HWR No. 8036

SER ’E JLATION OF GROUNDWATER

CONDITIONS IN THE UPPER SAN

PEDRO BASIN FOR THE

EVALUATION OF ALTERNATIVE
FUTURES

by

Tomas Charles Goode
and

Thomas Maddock 11

Brepartmen: of Hydrology and Waler Hesouvces, and

Vniversity of Arizons Research Laboratory for Riparian Studies
University of Arizona

Tacsnn, Arizons 88721

USF200010579



ACKNOWLEDGEMENTS

ernative Futures Project that wes conducted in

sy Harvard University Graduate School of

5
U
Pty
ot
£
i
%
&
&
e
<Q
]
=
-
<
rom
s
fan
o
—,.J
fe
=
(o
o,
=i
s
-
f’:‘
a.\)

3wy

Sustenabie del Eatado de Sonora {.i.i"v‘g_,-%..if;’k.! S} the Unuted States Army Traimning and

g ROV T ) it
mirnand, and the Unites

w(k(»zﬁl‘n 1

Huachuca., The r
s and Doctrine Commana’s
azam‘!“ merd

ce and

like to express our gratitude for the many individuals that assisted us n

the creation of this study. First, for thelr wformation and technical assistance with the

T iyt 1als 1 {and Stap T eglee
geology and the hydrologic modeling, we would like to thank Don Pool and Stan feake

“the UISGS, Dale Mason of ADWR. Dave Geodrich of ARS-USDA, and Hector Anas

i*"ﬁ',

)

s~y

of IMADES. We would like to thank the Harvard Graduate School of Design,

specifically Carl Stemitz and Richard Peiser for thelr insights tzo geography and

development: Scott Bassett, Alan Shearer and Mike Flaxman for their assistance with

LIS A F RN
3 “”lﬂiwmiﬁ"’k"‘ﬂ’t“‘l difficuinies, To

Diave Mouat and Mar bik of the Desert Rescarch Center, our thanks

ravion and an education in fine wines, To the

cial and beliel m

the project,

T Tvrito  wx e
Jim Leenhours, who were a huge

"

< SPRIE TG ST T S b .
mnumerable “what auest 0ns.

USF200010580



ABL

ACKNMOWLEDUEMENTS i iimim i isuesstssonmiasntsiisassssasissases sis tooatvmsvunmssbnaestssnisssiess 11

s v T R "
VARLE OF CO RN il
s R .t 4 A WP A KU B IR EE R R AR MM O E AN PP AL ARG H D UA A E U O R AP AR R LI OE ROt HeD DI EHEIIAT T LT PRI LN CO GRS GE UT TR N ND C DS UT SR L3

oy
AST OF FIGURES v v
J&». O A R R L R L R L L L L R e N R L L et Rl L T R T R R TR LT
ST OF TABLES TH

wnsernse VEEE

LAST GF PLATE
® 42%, i .4uu‘.awamwuum\pv.:-aauue..‘,\A-q.A;.‘,uNA,u““w,mwusmwanm-wsnwmxm.xm..M“...‘..uw\w.w«un_au:,m....,.;.x»,a.n..

TES .
0 O T TR RTRRPPOISTIUTPPPIS TSN & Y

(2

3
g B LT T Y N S L e T

B TR TN oo remaanacan s s aomroroessnenensnnnane sy »is e sies o b surs 43 26m0seanss 1070700880t a8ratadaniestnisshons oschssusnase

Alwz'ammx £ FUTURES
PURPOSE MM" SALS T3F FEOIEL crrvoneiinianmsscocurssmsnons suorsetnsnss sentsnsssssms s o6seos00ss monk s00mrase ot opiessonecns
PrEVIOUS IN naum%/%ﬁmw

APTER 22 DESCRIPTION OF STUDY AREA

T X T L T T L e D T
4K
ETUEBTATE coranvarssssvescervnssanassmmnsnnsnasens
VEGETATION AR

HESTORY AND LUANI LSE ceerserecrmarcionermmoesesnrssnsnirnessinscesis ioromne nannssrosessnsynsnassansnssuis sossissnvossnsas 40

S7omy
FRIE T T T £ L T T LT D PR TS Y PR TS

B Lo T e

3

e A% TPy .y . 4
AT TN AND P Y S O T APEIY L rsrriarerccansnenroosseents conssomsssnsosssnatsmes s ssmsesns s hes s asososssitarisonnsossur o

A T R L R L L L LRl L T e L LR LR

e
ot

W i
D L BEIET einioccessnsstonmnsreosnssssromvessuns soretnbasesss satesensessnesnssmomasninnsinsiosssronsvavs 41

aal

B R R L o L e L L L LR R LR S "'g'

E R 3 N oo e ¥ Ty
5.1 HyDROGEDLOGIC UNIT
i " y ar iy %,
£. PRutt@n POl B IO oiseeirioarenvvessssnsrsnrvsnssasss sosarsssssassivssessentocnsasenssnrassosnsenracnashanssavavasnssses 358
P, 4 g
3. 8.2 FLOTIGIAL AGUITCT vaerescomseiaransicnrosnvumens sutaserosnrrenaons sranesnsenseunsesstsecnneeeatnsovestensosnnessnarmsttsssrtos 4o
fad £
3327 The Lower Bashi FIl . oo rirmmesioicsorrsonesnonaonatennsssssrcasonis s sosssassss o sensnsas o
PR . o
3022 The Upper Basin Filli. . eommsimmimiomensimesimeiossosninssmasson s snaesisnisonsstsves x504500030 |
.y i : 7 - T
3 2.3 UonTIBING FONES criciiccmsmnsnorsioniosrssnsuosmnranssissrmes os anavonsessssasmastsviasssarsnananns prssovasosesass b &
OUPHEE AGUITET v iovvonscinercaroniscsoniasinssinsinsucssorsnstmossyossasassessmssensssnnsanasessasncass suntvvsars § 1

[ Y
oot

NCEPYT

a0 el

s B O

ik
PBERERE L. vvnnvoraasoicsmmeerinmonsvasnooussnnsnesestsnnconsasins ersrssnnetnoaesnmnosseontsaesrasanncns K

4.1 ?&"MSE&;E IS B THOR conivsenccnssisocen

A T B AT S B G RO AT NS AGE AP AT EA NS WAL AT EICA R ST OO GI EANLAT G RETN TRy

GUNGARIES
fe
R0 By g T Ty T S T TP PP O D S L1 1]
§ BN E AL AL S RO R A RS T O PR LRI RO RATHI TR MG I TNl RO E MDA RGP SO PRI TS C RO AN IETI I MR ST I RAIOIGFRBEOP NG IV DA E AR 20 G T A L

T T T LT T T LR T T e R LT L L EEL P T L PR BT 2

4.7 BeCHanon AREAS
$7.F Adogeostais
472 AFFECH U el RECHEFEE oriiiiciriiiconcsiinmastinsusssvesmsasrissetsons s in nus e nesssnasinsrac et sssas anracs Aok

4.8 BV APOTRANSTRATION BRI A vaevrsanrersmnrsnsessisssast ot onisnmsssssnrs st esnisesintnsss sanmrey ves s sasassninsssoninrcecs 48

4.9 HTREAMS ANT DIVERBIING. heirminisirsierscnerosses oo romas eonsvsnimiansssereserssssiiansssssssatosvexcraorsmossanesnses Aok

T T T T e T R L T LIy cawas

whi Efmaf._e 25

MPING
4“'«.--«.«4 NS G AR BARS S NI R A e N LA R E TP ERA A PSSP AL] FITLASRE

BT RN ER N R T AR T

-%r i
R RN ; fe: :w,ww;

USF200010581



&

L5 Public Supply Well 4&

U i
3 Ed

£
i
3.1.6 /’vimm » W el iw ErSbeAreeesessan b RS Lata SN 43P e bR h LR RO Sa AL KN YUBEE SO e R AT E S S5 04T H 801N L HORS PARUP RIS RT TEVR S T
?
f

§.:500 i’miz;.wiai, Compmercial, and 1nsiREena] Weollt oo coscssossssonnss 59
52 FHTEILEC AN T B0 105 taeveneanecrsosssnonmuasionsss momiresnsessuss s onss beniomsssnss sovns sasrenss saaeesasosssess s encontvassnnsssnsne S
521 Sremestic ?f?w’a; SNV PR PUUS USRS P DRSO OPRURORURRE ;1.
5.2.2 Fadfusirial é“wfs KK
5.3 FEVEAL PUMPING vovoversosensorssssverssrssnnsiovmessores wsrasravennasvanminn SO

CHAPTER 6: NUMERIC:

=5

L MOREL

£
B T T T e &1

5.1 BEODFLING TLDTTHOD toicrorrsvasruonrecomsoss oo nnresmaviruesssivensiossobatmesnasesnon

% v W ”
6.l BEFW IVEOIEL o ivvncineencrsursamcareoresunersuss son oenomosd s34 b nb a0 i eie b5 conbovhes samesssssssissnssnrnssonssensn vascnsssarse L b

6.3 Fvire BHvreR
&.4 BROUNTAIN FRONY & AR E s svsoserummeaorcsssesesomnnesssntetansonsessesreseresasnsssonstsesoerennssenasrsssmssarossnanee &8 7

FER YT S 2% o o P < L
8.5 ACRICULTURAL BECT ARG wovavamscomscossssssorsssrenssss reasssss s mmeunsas s sssssesus s insussnseansossbneossnsvessasovonn S8
2 Uihg v s g ue g &1
%3 W A PO TR AN PERA TTO N vvorivssrsnereussesennnss ressrscosassssooisbestostsens ossaraesnses eed -ertesmae0ssssssanionsnosssssesssne 1 48
i
7

STREAV-ADTUIFER INTERACTION roriecnrasircrsresronssessarsssrsonmmseariesesass irersasnes ssmmsesasss 1eosssanssssvsnss 1 a

L EERATION

A v
PEENSITIVITY corvvevscssenriorevinasmssessscssasunnsessennertonnsasiansansasasonconvosss 44}

e g
7.3 H &
73 Sy 7
i ; 5
Fode 5 E EA TBATTE avovmrsesnsranancssenncssossorneonsbnsnnnbsseesmssissssssnatmessnsesoeeskesss nieasescesssssusaicansostessshhosoonoruins |

7.2 Bater £.ovel MEGRUTEMERIS oo vviciircosiriicsssssmnsiinin rsasesssstsssmsusniasssssasassassseninesatnesnsnssossns 149
722 :‘a’ camflaw/Ganging Mﬂf%r@mmt& OO URUTOSOUSRSRTRURR DI . 4
fENT S
i Weater 5 evel M omsirereniSo s asssusrreunssansioinsniass e sasmiostsvs s ssarassosee s rsassossns Gof
7.3.2 Streamflow Gauging Measuren m‘, ressrnseraa s i st st nensnanvat crensrrnsnssares FOR
. . ooy

T Sttt cmsnsnnasannsnsrsnssnssusones oshs narnst s onnessensesonsss shesesasinsans nmensonss nnserssasrsoosnncnonsoss hal

8
FVETY cvravnrnonnsnmaceesrsosmasnsascoonsosnsesnyuesuetias e st estbens sssaessunssssessnsissssconraoscmvabondanvostaiy OF /

oy . o

7.4 &ﬁ’*ambwd OB CEGIECE vavasseruserereseansrcnssnussnntnesnssossnnasonssness ussssssuntensenesrasmansancosnsansassasenss 007
N

i gmcimt(mm,m,.,mm,mw.m.,.«.A.um.,,m tesesscersiesrsrsconsnsansracrcavsnsan SR

7.4.2 Floodplain Verticed {
CHAPTER B BESULTE AND ANALESLS e ccivrcvsmassiverscsionsvammmssssescsss ressasaesssosnssssse riucrsesiva v snvacss o

&1 STHEAM CAPTURE AND STORAGE LAI58 - rccoocemvrmmosasssnssessnanmrcosrarssssitossanssssasaons saanmassrisasenss 3 b
Bz T ATER TABLE IPECLINE Lvoriaarasiseocrnssrovesmmasssrsmncansrnesnsssnse nesssonsassnasasssns1esiassesssraosass sencansacsats 19
8.3 ALTERMATIVE FUTURE SORMARIUN carescornmesssrerosomseriansssenssssessiosns srasessersssasasessvssasesns svsssscnasnnis 30
831 Open & Scer gzvriu U SRR RUUTRUSSRUP TR ATORIPNRORUPPTITL 1.
832 Conserifned 2 SO0HEPIO. v socorrecrsnmronicorarsnssserans

CHAPTER 9:0ONCLUSIONS AND RECOMMENDATIO!

Y

FOG
W ERPUIE I AT A AR T OB AR EO LU DR EIAFFOGOD AL ISUSHT ENRCRARAAHFRERA DD LN

BN ¢ e evovrvanies nacaseronm e o u oL s eu A SO AL ST €S v bRk REa b ea e T o nniassansasn EAET

3

; ARIES 13
FN T AT I BN cvvemecmanicsimnomn chascomennassseatnnsssnnensnn s6sesns aun 1ansnsseeasnsenngns ossessnnsrn kb

Y

USF200010582



ES MGOELS WITHIN THE UPPER Sak PUORO BASIN o crravmrsrossismssuns 6
FiGURE 2-1 LOCATION OGF STUDY aREA{ADAVTED FROM WACMISH ET 45, 2000) i ommommmecnn 9
zk‘ga;' €Lf(}Na'.=!«;?’?'a:,s! CR ECTION OF THE UPPER SAN PEDRO BASIN v cmrsevsooriommesssmnissnress 17
SEOLOGY OF THE UrerR Sad PEDRO Basiy (UBGS, 1999 Aray, éﬁm pEl]
SLOPING ARFAS OF THE UPPER BAN PEDRO BASIN rvroremmesiossscressssimmsrosmicovisanssm seovivn
PTUAL MODEL LAYERS OF THE L2PER SAN PEDRD B ASEY firimrmmerocssanin
”

A
ABING svsssiovssesonresiannsn

Frovey £ LOOATION OF PREVIO

rsmmﬁ% Y
Fiougs 4-d MOUNTAIN FRONT RECHARDE rseaes ragas
Fmvm 4.5 RE’P‘ FEAM AND AGRIECUL TURAL AREA S urccsnresoumessscnnisnssosinsassssnsssssecossmnrassssensmoner s tmacosenirss ol

nreuseeILEYBIAd LY AL

v
NI DRIV R SHONE (vonserscncvusrounossesmimmnersmsomunmismsomnsintesns s s 16y oso0esaarntsthssssnentsoorioe o
r

M{;L‘REZ 5.1 ‘Mmu SWELLR USED POR SIMULATION irerrcrrssnvonsmmmommsssssssseoriss ssmesscasasssnsnosssrambissverssecsuasonses ot
FEOURE 5-2 SCHEMATIC OF WELL PUMPING DISTRIBUTION toiirrrcnssmsossssssnsasmsysvesommaensonsossasss senasssivacnsons S0ih
FIGURE 52 SOHEMATIO OF WELL TASING AREAY artiiriccmmrooi somiorumscarasment srossos s0snssssos sescoss s savasssrasess
FiGimy 54 Torarn UL, PUBLIC SUPPLY PUMPING FOR EACH STRES
Fuovry 58 Toran HICA PUMPING FOR DACH 57
FIOURE 56 ToTal IRBIGATHON PURPTNG FOR EACH STRESS PERIDD orirrcriscossumsonrsraos mersssssrassians
Fioime ‘é TEOTAL LLS, BOMESTIC WELL PUMPING FORE

Emﬁ ; ’& OTAL ULS, STOCK WELE PLMPING FOR EACH 4
RE 59 Toran ULS, (NDUSTRIAL, COMMERCIAL, AND IN
EAL H STR

%]
CREOS rceasivesnsecvaceasrasmususannanisnnsmmmns

STRESS PERIOD coosmrvvuarcanssnemnsscinsascsisrsien
S PTRIDD (o cconessimcrsvinirasinserescossvsensacan

UTHENAL PUMPIN

FERIID Lesrasecesncesvormssssissssranssressssssstnsmansssnssnnnsesessssensvs s atass eaesterarsessonrirsshosmesseressosssa IEI
AL MIEXICAN DOMESTIC PUMPING EACH STHE £47 1 SR SUUOUOTN..
AL MENICAN INDUSTRIAL PUMPING FOR EACH STRESS PERIOD vcsverncosemrsssnssosncancors SF
REBUTION OF ALL PUMPING T UPPER SAN PEDRO BASINRY TYPE
FOR FATH GTRESS PRI corvrvemnresesooirmmmvsenoysorsetsoessstssnsinssessssssesstsssessesnessesssrmsscnessmnssvasassessernsnoroses G5

FICURE 61 DOMAIN I AND BURFACE ;." TR Ve EOF VTHE FIGURE CONSTITUTES I AND THE
SURFACL AREAS — TOP, BOTTOM AND SITDES CONSTITUTES I v ccvvrecoivarsvenmooncisnsisrsssrscssvonscunsssaovasios O
FIGURE 62 A DISCRETIZED HYPOTHETICAL AQUIFER SYSTEM i FROM M(,.&)ﬂmu,ﬁ
AND HARBAUGH 1984 ovrremesusnononmenninssarnens:
FIoURE 6-3 LAVER
FsGumy 64 Lay
B :{w'i Lay
FIGURE 6-6 { A
Eim By 67
FURYE é B AR

T8 IR IIY cavnoumocrressunsuarssssssasssmmsssomisnsestantss s ossanshinsebent4rentn e asusasnets oesaasesacanssnsssacan LI0)

~ 3
5 RH).W.M,..mm.~.¢.~.,m.,,¢.,.m.mw..mmw“mmm.ww.,.-um.,m.m,m.m.q.,...;.mm.mw.wm.W 66

BUBE 3 R YD wemunssmssunoruas aaoumnnosssass s assinomses s auenesso0sas uhntsuanns dnensesanmesssansnsssenscassassesmesasrennarasne (D

YL "é 02 3.1 1 TP S SOOI SOOI VPRI TSI P PPRF T PRSI +
srvanes AT 3 anruas B @ PIEAACARRIAETONG AL

POONTRIBLUTING BASINS ticrsnne
SOCTATED PUMPING WELL

"
]
S s n N B RS0 e P B 2640 BUS TSR EOER A 27T AE S EAG €5 LR S8 £ a5 ST snn s enenss B

{DEPTH FOR EVAPOTR
REAMBED ¢ mm T ANCE = HELW/M mﬂ TER MO g
N GF PRE-1060 WATER LEVEL MEASUREMENTS.....
3% GRSERVED HEADS FOR STRADY 5TATE ¢ ATTON cornvasnennes 7
SERVED HEADS FOR STEADY STATE SIMULATERIN wrvecmcamsscsnanuorsnaron f 8
T %ﬂ WATER LEVEL MEASUREMENT
JRE ’7—.‘*’5 €,‘Is'm?'§, D YVERSUS ORSFRYED HEADS FOR T8
Mm RE -0 HESIDUAL VERSUS QBSERVED HEADS FOR BTV ATION vcccacrncsnsonsrrossesenasmnane 2S5
FiestiRE 7-7 REMBITIVITY OF STREAMELOW YO CHANG STHEAM BED OODNDUCTANCE ...
Froume T-8 BENSITIVITY OF SYDRAULIC HEAD TO CHANGES 14 STREANM BEL LT AN
Frouey 7.9 IWVITY OF RTREAMFLOW 1O CHANGES IN FLOODPLAIN VERTICAL
COMNDUCT
Froure 7-18 Spws

T TSR R AT

T P P T P S £

PEIMULATION L arersnccsnsismer cransusnsns

D L T Y YT Y P P PP PPN A T

R

DS USROS U SR I PPN

CIWITY OF HVDRAULEIC HEAD TO CHANGES IN FLOODPLAIN

Ak,

TR T ATTE s vovnesnsns svosnaonsennasss s bonssuesnaness e o tmns sestnssaens mnoseans s sssnssenatsons st sseeneanssssnsss nssssanscansesry O

USF200010583



CCOMPONENTS FOR THE VRANSIENT SEMULATION tmcmrasrsommmscserone 3
EEEFOR STEADY STATE (948,

4y
P T P P P

mm.uw W }m(Lz-,.»F‘i,E’BR.I’(..\:,M)WM FROW ai? ‘*’”--3
ummm FNTERY SE S 1 MY . .
FIGURE 84 Bivit/LATED WATER £ L ORAWDBOWN FROM swu LORG.
CONTOUR DVFERY AL T2 3 BIETER 1uvnssevrersseamsssonsersonsrotosrensissstssemstsnnmessssammmsaociar vesis esrsssusers sssscroassans 9§ 1
Fzm'ﬁ B8 SIMULATED WATER LEVEL BRAWGROWNR PROM 19431997,
CONTOUR ENTERVAL 5§ METER coreivvecemimormennrssmimesrosssssus irsssacnrioes tesversss revasaminsonssonns svssscommessrossmsssses Fb
FaohRE f~£~a mw a...,ﬂm WATER LEVEL DRAWDOWN FROM 9402020 CNDER THE ALTERNATIVE
ey ' 2 SCENARIO, CONTOUR INTERVAL ™ 5 METERSmirecsircvsssnmnensessorsossernnss w;%
PED WATER LEVEL GREAWDROWN FRON H%ﬁéﬁmﬁzi} UHDER THL
STRAIKED 2 SCENARSO, CONTQUR § L S REETERS

AR

A

}
ms

USF200010584



LIST OF TAJ

4
T LR L TT L E T A T P PP R A

BEFAMEES wrvvsesmorirrosvassorsnsossnsromiussocos sasssimomosnoss 903

/ AL ST ATION cvvasavrsesossunorsossrssissimnsosensnss B4
7 BAGEELOW DISCRARGE FROB PREVIOUS STUITE S vurecroncovsesrisssnssanessnmmorsacsossasas socussmonsvosas God

HEATION e caceascorsmmivesoniessannios

FABLE 73 HEAD ERROE CALCULATIONS PO THE TRANSIENT Sih4

TEPURES SEMULATE
AN FAUTOR

ALTERMNATIVE |
TapLy A-F LenGTd o
AL Arga Con

vii

USF200010585



LIST OF PLATES

Y

PLATE & BIMAL ATED STREAMFLOW OF THE 84k PEORG Bivir (19483997 5o, SACK COVER
Uik By BEACH FROM THE SAN PEnen Biver For
REG {VGAT-ZRIBY cericnriicorsinsrisvenomvnsiiossosrassessumssesssassssensasasrmssrssssorasmnransass S K 1

PLATE & BOSUTLATED STREAMFLOW OF THE SAN PEpRO Biver vor Opex 2

\ AR COVER
Farssueneseranueussassacoussratressesssoniassseyattssnniasmnnnsenssasencnsosincescansenconssocinss BACK COVER

REAMFLOW OGF THE 5AN PLoe0 IvER FOR CONSTRAINID 2

USF200010586



» .

The creation of the groundwater model of the Upp

two developmental phases: the ereation of a conceptual and numerical model. The

1o the concentual model was ac

iv {0 view and o
somplish

P T & N oW PRI £ s N o e T
3 a 3100 finite difference erid used

by the infusion of ¢

MODEL

’

P {water level) fo ithin the grid.

ey ererd e nF e y
throughn the use of Lepartmm

43 Nt

The time period for groundwater

LOW groundwater software from the U8, Geological Survey, MODFLOW

<Ban Pedro Basin included

£l

conditions, or “steady state.” Steady state conditions were assumed to exist in 1940, The

analvsis,

steady state was used as the mitial ¢

ordin G, Alternative

= then evaluated,

The

USF200010587



CHAPTER 1
OVERVIEW

o

o Basin in soothes

SEEL

A

E

H B
BON0 WRES, IVIC

events throvghout history,

€ st Mielauryvs in the sheot out gt the OUK
> H s S . e B
Cyver a handred vears after

wiern Arizon

the Earps vs, the

conjure up images of the wild

cthose wikd dave,

controversy, Although issues surrpunding the use of water have alwayvs found a place
4 bave tale a9 Means and

the and re S HaVEe Tagen OVEr ab Neans and

venues for @ est, population growth, Federal reserved rights,

endangered species protection, and agriculture are

themselves at odds

s concerning the best uses

electric

be exira

e

H
fiow,

s ‘%Eﬂf' dise e, SErearm Ariesian

exhiib

e needs Hitle d

1

some of the many interests finding

limited water resources m the area.

USF200010588



The disrustions have caused soveral new issues to arise in the area.

ster diversions and depletions of surface water due 1o groundwater purnping,

he San Pedro Biver has now become indeniitent in

thdrawals threaten (o lower wa

hich could eliminate the currently

g valuable wildlife habitat, The

§ % Ny e,
and the !”id‘.‘a‘ e re

of the w eaie areas

compaction, and produce subsidence probie

ro River, are now forced 1o rely more heavily
s compounding water problerns near the river. Residing

whin e

within the above 1ssues is ong created by the growth of population centers, W

baswn, there is a growing demand for public water supply, and groundwater is the only

source that can satisfy that demand at the present time. How will past and present uses of

L

groundwater inpact the future of the &

The current study works 1o imp

er systems respond to past water demands by applying the most eurrent infor

hydravlic properties, weil locati ground

ty . e

s distribution, streamilows ¢

R I

4?

USF200010589



sy nakiing betier

o

that water man alternarive futures, thes

er-development choices today.

1.2 ALTERNATIVE FUTURES 8TUDY

Phe current study i3 8 component of the Aliernative Futwees study conducied by

, Desert Research Instity

temative Futures study explores how urban growth and che

er San Pedro Basin might mfluerce the hvdrology and the

seenarios from the

1 I areg . et peses c3en et g by s
holders in the area regarding issues and planning

provide vahiable information to stake

3 3

choices, and their possible consequences to the built and natural environment,

As a component of the larger Alternative Futures study, the hyvdrological model

prasented in this report interacts with the other non-hvdrelogic components, which in turn

ot the Upper San

mmpact many lacets of the patural, and anttvopogenic envi

Epcad

weal model 13 presented here as a stand-aions

,v?

nomay be evaluated in thelr own contoxt.

1.3 PURPOSE AND GOALS OF MODEL

G NP - PR S S
fmprovements to methodalogy

AR A DWW Y noel

RENY e \izgamd aros. miormation system

sioped for land surtace, geolog

ST pecharae,
240N

USF200010590



o g4 N vl Thao
E’i“.ii @ LA steam network, This

® imated pumping rates were distributed to known well Jocations,

s held by the State of Arizona
#® t1on and
& as,

nt areas

S35

e
-
*
{B!f
P
s
s
i
in
b
fc
e

exican portion of the Upper San Pedro Basin as

frarmnework for the ey

mare Compme he

s
T
i .
¢¢
~
[
=
s
3
r~
e
{9
o

ke Upper San Pedro Basin than previous mvestigations. The

mode! covers the entire Upper San Pedro Basin, and integrates the newer hydrologic

basin by the USGS and other entities such as Sewi Arid

¥ i

cludes Mexico as 2

kev componem (o the analy er San Pedre Basin, whuch was not done

1.4 PREVIOUS INVESTIGATIONSMODELS

feations have o

stmulate a portien or all of the groundwater flow |

¢ studios were rebied on heavily for i

4
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stre in the Upper San Pedro Basin, I ver San Pedro

Basin from just within Mexico to Fairbank, Arizona. %, using updated

they™s model onn MODFLOW using the standard river package.

Sionnet and M

MODFLOW with
analysis of streamy G989 modeled both the Upper and

J

1o the confluent of the Gila Biver at

Subbasin from Fairbanks to Redingion,

s from 1940-1990. The Arizona

u.o

providing a detailed anaiysis of hydrologic cond

¢ k1 L

Department of Water Resources (Corell et al., 1996} created an expanded model of the

.
Upper San

e tteen 1 ERL

et

Pedro Basin, including a larger area of the Mexican portion of the watershed,

expansion of model boundaries towards the mowuntain oot

 and updated pumping

»:m

information. Figure 1-1 shows the relationship of some of the above-mentioned models

]

with each other and with the boundaries of the current study (referred to as Active Mode!

Boundarv). For a more comprehensive examination of previous studies, the reader is

e {1994} and Vionnet (19923 or Corell et al. {1996},

#
-t
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CHAPTER 2

DESCRIPTION OF STUDY AREA

st

2.4 LOCATION AHD PHYSIOGRAPHY

[ Tn s N v
the northern portion of Sonor

e v T¥ e te Yromt e b
The San Pedre Basin is located in

southeastern Arizona. The basin is traditionally divided into two sections, the Upper and

TR o
known as “The

s, which are separated by the

n Pedro Basin and a portion of the Lower

e
. ae
§2‘§1
2
ot
b
A
[
i‘.:
bp
,f

stndy tncludes the Upper Sa

-4

 Basin. The Upper San Pedro Basin is that portion of the watershed elevated

above “The Narrows™ exiending southward into Mexico, The portion of the Lower San

Pedre Basin incladed in the study extends north from “The Marrows™ to the Redington

W S - ¥
TAM PANgE, Ais

y known as the Redington sub-basin. For convenience, ali referenc

~

the Upper San Pedro Basio in this text include this upstream portion of the Lower ban

Pedro H&kqdl unless otherwise noted,

The Upper San Pedro Basi

raountams, which rangs in hel

i

s Whetstone, and Rincon

s w
Huachuca, Mustan

oon and Wine 15 1o the easi, and San Josa,

The drainage of these

mountams s eused o the San Pedre River

—

wthern sonors, Mex e

~3
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Aan Pedro Rive
to s confluene

intermittent In olhers. A major tributary, the Babocomari River, is also perenmisl o

places. A fow small intermittent streams also contribute to the San Pedro River, bat the

3

ﬁhmm LGRS 1

TRt

mavimun above 100

elevations remain much cooler and are moister. Precipiiation in the

basin is typically within the range of nne 10 twenty five inches per vear. mount of

rainfall increases and the temperature decreases when moving higher i altitude (ADWR,
The rainfall patterns within the basin are bimodal, having summer and winter

precipitation interrupted by spring and fall dry seasons. Sumimer precipitation, providing

the bulk of the ranfall in the area during Julv, August and September, can be as much

tion peaks during the months of

m.

OF DIoCinD

70 percent of the apnual total, W

stermn centers 1O

The winter precipitation, jarg

This contrasts with the

USF200010595



3 K P N I " !
bR e S S “*»\,\}
f.,\k R W ;
i e, [ S d
{ o Tusson S ;
! “ M 3; ?3 f!
o, \\ AN H
~ R O L
T, T 5’»2 )
.
1 A

WHETSTONE % ‘{» w:?; Y \
M"mﬁ_‘* ) \ SONGHA %E

& i

N N\ Hemmgsilo
¢

2
f ‘fn. - %
) o % - s
W :35 éﬁ 3 ’3 -~ Tombsione Ky’
MTNS R @ . AW Iy
A i /T A
& \? % s § ﬁ?
e 2 H ‘f %"m !
SIERRA L / A |

s £ Huasohucs 3
- i
e @ 3
., Siapra
HUACHUCA Vista
MTHE ™o 3 Nt s ot g /
m;w‘m i \%ULﬁ /
MTHG /
;3'{ SUBWAT i"r{(ﬁfﬁtﬁ”i’.ﬁ n ¢ ,w"
/ / USA a’ f/‘
{ J MEXICO / /

- =

,;-e

SYERRA SAN /
JOSE
L, ’x i s

{ i

e Y
% %

i

e

—
TR

N Stg’t?m ﬂ\ ./
SIERRA E wwﬁr& S LOS AIO o/

{ananes

S

Figore 2-1 Location of study grea (adapted from ViacNish of al, 2001

USF200010596



2.5 VEGETATION AND WILDLIFE

Y bhe San Pedre Basin s extremely diverse
Historieal descriptions have reinforced

diife. American rrappers once re

200 skins between March

s of antelope in

- piparian forest gallery of cottonwood,

grasses along th

the basin find desert scrub, osk savannab and ponderosa pine forests, An estimated 390

species of birds, €3 species of mammels and 47 species of amnphibiany and reptiles can
also he found in the basin. Several million migrating songbirds have heen found to use

the riparian habitat along the San Pedro River. The Upper San Pedro is also home to at
feast three endangered species; the southwestern willow flveatcher, the Huachueca water-

umbel, and the i

2.4 HISTORY AND LAND USE

< and

etiad iy guseyed .
CHOG, I D, on

the i

IRy
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it the | sver, furman activity i the regio

Spantsh explorers wrote the

Journals of Fray Marcos de Miza's 1539 expedition and those describing Francisco

Vasavez de Coronado’s expedition two vears {ater con

arigated farms dotted the "Nexpa River,”

the mid-1600s, Athabascan-speaking Apache

nearby. In 1686, the first mining operations began at "La Capanes”

During the late 1690s, Jesuit missionary Father ©

3

r he called the Rio de San Joseph de Tarre

approxamately 2,000 Sobatpuri Punas were living in tweb

R fo

ed agriculture, Hived in reed houses, and raised corp, beans, cotion. and

squash. Kino established missions and visiting stations at Quiburi, Gavbanipitea, and

Cuachuca. Along with the Cathelie faith, Kivo introduced Evropean crops, livestock, and

Ey

eatly 1700s because of Apache raids
the 17708, Spaniards made another attempt {o reocoupy the San Pedes River vatley, They

wed fort, near the shandor

remagined only a few ves

vas moved south (o]
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Land grants, i the han Fe

early Mexdcan governmer
1830s, however, frequent Apache attacks forced the owners to abandon their ranches

/. the wild cattle in the aren later served

leaving herds of catile o become wild.

~F 84Ky, The wild bulls stam

S
i

tine of Arerican troops known as the Mormon Battalion, en 1o

Yen to fifteen animals were kilied, and three soldiers were woun

only a few minutes bul has been imunortalis

the Gadsden Purchase

{4.403 sguare kilometers) of the Upper San Pedro River watershed to the United States.

Is1 1858 a protective garrison was compieted near the mining operations in Canane

s 53

allowing increased production. In 1877, mineral discoveries 2t Tombstone and Bisbee

launched the area’s mining production, along with associated activities, inchuding ore

milling, fuelwood cutting, and hunbering.

In {R77, the Church of Jesus Chris

3 mdevrer Flve Sleyn D TP ivrims o .
settiernent along the San Pedro River, and Mormon

ceysres Yo s
anals, arapu

-y

was comple nrring development a

PO SRCE ATETE NIV R et d Y et v - s
iﬁ}pi}ﬂ«ﬁ‘sﬂﬂ ot HYesing i‘ YYILEUN EORIT vears, tng walersned g LTAZUNE TANges wWore s100Ked

g

rernamed a b

PN e £ e oy o R T P
Currently the mine in Cananea is the onlv large

USF200010599



active mine remaining i the Upper San Pedro Basin, [n 1959, nu

¢

Co, 0 aller parcely

el Ervee Yoveesen oo
sed for large §

fand i Mexa

public land 10 the o5 to 853 eidatarios

seven new populsiion centers {Agliero, 19995,

In the United States since the end of World War T, a population boom has

. L3
TORSE And

cocurred in the Upyp

agriculture, where recently

3

conservation efforts, Grasslands and desert serub onc

retirement destinat

ing service industries,

()
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CHAPTER?3
HYDROGEOLOGY

3.4 HYDROGEOLOGIC UNITS

F S P "y B s e 3
Rasin consists of LIvsial

metpinorphic, volcanie and consohidated

consohidated sedime

ges encompassing the basin, Becavse ol
their low permeability and porosity, these rocks are not generally utilized for their water

bearing capacity, except in a few locations. For the purposes of this studv, these rocks

are considered tmpermeable. This bedrock lies unconform

bvdrogeologic units discussed below

3.1.1 Pantano Formation

The Pantano Formation is potentially an important water-bearing unit locally and
yields water through fractures to many wells in the Sierra Vista area. The unit is

ed brownish red 1o brownis]

deseribed as semi-consoll

P

25040 me ral portion of the

i kuh e" ar iyer,hﬂ

j—
Sond
g
3
]
i
i
i
[¢]

est signilicant hydrogeo!

e sediments, 3t has not heen

Formation consisis of consolidated pre-B3

traditionally considerad as part of the

USF200010601



3.1.2 Regional Aguifer

The primary regonal sguifer consists of the weathered material from the

:

SUFTOU

)
H

ranges (s Yithin the San Pedro Bagin, the composition of the material

makin ics with depth, distance

DrOCesses ocowrring 1 the basin region (ADWRL, 1991 The b

agutfer is typicaily divided into two parts: the lower basin Gl

oy
i

i

e,

are i direct

4

Where saturated, the lower and upper alluvial units of the basin

hydraulic connection with each other. Because of thelr vertical and horizontal changes in

o

composition, the upper and lower basin fill units behave az one hydrologic unit

1

N

82). Silt and clay layers within the upper and lower units of basin £ill split the
groundwater {low into deep and shallow flow systems (Pool and Coe, 1999). A large
clay unit exists near the St. David and Benson area. This large clay unit is referred to as

the 5t David Formation (Gray 19653,

r Gl 18 an important water-bearing unit throughout most of the

basin, This unit overlies the Pantano Formation and consi

gravel and sandstone of va

18
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The upper fill and has a depth of greater than

§

200 meters in some portions of the Upper 8an Pedro Basin, The upper unit consists

o

poorly cemented, 1o unconsolidated sediments consisting of compacted silty and clayey

mountain fronts to well bedded silt and sandy silt in the central

portion of the basin {(ADWE, 19915

3.0.2.3  Confining Lones

ey € ~ oot SO U, e b pnin S DR 7 TUR S

The 5t David Formation consists of nearly 300 meters of clays, silts and m some

PO n? EIT S S PR L S S JPNUUUPPR 5 PRI, F o
places freshwater hmestones. The thickness of the clays may be up o nearly 100 meters

he clav layers form an aguitar

pv‘«»v‘

thick near the center ot the Benson sub-watershed. ™

fer and the regional

between the coarse gramned sediments of the overlying floodplam agu
aguifer below (Jahnke, 1994). These clay layers are observed to confine the water
bearing units below, thus creafing artesian conditions in wells penetrating the confined

sedimenis. In some areas, artesian conditions exhibit flow above the ground surtace,

creating flowing actesian wells, However, Viennet (19

bagpnd b artocism sirolie et s S 4
crion i the water level of artesian wells due n part to pumpng from the

1.
artesian wells

clease of water pressure by uncapped flow

contined mii}

1 Pedro Basin, This carthqguaks

In 1B87 a major earthquake struck the &

sparish for “swamp™) areas

balicved 1o have caused swamps and clenega (Cienaga 1s

the 5t

o e 1 T P ST S U P :
nated as well as causing some sprmgs to dry winle off

used artesien pools 1o appear and o

HIY £X 1‘%““;“

Ry
&%,
oF

USF200010603



: ~ S UBPER SAH PEDNO RIVER VALLEY oy |
I |
|

I

|
?
?
} i
;
§
i
{
i

o E MMER
VALLEY

i

HUACHIEA
BOUN TAIS

D T—————

_ SURFAGE WATER ULE

RECHARDE AREA , ;
ECHARSE ARE S UShR PEDRG RIVER) anwmmﬁg

DIMENY SREA 7 YOUNGER ALLUVIUM
S/ TIELIOD PLAI AGWIFER]

ﬁ
i
Qe

CONSOLIDATED
BEDROCK 44,
MATERIAL

TOMS0L ss..»‘i'E’“%’iE'}
HBEDROC
B f‘k"!‘Eﬁm%A

«;&»QS&ENU&W‘! wﬁ?ﬂiﬁ“

Figure 3-1 Conceptual cross-section of the U

er the earthquake began to flow under artesian conditions {Hadley, 199¢

Other areas where artesian conditions exist in the Upper San Pedro Basin mchude

iocally

oyr s

el

the Palomunas-Hereford and Redington arcas, where the regios i

S0 Hicant water-beariy i, and are not

PR S SN S AR

systems in the basin. However, the clays have

¢ considered as part of the aguife

sigmftcant etfects on fow 1 the more per

i ave thus important 1o

ooy

i]iwted

3.1.3 Floodplal

naow

n Aguifer
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tream How rus over

O g
exposed bedrog

3.2 STREAMFLOW

The San Pedro River has a varabily entrenched channel that meanders through its

o~
4 §

riparian forest area. The depthofe

FRrenonr

t of the sediment

= Meoxican border to Favbank, M

the mouths

in the channel is coarser than that exposed in the arrovo walls, especially near

y. The reaches frem

Hereford to Cahrleston are generally gaining and are perenn

&2

»4
oY

j5y)

—

. The shallow and exposed

bedrock found near Charleston and the Lewls Springs arcas governs the gains in this

geologic restriction near Charlesion forees the water (raveling

o the regional aquifer e the floodplain and mte the stream ¢o

Loy T crmer g e Evra s it
“The Narrows™ flow 15

the one mentioned previoushy,

R S # _Laﬁ-ﬁ
exists at “The Narrows”

ier upward o the feodplam.

ST rﬂ”' Uiermittent excemn for

short perennial segments where hedrock s at ¢

the Redm
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CHAPTER 4
CONCEPTUAL MODE

4.1 MODELING METHOD

ArcView is produced
d primarily to view

) 1 a spatial context. These shapes are

point, line, and polvgonal
linked to attribute information contained in a database format (topologyv). Polnts, arc, and
poiygons represent map features within a coverage. All shapes used in the conceptual
model conform to the Universal Transverse Mercator (UTM) coordinate system using

00

North American Datum (NAD)Y 1827

4.2 GEOLOGIC BOUNDARIES

Geologie boundary conditions i the San Pedro Basin were determined visually

cove and Digial Elovatio

Pro
d guaraniee as 1o the accuracy of the

types, From the

areas designated as alluvial, Within this area, howsever, there are bedrock ouis

. . .
5 an upage ade apted

These outerops v

¥
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4.3 LAYER1

Jic gr radients and PRTTLK

u

have steep h

conditions due 1o shatlow bedrock, In order to simulate thes

rved conditions, and

retain water in the steeper portions of the San Pedro moedel domain, 8 layer was created in

the areas having greater than 3.0-degree slope. This laver provides a different modeling

L=y

strategy than has boen used n previous model:

order to determi reater slope, a slope analvsis was performed

using the DEMM The slope analvsis indicated that there are fow
major areas which have a steeper than 3.0 degree slope. These areas are along the

Habocomert niver, norvtheast of Tombsiorne, and the areas on the cast and west sid

fioodplain extending from *“The Narrows™ to Reddington. Figure 4-2 delineates the

portions of the active model area with the st

The hydraulic properties of Laver [ are those of the regional aguifer system.

vt

Esumates for hvdraulic conductivity within the regional aquifer, taken from previous
studies of the basin, range from 0.03 to nearly 4.0 m/day. Hydraulic conductivity zones

rrespond (o those of Jahnke (1994) and Corell et al. (1996),

epresentative of clay lenses and

ahatiow bedrock, which restrict the vertica!l flow of water in these areas,

USF200010608
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44 LAVERZ

not conforn w the way that the San Pedro Basin

M i

has rraditionally been modeled. Laver 2 includes both the Upper Basio il of the regional

ageifer, and the Hoodplain aguifer. This modeling technigue was necessary (o provide

‘er beneath dayer 1. rder to ailow
water 1o be transmitted fror sdel lavers need to be
, and consecutively. ver 1 raust overly laver 2, and laver 2 roust
overiy laver 3 {the numerical model does not allow water o transmit from laver | directly

£ -

rface elevation, except where layer 2

ig overlain by laver 1.
il

Flesrer 7 wwme oivan fhe rometant I N T P
s of layer 2 was given the constant hvdraulic conductivity

ot ot Aoty oo F T s "k byt engos A % ~ W iens Cn ey £
onstant depth of 35 my The lateral extent of the floodplain was

hade of the DEM (which provides a three dimensional

appearance} and geologic map

the {loodplain and upper hasin Hil were given the constant values of 0,15 and 0.08

&

SN T v pr ot ey g TR & Sepiy - FARaNFal
en the constant storage coefficient of 0.0

respectively, L

o s
or kx?)an,\,'s,‘f.l "t“{" SIE SLOT

tstent with the studv by C

coetficient are cons

riion of layve

{1996y, Hyvdravhc conductivities

for over 10 mi

4.5 LAYERG

s T, - "
dlansely corre

et of fayer 3

[
f¢]

ricted m many arcas from that ol layer 2. 71
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. > F PR N Ly v g 4o
tive of the bowi-like nature of the underiving

reduction in lateral extent is represe

crystally 3t the peologic basin,

he hydranlic propertizs of laver 3 are similar to the regi uifer properties of

laver 2. Namely, hvdraulic conductivities fali within the same range, and specific storage

1

and specific vield are given the constant values of §.0001 and 0.08 respectively,

4.6 LAYERA4

Layer 4 represents the consolidated seduments 308 meiers (~1000 feet) below the

Pedrg

ground surface. Halverson (1984) conducied a study o the Upper Ran

t and depth 1o bedrock measurernents

Bazin that was used to determme the lateral ¢

S Y o, PN NS . ¥ ¥y A SN S et 113
The sediments below 303 m (which are above crysialiine

“hedrock”™} are representative of the Pantano Formation

The conductive property of the layer 4 ditfers trom the other layers in that 1t is

addressed as transmissivity. The thickness of the layer is known, and an average

conductivity was assumed over the thickness. Relatively little is known about

the hvdraulic properties of this layer gt depth. However zones of transmissivity we

easily e wpeductivities of the sedim

3)
ruv—
“'Z;.
o
e
s
oo
et
o)
%
o
P
gt
=
o
oS
o~
Loy
o)
el
s
.
st
(=1
g
=
L3
&
ol
ey
pey
L4
L)
-
]
e

conductivity value translates o

meters in the center of the basin pear the Mexican border. Figure 4-3 shows ¢

gt £ 571 ¢ iy ererrden nanseet v £ Eve gee e odend
relationship of all 4 Javers contamed n the model

24
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wain efuayer 2

2 Wedel Baundary

Figure 4-3 Conceptual model layers of the Upper San Pedre B

4.7 AREAL RECHARGE AREAS

v Basin are from

zone of coarse alluvium

fows downward thro
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front. The width of the recharge zone s dependent on the nature o

-

O g URUPUPR ST i WO P! .
runoff from the consolidated rock areas. Infiltration takes p

lidated sediments. Subsequent movement of water through the unsarursted zone

is controlled by the unsaturated hvdrautic conductivity, which varies with the physical

pature and the woisture content of the sediments. Some perched waler may cccur on

o’

near the mounta

warge zone {Anderson, 19923,

The guantity of water poientislly avails

ihe precipiiation minus evapotranspiration on

Mok
]
p
Bade

accounis for changes in sail moisture, which are sssumed 1o be small over a long period.

The eguation developed by Anderson and others, Equation (1), is used 1o determine

regional mountain front recharge amounts.

i’s—
Log Chess= -1.40 + 0.98 Log P ()

he Cheor 1s the recharge rate, in inches per year, and P represents the average amount of

'

basin-wide precipitation in excess of 8 inches per year (Anderson, 1992). The average

precipitation for the Up

Prec

pitation (£} for ¢

£

recharge rate equals 0.008% m/day. Multiply the recharge s

ng volume of mouwniain front recharge to the basinis 175107

Figure 4-4 shows the average precipifation within each

ributing to the Upper San Pedro Basin,

e ADWR (19915

in front yecharge occurs in

¥
i
Eo

USF200010613



L PN
24

arge &

front rech

in

&
i

Mouant

4

nre d-

g

i

e
™y

USF200010614



o
St o
o o
M e} g
b - 3 ; A
¢ % L . o
N , 2 L o ; i
e o oy = o] oo i o
e gel i = ol jot - B
55 . e, = 3 = 5 <
= = et ©“ -t = 23 "
wd = ) ’ o ) od ot
s t<s] [) e 2y — p = P
& a3 50 - & w8 "3 2 & 5
4 R E p g & &
= &= Ly 2 ' o 42 o £2 &0 o
. L e . I - & X V53
et -4 24 o St s — e § s
D e I = R s o = 4
e o R st ey o oy = =
& = & B - = = = o
b £ - “e 3 by
b o e s = jou} . w
ot - eek ot e oo ] N
et = e PR ~L sty &, - o
) = e i & =S fo e
] ; a [ o o 3 et :
£ Nt Gad 4 ot e " -
o ooy [ « o ik a4 Lot
5 ] Fos) i e R, e o %]
- “ o3 " o =6y gt b
: o : o 2 B i %
- & vt = . b = .
o e, = e o) vy R mﬁ ook .
o oot + o = ot ] Sy
frcied g et oot g e e
bud R et ) ] ] oy 2] o
s B e x ol B 2 & b
% bt S Tv“ o et -
G - oy - £y - < ] L
I g = a8 e g
2 & b ol o 02 = = =
. ik o © b o : =
L i ¥ A = -
& u ] + = = -
b - ot « . et e
pend % o S B Fon
B e e R a3 e o
ol o A 2 = o
: g ” i A (e o i
o] ] = = W@. fo o
o B 2 = P & A .
= e el R W.& I~ o L2
Pt - g o £]
< g £ a2 2 @ -2
b jo vl S oS o - o
=i B o - ot g L G
[ o ko] = - ot e
bt = &2 or] = = & 5
7] - &% < b ’
& ¥ e = i = “ i
= £ - > -
S & o £ U B
7] - s ] = = ® e
Ft e L Limd - et oy Pt B
- - N
X ) ) ) o i
3 ~ o 43 o [0 £ o &
4 Fod et ‘d ol L
et ) jor® N srinod wﬁ Nuw et = Lﬂu
Lo fed w,, b &G & g >
. = = - o) b 5 P <
iy 1) 5 p - o e [ o o a2
T i Pl ¢l -
S g 2 < = £ o & 8 =
:ﬂ“ P R ﬁ ~ E e e s )
X oy ) i o gy 4 -
i st = 5 T [ = iy Fad S ot
T N o] - ﬁw sl ot g ni
45 g 1 e o & W -
oy = (4] ] ol ﬁ £ [ T
el per] e = 2 Pt i
g o3 o~y Lo e - po e
o] i 5 - . Qs e o .
5= A o e o ) ] o o2 i o
&= & e ] = . ™ R = = .
s =z . 42 o ¥ . ‘ i . =
Z o = = = = e @ . =
& - »vun»f & Py " & o o
15 bt a3 et Ta, it =5 = s e
o &2 ford IS o8 o ~ b o -
< = B @ e A p 1 R - & - =
= P W » ey webnt e ] & [ b
= o = 7 S &3 =] = ot & —
e e B = 3 - e A Bt (o I = . oy
g g & £0 = o > & o Z i YT
= - 59 e e b} ey bt = ot ]
N I v W P . - I o " f sy b
s P - fo) iy s e ey (e St s et
st - =4 e u o) = T 53 ol e ot e
L : o’ Sy Py + ot 4 &3 fn o oy
e 4 o~ et st 4 - ot At L b =
i = 3 earead at B - Yt - L
o= o joun 5] i . [ o P ™ L
- = «© . @ faY = = g & b
- = o s roy - -1 .
o] Ed o N e - 4 fre] ot i3]
D Y - £ o o it (= 5 7
o > Y *a 51 v o it Ne
T = o @ = . 3 o
— o E] ) 5 L+ >
Ay f b
i i b
- 2

USF200010615

Wiy

)
o



COVETRED | indormation ¢

faitow, Agricultural polyvgons within 120 meters of cach other we

A recharge rate for each polygon was computed using the pumping rate for all

were addad i

As irrigation areas and wells were removed from the mode! over time, such
case with the creation of a conservation aree, the recharge polygon was removed in

addition to its associated wells. This process removed not only the recharge proces

ot s

AEEAtion We

e b Foeo e i) T
fhe o L..‘rn { W{): 2 SIFCSS as weldl, I

A totad of 592 welis w

g o

4 TN wrreble wuie PR S H e
An addiional 33 welis were not asseciaied with an Mszw itural re

which were gsso

discussion of wells see Chapter 5,

These polygoens include both currently active agricultural lands as
stouped together as

o size 1o be

0. The pumping rate for all of these wells

by the area of their associated polvg

ol 8550¢

wigh to mee! the size criteria, none

USF200010616



4.8 EVAPOTRANSIRATION AREAS

Riparian area

of the riparian ares was determined from satellite covers

397 (the extent of the riparian arca in 1940 is assumed 10 be the same as 1997). It is

2p-LISER

floedplam due 1o the refatively shallow water table conditio

e

shreatophytic vegetative cover, significant to this s

P

od-willow ( Populus fremontii and Salix gooddingiiy, Mesquite bosgue (Prosopis

5 ryv

veluding). and 2 mixtore of the two tvpes. There are other tvpes of vegetation suspected

of using groundwater along the floodplain. namely tamaris i

K s3. however

k and saccaton

N

they are not considered within this study as they were deemed insignificant on the

sl

¥

Along the foodplain of the San

g
%

edro River, the cottonwood-willow (Popudus-

et
f—.

Salixy are the domimaynt and sub-dominant oversiory species. Thev form a narrow forest

/

gallery along the Hoodplain, and are obligate phreatophytes, relyving almost solely on

- "

groundwater for then water needs. The mesguit nsopis) are present generally as a

subdemingnt tree of shrub within and near the cotionw

F‘ﬁémﬂ Ui xSl a8s an opnoriuniste “}hf‘i& {3
] i ¥

events. Mesquite also exist as an uplan

i
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The we sy plants {or evaporation and tanspiration processes

gs evapotranspivation {E17Y. As this study i interested only i the indferacoon of plants

~

with groundwater, all further references to

ET assume only groundwater use, This

assumption bolds farly well for cotionwood and willow trees, but tends 1o be an

. as studies have not been

s differentiate between n ’ie;“,ﬁuﬁ“ ' 5"5‘"&0&\’ ater and surface water 3oure

Mesguite, as mentioned before, is opportunistic n ifs water consumption. Water sources
J{ L

for mesquite plants can vary dependin

from the ADWR given per sub-water

imates from a more recent study show BT rates based

station type, 2.074x107 m/day for cottonwood-willow and 1.027x167 vday for

mesquite (Seott, 1999). The larger ET estimates by the ADWR mav be duge in part to

3

0 pumping. ostinates fom Scott £

ential wildiife habiiar associated with

As a side note

the ripanan avea along the San Pedro River, the San Pedro River National Conservation

Area (SPRN

& has served to protect the riparianp

area, and has laid dormant many previously wow lving within is

The reduction of greundwater use caused by the creation of the SPRNCA

d further in Chapt shows the relationship of agricultu

y debmeated o Figure 4-5,
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1 Agricuitural
3 e tation

BB OUE

odul Boundary

Figare 4-5 Hiparise and sgricalinral ar
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4.9 STREAMS AND DIVERS

mm

ONS

Rivers, Ash Creek. Paige Creek. and Hot Springs €

to Dravid Drrch and Pomeres

of streai How from the San Pedro River,

for the San Pedro Basin, Flow i the

Liver is the primary dra

aseflow. Runofl is stream flow
ting from individual ratnfal! events on the watershed and occasional snow melt in
£ : " x 3:

the surrounding mountains. Baseflow is stream flow resulting from the discharge of

groundwater to the siream and is characterized by sustained low flows showing relatively

The San Pedro Kiver is perennial in mapy areas. The perennial flow is due to

factors involving the discharge of groundwater to the stream, which p

L
[
<
ot
ot
o
[a¥]
2]
e
[E
o
£
vl
2,

4
&
[

cliable source of water to the river.  The areas of the river that gain water from

groundwater, are thus referred to as gatning reaches. Causes for the gaining reaches

go, e

flow i addition to stream flow caused by normal water table conditions.

ent behavior, with se

s Hor imternaiience nclude seasonal

FRLCT OOOUrS

water demand 1CH is then
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shreatophyie and it

applied to unigable crops.

demands for water are lowest, during /SpTIng.

Y

The Babocomart River is the largest tributary to the San Pedro Raver, with its

confluence near Fairbanks, The Babocomart maintains perennial flow in two reaches at a

distance of approximately 4 and 15 miles from the confluence with the San Pedro River

ige, and Hot Springs Creeks flow into the San Pedro River north

d Hot Springs Creeks flow mto the San Pedro north of the
No published data were obtained on flow rates or total discharges for Ash or

Paige Creeks. However, Ash Creek apparently did flow perennially prior to the

development of the area (ADWR, 1991). Both Ash and Paige Creeks were given

estimated baseflows of 978 m”/day {289 acft/yr). Hot Springs Creek has an estimated

baseflow of 6229 m'/day (1846 acti/yr). The values for baseflows given above were
calculated in the report by Jahnke (1994), and are mainiained here for consistency with

that report. For further information on the calculation of these baseflows, it is suggested

Diversions into the St. David Irrigation Ditch, e

1 e o e ~ ” " o
began in the 1881, The ditch is 8 miles long and is esty
capacity of 61165 m /day (25 ofs) (Putman et al, 1988). Average diversions from
5 ¥ e it g
1990 recorded by ADWR have taken ¢ of 14948 m’/day (4425

ce water

fements low surfs

1

However, the St David

£

the surface diversions with

34

USF200010621



wdered 19 that of surface water

sundwater uniyl 1947

Dyversions inio the Por in 1912, when the ditch was known as
the Renson Canal. The cwrrent dam and works were constructed about % of a mile

on of th

N T O R Ry 1M a1 ey ey e [
Te At 1me, LX&@YEChﬂg d{}pffjf{{’i‘{m?xﬁ?y i

3

miles from its head {Putman et al, 1988).

1 1

The average vearly flow in the canal calculated
by the ADWR (1991} is 3283 m/day (1563 acit/yr). Thus, again, only the diversion of

surface water is consideraed as part of the steady state represe ntation of this irrigation

The location of all included streams and diversions within this study of the Upper
an Pedro Basin are displaved in Figure 4-6. The inclusion of Ash Creek, Paige Creek,

erene Canal and the St David Ditch {and consequently their flow

rates) is consistent with the modeling approach taken by Jahnke (1994) for the Middle

San Pedro Bazm.

o
P
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CHAPTE]
WELL PUMPI _5%(

o b

51 LS. WELLS

{he use of wells in the US. portion of the San Pedro Basin is recorded and

s Department ¢ es {ADWR), Annual well

culy for wells within groundwater basing

coatod as

wion Areas

information maintained by the ADWR is contained in two areas: the Well Registry and

R fos

the Groundwater Site Inventory (GWSI).

4.1 Well Regisiry

P Act went nre effect 1

-

wiructed in Arizons must be registered

Jel E“J“ZES{T\ contains mformainon

s throughout the state.

2

-, may not have been verified

4

o roguln

siration, wii

voluntary. There are probably many unreg ce that are not meluded
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N

the sccuracy of this information.

{he positional accuracy of the Wel

iownship, range, |

are reported o

tate of A

MNo warranty of any Kind 15 expressed or ¢

R do not pu

SRy
F %

rantoe

zona and the AD

even imnplied

HECHR L &

nearest ton acres (guarter-guaiter-guansy sec Lbﬁ YV order 1o 0ap these locations CYELY

Sy vty e etada hes Reon o 3 L E tamoaore poile 1é Emrtuoniies cpelle o 4
section in the state has been subdivided into 64 ten-acre cells, 16 forty-acre celis ard 4

P

s with a iabel point ass

y the center of each o

rrppengd 4
ZOed T
&

o
£
3

enter points are then used io represent the approximate locations of the wells, There can
be more than one well on a location point because all wells within the same ten-acre cell

are assigned to the same label pomt. This met

5.1.2 Groundwater Site Inventory

hod for positio limits 1

I poings

s 150 meters,

mee maintained by the USGS and now matnizined by ADWR, the GWST ditfers
from vhe Well Registry 1o both content and  purpose, The
nformation about the construction method, lovation, and more recentiv m el waler
fevels of each wel frof the GWST wells has heen verified by ADDWER field
measureinents. Bach well position s dey and

%

Although the

g
Yi.

r wells recorded, ¢ simate

pomion,
(4
pt
-

s A0 00,

PRIk

SITETe

Pe]

armation contained

~

USF200010625



s active mode! boundary of the San Pedro Basin

1 were within the

s were sliminated

ohservation wells), Because of the more

-1 i wells within this time per

s

wells was deter

(‘J

arks portion
the time for which many wells were destroye

545 wells bad unknown '"(U"‘ﬂ&i tion dates,

the next chapter o

iz were not found, remarks

y determine

or turned off

yvers 58 vears (1940-1997). The

were subdivided ito 11 unegual stress periods (see Table 5-

The first

cond well was assigned o stre

~ o g Yir 1 %
msouth ranking b

i,
L

tude and long

R .
(RS I 440

well was

3 OBLress

el 5 1o stress peviod 1}
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beptaning of each

stress period marked the completion date for each well. This method also nsured that the

i

huted over the north-south divecuon.

wells were undfonmiy dis

Yo
LR

Well indormation from 1980 10 1997 was {al om the Well |

nne period, and

o ace

S AR e veyen plonevwrnsart oy Basx
miormation was deemed 1o be as ace

.m
i)
7
=
o}
ol
)
]

wnsive than the GWSI

COMpLe

ADWE, many wells in the registry were never drilied «

which of the registered wells were actively pumping, this report developed the foliow!

>, or exploration. Some of

Within both the Well Registry and the GWSL, for some wells, there are

designations not ondy of well type but also of primary water use. If there was no primary

i water use was determined by secondary o1 teruary

.«

use designated for a particular we

Yooy PR e dese wonet boytey 1 FepE e '
thoud that will be described later. The water use types used i the
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e Instiiotional Wells

o water use tvpe was distin i GWEL did this cceur), water use was
QETETITNed Uy

, .

* Fto Y00 gallon
A7 Y . . e o Y - P N ooy ex . o od s 3 g e 3 e

® WS L iess t 00 opm test pumning rate were consklered domestic wells

s Wells within the floodplain with no associsted test pumping rate were
irigation wells

e All other wells with no associated test pumping rate were considered domestic
wells

Pravious modeling exercises in the basin have used a nigue atinbuting
purmping rates (o an area rather than a well point (Freethey, 1982; Putman et al, 199¢;

Viennet and Maddock, 1992 and Corell ef al, 1998). There are several reasons for the

areal attributes. One of the most commen is due to the application of the

t::.;‘
Z’;‘u
ot
[
)
b
bt
0
jn
&
T

eater density, as

12t inode]

Frecthey (1982

associated with a sk

the higher densny

fur A3

well pumping |

igned wells pumping 30
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ke each acre of

5] b PSRRI TeY
ear, 2 well with 3 pumnping

rate of 300 acre-teet per vear would b

igned to this plot of laad, This praciice is used

primarily o determine the amount of water pumped I an avea when the location of a well

fn

HUTPAZe are not known.

According to the ADWER i s

could be improved by & more accura

space., as well as a better knowledge of the vertical distribaition of pumpage in the
aguifer” (Corell et al, 1996}, Using the information in the Well Registry and the GWS!

int the San Pedro Basin, puraping

pors b &

rates were assigned to individual wells, Figuve 5-1 shows the location, as well as the

primary water use of the final wells selected for this modeling study within the Upper

San Pedro Basin

5.1.4 Distribution of Well Pumping

The use of individy i deling strategy 1o the San Pedro Basin

point, I orde

3 g

;.f?ﬁf»\’ s studies were gsed.

> by 30 percent to account for recl

R S S, i iyt ot vnrelle foom e S 10
pumping estitnates were attributed to individual wells {see Figure 5-1}.
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stimates for individual well pumpage were taken from basin

. .

estimates of pumping.,  These initial basin wide pumping estiteates were eblained from
pradigs.

.

Corell et al. (1996) and Jahinke (1994, Bstnnated pumping

O RS s et e T N o
e and type of the well. For the soven vears since 1990 (the last v

information), estimates for pumping were extrapolated usy

pumping raie for an individual well, of a;

pe mtroduced after 1990,

or the particular vear

and rediztribuied to individual wells, 52 and 5-3 show

tions of how p for th

et £ te NIV T
stimgies for the entire UL, portion of the

bastn were then attnibuted to mdividoal wells.

-
o

L@ e Domestic Well Fumping
- T g

Figure 5-1 Schomatic of well pomping distribution

A1 Aevermat e woedl e
A GOMeSTE Wels ‘r&@gﬁ

was removed from the instial e (I, taken from
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previous studies by the Petal (1996), and Jahnke (1994),  The remaining ¥

of the estimated pumping was non-domestic (8) as seen in Figure 5.2, This process is

)

described in Bguation 2.

¥

The remaining non-domestic well pumping (/

hased on the cross-sectional area of the casing for an mdividual well, It is assumed that

there is g direct relationship herween the ares of a well casing and the amount of water

purmped. The Imitation on the volume of water pumped from an individual well 15 its

assuruption 15 that the cost for creating g large diameter well imits the user to drilling a

well ondv big enovgh for the wells primary use. A final assumption is that the user

Lﬂ,\
>

af

o3

particufar well mtends to pump that well to its greatest capacity (minimal expense,

maxinum vield),

Hased on the above assu

dugl wells

balow n Figure 5-3 and Hguation 3,

The dimmeiers of

1 divid P ol non-domestic well casing areas (T

>, Hawell did not have a

H

ublic supply, &

ction of the total well casing area held by an ndividual
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LT =

o~
ok
~am”

“ iy

When multiplving the remaining non-domestic puraping rate (#) by the percent area heid

ey
s SECT

. the result is the puwmnping rate of an indiy

(4

“he total num 8, from 1940 through

¢ 23 stress periods, rangl

Figure 5-3 Schematic of well ¢asing aress

fength from o 13 vears. The pumping for cach vear withia a stress period was simmed

she ,upgj

2 took place on a company-bv-company b

| U SO &
e iota: volnme o

; contamed ¢

0

hased on the sechional

he process of s

A
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=a of well casing: ihe
operated by & particular company werg |
well casmyg was divided by the total of the

1

iis

G

roall the we

¢ crogs-sectional a

! area of an dividual

ectonal well arcas within the pa

w 3 ‘IE‘X “‘}/y

The fraction obtained was then multiplied by the cormpanies” tomal pumping value i order
btain a pumping rate associated with an individual well. The pubhe supply wells not
associated with a particular company retain the initig estitnate assigned 1o thom

Tabde 8-

% -

ress periods

10404

z 1942-45
3 154650
4 1951.83
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B 7 1968
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e

19689.72
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.wias o

23).  The mivrmation obtained from the ADWR was contained in the Hydrographic

The information gleaned from the HSR concerning water ase by water companies

{/}?_’N} %k‘/{/ﬂ &Y Y

N
g
fols
P
-

FGO7 were intervolated, =n water use mformation v

by

ase from 1

linear

»,."

% in the basin. Values of pumping

T

increase from each company’s incention date.

Howas made clear in obtaining ~use information from private water

5

ves in the basin, that the water use figures were metered or bifled water sales.

«

)
Lk

T

Pt
b
o
e

,...s

e

This figure in most cases is less than the total amount of water pumped by any company.

L]

i1 the case ol Bella Vista Water Company in 1997, the billed water sales totaled

sk

ace. Inthe case of & smaller Clond Nine Water Company, according

otaled 3,796,000 ¢a

the metered wats s in 19497 The an-imet

v 4 times the am

this gre

{ ey
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&1.7 Wrigation Wells

One of the larg sundwater in the San Pedvo Basin is for or

cult type of water use 1o

Uniortunately, o spite o

The difficulty Hes i the fact that well locations were not recorded by the state
and like Pedro Bas ng
records are not required by the ADWR. Many brigation wells that were i use for a long

period of tme before 1980 may have been destroyed, abandoned, or ¢ iy uee has
changed. The GWSI provided information on many of these wells, however it should be

ed that are not accounted for in this study.

iy weils might have ex

Irrigation in the Hereford-Palominas area of the San Pedro Basin

due te the creation of the SPRNCA. All of the frigation wells

within #s boundaries ceased to operate after its creation in 1988 (stress period 14). There

are siii! some inholdings within the SPRNCA, such as a few domestic

residences/subdivisions in Escopule Estates and a scout camp that operate wells

{ Whetstone, 2000). These few wells are classified as domestic pumping.

Although irrigation in the SPRNCA was elirninated, basin wide nr

onfy reduced slightly, ation near the cities of St David, Henson and
northward has continued. brigation rates since the creation of SPRNCA have remained
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5.2.1 Domestic Wells
Domestic wells are sl the recorded wells not owned by the mining operations
amanea . Some of these wells may be owned communally by enidos, and may bave

17

in agriculture, however specific water demand for these areas s unknown. It

("Q

SGINC Us S

was assumed that these wells have a pumping rate equal to domestic well pumping i the

d States (0.5 Acft/vr). Allowing the assumption that Mexican use of water is less

| S A g O RIS Ty
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ner mdividual,
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sible uses, Domestic pamping rates for
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CHAPTER 6
NUMERICAL MODEL

6.1 MODELING METHOD

The creation of the numerical model was served by the mfusion

odel into a finite difference grid (addressed below) through the use of Department of

MS) sofiware, GMS (s an infertace

GIS applications and hydrologic computer models ing CW, MT3D,

RT30, MODPATEH, SEEP2D, and FEMWATER, GMS assists in conceptual model
creation, mesh and grid generation, geostatistics, and post-processing. The interface used

m GMS contains 10 different modules (GMS, 199%). The map module s used

o

.,..\
-
o=t
@2
s
£3
i
S);i‘a
s
3
P
St
=
e
L4
L]

extensive onceptual foundation of the current

dimensional grid module is used during imeraction with MODFLOW

selected for this study because it awtorsates geid construction, facilitates generation of

! e

Fe)

ead comours, and allows model representatio

FR PN ) E AR Ny Jon wvi {  homtesy
the GIN apphications mentioned in Chapter 4,

fly describes the Sow model used by this sty

equation 1or three-dimer

T o
thr ougn a saturated, heteros ZENECUSs. AnsSOin
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within the domain D, and boundary conditions,

K Vh - (H,-mn-0] =0 (7

L

1

2), the three-dimensional coordinate directions and are asswmed parallel

to the principal coordinate directions of hydraulic o x:ﬂmiéviig L.

¥

rg ~i
material [L7 ],

Wis the volumetrie flux per unit volume and represents sour

he notmal vecior pointing outward from the boundary 77 L,

&2
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stress-induced flow from the boundary, the boundary 15 2

51 2

and the nature recharge and discharge through the boundary

b3 . GNG
T % + et By ey o 1 S .
3. it s otherwise, the boundary is OOUngary.

oa of the

d with the previous equations, specitically

nof stresses and wreguiarly shaped

T

boundaries, analviical solutions are rarely possible except under the simplest of

sitnations. Mathematical models simulating groundwater conditions thus require
aurnerical methods to approximate their solutions. Numerical solutions can be obtained
by applying finite-difference methods 1o a system which replaces the continuous spatial
and time domains with a set of discrete points in tivee and in space, and solves for the

3.t

mroundwater Flow Model

g e 3. - oy
&%), appiies a finite

5-23. The aquifer system is

G, COTUMS, 8na i?‘xx't“i(" POY

ey /stﬂ Iy
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Figure 61 A discretized hypothetical sqauifer system {from MeDonald and Harbaugh 1954

The period of simulation s divided into s of stress periods, and within a

stress penod, all parameters are constant. Each stress period 18 divided into a series of
time steps. For this study, there are 23 stress periods divided into 58 one-year time steps.
MODFLOW computes the bead and a mass balance at each node for each time step. The

er 1o Incorporate a series of pack

program has g modular stn

wvren sl - . cocxemes grereren ot ool gaiet be o war R ey L ey
modules to simulate ditferent processes associated with groundwater: gvapotranspiration
recharge, draing, well purnping. and streameaguiler vieraction

i Pedre River and neor high-depsity
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Figure 6-4 Laver 2 grid
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n {in/vear)

nountain front recharge for the i individual basin

K= the fraction of the

g

When &; s multiplied by the volumetric flux of mountain front recharge {m /'s;iay}

I mode! {see Mountain Front Rech

Loy e £5e
recharge i the 7 basio, flux for 4

calculatic wplays mouniain

s the recharge rate of a particul

m- .

front recharge cells” rates and their contributing basins” precipits

6.5 AGRICULTURAL RECHARGE
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The percen
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CHAPTER
CALIBRATION AND SENSITIVITY

7.1 CALIBRATION

1

The hydrologic model was calibrated for both steady state an

mdividual we

previous studies {Corell ef al. 1996 and Jahnke, 1994}, For both water level and basetlow

calibrations, the values of the hydraulic parameters and boundary conditions were
admusted mamually (rial-and-error) to provide betier parisons

7.2 STEADY 8TATE

Under steadv-state conditions, the natural recharge into a basin is equal to the

natural discharge out of the basin and there is no loss of groundwater storage.
Predevelopment or small-scale development conditions in a basin are usuaily modeled

7.2.%7 Water Leve! Measuremenis

ibration of the hvdrelogic model, using water table conditions, was

orded by the ADWER m the Well

sier levels, re

performed by correlating measured v

y e
4 ¥

Kegistry, to modeied water level conditions. Water level measuremments at individual
g

well locations taken before 1960, Fom »

hig
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ate conditions, the

steady

aba s SRR T, T Fhaen xromeyw N
within the floodplam. The vear s seale

oprent did tot occur untif ¢ as well as this d

distribution of weil measurements throughout the basin,  Figure 7-1 shows the location

of the wells

b

> steady state cabibration
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N oA Y [ SR, A
gsed orthe s o from W

smoved from the calibration process along the mouniain frone, near Nicksville,

south of Sierra Vista. These wells were removad as they were thought to be assoctated

with perched aquiter conditions cavsed by shallow bedrock along the pediment. The

Cswithin 127 meters of the land surtace

believed e nt the regional aguater syst
Water levels for the 201 observation wells were assigned to layers based on the

s necessarily indicaie s

screened within a depth represented by model layer 2. This layer inchudes both the

By 3

floodpiain and the upper portion of the regional aguifer systern.

Figures 7-2 and 7-3 graph the final calibrated computed heads versus observed

and computed heads versus residual. wputed heads versus observed heads

S tnbhle 1f recidusis wer -
were deemed acceptable if residaoals were less t

residual is based on 1.0 percent of the total elevation change for the model domam,

78
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i

The Hmatations of ihe spatial informasion for individual wells should be

v evaluating the above grapbs. Ag discussed In section 3 (Well Pumping) of

P0-acre blocks,

this study, the locations of all well

This means that the ocation of any one well could be off by up to 150 meters

ol

aken fFom

horzontally, The

MapPS, Mmeaning 310 25 meters (1010 BU feet)

depending on contour intervals. Water level information from these wells 15 compared 1o

the simudated water levels of the neare

technigue m GMS {1999). |

domain exceed one square kilometer in size,

1

ing the above mitations into account, i is therefore conceive
ievel from a well that 18 off by 130 meters horizontally and 25 meters vernically is

compared to a simulated water level, interpolated over an area greater than 4 km®, With

this in mind, note that the outlyi observed tn Figures 7-2, 7-3 (and

y
Lasd
sy
by
k)

5 along the edges of

basin, where model cells are larger. Additionally, the regions along the

5

basin are more varnable i the subsurface as well, which may also acco

5
m

aata pomnts. sunply that the

more precise well
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ot
£
M&

Forthis s iiuj}f\. Hosesins aore benencial hal COmparisons of S

evaluated for seneral trends.

There are several stotist

wiethods of evaluating observed versus computed

water levels allowed by GMS. These analyses of the general trends are mean error (ME)

+

mean absohute error (MAE), and root mear

seording to the GMS

where:

by = sindated head

3

The mean error caleulation provides 2 comparison of measured and computed

106

head by taking the difference between them. A Bmitation to this method is

caused by
sign canceliation. An exampie of sign cancellation would be when the difference

berween the stioulated value at is positive 10 meters. Compare this with another well

etween the simulated value at the well and the observed value of

- . LT R S g n s
neters. The average difference between these two w

the well is negative 10

sy

is 7 o,

which can be nusleading.

The mean absohute error elimupates the problem of musrepresentation

tal error

by sign cancellation, by taking the absolute

BMean ashsolute crror

ulated as (D

% Fl
E B By 7 ) PR
MAL =— 3 ol —i ) {5y
5 s ; :
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The root mean SFRAYC, AL CVTOr, 1 e calouiate

ud
e

culation.

he majonty of ditferences

i A gL AN S
This occurs because of the squaring of the ¢

are small, with a few large ones, the error gives more significance to the few rather than

Table 7-1 below shows all three different ervor calcuiations for the steady state

simuiation. Because of the Hmitations in caleulating the mean error and root mean sguare

1

error, the greatest priority as a calibration target value was given to the mean absolute

o s

TR0,

Table 7-1 Head ervor caleglations for steady state simulation

PO H o ‘
[ |
, Mean Ab: L 9.92 E
i E !
L _ i B
oot Mean L 15.4%
E
P 4

7.2.2 Streamflow/Gauging Measurements
Rase Hows of the San Pedre River at 2 lopations, Palominas and Charleston, were

nts were taken &

broes e
based

‘5 Cate {F"” L_‘V'
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VLY

(1994), 1 Table 7-2. Values from 1990 are taken from Corell et al (1996},

L1

Table 7-2 Baseflow discharge from previous studies
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Kt
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7.2 TRANSIENT STATES
For the purposes of this moedel, the wansient states respond to the siresses of

gr

o

oundwater withdrawals ane 10

surface water divers

7.3.1 Water Level! Measurements

SIE

nt model teok place i much the same w

state. o the transient stmulation was cor te observed
gd ” N P
The 225 wells selected had waler level measurements in

uzsed to make the evaluaion

r lovel mformation from 9 wells o along the mountain fron

4

wale

{1

near

NPT Py PN L3% e % i N g reerd By Tea § Peer e 1 vEh o b ey g
Nicksville, south of Slerrn Vista, were woved from the transient calibraty
as1
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t bias of the model over predicting head levels.

ns at higher elevations.

These over-predictions again occar at modeled reg

Table 7-3 Head ervor calealations foy the tragsient simulation

| Root Mean | Square Erro
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7.3.2 Streambfiow/Gauging Measurements

Baseflow of the San Ped
Redinglon stream gages, along wi
calibrate the Transient model. The vaiues of 1970 baseflow taken from Jahnke (1994)
were used for comparison. The vear 1970 was chosen for to reasons. The first is that

ihere i3 no confinuous information at these two sites prior o 1940, in order to make a

comparison with the steady &
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ieved that these two parameter were eritical to groundwater/surface waier
mnteractions. Steambed conductance was varied only along the San Pedro and
Babocomari Rivers. These areas are located in the floodplain. The parameters were
varied over a range of five orders of magnitude. This was accomplished by multiplying

the calibrated values of SC and VI by 0.0%, 0.1, 10, and 100. The resulis of this

variation were compared using the observed water levels and stream flows at the fow

different stream gage locations. all taken from the steady siate,

7.4.1 Streambed Conductance
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(AR + AD) — O = AS/AL (19)

»)-'

Basin are SYaDoTans SIATION #1K

capture rates for

individual react 3. 1980, and 1997, The

cumulative effects of capture from the siream can be seen in Plate 4, as streardlow

decreases over time. lun Figure 81 below, the change to key components of hvdrologic

g I~ SRR A ) NP Wrg L A o ~ E e, T
system can be seen for each decade. As pumping increases, the rate of 1oss to both

groundwater storage and stream capture also increase. As expected, an increase in

By 1997, afier iaking tnto account agricult

iaken from evapotranspiration, 65.66%
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are exarnned

Capture is the way in whi

ch groundwater

e

pumping

affects the surfac

ACe WaRLeT §

anspiration systems. Whenever

groundwater is pumped three things may happen {Theis, 19415, The recharge to
systemn may increase, the d

ge from the system may decreas

e, and waler mav be

removed from aguifer storage. In equation form. this is represented as:
(R + AR ~ (D - ADY — Q= AS/AL (17}
Where,

R = natural recharge;

16

e o ErOUnG bovate pmp g

- change in storage per unil of thne,

3 SO R SN U A B
Prior to development, the natural recharge is assumed
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8.2 WATER TABLE DECLINE
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8.3 ALTERNATIVE FUTURE SCENARIOS

y 1s a component of the
Alternative Futures study conducted by the Department of Defense, Dosert Research

Institute, and the Harvard Graduoate School of Design. The Alternative Fuiures scenarios

e

expiore how urban growth and chaonge |

.
d"’
i
3
/-Z‘
&
w3
:
e
ool
<

¢ edTeroene $hise bl ar e it eratiy oy b ke mren ] P R T,
¢ influence the hydrology and blodiversity of the area. The study evaluates

o

mdividual scenarios from the present tirne (1997-2000) to 20 vears in the fuhwre (20247,

3 i PR TS T - e ovire ¥ em ey [ PR
Presented below are 2 of the 10 scenarios evaluated by the Alterrative Fonr

iy, 4T

18 hoped that these two scenarios provide the rea WO eRITenes

{in relation to hydrological impact) of the possible firtures in the basin,

The Open 2 scenario, from the Alternative Futures study, consains several pro-

developrent measures that provide bmpacts upon ground and surface water systems.
Open 2 assumes higher than accepied forecasted population growth in Arizona with

fconivol Bonora

nt growth,

1 a dist of some of the options consic

@ Arivona stiould be
ié,:;i,h’)
® of new g \m addation Hves i Rural,

in ﬁa._,x;»&_;f{mr homes,

a A vraval re
within |

& Port Huschuca vemams OpEn 2 and do
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2 Earchner Caverns should at

0,000 people per year in 2026

estic water consumption public/company sources should reraain at 1993
(60 gjm%mxu per day) and consumption front individually owned sources
"htmi q also rematn at 1995 levels (125 gallons per day),

&

et fi
oo
fo
e
i
[

s An [NA should be cstablished wi Lhiu ti’u‘: L ?)p or “Mh E«"c-.*i s Basing all e
fture remains, % wulivre within
¥y 5 5

irrigated agricy

s {ouonwooed, witlow and upland mesquite ¢

& Upper Sa frdensity

¢ The leasing of state-owned land in the Upper San Pedro Basin for conservaiy
pUrposes should not be allowed,

# t protected as par of the

@

»  Mining activity in Cananea, Sonora doubles,

it

& Sonora’s conservation areas vernain unchanged.

> Futures study, provides 2

wirained 2

measures that in furn impact the ground and surface

natraned 2 scenari

water systems. The Co

opulation growth in
Arizona, Development occurs in the

benefits om ve

of the options considered by this scens

sukd be one hall'l ¢ forecasted -
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an and 10% o BEx-Urban homes,

6 of new population fives i U

”U at xw *‘%”

dential lor should be at least 4 acres within 1
!

¥ 4
mile of SPRN L4

acres Wth}

huea closes and its built facilities should be used for economic growth
b all the Training Area managed for conservation,

¢ Fort Huac
i the civilian sector witl

W people per year in 2020,

s Karichrer Caverns should att

T

in the Upper San Pedro Basin is removed,

*  Approximat

i ot the Cottonwood, willow and upland mesquite trees should

(

be removed by the clearing of selected areas and that land managed to mamtan 2
"f‘

grassland ecosyster

o Ranching in the Upper San Pedro Basin on state owned Jands should be removed,

s The leasing of stz ‘mcd iand in the Upper San Pedro Basin for conservation,
purposes should % atllowed by competitive bidding

»  Arecas along the San Pedro River that are not protected as part of the SPRNCA
between Cascabel and the Mexican border should be purchased for conservation
purposes (SPRNCA will span from Cascabel to the Mexican border),

of the SPRNCA in Sonora; ¢o
:si:;;@? Maria Morelos, Mexico (near the

consequently an inc

 {rom present values

also werease, as sreamflows are

ure from both the stream and the evapotranspiratior

diminished and evapotranspiration is reduced. Cons

L

5 e b

£

it

USF200010688



tncrease of evapoiranspirstion fromw

However, it should b

that although
is reduced, it is m no way indicative of storage replenishment. Water s still being Ic

from storage, only at a slower rate.

Capture from individua! stream reaches are disple s found in

seenario) shows the

pover of this reporr. Plate

k%

shows the cumulative ef
shows the é,).’ii" are for individual res

have no baseflow {more than 1997}, Plae

3

P with Constrained 2 scenario. {

apture, in many areas. is positive due to the
reduction of evapotranspiration caused by the removal of cottonwood, willow and

mesquite trees. The cumulative effect can be scen in Plate 8, as streamflow increases

[

K

over much of the San Pedro River when compared with 1997 and the Open 2 scenario

onditions.

Table 8-1 Mass balance flux components for steady state, transient and Alfernative Fatures

%

simubaticns (v /day)

~0.00 | 214177.00 | 26085600 |  94316.00
71272.00 | 40776.00 8740800 | 4587100
£.00 13149390 | 179707.00 | i
0.00 38279.00 5826700 | 2108000
0.00 o000 | 37000
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Figure 87 Simulated water lovel drawdown from 1946-2020 under 1the Alternative Futures”
Constrained 2 seenario. Contowr interval = 5 meters
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continues 1o

The continued

water levels pear the San Pedro River, and increasing population creates a deman

that lowers water levels dramatically around the cities, Figure &7 shows the results of

LInpIng. ontinued lowering of water

aniial in comparison to Figure 86}, however

fro River

T Tet v A e et e d ey 7evE cep dee RIS Y A o £
there is an incresse of water levels near the San §
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S

540 he taken from the

oy b

meters pepeath Nerra Vista,

Arizona and greater than 40 m near Cananea, Sonora in 1997, Lesser water table

7

declines can be seen along the floodplain

COTOITIInG

Benson.and near the ity of Naco, The water level declings are indicative of losses from

groundwater storage. By 1997, over 65% of the water purnped was taken from stora

The results of this study are not unlike the results of previous studies in the San

j;

P

Pedro Basin, Provious studies have all indicated cones of depression, reduction of
sirearntlows, and loss from groundwater storage and evapotranspiration {Vionner, 1997,
et al, 1996}, This study serves to further substantiate the evidence

3

s provide a framework for analysis of Alternative Futures

“his framework provides decision makers within the basin an avenue

for testing the impacts of possible policy changes. The framework also provides to future

by

f the basin an improved model for advancement of hydrologic study in the

8.2 RECOMMENDATIONS

study were associated with individ

aies wore st ation becomes available, 1

o

replaced with actual pumping rates, pumping rates, information

aticns could be more 1 tield cheched sites of the

on well o

e

uding more wells in the area, the

ihe model foral
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APPENDIX A
CONVERSION TABLES

Table A-1 Lengih conversion factors

Ta

oty these units

meter

| squa

{m} |
e !
kifometer {(kim) | |
Table A-2 arez Covversion Factors
To these unite, multioly by the iabulsted facior )
j i
£t” i
re meter (m) | 15,764
| hectare {ha) 107,639

Yolunie Conversion Factors

Yo convert from ihess units To these units, muttiniy by the tabulated factor

i 3 f i
! it § gal ' acre~ft :
cubic meter (m") 35315 ! 264.17 AN

Table A-4 Velocity or Bate Couversien Factoy

o convert from these unils ‘ Tothese unts, multiy abulated tactor
£ ) ]
| &S ,( : |
i T 3 . g . E F i
[ CU01I574 E ’ ! :
S ; R —

ply by the tabui

MGD

N T
gaﬁ&ma i

[
i -
1

cubic metes

iy

i i !

L {mdy ; :
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