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Abstract

The objective of the report is to develop a master plan for use as a guideline
to minimize the impacts of surface subsidence induced by salt and potash mines. The
master plan focuses on the evaluation of the subsidence and method to reduce the
subsidence and its impacts. Six strategies are proposed here, including 1) field
investigation and mechanical laboratory testing, 2) evaluation of the subsidence
components, 3) determination of the subsidence distribution, 4) field investigation to
determine the sensitive areas, 5) determination of the impacts of subsidence to the
topography in the mine area, and 6) methods to control, monitor and remediation. The
proposed strategies have been applied to the actual mines. This report proposes method
and procedure to apply the strategies to other mines to minimize for impacts of the

mining-induced subsidence.
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7) 1ndatunans (Middle salt) [Wuindaanidsn datianasaunedaiumn danumun

' A o | A ¢ o & A a & a

1INNIWNFBTUVY FBUA1DNANLIASTAlas S aTalg Janurunlaewdy 70 LWns

8) maamnaunas (Middle clastic) AULATELALAULARUEUINIALAS ADUT19DDY
1BV (Gypsum) dv1aunsn

9) tndeduuu (Upper salt) 1uindeanysn dngnaumsveutu diinaseuauis
A v o A Ay A a ~ a
AATUANVS DFE UL DUUAUMTLYY TAINUNUT 3-65 LIAT

10) woulglasatuuu (Upper anhydrite) Wuduunes dvidedim

11) funtleadagAufunilen (Clay and claystone) @Urnnauns u1suiedliu
nieudauagiiunsemhmannuiniiuegane

12) Aunznautuuy Wufuwmderdmiwnudinialuiusiu Jusesasundufiu

;74

a < a =) g =) =)
VNIYLALAUNUYIUVUAUNTIBFUING AU Lasedy
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2.2 miﬁﬂu’azuaaﬁﬂiznaumnmiamzﬁumaﬁ'aau
2.2.1 MIAUINAEIUTEUIBITGIAY

Tusunsureufinmefmeiudmnssussaifudsudulunsesuenginssuves
WnaeuTaUY lassasamdmnssululinamans wu naAnssulu@eninuay AuLRsen
wazauduny Wudu lneenfonuaudfddaveuy anunindadavey anuniaganatasin
wazaudunanain Wsunsuilldlunmseaesiunginssuilussosnandusaysveznansidl
vaelusunsu Tuusaglusunsusmafldfauiielinsinseiig azmn wazmad Tngdn
Tnglazordenannisinssiwuusslsuisinavsaglingnaeingfnssuinge i uludanae-
mansiluaunisndn lunmsduinaineiianeg annsamldanuanismaasuluesufjoinis
wazlunirauiy SeeazBenvosuiariusunsuarlinandlunuided snifulusunsuiies
ihuldlulasenFidedviniy

TUsunsuneufamesildlumuideifiolusunsy GEO Fvaunsildlunismuinaz
oSuensIABuFUMLINAaaLATTUANYENNADTY JUT 2.2 uandlassaiadenamans
vosaumsfiaglulusunsu GEO aumsuaslusunsuneufinmesilégniaustulag Fuenkajorn

and Serata (1992) wag Serata and Fuenkajorn (1993)

K, —VWWW—

JUN 2.2 asdusznouneil@ndlulusinsy GEO eldlunisAuiumginssuinamansvas

A a
bNABNU
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TUsunsu GEO a¢1435 Weighted residual ileurannisifeeywusuasdiuam
wyAnssuvesiulagldninudsuuvamiuniananiundn awnsaainasuldlndifesiu
nginssusivlulassadassdineiidudou noufuarlusunsunoufinpesildiunyssgndld
lumsiesziuaveenuuulnssuindefiuarsuisluans seusnuazuauian nsand il
sl nsafldfivveads fasssud o1nade warldifundnsusiandlnsdeudus
yquiidanuiidefionn lasanzedsbudethinanaziunginssunisnamansusande
Fuluawansusniu masiisne fuandiiuluaunstsuiaunsomldannsmeaaeuly
oafuAnsuarlunirauiy seandeauarnguiveddusunsuiannsadnuniisidalian
Fuenkajorn and Serata (1992, 1994) Serata and Fuenkajorn (1993) wag Stormont and
Fuenkajorn (1994)

2.2.2 nqufuaznginasinldlutlagiy

Singh (1992) Na1771N15aA5EAULTUNARINNITYNTUNIUAIBAIILLAUAIBUEN R
mmLﬁuﬁLﬂﬁauuﬂaﬁ%dwaﬁumim?iaugﬂi'mLLa3mim?alau(?]’asuan%y’uaum'%a%’juﬁu YOULIR
PBINNTANTEFUILTUUILIAVDIALLAULAIUIAYB NSV Drp il i avdenasaniulal
l@Rsnm StunsansysuresinAuIsanunsassueldnnnsiedeusldfuiiinannisoay
Tulnssldau n1sanseduvesinfulaeimliaziiandnisindoudilunuifwaznisindeud
AU

NTANTEAVVDIRIAUAAL 3 WUU A

1) J998unn TOUEN KITLAUVDINITLAN

2) Usvisevauguy

3) indunsavselduzuriotng

N13ULANYBIHIAUB1Z Y lUTULUUYDINITITUATREUAN sedunsideuloa wie
Inssiiegluve wagnaazviouvosnmAuRazauAudeuldfy

N3AINAIE Profile function ﬁi’mqﬂizmﬁlﬁaﬁﬂmmsm?{auuﬂawaqﬁaauﬁ
funesneg luusnaiiinisanssduresiaiu Suiertunisndeusiveiifuluwuids
(Vertical displacement) lhazhuauau (Horizontal displacement) A11ua1a%u (Slope)
AuaseaiAntuluwuade (Vertical strain) wazaanuldsiavesiafulunuass (Vertical
curvature) %aagaﬁﬁmﬂiaﬂLﬁﬁlﬂiuaumiﬂizﬂauﬁaEJmiamzéfuqqqm (Srad AINANVBILNTS
(D) gmﬁ’s’mmﬂﬁuauiwsqﬁwauwmmﬁamzﬁu (Angle of draw, ) SEgEMalULUITEUIU (X)

Arbitrary constant (c) Anasii (b) uag3rilasanvasiiuiilngs (B)



12

ANSANUIINITARSEAUAIE Profile function

S(X) = %s {1 _tanh (Cgﬂ

ANSATUIUAINUTU

G(X) =S'(X) = —%S ;sechz(zj

ANSANUIIAEIULAS

r09=s S [sech?[ X |tanh[ €
p(x) =S"(X) —SrmX 52 {sech ( 5 jtanh( e ﬂ

ANSANUIUNITARDUA ULLIUDY

u(x) = _lsn'ax Esech Z(CXJ
2 B B

NSATUIUANULATUATULUI LD

6(X) =S, % {sech 2 (%jtanh [CXH
B B B

2.2.3 N15USEEUNISNIZINYAIAINNITANTSAUVBININY

lUsunsu SALT_SUBSID gnitmunlagu3em RE/SPEC Inc. wiexauliifiu Solution
Mining Institute dnFuAlATIEYINISIAGOURIYRIRIAUTIWTalnTmzatevTawmiladlanuly
gj =} 1 a Qg{u Y 6 o a a a % t:ll ¥
FUNAD TN waza1uiu TUswnsudddainserinisanseauvaIRIAUlUTIaNN I NaN ke
1NNNTANUIUABTU TN TU NI WAAIAINUFUNUSTENINNITANTLAUBALONTINITANTEAUNY
LIA7 ANAAYINLEAINITANTLAUBALONIINITANTLAU LAUTUNITANTLAULALDNITINITANTEAU
o X Y] ' 5% o Ao v a A = ~
ail WsunsudsnanaunsalddeyanisanseaunialaasdunirauiuiiowansuaUTouiou

AUANSANUIER T UTWASY
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Arnsnndeulriulusunsudmsunisaiuinusenauniy Yss, Yo wag B (d1m5u
willesazane) kag Yo, B uay N (Fmsumileawuunia) dmsuimudsiiuadeinisansedugean
oA Yss waz Yo @l B uaz N uarasimiieatunginssulu@anaivesnisanssiu ns

[y

ansy U‘ﬁ@mmﬁﬂm v fituiuna Z(x, v, t) faunismlusei
Z(xy,t)=Zulxy) - Gt)
G(t) = Yss * t + Yo[l-exp(-BE")] way

G(t) = 1 61 Yss - t + Yo[l-exp(-BEM)] > 1

2.3  UYNNYAIVDINUNITIAAISAUVDININY

Shahriar (2009) LazAnzlAFNEILAZAIAALLLNITANTLAUVURIAUNLAAIINAITV
willasldfungdmansenudoduinaeuuazlATIEs WY ULHIAY FIN15aRTEAUNTIAIINATTYN

a Ao = X | & A Ao a ) v v

WL BN UT D NLBIAY 2 U094 bUTUIIUAUNTNITLRYIAIAIUITOAINALLUNITANTLAUAEY
1UsknsY Finite fifference method (FLAC 3D) NSANAATZIUANBULNITANTEAUILYNUIUN
W38 UMgUAUAINATININDTILALANDINNITATUINIE Profile function @115UN15ILATIEH
NAWILUTA9) @UNTTLUALNUIVRINITANTEAUFIGAULEIAY lngdnTidiuainuning
(W) siomnudn (H) iaaingm (W/H) azfidnsewing 1.0 T 1.4

Asadi (2005) kazauelAANYINNTAASEAUTNNINITVLNIDILARY TIdINanITENU
fudsnaeukazlassassieg uuihnuluiunveuniles MsanaziunsanseaiuuuRIRUlutY

AuRUNTNIsgedmazinuTuLIN LD eUINAUNISAIN ALUNISAASEAUYDITUA 1 URUNDE

Y

Tuwuiszuv Weasnnnisimilesluaewiniinisidesdiawilaen Milidnswmunisns

= v

ANUIUNIONITAINALLUNITANTEAUNLNAAINATTN AL DIl UE18LININ15D89R1T 95l Use FatU
TuuidedddelaausidnisAtulanie Profile function wuuludAldd@msuainaziunisan
SEAUNANAINA1SI T aslua1gLsNTIN15D 8980 TneNadnsaINNISAIUIUAeIS Irddagln
| o v U 1 oan v 1Y}
AAbnaLAgauAINlnAINNNSASIATRlUAAELIY

Aracheeploha (2009) lAnwnisaiaaziuanvauzvadlnsundelafulagliteya
NN3aRTEAUULRIAY Fetayanisansyiuuuiiinulauiannnisitaesnisanseiuniesadeuds
WFainaulaelaluswnsy FLAC kadu1un@sqauniIsanudunusseninessnlsenauladnisan

> a U ¥ 1 U o = &

LAV 9 ANITANTEAUENAN (Spae) AINIUAINTUEIER (G) AuruinAudnvednsanas (d)
WUHANENA19velNI8NED (W) MIEUMUBINaIAIlngs (R) UazvaULUAYeIN1TanTEAU (B)

Fanadnsaglaaunisnlddmsumunguiwednsanioiegldnu
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Thongprapha and Fuenkajorn (2013) lAAN¥INANTENUATUAIMNRUITBITURY

Y

naiulazvaullnvesteulaldnuninaneaal Angle of draw a1nnsaRsEAUVRINURY Lagla

17

Hidanmnazernuuin (2.0-9.5 mm) Sraoududufiunaiv naflldszyin d1 Angle of draw
wdufumLnie ANET ATEs wazAwAnTesdaldu G Angle of draw agilen
anauslenuruvestuiunaviuiiniy wariluunliufiezaciidlednsidiusyning DW=3
warfinneldnnudnuasanuenivestealaldnuiientu nsanawessnsdiu B/W a0 0.1
U8 0.05 azdwalian Angle of draw anas WiewSeuifisunanisadeuiunadiléainnis

A1 PFC Trnanaanndasnuduadnem

'
a a a

Alejanoa uazanis (1999) ldAnwinisanseduuuinauiiinanlasiadrsvesdy
suRufifnsBesfiunnasiuannluuiinsesseveseuiu Inefidnvarnsdemuuiiou
LULSIU watSannifioudsann Sednvasdinanamaliiinnisansysu Tngluduusnuesnis
manzldismsTuundnumenisenn uagnsmageuluiesufiinns lunuidedinng
Arulaulaely Profile function Lag influence function %38 Physical model wagA1uIM
seifaudtidsnavlaglglusunsy FLAC ‘1'71"@gjuuﬁugm%aamiﬁwmmuw Finite Difference
Method (FDM) Naé’wéﬁlé’mﬂmiﬁﬁmméﬁEJﬂizmumié’f@ﬂénﬁﬂﬁmwﬁqmeamaﬂmiam
sysuAnty suiilosnannisiBessitldwinfuuestudiuiiu

Ao ¥ wazaunITAIUANFIN mﬂmaﬁgﬂﬁmuﬁumLﬁammﬂmué’ﬂwmsmsam
seduitAntuuuRRu a9 sy mileddiud saunsadnwiindinléann Nieland

(1991); Shu and Bhattacharyya (1993) wag Cui et al. (2000)
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NAZIEN AUAIUKTINNGIER WazauEanguvesiiu autanmsmauaudfvesiu
meldanneiidudou 1wy nansenuvesgamgd usauth auna Sasmana Wudy
3.2 msﬁﬁmmaaﬁﬂiznaumnmsamxﬁumaﬁﬁ’aau

LUANNGLaZHANNIS

1) Singh (1992) l@uauuInnen1sUszliunanssnuaedIndenaInasrlsynaunsan
sefuvasiinuiieldsmuanansenuaelassadisuuRafulsznausie 81a13
Ay auw et sege vesalvl Vioda HURNEASNI5Y wavuMaTgRIRY

2)  29AUTENBUNNTANTERUYDIRIRUMETHANNNTARUIAIRIANNNSANAINTaNY LA

aunsnieuldegranienwariinaludseusnyda Hyperbolic profile function
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3)  wafildannisdaugnihunfisuiuinasiuinsgiuainaiiauslag Singh (1992)
Tnensanenavidulu? 81ans azu mesall fufnensnssy uasurasilday

n1sUfuneu

1) AUIUAINITANTTAUGIGATVDIRIAU (S FlAaNAIIAIUIURIBLUUSIBIN
ARUNLABS (IfG Institut fur Gebirgsmechanik GmbH, 2012)

2)  uaerlszneunisansyiurasinAuiitiauelag Singh Usznaudig n1siBee
Yo9fIRY AATAIIRIRY NSLARIUSIILLLITIUIY waEAIULASEAlULLITEUY
AIUTLYENN (X)

3)  AIAUINBIAUTENOUNTANTEAUYRIRIALALUAIN1TANTEAUGIEATDIRIRAY (S
anudnvestenniies (D) warandnvuzvostuivdmivlivsaduvouiunnde
USNUNTANTEAUVDINIAU (B)
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7aLAIINNMENLALTIEN ToUARUUTIABITEAUAUTIRILEY (DEM) Lagdayadnn

£ U % 14
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v a
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> Convergence meter %38LA39410IANITEURIVBINDIRLUIA NISAAAIATOIED
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