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CHAPTER 18

PROBABLE HYDROLOGIC CONSEQUENCES

Introduction

This chapter contains a discussion of the probable hydrologic consequences of the life-
of-mine mining plan upon the quality and éuéntity of surface and ground water for the
proposed permit and adjacent areas. The significance of each impact or potential impact
is determined. The determination of significance has been made considering the impact of
any probable hydrologic consequence on: (1) the quality of the human. environment; (2)
any critical habitats or important plant species; or (3) any threatened and endangered

wildlife species within the proposed life-of-mine permit and adjacent areas.
Ground Water

Interruption of Ground-Water Flow and Drawdown. A comparison of five year average Wepo

water level contours and isopach maps which show pit bottom contour elevations for all
areas to be mined, along with review of historic and recent records, indicates that

portions of the J-~1/N-6, N-2, N-7, N-10,  N-11, J-16, J-19/20 and J-21 pits have already

or will intercept the upper part of the Wepo aquifer for some period during the life of
the mining areas. Review of Wepo water level contours developed from recent data (1995-
2003) and actual field observations during mining indicate that pits in the J-7, J-23, N-
9, and N-14 mining areas will not intercept_phe Wepo aquifer. Flow in the portions of
the Wepo aquifer truncated by overburden and coal removal will be intercepted since the

ground-water gradient will rapidly orient itself in the direction of the sinks (pits).

nked in Tables 1 through 7, respectively. These estimates were prepared

the total inflow would be derived from two principal sources: (1) the

ceptidﬁgof pre-mining flow rates under a natural hydraulic gradient; and (2) the
%)

g@%inage g%?ground water from storage in the aquifers. It is -assumed that the major

’ <

%)/ the Wepo ground-water inflow would be derived from lateral flow along bedding

and fractures. Upward leakage from underlying aquifers was assumed to be

negligible.

Two different techniques have been used to estimate the rates of groundwater inflow into

the pits, depending on the technology available at the time the estimates were developed.

Approach A was used for pits J-1/N-6, N-10, N-=11, N-14, and J-16. This approach,

1 Revised 01/28/05



I93EM UT BSIR PBUTW oN,

2°ZL9bTh T°0TL 9°LEG'68 T°62Zb/bZE 810" €6°1 eV VT 29z Lot o1ez 9956 ' 6002
9°628 €Ty B'52L B V15’16 0°685 ‘TEE 810" €6'1 EV'FT z'9Z wr . [221:14 9956 . ‘ 8002
9 TEE'TIE T E€S 8°€2Z'LY L VLS 'EYZ 810" €6°1 2821 z792 Lot 0182 9966 ’ ooz
0°282°85T 0" 1LE 8°9LT Ve Z vEB’ETT et0” £6°1 z°92 . Lot otez 9956 9002
0°90Z'¥E 0°z€8 (M 42-3541 0°€££8°0Z 810" 'z 1°91 144 2 [44 1801 €168 : © s00Z
- - - - 810° - - [ 28 24 - - €168 uvomn
- - - - 810" - - |2 41 - - ET68 ., LE002
- - - - 810" - - P - - €168 . Lo00Z
(2%/1R0} (2x/1e9) (2X/1e0) (ax/1e9) (33/33) t?n\uu.: B..;,nn:nw* (Keq/aa) (Aeq)  (3) (23) (Mp) {33) 314 F0 waoa 3td
Iy ¥y Tp mc Juatpein-i mia »u?«nm«.__ncnukr.wa Kea/-apv 314 223eM uy sAeq 3e3eM ul yabuet yabusl Tea0)
pa3jubtam poyybyay peaybrey payybyen paiybyem JueIsUc)H Juelsuc)

01-N 203 18} AQ .sMOTIUI 3ITd

T 318l




6°0908 £°1IL 9°686L 520° 6z 001°0 2L 9 1182t 0°0S6b v002
8CLYIE o.a,mw 8°16L6€ mwo. 0°g 0020 0°EE 16 0°000€ 0°0009 £0oo0z
P 65691 £°692Z Z2°¥6991 520" Sy 081°0 [AR1 v ) 8 1Vl 0°00%9 2002
§'2196 9'9¢1 6°GLY6 . 820" ) [ 4 L3170 Z°EE 92 €°b98 0°0609 1002
€°192¢ ¥81 0°6¥2E G20° T 0010 ) €°0¥ (48 €'e8y 0°00LFT 0002
8 vLLe 9°'61 2'6SLe Sc0” Ss'e 00170 £LE 11 6°60% 0°009€T 6661
2°0960T1 ST 6LT L°08LOT 620° 9°€ 9¥1°0 v 69 91 L0111 o-oovs 8661
9°6102E . 9°6ZL o.vm.N.—n s20° 19 rveo 9°€ET 16 ' ) 0°0S12 0°00Cy LE6T
(AR 4341 6°GLBZ b VEPEL €z0* 1°01 .. , vor 0 ; L°LS 147 ; ¥ Si1E 0700501 9661
N.mmmom, 179128 0’60EG8 .mmo. viel 9%5°0 . 6°91 [4: ] S 0°000€ o.ooom G661
(ax/1e0) (2x/1e9) {2x/129) (33733} (33) (Kea/aa bs) (Aea/a3) (Aea) (33) (23) - aedp 313
i3 : o 3p quUaTPRID-1 314 30 AiTaTssTusuely Aeq/-Apy 313 Iajey 393eM uT Yabuaq 214 3o
Te301d abeuteaad 123IN3eNd yadaqg uw.umusumm paijybTom juelsSUO) K ut skeq qURISUOD ysbust TEICL

11-N 103 3eax Aq smoTIUl T4

Z J18Yl

Revised 10/15/99




|

2sz8vsne oL o.NNv.,.,ﬁ 8°92£70L9 c1o- 60°2 2975t 828 oz 22061 L°z899¢ 1861
9°G6S'EPTT - TBIT T'LP9'STT b bes’Lzo’T £t0° . e0z z9°s1 828 oez . 22061 6'€2862 9861
L"T0T*969 5769 6°€6E'0L . £°8£9°529 eto0° 60z z9°51 828 o€z 22061 v98092 : 861
vziL Lee L€ t'sz270 9°105 L€ £10° 60°2 : z9°s1 828 o€z zz061 LzEvoe va61
£°992°5v8 €8 €°8Ly 8 L €0L 65L £10° 602 29751 . 828 oz 22061 2°616b2 £861
2°09L°262°1 0621 STTEL'0ET  L666°T9T'T “ero0° 60°2 z9-51 828 oz 22061 1°66062 z861
€°€02'26€°T 6°8ET 8'LBL/OVT ©  9°9.12°TSZ’T €10° 60°z 29751 8'28 : o€z 22061 9°v68E 861
£708€°99 Y] 8596759 07056085 £10° 60z 29°s1 828 o€z 22061 0705162 . 0861
T-€vb 66 66 £'950701 6°9LE'68 £10° 60°'z : 2951 828 o€z 22061 . €°8zL6€ .

N 6°050°8VE Loy 0°L6T°5¢ z'618°21¢ £10° . 60°2 z9-51 828 © oez zz061 L7 1985¢

C vezeevuee L 6e 1'52z700 9°105°L5€ £10° 60°2 z9-51 828 ocz 22061 5'v8892

- - ST = £10° 60°2 : 29°s1 8728 i o€z - - vevzy

L*T0T*969 569 6-e6€°0L €889 7529 €10° 60"z z9°¢1 8°z8 o€z © zzost . ottezs o

S TZL'6Y 0°s 1°820°S v°889 ‘b £10° 60°2 29°S1T 8728 . o€z 22061 Lot etz Lol zeet
(3x/1e32) {ax/1E9) (ax/129} (ax/109) (33733) (Keas;3a) (3374eq/1e0) {&ea/az) (Aeq) (3) - (a3 (M (33) 314 30 aeax 314
Ly mc Tp 35 JuaTpe1n-I zﬁ.—. K3TAaTSSTUSURIL-T ] Keq/*apvy 314 I83EM UT sieq Jajeym ut yabuasg

pa3ubraym pa3ybrapm PajybTam ' Pa3ybtem pajubran jue3suo)d : vucnumcou

9-N/T-C 303 zeai Aq smOTIul 31d

€ 3TEVL




o.mnﬂ.wmﬁ.n voLIE L'008°12Z€ a.oworowc.u £10° 60°2 29°S1 828 0€£Z 22061 8 EST6E 1002
Z°PEY'9BE‘T 1°8€2 §'05€’1ve 9°5h0’SYT‘Z £10° 60°2 29°61 8°Z8 0€Z zz061 6°9L062 0002
6°b0E'880°2 €°802 L°181°112 6°b16°9L8°T £10° 60°2 29°'s1 8°z8 0€Z 22061 6°9L06Z 6661
€ 0PT'6E6'T vwmm.— m.;o;.wm.n m.mvm.mz..w €10° 60°¢ 29°S1 8°28 0ee 22061 6°9L062 8661
8°8Tr‘688°1 6 981 2°690°161 1°191°869°T €10° 60°2 29°ST 8°Z8 o€z 22061 6°9L06Z L661
8°8Tr’'688°1 5881 N.mwovﬁaﬁ 1°191'869 1 £10° 60°2 29°S1 8°28 0€Z TT061 6°9L06Z 9661
8°81v‘688°1 5881 N»mmo.ﬁmm 1-191°869°1 £10° 60°2 29'ST 828 [1]34 22061 T ESYSe 5661
6°680'166°1 L°8ST 006091 b 0E0‘0EP ‘T €10° 60°2 29°S1 8°2z8 [1]x4 22061 9°9p652Z ¥66T
§°2E5°069 T 9891 9°956‘0LT m.Sv.mﬁm..,a €10° 60°2 29°¢1 8°Z8 .onN 22061 £°08692 £661
N T L1E'€6TT 0°6TT €°619'021 8°225'2L0‘1 £10° 60°2 z9°61 8728 0€Z 2z061 8°v25L2 2661
q.wvw.ﬁmq.ﬂ 8'8v1 1°v¥8°0ST S ES9‘OVE‘T £10° 60°2 29°s1 8°Z8 1] 24 22061 0768E0E 1661
€°£02726€°T 67 8€T 8°L8L'0bT 9'9L2°162°1 €10° 60°Z 29°S1 828 0€Z zz061 §°879Z¢ 0661
T 09L°262°T 0621 S TEL’OET L°668°19T°1 €10° 60°2 29761 8-z8 0€Z 22061 67€s01E 6861
9°G6S EVT‘T LS 2141 T°LP9‘STT pTpEB’LZO’T £10° " 60°z z9°ST g°z8 (4 Nuowﬂ 0°61¥6Z 8861
(ax/129) (XX/T®9) (2x/1%9) (1%/1e9) (33/33) (£ea/,33) (33/Aea/1e9) (Aea/3a) ~>mn_ (3) (32) (M) (33) 31a 3o Ieax ITd
Ip ¥ . Ty Iy JusTpRID-I a1y - Katatsstusuesg-Jy »mn;\ -APY 374 193eM uT skeq
uUu:Uuwz. po3ubTaN . poaybtam . pa3aybtan paaybroy jue3suo)

9-N/T1-r 2103 1edx AQ smoTIUT 374

(*3uoD) € FEvl




&

I83EM UT B3IR pauTW ON
»

i 0°6LT’ZBT’E veLIE L7008°12Z€ 6°090°098°2 £10° 60°2 2961 8°28 0€£Z 2zZ061 8 EST6E 9002
o 0°6L1°281°E ¥°L18 L7008 °T2€E 6°090°098°2 €10° — 60°Z 29°st 8-z8 0€Z 22061 8'EST6E 5002
0°6LT'28T'E veLIe L°00812E 67090098z €10* 60°2 29°s1 ) 8728 o€z zZ061 8" EST6E ¥00Z
0°6LT‘28T'E voLIE L°008°12ZE 6°090098°2 €10° 60°2 29°ST 8°ze . o€z 22061 8°EST6E €002
0°6L1'28T‘¢ ¥LIE L'008°12Z€ 6°090°098°2 ET0" 60°2 29°ST 8°z8 (]34 22061 8 €5T6E 2002
(Xx/1%2) (I1/1e9) (Ix/100) (1x/1e9) (33/33) (Aea/,33) (33/4ea/TeD) . (Reaz3a) (Rea) (3) )y (M (33) 318 30 Ieax 314

I L) Ty .mo aua3TpRID-1 xik >u.n>.nmmﬁ..mcnuu.lmk Kea/ apy 214 I93eM ut skeq I33eM ut yabuai buaT Teloy

paaybtay Paaybray pajybrap Pa3ybtam pajybtem jueasuo) IUe3ISU0)

9~N/1-f 703 1ed% AQ SMOTIUI 3ITd

(*3ucd) € 3TEYL




iy

2°092°125°V - [ TA B ,v.,ﬁmm..m: 9°25T'200 '} 620" 6E°S 8z 0v 0°89 €Lz 26581 69L0T €661
6°9TLLILE 6°9v1T S°601'66 5°097°899 ‘€ 620" 6€°S : 8z 0V 0°89 [{X4 z5S81 6918 Z661
L*201'956°€E 2 ST 0°590°'v01T S E88°1S8°E .. 620" 6E°S 8z 0¥ 0°89 £Lz 25681 [:123 1661
AT TR T o] S°61E 2696612 S°T06'8L6 'L 620" T 8Z 0V 0°89 €Lz 25581 80E6T 0661
L7929'629°L v L62 8°969 ‘002 §°2E9'82V L 620" 6€°S 8z ob 0°89 €Lz 25581 LLOBT 6861
L°L56'80Z°TT 0°LEY 8°058°V62 6°699'€16°01 620" 6E's ©o8zov 0°89 % . 25581 8E592 8861
2°008°EP9 0T (3217 © P'P86’6LZ . 6°00V‘E£9E’OT 620° 6E°S gz'or 0°89 €Lz Z558T 1€262 1861
E°L09°6VS°0T £ 1Ty L°90SLL2- n.mmw.:w;: 620" 6€°S ’ 8z 0vb 0°89 ELZ zss8t £26¥2 9861
3 0°L88051°ZT LTELY z°82961€ 1°68L0E8TT 620" 6E°S 8z 0F 0°89 ELZ 25881 S20TE 5861
v ' opmmm.Nhﬁ.oa 9°96€ L"666°L92 £'EPB'VO6 ‘6 620" 6E°S 8z ov 089 €Lz z8881 60LEE 1113
T°S8V'ETS’S 6°0LE §° 152082 1729872926 620° 6E°S 8z 0¥ 0°89 €Lz o  zsset 33147 €861
v 888°€88 T vUEL 8 ¥5S ‘6 z 0Ez’ves’T 620° - 6g°S 8z ov 0°89 . €Lz o zeser 472 2861
$3Td UTER PI-N
(1x/18D) (1x/12D) i/t . (ax/1e9) (33/33} ;uo\uu.ﬂ (33/4Keq/1e0) (Aea/aa) (Aeq) (3) (az) (4 (33) 314 30 ze8x T4

o) ¥y . Ty 3g AUSTPRID~T ¥y . Kyjatsstusuear-Jg . Keq/-apy 31d 293eM UT sAeg

paiybtam paiubtam , pojybtam - peaybtam paaybtan jue3suoy

P1-N 203 xesx Aq sMoT3ul 3Td

b 376vYL




%

9°¥BY'6LS’T b*00T 8°805°9€ V518 2rS T s€0° S0 £°0E : 8°82 Lz oL6L ; £589 €661
T L°602°v2T"Y €292 v*826°56 0°6T9820°F SE0° so'v £ o€ 882 Lz ! oL6L TEEPT . z661
£°0V8'€S5'E 0922 Uiz 9°69%‘TLY'E s€0° S0y €-0¢ 882 Lee oL6L 8vecT 1661
” S'¥SE'T60°2 0°€€T £°0vE ‘Y Z°188°200°2 s€0° s0° v 3] 8°82 e } L ooeL £969 0661

6°L96°5L2°¢E £°802 8°12L 'St 8°LEO'00Z'E SE0" S0°¢¥ £0g 8°82 e oL6L BESOT 6861

1374 ureIFRT PT-N

(ax/te9) - ...;Dmg (2x/729) (ax/1e0) (33/33) ;nn\wu.: _um.\amn:mm: {Aeasaa) (Aea) (3) (a3) (M) {33) 314 30 Ieax 3ITd

i ¥ Ty 3y Juatpean-1 Ty KatarssTusueag-dg Keq/*ape 314 . a93eM ut ekeg

peaubran paiybram pa3ubTay paaybren paaybyay 3jue3suod

VI-N 103 Je0x AQ SMOTIUI 31d

{*3u0D) v ITEVL




v €90‘8BVE'T 568 1°€1b’8E 87095 ‘60€ ‘2 €0° 8z°9 66°97 L6V - SSe 10921 0°SI9V G661

9°02T'STE’L 0°6LZ P TLO*6TT ZOLTS6T L €0* 8Z'9 66°9V L6V ss2 Tzt 0°BOEVT v66T

9°16Z°LV6 L 1-g0E P ETD’0ET T°SL679T8°L €0* 8Z°9 . 66°9V L6V ‘ S5 1921 0°ST9ST €661
6°116°L21°8 0°0TE €896 ‘2ET 9°€E9'H66°L €0° 8279 66°9V LUeY ssz v <1921 8°29191 2661
s°018°v2Z'L s°stLe 0°p6T ‘81T 0°TYE’90T 'L €07 829 © 6679 L 6V sse TL92T 0°9E6ST 1661
97€52°26E°6 z-8sE z°289°€ST Z°EVZ'8E2°6 €0° - 8z°9 66°9¥ L6y 114 Tisz , [ARTE- 4 0661
6°9€EV’98L"Y 528t G E0E‘8L 6°056°LOL Y €0° 8279 66°9% L6V 114 TL921 L €2S5LT 6861
0°150°985°L €682 " Lreottser 0°859° 9% L €0° 82'9 ) 66°9V L 6V sse 1L921 9°€T961 8861
PTLLI‘LYT’S ©E796T 2ETZ'Y8 © 6°L9Z'E90’S €0" 8Z°9 66°9% L'6Y ss2 92T £°61081 LB6T

N ST8ST0LB’S 6'c2z 9°2€0°96 0°206°€LL’S €0° 829 : " e6°or n L6V §SZ TL92T 6°PISLT v 9861
27150196V v 681 v 8sz’18 ¥°609°588°F €0" 82°9 66°9V L6V 1514 192t [38471] ¢4 . 5861

P 62£°205°9 6°LVZ 9" PLE'I0T . 6°90L°S6€9 €0° R 829 66°9V L'6Y §52 TL921 AL 512 ¢4 . ve6T
T'ET0°1€0°6 yovre S TrL LT 2°926'288°8 €0° 82°9 > 66797 L6V T sse TL921 8°LSPET €861

67556 €90V 0°§ST 1798799 8°9TE’L66°E €0* 8z9 B 66°9¢ . L'6Y : o SST . . ezt 1°5208 2861

{ax/129} (2I1/729) (12/129) .u»:mu.. (33/33) ;mnxwu.: (23/Keq/1e9) tﬂmo\uh (Aed) (3) (22) (M) _u.:‘ 314 Jo 1083 3ITd

| iy . ¥p T dp JuatpRI9-1 - 1y . Kayarsstusuerz-Jy Keq/*Ap¥ 3T 1a3ey ut sheq yabuay TeI0L
pajybtey paiybtan pajubram . pajybtan ~ paaybrapM . jue3suod

91-0 103 18X AQ SMOTFUI 3Td

S J18YL




¥TLYS6TZT 9°v61202 6°ZSELTOT s20° 9°8L (22845 : . bUEY PET §°918§ 0°006L" L00Z
0°2ZSETET € PYPETZ L'LLOOOTT §20° 8°6L 26T E . S°6P €zt v°2809 070006 9002
8°E00€LTT §°060L22 € €56SVOT s20° L*€9 8v6°Z 095 €T 8 ThEL 0700201 S00Z
8°ELBOOET 9°2L9T¥vZ 2°102650T sz0* 8°LS f4 €04 8719 EET [Al 4] 0°oszIt v00Z
L 009V6VT m.»wmAWN €°£8zeeeT §20° 9°L9 voL'z S° 19 EET 9°¥818 0700211 £002
9°€£6¥898T £-2zz582 mua»ummmﬁ §20° 569 . 029°2 2°ES 952 9°909€T 070061 2002
A.mommmva 97099922 S°8Y99921 §20° 9°L8 , v0S'€ L'€Y 96 L"81T9 0°009TT 1002
6°v619v02 £°L0v897 9°L8LLLLT 920* 0°STT 009°¥ z €9 oot L81E9 0°00STT 0002
6°€£89519¢2 9°29065E €°1299522 920" £°90T LTy s-08 21t v 1506 0°059bT 6661
¥°88P9LOE 0°109505 b°LBBOLSE 920" BSTT 919°¥ 0°50T S8 §°1268 0°00LZT 8661
0 16£200€ L'289L85 2°B0LYTPT 920" 07011 0ov°b 6°LTT €L €7E098 9°pZL0T L66T
S 0S6185T 8°LSLPTE L'261L92T 920" bL9 96972 2°SL ! €01 €°9bLL cuooam 9661
L7vZeEEST 1°vpezob 9°0860ETT 920° 144 044 - ¥ BET 15 2°950L 0°00t0T S661
0°zrLLERT ’ v.mwvomn 9°EBZLO6 920" [ANE-1 88272 8-921 Ly 6°1965 0°0926 66T
(2x/109) .u»\.._"muv {2x/TeD) (33/33) [EX3] (Keg/33 bs) ;mo\umv ;ma.. 33) o 18} 314
iy .w\o 3 JustpeIs-I 314 30 A3TaTssTusuery Kea/-apy 314 Fe3en 793E U uibus /Y/ﬂv.,
123010 wum:wmuuo Teanjend y3idag psaeanjesg paijybtopm Juelsuo) ut sfeg auelsuo) ’\/,.V yabua TEIOL

0Z-0/6T-p 303 189% Aq SMOTIUI 3Td

9 FIEVL

Revised 10/15/99

10



8°¥SOTIET 6:6E0LEY m.:omhm 910" 1°89 yeL'e 869 821 ' 6°TE6S 0°00LZT 0202
b"86E0LST 0°9z880¥ ¥2LSTITT 910" 9 11T 12120 4 6°S¢E ¥sT 29116 0°001ET 6102
9°1800SPT 0°0L9G9€E 9°TTPr80T 910° B €6 .th.n S°Sb 002 6°S606 c.oowwa 8102
€°C29PLLE N.mmvhNN T°v9660L 910" 8°68 Z26G°€ Ly 0ET §°508S ouOQ.mw.n L102
L GSPTIZET 8°60552C 6°SY6566 910" L*S6 828°¢ Lzv L8l €°266L o..m:.vwm.n
€°L099502 S 0£200€E B°9LEISLT €z0* 8726 ZILE Z°6% 662 2TPILIT 0°00€EVT
B8 T190E6TT ¥ 095961 ¥°105966 S¢0° 9°E8 12798 9°LE ST p'LSPS 0°0589
S*P8EBOBT 681822 1°622€8S1T g2o” €°10T 250V ¥ 9€ 8¢ 6°L0EB 0°00EET
L PSZLOTT 0°126261 L EEEYTE . G20 S 9L 090°€ € e 9T w.wwwm 070529
2T LOEBSST m.,wam.nN, 9 ¥SIVPET 620" [ :1:] (4320 ¥ EE LSZ 170658 0-002zZT ,J.:ow
0°65906ST 6°LV6T6T .n.._":..mmn.n 520° 1°e01 VT 6°2€ 4 ¥4 LzooL 0700021 0102
B ELIVOZT B 65S98T o.vv._n.;.nc._” 5z0°* 7/ 0°16 0v9°E 60V 0zt T°2T6¢ 0°0skL moou
0°0600TET 2°v00EEZ 8°G80LLOT sz0° T'TL j:12: 24 [ 44 191 Z°12TL 0°0508 8002
(1%/189) (IR/789) (21x/1e9) (33733} (33) (Kea/33 bs) (Aea/3a) (Keq) Ie3X ATd
iy _qo dp quatpean-I1 314 30 A3Tatsstusuexl Keq/*ADY 314 I93EH
1e10id eberuTterqd TRINn3END ysdag peaeanaes peaybrap u:mumzou, ut sheq

0Z-0/6T-0 303 IedX Aq SMOTIUI 314

{*3uoD) 9 ITEVL

Revised 10/15/99

11




T 97156p9¢€ 9789L0ET 6°ZBTPET . 910" 2708 ‘ 010°¢ 9°LS 0§ 8-8L8Z L°9969 - izoz
T EESSSL T°¥992L2 .ﬂ.mwmu,mv 910° ‘ L 18 8902 0°6¥%T . 8€ £°€99¢ T'E€08T 9202
6°BY0TBS 9°EPBIIT n.nowwnm, 910" oLy 088°1 LoLyT . 62 G zezh 0°08L0T , s202

B 9°2T8YLE £°0£6L8T 2 288981 910" [A:14 8v6°1 vTIST ST ; 8 oLz S'2189 . ! vzoz
. : G°1655L6 0°L9BTLE G°¥ZLEDY 910° 0°9¢ ovz 2z TUEET, 0s 6°2599 L 0°00T9%T £202
S LYSTSOT , m.m..nmNNv [ 4 X4 YA:] 910" 2°0S . 010°2 m.om.u 09 T 188L T €EBST o 2202
m.mnomwwa. w.ﬂ,m~wuw h.meFOOW 910" §°89 ovL'z £°E0T 143 . LTOTLE v N 0°00S2Z1 1202
(I2/7e9) . {aIx/1e9) (2x/7129) (33/33) 2a) (Aea/3a bs) (Aea/3a) ) (Aeq) 133) . (33) IBIX 314
1p Tp a5 JUBTPRID-1 314 30 AataTssTwsuea] Aegq/-ApY 114 ECFLT) I23EM UT Y3buag 114 3o
123010 wmm:umhno, Tean3end ;.._uuwn pajeanjes pejybtom JuelsSUOD ut skeg : JUBISUOD yabuaq TeE3OL

) - 02-0/61-r, 103 193 AqQ SMOT3UI 314

("3u0d) 9 31EYL

Revised 10/15/99

12



Revised 10/15/99

6°856€S o.mm_. 6°69TES L10* 8ot z16°1T 966 8 6°P9L 0°006¥€E £002

N 0°0E8bZ9 0°TESTT 0°66ZETY L10°" 0°zt 089°1T 6°56 v6 L*ET06 0°0005€ 2002
T°2Zv659S S 6LT6 9°29L9SS [ACN beot wmv.ﬂ S'v6 101 9°9¥56 0°00SbE 1002
£°690L02 m.WNS §°6EETOT ACH 6°0T 928°1 5°66 [\ §°£862 0°00181 0002
0°ETO0SE 17218 6°00LTPE LT0" 8°01 z15°1 ) s €8 v9 T°GPES 0°00ZST 6661
S V9EPSE 878928 9°GSTI9PE L10° 5701 oLpT €18 69 0° 1195 0°008YT 8661
8-2880TE 8°26TL 07 069€0€ L10" 80T - 21571 . §'001 1 €°592¥ : ,o.oonmﬁ 1661 mu
6°¥19€81 §°Z08E p*2T86LT : L10* . 8°6 6LE'T 8° b6 1€ v 2°8E6Z 0°0SZLT 9661

N 0°€LLBTZ 2GETS 8°LEIETT L10°* Lot 860" T 6801 1€ 0°¥9EE 0°06L6T G661
£°9€09TT S°L68T 8°8ETYIT “L10° 8*L 260°T v E6 14 ¢°GEEZ 0°000LT " pesT
9°6SVTIIT 9°E9TE 67562851 (AN v'e . 9TE"T ) 8111 vz . §°€£892 0°0S€02 . €661
T°€ETS0T §*9LST L*9SG€0T ACN L : 800" T 8611 61 8°5L2Z 0700812 266l i
£°b2695 8°¥89 5"6€Z95 :Ao. 8°S z18°0 o'ttt 43 0°00€TZ 1661
v'9126 T8y 2°8916 ot sz 05E°0 1L ] P Goe0et T T oeet
(213/T1e9) (127789) (1x/12D) (33/33) (33) (Aeg/33 bs) ,.>mn\Uh, (Keq) Ied% 374
15 To Ip u:vaumuw& .. 314 30  Kavayssyusueag . Keq/ apv 314 I33EM - :

123010 abeute1qd TeanieNd , yadaq paaeanies pasjubtem Jue3suod utr skeq

12-p 103 z@@) Aq SMOTIUI 31d

L F1eYL




a0

9°v6ETY 0'6beC 9°Sy1CY L10° fAl4 885°0 6°26 Lt 0°006€€E ) 2102
m.mﬁmom.ﬁ L L8yl 8°0EBBYT L10° 6°9 996°0 L°L8 oy 8790SE ) 0:000z€ 1102
0'tzLese z-o90e 8°2996¥vZ L10"° z°8 8yI 1 [3%4:] 29 . 672115 0°0010€ 0102
m.wwwmmv m.omv.m ¥9LISYY LT0" s*zt 0SL"1 S°6L LL ) 8°LITY 0°00062 6002
8'62Z119 6°L952T 67199865 L10° ' €°ET 298°1 8°08 66 , v*1008 0°00G662 8002
v 8LILYS £°€5022 1°szisze L10° 9°9T vze'e s°08 21t v 1206 0 o0v62 L002
P 9101€01 |24 2°F4 0°ZLVY00T L10° m..m.n 2122 8°88 SET 9°£86T1 . 0'o0¥zE 9002
§°695026 v 81912 17156868 L10° £t 200°2 €°98 8ET 9°606TT 0°00STE . moou,
L ISPLIV m.,.mu.: 6°ZVEOTV L10° ¥r1t 96S5°T z°z8 A St . N v.vmaw > o 0°0000€ . rooZ
{Ia/109) (11/7e9) {2x/TeD) (33/733) (33) {Aea/ag bs) (Keasaa) (Aeq) (33) & " a) Tesx 314
E) K] 35 u:wwmmuwyw 37d 3O A3TATSSTUSURIL Keg/-apyY 37d 121mYy 193em UT yabua a1g 30
Te3010 abeuteagd TeRINJEND yadeqg pajeanfes pajyIToM Jue3suo) ut sdeqg Juelsuo) )

1Z-r 303 aeax Aq sMmoTzul 3ITd

(-3uod) L FTEVL

Revised 10/15/99

14




described in more detail below, sums flow rates calculated from equations for steady flow

under a hydraulic gradient, and . transient, confined flow toward a linear drain

(representing the sides of an approximately linear cut) and toward a well (representing
the ends of the cut). The second approach (Approach B) was developed later, and applied
to J-16, J-19/J-20, and J-21 in previous versions of this chapter, and to N-99 in the
current version. This approach can be used to calculate inflow under unconfined and/or

confined conditions.

Approach A - Aquifer and pit characteristics and the definitions of terms used in pit
inflow calculations may be found in Attachment 1. Pre-mining flow calculations are based

on the following form of Darcy's law:

Q = TIL

Where:

Q = Quantity of water flowing through the aquifer at the proposed highwall locations in
gal./day.

T = Transmissivity of the exposed aquifer in gal./day/ft.

I = Natural hydraulic gradient in ft./ft.

L = Length of aquifer exposed in the highwall normal to the natural hydraulic gradient in

ft.

Aquifer testing at Wepo monitoring wells indicates that water in the Wepo aquifer 1is

under some confining pressure. Some of the coal seams have very low hydraulic
conductivities and act as aquitards. Water in the alluvium is believed to be in both
unconfined and confined conditions depending on depth and location. Those units in the

Wepo aquifer believed to transmit water are most of the coal seams and sandstone units

below the prevailing water level. Alluvial ground water is assumed to flow from the

entire saturated thickness of the alluvium.

inflow to each end of the pit was calculated using the following constant

Q = 272TG(a)s

Tt
a=-——
Sr?

w
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Where:

L]
il

Radial discharge into one end of the pit in ft3/day

T = Transmissivity of the exposed aquifer in ftz/day
S = Storage coefficient
s = Drawdown in the aquifer at the pit face in ft.

r,, = Radius of the pit opening in ft.; equal to * the width of the initial box cut

G(x) = The G function of a (see Lohman, 1972, p. 23)

t = Time since discharge began in days

The linear portion of inflow from aquifer storage was calculated using the constant

drawdown~variable discharge drain equation derived by Stallman (Lohman, 1972, pp. 41-43):

Where:

g = Discharge from an aquifer to both sides of a drain per unit length of drain in
ftz/day

S = Storage coefficient

I

s Drawdown in water level at drain in ft.

T = Transmissivity of exposed aquifer in ftz/day

c+
I

Time since drain began discharging in days

With confined aquifer conditions, lowering of the water level occurs with the lowering of
hydrostatic head. ‘The release of water from aquifer storage under confined conditions is
small per unit area, because ‘it is only a function of the secondary effects of water
expansion and aquifer compaction. After some length of exposure, the hydrostatic head
may decline far enough that the aquifer becomes unconfined. Further declines in the
level would then be accompanied by significantly greater quantities of grouﬁd water
per unit area. It is assumed that during the life of the pits, ground water
affected portions of the Wepo aquifer will remain under confined conditions

unconfined area would only extend a short distance from the pit.

The actual situation representing radial flow to the ends of the pit can be

described as an arc of a circle whose center coincides with the center of the pit. If
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"x" is the arc of the circle intersected by the pit ends, then:

_xQ
Qs 360

should approximate the actual radial discharge into the ends of the pit.

The variables used in the above-mentioned equations were determined as follows:
1. Transmissivity and storage coefficients were determined from aquifer tests and
‘the thickness of the portion of the aquifer being intercepted.
2. Gradients were; determined from water level contours of the Wepo aquifer
(Drawing No. 85610).
3. Drawdowns at the pit face ranged from 3.9 to 13.4 ft./day using the calculation
technique derived by McWhorter (1982, p. 28).
4. Pit lengths, lengths below water level and the number of days when ground water
discharges into the pit were determined by overlaying pit bottom isopachs, annual
pit disturbance maps, and Wepo water level contour maps.

To date, no mining pits have directly intercepted the alluvial aquifer. Should this ever

occur, the previously described pit discharge equations require the following

modifications. Ground water through flow in the alluvial aquifer will be calculated
from:

Q = PIA

Where:

Q0 = Quantity of water flowing through the aquifer into the ends of the pit in gal./day

.

P Permeability of the exposed aquifer in gal./day/ft2
I = Natural hydraulic gradient in ft./ft.

Average cross sectional aquifer area through which the flow occurs in ft?

S, = Observed change in water level in the mine pit

o
il

Saturated thickness of the exposed aquifer prior to pit development and dewatering
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A possible additional source of ground-water inflow is induced recharge from the alluvial
aquifer where the water level in the alluvial aquifer is at a higher elevation than the

pit bottom. Trial computations were performed using the average flow velocity equation

described by Lohman (1972, pp. 10-11):

s
Al

e

Where:

v = Average flow velocity in the aquifer in ft./day

K = Hydraulic conductivity of the permeable units in the segment of the Wepo Formation

that the induced recharge would have to flow through before reaching the pit in

ft./day.

Ah/Al = Ground water gradient between a chosen elevation in the aquifer at the highwall
and the recharge boundary in ft./ft.

g = Porosity of the permeable units of the Wepo aquifer.

Pit inflow estimates were determined for that portion of the total pit length and
associated time intervals that each pit was assumed to be below water level.
Calculations for each component of inflow were based on the sum of daily values, which
incorporated a continually increasing pit length. Each component of inflow from the Wepo

aquifer as well as the totals of all inflow components for each year are presented in

Tables 1 through 4.

Trial computations suggest that the hydraulic conductivity of the Wepo Formation is so
low that induced recharge cannot reach the pit before one or two rows of spoil have been

placed back in thus precluding the induced recharge from ever reaching the active pit.

proach B - This apprcach was developed to be able to calculate inflow rates under
“d or unconfined conditions. If the confined option is selected, it is assumed
sinditions are initially confined, but can become unconfined as water levels

faest ? i ] The flow equations for confined and unconfined conditions are solved by
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overestimate the inflow rate. This approach is described in detail in Appendix 2. This

method was used to predict inflow rates for J-16, J-19/J-20, and J-21 (Tables 5 through

7.

The following procedures were used and assumptions made in estimating inflow to the N99

pit for calendar years 2005-2013:

. Wepo wells in the area surrounding the N99 pit were selected, and recent water
ievel data were evaluated to determine whether water table elevations had changed
significantly from those used in the calculation of the 1985 water-table map. The
Wepo wells evaluated include: 38, 39, 40, 41, 42, 43, 44, 49, 52, 53, 54, 159, 178.

Data available through May of 2003 were used in this evaluation.

Although there were obvious trends in the data for the majority of the 13 wells, the
most recent data point was used in this evaluation, since this should be most
representative of the water table at start of mining in N99. These data were compared
to the 1985 water table map, and revisions made as necessary. As a result of these

comparisons, Drawing No. 85611, 2003 Wepo Water Level Contour Map, has been

constructed (see Volume 23, PAP}.

. The May 2003 water-table map was then compared with the anticipated elevations for
the bottom of the N99 pit, and a ‘difference’ contour map was constructed that
identified those areas where the 2003 water table was above the bottom of N99. The
difference map indicates that the water table will be above base of pit along the
majority of the eastern boundary, and in the northwestern section of N99 (in the area

between pits N11 and N6). The difference map was then overlaid on the projected cuts

for Calendar Years (CY) 2005-2013, which indicated that .only those cuts in the

}nd will therefore encounter minimal water. 1In Calendar Years 2008-2013, cuts will Dbe
¥ made both within the southwestern section of N99, and in the northwestern section

where water inflow to the cuts is expected.

. The analytical code Minel-2 3 was used to estimate the amount of flux entering the
cuts in the northwestern section of N99 for CY2008-2013. ([Minel-2_3 is a modifiéation
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of Minel-2 allowing pit geometry information to be input yearly, rather than using a
single set of values for the entire mining period.] General parameters, and the

selected values used as input to the code include:

o The Wepo was simulated as confined, based on the 1lithology of the
formation, and the low values of storage coefficient determined from aquifer
tests.

o The hydraulic conductivity was set to 0.03432 ft/day, which is the
geometric mean of the 24 hydraulic conductivity values for Wepo wells listed
in Table 32 (Chapter 15, Hydrologic Description, PAP). The arithmetic average
conductivity value was not used, since this weighted the calculated value
towards the fewer, significantly higher wvalues of conductivity, and would have
overestimated this parameter.

o The regional hydraulic Gradient (0.014) was estimated from the May 2003
water-table map.

© A conservative value for the storage coefficient (1x10™" was estimated from
the larger of the two values presented in Table 32. Use of a lower value

would result in lower values of inflow.

The remaining parameters are specific to the cuts within each calendar year, and
include: saturated area; average width of cut; average saturated thickness, days

open, and whether this was the first cut in the pit (inflow is assumed through

both sides of the initial cut only).

There are two components that contribute to inflow into the cuts: flux controlled
by the regional hydraulic gradient (termed Quaturar in the code), and flux from water
in storage (termed OQurainage in the code). The code assumes that the regional
hydraulic gradient, and therefore the regional flux component, is perpendicular to

the long axis of each cut. This assumption is generally valid for the southern

dicular, and a correction factor must be applied to decrease the inflow
riately (this is done outside of the code). Therefore, an approximate

1ding line was identified between these two areas, separating Area A

e .
representing the northern one-third of the cuts, from Area B representing the
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southern two-thirds of the cuts, and the area, saturated thickness, and days open

parameters were calculated separately for the sections of the cuts located within
areas A and B. . The correction used to calculate the regional component of inflow

to the cuts in Area A is:

Corrected Onatural = Qnaturar® ([width of cutl*sin(alpha) + [length of cut]*cos(alpha))

Alpha is the angle between a line perpendicular to the length of the cut, and the
regional hydraulic gradient. The first component within the parentheses
represents flux across the end of the cut, and the second component represents
’flux across the length of the cut. Maximum inflow to the cuts occurs when the
regional hydraulic gradient is perpendicular to the length of the cut (angle alpha
is 0 degrees in the above equation), and minimum inflow occurs when the gradient
is parallel to the length of the cut (angle alpha is 30 degrees - this results in

flux across the end of the cut only).

The regional hydraulic gradient is approximately parallel to the cuts in CY10-13,

indicating that the regional flux component is minimal and is simulated as

occurring across the end of the cuts only. The cut within CY08 does not extend
north of the dividing line. For the cuts in CY09, an angle of 45 degrees was used

to calculate the regional flux component.

Total lengths for all cuts within the northeastern section of N399 for each
calendar year. were measured and summed in Arcview, and total areas were
calculated.  These were used to calculate average widths for each of the cuts as

input to Minel-2_3.

. Output from Minel-2 3 includes values fOr OQnaturals Qdrainages and Quorar fOr Areas A and
B. For each of the cuts in Area A, a corrected Qnaturar value was calculated using the
equation above, this value wés added to Qdrainage; and a corrected Qcotal determined. The
corrected Qiotar values were summed for each calendar year, and added to the
corresponding Quoar values for that calendar year from Area B to derive a total flux
per calendar year.

‘82%29

Result ctpr N- 99 aqggbrégéﬁ ed in Table 7a. [This nomenclature was adopted to avoid
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changes in table number throughout the remainder of this Chapter.] The predicted inflow
varies from year to year because of changes in the length of the pits beneath the water
table, and the estimated depth below the water table. In addition, drainage from two
directions is assumed for the first year (2008), but from only one side in later years.
The maximum estimated rate, which occurs in 2008, is approximately 10 gallons per minute

(gpm); the lowest rate is predicted to be approximately 2.5 gpm, in 2010.

Table 7a. Estimated annual inflow for pit N-99 and length of time the base of the pit is

below the pre-mining water table.

Inflow Total ﬁo. of]

Year (gallons) Days in Water
2008 1170710 84

2009 2105469 226

2010 485396 135

2011 607995 106

2012 1050225 264

2013 783849 241

For all pits including N99, the drawdown in the ‘Wepo' aquifer ‘was estimated by using the
predicted inflow rates and the  analytical-element simulation program TWODAN (Fitts
Geosolutions, 2000). This program solves the groundwater flow equations in - two
dimensions based on spatial and temporal superposition. Time~varying withdrawals can be
simulated using wells. TWODAN solves a transient flow equation and can produce maps of
drawdown. Although TWODAN can address cases where the  aquifer is not continuous or
infinite in extent, the limited drawdown that has been observed in Wepo wells in the
vicinity of the pits indicated that it was not necessary to develop a more complex model
incorporating the finite extent of the Wepo formation. The permeable units within the
Wepo formation that have been mined or will be disturbed by mining are perched aquifers
in some locations (e.g., Jl6 mining area near Wepo well 62R, J19 mining area near Wepo
well 65), pinch out and/or are vertically displaced owing to some minor structure within

the Peabody leasehold
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The estimated pit inflow rates change each year, because both the depth of the pit below
the pre-mining water table and the leﬁgth of time the pit is below the water table’ vary
yearly. For each pit, the estimated inflow estimates were examined to determiﬁe if there
was significant, systematic variation in the estimated inflow rate. If not, the average
inflow rate was used in the model for each year that the pit was predicted to intercept
the water table. If there was systematic variation, the time period was split into 2 or
3 periods of similar inflow, and the aQerage inflow rate within each period was used.
Thus, when a significant change in the estimated influx rate occurred, the change was
incorporated in the model. When mining of a pit ceased, water production stopped, and
inflow rate was set to =zero. TWODAN simulates temporal changes in water budget by
simulating discharge through wells. Two to five wells distributed around the perimeter
and in the interior were used to represent each pit. The temporal changes in the

location of the mining cuts within a pit are ignored.

The geometric mean of the hydraulic conductivities determined from aquifer tests of Wepo

monitoring wells (Table 32, Chapter 15, Hydrologic Description, PAP), 0.03432 ft/d was
used for-the horizontal hydraulic conductivity of the Wepo, and the storage coefficient
was. set .to 0.0001. The Wepo was assumed to be 200 feet thick uniformly through out ‘the
leasehold because of the limited depth of the pits, even though it is over 300 feet thick
in the vicinity of these pits. This value was chosen to approximate the effect of
partial penetration of the pits into the saturated Wepo, and to subtract the thickness of
the Wepo above the water table. No recharge was assumed, which will cause drawdown to be

over-predicted.

Figure 1 ‘shows the locations of the 5-, 20-, 30-, 40-, 50-, 60-, and 65-foot ‘drawdown
contours,  simulated using the TWODAN model, at the end of 2013. 2013 is the year when
mining of N-99 below the water table and south of the beltline is scheduled for
completion, and incorporates most of the mining currently underway or projected for the
other pits such as J21. Thus, the drawdown contours shown on Figure 1 are cumulative of
all past and proposed mining through 2013. A 5-foot drawdown cutoff was selected becéuse
natural water level fluctuations measured in the Wepo and ailuvial monitoring wells on
the PWCC leasehold are of that magnitude. Figure la shows the locations of the 5-, 20-,

and 35-foot drawdown contours at the end of 2030. Both Figures 1 and la depict the

18e Revised 09/10/04
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Because the approach wused to estimate the pit inflow rates does not take into
consideration the decline in water 1levels caused by inflow into the pit in previous
years, it will tend to over-estimate the pit inflow rate in the later years. In
addition, the predicted inflow rates have tended to be considerablyihigher than observed

during mining. For example, Western Water & Land (Water Waste and Land, 2003) noted

The total [annual]l inflows for pit J-1/N-6 were projected to range from
approximately 50,000 gallons in 1972 to 3,182,179 gallons in 2003. As
mining has progressed over the last several decades, it has generally been
observed that pit inflows were overestimated, and in some cases no inflow
has occurred at all. For example, initial mining of the southern portion
of the N-6 Pit saw enough inflow to require pumping, but subsequent mining

of this pit to the north has not resulted in any observed pit inflows.

In general, the drawdown estiﬁates shown on Figure 1 are much larger and extend outward
to distances much greater than has been observed in monitoring wells. No attempt was
made to match these observations with the analytical model, as differences between the
observed and estimated drawdown.values would be expected. Most Wepo and many alluvial

wells exhibit only a few feet of change during their period of record.

Table 8 presents a comparison of water~level changes predicted to occur because of
dewatering of all the pits through 2013 with historical variability in currently active
monitoring wells. Projected drawdowns, and water level ranges measured as background,
during three historical periods of record (1988-1995, 1995-2000, and 2000-2004), and
during the most recent five-year period (2004-2008) are presented for both alluvial and
Wepo monitoring wells. Table 8 also includes projected drawdown, historic completion and
water level information, and an estimate of the percentage of available water height that
may be lost due to pit inflows for two local wells (4K-389 and 8T-506) that were

partially completed in the Wepo aquifer.

Table 8 shows current maximum water levels at nine of the twenty-five Wepo monitoring
wells are greater than background or historic maximum water levels. At WEPC62R, current
maximum water levels are 68.6 feet deeper than background maximum water levels for

WEPO62. This deepening exceeds the theoretical maximum projected drawdown for WEPO
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5.6 feetf WEPO62 appears to have been open to one or more perched zones, which were
gradually dewatered as the adjacent J-16 pit was mined. These perched zones are usually
of limited aerial extent and can influence large well bore water level changes, which are
not indicative of true aquifer water level changes. At WEPO53, current maximum water
levels are 16.1 feet deeper than background and historic maximum water levels, yet are
only 6.5 feet deeper than the theoretical projected maximum drawdown at 2013 for this
well (65 feet). The 16.1 feet deepening at WEPO53 has likely been influenced by pit
dewatering in both the N-6 and N-11 pits. The maximum current water levels that are
deeper than historical values in the remaining four Wepo monitoring wells range from 0.1
feet to 5.9 feet, which are comparable to natural water fluctuations in the Wepo
formation. - Sixteen of the Wepo monitoring wells show no chénge in current maximum water
levels compared with historic values. Wepo monitoring wells WEPO40, WEPO43R, and WEPO44,
situated adjacent to the J1/N6 pit, show no change in current maximum water levels
compared to their historical records. out of a total of twenty-five Wepo monitoring
wells, there are only two wells adjacent to wet pits that have exhibited drawdowns in
excess of natural fluctuations (greater than six feet), and that were’ most likely
affected by dewatering of an adjacent pit. The remaining twenty-three wells have not
shown drawdown impacts from pit dewatering even though many are within one-mile of the
nearby pit, suggesting that the projected drawdowns depicted in both Figures 1 and la are

extremely conservative.

Table 8 shows current maximum water levels at 5 of the 36 alluvial wells are deeper than
5 feet of their historical record. The four wells, ALUV19, ALUV31R, ALUV93, and ALUV197
are shallow monitoring wells constructed in the alluvium along the lower reaches of the
major washes, several miles downstream of any of the wet pits. These deeper water levels
are a result of recent trends in lower precipitation and subsequent recharge from runoff
and discharge from the Wepo formation. Many of the remaining 32 alluvial wells exhibit
deeper current maximum water levels compared to their historical record, but they are
generally comparable to or less than the several-feet natural fluctuation of water levels
in the alluvium, and all have been influenced to some degree by recent trends in lower
precipitation. Projected drawdowns at each alluvial monitoring well location using the
TWODAN analytical method are generally an order of magnitude greater than . the drawdowns

measured to date.
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Figure 1 shows drawdowns in the Wepo formation in the wvicinity of the N-99 pit are
projected to be 60 feet or greater by 2013. In addition, drawdowns beneath the adjacent
portion of Coal Mine Wash are projected to range between 40 feet at ALUV83 and 54 feet at
ALUVBOR. The Wepo is believed to be the source of discharge into the wash downstream
from where Coal Mine Wash passes beneath the overland conveyor. Peabody does not believe
that there will be significant impacts on this discharge for several reasons. First,
observations of pit discharge suggest that the technique overestimates the inflow rate,
as noted above. Second, the mining of N-6 has not caused a noticeable impact on the
locations of discharge into Coal Mine Wash. Although the baseflow of Coal Mine Wash is
not measured, a reduction in discharge caused by declining water levels beneath the wash
would be also manifested by downstream movement of the location of the uppermost area of
discharge. This has not been observed over many years of mining. Third, the water
levels in WEPO40, a well close to both N-6 and Coal Mine Wash, abpear to be affected more

by changes in local recharge than by dewatering.

Based on the theoretical pit inflow drawdown contours, local well 4K-389 is projected to
have its water level deepened by 30 feet, or 49.2 percent of its total available water
height of 61 feet. Local well 8T-506 is projected to have its water level deepened by 49
feet, or 9.5 percent of its available water height of 518 feet. Both wells were selected
for comparison purpose due to their proximity to wet pits; however, local well 8T-506 was
removed in advance of the mining operations in the N-6 mining area. From the historic
and current water levels at Wepo and alluvial monitoring wells in the vicinity of the two
local wells, it appears likely that the projected water level declines at the two local
wells will be significantly less than that theoretically calculated. The drawdown that
will eventually occur in the Wepo formation in the vicinity of local well 8T-506 and at

local well 4K-389 from pit inflows will not be significant.

As mentioned previously, Figures 1 and la depict the locations of numerous pre-existing
wells, springs, and ponds within and adjacent to the leasehold. Chapter 17, Protection
of the Hydrologic Balance, provides a thorough discussion of the nature and status of the
pre-existing water sources shown on Figures 1 and la. Many of the wells are inoperable,
or are completed in different formations or multiple formations in addition to the Wepo.
Many of the springs are undeveloped, have little to no measurable discharge, or emanate

from a formation other than the Wepo. Chapter 17 provides a discussion of plans k¢

22




|
!
|
i

provide replacement sources of water for those wells and springs that have been or will
be removed by mining. All of the pre-existing wells and springs that are operable and
have measureable output within the leasehold are monitored, and none of the recent

measurements indicate a significant reduction in output as a result of pit dewatering.

In summary, water from the Wepo formation is expected to enter N99 (and other) pits.
Based on operational experience, the inflow rates have generally been lower than
predicted by the techniques described here. Similarly, the simulated drawdowns caused by
dewatering are no doubt much higher than will be encountered. Only two monitoring wells
in the immediate vicinity’of pits that have already been mined exhibit declines in water
levels attributed to pit inflows, and drawdowns in other wells adjacent to previously
mined pits are not evident. Inflow in the N99 and other wet pits is likely to be less
than indicated in Tables 1 through 7a. Drawdowns expected to occur in the Wepo formation
as a result of pit dewatering should not extend as far nor be as high as depicted on

Figures 1 and la, and will not be significant.

Removal of Local Wells and Springs. One existing local well (4T-404), completed in the

Toreva aquifer, is located within the proposed life-of-mine mining plan area (J-19 mining
area). In addition, two other local wells (4T-403 and 8T-506), both completed in the
Toreva aquifer were removed in advance of the mining operations in the J-7 and N-6 mining
areas, respectively. One local spring (Site #97) was removed in advance of mining at N-
14. The impacts have been mitigated during mining by providing alternative water sources
(N-aquifer public water standpipes). The three local wells will be replaced with ones of
comparable quality and yield following the completion of mining and reclamation in the
respective mining areas. The spring will be mitigated by retention of a permanent

impoundment (see Chapter 19).

Containment of Pit Inflow Pumpage. It is sometimes necessary to pump ground water which

seeps into pits to allow work to continue and to prevent slumping of spoil piles
resulting from saturation near the bottom of the pit. Several sediment ponds and large
dams {see Table 9) exist or will exist around the pits to contain all pit pumpage as well

as storm water runoff and sediment from the disturbed areas up-watershed from the ponds.
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Referring to Tables 1 through 7a, it can be seen that the maximum pit pumpage in any one
year will be 19 to 37 acre-feet and will occur in the J-19/20 pit. Typical quantities of
pit pumpage will be on the order of 2 or less acre-feet per year. The larger dams are
designed to contain this additional volume of water with adequate freeboard. Reed Valley
Dam has been designed to impound 475 acre-feet of water and J-7JR dam will hold an
estimated 700 acre-feet of water. The capacity of smaller sediment ponds to contain
storm runoff will be maintained by pumpage from the ponds. The current NPDES Permit

(Chapter 16, Attachment 3) allows for pond dewatering or pond to pond pumpage.

Impact of Replaced Spoil Material on Ground-Water Flow and Recharge Capacity. Pits

remain open only until the coal has been removed. Following the short-term impacts on
the ground-water system associated with open pits, a longer term impact is experienced
due to the placement of spoil material in the mined-out pits. A wide range in

permeabilities for spoil material can occur depending on how it is placed.

Rahn (1976) reported that spoil material replaced using a dragline in one instance and a
scraper in another, yielded hydraulic conductivities of 35.3 ft./day and 0.4 ft./day,
respectively. Van Voast and Hedges (1975) concluded that greater porosities and
hydraulic conductivities will result from volume changes (approximately one-fourth
greater) between the spoil material in its original compacted, stratified state, and in

its rearranged state following replacement, regardless of the method of replacement used.

Spoil material will be regraded by dozers and scrapers and final contouring will be
accomplished with dozers. Based on the conclusions of the above studies, the spoil
material should have higher porosities and permeabilities than it did in its original
state. The topsoil surface will be disked as part of the reclamation activity; this

procedure should further enhance the rainfall and overland flow infiltration rates.
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Mining

Area

TABLE 9

Sediment Ponds and Dams to be Used to

Contain Pit Pumpage

Sediment Ponds and Dams

Containing Pit Pumpage

N10
N1l
N14
N99
JL/N6
Jl6
J19/20

J21

25

N10-G Series Ponds

N1l-A Series Ponds

N14-D, -E, ~F and -G Dams
N11-H, -I, and -J Ponds
Wild Ram Valley Dam

Reed Valley and J16-A Dams
Reed Valley and J7-Jr. Dams

Reed Valley and J21 Dams




However, regardless of the infiltration rates of regraded spoil, infiltration in

reclaimed areas will provide little or no recharge to the Wepo aquifer. The distance
from the reshaped land surface to the saturated portions of the Wepo aquifer and the
limited annual precipitation preclude rainfall and snowmelt recharge other than in burn
and clinker or highly fractured areas. These areas are found adjacent to rather than in

the reclaimed coal fields.

The time necessary for the replaced spoil material to become resaturated and for flow
patterns to be reestablished will depend on the porosity and permeability of the replaced
spoil material. Recharge of previously saturated areas may take from a few years to 100
years; but, the impact will be of little significance to the local well users. There are
no local wells completed in the Wepo aquifer in the areas to be mined and local wells
which do exist in the vicinity will not be significantly impacted (See Table 8 and Figure
1). The only exceptions to this are the two Toreva wells (4T-403 and 4T-404) which are
discussed in the previous section "Removal of Local Wells". The maximum drawdowns will be
at specific points within individual pits in a particular year and are estiméted to range
from 14 feet to 115 feet with the greatest drawdown in the J-16 and J-19 pits. Following

the resaturation period, ground-water levels will recover to near premining levels.

Impact of Replaced Spoil on Ground-Water Quality. The replacement of spoil material in

the areas of the pits where portions of the Wepo aquifer and in one case, the alluvial
aquifer, are to be removed will have a long-term, localized impact on the ground-water
quality in these areas. Two types of chemical reactions will probably occur as the spoil
resaturates resulting in a change in the local ground-water quality - dissolution and
oxidation and reduction of sulfides and organic sulfur. The first chemical reaction will
be an increase in the major ions as a result of dissolution of readily soluble materials
in the spoil. Various leaching processes acting over geologic time remove most of the

readily soluble constituents from the permeable unsaturated and saturated units in the

undisturbed overburden. In contrast, a considerable guantity of soluble constituents m ;:
still remain in the relatively impeimeable strata, such as the finer grained

siltstones and shales. Fracturing and mixing of materials during pit’ excavatloiband
may readily release ions to the ground water during resaturation.

Studies performed by Van Voast et al. (1978) and McWhorter et al. (1979) in western mine

spoils suggest that increases in TDS from 50 to 130 percent could be expected in the

disturbed portions of the Wepo agquifer following resaturation of the spoil material.

Based on the Wepo aquifer water quality types, the more soluble salts (principal ions)
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that would account for these increases in TDS are Ca, Mg, Na, S0, and HCOj3.

On a related matter, Montana Department of State Lands personnel have noticed in their
review of mine overburden data that materials with high salinity are generally quite
shallow (less than 15 meters). Normal dragline operation would generally place some of
the near surface overburden in the lower portions of the pit. This mining practice could
cause the placement of some of the more saline materials in the resaturated zone and
result in a greater degree of ground-water degradation. ‘A review of overburden core data
for portions of the pits that will intercept the Wepo aquifer (N-6, N-10, N-11, N-14,
N99, J-16, J-19/20 and J-21) indicates that there are no significantly high conductivity
zones in the overburden material. Therefore, significant salinity increases are not

expected in resaturated graded spoil on the Black Mesa leasehold.

The second principal chemical reaction that occurs in spoil material and could affect
ground-water quality is the oxidation and reduction of sulfides and organic sulfur. In
the west, waters which contact spoil are rarely acidic. Acid zones will probably form in
the spoil; however, sufficient carbonate materials and alkaline salts are available to

neutralize acid production resulting from the oxidation of sulfides.

Cores from within or immediately adjacent to the wet portions of the pits have been
analyzed to determine the acid potential of the overburden (see Appendix B). The overall

acid-forming potential of core material involves a comparison of the acid potential and

the neutralization potential expressed in terms of tons of CaCO5 required per 1000 tons

of material for neutralization (acid potential) and tons of CaCO3 excess per 1000 tons of

material (neutralization potential). Table 10 is a summary of: (1) the percent of the
total core that is comprised of material with acid potential; (2) the mean weighted acid
potential; and (3) the mean weighted neutralization potential. Cores from within or
adjacent to wet pits, and new cores (2003) drilled in the J2, J4, J6, J9, Jl4, J15, J23,
N9, N12, and N99 coal resource areas are also included. Only 1 core; Core #30356E0 in
the N-9 mining area had a higher mean weighted acid potential. All other cores indicate
excess (CaCO3) neutralization potential. The neutralization of the acid produced from
the oxidation of sulfides and sulfates does have an adverse water quality related side
effect. In the process of the carbonate minerals reacting to achieve neutralization,

there is increased dissolution of alkaline salts and consequently elevated TDS levels.

Considerable controversy surrounds the potential activity of the different

o
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D
of the total sulfur analyzed has been found to be organic sulfur. According ngollho.

:r“g,,:,

sulfur and the significance of organic sulfur. In western mine settings as
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Overburden
Core No.

TABLE 10

Summary of Acid and Neutralization Potential for
Cores in Mining Areas Projected to Intercept the Wepo Aquifer

% of
Core With

Negative Potential

Mean Weighted
Acid Potential

(Tons CaCO3 Needed
for Neutrality per
1000 Tons Material)

Mean Weighted
Neutralization

Potential

(Tons CaCO3 Excess
per 1000 Tons Material)

J2 Mining Area
30362E0

J4 Mining Area
30359E0

J6 Mining Area
30366E0
30367E0

J9 Mining Area
30364E0

J14 Mining Area
30360EC
30361E0

J15 Mining Area
30363E0

N6 Mining Area
21104cC
23163C
23164C
23165C
23166C
24093C
24094C
24095C
24096C
24097C
24098C
24099C
24400C
24401C
24402C

J16 Mining Area
23146C
23147C
23148cC
23149C
23325C
23326C
23327C
23328C
26462C

J19 Mining Area
24406C
24407C
24408C
24418C

J21 Mining Area
24403C
24404C
24405C

J23 Mining Area

30365E0

N9 Mining Area

30355E0
30356E0
30357EC
30358E0

13.67

20.21

22.31
36.42

§.32
21.88

11.97

16.63

4.48
15.38
26.35
14.97
14.42
12.98
12.60

5.39
22.77
23.32
11.93
12.50
20.14
21.67

44.57
33.14
41.22

1.42
37.64
32.34
45.26
34.72
12.28

33.23
32.03
17.97
24,09

12.02
11.98
12.36

13.04

29.64
54.64
34.30
32.14

10.27

9.76
7.98
11.26
10.36
7.41
8.21
7.13
6.94
6.92
8.61
7.21
2.82
9.23
10.90
12.54

24.37
17.81
30.79

4.59
13.89
11.06
23.06
24,12

2.65

5.05
16.48
4.34
15.39

7.44
4.97
8.49

16.10
21.25
18.57
17.42
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33.11
29.21

19.16
20.63

30.34

42.03
25.68

40.87

40.94
45.01
39.39
39.51
62.12
44.63
61.89
50.53
52.68
40.35
38.85
36.39
51.70
21.81
38.14

32.29
28.66
39.28
24.60
28.80
40.85
39.89
39.41
27.30

27.74
32.03
32.01
34.28

79.73
73.07
54.99

48.83

51.16
20.63
41.57
72.61
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TABLE 10 (Continued)

Summary of Acid and Neutralization Potential for
Cores in Mining Areas Projected to Intercept the Wepo Aquifer

% of Mean Weighted Mean Weighted
Core With Acid Potential Neutralization
Overburden Negative Potential (Tons CaCO3 Needed Potential
Core No. for Neutrality per (Tons CaCO3 Excess
1000 Tons Material) per 1000 Tons Material)
N10 Mining Area
2109°C 46.63 20.02 21.97
21100C 40.09 23.89 28.40
21101cC 38.21 20.86 24.10
30354EQ 12.32 ' 15.81 43.99
N1l Mining Area
26272C 29.61 18.73 42.57
26364C 25.91 18.50 49.32
26367C 20.76 14.00 69.67
26463C 37.84 , 17.98 58.24
N12 Mining Area
30370E0 17.19 15.12 33.15
N14 Mining Area
26269C 31.41 18.73 30.73
26271C 40.04 16.51 19.65
N99 Mining Area
30351E0 11.06 10.09 34.62
30352E0 32.00 14.47 28.76
30353E0 18.88 14.12 33.72
30368E0Q 28.11 15.11 33.91
30369E0 32.48 16.34 24.77
30381E0 26.65 15.72 46.39
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(1984), organic sulfur when oxidized produces approximately one-third less acid than the
sulfide forms of sulfur in a low (< 4) pH environment. A comparison of total sulfur
versus pyritic sulfur in cores taken on Black Mesa suggests that organic sulfur is
approximately 20 percent of the total sulfur. In this comparison it was assumed that
only the above two forms comprised the total amount of sulfur. Whether it is pyritic or
organic . sulfur, not all the forms of either will react to form acid. Considerable

research remains to be done in this area.

Oxidation of sulfides primarily occurs above the water table in the zone of water level
fluctuations or in zones of significant infiltration of precipitation. 'As was explained
previously, significant recharge will not occur to the aquifer through the spoil
material, so the potential of this as a mechanism for additional leachate movement and
acid production on the leasehold is minimal. Also, the typical Wepo water level
fluctuations range from 2 to 3 feet or less. This does not constitute a significant zbne

in which alternate weathering and leaching of ions could occur.

Below the water table, less oxygen may be available than in the overlying unsaturated
vadose zone resulting in less sulfide oxidation-reduction increases in salinity or
acidity of the water. Pionke and Rogowski (1979) state that water has an oxygen
diffusion coefficient four magnitudes less than for sulfides in air. The opportunity
exists during the mining process to minimize the oxidation of pyrites and the production
of sulfates by burying localized pyritic zones in the postmining saturated zone. Sulfide
reduction may be the dominant process occurring below the water table if substantial
populations of sulfate reducing bacteria are present. No information exists regarding

the possibility of the presence of these bacteria on the leasehold.

A final concern associated with the oxidation and reduction of sulfides and sulfates is
the mobilization of trace metals in the ground-water systém. Dollhopf et al. (1979,
1981) compared column leach extracts with spoil water quality. They found that the
statistical means and ranges for the comparisons between column leachates and water from
spoil wells often differed by as much as a factor of ten. Though they did state that
column leachates were comparable to well water concentrations to a degree, they allowed
that these correlations would have to be made at many mines with contrasting chemical
conditions in order to wverify the usefulness of this method for judging which overburden

A5k 567

materials would be most suitable for aquifer reestablishment.

Evaluation of cores taken in the N-11, N-14, J-16, J-19/20 and J-21 ming
As, Se, Mo, Hgy Cu, Cd, Cr and Zn indicates.that there are not high concex;

30




of these chemical constituents in the overburden material. During the oxidation and
reduction stages of the sulfide zones in the saturated portions of the pits, trace metals
will be alternately taken into solution as the pH drops and precipitated out as the acid
is neutralized and additional alkali salts go into solution. Total recoverable metal
analyses performed on Wepo and alluvial ground-water samples collected at below-mining
monitors also support the core chemistry. Wepo and alluvial ground-water trace metal
analyses presented in the annual "Hydrological Data Reports" and summarized in Table 11
indicate that both the dissolved and total recoverable concentrations of trace
constituents at monitoring sites downgradient of wet pits are typically well below the

livestock drinking water limits.

The above discussion has addressed the sources of potential ground-water quality
degradation. In order to assess the significance of this poﬁential degradation, the
historic and potential use of the Wepo and alluvial ground water is considered. Tabkle 12
is a summary of the principalrconstituents in both aquifers that render the water sources
unsuitable for livestock drinking water. The monitoring sites chosen for Table 12 are
either at or in the immediate vicinity (downgradient) of a pit that will intersect the
Wepo and or alluvial aquifer. Recently promulgated Tribal water quality standards
(NNEPA, 2008; Bopi, 2008) .were principally used, as well as recommended standards for
both TDS (NAS, 1974) and sulfate (Botz and Pederson, 1976). All chemical parameter
values listed are for water quality sampling at each site from 1986 through 2008, and

comparisons of standards for trace elements were limited to dissolved analyses.

The principal constituent rendering Wepo aquifer water unsuitable for use as livestock
drinking water is pH (at four wells). The NO3, Se, TDS and sulfate standards were also
exceeded at one site (WEPO46). Low pH levels appear to be isolated occurrences at two of
the four wells, where only one or two Jlow pH values appear in twenty or more
measurements. Low pH values at these wells range from 6.2 to 6.5, which is only slightly
below the livestock drinking wéter limit (lower limit is 6.5). A single high pH value
(9.16) appears in 56 measurements taken at well 40 (higher limit is 9.0). Elevated NO3
levels can lead to methemoglobinemia and impaired liver function, whereas elevated Se can
cause white muscle disease in livestock. Ingestion of sulfate levels greater than 3000
mg/l and TDS concentrations greater than 7000 mg/l in livestock drinking water tends to
cause diarrhea, rundown ragged appearances, weakening, and death. Principal constituents
in the alluvial aquifer that preclude 1livestock use are sulfate and TDS.
occurrences of trace elements Cd, Pb and Se greater than the standards

laboratory method detection 1limits greater than the standards. Alluvig
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Table 11.

Summary of Dissolved and Total Recoverable Trace Metal Concentrations in Portions of the
Wepo and Alluvial Aquifers Below Mining Black Mesa Leasehold (1986 — 2008)

Wepo Aquifer

Chemical Range of Minimum Range of Mean Range of Maximum Livestock
Constituent Values (mg/]) Values (mg/1) Values (mg/1) Standards (mg/)#
Arsenic (D) <.001-.003 .001-.004 <.001-.004 0.2
Arsenic (TR) .001-.003 .001-.004 <.001-.005 0.2
Boron (D) .03-.79 .065-.88 .08-1.2 5.0
Cadmium (D) <.003-.008 .003-.011 <.003-.02 0.05
Cadmium (TR) <.003-.009 .005-.009 <.005-.009 0.05
Chromium (D) <.01-.01 .01-.01 <.01-.01 1.0
Chromium (TR) <.01-.01 .01-.01 <.01-.01 1.0
Copper (D)* <.01-.01 .01-.023 <.01-.02 0.5
Copper (TR) <.01-.02 .01-.037 <.01-.06 0.5
Lead (D)* <.02-.02 .02-.02 <.02-.02 0.1
Lead (TR) <.02-.08 .02-.08 <.02-.08 0.1
Mercury (D)* <.0001-.0003 .0003 - .0003 <.0001-.0003 0.01
Mercury (TR) <.0001-<.0001 - <.0002-<.0002 0.01
Molybdenum (D) <.001-.002 .001-.003 <.001-.003 N/A
Molybdenum (TR) <.001-.002 .001-.003 .001-.005 N/A
Selenium (D)* <.001-.011 .001-.09 <.001-.21 0.05
Selenium (TR) <.001-.007 .001-.09 <.001-.21 0.05
Zinc (D) <.01-.30 .01-.34 .01-.40 25
Zinc (TR) .01-.03 .02-.20 <.01-.53 25

Alluvial Aquifer
Chemical Range of Minimum Range of Mean Range of Maximum Livestock
Constituent Values (mg/]) Values (mg/1) Values (mg/]) Standards (mg/)#

Arsenic (D)
Arsenic (TR)
Boron (D)
Cadmium (D)*
Cadmium (TR)
Chromium (D)*
Chromium (TR}
Copper (D)*
Copper (TR)
Lead (D)*

Lead (TR)
Mercury (D)*
Mercury (TR)*
Molybdenum (D}
Molybdenum (TR)
Selenium (D)

" Selenium (TR)
Zinc (D)*

Zinc (TR)

* Range adjusted to exclude suspected outliers. Criteria used for identifying suspected
measureable dissolved concentrations yet the pH is alkaline; dissolved concentrationgtj
recoverable concentrations; and one or two abnormally high dissolved values mixed A

<.001-.013
<.001-.006
<.02-.66
<.003-.02
<.003-.02
<.01-.03
<.01-.03
<.01-.04
<.01-.02
<.02-.08
<.02-.04
<.,0001-.0009
<.0001-.0004
<.001-.002
<.001-.002
<.001-.017
<.001-.004
<.01-.67
<.01-.02

detection limit values.

# Standards are taken from Navajo Nation Surface Water Quality Standards (NNE
Draft Hopi Water Quality Standards (Hopi, 2008 — mercury only). ‘

.001-.013
.001-.008
.088-.78
.003-.02
.003-.02
.01-.038
.01-.11
.01-.043
.01-.062
.02-.08
.02-.14
.0002-.002
.0001-.0007
.001-.004
.002-.008
.001-.014
.001-.011
.02-.32
.02-.08
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<.002-.015
.001-.03
.07-.90
<.01-.02
<.01-.021
<.01-.07
<.01-.35
<,01-<.08
<.01-.22
.02-.12
<.02-.59
<.0002-.003
<.0001-.0013
<.001-.01
<.001-.016
<.002-.032
.002-.024
.02-.77
<.01-.47

0.2
0.2
5.0
0.05
0.05
1.0
1.0
0.5
0.5
0.1
0.1
0.01
0.01
N/A
N/A
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affected as relatively few of the twelve Wepo wells exhibit unsuitable livestock water
use potential. Also, those portions of the alluvial aquifer potentially affected by pit
interception of the Wepo aquifer do not appear to be significantly affected because 4 of
the 18 alluvial wells have typically had unsuitable livestock water use potential owing

to TDS, and eight of the 18 wells have exhibited high levels of sulfate historically.

In summary, increases in concentrations of Ca, Mg, Na, S0, and HCO3 and TDS will occur

regardless of the nature of the spoil material placed in the saturated zone. The
potential for acid formation and acid and trace metal migration is minimal, because of
the overall buffering capacity of the overburden material. There will be some amount of
additional TDS increases as a result of the neutralization of acid forming material
placed in the saturated =zones. Acid formation will occur primarily in response to
oxidation of sulfides in advance of the wetting front during spoil resaturation.
Reduction of sulfates will primarily occur following resaturation. Based on climatic
conditions and the transmissivities of the material, resaturation and reestablishment of
premining ground water flow gradients could take 10 years or more. The magnitude of the
impact to either aquifer should be limited to the immediate pit areas, because gradients

and transmissivities are very low.

The overall significance of this impact is minor. There are no present water users of
the Wepo aquifer within the leasehold. In fact, only two wells (4K-389 and 4T-405) in
the region are reported to be completed only in the Wepo aquifer (see Chapter 17). An
inspection of the 1lithologic log for one of the wells suggests that it is actually
completed in the upper member of the Toreva (155 feet of sandstone at the bottom of the
well). ©No log could be found for the other well. Local wells are not completed in the
Wepo aquifer for two reasons; (1) the yields are too low, and (2) the quality of the

water may be unsuitable for domestic or livestock purposes

Interception of Wepo Recharge to the Alluvial Aquifer by Pits. Based on Drawing No.

85610, Wepo Water Level Contour Map, ground-water flow is from the Wepo aquifer to the

alluvial aquifer system. Pit interception of portions of the Wepo aquifer in the N-10,
N-11, N-6, J-16, J-19/20 and J-21 pits can potentially cause local decline in the
alluvial aquifer system. Distance . drawdown projections for the combined pit

pumpage (Figure 1 and Table 8) suggest portions of the alluvial aquifer system (Reed

Valley, Red Peak Valley, Upper Moenkopi and Dinnebito alluvial aquifersgy
AN Y

potentially be affected to the extent that drawdowns exceed natural 4&§ter
N)

fluctuations.
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It is difficult to predict the magnitude of the drawdowns as the alluvial aquifers have a

large range of transmissivities and storage coefficients. Comparing this situation to

the N-7/8 pit pumpage effects on the Yellow Water Canyon alluvial aquifer (Alluvial Well

z dams,i with the exception of J-7 Dam are on small tributaries, which only contrj

i minimal amounts of water to the alluvial ground-water system. Seepage occurs

"74 and 75), it is estimated that drawdowns in the alluvial aquifer near the N-14, J-16

and J-19/20 pit areas could range from 8 to 20 feet during the period of maximum combined
pit interception (1980 to 1983). Also, drawing on what was experienced at the N-7/8 pit,
the alluvial aquifer drawdowns should be quite localized and limited in extent (less than
one mile downgradient). These impacts should be partially offset by recharge to the
aquifers from water impounded in Reed Valley, N-14D, N-14E, N-14F and J-16A dams. The
significance of this impact is minimal because of the limited portions of the alluvial
aquifer system affected and the absence of local use of the alluvial aquifer. As with

the Wepo aquifer, the alluvial aquifer is low yielding throughout most of the leasehold

. and the quality is not suitable for domestic purposes and is marginal to unsuitable for

; livestock use. Therefore, water from the alluvium does not support the pre- or postming

land use nor does it support any critical habitats or plant species (see Chapters 9 and

10) .

Interception of Channel Runoff Recharge to Alluvial Aquifers by Dams and Sediment Ponds.

Dams, sediment ponds and internal permanent impoundments will intercept the runoff from
about 29 and 12 percent, respectively, of the Moenkopi and Dinnebito watersheds to the

down drainage lease boundaries. These structures will remove some potential channel

bottom transmission loss recharge to the alluvial aquifers downstream from the

structures. Downstream aquifer recharge impacts associated with the dams should be

© offset by the impounded water recharge to the alluvial aquifer. The alluvial aquifer

; water level monitoring program indicates that the impact of the structures on alluvial

water levels is insignificant. There is no evidence suggesting gradual water level

declines in the alluvial aquifer system over time (see Chapter 15).

Truncation of Portions of the Alluvial Aquifers by Dams. Eight large dams have been

constructed such that the embankments cut through the entire thickness of alluvium to
bedrock. The embankments are designed and constructed to be impervious. These
structures impact the alluvial aquifer system by disrupting the ground-water flow. A
review of the five-year alluvial ground-water level hydrographs (Chapter 15) indicates

that these impacts are of no significance probably owing to the following reasons. All

Dam along sandstone bedding planes. The Wepo aquifer discharges to the alluvg;
all along the channel reaches. Any localized ground-water flow disruptio f
offset within short distances below the dams.
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Effects of Altered Wepo Aquifer Water Quality on Alluvial Aquifer Water Quality. The

effects of higher TDS water from resaturated spoil in the Wepo aquifer recharging the
alluvial aqﬁifer are expected to be minimal. The pits will require anywhere from several
years to 100 years to resaturate and reestablish ground-water flow gradients because of
limited precipitation recharge and very low Wepo ground-water flow rates. These same low
transmissivities will continue to- limit the Wepo feed and contaminant transport into the
alluvial aquifer. In contrast, responses to snowmelt and rainfall runoff recharge are
rapid and greater than Wepo feed during three seasons of the year. The potential for
rapid dilution of elevated TDS inputs from the Wepo would be quite high during these

significant recharge periods.

The significance will be minimal because, the alluvial aquifer water within the leasehold
is unsuitable for domestic purposes and marginal to unsuitable for livestock drinking
water. Water from the alluvial aquifer is not essential to support the postmining land

use or critical habitats or plant species.

Mining Interruption of Spring Flow. To date, ten natural and two artificial springs of

any significance {more than just a damp spot along the side of a channel) have been
identified and monitored within and immediately adjacent to the leasehold. Of these, one
spring (NSPG97) at the northwest edge of N-14 has been removed by mining activities (N-14
channel realignment). Reference to the statistical water quality summary for springs in
Chapter 15, Hydrologic Description, indicates that the water quality of the spring was
unsuitable for livestock use. Those parameters and parameter concentrations above the
livestock drinking water limits are presented in Table 13. Peabody has provided two
alternate water supplies for this spring: . (1) water impounded in the N14-D dam; and (2)
two public water outlets on the leasehold. The alternate water supplied is greater in
quantity and better in quality than the spring water. The water supplied at the public
water outlets meets domestic drinking water requirements. No other springs are expected

to be impacted by the proposed mining.

Impact of Peabody Wellfield Pumpage on Regional Water Levels and Stream and Spring Flows.

Peabody operates a wellfield consisting of eight wells completed in the D aquifer and N
aquifer (Navajo Sandstone, Kayenta Sandstone, and Wingate Sandstone) that provided water
for the coal slurry pipeline serving the Mohave Generating Station through the end of
2005, and for other continuing operational uses.

averaged about 4,000 acre-feet per year (1969-2003).
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TABLE 13

\
Chemical Parameters and Concentrations at Spring 97
Which Exceed Livestock Drinking Water Limits

Mean Recommended Livestock
Parameter Concentration (mg/l) Limits® (mg/1)
Lead 0.167 0.1
Sulfate 4077 3000
Total Dissolved Solids 6846° 6999

(1) Limits are based on Navajo Nation (2008), Hopi Tribe (2008), National Academy of
Science (1974), and Botz and Pederson (1976).

(2) One of four TDS values was greater than 6999 mg/l.
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considerable distances and in several directions from the PWCC wellfield. The rates of
pumping at the well field have been measured throughout the period of pumping. The
result is a data set which, if properly evaluated, provides considerable information
about the aquifer, and about the response of the aquifer to pumping. These measurements
also provide information with which to estimate the effects of future water use. It is

important to use appropriate tools to interpret this information. The analytical models,

such as the Theis, Cooper-Jacob, Hantush, or other solutions of the flow equations, while
appropriate for short-~term tests, are commonly not suitable for longer tests because many
of their simplifications affect long-term results. Material properties can vary over
reasonably short distances, and boundaries can affect aquifer responses to pumping.

Therefore, numerical models are better tools with which to properly interpret these long-

term pumping tests, and to predict the effects of future pumping. In short, monitoring
the effects of past water use provides information with which to predict future effects.
This approach was first applied in the Black Mesa area in 1985 and 1987 by the USGS,
through the development of a ground water flow model of the N aquifer beneath and
surrounding the‘Black Mesa basin, and use of the calibrated model to predict the effects
of future pumping. In 1998, consultants for Peabody started development and calibration
of a more realistic, three-dimensional model of the aquifer and incorporating more
recently collected information; this improved model is used to predict the effects of N

aquifer water use by Peabody.

The following analysis of the effects of Peabody’s pumping of the N Aquifer is based on
data measured before and during the period of pumping, and on models based on these data.
It considers the effect of pumping on drawdown at existing locations of groundwater use,
groundwater discharge at springs and to streams, the structural integrity of the N
aguifer, and watei quality of the N aquifer that might be affected by increased leakance

of water through the overlying Carmel.

Numerical Modeling. Several numerical models have been developed to estimate the impacts
of pumping by Peabody and the tribal communities on the N Aquifer, beginning in 1983
(Eychaner, 1983). Most recently, Peabody has developed a model that includes the
overlying D Aquifer (PWCC, 1999). The D Aquifer is also used as a water resource, but to
a much lesser extent than the N Aquifer; model simulation results indicate that over the

calibration period, approximately 3% of Peabody pumping is from the D. These modehsvar

stress on the observed or measured effects (i.e., water levels and strea

,. ) BE(Th
fFrovs) DECTS)

=

models are not of sufficient resolution to simulate flow at individual sgedngs, but can
2 APe

be used to make intelligent observations of regional spring flow. Each mod§
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. Development of a basic description of the real system, including geologic controls on

material properties (i.e., geometry of the rock layers, deformation of the rocks,
etc.), areas and amounts of recharge and discharge, and distribution of water levels.
. Formulation of a mathematical description of the system to be modeled. This

formulation is based on

o Darcy’s Law - a mathematical expression that relates the rate of groundwater flow
to observable differences in water levels.

o Mass balance - a mathematical expression of conservation of mass. For a
groundwater-flow system, this means that flow into the system (recharge) must
equal flow out of the system (pumping or discharge to streams or springs) plus the
change in‘ the amount of water held or released from storage as water levels
change.

o Boundary conditions - mathematical statements of various conditions that exist on
the boundaries of the modeled system. These require knowledge of the geometry of
the rock formations and the processes and locations through which water enters and
exits the system.

o Tnitial conditions - description of the water levels everywhere in the system at

the beginning of the modeled time period.

. Development of a set of numerical values for all parameters appearing in the
mathematical formulation. These include hydraulic conductivity, specific storage, and

specific yield, all of which may be spatially variable.

e Application of a numerical algorithm that “solves” the mathematical formulation for
different applied stresses. The algorithm calculates the spatial and temporal
distribution of water levels and groundwater flow rates that satisfy the mathematical

model for different pumping rates, recharge rates, etc.

Each model is put through a calibration process whereby model parameters are adjusted by
either manual or automated methods until simulated results reasonably match measurements.
This usually means matching historic water-level measurements at wells against model

output. The model parameters adjusted towards calibration are typically flow and storage

properties of the geologic material. They are adjusted within ranges reported in the
scientific literature for the specific rock type. Boundary conditions such as recharggféifﬁ
A 0
(A 2

may also be adjusted if calibration can not be achieved with the independently de§£§ed
ATy
estimates. The geometry of the flow system is typically held fixed during this p é?ess. DEC
U

Calibration can be -performed for non-pumping (steady state)
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representing both conditions.

Each of the groundwater models developed for the Black Mesa area was based on the USGS's
finite-difference computer codes, covered most or all of the Black Mesa Basin, included
all known pumping stresses and was calibrated under non-pumping and pumping conditions

using the USGS’s six monitoring wells as key calibration targets.

The first model developed was by Eychaner of the USGS in 1983 using the computer code
written by Trescott and others (1976) which simulates flow in one or two dimensions.
The N Aquifer was simulated as a single flow unit (using one model layer) in two-
dimensional space and the transient calibration period was from 1965 through 1977. Soon
thereafter, the USGS (Brown and Eychaner, 1988) updated this model using a refined grid
spacing and the USGS modeling code MODFLOW (McDonald and Harbaugh, 1988). After
calibration, this model was used to predict the effects of pumpage on the flow system.
Concurrently, an independent modeling effort was begun by Peabedy. Both groups chose to
simulate the flow system in two’dimensions and to represent the N Aquifer as one flow
unit. This was reasonable given the N Aquifer’s large regicnal-scale, relatively uniform
and continuous nature, and its predominantly horizontal groundwater flow. The USGS
(Brown and Eychaner, 1988) kept their same model boundaries while Peabody’s wversion
(GeoTrans, 1987) extended the boundaries to cover more of Black Mesa basin (Figure 2),
particularly to the southeast. This difference in extent reflects the fact that the USGS
only includes the Navajc Sandstone in the southwestern part of the model, while the
Peabody model also includes the Kayenta and Wingate. The USGS extended their calibration
period from 1965 through 1984, whereas the Peabody model was calibrated from 1956 through
1985. The earlier time period (pre-1965) was chosen to simulate community pumping at
Kayenta. The Peabody model also increased the number of transient calibration-target
locations from six to nine. Although the two models were developed independently and

differed from each other in details, their results were similar.

In 1993, under the auspices of the coal leases and authorized by the Secretary of
Interior, the Hopi Tribe, the Navajo Nation, and Peabody funded a study by S. S.
Papadopulos & Associates, Inc. (SSPA) that reviewed the USGS model (Brown and Eychaner,

1988) for appropriateness, application; calibration, and results. They concluded that:

“A mathematical model, such as the one constructed by the USGS, is th,«”{

only method available for separately determining impacts of Peabog
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aquifer extent. Consequently, the method used in the USGS studies is a
standard method and is clearly appropriate for the purpose of evaluating

impacts due to pumping by Peabody.”

They further concluded that application of the modeling method was appropriate, the
calibration was reasonable, and that Peabody’s impacts on surface-water features (such as
streams and springs) was minimal because water was predominantly coming from aquifer
storage. An important contribution of SSPA (1993) towards the understanding of the N
Aquifer system was the development of a database for the N aquifer that was more

comprehensive than the one used by Brown and Eychaner (1988).

Following the completion of the SSPA report and because of the concern expressed by some
of the participants in the co-operative study, the Secretary of Interior requested that
the USGS conduct a fresh review of the Brown and Eychaner report. The reviewer from the
USGS believed that Brown and Eychaner did not sufficiently document the water budget
estimates, and that the model was less credible as a result. To evaluate this concern,
Peabody initiated a modeling study in which the sensitivity of modeling predictions to
the estimated recharge rate was tested (Peabody, 1994). First, this study compared the
USGS and Peabody models. Second, it documented the conversion of both the USGS and
Peabody models to an automated calibration modeling code, MODFLOWP (Hill, 1981). The
converted USGS model was then successfully re-calibrated for pre-pumping conditions using
recharge values that were 0.5, 0.75, 1.5, and 2.0 times the base recharge value used by
Brown and Eychaner (1988) of 13,380 ac-ft/yr. The best agreement with water-level data
occurred with the base-case recharge value. Pumping simulations were then performed, and
results indicated the importance of calibrating the model to both pre-pumping and pumping
conditions. MODFLOWP did not have this capability. Similar tests were performed with

the Peabody model {1987), with similar results.

In 1999, Peabody substantially revised the modeling of the flow system by developing a
three-dimensional representation of the N and D Aquifers, separated by the intervening
low-permeability Carmel Formation (Figure 3). The revised three-dimensional model,
including detailed discussions on the model database, conceptual model, geology,
hydrogeology, numerical modeling, and future pumping effects, are presented in the report

entitled “A Three-Dimensional Flow Model of the D and N Aquifers, Black Mesa Basin,

Arizona” (PWCC, 1999). Each of the seven rock units that comprise the D and
are explicitly included in this 7-layer model. Moreover, the changes/ i
properties caused by different depositional environments within the rg

incorporated, allowing their properties to be explicitly adjusted individua :
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model-calibration process. 1In previous models, the model parameters represented a lumped
average for the properties of several different formations. The calibration period was
extended from 1956 through 1996 and the number of wells providing information on changes
in water levels caused by pumping increased from nine to 47. This work was based on a
database that included and went beyond the one compiled by SSPA (1993), in part, by
adding information for the Carmel Formation and the D Aquifer, and including eleven
additional years of pumping stresses, water-level measurements,_and spring and streamflow

measurements.

When the 3D model was developed, it was calibrated to both non-pumping (pre-1956) and
pumping (1956 through 1996) conditions. Temporal changes in measured water levels were
compared with changes in the simulated water levels. The calibration process relied more
on data from wells BM-1, -2, -3, -4, -5 and -6 than from other wells, because (1) these
wells were specifically chosen for monitoring the effects of pumping at the Peabody
leasehold, (2) the higher quality and greater quantity of data from the BM-series, and
(3) detailed information on pumping of community wells was not available. The calibrated
model provides good agreement with the measured changes in water levels for the BM-series

wells.

An automated calibration process that used both pre-pumping and pumping datasets was
used. This facilitated <the development of multiple calibrated models, each one
calibrated to different estimates of recharge or other model parameters. In 1997, Lopes
and ‘Hoffmann (1997) used geochemical data to estimate the recharge rate near Shonto.
Their estimated rate was approximately one-half that proposed by Brown and Eychaner for
this area. Using a larger geochemical daté set and a numerical transport model, Zhu and
others (1998) and Zhu (2000) showed that the geochemical data are consistent with the
higher, earlier estimates of recharge rates based on hydrologic data. Still, uncertainty
in recharge rates remains. To address this uncertainty, the model was calibrated twice,
first using a recharge wvalue similar to Brown and Eychaner’s and again, using a value
similar to Lopes and Hoffmann’s. In addition, two different approaches (full ET and low
ET) to simulating discharge in non-wash settings were used, resulting in four calibrated
models. These are termed FR/FET (full recharge and full ET), HR/FET (half recharge and

full ET), FR/LET (full recharge and low ET), and HR/LET (half recharge, low ET). The use

calibrated models explicitly answers questions about the sensitivity of
predictions to uncertainty in these items.
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These four models were used to estimate impacts of Peabody and tribal pumping on the D
and N Aguifers. Unless otherwise indicated, the term “base-case model” refers to
Peabody’s FR/FET 3D model of the D and N aquifers using a recharge rate similar to that
used by Eychaner (1983) and Brown and Eychaner (1988), and using MODFLOW's ET package to

simulate discharge in the non-wash settings.

The 3D model was developed to improve the confidence in predictions of future effects of
Peabody’s pumping. The fact that the new model matched water-level information better
than'older models, while reassuring, does not necessarily mean that the predictions will
be accurate. Earlier models produced reasonably good agreement with water-level change
information available at the time of their calibration, but the agreement of measured and

simulated water-level changes degraded with increasing time.

Calibration of the 3D model benefited from the collection of approximately eleven
additional years of data since development of the earlier 2D models. These data provided
.additional indirect information about the groundwater system through a model-development
process. Groundwater models are widely acknowledged to be “non-unique”. Different
models (boundary conditions, geometries, material properties, solution techniques) can
produce equally good agreement with available information. However, they may yield
different results when used to make predictions. Thus, an importanf aspect of using
models to guide resource management decisions is to evaluate whether the model results
agree with data not used to calibrate the model, such as newly collected water-level
data. If the agreement is good, confidence in the model’s predictive ability is
increased. However, if the agreement is poor, the need for additional calibration work

is indicated.

The accuracy of the 3D model to simulate water-level changes beyond the calibration
period was tested using pumping and water level data through 2009, which includes the

period beginning in January 2006 when Peabody pumping was considerably less than in

previous periods. Water-level data from the BM-series wells and annual community pumping
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Simulations were performed using the four different models described in Peabody (1999).

These four models, each individually calibrated, use a combination of two different
recharge rates and two different upland (non-stream) discharge values simulated using
different maximum ET rates. For the model validation tests, only the pumping rates for
the period 1997 through 2002 were updated from the 1999 report; no other changes were

made to the modeling data sets.

In the following temporal drawdown figures, the drawdown is calculated based on the time
of the first available measurement in the indicated well. Errors in the first
measurement would affect the calculation of the measured drawdown values. The effects of
errors may be greatest at BM3, which displays considerable variation in water level

because of local pumping.

Figures 4 through 9 provide comparisons of measured and simulated drawdown for the four
models for the BM-series wells through 2009. At BMl, the agreements of the two models
using the full recharge values are better than for the two models using half the full
recharge values; the base case provides the best fit to the data. There is a measured

long-term slow trend of declining water levels, with less than 1 foot of decline over

more than 30 years. All four of the models simulated more drawdown for the calibration
period than was observed. Thus, it i1s not a surprise that they continue to simulate more

drawdown than has occurred.

At BM2, the simulated drawdowns for the four models approximate the same total drawdown
as observed over the calibration period, although the simulated drawdowns occurred
earlier than the measured values. The agreement between measﬁred and simulated drawdown
appears to have improved after about 1992, and all four models do a reasonably good job

of approximating measured drawdown through the end of the calibration period. The base

case and low upland discharge models provide the best fit to measured data. 1In recent
years, measured drawdown has been occurring more rapidly than predicted drawdown. The
simulations show a small response to the reduction in pumping by Peabody in 2006. The

measured values show that the rate of drawdown has decreased but that water levels have

not yet started to rise.
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the well. The four models track the measured changes approximately equal,WEWell r_?h§gf

low upland discharge model provides better simulation results to an increald in drawdown
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the measured values makes comparison with the simulated values uncertain, the four models
appear to simulate a slighter greater rate of drawdown than the measured values from end
of calibration through 2009. Effects of reduced pumpage by Peabody are not apparent in

the data. The simulations show a slight decrease in the rate of drawdown.

Little change has occurred in water-level measurements in BM4. A decline in water levels
of approximately 1 £t occurred Dbetween 1998 and the beginning of 2003, but levels
increased back to pre-1998 levels, and then began to decline again. As with BM1, the
cause for the short-term decrease is not known. The models are beginning to simulate a

small (<0.1 ft) amount of drawdown at this well.

The most recent 13 years of data (since the end of the calibration dataset) at BMS are
tracked very well by the four models, although the agreement of the full recharge/low ET
model is not quite as good as the other three. The rate of drawdown at the well has
decreased slightly since PWCC pumping decreased at the end of 2005. The models are

matching this change well.

At BM6, the full recharge/low ET model simulates about 20% less total drawdown than that
measured over the calibration period, and less than the other three models. The rates of
change calculated by the other three models agree quite well with the measured rate of
change, although the base-case (full recharge/ET) and the half-recharge, low upland
discharge models provide the best overall fit to the calibration data. The reduction in
Peabody’s pumping at the beginning of 2006 is apparent in the data and the simulation
results, with the models having a slightly earlier and slightly faster recovery than the
measurements. From the end of calibration through 2007, the base-case and half-recharge,
low upland ET models continue to provide the best fits to measured drawdown. The
agreement between measured drawdown and the predicted drawdowns calculated from these two
models over this time period indicates that the two models should reliably predict

drawdown for many years.
The four models match the observed water-level changes at the six BM monitoring wells

quite well. The base-case model provides the best overall fit. The comparisons indicate

that recalibration is not warranted at this time, and support the ability of the models

is more likely to affect stream flows, the models are conservative,

a faster rate of drawdown than is occurring.
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The base-case model is used in the predictive simulations presented below. Testing of
the four models used longer pumping periods than evaluated in this PHC (Scenario A, PWCC,
1999), and indicated that all four models produce similar results. The predicted
drawdowns are similar (because each model 1is calibrated to the same water-level and
drawdown data), though not identical. Similarly, the predicted impacts on the discharge
to streams are also quite similar. Obviously, for the half-recharge cases, the simulated
discharge into the streams is less than for the full-recharge cases, and therefore the
effects of pumping on stream discharge, expressed on a percentage basis, are slightly
higher for the half-recharge cases. Because the effects of PWCC pumping on stream
discharge are predicted to be low in  Scenario A for all four cases, and because the
pumping plan evaluated in the PHC envisions a decrease in both pumping rates and length

of time of pumping, only the base-case model is evaluated below.

The effects of Peabody’s withdrawals from the D and N aquifers have been simulated using
conservative estimates of the ahnual pumping rate under the proposed mining scenario
(Table 14). While PWCC has not and does not relinquish  or restrict any right it has or
may have to continue to utilize water from the N aquifer in accordance with the terms of
its tribal lease agreements, the currently proposed mining plan does not include mining
to supply coal to the power plant at Laughlin, NV, and therefore pumping at rates
sufficient to provide water for the coal slurry pipeline is not considered in the
computer simulations. The effects of actual pumping after the curtailed operation of the
coal-slurry pipeline beginning in 2006 are not considered in these simulations. Rather,
the projected future pumping after 2005 were used. The projected rate of 1,236 af/y for
this period compares well with the averaged actual pumping rate of 1,244 af/y for the

period 2006 through 2009.

Beginning in 2006 and continuing through 2025, the N-Aquifer wellfield is assumed to
supply the needs of the Kayenta Mine (928 af/y). In addition, 247 af/y is pumped for
maintenance of the Black Mesa wells not currently in operational use, and 61 af/y is
pumped and provided to the public, for a total of 1,236 af/y. For the period from 2026
through 2028, the N-aquifer wellfield is assumed to supply 430 af/y for Kayenta Mine
reclamation activities. The public supply pumping is assumed to increase to a rate of 75

af/y, for a total of 505 af/y. The Black Mesa wells continue to supply 247 af/y of the
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Table 14

Simulated Pumping Rates from the N Aquifer

Period Simulated Pumping Rates
1956-2005 Actual
2006-2025 1236 éf/y (928 Kayenta ¥1ne, 247 well
maintenance, 61 public supply)
505 af/y (430 Kayenta reclamation [247 well
2026-2028 maintenance, 183 Kayenta mine], 75 public
supply)
2029-2038 444 af/y (444 well maintenance, public

water derived from the maintenance pumping)
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Impacts of Drawdown at Community Pumping Centers. Pumping of water from the D and N
aquifers causes lowering of water levels or confined pressures within the aquifer.
Drawdown is necessary in order for water fo be withdrawn from the aquifer by wells and
occurs due to pumping at the Peabody well field, as well as at the communities. However,
excessive drawdown may cause wells to become unusable (e.g., if the water level during
pumping of the well is lowered to the pump intake, and the pump cannot be lowered).
Drawdown also increases pumping costs. The USGS has been monitoring water levels in
commuhities throughout the basin for several years, and has estimated the drawdown caused

by pumping of water from the N aguifer.

Figure 10 shows the simulated drawdown through 2005 for the top part of the N aquifer,
using the base-case 3D model, for both combined Peabody and Tribal pumping (Figure 10A)
and for Peabody pumping only (Figure 10B). Drawdown resulting from Peabody’s pumping is
greatest beneath the leasehold, and is very small within the unconfined area. The
transition from confined. to unconfined conditions greatly limits drawdown because of . the
much greater storage coefficient under unconfined conditions. Drawdown caused by pumping

at the communities is also apparent. Community drawdown is most obvious at Shonto and

Tuba City, because drawdown due to Peabody pumping is essentially non-existent there.
However, it also has occurred at other communities, for example, Polacca, Kykotsmovi, and
Kayenta. This is evident when comparing the drawdowns presented in figures A and B. The
model-estimated drawdown caused by pumping at the end of 2005 is presented in Table 153a.
These wells were chosen because of their use by the USGS in the annual monitoring
reports. The percentage of drawdown attributable to Peabody pumping was calculated from
the base-case 3D modeling ;esults, based on pumping simulations with and without Peabody
pumping. Data on the depth of the N aguifer or uppermost open interval were obtained
from USGS monitoring reports. The drawdown estimated from the combined .community and
Peabody pumping is added to the initial depth to water to estimate the pumping water
level near the well. The pumping water level is compared with the depth of the N aquifer
or the top of the well’s open interval to determine the remaining column of water above
the N aguifer or production interval. This thickness represents the additional drawdown
available before the water level would be lowered to the top of the N aquifer or the top

of the production interval in the well.

Ridge and Pinon, where the estimated drawdowns attributable to Peabody range frg

198 feet. Elsewhere, the drawdown resulting from Peabody pumping is 35 feet or{

v o smn R D i‘ﬁ
kep of ttﬁ@?ﬁgw ED =

all locations except Rough Rock, more than 439 feet of water remains above the
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Figure 10. Simulated drawdown in the N Aquifer in 2005. A: Peabody and community pumping.
B: Peabody pumping only. The contour interval is 50 feet, with a supplemental contour for 1 foot.
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Table 15

Simulated Drawdown at Selected Community Wells Caused by Combined Pumping
and by Peabody's Pumping, and Remaining Water Column

a. 2005
Remaining
Initial|Simulated PWCC PWCC Eegihng Excess
Community Well DTW Drawdown | Allocation| Allocation Water
(£t) (£t) (%) (£t) of Open | 1 ymn
Interval (Ft)
Chilchinibito PM3 405.0 94 73% 68 1136 663
Forest Lake NTUA | 4T-523 1096.0 217 92% 198 1870 576
Kayenta West 8T-541 227.0 125 27% 34 700 439
Keams Canyon PM2 292.5 35 24% 8 900 599
Kykotsmovi PM1 220.0 88 26% 23 880 637
Pinon PM6 743.6 126 57% 72 1870 1054
Rocky Ridge PM2 432.0 110 85% 93 1442 917
Rough Rock 10R-111 170.0 4 47% 2 210 38
b. 2025
Remainin
Initial|Simulated PWCC PWCC SegihTZ; Excess J
Community Well DTW Drawdown | Allocation| Allocation of Open Water
(£ft) (ft) (%) (ft) Column
Interval (££)
Chilchinibito PM3 405.0 86 50% 43 1136 688
Forest Lake NTUA | 4T-523 1096.0 139 77% 107 1870 667
Kayenta West 8T~541 227.0 165 14% 23 700 450
Keams Canyon PM2 292.5 56 21% 12 900 596
Kykotsmovi PM1 220.0 144 21% 30 880 630
Pinon PM6 743.6 150 42% 64 1870 1063
Rocky Ridge PM2 432.0 108 71% 77 1442 933
Rough Rock 10RrR-111 170.0 6 37% 2 -210 38
c. 2038
Remainin
Initial | Simulated PWCC PWCC Segthzg Excess ?
Community Well DTW Drawdown | Allocation| Allocation of Open Water
(ft) (ft) (%) (ft) Column
Intexrval
(ft)
Chilchinibito PM3 405.0 89 33% 30 1136 701
Forest Lake NTUA | 4T-523 1096.0 121 62% 76 1870 698
Kayenta West 8T-541 227.0 196 10% 19 700 454
Keams Canyon PM2 292.5 73 14% 10 900 597
Kykotsmovi PM1 220.0 187 14% 26 880 634
Pinon PM6 743.6 172 29% 49 1870 1077
Rocky Ridge PM2 432.0 104 57% 59 1442 951
Rough Rock 10R-111 170.0 7 28% 2 210 38
S 2
S D )
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pumping. Pumping of the well itself will cause additional drawdown. Information on this
local drawdown is not available, and it is assumed that the local drawdown is a few
hundred feet or less. Thus these calculations indicate that the combined pumping, as of
2005, will not cause sufficient drawdown to reduce the production of the aquifer by
dewatering. For Rough Rock {well 10R-111), the water column above the top of the aquifer
was only 40 feet thick before any pumping, and Peabody’s pumping reduces it by
approximately 2 feet. At this location it is likely that the pump is already sét below

the top of the N aquifer, similar to wells in the unconfined area.

Figure 11 portrays the predicted drawdown in the N Aquifer at the end of 2025, due to
combined Peabody and community pumping (Figure 1la), and Peabody pumping (Figure 11b).
The drawdown beneath the leasehold has decreased, while that near the communities has
typically increased. Figure 12 shows the change in simulated water drawdown between 2005
and 2025 for all pumping (Figure 12a) and Peabody pumping (Figure 12b). The recovery
caused by the reduction in pumping is predicted to be greater than 200 feet beneath the
Peabody leasehold. Drawdown due to pumping near the communities will increase, but
generally by less than 50 feet. For example, at Kykotsmovi, the drawdown is predicted to
increase by approximately 45 feet between 2005 and 2025. Near Second Mesa, the increase

is predicted to be similar.

Table 15b presents information on the predicted drawdown at the end of 2025. With
reduction in the amount of water pumped at the leasehold, there will be reductions in the
drawdown attributable to Peabody at the communities that are located closest to the
leasehold (Chilchinibito, Forest Lake, Xayenta, Pinon, and Rocky Ridge). Near the
southern Hopi villages (for example, Keams Canyon and Kykotsmovi), Peabody’s past pumping
will result in small increases in drawdown compared to those in 2005. 1In all cases, the
drawdown in community wells attributable to community pumping is predicted to increase
between 2005 and 2025; actual water levels in Chilchinibito and Forest Lake are predicted
to rise because of their close location to the leasehold and the greater relative impact
of decreased Peabody pumping. Drawdown caused by pumping in the indicated community
wells will further reduce the water column thickness in the wells while the local pumping
is occurring. For nearly all of these wells, the remaining water column is hundreds of
feet thick, indicating that the N aquifer will be able to continue to supply water at

previous rates. The sole exception is possibly well 10R-111 near Rough Rock
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the well may occur. Here, the N aquifer is approximately 600 £t thick, so that local

dewatering, if it occurs, will have only a minor impact on aquifer productivity.

Under the proposed mining plan, pumping from the N aquifer beneath the leasehold would be
reduced from 1,236 af/y in 2025 to 505 af/y in 2026, and to 444 af/y in 2029. Because
these latter two rates are approximately the same, simulation results are presented only
for 2038, after which Peabody pumping would cease. The simulated drawdowns at the end of
2038 are presented in Figure 13a (all pumping) and 13b (only Peabody pumping). Recovery
continues beneath the leasehold, and the maximum drawdown beneath the leasehold resulting
from Peabody’s pumping is predicted to be approximately 120 ft. The increasing drawdown
around the communities is more apparent in Figure 13a than in lla. Simulated changes in
water levels since 2005 are shown in Figure l4a (all pumping) and 14b (Peabody pumping) .
Beneath the leasehold, water levels are predicted to rise more than 300 feet as a result
of the reduction in pumping beneath the leasehold. Near the communities, drawdown is

predicted to increase.

Table 15c provides more specific values for drawdown at communities for 2038. A notable
change has occurred from the 2025 simulation results. At Keams Canyon and Kykotsmovi,
the drawdown caused by Peabody’s pumping is starting to decrease. The greater distance
from the leasehold to these communities compared with Forest Lake, Rocky Ridge, and Pinon
causes a delay in the response in water levels to changes at the leasehold. Thus, with
the simulated reduction in pumping beginning in 2006, drawdown is predicted to continue
to occur at the distant communities until after 2025, even though recovery begins sooner
closer to the leasehold. By 2038, recovery i1s occurring at all the communities

evaluated.

The next set of figures (15-19) show the simulated drawdowns for model layer 3, which
represents the lower part of the D aquifer. The contour interval for these figures is 10
feet, with a supplemental contour of 1 foot. 1In 2005, there are two areas in which the
model simulates drawdown in the D aquifer (Figure 15). Beneath the leasehold, a maximum
drawdown of approximately 100 feet is simulated, as a result of several of the production

wells being completed in part of the D aquifer in addition to the N aquifer. The extent

of the drawdown cone for the D is considerably less than for the N aquifer.
area of simulated drawdown for the D aquifer is near Polacca. Between 2005 an

aquifer water levels beneath the leasehold are predicted to recover up

in the D aquifer beneath the leasehold is predicted to be less than 30 ft (Fig
recovery of approximately 80 feet since 2005 (Figure 19). Although there may be
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significant local drawdown around wells pumping from the D aquifer, the extent of

drawdown throughout the region is limited.

Chapter 17, Protection of the Hydrologic Balance, presents information on local wells
completed within or adjacent to the leasehold. Table 2 in Chapter 17 lists eight wells
completed in the D Aquifer: 4T-516; 4K-387; 4K-407; 4T-399; 4T-402; 4T-503; 4T-504; and
47-508. Figure 2 in Chapter 17 shows the locations of the eight wells. A comparison of
the well locations with the drawdown contours shown on Figure 16b (2025) indicate wells
4T-516, 4K-407, 4T-399, and 4T-504 are outside of the 10-foot drawdown contour, and
should nmot be measurably impacted by PWCC’s withdrawals from the D Aquifer. Wells 4K-
387, 4T-503, and 4T-508 are at or near the 10-foot drawdown contour. Information shown
in Table 2 (Chapter 17) indicates the available water column in these wells ranges
between about 340 to 550 feet. Drawdown in the range of ten feet due to PWCC’s pumping

from the wellfield should have only a minimal impact on these wells.

The database maintained by the USGS was queried (5/28/08) to find wells completed in the
D aquifer to determine whether drawdown data in the D are available. All but two D
aquifer wells had only a single depth-to-water measurement. Data for well
355924110485001, near XKykotsmovi, exhibit some variability (probably caused by local
pumping or changes in local recharge ‘rates) but no long-term trends. Only two
measurements are available from well 363137110044701, 1located to the southeast of
Kayenta. These measurements indicate a 2.5 foot increase in water levels between 1994

and 2001.

Well 4T-402 is the most proximate D aquifer well, situated in between the southern
portions of the leasehold (Figure 2, Chapter 17). Drawdown contours in Figure 15
indicate approximately 40 feet of drawdown occurred at this well by 2005. Between 2005
and 2025, water levels are predicted to rise about 10 ft (Figure 17). Table 2 (Chapter
17) indicates there is about 380 ﬁeet of available water in the well. A review of
available water level data from the USGS indicates no recent water levels are available
from well 4T-402, where water is pumped periodically when the windmill is operational.
PWCC has no information on water levels trends in well 4T-402; regardless, PWCC believes

the potential impact on this well due to partial withdrawals from the D aquifer is
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simulations previously performed by the USGS (Eychaner, 1983; Brown and Eychaner, 1988)

and by GeoTrans (1987) provided results consistent with this expectation.

Tables 16 through 18 summarize the predicted effects of pumping on discharge into
streams. The tables present results from two simulations: the first simulation included
both PWCC and non-PWCC pumping (columns labeled “All”), while the second simulation
included community-only pumping (labeled "“Non-PWCC”). The simulated annual discharge
rates to streams from the two simulations were then used to calculate the change in the
discharge rates for “All”, “Non-PWCC”, and “PWCC” pumping. The table columns labeled "%
Reduction All” and “% Reduction PWCC” are the percentage reductions in the discharge
rates to streams for all pumping, and for Peabody pumping, respectively. The results are
presented for two different starting times, 1955 and 2005; the two starting points were

selected to meet data requirements specified in both the CHIA and the EIS, respectively.

Table 16 presents the predicted effects of pumping on discharge into streams for the time
period 1955 through 2005. The largest percentage reduction over this time period due to
Peabody pumping is estimated to occur at Moenkopi Wash. The simulated pre-pumping (1955)
discharge into Moenkopi Wash was 4305.1 acre-feet per year (af/y). At the end of 2005,
the simulated discharge is predicted to be reduced by 21.8 af/y, of which 2.4 af/y is
caused by non-PWCC pumping, and 19.4 af/y by PWCC pumping. The percentage reduction due
to Peabody’s pumping is estimated to be 0.45%. The percentage reductions caused by

Peabody’s pumping for all discharge areas are estimated to range from 0.0 to 0.45%.

The predicted effects of pumping on discharge rates to streams in 2025 are provided in
Table 17a and 17b. The largest percentage change due to Peabody pumping occurs at Cow
Springs (1.00% decrease in pre-pumping discharge rates from 1955 through 2025, of which
0.63% of the decrease occurs from 2005 through 2025); the magnitude in this predicted
reduction in discharge is too small to be measurable. By the end of 2038, the decline at
Cow Springs since 1955 was 1.39% (Table 18a), of which 1.02% occurred since 2005 (Table
_ 18b) . Measurable declines in stream discharge rates are predicted at Pasture Canyon due

entirely to locél, not Peabody, pumping.

In contrast with the regionally significant discharge areas, the models did not

specifically evaluate the effect of pumping on individual springs in non-wash settings

topographic relief and constraints on grid.>spacing, and (2) Dbecauseh imited

DEC 2010

drawdown in unconfined areas caused by distant pumping. The locations uE%many of the

2 2=




Table 16.
Effects of Pumping on Simulated Discharge to Streams, through 2005

a. 1955 through 2005

1955 2005 Change due to Pumping % Reduction

Pumping All Non-PWCC All Non-PWCC All Non-PWCC PWCC All PWCC
Chinle Wash 498.9 498.9 498.8 498.8 0.0 0.0 0.0 0.01 0.00
Laguna Creek 2535.4 2535.4| 2434.5 2443.2 100.9 92.2 8.7 3.98 0.34
Pasture Canyon 426.8 426.8 389.4 389.4 37.3 37.3 0.0 8.74 0.000
Moenkopi Wash 4305.1 4305.1| 4283.3 4302.7 21.8 2.4 19.4 0.51 0.45
Dinebito Wash 515.6 515.6 515.0 515.3 0.6 0.3 0.3 0.12 0.06
Oraibi Wash 458.1 458.1 455.5 455.9 2.7 2.2 0.4 0.58 0.10
Polacca Wash 440.5 440.5 431.1 432.1 9.4 8.4 1.0 2.12 0.22
Jaidito Wash 2027.4 2027.4| 2015.1 2018.2 12.3 9.2 3.1 0.61 0.15
Cow Spring 2178.0 2178.0f 2169.1 2177.3 8.9 0.7 8.2 0.41 0.37

All discharge rates in af/y
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Table 17.

Effects of Pumping on Simulated Discharge to Streams, through

a. 1955 through 2025

2025

1955 2025 Change due to Pumping % Reduction
Pumping All Non—-PWCC All Non-PWCC All Non-PWCC = PWCC All PWCC
Chinle Wash 498.9 498.9 498.8 498.8 0.1 0.1 0.0 0.02 0.00
Laguna Creek 2535.4 2535.4] 2381.1 2390.4 154.3 145.0 9.3 6.09 0.37
Pasture Canyon 426.8 426.8 330.5 330.5 96.2 96.2 0.0 22.55 0.000
[Moenkopi Wash 4305.1 4305.1| 4274.7 4299.5 30.4 5.6 24.8 0.71 0.58
Dinebito Wash 515.6 515.6 514.1 514.9 1.5 0.7 0.8 0.28 0.15
Oraibi Wash 458.1 458.1 452.3 453.6 5.8 4.6 1.2 1.26 0.27
Polacca Wash 440.5 440.5 422.3 424.2 18.2 16.3 1.9 4.13 0.43
Jaidito Wash 2027.4 2027.4]- 1999.2 2007.8 28.2 19.6 8.6 1.39 0.42
Cow Spring 2178.0 2178.0{ 2153.4 2175.3 24.6 2.7 21.9 1.13 1.00
b. 2005 through 2025
2005 2025 Change due to Pumping % Reduction
Pumping All Non-PWCC All Non-PWCC All Non-PWCC  PWCC All PWCC
Chinle Wash 498.8 498.8 498.8 498.8 0.1 0.1 0.0 0.01 0.00
Laguna Creek 2434.5 2443.2( 2381.1 2390.4 53.4 52.8 0.6 2.19 0.02
Pasture Canyon 389.4 389.4 330.5 330.5 58.9 58.9 0.0 15.13 0.000
Moenkopi Wash 4283.3 4302.7| 4274.7 4299.5 8.6 3.2 5.4 0.20 0.13
Dinebito Wash 515.0 515.3 514.1 514.9 0.9 0.4 0.5 0.17 0.09
Oraibi Wash 455.5 455.9 452.3 453.6 3.1 2.3 0.8 0.69 0.17
Polacca Wash 431.1 432.1 422.3 424.2 8.8 7.9 0.9 2.05 0.22
Jaidito Wash 2015.1 2018.2| 1999.2 2007.8 15.8 10.3 5.5 0.79 0.27
Cow Spring 2169.1 2177.3] 2153.4 2175.3 15.7 2.0 13.7 0.72 0.63

All discharge rates in af/y
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Table 18.

Effects of Pumping on Simulated Discharge to Streams, through 2038

a. 1955 through 2038

1955 2038 Change due to Pumping % Reduction
Pumping All Non-PWCC All Non~PWCC All Non-PWCC PWCC All PWCC
Chinle Wash 498.9 498.9 498.7 498.7 0.2 0.2 0.0 0.04 0.00
Laguna Creek 2535.4 2535.4| 2333.0 2343.9 202.4 191.5 10.9 7.98 0.43
Pasture Canyon 426.8 426.8 292.7 292.7 134.1 134.1 0.0 31.42 0.000
Moenkopi Wash 4305.1 4305.1] 4272.7 4296.7 32.3 8.4 23.9 0.75 0.56
Dinebito Wash 515.6 515.6 513.6 514.6 2.1 1.0 1.0 0.40 0.20
Oraibi Wash 458.1 458.1 449.8 451.4 8.3 6.8 1.6 1.82 0.34
Polacca Wash 440.5 440.5 417.5 418.9 23.0 21.6 1.4 5.21 0.31
Jaidito Wash 2027.4 2027.4] 1987.2 1998.2 40.2 29.2 11.0 1.98 0.54
Cow Spring 2178.0 2178.0f 2142.3 2172.7 35.7 5.3 30.4 1.64 1.39
b. 2005 through 2038
2005 2038 Change due to Pumping % Reduction
Pumping All Non—-PWCC All Non-PWCC All Non-PWCC PWCC All PWCC
Chinle Wash 498.8 498.8 498.7 498.7 0.1 0.1 0.0 0.03 0.00
Laguna Creek 2434.5 2443.2] 2333.0 2343.9 101.5 99.3 2.2 4.17 0.09
Pasture Canyon 389.4 389.4 292.7 292.7 96.8 96.8 0.0 24.85 0.000
[Moenkopi Wash 4283.3 4302.7| 4272.7 4296.7 10.6 6.0 4.5 0.25 0.11
Dinebito Wash 515.0 515.3 513.6 514.6 1.4 0.8 0.7 0.28 0.13
Oraibi Wash 455.5 455.9 449.8 451.4 5.7 4.5 1.1 1.25 0.25
Polacca Wash 431.1 432.1 417.5 418.9 13.6 13.2 0.4 3.16 0.09
Jaidito Wash 2015.1 2018.2] 1987.2 1998.2 27.9 20.0 7.9 1.39 0.39
Cow Spring 2169.1 2177.3] 2142.3 2172.7 26.8 4.6 22.2 1.24 1.02

All discharge rates in af/y
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smaller springs are determined by the geometric relationships between beds of different

hydraulic properties, and by locations of fracture zones. Many of the smaller springs

discharge from formations, such as those in the D aquifer, that contain low hydraulic
conductivity beds. These lower conductivity beds, which are responsible for the
occurrence of the springs, will tend to isolate the springs from the effects of pumping

in the N aquifer.

Further, the discharge rates of these springs are likely to be more sensitive to changes.
in local recharge than to drawdown caused by distant pumping. These springs are typically
located near recharge areas, and temporal changes in their discharge rates caused by
short-term changes in local recharge rates would be expected. Observations of springs
discharging from the Wepo formation on the leasehold confirm the temporal variability of
these smaller springs. Tree-ring studies performed throughout the southwestefn U.S.
document the wvariability of precipitation on the scale of decades (see, for example,
Stahle and others, 2000). Even if good spring flow data were available, the variability
in precipitation rates would make calibration to the spring discharge data difficult.
Because of the character of these springs and of the groundwater system, the effects of

Peabody’s pumping are expected to be negligible. Measurement of pumping effects on these

springs  will be difficult because of the expected small maghitude of these effects,
seasonal changes of precipitation and evapotranspiration rates, and longer term changes

in local precipitation rates.

In summary, groundwater models are the best tools available for evaluating the
contributions of different pumping stresses on water levels and stream flows. Models of
the N Aquifer flow system have been developed by both the USGS and by Peabody since the
1980's, with each successive effort improving on the previous. As additional data have
been collected and improved computational tools made available, the models have

incorporated more knowledge of the groundwater system.

The models have varied in detail; however, they were each based on the data available at
the time of the model's development and incorporate the major components of the N Aquifer
flow system. Further, each model has been subjected to a calibration process whereby the

ability of the model to simulate historical measurements is demonstrated. Peabody’s 3D

model has been used to evaluate the effects of uncertainty in the recharge é?
Importantly, the models are consistent with respect to their predictions of ﬂﬂ@b&mpa ts‘9
: % 4%5

N
from pumping on the N Aquifer flow system. They predict that water xé‘els An -t
i oro

) 2810
confined part of the N aquifer will be reduced by pumping but that the wate
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remain well above the top of the N aquifer. The effect of Peabody’s pumping on discharge

to streams has been and will continue to be minimal.

Effect on the Structural Integrity of the N Aquifer. Lowering of water levels by pumping
has resulted in compaction of unconsolidated sediments in some areas of the western U.S.
(e.g., Las Vegas valley, Nevada; Antelope Valley, California; San Joquin Valley,
california). The U.S. Geological Survey (Galloway and others, 1999) published a Circular
documenting examples of aquifer compaction and related land subsidence associated with
reduction of water pressures, oxidation of organic deposits, and formation of sinkholes

in carbonate terranes. It states (p. 8-9):

REVERSIBLE DEFORMATION OCCURS IN ALL AQUIFER SYSTEMS

The relation between changes in ground-water levels and compression of the
aquifer system is based on the principle of effective stress first
proposed by Karl Terzaghi (Terzaghi, 1925). By this principle, when the
support provided by fluid pressure is reduced, such as when ground-water
levels are lowered, support previously provided by the pore-fluid pressure

is transferred to the skeleton of the aquifer system, which compresses to

a degree. Conversely, when the pore-fluid pressure is increased, such as
when ground water recharges the aquifer system, support previously
provided by the skeleton is transferred to the fluid and the skeleton
expands. In this way, the skeleton alternately undergoes compression and
expansion as the pore-fluid pressure fluctuates with aquifer-system
discharge and recharge. When the load on the skeleton remains less than
any previous maximum load, the fluctuations create only a small elastic
deformation of the aquifer system and small displacement of land surface.
[Emphasis added] This fully recoverable deformation occurs in all aquifer
systems, commonly resulting in seasonal, reversible displacements in land
surface of up to 1 inch or more in response to the seasonal changes in

ground-water pumpage.

sufficient depth to cause pressure welding of the quartz grains, and exhumed. vﬁﬂus, HﬁEC] 2010
is unlikely that production of water from the N aquifer will cause the loag
g” ] skeleton to exceed the previous maximum load or produce sufficient compactionl

concern.
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To provide information with which to calculate the amounts of compaction that might

occur, rock mechanics studies were performed (GeoTrans, 1993; Peabody, 1994). Because
cores of the Navajo Sandstone beneath the Peabody leasehold were not available, samples
were collected from outcrop areas. These samples had been subjected to near-surface
weathering processes that would remove calcite cement, and thus the testing results are
believed to cverestimate the effect of drawdown on the material properties. Reduction of
water pressure (by pumping, for example) removes some of the support that helps maintain
the thickness of the aquifer, and thus allows the rock or aquifer to compact. The
laboratory tests were designed to measure this compaction process and its effect on the
porosity and hydraulic conductivity of the rock samples. These were performed by placing
the samples in a test cell in which the pressure was increased to simulate the pressures
at the depth of the aquifer in the deepest parts of the basin. The resulting changes in

the samples’ porosities and their hydraulic conductivity were measured.

Five samples were placed under effective stresses of up to 2,000 psi, which is

approximately equivalent to .a.depth of burial of 3,000 feet and a depth to water of 600

feet. This is greater than the actual stress conditions near the deepest part of the
basin. Measurements of the reduction in porosity of these outcrop samples as the
effective stress was increased (water pressure decreased) indicate that the

compressibility of the sandstone is about 4x107%/psi, which is higher than expected for
many un-weathered sandstones. This value is consistent with the weathered nature of the
samples. The data also indicate that the samples had previously been subjected to higher
pressures than in the outcrop setting, consistent with the geologic history of the area
and microscopic observations that the sand grains had been pressure welded. Derivation
of compressibility from specific storage measurements for the aquifer (based on model-
based interpretations of the observed drawdown caused by Peabody pumping of the aquifer)
yield numbers approximately one-tenth of the laboratory compressibility measurements.
This observation suggests that the compressibility of the weathered rock is approximately
10 times that of +the un-weathered rock. Thus, the laboratory compressibility
measurements should not be used to characterize the specific storage of the aquifer, but
they do provide insight into the maximum changes in the porosity and hydraulic

conductivity as water levels change as a result of pumping.

Calculations based on these laboratory compressibility measurements indicate thg
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approximately one order of magnitude smaller, or 0.15 feet. The reduction in hydraulic
conductivity’ as a result of the drawdown-induced compaction was also measured on the
samples.  These measurements indicate that the reduction would be approximately 5% in the
immediate vicinity of the Peabody water-supply wells. If un-weathered samples had been

tested, the measured reduction would have been considerably less.

Peabody has run videc logs in its water-supply wells to evaluate the condition of well
screens and the amount of scale that might clog the screen openings. If compaction of
the N aquifer sufficient to cause concern were occurring, buckling of the screens would
be expected.A Many of the wells were logged in the early 1980’s, after the majority of
drawdown at the wells had occurred; no damage attributable to compaction has been
observed. The most recent video log was run in June, 2001, in NAV 8, and no evidence of
compaction effecté was found. If compaction is not significant at these wells where
drawdown and overburden stress are greatest, then compaction in other areas of the

aquifer will also be negligible.
In summary, the data indicate that there is no risk of damage to the structural integrity
of the aquifer resulting from projected drawdown. Similarly, compaction has been and

will be insignificant, and any compaction is expected to be recoverable.

Effects of Induced Leakage of Poorer Quality Water from the Overlying D-Aquifer System on

N-Aquifer Water Quality. In the vicinity of the leasehold, water levels in the D aquifer

are 100 to 250 feet higher than in the N aquifer. Thus, there is natural downward
movement of water from the D to the N aquifer. The large difference in water levels
suggests that hydraulic conductivity of the Carmel is low, and therefore that the rate of
downward movement is slow. Drawdown in the N aquifer caused by pumping of water from the
N aquifer will increase the rate of water movement in proportion to the increase in water
level change. Thus, several hundred_féet of drawdewn in the N aquifer could increase
the leakage rate several fold. Whether this is important depends on the magnitude of
leakage prior to any pumping. If the pre-pumping leakage rates were very small,

increasing it several fold would still produce a small leakage rate.

The most direct means to evaluate the impact of leakage from the D aquifer on N aquifer

water chemistry is to evaluate water-chemistry data. Water samples have bee

:\
leasehold. Water from this well has a high TDS, with concentrations oftghhajor D&&asg@éﬂ
fers .
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shown in Table 19. The chemistry of this water is distinct from that of =
oy
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Table 19

Average Concentrations of Major Ions from D and N Aquifer Wells on or near the
PWCC Leasehold, and Calculated Contribution from the D Aquifer Based on
Chloride Concentrations

Alkalinity %D
Ca Na as CaCO3 cl S04 Aquifer
Well (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (Cl) ;
‘ 4T-402 7.1 540 401 200. 554 100.0
NAV 2 9.5 28.5 80.3 2.0 10.5 0.25 ‘
|
NAV 3 4.5 37.8 82.8 1.8 5.0 0.15 3
NAV 4 5.2 44.2 86.5 3.6 11.4 1.06
NAV 5 3.1 61.1 107.6 4.0 20.3 1.26
NAV 6 3.9 38.5 83.6 1.5 5.4 0.00
NAV 7 4.0 48.8 86.8 3.3 17.4 . 0.91
NAV 8 25.1 69.2 96.8 5.2 120.6 1.86
NAV 9O 4.1 33.5 71.5 1.8 4.6 0.15
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Wells in the Peabody wellfield have been routinely sampled since approximately 1981;
results have been provided to OSM in annual monitoring reports. Until the mid 1980’s,
laboratory problems produced data of uncertain quality. These problems have since been
resolved, and the analytical results over.the last fifteen years show only occasional

“noise” and no clear temporal trends.

Four of the wells (NAV 4, NAV 5, NAV 7, and NAV 8) in the wellfield are completed in both
the N and D aquifers. Based on the chemical data, the contribution to the wells’ pumpage
from the D aquifer is small. Table 19 presents average concentrations of major ions for
D aquifer well 4T-402 and the Peabody production wells. The percentage of water derived
from the D aquifer is also presented, based on the mixing equation for chloride:
X Clpag + (1-X) Clyag = Clsampie

where X is the proportion of water from the D aquifer, Clpag, Clyaqs and Clsampe are the
chloride concentrations in the D aquifer, N aquifer, and the water sample, respectively.
Even in the wells that are partially completed in tﬁe D aquifer, the chloride-based
values are less than 2% contribution from the D aquifer, even after more than 30 years of
pumping. The chloride data indicate that the percent of D aquifer-derived water 1is
approximately 0.2% or less. The lack of a significant trend of increasing concentrations
suggests that these concentrations are largely determined by pre-pumping N aquifer
chemistry. The sulfate values suggest a greater contribution from the D aguifer, but may

be affected by gypsum particles deposited with the quartz and other mineral grains.

Beginning in 2006, pumping from Peabody’s wellfield was significantly reduced due to the
shutdown of Mohave Generating Station and the cessation of coal shipments via the coal
slurry pipeline. As a result, pumping of wells 3, 4, 5, 7, and 9 has been significantly
reduced, limited to incidental withdrawals of groundwater for mine related uses and for
collecting water quality samples in accordance with procedures summarized in Chapter 16,
Hydrologic Monitoring Program. Reductions in pumping at individual wells partially
completed in the D-Aquifer (wells 4, 5, and 7) may slightly alter water quality within
the bore hole and in the N-Aquifer for some distance adjacent to each well bore.
However, a review of water quality data collected in these wells and reported in the 2009
Annual Hydrologic Data Report (PWCC, 2010) indicate no significant impacts have occurred
through 2009. No trends in chloride concentration have been detected in any of the N
aquifer wells through 2009, and the ranges of TDS, sulfate, and dissolved sodium measured
in wells 4, 5, and 7 during 2009 are within the historical ranges for these paramg;g%g

C
from 1986 through 2005 when pumping was significantly higher. Through ZOOQ‘TéﬁgS ater

I3

1%
"f.l /‘4 ;

use potential for all N aquifer wells is unchanged over previous yeargOand remé;%?ﬁx
I;. -

suitable for domestic drinking water uses.
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‘The program ZONEBDGT (Harbaugh, 1990) was used to calculate flow within the N aquifer
across a specified block that encompassed the Peabody wellfield, using fluxes calculated
from a predictive run using the base-case 3D model and the pumping schedule described in
Table 14. The ZONEBDGT ;esults indicate that the leakage rate from the D to the N
aquifer within this block increased by a factor of 1.8 between the pre-pumping period and
2005 (this factor will decrease in later years as N Aquifer pumping is reduced). They
also indicate that lateral flow into the block from the N aquifer would increase by a
factor of about 20. Thus, the chemistry of the water pumped from the wellfield would
primarily be determined from chemistry of the water in the N aguifer in areas surrounding
the wellfield. The small component of D aguifer water in the N aquifer water (Table 19),
even if assumed to be entirely representative of pre-pumping conditions in the N aquifer,
indicates that the effect of pumping on the water quality is insignificant. This results
because of (1) the limited leakage rate under non-pumping conditions (evidenced by the
present water chemistry), (2) the limited increase in leakage rate (factor of 1.8), and

(3) the flow dynamics produced by pumping water primarily from the N aquifer.

Based on ZONEBDGT calculations and mixing equations, the change in sulfate concentrations
in several different areas within the N aquifer basin was calculated. The results are
shown in Table 20, £espectively, and reflect the cumulative effect of pumping by PWCC
between 1956 and 2038. Because of the small amount of leakage through the Carmel under
natural conditions (indicated by the low TDS levels in the N aquifer even after leakage
from the D aquifer for thousands of years), the increase in leakage due to pumping‘is
predicted to cause very minor changes in the chemistry of the N Aquifer water. Where
natural leakage is believed to be higher (in the eastern part of the basin) based on
water chemistry data, approximately 70 years of pumping is predicted to cause an increase
in sulfate concentrations of about 0.5%. In all other areas, the increase is predicted

to be less than 0.1 percent.

Surface Water

Effects of Dams, Sediment Ponds and Permanent Internal Impoundments on Runcff and Channel

Characteristics. Nine major dams (MSHA) have been constructed on principal tributaries
confluent to Moenkopi Wash during the life of the mining operation. Portions of the

drainages above as well as below the dams will be affected. The reach immediately above

a dam will gradually aggrade headward as more and more water is impou

nnel aches

ekt

level is reached that is in equilibrium with water gains and losses.
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below the dams will become incised by smaller active meandering channels whose widths are
a function of drastically reduced runoff potential, channel gradients and sediment load
particle size ranges. Vegetation will begin encroaching on the edges of the new active

channels as there will be insufficient runoff to remove it.

-The effects of sediment ponds and permanent internal impoundments on runoff and channel
characteristics will be minimal on an individual basis, but comparable to the effects of
dams when considered in total. It is estimated that more than 320 sediment ponds and
several permanent internal impoundments have been or will be constructed during the 1life
of the mining operation. The internal impoundments are typically small, excepting PIIs
like N2-RA, N7-D and the one impoundment proposed for the J-19 coal resource area, and
most have been built on pre-law lands. Channel effects will be similar to those
described for dams. Since most of the sediment ponds are on very small side tributafies,
there will not be any up-drainage impacts of any significance. Because of the number of
ponds and their widekrange of locations, the downstream effects (active channel narrowing

and vegetative encroachment) will be manifested over longer channel distances.
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Table 20

Maximum Predicted Sulfate Concentrations (mg/L)
Resulting from PWCC Pumping, 1955-2038

Initial Concentration Final .
Subarea (mg/L.) Concentration Change
(mg/L)
. Navajo Navajo
D Aquifer sandstone sandstone
Northeast 250 70 70.053 0.0752%
East 850 100 100.455 0.4550%
Hopi Buttes 360 50 50.103 0.2059%
Forest Lake 1000 100 100.055 0.0548%
Kitsillie 75 30 30.002 0.0063%
Pinon 200 5 5.006 0.1136%
Rocky Ridge 250 10 10.011 0.1116%
Preston Mesa 400 10 10.000 0.0004%
Leasehold 400 30 30.016 0.0519%
Pinon to Kitsillie 1000 20 20.034 0.1687%
Surrounding leasehold 100 45 45.002 0.0034%
Red Lake to Tuba City 400 50 50.011 0.0227%
Hotevilla to Kabito 200 35 35.005 0.0148%
Pinon to Rocky Ridge 210 140 140.003 0.0021%
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In addition to the permanent internal impoundments, 31 sediment control structures (see
Chapter 6, Table 9) are proposed for consideration as permanent impoundments that will
remain as permanent features of the postmining landscape. The total drainage area that
these 31 permanent impoundments will encompass amounts to only 0.5 percent and 2.2
percent of the entire Dinnebito and Moenkopi watersheds, respectively (down to each

confluence with the Little Colorado River).

The impacts of the sediment ponds and dams will be of little significance as there are no
local users of water for flood irrigation (see Alluvial Valley Floor section of Chapter
17). Following removal of the dams and sediment ponds, there will be certain short-term
impacts to the channel reaches immediately below these structures. Sediment loads will
temporarily increase as the active channel widens in response to the increased runoff
potential. The increased channel bank vegetation should provide some stability during
this active channel readjustment period. The potential for flood flows overtopping the
channels will be negligible as the typical channel banks are 15 to 20 plus feet high
above the active channel. The frequency of the larger runcff events will dictate how
fast the channels reestablish themselves in quasi-equilibrium with the environmental

conditions.

Effects of Dams, Sediment Ponds and Permanent Internal Impoundments on Downstream Users.

As of June 2008, the total Dinnebito and Moenkopi watershed -areas to the leasehold
boundary draining to PWCC dams, ponds and impoundments are 4.19 and 65.91 square miles,
respectively. There are numerous large, significant tributaries to both washes between
the leasehold and the Little Coloradé River. Comparing the above impounded drainage
areés to the total drainage areas for both washes (812.8 square miles for Dinnebito Wash
and 2,605.3 square miles for Moenkopi Wash) suggests that this loss of runoff is of
little significance at the points where the runoff water has any potential for being used
for flood irrigation. As of June 2008, the impounded drainage areas on the leasehold
amounted to only 0.5 percent and 2.5 percent of the total Dinnebito and Moenkopi

watersheds, respectively.

Busby (1966) developed estimates of average annual runoff in the counterminous United

States, including Northeastern Arizona. Based on these average annual estimates, runoff

their respective confluences with the Little Colorado River. Average annuald
each basin was determined by summing the calculated runoff for partial ar::
the watershed .area lying between each pair of average annual runoff fﬁﬁppleths that
transect the basin. The average annual runoff isopleths shown for the Blacfﬁies é%g?ﬁﬁ%
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on the Hydrologic Investigation Atlas HA-212 were used. Therefore, the lower portions of

each basin were assigned an average annual runoff value of 0.1 inches, and the upper

portions of each basin, including those portions in which PWCC’'s leasehold are situated,
were assigned much higher a&erage annual runoff numbers (1.25 to 1.75 inches). Based on
Busby’s empirical estimates, the average annual runoff for the entire Dinnebito basin was
calculated to be 17,242 acre-feet, and 57,022 acre-feet of average annual runoff for the

entire Moenkopi basin was determined.

Table 21 presents combined annual runoff measured from 1987 through 2008 at continuous
flow monitoring sites SW155, SW25, and SW26, as well as annual runoff measured for the
same period at the USGS‘Streamflow—gaging station (09401260) located on Moenkopi Wash at
Moenkopi, Arizona. The runoff values are presented as acre-feet and inches of runoff.
The inches of runoff for the PWCC sites were calculated by dividing the total runoff in
acre-feet by the combined drainage area (in acres) above all three monitoring sites that
was not controlled by PWCC dams, ponds and impoundments for each year shown (e.g., 188.65

square miles in 2000} and multiplied by 12. Similarly, the inches of runoff for the USGS
Moenkopi gage was calculated by first subtracting baseflow contributions from ground

water discharge from each year’s total measured runoff, then dividing the adjusted total

runoff (acre-feet) by the total drainage area (in acres) above the gage that was not
controlled by PWCC impoundments (e.g., 1564.38 square miles in 2000). The inches of

runoff presented for both locations represent runoff generated from precipitation events.

For thé twenty-two year period presented in Table 21, the upper sites (SW155, SW25, and
' SW26) averaged 0.15 inches of runoff, and the USGS gage at Moenkopi -averaged 0.07 inches
of runoff. The average annual runoff in inches determined from the 22-year record at the
USGS gage at Moenkopi (0.07 inches) was used to estimate the average annual runoff (in
acre feet) for the entire watersheds of both the Dinnebito and Moenkopi basins, and are
presented on Table 22. Comparing Table 22 values with the average annual runoff
estimated for both basins using Busby’s estimates (17,242 acre-feet for Dinnebito; 57,022
acre~feet for Moenkopi), it is obvious that Busby’s empirical estimates of average annual
runoff for the Black Mesa region are extremely high and unrealistic compared to average

annual runoff calculations that are based on local stream flow measurements.

Table 22 also presents drainage areas and average annual runoff estimates for th%r“v\W\
watershed areas draining PWCC dams, ponds and impoundments (impounded areas)

Dinnebito and Moenkopi washes as of June 2008 and for December 2013, the la

proposed to
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Table 21

Measured Annual Runoff at PWCC's Continuous Flow Monitoring Sites and at the USGS

Streamflow-Gaging Station 09401260, Moenkopi Wash at Moenkopi, Arizona

pWCC Sites’ Total USGS Station 094012607
Adjusted
Calendar Total Runoff Runoff> Total Runoff Total Runoff? Runoff’

Year (acre-£ft) (in.) (acre-£ft) (acre-£ft) (in.)
1987 3,307.2 0.32 ) 10,030 9,230 0.11
1988 3,387.7 0.32 8,970 7,990 0.10
1989 1,475.4 0.14 3,270 2,480 0.03
1990 1,899.0 0.19 7,610 6,680 0.08
1991 276.2 0.03 1,750 1,000 0.01
1992 1,864.2 0.18 3,820 3,110 0.04
1993 414.4 0.04 8,000 7,050 0.08
1994 124.1 0.01 1,370 410 0.005
1985 1,092.7 0.11 2,720 1,790 0.02
1996 374.9 0.04 1,610 730 0.01
1997 2,860.7 0.28 8,520 7,620 0.09
1998 548.8 0.05 - 1,650 610 0.01
1999 1,618.1 0.16 13,810 12,870 0.15
2000 210.9 0.02 3,430 2,370 0.03
2001 800.1 0.08 14,739 13,974 0.17
2002 920.4 0.09 9,026 8,215 0.10
2003 2,647.2 0.26 12,448 11,590 0.14
2004 909.8 0.09 7,327 6,433 0.08
2005 896.6 0.09 6,409 5,569 0.07
2006 4,105.8 0.41 13,650 12,812 0.15
2007 1,976.2 0.20 9,972 9,126 0.11
2008 1.036.7 0.10 4,135 3,384 0.04

Avg. 0.15 Avg. 0.07

1 - Combined Measured Annual Runoff from Sites SW155, SW25, and SW26 (PWCC Annual Hydrology Reports, 1987

2008)

2 - USGS records (NWISWeb, 2003 and 2010)

3 - Based on the combined drainage area for all three sites (253.27 square miles) less total PWCC-
impounded area during each calendar year

4 — Runoff numbers adjusted to remove groundwater baseflow component and reflect only snowmelt and

rainfall runoff

impounded area during each calendar year
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Table 22

Drainage Areas and Estimates of Annual Runoff

Moenkopi Wash

Dinnebito Wash

Total Total ,
Area Runoff Area Runoff
mi?) (ac-ft) (mi?) (ac-£t)
Totals without
PWCC Ponds 2,605.3 9,726.5% 812.8 3,034.5%
PWCC Dams, Ponds, and
PII's - June 2008 65.91 527.3% 4.19 33.62
PWCC Dams, Ponds, and
PII’s - December 2013° 70.03 560.3° 5.47 43.7%
Post-mining Permanent
Impoundments’ 57.50 460.0% 3.84 30.7°

— Based on 22-year average annual runoff measured at USGS Station 09401260.

- Year 4 of the 5-year approved mine plan from 2010 to 2014.

See Table 9, Chapter 6, Facilities.
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be constructed from 2009 through 2013 (see Drawing 85406, volume 22). Table 22 shows the

June 2008 impounded area is 0.5 percent and 2.5 percent respectively of the total
drainage areas for the Dinnebito and Moenkopi basiﬁs, and in December 2013, the total
impounded area increases slightly to 0.7 percent and 2.7 percent respectively of the
total Dinnebito and Moenkopi drainage areas. The increased impounded area between June
2008 and December 2013 in both basins will result from the construction of 5 new
temporary sediment ponds in the Dinnebito basin and 19 new temporary sediment ponds in

the Moenkopi basin.

The 22-year average measured runoff at the three PWCC sites (0.15 inches, Table 21) was
used to estimate average annual runoff for the June 2008 and December 2013 impounded
areas. The estimates of average anhual runoff for the June 2008 impounded area on the
leasehold is 1.1 and 5.4 percent respectively of the average annual runoff calculated for
the entire Dinnebito and Moenkopi basins. Table 22 shows average annual runoff for the
December 2013 impounded area on the leasehold will increase slightly to 1.4 percent and
5.8 percent respectively of the average annual runoff calculated for the entire Dinnebito

and Moenkopi basins. Additional impounding area for the life of mining will include

construction of three proposed permanent impoundments in the J12, J21, and N10 reclaimed
landscapes (see Chapter 6, Facilities). Additional temporary sediment structures may be
constructed after 2013 to provide treatment of disturbed area runoff from future mining
areas (e.g., J23); however, the dates for construction and reclamation of these

facilities are unknown at this time.

Table 22 also presents the total impounded area of permanent impoundments proposed to
remain in the post-mining landscape in both the Dinnebito and Moenkopi basins (see
Chapter 6, Facilities, and Chapter 14, Land Use). Following final reclamation of all
mining areas, the drainage area associated with PWCC’s proposed permanent impoundments
will comprise 0.5 percent of the total Dinnebito drainage area and 2.2 percent of the
total Moenkopi drainage area. Using the annual average runoff of 0.15 inches determined
from 16 years of stream flow measurements collected at the three PWCC gages, the
permanent impoundments may impound about 1.0 and 4.7 percent of the average annual runoff

at the lower ends of the Dinnebito and Moenkopi basins, respectively.

A, b
Based on percentages of impounded drainage areas presented in Table 21 for the Jun§<§;;8, 4ﬁ5
&

NG
‘December 2013, and permanent impoundments with the total basin areas of Dinn;ﬁ?to adaEC ZUTU
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points where runoff water has any potential for being used. An alluvial farm;ggot and e
52,
phreatophyte survey performed by Intermountain Soils, Inc. in June, 1985 documente <Y

%
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there is no evidence that flood irrigation was ever practiced in the past or that it is
presently being practiced along the major washes and tributaries within the leasehold.
All agricultural. plots inspected were located on high terraces and were planted with
shallow rooting cultivars, which are solely reliant on rainfall infiltration. Inspection
of regional reservation land use maps indicates that flood irrigation is not practiced
below the leasehold along lower Dinnebito and Moenkopi Washes other than some 70 miles
below the leasehold at the town of Moenkopi. PWCC is not aware of any other diversions
immediately downstream of, or further downstream for approximately 70 miles in either
Dinnebito or Moenkopi Washes. Runoff from precipitation events in both washes typically
occurs as flash floods, with rapidly rising water levels, high velocities, and very high
concentrations of suspended solids. The channel beds and banks of both channels are
subject to significant changes in width and depth as a result of runoff events, oftep
changing appreciably during each event, which can create significant problems regardiné

the construction and maintenance of water diversion structures.

Comparisons of average annual runoff estimates indicate the impounded areas through
December 2013 have the potential to, on average, reduce average annual runoff in the
Dinnebito basin by no more than 1.4 percent, and in the Moenkopi basin by no more than
5.8 percent. Total runoff in the basins is greatly affected by depression storage,
channel transmission losses and evapotranspiration. Channel transmission losses along
the sand-bed channel bottoms within the leasehold have been estimated to be quite high,
potentially resulting in more than a 50 percent reduction of flow volumes during runoff
events that occur along the major channels within the leasehold (see Chapter 15,

Hydrologic Description).

Review of historical daily records from both the three upper PWCC sites (PWCC Annual
Hydrology Reports, 1997 through 2002, see Preface to Chapter 15, Hydrologic Description)
and the USGS Moenkopi gage (NWISWeb, 2002) indicate significant loss of runoff from the
upper basin area can occur. From August 7 through August 8, 1987, 1,328.7 acre-feet of
runoff was measured at the three PWCC gages. One large event was measured at SW155 on
Rugust 8, featuring a peak discharge of 10,100 cfs and a total runoff volume of 638.7
acre~feet. Total runoff volume measured at the USGS gage from August 8 through 9, 1987
was 668.7 acre-feet, suggesting almost 50 percent of the total runoff (1,328.7 acre-feet)
from the three upper sites was lost downstream if tﬁese wefe the sole source of rungff

4

recorded at Moenkopi. On August 16, 1989, summer thunderstorms generated moderajf
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117 acre-feet was measured on August 17, 1998. The record comparison indicates about 77
percent of the 524.8 acre-feet of runoff generated from this portion of the basin was
lost. on July 27, 1998, a flash flood passed by SW25 at a peak flow of 1,650 cfs
resulting in a total runoff volume of 206.7 acre-feet. This one event was more than 37
percent of the total runoff measured at the three PWCC gages in 1998. The USGS gage
measured oniy 14 acre-feet of runoff from July 27 through 29, 1998, indicating a loss of
more than 93 percent of the 206.7 acre-feet. It is likely the 14 acre-feet measured at
the USGS gage was comprised of return flow from bank storage from the upstream, 70-mile
channel reach, and that the entire volume of the 200-plus acre-feet runoff event from the
upper basin was lost in the channel. It should be pointed out that these comparisons
assume no additional inflows to Moenkopi Wash below the leasehold occurred. This is an
unlikely assumption considering that the entire basin above the USGS gage is large, and
summer thunderstorms in the region often move great distances while maintaining high
rainfall amounts and intensities, even though the areal extent of individual storm cells

may be relatively small.

mable 21 indicates actual runoff is highly variable from year to year in both the upper

and lower portions of the Moenkopi basin. Runoff variability is closely related to the
highly variable climatic differences typical in this semi-arid environment, and the
limited areal extent and varying intensities of the storms that do occur. From 1987
through 2008, measured annual runoff at the three PWCC gages has ranged from 124.1 acre-
feet in 1994 to a high of 4,105.8 acre-feet iﬁ 2006. For the same 22-year period,
measured runoff at the USGS Moenkopi gage was also lowest in 1994, but the highest annual
runoff was 13,974 acre-feet in 2001. Total measured runoff at the three PWCC gages in
1988 was greatly influenced by one extremely large runoff event measured at SW25 on
August 26, 1988. The peak discharge was estimated at 25,000 cfs for a total runoff
volume of 1,836 acre-feet. This one event accounted for more than 50 percent of the
total runoff measured at the three PWCC gages in 1988. The total runoff measured at the
three PWCC gages from August 25 through August 27, 1988 was 2,624.5 acre-feet, about 69
percent of the annual total measured in 1988. For the same period, the USGS gage
measured 2,945.5 acre-feet,. indicating that this extreme event fell on other portions of
the Moenkopi basin and contributed additional runoff to the gage some 70 miles

downstream.

seventh highést of the twenty-two years presented for this gage (see Table 21)

=]

total measured runoff at the three PWCC gages as a percentage of the USGS Moe
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ranged widely from 5.7 percent in 2001 to 90.0 percent in 1998, illustrating the

considerable variability in runoff within the basin. In fact, total measured runoff from
the upper part of the basin (PWCC gages) in 2001 was only 5.7 percent of the highest

annual measured runoff at the USGS Moenkopi gage (13,974 acre-feet).

Review of the measured daily records at both the three PWCC gages and USGS Moenkopi gage
and the annual measured runoff shown in Table 21 suggests that 1) considerable amounts of
runoff generated in the upper basin can be lost before reaching downstream locations,
ranging from 50 percent of runoff events in excess of 1,000 acre-feet upwards to 100
percent for smaller events (200 acre-feet); 2) areal and temporal variability of runoff
within both Dinnebito and Moenkopi basins is high; 3) channel transmission losses can
significantly reduce annual runoff contributed from the upper portions of both basins;:
and 4) the impact of PWCC impounded areas in the upper part of both the Dinnebito and

Moenkopi basins is minimal.

Peabody has monitored annual water levels .and volumes in the MSHA size dams since
construction, beginning with J7-DAM in August 1978. Estimates of water volumes in all
éi:} ponds based on quarterly and monthly inspections were compiled for the years 1989, 1990,
and 1996 through 2008. Table 23a is a compilation of the results of the above-referenced
monitoring and water volume estimates. The values listed in each column are the volumes
of water in acre-feet measured or estimated in the ponds and MSHA dams for each year or

period presented.

Table 23a shows a 722 acre-foot increase in the amount of water impounded from 1996 to
1997, a 465 acre-foot increase from 1998 to 1999, and a 566 acre-foot increase from 2002
to 2003. Assuming the increases shown for these three periods represent only surface
water runoff, dividing the amounts by the total impounded area present during each period
yields values of annual runoff in inches of 0.22 for 1997, 0.13 for 1999, and 0.17 for
2003. The values compare reasonably well with the inches of runoff measured at the three
PWCC gages -in 1997 (0.28) and 1999 (0.16) as shown on Table 21. The annual runoff
measured at the PWCC gages in 1999 was only 12;6 percent of the annual runoff measured
some 70 miles downstream at the USGS Moenkopi gage. The estimate of runoff based on the

increase in the amount of water impounded for 2003 (0.17 inches) is lower than the 0.26
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Summary of Maximum Impounded Surface Runoff in

MSHA Dams and Sediment Ponds by Year

TABLE 23a

(Acre-feet)

All Other

Year J2-A J-7 J7-JR Jl6-A Jlé6-L N14-D N14-E N14-F N14-G N14-H Ponds' Total

8/78-8/79 137

8/79-8/80 117

8/80-8/81 37

8/81-8/82 182 ** 8 ** 0.5 5 60 256

8/82-8/83 180 *x 80 ** 2 6 60 328

8/83-8/84 425 13 220 153 *x 4 40 60 915

8/84-8/85 305 4 il 150 ** 4 26 60 549

8/85-8/86 * 335 10 65 153 ** 4 13 2 60 642

1989-1393%0 42 300 50 69 107 0.1 6 35 38 305 952
1996 24 100 3 36 29 2 1 2 29 88 314
1997 47 338 48 101 90 ** 3 33 47 329 1036
1998 36 140 8 44 53 *x 0.4 15 39 295 630
1999 23 293 63 235 123 1 6 43 73 235 1095
2000 17 184 15 137 70 ** 3 33 59 158 676
2001 14 157 * 44 104 34 x* 2 19 30 233 637
2002 30 96 4 34 115 24 ** 1 21 21 172 518
2003 36 85 72 92 222 162 13 17 63 68 255 1084
2004 63 162 166 93 207 159 4 16 61 68 205 1205
2005 32 221 198 29 136 90 2 6 43 57 247 1061
2006 5 252 178 43 103 72 1 6 20 30 326 1036
2007 21 369 164 47 160 120 4 7 24 27 427 1370
20082 131 424 156 103 286 146 2 26 65 48 395 1782
* Pond under construction

** Negligible amount of water impounded

*** pond drained for repair
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ponds J2-A and J16-L were dewatered 78 acre-feet and 242 acre-feet, respectively, during 2008




PWCC's dams, ponds and impoundments appear to have had a minimal effect on downstream

runoff.

Based on the pond and dam monitoring information presented in Table 23a, the following
analysis was performed to further assess the potential impact of the dams and ponds on
flow volumes at the town of Moenkopi. The analysis considers whether the amocunt of water
captured by the impoundments in a year would reach the town of Moenkopi if the total
amount was due to a single, large storm at the leasehold. Further review of Table 23a
indicates that one of the years with significant increases in water impounded from the
previous year was 1983-1984. Five hundred eighty-seven acre-feet of additional water was
impounded from overland runoff, Navajo well pumpage and pit pumpage. The latter two water
sources were not considered to be a significant part of the total and were thus ignored.
In Table 23a, 60 new acre-feet of water was assumed to be impounded by all the non-MSHA
sized sediment ponds combined for each of the years 1978 through 1986. This 60 acre-feet
added to the 1983-1984 increase in water impounded by MSHA structures yields a total of

647 acre feet of new water for that year.

The analysis approach employed moving a flow volume equal to 644 acre feet down a 70 mile
length of Moenkopi Wash in a channel with a constant 80 foot flat bottom width (based on
a cross section of Moenkopi Wash that is being measured and monitored within the
leasehold for indirect flow calculations) as shown in Figure 20. Although flow loss to
the channel banks is significant, infiltration loss through the channel bottom was the
only one considered. An hourly loss rate of 1 inch per hour was used and is the lowest
loss rate determined from particle size analyses of bed material from the principal

channels transgressing the leasehold (see Table 12, Chapter 15).

A storm runoff flow with a total flow volume of approximately 644 acre feet was computed
using SEDIMOT II for a portion of Moenkopi Wash within the leasehold. Trial and error
24-hour precipitation inputs were tried until a total flow volume as close to 647 acre
feet as possible was achieved. The duration of this flow hydrograph (18.4 hours, refer
to Table 23b) was used to determine the minimum amount of time that an infiltration loss
of 1 inch per hour would occur over each square foot of the channel bottom between
Moenkopi Wash on the leasehold and Moenkopi Wash at the town of Moenkopi (a distance of

at least 70 miles). Table 23c shows the infiltration loss in acre feet

towards the town of Moenkopi.
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TABLE 23b

Discharge Hydrograph Output From SEDIMOT II Run

for 644 Acre Foot Flow Volume on Moenkopi Wash

Time Discharge Time Discharge Time Discharge Time Discharge Time Discharge
{hrs) (cfs) {hrs) (cfs) {hrs) (cfs) (hrs) (cfs) {hrs) {cfs)
1170 0.134 1460 1302.409 1750 605.403 2040 374.685 2330 279.027
1180 1.615 1470 1287.579 1760 589.178 2050 373.363 2340 277.233
1190 6.186 1480 1263.996 1770 573.179 2060 371.934 2350 275.672
1200 15.553 1490 1232.567 1780 557.571 2070 370.334 2360 274,297
1210 31.760 1500 1195.552 1790 542.437 2080 368.501 2370 273.069
1220 54.974 1510 1155.723 1800 527.854 2090 366.421 2380 271.960
1230 88.993 1520 1115.680 1810 513.939 2100 364.215 2390 270.949
1240 138.810 1530 1077.302 1820 500.777 2110 361.935 2400 270.021
1250 205.400 1540 1041.274 1830 488.194 2120 359.478 2410 269.148
1260 261.526 1550 1007.689 1840 476.169 2130 356.731 2420 268.192
1270 361.065 1560 976.513 1850 464.747 2140 353.617 2430 267.129
1280 438.975 1570 947.754 1860 453.973 2150 350..093 2440 265.948
1290 515.344 1580 921.268 1870 443,887 2160 346.190 2450 264.557
1300 600.635 1590 896.752 1880 434,526 2170 342.010 2460 - 262,719
1310 701.142 1600 873.816 1890 425,950 2180 337.645 . 2470 260.319
1320 810.924 1610 852.136 1900 418,221 2150 333.144 2480 257.228
1330 920.040 1620 831.417 1910 411.375 2200 328.525 2490 253.426
1340 1018.324 1630 811.516 1920 405.418 2210 323.828 2500 249,172
1350 1098.921 1640 792.390 1930 400.316 2220 319.122 2510 244.594
1360 1160.101 1650 773.931 1940 395.991 2230 314.440 2520 239.480
1370 1205.486 1660 755.867 1950 392.336 2240 309.839 2530 233.614
1380 1239.773 1670 738.026 1960 389.232 2250 305.361 2540 226.834
13‘90 1265.835 1680 720.297 1970 386.572 2260 301.042 2550 219.062
1400 1284,288 1690 702,753 1980 384.264 2270 296.924 2560 210.368
1410 1296.290 1700 685.754 1990 382.244 2280 293.063 2570 200.974
1420 1304.311 1710 669.443 2000 380.466 2290 289.519 2580

1430 1308.856 1720 653.512 2010 378.884 2300 286,337 2590

1440 1310.865 1730 63>'I.632 2020 377.411 2310 283.536 2600

1450 1309.468 1740 621.607 2030 376.016 2320 281.111 2610
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TABLE 23b (Cont.)

Discharge Hydrograph Output From SEDIMOT II Run . . |

for 644 Acre Foot Flow Volume on Moenkopi Wash

Time Discharge Time Discharge
{hrs) {cfs) (hrs) (cfs)
2620 148.600 2840 18.492
2630 137,758 2850 16.234
2640 127,075 2860 14,264
2550 116.645 2870 12.497
2660 106.548 ' 2830 10.924
2670 96.878 2890 9.513
2680 87.758 2900 8.230
2690 79.320 2910 7.067
2700 71.659 2920 6.037
2710 64.817 2930 5.050
2720 58.711 2940 4,199
2730 53.468 2950 3.483
2740 48.778 2960 2.899
2750 44,591 2970 2.404 '
2760v 40,804 2980 2.024
2770 37.338 ' 2990 1.717
2780 34.134 3000 1.456
2730 31.145 3010 1.228
2800 28.343
2810 25,708
2820 23.231
2830 20.935
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TABLE 23c
Channel Bed Infiltration Loss for Each Hour of
Flow Over the Channel Bed Area Between

the Leasehold and the Town of Moenkopi

. Channel Bottom Area Acre Feet of Flow Loss for Each
for Each Lineal Foot Infiltration Rate Mile of Flow with an 18.4 Hour
in Acres in feet/hour Duration

.0018 .083 14.5

The above analysis was performed using very conservative numbers. = Average channel bottom
widths from the. leasehold to the town of Moenkopi are considerably larger than 80 feet
and would account for larger infiltration losses per mile than were used. Channel bed
infiltration rates are considerably higher than the 1 inch per hour rate that was used.
This rate is probably more indicative of saturated flow infiltration rates. The flow
duration would increase as the flow hydrograph peak lowers and the flow rate slows in the

downstream direction. The 18.4 hours is the shortest time span during which flow losses
over each square foot of the channel would occur. Finally the total flow volume used
(644 acre feet). is extreme and is an accumulation of runoff from many storms. Individual
storm volume totals lost due to the impoundments would be considerably smaller and
totally lost as channel bed infiltration in shorter distances from the leasehold.
Considering watershed areas, estimates of annual runoff, comparisons of daily stream flow
measurements and measured annual runoff, and runoff volumes impounded, the sediment ponds
and dams on the leasehold do not have any measurable impact on surface water use at the

town of Moenkopi.

Effects of Dams, Sediment Ponds and Permanent Internal TImpoundments on Stream-Water

Quality. The effects of pond and dam discharges on stream-water quality will be
negligible, because all sediment ponds and dams are designed to contain the 10-year, 24-
hour runoff volumes plus sediment. Pond and dam discharges resulting from storm runoff

have and should continue to be infrequent. In the event of their occurrence, PWCC will

The disposal of sediment removed from sediment ponds is
protects stream water gquality and is described in the
Methodology” of Chapter 6, Facilities.
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The NPDES Permit allows pond dewatering as a means of providing sufficient detention time
and storage to help ensure discharge effluent limits are met and there are no significant
water quality impacts to the streams. Pond to pond pumping is also periodically
employed. Seepage from dam embankments or around the sides of embankments is also
presently being monitored in accordance with the NPDES Permit to document this form of

pond discharge poses no significant threat to the receiving stream water quality.

Runoff discharges from the permanent internal impoundments are extremely unlikely.
Should they occur, impacts to the stream-water quality will be negligible. Table 24
shows average concentrations for select chemical constituents measured in permanent
internal impoundments from 1986 through 2008. Almost all the impoundments selected
contain surface water runoff and have no appreciable ground-water contribution from
resaturated spoil, with the exception of Pond N2-RA. Table 25 shows average
concentrations for the same chemical constituents measured in stream flows generated by
rainfall runoff at stream monitoring sites for the same period. Excepting pond N2-RA,
water quality documented in the permanent internal impoundments is similar to slightly

lower in range and magnitude compared to stream flows.

Annual Hydrology Reports (AHR’s) present comparisons of recent and historical pond and
stream water quality data with existing numeric limits for livestock drinking water and
other uses. Sources of the livestock drinking water limits used in the AHR’s include
the Navajo EPA (2008) and Hopi Tribe (2008). In the March 5, 2001 Hydrologic Monitoring
Program Permit Revision package, PWCC attached the document entitled “Justification of
Monitor and Monitoring Frequency Reductions at the Black Mesa and Kayenta Mines, Arizona”
(PWCC, 2001). The document presents a thorough evaluation of summary statistics, water
types, trend analyses, and comparisons of historical stream water quality with livestock
and other use limits. Based on the livestock limit comparisons presented in the document
that used total recoverable metal analyses, all stream flow generated by storm runoff is
not suitable for livestock drinking water. The document also mentions, if only dissolved
analyses are used for comparison purposes, most of the stream water quality is suitable

for livestock drinking.

The Navajo Nation’s surface water quality standards (NNEPA, 2008) establish livestock

drinking water limits using both dissolved (B, Co, Cu & V) and total (As, Cd,

& Zn) metal analyses. Using these standards, and those promulgated by the»!
(Hopi, 2008), and recommended standards for TDS (NAS, 1974) and sulfaft>
Pedersen, 1976), comparisons were made between permanent internal impoundme
flow water quality collected from 1986 through 2008. Table 26 lists the
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comparison results for the permanent internal impoundments, and Table 27 shows the
comparison results for the stream monitoring sites. Table 26 shows that, excepting the
high pH values measured in PIIs N1-RA and N2-RA, the high TDS and sulfate values at pond
N2-Ra, and only single excursions of these same standards at <four other ponds
historically, the permanent impoundment water quality is suitable for use as livestock
drinking water. Table 27 also indicates most of the stream flow generated by rainfall
runoff meets the pH, NO3_NO2, TDS and sulfate standards, as well as the trace element
livestock drinking water standards expressed as dissolved. The high pH values documented
in Pond N1-RA would likely be reduced by contact with soil and channel bed materials if a
discharge occurs. An unlikely discharge from either Pond N1-RA or N2-RA would be diluted
when mixing with the larger volumes of stream flow runoff. Due to the similarity in
water quality between permanent internal impoundments and stream flows, discharges from
permanent internal impoundments would not significantly affect stream-water quality, and

would not change the potential stream water use.

Effects of Stream Channel Diversions on Channel Characteristics and Runoff Water Quality.

Six channel diversions affecting approximately 6.0 miles of channel in tributaries to
Moenkopi Wash have or will be constructed during the life of the mining operations. The
effects of channel diversions on channel characteristics and stability will be minor for
the following reasons. All diversion channels will be at least as wide as the existing
channel, which should eliminate the potential for flow constrictions and excessive
lateral erosion. All diversion channel slopes will approximate original channel slopes
so that comparable flow velocity ranges will be maintained. Energy dissipators will be
constructed at the entrance and exit points of each diversion to provide an additional
control on flow velocities and erosion potential at these points. The only anticipated
channel effects from the diversions would be the channel’'s natural tendency to
reestablish meanders. This will cause some minor erosion on alternating sides of the
diversion where the meandering thalweg intersects side slopes. The stability of the

channel diversions will be no less than the stability of the natural channels.
The diversion channel construction activity and the natural meandering tendency of the

active channel thalweg will expose fresh alluvial surfaces to weathering and erosion.

This will result in additional amounts of sediment and dissolved chemicals being

sediment are so high that these minor additions are negligible (Chapter 15).
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chemical loads have been historically quite variable. Stream water chemistry,
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magnitude of the sediment load being transported by the flow. The cation exchange
capacity of the sediment is high, and this does affect the flow chemistry. It is
concluded that the water chemistry effects of channel diversions are minimal as they

cannot be distinguished from natural fluctuations.

Effects of Culverts at Road Crossings on Stream Runoff and Water Quality. The effects of

culverts on stream runoff and water quality will be minimal for the following reasons.
All culverts or combinations of culverts are designed to pass the 10-year 6é-hour flow
with at least 1 foot of freeboard. If culvert exit velocities exceed six feet per
second, riprapped energy dissipators will be employed to reduce the velocities. If exit
velocities are Dbetween four to six feet per second, culverts will be inspected
periodically for evidence of accelerated erosion immediately below their outfalls. If
accelerated erosion is occurring, riprapped energy dissipators will be constructed at
these points. Finally, these structures involve such minor areas of disturbance that

chemical and sediment changes in the flows will be undetectable.

Removal of Pre-existing Surface Water Structures. One pre-existing surface water

structure (DM-1) will be removed as a result of constructing the Reed Valley Wash channel
diversion. One pre-existing structure (DM-7) was disturbed as a result of upgrading the
original embankment for sediment control (K-P pond). The K-P pond will be reclaimed
after permit approval. It is a redundant pond as a result of the completion of Wild Ram
Valley Dam (J2-A pond) downstream. One pre-existing structure (DM-9) was impacted by
construction of the main J-1/N-6 haul road. A portion of the pre-existing watershed was
truncated as a result of the haul road alignment. The pre-existing watershed will not be
restored because the haul road will most probably be retained as part of the postmining

land use plan.

The probable hydrologic consequences of mining and related activities on 22 actual or
suspected pre-existing surface water structures will be nill or‘inconsequential. This
conclusion is reached for one or more of the following reasoms: 1) minimal or no direct
or indirect physical disturbance will occur at several of the pond sites or in impounding
watersheds during the life-of-mine activities; 2) several sites do not actually exist; 3)
several structures are non-functional due to structural <failure; »
structures are not applicable to this permitting action.
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Interim impacts caused by the loss of the three structures previously discussed have been
or will be mitigated by providing alternate water sources (N-aquifer public water
standpipes and existing and proposed sediment control structures). The three structures
will be replaced with one of vastly sﬁperior structural design following the completion

of mining and reclamation in the affected areas.

The loss of structure DM-7 will be mitigated by the retention of the J2-A pond as a
permanent impoundment. The loss of DM-9 will be mitigated by the retention of several
pre-law internally draining ponds in reclaimed portions of the J-1/N-6 or J-3 coal
resource areas, or the retention of Ponds J3-D or J3-E as permanent impoundments. The
loss of structure DM-1 will be mitigated by the retention of the Jl6-L sediment control
structure (Reed Valley Dam) as a permanent impoundment. All the proposed permanent
impoundments currently meet, or will be upgraded to meet the permanent perférmance
standards (see Chapter 6 for design information). All proposed permanent impoundments
and pre-law internally draining ponds have been demonstrated to have superior éersistence
capabilities and water quality (see Chapters 6 and 15 and Appendix E to Permit AZ-0001D
and the 1/17/94 cover letter response, including Appendices 1 and 2, to technical

Deficiency Number 3 to Chapter 16, Permit AZ-0001D).

Effects of Runoff From Reclaimed Areas on the Quantity and Quality of Streamflow.

Considering the natural physiographic region in which Peabody is reclaiming lands
disturbed by mining, and criteria imposed by regulatory authorities for evaluating

reclamation efforts with regard to bond. release, probable hydrologic consequences of

runoff from post-law reclaimed areas is addressed in the following sections. Bond

release criteria includé the successful establishment of vegetative cover, topsoil
stabilization, and the effects of runoff from reclaimed areas on the quantity and quality
of waters in the receiving streams. Runoff from reclaimed areas will flow into receiving

streams following the removal of sediment structures at the time of bond release.

Reclamation efforts undertaken by Peabody in post-law coal resource areas on the
leasehold occur in a physiographic region typified by a mild mean annual temperature
{48F) and a low mean annual precipitation (10 inches). Mean annual precipitation is
based on nonheated recording rain gauges. Including the contributipns from snow, the
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mean effective precipitation on the leasehold is about twelve inches. Typical basin
morphologies in the region include highly eroded landscapes of moderate to high relief,

with entrenched sandbed channels and headward-cutting arroyos.

In this arid climate, intense summer thunderstorms produce flash-flooding in ephemeral
channels resulting in high concentrations of sediment loads (105 mg/1l) . The highly
erodible natural soils provide a significant contribution to the sediment yields produced
in this climate. The limited vegetative cover in this region due to climatic and grazing
conditions contributes to the flashy response of ephemeral channels from intense storms.
Figure 2la shows a relationship among effective anpual precipitation (EAP), climate and
annual sediment yield (Langbein and Schumm 1958). Considering this diagram, EAP -and
climate on Black Mesa correlate to the highest annual sediment yields. Figure 21b shows
the same relationship as Figure 21la, including the éffect of mean annual temperature
(MAT) (Schurm 1977). MAT on Black Mesa, in combination with EAP and climate, correlate
to extreme annual sediment yields. Estimates of annual sediment yields (tons/miz) on the
leasehold, incorporating site-specific parameters into the USLE, range between 4,666
tons/mi2 and 14,477 tons/miz. These éstimates were made taking into account the factors

that affect erosion in the region, including the typical sparse cover and highly erodable

soils (see Annual Sediment Yield Estimates, Chapter 15).

Reclaimed areas created by Peabody on Black Mesa will have topography characterized by
long slopes no greater than 3:1 (h:v). Topsoil material used to cover regraded spoil

material will be spread to a minimum depth of twelve inches. Spoil material will be
compacted to some degree during regrading, as it contains higher clay contents than
topsoil material. The only suitable topsoil materials available are highly erosive due
to their overall fine-sandy texture and lack of organic material, and are typical of
those forming regionally under arid conditions. The "K" value assigned to topsoil
material used for reclaimed areas by Intermountain Soils, Inc. personnel is .43 (Chapter

8), which confirms the high erosion potential of the topsoil.

Topsoiled reclaimed areas will feature vegetation established sufficiently to support the
stabilization of topsoil material and the postmining land use of livestock grazing.
Vegetative ground cover in the reclaimed areas will be similar to the native vegetation.
For a discussion of vegetative ground cover and success standards
23 and 26, Permit AZ-0001D.
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Discharge. The effects of runoff from reclaimed areas on the quantity and quality of
‘waters in receiving streams will be minimal. Receiving streams on Black Mesa (Moenkopi,
Coal Mine, Yellow Water, Dinnebito, Yucca Flat and Red Peak Washes) commonly yield
discharges characterized by hydrographs with sharp peaks, short time to peaks, and short
durations. These hydrograph characteristics become somewhat dampened downstream, as

channel slopes lessen and cross section geometries increase.

Runoff from reclaimed areas should largely occur as ox}erland flow, typified by
hydrographs of gentle peaks and longer durations. With the controlled topography in
reclaimed areas {slopes less than 3:1) and the modified drainage system, runoff times of
concentration will be longer, resulting in reduced flow peaks and longer hydrograph
durations than typical hydrographs of runoff from natural undisturbed basins on Black
Mesa. External drainages will be established as part of the final reclamation, along

with networks.

Runoff volumes and discharges from reclaimed areas should result in localized decreases
in runoff to receiving streams. Reclaimed coal resource areas will contribute less
runoff to receiving streams for similar storms than those same areas did prior to mining.
Computations using SEDIMOT II to predict runoff and sediment differences from areas in
the Coal Mine Wash drainage before mining and following reclamation show reductions in
peak discharges and runoff wvolumes for an identical storm input (see Coal Mine Wash Pre-
and Postmining Sediment Yield Estimates, Chapter 15, PAP). In watersheds with large
portions of mined and reclaimed areas, magnitudes of the predicted decreases in peak
flows range between 2 and 24 percent. Reductions in predicted runoff volumes range

between 5 and 21 percent.

Topography, soils and vegetation modeled in the Coal Mine Wash drainage are typical of
final reclamation that will be established in all mined coal resource areas on the Black
Mesa leasehold. Based on SEDIMOT II predictions, watersheds established in reclaimed
coal resource areas will typically yield reduced peak flows and runoff volumes compared
to runoff from the areas before mining activities commenced. The impact of these

reductions in runoff from reclaimed areas to receiving streams will be local. SEDIMOT II

i

ised PZE/%1;8081U
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runoff volumes were reduced by only 2 percent and 3 percent respectively. Considering
the order of magnitude of flows for which predicted runoff parameters were determined by
SEDIMOT II up to junction XIV (103), these reductions are not significant. Also,
junction XIV was established only a short distance downstream from these largely

reclaimed watersheds in which runoff reductions were estimated at more than 20 percent.

The prediction results for modeling Coal Mine Wash drainage under pre- and postmining
conditions suggest that, for a 24-hour duration storm of uniform distribution over the
entire watershed, runoff reductions from reclaimed areas will be local and will result in
insignificant reductions of runoff in the main channels. As runoff in the main channel
systems progresses downstream, encountering additional lateral inflow from undisturbed

basins, localized runoff reductions will become less pronounced and unmeasurable.

Generally, an increase in total drainage area is accompanied by an increase in watershed
discharge. Reclaimed areas on Black Mesa that will drain into the Moenkopi watershed
comprise only two percent of the total Moenkopi watershed above its confluence with the
Little Colorado River. Slight reductions in runoff from reclaimed areas will not affect
the overall runoff from this watershed area; however, runoff from the large drainage
areas above the village of Moenkopi near Tuba City has been utilized for flood irrigation
purposes. Reductions in runoff discharge in Moenkopi Wash from reclaimed areas on the

leasehold will not be detected some 70 miles downstream in the vicinity of Moenkopi.

Busby (1966) mentions that approximately 50 percent of the runoff produced in tributaries
of the Little Colorado River is lost in transmission before reaching this major channel.
Channel transmission and evapotranspiration losses of this magnitude would completely
mask any runoff reductions from the small, reclaimed areas on the leasehold to receiving

streams.

Sediment. Sediment concentrations measured in receiving streams as part of monitoring
efforts by Peabody personnel commonly range from 104 to 103 mg/l (see Peabody Sediment
Monitoring, Chapter 15). Sediment yields (tons/day) have been determined on a storm
basis from measured discharges and sediment concentrations made at automated stream

station sites on the leasehold. Measured sediment yields range from 102 to 103 tons per

day for low;discharges, and up to 10° tons per day in higher discharges (Auto

Sediment Yield Analyses, Chapter 15, PAP). ¢§>
S )
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Channel contributions to measured sediment yields were estimated using SEDIMOT II
computafions (see Coal Mine Wash Pre- and Postmining Sediment Yield Estimates, Chapter
15, PAP). Using a range of storms, peak discharge and sediment concentrations were
predicted for the entire Coal Mine Wash drainage above the location of Stream Station 16.
These predicted values were converted to tons per day and plotted on the sediment rating
curve developed from data collected at Site 16 (Figure 22). Regression lines defining
the relationships among the measured and predicted values were determined and are labeled
on Figure 22. Comparisons of the regression lines at various discharges suggest that
sediment contributions from the channel sides and bed to the main channel sediment load
could be as high as 45 percent at discharges in the range of 3,000 cfs. It can be
concluded that the main channels of the principal drainages that disect the Black Mesa
leasehold could contribute up to 45 percent of the total sediment load discharge during

large flow events.

Due to the likelihood of intense summer thunderstorms occurring on reclaimed areas, and
the highly erosive nature of topsoil material, sediment concentratidns of runoff from
reclaimed areas could approach concentrations comparable to receiving streams. For
purposes of comparing premining conditions (undisturbed) with postmining conditions
(reclaimed coal resource areas), sedimentation estimates in runoff from Coal Mine Wash

have been made using SEDIMOT II (see Coal Mine Wash Pre- and Postmining Sediment Yield
Estimates, Chapter 15, PAP) . The drainage area above the location at which these
estimates were made comprised almost 43 square miles. Sediment yield calculations were

made assuming that the outlet of this drainage area is located about one mile downstream
from the N-1 reclaimed area at Stream Station 18. Results (Chapter 15) ‘show decreased
sediment concentrations (1 to 23 percent) and sediment yields (4 to 34 percent) in
streamflow due to discharge from modeled watersheds within the Coal Mine Wash watershed

largely comprised of reclaimed areas.

Again, reclaimed topography, soils and vegetation modeled in the Coal Mine Wash drainage
are typical of final reclamation to be established in all mined coal resource areas.
Watersheds established in reclaimed coal resource areas will typically yield reduced peak

sediment concentrations and sediment yields compared to premining conditions. The effect

of decreased sediment concentrations and yields in receiving stream runoff resulting

reclaimed area runoff will be local. Generally, as discharges increase,

_ﬁ?a%géeiging
reclaimed
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areas become less pronounced. Model predictions for the entire Coal Mine Wash watershed

at Site 18 show a reduction in sediment yield (5 percent) and a 1 percent increase in
peak sediment concentration for postmining conditions. The order of magnitude for both
predicted parameters is 105, which diminishes the significance of the difference in these

parameters between premining and postmining conditions.

As -‘flow in receiving streams proceeds downstream, lateral inflow from undisturbed
watersheds will contribute to sediment loads in the main channels. These additional
contributions will tend to mask the localized decreases in sediment loads resulting from
watersheds comprised mainly of reclaimed areas. Finally, sediment yield contributions
from channel beds and sides may be as high as 40 percent, which will offset the predicted
reductions in sediment loads from reclaimed areas. Channel contributions to sediment
loads are predicted to completely mask the localized effects of reclaimed area

contributions in the downstream direction.

. Water Quality. Receiving stream-water quality has been monitored since 1981 at stream
station sites on the leasehold (see Stream Water Quality Section, Chapter 15). Permanent
internal impoundments {PII} established in both pre-law and post-law reclaimed areas on
Peabody's leasehold have also been sampled for water quality. Previously introduced
tables 24 and 25 are summaries of sample means for selected major chemical parameters.
Table 24 presents mean parameter values measured in PII's from 1986 through 2008 that
were constructed in both pre-law and post-law areas, and Tabie 25 presents mean parameter

values measured at stream station sites for the same period.

Generally, PII's created in pre-law areas have water quality similar fo post-law areas.
Runoff flowing into PII's in pre-law areas occurs on regraded spoil material. Although
post-law areas were topsoiled, comparisons using mean parameter values from post-law and
pre-law PII's indicate no significant differences in the quality of water flowing over

spoil material versus topsoil material.

Mean chemical parameter values: from PII's are similar to but slightly lower in range and
magnitude compared with stream flows, with the exception of PII’s N1-RA and N2-RA. Mean

pH measured in PII's range between 7.5 and 8.6 (except PII N1-RA), while stream pH_values

range similarly between 8.0 and 8.3. Excepting PII N2-RA, which receives miglgéé;§c§b€e;
: d e

A
amount of high-TDS water from resaturated spoil in addition to runoff fro@‘léclaime 2010
tC
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areas, mean TDS in PII's (144 to 939 mg/l) range lower than rainfall runoff measured in
receiving streams (229 to 1503 mg/l). Although the mean values presented in Tables 24
and 25 indicate variability among PII’s and stream flows, generally, TDS, sulfate,
calcium, magnesium, sodium, and chloride are slightly lower in PII’'s compared with stream

flows.

Tables 26 and 27 (previously discussed) indicate that water quality in most PII's and
streams fall within the livestock drinking water limits (based largely on dissolved
analyses of trace metals) recommended by Tribal agencies (NNEPA, 2008; Hopi, 2008),
National Academy of Science (1974) and Botz and Pedersen (1976). Limited exceptions
include high pH values in PII N1-RA, high TDS values in PII N2-RA, and infrequent
exceedences of a limited number of the livestock drinking water limits at several stream

sites.

Runoff water quality from reclaimed areas {including pie~léw areas not topsoiled) will
not significantly alter receiving stream water quality, nor change the potential use of
receiving stream flows. Mixing of any infrequent pond discharge from PII’s with the
larger volumes of stream flow runoff will provide a slight diluting effect, rendering any

potential impact on receiving stream water quality insignificant.

The Impact of the Reclamation Plan on the Stability of Reclaimed Areas. Reclamation of

coal resource areas on PCC's Black Mesa leasehold occurs in a semi-arid climate. Common
products of this climatic regime include flash floods in ephemeral channels resulting
from very intense summer thunderstorms. Drainages exhibit high degrees of drainage
densities, severly eroded landscapes of moderate to high relief, entrenched sandbed
channels and the continual evolution of rills and gullies in the upslope portions of

drainage basins.

No physical measurement guidelines have been found that provide distinctions between
rills and gullies. Generally, gullies are classified as large rills. Quéntification of
the processes that form rills and gullies has not yielded conclusive results. Gullies
have been classified as continuous or discontinuous (Leopold and Miller, 1956).
Continuous gullies begin their downstream course with many small rills, while

discontinuous gullies start with an abrupt head cut (Heede, 1973).
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systems are not commonplace, occurring only where lithologic controls predominate.

Several key factors contribute to the formation of rills and gullies in the semi-arid

southwest. Intense thunderstorms commonly generate large raindrops that impact soil
surfaces with high degrees of kinetic energy. The raindrop impacts detach soil
particles, which are then entrained by overland £low. The kinetic energy imparted by

very intense rainfall tends to seal some soil surfaces rapidly, concentrating overland
runoff. The disruption of the soil surface and concentration of overland flow during a

storm event creates an opportunity for the establishment of small rills.

Another major influence is the vegetative canopy covering the soil surface. The
vegetative canopy intercepts a portion of the total rainfall volume reducing the
potential for rapid runoff. The vegetative cover tends to reduce the energy of the
raindrop impacts, thereby lessening the degree to which the soil surface is impacted and

the quantity of detached soil particles.

The tendency of a soil to erode (detachment) also affects the degree to which rilling
occurs. Sandy textured soils have a higher susceptibility £for detachment than soils
high in clay content. The presence of organic matter tends to provide soil cohesiveness,
reducing the possibility of soil detachment. Topsoil material present on the leasehold

tends to have a sandy texture and be low in organic matter and clay content.

Morphologic factors such as slope steepness, length, shape and drainage density affect
the rilling process. The tractive force, a measure of detachment potential of £flow,
increases with slope steepness (Meyer, Foster and Romkens, 1975). Runoff increases with
distance from the tops of slopes, as the contributing drainage area above increases. As
the length of slopes increase, so does the potential for rill and gully development. The
shape of an irregular slope will affect the development of rills depending on the
interrelationships of slopes and slope lengths. Natural basins will establish drainage
networks of a sufficient density to carry excess runoff to the basin outlet. Although
rills and gullies are small in comparison to main channels, they are an integral part of

a basin's drainage network.
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development of rills in gullies in semi-arid environments. Schumm and Hadley (1957)
proposed a- model of semi-arid erosion in which channels (including rills and gullies)
adjust, by either aggrading or downcutting, to variations in sediment loads and
discharge. Bergstrom and Schumm (1981) discuss a model based on the episodic behavior of
a drainage basin, in which distinct zones of a watershed adjust channel characteristics
in response to episodic changes in flow and sediment with time. The concept of
equilibrium is discussed at length by Schumm (1977), and involves the complex process-

response concept of a fluvial system.

Regardless of whether the drainage systems on Black Mesa are in quasi-equilibrium, or
whether their development over time may be explained by a model, several factors
influencing the development of rills aﬁd gullies in these drainages and in reclaimed
areas remain constant. Intense summer thunderstorms occurring on Black Mesa generate
high-energy raindrops that result in considerable soil detachment. Also, the vegetation
canopy cover to be successfully estabiished in coal resource areas will be similar to
canopy covers found in the natural surrounding landscape. Topsoil material used as
plant-growth media in reclaimed areas has the same erosive texture as soils found in the
surrounding highly eroded landscape. Natural drainages on Black Mesa exhibit a high
degree of density, naturally forming rills and entrenched gullies in the upland areas.
Regardless of the extent of vegetal cover or the flatness of the regraded slopes, rills
are going to form in the reclaimed areas as the basins adjust drainage to convey excess
runoff. Summer thunderstorms are intense and localized resulting in overland flow that

rapidly concentrates and scours in relatively short distances.

Peabody has developed a plan for insuring the stability of reclaimed areas (see Chapter
26). The key to the plan is to control those components of the surface runoff process to
the extent that the potential for erosion is greatly minimized. By controlling the
erosive nature of the surface runoff the degree of rilling and gullying will be minimized
such that sufficient landform stability can be achieved and a successful vegetative cover
can be developed that will promote the postmining land use of livestock grazing and

wildlife habitat.
An important component of the plan (see Chapter 26) is to comstruct gradient terraces
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than 10 percent) that have high potentials for excessive erosion and uncontrolled

drainage development (rills and gullies). These terraces will break up slope lengths,
limiting the upslope area contributions to overland flow. Distances over which tractive
forces increase will be controlled, which will 1limit the scouring action of concentrated
runoff in the downstream direction. By establishing limited drainage areas between the

contour terraces, the size and density of rills that occur will be minimized.

Primary surface manipulations include: 1) deep ripping on all slopes ; and 2) contour
furrowing using an offset disk unit that will promote infiltration and reduce excess
runoff. The retopsoiled areas, including contour terraces, will be mulched with a cover
crop or anchored straw or hay mulch, and then revegetated with the permanent seed mixes
(see Chapter 26). Revegetation and mulching will promote soil cohesiveness as vegetation

becomes established, providing further resistance to rilling.

In addition to the creation of gradient terraces and the surface treatments, a network of
downdrains and main channels will be constructed. Downdrains will be established at
specific intervals across the slopes for connecting the contour terraces to the main

channel. Downdrains will enhance the stability and integrity of the contour terraces, as

they will convey runoff from the inter-terrace areas to the main channel witﬁout
promoting failure of the terraces. An important feature of the plan is the sizing and
lengths of the terraces between the downdrains. Terrace embankment heights and lengths
will be maximized to insure the containment of concentrated overland runoff and to
increase the time of concentration of flow to the downdrains, respedtively. This should

greatly reduce the potential for extreme downcutting in the downdrains.

The downdrain systems will be constructed in some instances after topsoil has been
replaced. Under these circumstances, topsoil will be removed at a minimum width of 45
feet to prevent topsoil loss. Ripping and disking will be implemented across the
downdrain system creating a surface roughness perpendicular to flow. This will provide
some resistance to scour in the downdrain. In addition, the non-topsoiled drains will
contain a significant percentage of rock fragments further increasing the surface
roughness.

KRN

The main channels will be engineered to convey the appropriate discharge co g‘ih&%e

the watershed areas drained. The main channels will range in width from appgyflmately 45
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to 135 feet which includes a fifteen foot apron on each side of the channel. The main
channels and aprons will not be topsoiled to prevent topsoil loss. Application of the

seed mixes will be used to revegetate and further stabilize the non-topsoiled areas.

The establishment of the drainage network outlined above will increase the overall time
of concentration of flows and reduce peak flows from the reclaimed area basins. Flow
velocities will be controlled, as surface manipulations, including those performed in
downdrains and the main channels, provide roughness and resistance to scour. Thus,
drainage development in reclaimed areas will be planned and controlled, thereby
minimizing the number and size of rills. Landform stability and vegetative development
supportive of the post-mining land use can be achieved, because the reclaimed area
drainage development will have been controlled and reasonably stabilized rather than in a
state of quasi-equilibrium between storms of large return periods as in the natural

drainage system.

Summary

This chapter has presented a discussion of probable hydrologic consequences of the
proposed life-of-mine mining plan. Table 28 summarizes the discussion by listing the
probable hydrologic consequences and the results of the analysis of each. As can be
seen, all the probable impacts have been determined to have either no impact or no short

or long term significant impacts.
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Avg Transmissivity

Avg Transmissivity

Values Used in Calculating Pit Inflows

Avg Saturated Thickness

Avg Saturated Thickness

For West Side For East Side Of Wepo Aquifer 0f Wepo Aquifer H Drawdown
Pit 0f Lease (Gal/Day/Ft) Of Lease (Ga]{Day/Ft) For West Side of qu East Side of rw (ft) so =W tan@ Stérage
Lease (Ft) Lease (Ft) (Ft) (Degrees) Coefficient-S
N-10 126.3 235.9 65 13.4 5.9 8%10™>
N-11 126.3 235.9 65 8.2 3.6 8%10 >
J-1/N-6 126.3 235.9 65 6.6 2.9 8*10™>
N-14 Main Pit 196.2 ' 201.0° 65 5.7 2.5 8%10™°
N-14 Eastern Pit 196.2 201.0 65 4.5 2.0 8*19'5
J-16 196.2 201.0 65 3.9 1.7 B%10 >
J-19/3-20 196.2 201.0 65 4.5 2.0 810"
421 196.2 201.0 65 5.7 2.5 %10




Terminology Used in Pit Inflow Discussionr

Total length of pitnis the length in feet that the pit will be open for that specific
year. “

Length in water. (feet) was computed two different ways dépending on. the proportion of
the pit that was projected to intercept the Wepo aquifer. For those pits that were
projected to be predominantly in water, a constant length in water was calculated by
summing the total lengths in water .each year and dividing by the total  number of
years in water. For those pits with smaller areal extents in water, a constant
length in water was calculated by taking the average lengths in water for individual
pit cuts for the total period in water.

Pit advancement is the constant length in feet per day that the pit will advance for
all years in a given mining area.

Time in water is the constant number of days thé pit will be open and subject to pit
inflow each year. | k

Weighted TF is the weighted transmissivity of the exposed aquifer expressed .in
gal/day/ft for the entire pit. It was calculated by taking the average depth in
water for a specific year and dividing it by the average saturated thickness for the
Wepo aquifer for the respective side of the leasehold. - This saturated thickness
ratio was multiplied by the average transmissivity va]ue* for the respective side of
the leasehold to adjust the transmissivity value for the pit saturated’thickness;
The adjusted trahsmissivity value for each year was multiplied by a wet area
weighting factor (wet area for a given year divided by the total wet area in the
entire mining area); The annual weighted transmiésivity values were then summated to
yield the constant weighted transmissivity valué for the entire mining area.

*
In computing the average transmissivity value for each side of the leasehold, five

wells were not included (42, bh, 49, 59, and 62).- These values were not included

because they were extremely low or atypically high as a result of being partially
completed in the Toreva aquifer.

Weighted TL,R is the wgighted TF divided by 7.48 gal/ft3 to convgrt values for the
entire pit to ft /day.

| is the Wepo or alluvial aquifer's natural hydrauiic gradient for the specific pit
to be evaluated. It is expressed in ft/ft. ‘
Weighted QF is the amount of water which will be intercepted from the aquifer through

flow and is calculated by the formula 9eq = TIL. The initial pit cut in water

> 9
(qF1) was incremented by day to account for the gradually increasing pit iehgth. The




10.

values for subsequent pit cuts were calculated using a constant length in water”

92 ,
(calculated as described in Statement 2). The number of days remaining after the

initial cut was multiplied to sz to calculate tﬁé tota1 qF2 for the entire mining
aéea. The qF1 and sz values were added to give ébﬁotavaF for the entire mining
area. The total QF was weighted by a wet area weighting factor. (wet area for a given
year divided by the-total wet area in the entire mining érea) to compute the QF
totals for each specific year. The units are gal/yr. For the unconfined alluvial
aquifer, the formu]akQ = PlA was used. The variables for this equation are defined
in Chapter 18.

Weighted QL is the linear portion of inflow from aquifer storage and is calculated

>‘using the formulas QL =2s ST

mt

and QL = qL * Llw* 7.48 ga]/fta. The initial pit cut in water (QL1) was - incremented
by day to account for the gradually increasing pitklength. Subsequent pit cuts for
QL2 were calculated using a constant length in water. The qLZ was divided by 2 to
account for the spoil piles intercepting inflows from one side of the pit.  The
number of days remaining for the life of the ﬁining area after the initial pit cut
was multiplied to QLZ to calculate the total QL2 for the entire mining area.  The QL1
and QLZ values were added to give a total QL for the entire mining area. The total

QL was weighted by a wet area factor as described above to compute QL totals for each

year. The unEFs are gal/yr. For the unconfined aliuvial aquifer

S

) 0
s = (so T 2b )

was used. The equation accounts for inflows from both sides of the pit. The

variables for the unconfined conversion of s are defined in Chapter 18.

R
Q,=2TT G (a)s

Q_, the radial inflow to each end of the pit, is calculated by the formula

R
where,
o = Tt
Sr 2
W

The QR is multip1i§d to a constant factor for a given mining area which was
calculated by taking the wet width for the entire pit -and dividing it by 130' (pit
width). The constant factor is the total number of 130' pit widths for the total wet

width in. the mining area. Once the QR for the entire pit was calculated, it was

~-multiplied by a weighting factor to compute total OR values for each year. The units

s 2

are in gal/yr. For the unconfined alluvial aquifer s = (s o )
. = o -
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Attachment 2
Documentation of Program MINE 1-2

The program entitled “MINE 1-2”, calculates the volume of flow into an open pit
resulting from natural-gradient flow and pit dewatering (Figure 1). The program can be
used to simulate a confined, unconfined, or a combination of unconfined/confined aquifer
conditions. In the case of the unconfined/confined solution, the program accurately
accounts for the unconfined zone that develops adjacent to an open pit wall for an
initially confined aquifer. The program simulates an advancing pit by incrementing and
summing fluxes on a daily basis.

Theory

The derivation of the equations used to calculate pit inflows follows the same procedure
developed by McWhorter (1981), which is based upon the concept of a succession of
steady states. Equations describing one-dimensional unconfined and confined flow are
the following:

k2 [plh) -5 o o<x<i, (1)
Ox O0x 7 ot
2
roh_goh L <x<L +L, (2)
ox” ot

where K is the hydraulic conductivity L/t;

is the transmissivity, Lz/t;

is the specific yield, dimensionless;

is the confined storage coefficient, dimensionless;

is the head in the unconfined zone, L;

is the pressure head above the confining unit in the confined zone, L;
is the location in cartesian coordinate space, L;

1s time, t;

is the distance to the unconfined-confined zone interface, L.; and

is the distance from the unconfined-confined interface to the undisturbed
zone, L.

Intergrating equations 1 and 2 with respect to x over the intervals in which they are
applicable, applying Leibnitz’s rule, and summing the two solutions results in the
following equation:




d L, d L+L,
BPT(R RTLSRAR

dt| ;
where g, is the regional flux, Lz/t;
9o is the flux into the pit, L/t
b is the confined aquifer thickness, L; and

H, is the pressure head above the confining unit in the undisturbed zone.

Substituting for h, Lu, H, and Lc and carrying out the integration results in the following
equation:

q,—4q, = —i[ﬁJ 4)

where

(&)

S,.Tb> STH? STH,b
E= + -+ 2
6 2 2

Taking the differential of the right-hand side of equation 4 and rearranging, results in the
following equation:

-F
dt =————dg, (©)
qO - quo

Intergrating both sides of equation 6 results in the following:

t ) _p
Ja= [ ———dy, (7)
0 q,(0)=x qo - qrqo

—E 1 +L21n(£13:&] (8)
9.4, 4. q,




The total flux of water into the open pit as a function of time is represented by the qo
term in equation 8. Therefore, the flux of water as a function of time can be determined
by solving for the roots of equation 8. The program MINE1-2 numerically solves for the
roots through the use of a Newton-S iteration method.

The total volume of flow into the pit is determined by integrating the flux as a function of
time. This is performed numerically in the program by subdividing each day into 100
equal time increments, calculating the flux at the fixed time increments, and using
Simpson’s rule to numerically integrate the area under the flux versus time curve. The
daily rate of flow into an open pit decreases at an exponential rate. The program
automatically reduces the number of time increments each day is subdivided into when
the change in daily flow rates is less than one percent. This reduction in the number of
time increments accelerates the amount of time required to run the program, with
virtually no loss of accuracy.

If the regional gradient is zero (i.e. g, = 0), equation 7 reduces to the following:

t a,(t)
-FE
far=" | —dg, ©)
0 g,(0)= qo
and
E 1/2 s
= — - 10
q, (2) (10)

The total flow into the pit is calculated by analytically integrating equation 9 with respect
to time,

Q=2[—E—T] (1)

The definition of ‘E” in equation 5 is for the combined case of an unconfined/confined
aquifer system. In order to obtain solutions for the strictly unconfined and confined
cases, the definition of “E” (eq. 5) has to be modified. For the case of an unconfined
aquifer, the second and third terms in equation 5 are set to zero and for a confined
aquifer, the first term in equation 5 is set to zero. Equations 8 and 11, which are used to
calculate the total flow into a pit, remain unchanged for all solutions.




Assumptions

The assumptions made in deriving the flow equations and in writing program MIME 1-2
~ are the following:

1. Mining intercepts the saturated portion of the pit at the start of each year.

2. The length of pit opened on a daily basis is equivalent to the total pit
length divided by the number of days required to open the pit.

3. Each daily pit increment is instantaneously opened.

4. Total pit inflow per year is equal to the sum of incremental daily inflows
for that year.

5. Pit infows for each year are independent of residual effects from preceding

years. The method therefore tends to overestimate the amount of water
coming into the pit.

6. Hydraulic conductivity, storage coefficient, and depth of saturation are
constant for each mime pit for each year.

7. Pit inflow is from two sides for the first year and from one side for all
remaining years. (i.e. there is no additional flow from the reclaimed
spoils).

8. Natural-gradient flow is over the entire saturated length of the pit; no

corrections are made for the orientation of the pit in relation to the
gradient direction; hence, the saturated pit length is assumed to be
perpendicular to the gradient direction.

9. Natural-gradient flux is unaffected by reclaimed spoils from the preceding
year.

10.  Fluxes through the ends and bottom of the pit are insignificant and not
accounted for in the program.

11. The aquifer is homogeneous, isotropic, and infinite in extent.

12. The transmissivity value for a pit is set equal to the product of the
saturated depth of pit and the average hydraulic conductivity.

13. The number of pits mined per year must be a whole number, with the
number of days all pits are open for a year being less than or equal to 365
days. (i.e. 1 pit open for 365 days, 2 pits open 182 days each, 3 pits open
121 days each, etc.).

14.  The aquifer is either initially confined or unconfined. The combined
option is only valid for the development of a small unconfined zone near
the pit opening for an initially confined aquifer.

15.  If the confined head is not explicitly entered the program substitutes the
depth in water for the confined head.

16.  If the confined aquifer thickness is not entered the program defaults to the
depth in water for the confined aquifer thickness.

*Note assumptions 7 and 9 are contradictory if the mining direction is in the direction of
de g water-table gradient. '

/
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Community Name
Bacavi
Chilchinbito
Chilchinbito

4 Forest Lake

Hard Rock

Hopi Civic Center
Hapi Cultural Center
Hopi High School
Hopi High School
Hopi High School
Hotevilla

Hotevilla

Kayenta
Kayenta
Kayenta
Keams Canyon
Keams Canyon
Kitsillie
Kitsillie
Kykotsmovi
Kykotsmovi

4 Kykotsmovi
Low Mountain
E Mishongnovi
Pinon

Pinon

Pinon

Pinon

Polacea
Polacea
Polacca

Rocky Ridge

Shipaulovi
Shungopovi

Well ID
only well
1

2
PM2
PM3

4T-523

2

only well

only well
No. 1
No.2
No.3

PM2

N uawN e~

PM5
PM6
PM7
No. 1
PM2
No.2
only well

1970

Annual Pumping Volumes from Community Wells Located in the Confined Portion of the N Aquifer ::

1971 1972 1973 1974 1975 1976 1977 1978
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 10.01 212 10,01 182 2002 18.01
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 21.01 20.01 2061 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 245
0.89 124 163 207 252 296 341 3.85
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
831 8.67 9.03 9.40 9.76 1012 1048 10.84
0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.25
0.00 0.00 0.00 0.00 0.00 0.00 7403 6437
4901 4299 7459 7524 7029 7589 7403 6437
49.01 4299 7459 7524 7029 7589 7403 6437
0.00 0.00 0.00 0.00 0.00 0.000 7403 6437
0.00 0.00 0.00 0.00 0.00 0.00 0.00 6437
0.00 0.00 0.00 0.00 0.00 0.00 0.00 6437
0.00 0.00 0.00 0.00 0.00 0.00 0.00 6437
4901 4299 7459 7524 7029 7589 7403 6437
49.01 4299 7459 7524 7029 7589 7403 6437
4.76 560 6.44 7.28 8.12 8.96 9.80 1064
0.00 0.00 0.00 0.00 0.00 3.92 5.39 6.86
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4.18 461 5.05 5.48 5.91 6.35 6.78 721
0.00 0.00 0.00 0.00 0.00 0.00 8.88 11.84
3.83 429 4.75 521 567 6.13 6.59 7.06
0.00 2.90 363 4.35 5.08 5.80 653 725
0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5.16 6.08 6.99 7.90 8.81 972 1063 1155
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5.36 572 6.08 6.43 6.79 715 7.51 7.86
0.00 0.00 0.00 0.00 0.00 250 344 438
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6.56 7.30 8.10 9.01 9.37 8.97 7.04 7.81
6.56 7.30 8.10 9.01 9.37 8.97 7.04 7.81
6.56 7.30 8.10 9.01 9.37 8.97 7.04 781
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.70 1.80 211 231 252 272 292 313
121 143 1.64 1.86 207 229 250 272
0.00 0.00 3.00 3.82 464 546 6.28 7.09

1981
0.00

1118

1986
0.00
15.94




Annual Pumping Volumes from Community Wells Located in the Confined Portion of the N Aquifer ur}

Volume Pumped (affyr)

Community Name Wel ID 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2018 2020 2021 2022 2023 2024 2025 2026 2027

Baocavi only well 5.32 5.46 561 575 5.91 6.06 623 639 8.57 6.75 6.93 kAL 7.30 7.50 7.70 791 8.13 8.35 8.57 8.80

Chilchinbito 1 1851 19.00 1950 2002 2055 2110 2167 2225 2285 2347 2410 2475 2542 26141 2681 2754 2828 29.04 2083 3063

Chilchinbito 2 3135 3248 3303 3391 3481 3574 3670 37.69 3871 3975 4082 4193 4306 4422 4542 4664 4790 4919 5052 51.89

Chilchinbito PM2 432 444 456 468 4.80 4.93 5.06 5.20 534 5.48 5863 5.78 5.94 6.10 627 6.43 6.61 6.79 6.97 718

Chilchinbito PM3 6.65 6.83 7.01 720 739 7.59 7.79 8.00 8.22 8.44 866 8.90 9.14 9.39 9.64 9.90 1017 1044 1072 11.02

Forest Leke 4T-523 1507 1547 1588 1630 1674 1719 17.64 1812 1861 1911 1963 2046 2070 2126 21.84 2243 23.03 2365 2429 2495

Hard Rock 2 2.02 2,08 213 218 225 23 237 243 2.50 257 264 21 278 2.85 293 3.01 3.09 3.18 3.26 3.35

Hopi Civic Center only well 3.80 3.90 4.01 41 422 433 445 4.57 4.69 4.82 4.95 5.08 522 5.36 5.51 5.66 5.81 597 813 829

Hopi Cultural Center onty well 1195 1226 1259 1292 1327 1362 1399 1437 1475 1515 1556 1598 1641 1686 1731 1778 1826 1875 1926 19.78

Hopi High School No. 1 428 4.40 4.52 4.63 4.76 4.89 5.02 5.15 5.29 543 5.58 5.73 5.88 6.04 6.21 6.38 6.55 8.72 6.91 7.09

Hopi High School No.2 6.52 6.70 6.87 7.06 725 744 7.64 7.84 8.05 827 8.50 8.73 8.96 9.20 945 Ehal 9.97 - 1024 1051 1080

4 Hopi High School No.3 1364 1399 1436 1475 1514 1554 1596 1639 16583 1729 1775 1823 1873 1923 1975 2028 2083 2138 2197 2256
! Hotevilla PM1 1115 1145 1175 1206 1239 1272 13.06 1341 1377 1414 1453 1492 1532 1573 1616 1660 17.04 1750 17.98 1846
Hotevilla 2522 2588 2657 2727 2800 2875 29.52 3032 3113 31,97 3283 3372 3463 3557 3653 3752 3853 3957 4064 4174

PM2 X

1 8769 90.00 9238 9483 97.36 99.96 10264 10540 10825 111.17 11417 11726 12042 12367 127.01 13044 133.96 137.58 14129 145.11
Kayenta 2 73.00 7493 7691 7896 8106 8323 8546 87.76 9013 9256 9506 97.63 10026 10297 10575 108.60 111.54 114.55 117.64 120.82

3

4

5

6

7

8975 9211 9455 9706 9965 10231 10506 107.88 11080 11379 11686 12002 12326 12658 130.00 13351 137.12 140.82 14462 148.53
10893 111.81 11476 117.81 12085 12418 127.51 13095 13448 13811 141.84 14567 14960 15364 157.79 16205 16643 170.92 17554 180.28
158.85 163.04 167.35 17179 176.37 181.08 18594 190.95 196.10 201.39 206.83 21242 21815 224.04 230.09 236.31 24268 24524 25597 262.88

8522 8746 8978 9216 9461 97.14 99.75 10243 10520 108.04 110.96 113.95 11703 12019 12343 12677 13019 133.71 137.31 141.02

Kayenta 87.34 8965 9202 9447 9698 9957 10224 10500 107.83 11074 11373 11680 119.96 12320 12652 129.94 13345 137.05 140.75 144.55

Kayenta PM2 6094 6255 6420 6590 6766 6947 7133 7325 7523 7726 7935 8149 8369 8595 8827 9065 9310 9561 9820 100.85 ]

Kayenta PM3 5026 5158 5295 5435 5580 5729 58.83 6041 6204 6372 6544 - 6721 69.02 7088 7280 7476 7678 7886 8098 8317

Keams Canyon No.2 2585 2653 2724 2796 2870 2947 3026 3108 3191 3278 3366 3457 3550 3646 3745 3846 3950 4056 4166 4278

Keams Canyon No.3 1447 1485 1525 1565 1607 1650 1694 1740 17.87 1835 1884 19.35 1987 2041 2096 2153 2211 2271 2332 2385

Kitsillie 1 8.83 9.06 9.30 9.55 9.80 1006 1033 1061 1090 1119 1149 11.80 1212 1245 1279 1313 1349 1385 1422 1461 ;

Kitsillie 2 1376 13.99 1423 1448 1473 1499 1526 1554 1583 1612 1642 1673 1705 1738 17.71 1806 1842 1878 1945 1954 ﬁ

Kykotsmovi PM1 38.05 35.06 4009 4116 4225 4338 4454 4574 4698 4825 4955 50.89 5226 5367 5512 5661 5814 5971 61.32 6298 X |

Kykotsmovi PM2 4332 4446 4564 4685 4810 4938 5071 5207 5348 5492 5641 5793 5949 6110 6275 6444 6619 67.97 6981 7189 7562 |
; Kykotsmovi PM3 31.08 31.90 3275 3362 3451 3543 3639 37.36 3837 39.41 4047 4156 4269 4384 4502 4624 4749 4877 5009 51.44

Low Mountain PM2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mishongnovi anly well 8.63 8.86 9.09 9.33 9.58 9.84 1010 1038 1065 1094 1124 1154 11.85 1217 1250 1284 1319 1354 1391 1428

Pinon 1 69.89 71.74 7363 7559 7760 7968 81.82 8402 8628 8861 91.01 9347 9599 9858 10124 103.98 106.78 10966 11263 11567 11879 122.00 -

Pinon 2 5860 60.14 61.74 6338 6507 66.80 6860 7044 7234 7430 7630 7836 8048 8265 84.88 8718 8953 91.95 9443 9698 9960 10229

Pinon 3 2196 2254 2313 2374 2438 2503 2570 2639 271 2784 2859 2036 3016 3097 31.80 3266 3355 3445 3538 3634 37.32 3832

Pinon PM6 2155 5665 5815 5970 6129 6292 6461 6635 6814 6998 7187 7381 7581 7785 7995 8211 8433 8661 8895 9135 9381 9635

Polacca PM4 5520 5665 5815 5070 6129 6282 6461 6635 6814 6998 7187 7381 7581 77.85 7995 8211 8433 8661 8895 9135 9381 9635 .

Polacea PM5 108.82 111.69 114.64 11769 120.82 124.05 127.38 130.81 13434 137.97 141.69 14552 14945 15348 15762 161.88 16625 170.74 17535 180.08 184.95 189.94

Polacea PM6 983 1009 1035 1063 1091 1121 1151 1182 1213 1246 1280 1314 1350 13.86 1424 1462 1502 1542 1584 1627 1671 17.16 ;

Rocky Ridge PM2 1146 1146 1176 1207 1239 1273 13.07 1342 1378 1445 1454 1493 1533 1575 1647 1661 17.06 1752 17.99 1847 1897

Rocky Ridge PM3 1654 1698 1743 1789 1837 1886 1936 19.88 2042 2097 21.54 2212 2272 2333 2396 2461 2527 2595 2666 2737 2812

Rough Rock 1 1552 1591 1631 1673 1716 1761 1807 1855 19.06 1957 2010 2064 2120 21,77 2236 2296 23.58 2422 2487 2554 2623

Rough Rock PM3 521 5.34 547 561 5.76 5.91 6.06 6.23 6.40 6.57 8.75 6.93 712 7.31 7.50 M 791 813 8.35 8.57 8.81

Rough Rock PM5 1410 1446 1482 1520 1559 16.00 1642 16.86 17.32 1779 1827 1876 1927 1979 2032 2087 2143 2201 2260 2322 2384

Rough Rock PM6 2315 2373 2433 2495 2560 2627 2696 27.68 2843 2920 2999 3079 3163 3248 3336 3426 3518 3613 3711 38N 3944

Rough Rock PM7 4.19 4.30 4.40 452 4.83 478 4.88 5.01 5.15 5.29 543 5.58 573 5.88 6.04 6.20 6.37 6.54 6.72 6.90 7.09

Second Mesa No. 1 0.29 0.30 0.30 031 0.32 0.33 0.34 0.35 0386 0.36 0.38 0.38 0.40 041 042 0.43 044 0.45 046 0.48 049

Second Mesa PM2 5.52 5.66 5.81 5.96 612 6.29 6.46 6.63 6.81 6.99 718 7.38 7.57 7.78 7.99 8.21 8.43 8.66 8.89 9.13 9.37

Shipaulovi No.2 5466 5610 57.59 5911 60.69 6231 63.98 6570 6748 6930 7147 7309 7507 7709 7948 81.31 8351 8576 8808 9046 9290

Shungopovi onlywell  30.15 uo”ww 31,77 3261 3348 3437 3529 3624 3722 3823 3926 4032 4141 4253 4368 4485 4606 4731 4858 4990 5124




Community Name
Bacavi
Chilchinbito
Chilchinbito
Chilchinbito
Chilchinbito
Forest Lake
Hard Rock
Hopi Civic Center
Hopi Cultural Center
Hopi High School
‘Hopi High School
Hopi High School
Hotevilla

Low Mountain
Mishongnovi
Pinon

Pinon

Pinon

Pinon
Polacca
Polacca
Polacea
Rocky Ridge
Rocky Ridge
Rough Rock

Rough Rock
Rough Rock
Second Mesa
Second Mesa
Shipaulovi
Shungopovi

Well ID
only well

4T-523
2

only well

only well
No.1
No.2
No.3
PMI1
PM2

ggqmu.aun—

only well

Zuwwn

PM6
PM4
PM5
PM6
PM2
PM3
1
PM3
PM3
PM6
PM7
No.1
PM2
No.2
only well

2008

K4 “u

16.1

39.0
773
176

0.5

05
98.5
985
1.8
1.2
103

82
1.2
133
153
15.3
1.8

2009

63.9

104

1.4
13.7
15.8
15.8
122

2010

67.1
51.3
6.5
67.1
157.4
106.9

249

106

10.8
166
166
104
104

1.0
705
296

28.0
0.0
179

60.0
412
787
194

0.0

0.0
974
974
123
1.5
107

886
115
148
17.0
17.0
131

2012 -~ 2013 2014 2015 2016 2017 2018 2019
337 343 34.8 352 354 356 357 357
626 60.2 58.0 55.9 53.9 52.1 50.5 49.0
479 462 4.4 428 413 39.9 387 376

62 6.0 58 56 55 53 5.2 5.1
626 60.2 58.0 55.9 53.9 521 50.5 49.0

1450 1400 1356 1316 1280 1248 1218 1192

103.8 1020  100.1 982 96.3 94.4 926 50.8
30.5 311 31.7 321 324 327 3238 329
263 270 275 23.0 284 287 29.0 25.1
101 104 1086 10.8 1.0 1.1 "2 13

9.9 101 103 10.5 107 10.8 109 11.0
13 11.6 1.8 121 123 125 127 128
35.0 356 36.0 36.4 366 36.8 36.8 368
31.8 323 328 33.2 33.5 3.7 33.8 339
232 230 29 229 27 21.6 20.8 202
1486 14.9 151 15.3 15.6 15.9 16.1 162
21.0 21.4 214 215 216 21.0 204 200

227 223 222 222 219 206 195 18.9
270 268 266 26.5 262 254 245 239
235 227 223 221 219 21.8 215 211
109 109 11.0 1.0 114 12 113 1.3
16.9 17.3 17.7 18.1 18.7 192 197 20.0
16.9 173 17.7 18.1 187 19.2 197 200
10.7 109 1.2 11.4 115 116 1.7 1.8
10.7 10.9 1.2 11.4 115 186 11.7 1.8

1.0 1.0 1.0 11 11 11 11 12
69.2 67.7 66.0 64.3 626 60.9 59.3 57.8
303 31.0 316 321 324 327 33.0 331
258 26.4 26.9 273 276 27.9 281 28.1
287 293 29.8 302 305 308 309 31.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
185 19.0 195 19.9 203 207 209 212

69.2 68.9 683 67.6 66.8 65.8 648 63.7
60.2 60.1 59.8 59.3 58.7 57.9 574 56.3
415 a7 416 415 #a12 408 403 39.8
783 77.7 76.8 75.8 747 735 723 71.0
19.9 204 20.9 213 216 219 21 222

0.0 01 0.1 0.1 0.1 0.1 0.1 0.1

0.0 LA 0.1 0.1 0.1 0.1 01 0.1
96.2 94.8 932 91.7 90.0 88.4 86.8 85.2

96.2 94.8 932 917 90.0 88.4 86.8 852
122 121 1.9 1.7 15 113 11.0 107
115 1.4 11.3 141 10.9 106 104 102
106 10.6 10.4 103 10.1 9.9 9.6 9.4

86 85 8.4 8.3 82 8.0 78 78
15 114 13 14 10.9 106 104 102
153 15.7 16.2 166 16.9 173 175 177
175 18.0 18.5 18.9 19.3 19.6 19.9 201
17.5 18.0 185 18.9 19.3 19.6 19.9 201
135 13.8 142 145 14.8 15.0 15.2 163

116.7

33.0
292
114
11.0
129

15.4

2021
355
465
356

4.9

1144

18.8

31.0

685

2022

3438

163
175

15.5

2024
348
436
334

436
108.6

325
29.1
13
1.0
13.1
35.8
332
15.7
15.9
16.4
127
19.8
19.0
11.0
197
19.7
1.7
17

13
51.2
329
279
306

216
584
517
36.8
64.9

02
0.2
78.1
78.1

9.1
8.4
6.9
9.1
182

208
15.5

154

153

10.7

15.8

15.8
135
194
18.5
106
18.8
18.8
115
1.5

151




Community Name
Bacavi
Chilehinbito
Chilchinbito
Chilehinbito
Chilchinbito
Forest Lake
Hard Rock
Hopi Civic Center
Hopi Cultural Center
Hopi High School
Hopi High School
Hopi High School
Hotevilla
Hotevilla
Kayenta

Keams Canyon
Keams Canyon
Kitsillie
Kitsillie
Kykotsmovi
Kykotsmovi
Kykotsmovi
Low Mountain
Mishongnovi
Pinon

Pinon

Pinon

Pinon

Polacea
Polacea
Polacea

Rocky Ridge
Rocky Ridge
Rough Rock
Rough Rock
Rough Rock
Rough Rock .
Rough Rock
Second Mesa
Second Mesa
Shipaulovi
Shungopovi

Well ID 1968 1969 1970 1971 1972 1973 1974
only well 0.0 0.0 0.0 0.0 0.0 0.0 0.1
1 0.0 0.1 02 0.5 12 26 5.0

2 0.0 0.0 01 03 08 1.8 3.4
PM2 0.0 0.0 0.0 0.0 0.1 0.2 0.4
PM3 0.0 0.1 02 0.5 12 26 5.0
4T-523 0.4 13 27 62 15.0 282 41.7
2 0.0 0.1 0.2 04 1.0 24 47
only well 0.0 0.0 0.0 0.0 0.0 0.0 0.0
only well 0.0 0.0 0.0 0.0 0.0 0.0 0.0
No.1 0.0 0.0 00 00 0.0 0.0 0.0
No.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
No.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PM1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
PM2 0.0 0.0 0.0 0.0 0.0 00 0.1

1 0.0 0.1 0.2 04 0.9 1.9 3.2

2 0.0 0.0 0.0 0.1 0.3 04 08

3 0.0 0.0 0.1 03 07 13 23

4 0.0 0.1 02 0.4 1.0 20 35

5 0.0 0.1 02 0.5 1.0 22 37

6 0.0 0.1 02 0.5 12 25 43

7 0.0 0.0 0.1 0.1 03 0.7 11
PM2 0.0 0.0 0.0 0.0 0.1 02 0.3
PM3 0.0 0.0 0.0 0.0 0.1 02 03
No.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
No.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2 0.0 0.0 0.1 02 0.5 1.1 23
PM1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PM2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PM3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PM2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
only well 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.1 0.2 0.4 0.9

2 0.0 0.0 0.0 0.0 0.1 0.2 06

3 0.0 0.0 0.0 0.0 0.0 0.1 02
PM6 0.0 0.0 0.0 0.1 03 0.6 14
PM4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PM5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PM6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PM2 0.0 0.0 0.1 0.3 07 1.7 3.4
PM3 0.0 0.0 01 0.3 0.7 17 3.4
1 0.0 0.0 0.0 0.0 0.0 0.1 ['A]
PM3 0.0 0.0 0.0 0.0 0.0 0.0 0.1
PM5 0.0 0.0 0.0 0.0 0.0 0.0 0.1
PM6 0.0 0.0 0.0 0.0 0.0 0.0 0.1
PM7 0.0 0.0 0.0 0.0 0.0 0.0 0.1
No.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PM2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
No.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
only well 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Annual PWCC Portion of Drawdown at Community Wells Located in the Confined Portion of the N >a:5

1975
0.1

5.7
086
8.0
53.8
7.8

0.1

5.8

03
02
02
0.1
02
0.0
0.0
0.0
0.0

1976

1.5

15
02
[13]
0.0
0.0

03

0.4

0.4
0.0
0.0
0.0
0.0

1977

0.7

0.1

1978

0.1
0.9

9.1

158
158
11
1.0
0.9
0.7
1.0
0.1
0.1
0.1
0.1

1979
13

16.8
1.9
228
89.4
2441
0.9
06

02

1.3

19.6
19.6
15
14
1.2
1.0
14
0.2
0.2
0.2

0.3

0.3

03

1981

25

0.4

1982
3.

320
240

320
1074
38.0
25
1.7
0.6
08

3.5

1983
4.0
347
261
3.1
347
1157
399
31
22
0.8
0.8

43

1686

NNHa

35

0.0

0.8

1984

1985
5.9
402
30.3
36
402
128.0
48.1
47
3.5

1.2

1986

322

5.0

17

1987

79
448
33.8

38.3

Al

1988
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