ATTACHMENT 9
PART 2



TOPOGRAPHIC AND GEOLOGIC SURVEY
Arthur A. Socolow, State Geologist

COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL RESOURCES

MAP #42, Plate 1

-.Oof
5400omE. 30" 1250000 FEET 5 130" 5 %0/ 1600000 FEET 7'30" |60 1690000 FE8Ty 13
— | i F (550 22 i30 1300000 FEET, |50 1|5‘ |*70 7’?0" |1 350000 FEET [*80 80°00 1400000 FEETy |90 52'30" 1500 4%'1 450000 FEET 810 37'30" %20}y 1500000 FEET 30' (630 1550000 FEET; 22'30" |40 115 4 I l
| + - -+ T T
GROUP FORMATION DESCRIPTION GROUND WATER CHARACTERISTICS ENVIRONMENTAL ASPECTS
T
Alluvium Sand, gravel, clay. s ] )
{iesiird tl;,cl ;\‘Euwnm, Glacial Outwash, etc.’ under Geologic Notes section and to O'Neill’s M67
osits Sand, clay, gravel on terraces above present
Terrace deposi 5 nvers’; inch’xdes Carmichaels Formation.
Landslides are common in zones where GEOLOG'C NOTES
i water seeps occur associated with limestone VV VV 3
Grasne Sh‘.!i;hl(i: n::g;;r;ﬁe:n%f zag;jstonc, shale, red beds, Generally a poor water-bearer because of outcrops. These are especially bad where man- COMPIIJED BY . R. agner, J B L. Cra.ft, L. Heyman aIld J. A.. Harper 1 2 3 ] ,4
el small outcrop area and unfavorable topographic made or natural processes work on the base of OLUMN Economic Uses >f -]
position with most outcrops on ridges. Where # slope below a water seep area, and where the STRAT]GRAPHIC C o - d fo foiv of
o saturated, water occurs along joints and bedding | top of the slope is loaded by landfill activity, . Claystones and shales, very common in the area, are used for a variely
o plane openings. In the few occurrences of these Surface drainage is variable, It is low in areas 1975 The rocks exposed at the surface of the six-county area of the Greater products: light-weight aggregate, face and building brick, medium-duty
] Cyclic sequences of sanditone A rocks below stream level, the basal sandstone of shale, claystone, and siltstone and high in Pittsburgh Region have been subdivided into many map units on the basis of refractories, acid-resistant brick, sewer and drain file, fire brick, and furnace RUTLER
Wash q , shale, limestone, 1ds 1 areas of sandstone and limest Shal d . . '
% ashington and coal; contains Washington coal bed at base. yie arge quantities, v endbelog e $ t; ogft.stone ciaanr:i d the characteristics of the rocks. Generally speaking, the rocks throughout this finings. 1
oy Low because fractures are tight and scarce, stone, and limestone bZing fiich more resistant region are highly complex interlayers of shales, sandstones, siltstones, clay- . 6 6‘ 7 8 ) 9, 9 A o=
(a] well yields range from 0.4 to 22 gpm. Well to erosion. However, these more resistant stones, limestones, coals, and underclays, of varying thicknesses and areal Uswgtons ARMSTRONG
depths range from 30 to 430 feet. :‘?‘3“’ fo;m “l::i of ?&“fmﬁ _with CO!TCSPD;‘I- extent. Unconsolidated glacial materials are found in the northwest part of the P 5
. ng undercutting of less resistant materials d in th th d-flowing stream valleys. These deposits escription
lit ter deratel X . s map area and in the major southwar g ! po ; i . 4
Waynesburg Cyclic sequences of sandstone, shale, limestone h :l;e ik e e allswing colispie of fin fiore tssistant 2o consist of clay, silt, sand, and gravel varying significantly in total thickness. A dense, hard rock composed mainly of the mineral calcite (calcium carbonate)
and coal; contains Waynesburg coal bed at base s There are possible deep mine subsidence prob- e ! e . d i harply-defined layers. Individual thicknesses vary from a
X " ) lems related to abandoned mines in the Wash- REFERENCES TO PUBLISHED SOURCE MATERIAL The boundaries between groups have been established on contrasts between and occurring as sharply-defin yers. I it
ington Coal and Waynesburg Coal. readily identifiable thinner rock units. The base of the Pottsville Group is the fraction of an inch to more than three feet. Most limestone layers are ’:’hl""“ e 114 BEAVER
SPECIFIC REFERENCES most difficult boundary to recognize in the fleld, as it is based on a buried from each other by thin cl?ysto'ne or mudstone I:y:rS- Thrﬂf:ﬂ:r’“* 'a :::l: | f\
Most of the porosity and permeability in Ref. Estimated Ref Esfimoted Ref Estiinatad erosional surface. Marker beds separating the other groups are regionally limestones tend to hu\.fe a high silt-clay content and have 0 a0 ency to i 13 1 4 15 16 17
lfimestone I ihe seeit ‘of enladement of No Reliability No. Reliability No' Reliability significant coal beds: the bottom of the Brookville Coal is the base of the down rather rapidly in the zone of weathering. By scrutchmlg a freshdsur ce
ractures through solution and removal of 2 3 n abili P . ina dilute hydrochloric acid on the resulting powder, one
minerals by m(g)ving ground water. Perme- ) 1. Poth, C. W. (1963), Geology and hydrology of the Mercer quad- 16. Hughes, H. H. (1933), Geology and mineral resources of the Free- 34. Roen, J. B. and Farrell, D. E, (unpublished), Structure confour map Allegheny Group; the top of the Upper Freeport Coal is the base of the Cone ot e r;:: ut:: d::r:,::: 01: ':;:k;i:e if bubbles develop and conclude fh"-‘; the
ability of sandstone varies greatly according Landslides common in zones where water rangle, Pa. Geol. Survey, Water Resource Rept 16, Fair port quadrangle, Pa. Geol. Survey, Atlas 36. Fair of the Pitisburgh coal bed, southwest Pennsylvania, adapted maugh Group; the base of the Pittsburgh Coal is the base of the Monongahela can con P l / w
to grain size, degree of sorting, and amount sceps oceur associated with limestone outcrops. 2, Sherrill, R, E. Matteson, L. S. (1939), Geology of the oil and gas 17. Stone, R. W. (1905), Description of the Elders Ridge quadrangle, from Munn, M. J. (1912), Description of the Claysville quad- Group; and the base of the Waynesburg Coal is the bottom of the Dunkard rack Jx wentoos. 12 7
of cementing material. Secondary porosity Especially bad where man-made or patural pro- fields of the Hilliards quodi I I; \ ? ; : Fai B e Group : : 2 ALLEGHENY
may. be developed by solution and removal of cesses work on base of slope below. the water elds o illiards quadrangle, Pa. Geol. Survey, Prog. Rept. U.S. Geol. Survey, Folio 123. air rangle, U.S. Geol. Survey, Folio 180 and Clapp, F. G. (1907), . biished b iy iy e oo B Engineering Characteristics L
cementing material or by extensive fracturing. seep area, and where the top of the slope is 122. Fair 18. Shaw, E. W. and Munn, M. J. (1911), Description of the Burgetis- Description of the Rogersville quadrangle, U.S. Geol. Survey, Fair to Formuﬁonf are establi hed on recognizable s Limestones provide moderate fo excellent foundation support. Excavation
Shale, a fine-grained rather impermeable rock, loaded by landfill activity. Surface drainage 3. Shaw, E. W. and others (1911), Description of the Foxburg ond town and Carnegie quadrangles, U.S. Geol. Survey, Folioc 177. Good Folio 146, Good over some distance. The thickness and rock-type of fhe diffarant rock vaiit are may require blasting. Most limestones throughout the area have a high fre- 20
usually contains water in fracture or joint | I8 variable; low in areas of shale, claystone, and Clarion quadrangles, U.S. Geol. Survey, Folio 178, Fair 19. Johnson, M. E. (1928), Geology and mineral resources of the 35. Kent, B. H. (unpublished), Structure on the Pittsburgh coal in the shown on the accompanying generalized stratigraphic column. The names to ; Spri d water seeps are frequently encountered at the 19
systems which developed during folding and siltstone and high in areas of sandstone and ¥ - ' et SR ! d L d the right of the symbols on the column are local names used to designate thin quency of jointing. Springs and water seep X 1 ND
\ . faulting, limestone. Erodibility of shales and claystone 4. Graeber, C. K. and Foose, R. M. (1942), Geology and mineral Pittsburgh quadrangle, Pa. Geol. Survey, Atlas 27. Good Prosperity quadrangle. Good erg Y : The thickness sh is th lower contact with shales. Individual fragments have high bearing capacity; WESTMORELA 22
MONONGAHELA Ezghc :‘;.‘Iumie? ofp::hal;:, hm:stolneb, 3’""’;"“ Well yielids nre Tow Beesuse:of tijht; scarce is high with siltstone, sandstone, and limestone resources of the Brookville quadrangle, Pa. Geol. Survey, Atlas 20. Johnson, M. E. (1926), Geology and mineral resources of the 36. Berryhill, H. L. (1964), Geology of the Amity quadrangle, U.S. but recognizable rock unifs within a local area. The thickness shown is the range however, jointing and the presence of interbedded clay and shale layers 24 25
coal; contains Pittsburgh coal bed at base, fractures, Yields range from 0.2 to 15 gpm being tt|:lm.1c:h more resistant to l::rc;tsion. l.How{-: 54. Fair Greenshurg quadrangle, Pa. Geol. Survey, Atlas 37. Fair Geol. Survey, GQ 296. Good of thickness throughout the map area. decrease the strength of the rock mass. A limestone roof rock over mined-out _—
with the average yield about 3 gpm, adequate ever, these more resistant rocks form lips o 5. deWolf, F. W. (1929), Geology and mineral resources of the New Fair to 21. Campbell, M. R. (1904), Description of the Latrobe quadrangle, 37. Berryhill, H. L. and Schweinfurth, S. P. (1964), Geology of the i dstone. T
for“ don_cﬁsg'c purpose on.l}fé ll;axgédiamcter wa_te; f:lls u.:lh a‘[:omlf[spopdmg l-lllnderl:utt!:mg of Castle aiiadeangl, P Ghoet. Sutvay, Alas 5. Good U; Geol Sucvey, Fg;;o 1 lop ; 2 ? Fair E;}'m’rfh quadrangle, U.S. Geol. Survey, GQ 333 w Good REPRESENTATIVE ROCK-TYPES areas tends to collapse more readily than sandstone W ASHINGTON (J .
we i resistant materials allowing collapse of more i : p ! el = > ; a
i i h‘;-;t p::rico dg:egziraz:: :f t ;:atsé?asli;;;: yotant mataule chgrmc]s. p i 6. Richardson, G. B (1936), Geology and mineral resources of the 22. Shaffner, M. N. (1958), Geology and mineral resources of the ) 38. Schweinfurth, S. P. (1967), Geologic map of the California quad- Sandstere Economic Uses . ) ) 26 27 30 31 32
capacity.  Deepening wells does not signif- high potential of deep mine subsidence in lower Butler and Zelienople quadrangles, U.S. Geol. Survey, Bull. 873 Poor New Florence quadrangle, Pa. Geol. Survey, Atlas 57. Fair rangle, U.5. Geol. Survey, GQ 648. Good - The Vanport, Ames, and Greenbrier limestones maintain consistant physical
icantly increase the yield. Low yields are partly | part of group related to old abandoned mines 7. Lytle, W. 5. and Heeren, L. (1955), Oil and gas field atlas of the 23. Phalen, W. C. (1910), Description of the Johnstown quadrangle, 39. Roen, J. B. (1970), Geologic map of the Waynesburg quadrangle, Description characteristics and chemical compositions over wide areas. The Vanport Lime-
:i}:; t;?“:;.n‘)f t%::r:te%ngt byé é:ﬁoag rt:mm& Weil ;?:éhncc\l:cnli?;?:;ig‘:}a:lc’Fitst(;?:rgahmé?;aland in old Butler quadrangle, Pa. Geol. Survey, Special Bull, 7. Fair U.S. Geol. Survey, Folic 174. Fair U.S. Geol. Survey, GQ 838, Good A rough grainy rock composed of individual fragments ranging in size from stone, the most important, supplies stone for flux, cement, and constructional
depthe thg;n T 26 3\1 o que:lit:}s mn;:].r,; . 8. Butts, Charles (1904), Description of the Kittanning quadrangle, 24, Schweinfurth, S. P, (unpublished), Structure confour map of the 40, Kent, B. H. (1969), Geologic map of the Mather quadrangle, 1/16 mm to 4 mm, Grains are bonded together by clay minerals, iron oxide, purposes. 3 4 35 38 31
affected by calcium bicarbonate content. Dis- U.S. Geol. Survey, Folio 115. Fair ' Avella and part of the Steubenville East quadrangles. Good U.S. Geol. Survey, GQ 826. colcium carbonate or silica. The grains are accumulated together in layers from " . L—f\'
solved ;:hdsor?;égc fgrm 272 to 610 mg/1. Iron 9. Butts, Charles (1905), Description of the Rural Valley quadrangle, 25. Roen, J.B.(1971), Preliminary geologic map of the Midway quad- 41. Kent, B. H. (1969), Geologic map of part of the Carmichaels quad- a fraction of an inch to many feet thick forming distinct consolidated b_edﬁ- Alluvium, Glacial Outwash, Etc.
ranges from 0.08 to 35 mg/1. U.S. Geol. Survey, Folio 125, Fair rangle, U.S. Geol. Survey, Misc. Field Studies Map 319, Good rangle, U.S. Geol. Survey, Misc. Geol. Inv. Map 588. Good Sandstone can be identifled by the presence of recognizable individual particles Descripfion Lf'/
9A, Butts, Charles (1906), Economic geology of the Kittanning and 26. Schweinfurth, S. P. (unpublished), Structure contour map of the and a gritty feel. U R lidated deposits consisting of sand and gravel with varying amounts 39 40 41
The best water-producers are the sandstones The rocks of the Conemaugh Group arc the Rural Volley quadrangles, U.S. Geol. Survey, Bull. 279. West Middleton and part of the Bethany quadrangles. Good 2 i isti s e ) i | Il ded to well ded; sond
S Bt s 1;“ dugers sne o sndatones most landslide prone of the Greater Pittsburgh 10, Shattier, M N 1947), Cuolopy. did wireral resoimons: oF The 27. Berryhill, H. L. and Swanson, V. E. (1964), Geology of the Wash- GENERAL REFERENCES Engineering Characteristics of silt and clay. Pebbles and grovel usually rounded to well rounded; INDEX MAP TO SOURCE MATERIAL
re water pies. P Region. Unstable slope conditions are especially 3 i < ’ Al i ! Sandstones provide moderate to excellent foundation support, but are diffi- grains commonly angular. Thicknesses of 1 to more than 150 feet present in
the sand grains and in the fractures. In the common in the middle part of the group from 3 Smicksburg quadrangle, Pa. Geol. Survey, Atlas 55. Fair ington West quadrangle, U.S. Geol. Survey, GQ 283. Good Patterson, E. D. (1963), Coal resources of Beaver County, Pennsylvania, U.S, ) P ts Blasting, Badded dst its betw deposits adjacent to many of the streams and rivers of the area. (Numbers Refer to Source Reference |_i51-)
. shales and limestones water gencrally occupies approximately 100 feet above the Ames lime- 11. Edmunds, W. E. (1974), Preliminary structure contour map of 28, Swanson, V. E. and Berryhill, H. L. (1964), Geology of the Wash- Geol. Survey, Bull. 1143-A, cult to excavate and may require blasting. Bedded sandstone units between p i
Cyclic sequence of sandstone, shale, red beds b;'.ddmg and joint planes, especially near axis stone to the top of the Buffalo sandstone. Allegheny, Armstrong, Beaver, Butler, Washington and West- ington East quadrangle, U.S. Geol. Survey, GQ 334, Good mined-out coal zones and the surface tend to provide a support structure pre- Engineering Characteristics
and thin limestone and coal. of folds, . Landslides arc associated with red-clay shale moreland Counties, Pa., U.S. Geol. Survey, Greater Pitts- 29. Kent, B. H. (1967) Geo;ogr'c map of the Hackett quadrangle Patterson, E. D. and Van Lieu, J. A. (1971), Coal resources of Butler County, venting surface subsidence. Frequently o void zone occurs immediately below gineering . . gl G i
T A rcliable source of small to moderate | units, known locally as the “Pittsburgh Red burgh Region Reports #9, 10, 11,12, 13, and 14. P ' Y : 4 ! Pennsylvania, U.S. Geol. Survey, Bull. 1143-C a thick sandstone unit where mine collapse has propagated toward the surface These unconsolidated materials provide poor foundation support, but are
e o supplies of water. Well yields depend on local Beds.” These red beds are found mainly below urgh Kegion 89°r.5 ‘ 11 12y 13, an . Fa. , U.S. Geol. Survey, GQ 630. Good £ m b £ th dstone. Care should be taken not to easily excavated. Excellent drainage where situated above the water table. ) 41°12
41°12 > permeability of aquifers and whether or not the Ames limestone member of the Glenshaw Geol. Survey, open file. Fair 30. Roen, J. B.(1948), Geologic map of the Monongahela quadrangle, and has stopped at the base of the san * e Forms unstable cuts and requires special design for foundations because of 30"
30" = the sandstones are drained. Some yields are Formation. There is, however, a 10° to 20 12. Grimsley, G. P. (1907), Ohio, Brooke, and Hancock Counties U.S. Geol. Survey, GQ 743 Good overload such suspended sandstones. If failure of these sandstone roof rocks St ited: sat Proiidcs o
han 100 gpm with the median yield for | thick red-bed unit in the G ; i st T : - d : : o i d d to the surface. Vertical jointin irregular distribution of materials and unconsolidated nature. Frov
S ﬁ:ﬁ: i:: this gpp £90 Suffi ""t : about 100" ab “"h"“; L““”.}TL“” Formation W. Va. Geol. Survey, County Report. Fair 31. Compbell, M. R. {1903), Descripfion of the Brownsville and Fair to has ocecurred, it is usudlly expressed vpward to 5 ! join dﬁ support over mined-out area. When mine collapse fractures intersect and
is group o gpm. Sufficient water abou above the base. is or red- " 4 - L F ’ R rock % % i % .
74 for domestic purposes can be obtained at most | bed unit has the greatest lJntcutia:i ?EF Ll:rl:-:iw 13. Woolsey, L. H. (1905), Description of the Beaver quadrangle, Connellsville quadrangles, U.S. Geol. Survey, Folio 94, Good i ﬂ.\mugh e .} by o mp;ahrfanlf i :r:l;uppor! :::en.:: c::nmnof drain the ground water from these unconsolidated materials, differential settling
s0000m._| O locations from wells drilled 100 to 150 feet | associated landslides, as it is associated with U.S. Geol. Survey, Folio 134. Fair 32. Shoffner, M. N. (1963), Geology and mineral resources of the sionie. units. The closer the fointing, the. lawer wap FEREY occurs and can cause structural damage to buildings.
O below the water table. Yields large enough for | slopes suitable for modern development, ie., | 14. Munn, M. J. (1911), Description of the Sewickley quadrangle, Donegal quadrangle, Pa. Geol. Survey, Atlas 48. Fair the rocks. High clay content in a sandstone makes a weaker, softer rock than
industrial and municipal purposes are more not oversteep and they have natural appeal . H . gh s : ; other cementing materials, A sandstone cemented by calcium carbonate may i
> ; . : ! pp U.5. Geol. Survey, Folio 176. Fair 33. Richardson, G. B. (1934), Description of the Somerset and Wind- g ' Economic Uses
el sequenies-of samdstonie: shale red beds difficult to obtain. because of asthetic factors.  Ancient landslides 4 : : . . be very weak structurally within the zone of weathering where the calcium . ¢ ; "
Cy q 3 ’ e eEUtE : ; 15. Richardson, G. B. {1932), Geology and coal, oil and gas resources ber quadrangles, U.S. Geol. Survey, Folio 224 Fair Ty Y Sand and gravel is available in large supply in parts of the region. In the
and thin limestone and coal; several fossil- Groundwater quality varies considerably. | ¢ cspecially common in this stratigraphic d e S f & ¢ ' Fai e 3 L ’ carbonate has been removed by weathering processes. However, it will be 5 ¢ : & coerid: o |
iferous limestone; Ames limestone bed at top. The range of dissolved solids is from 99 to sequence.  These old slides are extremely un- of the New Kensington quadrangle, U.S. Geol. Survey, Bull. 829.  Fair - i t in th thered rocks northwest, thick glacial deposits cantain large reserves of sanc, @nc grayes 4560
722 mg/l. Hardness ranges from 10 to 263 stable when disturbed by construction activity, ~/ ™ ( vinadide &= [ Ussr<s] et 1y N N L T Nk L tg3 strong in the subsurface where the cement is presen e unwea i Dredging is taking place in the Allegheny River near Tarentum and Natrona and
mg/l and iron content ranges from 0.08 to Possible deep mine subsidence problems related | : - Economic Uses in the Ohio River near East Liverpool. Operations are also underway in the
23.2 mg/l. The upper limit for iron is 0.3 to old abandoned mines and new workings in 2 X ALY S 3 h 1 2
mg/l. the Upper Freeport Coal in all areas except’ A@qs’ & Sandstones, occurring at various intervals throughout the stratigraphic column high level river terraces at Harmarville.
Washington County. 5 - are used as crushed rock, rough building stone, dimension block, and flagstone. GEOLOGIC COLUMN
[ ot "
. Itstone, Mudstones
Groundwater moves through fractures and = D i Sla i o ' COAL, OIL AND GAS Z
pore spaces. In the shaly facies water is con- escription 4 %
tained in joints and bedding plane openings. A wide variety of very-fine-grained rocks scattered throughout the area. o O w
Th -beari i ; itumi ix- . Th - ¥
hoeiruaiigi gy R hdling o B "Wiihtonss” ure. o beteragenseus mixivre of poorly Bedded, swley rodk  _ Latge teservan of bifurineus odl s Bresent I Be shetety el Jn ® 3 < &%
> : . uous; thus, well yields may differ considerabl "Claystone” is a soft plastic rock made up largely of clay-size particles of major coal seams are the Mercer o oftsville Group; . (@) < g td) LOCAL NAME
z CYEJJC STQUEHCE_S of ;halef‘ S_i:;'ldstﬂnt. limestone, from place to place Theyyields Willihe smaI}; clay minerals. Shales are very-fine-grained rocks that have well developed Kittanning, and Upper Freeport of the Allegheny Group; Brush Creek and < & o= = é
 Joegd H:" ??pp:f ap{.;,_?:;;m:m,rg? t‘:p:: ‘:?t%]i: t;x;ﬁ and drawdown will be rather large in wells that = bedding surfaces and siltstones are well bedded like shales but of coarser Bakerstown of the Conemaugh Group; Piﬂsburgh. and Sewickley of the Monon- 9 = i —
7'30" |— 1) the commercial Vanport limestone and Kittann- dn not penetrate sandstone, ) grain size. Mudstones are commonly associated with shale, siltstone and sand- gohela Group; and the Waynesburg and Washington of the Dunkard Group. 350000
I.lj-l ing and Clarion coals. sup]?l iel:ll:fb!l:v a:co;xrc;i tgf a:nm:Eer:) m?ec}'c:lm:; stone layers. Claystone is most commonly associated with coal beds, lying The Greater Pittsburgh Region has produced large volumes of oil and gas in | % o FEET(N)
rd 5 gpm. Sufficient water for dumes%fc gorposcs Landslides common in zones of water sceps ¥ directly under the codl, the past but current production is very low. Crude oil is produced in Allegheny, Bz 2. | @ My 650 000
can be obtained at most locations from wells associated with clay, shale, and underclay. : A f . e Beaver, Butler, and Washington Counties. During the last decade very few new 2= 20| 7 gund aravel CFEET(S)
drilled 100 feet below the water table. Yields | Especially bad where cuts are excavated into b Engineering Characteristics il wells have been drilled. The most active area of drilling is Westmoreland 2% E ©
large enough for industrial or municipal pur- base of slope. Numerous minable coals and Ra T Mudstones, shales, and siltstones provide moderately durable foundation oil weils have heen- drilied. The most aclive drea \ng: ; o o
difficul i underclays exist throughout these formations. (o184 S iy : ! : County. About 75 percent of the original oil in place is sfill present in the ]
50 BOREL Are very GBSOk tolahtsin: In some areas, such as Beaver, Butler, and S support. Generally will require blasting for deep excavation. Forms relafively dstones. The current frend is to use secondary and tertiary recovery methods
350000 § i Aststrong C’D:'mﬁes' extensive undcrg:round {, % &‘ stable cut-slopes but provides very little support of mine-subsidence e b :: : rsod::: fhi: rerl;'lruining oil. Natural gas is produced in all of the six counties
- Water occurs in pore spaces between grains mines have been developed for clay resources. : E Clay, claystone and clay-shales generally provide weak foundation support =B i d bei duced i
FEETIN) and in secondary openings (such as fractures) in Very little is known about the extent of these - 2 : ted. They form unstable cufs because the material be- with most of the deep gas, 5,000 feet in depth or deeper, being produced in
650 000 i};f rock. h’m}e.: siIZc of o?cnin_@s be;.\:;:en gra:_:;i workings, and there is some possibility of mine pE but are leo;l Yw:x:u\::t CII:I d huys a tendency to slump and provide no support Westmoreland County. The gas is generally present on the flanks and along the
= ers with t ee Tt o Lid i 1 A comes plastic e P . : H H BT
FEET(S) mtcria]mand \:fit!:: g:he gr::ur::l E)f ccmc?ll:agt‘ion :::ilzlsclsd.cncc GECHITINE. above. he: shandoned 2 over m::led-oui area, Most of this type of material can be excavated with light axis of the anticlines while the oil is present in the synclines. 4550
that binds grains together. The Pottsville o power equipment.
Sandst A had s g Group in this area is coarse grained, well sorted, 3
TTS andstone and shale; contains some conglom- d lightl i
PO VILLE erate and locally mineable coal. Enrge ;ﬁ;ﬁnfﬁfrﬁf&fmd yields moderdte ta
Well yield depends partly upon depth drill-
ed. A well that completely penetrates the
sandstone will yield more water than a partially | . e :
penetrating well. Few data are available for -
wells in this aquifer, but the deepest has the U
highest vield (550 gpm) and the shallowest » N ]
has the lowest yield (20 gpm). Ky %
\ e 3 Ten Mile coal
Red and green shale with some sandstone; Maintains a good quality slope at fairly p i
Mauch Chunk contains Wymps Gap and Loyalhanna lime— . . = steep angles if severe undercutting of resistant : g 5 a.
stones . Available mfcnpat:on is too sparse to make beds does not occur. Good quality foundation A < 1 e b g Upper Washington Is
an accurate appraisal of water-bearing charac- stability for heavy structures., Pocono For- = & e
Sandstone and shale with Burgoon sandstone teristics. mation maintains a good quality slope at very ; A 4 o
Pocono at top. steep angles. Excellent quality foundation for | £ v §
heavy structures. . % : Jollytown coal
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R = fa by
500 000 This map is a compilation and updating of geologic maps, some published at @._ : i \ = a ﬂj ’t; Cl)
FEET(S}A a scale of 1:62,500 (one inch equals approximately one mile) and others compiled _: oy T o “‘r = Waynesb
at 1:24,000 (one inch equals 2000 feet). The geologic contacts have been ad- 1IN Al Z ynesburg ss
justed to the topography of the 7Y+minute topographic quadrangles (scale y : Q‘L
1:24,000) and have been modified to agree with subsurface data. The maps, = AYLIA ) o Waynesburg coal
in many cases, represent major revisions of previous work at various scales. L _’ ) A~ : !
The position of the geologic contacts have not been field checked. After pre- =4 ] . & & Little Waynesburg coal
_ ] paring the structural contours and geologic contacts on the 7%-minute topo- A — ol
4530 graphic bases, the bases were reduced to 1:125,000 and assembled. The late 1 1 ‘
W. R. Wagner developed this plan of construction and was senior compiler. The ) ¥ A= WEIT: - Uniontown coal
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Attachment G
Geological Data on Injection and Confining Zones
SEDAT #4A Injection Well

Geological Data for Sedat #4A Injection Well

The Sedat #4A injection well will be a repurposed depleted natural gas well located in
the Renton Gas Field in Plum Borough, Allegheny County, Pennsylvania. The injection
well will target the Murrysville Sand as the injection zone which is water saturated and
located very near the axis of the Duquesne-Fairmount syncline, see the copy of a
section of Pittsburgh Region Structure Contour Map (Map 1) included with this
attachment. Also included is a Geologic Map of the western part of Allegheny County,
PA (Map 2). The immediate area around the well has been striped mined for coal
(Pittsburgh Seam) and mined by underground methods for coal (Upper Freeport Seam);
see the Area of Review map in Attachment B.

There are 14 wells within the 1/2 mile Area of Review (ARO) that penetrate the
Murrysville sand, the state permit numbers for the wells are:

Permit # Permit # Permit #
003-21287 003-21210 003-22200 003-21223
003-21222 003-21644 003-21238 003-21438
003-21228 129-23348 129-23085
003-21225 003-20903 003-21868

All the wells were cased and cemented through the Murrysville. Well 003-00674 was
plugged. The well records can be found in Attachment B. The Sedat #3A well (003-
21223) has been issued an EPA UIC permit (PAS2D701BALL) and has been
repurposed for injection. The Sedat #1A (003-21210) will be converted to an
observation well for the Sedat #3A injection well. The Sedat #2A well (003-21222) will
be converted to an observation well for the Sedat #4A injection well.

The Murrysville Sand is approximately 94’ thick, and lies at a depth of 1,706’ to 1,800’ in
the Sedat #4A AOR. The well had an original TD of 3,886’ and will be plugged back to
1,850’ to just below the injection zone. See Attachment M Construction Details for well
schematic and cement data. Fluid will be injected into a 60’ section of the Murrysville
Sand through a 27s” injection string set on a packer at approximately 1,650’ in 4%%”
casing cemented to surface and into perforations in the 7” casing from 1,740’ to 1,800'.
The confining zones are the Riddlesburg Shale (Sunbury Equivalent) which overlays the
Murrysville with the Riceville-Oswayo Shale lying underneath as the lower confining
zone.

The upper confining zone lying directly on top of the Murrysville is the Riddlesburg
Shale. The Riddlesburg is a dark gray to greenish and grayish black laminated shale
and siltstone with occasional sandstone and limestone beds. The Riddlesburg is




between 80 to 90 feet thick in the Sedat #4A AOR; see the Riddlesburg Isopach map,
Map 3 at the end of Attachment G.

The Murrysville is a greenish-yellow to gray sandstone with occasional conglomeratic
lenses, with high porosity and permeability. Because of the Murrysuville’s thickness, high
porosity and permeability the formation serves as a gas storage reservoir to the south of
the Sedat lease. All most all the wells in the AOR including the Sedat #4A were drilled
and cased through the Murrysville without running a porosity logs, see the well records
in Attachment B. There are two wells for which porosity logs are available that show the
average density porosity through the Murrysville Sand to average around 24%, which
agrees with published reports of porosity values in the Murrysville. Refer to the log
sections and location map at the end of this attachment for wells permit # 129-24721,
and well permit #129-25581. Both wells where saturated with brine and did not produce
gas.

Penneco conducted several tests to determine the reservoir characteristics of the
Murrysville on this lease with the results included at the end of Attachment H. The test
provided a breakdown pressure, the pressure needed to initiate a fracture, as 3,115 psi,
ISP is estimated as 1,114 psi, with a fracture gradient of 1.23 psi. The reservoir
pressure is 232 psi, with an estimated closure pressure of 553 psi. See the supplement
to the HFrac report labeled Item 5 for more detail on the methodology used to determine
the fracture gradient.

Formation permeability for the Murrysville was reported by Melissa Sager (Petrologic
Study of the Murrysville sandstone in SW PA, 2007) as generally high throughout the
formation, with a range of 0.005 to 1,000 millidarcies and an average of around 100
millidarcies. The permeability of the Murrysville in the Sedat #4A is estimated to be 1.8
mD and was determined from a series of tests performed on the Sedat #3A well to
determine the reservoir characteristics of the Murrysville sand on Penneco leases. The
tests were conducted by HFrac Consulting Services, LLC (see the supplement to the
HFrac report labeled Item 7 at the end of this attachment for additional detail). This
value falls within the lower range of Sager’s study.

The Riceville-Oswayo Shale lying directly beneath the Murrysville serves as the lower
confining zone. The Riceville-Oswayo is about 30 feet thick in the AOR; see Map 4,
Isopach map of the Oswayo Shale. The Riceville-Oswayo formation consists of dark
gray to medium gray shale and siltstones.

Structurally the AOR has a series of northeast-southwest trending anticlines and
synclines with the Sedat #4A well lying along the axis of the Duquesne-Fairmount
syncline refer to Map 1. While there are some deep seated basement faults associated
with the Rome Trough, review of Map 1, Map 2 and an additional structure map
contoured on the top of the Murrysville Sand and additional cross sections across the
AOR supports the idea that there are no apparent faults at shallower depths in the AOR.
The Murrysville structure map along with additional cross sections across the AOR are



from McDaniel’'s Subsurface Stratigraphy and Depositional Controls on Late Devonian-
Early Mississippian Sediments in SW PA.

Review of Pennsylvania Geologic Publication, Atlas No. 36, Geology of the Freeport
Quad (the Sedat #4A is in the SW corner of the quad) states on page 23 “displacement
faults where not seen in any outcrop. Inquiry among mine operators indicate practically
the same thing”. Penneco Environmental Solutions, LLC had a related company that at
one time mined in the AOR and a search of its records supports the statement found in
Atlas No. 36.

The U.S.G.S rates the probability of seismic activity in SW Pennsylvania with sufficient
intensity to cause damage as low. A series of four earthquake maps from the U.S.G.S
earthquake hazards program website are found at the end of this attachment.

Earthquake Map 1 shows the historical locations of earthquakes in Pennsylvania and
nearby areas. Earthquake Map 2 shows the entire US color code to show the chance of
a seismic event occurring from lowest to highest. Map 1 shows no seismic events are
shown to have occurred in SW PA, and Map 2 shows the AOR lies in an area with the
second lowest hazard level.

Earthquake Maps 3 and 4 are from U.S.G.S. open file report 2016 One Year Seismic
Hazard Forecast for the Central and Eastern United States from Induced and Natural
Earthquakes OFR-2016-1035. Map 3 shows there is a small chance (one percent) that
ground shaking greater then IV on the Modified Mercalli Scale will occur. Map 4
indicates the change of damage in the NE from natural or induced seismic activity to be
1% to 2%.

Penneco also contends that the maximum injection pressure is sufficiently below the
pressure needed to initiate a fracture or reactive any unknown faults. The injection rate
is also not of a sufficient volume to open or extend any fractures or reactive any
unknown faults in the area, see the HFRAC report in Attachment .

9-6-2016
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Background

This document is a Seismic Monitoring and Mitigation Plan designed specifically to satisfy
permit requirements for continuous seismic monitoring at the Penneco Environmental Solutions,
LLC (“Penneco”) Sedat #3A Class II-D commercial brine disposal Injection Well located in
Plum Borough, Allegheny County, PA (Figure 1). The coordinates of the Injection Well are:
Latitude 40° 31’ 38.5”” and Longitude -79° 42’ 48.5".

Purpose of Monitoring

The purpose of this monitoring effort is to provide a continuous record of any seismic and
earthquake events, with detection and notification of specific naturally occurring and man-made
seismic occurrences or events at the Penneco facility and vicinity. The specific sources of seismic
events can include the following:

* Tectonic derived earthquakes, activity

* Mine blasts (quarries, coal, stone, etc.)

* Induced seismicity (from hydraulic fracturing, and injection well activity)

All seismic events of magnitude 1.0 or greater occurring within 10 kilometers (6.21 miles) of
each injection well, and earthquakes of magnitude 1.5 and above, located within 20 kilometers
(12.42 miles) of each well will be recorded and reported to Penneco (Figure 2). The detection

levels shown on Figure 2 will cover the entire facility.

Installation of System

GeoEnergy Monitoring Systems, Inc. (GeoEMS) of Los Alamos, NM will install two
seismometer stations at the Sedat facility consisting of a primary station (Station SED1) whose
data is to be transmitted to Incorporated Research Institutions for Seismology (IRIS; https://

www.iris.edu/hq/), and shared with Pennsylvania Seismic Network (PASEIS) via Penn State

University, and an auxiliary station (Station SED2) as back-up.

This two-station approach is employed to:
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1) reduce false detections,
2) provide verification to aid in defining the location of small events and,

3) provide backup hardware redundancy for Station SEDL.

The auxiliary sensor will be deployed at a separate location from the main sensor, far enough
away that it can be used to reduce false detections. The system is configured the same as the
primary station, but will not be transmitting data to IRIS. GeoEMS stations also record

continuously on an SD card in the units.

Monitoring Equipment

The installed equipment is from GeoSpace, LP, a seismic monitoring equipment manufacturer in
Houston, TX, which provides instruments for real-time data acquisition of seismic events. The
GeoSpace, LP GS-11D is a high output, rotating coil geophone designed and built to withstand
the shocks of rough handling. The precision springs of this field-proven geophone are computer
designed and matched to optimize performance specifications under even the most extreme
conditions. The natural frequency is 4.5 Hz, with standard coil resistance of 4000 ohms. The
PC-21 Land Case is used with the GS-11D geophone. An example station configuration is

shown in Figure 3. Appendix A provides a detailed specification sheet for the equipment used.

Operations

The seismic monitoring equipment from GeoSpace, LP will be integrated into the Penneco
operations program with remote regular daily checks of the equipment, and confirmation of
recording and transmission to IRIS and PASEIS networks. In addition, a regular calibration
cycle is in place to check instrumentation, providing a complete record of date of calibration, etc.
starting from the original installation date. Penneco operations personnel will be trained by
GeoEMS to troubleshoot minor items, and to clean and check the equipment, mitigating any

weather derived effects or other problems that may arise.

Monitoring

The procedure for seismic monitoring of the Penneco site consists of GeoEMS and Penneco

personnel reviewing all anomalies, annotating data and reporting any unexpected occurrences. If
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significant events or anomalies are identified or recorded, evaluation and interpretation of the

data will be made by GeoEMS personnel in concert with Penneco personnel.

Seismic data will be stored digitally on flash memory in the instrument, and SED1 data also
transferred via website digitally to IRIS and PASEIS, and downloadable as well. Additionally,

data will be recorded at the other Station SED2, as part of the redundancy aspect of the system.

Special Permit Conditions (Permit conditions are shown in Bold)

Penneco will work with GeoEMS to insure that all aspects of the PA-DEP Seismic Monitoring

and Mitigation Plan Special Permit Conditions are implemented, as follows:

(1) Installation of a seismometer that, at minimum, includes the following: One 3-
component velocity sensor (X, Y, Z axes), high-frequency seismometer. (e) All seismometers
shall be installed in accordance with the manufacturer’s instructions prior to operation of
the disposal well.

The primary and auxiliary seismic stations SED1 and SED2 will be installed at the Penneco site
by GeoEMS and Penneco. Each station consists of a 3-component high-frequency seismometer.
The seismometers will be installed in accordance with the manufacturer’s instructions.
Installation requires a separate bubble level to be placed on top of the geophone for proper
leveling per manufacturer’s instructions. Should circumstances require the subsequent
incorporation of four-station network, GeoEMS will provide Penneco with 3 additional seismic
stations that can be rapidly deployed at predetermined locations around the Sedat facility.

(2) A description of and specification sheet for the seismometer installed at the disposal well
site.

The seismometer is a 3-component, 4.5 Hz GS-11D manufactured by GeoSpace, LP of Houston,
TX. The instrument specification and response data sheets are provided in Appendix A.

(3) The installation of a recorder that, at a minimum, continuously records 100 samples per
second using a data logger with 24-bit digitizer and Global Positioning System (GPS)
timing, in accordance with the manufacturer’s instructions prior to operation of the
disposal well.

The stations will be at different areas of the Penneco facility. A 24-bit digitizer is used for
sampling at a frequency rate of 125 samples per second with GPS timing.

(4) A description of and specification sheet for the seismic recorder installed at the disposal
well site.

Seismic Monitoring and Mitigation Plan 3 Penneco, LLC



The station consists of a ground-mounted protective external housing placed for the electronics
and battery, a sensor buried 12 inches deep approximately 10 feet from the housing, and a 5-foot
antenna mast. Sensors include Geo Space GS-11D 3C seismometers (See system diagram in
Figure 4 and the system specification sheet in Appendix B). The system also records continuous
data on-site using standard flash data storage drives.

(5) A description of the protocol for operating and completing calibration of the
seismometer and seismic recorder installed at the disposal well site demonstrating that it
conforms with the standards employed by the Pennsylvania State Seismic Network
(PASEIS) and the manufacturer’s instructions.

The system has been calibrated using a shake table, and also by comparison of waveforms with
collocated commercial sensors. Metadata will be available for the equipment, including
instrument response through the IRIS MetaData Aggregator.

(6) A description of the routine maintenance and service checks that will be implemented to
monitor the operability or running condition of the seismometer and seismic recorder
installed at the disposal well site. The description should detail how the checks satisfy the
manufacturer’s instructions.

Daily State-of-Health (SOH) of the system is monitored by examination of seismograms and
from SOH on-board diagnostics such as internal temperature and battery voltage. No routine
maintenance is required or planned except for visual inspection, but if there appear to be SOH
problems, Penneco on-site personnel are trained to perform maintenance tasks. Penneco
personnel will perform maintenance and service checks, as required, under the guidance of
GeoEMS.

(7) Verification that tectonic seismic event data will be captured at the disposal well
electronically and in a manner that is suitable for tectonic seismic event recordation and
analysis.

Baseline data collection is occurring and shows successful installation and recording of data.
These same units have been deployed at numerous injection sites nationwide and have recorded
potential Injection-Induced Seismic Events with high fidelity.

(8) Verification that seismic data will be provided to the Incorporated Research Institutions
for Seismology (IRIS) Network in real time and that the continuous, real time data
conforms to the data format required by IRIS for archiving under PASEIS’ network code
(PE) and open distribution. If data transmission is interrupted, notification will be
provided to the Department verbally within 24 hours and in writing within seven (7) days.

GeoEMS has previously transmitted seismic data to IRIS. The output from the IRIS MetaData
Aggregator for GeoEMS station PBL2 is shown in Figure 5, providing verification that seismic
data is being provided to IRIS as part of PASEIS network code (PE). Penneco will notify
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PADEP verbally within 24 hours and in writing within seven (7) days if data transmission from
both on-site stations are interrupted for 72 hours. If data transmission is interrupted for a
significant period of time, Penneco personnel can still acquire continuous recording of data from
the on-board flash drive. Note that minor data interruptions are almost a daily occurrence for
many IRIS stations and those will not be reported to PADEP. The IRIS Buffer of Uniform Data
(BUD) Monitor can be used to examine data and feed latency times (http://ds.iris.edu/bud_stuff/
dmc/bud_monitor.ALL.html) for all stations of the PE network.

(9) A description of measures that will be taken to install the seismometer in a manner that
will minimize interference from background sources and allow for optimal Seismic Event
identification and location (epicenter and hypocenter). This shall include a plan view map
of proposed seismometer location(s).

The seismometer locations will be chosen through coordination of GeoEMS and Penneco
personnel in order to minimize interference and surface noise sources. Penneco will provide DEP
with a plan view map of the seismometer locations.

(10) Contact information for the responsible person in charge of conduction seismic
monitoring activities at the disposal well site.

Penneco personnel responsible for seismic monitoring activities on-site is Marc Jacobs
(dmarcj@penneco.com, 724-468-8232).

GeoEMS personnel responsible for the seismometer and instruments are Stephen P. Jarpe
(jarpe@pobox.com, 928-899-1875) and Steven R. Taylor (srt-rmg@comcast.net, 505-412-2841),
either of which may be contacted for detailed information on the equipment.

(11) If the one sensor option is chosen, a tectonic seismic event contingency plan that
includes monitoring, reporting and mitigation provisions consistent with the following:

a. Contingent upon analyst review, immediate electronic notification to the Department
and the Department of Conservation and Natural Resources’ Bureau of Topographic
and Geologic Survey (BTGS) of detection of any measurable event, within six (6) miles
measured radially from the disposal well.

b. Notification within 10 minutes via email to the Department and 1 hour via telephone to
the Department’s statewide toll-free number in the case of seismic activity reference in
a. above. Within 24 hours the operator will provide this data including filtering/
processing of raw seismic data to identify and remove non-tectonic events (e.g. mine
blasts or system noise).

c. Should an Injection-Induced Seismic Event occur (i.e. not a surface-related event or
system noise), the Operator will reduce the well’s operation injection rates. Reduction of
the disposal well’s operating injection rates in use at the time of the Injection-Induced
Seismic Event by 50% within 48 hours of the occurrence of 3 or more consecutive
Injection-Induced Seismic Events greater than 1.0 and less than 2.0 local magnitude
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(ML) over a seven (7) day period occurring within three (3) miles measured radially
from the disposal well. The seven (7) day period is defined as starting with the
occurrence of any Injection-Induced Seismic Event of local magnitude 1.0 or greater.
Reduced operating injection rates shall be maintained until the Department provides
written notice addressing injection rates.

d. Termination of all injection activities within 48 hours of the occurrence of an Injection-
Induced Seismic Event of local magnitude 2.0 or greater within three (3) miles measured
radially from the disposal well until receipt of a written notice from the Department
addressing continued well usage and operating conditions. The assessment of continued
usage will include, but not limited to, the following criteria:

GeoEMS, together with Penneco, will insure that all aspects of the Seismic Monitoring and
Mitigation Plan conform to Special Permit Conditions of PA-DEP. All actions for Item (11) will
be followed by Penneco based on communication and input from GeoEMS. GeoEMS will
monitor Station SED1 on a daily basis. Additionally, on a daily basis, GeoEMS will perform
single-station reporting statistics as shown in Figure 6 and include the number of events recorded
per day, cumulative number of events, and magnitude and slant (radial) distance from station.
GeoEMS will monitor seismicity in the vicinity of Sedat#3A on a daily basis and, upon analyst
review, will notify Penneco immediately if notable trends or changes in micro-seismicity occur.
Direct notification to PA-DEP will occur pending confirmation of event(s).

(13) Provisions for submitting an updated Seismic Monitoring and Mitigation Plan

This Seismic Monitoring and Mitigation Plan meets the requirements of the PADEP Special
Permit Conditions. Should conditions in the field alter or change any parameter or monitoring
approach, a revised updated Plan will be submitted to PADEP.

(14) Upon commencement of disposal activities at the disposal well, the permittee shall
record tectonic seismic event data electronically for review at the request of the

Department. Tectonic seismic event records must be maintained for one (1) year.

Data archival of all Station recorded monitoring data will be permanently maintained by
Penneco, LLC, GeoEMS, IRIS and PASEIS.

(15) The permittee shall maintain all calibration, maintenance and repair records for the
seismometer for at least (5) years.

Penneco, LLC and GeoEMS will maintain these calibration, maintenance, test, and repair records
for the seismometer and provide them to PA-DEP or IRIS and PASEIS upon request.

16) The permittee shall maintain all calibration, maintenance and repair records for the
seismic recorder for at least five (5) years.
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Penneco, LLC and GeoEMS will maintain these calibration, maintenance, test and repair records
for the seismic recorder at least five (5) years and provide them to PA-DEP or IRIS and PASEIS
upon request.

Under U.S. EPA Permit Conditions, and standard UIC injection guidelines, Penneco has
continuous monitoring procedures in place to insure that all operating injection wells have
Mechanical Integrity — internal and external. Any anomaly or deviation from Mechanical
Integrity will be followed by cessation of injection operations by Penneco operations personnel,
and will be diagnosed, reported to EPA and DEP, and assessed further.

“l, Steven R. Taylor, hereby certify, under penalty of law as provided in 18 Pa.C.S. § 4904 that |

prepared the seismic Monitoring Plan for Penneco and the information provided is true, accurate
and complete to the best of my knowledge and belief.”

Alanrern R.TaaQ»o«

Secretary, GeoEnergy Monitoring Systems, Inc.

FIGURES

Figure 1. Map showing Penneco Sedat #3A Class 11-D commercial brine disposal
Injection Well facility.
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Figure 2. Seismic station as green push pin near Sedat #3A well. Green circle of radius 10
km and red circle of radius 20 km indicate estimated epicentral detection limits for ML
1.0 and ML 1.5 events.
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Figure 3. Example station configuration.
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Figure 4. Seismic Monitoring system diagram.
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Figure 5. GeoEMS station PBL2 IRIS MetaData Aggregator Listing
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APPENDICES

Appendix A. Specification Sheet and Response Diagram for GS-11D Seismometer
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Appendix B. Specification Sheet for GeoEMS Seismic Recording System
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July 21, 2021

Mr. D. Marc Jacobs, Jr.

Senior Vice President

Penneco Environmental Solutions, LLC
6608 Route 22

Delmont, PA 15626-2408

Subject: Zone of Endangering Influence (ZEI) Modeling
Underground Injection
Penneco - Sedat #3A and Sedat 4A Wells
Allegheny County, PA

Dear Mr.Jacobs:

This letter report summarizes the analytical modeling performed by Tetra Tech, Inc. (Tetra
Tech) for the Area of Review (AOR) /Zone of Endangering Influence (ZEl) analysis for the
Penneco Environmental Solutions, LLC (Penneco) Sedat #3A and #4A wells. Sedat #3A
has received its UIC Class IID well permits from US EPA and PADEP and is operational,
while Sedat #4A has not yet received its UIC well permits from US EPA and PADEP.
Both wells are located in Plum Borough of Allegheny County, Pennsylvania and target
the Murrysville Sand as the injection zone. We understand that as part of the permit
application review process, US EPA has requested a ZEI analysis be performed under
the condition of both the Sedat #3A and Sedat #4A injecting. As such, the scenario we
have modeled involved injecting simultaneously at both wells. The relevant parameters
for our analysis were obtained from existing permit-related documents and information
provided by Penneco or estimated/based on literature values in the absence of any well-
specific information. Our analysis is described in more detail below.

OVERVIEW AND METHODOLOGY

There are several methods proposed for calculating the ZEI of an injection well. The most
simplistic method is the use of a fixed radius, based on the type of injection well being
permitted. Other methods involve calculation of the radius based on well and formation
properties. Most regulatory agencies require the use of calculations to determine the ZEI.
The method used here is the graphical method first used by US EPA Region 6. Itinvolves
the calculation of the increase of pressure in the formation due to injection, then
converting that pressure into equivalent feet of head. The increase in head in the
formation due to injection is then compared to the equivalent head of the lowest most
underground source of drinking water (USDW). When plotted graphically, the intersection
of those two curves at some radial distance, r, determines the radius of the ZElI.

Tetra Tech, Inc.
661 Andersen Drive, Pittsburgh, PA 15220
Tel 412.921.7090 Fax 412.921.4040 www.tetratech.com



The increase in pressure in the formation due to injection depends on the properties of
the injection fluid and the formation, the rate of fluid injection, and the length of time of
injection. The most common mathematical expression to describe this increase in
pressure was developed by Matthews and Russell (1967). Matthews and Russell assume
that, for a single well injecting into an infinite, homogeneous and isotropic, non-leaking
formation, the increase in pressure (delta p) can be described as:

delta p = 162.6 Qu / kh * [(log(kt / ®uCr?) — 3.23] where:

delta p = pressure change (psi) at radius, r and time, t

Q = injection rate (barrels (bbls)/day)

M = injectate viscosity (centipoise)

k = formation permeability (millidarcies (md))

h = formation thickness (feet)

t = time since injection began (hours)

C = compressibility (total, sum of water and rock compressibility) (psi*?)
r = radial distance from wellbore to point of investigation (feet)

@ = average formation porosity (decimal)

PARAMETERS USED IN THE ANALYSIS

The following parameters were used in the ZEI analysis. For injection rate, we used a
daily rate of 3,600 bbls/day for the Sedat #3A well (based on the permitted monthly rate
of 108,000 bbls divided by 30 days) and the proposed daily rate of 1,800 bbls/day for the
Sedat #4A well (based on the proposed monthly rate of 54,000 bbls divided by 30 days).
For this analysis, permeability was assigned a value of 100 md, which is based on
literature values which state that permeability of the Murrysville Sand in southwest
Pennsylvania ranges from 0.005 to 1,000 md, with an average of 100 md (Sager, 2007,
Smosna and Sager, 2008). The literature shows that permeability is related to porosity,
with higher porosity values corresponding to higher permeability values (Figure 1). As
indicated in the US EPA Statement of Basis for the Sedat #3A draft UIC Class 11D well
permit, average porosity for Murrysville Sand in the Sedat #3A area averages 24%. The
100 md average permeability value is also referenced in the US EPA Statement of Basis
document. It is noted that HFRAC, as part of formation testing on the Sedat #3A well,
estimated a permeability value of 1.8 md; however, as indicated in the attached technical
memo from HFRAC, the result is considered to not be representative of formation
conditions primarily due to only a small percentage of perforations being accessed during
the test and near well bore tortuosity. The initial pressure at the top of the injection
formation was based upon observed measurements during the formation test for the
Sedat #3A well conducted by HFRAC. The above input parameters and others required



for the modeling are provided below for each well along with the basis for the assigned
input parameter value.

Sedat #3A Murrysville Sand Well

Q = 3600 barrels/day (Permitted monthly injection rate / 30 days)
t = 10 years = 87,600 hours (Modeled scenario)

M =1 centipoise (Default)

k =100 md (Based on average Murrysville permeability per Sager (2007))

h = 81 feet (Thickness of proposed perforated interval)

C = 3.0e-06 psi* (Default)

@ = 0.24 (Porosity log value)

Specific gravity of injectate = 1.23 (Anticipated specific gravity of injected brine)
Surface elevation = 1106 feet (Well Completion Report)

Depth to injection formation = 1896 feet (EPA UIC Well Permit)

Base of lowest most USDW (MSL) = 656 feet (Surface elevation — 450 feet (depth to
lowest most USDW from Sadat #3A USEPA Statement of Basis document))

Initial pressure at top of injection formation = 232 psi (Initial reservoir pressure reported
by HFRAC for the Sadat #3A well as part of formation testing)

Sedat #4A Murrysville Sand Well

Q = 1800 barrels/day (Proposed monthly injection rate / 30 days)
t = 10 years = 87,600 hours (Modeled scenario)

M =1 centipoise (Default)

k =100 md (Based on average Murrysville permeability per Sager (2007))

h = 60 feet (Thickness of proposed perforated interval)

C = 3.0e-06 psi* (Default)

@ = 0.24 (Porosity log)

Specific gravity of injectate = 1.23 (Anticipated specific gravity of injected brine)
Surface elevation = 1068 feet (Well Completion Report)

Depth to injection formation = 1740 feet (UIC Well Permit Application)

Base of lowest most USDW (MSL) = 656 feet (Surface elevation — 412 feet (depth to
lowest most USDW elevation from Sadat #3A USEPA Statement of Basis document)

Initial pressure at top of injection formation = 232 psi (Initial reservoir pressure reported
by HFRAC for the Sadat #3A well as part of formation testing)



RESULTS

The Matthews and Russell equation was solved for the distance from the wells based on
the parameters listed above. The distance between the Sedat #3A and Sedat #4A wells
is approximately 815 ft.

The Matthews and Russell equation was used to calculate the increase in pressure in the
formation with only one well injecting. This was done for both wells. Then, this value was
added to the value of existing pressure in the injection formation to obtain the total
pressure in the formation when both wells are injecting.

These values were then converted to feet of head of formation brine. The values are
plotted against distance from the wellbore and are shown in Figure 2 for the Sedat #3A
well and Figure 3 for the Sedat #4A well. The plot shows the calculated pressure surface
within the injection formation, measured as feet of head of formation brine above the top
of the injection formation. Also shown is the head of the lowest most USDW. Where the
two lines intersect, the radius of the ZEI can be estimated. The results indicate that the
radial distance of the ZEI is approximately 360 feet for the Sedat #3A well and
approximately 250 feet for the Sedat #4A well. These distances are well within the ¥,
mile standard fixed radius for AOR/ZEL.

CONCLUSIONS

Our analysis of the AOR/ZEI for the Sedat #3A and #4A wells (injecting together) is based
on a methodology typically used by US EPA. Based on the results, we believe the Sedat
#3A and #4A wells are excellent candidates for use as brine disposal wells from a ZEI
perspective. The analysis indicates that the AOR of ¥ mile is sufficiently protective given
the ZEI results of 360 feet for Sedat #3A and 250 feet for Sedat #4A.

REFERENCES

Matthews, C.S., Russell, D.G., (1967) Pressure Buildup and Flow Test in Wells, SPE
Monograph Series, Volumel, New York.

Sager, M., (2007) Petrologic Study of the Murrysville Sandstone in Southwestern Pennsylvania,
West Virginia University Libraries.

Smosna, R., Sager, M., (2008) The Making of a High-Porosity, High-Permeability Reservoir —
The Murrysville Sandstone of Pennsylvania, AAPG Eastern Section Meeting, Pittsburgh,
PA.



Please feel free to contact me at 724-766-5987 or by email at dale.skoff@tetratech.com
with any questions or comments.

Respectfully submitted,
Tetra Tech, Inc.

Dale E. Skoff, PG, CHMM
Account Manager

cc: Jeff Benegar — Tetra Tech


mailto:dale.skoff@tetratech.com
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Figure 1. Porosity vs. permeability for the Murrysville Sand (from Sager, 2007)




Figure 2. Feet of head of injection formation and USDW vs. distance for Sedat #3A
when both wells (Sedat #3A and #4A) are injecting, K = 100 md




Figure 3. Feet of head of injection formation and USDW vs. distance for Sedat #4A
when both wells (Sedat #3A and #4A) are injecting, K = 100 md




HFRAC January 14, 2019 Letter

Sedat #3A (Murrysville) — Permeability Determination



January 14, 2019

Mr. Marc Jacobs, Jr.
Senior Vice President
Penneco

6608 Route 22
Delmont, PA 15626

Re: Sedat #3A (Murrysville) — Permeability Determination

Dear Marc,

On September 1, 2015 a DFIT was pumped to determine the closure stress, reservoir pressure, and
reservoir transmissibility (kH/mu). The DFIT was pumped at 4 bpm for 1500 gals. Bottomhole pressure
was recorded with a bottomhole gauge set 1910 ft. The results from the DFIT using the Nolte G function
gave a bottomhole closure stress of 553 psi which gives a closure stress gradient of 0.29 psi/ft. The
pressure decline data after closure (ACA) was analyzed with the Nolte FR function to determine reservoir
transmissibility. Based on the pressure response it appears that pseudoradial flow was reached. The
reservoir transmissibility was 88 mD-ft/cP assuming a reservoir fluid viscosity of 1 cP. The actual results
will vary based on the actual reservoir fluid viscosity. The formation capacity (kH) was 88 mD-ft.
Assuming a height of 50 ft gives a reservoir permeability of 1.8 mD.

The reservoir permeability of 1.8 mD is less than the reported permeability values for the Murrysville
formation. The permeability values reported in the “Petrologic Study of the Murrysville Sandstone in
Southwestern PA” are shown to be closer to 100 mD.

A possible reason for the difference in the permeability determined from the DFIT and the permeability
reported in the study is a poor connection between the wellbore and reservoir. The injection test was the
first injection into the formation. Subsequent injections were conducted to breakdown additional
perforations and remove near wellbore tortuosity.




The rate stepdown test indicated only five out of forty perforations open.
As a result of the poor connection between the wellbore and the reservoir the reservoir permeability of 1.8
mD may not be representative of the actual Murrysville reservoir permeability which may be closer to

100 mD as stated in the “Petrologic Study of the Murrysville Sandstone in Southwestern Pennsylvania”.

Thank you for the opportunity to work on the Sedat #3A project with Penneco. If you have any questions
or comments let me know.

Sincerely,

Henry Jacot



Attachment “H”
Operating Data



Attachment H
Operating Data
Sedat #4A Injection Well

Injection Rates and Volumes

1) The proposed average injection rate is 1,800 BBLs of water per day and the
maximum rate should be no greater than 2,000 BBLs of water per day or 54,000
BBLs per month.

Injection Pressures

2) Injection pressure is expected to be at minimum MASIP of 1,322 psi while
injecting 1.23 Sg water, the calculated maximum injection pressure at the well
head, without accounting for any friction through the perforations in the 7” casing
and the pipe friction through the 27s” injection string. The measured bottom hole
reservoir pressure as measured with a bottom hole pressure gage during testing
at #3A is 232 psi static.

The maximum allowable surface injection pressure baseline of 1,322 psi, is
calculated using the formula published in 40 CFR Subpart NN - Pennsylvania 8
147.1953, Pm= [(FG (generically .733) — (0.433)(Sg)]D, for a column of water.
The fracture gradient of this well is 1.23 PSI/FT calculated from the Reservoir
and Characterization study at Sedat #3A found at the end of Attachment G. The
maximum Sg baseline used for the calculation is 1.23 Sg (not to be confused
with the 1.23 Psi/ft. fracture gradient), the maximum Sg of the produced brine
water anticipated at the facility. Therefore, the Maximum Allowable Surface
Injection Pressure (MASIP or Pressure Maximum- PM) for this well would be [Pm
=1.23 FG- (0.433 PSI/ft. of Sg 1.0) (1.23 Sg of worst case local produced brine
water))1896 (test depth at Sedat #3)]; Pm=1,322 PSI while pumping 1.23 SG
(10.25/gal). Should the Sg of the injectate fall below the value baseline (1.23 Sg),
the maximum surface injection pressure will correspondingly adjust higher
through automation to maintain the measured bottom hole pressure of 2332 psi.
Example assuming no effect from friction:

1.08 SG=1.23- (.433x1.08) x 1896 Or 1.23-.4676 = .7624 PSI/ft x 1896= 1446 PW. This
example equates to .4676 PSI/ft. x 1896=886.57 PSI + 1446 MASIP/PW= 2332 Bottom
Hole injection pressure without regard to friction loss. See attached spreadsheet.

Annulus Fluid

3) Fresh water will be in placed in the 27" by 432" annulus, mixed with a chemical
such as Corr Plex 300 which acts as a corrosion inhibitor and bacteria growth
preventer. Twenty gallons of Corr Plex 300 will be mixed with approximately
2,500 gallons of fresh water. The MSD sheet for the chemical mixture Corr Plex



300 listing ingredients and physical data is included in this section. Positive
pressure will be maintained on the annulus to monitor mechanical integrity.

Source and Analysis of Injection Fluid

4) The source of the injection fluid will be produced water from oil and gas wells and
flow back fluid from oil and gas well stimulation activities and rainwater that falls
into the un-roofed PES facility containments. Three representative sample
analyses are included with this attachment. Before injection the produced fluid
will be analyzed for the parameters required by the permit. The produced fluid
and flow back water will be subjected to treatment and passed through a filter to
remove large particles and suspended solids from the fluid before injection. The
solids removed will be transported to an appropriate waste disposal site.



Unchanging MASIP based on Max Sg 1.23

1322 MASIP no matter the SPG .9-1.23

MASIP BHP
at 1.23Sqg SPG BHP Injecting psi Loss

1322 0.90 2061 -271
1322 0.91 2069 -263
1322 0.92 2077 -255
1322 0.93 2086 -246
1322 0.94 2094 -238
1322 0.95 2102 -230
1322 0.96 2110 -222
1322 0.97 2118 -214
1322 0.98 2127 -205
1322 0.99 2135 -197
1322 1.00 2143 -189
1322 1.01 2151 -181
1322 1.02 2159 -173
1322 1.03 2168 -164
1322 1.04 2176 -156
1322 1.05 2184 -148
1322 1.06 2192 -140
1322 1.07 2200 -132
1322 1.08 2209 -123
1322 1.09 2217 -115
1322 1.10 2225 -107
1322 1.11 2233 -99
1322 1.12 2241 -91
1322 1.13 2250 -82
1322 1.14 2258 -74
1322 1.15 2266 -66
1322 1.16 2274 -58
1322 1.17 2283 -49
1322 1.18 2291 -41
1322 1.19 2299 -33
1322 1.20 2307 -25
1322 121 2315 -17
1322 1.22 2324 -8
1322 1.23 2332 0

MASIP (PW) by Sg
'MASIPat Sg

Sg x.433 x 1896=xxxx.x Steady BHP

At
SPG
0.90
0.91
0.92
0.93
0.94
0.95
0.96
0.97
0.98
0.99
1.00
1.01
1.02
1.03
1.04
1.05
1.06
1.07
1.08
1.09
1.10
1.11
1.12
1.13
1.14
1.15
1.16
1.17
1.18
1.19
1.20
1.21
1.22
1.23

Hydrostatic
at 1896 ft.
738.9
747.1
755.3
763.5
771.7
779.9
788.1
796.3
804.5
812.8
821.0
829.2
837.4
845.6
853.8
862.0
870.2
878.4
886.6
894.9
903.1
911.3
919.5
927.7
935.9
944.1
952.3
960.5
968.7
977.0
985.2
993.4
1001.6
1009.8

2332 PSI

MASIP (PW)
1593
1585
1577
1568
1560
1552 =
1544 =
1536 =
1527 =
1519 =
1511 =
1503 =
1495 =
1486 =
1478 =
1470 =
1462 =
1454 =
1445 =
1437
1429
1421
1413
1404
1396
1388
1380
1371 =
1363 =
1355 =
1347 =
1339 =
1330 =
1322 =

I R T T T T T S S S S A S A T T T T T T T T T T T S i

BHP w/

Various Sg

No Friction

BHP

2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
2332.0
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Pace Analytical Seryices, LLC

¢ @ 1638 Roseytown Road - Suites 2,34
HCBAHHMM Greensburg, PA 15601
W pacelaba.com (724)850-8600
CERTIFICATIONS
Project: 265743

Pace Project No.: 30216038

Pennsylvania Certification IDs

1638 Roseytown Rd Suites 2,3&4, Greensburg, PA 156801 Montana Certification #; Cert 0082

L-A-B DOD-ELAP Accreditation #; L2417 Nebraska Certification # NE-05-29-14
Alabama Certification #: 41580 Nevada Certification #: PA014572015-1
Arizona Certification # AZ0734 New Hampshire/TNI Certification #: 2978
Arkansas Cerlification New Jersey/TNI Certification #: PA 051
California Certification #: 04222CA Mew Mexico Cerlification # PA01457
Colorado Certification New York/TNI Cerflfication #: 10888
Connecticut Certification #: PH-0694 Narth Carolina Certification #: 42706
Delaware Certification North Dakota Certification #: R-190
Florida/TNI Certification #: EB7683 Oregon/TNI Certification # PA200002
Georgia Certification #: C040 Pennsylvania/TNI Cerlification #; 65-00282
Guam Certification Puerto Rico Certification #: PAQ1457
Hawaii Certification Rhode Island Certification #: 65-00282
|daho Cedtification Sauth Dakota Certification

lllinals Certification Tennessee Certification # TN2867

Indiana Certification Texas/TNI Certification #: T104704188-14-8
lowa Certification #: 391 Utah/TNI Certification #: PA014572015-5
Kansas/TNI Certification #: E-10358 USDA Soil Permit #: P330-14-00213
Kentucky Certification #: 90133 Vermont Dept. of Health: ID# VT-0282
Louisiana DHH/TNI Certification #: LA140008 Virgin Island/PADEP Certification
".ouisiana DEQ/TNI Certification #: 4086 Virginia/VELAP Certification #: 460198
maine Certification # PA00091 Washington Certification #: C888
Maryland Ceriification #: 308 Wast Virginia DEP Certification #: 143
Massachusetts Cerification #; M-FA1457 West Virginla DHHR Certification #: 8984C
Michigan/PADEP Certification Wisconsin Certification

Missouri Certification #: 235 Wyoming Cerlification # 8TMS-L

REPORT OF LABORATORY ANALYSIS

This report shall not ba repraduced, except in full,
without the written consent of Pace Analytical Services, LLC. Page 2 of 12



GceAnalytical”

Vvrwvz pacelabd.com
SAMPLE SUMMARY

Project: 265743
Pace Project No.: 30216038
Lab ID Sample ID Matrix Date Collected Date Received
30216038001  265743-2017-W Water 04/12/17 11:30 04/13/17 09:20
30216038002 265744-2017-W Waler 04/12/17 11:30 04/13/17 09:20
30216038003  265745-2017-W Water 04/12/17 11:30 04/13/17 08:20

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

witheut the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
1638 Roseytown Read - Suites 2,34
Greensburg, PA 15601

(7:24)850-5800

Page 3 of 12
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Pace Analytical Services, LLC
1638 Roseytown Road - Suites 234
Graansburg, PA 15601

W pacelabs.com (724)850-5800
SAMPLE ANALYTE COUNT
Project: 265743
Pace Project No.: 30216038
Analytes
Lab D Sample ID Method Analysts Reported
30216038001 265743-2017-W EPA 901.1 MAH
30216038002 265744-2017-W EPA801.1 MAH
30216038003  265745-2017-W EPA801.1 MAH

REPORT OF LABORATORY ANALYSIS

This report shall not be repreduced, except In full,
without the written consent of Pace Analytical Sarvices, LLC,

Page 4 of 12



Pace Analytical Services, LLC
1638 Roseytown Road - Sultes 2,3,4

6 Ge Aﬁ&!ﬂ] C&‘l Graansburg, PA 15801

Wyaipacelabs.com (724)850-5800

PROJECT NARRATIVE

Project: 285743
Pace Project No.: 30216038

Method: EPA 901.1

Description: 901.1 Gamma Spec
Client; Reliance Laboratories, Inc.
Date: April 19, 2017

General [nformation:
3 samples were analyzed for EPA 801.1. All samples were received in acceptable condition with any exceplions noted below or on the
chain-of custody and/or the sample condition upon recelpt farm (SCUR) attached at the end of this report.

Hold Time:
The samples wera analyzed within the methaod required hold times with any exceptions noted below.

Method Blank:
All analytes were below the repart limitin the methad blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
| percent recaveries and relative percent differences (RFDs) were within acceptance criteria with any exceplions noted below.
Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.

REPORT OF LABORATORY ANALYSIS

This report shail not be reproduced, except in full,
withaut the written consent of Pace Analytical Sarvices, LLC. Page 5 of 12
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v pacelabs.com

Project: 265743
Pace Project No.: 30216038

ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Analytical Services, LLC
1838 Roseytown Road - Suitas 2,34

Greensburg, PA 13601
(724)a50-5800

Sample: 265743-2017-W

Lab |D: 30216038001

Collected: 04/12/17 11:30 Received: 04/13/17 09:20 Matrix: Water

PWS: Site ID: Sample Type;
Parameters Method Act+ Une (MDC) Carr Trac Units Analyzed CAS No. Qual

Blsmuth-212 EPAS01.1 327.610 £ 132.230 (123.400) pCilL 0417117 15:26 14913-49-5
C:NAT:NA

Bismuth-214 EPA 901.1 700.010 £ 82,638 (23.440) pCiiL 041717 1526 14733-03-0
C:NAT:NA

Lead-212 EPAS01.1 68.421 + 15,874 (20.090) pCiL 041717 15:26 15092-94-1
C:NAT:NA

Lead-214 EPA G011 663.130 £ 79.557 (25.140) pCilL 04/17117 15:26 15067-28-4
C:NA T:NA

Potassium-40 EPAS01.1 799.020 £ 145.850 (87.120) pCilL 041717 15:26 13966-00-2
C:NA T:NA

Radium-226 EPAS01.1 1707.900 % 365.970 pGilL 04/17/17 15:26 13982-63-3
(317.300)
C:NAT:NA

Radium-228 EPAS01.1 949,540 * 112.330 (38.070) pCill 041717 15:26 15262-20-1
C:NAT:NA

Thallium-208 EPA801.1 34708 £11.241 (9.934) pCilL 04/17117 15:26 14913-50-9

C:NA T:NA

Sample: 265744-2017-W

LabID: 30216038002

Collected: 04/12/17 11:30 Received: 04/13/17 09:20 Matrix: Water

Va: Site ID: Sample Typs:
Parameters Method Act+ Unc (MDC) Garr Trac Units Analyzed CAS No. Qual

Bismuth-212 EPAS01.1 175.570 £ 263,500 (286.400) pCilL 041717 15:27 14913-49-5
C:NAT:NA

Bismuth-214 EPAS01.1 1131.200 £ 136.550 (40.350) pCilL 04/17/117 15:27 14733-03-0
C:NA T:NA

Lead-212 EPAS01.1 33.941 £ 22117 (34.830) pCi/L 041717 15:27 15092-94-1
C:NAT:NA

Lead-214 EPAS01.1 999.290 £ 123.980 (42.150) pCilL 04/17/17 15:27 15087284
C:NA T:NA

Potassium-40 EPASD1.1 2450.300 + 367.940 pCiL 0411717 15:27 13966-00-2
{146.900)
C:NAT:NA

Radium-228 EPAB01.1 3655.400  668.800 pCi/lL 04/17117 15:27 13982-63-3
(496.800)
C:INAT:NA

Radium-228 EPA801.1 1592.900 £ 189.230 (74.450) pCill 04/17/17 15:27 15262-20-1
C:NA T:NA

Thallium-208 EPA 8011 15.320 £20,399 (22.260) pCi/L 041717 15:27 14913-50-9

C:NAT:NA

Sample: 265745-2017-W

Lab ID: 30218038003

Collected: 04/12/17 11:30 Recelved:

04/13/17 09:20  Matrix; Water

PWS: Site ID; Sample Type:
Parameters Meathod Act+ Unc (MDC) Carr Trac Units Analyzed CAS No. Qual
Bismuth-212 EPA G01.1 403.510 £ 194.930 (188.800) pCi/L 04/18/17 11:27 14913-49-6
C:NA T:NA
Bismuth-214 EPA 901.1 1907,300 + 209.730 (34.180) pCill 04/18/17 11:27 14733-03-0
C:NAT:NA
| pad-212 EPA 9011 131.490 £ 24.734 (29.610) pCilL 04/18/17 11:27  15092-94-1

C:NA T:NA

REFORT OF LABORATORY ANALYSIS

This report shall not be reproduced, excapt in full,

wilhout the written consent of Pace Analytical Sarvices, LLC.
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AceAnalytical”

W pacelaba.com
Project: 265743
Pace Project No.: 30216038

ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Analytical Services, LLC
1638 Roseytown Road - Suites 2,3,4
Greansburg, PA 15801

(724)850-5600

Sample: 265745-2017-W

Lab ID: 30216038003

Collected: 04/12/17 11:30 Received: 04/13/17 09:20 Matrix: Water

PWS: Site ID: Sample Type:
Paramaters Method Act £ Unc (MDC) Carr Trac Units Analyzed CAS No. Qual

Lead-214 EPAS01.1 1704.800 £ 189.800 (37.460) pCIL D4/18/17 11:27 15067-28-4
C:NAT:NA

Potassium-40 EPA901.1 1318.000 + 209.980 pCilL 04/18/17 11:27  13966-00-2
(113.900)
C:NAT:NA

Radium-226 EPA801.1 7002.700 £ 867.150 pCilL 04/18/17 11:27  13982-63-3
(423,200)
CiNA T:NA

Radium-228 EPA 801.1 g¢§s.7ou +276.420 (54.680) pCiL  D4/18/17 11:27 15262-20-1

:NAT:NA
Thallium-208 EPA501.1 31.429 £ 14,206 (14.640) pCill 04/18/17 11:27 14913-50-9

C:NAT:NA

REPORT OF LABORATORY ANALYSIS

This report shall not be repreduced, except in full,

without the written consent of Pace Analytical Services, LLC.
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AceAnalytical
wovLpacslaba.com

Project:

QUALITY CONTROL - RADIOCHEMISTRY

265743

Pace Project No.: 30216038

Pace Analytical Services, LLC
1833 Roseytown Road - Suites 2,3,4
Greensburg, PA 15601
(724)850-5600

QC Balch:

255497 Analysls Method:
QC Balch Msthod: EPA901.1 Analysis Description:

Associated Lab Samples: 30216038001, 30216038002, 30216038003

EPAS01.1
901.1 Gamma Spec

METHOD BLANK: 1258651 Matrix: Water

Associated Lab Samples: 30216038001, 30216038002, 30216038003

Parameter Act £ Unc (MDC) Carr Trac Units Analyzed Qualifiers
Bismuth-212 0.000 £ 15.492 (71.680) C:NAT:NA pCilL 0417HT 12:10
Bismuth-214 6.097 £5947 (12.140) C:NATNA pCi/L 0417MT 12:10
Lead-212 2314 £7.344 (B.978) C:INAT:NA pCli/L 041717 12,10
Lead-214 0.000 £4.170 (10.510) C:NA T:NA pCi/L 04/17M17 12:10
Potassium-40 10.855 £ 44,170 (54.910) CINAT:NA pCi/lL 04/17117 12:10
Radium-226 0.000 £63.151 (129.200) C:NAT:NA pCilL 04/17/17 12:10
Radium-228 0.000 £3.671 (23.390) C:NATNA pCilL 04/17M17 12:10
Thallium-208 1.081 £3.881 (4.683) C:NATNA pCi/L 04177 12:10

Results presentad on this paga are in the units Indicated by the "Units" column except whera an alternate unit Is presentad to the right of the rasult,

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, axcapt in full,
without the wrilten consent of Pace Analytical Services, LLLC.
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Pace Analytical Services, LLC

; 2 1638 Roseytown Road - Sultes 2,34
ECEAHRMJCHI Greansburg, PA 15801
Vv pacelabs.com (724)850-5600
QUALIFIERS
Project: 265743

Pace Project No.: 30216038

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.

J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit,

MOL - Adjusted Method Detection Limit.

PQL - Practical Quantitation Limit.

RL - Reporting Limit,

§ - Surrogate

1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzane using Method 8270, The result for each analyte Is
a combined concentration,

Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.

LCS(D) - Laboratory Contral Samnple (Duplicate)

MS(D) - Matrix Spike (Duplicata)

DUF - Sample Duplicate

RPD - Relative Percent Difference

NC - Mot Calculable.

SG - Silica Gel - Clean-Up

U - Indicates the compound was analyzed for, but not detected.

N-Nitrosadiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270, The rasult reported for
each enalyls is a combined concentration,

Act - Activit

Unc - Unceﬁainly: SDWA = 1.96 sigma count uncertainty, all other matrices = Expanded Uncertainty (95% confidence interval),
Gamma Spec = Expanded Uncertainty (95.4% Confidence Interval)

(MDC) - Minimum Detectable Concentration

Trac - Tracer Recovery (%)

Carr - Carrier Recavery (%)

Pace Analytical Is TNI accredited. Contact your Pace PM for the current list of accredited analytes.

TNI - The NELAC Institute.

REPORT OF LABORATORY ANALYSIS

This raport shall not ba reproduced, excepnt in full,
Date: 04/19/2017 02:37 PM without the written consent of Pace Analytical Services, LLC. Page 9of 12






RELIANCE LABORATORIES INC
ENWRONMENTAL ANALYSTSAND CON&ULTANTS -:_3(3 2 1 6 0 ‘5 8
-mgrmsaum,

_‘,"“

: = i BR.-‘QGEPORT, WV uwwRelianceLabs net

-3 Ccrﬂﬂen{!ans W\}'Dspamanlnf Haalm#'oﬂstid 00434 ] WVDEpmmen'ia!‘ Envlranmanlal Pnatuc n#‘f&& 181 "‘, : g
MD Dapanrnenl of Envlranmen!#' 335 337| ‘Us EnWmnmanlaletecllpn Agénay# w\fuam 009&1 P b

WEdnesday, ApIil 12 2017

Pace Analytlcal Semces ' #

1638 Roseytown' Road

 Suifes 2,34

Greensburg, PA 15601 .
Please analyze the follawmg sample for NORM 5 .

Pleaseidentxfyas. TR e j S, ST o e
 265743:2017:W Date/Titie Sampled 122017 1130: O e A
265744 2017-W' 1 ‘.Date/”ﬁme Sa.mpled 4/12/2017 11 30.':.'-7:'"-":;.:"‘

n 265745 201? W _-; ’:;Datefrlme Sampled 4/ 12!2017 11,30
Sampled by AWiIson £33 A x
:r:k:s:* *3 DAY RUSH***** Y :_i‘ '

PLEASE SEND RESUL’IS & INVOICE TO
RELIANCE LABORATORIES mc '
~ATTN: TENLEY MILLER - ©" -

P.0. BOX 4657 -

'BRIDGEPORT, Wv2'6330
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Sample Condition Upon Receipt Pittsburgh

(B
o

PAHE Client Name: Rejionce Project#__ %0 2 160 5 8

Courler: [4 Fed Ex [] ups [J usPs ‘I;] client [J commercial (] Pace Other

Tracking #: 11 883 Z 394 (02

Custody Seal on Cooler/Box Present; [ yas no  Seals Intact O no
Thermometer Used Q!&_—_ Type of lce:  Wet E!Iu
Cooler Temperature ~ Observed Temp “C  Correction Factor; ™ ~— "C  Final Temp: =

Tamp should be above fraezing o 6°C
Data and Initials of person examiging
contents: ]
Comments: Yeg [ No | N/A . 2117
Chaln of Custody Present: 7 1, / .
Chain of Cuslody Filled Out: A 2
Chaln of Cuslody Relinquished: / 3.
Sampler Name & Slgnature on COC: P 4,
Sample Labels malch COC: < 5.
-Includes date/time/ID Malrx; Wl_
Samples Arrived within Hold Time: - 5.
Short Hold Time Analysis (<72hr remalning): ~ 7.
f
Rush Turn Around Tima Requasted: 7 B,
Sufficlent Volume: . 3 9.
-
Correct Conlainers Used: | 10.
-Pace Conlalners Used:
n-F/_
Containers Intact: 11,
Orthophosphale field filtared =12
Organic Samples checked for dechlorination; - 13-
=4
Fillered volume received for Dissolved tests ~—114.
All eontainers have been checked for presarvation. [
- 15,
Al containers needing preservation are found o bs in / g‘l'{'?_
compliance with EPA recommendation.
Initial when Daleftime of
exceplions: VOA, caliform, TOC, O&G, Phenolics completed /Ah?)\/t oreservation
Lot # of added
p qrascrvah’ve
Headspaca in VOA Vials ( >6mm): 1.
Trip Blank Present: /
Trip Blank Custedy Seals Presenl /
Rad Aqueous Samples Screened > 0.5 mrem/hr 5
: / ournplalad' Dale: «&f [ | a, J‘.l
Client Notification/ Resolution:
Persan Cantacted: Date/Time: Conlacled By:
Comments/ Resclution:

L] A check in this box indicates that additional information has baen stored in ereports.

Note: Whenever thera |s a discrepancy affecting North Caralina compliance samples, a copy of this form will be sent ta the North Carclina DEHNR
Certificalion Office  L2. out of hold, Incorrect praservative, out of tamp, incomect containers)
*PM raviaw s documentad electronically in LIMS, When the Project Manager closes tha SRF Review schedule in LIMS, The raview Is In the Stalus section

of tha Workarder Edit Scraen,

JAQAQCWMaster\Documant ManagemenliSampla MghSample Candilion Upon Receipt Pittsburgh (Ca58<4 150ec2018)
Page 12 0f 12













Material Safety Data Sheet

ALPHA 3207

SECTION 311/312: This product has been reviswed according to the EPA 'Hazard Catagories’ promulgated under Seclions
311 and 312 of the Superfund Amendments and Reaulhorization Act of 1986 (SARA Title [Il) and is considerad, under
applicable definitions, to meel the following categaries:

IMMEDIATE HEALTH HAZARD  FIRE HAZARD

SARA SECTION 313: This product contains the following substances subject to tha reporling requiremnents of Seclion 313 of
Title Ul of the Suparfund Amandments and Reauthorization Act of 1936 and 40 CFR Parl 377
0]

COMPOMNENT L CAS# % BY WEIGHT

TSCA STATUS:

All components of this proeduct are fisted op the Toxic Substance Control Act Invenlary or are excluded irom the listing
requirements.

INTERNATIONAL REGULATIONS:

!
CANADIAN WHMIS: This MSDS has been prepared in compliance with Controlled Product Regulaticns except for the use of |
the 16 headings. ;

CANADIAN WHMIS CLASS: 3.2, D-28 i

CANADIAN ENVIRONMENTAL PROTECTION ACT;
All components of this product ?re listed on the Canadian Domestic Substance List (DSL).

B R 6X O ERINFORMATION GGt e e

FLAMMARBILITY: 4 REACTIVITY: O PERSONAL PROTECTIVE RATING: G

LEGEND: N.A, - NOT APPLICABLE, M.E. - NOT ESTABLISHED, N.D. - NOT DETERMINED

THIS PRODUCT'S HEALTH AND SAFETY INFORMATIGN (S PROVIDED TO ASSIST QUR CUSTOMERS IN ASSESSING
COMPLIANCE WITH HEALTE, SAFETY AND ENVIRONMENTAL REGULATIONS. THE INFORMATIOM CONTAINED HEREIN
IS BASED OM DATA AVAILAELE TO US, AND [S BELIEVED TO BE ACCURATE, ALTHOUGH MO GUARANTEE OR
WARRAMTY IS PROVIDED OR IMPLIED BY THE COMPANY It THIS RESPECT. SINCE THE USE OF THIS PROCUCTIS
WITHIN THE EXCLUSIVE CONTROL OF THE USER, IT IS THE USER'S RESPONSIBILITY TO DETERMIME THE
CONDITIONS OF SAFE USE, SUCH CONDITIONS MUST COMPLY WITH ALL GOVERNMENTAL REGULATIONS.




ATTACHMENT *“I”
Formation Testing Program



ATTACHMENT “J”
Stimulation Program






The pressure decline data after closure (ACA) was analyzed with the Nolte FR function to determine
reservoir transmissibility. Based on the pressure response it appears that pseudoradial flow was reached.
The reservoir transmissibility was 83 mD-ft/cP assuming a reservoir fluid viscosity of 1 cP, The actual
results will vary based on the actual reservoir fluid viscosity. The formation capacity (kH) was 88 mD-ft.
Assuming a height of 50 ft gives a reservoir permeability of 1.8 mD.

Following the DFIT, an attempt was made on September 29, 2015 to breakdown additional perforations
with 500 gals of 15 percent HCL acid and small concentrations of sand pumped in a 20 1b/1000 gal Jinear
gel. The surface pressure was reduced when the acid entered the perforations but quickly increased as
low concentration (0.25 1b/gal) of 40/70 sand entered the perforations, The sand was cut and the well

flushed.

On October 1, 2015 a Step Rate was pumped to determine the fracture extension pressure. The initial rate
was 0.25 bpm and increased to 1.0 bpm in increments of 0.25 bpm. The rate was then increased to 4 bpm
in increments of 0.50 bpm. The injection time for each rate was four hours.

The results from the Step Rate gave a fracture extension pressure of 1,70 psi/ft which is abnormally high
and cannot be used for formation evaluation. The cause of the excessively high fracture extension
pressure was near wellbore friction comprised of perforation friction and friction caused by tortuosity
(i.e., a poor connection between the wellbore and the created hydraulic fracture).

Based on the results from the Step Rate another attempt was made to reduce the near wellbore friction
with additional acid and higher injection rates. On November 17, 2015 several injections were performed
to reduce near wellbore friction. The first injection consisted of 1500 gals 7.5 percent HCI acid and the
second injection used 750 gals 15 percent HCl acid. Following the second acid injection the injection rate
was 26 bpm and the surface pressure was 2980 psi.

A Stepdown was performed after the second acid injection to quantify the amount of near wellbore
friction and break out the perforation friction and friction caused by tortuosity. Perforation friction varies
with the flow rate squared and tortuosity varies with the square root of the flow rate. The results from the
Stepdown show a total near wellbore friction of 2011 psi at 26 bpm of which 1300 psi is perforation
friction and 711 psi is friction caused by tortuosity. The number of open perforations was § assuming a
discharge coefficient of 0.60.

The perforation efficiency is very low with only 5 out of 41 perforations open.

The ISIP at the end of the last injection was 1446 psi giving a F.G (fracture gradient) of 1.23 psi/ft
suggesting a possible horizontal component to the created fracture. The high fracture gradient could also
be the result of near to mid-field fracture complexity. As with the other injections the surface pressure
quickly fell to zero. This rapid pressure decrease following the rate shutdown is a common response for
mid-field fracture complexity (i.e., restriction away from the wellbore).

The results from the tests on the Sedat #3A are shown in Table 2.



In summary the Murrysville formation in the Sedat #3A is characterized by low reservoir pressure, 232
psi, low closure stress, 0.29 psi/ft,, and higher than anticipated pumping pressures because of complex
near or mid-field fracture complexity, Low perforation efficiency also contributed to the higher than
expected pumping pressures.

Thank you for the opportunity to work on the Sedat #3A project with Penneco, If you have any questions
or comments let me know.

Sincerely,

Henry Jacot
H-Frac Consulting Services, LLC



Table 1 - Timeline

Activity

Date

Perforate

August 7, 2015

Spot Acid and Pull Tubing

August 28, 2015

Break Formation and Pump DFIT

September 1, 2015

Perforation Cleanup

September 29, 2015

Step Rate

October 1, 2015

Perforation Breakdown

November 17, 2015

Table 2 - Results

Parameter Value
Breakdown Pressure 3115 psi
Bottomhole Closure Stress 553 psi
Closure Stress Gradient 0.29 psi/ft
Surface ISIP 1446 psi
Fracture Gradient 1.23 psi/ft
Reservoir Pressure 232 psi
Reservoir Transmissibility (kH/mu) 88 mD-ft/cP
Formation Capacity (kH) 88 mD-ft
Reservoir Permeability 1.8 mD
Fracture Extension Pressure N/A






















































































































kh/gfz?.Sl,OOO( i ]

mec

where

fk = reservoir permeability, mD
h = net pay, ft

p=reservoir fluid viscosity, cP

V:=volume injected, bbl
i, = slope
t. =time to closure, min



Attachment J
Stimulation Program
Sedat #4A Injection Well

Stimulation Program for Sedat #4A Injection Well

There are currently no plans to stimulate the Sedat #4A Injection Well.



ATTACHMENT “K”
Injection Procedures



Attachment K
Injection Procedures
Sedat #4A Well

Injection Procedures:

Injection fluid will be delivered by trucks. Company personnel will measure the specific
gravity of the sample with a hydrometer or some other appropriate method. Using the
permitted maximum surface injection pressure and specific gravity values as a baseline,
automation will throttle the MASIP in response to the actual Sg of the injectate to
maintain the measured bottom hole pressure without regard to friction pressure, of 2332
Bottom Hole Injection pressure (BHIP). The produced fluids will be processed through a
series of storage tanks and filters and treated with a scale inhibitor, bleach, and/or
biocide additives as required.

The fluid will be pulled from the off loading tanks through a 20 micron filter to remove
large suspended solids and transported through connecting pipes to additional tanks to
hold the filter fluid until injection. From the tanks holding the filtered water the fluid will
be transported by pipeline to high pressure pumps for transportation to the injection
point where the rate of injection and pressure will be monitored and regulated so as not
to exceed the maxim allowable surface injection pressure (MASIP) associated with the
Sg being injected. and rate stated in the permit. The fluids will be pumped through a
checkvalve at the wellhead down the 4 ¥%” injection string to the Murrysville injection
zone not to exceed 2332 PSI Bottom Hole Injection Pressure (BHIP) ignoring friction
loss.

The specific gravity will be continuously monitored by a mass flow meter. Should the
specific gravity exceed the value set by permit at the well head P-max will be
automatically adjusted to a lower P-max by installed logic controls to compensate for
the change in specific gravity or if unable to compensate for the change in specific
gravity, automatically shut in the injection well until the specific gravity of the fluid can be
adjusted or the P-max is adjusted.

The injection string casing annulus pressures will be monitored and recorded by the
Programmable Logic Controller (PLC). Should the annular pressure monitor equipment
realize a dramatic, instantaneous increase or begin a steady, inexplicable climb, the
EPA will be notified and their guidance followed.

Fluid levels will be checked in all monitoring wells on a quarterly schedule or more
frequently if required by permit by either running a wireline or an Echometer fluid shot.
Results will be reported to the EPA quarterly or as required by permit.



ATTACHMENT “L”
Construction Procedures



Attachment L
Construction Procedures
Sedat #4A Injection Well

Construction Details For:

Well Name: Sedat #4A
Location: Plum Boro, Allegheny Co, PA
(See AOR Map for Well Location)

The Sedat #4A injection well will be a repurposed depleted natural gas well that was
drilled through the Upper Devonian Bradford Sands to a total casing depth of 3,886’ and
will be plugged back to 1,850’ to just below the Murrysville injection zone.

The Sedat #4A was rotary air drilled with drilling operations starting on 6/21/2004 and
finishing on 6/24/2004 reaching a Total Drilled Depth of 3,925’. The company installed
31’ of 16" casing as conductor pipe which was sanded in, 302’ of 13%” casing cemented
to surface, 564’ of 9%" casing cement-balanced through the mine and grouted to
surface, 1,906’ of 7” casing cemented to surface, and 3,886’ of 4%2” casing cemented to
2,400%’. Four sand formations were hydrofracked and the well was produced until 2018
through the 4 %" casing. The company plans to plug back the Sedat #4A to a depth of
1,850’ in accordance with Pennsylvania Department of Environmental Protection
regulations. The uncemented portion of the 42" casing will be removed and three
cement plugs placed through and above the produced formations. A 7” cast iron solid
bridge plug will be set at 1,850’ in the 7” casing just below the Murrysuville injection zone.
A string of 42" casing will be installed to a depth of approximately 1,680’ and cemented
to surface. The injection string will be made up of 27" 6.5# L80 tubing on a WOS AS1-X
Packer set on tension around 1,650’ with a tail extended below the 4%%” casing shoe.
See original well record and completion report, wellbore diagram showing the wellbore
configuration, and the casing cement data chart at the end of this Attachment.

The annulus between the 273" injection tubing and the 4" casing will be filled with fresh
water mixed with a small amount of corrosion inhibitor and bacteria growth preventer
and monitored for injection component integrity.

Loqging Program:

The following open hole well logs were run: Gamma Ray, Compensated Density,
Neutron, Dual Induction, Temperature and Caliper. The logs were run from TD to the
bottom of the 7” with the Gamma Ray run to surface.

Cement bond logs will be run on the existing 7” casing and the new 4%2” casing to verify
a good cement bond to surface.



Penneco Oil Company
Sedat #4A  003-21644
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Penneco Oil Company
Sedat #4A  003-21644
Proposed Injection Schematic

13%" Casing @ 302'
105 sks ClassA ——»
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Cemented to Surface
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Construction Details



Attachment M
Casing and Cement Data
Penneco Sedat #4A Injection Well

Casing Size Type | Weight | Grade | Set Depth | Internal Yield | Collapse | Joint Yield | Body Yield
Inches Lbs/Ft Feet Pressure Pressure | Lbs Lbs
PSI PSI
Conductor 16" N/A N/A N/A 31 N/A N/A N/A N/A
Surface 13%” LS 48 H-40 | 302 1730 740 322000 541000
Mine String 9%” ST&C | 26 H-40 | 564 2270 1370 254000 365000
Intermediate 7 LT&C | 20 J-55 | 1906 3740 2270 257000 316000
String
Integrity Buffer | 442" LT&C | 10.5 J-55 | 1680 4790 4010 203000 166000
String
Injection String | 27" EUE |6.5 L-80 |1750 9660 8000 145000 114000
Cement Data
Casing Size Inches Class Amount Sacks Volume BBLs Top of Cement
Conductor 16 Sanded in
Surface 13%” Class A 105 47.4 Surface
Mine String 9%” Class A 250 Balance/Grout Surface
Intermediate 7 Class A 270 78.5 Surface
String
Integrity Buffer 455" Class A 180 80 Surface
String
Injection String 2%







Attachment M
Formation Tops and Bottoms
Penneco Sedat #4A Injection Well

Formation Top Bottom Thickness
*Riddlesburg Shale 1505’ 1705’ 200*
Murrysville Sand 1706’ 1800’ 94
Riceville/Oswayo Shale 1801’ 1883 82’
Hundred Foot (Venango) 1884’ 1978’ 94

*The top of the Riddlesburg is difficult to determine from the well log, so the 200’ interval
of low permeability shale/slit section from 1,505’ to 1,705’ shown on the gamma ray log
is included as part of the upper confining zone.



ATTACHMENT “O”
Plan for Well Failures



Attachment O
Plans for Well Failures
Sedat #4A Injection Well

Plans for Well Failures for Sedat #4A Injection Well

If there is a well failure that involves equipment the well will be shut-in until the faulty
equipment is repaired or replaced. If the failure poses no environmental or operational
hazard, and the well has been returned to a safe operating condition, the well will be
placed back into operation and nothing further will be done.

If there is a casing leak or some other major failure the well will be immediately shut-in
and the Pennsylvania DEP and the EPA notified of the problem. Depending on the
condition, the corrective action may include squeezing off the leak with cement or
running an additional string of casing. The well will not be placed into service until it has
been determined that the problem has been corrected and approval is received from the
EPA to resume operation. Any fluid produced during the shut-in will be stored on site or
disposed of at another approved facility.



ATTACHMENT “P”
Monitoring Program



Attachment P
Monitoring Program
Sedat #4A Injection Well

Monitoring Program for Sedat #4A Injection Well

The Sedat #4A injection well will be monitored for the well's entire life in compliance
with all EPA monitoring guidelines and reporting requirements.

The injection site is located so that the facilities cannot be seen from public roads or
public or private properties adjacent to the site. The access road is gated and will be
locked when the site is not operating.

There will be a second monitoring well on the lease, identified by its Pennsylvania
issued permit number, 003-21222, converted in addition to the monitoring well (003-
21210) permitted for observation of the Sedat #3A injection well. This is a depleted gas
well that will be adapted for use as an observation well and is 1,002’ to the south west
of the Sedat #4A, see well plat map at end of Attachment. The well has satisfactory
spacing and placement to provide adequate sampling area without having to drill a well
or wells for the specific propose of sampling. A monitoring string set on a packer
immediately above the Murrysville Sand will be installed to isolate the Murrysville
injection zone. Penneco will sample, monitor, and record the fluid level in the Sedat #2A
monitoring well as required by permit. The results will be reported as required by permit
or according to EPA guidelines. Should the fluid level rise to within 100’ of the base of
the USDW, Penneco will stop disposal operations immediately, notify the EPA, and wait
for instructions on how to precede.

Pressure and rate monitoring will be at the well site (wellhead); both injection pressure
and the pressure on the 7” by 4 ¥2” annulus will be monitored. The company will also
conduct quarterly mechanical integrity testing as required by Pennsylvania Oil and Gas
regulations. Pressure will be measured by use of a continuously recording pressure
gage and the injection rate by a continuously recording flow meter. Results will be
reported to the EPA as required by the injection permit or according to EPA guidelines,
but not less than annually.

The specific gravity of each truck load will be monitored to ensure the specific gravity of
the fluid to be injected does not exceed the allowed value.

Injection fluids will be sampled and analyzed quarterly with the sample taken at the
injection site (wellhead). The results will be reported as required by the permit or
according to EPA guidelines.

The company will also be prepared to conduct any other monitoring or sampling as
required by the permit.
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continue unloading. Further if there is insufficient room in the storage tanks, the
system will not let the transfer pumps move fluid from the receiving/settling tanks to
the storage tanks. Thus the unloading valves won't open nor will the transfer pumps
transfer fluid into tanks that are already full. The water filtering pumps will transfer
filtered water into the pre-injection tanks (Filtered Water) as lang as the fluid level in
the filtered water tanks does not exceed the upper limit established by the operator.
The injection pumps will inject water into the well as long as there is sufficient filtered
water to inject and all control parameters for the well are within preset value ranges.

All liquid unloading at the facility will enter tanks that are equipped with internal
piping that allows fluids to be introduced under the liquid level in the tanks
(submerged loading). Submerged loading is a recognized method of reducing
emissions. All liquid transfer systems are connected together by a vent header to
vapor balance the exchange between the receiving and transferring tanks. All used
filters and tank cleanout solids are collected and disposed of to a permitted facility.

TES suggest Standard Operating Procedures (SOP) and daily facility inspections
which would not be addendums to the Permit as they will have to be modified over
time and could be “Permit Medifications” if they were addendums. All waste should
have an approved profile to be accepted at the facility. All trucks would be unloaded
through Mass Flow Meters recording density and volume. Likewise Mass Flow
Meters would be used for injection measurement for reporting of density and
volume.

Simplicity in design with many passive controls that don't require human attention or
maintenance is TES's design goal. The design also reduces the number of
incidents/accidents caused by operator error or inattention. Tanks that might fail,
can be valved out of operation and bypassed with no effect on the operation. There
is one transfer pump (plus one standby), one filter pump (plus one standby), one
charge pump (plus one standby) and one injection pump (plus one standby). Three
unloading bays and only one or two required. Since the PLC logic instructs the
continuous filtration and injection of water, the only operator interaction is changing
the filters when required and making sure inbound trucks/loads are approved into
the facility and then enabling the specific unloading valve. All sump pumps activate
automatically and are freeze protected as is the transfer pump. All containments
have a fluid level alarm to detect leaks and have reduced height walls between them
that together can contain 110% of any of the tank systems plus a twenty-five year 24
hour rainfall event.

If you have any questions about this letter or any of the drawings or process flow
diagram please call TES' Special Projects Manager, Lynn Goldston — 903-235-1477.



Penneco Environmental Solutions

Pa. FACILITY

SECONDARY CONTAINMENT CALCULATIONS

Containment and Spill Calculations

NOTE:
Total Volume of Primary Containments (Tanks)
Total Storage inside Secondary Containment (Minus Tank Pads)

7,120
6512

Because (4) decimal places were used in calculations there may be minuscule rounding differences!
[1 cuft = 7.4805 Gallons | [1 BBL= 42  Gallons |

BBL
BBL

Spill Calculations

Tanks BBL
Tank #1 1 Gun Barrels #1 = 1x500 NA 500
Tank #2 1 Gun Barrels #2 = 1x500 NA 500
Tank #15 1 Oil Tank = 1x300 NA 300
Note: No Tank Pads Required 2 WEIR tanks = (2x255) = 510 NA 510
Note: No Tank Pads Required 2 WEIR tanks = (2x255) = 510 NA 510
Gallon
Tanks #3 thru #12 Manifolded Together 10 Storage Tanks = 10x400 4,000 168,000 MAX Spill
Tanks #13 & #14 Manifolded Together 2 Filtered H20 Tanks = 2x400 800 33,600 Second Worst
5" Rainfall on 13,332 sqft 989 41,105
Maximum Worst Case Spill (67% of all tanks) + 100 yr. 24 hr. Rainfall (5") to contain = 5,789 5789/6512=89%
-5,789
Total Storage inside Secondary Containment Walls - Minus Tank Pads 6,512 (6786 - 274 (pads))
723 723/6512=11%
BBL Gallons Cubic Feet
Excess capacity = 723 30,366 4,059

SEE Calculations on Page 2

Measurements based on Drawing File Name : Penneco - Sheet 1 -6 -7 - 2018




Penneco Environmental Solutions
Pa. FACILITY
SECONDARY CONTAINMENT CALCULATIONS

NOTE: Based on all tanks full and power off because of 100 year 24 hour Rainfall Event (tanks can't actually be filled completely ~90%).
Surface  Capacity Capacity Capacity

See "Sheet With Areas" AREA L (ft) W (ft) H(ft)  Area (ft%) (ft) (GAL) (BBL)

Weir Settling Tank Containment w 119.25 24 3 2,862 8,586 64,228 1,529
Oil Tank Containment X 24 24 3 576 1,728 12,926 308
Gun Barrel & Water Storage Tank Containment Y 144 46 3 6,624 19,872 148,652 3,539

Unloading Pad with slope considered U 59 53 3,127
trough 'CuFt (59x3x1.91)/2 169 1,260 30
Side 1 CuFt (59x25x.667)/2 492 3,680 88
Side 2 CuFt (59x25x.667)/2 492 3,680 88
Area above wall between containment W & X (24x.667) 24 0.667 1 16 16 120 3
Area above wall between containment W + X and Y (144x.667) 144 0.667 1 96 96 718 17
Area above wall between containment Y & Z (46x.667) 46 0.667 1 31 31 232 6
31,482 235,497 5,607
31,482 235,497 5,607

Unroofed area open to collect rainfall 13,332
Less 100 year 24 hour Rainfall event = 5"x144x13,332= 9,599,040 / 1728 = 5,555 CuFt 13,332 (5,555) (41,554) (989)
Pump Area Containment with Roof Z 48 46 3 2,208 6,624 49,551 1,180

Not Subject to Rainfall accumulation
Total SQFT of ALL Containment Areas 15,540
CuFt Available After Rainfall 32,551
Capacity available in Gallons after Rainfall event 243,494 5,797
Capacity in Barrels after Rainfall event Calculated on gallons as test 5,797 5,797
[ Total Secondary Containment volume = 38,106 CuFt 6786 BBL

See Detail below MAX spill - 10 manifolded 400 BBI tanks (#3 thru #12) = 4,000 BBI (4,000)
Instead of 10% or largest use Largest 2 Tank System =800 BBL Filtered water tanks (800)
Subtotal 997
Containment Capacity After 100 yr. 24 hour Rainfall + worst case spill + 2nd largest tank system 997
Minus Housekeeping pads (15 pads x18.26 BBL = 274 BBL (274)
Excess Capacity 723




PA Containment Calculations

Per direct conversation between Penneco design consultant, Lynn Goldston and DEP
permit application reviewer, Kevin Maskol, Penneco submits the enclosed containment
calculation that represents a model of calculation that is more consistent with current
expectations across the Pennsylvania oil and gas industry spectrum.



Containment and Spill Calculations
Summary

Total Volume of Primary Containments (Tanks) 7,120 BBL
Total Storage inside Secondary Containment 6787 BBL
Total Storage inside Secondary Containment (Minus Tank Pads) 6513  BBL
Worst Case Spill by Pennsylvania DEP Rule Plus 10% Precipitation 4400 BBL
Remaining Capacity after Worst Case Spill and Precipitation by PaDEP Spill Rule 1480 BBL
Remaining Capacity After 100 year - 24 hour Rainfall Event on un-covered area 491 BBL

[1 CuFt = 7.4805 Gallons | (1 BBL= 42 Gallons | [.1781 BBL per fts
Primary Containment (Tanks)

Tanks BBL
Tank #1 1 Gun Barrels #1 = 1x500 NA 500
Tank #2 1 Gun Barrels #2 = 1x500 NA 500
Tank #15 1 Oil Tank = 1x300 NA 300
Note: No Tank Pads Required 2 WEIR tanks = (2x255) = 510 NA 510

Note: No Tank Pads Required 2 WEIR tanks = (2x255) = 510 NA 510 Gallons

Tanks #3 thru #12 Manifolded Together 10 Storage Tanks = 10x400 4,000 168,000 MAXIMUM Spill

Tanks #13 & #14 Manifolded Together 2 Filtered H20 Tanks = 2x400 800

Total Primary Containment 7120

SEE Containment Calculations on Page 2
Measurements based on Drawing File Name : Penneco - Sheet 1 -6 -7 - 2018



Because (4) decimal places were used in calculations there may be minuscule rounding differences!
NOTE: Based on all tanks full and power off because of 100 year 24 hour Rainfall Event (tanks can't actually be filled completely ~90%).

Surface ~ Capacity Capacity  Capacity
See "Sheet With Areas" AREA L (ft) W (ft) H(ft) Area(ft))  (ft%) (GAL) (BBL)
Weir Settling Tank Containment w 119.25 24 3 2,862 8,586 64,228 1,529
Oil Tank Containment X 24 24 3 576 1,728 12,926 308
Gun Barrel & Water Storage Tank Containment Y 144 46 3 6,624 19,872 148,652 3,539
Unloading Pad with slope considered U 59 53 3,127
trough 'CuFt (59x3x1.91)/2 169 1,260 30
Side 1 CuFt (59x25x.667)/2 492 3,680 88
Side 2 CuFt (59x25x.667)/2 492 3,680 88
Area above wall between containment W & X (24x.667) 24 0.667 1 16 16 120 3
Area above wall between containment W + X and Y (144x.667) 144 0.667 1 96 96 718 17
Area above wall between containment Y & Z (46x.667) 46 0.667 1 31 31 232 6
Pump Area Containment with Roof Z 48 46 3 2,208 6,624 49,551 1,180
Total Volume of ALL Containment Areas 15,540 38,106 285,048 6,787
Minus Housekeeping pads for 15 tanks on 13' diameter octagonal pads (15 pads x18.26 BBL = 274 BBL) (274)
Note: No housekeeping pads under solids settling tanks- open 8" I-Beam support = no volume -
Subtotal 6,513
Pacode §78a.64a.(d) Secondary Containment
Largest primary containment - 10 manifolded 400 BBI tanks (#3 thru #12)= 10 x400 BBL= (4,000)
plus an additional 10% of volume for precipitation - (400)
Subtotal 2,113
Minus 'the footprint of remaining tanks not part of Largest group of 10 - 5ea 12' diameter tanks on pad = 5x2.33'x20 BBL/ft= (233)
Minus the footprint of the four settling tanks - 8' "W"x2.33' "T"x 30" "L"= 559 ft2 x .1781 BBL/CuFt=100 BBLx4 Tanks= (400)
Remaining containment capacity calculated by Pennsylvania DEP rule= BBL 1,480
However the unroofed portion of the Penneco facility is 13,332 ft? (15540-2208) and PES has prepared for the very worst case:
Less 100 year 24 hour Rainfall event 5"= (5"x144 in?/ft?)x13,332 ft?= 9,599,040 in3 / 1728 in3/fts = 5555 fts x .1781 BBI/ft>= 989 BBL (989)
Remaining containment capacity by Penneco's environmental conscience = BBL 491



ATTACHMENT “Q”
Plugging and Abandonment Plan



Attachment Q
Plugging and Abandonment Plan
Sedat #4A Injection Well

Plugging and Abandonment Plan:

The company will plug the Sedat #4A in accordance with the Pennsylvania Bureau of
Oil and Gas Management and the EPA regulations in place at the time of abandonment.
The following actions will be taken:

* Move in service rig

* Set 472" Cast Iron Bridge Plug at approximately 1,680
*Run 2 7/8" tubing to 1,680

* Spot solid plug from CIBP to Surface

* Retrieve and lay down tubing string

* Rig down and move out

* Haul tubing to storage or disposal

* Install monument with requisite detail

Form 7520-19 and cost estimate is attached.
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STANDBY TRUST AGREEMENT

U.S. Environmental Protection Agency
Underground Injection Control
Financial Responsibility Requirement

THIS TRUST AGREEMENT (the "Agreement") is entered into as of the . 2 day of
Mete 1 . 2016, by and between PENNECO ENVIRONMENTAL
SOLUTIONS, LLC, owner or operator, a Pennsylvania limited liability company of 6608 State Route 22
Delmont, PA 15626 (the "Grantor"), and FIRST COMMONWEALTH BANK, of 600 Philadelphia
Street, Indiana, Pennsylvania 15701, a Pennsylvania business corporation (the "Trustee").

WHEREAS, the United States Environmental Protection Agency ("EPA"), an agency of the
United States Government, has established certain regulations applicable to the Grantor, requiring that an
owner or operator of an injection well shall provide assurance that funds will be available when needed
for plugging and abandonment of the injection well or wells; and

WHEREAS, the Grantor has elected to establish a trust to provide all of part of such financial
assurance for the facility or facilities identified herein; and

WHEREAS, the Grantor, acting through its duly authorized officers, has selected the Trustee to
be the trustee under this Agreement, and the Trustee is willing to act as trustee.

NOW THEREFORE, the Grantor and the Trustee agree as follows:

Section 1. Definitions. As used in this Agreement: (a) The term "Grantor" means the owner or operator
who enters into this Agreement and any successors or assigns of the Grantor; (b) The term "Trustee"
means the Trustee who enters into this Agreement and any successor Trustee; and (c) Facility or activity
means any "underground injection well" or any other facility or activity that is subject to regulation under
the Underground Injection Control Program.

Section 2. Identification of Facilities and Cost Estimates. This Agreement pertains to the facilities and
cost estimates identified on attached Schedule A.

Section 3. Establishment of Fund, The Grantor and the Trustee hereby establish a trust fund (the "Fund'")
for the purpose of assuring compliance with the plugging and abandonment requirements established by
EPA for the facilities identified on Schedule A. The Underground Injection Control regulations which
govern the authorization to inject include a requirement for such financial assurance that the well or wells
shall be plugged and abandoned at the time designated by EPA. The Grantor and the Trustee
acknowledge that the Fund and all expenditures from the Fund shall be to fulfill the legal obligations of
the Grantor under such regulations, and not any obligation of EPA. The Grantor and the Trustee intend
that no third party have access to the Fund except as herein provided. The Fund is established initially as
consisting of the property, which is acceptable to the Trustee, described in Schedule B attached hereto.
Such property and any other property subsequently transferred to the Trustee is referred to as the Fund,
together with all earnings and profits thereon, less any payments or distributions made by the Trustee
pursuant to this Agreement. The Fund shall be held by the Trustee, IN TRUST, as hereinafter provided.
The Trustee shall not be responsible, nor shall it undertake any responsibility, for the amount or adequacy
of any additional payments necessary to discharge any liabilities of the Grantor established by EPA, nor
shall the Trustee have any duty to collect such additional amounts from the Grantor.



Section 4. Payment for Plugging and Abandonment. The Trustee shall make payments from the Fund only
for the costs of plugging and abandonment ("P&A'") of the injection wells covered by this Agreement and
the associated P&A Plan, only after EPA has advised the Trustee that work has been completed under the
P&A Plan that complies with 40 C.F.R. § 144.28 and/or § 144.52. The Trustee shall not refund to the
Grantor any amounts from the Fund unless and until EPA has advised the Trustee that the P& A Plan has
been successfully completed. The Trustee shall not release any funds to the Grantor that are necessary to
cover liability for any injection wells covered by this Agreement that remain unplugged.

Section 5. Payments Comprising the Fund, Payments made to the Trustee for the Fund shall consist of
cash or securities acceptable to the Trustee.

Section 6. Trustee Management. The Trustee shall invest and reinvest the principal and income of the
Fund and keep the Fund invested as a single fund, without distinction between principal and income, in
accordance with general investment policies and guidelines which the Grantor may communicate in
writing to the Trustee from time to time, subject, however, to the provisions of this Section. In investing,
rein vesting, exchanging, selling, and managing the Fund, the Trustee shall discharge his duties with
respect to the trust fund solely in the interest of the beneficiary and with the care, skill, prudence, and
diligence under the circumstances then prevailing which persons of prudence, acting in a like capacity and
familiar with such matters, would use in the conduct of an enterprise of a like character and with like
aims; except that: (i) Securities or other obligations of the Grantor, or any other owner or operator of the
facilities, or any of their affiliates as defined in the Investment Company Act of 1940, as amended, 15 U.
S.C. 80a-2.(a), shall not be acquired or held, unless they are securities or other obligations of the Federal
or a State government; (ii) The Trustee is authorized to invest the Fund in time or demand deposits of the
Trustee, to the extent insured by an agency of the Federal or State government; and (iii) The Trustee is
authorized to hold cash awaiting investment or distribution uninvested for a reasonable time and without
liability for the payment of interest thereon.

Section 7. Commingling and Investment. The Trustee is expressly authorized in its discretion: (a) To
transter from time to time any or all of the assets of the Fund to any common, commingled, or collective
trust fund created by the Trustee in which the Fund is eligible to participate, subject to all of the
provisions thereof, to be commingled with the assets of other trusts participating therein; and (b) To
purchase shares in any investment company registered under the Investment Company Act of 1940, 15
U.S. C. 80a-I ef seq., including one which may be created, managed, underwritten, or to which investment
advice is rendered or the shares of which are sold by the Trustee. The Trustee may vote shares in its
discretion.

Section 8. Express Powers a/Trustee. Without in any way limiting the powers and discretions conferred
upon the Trustee by the other provisions of this Agreement or by law, the Trustee is expressly authorized
and empowered: (a) To sell, exchange, convey, transfer, or otherwise dispose of any property held by it,
by public or private sale. No person dealing with the Trustee shall be bound to see to the application of
the purchase money or to inquire into the validity or expediency of any such sale or other disposition; (b)
To make, execute, acknowledge, and deliver any and all documents of transfer and conveyance and any
and all other instruments that may be necessary or appropriate to carry out the powers herein granted; (c)
To register any securities held in the Fund in its own name or in the name of a nominee and to hold any
security in bearer form or in book entry, or to combine certificates representing such securities with
certificates of the same issue held by the Trustee in other fiduciary capacities, or to deposit or arrange for
the deposit of such securities in a qualified central depository even though, when so deposited, such
securities may be merged and held in bulk in the name of the nominee of such depositary with other
securities deposited therein by another person. or to deposit or arrange for the deposit of any securities
issued by the United States Government, or any agency or instrumentality thereof, with a Federal Reserve
bank, but the books and records of the Trustee shall at all times show that all such securities are part of



the Fund; (d) To deposit any cash in the Fund in interest-bearing accounts maintained or savings
certificates issued by the Trustee, in its separate corporate capacity, or in any other banking institution
affiliated with the Trustee, to the extent insured by an agency of the Federal or State government; and (e)
To compromise or otherwise adjust all claims in favor of or against the Fund.

Section 9. Taxes and Expenses. All taxes of any kind that may be assessed or levied against or in respect
of the Fund and all brokerage commissions incurred by the Fund shall be paid from the Fund. All other
expenses incurred by the Trustee in connection with the administration of this Trust, including fees for
legal services rendered to the Trustee, the compensation of the Trustee to the extent not paid directly by
the Grantor, and all other proper charges and disbursements of the Trustee shall be paid from the Fund.

Section 10. Annual Valuation. The Trustee shall annually, at least 30 days prior to the anniversary date of
establishment of the Fund, furnish to the Grantor and to the appropriate EPA Regional Administrator a
statement confirming the value of the Trust. Any securities in the Fund shall be valued at market value as
of no more than 60 days prior to the anniversary date of establishment ot the Fund. The failure of the
Grantor to object in writing to the Trustee within 90 days after the statement has been furnished to the
Grantor and the EPA Regional Administrator shall constitute a conclusively binding assent by the
Grantor, barring the Grantor from asserting any claim or liability against the Trustee with respect to
matters disclosed in the statement.

Section 11. Advice of Counsel. The Trustee may from time to time consult with counsel, who may be
counsel to the Grantor, with respect to any question arising as to the construction of this Agreement of
any action to be taken hereunder. The Trustee shall be fully protected, to the extent permitted by law, in
acting upon the advice of counsel.

Section 12. Trustee Compensation. The Trustee shall be entitled to reasonable compensation for its
services as agreed upon in writing from time to time with the Grantor.

Section 13. Successor Trustee. The Trustee may resign or the Grantor may replace the Trustee, but such
resignation or replacement shall not be effective until the Grantor has appointed a successor trustee and
this successor accepts the appointment. The successor trustee shall have the same powers and duties as
those conferred upon the Trustee hereunder. Upon the successor trustee's acceptance of the appointment,
the Trustee shall assign, transfer, and pay over to the successor trustee the funds and properties then
constituting the Fund. If for any reason the Grantor cannot or does not act in the event of the resignation
of the Trustee, the Trustee may apply to a court of competent jurisdiction for the appointment of a
successor trustee or for instructions. The successor trustee shall specify the date on which it assumes
administration of the trust in a writing sent to the Grantor, the EPA Regional Administrator, and the
present Trustee by certified mail 10 days before such change becomes effective. Any expenses incurred
by the Trustee as a result of any of the acts contemplated by this Section shall be paid as provided in
Section 9.

Section 14. Instructions to the Trustee. All orders, requests, and instructions by the Grantor to the Trustee
shall be in writing, signed by such persons as are designated in the attached Exhibit A or such other
designees as the Grantor may designate by amendment to Exhibit A. The Trustee shall be fully protected
in acting without inquiry in accordance with the Grantor's orders, requests, and instructions. All orders,
requests, and instructions by the EPA Regional Administrator to the Trustee shall be in writing, signed by
the EPA Regional Administrators of the Regions in which the facilities are located, or their designees, and
the Trustee shall act and shall be fully protected in acting in accordance with such orders, requests, and
instructions. The Trustee shall have the right to assume, in the absence of written notice to the contrary,
that no event constituting a change or a termination of the authority of any person to act on behalf of the



Grantor or EPA hereunder has occurred. The Trustee shall have no duty to act in the absence of such
orders, requests, and instructions from the Grantor and/or EPA, except as provided for herein.

Section 15. Notice of Nonpayment. The Trustee shall notify the Grantor and the appropriate EPA Regional
Administrator, by certified mail within 10 days following the expiration of the 30-day period after the
anniversary of the establishment of the Trust, if no payment is received from the Grantor during that
period. After the pay-in period is completed, the Trustee shall not be required to send a notice of
nonpayment.

Section 16. Amendment of Agreement. This Agreement may be amended by an instrument in writing
executed by the Grantor, the Trustee, and the appropriate EPA Regional Administrator, or by the Trustee
and the appropriate EPA Regional Administrator if the Grantor ceases to exist.

Section 17. Irrevocability and Termination. Subject to the right of the parties to amend this Agreement as
provided in Section 16, this Trust shall be irrevocable and shall continue until terminated at the written
agreement of the Grantor, the Trustee, and the EPA Regional Administrator, or by the Trustee and the
EPA Regional Administrator if the Grantor ceases to exist. Upon termination of the Trust, all remaining
trust property, less final trust administration expenses, shall be delivered to the Grantor.

Section 18. Immunity and Indemnification. The Trustee shall not incur personal liability of any nature in
connection with any act or omission, made in good faith, in the administration of this Trust, or in carrying
out any directions by the Grantor or the EPA Regional Administrator issued in accordance with this
Agreement. The Trustee shall be indemnified and saved harmless by the Grantor or from the Trust Fund,
or both, from and against any personal liability to which the Trustee may be subjected by reason of any
act or conduct in its official capacity, including all expenses reasonably incurred in its defense in the
event the Grantor fails to provide such defense.

Section 19. Choice of Law. This Agreement shall be administered, construed, and enforced according to
the laws of the Commonwealth of Pennsylvania.

Section 20. Interpretation. As used in this Agreement, words in the singular include the plural and words

in the plural include the singular. The descriptive headings for each Section of this Agreement shall not
affect the interpretation or the legal efficacy of this Agreement.

[The remainder of this page is intentionally left blank. Signatures follow.]



SCHEDULE A

Identification of Facilities and Cost Estimates

March 23, 2016 b
Yy a

Schedule A is referenced in the standby trust agreement dated nd

0 PENNECO ENVIRONMENTAL SOLUTIONS, LLC

betwee , the Grantor and

(Name of owner or operator)

FIRST COMMONWEALTH BANK

(Name of trustee)

, the Trustee.

EPA identification number PAS2D/701BALL
Name of facility Sedat 3A | nj ection Well
1800 Old L eechburg Road

Address of facility

Pittsburgh, PA 15239

Current plugging and

abandonment cost estimate $13,397- 10

Date of estimate 02/17/ 2022

EPA identification number PA SZD 7OZBA LL

Name of facility Sedat 4A Injection Well
Address of facility 1800 Old L eechburg Road

Pittsburgh, PA 15239

C luggi d
agjggzgtn?nzg? cnogsta Qsti mate $13, 397- 10
02/17/2022

Date of estimate




SCHEDULE B
Description of Property / Financial Instrument

[Surety, Letter of Credit, etc.]

Schedule B is referenced in the Standby Trust Agreement (Section 3) dated 02/22/2022

PENNECO ENVIRONMENTAL SOLUTIONS, LLC w y
by and between , the “Grantor,

(name of owner or operator)

FIRST COMMONWEALTH BANK

(name of the trustee)

and , the “Trustee.”

The fund consists of: (Check one and provide identification number)

491R1397 (Sedat 3A)

@ Irrevocable Letter of Credit No.

O Surety Performance Bond No.

O Other (Describe)




SCHEDULE B
Description of Property / Financial Instrument

[Surety, Letter of Credit, etc.]

Schedule B is referenced in the Standby Trust Agreement (Section 3) dated 02/22/2022

PENNECO ENVIRONMENTAL SOLUTIONS, LLC w y
by and between , the “Grantor,

(name of owner or operator)

FIRST COMMONWEALTH BANK

(name of the trustee)

and , the “Trustee.”

The fund consists of: (Check one and provide identification number)

491R1398 (Sedat 4A)

@ Irrevocable Letter of Credit No.

O Surety Performance Bond No.

O Other (Describe)






















2 1)
EJ Cg;lt%sinonwealth Bank,
Timetobe fivt-

LETTER OF CREDIT AGREEMENT

ISSUE DATE: February 23, 2022 ISSUING BANK ("BANK")
LETTER OF CREDIT NO.: 491R1398 FIRST COMMONWEALTH BANIC

AMOUNT: 13,400.00 P. 0. BOX 400
INDIANA, PA 15701

NAME OF CUSTOMER ("ACCOUNT PARTY™)
Penneco Environmental Solutions LLC

6608 State Route 66

Delmont, PA 15626

Account Party hereby directs Bank to fund drafts issued under this letter of credit by drawing agains!
8900020823 dated February 23, 2022 for the amount of said drafts.

In consideration of the issuance by Bank of the Letter, Account Party hereby:

Agrees to reimburse Bank for any charges or commissions incurred by Bank for processing of any drafts
presented for payment under the Letter, and authorizes Bank to charge any of Account Party's deposit

accounts for payment of said charges.

2. Authorizes Bank to honor any request for payment which is made under and in compliance with the

terms of the Letter without regard to, and without any duty on Bank's part to inquire into the existence of
any disputes or controversies between Account Party, the beneficiary of the Letter, or any other person,
firm, or corporation, or the respective rights, duties or liabilities of any of term or whether any facts or
occurrences represented in any of the documents presented under the Letter are true or correct.

3. Affirms that Bank's sole obligation shall be limited to honoring requests for payment under and in
compliance with the terms of the Letter, and that this obligation shall remain limited even if Bank has
assisted in the wording or preparation of the Letter and any associated documents or may be otherwise

aware of the underlying transaction giving rise to the request for the Letter,

4. Assumes all risks of the acts or omissions of the users of the Letter, and releases Bank or responsibility
for the validity, sufficiency, genuineness or effect of any documents associated with the Letter, even if such
documents should in fact prave to be in any or all respects invalid, insufficient, fraudulent, or forged.

5. Agrees that any extension or modification of the original Letter will be subject to the terms of this

Agreement.

Penneco @@?Q]ta] Solutions LLC

BY:

,_%me S Jac ident _
BY: ! X A—'

arryl M M ?\&(MIL___BC:. President













ATTACHMENT “U”
Description of Business



Attachment U
Description of Business
Sedat #4A Injection Well

Business Description for Sedat #4A Injection Well

The Company’s business is the treatment and disposal of oil and gas well produced
fluids by injection of the fluid into an underground formation via an injection well

constructed by the company for this purpose.





