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Executive Summary

Thi-s let ter report  presents the f indings of  Hldrosphere's revieu ofavai lable h) 'drologic data
relat ing to the Nlangas Trench lormat ion in the Gi la and Mimbres Basins. including the
Supplenent on ll'uter Li.se and Wcll/ieltl Scn'ict Tottn o/ Siher Cih U'oter ['lun bl Balleau
Groundrvaler.  lnc.  We perf t rrmed independent analr  scs to cst imate indiv idual  compon!-nts ol  the
* 'ater budget and hare idcnt i f ied potent ial  uncef iaint ies that nla-\  c\ ist .

Addit ional l l , .  we ut i l jzed the e xist ing MODFLO\U modcl of  Clrant f  ounty to evaluate inrpacts on
ncarb\ water rights and surlhce water florvs jn thc that might be or havc been affectcd bv
pumping in thc l \ {angas l -rench near Si lver Ciq.

We provide cost est imates related to suggested ai ternat ives lbr mcct ing the increasing $'ater
demands in the Si lver City and sLtrroundins f ; rant Count\  areas.
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1.0 Introduction

l 'h is  lc t ter  repor t  presents the f ind ings ofour  rev ierv of the avai lab le h;dro logic . la ta re lat ing to

the \,langas Trench formation in the Gil.r and N{imbres Basins. including rhe Supplctnent on
Ifcrter Llsc ond W:ell/ield Sen ice Tott n ol Silver C'iht llitler P/ar b."- Balleau Groundrvater. Inc.
(2006) .  a lso rc f -erred to as the "Bal ieau rcpor t "  throughout  th is  memo. In  addi t ion to the Bal lcau
repor t .  we have rev ie* 'ed numerous technica l  repor ts  re lated to thc Ci i la  and \4 imbres Rasins.  as

r . lc l l  as under tak ing our  onn independent  anal l  ses.

Based on our  ef lbr ts .  ue havc the lb l lor ' r ' ing I ind ings ancl  op in ions:

.  l -he Bal leau repor t  cmploys an enhanced vers ion o l  thc Ncu'Mexico Of l lce of  the State

Lngineer G\MOSE) \'langas Trench Ciroundwater Model (or "lvlodel") to dcvclop
prcr . ject ions of  S i lver  Ci ty 's  *e l l f ic ld  serv ice l i fe  over  a 40-1ear  p lanning pcr iod.  Thc

addi t ion of  the Nlu l t i -Node Wel l  (MNW) packagc is  va l id  and benef ic ia l  for  addressing

the water  supplv  issucs being considered b1 thei r  s tudv ( i .e . .  S i lver  Ci t l  ue l l f ie ld
product iv i t l  in  the f i r ture) .

. The l\4odel is bascd on previousll -estimated volunctr;c $ater hudgets. obsen'e'd
groundr,r'ater levels. uell logs from across the area. N"langas Springs dischargc. Gila River

bascf lou,gains.  and rneasured and cst imated h ldraul ic  conduct iv i tues and
transm iss iv i t ies.

.  Est i rn i r tes of 'ground\ \atcr  under f lorv  to  thc Gi la  and N{ imbrcs Basins computed b1 the

Model  and presentcd in  the Bal lcau repor t  are consis tent  rv i th  ara i lab le uater  tab le
contoLl r  maps and aqui fer  parameter  va lues.

. Modeled ground*atcr discharges to the Llila Rivcr liom the Mangas french formation
are consis tent  u i th  obserrec l  bascUorv gains f ronr  the r iver  gage data.  Hol lever .  the
assumpt ion that  hal fo f  th is  r la ler  is  sourced in  thc Nlodel  area is  a potent ia l  uncer la inty
that  could lead to a changc in  the overa l l  * 'a ter  budget .  Considcr ing a reasonable rangc i t f

contr ibut ion ofobserved basef lorv  gains conr ing f rom the Model  area east  o l  the r ivcr
suggests that  the current  est imated d ischarge to the Gi la  River  of  4 .860 AFY could
change on the order  of  +t -  2 .000 AFY.

.  Rcchargc tcr  the Ci la  and Nl imbres Basins is  reasonable.  based on avai lab le prec ip i ta t ton

data and a re ia{ i re  compar ison us ing deveJoped grounduater  f lo tvncts.  \ \ i  e  a lso
per formed independent  est imatcs of  recharge based on prec ip i ta t ion data and a ch lor ic le
mass balance.  as l re l l  as us ing the Nlaxc l -Eakin approach.

o \\e utilized the Grant Clounl:.' transient N{ODFLOW model to cvaluate effects of
pumping select  wel l f ie lds on the Gi la  River .  N ' langas Spr ings.  and rvater  levels  in  nearb l
domest ic  * ,e l ls .  Nlode ng resul ts  ind icate that  thc fu l l  rmpacts of  S i lver  Ci t l  weJI f ie ld
oumoins uould not  be fe l t  lbr  decades.
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1.1 Basis for Opinions

OLrr  opin ions are based upon thc rcv ierv of  nunrerous documents and sources of  in lbrmat ion.

inc l r rd ing thosc l is tcd belorv.  Data and in format ion conta inecl  in  these docutncnts u 'ere ut i l ized

to suppor t  our  h1 'dro logic  anal l  s is  of  the Gi la  and N4in lbres Basins and Si lver  Ci t l  rvatcr

rcsourccs.  l faddi t ional  data andr 'or  in format ion br-comcs avai lab le that  contradic ts  the f ind ings

of these studies.  we reservc the r ight  to  modi f i  our  opin ions.

l. BalleaLr Grottndrvater. Inc.. I'ebruarr' 2006' Strpplemenl ttn LJ'ater [.:se dnd l4lellfield

,!e/'r,icc Ttll n o/'silrer Cih Il 'ater Plan DRAFT. Preparcd for: l 'orvn of Silver Citl .

l. ,Avon. l-. and 
'f 

.J. Durbin. I99:1. Evuluotion of the ,\[oxe.t-F'ukin nethotl fttr
e.rtitnelitlg rachorge lo grutund-tuter busins ol Ntladu. \\iater Resources Bullctin l0

( l t : p . 9 9 - l l l .

- r .  Raid-ys.  Stanle l ' .  l l l .  L isa K.  Hanl .  and Kenneth D.  Fossum. i995-  Strmman ' \ '1 . /1 / ! / i ( . \

untl T'rtntl Analv.si.s ol IIlultr-Oualitt DdlLt ul Sile.t in the ( ii la River Bosin ltet'

lferiu.t und Ari:crna. I J.S. Gcological Surrcr' ' Water-Resourccs lnvestigations Report

! )5- .1083.  86 p.

,1 .  Danic l  B.  Stephens and Associates.  Inc.  (DBS&A) and H) 'drosphere Resource

Consrrltants (IIRC). Decemher l00i..Sbcorlo-.\icrra Regional Wuler Plon, htltrnte l.

5 .  Danie l  13.  Stephens snd Associatcs.  lnc.  (DBS&A).  Mal  2005.  . \ ' r r r r t lz r tes l  - \ 'er r '

Ilerico Regionat lfater I' lun Iitltunc l.

6. (ieohl drolouy Associates. lr981. lJ'uter-Resources.litr Easl-('enlrul (jron! ('ounh

-\ sl rl,Ie-rlcr-;.

7 .  lJanson.  R.1 . .  J .S.  Mclean.  and R.S.  Mi l ler .  199 '1.  Htdntga, t l , tg i t  Fr t tmevt t rk  uru l

Prelirninary .\imulation of (Jrountl IJ'ttler Flor in /hc Ilirnhre.s Bu.sin. Sottthv'e.slern

I'et,r :Verit:r.t. U.S. Cieological Surrer'" \\ 'ater Resources In\ cstigations Report 9'1-
: 1 0  .  l l 8  p .

IJ .  Hau' lc) ' .  .1 . \V. .  t l .J .  Hibbs.  J . l : .  Kennedr ' .  B.J .  C-reel .  Nl  D.  Rcmmenga.  Nl  Johnson.

Nl.M. Lee. and P. Dinternran (\\'RRl). N4arch 2000. Trun s- Inlernolit: 'na I llotrnclan

,lqui-fers in Sotr/hv,esl \et ,\le.rico. Prepared b1 ,l-..-ri i\lexico Wate r Resoutces

Research Inst i tu te.

9. Johnson. M.S.. 2000. Ilydroktgic Evulualittn ol lpplicotion (;'\F-1-15 inlo GSI'-

lUll lbr Perntil to Chttnge Lotttlittn ol l| 'cll und Plute or I'urpose ol Llv in /he Gilu-

Sun Francisco (.'ndergrottnd ll 'ctter Bosin. (]nrnl (.'ounl) ,,Ve rr' .1lerlco. NNI Olllce of

th ! -  Sta le Engineer .  Technical  L) iv is jon Hldro logl  Repon 00-3.

10.  Johnson" M.S. .  l - .M.  Logan.  and D.H.  Rappuhn.  March 1001.  lnahsi t  o l  Ef tects  o l

Ground-Ll'itar l)etelopmenl lo llcet Prujecte,:l Demunds in Regionul I' lonning

Di\trirt 1..SbrlAres1 ,\'or' ,t '1e-r-lco. NNI Office of thc Stale Engineer. Hldrolog;-

Rcport 02-()'1.
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I l. Koopman. F.C.. F.D. lrauger. ancl J.r\. Basler. 11969- ll itter ResttLrrces Approisal of

the ,\ilter C'ity ,1reu \ett ' l/e'ric o. NM Statc Encineer. Technical Report 36.

)?.. N.{axe1'. G.B. and I.E. Eakin. 19.19. (inttrncl Illuler in Il 'hite ll iter L\lley, Ilhite Pine,

i..)e. und Lincoln (ounlies,,\'et ctcla, Nevada State Engineer. \\rater Rcsourccs
Bul lc t in  No.  6.  23 p

l i .  Nat ional  Atmospher ic  De'posi t ion Program (NADP) Nat ional  
' f rcnds 

\et rvork.  1007.

Chlor ide concentrat ion in  prcc ip i ta t ion lor  Si te  NM0l  (south\ \  estern ,  rvNl . ) .  Accessed
June 12.  1007.  ht tp : i inadp.srr  s . t l iuc.c t lu .

11. lrauger. F.t).. 1972. Il;uler Resotrrce.s und Gcnerul (iertLtg,' tr/ (irttnl (.ounh. '\ 'ew

,I.lerico. NN{ State IJureau of Nlincs and Niineral Resources Hl drologic Report 2.

I5 .  Lr .S.  Cieologica l  Survc l  uebsi te .  . , \ccessed \ larch 6.  2007.  urrv .usgs.gor .

16. Watson. P.. t'. Sinclair. ancl R. Waggoner. 1976. Quonlilolile Etttluution ol u ltethotl

J'or E.stimoling Recharge lo the Deserl Basins of Net'oda. .lournal of Hl'drologl- 30: p.

3  i 5 - i 5  7 .

17. \\i i lson. 8.C.. 2001. I'roiected Witer Dentuncls in (irant. Hidalgo. und I'unu
('ountie.e. X:ev, llerito. 2000 ro 2010. Ner'v Mexico Ofllce of thc Statc Encineer.
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Ihe Bal leau repor t  inc ludes a deta i led account  ofh is tor ica l  *ater  use in  the Si l rer  ( i i t l  arca.  as

ucll as a 40-y,ear projection lbr the torvn's rvellfield scrr.ice Iifc. l.lsing population erorvth trcnds

l i r r  the town o l  S i l r ,cr  Ci ty  and surrouncl ing areas.  Bal leau dctermines the length of t in le  lbr

\.hich the Present ly -configurcd lvater suppll system can mcet proiected demands. Ballcau aiso

rcv iscc l  thc current  Nlodel  * i th  a *e l l  h1 'draul ics component  in  t . r rder  to  account  for  the decl in ing

yield associated rvith r.r'ells as future pumping lowers water levels to near the lowest allo*'ed tirr

operat i r ln .  lhe f la l leau repor t  a lso analvzes susta inable l ic ld  tbr  the r l 'e l l f le lds to  develop a

firture watcr schedule intended to account lbr the rising demand.

2.1 Review of Historical Literature

The Bal leau repor t  pro l  ides a genera l  rev iov of  prev ious rvurk regard ing wel l f ie ld  serv icc l i le  in

the Si lver  Cin area.  which inc ludes the l i r l lou ing:

.  Kooplnan and others (1969)  era luated r ' i 'c l l f ie ld  sen ' ice l i lb  for  Si lver  Ci ty  and

surrounding areas in  Grant  Count l  in  terms of  ho* long i t  * 'ou ld take u 'e l ls  to  reach hal f

o f  the i r  in i t ia l  rvatcr  co lumn.  Thei r  snrdy 'consic lered decJin ing * 'e l l  ) ic lds and potent ia l

fbr  r levelopnrent  of  ac ld i t ional  * 'e l ls .  They ident i f icd a l ternat ives to cxtend *e l l f ic ld

serr icc I i fe .  such as er tending rvc l l f ie lds and l imi t ing product ion

o Trauger  and others (  I980r)  rev ise-d ear l ier  est imates of  rve l l f ic ld  scr l ice I i te  based on

rvel l t ie ld  product ion and addi t ional  observat ions.  Using a genera l  computer  model .  ther

conc|,rded that r.vellfield service life could bc extcnded bl development o1'ne* rvells and

rve li fie lds.

.  The Mangas Trench ( i roundlater  Nlodcl  o lSi l le l  Ci t l  and surrounding areas \ \ 'as

deveJoped in  NIODFLO\V bv the Ni !1OSE (Johnson.  20t i0 :  1002)  and inc ludes

hydrogeologic  deta i ls  of  the Gi la  Group ac lu i f 'er  in  the Gi ia  and Mimbres Basins.  Johnson

and others (2002) used the N'Jodel to assess existing groundn'ater supplies and evaluate

thc ef fects  of  cont inued wel l f ie ld  pumping to meet  f i l ture demands by the towns of  S i lvc ' r

Ci ty .  Ba1,ard.  ancl  Cle nt ra l .  Remain ing * 'e l l  r . ra ter  co lumns are repor ted for  p lanning

purposes"  but  speci f ic  rve l l f ie ls  serv ice l i f 'e  is  not  addressed

o \ \ ' i lson (2001)  est imated lu turc demand for  Si lver  Ci t l 'bascd on populat ion pro ject ions.

'This refercnce js l is led in the Balleau fepod (p.- i)  as Irauger ancl olhers, 1980: horvcr er. the c'ol-u- r 'elerence cited in

the fetefences section ip. l0) is Tfalrger. 1972.

Hvdrosohere Resource Consultants, Inc
1 15 Abeyta Sireei. Suite A, Socorro, NM 87801 (505) 835-2569

8002 Walnut  Street .  Sui te  200 Boulder  CO 80302,  (303)  443-7839
0 0 3 2



Privileoed and Confidential Work Product June 28.  2QA7
Page 6 of 3'1

2.2 lnterpretation of Data
' l  

he rnajor  ob, iect ives of thc Bal leau analvs is  and repor t  inc luded:  ( l )  cornpi la t ion o lc t t r renl
water  use.  (2)  pro. iect ion of fu ture water  use.  and (3)  usage c)1 ' the N{odel  to  c}a luatc Si lver  [ ' i ty 's
u 'e l l f re ld  serv ice l i fe .

The proiccted rvatcr demand fbr Silver Citv rl 'as deleloped bascd on previous studies and
pro ject ions (Cieohydro log l '  Assoc ia tes.  I  98 I  ;  DB S&A. 2005 )  and evaluat ion of  addi t ional  rvater
tap trends rvhich rcflcct the \\'ater service area. Although thc popuJation gro\\,111 rate decreased
slightly fronr 2000 to 2004. the number of ne\\' water taps serviced by Siher City' incrcased.
Balleau anallzed gro\\1h rate trends ranginr: from a lou, of 1.2?6 per year to a high o1'2.90:6 per

y 'ear .  and assumcd a pcr  capi ta  \ \ 'a ter  use o l '  155 gal lons per  da1- .  Bascd on these rates.  S i lver
Ci t l  crceeds i ts  permi t ted rvatcr  r iqht  in  l6  to  38 years.  These dcmancl  pro. iect ions can be scaled
dovn,nnard rv i th  reasonable and at ta inable redr tc t ions in  the per  ca| i ta  use ratc .

The Model  uas ut i l izcd to evaluate the long- tcrm 1,  ie ld  of thc u 'c l l f ie lds.  ln  genera l .  no changes
n,ere made to the Nlodel setllp. aquifer properties. or the overall u'ater budget resulting tiom
Modcl  ca l ibrat ion.  I la l leau uscd the Model  to  anal lze a l ternat ive r 've l l  s i tes 1br  Si lver  Ci t r  * 'h ich

could potent ia l ly  meet  the unmet demands l i ) r  $atcr .  as n 'e l l  as examining thc potent ia l  opt ion of

importing surfacc u.ater to the Silvcr City rvater svsten] to nrcet this demand. Details regarding
upgrades and changcs arc d iscussed in  Sect ion .

2.3 Use and Upgrade of the NMOSE Model

The NMOSE prev iouslv  c levc loped a cal ibrated groundwater  l lorv  model  o l  thc Mangas l rench

formation using \IODIjLOW. No modiflcations rvere made to the structllre (e.g." boundarl
condi t ions.  recharge regimc.  aqui f 'er  extent  and proper t ies)  o l  the N.Jodel .  Bal leau used the Model
to examine a number of  scenar ios fbr  meet ing thc p lo jected demand fbr  $ i i i ter  use in  the Si lver
( - i t r  r  rer .

l-he IJalleau report upgraded the Model rvith thc dra* dou'n-lim itcd. IVINW package lbr
MODFLOW. lhe MNW package a l lorvs users to  s imulate rve l ls  that  are product ion- l im i ted
based on the lou 'est  pract ica l  pumping lere l  in  spcc i f ic  u 'e l ls .  and accounts for  ind iv idual  rve l l

e l f rc ienc.v wi th a constant  that  re lates hcad lo-ss to  the pumping rate.  In  other  words,  the MNW
package accounts 1br  dccrcasing I ie ld  ofspeci f ic  w 'e l ls  as thel 'approach maximunt  a i lorved
drandorrn levels lirr pumping. Busecl on our prerious ex1terienc'e vith \,fODl'LOW ond\rilh the

llit:W pockage in porticulur. i/ is our opinion lhal the Ltpgrdde lo trse of tlte I1\\I'' pttcktrge mctde

in the Balleou re[)ort i.t yalid and benc.ficiul .fitr acldre.s.sing l11( vt1ler.rLrpply issue"'heing
t:r.tnsidered h1 their studv

Intbrmat ion on domest ic  rve l l  pumping l rom the NN4OSE \Vater .Adnr in is t rat ion Technical
I rngineer ing Resource Sl ,s tem (WATERS) database * 'as conrp i led and added to the \4odel  to

account frrr re.tional domestic rvell lvater use.

Al ternat ivc rvc l l  s i tcs rvcrc considered at  three locat ions:  a neu'Gi la  Basin u 'c l l  (Cont inenta l

Wel lJ .  a  repiacernenl  l i r r  the Andcrson *  e l l .  and a replacement  for  the Gabhl  Harcs u e l l .

Hydrosphere Resource Consultants, Inc.
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ResLr l ts  ind icate that  the Cont inenta l  r r 'e l l  erh ih i ts  on the order  o1 '  100 f 'eet  of  drarvdou'n and the

most intcrl'erenLre rvith othcr Silver City rr'ells: thc other two sites produce on the ordcr of50 feet

of drarvdou n.

Balieau uscd the N4odel to simulate the scenario of using imported surface water to mcct futllre

$ater  demands.  For  th is  case.  the l ,  assumed thal  ha l fo t ' the maximum pro jccted increase in

r rater  demand (ur  1. ,159/o)  could be suppl ied b1 a ncu \ \a ter  source and p iped to the to\ \ 'n

ResLr l ts  ind icate that  under  these condi t ions.  the 
" r 'e l l f ie ld  

as current l )  conf igLrred is  capable o l

supply  ing rhe other  hal f  o l th is  pro jected gro\ \ th  o\cr  the next  40 lcars.

Sensi t iv i t l  to  pumping *ater- lc tc l  reserve \ \ ,as a lso exanl ined.  Resul ts  ind icate that  the \ \ 'a ter-

lcr 'e l  pumping rcscrr ,c  uould I rare 1o bc lorvered b1 approx imate l l 'an addi t ional  50 1-cct  to

proyide an additional 1 ,000 AI- Y of sustainab le l ield ri ith the expcctcd grou'th o12.99lo in * irter

t lemano.

The l ( )ng- term r . rc l l f ie ld  l  ie ld  is  evaluatcd conic l i t ions of - :  (  l )  r . r 'e l ls  as present l )  conf igured an<l

(2)  uel ls  deepcned b) '  300 f ie t .  l f the rve l ls  are dcepened.  the long- tcrm susta inable I ' ie ld  is

increascd subslant ia l  I r .

3.0 Detai led Technical Crit ique and Independent Analyses

In  th is  scct ion.  \ ,e  prov ide a deta i led summary ofour  rev iet .  anal lses.  and f ind ings re latcd to a

review ol grorLnd\\'ater resources and \\atcr bud,sets firr the (ii la and Mimbres Basins. fhis

cr i t ique is  fbcuscd on the technica l  aspects of  est imat ing susta inable groundwater  dcvelopment

for  the Si lVer  Ci ty  area.  and rnodeled bascf lou 's  to  the Gi la  River  d ischarg ing f rom the N' langas

Trench fbrmat ion.

3.1 Hydraulic Basin AnalYsis

In  th is  case.  ' 'h ldraul ic  anal rs is ' '  rc fcrs  to  approaches ofcst in tat ing groundrvater  f ' lor i ' through a

basin us inc observed rvater  levels  and measured or  in l 'er red h ldro logic  proper t ies of the aqui fer '

This  shoul r l  be considcred a l i rsForder  t1  pe of  analy  s is  Ibr  devcloping est imates fbr  compar ing to

quant i f icat ions det ,e loped b_v prev ious researchers.  inc luding Bal leau.  One can under takc a

l imi tcd h ldro logic  basin anal l ,s is  L. r l , rev ieu, ing * 'a ter  level  maps l i r r  the basin (e.g. .  Johnson.

2000.  F igurc 7:  Koopman et  a l . .  1969.  Platc  l ) .  Such maps can be used a long wi th other

in lbrmat ion such as ac lu i fer  th ickness.  hy 'draul ic  condLrct i r  i t l .  and ' /or  t ransmiss iv j t ) .  as input  in tu

the groundrvater flo"v equation to calculatc cxpected groundrvater discharge

I"or  our  analvs is .  rve used values f iom di f fcrent  sources to e\  a luatc thc potent ia l  range o l

reasonable uncler f lo \ \ .  Ia lues (sec ' l  ah le I  ) .  Our  resul ts  \ \ere in  the same langs of  est imates
presented in  Bal leau (1006)  and. lohnson (1000) .

0 0 3 4
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.  l 'he ca l ibrated-Mode I  under f low 1o thc N{ inrbres Basin w'as 9"770 AFY ( . lohnson.  2000) :
t 'e  ca lcu lated valLres in  thc range of  8.200 to I  1 .200 AFY. rvh ich is  equiva lent  to  a

di f fcrcnce of  -  l6  to  ,  I  5%.

r The calibratcd-Model rate for the rcmainder of outflous to the Gila River and \'langas
Spr ings rvas 6.  100 AFY (Johnson.  2001i ) :  r i 'e  ca lcu lated values in  the range of  5.400 to

6.000 AI i \ ' .  rvh ich is  e c lu iva lent  to  a d i f ference of  -  I  I  to  -2%.

Trhle l. Data and sourcc ofinformation ugedfalydraLrlic basin 4nallsis c'alc-Lrlatrc.ns
pqto \pe Sources

\ \a ter  tab le conlour  map 
lohnson'  1000

K qql ln  
" t  

a l . .  I ( r t r ' )

J  une 28,  2007
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transmissivity ""::';i:;: 3';lnun
l l r J r l u l i t  e . r t t duc l i r  i t r  H lnson  e t  . r1 . .  I qq l

Aqu i fer th ickness Johnson. l00l

3.2 Water Budget Uncertainty Analysis

I 'he Bal leau reporl  c i tes the \ ' lodel  as simulat ing 15.900 AFY f lou ing through the Ci i la Ciroup
(Mangas Trench) aquif-er undcr stead)-state (or ple-deve loprnent) conditions. Of this.
appror inratel l '9.800 AFY discharges as undcrf lou' to the Mimbres fJasin.  and the remaining
6.100 Al iY f lou.s into the Gi la Basin (  1.300 , \FY to Mangas Spring. and 4.800 AI iY to the Gi la
River) .  Thcsc cst imates are consistent wi th ' lable (r  in . lohnson (2001).  ln this sect jon. rr 'c
discuss uncerteinl ies that ma) 'cxist  in indiv idual  conlponcnts.  and horv this n.ra-v-.  af fect  the
overall u,atcr budgel.

lhe \ \ater budget discussion in Johnson (2002) ol lcrs the lb l lorr ing infbrmat ion regarding in i t ia l
cst imates of  inf lor 'v and outf low components:

. The average baseflo* contribution from groundrvater to Mangas Springs is based on
streamflorv measurements recorded at a gage f;-mile belolv the spring.

.  Ground\\ater discharge to the Gi la River is based on gains to the Gi la River betu'een Cl i fT
and Redrock sages as est imated b1 Irauger (  1972)" and assuming that roughi l '  hal l '  of  th is
or iginates l iom the Model area.

o Recharge in the Gila Basin r.vas based on thc assumption that undcl stead)'-state
condit ions. discharge must be balancct l  b l  rccharge. Water level  contours ofTrauger
(1972) incl icate groundu,ater recharge occurs in thc Big l3urro \ ' lountains and possibl l '
other areas along the C'ont inental  Divide in the Ci i la Basin.

o Undcrflou to the N4imbres Basin is bascd on sroundr,r'ater discharge fronr the San Vicente
Arroyo sub-basin.  as est imatcd hy frauger (1972).

Hydrosphere Resou rce Consultants Inc.
115 Abeyta Street Suite A, Socorro, N [,4 87801, (505) 835-2569

8002 Walnut Street, Suite 200, Boulder, CO 80302, (303) 443-7839
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. Recharge in the N{imbrcs Ilasin rvas based on cstimates ofrecharge contributing to
groundrvater f lou in the \ ' f imbres Basin (WRRI. 2000).  Watcr lerel  contours of  Trauger
( 1972) indicate gtound\\ 'ater rechargc occurs in the Pinos Al tos Range and possibl l '  orher
arcas along the Cont inental  Divide in the N{imbres Basin.  In i t ia l  d istr ibut ion of  th is
recharsc u'as based on Hanson et al .  (  199'1).

3.2.1 Outflows

Outflorvs tiom the Gila Llasin inlcude discharge at N4angas Springs and groundrvater discharge to
the ( l i la River.  Out l lo* l iom the M jnrbres Basin is to the San Vicente Arrol  o.

\fungas Sprin{s tlischtrrge ((}ilu Basin)

We uere unablc to locate an) florr'data for Nlangas Springs or \4angas Creek on the t,rSCjS
gebsi te  or  e lse*here onl ine.  Therefbrc.  te  assumet l  that  the rcpor ted value of  1 .8 c1.s or  l . l (X l

AFY (Johnson.2002:  TraLrger .  1972)  is  accurate and based on a reasonablc Jcngth ofh is tor ica l

florv data. .1 regulrtr mcQsttremenl proglum .should he in.stifirtetl lo vrif, this ussunrplirtn

L'ntlerllov lo Gilu Ri:er (Gifu lltr:in.)

.lohn-son (2000. reference to TraLlger. 1972) rcported tt'rtal groundu'ater discharge to the Gila

Rivcr  betr ieen the t ,SCS Cl i fTand Redrock gages to be I9 c f i  or  13.800 AFY. Addi t ional l .v- .  he

assumed that  at  most  hal fo f th is  d ischarge or ig inatcs in  the N' lodel  dra inage area to the east .  or

6.900 AFY. The rnodclcd rate based on cal ibrat ;on u 'as '1. t i60 AFY.

\ \ re  under took an independent  anal rs is  o l l - rSGS-gagc data benveen Cl i f l 'and Rcdrock.  lhere

r ias or .er lapping data at  the t \ ro  gascs lcr r  the Iears I941.-195 1 lara i lab le onl ineJ.  Inordcr to

ver i11 that  th is  data rangc \ \ 'as representat ivc of the long{erm gain.  $e compared the l94 l -195 |

s t reamf lo\ \ ,a t  Ret l rock to thc cnt i re  record o l  data avai lab le fbr  that  gage.  or  1942-N1ar.2007'

fhis analysis indicated that the average streamflou for I 9.12- I 95 I ( I 35 cfs) was lo\\'er than the

long- lerm average l i r r  a l l  data avai lab lc  l i r r  thc Redrock gage (242 c ls) .  Thjs  impl ies us ing lhe

i 942- 195 I time period ruas drier than an average'' l ear: using data from this time period ma1

resul t  in  under-est imat in  s  under f lo lv  to  thc ( l i la  Ri rerr .

'  There is no streamflolv data 1br Oct. l9-<5 to Oct. 1962
r l h i s p o s s i b i l i r l i s d i n i n i s h e d s o m e \ \ , h a t b ) t h e l a c t t h a t t h c p e r i o d c , f n j s s i n g d a t a ( 1 9 5 5 - 1 9 6 2 ) c l i c i i n c l u d e s o m e

fair l ]  dry- )-ears
Hydfosphere Resource Consul tants Inc.

1 15 Abeyta Street, Suite A. Socorro. NM 87801 . (505) 835-2569
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. , \ccor i l ing to our  analy 's is  of the 1942-1951 USGS gage data.  the average gain betwecn thesc
gages \ !as 14. ,1 c l i  or  10. .159 At iY.  I l rve assume that  o1 ' th is  f lorv .  l . -100 AFY rvas l rom Mansas
Spr ings v ia Mangas Creek:  thcrefore.  the tota l  groundrvater  basef lorv  contr ibut ion to the Gi la
River  averages 12.6 c f !  or  9.159 AFY. t - ls ing thc assumpt ion that  hal lo f  th is  or ig inates in  the
Model  dra inagc area to the east .  our  cst imate is .1.579 AFY. rvh ich is  vr i th in  1096 of  that  rnodeled

by. lohnson (2002) .

Whi le  i t  is  not  unreasonable to  as,sume that  50% ol  the Ci la  River 's  basef lou gain or ig inates
f iom the Mangas I rench aqui fer  to  the east .  ue bel ieve that  i t  is  possib le that  s l ight ly  more or
s l ight l ;  less than haJl '  ma; '  or ig inate rv i th in  the Nlodel  area tLr  thc cast  hased on prec ip i ta t ion maps

ofNerv N4exico.  To i l lust rate the potent ia l  range 01 'uncer ta intv  due to the assumpt ion ofho$ to

apportion Gila River baseflo* gains. We Lrsed a rangc of 30 to 7(lyo contribution from the Modcl
area. Over this range. our e-\litltale\ of trnde r/lot lr.t /he Gila Rirer firnt lhe ,\longa: 1rt'nt'h
aqtriJ'er ttt the ertst runge./ront )."1E /o 6.Jll AF)'. u:;ignilitont dillerence fiorrt lhot motleletl in

Johnson (2002) and cited in Bulle oLt (200Q. f able 2 presents a summar)- and cxrmparison ot
Va lue s.

Summarl 01-utu-ert?inf anahsis associated rvith the underflo\{ c(xlp!]]Elr1!9 the !!]! 3ll!!Tab l r  2 .

Modeled GW' underlow to
Gilo River from Model

!!!9u (l!"/,)
Assuming -10% Jrom

LIodel area

Johnson. 1002 HRC estirnatcd I)ifl'erencc
(AFY)

.1.860

(, \FY) (AI:Y)

.1.579 -281

9,6 Diffe rence

-60k

na r .718

Assuming 70'% from
Model areu

+21".,o

Evanorut ive Lo.tte s (G i lu B usi n-)

I .osses due to e\apotranspi rat ion (E ' l ' )  are est imated to be a minor  par t  o f thc rvater  budget  and

are not  inc luded in  the \ lodel .  They are s igni f icant  onJl  in  areas ivhere the vr 'a ter  tab le is  c lose to

the cround sur f 'ace.  such as near  the Ci i ia  River  and at  Mansas Spr ings rvhere thev are est imated
to be on the order  of  I  . l  c fs  or  869 AFY (Johnson.  2002:  reference to Trauger .  1972) .  When

conrpared to the tota i  ro lumc of  ualer  f lorv ing through the s)stcm. F,T rcpresents less than a 5 -96

potent ia l  sourcc o1 crror  i fnot  inc ludcd in  the Model .  This  c luant i t l  is  not  speci f ica l l l  inc ludecl

in the lr{odcl (Johnson. 2000. Table (r). *e assume that thc recharge rates are "net rechargc ratcs"'

that  account  for  addi t ional  losses duc-  to  L f :  o theru, ise.  the stead\  -s tate rvater  budgct  tou ld not

Dalance.

[-inde rllov lo Mintbres Ba,sin

Hydrosphere Resource Consul tants.  Inc.
1 15 Abeyta Street, Suite A, Socorro. Nl\,4 87801, (505) 835-2569

8002 Walnut  Street .  Sui te  200,  Boulder  CO 80302,  (303)  443-7839
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Johnson (2002) est inratcd 10.000 AFY ofunderf lo* ' to thc Mimbres Rasin.  and N4odel
cal ibrat ion I ' ic ldcd an est imatc of  9.770 AFY. Other sources harc cst imaleJ 8,+u0 .qF\ 1

(llanson et af.. 1994). This clillerence is relulivell'.:mull (no more than 1.3-0 '1F1-) und
repretenlt a potentiul dilferen,:e ol trp to l5%, in lhi-\ cotnponent ctl the ttrler budget.

3.2.2 lnflows

Recharge to the Ci i la  Basin consis ts  of  pr i rnar i l_" -  mounta in- f iont  recharge.  For  the Nl i rnbres

Basin.  the in i t ia l  rccharge d is t r ihut ion f iom nlounta in- f iont  recharge and bedrock aqui fer

recharge q'as based on Hanson et al. ( I 99,1). No additional or indcpenclent estimates of recharge

\\,crc attempted bl Johnson (2000).

In  the d iscussions belo\ i  in  th is  scct ion.  \ \ 'e  a ls( )  present  our  indepcndent  est imatcs of rechargc

based on ( l )  a  ch jor ide mass balance approach for  the Mimbres Basin and (2) the N4axe1-Eaktn

approach ( \4axe1 and Eakin.  19.19)"  uhich assumes a d i rcct  rc la t ionship ex is ts  benveen

precip i ta t ion and rechargc (see Table 1) .  DBS&A and HRC (1003)  est imated recharge in  the

Socorro-s ierra area in  Ner  Nlcr ico bascd on the Maxev-Eakin approach.  Thcl  chccked thc

accurac). ofthis method bl comparing lVlaxel -E:rkin rcchargc astimates to field measuremcnts

l iom the c losed Alamosa Creek Basin ( r lh ich is  locatcd just  nor theast  o i thc nor thern Mimbres

Basin) .  an i l  determinecl  that  the Maxe)-Eakin approach under-est imated rechargc b) ' roughl l  ha l f

o f the observed basin dra inagc.  fhe l  a lso c i te  other  re lerences (Watson et  a l . .  1976;  Avon and

Durbin.  197(r ' )  rvh ich havc independent ly  cvaluated the NIaxel  - [ -ak in approach

Table 3. \ laxe.'--Eakin recharge perce'ntages lrlpduced l 'rom DBS&/\ and HR{-, 3003)

Precipitntion (inl'r)

0-8
9 - r 2
l l  t <

Pe rc e n tuge of Prec ipitat ion
lhrrt becomes Rechnrge

0%
i%

r 5 - 2 0 l 5 o o
>'2 0

Iltunluin.lront t'ethurge (Gilu Ru.sin). Big Burro Jfotrntain: Silter Ci4 R,:rnge

The amount  of recharge \ \as est imated h1 others to  be no more thcn 1J.200 AFY (T|auger .  1972:

Hanson et  a l . .  199:1) ;  the amoLrnt  in  the cal ibrated X' lodel  rvas 5.5E0, \FY.  \ \ ra ter  lcvc l  contoLrrs

indicate grounduarer  recharge occurs in  the Fl ig  l3urro Mounta in-< and possib ly  other  areas a long

the Cont inenta l  Di l  idc.  L lecause the amount  of |echarge $as bascd on bahncinq the stead)  -s tatc

d ischarge f rorr  the Ci i la  Basin"  potent ia l  soLrrces ofunccr ta inty  in  th is  est imate arc the same as

discussed above resard inq out f lorvs lbr  the Ci la  Basin.

'  Acco |d ing  to  \ \ 'RRl  ( :000.p l9 ) . th is \a lL rc rcpof ledbv i lanson l l99 ' l )wassr tbseqr tcn t l l re \ i sed loa \a lL re
presLurabll closer to l l l .000 AF\.

Hydrosphere  Resou rce  Consu l tan ts .  Inc .
1  15  Abeyta  St ree t .  Su i te  A .  Socor ro .  N l \4  87801 (505)  835-2569

8002 Walnut Street Suite 200. Boulder. CO 80302. (303) 443-7839
0 0 3 8



Privileged and Confidential Work Product June 28 2007
Page 12 of  31

Llased on a precipi tat ion map of thc \ lodel  area (sce Figure l )  in conjunct ion r . r ' i th observed
ground\\ater level  maps (Johnson. 2000; Koopman et al . .  1969).  i t  seenls reasonable to assume
that relativel) ntore precipitation rccharges the .grounduater in the \{imbrcs Basin than recharges
the Gi la Basin.

We performed a groundu,ater f lotnet arralysis using u'ater lcvci  contour nlaps l rom . lohnson
(2000) and Koopman et al .  (1969).  This cont l rmed thal  the relat ive amount ofrecharge to the
Nl imbres Ba-sin is probablv greater than that to the Ci la [ lasin.  Speci f ical l l "  thc highest
precipi tat ion tends to occur in the Pinos Al tos and Si l rer Ci t l  Ranges. Groundl 'ater le lc l  maps
indicatc that rccharge lrom this precipitation florvs southrvard torvard Silver Ciq'and to the east
sidc of  the ( lont inental  Divide (along the north N{odel boundary' :  see Figure 2).  Another
relat ivcl l  s igni f icant source of  precipi t : t t ion occurs in the Big Burro \4oLtntains^ uhich l ikel l
l lor is general l l '  nonhcast and through both the Ci i la and l \4 imbres Basins.

Independent:11are)-Lukin Estimu|e KiiIa Bos in )

Using a method basecl  on N.{axey- l -ak in.  rve est imatcd recharge rn the Gi la  Basin:  the resul ts  are
prcscnted in  lab le 4.  Deta i ls  are as fb l lor ls :

o Opr ion A:  L lased on the NM prcc ip i ta t ion map (F igLrre l ) .  the min imum prcc ip i ta t ion

rvhich occurs \\' ithin the Liila Basin and rvithin the Model area \\'as estintated to bc l5

inr1,r. Lising this value and Nlaxel-Eakin. recharge in the basin \\'as estinlated to be

I  l . 7 l l  A l ; Y .

o Opt i t . tn .B:  Based on the NN{ prec ip i ta t ion nrap.  the maximunr prec ip i ta t ion $hich occurs

r 'vas est inrated to be l9  in l l r .  Using th is  va lue and N1axel -Eakin.  recharge i r r  thc basin

was est imatcd to be i  I .792 AF Y.

.  Opt ion (  :  Based on the N\ l  prec ip i ta t ion nrap and a \ \e ighted a!crase.  the prec ip i tar ion

rvhich occurs r ras est imated to be l6 . l  ih i r r .  L ls ing th is  va iLre and N1are1-Eakin.
recharge in  the basin was cst imated to be 27.  107 AFY.

o Opt ion 1) :  Based on the Mimbres ueather  s tat ion l rh ich has prec ip i ta t i t ' rn  data f ionr

197l -1911.  the avcrage prec ip i ta t ion is  l i .5  inr ' r ' r .  Ls ing th is  Ia lue and \4axe) :Eakin.

recharge in  the basin was est in ]ated to he l0 .5z l2 AFY

. Opt ion r :  L , rs ing the most  re l iab le prec ip i ta t ion data lopt ion C).  rve ad. iustcd thc
percentagc suggested b l  Nfare l  -Eakin unt i l  u  c  arr ived at  a  va lue o i  recharge s im i lar  to

that  modeled b l  Bal leau (2006) .  1-he resul t ing percentage was 4.59/0.  as compared to the

I 59/0 suggcsted b1' the Marel -Eakjn ntcthod.

II'e thu.s .see thut independent eslimu/e.t ttf recharge to the Manga"' I rench uqui/er in the (iila

Rit'cr Busirt runge up to orer three lime.\' highcr than thut :ugge:tetl untl ntodeletl ht the ,\ trl().\E

ond Ilollet.t u.

Hydrosphere ResouTce Consul tants Inc.
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0 0 3 9



Pr iv i leged and Conf ident ia l  Work  Pfoduc t June 28, 2007
Page 13 of  3 '1

Table'1. hclependent estimates of rectarge for the Cila Basin by H)drospherc. based on \laxe)'Eakir1.

% oJ PreciP.
Source/ Precip, that Rechnrge Rechurge

Precip. Doto (in[:r1 becomes (in/1r) (AFYf
rec h arge'

10  0 .09  I  I  . 71  3
m  I n  I m  u n t

- .  NM prec ip mrn.
r l  r  9 15% 0.24 3] ' .792

maxl  tnum
. .  s - ' \ 4  n ree  iD  rnan .(  i  ' .  r  o.2 159/o 0.10 27.107

\ \  e  l i l l ted  a \  !
, -  \  l im  b res
D r -r .5 7% 0.08 I  0.5 '12

\ \ ' ea tner  S ta t l ( )n

N'latch BalleaLt s
E est imate of  ]16.2 4.59'0 0.06 8.1i2

8.200 AFY

Mountain-fi-ont ond hedroc.k otluilbr rech]rge (Mimhre.s Bosin) Big Burro Motrnluin.s. I',ino.r

.lltos Range. Silrcr (it,v Range

I 'hc amoLrnt  of  recharge \ \as prcv iousl l  est imatcd to bc 10.000 AFY based on WRRI (2000)  and

balancing the stcad)  -s tate d ischarge:  thc modelct l  amount  \ \as l0 . l :10 AfY based on cal ibrat ion.

Water  levc l  contours ind icatc grouncl r ia ter  rccharge occurs in  the Pinos Al tos Range and possib l l

o ther  areas a long the Clont incnta i  Div ide.

l n depe n de n / f, lare! - Eu k i n E.t l i mtt te ( \7i m b re s Bo s i n )

l - ls ing a method bascd on Maxcl -Lakin.  we est imated recharge in  thc N{ imbres Basin:  the resul ts

are presented in  
- fab le 

5.  Deta i ls  are as fo l lor ts :

o Opt ion. , ,1 :  Baset i  on thc NNI prec ip i ta t ion map (F igure l ) .  the min imunr prec ip i ta t ion

rvhich occurs wi th in thc N. l imbrcs L las in ancl  r r i th in  the Model  area was est imated to bc
<7 in i l ' r .  Using th is  l 'a lue and Maxey-Eakin.  recharge in  the basin $as cst imated to be 0

A l  Y .

' Based  on  \ 1axey  and  l - ak in  ( l 9 l 9 l .
'  

Calculated basccl c'n an area of109 mi:.  or I13.86 i  acres. lor the Cila Basin n' lodel area.

Hydrosphere Resou rce Consultants, Inc
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.  Opt ion B:  Based on the NIVI  prec ip i ta t ion map.  the maximunr prec ip i ta t ion rvh ich occurs
rvas cst imatcd to be l7  inr r r .  L ls ing th is  va iuc and N{axcv-F,ak in.  recharge in  the basin
\ \ 'as est ;ma1ed to be 37.050 AFY.

o Oprion (': Based on thc \i\ '1 prccipitation map and a rveighted average. the preeipitation
rvhich occurs was e stimated to be LI ini;'r. Using this '" alue and Maxey-Eakin. recharge
i n  t h c  b r s i n  \ \ a s  e \ l i n r a l c J  t , . r  h e  L l . l l l  A f  \ .

o ()ption D: Based on thc lvlimbres weather station u'hich has precipitation data lionl
l97 l -1911.  the average prec ip i ta t ion is  l -1 .5 in ,1r .  L Is ing th is  va lue and \ '1axey -E.ak in.

rechargc in  thc basin was est imated to be l l .7 i0  AFY.

.  Opl ion E:  Using the most  re l iahJe prec ip i ta t ;on data (opt ion D).  rve adjusted the
perccntage suggested b1 l laxcy-Lakin unt i l  rve arr ived a1 a r 'a lue of recharge s imr lar  to
that rnodeled b1' flalleau (2006). Thc resulting percentage rvas 5.59i,. as crompared to thc
796 suggcstcd b1- the Maxe,r.-Eakin method.

(h.tr nto.s/ relittble. indepertLlenl eslitrtule.\ ql rechtu'ge for /he ,){iml:re.s Basin are v,ilhin lhe sante

order ol' ntugtt itttcle us that .strgge;ted ontl ntodeleLl bv Balleuu. i\dditionalll. it seems realistic to

use a va lue of  5 . - i9 /o to  represent  thc amount  ofprec ip i ta t ion that  becomes rechargc.

l  ablc 5. Indepcndent est inrates ol rcc.harge l i r the \ l i rnbres Basin by Hy droqp[ere, bascd on ]vlaxc]-Eakin

% of PreciP.
Source/ Precip. lhat Rechnrge Recharge

Precip. Dota (inb4 becomes (in/lr) (AFL) '

L}

19chq'get _

0.,h

t 7  L 5 %  0 . 2  I

I -1.5

l-l
NN4 prec ip map.

\\ eighted avg
l\l irn bres

weather statlon
Match Bal lcau's

E est imate o1'
r0 .000  A l .Y

NM prec ip map.
m in imum

Nl\l precip map.
fftaxlntum

0

-17.0 5 0

Jo,',t 0.08

0.08

t3.222

11.730

l  i . 5 ().06 r 0 . 7 8 8

Chloride Ma.ss Balonce lllirnbres Rusint

LIs ing chlor ide concentrat ion in  groundsatcr  data provrded in  Hanst tn et  a l .  (199,1.  Tablc  8) ,  we

ci ln  usc a ch lor ide mass balance (CMB) approach to es l imate thc amount  of  recharge in  the
i \4 imbres Basin based on obser lcd grounclualer  ch lor ide concentrat ions l t r r  thc basin d ischarge

- 
I:of cofipat-json: t l ie ueightcci arelage fbr the l\ ' l imhles tsasin is l l .6 in,yr (calculated fiom alerage annual

prccipitation nrap pr,-,r ic1ecl in l lanson et al.. 199'1 Figure l l.
! Based on \ '1are1' and Eakin ( 19.19).
o C alculated hased on an area of 27f mi:. or 174.152 acres. lor the \I imbres Basin model area

dvdrosphere  Resource  Consu l tan ts ,  Inc .
1 15 Abeyta Street. Suite A. Socorro. Nl\i l  87801 . (505) 835-2569

8002 Walnut  S t ree t ,  Su i te  200.  Bou lder ,  CO 80302 (303)  443-7839
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area. Using a chlor ide concentrat ion of  0.  1 mgiL in precipi tat ion (-vADP. 2007).  our est imates
ranged from ). .177 to 7.102 AIrY to the Nl imbres Basin.  u hich is lor i 'er  than that cst imated an( l
modeled b1 Bal leau b1'30 to 80_0' ' ,o (see lable 6).  There rvas not sutf ic ient data arai lable to
per lbrm a simi lar chlorrdc nrass balance recharge analr  s is for the i"- langas Trench aquifer in the
G i la  Bas  i n .

The CMB mcthod to recharge est imat ion assumes that al l  chlor ide in the slstcm or iginatcd as
atmospheric fal lout.  l f there are othcr sourccs of  chlor ide to the s\stem (e.g. .  sLtbsurface geologic

lbrmat ions. u,ater recycl ing as i r r igat ion retrrrn l lou's)"  then thc C'MLl recharge est imatc \ \ ' i l l  be
biased to a lo*er valuc.

Table 6. Indepcndent eslinares ofrechargc for the Nlimbres tsasin bl l l ldrosphere. based on a chloride nlass
l ' . ' l l n , .  r l l ' r ncc l t .

C h lo r itlc Con ct' n I rul''fln,'n Rechurge Rote
Groun4waler (ryq/L) - -- -' --

0.0)7
0.0)7

r50  0 .017 ) -167
1 7 0 0.017 2 . 1 7 1

3.3 MODFLOW Modeling

We 6btained the grourrdu'ater modcl ll les fronr Ballcau Croundrvater for the Grant Countl. Nl\4

model (pers. conrnt.. Dar id Romeru. [ialleau (irounLlt dler. Mal 2007). Llsing this mcrdcl. u'e

dcrc loped r i rer  response curves to est i rnate impacts of  pumping and a lso cvaluated drauclor .vn

r i ,h ich is  l ike ly  to  occur  at  nearbr  domest ic  $c l ls .  To evaluatc the long- term response o1 '

ground$ater  levels  and bascf lo$ 'd ischargc to N,{angas Spr ing and the Gi la  River .  models $ere

run lbr  200 r ,cars us ing \4ODf.LOW-96.  Pumping u,as spcci f ied in  the nrodel  f i r r  100 ycars.  thct r

1as turned of l  and recovery of lhe grounduater  s)  s ten ' r  uas s imulated fbr  100 years.  Ind iv idual

model  runs inc luded pumping at  only  one locat ion in  anl  s ing le run.  In  addi t ion to the current l \

er is t ing Si lver  c- - i t )  . ,ve l l f ie lds (Franks in  the ( l i la  Basin and woodu,ard near  the MimbrcstGi la

Basin d i r ide)  and proposed replacenrent  r ' ,e l l  (Cont inenta l ) .  *e pcr fbrmed tuo model  runs in

rvhich *e p laced a pumping *e l l  ad. iaccnt  to  the Gi la  River  at  d is tances of  2 .640 and 7.920 leet

f rom the r ivcr  (Ci la  River  I  and Gi la  Ri ter  2.  respcct i re l l ) .  ; \  suntmarv of  model  runs arc l is ted

i n  l a b l e  7 .

'  Calculated based on an area of 5. l . l0 m ir fol the Nlirnbt cs Basin arca (f lanson et al . l t l9l .  P.:).

Hvdrosohere Resource Consu ltants, Inc.
115 Abeyta Si reet .  Sui te  A Socorro.  N l \4  87801.  (505)  835-2569

8002 Walnut  Street .  Sui te  200 Boulder .  CO 80302,  (303)  443-7839
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Table 7 Dctails of fIODFLOW model luns Lrsed in a allsrr

Model Run
Pumping Lot'n (no. of Tolal Punqing,

wells in model) qfd'A4.

June 28.2007
Page 16 of  31

mangasl2 No pumptng

(-omments

Proposcd rvell location
Exist ing Si lver City '

mangas l . i F ranks Wcl l f rc ld
-continentil 

l l 't l l

o ( l

(6 )  l . t - 1 .589 /  I . 120  
F r i s t i ng ,S i l ' e r  c i t y

\ \ e l t l c l o

r l r  l l Q ) n l  l O O omanuas l -1

m:r  n laq  1 ,5 Woodu,ard \ \ rel l  (6) 187.573 I  1.573 wel l f le ld

mangas )  6

mangas ) 7 l l 9 . 2 6 l  i  1 . 0 0 0 IJ l  pothet icaJ u 'e l l

Gi la  R ivcr  I  Wel l  a t
2.6{0 1i f'rom Gila R1e1

G i l a  R i v c r  I  W e l l  a 1
7.920 ft from Gila I{iver

I  1 9 . 2 6 1  i  1 . 0 0 0 l l1 'pothet ica l  t rc l l

3.3.1 lmpact  o f  Pumping on Gi la  River  and Mangas Spr ings

To evalLrate impacts of  Si lver C' i ty 'municipal  pumping on thc Gi la River.  ue looked at thc
di f ference in the constant heacl  rate o1' thc model cel ls that represent the Gi la River.  These resul ts
indicate that cffects liom pumping current or currentll proposed rates lor Silvcr Citl rr'ells
(Franks. \ \ tood"r 'ard.  and Cont inental)  ( . lable 7).  u 'hich i r re near the Ci l tMimbres Basin
boLrnd:rr l .  har.e a rc lat ivelv insigni f icant impact-  or on the order of  less than 0. I  cfs (70 AFY):
pumping u,el ls nearer to the Gi la River (Gi la River I  and Gi la River 2) hare a rnorc signi f icanl
impact on the order ol  l . -1 cf  .s (950 AI ' \ ' )  (Figure - l ) .  I -aggcd deplet io lrs to the ( l i la River f rorr
Franks rvel l f ie ld are the most s igni f icanr of  the Si lver C i t l  $el l f ie lds:  these impacts reach a
maximum di f f 'erence 190 years af icr  the slart  of  purnping. or 90 lears af ter pumping has stopped.
In other rvords. !h(re is o signiJicanl lugged response timc ut lhe rit er lo punping Ltl thc Ci0 \
v ells located rotrghll. l 5 miles utt'tq,

fo evaluate impacts ol ' indi \  idua) pumping on N{angas Springs. rve looked at the di f ferencc in
the clrain rate ol the model cel l  rcpresentat iYe of \ ' langas Springs. Thcse fesul ts indicatc that
el lects f rorr  pumping are on the ordcr o10.05 to 0.1- l  cfs (35 to 95 AIrY) for al l  models run
(Figure.1).  Impacts f rom pumping a rvel l  near the Ci i la Ri lcr  havc a laster response t in ' le:
ho$erer.  the gratest impacts occur due t0 pumpint at  Franks rvel l f ie ld.  Keeping in mind that the
esr imated f lo$, rate of  Mangas Springs is on t l ' r { r  order of  I .8 cf 's or 1.300 Al iY. the magnitude of
this impact is relat ivel l  s igni f icant (1.7 to 7. ,19/o ol 'nreasured spr ing f lou'uhen considcr ing
el lbcts of  indir idual  pumping scenarios.  or up to 259"o *hen consider ing the combined or
cumulatire impact). Iftii irnpuct ol Silver (ity tells combined tilh exempl domeslic vell.v in the
t icini|t crttt.sIiIu|e.\' (t |hreat to cln up Ihe .sprin,q-r.

Hydrosphere Resource Consultants. Inc.
'1 15 Abeyta Street, Suile A Socorro. NM 87801, (505) 835-2569

8002 Walnut  Street  Sui te  200,  Bouldef .  CO 80302.  (303)  443-7839
0 0 4 3
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I--rom the difJ'erence in surlhce \\'ater rate (including ril 'er and drain florl ) due to pumping. rve

calcLr la ted the volumctr ic  r iver  response.  or  the percentage of  pumping that  is  being der i led f rom

dcplet ion of  sur fhce r .vater  (F igLrre 5 ) .  This  graph ind icatcs that  the Sih 'er  Ci t l  wel l l ie lds located

near  the Gi la iN ' l i rnbres d iv ide have min imal  lon.u- term impacls  on the Gi la  River .  but  lagged

dcplet ion-s associatcd u i th  th is  puntp ing l ' i l l  s t retch out  fbr  centur ies in to thc fu ture.  I fe l l .s

lolotecl clct.ser to thc rit 'er (.uuse,s ntuore intntediate inlpd(ts on htt.se/lov.s. tthich o//ers inlporl(tnl

considerolions rtlatetl /o tt susluinable cttttjunr'li,t: use plun ltt detelop vater rerources irt lhe

b us in.

3.3.2 lmpact of Pumping on Nearby Domestic Wells
To evaluate the impacts of  s i lvcr  Ci t l  pumping on nearbr ' *ater  r ights  and/or  domest ic  uel ls .  r rc

evaluated drandorvn af ter  z l0  and af ier  100 -v-  ears o lpunrp ing us in-e the MODFLOW nodel

d iscusscd above.  We pcr lormcd a search of  the N l \1  SEO WA TLRS database l i r r  l 'e l ls  u i th in

approximate l1 '  two mi les of  Frank 's .  Cont inenta l .  and Woodlrard r . r 'e l ls :  Wel l lD.  to ta l  $e l l

depth.  in i t ia l  depth tc)  \ \ ,a{er ,  in i t ia l  rvatcr  co lumn.  and corrcsponding model  ce l l  in f i r rmat ion f i r r

these uclls are presented in l at-'le 8. A separate model run l'as pcrfbrmed to e\aluate the

intpacts o l  each of the three Si l r ,er  Ci ty  u 'c l l l le lds:  resul ts  are presented in  scparate sub-stc t ions

belot r .

Rules lbr  ( l i la /Mimbres Basins del lnc "cr i t ica l "  as e-xceeding a drawdo$'n rate o12.5 f t ' i r  r  or

deplc t ion of  759, 'o  of  thc in i t ia l  rvater  cohtmn.

Frank s LI'elllie ld

Frank s rvcl l f ie ld is pumped in the rnangas I3 model run. Thc tnar imunr observed dra* 'do\\r  at
anv nearbl '  dome-st ic r i 'e l l  af ter .10 and I00 ycars is 67 and 94.I  teet.  respect ivel l '  (Table 9) The

maxirnum drarvdou n rate after 40 ancl I00 l ears is I .7 and 0.9 fi") r. I he u'atcr column is
signi l icant l l  depleted at  a number of the nearbl  i ie l ls.

Conlincntal lL cl!

' I  
he Clont inenta l  \ \e)1 is  pumped in  the man-uasl :1  ntodel  run.  lhe mar imum observed drat 'doun

3r  an) '  ncarbv domest ic  r le l l  a f icr  .10 and 100 l ,ears is  - i  1 .2 and ,17.11 feet .  respect i r .e l r '  (Tablc  l0) .

The nrar imum t l ran 'dorvn rate af ter ;1( i  anc l  100 -"ears is  0.8 and 0.5 f t , r ' r .  The rvatcr  co lumn is

s igni l icant l l 'depleted a1 a numbcr o1- the r rcarb l  r lc l ls .

Wor.tlt a rd LI'c I I,l i e I d

The \ \ ioodward *el l l le ld is purnped in the mangasl ' i  model run. The maximunl obsen'cd
draudotn at  anv nearbv domesl ic r . r 'c l l  af ter, l0 and 100 ycars is 56.9 and 76.5 f 'eet.  respect iveh

Hvdrosphere Resource Consul tants.  lnc.
1 15 Abeyta Street. Suite A. Socorro, N l\,4 87801, (505) 835-2569

8002 Walnut  Street .  Sui te  200 Boulder ,  CO 80302.  (303)  443-7839 0 0 4 4
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(1able l l ) .  I 'he marimum drau dorvn rate al ier  :10 and I00 learsis I  .4 and 0.8 l i iyr .  Thcuater
column is s igni f icant l l  depleted at  a number of  the nearbl  rvel ls.

Hydrosphere Resoufce Consul tants,  Inc.
1 15 Abeyta Street .  Sui te  A.  Socorro.  NM 87801 (505)  835-2569

8002 Walnui Street, Suite 200 Boulder CO 80302 (303i 443-7839
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INb le  8 .

GS F-4178
t  JF -ZY4C

csr-2bog
GS F-3195
csr-s3ez
GSF-2575
t , J F - J Y Z O

GSF-4080
GSF-4122
GSF-3584
GSF-4127
^ ^ -  ^ - ^ ;
l . r  J  T -Z3OO

GSF-2570
GS F-2983
GSF-3074
bJ l - -zc  /  +

GS F-2990
GSF-2597
GSF-2614
GSF-4'104
GS F-4't09
GSF-4't  14
GS F-4175
\ r J T - J / O O

cSr-sgzo
GSF-4027
GS F-4082

l l l l ! ' f i n . ( r o | |  t ,  " e l l -  
r t c r r ' l _ t  I  r l r k  ' .  (  u r t i ne r ' t  ' l  ' r r l , l  \ \ , '  d t r  ' r d  t r c l l '

I  To ta l  In i t .  DePth  In i t .  Water
well lD 

I o"pii it l to water (ft) cotumn (ft)

J une 28,  2007
P a g e  1 9  o f  3 1

450
660
505
ozz

320
620
465
540
600
460
680
670
648
540
720
^ ^ ^
JI'U

375
790
430
385
555
540
465
700
600
640
6oo
540
755
660
620

1 3 0
40
40
82
95
BO
97
1 5 0
2 1 2
300
220
gs
90
70
70
80
75
40
95
58
55
55
l o u

2 1 0
45
1 8 0
1 8 0

Mode l
C e l l

( 1 6  1 s )
(17 ,22)
(17,22)
(17.22)
(17 ,22)
(17 ,26)
(17 ,26)
(17,26)

695
540
777
820
860
840
940
473
465
860
500
465
630
580
560
758
655
695
760
750
800
840
800

(18,22)
( 1 8  2 3 )
(18,24)

(17 ,26)
(7 ,27)

l17,21)
(18,22)
(18,22)
(18,22)

( 1 8 , 2 5 )
(18,25)
( 1 8 , 2 5 )
(18 ,25)
(18 ,25)
(18 ,26)
(18,27)
(18,27)
(18,27)
(18,27)

0 0 4 6
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3.4 Best Estimate of Sustainable Groundwater Development Rates
for the Gila Basin and Silver City area

As notcd in  the B:r l ieau repon.  the torvn of  S i l ler  Ci t l  can t l ivcr t  a  por t ion of  the est imated

I5.900 AFY ol  groundrvatcr  f lo$ through the Gi la  Ci roup aqui fer  in  thc N{angas Trcnch at  thc-

expensc of  rcducing f lo" r '  to  Nlangas Spr ing.  thc t i i la  l l iver .  and b1 '  benel ic ia l l l  sa lvaging

evaporat ign losses l iom al luv ia l  f la ts  and p la l 'as in  the \ , l imbrcs Basin (Bal leaLr .2006.  reference

to \ \  RRI.  2000) .  I lo$cver .  potent ia l  uncef ia int ies in  the rvater  budget  such as d iscussed in

Sect ion coulc l  s ign i f icant l l 'chancc the amount  of  \ \ 'a tcr  that  is  a\a i lah le for  d iVcrs ion

Bal leau (2006)  d iscusses ancl  evaluates the h ldro logica l  impi lc ts  associater l  rv i th  deepening

current  u c l ls .  three a l ternat ivc * 'e l l  s i tes.  and imported sur face rvater  to  mect  the demand-s

associated \ \ ' i th  {hc h igh gro\ \1h ratc  of  S i lver  Ci i t l .  Est i rnated costs of these a l tcrnat ives are

presented in  Table 12.

) evaluation of estimates of wellfield production, pumping costs, well costs. distribution costs.

Hydrosphere Resource Consul tants lnc.
115 Abeyta Street  Sui te  A,  Socorro NM 87801.  (505)  835-2569

B0O2 Walnut  St feet .  Sui te  200,  Boulder .  CO 80302,  (303)  443-7839 
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4.0 Summary and Conclus ions

This memo pro l  idcs a sL lmrnar \  o1 'our  deta i led rev ieu and anal l  s is  of  the \ \ 'a ter  rcsourccs in  the

N{ang:rs  Trech ac lu i fer  in  the Ci la  Basin.  \ \ 'e  ut i l rzcd the Grant  Cor int - r ' t rans ient  MOI)FI-OW

modcl  to  era luate e lTcc ls  Ol 'pLrmping select  rve l l f ic lds on the Ci i la  River .  \ langas Spr ings.  and

uater  levels  in  nearbr .domest ic  rve l ls .  \ lodel ing resul ts  ind icatc that  the fu l l  inrpacts o i  S i lver

Ci tv  r ie l l f ie ld  purnping f rom i ts  current  uel l  f ie lds uoulc l  not  be I l l t  fbr  decades.

Our opin ions as the) ' re late to  our  f ind ings f rom thc Mengas' l ' rench and Gi la  Grounduatcr  l las in

h1 'dro logic  rer  ie$ '  arc  sLrmmar izec l  a t  thc beginning o1 ' th is  repor t  in  Scct ion and are repeated

hcrc lbr  comp leteness:

o l  he l la l leau repor t  ernplovs an enhanccd vers ion of  the Neu \4exico Of l lcc of the Statc

Enginccr  (NN,IOSE) Vangas l  rench ( l roundrvater  Mode I  (or  " \ {odcl " )  to  c leve)op

p r o i e c t i o n s  o f  s i h e r C i t y ' s * e l l f i e l d s e r r i c e l i f e o r e r a ' 1 0 - 1 ' c a r p l a n n i n g p e r i o d .  f h c

addi t ion o l the Mui t i -Nod! 'Wel l  (N4N\\ ' )  packagr :  is  va l id  and benef lc ia l  tbr  addressine

the \ \ 'a ter  supply  issues being considered b l  the i r  s tudl  ( i .c . .  S i l i 'er  Cl in 'ue l l f ie ld

productivit) in thc future).

o I he N4ociel is based on prev iotts lr'-cstimated volttrnetric \\ater btldgets. obserl ed

Bround\ \ 'a ter  levels .  u  c l l  logs t iom across the area.  N" langas Spr ings c l ischarge.  ( i i la  Ri rer

baset l t .x l  ga ins.  and measLtred and est imatcd h ldraul ic  conduct iv i tues and

transm iss iv i t ies.

o Est imates o i  . { round\ \ater  under f lou to the Gi la  and N' l imbres Basins compuled h.v  the

Nlodcl  and presented in  thc Bal leau repor t  arc consis tcnt  u i th  ar 'a i lab le xater  tab lc

contour  maps and at lu i fer  parametcr  va luts .

o Nlodelet i  -qrount lu ,ater  d ischarges to the L l i la  Ri rer  f ionr  the N' langas ' [ rench fornrat ion

are consis tent  r r i th  obserrcd basct lou g: r ins l rom the r iver  cace d i r ta  F loucver .  the

assumpt ion that  hal fo f  th is  \ \a ter  is  s( )urced in  the N{odcl  area is  a polent ia l  uncer ta int r

that  could lead to a change.  in  the overa l l  la ter  budget .  Clonsic ler ing a reasonable rangc uf

contr ibut ion ofobserved bascf lou ' la ins corn ing f rom the Model  area east  of  thc r iver

suggests that  the currL 'nt  est imated d ischarge to the Gi la  River  of  '1 .860 AFY could

change on the order  o1 - / -  l . ( . i00, \FY.

o Rechargc ro the a i i la  and \ l imbres Flas ins is  reasonablc.  based on ara i lab le prec ip i ta t ion

dala and a re lat ivc compar ison us ing dele loped ground\ \ater  f lo$ 'nets We also

perh ' rmed independent  est imates of  rccharse bascd on prec ip i ta t ion data and a ch lor ide

mass balance.  as uei l  as us ing the \ lare l ' -Eakin approach.

Based on our revicrv.  analvses. and I indings. ue ol ler thc t i r l lo* ' ing rectrnrmendat ion s for luturc
character izat ion and anal lses to rcduce our currcnt uncer laint ies related 1()  $,atcr Lcsource. ancl
the potent ial  l i r r  developntcnt of thosc resources. inthe\" lancas Irench aqui{ 'er  in the Ci i la Rirer
Basin ucst of  S i lver Ci t l ' .

Hydrosphere  Resource  ConsL l l tan ts .  Inc .
1 15 Abeyta Street. Su jte A Socorro. Nl\11 87801. (505) 835-2569

8002 Walnut  S t ree t  Su i te  200 Bou lder .  CO 80302,  (303)  443-7839 
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.  Ihe h)draul ic  basin anal - -s is  ancl  ch lor ide mass balance approach I  ic ld  est i rnates of

recharge to the basin in  the same rangc.  a lbei t  wi th  s igni f icant  unquant i f ied uncer ta intv .
\Ue recommcnd a deta i lcd s)nopt ic  srnopt ic  -erounduatcr  sampl ;ng for  conccntrat ions of

cnvi ronmenta l  t racers (e. -s . ,  ch lor ide.  bromide.  cer ta in s table ancl  rac l ioact ivc isotopes)

that  ma) help rcduce uncef ta;nt \  in  thc recharge component  of the basin water  budget

.  We recommend thc cvc iopment  and implementat ion of  a  ground\ \ater  character izat ion

and rnonitoring program to cvaluate the vulnerabilitl of flo*'s at N4angas Springs to dr1-

up due to grountlrvater development.

. We recommcnd the development of a cot.ljunctile grortndrvaler sttrfhce rvatcr

nranagement  analys is  too l  to  evaluale hol r  dc\c lopmcnt  of \ ra ter  resourccs in  the

N4anagas l  rench aqui ler  in  thc ( ; i la  Basin can proceed $ i th  min imal  impact  of  sur l 'ace

water resoufces in the area.

These opin ions are based on our  deta i lcd rev icr i 'o l the l la l leau repor t  (2006)  as rve l l  as avai lab le

hydro logic  data.  I faddi t ional  data and' /or  in l i r rmat ion becomcs avai lab le rvh ich deviates

s igni f rcant l l ' f rom prev iousl r  rev ie* 'cd data or  m1 l is ted assumpt ions,  \ \c  reserve the r ight  to

m o d i h  , ' r  c x p a n J  t r p o n  o t t r  o p i n i o n s .

Hydrosphere Resource Consultants. Inc.
'1 15 Abeyta Street, Suite A Socorro, Nlvl 87801, (505) 835-2569

8002 Walnul  Street ,  Sul te  200 Boulder .  CO 80302,  (303)  443-7839
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