., methane, ethane, propane, etc.), no regulated 
substances will be handled or stored in quantities greater than the applicability ~eshold. 
Natural gas pipelines do not fall under RMP regulations ffthey are covered by DOT or a state 
natural gas safety program certified by DOT. In addition, RMP regulations do not cover storage 
of natural gas incidental to transportation (e.g., gas taken fiom a pipeline during t,on-peak 
periods and placed in storage fields, then returned to the pipeline when needed). Consequently, a 
risk management plan is not required. The facility will maintain awareness ofh~ramious issues 
end meet the goal of the General Duty Clause. 

9.2A APPLICABLE STATE AIR REQUIREMENTS 

The LDEQ has been delegated authority by the EPA to manage the air quality pelmitting 
program and the MACT standards for HAl's. LDEQ requirements generally follow the EPA 
regulations. 

V 
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9.2.5 POTENTIAL IMPACTS ON AIR QUALITY AND MITIGATION MEASURES 

9.2.5.1 C o n s t r u c t i o n - R e l a t e d  A ir  Emiee lons  

There are a limited number of vehicles that will be associated with the construction oftbe Gas 
Handling Facility and the Brine Disposal and Raw Water Withdrawal Site and th; various 
pipeline facilities. The air pollutant emissions that result from the operation of~ese  vehicles 
and the generation of fugitive dust during constzuction activities are expected to be minor and 
temtporary at all sites within the Project. 

Vehicular exhaust and crankcase emissions from gasoline and diesel engines will comply with 
applicable EPA mobile source emission regulations (40 CFR Part 85). This will be done by 
us'rag equipment manufactured to meet these specifications, thereby limiting the ]>otential 
emissions. Fugitive dust may be produced during constJ~ction. Where appropriate, dust 
suppression methods, such as watering, will be used to minimize these potential impacts. 

The compressor building will be designed in accordance with applicable local a~t state codes. 
The final confignration of the compressor building will be a pre-engineered, met=d sUuctm'e 
approximately 65 x 343 x 25 fl high. Insulation will be provided to reduce sound emissions from 
the compressor equipment as design dictates. The building will incorporate a 12- foot wide roll- 
up door at each end of the building to allow for loading and unloading of maintet~ance 
equipment. 

9.2 .5 .2  Operation=-Related Air Emission= 

There are two emission sources associated with each"lEG distillation unit: 1) combustion 
exhaust stacks for the gas-ared r e h o n ~  and 2) condeuse~ still vents for venting distillation 
vapors from the regeneration ofrieh TEG. Each rehoiler is used to heat rich TEG to 
approximately 400 ° F in order to vaporize absorbed water. The regenerated, lean TEG is muted 
back to the contactor to continue the dehydration process. Vapors from the still vents typically 
contain significant quantifies of volatile organic compounds (VOCe) in addition ]LAPs such as 
benzene, toluene, methylbenzene and xylene. Still vent vapors fi'om each dehydiafion unit at 
Pine Prairie will be sent to one of three condenser/oxidizers. In addition, flash ta3k off-gas is 
muted to the fuel system of each reboiler, or to the firebox. 

Estimated emission levels for the compressor station and associated equipment m~= shown in 
Tables 9-1. The total emi~ons of each pollutant will be below the major source thresholds for 
PSD, but NOx and CO will be above the threshold for the Title V Operating Pe~z,it Program. 
The emission data presented in Table 9-1 are based on manufacturer-supplied emission factors 
supplemented with EPA default emission factors obtained fium AP-42 and asmmLe continuous 
operation of the compressor engine=, but limit the overall hours of operations of the compressor 
engines and the dehydrators. These operating limits are applied to the equipment cumulatively. 
For example, the compressors can individually operate up to 24 hours per day, but collectively 
the operation of the engines has a specific annual hp-hour l/m/t given in the permit. 
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Specific details on each emission source, such as the hours of operation, fuel use and emission 
factors, are presented in the Air Permit Application that is included in Appendix ~E. 

V 

Table 9-1 Summary of Potential Emissions 

VOC Source tpy 

Caterpillar GI6CM34 (6) " 7.932 

Blowdowm 0.109 

Emergency Diesel Engine 1.19 0.087 

Line Heaters (3) 8 0.039 

TEG Reboilen (3) 21.83 0.183 

Opera t ing  NO,  CO SO, PM3o Comments  
% tpy  tpy  tpy  tpy  

2263.2 64.58 0.654 0.102 85% load 

TEG Still Vents (3) 21.83 N/A 

Thermal Oxidizers (3) 21.83 6.711 

Fugitive Emissions 100 0.38 

Flash Emmions 100 18.31 

Tanks 100 0.50 

Loading Emiuiom 100 0.784 

0.816 0.176 0.054 0.058 

0.810 0.681 0.009 0.063 

3.765 3.105 0.036 0.285 

N/A N/A N/A N/A 

14.262 122.29 0.129 0.216 

Totals 35.035 245.87 190.83 0.882 0.774 

to oxide= 

99% efficiency 

*Note: Each engine will be permitted to operate up to 24 heer~day, althoush colle~vely they ~ ~ m a 
12-n~nth toning ham for more than the hp-hr limit that will be e~abli~ed in the air permlt Tla: emissiom 
summm'ized ~ Table 9.1 R~,cct tim ac~mulatcd optm~o~ of all ~Ix ¢=~inmL 

9.2.6 DETERMINATIONS AND PERMITS 

The Project will require a permit to construct an air pollution source from LDEQ However, 
because the site is located in an area that is attainment with all NAAQS, and criteria air 
pollutants emissions are below the threshold for applicabifity of PSD, the permit ~uplicafion is 
not subject to PSD review. 

Louisiana regulations require that a Permit be obtained before starting work. Tht: submitted 
permit (Appendix E) is both a constriction and an operating permit The permit alvlicafion 
includes a complete analysis of all the emissions, emission rates and operating conditions. 

V 
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9.3 NOISE QUALITY 

9.3.1 GENERAL 

There are several metrics used for quantifying and regulating environmental noiu', although the 
most common metrics used by federal, state and municipal agencies is the A-weighted (A-wt.) 
sound level. The A-wt. sound level is a single-figure sound rating, expressed in decibels, which 
correlates to the human perception of loudness of suund. The dBA level is commonly used to 
measure industrial and environmental noise since it is easy to measure and provides a reasonable 
indication of the human annoyance value of the noise. 

Because noise levels can vary over a given time period, they are further quantifiot using the 
Equivalent Sound Level (Leo.) and Day-Night Sound Level (I.An). The Equivalent Sound Level 
(Leq) can be considered an average sound level measured during a period of time, including any 
fluctuating sound levels during that period. The Ldn is an energy average of the meamm~ 
daytime Leq CLd) and the measured nighttime Leq (L.) plus 10 dB. The 10-dB a:ljustment to the 
Ln is intended to compensate for nighttime sensitivity. Ld is the equivalent A-weighted sound 
level, in decibels, for a 15 hour time period, between 07:00 and 22:00 hours (7:0(] &m. and 10:00 
p.m.). Ln is the equivalent A-weighted sound level in decibels for a 9 hour time l~iod,  between 
22:00 and 07:00 (10:00 p.m. and 7:00 a.m). 

9.3.2 EXISTING REGULATORY ENVIRONMENT 

FERC guidelines (18 CTR § 157.206-(bX5)]) require that the noise attributable to any new 
compressor unit addition or modification not exceed an Ldn of 55 dBA at the nearest noise 
sensitive area (school, hospitals or residence) unless such noise sensitive areas arc established 
after facility construction. The EPA has identified an Ldn of 55 dBA as being the maximmn 
sound level that will not adversoly affect public health and welfare by interfering with speech 
and other activities in outdoor areas, with an adequate margin of safety (USEPA, 1974). The 
State of Louisiana does not regulate ambient noise levels (LDEQ 2004), nor are there currendy 
any applicable county or local noise regulations. 

9.3.3 SITE DESCRIPTION 

The pmpo~d Gas Storage Site and related Brine Disposal and Raw Water Withd.'awal Site arc 
located in Evangeline Parish, Louisiana, approximately 18 miles north of Eunicc, Louisiana. 
The land surrounding these proposal sites is primarily rural and is typically used for oil and gas 
production. 

The proposed Project has two areas that contain surface facifities that were included in the noise 
survey:. 

The Gas Storage Site, including tho Gas Handling Facility, which will include 
common, gas dehydration equipment, and other associated infrastructure necessary 
to support the direction and routing of gas to and f~om the Gas Storage C:lverus located 
nearby (see Figure 1.1-9A1). 
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• The Brine Disposal and Raw Water Withdrawal Site, approximately 1.92 miles 
southwest of the Gas Storage Site (see Figure 1.1-4AI). 

9.3.4 AMBIENT SOUND SURVEY AND NOISE IMPACT ANALYSIS 

Hoover & Keith Inc. has performed an Ambient Sound Survey and Noise Impact Analysis for 
the Pine Prairie Energy Center Gas Storage Project. See Hoover & Keith Report No. 1842, dated 
July 7, 2004, which is included in its entirety as Attachment 9-I. The sound survey and noise 
impact analysis was performed to: 

Document the existing acoustic environment prior to the Project's operaton and locate 
the nearby noise-sensitive areas (NSAs) mound the site of the two sites tliat will host 
noise-producing facilities (the Gas Handling Facility and the Brine Dispcsal and Raw 
Water Withdrawal Site; 

• Estimate the sound contribution of the proposed facility at the nearby NSAs during the 
drilling portion of construction of the Project; 

• Estimate the sound conUibution of the proposed Gas Handling Facility at the nearby 
NSAs during normal operation of the facility equipment; and, 

• Determine noise mitigation measures to ensure that applicable sound level criteria are 
not exceeded due to the operation of the proposed facilities. 

9.3.5 EXISTING NOISE LEVELS 

Hoover & Keith conducted a sound survey to determine the existing noise levels :n the vicinity 
of the Project on June 15, 2004. Table 9-2, which was taken from the Hoover & Keith report and 
follows, summarizes the existing noise levels. 

ivl t. 
P m l t t a  

, ,  • l l . T  

Pes. l 
Pos. 2 

Table 9-2 S e u d  Survey Summary RmulH 

, * . . :  , 

* I I -  

NSA #1: Houses 2300 ~ ENE of the Compressor Bld 6. 
NSA #2: House 2320 t~ ESE of the Compressor Bldl~ 

42.9 
36.9 

49.3 
43.3 

V 
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9.3.6 POTENTIAL IMPACTS ON NOISE QUALITY 

The potential sound level impacts associated with the Project will consist of shotl.-term impacts 
due to construction and long-term impacts due to facility operation. 

9.3.6.1 Short-Term Impacts (Construction) 

The most prevalent sound source during construction is anticipated to be the intm~al combustion 
engines used to provide mobility and operating power to construction equipment. The sound 
level impacts on the NSAs from construction operations will depend on the type of equipment 
used, the equipment mode of operation, the length of time that the equipment is hi use, the 
amount of equipment used simultaneously and the distance between the sound source and the 
NSA. All of these factors will be constantly changing throughout the construction period, 
making an estimate of the sound levels and quantification of construction impacm difficult. 

For the noisier pieces of typical construction equipment, a distance of approxima~ely 800 feet 
between the noise sensitive area and the construction equipment should result in :t sound level of 
65 dBA or less, which is not considered a substantial sound impact during dayfight hours. The 
intermittent, short-term natcre of the construction noise and the distance between the noise 
sensitive areas and the proposed construction areas suggests that impacts from construction noise 
will be acceptable. 

9.3.6.2 Long-Term Impacts (Operational) 

The Hoover & Keith noise impact analysis considers the noise produced during operation of the 
Gas Handling Facility and the Brine Disposal and Raw Water Withdrawal Site that could impact 
the sound contribution at the nearby NSAs. Hoover & Keith noise impact analysis estimates the 
sound contribution for the following conditions: 

• Sound level contribution ofthe facility at the closest NSA during operati, m of the Gas 
Handling Facility;, 

• Total estimated noise level oftbe facility at NSA #1 (i.e., estimated noise: level of the 
facility pins meama-ed ambient noise level). 

The predicted sound contribution of the facilities at the nearby NSAs was performed for the 
closest NSA (i.e., NSA #1) since the sound conlribution at the other NSAs should be equal to or 
less than the sound contribution at the closest NSA. 

Tables 9-3 shows a summary of the estimated sound level impacts at NSA #1, wHch is 
2,300 feet away fi, om the Gas Handling Facility during the drilling portion of the operation and 
the daily operation of the Facility. The results of the noise impact analysis indicate that the noise 
atln'butable to the Project should be lower than the FERC sound level requirements of 55 dBA 
[An at the nearby NSAs. 
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V Table 9-3 Summary of Noise Quality Analysis 

Type of Operation 

Drilling Opera,ore 

Daily Open.on of Facility 

Meas'd 
Ambient Ld 
(dBA) 
42.9 

42.9 

Calc'd Ambient 
/~ via Meas'd/4 

(d~A) 
49.3 

49.3 

F.~'d ~ 
Of the Facility 

(dSA) 
50.8 

50.3 

Toad 
Est'dL~ (Fj 
+ Ambient ~ 

53.1 

52.9 

Pomn~tl 
y Noi~ 

3.8 dB 

3.5 dB 

V 

9.3.7 PROPOSED MITIGATION MEASURES 

Hoover & Kvith Report No. 1842, dated July 70, 2004, contains detailed noise control measures 
for the significant sound sources of the proposed Project facilities along with the pertinent 
assumptions that may affect the noise e~nitted by th~ facilities. A copy of the ,:port can be 
found in Attachment I. The detailed noise control measures will address the folh)wing 
equipment, shown by way of example and not by way of limitation: 

• Noise generated by the engine-compressor units that penetrates the buil&ng; 
• Noise radiated from outdoor piping located between the units and gas cnole,s; 
• Noise radiated from outdoor gas piping and associated piping components; 
• Noise of each engine exhaust, including noise of the outdoor exhaust pip:rig; 
• Noise generated by each engine air intake system; 
• Noise of the outdoorjacke~-water (J3b r) cooler for each engine; 
• Noise radiated by the 2500 hp raw water injection pumps operating at full load; 
• Noise generated by the 1000 hp brine injection pumps operating at full load; 
• Noise of typical oil field drill rig operating at full load; 
• Noise of the outdoor line heaters, if  employed; and 
• Other miscellaneous "smaller" motor-driven pumps and equipment. 

PPEC has committed to implement the detailed noise control measures suggested in Hoover & 
Keith Report No. 1842, dated July 7, 2004, which is included as Attachment 9-1. The noise 
control measures for the Brine Disposal and Raw "Water Withdrawal Site are summarized in 
Table 9-4 and the controls for the Gas Storage Facility are summarized in Table 9-5. 

Table 9-4 
Seminary of Noise Control Measures at Brine Dispossl u d  Raw Water Facility 

Other "Smaller" Motor-Driven Pumps Noise controls are not expected to be necessary for 
and Subslafion ecpdpment associated with the substation. 

V 
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V Table 9-5 Summary of Noise Control for Gas Handling Facility 

V 

SYSTEM 

Building 
Structure 

Building 
Ventilation 

Engine Exhaust 
System 

Additional 
Aboveground 

Gas Piping 
Engine Air Intake 

System 

CONTROL 

• The walls and roof will be consh'ucted of exterior steel of 18 gauge and an 
interior layer of 6-inch thick unfaced mineral wool covered w.th a 26 gauge 
perforated metal liner. 

• Personnel enUy doors will seal well with the donrframe and b: self-closing. 
• The large access openings will be a minimum 20-ga. Insulated type. 
• Windows, lotwers or skylights will not be installed. 
• Noise associated with each building air-supply fan will not ex'.~ed 60 dBA at 

50 feet. 
• Each air-supply fan will include a metal boot enclosing the frog a minimum 

3-feet lensth exterior silencer and a weath~ hood lined with acoustical 
insulation. 
The exhaust system for each Campillar will be designed to meet the dynamic 
sound insertion loss values specified in Attachment I. 

• Noise control ~ are not expected to be necessary. 

The air intake system of each engine will include a filter/clearer system that 
meets the DIL values specified in Attachment 1. 

Engine Jacket • The water jacket for each engine will not exceed 62 dBA at 50 feet from the 
Water Cooler cooler perimeter at full operating conditions. 

Gas Intercooler • The sound level of each gas interonoler and ~ l e r  will nor exceed 65 dBA 
and Aflercooler at 50 feet from the cooler perimeter at ~11 operating coeditiors 

Pressm'e 
Reduction 

System 

Brine 
and Raw Water 
l.j~tion 

150 hp and 100 hp 
Pump, 

The primary gas lm:Ssure-redumg valves and gas flow-conrad valves 
associated with the Pressure Reduction System will inonrpora z a Fisher 
Whispefl'rim Type I or WhisperFlow type of "low-noise" cages or an 
equivalent type of"low-noise" valve trim 
Each motor-driven pump will be designed not to exceed a sound level of 95 
dBA at 3 feet from the pump perimeter at the rated operating oondifions. This 
may require that the electric motor be a "low-noise" type ofnotor. 
Each of the motor-driven frumps will be designed not to excc¢d a sound level 
of 90 dBA at 3 feet from tbe pmnp perimeter at tbe rated oper.tting conditions. 

9.3.8 POST-CONSTRUCTION SOUND SURVEY 

ARer operation of the facility commences, a Post-Construction Sound Survey will be performed 
at the Gas Handling Facility to ensure that the Lea level at the nearby NSAs due ~ the operation 
of  the facility does not exceed an I.~ of  55 dBA. The results of  the Post-Constru.:tion Sound 
Survey will be submitted to the Commission within 90 days of  facility startup. 

V 
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HOOVER & KEITH REPORT NO.1842 
DATED JULY 7, 2004 

RESULTS OF AN AMBIENT SOUND SURVEY 
AND 

NOISE IMPACT ANALYSES OF THE 
PROPOSED PINE PRAIRIE ENERGY CI~,NTER 

GAS STORAGE FACILITY & 
PROPOSED DRILLING PORTION OF THE 

OPERATION 

By 
Hoover & Keith Inc. 

11391 Meadowglen, Suite D 
Houston, TX 
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PINE PRAIRIE ENERGY CENTER (GAS STORAGE FACILITY)" 
RESULTS OF AN AMBIENT SOUND SURVEY AND NOISE IMPACT 

ANALYSES OF THE PROPOSED GAS STORAGE FACILITY & 
PROPOSED DRILLING PHASE OF PROJECT CONSTRUCTION. 

REPORT SUMMARY 

This report provides the results of the noise impact analyses of the Pine Prairie 
Energy Center, a grass roots gas storage facility to be located in Evangeline 
Parish, Louisiana. 

The intent of the noise impact analyses is to predict the sound level contribution 
from the proposed natural gas storage facility and determine noise control measures 
to meet applicable sound level criteria. Also included are the results of the recent 
ambient sound survey (performed June 15, 2004) at the proposed site of the Gas 
Storage Facility and the Brine Disposal and Raw Water Withdrawal Site. 

The following table summarizes the noise quality analysis for the facility at the 
closest NSA (i.e., NSA #1) for the drilling portion of the Project's construction. 

Closest NSA and 
Direction from 

Anticipated 
Location of 

Compr. Bldg. 

NSA #1 (ENE) 

Approx. Distant 
of NSA to 

Anticipated 
Location of 

Compr. Bldg. 

2300 feet 

Meas'd 
Ambient L(j 

(dBA) 

42.9 

Calc'd 
Ambient 
Ldn via 

Meas'd Ld 
(daA) 

49.3 

Est'd Ldn 
Of the 
Facility 
(dBA) 

50.8 

Total 
Est'd Ldn 

(Facility + 
Ambient 
Noise) 
53.1 

Potential 
Noise 

Increase 

3.8 dB 

The following table summarizes the noise quality analysis for the facility at the 
closest NSA (i.e., NSA #1), assuming operation of the equipment associated with 
the Gas Storage Facility. 

Closest NSAand Approx. Distant 
Direction from of NSA to 

Anticipated Anticipated 
Locationof Location of 

Compr. ,Bldg,, Compr: Bldg, 

NSA #1 (ENE) 2300 feet 

Meas'd Calc'd Est,d Ld, 
~bientlLd Ambient Of  t h e  

(dBA) ~n via~ Facility 
: :  . . . .  aeas'd~La : ~ ( d B A )  

: , 

. . . .  i .... i . . . . .  

42.9 49.3 50.3 

Total I Potential: 
ES idLdn' NOise 

(Facility + :~j i Increase 
: Ambient.:i! : 

52.9 I 3.5 dB 

(Continued next page) 
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The results of the noise impact analysis indicates that if the recommended and/or 
anticipated noise control measures are successfully implemented, the noise attributable to 
the facilities associated with the Pine Prairie Energy Center should be lower than the typical 
FERC sound level requirement of 55 dBA (Ldn) at the nearby NSAs. In addition, the Gas 
Storage Facility operations and drilling phase construction operations should have 
"minimum noise impact" on the surrounding environment. "Minimum noise impact" implies 
that the noise of the facility should not interfere with public activity or be an annoyance 
outdoors. 
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1.0 INTRODUCTION 

The results of the noise impact analyses of the proposed Pine Prairie Energy Center 
gas storage facility are presented. Also included are the results of an ambient sound 
survey (performed June 15, 2004) at the site. The purpose of the sound survey and 
noise impact analyses is four-fold: 

(1) Document the existing acoustic environment prior to the Project facilities' 
operation and locate the nearby noise-sensitive areas (NSAs) around the site of 
the facilities; 

(2) Estimate the sound contribution of the proposed facility at the nearby NSAs 
during the drilling portion of construction of the Project, both at the Gas Handling 
Facility Site and the Brine Disposal and Raw Water Withdrawal Site; 

(3) Estimate the sound contribution of the proposed Gas Handling Facility at the 
nearby NSAs during normal operation of the facility equipment; and, 

(4) Determine noise mitigation measures to ensure that applicable sound level 
criteria are not exceeded due to the operation of the proposed facility. 

2.0 TYPICAL SOUND LEVEL METRICS AND TERMINOLOGY 

There are several metrics used for quantifying and regulating environmental noise 
although the most common metric used by state/municipal agencies is the A-weighted 
(A-wt.) sound level. Some state/municipal noise regulations also include permissible 
octave-band sound pressure levels in addition to maximum permissible A-wt. sound 
levels. There are also other methods and metrics, such as L~ or Ldn, which are used for 
estimating sound level and correlating a human reaction to an intruding sound. 

A summary of the definitions/terminology discussed in the report and typical metrics 
used to measure and regulate environmental noise is provided in the Appendix (pp. 23). 
To gain an understanding and comparison of the level of measured or predicted facility 
noise, a chart is provided .in the Appendix (p. 25) that shows examples of sound levels 
for typical activities and expected community reaction to noise. 
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3.0 .,.SITE/FACILITY DESCRIPTION 

3.1 Site Description 

Figure 1 (p. 13) is an area layout around the facility that shows the closest NSAs around 
the facility and the chosen sound measurement positions utilized for the site sound 
survey. The proposed facility is located in Evangeline Parish, Louisiana, approximately 
18 miles north of Eunice, Louisiana. The land surrounding the proposed site is primarily 
rural and is typically used for oil and gas production. The closest NSA (i.e., residence) 
to the proposed compressor building is located approximately 2300 feet east northeast 
of the site. 

3.2 Description of the Proposed Facility 

Figure 2 (p. 14) shows the anticipated layout of buildings and equipment for the Gas 
Handling Facility. The Gas Handling Facility is designed for injection, storage, and 
withdrawal of natural gas from pipeline compressor suction pressures as low as 500 psig 
to compression injection pressures as high as 3100 psig. The facility is designed for a 
maximum flow rate of 1.2 MMSCFD during gas injection, 2.4 MMSCFD during gas 
withdrawal and, upon completion of the construction proposed in the Project's certificate 
application, will have a gas cavern storage capacity of 24 BCF. The facility includes two 
general areas" Gas Storage Facility (i.e., gas injection, storage plant)located on 
Ambrose Road and one Brine Disposal and Raw Water Withdrawal Facility (i.e., water 
well and brine-disposal wells and associated facilities), located on Ambrose Road, to the 
southwest of the Gas Storage Facility. The noise resulting from the operation of the 
facility is primarily related to the equipment associated with the Gas Storage Facility 
during operation and the equipment to be used in the drilling of the wells to be located at 
the Brine Disposal and Raw Water Withdrawal Facility, and the gas cavern wells to be 
located at the Gas Storage Site. 

3.2.1 Gas Storage Facility 

The Gas Storage Facility, which will inject natural gas into storage caverns, 
withdraw stored gas and direct gas to and from interconnecting pipelines, will 
include six (6) engine-driven reciprocating gas compressor units. Each unit will 
consist of a Caterpillar Model G16-CM34 engine (rated at 8000 HP, 750 rpm) 
driving an Ariel Model JGV/6 reciprocating compressor (8000 HP). The engine- 
driven compressors are to be installed inside a single insulated metal building. 
The following describes the expected engine-driven compressors, auxiliary 
equipment and other notable items associated with the Gas Storage Facility: 

• Compressor building (including engine, compressor, & L.O. cooler) 
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4.0 

4.1 

• An outdoor utility (jacket-water) cooler for each engine/compressor unit 
• An outdoor gas intercooler and aftercooler for each unit 
• An exhaust system for each engine exhaust 
• An air intake filter system for each unit 
• Aboveground gas piping, including suction headers and discharge headers, 

and other piping system components (e.g., valves, two horizontal 
filter/separators, six interstage scrubbers) 

• A pressure reduction system utilized during gas withdrawal, noting that 
equipment associated with injection would not operate during withdrawal 

• Outdoor line heaters 
• TEG circulation pumps 
• Main / Utility Building with Instrumentation Air Compressors 
• Electrical substation and MCC area 
• Miscellaneous Storage Tanks and small transfer pumps 

The Gas Storage Facility Site also contains the following above ground 
equipment that is necessary to develop the gas caverns (i.e., solution mining 
equipment). 

• Four (4) 2500 HP electric motor-driven Raw Water Injection multistage 
centrifugal pumps, located outdoors. 

• Four (4) 1000 HP electric motor-driven Brine Water Injection multistage 
centrifugal pumps, located outdoors. 

• Three (3) 200 HP motor-driven centrifugal raw water booster pumps. 
• Raw water and brine liquid storage tanks. 
• Typical oil drilling rig with all necessary packaged generator sets. 

3.2.2 Brine Disposal and Raw Water Withdrawal Facility 

The following describes the equipment that will be located at the Brine Disposal 
and Raw Water Withdrawal Facility: 

• four small 200 HP motor-driven pumps, transformers, etc. 

MEASUREMENT METHODOLOGY AND LOCATIONS/CONDITIONS 

Sound Measurement Locations 

Two (2) locations for measuring the ambient sound levels at the NSAs near the Gas 
Storage Facility and one (1) location near the site of the Gas Storage Facility are 
reported. Additionally, sound levels near the Brine Disposal and Raw Water Withdrawal 
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Site (near Ambrose Rd.) are also reported. The following is a description of the NSAs 
and the selected sound measurement positions: 

Pos. 1" Near NSA #1" Houses located on Rock Pit Road, approximately 2300 feet east 
northeast of the anticipated location of the compressor building. This NSA is 
considered the closest NSA to the compressor building. 

Pos. 2: Near NSA #2: Trailer/House located on Ambrose Road, approximately 2320 feet 
east southeast of the anticipated location of the compressor building. 

Pos. 3: Un-occupied trailer approximately 2500 feet southeast of the anticipated location 
of the compressor building. 

Pos. 4: Near the proposed site of the Gas Storage Facility on Ambrose Road. 

Pos. 5: Near the proposed site of the Brine Disposal and Raw Water Withdrawal Facility 
site near Ambrose Road, southwest of the Gas Storage Facility Site. 

4.2 Conditions during the Sound Survey 

Mr. Matthew S. Kinch of H&K performed the ambient sound survey during the daytime 
(i.e., morning and afternoon) on June 15, 2004. During the daytime sound survey tests, 
the temperature was 84 ° - 89 ° F., the wind was 0- 5 mph from the west, the sky was 
partly cloudy, and the relative humidity was 9 5 % -  100%. 

4.3 Data Acquisition and Sound Measurement Equipment 

At the reported sound measurement locations, A-wt. equivalent sound level (Leq) 
measurements and unweighted octave-band sound pressure level (SPL) measurements 
were taken at approx, five (5) feet above ground. The sound measurements attempted 
to exclude "extraneous sound" such as the noise contribution of occasional vehicle traffic 
passing immediately by the sound measurement position or other intermittent sources 
(e.g., aircraft flying overhead of measurement position). The acoustical measurement 
system consisted of a Rion Model NA-27 Analyzer/Sound Level Meter (a Type 1 SLM 
per ANSI Standard $1.4 & $1.11) equipped with an Rion Model UC-53A 1/2-inch 
condenser microphone/preamplifier with a windscreen. The SLM was calibrated with a 
Larson Davis model CAL-200 microphone calibrator that was calibrated within 1 year of 
the test date. 
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5.0 MEASUREMENT RESULTS 

5.1 Measured Ambient Sound Data 

Table A (Appendix, p. 16) shows the measured daytime Leq (i.e., L~) at the NSA 
measurement locations along with the average of the measured L~ since several 
samples of the sound level were performed. The calculated Ldn is also provided in Table 
A, as calculated from the measured L~ (nighttime measurements were deemed equal to 
daytime measurements). 

Meteorological conditions that occurred during the sound survey are summarized in 
Table B (Appendix, p. 16). The measured unweighted octave-band SPLs and the 
average of the measured octave-band SPLs at each sound measurement position are 
provided in Table C (Appendix, p. 17). 

The following Table 1 summarizes the measured ambient L~ and the calculated Ldn at 
the closest NSAs around the proposed site of the facility. 

Meas. Description of NSA and Meas'd Calc'd 
Position Sound Measurement Location Ld (dBA) Ldn (dBA) 
Pos. 1 NSA #1: Houses 2300 ft. ENE of the Compressor Bldg. 42.9 49.3 
Pos. 2 NSA #2: House 2320 ft. ESE of the Compressor Bldg. 36.9 43.3 

Table 1: Summary of Measured L~ and Calculated Ldn at NSA Measurement Positions 

5.2 Observations during the Ambient Site Sound Tests 

At the nearby NSAs surrounding the storage site (i.e., NSA #1 & NSA #2), the 
environmental noises that were audible and which contributed to the measured ambient 
sound levels included the noise associated with distant vehicle traffic (i.e., along 
Highway 13 to the east of the facility), the noise of birds, the noise of insects, and the 
noise of nearby natural gas/crude oil compressor stations along Oil Field Road to the 
northeast of the NSAs. 

It is our opinion that the measured sound level data adequately quantifies the existing 
ambient sound levels around the proposed site of the facility for the meteorological 
conditions that occurred during the site sound survey. 
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6.0 SOUND LEVEL CRITERIA 

Typically, certificate conditions set forth by the Federal Energy Regulatory Commission 
(FERC) require that the sound level attributable to a new natural gas compressor facility 
not exceed an equivalent day-night sound level (Ldn) of 55 dBA at the nearby NSAs. For 
an essentially steady sound source (e.g., gas compressor facility) that can operate 
continuously over a 24-hour period and controls the environmental sound level, the Ldn is 
approximately 6.4 dB above the measured Leq. Consequently, an Ldn of 55 dBA 
corresponds to an Leq of 48.6 dBA. 

There appear to be no applicable local/county noise regulations, and any local noise 
regulations, if required, will be addressed during the local permitting process. 

7.0 NOISE IMPACT ANALYSES 

The noise impact analyses consider the noise produced by facility equipment during 
operation of the Gas Storage Facility and Brine Disposal and Raw Water Withdrawal 
Facility and during the drilling portion of Project construction activities that could impact 
the sound contribution at the nearby NSAs. A description of the analysis methodology 
and source of sound data is provided in the Appendix (pp. 21). For this analysis, we 
have estimated the sound contribution for the following conditions: 

Sound level contribution of the facility at the closest NSA (Le., NSA #1) during 
the drilling portion of Project construction activities. 

Total estimated noise level of the Drilling Phase at NSA #1 (Le., estimated 
sound level of the drilling operation plus measured ambient noise level). 

Sound level contribution of the facility at the closest NSA (Le., NSA #1) during 
operation of the Gas Storage Facility and Brine Disposal and Raw Water Withdrawal 
Facility. 

Total estimated noise level of the facility at NSA #1 (Le., estimated sound level 
of the facility plus measured ambient noise level). 

The predicted sound contributions of the Gas Storage Facility at the nearby NSAs was 
performed only for the closest NSA (i.e., NSA #1) since the facility sound contribution at 
the other NSAs should be equal to or less than the sound contribution at the closest 
NSAs. 

The potential noise associated with the pressure reduction system has not been 
included in the analysis since the noise generated by this system would occur when the 
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gas injection equipment is not operating, although recommendations to insure that this 
pressure reduction system is not a significant noise source have been provided. 

7.1 Significant Sound Sources 

For the drilling portion noise impact analysis, the following sound sources associated 
with the operation of the proposed facility are included in the analysis. The analysis 
assumes that all continuously operated equipment associated with the drilling portion of 
Project construction would operate. 

Drilling Portion of Operation 

• Noise radiated by the 2500 HP Raw Water Injection Pumps operating at full load 
(Note: these pumps are located at the Gas Storage Facility); 

• Noise generated by the 1000 HP Brine Injection Pumps operating at full load 
(Note: these pumps are located at the Gas Plant Facility); and, 

• Noise of a typical oil field drilling rig operating at full load. 

For the Gas Storage Facility noise impact analysis, the following sound sources 
associated with the operation of the proposed facility are included in the analysis. The 
analysis assumes that all continuously operated equipment associated with the Gas 
Storage Facility and the Brine Disposal and Raw Water Withdrawal Facility would 
operate. 

Gas Storage Facility 

0 

Noise generated by the engines-compressors that penetrates the building; 
Noise of the each engine exhaust, including noise of the outdoor exhaust piping; 
Noise radiated from outdoor gas piping and associated piping components.; 
Noise radiated from outdoor piping located between the units and gas coolers; 
Noise generated by each engine air intake system; 
Noise of the outdoor jacket-water (JW) cooler for each engine; 
Noise of the outdoor gas cooler associated with each compressor unit; 
Noise of the outdoor line heaters, if employed; and, 
Other miscellaneous "smaller" motor-driven pumps and equipment. 

Brine Disposal and Raw Water Withdrawal Facility 

• Noise associated with the 2500 HP motor-driven Raw Water injection pumps 
(located at the Gas Storage Facility); 

• Noise associated with the 1000 HP motor-driven brine disposal pumps (located 
at the Gas Storage Facility; 
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Noise of the substation and associated equipment (e.g., transformers, etc.); 
Noise of other 150 HP and 100 HP motor-driven pumps; and, 
Other miscellaneous "smaller" motor-driven pumps and equipment. 

7.2 Sound Level Contribution 

Tables D & E (Appendix, p. 18-20) shows the calculations (i.e., spreadsheet analyses) 
of the estimated octave-band SPLs and the A-wt. sound level at the closest NSA (i.e., 
NSA #1) contributed by the significant noise sources associated with the facility for 
standard day propagating conditions (i.e., no wind, 60 deg. F., 70% R.H.). These 
spreadsheet analyses include the potential noise reduction due to the anticipated and/or 
recommended noise control measures for equipment. Tables D & E also provide the 
estimated "total" sound levels at NSA #1 (i.e., sound contribution of the facility plus the 
measured ambient noise level). 

8.0 NOISE CONTROL MEASURES 

The following section provides the recommended or anticipated noise control measures 
for the significant sound sources of the proposed Gas Storage Facility along with other 
assumptions that may affect the noise produced by the facility. 

8.1 Gas Storage Facility 

8.1.1 Building Enclosing the Engines/Compressors 

We understand that the engines, compressors, & L.O. coolers will be installed 
inside an insulated metal building. The following describes specific sound 
requirements and other items related to the components of the compressor 
building. 

Building Structure 

The sound contribution of the equipment noise radiated through the compressor 
building should not exceed 50 dBA at 300 feet from the building perimeter. This 
sound level requirement includes, but is not limited to, the following noise 
sources: (a) the noise of equipment that penetrates the building walls, roof and 
doors, and (b) the noise generated by supply-air ventilation fans for the building. 

The following unweighted sound power levels (PWLs) in dB per octave-band 
frequency and A-wt. PWL can be assumed for the interior equipment during full- 
load operation of the facility: 
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Unweighted PWL in dB per Octave-Band Freq. (Hz) for Interior Equipment 

31.5 63 125 250 500 1000 2000 4000 8000 A-Wt. 

128 127 128 127 126 126 127 128 126 134 

As a minimum, if an insulated metal building is employed, the walls and roof 
of the building should be constructed with an exterior skin of 18 gauge metal 
and the building interior surfaces should be covered with a layer of 6-inch 

thick unfaced mineral wool (e.g., 6.0-8.0 pcf uniform density) covered with 26- 
gauge perforated liner. Thermal insulation such as "R-13" or "R-19" type 
insulation should no...jt be substituted for the 6.0-8.0 pcf material. 

Windows, louvers or skylights should not be installed. All voids and openings 
in the walls and roof of the building resulting from penetrations of ducts, 
piping, etc. should be patched and sealed. 

Personnel entry doors should seal well with the doorframe and be self- 
closing. 

The large equipment access openings (i.e., roll-up doors) should be a 
minimum 20-ga. insulated-type design (e.g., 20-ga. exterior, 20-ga. backskin 
with insulation core). 

Building Ventilation 

The noise associated with each building air-supply fan (with noise control), 
should not exceed 60 dBA at 50 feet. As a minimum, each air-supply fan 
should include a metal boot enclosing the fan; a minimum 3-feet length 
exterior silencer (i.e., parallel baffle-type design) and a weather hood lined 
with acoustical insulation. 

8.1.2 Aboveground Gas Piping 

Noise control measures, such as acoustical pipe lagging, are not expected to be 
necessary for aboveground piping to meet the noise criteria although noise 
control measures should be implemented if deemed necessary after installation. 

It is recommended that the aboveground piping be isolated and separated from 
any other metal structure (e.g., walkways, platforms, or steel framework 
connected to building). Also, it is recommended that the outdoor aboveground 
piping be inserted underground soon after exiting the compressor building. 
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8.1.3 Engine Exhaust System 

The exhaust system for each engine should include a muffler system that 
provides the following dynamic sound insertion loss (DIL) values at the rated 
operating conditions (i.e., DIL values if a single muffler is employed): 

DIL Values in dB per Octave-Band Center Frec 

22 1 3 2  I 40 / 4 5 1 4 5 1 4 2  I 

200( 

38 

gine Exhaust 

4 0 0 0 1 8 0 0 0  

32 / 25 

The most effective and recommended method of achieving the above DIL values 
for the exhaust muffler system is to employ a double-muffler (2-stage) system 
consisting of two types of mufflers described below. 

° Install an outdoor reactive-type exhaust muffler (e.g., "super-critical" type) 
that meets the following minimum recommended DIL values" 

DIL Values in dB per Octave-Band Center Freq. For Reactive Muffler 

31.sI (;3 I ~=s I =5o ! soo I ~ooo.I =ooo I 4ooo 18000 
2 0 1 2 6 1 3 5 1 3 5 1  3 0 1 3 0 1 2 8  1 2 8 1 2 5  

Install an absorptive-type muffler that is mounted in-line with engine 
exhaust piping (inside the compressor building) that meets the following 
minimum recommended DIL values: 

DIL Values in dB )er Octave-Band Center Freq. For "In-Line" Muffler 

f = l ,oo f,ooo 1  ooo 140oo 18ooo 1 
10 I 14 I 20 I 20 / 20 I 15 I 10 I 

If only a single outdoor exhaust muffler is employed, the following are other items 
of the exhaust system that should be addressed" 

The exhaust piping located between the building & muffler body should be 
completely covered with an acoustical lagging consisting of a heavy-gauge 
steel jacketing (min. 20-ga.) along with a 3-inch thick inner layer of insulation. 

The exhaust pipe expansion joint (if located outside the building) & flanges 
should be covered with a removable/reusable acoustical blanket material. 
The blanket material usually consists of a core of 2.0-in thick needled fiber 
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mat (6.0-8.0 Ib/ft 3 density) and a liner material of mass-loaded vinyl (1.0-1.25 
Ib/ft 2 surface weight) that is covered with a coated fiberglass cloth. 

8.1.4 Engine Air Intake System 

The air intake system of each engine should include an air filter/cleaner system 
that provides the following recommended DIL values: 

DIL Values in dB per Octave-Band Center Freq. (in F 

31.5 63 125 250 500 1000 2000 

5 8 15 20 30 35 35 

for Intake System 

4000 8000 

30 20 

8.1.5 

Based on recent field sound tests, a CAT "heavy-duty" air filter/cleaner system 
(i.e., type with "pre-cleaner") should be capable of meeting the above DIL values. 

Engine Jacket Water Cooler 

The A-wt. sound level of the jacket water cooler for each engine should not 
exceed 62 dBA at 50 feet from the cooler perimeter at the full rated operating 
conditions (i.e., equivalent to a PWL of 94-95 dBA). The supplier should provide 
the estimated A-wt. sound level and the unweighted octave-band SPLs at 50 feet 
from the cooler with all fans/motors operating. 

8.1.6 Gas Intercooler & Aftercooler 

The sound level of each gas intercooler and each gas aftercooler should not 
exceed 65 dBA at 50 feet from the cooler perimeter at the full rated operating 
conditions (i.e., equivalent to a PWL of approx. 97 - 98 dBA). The supplier 
should provide the estimated A-wt. sound level and the unweighted octave-band 
SPLs at 50 feet from the cooler with .all fans/motors operating. 
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8.1.7 Heaters and Substation 

Noise control measures are not expected to be necessary for the line heaters 
and the equipment associated with the substation (e.g., transformers) to meet the 
sound level requirements. 

8.1.8 Pressure Reduction System 

The primary gas pressure-reducing valves and gas flow-control valves 
associated with the Pressure Reduction System should incorporate a Fisher 
WhisperTrim Type I or WhisperFIo type of "low-noise" cages or an equivalent 
type of "low-noise" valve trim system. Pressure-reducing valves should be 
capable of meeting a sound level requirement of 90 dBA (e.g., typically 3-ft. from 
piping downstream of valve). 

If so-called "low-noise" valves other the aforementioned Fisher type valve are 
being considered, the acoustical consultant familiar with the project should 
review the proposed valve design or any other potential noise mitigation method 
being considered. 

8.1.9 TEG Regenerator Units 

The A-wt. sound level of each TEG regenerator unit should not exceed 62 dBA 
at 50 feet from the skid perimeter for any range of operation (i.e., equivalent to a 
PWL of 94-95 dBA). The sound level criteria of 62 dBA at 50 feet includes all 
auxiliary equipment associated with the TEG regenerator units. 

8.2 Brine Disposal and Raw Water Withdrawal Facility 

8.2.1 RawWater Injection Pumps 

Each motor-driven raw water injection pump should be designed not to exceed a 
sound level of 95 dBA at 3 feet from the pump perimeter at the rated operating 
conditions (i.e., includes noise of the motor and pump), which is equivalent to an 

A-wt. PWL of approximately 105 dBA. This may require that the electric motor 
be a "low-noise" (i.e., energy efficient) type of motor. 

8.2.2 Brine Disposal Pumps 

Each motor-driven brine disposal pump should be designed not to exceed a 
sound level of 92 dBA at 3 feet from the pump perimeter at the rated operating 
conditions (i.e., includes noise of motor and pump), which is equivalent to an A- 
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wt. PWL of approximately 102 dBA. This may require that the electric motor be 
a "low-noise" (i.e., energy efficient) type of motor. 

8.2.3 150 HP and 100 HP Pumps 

Each of the 150 HP and 100 HP motor-driven pumps (e.g., booster pumps and 
well water pumps) should be designed not to exceed a sound level of 90 dBA at 
3 feet from the pump perimeter at the rated operating conditions (i.e., includes 
noise of motor and pump), which is equivalent to an A-wt. PWL of approximately 
100 dBA. 

8.2.4 Other "Smaller" Motor-Driven Pumps and Substation 

"Smaller" motor-driven pumps (i.e., less than 50 HP) should not to exceed a 
sound level of 85 dBA at 3 feet from the pump perimeter. Noise control 
measures are not expected to be necessary for equipment associated with the 
substation (i.e., transformers). 

9.0 FINAL COMMENT 

The results of the noise impact analysis indicates that If the recommended and/or 
anticipated noise control measures are successfully implemented, the noise attributable 
to the facilities associated with the construction and operation of the Pine Prairie Energy 
Center should be lower than the typical FERC sound level requirement of 55 dBA (Ldn) 
at the nearby NSAs. In addition, the gas storage facility should have "minimum noise 
impact" on the surrounding environment. "Minimum noise impact" implies that the noise 
of the facility should not interfere with public activity or be an annoyance outdoors. 
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Figure 1" Pine Prairie Gas Storage Facility: Area Layout Showing the Location of the 
Closest NSAs and the Measurement Positions during Ambient Sound Survey. 
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Figure  2.: Pine Prairie Gas Storage Facility: Anticipated Layout of Buildings, Equipment and 
Property Line for the Facility. 
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Measurement Set 
i i 

Position Time of Tests 

Pos. 1 

Near NSA #1, 11:00 AM 43.2 

Houses (Rock Pit Rd.) - 4:00 PM 42.2 

2300' ENE of Proposed 

Compressor Site 

Pos. 2 

House (Ambrose Rd.) 11:31 AM 37.1 

2320' ESE of Proposed 11:33 AM 35.4 

Compressor Site ! 11:37 AM 37.8 

Measured A-Wt. Sound Levels (dBA) 

D-time Avg'd N-time Avg'd Calc'd 

Leq(Ld) Ld Leq(Ln) Ln Ldn 

42.9 
49.3 

36.9 

43.3 

Notes/Observations 

Sounds audible included birds, insects, 

occasional distant traffic to east 

and nearby natural gas / crude oil pumping 

stations along Oil Field Rd. 

Sounds audible included birds, insects, 

and occasional distant traffic to east. 

Pos. 3 

Un-Occupied Trailer 11:45 AM 42.2 

SE of Proposed 11:48 AM 43.4 

Compressor Site 11:51 AM 41.3 

42.4 Sounds audible included birds, insects, 

48.8 and occasional distant traffic to east. 

Pos. 4 

Near Site of Proposed 

Compressor Building 

Pos. 5 

Near Site of Proposed 

Raw Water & Brine 

Disposal Site 

Table A: 

12:02 PM 37.5 37.5 

12:18 PM 33.5 33.5 

43.9 

39.9 

Sounds audible included birds, insects, 

occasional distant traffic to east 

and nearby natural gas / crude oil pumping 

stations along Oil Field Rd. 

Sounds audible included birds, insects, 

and occasional distant traffic to east. 

Pine Prairie Energy Center (LA): Measured Ambient  Daytime Sound Levels (Leq) at 
the Closest NSAs on 15 June 2004 around the Proposed Gas Storage Faci l i ty along wi th 
the Calculated Equivalent  Day-Night Levels (Ldn). 

Measurement Set 

Position Date/Time of Testin~l 

Pos. 1 - 5 11:00 AM - 4:00 PM 

(Daytime) ( 15 June 2004) 

Temp. R.H. 

(°F) (%) 

84-89 95-100 

Wind Wind Peak 

Direction Speed Wind 

From the West 0- 5 7 - 8 

mph mph 

Sky Conditions 

Partly Cloudy 

Table B- Pine Prairie Energy Center (LA)" Meteorological  Condi t ions During the Ambient  Sound 
Survey Measurements around the Proposed Site of the Gas Storage Faci l i ty on 15 June 2004. 

-Page 17- 



Unofficial FERC-Generated PDF of 20040720-0004 Received by FERC OSEC 07/16/2004 in Docket#- CP04-379-000 m 

Sound Environmental Solutions, Inc. 
Pine Prairie Energy Center (Gas Storage Facility) 
Results of Ambient Sound Survey & Noise Impact Analyses of the Facility 

Hoover  & Keith Inc. 
H&K Job No. 3606 

H&K Report No. 1842 (07/14/04) 

Po. s ition 8000 

POS. 1 
Near NSA #1, 

Houses (Rock Rt Rd.) 
2300' ENE of Proposec 

Compressor Site 

,,:,,AM II ,0.', I , , . ,  146.3 I~ .0  I~ .~  I~,.0 I ~.,, I ~8:8 ~r~., 
, , : ,7AM II 6 0 " 2 1 6 " 5 1 4 6 " 6 1  34"7131"5 I 29.3 I 33.3 I 38.0 I 29.9 

IVlornin SPL: 28.1 

Pos. 2 
House (Ambrose Rd.) 

2320' ESE of Propose( 

3:47PM !1 58.O 165.8 147.3 I 35"71 31"41 32.9 I 3~.2 I 26.8 I 20.911 42.2 

Aver SPL: 

1'_ :~A"  II "~8 I '~~ I ~ °  I ~8., I ~,.o i~ , .~  I ~ . ,  i~ , .~  I ~.8 II 35.4 
11:37 AM 718 

Co ressor Site Aver SPL: 

Pos. 3 11:45 AM 
Un-Occupied Trailer 11:48 AM 

SE of Proposed 11:51 AM 
~ o r  S~e 

Pos. 4 
Near Site of Proposed 
Compressor Building 

12:02 PM 

I,=.~ I,,o.~ I~,.o I~o., 1=8.5 =,,.~ ~o., ~o.~ ,,., 42.2 
5, . ,  i 43.5 i 3s, I 28'  I ~'8 I ~ ~  I 32.4 I 3~'4 I 42.7 II 4314 

Table C" Pine Prairie Energy Facility (LA)" Meas'd Ambient Daytime Unweighted Octave-Band 
SPLs on 15 June 2004 around the Proposed Gas Storage Facility. 
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Source No. Source PWL & Estimated Sound Level 1 PWL / SPL in dB Per Octave-Band Center Frequency (Hz)! A-W 

& Dist (Ft) Contributions at Specified Distance 1 63 1 2501 500 !  000120001.000180001 Lev, 
1) PWLofMotor-Driven Raw Water Pumps 107 107 110 109 105 103 100 97 95 108 

Atten. of Building (includes vent noise) 0 0 0 0 0 0 0 0 0 
Misc. Atten. (Shielding) -2 -3 -4 -6 -7 -8 -10 -10 -10 

2700 Hemispherical Radiation -66 -66 -66 -66 -66 - 6 6  -66 -66 - 6 6  
2700 Atm. Absorption (70% R.H., 60 deg F) 0 0 -1 -1 -2 -4 -8 -21 -37 
2700 Source Sound Level Contribution 38 37 39 36 30 25 16 0 0 32 

2) PWL of Motor-Driven Brine Injection Pumps 105 105 108 107 103 101 98 95 93 106 
Atten. of Noise Control 0 0 0 0 0 0 0 0 0 
Misc. Atten. (Shielding) -2 -3 -4 -6 -7 -8 -10 -10 -10 

2700 Hemispherical Radiation -66 -66 -66 -66 -66 -66 -66 -66 -66 
2700 Atm. Absorption (70% R.H., 60 deg F) 0 0 -1 -1 -2 -4 -8 -21 -37 

2700 Source Sound Level Contribution 36 35 37 34 28 23 14 0 0 30 

3) :PWLofTypical Oil Field Rig 125 129 121 115 111 112 109 103 97 116 
!NR of Noise Control 0 0 0 0 0 0 0 0 0 
Misc. Atten. (Shielding) 0 0 0 0 0 0 0 0 0 

3400 Hemispherical Radiation -68 -68 -68 -68 -68 -68 -68 -68 -68 
3400 Arm. Absorption (70% R.H., 60 deg F) 0 0 -1 -1 -2 -5 -10 -26 -47 
3400 Source Sound Level Contribution 56 60 52 45 40 39 30 9 0 44 

Est'd Total Sound Level Contribution of Facility: 2300 FL 

A-Wt. 
Level 

Table D: 

! Potential increase of ambient sound level (dB): ! 3.8 I 

Pine Prairie Gas Storage Facility: Est'd Sound Contribution at the Closest NSA (i.e., NSA #1, 2300 Ft 

ENE of the Compressor Bldg.) during the Drilling Phase of Operation at Nearest Drill Site. 

Note (1): Measured ambient octave-band SPLs and A-wt. sound level (Leq) at NSA#1 during a recent site sound survey 
on 06/15/04, and the results of the sound survey are reported in Table C of the report. 
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Source No.l Source PWL & Estimated Sound Level 
& Dist (Ft) IContributions at Specified Distance 

2) 

3) 

4) 

5) 

6) 

2300 
2300 

2300 

2300 
2300 

2300 

2400 
2400 

2400 

2300 
2300 

2300 

2300 
2300 

2300 

2300 
2300 

2300 
7) 

2450 
2450 

2450 

8) 

PWL of Engine-Compr. Noise thru Bldg. (6 Units) 
Atten. of Compr Building (includes vent noise) 
Misc. Atten. 
Hemispherical Radiation 
Atm. Absorption (70% R.H., 60 deg F) 

Source Sound Level Contribution 

PWL of Gas Piping (between Bldg. & Coolers) 
Atten. of Noise Control 
Misc. Atten. (Shielding) 
Hemispherical Radiation 
Atm. Absorption (70% R.H., 60 deg F) 

Source Sound Level Contribution 

PWL of Gas Piping (Pipeway & Separators) 
NR of Noise Control 

2300 
2300 
2300 

Table E" 

Misc. Atten. (Shielding) 
Hemispherical Radiation 
Atm. Absorption (70% R.H., 60 deg F) 

Source Sound Level Contribution 
PWL of Unsilenced Exhaust (1 Engine) 

PWL of Unsilenced Exhaust: 6 Engines (+8dB) 
Atten. of Noise Control (Exhaust Muffler) 
Misc. Atten. 
Hemispherical Radiation 
Atm. Absorption (70% R.H., 60 deg F) 

Source Sound Level Contribution 

PWL of Exhaust Piping & Muffler Body (1 Engine) 

PWL of Piping & Muff Body. 6 Engines (+8dB) 
Atten. of Noise Control (In-Line Muffler) 
Misc. Atten. 
Hemispherical Radiation 
Atm. Absorption (70% R.H., 60 deg F) 

Source Sound Level Contribution 
r 

!PWL of Unit Air Intake w/Hvy. Dty. Filter (1 Engine) 
PWL of Air Intake w/Filter: 6 Engines (+8dB) 
NR of Noise Control 
Misc. Atten. 
Hemispherical Radiation 
Atm. Absorption (70% R.H., 60 deg F) 

Source Sound Level Contribution 

PWL of One (1) 3-Fan Gas Cooler 

PWL of Twelve (12) 3-Fan Gas Coolers (+1 ldB) 
NR of Noise Control 
Misc. Atten. (Shielding) 
Hemispherical Radiation 
Atm. Absorption (70% R.H., 60 deg F) 

Source Sound Level Contribution 

PWL of One (1) 2-Fan Jacket-Water Cooler 

PWL of Six (6) 2-Fan JW Coolers (+SdB) 
NR of Noise Control 
Misc. Atten. (Shielding) 
Hemispherical Radiation 
Atm. Absorption (70% R.H., 60 deg F) 

H o o v e r  & Keith Inc.  
H&K Job No. 3606 

H&K Report No. 1842 (07/14/04) 

PWL / SPL 

31.51 63 

128 127 
-10 -12 
0 0 

-65 -65 
0 0 

53 50 

116 116 
0 0 
-3 -5 

-65 -65 
0 0 

48 46 

116 116 
0 0 
-3 -5 

-65 -65 
0 0 

48 45 
135 141 

143 149 
-18 -28 
0 0 

-65 -65 
0 0 

60 56 

108 105 

116 113 
-2 -4 
0 0 

-65 -65 
0 0 

49 44 

85 8 0  
93 : 88 
0 0 
0 0 

-65 -65 
0 0 

28 23 

110 , 108 

121 119 
0 0 '  
-3 -5 

-65 -65 :  
0 0 

in dB Per Octave-Band Center Frequency (Hz) A-Wt. 

I 125 I 250 I 500 I 1°°°! 2°°°14°°°! 8000 Level 

128 127 126 
-18 -26 -35 
0 0 0 

-65 -65 -65 
0 -1 -2 

45 35 24 

113 110 106 
0 0 0 
-7 -8 -10 

-65 -65 -65 
0 -1 -2 

41 36 29 

113 110 106 
0 0 0 
-7 -8 -10 

-65 -65 -65 
0 -1 -2 

40 36 29 

143 133 131 

151 141 139 
-38 -40 -40 
0 0 0 

-65 -65 -65 
0 -2 -2 

48 34 32 

102 100 98 

110 108 106 
-6 -8  -12 
0 0 0 

-65 -65 -65 
0 -1 -2 

39  3 4  ...... 27 
78 ~78 79 

8 6 : 8 6 :  87 
0 0 0 
0 0 0 

-65 -65 -65 
0 -1  -2 

:21 20 20 

105 98~:! 95 

116 1 0 9  106 
0 ' 0  ::i~ I 0 
-7 - 8 - 1 0  

-65 '651' -65 
0 : ' 1  ~~ -2 

126 127 128 126 134 
-38 -40 -42 -42 
0 0 0 0 

-65 -65 -65 -65 
-3 -7 -17 -32 

20 15 4 0 32 

100 98 96 93 108 
0 0 0 0 

-10 -12 -12 -12 
-65 -65 -65 -65 
-3 -7 -17 -32 

22 14 2 0 32 

100 98 96 93 108 
0 0 0 0 

-10 -12 -12 -12 
-65 -65 -65 -65 
-4 -7 -18 i -33 

21 13 0 ~ 0 31 
i 

135 131 119 108 138 

143 139 127 116 146 
-36 -34 -30 -25 
0 0 0 0 

-65 -65 -65 -65 
-3 -7 -17 -32 

3 9  33 15 0 41 

98 96 95 95 104 
106 ~ 104 103 103 112 
-.15 -18 -18 -15 
0 0 I 0 0 

= 

-65 -65 - 6 5  -65 
-3 -7 -17 -32 

2 3  1 4  3 0 30 

8"1 ! 83 1 0 0  '83 101 
i 

89 91 108 1 91 109 
0 0 0~: 0 
0 0 0 0 

• '65, -65 ' 6 5  -65 
-3 -7 -17 i -32 

2 1  19 ..... - 2 6  I :0 .~29 
. . . . . .  

92 ~:. 88 100 

105 103 101 : 99 111 
~0 ~ o o. 0 
- 1 0  -12 - 1 2  -12 

,-65 ~ -65 -65 -65 
,4 -7 .... 1 9  -34 

,Sou~Soun d,LevelContn,'bution ̀  i ,. . . . .  . . . .  

4 1  3 7  3 2  ~24~i 1 8  ~15~: .... 7: 
106 106~: 104 98~; 94 
114 1.1!4! 112 !.1..06i/: 102 i 1 0 0  98 
0 
0 

-65 
0 O !  

4 1 : 4 1  ~i ;139~ ~ ~32 1 ~ IR 

92 ~ 90 8 8 1  85 98 

98 !~ii~i~ 93 106 
0 :  0 ~i0~ ~ 0 ~..~0:~:: 0 ' ~:0 '~';'' 0 
0 ~ 0 : : 0  0 i::iO " 0 i :0 :  0 

• '65 -65 : ~65:~ -65 ' - 6 5  .... -65 : 1265~i -65 
0 ~ - 1  -2 1.3~ii~i -7 " i7  ~ -32 

41 ~39~ 3 2  ~ 18 ~ i 6  ~0 301 i 3 0  ..... 

Pine Prairie Gas Storage Facility: Est'd Sound Contribution at the Closest NSA (i.e., NSA #1, 2300 Ft 
ENE of Compressor Bldg.) with Six (6) Engine-Driven Compressor Units Operating along with 
the Operation of the Raw Water and Brine Disposal Facility (cont'd. next page). 

-Page  20-  



Unofficial FERC-Generated PDF of 20040720-0004 Received by FERC OSEC 07/16/2004 in Docket#- CP04-379-000 ~ 

Sound Environmental Solutions, Inc. 

Pine Prairie Energy Center (Gas Storage Facility) 
Results of Ambient Sound Survey & Noise Impact Analyses of the Facility 

Hoover & Keith Inc. 
H&K Job No. 3606 

H&K Report No. 1842 (07/14/04) 

Source No.l Source PWL & Estimated Sound Level 
& Dist (Ft) I Contributions at Specified Distance 

9) 

2700 
2700 

2700 

10) 

2700 
2700 
2700 I 

11) 

2650 
2650 

2650 
12) 

2800 
2800 

2800 
13) 

2650 
2650 
2650 

PWL / SPL in dB Per Octave-Band Center Frequency (Hz) A-Wt. 

31.5 ! 63 I 1 25°1 500 I 000120001400018000 Level' 
PWLofMotor-Ddven Raw Water lnjection Pumps 107 107 110 109 105 103 
Atten. Of Pump Building (includes vent noise) 0 0 0 0 0 0 
Misc. Atten. (Shielding) -2 -3 -4 -6 -7 -8 
Hemispherical Radiation -66 -66 -66 -66 -66 -66 
Atm. Absorption (70% R.H., 60 deg F) 0 0 -1 -1 -2 -4 

Source Sound Level Contribution 38 37 39 36 30 25 

PWL of Motor-Driven Brine Disposal Pumps 105 105 108 107 103 101 
NR of Noise Control 0 0 0 0 0 0 
Misc. Atten. (Shielding) -2 -3 -4 -6 -7 -8 
Hemispherical Radiation -66 -66 -66 -66 -66 -66 
Atm. Absorption (70% R.H., 60 deg F) 0 0 -1 -1 -2 -4 

Source Sound Level Contribution 36 35 37 34 28 23 
i 

PWL of Substation Equipment 90 90 98 88 82 80 
!Atten. of Noise Control 0 0 0 0 0 0 
Misc. Atten. (Shielding) -2 -3 -4 -5 -6 -7 
Hemispherical Radiation -66 -66 -66 -66 -66 -66 
Atm. Absorption (70% R.H., 60 deg F) 0 0 -1 -1 -2 -4 

Source Sound Level Contribution 22 21 27 16 8 3 

PWL of Outdoor Gas Heaters 110 110 107 105 100 97 
Atten. of Noise Control 0 0 0 0 0 0 
Misc. Atten. (Shielding) 0 -1 -2 -3 -4 -6 
Hemispherical Radiation -67 -67 -67 -67 -67 -67 
Atm. Absorption (70% R.H., 60 deg F) 0 0 -1 -1 -2 -4 

Source Sound Level Contribution 43 42 38 34 27 20 
PWL of Misc. Pumps & Other Misc. Equipment 
Atten. of Noise Control 
Misc. Atten. 
Hemispherical Radiation 
iAtm. Absorption (70% R.H., 60 deg F) 
Source Sound Level Contribution 

2300 FL Est'd Total Sound Level Contribution of Facility: 

100 97  95 108 
0 0 0 

-10 -10 -10 
-66 -66 -66 
-8 -21 -37 

16 0 , 0 32 
i 

98 95 93 106 
0 0 0 

-10 -10 -10 
-66 -66 -66 
-8 -21 -37 

14 0 0 30 

78 72 70 87 
0 0 0 
-7 -8 -8 

-66 -66 -66 
-8 -20 -36 

0 0 0 14 

95 i 90 87 103 
0 i 0 0 

-8 8 -8 
-67 -67 -67 
-8 -21 -38 

12 10 0 30 

901: 9' ' : l ' ° l ' o  ° " 96 
0 0 0 I 0 

0 -1 -2 661-661 -3 I-4 I-6 -8 -81 -8  
-66 " 6 6 1 - 6 6 1 - 6 6  -66 -661 -66  
-1 -1 I -2 1-4 -8 -20 !-36 ICalc'd 

o o _ _ J _ L  

Meas'd Ambient Sound Level at NSA#1: Note (1) . . . . . . .  : ....... 

Est'd Contribution of Facility plus Ambient Noise at NSA#1 

I Potential increase of ambient sound level (dB): 

Table E: Pine Prairie Gas Storage Facility: Est'd Sound Contribution at the Closest NSA (i.e., NSA #1, 2300 Ft 

ENE of the Compressor Bldg.) with Six (6) Engine-Driven Compressor Units Operating along 

with the Operation of the Raw Water and Brine Disposal Facility. 

Note (1): Measured ambient octave-band SPLs and A-wt. sound level (Leq) at NSA#1 during a recent site sound survey 
on 06/15/04, and the results of the sound survey are reported in Table C of the report. 

Note: Muffler DIL & Equipment PWL values on this Table should not be used as the specified values. 

Refer to "Noise Control Measures" section in report or other company specifications for actual specified values. 

-Page 21- 



Unofficial FERC-Generated PDF of 20040720-0004 Received by FERC OSEC 07/16/2004 in Docket#: CP04-379-000 m 

Sound Environmental Solutions, Inc. 
Pine Prairie Energy Center (Gas Storage Facility) 
Results of Ambient Sound Survey & Noise Impact Analyses of the Facility 

Hoover & Keith Inc. 
H&K Job No. 3606 

H&K Report No. 1842 (07/14/04) 

DESCRIPTION OF THE ANALYSIS METHODOLOGY AND THE 
SOURCE OF SOUND DATA FOR THE PROPOSED FACILITY 

ANALYSIS METHODOLOGY 

In general, the predicted sound level contributed by the facility was calculated as a function of 
frequency from estimated octave-band sound power levels (PWLs) for each significant sound 
source. The following summarizes the analysis procedure: 

Initially, unweighted octave-band PWLs for each noise source (without noise control) 
were determined from actual sound measurements performed by H&K on similar equipment 
and/or obtained from the equipment manufacturer. 

Then, expected noise reductions in dB per octave-band frequency due to any 
designated noise control measures for each source were subtracted from the estimated 
PWL. 

Next, octave-band SPLs for each source (with noise control) were determined by 
compensating for sound attenuation due to propagation (hemispherical radiation) and 
atmospheric sound absorption. 

Since sound shielding by buildings can influence the sound level contributed at the 
NSAs, we also included the sound shielding due to buildings, if appropriate. Effects of 
vegetation or land contour were typically not considered in this analysis. 

Finally, the estimated octave-band SPLs for each source (with noise control and 
other sound attenuation effects) were corrected for A-weighting, and the total SPLs of all 
sound sources were logarithmically summed and corrected for A-weighting to provide the 
estimated A-wt. sound level contributed at the specified distance(s) by the proposed facility. 

SOURCE OF SOUND DATA 

The following describes the source of sound data for estimating the source sound levels and 
source PWLs used in the noise impact analysis. Note that equipment noise levels and acoustical 
performance of mufflers/silencers utilized in the acoustical analysis (i.e., spreadsheet analysis) 
are generally higher than the sound level requirement for the new equipment and new mufflers to 
insure that the design incorporates an acoustical "margin of safety." 

(1) Engine exhaust PWL were calculated from sound data recently measured in the field by 
H&K on a engine-compressor unit using a similar engine anticipated for the gas storage 
plant. The DIL values for the exhaust muffler system utilized in the acoustical analysis 

-Page 22- 



Unofficial FERC-Generated PDF of 20040720-0004 Received by FERC OSEC 07/16/2004 in Docket#: CP04-379-000 m 

Sound Environmental Solutions, Inc. 
Pine Prairie Energy Center (Gas Storage Facility) 
Results of Ambient Sound Survey & Noise Impact Analyses of the Facility 

Hoover & Keith Inc. 
H&K Job No. 3606 

H&K Report No. 1842 (07/14/04) 

are generally lower than the recommended values in order that the noise design analysis 
incorporates an acoustical "margin of safety." 

(2) The estimated PWL of equipment inside the building (i.e., engine-driven compressors 
and equipment inside the building) was calculated from sound data measured by H&K 
on a similar compressor installation used for gas storage. 

(3) The estimated PWL of the outdoor aboveground gas piping of the gas storage facility 
were determined from sound measurements by H&K on gas piping similar to that of the 
proposed gas storage compressor installation. 

(4) The estimated PWL for JW and gas coolers were designated to meet the design noise 
goal. Note that the estimated PWL for the cooler utilized in the acoustical analysis 
includes noise associated with jacket-water piping. 

The noise level for the coolers used in the acoustical analysis is generally higher than 
the sound level requirement in order that the noise design analysis incorporates an 
acoustical "margin of safety." In addition, there can be other noise associated with the 
coolers that is not directly related to the operation of the cooler fans (e.g., noise of 
jacket-water piping and/or compressor noise radiated from the tubes of the gas coolers). 

(5) The estimated PWL for the engine air intakes were calculated from measured sound 
data in the field tests by H&K on similar engines. 

(6) The estimated PWL and sound level for other miscellaneous equipment for the Gas 
Surface~Storage Facility was calculated from measured sound data in the field tests by 
H&K on similar equipment. 

(7) The estimated octave-band sound power levels (PWLs) of the motor-driven pumps, 
substation equipment and any other site equipment associated with the Raw Water and 
Brine Disposal Facility were estimated from field sound measurements by H&K on a 
similar equipment and/or from sound data provided by the equipment manufacturer. 
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Summary of Typical Metrics for Regulating Environment Noise & Definitions 

(1) Decibel (dB) 

A unit for expressing the relative power level difference between acoustical or electrical 
signals. It is ten times the common logarithm of the ratio of two related quantities that 
are proportional to power. When adding dB or dBA values, the values must be added 
logarithmically. For example, the logarithmic addition of 35 dB plus 3,5 dB is 38 dB. 

(2) Human Perception of Change in Sound Level 

• A 3 dB change of sound level is barely perceivable by the human ear 
• A 5 or 6 dB change of sound level is clearly noticeable 
• If sound level increases by 10 dB, it appears as if the sound intensity has 

doubled. 

(3) A-Weighted Sound Level (dBA) 

The A-wt. sound level is a single-figure sound rating, expressed in decibels, which 
correlates to the human perception of the loudness of sound. The dBA level is 
commonly used to measure industrial and environmental noise since it is easy to 
measure and provides a reasonable indication of the human annoyance value of the 
noise. The dBA measurement is no_.jt a good descriptor of a noise consisting of strong 
low-frequency components or for a noise with tonal components. 

(4) Background or Ambient Noise 

The total noise produced by all other sources associated with a given environment in the 
vicinity of a specific sound source of interest, and includes any Residual Noise. 

(5) Sound Pressure Level (Lp or SPL) 

Ten times the common logarithm to the base 10 of the ratio of the mean square sound 
pressure to the square of a reference pressure. Therefore, the sound pressure level is 
equal to 20 times the common logarithm of the ratio of the sound pressure to a reference 
pressure (20 micropascals or 0.0002 microbar). 

(6) Octave band Sound Pressure Levels (SPLs) 

Sound is typically measured in spectra, or frequency ranges (e.g., high-pitched sound, 
low-pitched sound, etc.) that provides more meaningful sound data regarding the sound 
character of the noise. When measuring two noise sources for comparison, it is better to 
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(7) 

(8) 

(9) 

(10) 

measure the spectrum of each noise, such as in octave band SPL frequency ranges. 
Then, the relative loudness of two sounds can be compared frequency range by 
frequency range. As an illustration, two noise sources can have the same dBA rating 
and yet sound completely different. For example, a high-pitched sound concentrated at 
a frequency of 2000 Hz could have the same dBA rating as a much louder low-frequency 
sound concentrated at 50 Hz. 

Daytime Sound Level (Ld) & Nighttime Sound Level (Ln) 

Ld is the equivalent A-weighted sound level, in decibels, for a 15 hour time period, 
between 07:00 to 22:00 hours (7:00 a.m. to 10:00 p.m.). L, is the equivalent A-weighted 
sound level, in decibels, for a 9 hour time period, between 22:00 to 07:00 hours (10"00 
p.m. to 7:00 a.m.). 

Equivalent Sound Level (Leq) 

The equivalent sound level (Leq) can be considered an average sound level measured 
during a period of time, including any fluctuating sound levels during that period. In this 
report the Leq is equal to the level of a steady (in time) A-weighted sound level that would 
be equivalent to the sampled A-weighted sound level on an energy basis for a specified 
measurement interval. The concept of the measuring Leq has been used broadly to 
relate individual and community reaction to aircraft and other environmental noises. 

Day-Night Sound Level (Ldn) 

The Ldn is an energy average of the measured daytime Leq (Ld) and the measured 
nighttime Leq (Ln) plus 10 riB. The 10-riB adjustment to the Ln is intended to compensate 
for nighttime sensitivity. As such, the Ldn is not a true measure of the sound level but 
represents a skewed average that correlates generally with past sound surveys which 
attempted to relate environmental sound levels with physiological reaction and 
physiological effects. For a steady sound source that operates continuously over a 24- 
hour period and controls the environmental sound level, an Ldn is approx. 6.4 dB above 
the measured Leq. 

Sound Level Meter (SLM) 

An instrument used to measure sound pressure level, sound level, octave-band SPL, or 
peak sound pressure level, separately or in any combinations thereof. The measured 
weighted SPL (i.e., A-Wt. Sound Level or dBA) is obtained by the use of a SLM having a 
standard frequency-filter for attenuating part of the sound spectrum. 
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S O U N D  L E V E L S  F O R  T Y P I C A L  A C T I V I T I E S  

Subject ive Human  
R e s p o n s e  and  
C o n v e r s a t i o n  

Threshold of Pain 

Threshold of 

Discomfort 

Maximum Vocal Effort 

Very Loud 

Shouting in Ear 

Shouting 

Very Annoying 

Moderately Loud 

Normal Conversation 

Quiet 

Very Quiet 

Soft Whisper 

H o m e  and  I n d u s t r i a l  

( I n d o o r  N o i s e )  

Rock Band (Max.) 

Discotheque (Max.) 

Symphonic Music (Max.) 

Industrial Plant 

Newspaper Printing Rm. 

Food Blender 

Symphonic Music (Typ.) 

Garbage Disposal 

Alarm Clock 

Vacuum Cleaner 

Electric Typewriter 

Air Conditioner at 20 Ft. 

Typical Office 

Living Room 

Bedroom 

Library 

Broadcasting Studio 

Hoover & Keith Inc. (Consultants in Acoustics) 
11391Meadowglen, Suite D 
Houst on, Texas 770 8 2 

, ,  

d B A  
Sca l e  

( L e v e l )  

- -  1 4 0 - -  

- -  1 3 0 - -  

- -  1 2 0 - -  

- - 1 1 0 - -  

-- 1 0 0 - -  

R E F E R E N C E  A N D  C O M M U N I T Y  R E S P O N S E S  

Communi ty  and Traffic 

(Outdoor  Noise)  

Aircraft Carrier 

Military Jet Aircraft 

Large Siren at 100 Ft.i 
I 

Jet Takeoff at 200 Ft.I 

Thunderstorm Activity 

Elevated Train 

Auto Horn at 5 Ft. 

- -  9 0 - -  

- -  8 0 - -  

-- 7 0 - -  

- -  6 0 - -  

- -  5 0 - -  

- -  4 0 - -  

- -  3 0 - -  

- -  2 0 - -  

. .  1 0 . .  

Compacting Trash Truck 

Heavy Truck at 25 Ft. 

M otorcycle at 25 Ft. 

Small Truck at 25 Ft. 

Heavy Traffic at 50 Ft. 

Avg. Traffic at 100 Ft. 

Light Traffic at 100 Ft. 

Typical Suburban Area 

Birdsong 

Rural Area 

R e f e r e n c e  

L o u d n e s s  

16 Times 

as Loud 

8 Times 

as Loud 

4 Times 

as Loud 

2 Times 

as Loud 

Reference 

Loudness 

1/2 as Loud 

1/4 as Loud 

1/8 as Loud 

Just Audible 

Threshold 

o f H earing 

C o m m u n i t y  

R e a c t i o n  To 
O u t d o o r  N o i s e  

Vigorous Action 

and Law Suits 

Threats of 

Legal Action 

Appeals to Officials 

Widespread 

Complaints 

Sporadic Complaints 

No Reaction, 

Although Noise 

is Noticeable 
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