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Attached for filing in the above-referenced proceeding are revisions by Rockies
Express Pipeline LLC (Rockies Express) to draft Resource Report Nos. 6 and 7. The

revised draft resource reports respond to the data requests propounded by Staff to

Rockies Express in this proceeding.

To assist with identification of issues, Rockies Express provides a spreadsheet -
indicating where in the resource reports each Staff data request has been addressed, A

redline of the draft resource reports also is provided to Staff.

If you have any questions with regands to these materials please contact Ryan

Childs at (307) 760-5635.
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Rockies Express Pipsiine-East Project
Response to Data Requests Partaining to Resourcs Report 6

Resowroa Report and

FERC Data Request Saction Revised

January 24, 2007

27. InTable 6.2-1, fll In the data which is lisiad as "NA" because it was not availabla in a data See table 6.2-1 of
base, Resource Report B, Rev.

1.

28. Provide a discussion on paleoniological rescurcas, inciuding polaniial impacls anc See sections 6.5 and 6.6

mitgaton. of Resource Report 6,
Rav. 1.

29. Rockles Express should expand its discussion of impacts on mineral resourdes, Rockies See saction 6.6 of
Express Indicates construction of the pipeline would not preciude affect the production of Resource Rapoit 6, Rev,
mineral rescurces because tha majority of the axdsting oparations sre imiiad by roads 1.
and/or praparty fines. This statement may not be acciwate, roads woukl not necessary limit
undarground oparations and property may be sold,

30. ideniify the iocation of abandoned coal mines by mils post, depth, and type of mining flong See table 6.3-2 of
wall, piliar and post, efc.). Resource Report 8, Rev.

1.

31. Identify the kocation of off and gas wells in the vidinity of the proposed pipeline. Also, identify | See sections 8.3 and 6.6
any gathering lines crassad by the proposed pipeline and any amea where blasting may and Appendix BC of
ocowr. Discess what miligation measures would be implemernted to ensurs no off or gas Rasource Raport 8, Rev.
wells would be damagad. 1.

32. Provide information on flaoding and scouring and identify any areas along the propased See section 6.4.5 and
pipeline with the patential for sevene scour. table 6.4.6-1 of Resource

Report 6, Rav. 1.
33, Provide 3 projact specilic blasting plan, So0 Appendix 6E of
Resource Report &, Rev. 1

34. Discuss the impact on the proposed pipeline from ground subsidence (karst or mine See sections 5.3, 6.4.4,
coliapse). Discuss any miligaticn measure that would ba usad to safe guard the pipeline arvd 6.6 of Resource
from these hazards. Report 6, Rev.1.

35. Provide approximate mile post of areas with ‘moderate’ and "high’ susceptibiiity for Sep table 6.4.5-1 of

Resourca Report 6, Rev.
1.
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Rockiss Express Pipeline-Exst Project
Response 10 Daia Raquests Partalning 10 Resource Report 7

FERC Data Request

Resowrce Repont ang
Section Revisad

Janvary 24, 2007

38. Afer consiruction how often woukl Rotkies Express patrol the plpeline?

See soction 7.3.1.3 of
Resourcae Report 7, Rev.
1.

37. How woudd Rockies Express monitoe the depth of cover over the pipeline efter construction?

Soe section 7.3.1.3 of
Resource Roport 7, Rov.
1.

38. Expand Tabla 7.2.6-1 1o Include all meter stafions. Soll chamcteristicn should include hwdric
solis.

Sea lahle 7.2.6-Z of
Resource Report 7, Rew.
1.

39. Provide the Incations whers Bonnal series sclis ans crossed. Describe the poleniial impacts
fo scils in thess areas and any mitigation Rockies Express propases In these amaa.

See saction 7.3.1-1 and
Appendix 7D of Resourca
Report 7, Rev. 1.
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ROCKIES EXPRESS PIPELINE-EAST PROJECT
Rockies Exprass Pipeline LLC

6.0 RESOURCE REPORT 6 - GEOLOGIC RESOURCES
Table 6-1 lists the filing requirements found in Titke 18 of the Code of Federal

Regulations (CFR) § 380.12 applicable to Resource Report 6 and the locations In this report
whera sach requirement is addressed.

TABLE &-1

Rockies Express Pipeline-East Project
Resource Report 6 Filing Requirements Checklist

Raquirement
Filing Requirement Addressad Location within this Document
18 CFR § 380.12 (h) Geological Rasources v Sections 6.0, 8.1, and 6.2

Section 6.3
Seclion 8.4

18 CFR § 380.12 (h)1) Mineral Resaurces I

18 CFR § 380.12 (h){2) Existing and Potential Geologic Hazards v

18 CFR § 380.12 (h){3} Minimization of Adverse Effects and Blasting v Baclion 6.8
18 CFR § 380.12 (h){4) Mine Reclamation NA Nol Apphceble
18 CFR § 380.12 (R)({5) LNG Facilities NA Net Applicable
18 CFR § 380.12 (h)(6) Underground Storage NA Nol Applicable

6.1 GEOLOGIC SETTING
6.1.1 Pipeline Facilities

The Rockies Express Pipeline-East (REX-East) Project west of the Mississippi River is
located within the Dissected Till Plains Section of the Central Lowlands physiographic province.
This section contains clder Kansan-age (410,000 to 380,000 years ago) glacial deposits that are
consequently more dissected than the younger Wisconsinan-age (12,000 fo 10,000 years ago)
and lllinoian-age (310,000 to 130,000 years ago) glacial deposits of tha Till Plains Section to the
east. This section is mantled with loess that is commonly mora than 30 feet thick. Valieys in
this section are more closely spaced and the uplands more rounded than they are east of the
Mississippi River.

The portion of the project located sast of the Mississippi River to eastern Ohio is located
in the Till Plains Section of the Central Lowlands physiographic province. The Till Plains
Section is characterized by knob and kettle topography but consists of broad level uplands
between valleys that have steep sides and broad flocdplains. This section has inlegrated
drainage and contains few lakes or ponds. The majority of this section lies south of the extent
of the most recent glaciation,

The eastern Ohio portion of the proposed project is localed in the Glaciated and
Unglaciated Allegheny Plateau Sections of the Appalachian Plateaus physiographic province.
Thess sections consist of a large, highly dissected, plateau where the refief ranges from less
than 100 feet to greater than 400 feet largely dependent on the presence or absence of glaciai
deposits (Fenneman, 1938; Hunt, 1967).

Draft — Rev. 1 6-1 March 2007



Rockies Express Pipeline-East Project
Resource Reporl 6 — Geologic Resources

The landscape in the area of the proposed project has been shaped by multiple glacial
events, which have produced a variety of erosional and depositional landforms. The
predominant surficial geology of the area consists of late Wisconsinan-age and lllinoian-age
glacial deposits. However, the Missouri portion of the proposed route is located in an area of
pre-llinoian-age deposits. Surficial deposits in this portion of the project typically range in
thickness between 50 and 100 feet and consist of glacial till with isolated areas of alluvium,
residuumn, and colluvium. The lllinois and Indiana portions of the proposed project is underlain
by mostly end and ground moraine deposits consisting of loamy till, as well as areas of alluvium
and outwash deposits. Surficial deposits in this area range in thickness from 0 to 300 feet but
the majority of the route will cross areas with greater than 25 feet of unconsolidated material at
the surface. Surficial deposits in the western Ohio portion of the proposed project are relatively
simifar to those described above. However, the unglaciated eastem portion of Ohio consists
mostly of colluvium with isolated areas of lacustrine and alluvium deposils. Table 6A-1 In
Appendix 6A summarizes by milepost the surficial geology crossed by the pipeline route
{Fullerton et al., 2004).

Elevations along the pipeline route range from 424 fo 1,332 feet above gea level (see
table 6.1.1-1). Topography in the project area ranges from flat to very steep, with slopes
ranging from 0 to greater than 30 percent along the pipeline route. Approximately 69 percent of
the pipeline route will cross soils with slopes of 5 percent or less (U.S. Department of Agriculture
(USDA), Natural Resources Conservation Service (NRCS}, 1994).

TABLE 6.1.1-1

Rockles Express Pipeline-East Project
Range of Elovations Along the Proposed Plpsling Route

Elevation Above Mean Sea Loval (feef)

State/County Begin Milepost End Miepost Minirmom Average Maccimim
MISSOURI
Audrain 0.0 158 737 764 783
Ralls 158 1928 731 787 775
Pike 19.8 430 447 685 8848
ILLINOCIS
Pike 431 712 425 574 751
Scoit T2 883 424 570 679
Morgan 88.3 106.4 Li) 667 Mz
Sangamon 106.4 1320 535 so? 855
134.7 135.2 585 589 501
Christian 132.0 134.7 543 578 583
1353 1510 565 588 626
Macon 151.0 1720 588 679 734
Moultrie 1721 187.5 660 682 728
Douglas 1875 2146 621 654 692
Edgar 2148 238.1 588 652 693
INDIANA
Vermiliion 2381 247.2 460 620 662
Parke 2472 267.8 480 667 797
Futnam 2878 2868 664 B55 965
Hendricks 2888 04 B9% 865 480
Morgan 3041 3184 616 695 795
Juhnson 3184 3345 664 787 837
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Rockies Express Pipeline-East Project

TABLE 6.1.1-1
Roekies Express Pipeline-East Project
Range of Elevations Along the Proposad Pipsiine Roule
Elevation Above Mean Sea Level (feef)

Staie/County Bepin Milopost End Milepost Minimum Avesage Maximum

Shetty 3385 357.9 675 786 879

Decatur 3578 376.1 814 BE7 1,068

Franklin a76.1 404.0 5086 878 1,010
OHIO

Butler 4040 4359 609 722 830

Waien 4359 457.8 655 864 830

Clinlon 457.9 472.% 840 1,008 1,083

Greene 472.% AT4 8 1,060 1,088 1,086

Fayetle 4749 498.3 810 a82 1,080

Pickaway 498.3 5224 659 768 876

Faisfietd 522.4 5468 B3z 972 1,111

Perry 546.8 5647 749 083 1110

Muskingum 5647 590.2 675 909 1,431

Guemsey 580.3 &09.9 7908 111 1,238

8116 611.8 1,175 1,182 1,212
Noble 809.8 6116 1,008 1174 1,260
611.8 616.6 838 1,099 1271

Belmont 8188 6323 486 1.183 1,333

Monrce 632.3 6376 1.035 1,187 1,316
Project Totad 424 790 1,332

The majority of the project is underlain by middle to upper Paleozoic sedimentary rock
with areas of lower Paleozoic sedimentary rock in western Ohio and eastemn Indiana {Reed and
Bush, 2005). The area crossad by tha pipaline routa in Missouri and {llinais is predeminantly
undertain by Pennsylvanian age limestone, shale, and sandstone. The western Indiana and
eastern Ohio portion of the pipeline route are underlain by similar bedrock, which consisis of
moslly Pennsylvanian and Mississippian age shale, siltstone, and sandstone, The remainder of
the project area is underlain by mostly Ordovician and Silurian limestone and dolomite. Table
6B-1 in Appendix 8B summarizes by milepost the geclogic units crossed by the REX-East
Projact pipeline route (Gray et al., 1987; Slucher, 2006; lllinois State Geological Survey (ISGS),
1998a; Misscuri Departmeni of Naiural Resources, Division of Geology and Land Survey
{MDNR, DGLS), 2006a).

The proposed laterals to the meter stations will be localed in the same geological
setting, and affect the same geological resources, as the corresponding milepost (i.e., the meter
station milepost) along the proposed pipsline route.

6.1.2 Aboveground Facilities

The REX-East Project includes the construction and operation of five new compressor
stations iccated along the REX-East Project pipeline route, one new comprassor station located
on the existing REX-West pipeline, and construction of a compressor slation al its previously
cerlificated pig launcher and receiver facilty on the REX.Entrega pipeline. Additional
aboveground facilities will include 20 meter stations, 42 pipeline valves and associated
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Rockies Express Pipeline-East Project

interconnects, 4 launchers, and 4 receivers (see saction 1.1.2.2 of Rescurce Report 1). With
the exception of the two compressor stalions in Wyoming and Nebraska (Ardington and
Bertrand), all of the aboveground faciliies associated with the REX-East Project will be located
in close proximity to the pipeline and will be underlain by geologic resources described above
for the pipeline facilities. The proposed compressor stations along the REX-West and REX-
Entrega pipeline routes are underlain by Terliary-age sandstone, shale, and siltstone with
surficial deposits consisting of mostly allyvium and eolian deposits.

6.2 BLASTING

Based on analysis of the state-level State Soil Geographic (STATSGO) dalabase,
approximately 12 percent (79.3 miles) of the pipsline route will cross areas with bedrock at
depths of less than 60 inches (USDA, NRCS, 1894). The majority of these soils are located
along the eastern Chio portion of the proposed route. Analysis of the county-level Soil Survey
Geographic Database (SSURGOQ) database showed similar results with approximately 84.8
miles of the proposed route being underiain by shallow bedrock (USDA, NRCS, 2003}
Approximately one half of this badrock is considered paralithic (soft} and will not likely require
biasting during construction. The remaining areas will cross soits with a lithic contact (hard
bedrock) within 60 inches of the surface that may require blasting or other special construction
techniques during installation of the proposed pipeline. A milepost-specific list of the soil map
units along the proposed route that contain bedrock within 60 inches of the surface is included
in Appendix 7E. Table 6.2-1 provides a summary by county of the shailow bedrock along the
proposed route based on analysis of the SSURGO database. Spatial SSURGO data was
unavailable for Macon County, lllinois and Fayette County, Ohio. However, based on the
STATSGO database, no soils with shaliow bedrock will be crossed in those counties.

TABLE 8.2-1
Rockles Express Pipaiine-East Projact
Shallow Bedrock Along the Proposed Pipeline Routs "
Bedrock Type °
State/County Crossing Length (miles) Lithic (mitas) Paralithic {miles)
MISSOURI
Audrain 158 - -
Ralis 4.0 - -
Pike 232 0.1 01
Missouri Sublotal 43.0 01 0.1
ILLINOIS
Pike 8.2 D4 -
Scoti 15.1 - -
Morgan 201 - -
Sangamcn 26.2 - -
Chrigtian 168.4 - -
Mecon * 211 - -
Moultria 15.4 - -
bouglas 272 - -
Edgar 235 - -
illinolg Sublotal 195.2 D1t Do
INDIANA
Vermillion 9.1 - 0.1
Parke 206 - -
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Rockies Express Pipeline-East Project
Resourca Report 6 — Geologic Resources

TABLE 6.2-1

Rocklas Express Pipeline-East Project
Shallow Badrock Along the Proposed Plpeline Route *

Bedrock Type °
State/County Crossing Length (miles) Lkthic {miles) Paralithic: {rmiles)
Putram 19.0 - -
Hendricks 173 - -
Morgan 14.3 - 0.0
Johnson 20.1 - -
Shatby 195 - -
Decatur 18.2 04 -
Frankdin 219 - 3.6
Indizna Subtatal 1859 04 a7
OHIO
Butler e - 9.8
Warren 219 0.1 28
Ciinton 14.3 01 -
Graene 28 - -
Fayetls ° 234 - -
Plickaway 241 - -
Fairfield 244 1.0 0.1
Peny 179 5.5 28
Muskingum 255 78 121
Guemnsey 19.7 3.7 10.3
Noble 86 11 ar
Belmont 15.7 14.1 12
Monroe 5.3 38 1.5
OChio Subtotat 2336 37.3 43.2
Project Total ' 6376 37.8 470
- Based on analysis of the Soll Survey Geographic (SSURGQ) datebase.
" Paralithic refers to "soft" bedrack that witl not likely require blasting during construction. Lithic refers to “hard” bedrock
that may require blasting or other specisl construction techniques during instaliation of the proposed pipaling.
© Spatial SSURGO data was nol available. Based on analysis of the Slale Sod Geographic (STATSGO) dalzbase.

Note: The numbers in this table have been rounded for presentation purposes. As a resitl, the tolals may ot reflect the exact
sumn of the addends in af cases. Some totals mey be off by 0.1 place.

6.3 MINERAL RESOURCES

A wide variety of exploitable and potentially exploitable mineral resources occur in the
states affected by ihe REX-East Projecl. The most predominant exploitable resource found in
the siates crossed by the pipeline route is crushed stone. Crushed stone accounted for
between 31 and 44 parcant of the total nonfuel raw mineral production value of each respective
state in 2004. Ancther predominant exploitable resource found in the states affected by the
project is cement. Portland and masonry type cement, combined accounted for between 2 and
29 percent of the total nonfuel mineral production value of each respective state in 2004,
Additional mineral resourcas in the states crossed by the pipeline route include sand and gravel,
lead, lime, and salt. Nonfuel mineral resources in Nebraska consist of cement, sand and gravel,
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Rockies Express Pipeline-East Project
Resourte Report 6 — Geologic Resaurces

and crushed stona. in Wyoming, nanfuel mineral resources include soda ash, bentonite, Grade-
A helium, and portland cement (U.S, Geologic Survey {(USGS}, 2004). '

Rockies Express received scoping comments regarding potentiad impacts on mining
operations In the vicinity of the project area. USGS topographic maps and 2005 aerial
photography were used to identify surface features possibly associated with mining or mineral
resourcas. Table 6.3-1 identifies mining and mineral resource areas within 1,500 feet of the
pipeline route. All of the localities lisied are associated with nan-metallic resources and include
twe guarries, two gravel pits, and six sand/gravel pit. Ne mineral resources have been identified
within 1,500 feet of the Arlington and Bertrand Compressor Stations in Wyoming and Nebraska,
respectively.

TABLE 6.3-1
Rockles Express Pipualine-East Projact
Mineral Resources within 1,500 feet of the Proposed Pipeline Route *
State/County Miepost Cperation Distance and Direction from the Right-of-Way
HLINOIS
Pike 589 Quarry 1,300 feet Soulheast
70.8 Gravel Pit 1,250 fest Scuth
Douglas 1998 Quarry 5§00 f=at North
INDIANA
Morgan 309.9 Sand / Gravel Pit* 575 fest West
3148 Sand / Grave! Pit ® 1,000 faet Northeast
350 Sand / Grave! Pit 300 lest West
OHIO
Buther 4242 Gravel Pit 450 feet Southwes!
4299 Sand / Gravel Pit " 1,000 feei North
434.3 Sand / Gravet Pit ° 2135 feet North
4715 Sand/ Gravet Pit 1500 feet North
Based on a raview of U.5. Geclogial Burvey (USGS) fopographic maps and 2005 aerial photography.
© Based on Interpretation of 2005 aerial photography. hot identified on LISGS topographic maps.

Oil and gas production is another exploitable resource fourdl in the states crossed by the
praject. Although the majority of the oil and gas fields in Missouri, lliinois, Indiana, and westem
Ohio are located outside the region that will be crossed by the pipeline route, the eastern Ohia
portion of the pipeline will cross numerous oils and gas fields, particularly in Perry, Muskingum,
and Guernsey Counties (Ohio Department of Natural Resources, Division of Geologicai Survey
(ODNR, DGS), 2004). No oil and .gas welis were identified in Missouri {(MDNR, 2002}
However, oils and pas wells were identified in Christian County, lllinois; Shelby and Decatur
Counties, Indiana; and throughout eastern Chio (ISGS, 2007; Indiana Geological Survey
(INGS), 2002; ODNR, DGS, 2004). Table 6C-1 in Appendix BC identifies by milepost the oil and
gas wells within 500 feet of the proposed pipeline route. Oil and gas production is also common
in Wyeming and Nebraska; however, no wells have heen identified in the vicinity of the
proposed compressor stations along the REX-West and REX-Entrega pipeline routes.

The proposed pipeline route will cross two coal producing regions of the United States,

the Interior region in Missour, lllinois, and Indiana, and the Appalachian region in Ohic. In
2005, these states accounted for approximately 8 percent of all United States coal production.
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Wyoming is located in the Western coal producing region and accounted for 36 percent of
United Stales coal production in 2005. No coal was produced in Nebraska in 2005 {Energy
information Administration, 2006).

Underground mining for coal has occurred in tha states crossed by the project since the
1800s. In the United States, the traditional method used is room-and-pillar mining. This
consists of excavating an area ("room”) while leaving pillars of coal in place to support the mine
roof, The other basic method of underground coal mining is longwall mining. Longwall mining
involves the essentially complete removal of coal contained in a large rectangular block or
“panel.” Following removal of the coal, the mined-aul area is allowed {0 collapse. Longwall
mining coal production has grown rapidly over the past 50 years and is now one of the principal
underground mining methods in the United States {Energy Information Administration, 1985).

According to the 2004 Keystone Coal Industry Manual, active coal mining operations
oceur in eight of the counties crossed by the pipeline route: Sangamon County, Hiinols; Parke
County, indiana; and Perry, Muskingum, Guernsey, Noble, Belmont, and Monroe Counties,
Ohio (Mining Media, 2004). Based on a review of aerial photography and USGS topographic
mapping, no active coal mines were identified within 0.5 mile of the pipeline routa or associated
facilities. Additionally, no abandoned mines were identified along the pipsiine route in Missouri
or Indiana (MDNR, 2006b; INGS, 2002). However, portions of the pipeline route in iNincis and
Ohic will cross areas underlain by abandoned underground mines (Stiff. 1997, Crowell, et al.,
2006}. Table 6.3-2 idenfifies areas along the proposed pipeline route underain by abandoned
underground mines. To determine the depths of these mines, Rockies Express consulted with
tha ODNR, DGS. The ODNR, DGS siaff stated that it was difficult lo determine the depth of a
mine at a particular location due to the fact that reported depths, if present, represent an
average elevation or the elevalion at a specific location. The ODNR, DGS staff also stated that
the depth of the mines can vary substantially between mining operations as well as within an
individual mine, depending on its size (Gordon, 2007).

TABLE 6.3-2
Rockles Express Pipeline-East Projaot
Abandoned Underground Mines Along the Proposed Pipsline Routs *
Begin End Length \dentification
SiatefCounty Mifepost Milepost (mlles) Type of Mining Code
ILLINGIS
Sangamon 1174 1189 14 Room and Piliar 193
1189 1189 <0.1 Room and Philar 193
Doug las 208.1 208.2 a1 Rocn and Pillar 668
208.5 2118 32 Room and Pillar 668
QHIO
Parry 559.6 559.6 <0.1 Room and Pillar 341275020802
559.8 6699 0 Room and Pillar 31278003302
560.0 5600 a1 Room and Pillar 341278003302
560.0 560.1 0.1 Room end Plllar 341278003302
561.0 8611 Q1 Roomy and Pillar 341278035602
562.2 562.2 01 Room and Pillar 341278026002
5623 bG2.4 01 Room and Pillar 341278026002
562.5 562.6 02 Room and Plllar 341276026002
562.8 8631 03 Room and Plllar 341278026002
563.2 563.5 04 Room and Plllar 341278026002
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TABLE 6.3-2
Rackles Exprass Pipeline-East Project
Abandoned Underground Mines Along the Proposed Plpeline Route *
Bagin End Length |dentification
State/County Milepast Milepost {milas) Type of Mining Code
Muskingwn 565.4 5655 0.1 Room and Piflar 341198019902
565.5 565.6 <0.1 Roam and Flilar 341158019102
565.7 SB5.8 o1 Roam and Pillar 341188019102
565.9 5659 [*R | Roam and Fillar 1188019102
568.1 568.58 0.5 Room and Piller 341158019102
569.2 569.6 03 Room and Pillar 341158019402
570.0 570.0 <0.1 Room and Pillar 341188022002
570.9 §70.2 1R | Room and Pillar 341188022002
Guemaay 5939 8045 07 Room and Fillar 340598004802
594.5 5847 0.2 Room and Fillar 340598005202
594.7 504 9 0.2 Room and Pillar 340585004802
594.8 565.0 0.2 Room and Pidar 340588005202
5850 5951 <0.1 Room and Piar 340598004802
596.1 596.3 02 Room and Pillar 340688002802
596.4 5965 04 Room and Pillar 340598002802
5973 5977 0.4 Room and Plar 340598000302
598.8 §99.4 086 Roam and Pillar 340598000602
5894 600.3 1.0 Room and Pillar 340598005402
600.4 6008 0.5 Room and Piltar 340598004902
600.9 601.1 0.3 Room and Fillas 340508004802
601.1 8021 ¢9 Roarn and Pillay 340598005002
602.3 BD2.3 <0.1 Room and Piar 340588003502
6023 60239 05 Room and Pilar 340558002502
604 4 8048 0.2 Room and Pilar 340508008502
604.6 047 0.1 Room and Pilar 340588006502
604.7 B04.7 <0.1 Room and Piflar 340598006502
Bealmont 8282 628.2 02 Room and Pillar and Longwall 340138030202
6284 8208 13 Room and Pilkar end Longwal) 340138030202
Maonroe 6323 6324 01 Room and Flillar ' 340138027002
6328 6376 48 Ruom and Pilar 340138027002
. Siiff, 1997 Crowel|, et 3l 2006

One impact of underground mining, particularly longwall mining, is subsidence at the
surface when the mine collapses. Subsidence from underground mining takes two forms, pit
and sag. Pits are usually 6 1o 8 feel deep and range from 2 to 40 feet in diamefer, although
most are less than 16 feet across. Newly formed pits have steep sides with siraight or bell-
shaped walls. Sag subsidence forms a gentle depression over a broad area. Some sags may
be as large as a whole mine panel several hundred feet long and a few hundred feet wide.
Several aces of land may be affected. During sag subsidence the ground drops vertically and
moves hotizontally toward the center of the sag. At the surface, the sag may be much broader
than the collapsed part of the mine. For example, a roof faiture in a mine 160 feet deep could
cause minor surface subsidence mare than 75 feet beyond the edge of the undermined area.
The potentlal damags of subsidence on structures {e.g., building, roads, or utility lines) at or
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near the surface depends on the structures orientation and position within the subsided area
{(Energy Information Administration, 1995).

84 GEOLQOGIC HAZARDS
8.4.1 Seismic Hazards

Earthquake intensity is a measure of the exient to which man-made structures are
damaged by a seismic event and generally depends on distance from the epicenter of that
evenl. The Mcdified Mercalli Intensity (MMI) scale ranges from an earthquake intensity value of
I, in which the earthquake is not felt, to an intensity value of XI\, in which damags is nearly total,
large rock masses are displaced, and objects are thrown into the air (Cargo and Mallory, 1977).
Table 6.4.1-1 describes a ranpge of earthquake intensities and their potential effects, some of
which might be experienced in the REX-East Project area.

TABLE 6.4.1-1

~ Rockios Express Pipeline-Easi Project
Range of Earthquake Intensities *

Mod ified Marcalli

| Intensity Valus Dascrigtion of Intensity {Beverity) Factors

| Not felt excepl by a very few people under especially favorable circumsiances.

1T} Fek quite noticeably indoors, especially on upper floors of bulidings, but many people da not recognize i as
an earthquaka. Standing automobites may rack slightly. Vibration like a passing truck.

v Foll by nearly everyone; many awakened. Some dishes, windows, ett., broken; a few Instances of cracked

plasier; unstable objects overtumed. Disturbances of trees, poles, and other tal! objects sometimes
noticed. Pandulum ciocks may atop.

vi Feit by all; many frighlensd and run ouldoors, Some heavy fumniture moved; a few instances of fallen
plaster or damaged chimneys. Damage shight.
vil Everybody rnuns ouldoors. Damage negligible in buildings of good design and construction; skight to

maoderate damage in welk-buill ordinary structses; considernble damage In poory-buitt or badly designed
structures. Some chimneys broken. Nolicad by persons driving automobilea.

X Damage Tolal. Waves seen on ground surfacaes. Lines of sight and level distorted. Objects thrown upwarnd
into the alr.

Modified rom Cargo and Mallory, 1877,

Seismic aclivity in the region surrounding the pipeline route is generally finked to the
New Madrid seismic zone. The center of the zone, or area in which the probability of a salsmic
event is highest, is located south of the project area, along the adjoining boundaries of Missouri,
Arkansas, and Tennessee. Between December 1811 and February 1812, three of the maost
powerful earthquakes in United States history originated i this area. Of the three major shocks
that occurred within the series, historic evidence indicates that at least one of the shocks
originated in Missouri. It is reported that these three main shocks reached intensity Xll, the
maximum on the MMI scale (USGS, 2008a). Since that time numerous intensity V or greater
earthquakes have been reported in Missouri, lllinois, Indiana, and Ohio. Numerous seismic
evants have also been recorded in Wyoming and Nebraska. The majonty of these events,
however, did not occur in the vicinity of the project area.

Based on the Seismic Source Zones Map provided in Algermissen et al. (1982}, the

majority of the project area (including Nebraska) could experience about three to six intensity V
earthquakes every 100 years (maximum Richter magnitude of 6.1). However, portions of the
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project in Indiana and western Ohio could experience between 11 and 15 intensity V
earthquakes every 100 years (maximum Richter magnitude of 6.1). The praposed compressor
station along the REX-Entrega pipeline in Wyoming is located in Seismic Source Zone that
couid axperience as many as 45 intensity V earthquakes every 100 years (maximum Richter
magnitude of 6.1). However, no intensity V earthquakes have been recorded in the vicinity of
the compressor station site,

64.2 Active Faults

The proposed REX-East Project pipeline route and associated facilities (including
Nebraska and Wyoming) will not crass any identified Quaternary-aged faults (National Atlas of
the United States, 2007; USGS, 2006b). However, in southeastern lllinois and southwestern
Indiana the proposed project will cross an area containing features interpreted to be the result of
earthquake induced liquefaction. Liquefaction features in this area provide evilence of
Quaternary faulting; however, no individual faults have been identified. These features consist
of clastic dikes filled with sand and gravel that are planar and have a near vertical orientation.
The project area is located on the far northern portion of the area defined as containing these
features and is weill north of the Wabash Valley fault system (Obermaeir and Crone, 1994; René
and Stanonis, 1995).

6.4.3 Soil Liquetaction

Soil liquefaction is a phenomenon often assoclaied with seismic activity in which
saturated, non-cohesive soils temporarily lose their strength and liquefy (i.e., behave like
viscous Rquid) when subjecied to forces such as intense and prolonged ground shaking. The
Federal Energy Regulatory Commission {FERC) defines areas with potential for seismic soil
liquetaction in the "Order Estabiishing Guidelines for the Submission of Required Data for
Pipeline Projecis” issued July 27, 1988. Based on this document, areas with the potential for
soil liquefaction are;

. underain by Holocene deposits which are likely to be non-cohesive, such as
alluvial, lacustrine, and shoreline deposits;

» whare the water table occurs at 10 feet or less below the surface; and

. where the USGS Open File Report 82-1033 (Algermissen el al., 1982) indicates
a 10 percent probability that horizontal ground accelerations of 10 percent of
gravity or greater will be exceeded in 50 years (referrad to as “seismic
threshold").

In the vicinily of the proposed REX-East Project, the floodplains of the Hlinois River, the
Mississippi River, and most of the other rivers that will be crossed by the pipefina route have the
potentlal of being underiain by Holocene depaosits. In addition, the water table below portions of
the project area occurs at 10 feet or less below the land surface. Howevar, the FERC-defined
seismic threshold is not met anywhere in the project area (including Nebraska and Wyoming);
peak horizontal ground accelerations with 10 percent probability of exceedance in 50 years are
only 6 percent of gravily or less (USGS, 2002). Therefore, based on the FERC-defined criteria,
soll liquefaction is not a significant hazard in the vicinity of the proposed project. The proposed
project will cross an area in the Wabash Valley region identified as containing liquefaction
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features. However, no historical earthquakes in this area have been strong enough lo cause
liquefaction. These fsatures were likely the result of prehistoric events in the Holocene and lale
Pleistocene epochs (Obermeir and Crone, 1994),

6.4.4 Karst Potential / Ground Subsidence

Karst features such as sinkholes, caves, and caverns can form as a result of the long-
term action of groundwater on soluble carbonate rocks {e.g., fimestone and dolostone).
Underground mining also poses risks to engineered structures due to the potential of the
overlying strata %o collapse into the void formed by the extraction of minerals (see section 6.3).

Approximately 24 percent of the pipeline route is located in areas that are considered to
have the potential for karst fealures. These areas are generally considered to have the
potential for karst features from 10 to 200 feet below the ground surface in gentty dipping to flat-
lying beds of carbonate rock. Potential features consist of fissures, tubas, and caves that are
generally less than 1,000 feet fong and 50 feet in vertical extent (Davies, et al., 1984, National
Atlas of the United States, 2007). The majority of theses areas are located in Missouri, western
illinois, and eastern Indiana. Tabla 6.4.4-1 identifies areas along the proposed pipefine route
with the potential for karst features.

TABLE 8.4.41
Rockies Express Pipeline-East Project
Argas Along the Propossd Pipeline Routs with the Potential for Karat Features *
State/County Bagin Milepost End Milapost Length {milss)
MISSOURI
Pike 254 227 172
Missouri Sublotal 172
ILLINDIS
Fike 54.5 7.2 18.7
Scoll 712 B3.S 123
{linois Subtotal 290
INDIANA
Putram 268.0 2816 13.5
Shalby 3425 367.2 15.4
Decaiur 3579 3761 18.2
Frankfin g 372 211
Indiana Subiolal 68.2
CHID
Clinton 462.7 4724 g4
Greane 472.1 474.9 Z8
Faystie 4749 488.3 234
Pickaway 498.3 499.2 (1]
Qhio Subtotal 36.5
Project Tota 1509
: Daviss, et al., 1884; National Allas of the United States, 2007

The proposed compressor stations along the REX-West and REX-Entrega pipeline
routes are not located in areas considered to have the potential for karst features. Rockies

Draft - Rev. 1 6-11 March 2007



Rockies Express Pipeline-East Project

Fxpress is not aware of any known karst features in the vicinity of the REX-East Project area
and does not anticipate any impacts on tha proposed project facilities from karst development.

Based on the digital soil mapping (i.e., SSURGO) for the areas along the pipeline route
with the potential for karst features, only about 2 percent of the soils crossed in thasa areas
contain shallow bedrock.

6.4.5 Landslides

Landslides involve the down slope movement of earth materials under a force of gravity
due to natural or man-made causes. The majority (34 percent) of the REX-East Projectis in a
low landslide incidence area (Godt, 1997). However, portions of the pipeline route located in
eastern Ohio are in moderate and high incidence areas {(Godi, 1997). In addition, portions of
the low incidence areas crossed in this area and isolated areas along the pipeline route are
considered to he moderateiy or highly susceptible to landslidas. Tabie 6.4.5-1 identifies areas
along the proposed pipeline route with moderate or high susceptibility to fandslides (Godt,
1997). Based on an analysis of the STATSGO database (digital soil survey data), the majority
(69 percent} of the soils crossed by the pipeline route have slopes less than or equal to 5
percent and, therefore, are less susceptible to landslides. However, the percent slope is greater
than 30 percent in portions of the higher incidence/susceptibility areas referred to above {USDA,
NRCS, 1984). Small, localized debris flows or slides may also occur in the vicinity of river and
stream banks with steep slopes, particularly after intansa precipitation events (USGS, 2000).

TABLE 6.4.5-1
Rockiss Express Pipeline-East
Arens Along the Proposad Plpeling Route with Moderate or High Susceptibility to Landslides "
State/County Begin Mllepost End Milepost Length {miles) Susceplibifity Inckience
MISSOURI
Audrain 78 158 80 Moderala Low
Rallg 158 19.8 4.0 Modarale Low
Pike 198 36.4 16.8 Moderate Low
364 430 6.7 High Low
Migsouri Sublatal 353
ILLINOCIS
Pike 43.0 69.7 267 High Low
Ninois Sublotal 26.7
INDIANA
Hendricks 28%0.8 008 100 Moderate Low
300.9 3041 a3 Moderaeta Low
Morgan 3041 . 306.4 22 Moderete Low
Frankdin 376.8 3861 173 High Low
Indiana Sublatal 324
OHIO
Pemy 556.3 564.7 3.4 High Low
Muskingum 564.7 5759 1 High Low
575.9 590.3 144 High Low
Guamsey 590.3 590.3 <0.1 High Low
590.3 5833 30 High Moderale
503.3 601.2 3.0 High Low
601.2 609.8B 35 High Moderale
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TABLE 6.4.5-1
Rockies Express Pipeline-East Project
Aroas Along the Propesed Fipeline Route with Modarata or High Susceptibliity to Landsiides *
State/Courty Begin Milepost End Milepost Length (mfes) Susceplibility Incidence
Noble 600.8 6116 1.9 High Modorate
Guemsay 6116 611.8 0.2 High Modarate
Noble €11.8 €16.6 47 High Modersis
Balmmnt €16.8 B1B.6 0.1 High Moderate
8166 6323 15.6 High High
Monrog 632.3 6376 53 High High
Qhlo Subtotal 81.2
Project Total 176.0
? Source: Godt, 1997

64.6 Stream Bottom Scour

Sediments composing the subsiraie below aclive stream channels are susceptible to
scour during flood conditions. Normmal stream botiom scour can remove surface cover from the
pipeline and could expose the pipe if scour depths exceed pipe burial depths. Stream scour
from flood currents could also expose the pipeline to excessive lateral forces and create
unsupported spans of pipe. Scour potential depends largely on flood flow characteristics and
grain size of the bottom sediments. Significant stream scour is normally limited to areas where
the crossing location is near a bend In the waterbody. Based on a review of the current pipeline
crossing locations and aeriel photography, table 6.4.5-1 identifies areas along the pipeline route
with the potential for severe stream scour.

TABLE 6.4.6-1
Rockles Express Plpeline-East Project
Waterbodies Crossed by the Proposed Plpeline Route with the Polential for Severs Stream Scour *

StateyCounty Mitepost YWaterbody
ILLINOIS

FPike 47.3 Sny River

Douglas 193.3 Kaskaskia River
INTHANA,

Farke 2507 Leatherwood Craek

Putaem 269.8 Raceoon Creek

Johnson 3371 Sugar Cresek
QHIO

Pickaway 5142 Wainut Creek
- Based on Imerprefalion of 2005 aerlal pholography.

The praposed crossing method for these waterbodies is identifled in Appendix 2A of
Resource Reporl 2. Rockies Express intends to cross waterbodies at perpendicular angles
away from bends and will install the pipeline at a sufficient depth (greater than 5 feet) to prevent
exposure due to stream scour. The pipe will therefore be located well below polential scour
depths.
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During the pre-filing scoping process, a landowner expressed concemn about pipe
exposure due lo flooding and erosion at the Walnut Fork and Pipe Creek crossings in Franklin
County, lllincis. Based on topography, this area may have the potential for flooding; however,
these locations have a well established riparian zones and active cultivalion on the adjacent
bank. Rockies Express is committed to preventing pipe exposure at walerbody crossing and
will utilize mitigations measures {e.g., rip rap, seeding) as needed to prevent severe stream
scour.

6.5 PALEONTOLOGICAL RESOURCES

Rockies Express consulted with various state agencies to identify potential areas of
sensitive paleontological resources along the pipeline route. To obtain project-specific
information, Rockies Express provided these offices with maps of the proposed route. The
MDNR, DGLS; ISGS; and INGS did not identify any specific significant paleontological
resources in the vicinity of the propcsed pipeline route that need prolection. In addition, any
bedrock that may be trenched through is sufficiently duplicated in areas adjacent to the right-of-
way so that no significant impacts on paleoniclogical resources will result from the loss of
bedrock in the trench (Kaden, 2007; Keith, 2007; Mikulic, 2007). The ODNR, DGS staff
identified three areas (MPs 441.0 to 445.7, MPs 447.6 to 449.8, and MPs 457.8 to 460.9) with
the potential to contain Ohio’s official fossil (frilobile genus fsotelus). However, the ODNR, DGS
staff also stated that, although these specimens are rare, there is no need for precaution with
regard to construction (Shrake, 2007). Rockies Express also consulted with the lllinois State
Museum (ISM) at the request of ISGS staff. The ISM identified various Wisconsinan-age and
(linioan-age surficial deposits in the vicinity of the project with the potential for fossil
assemblages. These include the Kelllerville, Vandalia, Radnar, and Hagerstown members of
the Glasford Formation, and the Wedron and Equality Formations {Saunders, 2007). Table 6.5-
1 identifies areas along the lllinois portion of the proposed pipeline route undedain by these
formations (ISGS, 1984; 1SGS, 1996k). The various members of the Glasford formation are not
espedially fossiliferous, but isolaied material has been found in these deposits. The Wedron
and Equality formations, however, can be significanly fossiliferous for large mammals
{Saunders, 2007). Correspondence related to paleontological resources in the project area are
included in Appendix 6D.

TABLE 8.5-1
Rockies Express Pipeline-East Project
Geologic Formasions Along the Proposed Pipaline Route In llinols with the Potential for Pakbontological Resources *

County Begin Milepast  End Milepost  Lengih (miles) Symbol Formation - Member
Pike 65.3 0.4 5.1 - 4 Glastord - Kellerville
Soott 75.0 863 13 gv Glasford - Vandalla
Morgan 86.3 947 g4 av Glasford - Vandalia

95.1 105.1 10.0 gv Glasford - Vandalia

1061 108.0 09 gha Glasford - Hagarsiown

106.0 108.4 0.4 gv Glasford - Vandalia
Sangamon 1064 120.4 14.0 Qv Glagford - Vandalia

113 1255 4.2 gv Glasford - Vandatia

1262 1318 54 av Glasford - Vandalia
Christian 132.1 1325 04 gv QGlagford - Vandatia

1331 1347 1.6 v Glasford - Vandalia
Sangamon 134.7 135.2 0.5 gv Glasford - Vandalig
Chrislian 135.2 1418 6.6 Qv Glasford - Vandalia
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TABLE 8.5-1
Rockles Exprass Pipeline-Eaat Project
Geologle Formations Along the Proposed Pipeline Route In 1linols with the Potential for Paleontolagical Rescurees
County Begin Milepost  End Milepost  Length (miles) Symbol Formalion - Member
1418 1510 8.2 o Glasford - Radnor
Macon 151.0 1539 29 or Glasford - Radnor
1545 1802 57 wp Wedron - Piatt
166.2 1845 43 wp Wedron - Piatt
164.5 148 04 wi Wedron - Fairgrangs
164.9 169.3 4.4 wp Wedron - Platt
168.3 1720 27 wp Waedron - Piatt
Mouitrie 172.0 1728 08 wp Wedron - Piatt
1728 1875 14.7 wp Wedron - Piatt
Douglas 1875 187.9 o4 wp Wedron - Piatt
188.3 1925 42 wp Wedron - Pialt
1831 1951 290 wh Wedrcn - Balesiown
195.1 2010 59 wh Waedran - Batestown
201.0 2024 13 ed Equabty - Dofton
2024 2025 0.4 whb Wedron - Balsstown
2031 204.8 1.5 ed Equality - Dolton
2046 2052 0.6 wb Wadron - Batestown
205.2 21223 70 ac Equality - Camni
2123 2134 10 ec Equality - Camni
2134 2146 1.2 wh Wedron - Batesiown
Edgar 2145 2279 132 wh Woedron - Batestown
229.1 2328 35 wh Wadron - Batestown
2337 23438 11 wh Wedron - Batestown
2353 2363 1.0 wh Wedron - Balestown
231.0 238.1 1.1 wh Wedron - Balestown
* Source: Saunders, 2007; llinois State Geodlegical Survey, 1984 and 19884

6.6 CONSTRUCTION IMPACTS AND MITIGATION

Pipelines are designed and installed in accordance with the U.S. Department of
Transportation's standards found in Title 42 CFR Part 192, Transportation of Natural and Other
Gas by Pipeline: Minimum Federal Safety Standards. Each pipeline is designed and
constructed o provide adequate protection from washouts, floods, unstable soils, landslides, or
other hazards thal may cause the pipe lo move or to sustain abnormal loads.

The overall effects of construction and operation of the proposed REX-East Project
facilities on topography and geclogy will be minor. Primary impacts will be limited to
construction activiies and will include temporary disturbance to siopes within the right-of-way
resulting from grading and trenching operations. Rockies Express will minimize impacts by
returning contours to pre-construction canditions to the maximum extent practicable. This may
not be the case at the compressor statlons and other associated aboveground facilities, where
grading and filling may be required to create a sefe and stable land surface to support the
facility,
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Rockies Express has received scoping comments regarding potential impacts due to
erosion during construction in areas with steep terrain. The construction procedures described
in section 1.4 of Resource Reporl * and section 7.3.1 of Resource Repert 7 will minimize the
potential for slope failure and erosion. These techniques include erosion control devices and
other best management practices as outlined in the REX-East Project Upland Construction Plan
(REX-East Plan) (see Appendix 1C of Resource Report 1) and REX-East Project Wetland and
Walerbody Construction and Mitigation Procedures (REX-East Procedures) (see Appendix 1D
of Resource Report 1}, and the Agricultural Impact Mitigation Plan (see Appendix 1E of
Resource Report 1).

If consolidated rock is encountered during construction, Rockies Express’ preferred
pracedure will be to fracture and excavate the bedrock using standard construction equipment.
Blasting of bedrock will only be required in areas where hard, crystalline bedrock is encountered
that are nol easily removed by conventional excavation methods. if blasting is necessary,
Rockies Express’ construction contractor will use blasting technique as outlined in the Rockies
Express project-specific Blasting Plan to assist in the removal of rock from the pipeline trench
{see Appendix 6E). All blasting techniques will be in cempliance with federal, state, and local
regulations governing the use of explosives. To avoid damage, the contractor will conduct pre-
blasting evaluations of the rock, as needed, and develop site-specific blasting operations and
monltoring plans to be approved by Rockies Express. Control of blasting will limit stresses on
exisiing pipelines, nearby domestic structures, water supply and ol and gas wells, or elsctrical
transmission tower footings that are located near the project area. Blasting will not begin until

- occupants of nearby bulidings, slores, residences, places of business, and farms have been
notified. Where necessary, excess rock will be hauvled off the right-of-way or, subject to
landowner approvat and applicable permit conditions, disposed of on the right-of-way. Rockles
Express is currently developing procedures and engineering standards that will address blasting
around Its pipeline,

Rockies Express received scoping comments regarding the removal of axcavated rock
fragments and other debris following construction. Rockies Express will not permanently
windrow rock along the right-of-way unless permission is secured from the landowner or land
managing agency. Disposal of rock debris will be in areas approved by the individuat
landowners or land management agency in accordance with tha REX-Easli Plan and ragulatory
requirements. Should Rockies Express have to dispose of excess rock outside of the right-of-
way, an approvad landfill or attemative upland area will be utilized. Permils and clearances wilf
be obtained for off-right-of-way disposel erees.

Rockiss Express received scoping comments regarding potential impacis on the project
facilities due to earthquakes. Basad on the low probability of localized earth movements or
geological hazards in the vicinity of the project, Rockies Express does nol anticipate any
problems attributable to such mavements or hazards along the majority of the pipaline or other
project facilities. The intensity, frequency, and duration of impacts resulting from the potential
hazard of minor earthquakes cannot be quantified. However, maintained pipelines constructed
using modem arc-welding techniques have performed well in seismically active areas of the
United States, such as Califormia (O'Rourke and Palmer, 19968). Only large, abrupt ground
displacements have caused serious impacts on pipeline facilities. Due to the very fimited
potential for large, seismically-induced ground movements in the REX-East Project area, there
is very little risk of earthquake-related impacts on the pipeline and other project facilities.
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Where potential landslide hazards cannot be avoided, Rockies Express will implement
mitigation measures to stabilize these areas. Measures could involve burial of the pipeline
below the potential landslide depth if feasible and/or drainage control. Drainage control can
include, but is not limited to, frequent slope and ditch breakers, subsurface gravel or cobble
drains, and culverts and drainage ditches to divert water away from the right-of-way. In
accordance with the REX-East Plan, Rockies Express will install permanent french breakers
and permanent slope breakers in areas of steep slopes. Trench breakers are designed to
prevent preferential water flow along the pipeline irench by diverting subsurface water flow to
the land surface. Groundwater discharging at the land surface |s then redirected off the right-of-
way by the slope breakers. Used in combination, these structures prevent subsurface piping of
soils that can lead to slope instability and failure.

The proposed pipeline will not preclude the expansion of the majority of the mining
operations identified in table 6.3-1 because expansion of most of the existing facilities is
currently preciuded by roads, waterbodies, current property boundaries, and/or collocated utiiity
lines.

Rockies Express received scoping comments regarding the impact on mines and
quarries with specific concerns ralsed about quarries near MP 315 in Morgan County, Indiana.
The pipeline in this location is in close proximity to the White River, which already precludes the
axpansion of the mining operations much beyond the locallon of the proposad pipeline route.
The pipeline route may also preclude expansion of the mining operations near MPs 424.2 and
434 4. However, Rockles Express is working with landowners in the area to minimize the
impacts on existing commercial establishments. Should the mining companies expand to
adjacent properties that are crossed by the proposed pipeline routs, Rockies Express will work
with the mining companies to minimize impacts on mining operations while protecting the
integrity of the pipeline. Rockies Express is familiar with mining holdings and will use
precautionary measures as needed. Historical data has shown that pipeline projects and mining
aperations have been able to coexist.

As discussed in section 6.3, the project will cross coal mining areas in llingis, Indiana,
and Ohio, and oil and gas fields in eastern Ohio. No abandoned mines were identified in the
vicinity of the project area in Missouri and Indiana. However, abandoned undergmound mines
were identified in lllincis and Ohio. Rockies Express identified 19.7 miles of abandoned
underground mines that will be crossed by the proposed pipeline route, the majority of which are
located in eastern Ohio. Rockies Express commissioned a study of the potential for damage to
the pipsline by coal mining subsidence along the route. A draft version of this study is included
as Appendix 8F. The objective of the investigation was to determine the capacity of the pipsline
to deform to accommodate ground subsidence before reaching a limit where damage will occur.
The study also provided design mitigation measures or protective measures that could be
undertaken at the time of the subsidence event. Mitigation measures include limiting the depth
of cover and the use of granular cohasionless backfill and/or low-friction coafing or geotextile
wrap to reduce the axial soil restraint. In addition, the study recommended the use of
appropriale weld material and procedures fo assure the mobilization of plastic behavior in the
pipe without britlle failure of the weld joints. Rockies Express is coordinaiing with various
mining companies o identify potential areas of future mining expansion, particularly in eastern
Ohio, to determine if the mitigation measures described above will be necessary,
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Ground subsidence may aiso occur in areas identified as having the potential for karst
features. The fact that pipelines are structurally strong and narrow in width greatly reduces the
probability that a critical size sinkhale will develop in close enough proximity to impact the
integrity of the pipeline. Steel pipe has considerable strength as a struciural member.
Allowable span lengths thal will prevent over-stressing the steel depend upon pipe diamster,
wall thickness, and scil conditions. If necessary, Rockies Express will make minor roule
adjustmenis to avoid sinkholes and/or develop specific design and monitoring criteria, which
may includa sinkhole stabilization and/or use of heavier wall pipe.

Because oil and gas is generally produced from depths of more than 1,000 feet,
construction of the pipeline is not expected to affect the ability of the wells to produce oil and/or
natural gas. Rather, any construction-related damage that could occur will be limited to surface
or near-surface components of the wells and gathering systems, which could temporarily disrupt
preduction until repairs are made. Prior to construction, Rockles Expreas will identify all oil and
gas wells and associated facilities within the construction right-of-way. Rockies Express will
eithar avoid these facilities or take appropriate precautions to protact the integrity of such
facilities. Mitigation measures will be implemented as necessary to ensure that no oil and gas
wells are damaged during the construction and operation of the proposed project. Potential
impacts of blasting on nearby wells will be mitigated by implementing Rockies Express’ project-
specific Blasting Plan. However, if unexpected damage to oil and gas well facilities occurs
during construction or operation of the proposed project, ali facilities will be repaired to
preconstruction condition or better.

Regarding paleontological resources, Rockies Express’ Environmental Inspectors will be
instructed to take note of any significant paleontoiogical materials encountered during trenching
operation, and will notify the appropriate personnel if significant fossit materials are
encountered. However, based on the consultations discussed above, construction of the
proposed project will not likely have significant impacts on paleontological resources.

6.7 REFERENCES

Algermissen, S. T., D. M. Perkins, P. C. Thenhaus, 8. L. Hansan, and B. L. Bender. 1982.
Probabilistic Estimates of Maximum Acceleration and Velocity on Rock in the
Contiguous United States. Open-File Report 82-1033. United States Depariment of the
Interior, United States Geological Survey. Washington, DC. 98 pp plus map.

Cargo, D. N. and B. F. Mallory. 1877. Man and His Gaologic Environment. 2" Edition. 581
Pp-

Crowell, D. L., C. E. Banks, and J McDonald. 2006. Abandoned Underground Mines of Ohio.
Obtained from the Ohio Department of Natural Resources, Division of Geological Survey
on November 2006.

Davies, W. E., J. H. Simpson, G. C. Chimacher, W. 8. Kirk, and E. G. Nawton. 1984,
Engineering Aspects of Karsl. United States Geological Survey. Reston, Virginia,

Energy Information Administration. 1995.  Longwall Mining. Available online at
hitp:/tonto.eia.doe.goviF TPRQOT/coalArD588.pdf

Draft - Rev. 1 6-18 March 2007



Rockies Express Pipeline-East Project
_Resource Report 8 ~ Geologic Resources

Energy Information Administration. 2006. Annual Coal Report. Available online at
hitpdiwww eia.doe.qovicneaf/coalipage/acriacr sum.himl

Fenneman, N. M. 1938. Physiography of Easiemn United States. McGraw-Hill Book Gompany,
Inc. 714 pp.

Fullerton, [0, 8., C. A. Bush, and J. N. Pennell. 2004. Map of Surficial Deposits and Materials in
the Eastern and Central United States. United Stales Geological Survey Geological
Invesligation Series 1-2789,

Godt, J. W, 1997, Landslide Overview Map of the Conterminous United Stales. United States
Geological Survey Open-File Report 97-288.  Available on the internet at:
hitp:/flandglides.usqs.gov/learningeducation/nationalmap/index.ph

Gordon, C. 2007. Telephone communication on March 15 between S. Holden (Natural
Rasourca Group, Ihc.) and C. Gordon {Ohin Depariment of Natural Resources, Division

of Geological Survey).

Gray, H. H., C. H. Ault, and S. J. Keller. 1987. Bedrock Geologic Map of Indiana. Indiana
Geological Survey Miscellaneous Map 44,

Hunt, C. B. 1967. Physiography of the United States. W. H. Freeman and Company. 480 pp.

Kaden, 8. 2007. Telephone Communication on January 10 between S. Holden (Natural
Resource Group, Inc.) and S. Kaden (Missouri Department of Natural Resources,
Division of Geology and Land Survey).

Keith, B. D. 2007. Telephone Communication on February 22 between S. Holden (Naturai
Resource Group, Inc.) and B. D. Kelth (Indlana Geological Survey).

Ninois State Geological Survey. 1984. Quatemary Geology of lllinois. Available on the intemet
: i5gS.uiue. dihome,

inois State Geological Survey. 1998a. Bedrock Geotogy of lllinois. Available on the internet
at: http:liwww.isgs uiue edu/nsdihome/webdocs/browse.htmi

Hinois Slate Geological Survey. 1996b. Quaternery Geology of llinois. Available on the
intemet at: hitp:/fwww.isgs.uiuc.edu/nsdihome/webdocs/browse. himl

Ninois State Geological Survey. 2006. (llinois Oil and Gas Resources (ILOIL) Inmternet Map
Service. Available online at: hitp:/fwww.isgs.uiuc.edu/ailgas/iloillaunchims.htm

Indiana Geological Survey. 2002. Abandoned Mine Lands in Indiana. Available online at:
hitp:/figs.indiana.eduarcims/statewide/download.html

Indiana Geological Survey. 2002. Petroleurn Well Locations in Indiena. Available online at:
hitp:/igs.indiana.edw/arcims/statewide/download.himl

Mikulie, D. G. 2007. Telephone Communication on January 10 between S. Molden (Natural
Resource Group, Inc.) and D. G. Mikulic (Ilinois State Geological Survey).

Draft — Rev. 1 6-19 March 2007


http://www.isqs.uiuc.edu/nsdihome/webdocs/brQwse.htmi
http://www.isQS.uiuc.edu/nsdihome/webdocs/browse.html
http://www.isgs.uiuc.edu/nsdihome/webdocs/browse.html
http://www.isgs.uiuc.edu/oilgas/iloil/launchims.htm
http://igs.indiana.edu/arcims/statewide/download.html
http://iqs.indiana.edu/arcims/statewide/download.html

Rockies Express Pipeiine-East Project

Mining Media. 2004. 2004 Keystone Coal Industry Manual. Prairieville, LA.

Missouri Depariment of Natural Resources. 2002. OQil and Gas in Missouri. Geological Survey
and Resource Assessment Division fact sheet number 19.

Missouri Department of Natural Resources, Division of Geology and Land Survey, Geological
Survey Program. 2008a. State Bedrock Geology (Tertiary) — State of Missouri.

Available online at: hitp://msdisweb.missouri.edu/datasearch/Themel ist.isp.

Missouri Department of Naturat Resources, Division of Geology and Land Survey, Geological
Survey Program. 2006b. Inventory of Mines, Occurrences, and Prospects in Missousi,

Available online at: http:/imsdisweb.missouri.edu/datasearch/Themel.ist.jsp.

National Atlas of the United States, 2007. Available  online at:
ptip://nationaiatlas.govinatlas/MNatlasstart. asp

Obermeier, S.F., and A. J. Crone, compilers, 1994, Faulk number 1024, Wabash Valley
liquefaction featuras, in Qualemary fault and fold database of the United States: United
States Geological Survey. Available online at:

http://earthauakes.usgs.gov/regional/gfaulis

Ohio Department of Natural Resources, Divigion of Geological Survey. 2004. Oil and Gas
Fields Map of Ohio. Available online at:
hitp:/fwww.dnr.state.oh.us/geosurvey/paf/pgl1.pdf

Ohio Department of Natural Resources, Division of Geological Survey. 2004, Oil and Gas
Interactive Web Map. Avallable online at:
hitp:/fwww. h.us/wabsite/geosurvey/oilgas/di

O'Rourke, T. D. and M.C. Palmer. 1996. Earthquake performance of gas transmission
pipelines. Earthquake Spectra. Vol 12, No. 3, p.493-527.

Reed, J. C. Jr.,, and C. A. Bush. 2005. Generalized Geologic Map of the United States, Puerto
Rico, and the u.s. Virgin Islands. Availahle online at:

hitp://pubs.u logi

Rend, R. M., and F. L. Stanonis. 1995. Reflection Seismic Profiling of the Wabash Valey Fault
System in the lllinois Basin. United States Geological Survey Professional Paper 1538-0.

Saunders, J. 2007. Email Communication on February 13 between S. Holden (Natural
Resource Group, Inc.} and J. Saunders (llinois State Museum).

Shrake, D. L. 2007. Email Communication an March 6 batween S. Holden {Natural Resourca
Group, inc.) and D. L. Shrake (Ohio Department of Natural Resources, Division of
Geolagical Survey).

Siucher, E. R,, E. M. Swinford, G. E. Larsen, G. A. Schumacher, D. L. Shrake, C_L. Rice, M. R.
Caudil, R. G. Rea, and D. M. Powers, 2008. Bedrock Geology of Ohio. Ohio
Department of Natural Resources, Division of Geological Survey Map BG-1 Version &

Draft — Rev. 1 B-20 March 2007


http://msdisweb.missouri.edu/datasearch/ThemeList.isp
http://msdisweb.missQuri.edu/datasearch/ThemeList.isp
http://nationalatlas.qov/natlas/Natlasstart.a8p
http://earthquakes.usQs.qQv/reoional/qfaults
http://www.dnr.state.oh.us/geosurvey/pdf/pg01.pdf
http://www.dnr.state.oh.us/website/qeosurvev/otlQas/disclaimer.htm
http://Pubs.usa5.qov/atlas/qeoloqic/

Rockies Express Pipelins-East Project

Resource ReEort 6 — Geologic Resources

Stiff, B. J. 1997. Areas Mined for Coal in lilincis. lllinois State Geological Survey. Available
online at: hitn://www.isgs.uiuc.edu/nsdihome/browse/statewide/coalmines py.e00

United States Department of Agriculture, Natural Resources Conservation Service. 1994. State
Soil Geographic (STATSGOQ) database for Hinols, Indiana, Ohio, and Missouri.
Available online at: hitp://www.ncge.nres.usda.goviproducts/datasets/stalsgo/

U.S. Department of Agriculture, Natural Resources Conservation Service. 2003. Soil Survey
Geographic (SSURGO} Database. Available online at:
http/Avww.nege.nres. usda gov/productsid I

United States Geological Survey. 2000. Landslide Hazards. United Stales Geological Survey
Fact Sheet FS2000-071. Availabls on the internet af: hitp:/fpubs.usds. gov/fs/fs-007 1-00/

United Slates Geological Survay. 2002. National Seismic Hazard Mapping Project, National
Seismic Hazard Maps. Available online at hitp:/feqint.cr.usgs -
menintmlcustom2002-06.html

United States Geological Survey. 2004. Mineral Yearbook. Available on the intemet at:
hitp://minerals.usgs.goviminerals/pubs/state/

United States Geological Survey. 20086a. Earthquake Information Center. Availabie online at:

hitp://neic.us h
United States Geological Survey. 2006b. Earthquake Hazard Program Quatemnary Fault and
Fold Database. Available online at: hitp:/earthquake.usgs, ional/

Draft— Rev. 1 6-21 March 2007


http://www
http://isqs.utuc.edu/nsdihome/browse/statewide/coalmines
http://www.ncgc.nrcs.usda.qov/products/datasets/statsqo/
http://www.ncoc.nrcs.usda.QOv/products/datasets/ssurqo/
http://eqint.cr'usQs.oov/eq
http://minerals.usgs.gov/minerals/pubs/state/
http://neic.Lisqs.qov/neis/states.php
http://earthquake.usgs.aov/reqional/Qfaulte/

ROCKIES EXPRESS PIPELINE-EAST PROJECT
Resource Report 6
APPENDIX 6A

Surficial Geoclogy Along the
Rockies Express Pipeline-East Project Pipeline Route




1002 Yosepn I-v9 I ‘Ady — el
sysodap eujeloiL-pUNCID - Auec abe uejouii ] - 74 £'IEs 1901
|9ARID PUE PUBS 13 BUCI-a0} abie uppouy) ey €0 1801 a0 uouwrefiues
[@ARIB puB PUES |DBIUGD-a0| afe usou|n ey oL ¥'80L §'q01
Sjisotap aulBICU-PUNOIS)—{It ALIBO abe uewuing F)] 1’8l &'col £ag veBiop
SHSO02P SUIRIOW-PUNID R AuBoT aba usjoupp b} (3 €98 1’6
81§5008D SUEIOL-DUNIH—N ALIBOT abe uetoul b4 Vg L'BL 09
wnapisel uoinios Apues of fefep ‘Aueyn affe Amua ) pue Aeuieienty -] £0 0L FAT)
spectop SUIRIOWHPUNDIO—R AWBGN aba uerouyy) n gl 28¢L el
wnnpjge: uonos Apues of Aedeg *Aleyn abe Aenus| pue ARwsEnD -1 50 TP L'ed
wrmAnge Weyd-pooy puE [SuuaD ofiz ISUOIBIAN S18| PUB BUSIOJOH © 52 LEL LA Y] Ho35
wryange ujed-pooy pue puuey ) afie WsLOoEIA, 918| PUE UBIDICH e L% AT 868
winnpise) uannjos Apues o Ladep 'Kpays afie luemue] pue Leweisnn T 9l B89 L'eg
sysodap sumouw-punoISk-|g AwBg} abe uBjouy|) ) ge Y] [ 51
wWNRIsa) LoNas Apues o] Aekep 'Adeys abe e pur ARWeRNY B 80 [y} L'E9
wryange ujed-pooy) pue |suLeLD s uBLCOEN, B8] pue BUBOOIOH e ol £'E9 17
wnnpised usnos Apues o] Askep "Apayn abe leps| pue ApwelERD B) ek 129 85
1 Aweo obe uelow|||-asd u ar ¥BS 9€s
88007 ab® u|SUDOSIAL B8] PUE BUBDOIOH L A o'Es £L5
WARPE9 UOIN0S APURS O} AsAep ‘Ausyn pbe Ueey pue Aswmalan el al 1] #06
wWAN|le wejd-pooy pue PueyD obe ujsuoosIM 12| pus SR H [ L\ v'0S ek
iajem uadp Jajem £0 EEY 1R 4 aid
SIONITI
13)em uedQy d2EM €0 OEY Fara
WIMANKE L|Bjd-pooy pue RUUBYD afie LSUOOSIA B1E| pUe BURJCIOH e a9 ey 3¢
B N st Lmye pus oD @ s vw o ow
g Aweo efie welouyjj-aigd aQ Ztl OEE a8l oiid
1in Awoy abe wejoug g @ oy g6l a6l sfed
g Aweo sBe uejouy-a)d a PaL g ¥o
wniaAnjie ujepd-poo) pue [euUuByD b2 LSOOI, SjE) PUE BLBOGIOH L ¥ ¥o 00 ureIpny
RINOSSA
uanduzsag aby loquig qun  (sej)  jsodeg  rsodaiy Aunogeiers|
yiBus pu3 uibag
» SIN0Y euigatiyd 12a[0und 1se3-ouljed)d veeidx] se)yo0Y e Buopy Juswies 1sodapy Aq LBojcep ERjUNG
l-ve 21dvi




2002 yEpn Vo } Ay —}eliQ
sisndep exeHeRed pUE “IDRILCO-8I ‘LSBMING ‘[BIANY afie UISUOIBIAN BTR] PUR SUECOIOH (5a) o THT BT
s)isodap AUIBIOLFPUNOICY--KI} AWBO efe auslo(Ol PUB USLDDS|A) 8187 1] B0 6'9%Z §'orT
s)isodep SuBIcWLHRUNCIS--i Awen e uaoun ] L0 Y A
E)/5008p SUIRIOLI-PUNCIE--H} AWRoT oD@ SUADCIOH PUB U|SUBIS(M 9yaT) h Lo GS¥e  USKC
S)S0ABD BUIBICLL-PUNIE-{i} AwBo'] ebe ugiougy A 60 9%¥Z  GPPE
fisodep sujsiow-puncug-i Aeo ofig SUATOIDH DUB UISUTDS|MA 918 B 9 % 4 L'RET UDJHIULISA
YNVIONI
8)80d0p BUIHCIIPLINOIji AlLEo 869 SUGDOJOH PUB LSUCOSHY 6167 h &0 L'8E2  €UEZ
|SARID pue pUBS YSBMIND aba ausaojoH PUB LISUOIBIAA 66 i £le 6'9eg
sjisodep BU{RIOU-PUNRDIS -} AWET) 6ibe BUSDOIOH PLE ISUCITIMN B)E] n 8 6562 t'0EZ
515006 P BUIBIOUFDUNOID-HIi ABO") abe 5U3DOI0H pUB WSUNISIA BJE') ] X[ ¥oez 94T tefpz
g)isodap SujRiow-pUNDID--F) Aweon efie auanajoH PUB LHSUOISIAA 3187 n Zi Rz 9RNE
s pue £e|3 afie LISUCISIA SjB] PUE SUSIDIOH 3| z9 82 €102
sls0dap SuRIoWEPUNOIL -] Ao ebe 8UBDOIOH pLE WISUCIS|IAN BT ] re E10Z [ §erd
ws pue Aejy ofie Lyauoss)i ele| PUE SUBIOIOH o > BE0Z 9002
sljsodep Bu)a.ow-puUNorS—i ALLEoT oo susoOIOH pUE WSUCOIM BIET n 5 Y00 0SBl
SUSOdan SLIRIOW-PUT--fl AlROT 65R QUADCIOH PUE ISUTISIAL S1ET wq ¥l 0ese 9'E6)
g)jsodap aujesou-punoss—-; AL afie 8USICIO} pUE LISUCISIAN BjE] n g eeL gial se[Snog
flls0dep eujEIow-pUNoIS—IE Alweo ebie BuBIc|OH PUE UISUCISIAY S187 n el -5 1) 0°ELL
£lsodep auie.ow-puT-f] AWeo B6E BUSDGIOH pUE WSUOISIAY BET un ol oesl 0z amnow
sjsodap supeIplu-pug-{i) Aweon efie euasoj0} pue LIBLOIS|AA BIE] L) az oTiL <'681
spscdep Supow-pu RS- AWeo ebe SUBIC|OH pUE WFUOTS|AN SIET [/ Ve 2] ¥oeL
s)is0dap euraiow-pu--||j Awesn BBE BUBIGION PUR LYSUCDSIAN 246 ) &l rogL 6'gsL
sjisodep aueiDW-puz—~|} Aweon ebe eueo0joy pue aUaos|A BlE un ZE 8851 £'S5E
|9ARIE puE puUES YSEMND obe oUBI0OH pPUE UISUDDSIM 66 (44 551 §egL
sysodep auBiow-pun o1 Awso =be usmouyy # g3 ) o5l uogB
1/g008p BUIRIOW-PUNDIS ||} AR ebe uejou)j) » Gl o5 Z'5El umSLYD
sys0dap Sulguow-pUNID--Im AWeo] ebe usou » 90 el L'¥EL uoweSueg
SHIOHSP SUIZIOW-PUNDIE--i) ALBOT abe ueou||| ) %0 L¥EL O'¥EL
wnanye ujeid-pooy pue jeuUeyD ofe Wsucosip) Bl8| PUB BUSTO|OH 2 0z OFEL  0ZEL N T T
winange ued-pocy pue [suusy’s aBe UIBUODSIAN 18] pUB USVOI0H e 20 O'ZEL SIEl
uafiduosag eby OQWAS Jur;  {segw}  sodenpy  asadeny Aunoo/aes,
Whue pug uibegt
» INCY BujjBdld Jo8jaid 3sTF-oujjedld ssesdxg sendoy sy Buoly Jueswilsg jsodajy Aq ABoj0eD re|auNg
-9 318VL




2002 Usrew €v9 | “ney — el
SHSOURAP SuEIOW-PURCIE—{IR Aweo efis pUEIOIDH RUR WSLOOE|W S1E7] " 95 - ¥iy A
SH5009P BUIBIOW-PURCID-{IR AweoT sfie BUS20|DH PUE WSULOISIM B1E7 a €8 oot g€ Jmeoag
SHeodap QURIOW-PURNID Il AWeo siie suanojol pue WISUNOSIAL B1ET] ] ve BL6¢ 9'8bE
25000p ayet-|eIE|0 PUE |OBUCI-8 "YSBAIND 1BIAN|Y ofe LISUGIGA F18] PUR BUBICIOH (Be) 99 S'6¥E ovre
€xzodap aujelow-punoIsy--|i} Aweo s BUBDO|OH PUB LISUCDSIAN 1B n .34 184 4% [N
susodap anepjePed pue 1BN0-304 ‘USBMIND BNy aile uisUCOEIN B1B] PUR BUSBDI0H {Be) o0 (W85 9'0PE
gisodep aUIBLOU-PURDIS~||l AWBOT abie suadoloH pue UIBLOaSIAK 518 1] i 9ore »GEE
spsodep axeBoR pug ‘JuvIuns-a9) ‘YSBMING ‘fEIARY aliw LISLCISIM 818 PUE SUBIDIOH (-] 68'0 ¥'6eE §'8EE Amways
Tzodap eyE-EREE pue 39uC-83) "YSEAING ‘fErAry abe uSUCOSIM 318 pue SUSd0I0H (Be) i34 gEE  SvEe
spsotap AuOW-pUNCIE—|K] ALueon slie BUBDGIOH PUR UISUODSIAA 1] n 1L SPEE PBLE uasuyop
aEoden dulou-puD—if) Aueoy BBE BUBDI0K PUE UISUGIEIA 81 n gl vele  goie
Kisadep eyeEjeel PUB "FIFUCRE3] YSEMIND "EANTY ob8 USUCOSIMA 18] PUE BUBIDIOH {6e) L'e BoLE F445
s)soden au EXOLFPUNCID--|H] AkeaT abe BuBdOOH PUB LISUCIS|M S1E'} 2] ¥E Zre 80LE
spscdap eyeree|l pue "12e1u0-89) ‘YSEMIND IBIAN Y a8 uisuOIS|AN B12) PUE BUBIAJOH {iie) v goLe 008
s 5odep euLEIGL-PUNOID--||) Aweor) a2 GUBIDICH Pue WEUCDS|A B3 n €2 PRt L pOE ueBiap
s)isodes oURIoLLI-PUNGIS)--|||} AW EBe) 66e BUBIDIGH PUB UISUODSIM )87 I £e L'POE 6'00E
syeodep aukw-puncig--) Aweoq efie suBI0jOH pue LEUCIS|A B1E 1! (37 600E 9062
siaodap alyeiGw-pu3—j) Awen- @be susvojoy pue UISUCOSIAA FI9) wy ¥l 9962 F'582
s)sodap aujRIoW-puUnaID-~jil Aweon oz GUEIOION PUE UISUCISIM 8)e) ] o'l ¥'G82 ¥'PeT
fenlB pue puer ysBMIND &be eusanjoH PUE LISUODSIA 66 80 'y62 S'LeZ
SPSOAOP DUIBIGW-PLNCID-{I} AWeo] 9B% QUSICIOH PUE UISUOOSIAY B1E7] i} 19 S'EBZ 298z 630U pUBH
§)js0dep HUIBIOWFPUNCID-if) Awsa a2 auado{ol PUB UISUIDSIA @18 1} ¥'0l 198z 0Lz
SYsOdap AUIBICLLIPLUNCIE-[l} ALIecT abe ueouy »n ol 'OLE 88
5)|8006 p BUBOL-PUNCIE ||} AtuBOT) abe auadojoH pue UISUCSSIAL eIBT 1] [X] ¥'692 €692
SYS0dep BUIBIOUHDPUNID—|R Awed afie uBow]|| 0 Ve £'602 2002
SJIS00eN SUIBIOL-DUNCIS-(|1) AkIEDT afie GUGOUIOH PUB UISUOSSIAY D1E] ] €0 ¢'80¢ B'i9¢ wetnng
§)/S003 0 SUIEICLI PUNCIE|1)} Aweo afig aua20joH pue UISUODSIM, 938 ] o gi02 Lse
jone.B pue pues yseming oBe auanoioH pUB UIsUCOSIAL a6 i Lee o162
5]|50d30 UBIOW-PUNCIEY-|{ It AWEST abe auedojol puB UIBLOOSIM 8187 1} Z' o'se X A
jeneill pus pues yssming b 3U900/0H PUB LISUCOSIM 86 £l F6PT S'RFZ
siisodap ejepenel pue JOBIUG-691 "YSBAIND ‘EIANYY 8Bz u|SUCISIM 8)8] PUe BUANOIOH {Be) £l G'gbZ Tive anitd
uonduased eby loguAs pun (sl Jsadeny  jsodelw AQunoo/eues
_ ypBua pug wtag
« BIN0Y aujjadid Pefaid iseg-auyediy sseadxy sendoy s Buoly JuswBeg Jeadeyiw Aq KBojoep [eOINE

1-¥8 318vL




2002 yosiew -ve } "A8y —}eiQq
SHsOdIP AUIR/OW-PUZ--pY} Awed] ofia auBac|oH pUB UISIDOEI, B)E un 90 boRF 9GP
SUEOUSD SUBIOUIDUNOID)- M} ALUBDT 8849 SURICICH PUE UBUOOEIM 838 B Ly 6Ly BPEP anadey
sysodap eulElow-pUNCIS- Y ALLIROY o8 aUsOOH pUE UISUCISIV 8187 B 8¢ erLy (% 73]
sts0dop QujeJGw-pug-ji} Aweo i@ 3UaD0JOH PME USUOISIAN 187 wy 6k [ 71 LTIy Ll
SUSCUap auje ouw-pu3--Iih Aweo 802 8UB0I0H PUB UISUOISIAN 31 uy £0 VI BLib
S)js0dep SUIRIOW-PUNCIC--) Auea) abe aued0j0H pue LISUoIs|AN 812 8 Szl 6'LY  FESP
SYE0dop SuedGuw-pu3--{|i} AWeo] afie auaco|oH pue WIBUDSAY 867 uj 5 vBesy  9uGh uciuND
2)is0dop oUWRIOW-PuT|l AWRe] ©08 QUADOIOH PUE UISMOIBIAN B1€ uq Ve gleF  Leeb
SHeadap SUBIOWHPUNCKD-IR ALIEDT 482 aUBDOJOH PUB UISUCIEI S1ET R BT Le5r  B7%P
£is000p euRiOwW-pug--ip Aweo 6iie GUSDINOY PUB HSUODSIAY 3§81 un 4 &0y oISt
§1is0dap BUIBIOL-PUNDID—H) Aued afie susDOIOY pue WBUOISIAY B187 ] el oISk ZiEF
sHsodap oujRioW-puncig- Aweo B8e SUBII0 L PUE WSUOISIAL B)87 ] o0 Ty  O9EY
WE pue Ag1D ofie WSUCIS|A B15] PUe JUBIOOH q o0 a9er  69EY ueLem
s pue ke e6e L9SUCDSIA S)ef PUR SUSSOIOH 3 zZZ BOEy  LEEP
E)|S0UBP SUISAL-PURID-R Aweo) afe BUBDOIOM PUE UISHOOS|N N8 n £t LEEP  POEF
SOCEP SYEHEI2EIB PUB J0BIUOD-ID| ‘YSEMING 1RANEY abe WSUOOSIAA 9I€) PUR SURDOIOH (Be) 68 yoty  912¢
SHSOUBR BUIBIOLI-PUNCID~|N AWR0) abe suenc)oy pue uEUISIAN 8187 » L W) o)zy oLy
sscdep suELow-puZ--yf AWEo] ofie BUFOCIOH PUE UJSUCOSIAN 9jE] iy Ll 0oLy 80t
SYSadop S e OW-PUNCIS--[fl Awso 468 AUB0IOH PUB LISUGISIAN 1] R £t g90r SG0P
spscdep eureiow-pu -1 Ao e euBa0|oH PUE LISUGSEIAA B)ET wy -y gsar  O'wb ehng
OHO
S_mon_nv SuUBIDW-puI-—Iil} AWeo] 208 euastjoH pue UISUIDEIA, B)B7) 11} 2'd [+ 44 8
jeAgib puB puBE YSBAING a8fie BuAID|OH PUB UISUGISIAA 668 687 9'vee 0'Zet
WNARYCD JSEf3-a1euadied 10 Japinog-ajeudsdien obe ausagelo|d ajppill puB 88 pue BUSI0IOH o g9'¢ 0'Z8E ¥ L6t
sysodap sUBIOL-DURCIS I} ALIBOT sbe uslou) 1! 9g ¥'L6E @'9se
wryanje ugeid-pooy pus Puuey aba USUCDSIAN B]B] PUE BURDOIOH e g0 8'55¢ Z'9eE
)IS0ULN PURIOLI-PUNCIS)—HA Awea) ebe weoul| % a€ 2'58E glag
wnsnje uye(d-pooy pue Buuew) abe wsucae|ap G| pUB BUSZOIOH e ) SL8E £08e
£11009p SuIBIOW-pUNOIS IR ALBOT efe ueouy 1 9 L'oae L'SLE upueiy
SHS0dap BUIBIOLL-pUNGUE)=-H ALLBOT ab@2 uejouliy 0 £l b9LE ¥rLE
sjzodap oWEIOW-PUTZ|j} ALeOT ofe BUS20JOH pUE UISUCTSIAN SR ug 9z Fyice &'heE
uapdposag afly oawig pun  (sepw)  jsodepy  ysodeiy Auneseregl
yibue pug ufiag
o SN0y sunjedid Yae({old 1883-euliodid SeaKiT Sepia0l oul BUOY JUeWBas Ivodenn Aq KAB010eD IWjmpng
bve 37avl




2002 Yoey 5v9 i ‘ASY =~ lBIg
WAANRYOD |SEI2-BUOTSIHE PUB dR2-BIBYE SNROSJESIB) abu auaonysIe)d AIPPIW PUR G18) PAAE BUBSOIOH 80 g T 996 wnBumsny
WNANEOD 16B§I-0U0IEYIS PUB dR[D-8{EYE SNOBIETED abe 3us00IBIBId BIPPIU PUR 1) PuUP BLUBI0ICH 80 Zo PR

WNIAR|IOS 1SBI9-04SBLD alie 3usd0)sjald S4PPIL PUR @1B| PUB SUTOICH 2 el Ty Zthg
g)sodep sujeiou-pug—ij} Aweo o2 BUSIDIOH pua WISUDDSIA 8187 ug Yo s aars Alsg
SH20dED QudIOW-pUT-|| I} Aweo afe 8LBD0jOH PUB UISUOISIA 818" un ze gers 90pe

s pue Kepy abe uisucosigp ale] pUR BUeOIOH o y govs  C6ES

SHSOU3P 3 UjeoW-puZ--|| ) Aeo 882 5Ua00[OH PUB LISUDDSIA B1ET un L S6ES paea
his pue A8 abe wsuUCOE|AA 81E| PUB BUBCOIOH 9 ¥4 rees  9eEs

sysodap 3 ujeIoW-pug--|ijy Aleon abe SUEsOIDH PAIR LISUOISIAN 3187 ug g0 8'SES 0°SES
$)/EOUEP BUIBIOW-PUNOLD—]IN AluBa abe susoDOH PUE EUDDS|A 8187 i} £T 0ses LoES

Sls00ap exeHe el PU' 9IUCI-BI| YSEAMNG |BIANYY elfie WISUOOE|IAN B16| pUB SUBD0IOH () Tl 1Zes FLES

£]/5008 BUIRIOLHIUNGO—||R AlecT] afie suBSDIOH pUR WSUOIBIAK 818 I} T §'LES TGS
W$ pus AZ0 efie wsuOoE|Ay S1E| pUB SUSDOOH | - ! 2625 g°12%
spsedap sueIow-pUNOIO -4 Aec] afie susOaDH pUE ISUCISIAN BN ] Lo 925 6925
sjisodap euEIOW-pu 3 Awean afie sueDO|DL PUB WIUOISIAN BIET ug £l #9026 9'G28
ENS0dap SUIRIOW-PUND—iin Aweo abe aueocioH pus USLOISIM SET B Sl 952Y (&
s)isadep suleiout-pu—|l Aweon afe guenojoH PUE LISUCOEIAN BlET wy FX)] 1'¥2S FEzs
SHs0dap QUIBIoWHPUNIIS i} Awen afie ausoojoy pue BsUCTSIA BjET n E0 FEZs 1'e2¢
(BB puB pUES JDE0-30) o6 QURSOIDH PUB WSUCIEIA 81e7 By L0 VeSS vIZG PlejMEed
|9ARIG pUB PUBS JOBILOD-BT] ofB 2UDOOI0H PUB WSLCISIA BB By L'o> Pizs Pees
S15000p SUWRIOW-PUNDID—|H Aweo abe auanojoH PUB WELCISIM B1E 0 e ¥Zes Lrig
siisodap ane-ene|l pue '178jucd-ao] "USEMING ‘[RIANIY 588 WISUODSIA, BJE| PUE BUSDGIDY (2] ¥l ele OZI9
sjisodep eulBJow-puUNoIS—ii Aweon) ofie auaacioH pue usuCTsIAY BIE 1 LD - { X A1
£)isodap SuIBi0W-pUNNIG--|#) AeoT] o SUBDOIOH PUB WSUOTSIA 3987 a A gz 809

s|sodap 8yE|-BLe( PUE 'JoRIUIOI-85] ‘USBMING ‘[BIANIY o6 WIBUODSIAY 218 pUe BUSSGIOH (Be) 80 t+'eds  §l0%

S)jSodap SUjEIOW-PUNDIS i AMUesT] afie auanop pue wsUCTSIA BB n ' 26 G105 £ o6k Kemeyoid
S11$0dep SUIRIOW-PUNCIO=-IIf AlecT 9B 8URD0JOH PUE WSUSIBIA BB n ep C88F  GI6F
sjis0dap SEID-DUTF--|i) Aweon ik SUSDA0H PUB WELOISIA BIBT wy 8 S LEY L'88¥
SHE00IP AUBIOW-PURDID--1 AwEC afia auBooioH pue WsLCOSYY JET n L resy  oeav
sisodep alL)oW-puZ—jil Awee ofe suasaioH pue LEUCVEIM BIE) ug g 0S8 SEgF
)Socap SUEIOUFDUNMG--I} AuenT ofie 8Uana(0H puE LISLODSIAL BYET n ¥E seep 1°06F

uopdyosag afy lequis wun  (sepw)  jsodapw  1sodopn Aunonyelelg
: Ybus pul uibeg
« AINOY NS 100foid 19eT-0uljed)d essdx] sapjooY el Buoiy wewbes Jsodagl Ag KBopes jwnung
1-v8 379vL




1002 yoie|y 9-v9 | "aey —yeuq
#00Z "' 38 uouBpn ‘

WNIANIOZ J8RI-D(18¥I0 ofiE 6UI0ISINY SJPP|W PUL B1B) PUB BUBDGIOH | L €8 98 €L aoscH

AN 02 18R10-0N1SeED) el 2u00lS|9ld SIPPIW PUR B1E) PUR BUBSGIOH =] 6L €68 9919 uosLiag
LUN{AN|ICD JEBR-INIERTD ebe auanolsia)g S|POIY PUE 618 PUB BUBOCIOK =] LE o8le  BEID
wnianye pug sysodep 8xe| Jalem-yoes abs ueiouim {w) 20 gzie ezZIe
LINAN|ICD IEBP-O)ISe]D 852 auBn0]SIa|d SIPPIL PUE B)EY DUE SUSDOIOH (3] zo oz SZL

wnive pue sysodep ays| se1em-§o81g aBa us(ouly) {ur} 90 9ZLO  BHE KON

WrANGE pUB 950dBp BYE| I8|EM-HOBIS sbe ueouy)| (ul) zZ0 LY LS Aoswann

WMHAME PUB s)s0dap Sye| J21EM-4OB|S abe uejoum) {u)) &'t oHE el KON
WRANIR PUR ¥)R0dRp SYB) 1618M-108]5 ebe usjoupy {u)) £0 9808 o609
WINEANIDO |Sefa-onew]) eBe auBloisEly S|P PUE 8te| PUB GUADCIOH P 2z 5608 €408
WIANKE pue s)jsodep aE| JBjEAM-HOR|S afiz uejoum] {up N1} €108 Ziog
WNIANIOD JSRI9-DHER]D sbe ausa0BiaNg GIPPIL DU 18| PUS BUSDCIOH (] L'o> W9 T
wniAnge pue s)sodep axE| JejEm-4orR|S abe uelou fun) 02 zwe  T50o
WMEANICD ISEIo-0/15 81D obe auaTOISRId PP PUE SJE| PUE BUSDCIOH B 9's Z608  O'BES
winjange pue sysodap ay8) JajEM-YR|S ebe uejoum) () gl 9'669 0'pes

WNARYC j2ejo-01l3e]D) oBe BUBDOIRPA BIPDHILL DUR 6)8) PUE SUBICIOH ® -] 0968 €085 fogeng
WNANICY ISRR-OSBID obe BuBDOISIBLd S|P PUE §)E| PUE BUBJOIOH P 62t €066 LG
spsodap oyeHer(l pur PRIUGI-E3] "YSeMNO *RIANKY 968 UISUGIEIM SINE PUS SUSS0I0H {Ba) & vils  0BIS
WHIARNYIOD J2BJ9-DISE]D) abe BuesoiEe|d S|PRIW PUE &)8| PUE BUSSOIOH P (3] 098 6528
LUNIAMIOD JSe0-31SE|D obE BuaDOISKH GIPMIW PUE BJE) PUE BUBID|ON P I 8al8 TS

uogduoss oby joqwisjun  {saw)  scdeyy jsodejy Aunaosies)

WpBue pu3 ujbeg

» B30y auyjadid 196014 1883-0Ll|0014 SEaldi] SepO0Y Sy} Altafy usubeg yodoyly A ABoj00S) RISILNG

I-v9 378VL




ROCKIES EXPRESS PIPELINE-EAST PROJECT
Resource Report 6

APPENDIX 6B
Bedrock Geology Along the
Rockies Express Pipeline-East Project Pipeline Route
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ROCKIES EXPRESS PIPELINE-EAST PRQJECT
Resource Report 6
APPENDIX 6C

QOil and Gas Wells within 500 feet of the
Rockies Express Pipeline-East Project Pipeline Route




TABLE 6C-1

Rockies Express Pipeline-East Project

Oil and Gas Wells within 500 feet of the Rockies Exprass Pipeline-East Project Pipeling Routa *

Distance and Diraction from the
State/County Mileposi Qpeoration Right-of-Way
ILLINOIS
Christian 132.6 Qll well 400 feat North
123.9 Oil well 400 foet North
133.0 Oif well 300 feed Morth
1445"° Oll well 113 feet North
INDIANA
Shalby 3538 Gas wel 362 fead North
3558 Gas well 53 feet South
3561 Qas well 9 feet South
Decaiur 3595 Gas well 134 foet North
362.1 Gas wel 265 faet North
367.0 (Gas well 110 fasd North
367.5 Gas well 216 feel South
368.4 Gas well 254 fest North
OHIG
Fairfield 235.8 Gas well 120 fest Morth
5414 Gas well 121 feet North
544 6 Gas well 291 fest South
Parry 547.7 Ok and gas well 328 feet South
8511 Cit and gas well 185 fael Morth
553.5 Gas well 6 feed South
553.7 Gas well 181 feel North
554.1 Oll well with gas show 141 feet North
5547 Gas well 216 faet North
556.1 Oil and gas well 134 foei North
556.3 Oll and gas well 491 fesl South
558.5 Ol and gas well 165 fast North
558.8 Oil and gas well 163 feet South
580.0 Gas wel 402 fest South
560.4 Ot and gas well 28T feet South
360.6 Ot and gas well 280 fest South
&61.6 Ol and gas well 172 fogt North
§63.3 Ol well 313 feel North
563.5 Ot and gas wedl 478 fost North
563.7 il and gas well 96 feet North
564.3 Oil and gas wadl 435 foet North
564.4 Oll wedl 344 feet South
564.7 Oil and gas well 215 feet North
Muskingum 5654 Oll and gas well 454 faet South
5672 Gas well 243 fost South
567.7 Gas well 304 feet South
£69.9 Ol well 412 foet South
570.2 Oil well 268 feel North
£§70.3 Oli well 480 feel North
572.2 Ol and gas well 10 feet North
5727 Ol and gas well 135 fost North
573.0 Gas well wilh oil show 405 foat North
Draft — Rev. 1 6C-1 March 2007




TABLE 6C-1

Rockles Express Pipeline-East Project

Oil and Gas Wells within 500 feet of the Rockies Express Pipeline-East Project Pipetine Route *

Distance and Direction from the
Stzte/County Miepost Opsration Right-of-Way
573.7" Ol well 179 feet South
574.7 Gas well 251 feat South
575.5 Qil and gas well 187 feet North
576.0 Gas well 168 feet Souih
576.3° Ol well 101 fest South
576.8 Oll and gas well 184 feet South
5771 Oil well with gas show 254 feat Noith
5782 Cll well 257 fest South
578.8 Gas show 72 feet South
5789 Gas show 112 fest North
57%.6° Gil well 208 faet North
5799 Qil and gas well 113 fegt North
580.6 Qll wall 241 feet South
5814° Oll well 140 feet South
5815° Oil welt 114 feat South
583.2 Ol and gas well 477 feat North
5832° Gl well 188 feet South
583.3 Qil and gas well 385 feet North
583.4" Ol well 112 feat North
583.6 Ol and gas well 118 fact South
583.5" Cll well 175 fost Norih
583.7 Qil and gas wsl 1982 feet South
583.9 Gas wel 279 feed North
584.0 Qil and gas well 12 fest South
o841 Gas well with oil show 308 feat North
584.2 Ol and gas well 163 fest North
584 .4 Gaa well with oil show 377 feet North
586.5 Gas well 377 feet South
587.6 Oll and gas well 177 feat North
SB8.1 0il and gas well 448 fast South
588.5 Ol and gas weall 482 feet North
590.2 Gas well with olf show 454 foet Nosth
Guernsay 5906 Gil and gas well 257 feet Scuth
591.0 Cil and gas well 351 feet Scuth
5916 Qit and gas well 363 fest North
584 1 Oil and gas well 147 foet North
506 5 Ol well with gas show 4E fest South
597 1 Qil and gas well 327 feet South
587.8 Qil well 19 feet North
602.0 Gas well 216 feut South
602.9 Gas well 136 feet South
603.1 Gas weli 303 feat North
6039 Gas well wilh ot show 238 feet North
605.1 Gas well with oll show 38 foal North
Noble 614.5 Gas well 131 fest North
6149 Gas well 270 fest Nodh
Belmont 616.7 Gas well 11 feet North
Draft - Rev. 1 6C-2 March 2007




TABLE 6C-1

Reckies Express Pipelina-East Project
0il and Gas Wells within 500 feet of the Rockies Express Pipelino-East Project Pipeline Route *

Distance and Direction from the
State/County Milepost Operaticn Right-of-Way
625.6 OH well 33 feel North
Belmont B827.1 Qil well with gas show 350 feet North
Monroe 633.8 Gas well 30 feel North
633.4 Gas well 5 feet North
. Missouri Depariment of Natural Resources, 2002; Minois State Geological Swrvay, 2007, indiana Geological Survey,
2002; Ohic Department of Natural resources, Division of Geological Survey, 2004
o Well location Identified by the field survey crews,
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ROCKIES EXPRESS PIPELINE-EAST PROJECT
Resource Report 6

APPENDIX 6D
Agency Correspondence



F naTunAL
* HESDURCE |

L GROUP,
b INC. g

LOG OF TELEPHONE CONVERSATION
CALL TOFROM WHOM: PHONE NO.:
Chris Gordon (614) 265-6594
COMPANY:

Ohio Department of Natural Resources, Division of Geological Survey

NRG CONTACT: PHONE NO-
Steven Holden {401) 278 - 4308

DATE: NRG CFFICE LOCATION:
March 15, 2007 Providence

RE

" Consultation regarding abandened underground mines in Ohio
LOG OF GONVERSATION:

Holkden spoke to Chris Gordon, Geologist at the ODNR, DGS, regarding abandoned
underground mines along the Ohio portion of the Rockies Express East Pipeline Project.
Holden provided Gordon with a digital shape file of the proposed route in order to identify the
project area. Gordon then provided information about the abandoned mines crossed by the
project. Holden also inquired about the depth of the mines crossed. Gordon stated that the
depth reported, if any, represented a particular location or average elevation in the mine. He
also stated that the actual sievation of the mina can vary a significant number of feet
depending on the size of the mine making the determination of the depth at a specific location
difficult, if possible at all. Holden thanked Gordon for his time and ended the call.

QAH \KMA2008-07 11110 FERC\Erwironmental Report\RR. 0S\Consultation\Old Files\REX-
East_ODNR_DGS_Phone Log_Gordon_3-15-07 .doc
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LOG OF TELEPHONE CONVERSATION

CALL FO/FROM WHOM:

Scott Kaden (Geologist 1l

PHONE NO.:

(573) 368-2183

COMPANY;

Missouri Department of Natural Resources, Division of Geology and Land Survey

NRG CONTALCT: PHONE NO.:
Steven Holden {401) 278 - 4308
DATE: NRG OFFICE LOCATION:
January 10, 2007 Pravidence

RE:
Consultation regarding paleontological resources in Missouri

LOG OF CONVERSATION:

Hokien spoke to Scott Kaden, Geologist at the MoDNR, Division of Geology and Land
Survey, regarding paleontological resources along the Missouri portion of the Rockies
Express East Pipeline Project. Holden provided Kaden with and overview map showing the
pruject area. Kaden stated that paleontological resources in the part of the state crossed by
the project would not ba an issue. He stated that there may be some fossils found if areas of
limesione are crossed but they will not be unigue. Holden thanked Kaden for his time and
ended the call.

QoOVHLKMN2006-07 111 10 FERCAEnvironmenta! ReportiRR 06\Paleotological Consultation\REX-East tMoDNR-
DGLS_Phone Log_Kaden_1-10-07 doc
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LOG OF TELEPHONE CONVERSATION

CALL TOFROM WHOM: PHONE NO.:
Donald G. Mikulic, Ph.D. (217) 244-2415
COMPANY:
llinois State Geological Survey
NRG CONTACT: PHONE NO.:
Steven Helden (401) 278 - 4308
DATE: ’ NRG QOFFICE LOCATION:
January 10, 2007 Providence
RE

Consultation regarding paleantological resources in (llinois
LOG OF CONVERSATION:

Holden spoke to Don Mikulic, Geologist at the 1SGS, regarding paleontological resources
along the lllinois portion of the Rockies Express East Pipeline Project. Holden provided
Mikuiic with and overview map showing the project area. Mikulic stated that paleontological
resources in the part of the slate crossed by the project would not be an issue due to the fact
that the area crossod consisted of unconsolidated quatemary deposiis.  Mikulic
Recommended that Holden contact Jeff Saunders at the llinois State Museum to obtain
further information regarding fossils in that area. Holden thanked Mikulic for his time and
ended the call.

QA-LIKMIN2006-07 11110 FERC\Environmental ReporfiRR 06\Paleotological Consultation\REX-East_1SGS_Phone
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From: Jeff Saunders

To: Steve Holden;

CC:

Subject: Re: Consultation on proposed pipeline route
Date; Tuesday, February 13, 2007 3:52:42 PM
Attachmcents:

Dear Steve Holden:

Although bedrock in our state along your route would not be a cancern,
the superficial deposits overlying bedrock may potentially be.

- At the Nlinois State Museum we hold on reposit or recerd remains of
Quaternary (Ice Age) fossils collected in superficial glacial deposits
overlying bedrack in Sangamon, Moultrie, Edgar, Douglas, and Christian
counties. There are of coursc also a varicty of important archaeclogical
rescurce sites known from throughout ceatral Illineis, including the counties
your transect indicates. But you indicate your interest in only those that ars
paleontalogical.

To address paleontological concerns J suggest you obtain a copy of the
map "Quaternary Deposits of Illinois,” available from the Illinois State
Geological Survey:

<http:/library.isgs.niuc.edw/dbtw-wpd/exec/dhtwpub.di? AC=GET_RECORD&XC=/d
btw-wpd/exec/dbtwpub.dll&BU=hitp%3 A%2F%2Flibrary.isgs.uiuc.edu%2 Fdbtw-wpd%2F
textbase%2Flopsearch. htm& TN=lop&SN=AUTQ13243& SE=1361 &RN=T&MR=20& TR=0&TX=1000
&ES=0&CS=1&XP=&RF=results& EF=& DF=details& RL=0& EL~0& DL=0&NP=3&1D=& MF=&MQ=&TI=
0&DT=&ST=0&IR=2077&NR=DENB-0&SV=0&BG=-0&FG=0&QS=>

On the basis of Quatemary geology shown on this map, your route
through
southern Pike, Scott, Margan, and Sangamon caunties traverses the Kellerville
and Vandalia ti!l members of the Glasford Formation (of [llinois Episode age).
These deposits are not especially fossiliferous, but 1solated material has
been
found. Across northern Christian County your route traverses the Radnor and
Hagerstown members of the Glasford Fm. The Hagerstown member is a ridged-drift
complex that embraces kettle deposits. One of these kettles, at Hopwood
Farm in
Montgomery County, contained a fossil assemblage including Hesperotestudo
crassiscuiaia, an extinct giant tortoise. This was a very significant and
unexpected discovery, since reported in the literature. As your ronte moves
into southern Macon and thence eastward through northern Mouitrie, central
Douglas, and northern Edgar counties, it crosses varicus members of the Wedron
and Equality formations (of Wisconsin Episode age}, both of which have great
potential as being significantly fossiliferous for large mammals. Surficial
deposits of the Wedron and Equality formations in the region include a


http://libraTy.isgs.uiuc.edu/dbtw-wpd/exec/dbtwpub.dll?AC=GET_RECORD&XC=/d

diversity of both isolated (e.g., the skull of a bison en the west bank of the
Kaskaskia River, ca. 3 miles se of Sullivan, in Moultrie County) and
associated/articulated (e.g., "a nearly perfect skeleton of a mastodon ... in
one of the sloughs of ... [Edgar] county®) material.

Examples of additional fossils along your route include (taxon X
county): Castoroides okioensis (Giant beaver)-Sangamon County; Procyon lotor
{Raccoon)--Sangamon County; Mammut americanum (American mastodont)--Sengamon,
Macon, and Edgar counties; Mammuthus sp. {mammoth)--Sangamon, Christian, and
Macon counties; Mammuthus primigenius (woolly mammoth)--Sangamon and Macon
countjes; Cervus elaphas (Waptti)-Sangamon County; Odocoileus
(deer)--Sangamon
County; Cervalces scotti (Stap-moose)--Sangamon County; Bisor bison
(Bison)--Sangamon and Moulirie counties; Bootherium bombifrons (Harlan's
muskox)--Sangemon County.

Regarding Illinois Archaeological Sites, the Hlinois State Museum
houses the archaeological site files for the state. The “curator” of this
record is Nick Klobucher. Nick's email is klob@museum state.il.us

1 hope this information is helpful and useful.
Sincerely,

Jeft S,

At 12:36 PM 1/11/07 -0600, you wrote:

>

> Mr. Saunders,

> My name is Steve Holden with Natural Resource Group. My company is
preparing

> and Environment Report for a proposed pipeline from Missouri to Ohio, We
> would like to identify any potential paleontological resources along the

> proposcd route (see attached map - larger scale maps are available if

> needed). I spoke to Don Mikulic at the ISGS who stated that it would not
> likely be an issue but that I should contact you as a follow up to our

> conversatjon.

>

> I'would not anticipate encountering large areas of bedrock due to the
shallow

> depth of the trench (7 feet). However, we would like to identify any

> potential areas of concern.

P

> Thank you for your assistance,

> Steve

>

>
- S
> <http/fwww nrginc.com/>f9787b.jpg
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LOG OF TELERHONE CONVERSATION

CALL TO/FROM WHOM: PHONE NO .
Brian D. Keith (Senior Scientist} (217) 244-2415
COMPANY:

Indiana State Geocloglcal Survey

NRG CONTACT: PHONE NOQ.;
Steven Holden (401) 278 - 4308
DATE: NIRG OF FIGE LOCATION:
February 22, 2007 Providence
RE-

Consuitation regarding paleontological resources in Indiana
1LOG OF CONVERSATION:

Holden spoke to Brian Ksith, Senior Scientist at the INGS, regarding paleontological
respurces along the Indiana portion of the Rockies Express East Pipeline Project. Holden
explained the location of the project and offered to provide Keith with and ovarview map
showing the project area. Keith stated that would not be necessary. Keith stated that due o
the shallow depth of the trench and the cover of glacial material, construction would not
create an issue and nothing unique would likely be encountered. Keith also stated thal some
invertebrates may be encountered but they will not be unique and there is no way of
predicting their location. Holden thanked Keith for his tima and andad the call.

Q:U-LWMA2006-07 11110 FERC\Environmental ReporhiRR 06\Palectological Consultation\REX-East_INGS_Phone
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From: Shrake, Doug

To: Steve Holden;

CC:

Subject: Paleontological Resources along route in Ohio
Date: Tuesday, March 06, 2007 8:27:28 AM

Attachments:  Paleontological Resources of Ohio Portion.doc
Isotelus-Ohios Fossil.pdf

Dear Steve:

I have attached two files to this message. One is a letter discussing my
findings relative fo any paleontological resources along the Rocky Express
pipsline route through Chio. The second file is a PDF of Isotelus: Ohio's State
Fossil.

Please telephone or email me if you need any further assistance.
<<Paleontological Resources of Ohic Portion.doc>>
<<|sotelus-Ohios Fossil.pdf>>

Doug

Douglas L. Shrake, PG
Senior Geologist
Geologic Mapping & Industrial Minerals Group
ODNR-Division of Geological Survey
2045 Morse Road, C-2
Columbus, Ohio 43229-6693
814-265-6579
Fax: 614-447-1918
Mailto:doug.shrake@dnr.state.oh.us

hitp:/fwww chiodnr.com/geosurvey
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Steve Holden
Natural Resource Group, Inc.

Dear Steve:

| have completed my review of the proposed Rocky Express Pipeline route
through Ohio with regard to encountering possible paleontologic resourcas. My initial
evaluation of the pipeline route possibly encountering any significant paieontologic
resources not being of concern was correct. The route does not appear to cross any
*known unique paleontologic intervals”.

The only potential for excavating a significant paleontologic specimen will occur
in the route interval from 430 to 460. The Upper Ordovician-age Waynesville and Liberty
Formations encountered in this interval have the polential to produce large specimens
of Ohio's official fossil the Isotelus trilobite (see GeoFact 6: /sotelus: Ohio's State Fossil
- hitp://iwww.ohiodnr.com/geosurvey/geo_fact/geo_f06.htm). Large specimens of this
trilobite are known from excavations within the shale layers of the aforementioned
southwestern Chio bedrock formations. Although such specimens are rare, there is no
need for precaution with regard to excavating a specimen.

» in the 430440 interval the portion of the route from its intersection with Clear
Creek east to where the route crosses Ohio State Route 741 just west of Red
Lion, Ohio.

s In the 440-450 interval the section of concern is east from the route's intersection
with Township Line Road to the route's intersection with the Little Miami River
east of Waynesville, Ohio.

» [n the 450-460 interval the section of concem is east from the route's intersection
with the Warren-Clinton County line to Its Intersection with Gurneyville Rd.

If you need additional, information let me know.

Sincerely,

Douglas L. Shrake, Senior Geologist, PG
Geologic Mapping and Industrial Minerals Group
2045 Morse Road, C-2
Columbus, Ohio 43229-6693
OFFICE: 614-265-6579
FAX: ©614-447-1918
doug.shrake@dnr.state.oh.us
http:/fiwww.chiodnr/geosurvey
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GEOFACTS ro s

OHIO DEPARTMENT OF NATURAL RESOURCES « DIVISION OF GEOLOGICAL SURVEY

ISOTELUS: OHIO’S STATE FOSSIL

On June 20, 1986, Ohio House Bill 145 designated the tri-
lobite genue Jeotelus as the officdal etate invertebrate fossil of
Ohio. With the gigning of thie bill, Isotelus joinad Ohio's other
official state symbola, which include the ladybng (insect), red
carnation (Aower), Hint {gemstone), cardinal (bird), white-tail
deer (animal), tomato juice (beverage), and of cnirse, Lhe state
tree, the buckeye.

HOW JISOTELUS WAS CHOSEN AS
THE STATE FOSSIL OF OHIC

Dhio has long buen known worldwide for the sbundant and |

well-preserved fousils collected throughout the state. Individu-
als involved in geologically velated activities in Ohio, sither as
profeszionals ox hobbyists, had long thought that Ohio should
have an official state fosgil. This iden finally became o reality
largely through the efforis of twa Dayton, Ohie, ares elementary
school classes, Doriz Swabb’s third graders at Beavertown School
in Kettering and Vieginia Evers’ fourth graders at S¢. Anthony
School in Dayton.

After visiting the Dayton Museum of Natursl History (now
known as the Boonschoft Musenm of Digcovery} and viewing a
cast of the famous Huffman Dam specimen of fsotelus, the stu-
dents and teachers came up with the idea of tcying to have the
Huffman Dam trilobite designated as the officisl state fossil of
©Ohio. The students wrote lattere to Representatives Robert L.
Carbin and Robert E. Hickey of Dayton, who agreed Lo sponsor
legislation in the Ohio House of Representatives to0 make the
Huffman Dam Jsorefus the official state fossil. Sanatoy Charles
Horn of Dayton agreed to do the same in the Ohio Senate.

The proposal for a state fossi] received widessread publicity
in newspapers and on television. Bupport for the idea came from
various geologic interestgroups thronphont the stzte. Rather than
naming only one specimen as the stale fossil, the bill, which was
drafted with technical agsistance from the Division of Geological
Survey, actunlly desipnatoed the trilobite genus Isotelis as the
official atate invortebrate fossii, Ultimately, the hill passed both
the Ohio House of Representatives and the Ohioc Senate with
little opposition,

Isotelis 1sa moet. suitable selaction for the state fossil. Mot only
are specitnens of this trilobite, or st least frugments, moderately
abundant in the rocks exposed in southwestern Ohio, but they
are represented by the Huifman Dam specimen, which is one of
the larpest complets trilobites ever collected.

WHAT IS8 A TRILOBITE?

Trilobites are an extinet class of the Phylum Arthropeda, which
includes ameong iis living members the horseehoe crah, crabs,
lobsters, shrimp, scorpions, spiders, and insects. Trilobites first
appeared in the fossil record about 542 million years ago and
became extinet gbout 251 milkion years ego. Trilohites lived in
marine envirnpnments, where they burrowed in seciment, crawled
along the saa Hoor, or were free swimming, Most trilobites ate
rud from the ses floor, whereas others filtered food directly from
the water, scavenged, or were predators. They grew by periodi-
cally molting their exoskeleton, a hard, ouler thell similar in
composition to fingernails. Thus, one trilobite could leave behind
numerous fossil frogmenta representing shed exoskeletons. For
defense against predators, ome triiobites had sharp spines on
their exoskeletons, and &ll had the ahility to enroll, much like

the pill bug or armadillo of today, thereby enclosing their legs
and softer underside within their hard outer exvekeleton.

ISGTELUS AND ITS HISTORY IN OHIO

lsotelushashed a Jong and illustrious history in Ohio, in terms
of both geologic titne and scientific study. Isetefus is known from
rocks of Ordovician age, about 488 to 443 million years ago. In
southwestern Ohio, only rocks of Late Ordovician sge (455 to
448 million years ago) are exposed. These rocks consist of about
820 feet of compsratively thin, alternating layers of imestones
and shales, These beds were deposited as limy mud and clay
on the floor of & warm, shallow, Lropical sea that covered Obio
during the Ordovician,

Specimen of isolelus collecied from Huffman Daim, near Daoylon, in 1918,

The firat sericus stedy of Ohic’s Ordovician rocks was under-
taken by the first Geological Survey of Ohioin 1837-1838. At this
time John Lacke mayped portions of the southwestern corner of
the state. Among Locke’s many discoveries were partial remains
of 8 large specimen of Jsotelus. Because of its size, Locke named
the trilobite Tsoteine maximus, He later changed the name to
Isotelus megistos, but today I maximus is the accepted species
name. Locke collected only the pygidium (tail) of the trilobite
but, by proportional comparison, he estimatad that the complete
trilobite wonid have been showot 21 inches in length.,



Perhaps the most famous frofelus specimen wag discovered in
1919 by workmen digging an outlet tunmel during the constrie-
taon of the Huffman Dam on the Mad River northeast of Deyton,
This giant specimen of Isoiclus measures 14%, inches iong by
10Y, inches wide. Through the effortz of Arthar E, Morgan, chiel
engineer of the Minmi Conseyvancy listrict, the trilobite came
into Lhe hands of August F. Foersie, a Duyton area high school
teacher and cne of Ohio's most renowned and prolific paleonselo-
giste, Foerate's research associntion with the National Museum
of Natural History (the Smithsoninn Institution) in Washington,
110, resulted in the specimen being transferred to that insti-
tution for permanent display. The Huffman Dam trilobite still
utcupies & prominent position in the prleontological sxhibits at
the Bmithsonian and s atill one of the largest, eomplete trilobites
of any kind ever collected,
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* This GeoFacts compiled by Douglae L. Shrake - Revised May 2006 -

The Ohio Division of Geological Burvey has Jsotelus commemorative items for sale:
Isotelus paperweight. Brags finish, approximately 3 inches long. $5.00.
Isotelus postoard. Full-color photograph, 44, x 6 inches. 25 cents,
Fosglis of Ohio poster. Collage of eight photos, incleding Isotelus. 18 % 24 inches, color. $1.00.

Contact the Geologic Records Conber of the Survey at 814-285-6678 for ardering information,

Boiy 1AFT, LDVERNOR SAM LDECK, Direcror Tuomas M. Berc, CIOEF

The Diviston of Geological Survey GeoFacts Series is uvailable on the World Wide Web: http:/iwww.ohiodnr.com/geesurvey/
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1.0 INTRODUCTION

This Blasting Plan outfines the procedures and safety measures that the Contractor will adhere
to while implementing blasting activities along the pipeline right-of-way during construction of
Rockies Express Pipeline Company LLC's (Rockies Express’) Rockies Express Pipeline — East
{(REX-East} Project. The Cantractor will be required to submit a Blasting Specification Plan to
Rockies Express that is consistent with the provisions in this Blasting Plan. The Contractor's
plan, when approved by Rockies Express, will be incorporaied into the Contractor's scope of
work.

20 OBJECTIVE

This Blasting Plan is intended to identify blasting procedures, including safety, use, storage, and
transportation of explosives that are consisiant with minimum safely requirements as defined by
federal {e.g., Title 27 CFR 181 - Commerce in Explosives; Titie 49 CFR 177 - Carriage by Public
Highway; Title 29 CFR 1926.900 et seq. Sub-part U - Safety and Health Regulations for
Construction - Blasting and Use of Explosives; Titke 29 CFR 1910.109 — Expiosives and Blasting
Agents (OSMHA); 29 CFR 1926.900-Ceneral Provisions and sections 801, B02 and 804-911),
slale, and local regulations. Additionally this plan is intended to address environmental aspects
of blasting activities, and to identify areas of concern along the proposed pipeline route.

3.0 GENERAL REQUIREMENTS

Blasting operations shall be conducted by or under the direct and constant supervision of
personnel legally licensed and certified to perform such activity in the jurisdiction where blasting
occurs. Prior to any blasting aclivities, the contractor shall provide Rockies Express with
appropriate information documenting the experience, licenses, and permits associated with
blasting personnel.

Blasting-relatied operations including: obtaining, transporting, storing, handling, loading,
detonating, and disposing of blasling material, drilling; and ground-motion monitoring shall
comply with applicable federal, state, and local regulations, permit conditions and the
construction contract.

Blasting for grade or irench excavation shall be used whera deemed necessary by a
construction expert after examination of the site and in other locations only after other
reasonable means of excavation have been used and are unsuccessful in achieving the
required results. Rockies Express may specify locations (e.g., foreign line crossings, near
structures} where consolidated rock shall be removed by approved mechanical equipment such
as rock-trenching machines, rock saws, hydraulic rams, or jack hammers in lieu of blasting.

Before blasling, a site-specific Blasting Spacification Plan must be submitted by the Contractor
lo Rockies Express for approval. The site-specific blasting plan must be reviewed by an
engineer representing Rockies Express. The enginear will analyze the data to determine the
combined stress level of each affected pipeline and will make recommendations and/or forward
approval to Rockies Express before blasting may commence.

Drilling and blasting shall be done with a Rockies Express Construction Inspector present.
Approval is required to proceed prior 1o each blast. Approval does not relieve the Contractor
from responsibility or liability.
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40 PRE-BLASTING REQUIREMENTS
Prior to the initiation of blasting operations, the Cantractor shall comply with the folowing:

. The Contractor will obtzin all required fedsral, state, and local permits relating to
fhe transportation, storage, handling, loading, and detonation of explosives.

. The Coniractor shall place all necessary "one calls”™ 48 hours prior to construction
where one-call systems are in place.

. The Contractor shal be responsible for the protection of existing underground
facilities.

. Before performing any work on, or accessing the right-of-way, the Contractor
shall verify to Rockies Express that all property owners have been nofified of the
impending construction.

. The Contractor shall submit to the Rockles Express rapresentative its site-
specific Blasting Plan fo- approval prior to execution of blasting activity.

3.0 SITE-SPECIFIC BLASTING PLANS

Based on analysis of the state-level Slate Soil Geographic database, approximately 13 percent
{79.4 miles) of the pipeline route will ¢cross areas with bedrock at depths of less than 60 inches
{Natural Resources Conservafion Service, 1994). (Note: the minimum excavation, even in
areas of consolidated rock, will exceed 80 inches tc allow for a minimum of 8-inches of bedding
or padding material.) The majority of hese soils are located along the eastern Ohio porticn of
the proposed route. Analysis of the county-ievel Soil Survey Geographic Database showed
similar results with approximately 84.4 miles of the proposed rouie being underlain by shallow
bedrock., Approximately one-half of this bedrock is considered paralithic (soft) and may not
require blasting during construction. The remaining areas will cross soils with a lithic contact
(hard badrock) within 60 inches of the surface that may require blasting or other special
construction techniques during installation of the propesed pipeline. For each area determined
{o require blasting, a site-specific blasting plan will be created. The Contractor's site-spacific
blasting plan shall include at a minimum the following information:

. Blaster's name, company, copy of license, and statement of qualifications;
seismograph company, names, equipment and sensor location;

. Site location (milepost and stationing), applicable alignment sheet numbers, and
associated rock type and geological strucfure (solid, fayered, or fractured);

. Copies of all required federal, state, and local permits;
. Methods and materials including explosive type, product name and size, waight
per unit, and density; stemming material; tamping method; blasting sequence;

use of non-electrical initiation systems for all blasting operations; magazine type
and locations for storage of explosives and detonating caps;
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manner

Preliminary

Site dimensions including explosive depth, distribution, and maximum charge
and weight per delay, hole depth, diameter, pattem, and number of holes per
delay;

Dates and hours of conducting blasting, distance and orientation to nearest
aboveground and underground structures; schedule identifying when blasting
would occur within each waterbody greater than 10 feet wide, or within any
designated coldwater fishery, and

Blasting procedures for:
o Storing, handling, transporting, loading, and firing explosives;

o] Prevention of misfires, flyrock, fire prevention, noise, and stray current
accidental-detonation;

o Signs, flagmen, and warning signals prior to each biast;
o Those locations where the pipeline roule;

. Parallels or crosses an electrical transmission corridor, cable or
pipeline;

Parallels or crosses a highway or road;

Is within or adjacent to treed areas;

Approaches within 200 feet of a water well or spring; or
Approaches within 1,000 feet of any residence, buiiding or
occupied structure;

* & & @

o Local notification;
o Inspections after aach blast; and

o Disposal of waste blasting material.

6.0 MON!TORING

During blasting operations the contractor will be required to monitor operations in the following

The Contractor shall provide seismographic equipment to measure the peak
particle velocity {PPV) of all blasts in the vertical, horizontal, and longitudinal
directions. Seismic monitoring can only be discontinued if a) the blasting
schedule and blasting performance consistently produce PPVs at the pipeline
that are lower than the maximum allowable Emit and b} a Rockias Express
representative provides written authorization.

The contractor shal measure the PPV at the adjacent pipeline; at any water

wells, potable springs, and at any above ground structure within 200 feet of the
blasting.
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. The contractor shall cornplete a Blasting Log Record immediately after each blast
and submit a copy to a Rockies Express representative.

7.0  SAFETY
71 Protection of Aboveground and Underground Structures

Where blasting is determined 1o be required, Rockies Express will identify any municipal water
mains proposed for crossing, and witl consult the local water authority. Reports of identified
crossings will include location by milepost, owner, and status and results of cantacts with the
water authority.

The Contractor will exercise conircl to prevent damage to aboveground and underground
structures including buildings, pipelines, utilitles, springs, and water walls. The Contractor will
implement {he following procedures:

* If blasting occurs within 200 feet of identifiad water well or potable springs, water
flow performance, and water quality testing will be conducted before blasting. If
the water well ar spring is damaged, the wel! or spring will be repaired or other
wise restored or the well owner will be compensated for damages. Rockies
Express will provide an alternative potable water supply to the landowner until
repairs occur. Locations of water wells or systems within 200 feet of blasting
activities are indicated on Rockies Express' construction alignment sheets.

. If blasting occurs within 200 feet of any aboveground structures, the Contractor
and Rockies Express representative will inspect struclures before and aifter
hlasting. In the unlikely event that damage occurs to the aboveground structure,
the owner will be compensated.

. The contractor shall be responsible for the ultimate resolution of all damage
claims resulting from blasting. Such Rability is not restricted by the 200-foot
inspection requiremeant cited above.

. Blasting will not be allowed within 15 feet of an existing pipeline, unless
specifically authorized by Rockies Express.

. Holes thatl have contained explosive material shall not be re-drilled. Holes shall
not be drilled where danger exists of intersecting another hole containing
explosive material.

. Blasting mats or padding shall ba used on all shots whers necessary to pravent
scattering of loose rock onto adiacent property and to prevent damage to nearby
structures and overhaad utilities.

. Blasting shall not begin until occupants of nearby buildings, stores, residences,
places of business, places of public galhering, and famers have been notified by
the contractor sufficiently in advance to protect personnel, property, and
livestock. The contractor shall notify all such parties at least 48 hours prior to
blasting.
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Blasting in or near anvironmentally sensitive areas such as streams and wildlife
areas may include additional restrictions.

All blasting shall be subect fo the following limitations.

o Maximum peak particle velocity of 12.0 inches per second in any of three
mutually perperdicular axes, measured atl the lesser distance of the
nearest facility or the edge of the permanent easement.

o Maximum drill size shall be 2.5 inches unless approved by Rockies
Express.

o Maximum gquaniity of explosive per delay shall be govemed by the
recorded measurements as influenced by work site conditions.

0 Explosive agents and ignition methods shall be approved by Rockies
Express. ANFOQ end other free flowing explosives and blasting agents
are not acceptable and shall not be used,

o Drill holes shall not be left loaded overnight.

a Good stemming material is to be used in all holes.

The drilling pattern shall be set in a manner to achieve smaller rock
fragmentation (maximum 1 foot in diameter} in order to use as much as possible
of the blasted rock as backfill material after the pipe has been padded in

accordance with the specifications. The Contractor shall submit the proposed
drilling pattern to Rockies Express for approval.

Under pipeiine crossings and all other areas where drilling and blasting is
required within 15 feet of existing facilities:

o Drill holes shall be reduced to a maximum of 2 inches or less m diameter.

o The number of holes shot at one time shall be limited to three unless
otherwisa approvedby Rockies Express.

o Appropriate delay between charges to attain deslred fragmentation.

7.2 Protection of Personnel

The Contractor shall include in its procedures all federal, state, county, and local safety
requirements for blasting. The Contractor's procedures shall address, as a minimum, the
fallowing requirements:;

L ]

Preliminary

Only authorized, qualified, and experienced personne! shafl handle explosives.

No explosive materials shall be Iocated where they may be exposad to flame,
excessive heat, sparks, or impact. Smoking, firearms, matches, open flames,
and heat- and spark-producing devices shall ba prohibited in or near explosive
magazines or while explosives are being handled, transported, or used.
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A code of blasting signals shatl be established, postad in conspicuous places and
utilized during blasting operations. Employee fraining shall be conducted on the
use and implementation of the code.

The contractor shall use: every reasonable precaution including, but not limited to,
visual and audible waming signals, waming signs, flag parson, and barricades to
ensure personnel safety.

Waming signs, with letiering a minimum of 4 inches in height on a contrasting
background, will be erected and maintained at all approaches to the blast area.

Flaggers will be stationed on all roadways passing within 1,000 feet of the blast
area io stop all traffic during btasting operations.

All personnel not involved in the actual detonation shall stand back at least 1,000
feet and workers involved in the actual detonation shall stand back at least 650
feet from the time the blast signal is given until the "ALL CLEAR" has been
sounded.

No ioaded holes shall be left unatiended or unprotecied. No explosives or
blasting agent shall be abandoned.

In the case of a misfire, the blaster shall provide proper safeguards for personnel
until the misfire has been re-blasted or safely removed.

The exposed areas of the blast will be matted wherever practicable. In cases
where such a procedure is not deemed to be feasible, the Contractor will submit
an altemative procedure for review by Rockies Express and the site in question
mus! be visited and examined by the consultant befare any approval is granted.

Rockies Express may employ two-way radies for communication between
vehicles and office faciliies. The contractor shall advise Rockies Express and
other pipeline coniractors of any need to cease use of such equipment during
blasting activities.

All loading and blasting activity shall cease and persannsl in and around the blast
area will retreat to a position of safety during the approach and progress of an
electrical storm irrespective of the type of explosives or initiation system used.
THIS IS A MAJOR SAFETY PRECAUTION AND WILL ALWAYS BE
OBSERVED. All explosive materials, all electrical initiation sysiems, and all non-
electric initiation systems are susceptible to premature initiation by lightning.

Previous blast areas must be inspected to verify the absence of misfires. No
drilling may commence until such inspection occurs. If a misfire occurs adjacent
to a hole to be drilled, the misfire will be cleared by the blaster using whatever
fechniques are called for by the situation prar to commencement of drilling. If a
misfire occurs at some distance from the driling area, drilfing may be stopped
whils clearing preparations are underway. When tha misfire is to be claared by
re-shooting, drifling will be shutdown and personnel evacuated fo a place of
safety prior to defonation.
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All transportation of explosives will be in accordance with applicable federal,
state, and local laws and regulations. Vehicles used to transport explosives shall
be in proper working condition and aquipped with tight wooden or non- sparking
matal floor and sides. If explosives are carried in an open-bodied truck, they will
be covered with a waterproof and flame-resistant tarpaulin.  Wiring will be fully
insulated {o prevent short-circulting and at least two fire extinguishes will be
carried. The truck will be plainly marked to identify its cargo so that the public
may be adequately warned. Metal, flammable, or corrosive substances will not
be transported in the same vehicle with explosives. There will be no smoking
and unauthorized or unnecessary personnel will not be allowed in the vehicle.
Competent, qualified personnsel will load and unload explosives into or from the
vehicie.

No sparking metal tools will be used to open kegs or wooden cases of
explosives. Matallic sliters will be used to open fiberboand cases, providad the
metaliic slitter does not come in contact with the metallic fasteners of the case.
There will be no smoking, no matches, no open lights, or other fire or flame
nearby while handling or using explosives. Explosives will nol be placed where
they are subject to flame, excessive heal, sparks, or impact. Partial cases or
packages of explosives will be re-closed after use. No explosives will be carried
in the pockets or clothing of personnel. The wires of an electric blasting cap shall
not be tampered with in any way. Wires will not be uncoiled. The use of electric
blasting caps will not be permitted during dust storms or near any other source of
large charges of siatic alectricity. Uncoiling of the wires or use of electric caps
will not be permitied near radio-frequency transmitiers. The firing circuit will be
completely insulated from the ground or other conductors.

Nao biast will be fired without & positive signal from the person in charge. This
person will have made certain that all surplus explosives are in a safe placs; all
parsons, vehicles, and/or boats are at a safe distance; and adequate warning
has been given. Adequate warning of a biast will consist of but not be limited to
the following:

o Netification to nearby homeowners and lacal agencies if necessary;
o Stop vehicular and/or pedestrian traffic near the blast site; and

o Signal given by an air horn, whistle or similar device using standard
warning signals.

Only authorized and necessary parsonnel will be present where explosives are
being handled or used.

Condition of the hole will be checked with a wooden iamping pole prior to
loading. Surplus explosives will not be stacked near working areas during
loading. Detonating fans will be cut from spool before loading the balance of
charge into the hole. No expiosives will be forced into a bore hole past an
obstruction. Loading will be done by a blasier holding a vahd license or by
personnel under his direct supervision.
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. Fly-rock leaving the right-of-way shall be collected immediately and disposed of
at disposal sites approved by Rockies Express. This work shall not be left to the
cleanup crew.

7.3  Protection of Threatened and Endangered Species

Rockiss Express will consult with state and federal agencies regarding argas proposed for
blasting where sensitive habitats or species are known to occur. Areas identified as containing
sensitive habitats or species, as direcied by the appropriate agencies, will be staked and
flagged. A qualified project biologist will survey the proposed blasting zone identified by the
pipeline contractor immediately in advance of any drilling or blasling. Areas will be checked
before and after blasting for the presence of sensitive species, and disturbance to specias and
habitats will be resolved in accordance with guidance provided by the appropriate agencies.

7.4  Lightning Hazard

A risk of accidental detonation caused by lightning strikes exists at any time the workplace is
experiencing an electrical storm and there are loaded holes on site. If this hazard is judged to
axist by the Rockies Express representative, work shall discontinue at all operations and
workers will be moved ic secure positions away from the loaded holes. Furthermore, workers
shall not return to the work site un#l the storm has passed and the Rockies Express
representative has indicaled it is clear to retum.

Rockies Express' Contractor shall have on site approved lightning detectors {model SD-2508
manufactured by Electronics Div. of S.D.I. Intemational, Model 350 manufactured by Thomas
instruments inc., Skyscan Llighting Detector manufaclured by Skyscan Technologies or
aquivalent) capable of measuring the degree of electrical activity as a storm approaches, and
the distance to the storm front from the instrument on the right-of-way.

8.0 IN-WATER BLASTING

Rockies Express will consult the appropriate agencies regarding waterbody crossings where
blasting may be required, to determine the presence and quality of local fisheries. The type of
axplosive, size of charges, sequence of firing, etc. will be selected to minimize shock wave
stresses on aqualtic life adjacent to the blasting area.

Where specified, the contractor shall fumish the necessary labor and equipment to employ air
bubble curtains at water crossings for the protection of existing pipelines, wildlife or other
faciiities. In the case of river, creek or lake crossings, any necessary blasting operations shall
be carried out in such a manner that they conform in all respects with the limitations,
requirements and procedures required by the authority having jurisdiction. Explosives used for
river, lake or creek crossings shali be non-sympathstically propagating explosives and shall be
approved by Rockies Express.

Notifications will be made ta all appropriate resource agencies.
9.0 STORAGE REQUIREMENTS

All explosives, blasting agents, and initiation devices shall be stored in locked magazines that
have been located, constructed, approved, and licensed in accordance with local, state, and
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federal regulations. Magazines shall be dry, well-ventilated, reasonably cool (painting of the
exterior with a reflective color), bullet and fire resistant, and kept clean.

Initiation devices shall not be stored in the same box, container, or magazine with other
explosivas. Explosives, blasting agerts or initiation devices shall not be stored in wet or damp
areas; near oil, gasoline, cleaning solvents; near sources of heat radiators, steam pipes, stoves,
etc. No meial or metal tools shall ke stored in the magazine. There shall be no smoking,
matchas, open lights, or other fire or flame ingide or within 50 feet of storage magazines or
explosive materials. The loading and unloading of explosive materials info or out of the
magazine shall ba done in a business-like manner with no keitering, horseplay, ar prank playing.

Magazines shall be kept locked at all times unless explosives are being delivered or removed by
authorized personnel. Admittance shall be restricled to the magazine keeper, blasting
supervisor, or licensed blaster. Magazine construction shall meet the requirements of Bureau of
Alcohal, Tobacco and Fire Arms (ATF) P5400.7 "Explosives Law and Regulations” and be in
accordance with local, state, or federal regulations and the Blastar's Handbook.

Accurate and current records shall be kept of the explosive material inventory o ensure that
oldest stocks are utilized first, satisfy regulatory requiremants and for immediate notification of
any loss or theft. Magazine records shall reflect the quantity of explosions removed, the amount
returned, and the net quantity used at the blasting site.

When expiosive materials are taken from the storage magazine, they shall be kept in the
original containers unlil used. Small quantities of explosive materials may be placed in day
boxes, powder chests or detonator boxes. Any explosive material not used at the blast site
shall be returmed to the slorage magazine and replaced in the original container as soon as
possible.

Magazine locations shall be in accordance with local, state, or federal regulations. Where no
regulations apply, magazines shall be located in accordance with the latest edition of the 175th
Anniversary Edition of the Blaster's Handbook and ATF P5400-7 Explosives Law and
Regulations.

Magazines shall be marked in minimum 3-inch high letters with the words “DANGER -
EXPLOSIVES™ prominently displayed on all sides and roof,
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February 19, 2007

Rockies Express Pipeline
500 Dallas, Suite 1000
Hoyston, TX 77002

Attn: Mr. Gayle Pritchard

SUBJECT: Engineering Assessment of Coal Mining Subsidence Effects
on Rockies Express Pipeline

Dear Mr, Pritchard:

We are pleased to submit our draft report on the engineering assessment of the coal mining
subsidence effects on the 42-inch Rockies Express (REX) Pipeline. The objective of our
assessment was to determine the capacity of the pipeline to deform to accommodate ground
subsidence movement before reaching a limiting strain condition for which damage to the
pipeline could reasonably be expected and to recommend design mitigation measures or
protective measures that could be undertaken at the time of the subsidence event. The
assessment has included the geotechnical characierization of subsidence displacement and a
general review of regulations pertinent to longwall mining subsidence rights.

Baged upon the results of our analyses of seven example scenarios of longwall mining
subsidence, we conclude that the 42-inch gas pipeline has adequate capacity to withstand the
expected displacement patterns without reaching a limiting stress condition applicable to
displacement-controlled loading. Notwithstanding the favorable result of our assessment, REX

- Pipeline should locate the pipeline strategically to minimize exposure to areas of past or possible
future mining and should be vigilant in monitoring mining activity along the right-of-way during
operations.

Important Notice: This Rev. A draft is an in-progress work by I, J, Nyman & Associates and
issued at this time to REX Pipeline ONLY for the express purpose of soliciting review
cotnments. The content of this report is subject to revision pursuant to our own peer review and
reconciliation of a few open items.

12337 Jones Read, Suite 232 » Houston, TX 77070




Rockies Express Pipeline
February 19, 2007
Page 2

We appreciate the opportunity to be of service to REX Pipeline. Please contact us if you have
questions or commenis coticerning our Jdraft report.

Very truly yours,

Douglg.;L iyman, Ph.D,P.E,

Principal Engineer

Enclgsure
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1. INTRODUCTION

Rockies Express Pipeline (REX Pipeline) plans to construct a 42-inch natural gas pipeline from
Audrain, Missouri, in eastern Missowri to Qakford, Pennsylvania, near Philadelphia, as shown
for reference in Figure 1, a distance of approximately  miles. The pipeline route crosses
active coal mining areas in Illinpis, Indiana, Ohio, West Virginia and Pennsylvania. The ground
surface above areas of underground mining is subject to subsidence, which may take the form of
pit, sag or trough subsidence.

Pit subsidence is a circular hole in the ground with essentially vertical sidewalls and a diameter
ranging from a few feet to about 40 feet. Sag subsidence is rectangular depression developed
over room-and-pillar mines. Pit and sag subsidence are similar in that they occur more or less
randomly and unexpectedly when pillars of coal collapse under overburden loading, typically
well after an underground mine has been abandoned. Trough subsidence forms over high
extraction retreat or longwall panels as the mining operation progresses and can be readily
predicted as a function of the size and thickness of the mined panel, the depth of the coal seam,
and the geologic structure of the overburden strata,

Subsidence associated with coal mining is an important concern for pipelines simply because a
buried pipeline must deform axially and in bending to accommodate the vertical and horizontal
displacement of the ground surface that occurs during or following an underground mining
operation. Depending on the amount and distribution of ground displacement, subsidence could
produce strains in buried pipelines in excess of that experienced for normal operating conditions
and accommodated by conventional design. When feasible, pipelines should be routed to avoid
areas that may subject to future mining activity, especially longwall mining where ground
subsidence is a virtual certainty. However, avoidance of such areas is often not possible; hence,
steps must be taken to protect the pipeline against subsidence through design measures, ,
implementation of field mitigation measures once mining is scheduled to happen, or both.

D. ). Nyman & Associates (DINA) was commissioned by Gulf Interstate Enginecring Company,
on behalf of Rockies Express Pipeline, to conduct an engincering assessment of the potential for
damage to the 42-inch gas pipeline by coal mining subsidence along the route. In particular, the
objective of the investigation is to determine the cepacity of the pipeline to deform to
accommodate ground subsidence movement before reaching a limiting strain condition for which
damage to the pipeline could reasonsbly be expected and to recommend design mitigation
measures or protective measures that could be undertaken at the time of the subsidence event.

1.1 Work Scope

The work scope addresses coal mining subsidence effects generically, because the location of
future longwall mining activity and possible pit or sag subsidence over abandoned or active
mines cannot be accurately predicted relative to the pipeline route. Thus, the objective is to
provide a broad characterization of coal mining along the right-of-way, an assessment of the
effects of probably subsidence scenarios, and recommendations for mitigation as needed during
the operating life of the project. It is incumbent upon REX Pipeline to locate the pipeline
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strategically to minimize exposure to areas of past or possible future mining and to be vigilant in
monitoring such activity along the right-of-way during operations.

The work scope consisted of the following general tasks:

1. Characterize Subsidence-Induced Ground Displacement. Ground subsidence patterns

(vertical and horizontal ground displacement) were characterized for longwall mining and
for random surface depressions (pits or sags) that might occur over room-and-pillar
mines. This information was compiled from availeble case history studies of subsidence
and augmented by use of the Virgina Tech Surface Displacement Prediction Systern
(SDPS) computer program. Seven example scenarios of longwall mining subsidence
were developed for locations in central Illinois, eastern Ohio, and either West Virginia or
Pennsylvania for typical thicknesses of coal, depths of coal, and overlying geologic
strata. Worst-case scenarios for localized collapse depressions over room-and-pillar
mines will also be developed from documented case histories.

2. Analysis of Representative Subsidence Cases). Finite element analysis (FEA) were
performed to assess pipeline performance in for representative subsidence scenarios as
follows:

a. Long wall mining subsidence effects on conventional buried pipeline for the most
severe of the seven hypothetical cases developed in Task ___ above. Five cases
were investigated for various parallel, perpendicular and oblique angle crossings.
Three cases investigated the response of a bend within the subsidence zone.
Model variations inclrded changes in pipe wall thickness and soil restraint

{strength).

b. The results of the analysis cases were used to assess the effectiveness of
minimizing the effect of long wall mining subsidence by temporarily providing
additional flexibility by removing soil cover over the pipeline,

c. Analysis of pipeline freespan stress due to subsidence in previously mined areas
(pits or sags). Considering the simplicity of this analysis, spreadsheet calculations
were used in liew of FEA.

3. Mining Rights Overview. A bref overview of regulations pertinent to longwall mine
subsidence rights was prepared. This overview was broad-based and limited in scope,
since there are many variations of agreements that have been nepotiated between owners
{previous and current) of mineral rights and surface property owners, and which may or
may not include provision for protecting utilitics and infrastructure such as an operating
pipeline. The overview includes information on the implementation of the Surface
Mining and Reclamation Control Act (SMCRA) by the states crossed by the REX
Pipeline, and contact information for the various state agencies. The diversity of issuecs
involved is illustrated by two example cases.

Febrvary 2007 2 D. J. Nyman & Associates



DRAFT .. L REX Pipeoline Subsidence Assessment

4, Obtain and Assess Coal Resource and Mining Maps. State maps of abandoned and
operating coal mines and unmined coal resources were obtained for the states crossed by
the REX Pipeline (Illinois, Indiana, Ohio, West Virginia and Peansylvama) from state,
federal and other readily available public sources. This task did not include contact with
individual cogl companies to obtain detailed information on mining activity. Maps and
GIS computer files have been delivered separate from this report to REX Pipeline for
incorporation into the project GIS as appropriate and feasible.

S. Strategies for Mitigation of Subsidence Effects. An overview discussion of mining
subsidence mitigation strategies is provided that covers issues refated to right-of-way
acqguisition, construction, operations, periodic surveillance, and altcrnatives for field
intervention (protection) when needed.

1.2 Project Team : .

The engineering assessment was managed and directed by Dr. D. J. Nyman. Dr. K. O’Conner
developed a characterization of general subsidence scenarios {distribution of vertical and
horizontal displacement) that could generally be expected along the pipeline route. Mr. D. G.
Honegger conducted the pipeline stress analysis for various selected subsidence scemarios.
Professor C. H. Dowding of Northwestern University conducted a geotechnical peer review of
the report.
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2. LONGWALL MINING AND SUBSIDENCE

The assessment of coal mining subsidence effects on the REX Pipeline is limited primarily to
consideration of longwall mining, because longwall mining generally poses a more serious threat
to a buried pipeline due to the propagation of the subsidence pattern across the ground surface in
concert with the mining that takes place underground. The ground subsidence pattern takes the
form of a reasonably predictable trough depression that will subject a buried pipeline to bending
deformation and axial strain.

Pit and sag subsidence over room and pillar mines is much less of a threat to a buried pipeline,
particnlarly considering its sporadic and generally unpredictable nature. Pit subsidence is
localized, with depression areas generally less than 40 feet in diameter, which could be easily
spanned by a 42-inch pipeline at standard burial depth. Sag subsidence takes in a larger area, but
much less than would occur in conjunction with longwall mining, and generally with less vertical
displacement and horizontal strain. Censidering the foregoing reasons, it is appropriate to limit
this assessment mainly to the effects of longwall mining.

21 Background

The longwall mining technique involves use of moveable roof supports, which make it possible
to excavate blocks of coal on the order of 1000 feet wide and 5,000 to 10,000 feet long. A
shearer moves across the full width of a panel making a cut about 3 ft deep and loads the coal
onto & conveyor that transports it to ancther loading point. Hydraulic roof supporis are advanced
behind the shearer so the mine roof and overlying rock fracture and collapse into the void behind
the supports. Caving and fracturing propagate up through the overlying rock mass and bulking
occurs until the collapsed rock provides support for the overlying strata.

With this loss of support due to the extraction of the coal seam, subsidence of the overlying rock
mass is & cerfainty and the ground surface ultimately deforms into a trough with maximum
subsidesice of 50 to 80 percent of the mined thickness as shown by the transverse profile in
Figure 2, Around the margins of this trough, differential vertical movement of the surface leads
to tilting of the ground surface which causes horizontal surface displacement. The assessment of
pipeline response to subsidence must account for this horizontal component of displacement in
addition to the more obvious vertical component.

2.2 Surface Tilt, Curvature, Horizontal Bisplacement and Horizontal Strain

As subsidence occurs, the ground surface deforms into the shape of a trough that elongates as the
mine face advances. Around the margins of the trough the surface slopes down over the edges of
the longwall panel. If one were to watch a utility pole located over the panel in time lapse
animation, it would be observed that the pole not only experiences vertical settlement, but that it
also tilts, If the pole is located over the centerline of a longwall panel in which the face is
advancing from west to east, the top of the pole will tilt toward the west as it is undermined. The
tilt will increase in magnitude and then decrease as the mine face advances past that location.
The tilt magnitude is a function of panel advance (i.c., the mine face location at any point in
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time), and the pole may actually become vertical again once mine face has advanced a well past
the pole location.

Locations close to the edge of the panel will experience a residual amount of tilt {i.e., sloping of
the ground surface) as shown in Figure 2, The amount of residual filt depends on the location
with respect to the edge of the panel with the maximum residual tilt occurring at locations above
the edge of the panel and the minimum residual tilt occurring at locations above the centerline of

the panel (Figure 2).

Horizontal ground displacement is caused by differences in the tilt experienced at different
locations above the panel. For example, assume that a row of utility poles is located along the
centerline of a longwall panel. Two adjacent poles over the concave portion of the subsidence
profile would be tilted so their tops are farther apart than their bottoms, and a wire suspended
between these poles would be streiched (i.e., experience tensile strain). Hornzontal displacement
is proportional to slope (tilt) by a constant, c, that varies in value from .35 to 0.4 times the depth
/ tangent of angle of influence [¢ = (-0.35 +0.05) (h / tan B)].

Two adjacent poles in the convex portion of the subsidence profile would be tilted so that their
tops are closer than their bottoms and a pipc suspended between these poles would be
compressed (i.e., experience compressive strain). The difference in tilt between points along a
profile is the curvature. The curvature profile is plotted in Figures 3 and 4, and is the cause of
strain on the ground surface. Hotizonta] strain is proportional to curvature by the same constant,
c.

2.3 Case History Data

Case history information was assembled for longwall coal mine panels in the Illinois Basin and
Appalachian Basin. The panels are located in Illinois, Ohio, West Virginia, and Pennsylvania.
Subsidence over each panel was monitored by periodic surveys of benchmarks installed along
transverse and longitudinal lines on the ground surface. A summary of the mine location, coal
seams, longwall panel geometry, and measured subsidence is shown in Table 1. The photos in
Figures 5 through 8 illustrate surface subsidence associated with some of these cases. These
measured parameters were used to calibrate the model input parameters for the SDPS program as
discussed in Section 2.4 below.

24 Prediction of Surface Subsidence

Subsidence is the vertical component of displacement on the ground surface. As shown in the
cross-section in Figure 3, subsidence ranges from zero (no displacement) outside the margins of
the longwall panel and increases o a point of maximum displacement at a point over the central
part of the panel. The idealized shape of the subsidence profile is an S-curve that is asymptotic
to the points of zero and maximum displacement. Within the transition zone, the ground surface
is exposed fo zones of tensile curvature and compressive curvature, which correspond o
horizonta! ground movement. The compressive and tensile curvature zones are separated by a
point of inflection {maximum siopej.
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Prediction of surface subsidence involves the use of mathematical models to compute the
subsidence profile. The Surface Displacement Prediction System (SDPS), a computer software
package developed at Virginia Tech, utilizes the influence function numerical method. This
method assumes that extracting a tiny element of an underground coal seam will cause the
ground surface to subside into a shape described by a normal probability distribution (Figure 9).
The surface point directly above the extracted element receives the most amount of influence.
Coal seam elements offset from this location have less influence on that surface point. The final
subsidence at this point on the surface is the summation of the influence of each mined out
element of the longwall panel.

This calculation is repeated for each point on the surface at which it is desired to predict
subsidence given the following parameters (Figures 2 and 3):

1. Width, w — width of the longwall panel

2. Mine depth, /» —total thickness of strata overlying the longwall panel
3. Mined thickness, m — height of opening created by mining
4

. % hard rock — Factor which accounts for the relative strength of strata within the
overburden

5. Snes — maximum subsidence (greatest over critical or supercritical longwall panels for
which the widih to depth ratio, w/h, is greater than 1.2)

6. Subsidence factor — ratio of maximum subsidence to mined thickness = S,../m

7. Inflection Point — Point where 5 = §,,/2 and is also the point of zero curvature
(transition from positive to negative curvature)

8. Angle of influence, § — angle from horizontal of a line extending from the coal seam
below the inflection point to the point of "zero" subsidence on the surface (set equal to
0.06 Sinax)

9. Horizontal strain factor — ratio of horizontal strain to curvature [also the ratio of
horizontal displacement to tilt (i.e., slope)] at any point on the surface = - (0.3520.05) x
(4 / tan B)

10. Edge Adjustment — Factor which shifts the location of the inflection point with respect
to the edge of the longwall panel and accounts for cantilevering of strata over the edge
of the panel

The SDPS model was calibrated for each longwall panel using the subsidence measurements.
The back-calculated mode] parameters (angle of influence, % hard rock, subsidence factor, and
edge adjustment) were used as input, and each calibraied model was used to compute subsidence,
slope, displacement, curvature, and strain. Analyses were performed to represent an amray of
points on the surface that extended 200 feet beyond the longwall panel when the face was at least
2000 feet from the beginning of the panel (to model a geometry in which the maximum
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subsidence has occumed). With this information from the calibrated models, estimates of
vertical and horizental ground displacement patterns for any pipeline alignment through the zone
of ground subsidence could be obtained. A summary of the calibrated model parameters and
location of the pipeline intersection point is shown in Table 2.

Since the edge adjustment is a numerical parameter used to fit the calculated and measured
subsidence profiles over the edge of the panel, the value of this parameter is generally consistent
with the distance from the corner of the longwall panel to the pipeline inlersection point.

Surface tilt and horizontal displacement are vectors with an x-component (Figure 11} and a y-
component {Figure 12). A vector can be resolved into orthogonal components along any
direction. For a pipeline alignment that crosses diagonally over a longwall panel there will be a
component along the axis of the pipeline and a component perpendicular to the pipeline.
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3. ASSESSMENT OF PIPELINE RESPONSE TO SUBSIDENCE

The assessment of subsidence effects on the REX 42-inch natural gas pipeline involved the
following general tasks:

1. Define the vertical and horizontal ground displacement patterns representative of the
range of displacements that might occur as a result of mine subsidence

Z. Define a pipeline alignment through the subsidence zone that would result in the most
demanding condition in terms of pipeline stresses

3. Assess the effectiveness of measures that could be implemented during pipeline
construction or just prior to mining to reduce pipeline stresses

3.1 Subsidence Displacements

Since the specific pipeline alignment geomeiry above coal reserves or specific plans for
conducting future mining operations are not known, defining the ground displacements
associated with mining subsidence relied upon seven case histories of subsidence from coal
mines in Illinois, Ohio, Pennsylvania, and West Virginia, as previously described in Section 2.
Based upon these case histories, a limited set of ground displacement patterns were selected for
analysis. The selection of ground displacement patlerns was based on the following
considerations:

1. Pipeline bending stresses from vertical or horizontal ground displacement will increase as
the distance aver which the maximum ground disptacement develops decreases.

2. Pipeline axial stresscs from vertical ground displacement will decrease as the length of
pipeline within the bottom of the subsidence bowl increases. The longer pipeline length
allows the pipeline to stretch to accommaodate the longer subsided surface distance with a
lower level of strain compared to a shorter pipeline length. This means that the most
demanding subsidence condition will exist once the panel has advanced to the pomt that
the subsidence pattern is critical, as opposed to super-critical,

3. Pipeline axial stresses from horizontal ground displacement parallel to the pipeline
alignment will increase as the length of pipeline cxposed to horizontal ground
displacement increases. The amount of horizontal ground displacement is generally of
less importance considering that the horizontal ground displacements are typically about
two orders of magnitude greater than the relative displacement between the pipeline and
the soil necessary to develop the full axial soil restraint.

Defining the ground displacement patiens representative of the most sbrupt vertical and
horizontal ground displacement for pipeline alignments paralle] (Jongitudinal) or perpendicular
(transverse) to the direction of panel advance was based upon comparing normalized plots of
displacement patterns up to the point where the vertical ground displacement is maximum. A
comparison of all such displacement patterns is provided in Figure 13. The overall comparison
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is only plotted to the paint of maximum vertical subsidence since the case histories considered
various mined panel dimensions that resulted in both critical and supercritical subsidence
patterns. For analysis, points of constant subsidence were omitied or symmetry was assumed to
obtain a representative critical displacement pattern. The displacement patterns that bound all
transverse cases are the patterns from the Galatia Mine and the Powell Case No. 2. The
subsidence displacement patierns from these two cases are provided in Figure 14.

In addition to longitudinal and transverse ground displacement patterns, the patterns for a
pipeline alignment that diagonally crosses a comner of the projected panel zone on the surface
were examined. The diagonally ground displacement pattern is characterized by vertical
settlement at the center of the pipeline crossing and combined axial, horizontal and vertical
ground displacements on either side. This case was examined because it was not clear that the
more complex ground displacement pattern for a diagonal pipeline crossing would be more or
less severe than the purely longitudinal or transverse crossing directions. The ground
displacement patterns for a diagonal pipeline alignment were determined as illustrated in Figure
15 and described below:

1. Ground subsidence contours were developed for a length of panel advance that leads to
super-critical ground displacement.

2. From the subsidence contour plot, the point closest to the projection on the ground
surface of a comer of the mined panel that also experiences the maximum vertical ground
displacement was determined. |

3. The pipeline alignment for determining vertical and horizontal ground displacements was
defined as passing through the point identified in step 2 and perpendicular to a line
bisecting the projection on the ground surface of a corner of the mined panel.

For wide panels, the primary difference between the longitudinal or transverse displacement
patterns and the diagonal displacement patterns is that the horizontal ground displacements are
oriented at a 45° angle to the pipeline, as opposed to paraliel to the pipeline (see Figure 16 as an
example for the Galatia Mine). For narrower panels, there is an additional difference related to
the fact that the diagonal pipeline alignment can pass through a zone where the displacements are
affected by an adjacent corner. This effect is most pronounced for the Peng Case as illustrated in
Figure 17. For this reason, the diagonal for the Peng Case was selected as a bounding case.

3.2 Pipeline Response to Representative Subsidence Displacements

The analysis of soil-pipeline interaction effects in areas of ground subsidence requires the
utilization of analytical procedures that can account for the actnal stress-strain characteristics of
the pipeline material, the nonlinear behavior of the surrounding soil mass, and large
displacement effects. Nonlinear finite element procedures are generally appropriate for this type
of analysis. The advantage of using the finite element procedure for the fault-crossing problem
is that it allows a more complete assessment of the behavior of the pipeline. Stresses, strains,
and displacements can be determined for virtually any number of locations of interest, and the
sensitivity of the results to parameter variation can be investigated with relative ease.
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The finite element analysis of the REX pipeline response was performed using the ANSYS
computer program. ANSYS is a widely-accepted general purpose finite element stress analysis
program that has the capability to account for geometric, material, and boundary condition
nonlinearities. Specifically, nonlinear spring elements were used to simulate soil restraints and
plastic pipe elements were used to represent the pipeline. The large displacement analysis eption
of ANSYS was invoked to account for the geometric changes in stiffness due to large transverse
displacements of the pipe. Details on the use and capabilities of ANSYS can be found in the
program user’s manual (ANSYS, Inc., 1999a, 1999b, and 1999c). The pipeline eveluations
included consideration of the effects of internal pressure, theymal differential, and soil loads
generated by ground displacement, Soil overburden loads also act on the pipeline but are
negligible for the ranges of soil cover considered.

3.2.1 Characterization of Soil Restraint
Site-specific soils information is not available for the proposed pipeline alignment, Therefore,
soil restraint for the analysis of pipeline response was estimated based upon a range of assumed

soil properties:
1. Unit weight = 120 pef, internal friction angle = 36°
2. Unit weight = 120 pcf, internal friction angle = 40°
3. Unit weight = 120 pcf, internal friction angle = 32° cohesion = 420 psf

The soil cover was assumed to be 4 feet and the pipe was assumed to be coated with fusion
bonded epoxy. With these assumptions, the soil restraints acting on the pipeline in the axial,
horizontal, and vertical directions were computed using the relationships in Honegger and
Nyman (2004), and representative values were selected for analysis (see Table 3).

3.2.2 Definition of Ground Displacement Patterns for Analysis

Normalized ground displacement shapes selected for analyses focused on those corresponding to
the Galatia Mine and Powell Case No. 2. Considering that the maximum vertical subsidence
from any case approached 5 fect, a 5-foot vertical displacement was selected as a target pipeline
displacement capacity. The ratio of maximum horizontal subsidence displacement to vertical
subsidence displacement was taken from the case history displacement shape (0.43 for Galatia
Mine and 0.44 for Powell Case No.2). The maximum displacement applied in the analyses was
twice that for the Galatia Mine and Powell Case No. 2 in order to assess the margin against
potentially unacceptable pipeline response for displacements greater than the S-foot target
vertical displacement capacity.

3.2.3 Pipeline Model

The pipeline was modeled using non-linear pipe clements with the clement length equal to one
pipe diameter. The pipeline was modeled with fixed end conditions with the total length of the
pipeline models selected to extend beyond the zone of imposed ground displacement such that
the fixed-end constraints did not influence the behavior of the pipe in the region of ground
displacement. A straight pipeline alignment was assumed for the cases where the displacement
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profile represented (1) a transverse or longitudinal crossing of the subsidence zone, and (2) a
diagonal crossing of a corner of the subsidence zone. To assess the effects of a bend in the
pipebine alignment, a pipeline geomenty consisting of a single 90° bend with a bend radius of 5
pipe diameters was used.

A total of seven cases were analyzed as summarized in Table 4. From Table 4, the pipe diameter
and wall thickness were the same for all cases (42-inch outside diameter, 0.540-inch wall
thickness). The pipe material was taken to be API SL Grade X70 except for one case where the
impact of a weaker pipe material was investigated {API 5L Grade X42) for the purpose of
comparison. The internal pressure of the pipeline was taken to be 1,480 psi (except for the case
with X42 steel which used a reduced pressure of 888 psi). The pipe material was represented by
a mulfilinear curve in the analysis as shown in Figure 18.

3.2.4 Pipeline Acceptance Criteria

Two conditions were assumed to represent unacceptable pipeline response:

1. Maximum longitudinal tensior stress in the pipe from pressure and applied ground
displacement greater than 90% of the specified minimum yield strength (SMYS)

2, Maximum longitudinal compression strain in the pipe with no internal pressure and
applied ground displacement greater 75% of the strain estimated to coincide with the
onset of pipe wall wrinkling.

The above criterin are considered acccptable for continued safe operation of the pipeline
provided that there are no other sources of pipe stress (e.g., thermal stresses, stresses from non-
subsidence ground displacement), significant pipe defects (e.g., corrosion or weld cracks), or
unusual fabrication features (e.g., large mismatch in wall thickness, large alignment offset at
girth welds). The impact of other acceptance criteria can readily be determined from plots of the
strains computed for the various analysis cases.

The analysis results were presented in terms of computed pipeline strains, consistent with the
longitudinal compression acceptance criterion. Based upon the stress-strain curve used in the
analyses, 90% SMYS for X70 material corresponds to a computed longitudinal strain of 0.23%.

Longitudinal compression strain limits are based upon relationships developed by Dorey et al.
(2001} to predict the onset of geometrical instability of the pipe wall. The Dorey et al. (2001)
relationships are cited in the PRCI guidelines. The relationships for compression strains at the
onset of pipe wall wrinkling are provided for two types of typical pipeline stress-strain curves:
(1) those exhibiting typical rounded shapes at yield and (2} those that exhibit a distinct yield
platean. For AP1 5L Grade X70 steel, a rounded yield shape is appropriate.
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Rounded Stress-Strain Curve with Pipe End Offset at Girth Weld:
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Rounded Stress-Strain Curve with Plain Pipe Imperfection
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where:
¢t = pipe wall thickness
I} = pipe cutside diameter
p = internal pressure
Py = intemnal pressure to produce hoop stress equal to yield stress
o, = yield stress
E = modulus of elasticity of pipe material

imp = blister-type initial imperfectioty expressed as a percentage of wall thickness
A = offset between pipe joints at girth weld

As can be noted in the Darey et al. (2001) relationships provided as Equation 1, the relationships
require an estimate of either a pipe imperfection or girth weld offset as input. A girth weld offset
is considered more likely and an offset of 2 mm is considered a reasonable value although the
maximum fabrication allowance is commonly 3 mm. Strains computed using Equation 1
increase with increasing internal pipe pressure, reflecting a decreasing tendency for wrinkling
with an increase in biaxial stress from increased hoop iension. Strains induced by ground
subsidence are considered permanent and it is therefore appropriate to apply Equation 1 for a
potential pipeline shutdown condition with no internal pressure.

With 2 2 mm offset and no internal pressure, Equation 1 resulis in a compression sirain for onset
of wrinkling equal to 0.41% and an allowable compression strain of 0.31%, considering 75% of
the onset of wrinkling strain. Since the compression strain considering wrinkling corresponds to
a pipe stress greater than 90% of SMY'S, the allowable compression strain is limited to .23%.

3.2.5 Straight Pipeline Analysis Cases and Analysis Results

A total of five straight pipeline cases were analyzed. The key model parameters for these cases
are summarized in Table 4 and described below. The pipeline is assumed to be X70 with an
internal pressure of 1,480 psi unless noted otherwise.
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1. Straight pipeline subject to critical subsidence pattern from the Galatia Mine subsidence
analysis,

2. Straight pipeline with reduced strength (X42, 888 psi) subject to critical subsidence
pattern from the Galatia Mine subsidence analysis.

3. Straight pipeline subject to diagonal subsidence pattern from the Galatia Mine subsidence
analysis.

4. Siraight pipeline subject to critical subsidence pattern from the Powell Case No. 2
subsidence analysis.

5. Straight pipeline with axial soil resistance reduced by 50% subject to critical subsidence
pattern from Powell Case No. 2 subsidence analysis.

6. Pipeline with a 90° bend subject to critical vertical subsidence and maximum borizontal
subsidence along each leg of the bend from the Powell Case No. 2 subsidence analysis.

7. Pipeline with axial soil resistance reduced by 50% and a 90° bend subject to critical
vertical subsidence and maximum horizontal subsidence along each leg of the bend from
the Powell Case No. 2 subsidenc:e analysis,

Results from the analyses are presented in terms of plots of maximum tension and compression
strain versus vertical subsidence displacement. While each of the above cases are discussed
briefly below, it is important to compare the results from all cases with the allowable tension and
compression strain limits. This comparison is shown in Figure 19. As can be seen in Figure 19,
the computed pipeline strains for the target vertical subsidence of 5 feet are approximately 60%
and 75% of the allowable strain limits for tension and compression, respectively. These strain
levels indicate that with the assuraptions used in the pipeline analyses, there is little risk to the
42-inch gas pipeline from mining subsidence for the subsidence displacement patterns that
envelop the representative subsidence ground displacement deformation patterns.

A brief commentary on each analysis cise is given in the subsections below.,

3.253 Cage1: Critical Galatia Mine Transverse Subsidence

The pipeline model geometry and applied displacements for Case 1 are shown in Figure 20.
Plots of the absolute value of longitudinal strain at the end of the analysis and variation of
maximum longitudinal strain versus vertical subsidence displacement are provided in Figure 21.
The computed strains vary nearly lincarly with applied displacement with nearly equal tension
and compression strain magnitude. At five feet of subsidence, the maximum tension and
compression strains are 0.12% and 0.10%, respectively.

3.252 Case2: Reduced SMYS, Critical Galatia Mine Transverse Subsidence

The low strains computed in Case 1 (corresponding to pipe stresses less than 36 ksi) were
somewhat surprising given past reports of pipeline damage from mining subsidence (Peng, et al.,
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1980). To investigate whether or not the low strains computed in Case 1 were atiributable to the
high strength pipe, Case 2 considered the same pipeline and soil displacements as Case 1 but the
pipe material was modeled as X42 and the internal pressure was reduced to 888 psi to provide
the same ratio of hoop stress to SMYS. Plots of the absolute value of longitudinal stram at the
end of the analysis and variation of maximum longitudinal strain versus vertical subsidence
displacerment are provided in Figure 22. The results from Case 2 indicate that the computed
tensile strains are reduced substantially (about half of the tension strain for Case 1) with the
lower strength pipe material and the compression strains were nearfy the same as Case 1. At five
feet of subsidence, the maximum tension and compression strains are 0.07% and 0.10%,
respectively. This difference is attributed to the difference in the stress-strain curves between
X770 and X42, panticularly the fact that the X42 pipe stress-strain curve is nonlinear at the level
of compressive strain computed for Case 2 while the X70 stress-strain curve is linear at the
computed strains.

3253 Case3: Diagonal Galatia Mine Subsidence

The ground displacement pattern for a pipeline alignment diagonally crossing a comer of the
subsidence zone has a potential to produce higher bending deformations in the pipeline at the
point where the maximum vertical displacement coincides with the double-curvature bending
deformations from horizontal displacement coincide. This effect will be more pronounced for
cases with more abrupt transitions in horizontal and vertical ground displacement. For this
reason, only the diagonal displacement pattern for the Galatia Mine was examined as an
enveloping case. The pipeline model geometry and applied displacements for Case 3 are shown
in Figure 23. Plots of the absolute value of longitudinal strain at the end of the analysis and
variation of maximum longitadinal strain versus vertical subsidence displacement are provided
in Figure 24, At five feet of subsidence, the maximum tension and compression strains are
0.14% and 0.12%, respectively. Since these strains are close to the values of strain computed in
Case 1, further analyses focused on other transverse displacement patterns.

3.25.4 Case4: Critical Pawell Case No, 2 Transverse Snbsidence

The ground displacement patterns for the Powell Case No. 2 represent a case where the distance
to develop the maxamum vertical and horizontal displacements are much greater than any other
subsidence case examined. Considering that the displacement necessary to mobilize the full
axial load on the pipeline (0.2 inches) is much less than the horizontal ground displacement, the
axial load imposed on the pipe is largely a funciion of the length of pipeline exposed to
horizontal ground displacement. Since the ground displacement patterns have been modified to
represent the critical subsidence condition, the axial loads from horizontal ground displacement
act to force the pipeline to move axially toward the point of maximum vertical subsidence. The
pipeline model geometry and applied displacements for Case 4 are shown in Figure 25. Plots of
the absolute value of longitudinal strain at the end of the analysis and variation of maximum
longitudinal sirain versus vertical subsidence displacement are provided in Figure 26. Note that
the pipe strain magnitudes increase from the lefi and right sides of the subsidence zone and are
maximum at the center of the subsidence zone where the full effects of axial load are combined.
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At five feet of subsidence, the maximum tension and compression strains are 0.08% and 0.23%,
respectively. The maximum compression strain at five feet of subsidence is nearly twice as great
as computed for Case 1. The tension strain for Case 4 is nearly constant for more than 2.5 feet of
subsidence. The maximum tension strain occurs outside of the subsidence zone and is related to
soil restraining the pipeline from being forced into fhe subsidence zone from the horizontal
ground displacement,

3255 Case 5: Reduced Axial Scil Restraint, Critical Powell Case No. 2 Transverse
Subsidence

From Cases 1 through 4, it is evident that subsidence patterns with horizontal ground
displacements occurring over a long distance can have the most significant impact on pipeline
strains. One means of reducing the strains experienced by the pipeline would be to reduce the
maximum axial soil restraint that can act on the pipeline. This could be achieved by placing a 6~
inch layer of lightly compacted sand backfili around the pipeline during construction. Another
means of reducing axial soil restraint would be to wrap the pipeline with two separate layers of
geotextile fabric, cteating a low friction sliding surface between the pipe and soil. Both of these
approaches can reduce the soil restraint by roughly a factor of two compared to the assumed soil
restraint. To investigate the benefit of reduced axial restraini, Case 5 was taken to be identical to
Case 4 except for a 50% reduction in axial soil restraint. Plots of the absolute value of
longitudinal strain at the end of the analysis and variation of maximum longitudinal strain versus
vertical subsidence displacement are provided in Figure 27 along with the resnits from Case 4 for

comparison.

At five feet of subsidence, the maximum tension and compression strains are 0.04% and 0.11%,
respectively. These strains are essentially half of the corresponding strains computed for Case 4,
illustrating the dominant effect of axial scil restraint on pipeline response.

3.2.6 20° Bend Analvsis Cases and Analysis Results

The straight pipeline analysis cases indicate that strains resulting from the mine subsidence cases
considered are expected to be within the allowable strain limits for maximum vertical subsidence
less than 5 feet. Three additional analysis cases were formulaied to examine the response of a
pipeline with a bend within the subsidence zone. Considering possible variations in bend angle,
bend radius, and bend location within the zone of ground subsidence would require tens of cases
and 15 beyond the scope of this assessment. Instead, the bend analysis cases focused on what is
considered to be the most severe bend angle and bend location within the subsidence zone. This
bounding bend configuration, which is illustrated in Figure 28, was a 90° bend oriented such that
each leg of the bend was subjected to horizontal subsidence ground displacements acting parallel
to the leg of the bend. The bend radius was assumed to be five pipe diameters (17.5 feet). The
ground subsidence pattern for the Powell Case No. 2 was used in the analyses since this pattem
exhibits the largest zone of horizontal ground displacement.
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3.2.6.1 Case 6: 90 Bend. Critical Powell Case No. 2 Subsidence

The pipeline model geometry and applied displacements for Case 6 are shown in Figure 29.
Plots of the absolute value of longitudinal strain at the end of the analysis and variation of
maximum longitudinz] strain versus vertical subsidence displacement are provided in Figure 30.
The horizontal ground displacements parallel to the legs of the bend are sufficient to create
bending strains in the bend that exceed the allowable strains and the nominal yield strain of the
pipe steel (nominal yield strain is 0.5%). The variation in strain with subsidence displacement is
nearly linear, indicating the forces transmitted to the bend from the soil loads acting on the legs
of the bend are much greater than the resistance of the bend. At 5 feet of displacement, the
computed tension and compression strains are 0.76% and 1.22%, respectively. The allowable
strain limits are exceeded for vertical subsidence greater than 1.3 feet,

3.26.2 Case 7: 90° Bend. Reduced Soil R
Subsidence

Case 7 was identical to Case 6 except that the axial soil restraint was reduced by 50%. Plots of
the absolute value of longitudinal strain at the end of the analysis and variation of maximum
longitudinal strain versus vertical subsidence displacement are provided in Figure 31. The 50%
reduction in axial soil restratnt results in roughly a 50% reduction in computed strains. At 5 feet
of displacement, the computed tension and compression strains are 0.44% and 0.74%,
respectively, However, there is little change in the vertical subsidence associated with exceeding
the allowable strain limits, 1.4 feet compared to 1.3 feet for Case 6. The variation in strain with
subsidence displacement is nearly linear for subsidence displacements less than approximately 3
feet, the rate of increase in strain with subsidence displacement decreases for greater amounts of
subsidence. The change in the strain versus displacement behavior indicates that the bend
resistance is more comparable to the loads induced from horizontal ground displacement.

32.63 Case8: 9° Bend, Reduced Axial Soil Restraint, 0. inch Wall Thic Critjcal
Powell Case No. 2 Subsidence

Case 8 was identical to Case 7 except that the pipe wall thickness was increased to 0.750 inches,
the X70 wall thickness planned for Class IT areas. The increase in pipe wall thickness increases
the bending resistance in the 90° bend by 39% compared to the 0.540-inch wall thickness. Plots
of the absolute value of longitudinal strain at the end of the analysis and variation of maxinmum
longitudinal strain versus vertical subsidence displacement are provided in Figure 32. The
increase in pipe wall thickness reduces the computed strains at 5 feet of vertical subsidence to
0.23% tension and 0.31% compression. Furthermore, the computed strains are nearly constant
for subsidence displacements greater than approximately 4 feet, indicating the horizontal soil
loads are incapable of imposing additional deformations at the bend. The tension strain is equal
to the allowable tension strain and the compression strain is equal to the allowable compression
strain considering prevention of onset of wrinkling, indicating that this case could be considered
acceptable if it were determined that a compression strain equal to 96% of SMYS could be
tolerated.
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4. CONCLUSIONS AND RECOMMENDATIONS

The results from the eight analysis cases lead to the following conclusions regarding the capacity
of the 42-inch natural gas pipeline to withstand expected subsidence displacements associated
with panel mining operations:

1,

A straight pipeline alignmeni should be capable of accommodating vertical and
horizontal ground displacements from mining subsidence without experiencing stresses
greater than 90% of SMYS.

Ground subsidence patterns characterized by large zomes of horizontal ground
displacement parallel to a straight pipe alignment (i.e., alignments parallel or
perpendicular to the direction of panel advance) will experience the highest pipeline
stresses.

The most effective means to reduce pipeline stress/strain due to subsidence is to
minimize the axial soil restraint along the pipeline. Several options for minimizing axial
soil restraint are discussed in Section 4.1 below.

Increasing the pipe wall thickness or material grade will reduce pipeline stresses related
to horizontal ground displacements in a direction parallel to the pipeline alignment, but
offers little benefit in reducing stress due to displacements transverse io the pipeline
alighment. .

Pipeline sidebends within the subsidence zone may be subjected to higher stress
conditions if one or both tangents are oriented parallel (or near parallel) to the direction
of horizontal subsidence displacement. Conditions that can be expected to increase pipe
stresses at bends include:

a. Large bend angle, e.g., 60° to 90°;

b. Small bend radius;

¢. Ground displacement parallel to legs of the bend;
d. High axial soil restraint.

The above conclusions are based on the following general assumptions and conditions:

1.

We have assumed that the smooth ground displacement patterns resplting from
matching several case histories of monitored mine subsidence represent the range of
displacement patterns that are likely to be experienced. It is noted that in scveral cases,
the monitored ground displacement patterns were not “smooth” and did not compare
well to the computed ground displacement. Plots of measured versus modeled
subsidence for the seven case histories used in this assessment are provided m Figure
33. The measured ground displacements Powell Case No. 1 and No. 2 represent a
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potentially more severe condition than analyzed, as judged by the abruptness of vertical
changes in ground displacement.

. It is also important to note that the subsidence pattemns are idealized for a flat or nearly
flat ground surface. Variations in topography or underlying geologic conditions that
might lead to anomalous ground subsidence patterns bave not been considered.
Furthermore, in steep terrain, it is possible that subsidence might trigger landslides that
could be more hazardous to a buried pipeline than the effect of subsidence itself.

. We have considered a maximum vertical ground subsidence of 5 fest and a maximum
horizontal subsidence no greater than 44% of the maximum vertical subsidence as
representative of the expected mining subsidence for the proposed pipeline. These
conditions are believed to be representative of what could be reasonably expected along
the REX Pipeline route, but the possibility of larger vertical subsidence displacements
or larger ratios of maximum horizontal displacement to maximum vertical displacement
cannot be eliminated from consideration.

. The tension and compression strain limits are based on the assumption that the pipeline
girth welds overmatch the actual strength of the pipe and are free of planar girth weld
defects that would limit the strain capacity compared to the pipe body. See Section 4.2
below for further discussion of welding,

. We bave relied upon judgment and relative comparisons between analyses to identify a
limited set of analysis cases taken to envelop the range of pipeline response.

. We have assumed soil conditions for the determination of axial and transverse soil
restraint. Soil conditions that result in much higher levels of soil restraint, particularly
axial soil restraint, could result in unacceptable pipe stresses. In addition, we have
assumed uniform soil cover and have not accounted for a greater depth of soil cover that
might be necessary to accommodate such situations as uneven terrain, road crossings,
crossings of other pipeline or utilities.

4.1 Options for Controlling Axial Soll Restraint

The pipeline analysis cases have demonstrated the importance of limiting axial soil restraint on
pipeline response. Practical means of achieving relatively low axial soil restraint involve
selecting appropriate backfill material, limiting the depth of soil cover, and use of low-friction
coatings or geotextile wrap. The following options are expected to result in axial soil resistance
on the 42-inch pipeline less than or equal to the reduced an axial soil restraint used in the
analyses (3 kips/ft):

1. QOption 1

a. Soil cover less than 4 feet;

b. Granular cohesionless backfill with an internal friction angle of less than 40°
placed a minimum of 4 itiches around the pipe;
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