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Gentlemen:

We appreciate the opportunity to submit this Expression of Interest (EOT) for the subject
project. Enclosed please find the AML Consultant Confidential Qualification
Questionnaire, and the AML and Related Project Experience Matrix (RPEM). The
RPEM makes reference to additional information summarized for selected projects
relating to the required work on the subject site and also described on Project Profiles,
which are provided in Appendix A.

D'Appolonia’s design office is located in Monroeville, Pennsylvania, a suburb of
Pittsburgh and within a short drive to West Virginia. From this office, we serve clients
throughout the Appalachian coal fields with both field and design engineering services.
We have 20 engineers (10 who are registered professional engineers) who serve the
mining industry with design of mine and reclamation projects. QOur engineering staff
averages over 15 years of experience, and is supported by geologists, scientists, CAD
operators, surveyor and technicians. We could assemble four AML Design Teams, if
necessary.

D'Appolonia has provided services to the mining industry since the late 1950s, and
performed AML design projects in West Virginia, Pennsylvania, Ohio, Virginia, Illinois
and Indiana. These projects have included regrading of and reclamation of surface mine
and refuse disposal sites, stabilization by grouting of underground mines, control and
treatment of acid mine drainage, backfilling and sealing of mine portals and shafts, and
demolition and clearing of former mine structures. Additionally, several of our projects
have involved stabilization of landslides, control of refuse fines, and stream bank
restoration.

Our proposed project teams have worked together on reclamation plans requiring the
following features:
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¢ Regrade/Remove Gob and Cover with Soil — The Clyde Mine Blackdog
Hollow reclamation project included the reclamation of about 72 acres of mine
spoil and refuse, using limited available site soils and incorporating biosolids as a
topsoil substitute. Most of the cited projects included reclamation of mine spoil,
refuse or gob, ranging from a few acres to relatively large tracts.

¢ Provide Access — The Pangburn Site required construction of access for
reclamation and removal of waste materials, and other referenced projects have
included varying measures of access improvements and security controls.

¢ (Construct Drainage Channels and Culverts — The Alpha Emerald site as well
as most of the projects described include design of diversions, drainage channels
and culverts to convey storm runoff from reclaimed areas.

* Construct Wet Seals — The Blackwood Shaft Sealing project included sealing a
vertical shaft while maintaining drainage from a connected outcrop entry. Other
projects include the sealing of mine entries and coal seams as part of refuse
disposal plans and reclamation.

¢ Cover Disturbed Areas and Condition and Revegetate - The Clyde Mine
Blackdog Hollow reclamation project, as well as most of the cited mine
reclamation projects included covering disturbed materials and revegetating,
considering use of available site soils and where necessary topsoil substitutes.

D’ Appolonia completed the update of the Mine Safety and Health Administration’s Coal
Refuse Design Manual in 2009. In addition to the engineering and design methods
presented for coal refuse facilities, the manual includes sections on evaluating blow out
potential of abandoned mines, mine seals and barriers, AMD mitigation and treatment,
and reclamation. Personnel responsible for preparing the manual are part of the proposed
project team,

We trust the enclosed information supports our qualification for design of AML projects,
and we look forward to the opportunity to interview with the Office of Abandoned Mine
Lands and Reclamation.

Very truly yours,

CyZefn

Robert E. Snow, P.E.
Principal

RES:msw
Enclosures



JHNLNIA-INIOT V LON

cHH0OJHY SEHILHDOL JEXMYCM WIAONLNAA-LNICLC SIHL SVH 0T

e

TENNOSEHd TWLOL [P

SNYIDINHDHL |

SE088HD0Hd dIOM @

SYHAANIDNE ODITNVEAAH L
SUTANIDNHE DIAATHL

S¥oAsANNS L

SEHINIDNH TEINLONILS |

SYHEINTDONH XUY.LINYS
TYNOIOEY/NYIIN : SHENNYIL

SEAENTIONA TYOINVHOHNW
SLOELIHOYY HAVOSONYL

SYHLTIM
NOILWDIATIOHAS
SEHINIDNH STIIOS

SLSITHLHNWNYIDCLOHA
SYHINIODNH DNINIK

—+
_9
<

*yxom Fo =2dA3 sTyul waxojiad pue astazsdns
o3 wayl seriTrendb Jeyn uworjejusunoop buriaoddns spracad jsnuw BUTUTW pur [TATD UPY3 ISYI0 SAJHx
THOIAAO AYYWIEd NI SYHHNIONT TYNOISSHACYd CHUHLSIODHT AM AC YHIWAN TYLIOL

SLSIDOTICHAAH
SNYTJOLSTH
SLSIDOTOED
SYOLYWILISH

SLSITYLNANNOY TANH
SYHENTIDNE TYOTULDHETH
. SLSTHONODH
SL5IDOTOoDH

NEHKS LTI

SYENDISHEO

SYOLOHEASNI NOILONALSNCD
SYHANIDNH TIAID
SYAENTIDONH TYOINWAHD
SYOIYIEdC QYD
L8ID0TOId

SLOALIHDEY
JATLYELSININAY

EERRUEY

o | fo] felol-|

(sIoquel wes] USTSSd WNWIUTRW S93edTpul BurxsijjeT prod) ENITJIDSIC Ad TINNOSEEd "6

STYAIDNINd ¥HHLQ - YIgWON ENOHJETAL » 'TILIL 'dWvN ‘e

"D)'d "UOSULYOP " WAL
WreIUMAR ] Sewrep

"3°d 'ONMKOA “d premp]
"3'd ‘moug "J peqoy

WEId 40 SYIdWHW V0 SH¥IDIAIA0 TYEIDNING 40 SHWYN "8

9} / MOUS "3 UBGOH / 0¥¥6-958 (1Y) / OF 151 Vd 'SIMAS0IUON ‘PEOY Jelus) §/Z
EDIJAC HOVE TENNOSWEd NOISHA TWY °ON/HZONVHD NI NOSNHA/ENOHAFTHL/SSEEAAY :EOIJI0 NDISHA 'TWY AJVWINd "L

ON
(estxdxoquy
gsautsng pobelurApESTQJ)
Jdd ddddLSIDHE AM "R9

uoneiodion

dIHSUINMO HJAL "9

(d¥HXA) OHHSITIYLSH

9561

0b6-958 (Z1t)

'S ANOHAHTAL FOIAA0 HEWOH "%

eiwojoddy,0-S1S
s1sauifug Bunjnsuon viuojoddy,q 3

HWYN WATA dEWI0d "€

arLSL Vd ‘SlIrs0Iuoi
peoy Jalus) /2

S8RYCdY SSUENISNd HOIAAO HWOH "€

*au| ‘AbBojouysa |
punoJn jo ucising ButesuiBug ewojoddy.q
HWYN WHId T

' GB8YISL-GZ
NIHS

0102 19quiao3d £0

(I¥HA ‘HINOW ‘AVd) HIVd

NOIS3A FTd ISNJ3H MCTIOH HIIHENTIHD
9ZZST ddd EWYN LOHMOdd

HIIVNNOILSHEAD NOIILVOIAITIVAD INVITASNOD TWY
NOIIOHIOEd TVINIWNONIANE ~ ~ INEWIYVAEA VINIDYIA ISHM




ON

BS2X
JI04d9d HLIM TENEO0OM

FALIVIOEAS

F SESENOdY

HIWYN

ON

sax
H30459 HLIM JE¥O0OM

PALTYIOELS

* SEHNAOY

ANy

HAWYN

ON

gax
HI044d9 HLIM JHNI0M

FALTYIOHAS

FSSEYddY

HIWTN

ON

sax
HI04Hd HILIM dEXNI0M

S ALIVIDHAS

*S5HEaaY

aNY

JWEN

ON

S|8X
HIO0AHT HILIM OEMIOM

FALTYIDEAS

FSSHYNACY

HINYN

ON

sex
HI04HY HLIM JHMAOM

FALTYIDHEAS

FSSHIAdY

HINEN

ON

S8z
HFACAHE HLIM THEEACM

LALTYIDHEAS

*SSHIaaY

HWYN

©N

89X
HI0AHE HLIM THIEOM

ALTYIDHEIS

F58EIadY

aNY

HIATN

ON

89X
HI04Hd HLIM aEd0oM

PALTVIDHAS

P O5HYAMY NV HWUYN

o~

#2XTEU,

_1SONY TWOTIEDNTITIEND JURITOSUCD TWY, YIBIIY

‘WY U3TM STTIF uo 10u st Adoo IT 1
‘QE50L w8 OL TELVAIDILINY SLINYITINSNOD~E0S/SINYIINSNOD AEM udISLNO "TIT

I03




“[ORUGD 22IN0S 10} HD01 BUIL PIOE JO UONBZIBNSU/UONEIOS! PUB "SMOl CINY [[ewWs 1o} swalshs uaunesalt saissed ‘smoly gy 2b1e)

101 spuepd weuneal; [eonuay ‘ucnelaual pioe sseippe 0} saulw punoibispun jo Huipool suliexje ‘senpuenb gWy pue sbeurelp 100u00 6} SSUUS SuIL
pue ssuiu jo Buieas papnjour sxey sueld ubisep .nQ -eaInos Oy 84 1eas pue sioedw yons axebinnu o) spoylew pue siajem Buinieoal o] sjoedun
AV 1O 821N0S 2Y} JO UONEN[EAS SUY} papnjoul aaey sposlosd o (v xapusddy ul pajussaid sajyoud 1oafoid uy pajelisnll sle pue O justuyseny

Ul pepnuep! ale |eiaaas) ubisap Juswareqe pue uoleneas (QNy) @beurelp aumw pioe o} Bueter sloefoid 6z e slow pajaidwos sey euojoddy,g SEX
JUBTS2O UDWeleqy pue UOTIenTeAE =6PUTRIQ SUTH PTIOY UT podusTiadxe WITF ANOA ST - g
“fAnuenb pue Aenb Jayem jo suus u yioq ‘Buiiw o) anp uonepesBap Jajinbe ssaippe Ajjusnbaiy
B8M SoUll ysul-g | 0} youl-g wouy Buibues 'sasn (euISnpul pue feroIswwoed Jo Alstea e Joj subisap aul| uonnquisp Jalem parederd sey eluojoddy,q SHX
(*ButuT! Jo 3TnsSseI v Se ucTiepeibep xsItnbr JO UOTIENTRAD
ur sey Wity Inoi ssustiedxs Aue spniour) (JuUBTSSp SUITASIEM 2TISPWOP UT poousTiIadXs WITI Inoi S3 "
-Alessanall SB SI0ASAINS SIS LA MIOM PUE ‘udneuLoy Joafoid
SielEAR tI0l) 10 SABAINS UMO INo uo paseq Buiddews Jnotuoo auedasd apn “Blep s|qeneae aseyoind Jo Buiddeuw feuse j1oenuooqns Areaidf; ap SHA/ON
cbutdden ancjucn dorsaag pue AydexBoioyd TeIIsY WO $3T 20npoxd wITI Inok 2300 “a
"212MYI0S PaSN AJUOLILOD JBL0 PUB SYH-03H ‘2-03H ‘1-93H ‘s5-4J1. ynm Jequwe; are sieaulbua ano
"UORONIISLOD [BIPSLLSI PUER MOU UM Pajeinosse sue|d [0JUoD UORBIUSWIPaS PUe oISl Jo Juswdoeasp aul-Sepnioul sjusuadxs INQ “Smojl asal}
S1EPOLIUCINE 0] SBINONIS JnelpAy Jaylo pue sjsuueyd paubisap oAel am pue suuols asaul woy Buninsal smoy pezAeue saey sp “(diNd) poold
WNWIXeA 9|qeqold aul pue uaae Aouanbayy 1eak-go1 ay; Buipnjou; spaysialem Jof sulols siseq ubisap jo Juswdopasp ayl Ui pasusitadxa ale ap
‘sjusuodwios yons yum spefoid jo spaspuny pajoidwoo asey apn Bunesuibua aneipAy pue ABojoipAy o1 parejes suauodwios sey Juswdojaasp
]IS [BUISNPUS PUE SIIOAISSaI puE swep ‘Bullitl o) patejal YoM o Jo Yonjy “Ssauisng Ino jo Aelsurew e are Buussuibus snespAy pue ABojorpAH SHX
SEoTIneIpAYy pur AGoToapAy UI psousTIsdxs WITI INOA ST D
‘suoneoyoeds pue subisep uonewEDa) auIL jo woleledald ul sjuswipuslue pue sansans [1osdo) pue s[Ios a)s pajenfeas
aney sioaubus seuojoddy,( ‘senigedes eauyosiost ino o uomppe u| “sweiboid Bunsa) Aicieloqe] Jo Wstdo@Aasp au) puUE S|I0S Jo UoeIYISSe]D
ayy ul pasousuadxe are sissuibua [esiuyoslosl INO  -UOHEWREDAI JUIL PUB UGHRIPSWS! SPUB| UM ypm patesosse subisap pue sesA[eue
[eoiuyosiosb Bulwopad ul peousuadxs are apy  esusplsgns pue ‘suopepuno} desp ‘ubisep uonepuno} pue sisAjeue Auoedeo Buueaq ‘ubisep
[elpatual pue sisAjeur Aupgels adors ‘'sisAieue Wwaluapies Bupniow sioselold jo sadAy e sepnput Atogsiy 109foid Ing  BILIBIIA 1584 W1 PaTESO| AuBL
Buipnpour ‘sposfoud Buusawbus eauyosiost Jo spuesnoy; paejdwios aaey am ‘aousisixa Jno Buung -ssauisng Jno jo Aelsuiew B a4 0] Senuguod
Supesuibua [eouys9l0an) ~AIINOD Ay} Ul Suuy [eauydsioal doy al jo aue se umouy useq sAeme sey ‘9ggL Ul papunol sem yoym ‘elucioddy,g SHA
ésTsATeuy TTOS UT pooustiadxes waty anoid SI ‘g

‘D4 38Ul UI pagquosap oM 8} Joj paiinbal ag pinoa Jey) asusuadxs Jo winigoads (in) 8l Jaaco syosloid palaidiucs
Anissanons asey; pue eiuBilA 19844 Ul paleno] seys aiam gz ‘sioelosd asauy jo 0 aliyoeRy Ul papnoid st aousuadxs Jo sadAy snouea Buiresiput
spoaioad jo sy Arewwns v -BuussuBus uoneweDs! Ui puR UoeIpawS: WY ©) patejal spoafoid g/ ueyy arow paeidwos sey euojoddy.q SHX

cButiooutbug uoTIRWRTOSY SUTH/UOTIRTPSWeN. SpUe] SUTIW PSUCPUe(Y UT pooustiadxd wXTY IncA sI — 'Y

7T




AMTM YACYA LN 'HO 'HO ‘AN 2INNISU| S12IOUOY LEBIUSLIY
‘HN ‘AN LW "IN ‘3N Q1 IH 14 1D ‘00 'V 2V “TV “vd ‘0661 ‘Bunssuibug a0 's1ioaulbuz [euoissayold o ARIoog feuoneN ‘siesusbuz a0 o 191005 uedUBWY
(23e1g ‘Tesx ’'odAL) NOILVALSIOAY SNOILYZ INYOEO TYNOISSHAONd NI dIHSUTEWEN

Bupeaulbuz paID ‘G861 “S'd
{(uoTlezTTeIoeds ‘xesi ‘saxbag) NOIIWONOH

‘senss| 1obpnq pue aNpeYos puUe SajqeIoAlSp
10aloid Jo uone|dwod o} adsal yum sniels 1efoid syl siseq Jeinbas e uo [edipuud 10sfoid el 0} Uodal [IM JBWSSOW U "SeNsSI JueAs|jal pue ssaiboid yom
0} aAllBja) dIAAM Him 21eounwiWod Apuanbaly im s “slebpng pue ssinpayss osfoid Yum soueploosoe up s1onpold yiom osloid Buipiacsd Jo) ajqisuodsas aq im
pue juswabeuew 18loid Aep-oj-Aep apiroid jjim SH "SI010BIUOIGNS YUM UOHEUIPIOOD PUR ‘Buiinpayos ‘stebpng pue xiom Jo sadoos yse Buiysiigelse o} s|gisuodsal
8q [[1m BWUSSIWN N "$XsBl oinads o) seeulbue pes| sk aaies pue Jafeuewl 1osfoid sk aales pInOm Jewissapy I ey patedioiue sty aloid sy 104 Bulojuow
uolonisuoo pue ‘suonedyioads pue sueld jo uoneiedsid ‘ubisep Buussuibus ‘Bumituied ‘senss! [elUBLILOIAUG ‘sesA|eue Buuesuibue [esiuyssiosb papnjoul aaey
sanyiqisuodsal s "seade paultl mojaq Buipusixa suonepuno) uossies deep Jo UCHONIISUOD pue ‘spioa sulw jo Bupnoib ‘Aupgels sdojs “Jesyem punocib pue soepns
J0 Jusueal) pue abelols panjoAll aAey spefoid esay) -Arenusiiuad B JO UONONASUOD 10} BUIW dU]S PAUOPUEJE Ue jO UOIBLIEa) pue seale suiu duls pauopueqe
ul S[Ijpue| JO UORONNSUCD ‘8Sn [BI0IBWLIOD puB [BUOKESIJa) 10} Sease suiw yd pue 99EUNS PaUOpURdE JO UONBWEDA] Papn|oul sey aousuadxa SJsWsssp "IN

SaT3TTTqTsSuodssy Jo uworleueTdxm ISTIg

i 12} , g
CHONEIUHAYH NDISHA THONHIHHAXHE NOISHA CHONITIHIXH HIATNIONT 1D3r0Hd "HS — "d 13INYAa ‘HINWSSIN
ANTTELLYM DLLSHWOd 40 SUVHX QELVIEE TNV A0 SUVAEX NOISHJ THY 40 SUYHA
HONBTIEAXE A0 SUVHX . (73Ul STPPTH ‘3ISITA “35eT) FTLIL ¥ HWYN

{STRTIUSSES 03 mmmx ang eaep
#397dwos YSTUINg) NSISHQ IOZLOHUd TWY 204 HIgISNOASHY SAIVINOSSY ONY STYAIDNINd H0 INHWHLYILS XJ0LSIE I¥YNOSY¥Hd “ET

1AM YA ‘NN ‘AM ‘HO ‘vd ‘1861 ‘Butesuibug no sisauIbug Buitiy jo Aysioog ‘sissuibul a0 Jo Ae100g Uedlewy
{23035 ‘Zeax ‘odAL) NOIIVILSIDEAT SNOIIWYZINYOMO TYNOISSHIOUA NI 4dIHSHHIWHR

uonensiuIWpY ssauIsng ‘€661 v g

Buusswbul pa) ‘s/61 g9

Bumssuibug paID ‘2261 “SN

(wotaezryretoads ‘Iesx ‘soa59Q0) NOILYOOAR

-Jafeuew 108foid aul UM Smaasl HD/YD [BUISIUL SJRUIPIOOD [[IM MOUS "IN "8[Npayos
uo pue Jabpng uiym sionpoid restuyse) pasinbas au sepiaoid Wi sy 1eyy AjsA 0] S1eBpng pue sanpayos 108foid maiass [pm moug I “suodal [esiuyos] 10} MalASI
[eoluLoa) Jojuas apiacid m pue ‘sjeudordde se ‘sBugesws jusito puspe |im e -Buuueld pue uonesedsid adoos yiom 1oalord sy o) Indug euebeusw pue souepinb
[ealuyos) aplaoid osfe [im moug I “1eloid ey 0] 3|qe|ieAs apew sie sainN0sal wul pue yels sjeudoidde yey; ains axew pinom Anoedes siyy ul pue jedould 1oefoad
SB 8AI8S pInoM Moug I ‘1oaloud siy) 204 “spoefoid asay; Jo uons|dwoo ay) Ul sISHUSIS [RIUBLULOIAUS pue sieaubua Buisiuadns ‘sausnpul [BaIWISYD puUB “JESPNU
‘leals ‘Buiuiw Jemod aup Joy saljioey Jo ubisep sy Joy fediound 10eloid Jo isbeuew oafoid “ssuibus pes| se pantas sBY MOUS I ‘ZZ61 Ul Biuojoddy,q Buiulof asulg

saT3TITgTsucdsay J0 uorjeurTdxX® JoTIIG

b 0c 6
THONHIYHAXH NOISHJ THONETEHEAXYH NOISHT THONHTHHAYXH TYdIDONIHA 12370Hd ~ '3 1H380H ‘MONS
HNTTIHLYM DILSHWOI A0 S¥VHA THIYTHS TWY 40 SYV¥HX NDISHO TWY A0 SUVHX
HONHTHYIAYHT A0 SUVHA {"30I STPPTH ‘3I8IT '3I5T) HTILTL ¥ FWEN

(8TeTIUSSS2 03 desy ng ejep
~Trerdmos USTUIng) NOISHA IDEL0Ad TWY HOZ m_HmHmzomw\l, SHLYIDOSSY ANV STYAIDONI¥Yd 40 LNAIWALYILS XAJ0LSIH © SYdd “ET




vd - 0102 ‘Bunasuibul 1m0
{23e1g ‘xesx ‘=2dAL) NOIIVILSIDHEA SNOILVZINVONO TYNOISSHAOEd NI dIHSHAGWHEW

Bupaswbuz a1 ‘0861 S

(mortjezTTERIO=ads ‘Iesx ‘=sxbed) NOILVONAH

-1efeurty 108loid ayy Aq peubisse se ‘Buussulbus
aynelpAy pue ABojolpAy 01 pajejal sysel 1aloid 10] sosuibus pea ag (m jaqdwen sy sasAeue [BoUYoalcel Jeylo pue Ajigels adojs 10) S/BMUOS SE [jam se
‘alemijos olnelpAy pue ABojaipAy yum seliurey Alybnoioy} 1 ayg "asnial [eod pue safiieydsip sulll 0] SWa)SAS Justuleall (JNY 40 1uawdoleasp sapnjou; sousuadxe
184 uonetedaid uoieoyads pue nodal ubisep pue ‘sasAeue Auigels adojs ‘sueld Buipelbal eys jo wewdoeasp ‘sanioe) Buipunodiul Uim paIelosse seinjonis
ableyasip pue senioe) abeunelp aoeuns Jo sashjeue oygnelpAy ‘sasAieus aifiojoipAYy ‘InoAE] JusUBURCLUS ‘SWBISAS jOAUOD Jusupas pue sbeurlp 8sepns O
uBisap ‘sasA|eur olILLIOUODa UO Paseq SaAljewIa)e Jo uatudojarap ‘swelboid uonelojdxs aoBUNSONS ‘SaIPN)S a)is SapNjoUl TNY 01 pelejal eouauadxa s|jegdwen s

SaTaTTTgTsucdsay Fo uworieueTdxd zo1ag

] Ll 8
HIINIONT
THONHTIHAXHE NOHISHJ THONHIYEAXH NOISIJ | - SHONIIVIEAXH 193r0Hd IS — W N33T102 T13gdWvYD
HNITIHLYM OILSHHWOO A0 SUEVHEX QEIVTIY THY J0 SEYIA NDISHO "TWY J0 SEYdX
HONITHHdYH AQ SEVHA {(3uI STPPTW ‘3I8ITd “I85eT1) HILIL ¥ HWYN

(sTeTiu=ssSsa 03 deay 3ng eiep
azoTduos YSTUINA) NOISHI IDHLOEd TWY ¥Ood FTHISNOJSHE SHIVIDOSSY ANV STYIIDONIHE A0 INHWAIVIS AYOLSIH TYNOSIYHEd €T

(93018 ‘resx ‘odAlL) NOILVALSIDIY SNOLLVZINVDYO TYNOISSHAOEd NI JdIHSIHEWHN

Buuesuibug a0 ‘0861 “S'g

(motaeztleroads ‘aesx ‘sevxbed) NOILVONTH

ebeuew josloid syl Aq paubisse se ‘syse) Bunasulbus jeouydseiosb Bujuuopsad 10y

alqisuodsal aqg mm AsnadoW I ‘1oslosd siuy 104 s1oeloid asay jo Auew uo Buloluow UORONIISUGD 10} Bjgisucdsal Usaq osje sey o ‘Bureas pue Bunnob suiw
Buipniout ‘syosloid uonewepal WY pUE [BSodsIp aisem aull 1o} suoleaifiseds pue sueid Jo uoneledald Jo) ajqisuodsal Uuaaq sey o “SlUaunjUBCWS [esodsip lods
pue ‘jeluos uoneluswwpas ‘abeurelp aceuns Buipn|oul ‘saiioe) auiw asepns paubisap sey sy ucnelswnisul 1o Buuoliuow pue UolR[EISU pue ‘S1se] aourulouad
Japnbe ‘sisjowozaid pue sjem Buuopuow jo uotejelsul ‘Bundwes pue Buljup [eouysslosb ‘ssuessieuucds: [BIIUNS papnjoul sey uohelo|dxs piold SWalsAs
affeurelp rewaul jo ubisep pue ‘sasfeue Aljigels adojs ‘sesAfeur anelphy pue J160j0ipAy ‘sjuawinagsul Buuonuow jo uohe|eisul ‘uolelo|dxs soepnsgns sapnioul
sousiadxa siyj "sanijior) [esodsip 21sBm SUILL JO UONoNIsSuoD pue ufiisep syl pue souspisans pue Buiuiw 0] 10adsar Yum aousiadxe aasuaXe SBY ASAIRMOIN N
SOT3TTIqISUcdsay 30 ucoTivueTdxyg I=TaId

S . Sg 14
THONHTIEHAXHE NOTISHJ THONHIYEAYE NOISHAd FEONETHEGYE HIAINIONT 193roHd — ¢ NHOM "AIA13MON
HNITHIIYY 2ILSHWOd 40 SUYYHA JaLTIES INE 40 Su7HXA NDISHC TWY 40 S¥WdIX
HONHIHHEIXE 40 S¥VEA (*3uI STPPTW "I8ATI '38eT) HILIT ¥ HWYN

A {sTeTIUSESS O3 doos ang eaep
~neTdweD YsSTUANd) NDISHT IOELO¥Nd IWY H04 HI9ISNOAS.  SELVIDOSSY NV STYAIONIdd J0 INAWILYLS ZMOLSIH - “gdaEd  C€T




S ‘vd ‘1861 ‘Butesuibuz g s1aaulbug (A1) jo A19100G UBDUBLLY
{23238 ‘zeex ‘odAL) NOIIVILSIDEY SNOLLYZINYOHO TYNOISSHAOAd NI JdIESYHIWHN

Bupesuibuz o ‘ve6L S
80USIDS [BIUSLLIUOIIAUY ‘G681 ©S'g
(rotqezrTeTNads ‘awax ‘eaxbeg) NOIIVDAQHE

sBeuew 1oajoid o) Ag paubisse se ‘sueid uoneweoal

pue ‘Bugess Ajus ‘sluswissesse 9oULPISQNS 10} 3|qIsucdsal aq (M OMSNUS I "SSNS papola AjaeaYy pue saplspug| to) subisap uonezijigels adojs pasedeid
sey ay ‘Ajleuomippy "ssulll pauopueqde pue dAoE 10} sueld uonebyiw ssuspisqns padoeasp pue ‘syeys pue siepod suiw 0) sease [esodsip asnyas wol) Buibuel
seyus suiw Joy sueld uonewedss pesedald sey oy -seluadod feuisnpul Jawpo Jo saipnis ANjiqises) pue suonebisaaul [eIpalial Yum Buope ‘sueid uonewE[Da) UL
Buipnioul ‘sappory ausw jo Summiuued pue ubisap Buinoaul s1o8foid [ejuswuoiaua pue Buuiw Jo AjaeA apim B 10} S|QISUOdSal PUe Ul PaAJOAUI USaq Sel OXYSNYS I
s9TATTIgTsSUCdsSsy JO woTIjeueTdxd JoTIg

L 8 ¥
CHONATIHHAXHE NOISHA THONHTEHAXH NDISHC CHONATEHAXH HIANIDNA T¥dIDONIHd — "IN THIFOH ‘OMSNHS
HNITIELYM OILSHWOC A0 S¥VIX THIYIAY TWY A0 SUVHX NOISHA TWY J0 SIVHA
HONHIYHIdXH A0 SdYHX : {("3UT 2TPPTH '3SXTd “38e7) HTLIL ¥ JWEN

(8TeTaUSsSSs O3 de=y Ing Blep
atatdwon YsSTuUINg) NDHISHA IDELOYd TWY 04 FIEISNOASHY SHIVIDOSSY ANV STYAIONINd A0 INIWHIVIS X¥OISIH TYNOSEEd €I

anyisu| suonepunod deaq ‘s[eilO Ajejes We(d aielS JO LONBIoSSY
AM X1 ‘HO ‘vd ‘g2esl ‘Buusaubuz a0 ‘sweq uo Al8100g $81818 paliun ‘s1ssulbug pan jo Ale100g uBdLaWY
(e31e3g 'Tesx ‘odAL) NOIIVALSIDHA SNOTLVZINYDY0 TYNOISSHIOWd NI JdIHSMESWINW

Bupssulbuz gAtD “F00E “S W
BupsswBug o /761 S8

(wotaeziTetosds ‘avsy ‘e@2xbag) NOIIVDAOH

‘Papasu Se I3pes| YSE] B SE S|qE|IBAR &g OS|E p|nom
8H CJUEBYNSUOD [EJIUYDS] B SB 2AI9S PINom ONIAOA "IN Teyl patedionue st § osfoid siyi Jo4 “suoipesyvads pue sueld pajeoosse jo uoneiedsid pue suejd sbeurelp
ays jo juaudojaaap ‘subisap [eipawal ‘sesAjeue ANjgels adols papniour YIom siy] “BILIBIA 1SSAL Ul SPUR| SUIW pauopuege 1o} sueld uoRwER|Da] Sapnjoul asualadxe
SIH suolepuswWWOdal UORONISUCD pue ubisep jo Juswdojaaap pue uonelojdxe ays ‘@ouspisqns pue ssjowjuls ‘Alljigels adojs ool pUe [0S ‘lUSWSHIas JO} SaINsestu
Jiedas jo ubisep pue uonenjeas pspnjoul aary spsloid asay) uo saniqisucdsel sIH "sanss] [eolUYdSoeb pue AL 0} paielel Alunon AueyBsiy pue ybingsiid
10 AUD 8yl yim sjoeju00 wiel-buo| pefieuew sey e uojewelsal Y pue ‘sadojs Yool pue |10s ‘siem Bujurelsl ‘suolEpUNo} BINONAS ‘seipoe) uonBuodsue
‘sijoalasal ‘swep 0} polelsl SIIPnIS [eluswuoNAuS pue (feoiuyosslodl pue ) BuussuiBus snosswnu 1o) ajgisuodsas usaq pue pafeurll SBY OMIAOA N

seTaTITqrsucdssy Jo uoTieueTdxd IoTId

I 0z L
THONITHEHdXH NDISHO THONHIYHEAXE NOISHEA THONATUEAXH HIGNIONT TVLIDNIEd — "d GHYAMOT ‘OMLAOA
ANITIHLYM OILSHNOd A0 SUTHX QHIYTHE THY A0 SYYEX NDISHI TWY J0 SYVEA
HONATEEAXH d0 SIVHX {"3uIl STPPTW ‘3ISITA '38BT) HILIL 2 HWYN

{(sTeTiuSsse 03 dosy g vIEP
~~197dwos YSTUINZ) NOHISIA LDELONd TWY ¥0d HTIISNOAS” ~ SEIVINOSSY ANV STVAIDNTEd 40 INFHAIYIS AMOLSIH * SEEd CT




‘SuonIpuoo urpeo] axenbires ones-opnasd pue 93reyams Arepunoq pue ‘sarredord ySuans yros osrdonostue ‘samssard
210d PIIBAS[O ‘I2jRMPUNOIF JO S1091J2 o1 SIOPISU0D twrerdold ayy, “AfoAroadsar ‘sooryans aunprey rengory pue apasm. ‘Te[NoIr
JO uoneIaUas 10J nques paryrdwIs 10 s901]s Jo poyour doysrg payrpowr o Sursn wrexsoid £mqels adofs wnuqnbs iy (-7 O/ 19VILS

‘soaem reoys 3urededord A[TEOnISA 03 STI0S POIRART-A[[BIUOZIIOY JO AsUOdST OTUISTas JO juatndolaaap a3 10] wrerdoxd (I-1 [6SIVHS

‘sarpradoid 1108 10] $I[NSa1 189] AI0JRIOQR] PUR BIED Jojamrorjauad auoo 10 I JS U0 sorfar sjuauodwod
UOTIePI[OSUOD PUE OTISB[ 0] SNP SWIISAS [I0S JoAR[-T[NWT JO Juauraoe(dsip Jo uoneneas 10] wreidoid sisA[eue jJussiog LASOVIA

-des opid ot £q papraoid A3TX1J 1} I0J JINOIIE O} PAIIPISUOD 2¢ UBD SUORIPUOD ATepunoq JUreI}sal Onse[a JO Peay-paxy
‘pouutd "yidep JO UONOURY B SB S0UBISISAI [10S pUR ‘Jeays ‘quawrowr Surpuaq ‘uonoaiep 21 sndwoo mreisord o4y, “3urpeoy
31[9£D puR JBIXE PUR ‘SHONIPUOD ISJRA PUNOIS JO $109]J0 oY) aIe se ‘sayrd o[3urs J0J saaIno £-d Sursn paropIsuod are UonIRII
ofrd-10s JO $199732 1], ‘Surpeo[ JusHIowW pue TeIdlel ‘Terke 03 paxiqns dnois e ur sepid pareyeq pue [eoNIeA TTIICE I0F

sdrysuone[aI JUSWIOW-PRO] PUB UONOS[SP-PEO[ 1) SUTULISISP 0] UOTN[0S (f ‘A-§ PUE (J-7 [elousd e opnpour surersord agy, dNoIon

"SUOT)IPUOD SUTPEO] OTURUAP 01 9sU0dsal UT Smo[qoid UOTIORISIUT 2INJONIS-TIOS JO uonenjeas o1 Joy wrexdord 9.4 -¢ HSNTd

"SUORIPUOD SUIpLO] STrRUAP 0] 2su0dsar Ul swa[qold UOTIORISUT 2INONIS-TIOS JO Tonen[ea a1} 10 weidoxd g4 -z WFavnod
‘STONIPUOD SUIPBO]

eaTe-03Ie[ pue -dI1s “-Ie[noIro mofaq STI0S 9[qIssaidiioo-1J0s JO JUAWS[NSS WONBPI[OSUOD (J-Z JO Uonen[eAs a1 IoJ wexdoxd (1 TOSNOD

"q3dap JO UOTIOUR] ® SB $38SaIIS
pUB SJUSWOL ‘SUOTIIAJIP soinduiod weiSold SUOTIPUOD 9OBJINSGNS PUE “SUIPBO] ‘AIXIJ PESY JO S92IS0p S[RLIBA SISPISHOD

OTYM S}RYS P[UIp pue sofid pepeo]-Aj[eroie] Jo Uonen[EA 2t 1oy wrexdoxd ((1.y) eousrsyyip Ay ((-1) [BUOISISIIP-2U() dFZOINOD
"SUOTITPUO? FUIPEO] [BUISIXS PUE UOTJONNSUOD ‘T[Io8q [I0S PUE HSAND oY} Ueamiaq dIjs sAane[as

‘IOTABY2(q [I0S IRSUT[UOU SISPISUOD WRIS0I 'SWR)SAS HIA[ND PISL puUR J[QIX[] JO SISATRUR 1) JOJ 9p02 H] UTRHS SUB[J 63TANVYD

"M/AJOTS PUe M/NVILO ‘M/JHES Uia ajquedwo)) “aremijos stsAeue A1riqes ados mmrqnbe jrurr paseq smOpuIpm AHJOIS
"A/AJOTS PUe M/NVILD ‘M/dHTS Wi s[quedwo) swa[qoid UOTeuIofop

-$$2J1$ AIMONNS-[I0S OLIISUMUASIXE pUe UTen)s aueld Jo sisAeue onels oy 107 weidord (F-]) TUSTIS[S J)IUL] PISL] SMOPUT M MYIDIS

"erem1Jos AIIqels adofs wniqrmba M| paseq SMOPUIM HArIs

ONRIFANIONE TVOIINHOALOED
HAVALAOS

— . — SEOTA¥HAS AOIZTHJ
..EQW.H_WAQEOUO_H.Qmwbmm_H.HHSH.HUHH.E_mUHm_mOMMm.EHMﬂ, H_ZHHA%HQFP‘@BZME&HDO&%EEH&OM.mO.H_m.H.Hd >Omm.w._”




‘sadors pafreu (108 JO sis[euE peseq SO

*Kyrorded pue Justr[)es o[id Uo $390)§9 SEIPUMOD JO SISATEUR USALIP-NUSW ‘Paseq SO

-urer3oid sisAeue dnois ofid s1samBugy yo sdion Auury gn

*A11oeden onels ‘reoraa of1d Jo uonorperd 10y a1EMIJOS W AMHY

"SPEO[ JUSUR{URALID O NP JUSUIA[NISS UOISSAIAUIOD [RUOTSUSWIP-UO JO UOIBUTULINGD JOJ ST2MIJ0S W MH
"SUOIIRPUNO] MOT[BYS JO SisATeur Ajoedes Surreaq IO aremlJos WM HA

“A1oedes pue Suranp ofrd Jo SisATeue uonenbs sarpy

-adors peoioqural Jo stsATeue 107 werSord WYSNAL

"S[[EA PIOIOTUTSI JO SISATewR 10] wrerdord WVSNAL

-aremyos Ayyiqe)s adops wnirgninba wun| paseq-s0Q

‘wondo yirea paziiqe)s A[[estueyoew SuneiodIoour axemijos LIqels adofs TV IIA

"2IeM)JOS SISARUR [[eM [T0S PRZI[Iqe]s A[[ROTURTOStT LIV MIIA

wondo yires pazijigels Ajeorueyoaw Furnerodioour aremyyos Aiqels adofs

"SISATRUR PUR USISP [[BM SUTUTRII PIOURADY

"JUSWIOUI pUe pro[ JeIXe Jo uonounj e se ssauyyns o[id Surpiaoid sadAy ofid snorrea Jo sisATeue rermionng

“TTos urgym 1oket Surorofural feaondo SUTpniouy aIemos JgV.LS [BUISTIO 01 UOISIASY

TVNS

DHANHTId

VDdO

HIdS

JINVHINH

AvHIO

98dVAMTID

TOISNAL

TYMSNHL
CSVXALN

SSEN

MSIDON

HdOISHd

qavmad

TJ4LLS

AR

SEOIANES NDISHA

STUTNY ILETAWOD OL JESNA EY TTIM HOIHM HDIAJ0 XNVWINS i NI HIGVIIVAY INTWAINDT ANV HYIYMLIOS A0 LSIT ¥

AQ¥d " FT




*SpUSq [SUIRYD JO SPISING Y} PIEMO] RIS 0} SANTI0[2A GBI $9SNed YOIyA. ‘A ILIOFIUNUOU

[BOTLIGA PUR QIMBAIND [RISIR] U39M10Q UONORISUI 91]] JOJ STUNOIOE UOTIIALIOD MO[J ATRpU00as (J-¢ pue Moy Areuruid

peinduwoo oy woj A11s00s1A £pPpe e ajeouad o) pasn ST [9POL 0USngin) 9-y v -adeys ATeniqre Jo SSUURTD UI MO[] peSeroar
-ipdap 1o1paid 0y AnstruAyreq pue S3[0BISqO ‘S[IEMSPIS USaMIaq STONORISIUT Teninw a3 seyndwos wesfoxd oy, *mo[f -z
‘pafrroae-yIpiam 1o -tpdap 10y suonenbs sayoig-101ABN 9[qIsSIdUIOOUT S1) JO SUORNIOS NOIISIP SOYRISUAS JBY} [P0 [BILISWINN]

"UOISOIO JJOYSEM PUR UoTR[NWINode jurinyjod
‘MOJJ Ioyjeam AIp ‘JJOUNI “J[QUIMOUS PUR [[EJUIRI SISPISUOD PUR SSHI[IOB] [OTIUOD JJOUNI JO JUSUIeal] pur 9810)s SUIZIs ur
Pre Ue Sk PIsn ST {3powl oY, *SJUSUIIONAUS UBGINUOU pue Ueqin woly yjouni Jo Ajrenb pue Arjuenb oty Jo s1sAfene 1o] urerdord

"$98PIIq PUE SUOAND ‘SToUURTD Jo souenroyrad onnerpAy Surjepowr 103 aremiyos asodmnd-tinA

‘wreigord o Ur parspIsSuod 2q UED SHONOMISAT [JUUEYD IS0 PUR SUIATND ‘SIIoMm ‘Sa8pLiq
. JO S1007J2 2], "SUOHIPUOD MO[I [EINUNIINS PUR [RONLIOYNS JOJ S[SUUEBYD UT $o]1joId 90BIINS Iojem JO UOTIETNOTRD 0] [POIA]

"UISEQ JSALI 91} UT)IA SUONEDO] pairsap 1k suyderdoipAy
mofjuesns jo uonenduroo jrurad o) uonendoeid 0] UISeq ISATI & UI 2sU0dSaI JJOUNE J3JBM S0BLINS JO UOHE[NUIS JOJ Weldolg

“Injre] Wep JO 1uaAs a1y ur sarjoid mory jorpaid
0] Pasn ST (POl 37, *MO[J WEANSUMOP pue Wreaxsdn 01 Pajelol WP B JO 0USN[IUI 97} Jo uonenurs ronduros 1oy weifo1

‘(UonoR [epI] “9'T) SUOTIBAS[R SUTATEA-OTIT) PUR ‘S}OTUI (ool Urlp ISYSIY oI

SI97INOC YOB3I B SIDBLINS IdJeMm JI SHONIPUOD MO 981941 ‘S1a[IN0 Jerueyd 10 2d1d 18 STOTIIpPU0D Is1eM[Te) ‘S[auueyd 10 sadid o
ur 9521018 TONRISPISUOD OJUT $O¥E] [SPOW SYJ, "POYISWI Snjd paryIpour o) g (seyoear) spauueyo 1o sadid ySnoxyg no suiseqgns
SU UT SUISE( UOT)USIAP JO SaXB[ U 95LI0)S SN0} T} SINOI-POOHF Uay] ‘urseq oSeurelp  Jo (Sapou) Surseqqns SnoLeA

oy syder3orpAy a1 sadwod AfeoneoIne JYJDIPV ‘[ePOotl Yoralopou Y SQ)SAS JUSWLSeURtY I91em-ULIO)S 91 Surzd[eur
I0J [apow sorneIpAY/AS0]0IpAY SATIORISIUI UR SI “(YJDIPY) [CPOIN Sunnoy puod pue [SUUEY)) POoUuosIsiu] PasueApY 1],

ANHALS

WHOLS

SVI-DHH

¢-OdH

[-DdH

AddNd

ddOIPV

ONTTTANTONA OI'IOVIAAH ANV A30TOHYAAH

"aTeM)JOS UONOTPard UOTJETIIOIOp SIBLINS 20UAPISqNS
"2rem1J0S Uonorpald 30USPISqNS

-K1mqess zeqrid SuTunn 18a1aT JO SISATRUR 0] SIBMIJOS

Sdds
NWdSIO

O SdANIV

ONTIHANIONHT HONHAISIOS GNV DONINTA

SHOIAYHS NDISHJ
——

STIAY SIETAWOD OL JESN Y TIIM HOIHM HD0IJ40 XNYWIES 41 NI EIVIIVAY INEWIINOE ONY FIVMIAOS 40 ISIT ¥

TAQMd P




JHIHN

"sJ[nsar 1s9) Jorowrarnssaxd yo vonejuesald reorydell pue uonenyeas 103 wexfoxd sisAteur ey -“TINSSTIA |
“UOTIRUIUIRIUOD JaJem PUNOIS JO UOHEDO] SURHISIOP 0} ABLIE 10UEap SUISn BIEp A9AIns AJTANSISAI JO UOTIEN[RAD JOJ WRIFO0I] SOOI
"SJUSISINSEAW PIL] JAISUIOUI[DUT JO uoneiuasald reonjderd pue conenfeas o) mwrexdoxd siseue v NIIS Dd

NOLEVINIANNILSNI/ONILSHL QLIS NI

"a)IS Pasod ATinJ pue

pasopa Afrenired ‘uado o) ajqeotjdde s1 [opowr af], -SuSTISep [[IpUE] JO A19IeA opIM B JO uorerado ay) troIy s)nsal 0) pe1oadye aq
Aeur 1e1) 91BYORA] PUE 2FBUTRIP ‘JJOUNI JO SJUNOUIR AU} JO UONEBWISY prdel aJel[Ioe] 03 pado[aaap sem urerdoid oy], ‘pofepoul
2Q KB ‘SISUT] PUE SISA0D QURIQUISW OTIOYIUAS SB [[9M SB “S[I0S JaLIreq d[qeatnIadurt A[oANe[al pue sIake] aSeutelp [eroads

‘ST Q15BA ‘S[TOS IA0D “UOTIRIZIA JO SUONRUIQUIOD SNOLIRA SUTPN]OUI SIIAISAS [[IJpUe] "98eUIeIp [BI2I8] PUEB 981I0]S SIMISIOW
nios ‘wonendsuenodeas ‘voneroored ‘wonen(yur ‘Iyouns ‘e8eI0ls 20BIINS JO S109112 SU I0] SJUN0doR 1B anbrugos) wonnjos

® SOZI[IN pUe BJEp USISIP PUR [10S “Or3ojojeward sydoooe opowr 9y, 'S[[LJPUE] JO 1IN0 pue g3noIy) ‘ojur ‘SSOIde JUSITIAOW

Io1em JO Topout o13070IpAY (I- 1senb ® st werSord rendmos (JTHH) 20UBULIONS  [[IFPUET JO Uonen[eAy Sr30J0IpAY Y], JTdH
"M/AJOTIS PUB A/NVILD

‘ M/dIAS Pim o[qnedwo) “wodsurI) JUBTTIERIUOD 0BUINSNS JO SISA[eUe o) 10] wreiSo1d Jusuro[s SIIuLj paseq- SMOPUIA ANVILD
"MAJOTIS

PUE M/NVILD ‘A/JITS yua o[quedwo)) -Zurrepowr aFedass Jo sisATeue o1p) 10 wreidoid JOouIos 91107} PISL]-SMOPUIM M/dTAS

ONRITANEINH HALVA ANNOTD
2MBMIJOS SISt mofJ [Puted Uad0) [YALSYINAMOTA

“sarel o reyosip juswrdoaasp-o1d urejurew 03 parmboz
Ayrordes 98eIo)s o) Jo ojemmse e opraold Osfe [[TM 3] "SUONIPU0D JJouni Jusurdofaaap-isod pue ~o1d Furredwos Jo poyeow
pardoooe A[opIm STJ] “Seore PIYSISleM UIOXJ JJOUNI ISJBMULIO)S JO SaNNUEnD 2)BTTISa 0] Pasn ST UL 30IAIDS UOLRAISSUO)

1o aq1 £q padoreasp sem weigord sy, "speysiajem [JETIS JO UOIRZIURqIN Jo syoedurr o130[0IpAY o) JO UOTEN[RAS 10 109{01] GGl

-Knrenb pue Ainuenb Jyouny sjewumise juswyean) pue 98RIO)S ‘SYIOMIIU UINSAS oFeureIp
y3nory) podsuen ‘FJouni 22e1msqns pue ooeyms sayerodroour ureiford oy, SW0)SAS JoMIS PIUIGUICS PUE WLIO)S TI0q Ut Ajenb
pue Qinuenb Jyouns weqin ojemuIs 01 Y4 o Aq pedofeasp urerdoid raynduwos (NJAMS) SUTOPOIA 1USIISSEURIA 1918 Ay ULIOIS WINMS

SEOIA¥ES NOISEA
ATTRY BLATANOD OL SN HE TIIM EOIHM HDIJA0 ANVWINS I NI HTEVIIVAY INIWIINOH ANV H¥VMIJLOS J40 ISIT ¥ AO¥d “¥T




IOATIHITIOM
“3[qerreAR $10559201d pIOMm pasn-ATapim pue aarsuaya1dizoo 1o omt 94T, ‘IOM SN

DNISSHOOUd adOoMm

‘s[onuod SurpeyS PUR ‘S[OGUIAS
‘100 1%21 JO A191IRA © IIM sSurmerp Sunosuidus jo uonerederd 10§ aremijos SuneIp popre-Iandiuod SANORISNI ‘PIsEd-Dd  NOLLV.LSONDIN

"SHERISAS (T Joio 01 sa1y orgdels pue 1¥2) Jo I2JSUET] JOJ JOJR[SURI] SHO] SOPR[OU "S[OIUO00 SUIPRYS PUR ‘S[OGUIAS ‘SJUO] 1%a)

10 KyorieA & [ sSurmelp SurzosurSus jo uoreredard 10y aTemizos (1] asea]ay]) SunyeIp papre-19induiod SATORISNIL ‘Paseq-Dd avoOolny
DNIIAVAd
‘arem)Jos JusweSeurwr pue Summpayos 109fo1g VIFAVIATId

"aresJ08 JUswWdoeASp UOTIRINeSAIY INIOSIAMOd

-aremijos Surpepom eorpns pue Surgderd asodmdnny LOTdOD
"aTeM1JOS 192USpE2IdS Paseq SMOPUIM THOXH
"9TesJos SUISPOLI 90BJINS pue Sumdess asodmdnmg ILANS
*SHOTJEPUSTIUIOI]
OpO2 [V WO paseq SIUSIIS[ UWIN[oD pue uresq SHIIITLL ) 919I5U0D UT UOISIO} PUR JBays ‘SUTpuaq JO SISATEUER PISEq SMOPUIM ALTIDNOD
SNOILVOI'TddV TVIINAD
"Arqestrrad mIs-ur 9JBNTEAD O] ST[aM 9[SUTIS UT §159) 3nys Jo SIsATeue 10y trerdorg OIS

‘skexre orodiq pue 10UUa M “TeSroqun(yos 103 Sureds
apoxoal? Jo monsuny & se LJArsisol juaredde Jo uonenieAs yuizad 01 ejep AeaIns Ljransrsal [earsAgdoad jo sisAeue 0] urersolq ISISTA

SHOTAYHES NDISHC
STTNY BLATAWNOD O SN HE TIIM HOIHM HOIAAO AEVAIYS 0 NI FTIVIIVAY INIWIINOE NV HIYMLIOS A0 ISIT ¥ ‘ACHd P




juswdinbg

omusieg asoding [ereuss) pue SULIOIUO WOLRIQIA JUaU0dIIO)-3aX ], YooIRIqI A
1039939(] TeIRIAl doo(]. DIBIO(T-SWIL], [9NH SOIU0eD)
IO}SUIOTPRIL) ONOUSEA (UNIS) XoIUIoS
Tepey Funenousd punoln DVINVY
ANAnsissy D SPOnoS[E-NNIA PTY [69SAS
SOOTA(]

PIAL] [B210(231095) ATBUIOSN)

a3nen) TeaTonN S[OqUMO(]

juemdmbyg §Jo pue SuIioAing

(0ours) weysAg Syeurere( YNISKY

(0ourg) 1o1emiosus)xy adey,

(oours) 10y201pUY MBI

(0oUIg) JOTUOIA] UOHRIGIA YEd

(oouig) 20100

MOpeaY 2INSsalg Oneunaug

jusurdinbyg

Sunsay, 2 Surdues oje1ou0))

justdinby 159, Ajsua(q Iea[onN

Iy 94(T

SIOAL TA 100D

SI3191A] (NN-H) UOTIRZIUOIOIOYJ

IR OUBIONPTO.) JNI3adS/Hd
sadoog-1q

S20TA(] Suruaalog feoruay)) poig
juamdmby Ivoyg surA protg

L} e & 8 & 0 o @

;juowrdinbs s pruojoddy (1 S[qe[reAR SOLITIUSPI 1ST] SUIMO[JO] 29U, "SISBQ POPIU-SE TR U0 PajIal
aq Aewr yuowrdinbe puonippy  “uonestdde reyuswoNAUL pue TeoTHY910a8 I0] patins Juamadinba pa1y Jo Aexre apim e sureyurews eruofeddy (g

INTNJINOH

WMUH>Mmm\I.Z/UHmmﬂ
SIWY ZLATINOD OL dES0 39 TIIM HOIHM H0IAA0 ANVHINA L NI STaYIIVAY INAWAIADE aNY S¥¥MIJ0S 40 ISIT ¥ AC¥d "I




000°000°08%

151500 NOILOOWLSNOD CQELVWILSHE TYLOL

Se

SLOHLOAd A0 ¥AEHWNN TYLOL

uoneweloay ‘loiauoy abeuielq
‘uoneziiqels ysy uonsnquio)
‘Buiprur) Jusunjuequg

asnyay |ros — Buuouuop

i ‘Sfaswelipm

71 ‘Munon) uebor
Anoe4 resodsiq asnisy (200

04 000°000°c$ uoyonysuog ‘Bumiwiad ‘ubiseq stoul] HO| auy Jadip
uonEBLBLINISU|

‘Bunzneun ‘uoneziiqels adojg AM ‘Bnasyen

‘lonuon abeureiq — Guuojuop AM Bingsspen ‘uoezZyIgelS

0L 000°'008% pue Bulssuibug uononnsuos samo wauuequg jlods auy
uoneweaay ‘101uUcH
abeureig ‘Buipein ‘uonezijiqels

ysy uonsnguion/esnjay vd ‘Aunog eueipu)

[eo — BuLO)UO UORONISUOD vd ‘AuD sawoy Anjroe

Buobugy 000'000°'s$ pue ‘Bumuuay ‘ubisag Buissanold A1 sowoH resodsiq asnjay (oD uljas)
uonewelaay ‘[cauon abeuleig

‘Aunqess ‘buipess jusunuequy AM "Aunog eyebuouopy

asnjay [ros — Bunuuual AM ‘yeBuouopy Aupord 1esodsiq asnjey [eon

0l 000'000°G1$ pue ufiseq ‘uonelojdxg ABJau3 TOSNOD QUI UOXIQ UOSEW
uonewR|oay pue

lonuon sbeuteiq ‘UoREZIIGRIS vd ‘Aunon susaln

‘Buipeiny jusunuequiy saljfioed fesodsiq esnjay 200

asnjey [eon — Buuoyuop vd ‘Bingsaufep ‘BULIONLON 29 | "SON Baly

BuioBup 000°000°G% uoporuisuon ‘Bumiuua ‘ubise £80IN0SaY (207 plelaws asniay sul pelsws
UOLIBWIR|Z8Y pUE ‘UoHBUILLS

jlemyBiy ‘sBeuselg ‘[eacLsY vd ‘Aunon Auaybay

21587 SnoplezeH — Buuojuop auIly a2BpNg

uoleIpaWaY 1804 ‘BuuoiLoy vd ‘yBingsuid Jauno 1e uopeipailay SIS

56 000°008% uoyonasuod ‘Bupnuied ‘ubiseg AB1su3z TOSNOD uonewepsy sng wngbued

uonewERDay ,

pue ‘oo abeureld vd ‘fAunos susaly

‘Arqess ‘Bupels Jusubuequy saiufioey

asnjay [eos — Buvonuop vd ‘Bingsaufep, | [esodsig ssnjey (200 ‘g "ON Baly

09 000'000'8% pue Bupsaubug uojonsuon) $821N0S8Y [2O0) pUBPSqLIN asnjay auly puepsquIng

LS00 ALITIFISNOISHY YHANMO NOILYD0T

HLHTANOD LNHOIAI

NOILDNULSNOD THIVWILSH

S,MEIE ¥N0A A0 HANILYN

dJ0 S55HI0dY NV HWYN

ANV HAAL ‘HWYN LDHL0Ed

QUOOEY 40 ¥HENIF  CHIYNDISEA HHI SI WMId ¥OO0X HOIHM MO SHILIAILOY

——

wEnD (St




SUDIEPUBLILIISY
ueld uojelpaway

‘Bunsauibuy [esuysajoer) NL ‘uoisBury

NL ‘uoisBurny ‘Apmig aJnjreq puod ‘uoREIPSIAY

VN agl 1102 YAL | USY Jo melrsY Juapuadapul | juswpunodu ysy uoisbuny
Bunig
wawpunodw] *UCHEZHIGRIS

nodg suly ‘Gunnolny | wd ‘AIUN0D PUBRIOLISOA

vd ‘Bingsucuen puUe uonDaac ploa aully quewidojaasq

000°001.$ 000°005°1$ Zoe d'83 SWelipm Buipnjour Bupeauibul ayg SUS PEd IIPM SBD

vd ‘yuomswig

vd ‘ubingsnid gjueleAsdLL

1omsia ybmngsuid Swieqg 2 sHo0]

000°'000°2$ 000°'000°08% cloe si@auBuz jo sdiod Buussuibuz uonepunod [euoneBiAeN 18y OO

Sunnoy pue youny A ‘Aunon

AM ‘Qunon Jantep uuelg io) Buuasuibug Jesla ‘UcHeliqeYSY

aal aalL L1102 aynepAH pue ABojoIpAH Rempdsg weq |jpmen|g
Wweweoe|dey

AM ‘uoiBununy abpug sjeioucs AM Aunon)

Jousi] uoiBununy | 10y ubiisaq uoirepuno. pue ueboT ‘uswaoeiday

000°05% 000°005% LLo2 s1eauibuz Jo sd1o) Bupesuibuz [eojuyoaosn abpug xes1D puels|

NI “ebbng

DU JIpuSy|

O ‘sino7 15 ‘uonezgels jlodg

000°000'v$ 000'000°05% o2 ABreug Apogead Buusauibuz uonepunoy Ul 0BLNG UNY Jeag
Bunoyuow uononIsSuos

pue ‘ubisaq inoln N| ‘Wodspremps]

NI ‘piayure|d qUBLISSaSsY aouapisang weibol4 Bugnoig

000'005°L$ 000'000°€2$ LLO2 ABbrsug ayng |  ‘Bunssuibuz ‘uonelojdx3y uonezyIgels sul

ALTITTHISNCASHA
SIS dNOX LOHLOEd HITIINA HIYVJ NOILHTJKWOD HENMO 40 ALITIFISNOASHY SNOIL|EDOT dNY
LS0D NOILONYLSNOD JHLVWILSH CHLYWILSH SSHEOAV NV HWYN SWITAd 40 HANLVN AdAL 'HWYN LoELo¥d

\\]f

SYEHIO OL ILNYLIASNO,

S ¥ SY ONIANES SI WMIA dO0K HOIHEM NO SHILIATIOY

HEND 9T




vd ‘umoisiabing

vd ‘Aunog uoburyse
weiboid

SaA 8002 000'009% Jousiq jooyog ealy umoispebing Buinoig pue uoenjeag aouspISqNS BUIN
AM “Jejuard
AM “81usig aujy Jaluald abpry suld ‘weawpunodu)
SaA 5002 vN Auedwon reony abpry auig Je uoyRISUOWS(] UCHoala] PIOA SUI
HO *Aunog uowyeg
uonBLROSY JuE|d uonesedaly
HO ‘zipen [BOOD) puUE Baly 3snjoy aulpy aoeunsg
ayeidwod Ajetued =lulerd 000'005°L$ ‘00 BuipjoH sucisden; 00 (200 %Y uoliewepay alig edwe]
AM ‘Bingsumnien
Am ‘Bingsuiuepy weiboid uonezyIgels pIoA
ECTN 6002 000°000°05% Joiss3AusWS) londed pue ubisaq uolepuNoL Jueld PUe Ui MaN
. vd 1awA|p
Vd ‘agose auly punciBispun pauopueqy
saA 6002 000°'005% seoInosay [einjeN eydly wia)sAs uoRoalu] AlniS asnay [eon
vd ‘Aunon sussln
vd ‘Bangsaufepn ubisaq awpunoduy
ECIN 9002 000°000°2$ $o2Inosey plelewd Hvy I "ON Aujioe4 asnjey 1200
a1 “Weud3
{Anua aunw 1o} ubisap deo pue
T ‘vewa peang sja10ucd} uBiseq [eeg Weyg pue
saA 5002 +000°000° LS sloul|| BOIS 00 (B0 SN uolsuedxg Ao ssnjgy [eon
¥d ‘Aunos ucibuiyse
(uonewejoal ‘EAOWS) B}SEM
‘uopijowsap JoAaauod/ulq ‘ucnEZI|Igels
MY ‘uobuxa wawpunodus onuos abeuelp ‘Bupeit
uosigieH $ sag 0/ asnjaJ) Aujoe esney puB SaINOTULS SUIN
SBA S002 000°'006% "0 SouURINSU| BII ucneweosy mofoH Bopyoelg
(ON ¥C gHX) NOIIWOOT
QHLOOELSNOD R=AriC O LS0D NOILDOMISNOD JHLYWILSH YENMO 40 SSHEAOY ONY HIWEN ANV JdAL TEWNYN IDIL00o¥d
QUODEY 40 ¥HANIONA OALYNDISHEd HHF "M WMIA dNO0A HOIHM NO S¥VHEA § LSYI NIHLIM MdIoM dF  “dHOD LT

—




*NOTIHEH HIVd 40 JIVAX IVANSTIYD NI T¢ SEESWNEOECT ¥HLJIV JIOA HHOOEE TIIM JNIHRODO0M SIHEL HLON

MOUS ‘JUeqoy  (SWEN peiuTad

oLog »m Jaquisdoad :93ed _.GQ_UCMLH_ f2TATL : w.H.D.H..m._.HmHm
\

*g20v] JI0 JUs=] s ST ._.no.mm.HOmn UL °0¢Z
——

: ‘Duljess auu pue
Ajddns 1o1em ‘lonuos afeurelp ‘ANjiqels ‘UonewR|Da) SSaIpPE 0F sousuadxe Butliw ueoyubls yum syspuaios pue ‘sisibojoal ‘sieauibus Jo yels Loddns e aaey pue ‘sisieloadg
avo pue steauibug 10eloid jo Bupsisuod swes ] 108fo1d JAY ¥ Slquasse ued opn “slemigns Juuad pue sBumerp ubissp jo uoneredaid Joj suonels Qv XIS Yiim paxomou
s1 walsAs Jonduwod asnoy-ul Ino ‘Aeucippy “sels TNY Skenfeas pue aiojdxe o} uewdnbe Buiduwses pjey pue jeoisydosb jo Aeire spdwoo e sursjurew eluojoddy,q
-ureIBoid SpueT SUTW pouopueqy eTUTBITA 3S8M 92Uz IoI JIom wroyiad 03 SUOTIRDTIITIend

s,mIty Inok Buraxeddns seoinosesx yo uoTidridosep IO UOTIEBWIOFUT TPUOTITPPE Aue spTaoxd o3 eoeds STUY 380 6T

: NI ‘Hodspremp3
QN ‘eloweq Ni ‘ployuteld auy punoibiapun pauopueqy
Bunasubug jelysey S8A ‘8002 000°000°c2S : AB1suz eyng wreibold Bunnoln suy

Bumnuiad ‘uBisag

vd ‘ubingsud USLISSESSY [BIUSLLIUOIAUT
AN “sisayooy wusiq ybingspg vd ‘l01814eyD
saleossy utewbiag SaA 8002 000°005'1$ sieauiBug Jo sdion Baly asnjay 8o ‘waisig

wawesl | 1eyep pue ebeurelq

AM ‘Aunon weund

AM “odaq noos Bupoyuop

AM ‘ucibuxan 1810 pue uonenjeag pedw| Bugse|q
Bupsaubuz 128 M'H ECTN 9002 000'00¢° 1% aoluag dlgqng Wwewing yinog we( JoAasay yoleT) ueyreuor
AM ‘uoiH

AM ‘uoiBuuny ‘lajsuell peo’

vd ‘Binquoxes “ousiq uolBuunNH sya0isuad Joy ubisaq Joyouy
UORONISUCY) uetAzIg SO 8002 000°000°9% sisawbBuz o sdion uoleliqeysy Weq auoissn|g

. Vd 7aunod euquies
saulpy punosBlapun pauopuagy

AN ‘oeung pue podg suyy aoeung uo ubise(
[EIURWILOIALS0SE) AN SLOA maN pue uonelo|dxg uonepuno
vZo ECTN 2002 000°'000°2$ 077 seiqemauay Jamodlan] 108[01d putpn uAeny

wawabeury UCHoNSUON
pue Bupunad ‘ubisaq

NLL “alpaxou] : vd ‘o Vd SteaIon
"oU 'SILIXeILIAP SaA 5002 000'000°€3 dnois 4Hd %e8.00N dnueajo duinq sisem
UORBIPSWSH SUS 4O
HILIM (ON ¥O SHZA) NOILYOd S.WdId ¥N0X JAC TENMO NOILYO0T
QEIVIDOESY WHId | ALLONYLSNOD ATHA LS00 NCILOQYISNOD JEILVWILSH J0 SSHYOIOY dNW HWYN aNy FJAL HNYN 1DIL0o¥d

(ATIISNOASHY SUYM WAIJ ¥NOXA HOIHM d0d MHOM 40
HESYHA ZIVOIANI) SWMI& ¥EHLO OL INVLINSNOD-ENS ¥ NEEE SVH WIIJA YN0A HOIHM NO S¥VWHA S ISYT NIHLIM JEOM QHLETINCS 8T

i ~



SECTION A
RELATED PROJECT EXPERIENCE

PADEP Blackwood Shaft Sealing
Schuylkill County, PA
D’ Appolonia prepared a plan to backfill and abandon an open shaft entry into abandoned
mine workings on a 7,000 acre mine site containing mine portals, abandoned equipment
and structures, ponds, spoil and refuse piles. The site and design consisted of the
following features:
¢ 180-foot deep, 14-foot diameter shaft entry into abandoned, multilevel mine
workings, interconnected with an outcrop entry with approximately 100 gallon
per minute mine discharge
¢ Deteriorating, cracked concrete cover (partially securing entry) and walls of shaft
limited access and precluded structural bearing
Mine discharge rate varies and must be maintained
» Reclamation design objectives:
1. Backfill shaft without interrupting mine drainage from outcrop entry
2. Avoid loading deteriorated concrete until shaft was backfilled
3. Reclaim shaft area
4. Restore security around abandoned shaft.
e Design features:
1. Aggregate backfill design to provide for drainage, support of shaft walls,
and economics
2. Develop access and implementation plan to avoid loading concrete
structure
3. Prepare reclamation plan

Utica Insurance Clyde Mine

Greene County, PA ,

D’ Appolonia prepared reclamation plans for an abandoned 72 acre mine refuse and spoil
site, including stabilizing of a slurry impoundment and restoration of a sediment pond
within available bonding amounts. The site and design consisted of the following
features: '

e Poor drainage control and significant erosion resulted in deep guilies in spoil and
refuse piles, and clogging of the primary spillway (42-inch conciete pipe and
riser) of the main sediment pond
Unreclaimed 17 acre slurry impoundment with significant water pool
No topsoil or subsoils available for reclamation
Abandoned mine equipment and structures, and accumulation of trash
Unrestricted access from township road without security
Reclamation objectives and design:

1. Control drainage and repair sediment pond primary spillway and modify

dam to reduce height and pool surface area

2. Regrade refuse and spoil piles to acceptable slopes ‘

3. Stabilize slurry impoundment by draining water and covering by grading

embankment berms over fine refuse



4. Apply biosolids as topsoil substitute as part of reclamation plan
¢ Reclamation project received the ACEC Diamond Award Certificate

CONSOL Pangburn Site
Allegheny County, PA
D’ Appolonia performed exploration and sampling, prepared remediation and reclamation
designs, and provided construction monitoring for a 12 acre unreclaimed strip mine site
impacted by industrial disposal. The site and design consisted of the following features:
e Several hundred feet of unreclaimed highwalls, ranging from a few feet to 35 feet,
eroded spoil piles, mine pools on the surface mine bench, and abandoned
equipment.
Seepage from spoil and highwall segments with impacts from industrial waste
e Reclamation and remediation design objects:
1. Address seepage quality through removal of industrial waste
2. Removal of abandoned equipment
3. Control drainage, erosion and sedimentation
4. Reclaim affected strip mine area
5. Improve security
» Design features:
1. Removal of industrial waste from 2 acre area, exposing partially buried
highwall
Collection and control of drainage on site
Backfill and reclamation of strip mine and elimination of highwalls
Development of wetlands replacement area
Installation of gates and security features

iAW

Wyomac Mining
Welch, WV _
D’ Appolonia prepared a mine water control plan to collect and covey AMD from a shaft
entry for abandoned, flooded underground workings to alleviate discharges to an adjacent
stream. The site and design consisted of the following features:
¢ Pumping of mine water from the shaft to lower the mine pool level at rates of
2,500 gallons per minute
e Installation of low level pipes within the shaft to allow gravity drainage to nearby
treatment ponds
» Upon lowering of pool levels, seepage emanating into the adjacent stream was
mitigated '

Alpha Emerald Mine

Washington County, PA

D’ Appolonia prepared coal refuse disposal facility plans, including reclamation plans, for
a 140 acre site and provided construction monitoring during site development, operation,
and reclamation of completed slopes and areas. The site and design consisted of two
main impoundments and embankments, with associated drainage control features. The
reclamation plan included the following:



¢ Placement of soil and topsoil over approximately 20 acres of slopes and
completed arcas

e Establishing drainage channels, including use of riprap and fabric-formed linings
for erosion protection
Protection of stream banks using riprap materials
Protection of underdrain discharge outlets and sediment control ponds

Laurel Run Mining

Grant County, WV

D’ Appolonia prepared design plans for an AMD treatment system consisting of lime
neutralization, aeration and settling for a 4 million gallon per day facility. As part of the
plans, measures to collect and control the volume of AMD were developed, as well as
disposal of sludge.

Waste Management Greenridge Reclamation Landfill

Westmoreland County, PA

D’ Appolonia performed engineering services to address the stability of an 80-foot high
highwall, prepared designs to address mine entries exposed at the base of the highwall,
evaluated potential mine subsidence of adjacent underground workings, and prepared a
mine backfilling program. The site and design consisted of the following features:

e As part of a municipal landfill operating plan, approximately 2,500 feet of
highwall with exposed underground mine entries were to be developed, with
expansion of waste disposal adjacent and over the highwall area.

e Cracking of the highwall and adjacent ground surface raised stability and
subsidence concerns and limited operations immediately adjacent the highwall.

e Rubble backfill of exposed entries and support of the highwall was prepared and
incorporated into the disposal facility liner system.

e Highwall grading procedure was developed to address stability for the site
development.

e Mine grouting program of underground entries was developed to address potential
subsidence impacts with future expansion of the landfill.

Appalachian Mining

Pigeonroost Fork, WV

D’ Appolonia prepared coal refuse disposal facility plans, integrated with surface mining
and reclamation plans, for a 200 acre site, addressing auger and highwall miner entries in
the coal seam. The coal refuse disposal facility plan included two impoundments and
embankments. The surface mining and reclamation features of the plan included the
following:

» Backfilling of approximately 6,000 feet of highwall, and the installation of a rock
rubble and spoil seal at the coal seam to cover auger and highwall mine workings
and collect drainage to downstream discharge locations

e Reclamation plans for the surface mine bench developed as part of site
development, and the completed coal refuse disposal slopes during operation and
abandonment



Harrison Mining

Hopedale, OH

D’ Appolonia prepared the site development plans for a coal preparation and refuse
disposal facility, including water supply and reclamation plans, for a 100 acre site,
addressing stream bank protection. The coal preparation plant and refuse facility
included an emergency settling pond and combined refuse embankment, as well as water
supply tank and stream intake, sewage treatment plant, office and warehouse complex
and rail siding. The reclamation and water supply features of the plan included the
following:

o Stream bank protection to control erosion and address flood levels comprised of
riprap and gabion materials with concrete weir and well structure for the water
intake.

» Reclamation plans for the coal preparation plant and rail siding areas, and
completed surfaces of the refuse disposal area, including removal of structures
and equipment, soil and topsoil placement, and vegetation.

Capstone Holdings Lamira Plant
Belmont County, OH
D’ Appolonia prepared coal refuse disposal facility plans, including reclamation plans for
site surface mining, for an 80-acre site and provided construction monitoring during site
development, operation, and reclamation. The coal refuse disposal facility plan included
an impoundment and embankment integrated with surface mine reclamation. The
reclamation features of the plan included the following:
e Backfilling of approximately 3,000 feet of highwall, up to 90 feet in height
e Design of a mine spoil and clay seal for the coal seam to control subsurface
drainage
e AMD treatment of discharges ranging from approximately 5 to 50 gallons per
minute, using a variety of passive systems such as limestone drains, and ammonia
treatment systems.
e Design of a cap system of clay soil and screened mine spoil to minimize
infiltration and mitigate AMD treatment requirements
e Preparation of a soil and topsoil placement plan and revegetation program for the
reclaimed mine and refuse disposal areas
Design of surface runoff channels and diversions
Demolition of mine structures including bins, scale, and preparation plant
structures, and reclamation of associated areas

Doverspike Brothers Weisner Hollow

Jefferson County, PA

D’ Appolonia prepared coal refuse disposal facility plans, including reclamation of mine
outcrop mine entries, for a 140 acre site and provided construction monitoring during site
development and operation. The coal refuse disposal facility plan included an
impoundment and embankment, and addressed the sealing of mine entries as well as
reclamation of completed refuse pile surfaces. The reclamation features of the plan
included the following:



e Sealing of three entries into abandoned mine working by rubble rock fill,
followed by graded filters and refuse materials. The location and extent of mine
entries and workings were delineated with available maps, geophysical survey,
and exploration pits.

* Surface mine spoil was removed from the refuse embankment foundation and the
exposed highwall graded and sealed as part of site development activities.

e Completed surfaces were reclaimed using soil and topsoil and revegetated.

Helen Coal Refuse Embankment
Helen, Raleigh County, WV
D’ Appolonia developed reclamation plans for a non-impounding 625-foot high, 1250-
foot long coal refuse embankment, which had portions of burning coal refuse and where
slope movements threatened a state road at the toe and sediment was impacting a stream
below.
¢ Reclamation design objectives:
1. Increase long-term stability
2. Control surface drainage and limit erosion
3. Provide revegetation plan
4. RBvaluate existing toe wall
e Design features:
820 feet of road relocation
1400 feet of stream relocation
Utility relocations
Overexcavation of 110,000 cubic yards of potentially burning refuse
Regrading of 425,0000 cubic yards of embankment
Surface drainage system
Sediment control structures
Rock toe buttress
Revegetation

WP DS LD =

Sarah Ann Landslide and Mine Drainage Evaluation
Sarah Ann, Logan County, WV
D’ Appolonia performed site reconnaissance for a 1500-foot long hillside below
abandoned mine openings and threatening houses at the toe. Mine drainage was
saturating the hillside leading to slumping of the hillside.
e Remedial plan
1. Develop surface drainage facilities to divert storm runoff and mine
drainage away from the hillside area
2. Regrade the hillside to improve stability
e Design features
1. Interception and collection of mine drainage
2. Drainage diversion channel to rock
3. Steep conveyance chutes with stilling basins
4. Removal of potential slide material
5. Slope regrading and revegetation



MSHA Engineering and Design Manual for Coal Refuse Disposal Facilities
2009 Update
Mine Safety and Health Administration
D’ Appolonia was project coordinator and lead preparer for a 2009 update of the MSHA
manual for coal refuse facilities. This manual includes not only sections on the design of
coal refuse disposal facilities, but also sections on:
¢ Mine entry barriers and bulkheads, including design for blowout potential from
abandoned deep mines
e AMD mitigation, including alkaline addition to mitigate acid generation, and
passive treatment systems to address impacted drainage and seepage
* Reclamation, including grading, stabilization of soft sediments, soil and topsoil
placement, and vegetation



PROJECT PROFILE

. ENVIRONMENTAL ASSESSMENT OF THE BLACKWOOD MINE SITE

}The Pennsylvania Department of the
Military Atfairs (PADMA) was consid-
ering acquisition of all or part of a
7,000-acre site in Schuylkill County,
Pennsylvania. D’Appolonia was re-
tained to perform an environmental site
assessment according to specifications
and directions of PADMA, which gen-
erally follow the American Society for
Testing and Materials (ASTM), Stan-
dard Practice for Environmental Site
Assessments: Phase 1 Environmental
Site Assessment Process (E 1527-93).

The scope of services provided to
PADMA by D’Appolonia encompassed
five phases performed sequentially in
the following order:

Records Review,
Interviews,

Site Reconnaissance,
Report Preparation, and
Phase II Recommendations.

)Site reconnaissance activities were con-
ducted both on the ground and from a
helicopter because of the size of the site
and the difficult access conditions asso-
ciated with large portions of the site.

A substantial portion of the environ-
mental assessment focused on problems
associated with past and current mining
activities at the site. The topography

had been significantly al-
tered as a result of site ac-
tivities, with numerous strip
mine highwalls, open and
water-filled pits, culm piles,
discarded or abandoned
equipment and buildings,
and deep mine openings.

Mine maps associated with
permit applications indicated
the locations of openings
associated with previous
mining. Fifteen open shafts
were identified on the Na-
tional Abandoned Lands
Inventory System (NALIS)
maps, but this list was not
believed to be complete.

Acid mine drainage (AMD)
was another important envi-
ronmental issue associated
with the Blackwood site.
The NALIS database
showed 37 AMD locations
at the site, but more may
have been present. Surface
water quality was highly
variable,

Although past mining activities were
found to be the most significant envi-
ronmental issue, small arcas of s0il con-
taminated with petroleum products

Organic sludge spilled on the ground surface near the breaker building at the abandoned

Blackwood Mine site.

Aerial view of the Blackwood Mine Site at the time of
the study. The building is an abandoned coal breaker.
The square concrete pad in the foreground covers a
deep ventilation shaft to the mine, but the sides of the
pad partially collapsed, vequiring further remediation,

were observed, and other areas were
identified for subsequent sampling to
evaluate whether there were hazardous
substances at the site. Visual evidence
of hazardous substance disposal on a
scale that would cause this site to be
included on the NPL was not observed.

Subsequently, in 2003, D’Appolonia
was retained by the Bureau of Aban-
doned Mine Reclamation (BAMR) of
the Pennsylvania Department of Envi-
ronmental Protection (PADEP) to pre-
pare a reclamation design for the Black-
wood property. The scope of work for
this project included permanent sealing
of the deep ventilation shaft. The recla-
mation plan has been under regulatory
review, and we anticipate that construc-
tion work associated with reclamation
of the Blackwood property will com-
mence in 2006.

IDDAPE




PROJECT PROFILE

. RECLAMATION OF COAL REFUSE SITE USING BIO-SOLIDS APPLICATION

After more than 30 years of operation,
the Clyde Mine in Greene County in
Southwestern Pennsylvania terminated
operations and left an estimated 72
acres of unreclaimed waste embank-
ments and ponds in the adjacent Black
Dog Hollow. D’ Appolonia was retained
to prepare a reclamation plan for the
site, covering grading, drainage control,
top soil restoration, and revegetation. A
lack of sufficient soils stockpiled or
readily available made fraditional recla-
mation methods impractical without
incurring excessive costs and causing
substantial disturbance to the previ-
ously unaffected valley slopes.

Prior to reclamation, the site exhibited
ungraded slopes steeper than 2:1
(horizontal to vertical) with heights of
up to 20 feet; extensive refuse piles at
an approximately 2:1 slope; substantial
presence of ecrosion scars, many ex-
ceeding 10 feet in depth; a 17-acre fine
coal refuse shurry pond with impounded
jwater; an unpermitted 8-acre pond in
excess of 20 feet deep without a func-
tional outlet structure; a small sediment
pond with no low-level outlet structure;
and numerous piles of domestic trash.

D’Appolonia’s reclamation plan incor-
porated innovative measures utilizing
bio-solids applied to regraded coal re-

’
[..

Black Dog Hollow site slope following regrading and removal of erosion features.

fuse to achieve revegetation. Overall,
the reclamation plan included off-site
disposal of trash, regrading of erosion
features and steep slopes, installation of
drainage control structures at the base
of slopes and collection points, convert-
ing existing site sediment ponds to per-
manent ponds, eliminating the existing
slurry impoundment, and vegetating the
final surfaces.

Most existing slopes at the site were
regraded to 3:1 to facilitate bio-solids
application and to sustain the growth
media and vegetation through seasonal
conditions. The unpermitied 8-acre
pond was drained to a depth of about 5

Refuse area and centr al silt basin following reclamation.

Application of biosolids to regraded site.

feet and less than 2 acres in surface
area, and the existing culvert was reha-
bilitated and fitted with an intake riser
to provide an outlet structure. The re-
claimed pond was incorporated into the
reclamation plan to provide sediment
control for most of the site. The slurry
pond was dewatered and the fine coal
refuse was stabilized by sequential cov-
ering with embankment materials.
Slurry impoundment embankiment soils
were used for reclamation.

The reclamation plan was successfully
implemented within the coverage pro-
vided by surety bonds. D’Appolonia
received a Diamond Award Certificate
for Engineering Excellence from the
Congulting Engineers Council of Penn-
sylvania for its work on the project.




PROJECT PROFILE

_ASSESSMENT AND CLOSURE OF UNCONTROLLED DUMP SITE

D’Appolonia provided environmental
services for a waste disposal site en-
compassing about two acres of land in
Allegheny County, Pennsylvania. This
site had been used for the disposal of a
mixture of industrial and municipal
solid waste by the owners of a nearby
landfill in the 1960s.

) Typ:cal wastes found at the site.

In 1983, the waste disposal site was
identified by the USEPA as an aban-
doned uncontrolled dump containing
municipal solid waste and possibly in-
dustrial waste. Chemical testing of the

main seep had histori-
cally detected the pres-
ence of several organic
compounds. In 1984,
diversion ditches were
constructed for the pur-
pose of diverting surface
water away from the site
and to reduce seepage.
At the time the diversion
ditches were constructed
in 1984, the site area
was also graded and
vegetated in order to
minimize ponding of
surface water. In 1996,
the Pennsylvania of En-
vironmental Protection

(PADEP) requested that Removal of site waste for dzsposal at a near by Iandf H

additional studies for assessing the na-
ture and extent of contamination of the
site be performed.

D’Appolonia was retained fo conduct
these assessment studies consisting of
drilling and sampling, geophysical ex-
ploration, test pits, and a historical re-
view of past activities. The presence of
subsurface contamination in excess of
allowable Pennsylvania standards was
confirmed by this study.

Drilling and Samplmg performed as part of the D ’Appoloma f e!d exploz ation program.

The extent and nature of the subsurface

contamination was further evaluated in
1999 with a drilling and sampling pro-
gram. As a result of these studies, it
was determined that the waste and con-
taminated soils at the site were not haz-
ardous and were suitable for disposal as
residual waste. The total volume of
waste and contaminated soil was esti-
mated to be approximately 13,000 cu-
bic yards.

After PADEP approval of a Sampling
and Analysis Plan, D’Appolonia con-
ducted a comprehensive program of 18
borings with associated chemical sam-
pling and analyses. This effort provided
additional validation of the 1999 results
and effectively confirmed the suitability
of a remedial solution involving the
disposal of the contaminated soil and
waste as residual wasfe at a nearby
landfill.

D’ Appolonia designed the removal op-
erations, managed the bidding process,
and monitored the removal of the waste
to a nearby landfill under PADEP Act 2
protocols and managed subsequent land
reinstatement activities in 2005. A total
of 10,800 cubic yards of residual waste
(municipal/industrial waste and con-
taminated soil and mine spoil) were
disposed of at the landfill.

DAPPOLONIA
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MINE WATER CONTROL, CONVEYANCE AND TREATMENT

\Six separately owned coal mines oper-
ating in the same seam were abandoned
within a one-year period. The seam
dipped uniformly in one direction, and
due to hydrologic connections between
mines, mine water drainage accumu-
lated in down-dip workings. After the
last mine was abandoned and dewater-
ing operations ceased, water began to
flow from the mine shaft lowest in ele-
vation in the whole mine complex. The
high water level in this shaft caused
outflow into the surrounding area, re-
sulting in more than 40 seepage points
observed in a six-acre arca. The large
number of seeps present over a wide
area made collection very difficult.

A difference of only 23 feet in elevation
between the top of the discharging shaft
and a river 250 feet away presented a
serious design constraint. The area be-
tween the shaft and the river was occu-
pied by several railroad tracks, further
constraining the area available for con-
struction of drainage collection, con-
veyance and treatment facilities, Be-
cause of these constraints, other parties
had developed designs for remediation
using permanent mine water pumps and
sophisticated water treatment facilities

that would have cost
over $3 million to
build and $400,000
per year to operate.

D’Appolonia  con-
ducted studies to
determine the total
drainage flow vol-
ume from the shaft
area and developed
several design con-
cepts. The owner
and D’Appolonia
jointly evaluated the
potential impacts of
these various con-
cepts on operations and a concept was
then selected for implementation.

D’ Appolonia developed a final detailed
design for a recommended scheme that
eliminated the need for a pumping sys-
tem and new treatment facility. The
design incorporated gravity flow pipes
installed 16 feet below the ground sur-
face and extending through the side of
the mine shaft that was responsible for
the seepage. The gravity flow pipes
were designed to convey the mine shaft
outflow to the existing treatment ponds.

Schematic cross section showing details of valve access and 16-inch-diameter pipe pene-

trating the mine shafl,

16-inch-diameter drainage pipes designed to convey water from
mine shaft to existing treatment ponds.

e b ke

The D’Appolonia design was imple-
mented, and upon activation of the sys-
tem, the water level dropped by 12 feet,
causing the observed ground seepage to
cease entirely and allowing treatment
to be conducted at a single location in
the nearby treatment ponds. Resulting
treatment pond sludges were pumped to
a permitted deep well injection facility
that was also designed by D’ Appolonia.
Construction costs of $2.4 million and
more than $200,000 in annual operating
costs were saved through implementa-

Plan of mine water convevance system.

DAPPOLONILA




PROJECT PROFILE

UPSTREAM EXPANSION OF COAL REFUSE DISPOSAL FACILITY

jD 'Appolonia pr0v1ded engineering and
permitting services for the upstream
expansion of the slurry impounding
coal refuse disposal facility at Emerald
Mine No. 1 in Greene County, PA. The
scope of work included field explora-
tion and in situ testing (SPT, SCPT,
FVS, borehole permeability), laboratory
testing (including conventional and cy-
clic shear strength testing), engineering
analyses, facility design, preparation of
plans and specifications, state and fed-
eral permitting, preparation of construc-
tion cost estimates and reports, and
regulatory liaison. The final disposal
facility configuration included two
dams totaling more than 2000 feet in
length, with the main dam exceeding
370 feet in height. Some of the impor-
tant aspects of this project included
seepage control, assessments of seismic
hazard and tailings liquefaction suscep-
tibility, seismic slope stability and de-
formation analyses, evaluations of time-
dependent setilement effects on internal
\drams potential mine subsidence im-
pacts, and stability analyses for deeply
buried HDPE decant piping.

Initially, an evaluation of existing seep-
age conditions was performed in order
to determine a representative range of
hydraulic cenductivities (both horizon-
tal and vertical) for the refuse, soil, and
rock materials and to calibrate the seep-
age model to existing conditions, as

Grading and geotextile placement for internal drain construction.

Construction of internal drain in upstream embanionent at Emerald Mine.

determined from known piezometric
levels, existing internal drain flows,
borehole moisture profiles, and other
available data.

Additional seepage analyses were con-
ducted for the final facility configura-
tion in order to obtain data for the de-
sign of additional internal drains and
for static and seismic slope stability
analyses. The hydraulic conductivity
anisotropy ratio was a significant factor
because of intetlayering of sandy and
clayey fine coal refuse, and the effects
of equipment traffic and weathering on
the embankment materials. Seepage
simulations were
performed using
the finite ele-
ment  software
SEEP/W. Vari-
ous combina-
tions of horizon-
tal conductivity
and anisotropy
ratio were as-
sumed for the
embankment
materials, and a
stcady-state
phreatic surface
was computed.
Each computed
phreatic surface

W |

was rated based on a comparison to
observed conditions. Then the represen-
tative ranges in hydraulic conductivity
and anisotropy ratio determined from
the calibration analyses were applied to
modeling of alternative internal drain-
age systems. Based upon all of these
analyses, an integrated internal drainage
system, consisting of a horizontal drain
and intermittent sand column drains
drilled into the horizontal drain, was
designed and implemented.

Both probabilistic and deterministic
seismic analyses were performed in
order to select the Maximum Credible
Earthquake (MCE) and Operating Basis
Earthquake (OBE) horizontal accelera-
tions for seismic stability and embank-
ment deformation analyses. A horizon-
tal ground acceleration of 0.10g was
selected for use in the seismic slope
stability analyses. The effect of amplifi-
cation of the horizontal ground accel-
eration through the foundation and dam
embankments was incorporated into the
stability analyses. Slope stability factors
of safety for the OBE were within ac-
ceptable limits. For the MCE, deforma-
tion analyses were performed. These
analyses indicated that cumulative seis-
mic deformations associated with the
MCE would be tolerable.

HDA PP
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ACID MINE DRAINAGE
TREATMENT

D’Appolonia designed a 4-million-gallon
per day (MGD) treatment facility con-
sisting of lime neutralization, aeration
and siudge settling systems for acid mine
drainage (AMD) from an undergrounc
mine and coal refuse disposal site in
northern West Virginia. Prior to the time
YAppolonia was retained to design a
treatment facility, the owners freated wa-
ter at isolated discharge locations result-
ing in extremely high costs for chemicals
and operations personnel. Implementa-
tion of D*Appolonia’s design, which in-
cludes ming water collection and
conveyance systems (see schematic dia-
gram of plant below), reduced chemical
costs by 90 percent.

D’Appolonia was subsequently retained
to evaluate current and future AMD gen-
eration sources and prepare recommen-
dations for increasing the plant capacity
to 6 MGD as part of a mine expansion
plan. Based on a comprehensive water
quality and flow monitoring program
and water budget analysis, design flows
from the proposed longwall mine devel-
opment were established, Design modifi-
cations were prepared for the lime
Jtorage, slaker and mix systems and to
increase the capacity of the discharge
channels. An additional settling pond
was included in the modification to im-
prove clarification.

In addition to mine water treatment,
D’Appolonia has performed studies in
the Appalachian Region and other coal
ficlds to control AMD generation and
flow from mines and waste disposal sites
using concepts involving isolation, seal-
ing and neutralizing agents.

MINE DEWATERING PUMPS

Lime storage bin, lime slaker and control unt, JSlash mix tank, and aeration system
Jor treatment of AMD,

AMD Treatmient facility: Settling pond with floating baffle and capstan mounted
sludge removal system in foreground and lime storage silo in background.

SLUDGE DISCHARGEDR
T0 DISPOSAL AREA

TEMPORARY SLUDGE HOLDING TANK AND
SLURRY FUMPING AND CONTROL SYSTEM

SLUDGE RECIRCULATING CIRCUIT TREATED WATER DISCHARGED YO RIVER:

UME STORAGE S{LO

{INCLUDES FEEDER, SLAKER, LIME SLURRY TANK

AHD MIXER, GMT REMOVAL SYSYEM, AKD

UME SLURRY PUKPING AND CONTROL SYSTEW)

e

SURFACE AERATOR

SURFAGE AERATOR

FLOATING SLUDGE PUMP
POLYELECTROLYTE ADDITION CIRCWNT

FLOW MEASUREWENT FLUME

Schematic diagram of the 4-million-gallon per day acid mine drainage plant.
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DESIGN OF 75-ACRE COAL REFUSE SLURRY IMPOUNDMENT

}D'Appolonia prepared the design and
permitting submittals for the construc-
tion and operation of a 73-acre coal
refuse slurry impoundment for a two-
million-ton-per-year coal preparation
plant in Southeastern Ohio. We subse-
quently prepared reclamation plans for
dewatering, regrading, capping and
covering the disposal facility after min-
ing operations ceased.

D’Appolonia’s scope of work included
exploration, testing, and analysis of site
soils and mine spoil that would be used-
for construction of the dikes, as well as
fine sediments that would constitute the
coal refuse slmry. The coal refuse
slurry impoundment comprised more
than 4,000 feet of earthen dikes with an
approximate height of 25 feet. The de-
sign included clay diaphragms for seep-

age control that provided a series of
cells for settling of the slurry.

A decant system consisting of a graded
filter aggregate drain and a separate
multilevel decant tower and discharge
pipe provided for recovery of process
water. The slurry discharge piping al-
lowed multiple deltas to be developed,
approximately every 400 feet along the
perimeter dikes, thus distributing the
fine refuse throughout the impound-
ment, Expansion of the initial dikes
was achieved by upstream construction
to increase the facility height and ca-
pacity with operation of the coal proc-
essing plant,

D'Appolonia also prepared a reclama-
tion plan for implementation upon ter-
mination of plant operations. The rec-

Two million ton-per-year coal processing facility located in southeastern Ohio. The 75-acre coal refiise shirry impoundment designed by

D 'Appolonia is shown at the rear of the main photograph and in the inset.

lamation plan was designed to accom-
modate the placement of construction
demolition debris, and involved regrad-
ing the crest of the perimeter dikes to
cover the settled fines, after dewatering
of the impoundment. Coal combustion
waste would also be used to stabilize
the sediments and achicve grades for
drainage.

An alternative cap and cover configura-
tion was designed and permitted
through the Ohio Environmental Pro-
tection Agency, using on-site soils and
mine spoil to promote runoff, limit in-
filtration, and control percolation to
minimal levels. Vegetative grass spe-
cies that had the capacity to resist ero-
sion and to minimize root penetration
into the cap materials were specified for
use as cover.

m@
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DESIGN/CONSTRUCTION MONITORING OF COAL REFUSE DISPOSAL FACILITY

D’Appolonia provided engineering and
construction monitoring for develop-
ment of a slurry impounding coal refuse
disposal facility, including:

s Geotechnical and environmental
exploration and associated field and
laboratory testing,

» Preparation of designs for erosion
and sediment control, starter dam
and disposal construction staging,
appurtenant drainage and haul
roads,

»  Permit preparation and technical
liaison with regnlatory agencies,
and

« Construction monitering and docu-
mentation during site preparation
and initial construction.

The coal refuse disposal facility was
designed for 15.9 million tons of dis-
Josal capacity and a 19-year service
life, Upstream construction was em-
ployed for the staged raising of the im-
pounding embankment. The coarse coal
refuse embankment stages were de-
signed with internal drains for seepage
control and sized for projected refuse
generation rates, The facility was de-
signed to accommodate storage of wa-
tershed runoff from the Probable Maxi-
mum Precipitation (PMP) storm event.

Sozl starter dam cmd initial construction of downstream coarse coal refiuse embankment

D’ Appolonia designed an impoundment
drain to hasten consolidation of im-
pounded fine coal refuse and to address
concerns relative to potential liquefac-
tion prompted by the substantial size of
the upstream stages incorporated in the
design. The impoundment drain was an
innovation to coal refuse disposal prac-
tices and has performed effectively,
resulting in noticeable improvements in
foundation conditions for upstream em-
bankment stages.

Construction activities monitored by
D’Appolonia included development of
a sediment pond and outlet works, the
impoundment drain, the starter dam and
dam foundation, cutoff and internal
drains, the impoundment decant system
and lining of drainage ditches.

A “vuggie” (extensively solutioned)
water-bearing limestone and permeable

shale strata were encountered within the
dam abutments, requiring extension of
the dam foundation cutoff drain up the
valley slopes and construction of spring

Sedament pond and Imed emergency sptl!—
way channel and decant fower.

collectors in active seepage zones. Dur-
ing site preparation, D’Appolonia was
responsible for reviewing construction
progress with regulatory agencies.

f’i%%TAﬂDH

FUTURE COARSE COAL REFUSE STAGES
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Slurry impounding codl refuse disposal facility showing embankment construction staging.
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UPDATE OF MSHA MANUAL FOR COAL REFUSE DISPOSAL FACILITIES

The Engineering and Design Manual
for Coal Refuse Disposal Facilities,
which was originally prepared by
D’ Appolonia in 1975 for the predeces-

REFUSE
DAM

New site development (foreground) and
active impoundment operations (back-
ground) are addressed.

sor to the Mine Safety and Health Ad-
ministration (MSHA), has been up-
dated. Updates to the manual reflect
advances in dam safety and slurry im-
poundment design, construction, moni-
toring, inspection and instrumentation
in the more than 30 years since publica-
tion of the original document.

Specific design guidance added to the
manual includes engineering analyses
for siting impoundments over or adja-

cent to underground mines and evalua-
tion of potential earthquake impacts on
dam safety.

D’Appolonia enlisted the participation
of other prominent engineering design
firms with substantial industry experi-
ence and internationally recognized
experts to ensure that the manual re-
flects a broad base of knowledge and
applications.

The project involved solicitation of
broad industry review and comment at
two stages of the manual development:
initially through a survey of design
methedology cwrently in practice and
subsequently by providing access to
draft sections on critical design issues
that were not previously addressed in
the original 1975 manual. Some of the
additions to the manual include:

» Impounding facility concepts
including sluiry cells, and combus-
tion ash co-disposal,

« Site exploration methods including
surface and borehole geophysics,

» Site mining and foundation issues
including evaluation of break-
through potential,

+  Mine entry barriers and bulkheads,

¢ Stability and scepage analyses in-
cluding filter compatibility,

¢ Decant backfilling options,
¢ Dam safety instrumentation, and

e Preparation of emergency action
plans.

In D’Appolonia’s 53-year history of
serving the mining industry, the firm

ENGINEERING AND DESIGN
MANUAL

MSIA

The 2009 Engineering and Design
Manual is available for download at
MSHA s web site: www.msha.gov.

has provided design, permitting, and
construction phase support for more
than 200 coal and other mining refuse
disposal facilities.

Decant backfill and intake options are
antong the many topics addressed in the
new mantial,

Cross section of upstream construction design and photograph of seismic piezocone

exploration of fine refuse.




