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1.0 INTRODTICTION

S.S.  Papadopulos & Associatcs.  Inc.  (SSPA. 2010)  developcd r ipar ian { rouncluatcr

rlodels 1ot the Ciila-( liff Basin to support analrses of surftrce \\'ater- grou nd\\ at er intl 'ra.tlorls

a long thc Gi la  River .  as pan of  r lork  conducted for  thc Tcchnical  and Implententat ro l t

('ommitlces of thc Soulh\ cst \e\ \{cxico Slakchold!.rs Ciroup. undcr the Arizonr \\';Ltcr'

Set t lL-mcl t t  . {c t  iA\ \ 'SA).  T l te  r ipar ian grounclu ater  nrodels  er tend t i , rn i  the coul lucncc o i  t l tc

Gi ia  Rrver  and \4osol lon C' reek to the l l i rd  Si tc .  jLrs t  abor  c  thc u1.rpc-r  end of  the \ ' I idd le '  Bor

(F igure-  l . l ) .  1 'hcuppermodel  (Rcach I  )  ex lcnds l ior r  above the conf lucncc o f  \ logol lon C ree k

to belon l )uck and Bear Creek:  the lor . r  er  nrodel  (Reacl r  2)  model  er tends l ' ront  abore Duck and

Bcar Crcck to thc upper  end of  the \ ' l idd le Bor .  The nrodels  arc *e l l -su i ted to examlnrrg

ground\\ ater-surtiicc \\,atcr intcracliolrs bccausc thct' allou fbr a seasonallv tlcpcndcnl rrrcr

condi t ion.  uhcrc in t l re  posi t ion of lhe r i rer  channel  and thc c lcpth of  uater  in  rhc r i ier .  both o l -

rvhich crcrl inlluence on groundn'atcr contlitiols. can be changcd Lrvcr thc coursc of n scason to

I ratch thc change iu  r i r ,er  l lon .  SruJace u ater  condi t ior rs  arc detemincd f ronr  sr rppor t inu I IEC-

RAS nrodeI  analvses.

In th is  s tudv.  thc I tcach I  nrodcl  is  appl icd 1o assess hvdroktg ic  condi t ions associatcd

* i lh  a set  of  a i tenratc  rv l tcr  d i r  crs ion \ \  a tcr  usc sccnar ios.  Theobjcct i resof  th is  lork  erc:

1o pror idc a genera l  ind icat ion o1 'c l ranqes rn h ldro logic  concl i t ions thal  u ta\  occLl r
t ionr  nrodi l led d i rcrs ions.  incrcascd i r r igatcc l  aur icu l tura l  acreagc nnd incre lscd
l ipar ian acrcauc.  unclcr l  l l )pot l )c t ica l  se l  o fscenar ios:  and.

.  to  prov idc an erantp le ofhon the I ipar ian t roundualer  nodels  can bc appl i . -d  to
a l temat ivc analvs is  and to dcrnoJrst ratc  model  capabi l i t ies.

Thc:cenar ios cvaluated hcrc in arc r rot  in tcndet l  to  co\er  a fu l l  range o lpolcnt ia l  condj t ions or

a l tcntat ivcs.  but  should pror ide a sense of  lhe 1\pc and mngni tudcs o l  c l tanges that  might  bc

associated u i th  nrodi t icat ions as r lo tcc l .  This  in lbnnat ion n la\ ' l t ro \c  uschr l  in  Lrnders lxnding

impacls  at  a  conceptual  Ierc l .  and.  mar be in lonla l i rc  for  scopinr  addi t ional .  n tore speci f ic .

a l tcntat i r  c  anal r  ses.

The er  a luat ions pror  i i led in  lh is  rcpor t  arc conr iuc lcd indcpenclent  of  potcnt ia l  nr j t igat ro l

act i \  i l ics  in  order  to  iso late cause cf tec l  rc la t ionships and lac i l i ta tc  unclerstandin l .  I -or  erant l t le .
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in  s in tu lat i i tns \ \ i th  Ct-F, \  d i rers ions.  lhe \ \ 'a ter  cLr l lcctcd l iom thc ( .L lFA d i rers ion is  nor

appl ie-d in  any lashion to nr i t igatc  i rnpacts of  the a l ternat i r ,e  CUFA divcrs ion.  l \ {ore complcr

st t t lu la t ions mav be conducted in  a la ter  phase.  r f  dcs i red.  u h ich usc C'UFA s atcr  lo l  mi l tgat r t t r r

or  lmprovenent  of r i rcr  corr idor  condi t io t ts .  S imulat ion resul ts  inc lude changcs in  the depth to

groundrvater: and changes to strcam gains isubsurface retum flo\\'s) or losses (sccpaqe) oycr

mul t ip lc  sub-reaches.

Bc1,'oud results of the target simulations. this report pror idcs othcr supporting infirnnation

inc luding QA QC oI  e levat ion datasets uscd in  th is  and car l ier  u l rk  phases.  anal r  s is  o la seepage

invcst ig i r t ion conductet l  in  Dcccrrbcr  1010.  analvs is  of  [ 'UFA c i ivers ion pal terns lbr  a rangc of

\ \ 'a ler  supplv  ycars and assessnre l r t  o f  hrstor ica l  canal  d ivers ions to suppor t  in ferences on the

rclationship bctu ecn rir cr fion s aud irrigation shofiage conditions.
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2,0 } IODEL SE'T-UP ACTIvITIES

Revierv of llodel Elcvations

Elevat io t t  datasets uscd in  the r ip i i r ian ground\ \ater  r .nodels  inc luc ie t lc ld-suneyed r i ic r

cross-sect io l ls  and p iczoueters.  HEC-RAS . rur lacc $ ate r  e  lcr  a l ion ntodel  rcsul ls  and a L iDr \R

{L ight  Detect ion and Ran-eing)  d ig i ta l  tcnain model .  Br ie f  r le t rdala sunrnrar ies fbr  each dataset

are i l lc luded in  Appeudir  - \ .  Rcvicu of  thc accuracv ofa l l  c ler : i1 ion data scts  uset l  i : r  the ntodel

delclopmcnt u as undertaken as parl 01'this projcct. tluc to dii-lcrences jn measuretl aud simulaterl

gro l rnd\ \ 'a tcr  c lcrat ions noted at  lhe end of  the modcl  ca l ibrat iou phase in  prc l in t inan nodel

development  (SSPA. - lunc l0 l0) .  At  that  t in le .  i t  r ras assumed that  l i r r thcr  rnodel  ca l ibr l t ron

rltght allou' for closr:rc ofthe dif'ferences. ho\\'e\ er, it rvas llso dccided to rcvieu the underlving

data sets 10 ru le out  anv s) 's tcmir t ic  o l l lc ts  associatcd l  i th  1he sur t  cv data sets lhenselvcs.

Ret ic l  r t f  e lerat ion datascts revealed i l  svstcnrat ic  of fset  in  l le ld-surrcrcd data i l  thc

ttofiltcm rcach of the Ciila I{ivt-r r allcr,. flonr thc (ii la Rir cr at Glla gagc to ii l)proxintatel\' olc

nt t le  hc lor l  the ' I \C cross-sect ion as contparcd to thc L iDAI t  iand sur fhcc c lcr l l ions.  Thc of fset

transfcrre-d to olber intennc-diatc $ ork llroducts uscd bl, conlributing partics. ancl $cLe ultil latcl)'

re f lccted in  thc l0 l0  r ipa l ian -groundrvatcr  modcl .  To delernr inc thc souce o l ' t f ie  of f lsc l  and

cnablc i ts  cor- l -L-ct ion.  the in ternal  consis tencr '  oJ-  scpi r ra l tc  survcv ing c\ents was crarn jncd.  The

LiDAR datascts r iere c letennined to be in tcnra l lv  consis tcnt  and accurate:  I rouc, ,cr .  au error  \ \ 'as

l i rund tn sonre o i  thc se laratc- lv  l lc ic l  surr  cved data i lc lur l in ! I  r  i r  er  cross scct ior rs  and p iczonrctcr

e lc tat iors .  Fuf lhe: - rcr iur  indr tutc t l  thr r  rn  rd ju. tnrerr l  t ' r  lhe l le ld-sur- r  cr .cc l  data.  b lsct i  on t l tc

L i l )AR data and contro l  po ints .  r l 'as necdecl  to  achiere co;rs is tcucv a lntong c lcvat ions dalaset5

uscd in  thc grorur t lu .atcr  nrodcl .  Dcta i ls  o l -1his  rcr ie l  ar rc l  the resul t ing adjLrs lment  to  suncvcd

clcr  a l ions are prov idet l  in  , \ppendix A.

Bccause thc I l l lC ' - l tAS sur lace \ \a tcr  r lodel  incorporated unld justed surrcrcc l  cross

sect ion da1a.  the car l ier  modcl  resul ts  rec lu i red adjustmcnt  ibr  usc-  in  th is  pro jcct .  Adjustntents

lere appl ic t l  1o the HI ICI- I tAS-bascd r i ic r  bot lom elcval ion ancl  ua lcr  sur face e lcrat ions l i r r

cach o1-  the benchmark l - lou levels  that  arc used in  the ground* i r ter  modcl  to  idenl i l , r  r i ru '

bout tdarr  coudi t ions.  I  he adjus lnrent  u as appl icd scparatch to tuo sub-reachcs.  as descr ibed in

Appcndi r  , \ .  based on th! -  occ l l r rence of  t , , ro  d is t inct  o1 ' { \e ls .  These rer is ions resul l  i r r  reas6lablv
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accurate and consis tent  e le\at ions 1br  l r resenl  n ' iodc l ing pu4loses in  t l re  areas u,herc surrcved

cross-scc l lon dala \ \  ere-  co l lcctc-d.  I jncL ' f ia inn '  rcnra ins rcgard i lg  local  e lcr .a t io l rs  in  a nuntbcr  of

sub-reachcs u ' l tcrc  surrev data cor- r ld  not  be obla incd in  l0 l0  duc to lack of landolner  access.

, \dd i t ional  channel  cross-sect ion suncving at  r i l l i fbrn in tenals  throuehout  a l l  modelcd reaches

is  rccommended to improvc the o lcra l l  acct r racv and rcsolut ion of thc ntodels .  dcpcndint  on thc

degrec ofaccLrracv rec lu i red i i r r  par t icu l l r  rnodeled scenar ios.

2.2 \ Iodel  Post-Processor  and River  Packagc Adaptat ions

To prcpare lbr  s j r ru lat ion o l 'a  Basel ine ( 'ondi t ion and var ious a l ternat ives.  nrodi i lca l ions

l\'ere nradc to pte-processor input-l-iles and code lo eccomnlodatc the nulltber of stress periods

selectcd for  these s inru lat ions.  Update inc luded rc f inernents to  ext ract  s in lu lated dai ly  r , ,a tcr .

lcre ls  for  the ent i re  per iod of  s imulat ion-  seepage a; rd u a ler-budget-su l t l l t larv  processing of  tJrc

addi t ional  s t rcss per iods.  re l l led r i rer  sub-rcach del ineat ion.  brnar_v l i lc  processing lbr  nru l t tp le

st ress per iods.  generat ior  of  GIS inrpor t -cornpat ib Ic  l l les.  and , ,  ar ious scr ip t i t rg  and batch f i les to

aLltor]1itte the production ol h1'drographs and seepage flux ligulcs used fbr rnodel run elaluatron.

Ftgure 2.1 shorvs thc r i rcr  sub rcachcs idcnt i f lcd lbr  ca lcu lat ion of  s in tu latcd sub-reach l i rc t '

sccpage gains and losses.  lh is  f igr . r re a lso sho\ !s  thc local ion of  lnodel  ce l ls  inc]udcd in  an

addi t ional  Ri rcr  Package input  i i le  to  sct  r i \ ' . r  boundan cont i i t ions lbr  an addi t ional  lox l lorv

ler  c l  o f  l0  c f i .  Thc l0  c1 ' -s  Ri r  cr  Packagc suppL-r) rcnts  thc prer  ious lv  dcvc lopcd River  Packagcs

(SSP.A.  l0 l0) .  and is  d iscLrssed l i r f lher  jn  Sect ion 3.

2.3 Data Anah s is  and \ Iodel  Ref inement

Nlodi f icat ion of  the l0 l0  Reach I  \ lodc l  nas under taken io  adjust  ibr  thc chal t rc l  bcd

otJ\c1 describccl above ancl to allou tirr considcration of additional clata. includinq aclditionel

seepagc runs conducted in  Dccernber  l0 l0  rnd an analvs is  of  canal  l lou condi t io t rs .  
- fhe

" \  
i l l ler  spnng 2010 per iod rcmains the per iod u l i l izet l  lbr  nrodcl  ca l ibra l ion.  The Dcccnrbcr  l0 l0

sccllase run is cousidcrcd rcllrcscntatiVc o1 $ inter. Io$ llou. prc-rLurofT cotrditi()ns and pror ides

r  usel i l  contrast  to  h igher  f lo* .  i r r igat ion season.  condl t ions obsened in  l {ar '1010.  Thcsc data

at td analvses are br ie l lv  dcscr ibcd belou.  lb l loucd bv a suurnar l  o f  thc ntodel  ca l ibrat ion.
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2.3.1 Seepage I  n \  est ig i r t io  n s .  Deccnrber  2010

A seelage inr  est isat ion r i  as cour l t rc tcc l  t rn  Dccerrbcr  I  l .  I  4  and I  5  o l1010.  For  cach o1 '

thcsc thrcc davs.  the daj lv  nt . -an f lo \ \ 'a t  thc Gi la  Ri rer  ncar  Gi la  gage (USGS 09-110,<00)  *as 66

cf.s. end all repoficd mcasuro]tcnts arc rcportcd rr ithin thc ranse of 65 to 67 cli. The top-ol'-

reach :neasurcnrent  ibr  th is  seepage inr  es l igat ion.  at  th .  ( l i la  Ri r  er  ahor  e \ {ogol lon C rcck.  $ as

60 c ls .  Ri ier  and channel  in l lor rs  orr t l - lor is  \ \ 'e- rc  nreasLrrcd in  th is  iurest iqat :on l r i  Lu is  Xladr id

at  L i  locat ions.  fcr l lou ing l . rS( iS protocoJs of  no:r i lor inq r  e loc i tv  at .  t l ,p ica l l r .  l0  or  ntore s i tcs

actoss each l]reasLrrorlrt scction and calcLllating dischar-ec fi-onr vclocitr are':r data. Repcat

n lcasurcrrents ncrc r . r r lde i t t  the beginning of  cach subscqucnt  dar .orer  the 3-da1 e\e l l .  ( ; r \cn

the stead\ '  l lor r  condi t ions and thc erpcr icncc of ' the ) rvdrouraphcr .  thc qual i t l  o f  th is  seepaue

invcst igat ion is  consi t leret l  to  be crcel le l t .

,\pperdix B contains sumlnall trblcs proritiine data fion) this inrestiqation and

calcu lat ions ofc l tannel  loss 'gain.  Tablc  B- l  sunrmar izcs r l l  o f  the reach Ioss 'gain ca lcu lat ion"

inc luding those rc lat ing to the NIav l0 l0  scepage invest i ra t ions.  Table B- l  updatcs and replacer
' l 'ab le 

3.5 of  l l tc  rcpor t .  " r \na lvscs of  Sur lacc Wale r -Ci roundu ater  In teract iL l ls  eJong thc Gi la

Rjver ' .  ( i i la- t  l i tT  Basrn"  1SSPA. . lune J0l0) .  
' l 'ab lcs 

B I  lhrou-sh B- '1  provrde loss ur i i r r

ca lcu lat iors  tbr  thc Dccember l0 l  0  event-  s i te  nar les.  scc l ion d ischargcs and GPS-coord inates o1 '

t l te  ntc i ts l i rc lne l t t  s t lc \ .

The I )cc. - rnb.r r  r0 l0 sc.p: tge jn lcs l i [a t ion depic ts  e vcrv d i l t rcnt  h-vdro logic  condi t r t t r r

l io t r  that  ot  \1a1 1010.  In  \ {a1.  thc Gi la  Ri r  er  cxpcr ienccd a nct  c l lanncl  ga in l lont  l logot to l

Creek to the ' l l ighrar .  l i i0  L: t r idge ( rorrghl l ,  the dr :nta in of  \ lodc l  Reach I )of  approx inra le l r '70

cLrb ic  leet  pcr  sccond (c1.s) .  In  l )ecenber .  a  net  gain of  l l  c f .s  u ls  obscrrcd.  Clondi t ions in  \ lar

uerc char lc lc t izcd bv top-o1-- :each f lous o l '21-1 c1.s shor l lv  i r l lc r  an cxtcndcd h igh rLrnof l 'per iod

t lur ing \ ' larch ancl  . \p l i l .  ( ia ins dunng th is  pcr iod l ike l l . rc t iect  the retunt  ot  \ \ 'a tcr  s tored in  thc

s l ia l lorv  grounchratcr  cr ) \ ' i ronnlent  dur lng the prccedi r rg hrgher  f lox per iods (bank storagc) .  TI tc

\ {av gai t r loss ca lcu la l i i tns a lso ntar  h l \c  bL-r -n impactct l  b \  l leasurcment  sequencinu and

l ransicnt  (dcc l in ing)  t lou concl i t ions.  nhich n l rv  hale resul tcd in  orcr-es l imat ion o l  garrs .

I )espi te  t l ie  lorcr  re l iabr i i ty  of  the lV lav scepagc invcst iea l ion ar)d porcnt ia l  lbr  over-cs l imatron

ol  gains.  thc occurrcnce o1 'nc1 gai t ' l !  jn  amounts subst ln t ia l lv  grealer  th i in  thosc o l  the Dccentber

Ioucr  f lo l  per iod is  crcd ib lc .  As prcv ioLts lv  I ro tcc l .  the l )ecc-mbcr  erent  1ol loucd a s tablc .  lor ' ,
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l )ox per iod.  Thc net  qai l  o f l l  c i i  obsen.cd dur ing th is  per io t l  appcars to  be associa led r r i lh

sLLbst t r tacc re lunrs ( ] fa  por t ion o1- the d iVer ted d i tch i lo$.  repor ted to bc.19 cfs  i l l  to ta l .  ln  th is

pcr io t l .  e i r  en thc occurence of  s leadv f lou s  i t r  u  eeks pr ior  to  the scepage inr  cst igat ion.  no bank

storage rehl rns are occurr ing.  TJtcsc scprratc  cvcr ls  under  d i l lc rcnt  h ldrokrgrc rcg imes pror idc

rn ibnlat ion usefu l  for  the ntodel  ca l ibrat ton.

2.3.2 Canal  F lorv Condi t ions

l l is toncal  canal  d i rers ions uere rer ie \ \cd for  thc Uppcr  Ci i la  I l j tch.  the I i .  \ \ :cst  Di tch

and thc ( j r la  Fanns f ) i tch to  bet ter  undcrstaud d i rers ion pat tems u ldcr  rarv iuq r i ler  f lou

contlitions, and to support int'ercnces rcgarding thc occurcncc o1'sl.rofiage conditions ttl irrigatcd

lands.  F igure 1.2 shorvs scat tcr  p lo ls  ofcanal  d j rcrs ions r lLr r ins thc years 2000 through 2005 and

tltc corresponding tlo\\' at the Gila River at Gila gagc lirr rivcr flou s bclou l00 cfs. Figure 2..i

shorvs the samc scat ter  p lots .  but  l imi ls  data to  the nronths of  June to Septentber .  Dcspi tc  a h igh

degrc-c of scatter in thc da1a. risual e.rirminalior indicates thal abovc a threshold ra1ec.

c l ivcrs ions are indepcndenl  of r iver  l lon 's :  ant l .  be lou thc threshold.  i l ivers ions arc dcpendent  and

positir el,v corrclatcd to rir cr florv. Not surprisingl_"-. irrigation ditch divefsions are reducecl undcr

lou tirer llorv conditions. These data are tirrlher discussed in Scction 3.

2.3. - l  ] Iodel  Cal ibrat ion

[ ]srng thc rd jLrsted c lcrat ions as noted above in  Scct ion 2 l  anc l  A l tpendi r  A.  and

cotrs idr- r ins addi t ional  in fon.nal ion re la l ing 1o r i rer .  canal  and other  condi t ions.  thc Reach l

t t todel  r r : rs  re-cal ibrated.  Ara i lab le grounduater  e lc la t ions \ \  e ' rc  l i r r i t r -d  to  t l te  \ \c l ls  dr i l lc t l  on

TNC proper- t f  in  \ {av 2010.  Dccctubcr  2010 sccpage condi l jons u 'crc  cor is idcred analogous to

thosc correspondins to the l l rs t  s t rcss pcr iod of  thc nrodr- l  ca l ibrat ion ( I )ccerrber  11109 car lv

. lanuan,  1010)  and ucrc considered in  ac l jus l ing nrodel  pararnelers.  \ la1 J010 seepage

condi l ior ts  cot rcspondecl  to  the f lna l  s t rcss pcr iod of  thc nrodcl  ca l ibrat ion pcr iod and ucrc a lso

usel i l  in  c , ,a lu l l iuq nrodcl  paramcters.  Appendix ( -1 prov idcs addr t io t ra l  in forntat ion on thc

1 0 1 0  s i r n u l a t i o n .
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3.0 SINIULATION OF BASEI- INE CONDITION

The Ci i la  f ' l t lT  Riparran ( j rouncluatcr  \ Iodc l  (Reach I  \ lodel )  uas appl ied to i lssess

chat tgcs in  grount l *  a tcr  c lcvat ions and in  r iver  loss g l ins associa led u i th  a set  o l -a l tcmatc . , r  a t r - r

d ivers i r :n 'n  ater  usc sccnar ios.  Thc objcct i rcs r r f  lh is  uork nele:

to  prov idc a gcncra l  ind icat icru ofchanges in  hr , 'dro iogic  condi t ions that  n1: t ]  occur
tiom nroditled divcrsions. rncreased rrrir-:atcd agricultural rcrcage ancl increascd
r ipar ian acrcagc.  L lndcr  l  hvpolhct ica l  set  o l  scc-nar icrs :  and.

.  to  prov ide an eranrp le of  hor  thc r ipar iar )  ground\ \ater  t l todc ls  can bc appl ied to
al ternat ivc anal r -s is  and to dcrnonstratc  model  capabi l i t ies.

Pr ior  to  s inru ia l ing the a l ternat i \es.  a  Rasel ine C'ondi t ron was ident i f lcd to  \cr \c  as a point  o f

compar ison ior  a l ternat iVcs analvs is .  Bccause sur lhcc u ater-groun d\ \  i i ter  co l ]d i t ion| .  arc

d\ tamic.  responding to seasonal  changcs inc ludi r rg r i lc r  i )or is .  i r r igat ron dcnrancl .  r ipa l i rn

c\  a l lo t rau sp i ra t ion and subsur f i ice in f lo \ \ .  a  t i tnc l iante of  one calent lar - )car  \ \  a{s  se lec led 1o

prov ide o1. t1. ror tuni1v to s inru latc  a u ' ide ranc.e o l 'coni l i l ions.  The idc 'nt i f icat ion of  thc Base- l ine '

[ 'ondi t ion is  dcscr ibed belos.  fo l loued b l  the s inru lat ion se1-up.  thmr budgct  assunrpt ions and

nrot lc l  resul ts .

.1 .1 ldent i l icat ion of  Bascl ine Condi t iou

A set  of  r i ler -  condi l io ls  su i l lb lc  l i ) r  usc in  t l tc  Bascl inc [ 'ondi t ion u: is  sc lectcd basei l  on

crarr inat ion of  hvdlouraphs t lonr  r ,ears avai lab lc  in  thc h is tor ica l  record.  l -or  lh is  puq:rosc.  a

sui lub le hvdrograpl r  r ror : ld  harc serera i  run-of f  crents.  a  sun 'u l ter  lou i lou pcr iod.  a: t t l  orcra l l

aDnual  l low $ i th in an arcrage' '  range.  Fur thernrorc.  because sonre o l ' the a l tcn lat i \cs 10 bc

al ra l \zed involvc thc c l ivers ion o1-  "CL, l rA '  l lor rs .  that  is .  nnrnrrnts  ic lent : f lcd accr t rd ing to thc

Cousurnpt iYc Use and Forbeanncc Act .  the correspondin{ I  quanl i tv  of  "a l lo$ab]c (  l - l l - . . \

d i rers ic tns s-as rcr icr , 'cd lo  cnsurc that  thc h l  drograph o1 ' the L lasc l inc ) ,car  \ \as associa led r i t l i

an "avcrage lange of (ll,lF.,\ dive-rsrorrs.

Table l . l  pror i t les a l is t  o f  annual  t ie ld  ant l  conesponding hvpolhet ica l  Cl - lFA

r l i rers ions lcr r  the vcars l916 to 2001.  and thc areragc and mcdian ra lues.  I : ront  th is

in l i r rurat ion.  thc hvdro- t raphs f i r r  vears fa l l ing c losc to l l lc  a \cragc or  mei l ian valucs lhr  both

annt ta l  v ie ld and CUFA di rcrs ions u 'ere re ' r iencd l i r r  pr i lposcs of  idcnl i ly , ing an a\crag.- rangc
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) 'car  \ \ ' i th  suf f ic ient  \ar ic t \  in  thc hr  drograph to scne th! ' in tordcd purposc in  th is  cra luat ion.

The h ldrograph for  196-1.  sc lcctcd to rcprcscnt  a L lasel ine Cont l i t ion in  thcse analvses.  is  sho*p

on Fisurc i .1 .  A lso sholn on Fisure 3.1 is  a d iscret ized hr ,drograph (s tcp-hrnct ion)  that

appror iu tates thc ac lual  h ldrograph us iug d iscrete l lou lcrc ls  fcr r  uh ich deta i le t l  sur tacc uater

model ing has prer , ious iv  bccn conductcd.  d iscussed bc lou.

Bascl ine Condit ion Flo*s and Simulat ion Stress Periods

To rcpresent  the ( l i la  Rivcr  f lo l  lcvc ls  fbr  the s inru lat ion pcr iod.  the hvdroeraph t iont

the ( l i la  Ri lcr  gaec ( l - rSGS Ciagc 09.130500) located upstream ol  1he Reach I  r lodc l .  las

approrir.natecl uith a stcp,function hl drograph (Figurc 3.1). Thc step-lirnction hvrlroqraph is

composed ofseven d iscrete l lorv  lere ls .  each of  u 'h ich is : rssocia led rv i th  a d i l lerent  set  of r t rcr

cotrd i t ions u i tb  rcspecl  to  r ivcr  s tagc and $ct tcd channcl .  l lEC-I IAS sur i -ace . " ta tcr  modcl jLr -u

r ' r  as cot tducle i l  b1 'Tetra Tcc l t  in  l0 l0  1o c l rarac lcr izc r i rer  depth and r i id th l i r r  r i tc r  f lor . r  lere ls

of  75.  250.  500.  75t) .  1 .000.  and 1.000 c l i .  One at ld i t ional  set  o l -  r i r  er  condi l ions was developed

ttrr a lol llon corrdition of l0 cl-s bv extrapolation. hrundation maps colrcspondirg ro cach of

thc I IEC-RAS nrodele i l  f lorv  levels  are prov ic led in . {ppendix I ) .

Thc slep-function shotvn on ligurc 3 i fornrs the basis tbr stress pcriods in thc

qround\ \ 'a ter  modcl  s i t r r r : la t ions.  For  e lch change in  thc s tep fLnct ion.  I  l tc \ \ '  s t ress per iod is

in i t ia ted.  Thc nrodel  input  fb l  r i rcr  condi t ions is  adjustc t l  l i r r  each st rcss per iod:  that  is .  thc

l id th and t lcpth of  the r iver  urc re-spcci f icd as a l l l l ropr ia lc  lbr  the nc l  t lou ' lere l .  I 'ab lc  1.2

sul t t tnat izes for  eacl i  I roc ic l  s t rcss pcr iod the dura l jon-  dalcs.  and thc r i r  er  f lo$ le t  c ls  used tn set

thc r i r  cr  boundan condi t ion.

3. .1  F arm Budget  Assumpt ions

The eroundtater  model  represet t ts  fhnn processes through severa l  n techanisnts Thesc

inc lude in l i l t ra t ion o l  crccss lppJ icc l  *atcr  through farm l ic lds.  implcnrentcd throush the

\ ' lODFLO\\ '  Rccharge Package:  and.  canal  sccpauc.  i rnp lcntented t l t rough thc \ , { (J I lFt_O\\ '

Ri r  cr  Package .  To dc ' ,  e lop mor le l  input  1br  thc s inru la l ions.  in tbrmat ion u as rcr  ieu e d inc luding

assl lnpt ions u:cd l i r r  AZ v C'A \ \a ler  accounl ing a l rd canal  t lor r  saec data.  This  sect ior r

sunlnlarizes assumptions ntade rcgarding thc lann butlgcl These assurlptions nrat,be modified
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in  s t tbscc luenl  t r  o : -k  i faddj t ional  in lbrnrat ion r : r  data beconres a la i lab le to  t l lc  s tudv teaut .  01.  as

nrar .  be appropr ia te l i r : -o the-r  s imulatcd condi t ions.

3,3.  f  Shor tage f  ondi t ions

Ott : leraqe.  farnr  t l i lches d i \er1 at  f t l l l  supplv  uhen ( l i la  ga_qe 1 lo\ \  crce-cds a threshol i l

ranqe o l  about  50 to 60 cf i .  "Ful l  suppl l i ' is  considcret l  ro  bc l0  c i .s  for  L lppcr  Ci ia  and Ft .  \ \ Icst

Di tchcs and l0  c t .s  fbr  Gi la  Farnrs Di tc l i  (bascd on r isuai  eranr ina l ion o1 ' r i rer -d i tch 1 ' lo \ \  sc i t t ter

p lo ls .2{)00 to 2005.  Junc throush Scptcnrbcr .  F igLrrc  1 i ) .  \ \ 'hen Gi la  gagc is  less than 50 cfs .

decrcascd f lor , '  to  d i tc l . rcs is  obscrYcd.  I -or  thc months.Junc and Jul r  in  thc.  l fasel inc Condir ior r

(F ignr . -  l . l )  Gi ia  Ri rcr  l lou is  approx imatc l ,v . '  -30 c1\ :  th is  is  assuntcd 1br  purposes of  thc Uast- l ine

s intu lat ion to resul t  in  about  i r  l5 ' lo  reduct ion to ' ' i i r l l  suppl l "  d i tch f lous.  or .  about  1,5 c ls  lbr  thc

upper t\\ 'o dilclrcs aud 7 ci.s tirr the (ila Fanns Drtch. Thc rcduction in flotl to ditches r', iL not

neccssarilv correl:rte cractly u'ith a sllorlagc in rvatcr lirr in-igation. but will rccluire greatcr eflbrt

on par t  o f  d i tch r idcr  and i r r ig i i to ls  to  coord inale d i r  ers ions and nrove $ater  onlo l lc lds.  On thc

othcr  haud.  dc l ivcrv,  c l f ic icnc l '  chal lenges are not  a luals  reat l i lv  orcrcome: lbr  purposes o1 ' th is

cr  a luat ion.  i t  n  i l l  bc assLrmed that  \ \ 'a ter  lbr  crcps is  shor t  by 159 o in  th is  condi t io l  and that  other

e lcltrents of thc lnmr sater butlget are similarll reduccd bv 2-5'l.o

1.3.2 C:rnal  Seep:rge

\ \ ,a tc t  account ing t i r r  A l  r ' .  ( 'A assuntes a r  a luc o l ' i5 , ' ,  canal  c1 l lc iencr . . .  that  is .  15, ,  u  of

d iver tc ' t l  ua lcr  is  los l  to  car ta i -associa lcd ,cr  apotranspi rat ion ancl  or  to  canal  seepage.

( 'or rcspondinul r , -  canal  scepage \ \as se1 rs  1,5( ' , r  o l - thc assuntet i  canal  d i rers ion amour)1s nolcd

abor  c  f r r r  in i t ia l  n iodcl  s i r r i r la t ions.  that  is .  5  c t .s  i i r r  the Upper Ci i la  ani l  the Ft .  \ \ 'est  Di le  h and

1.5 c  l ls  for  the ( i i ia  Fanrrs  l ) i tch lbr  a l l  r r . ron lhs u i lh  Gi la  l l i rer  f lou grcater  than 50 cfs .  lhc

ar t to tLt t t  o l 'cat ta l  scepagc \ \a5 increasccl  l ionr  thc in i t ia l  modei  assul l tp t ions dur ing cal ibrat io t r  to

impro"c t l re  consis tc-nct 'o f  thc s imula led r i rcr  ga ins losscs * i th  those obsenccl  in  secpagc runs

(Appcndrx f i - l )  rcsul t ing in  a s i ; lu la tcc l  canal  c l f lc icncv of  50 ' lo .

For  the assurrcd s l tor tage condi t io ls  occurr ing in  the months of  Junc and . lu l r ' .  canals  are

i tsst t t t tc t l  to  run a l  75"0 capacrq 'o l  l i r l l -capaci ty  i lnrount \ .  
- l  

he s i r lu l l tcd canal  . - f l lc jenc l  Lrnc lcr

lhc 5hoiaee condi t io l  is  nta i l la i : red a l  50 ' '0 .
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.1..1.3 Rir er Drr ing

The occurence of local izcd r i rcr  dn ing:rnd i ts  cxtent  is  not  nc l l  documente( | .  but  rn i l \ ,

L- \ ls t  in  \cr )  dry and lou f lou per ior ls  lbr  sonle d is tancc belou the point  shcrc the u l tper  t \ \o

d i tchL-s are routed of l  t l tc  main r i rcr  channel .  perhaps on the ordcr  ofa cor4r lc  hundred lcct  to  up

t t t  i t  quaf ier  nr i le .  l t t  th is  s imulat io t t .  a  sub-rcach of  thc r i rer  fbr  a d is tance ofonc c luar ler  nr i le

belot  the Ft .  W.st  I ) i lch point  o f  c l i rers ion (F ieurc L l )  is  assunret i  to  bc dry.uhen L i i la  f lor rs

are at  l [ )  c i -s  in  June and . lu lv .  This  lssumpt ion shor i ld  bc rc- r  is i ted in  f i turc  s imrr la t ions.

par l icu la l lv  i f  documcntat ion of  actual  condi l ions can be obta incd.

3.3. ,1  Rccharge f rom Appl icd I r r igat ion Water

Appl-""ing assunptious usecl for the AZ r. CA accountins- an on-1an.n eflicie-ncy of 559i,

and a seasonal crop consurnptivc irrication rcquircnent of 1.7'1 acrr-- fcct pcr acrc is assunreil.

[ ]ased on these assumpt iuns.  in f i l t ra t ion ofexcess appl rcd i r r igat ron rvater  is  assLuled to be 1. ,1

acrc leet pcr acrc durine the irrigation season. untler full suppll conditions. I)uriug thc sllofia[c

col ld i l ion.  th is  antout t t  is  reduccd bv the assumed shor ta l lc  percentagc.  In  actual i tv .  grcatcr

ltrisator ellbrls rtlav stretch the available u'ater and furthcr rcdr-rcc this infiltration Horrcrer.

rcfiuentcnt of this assurnption uttdcr shortage conditions is not attcnrllted for this sinrulatiol.

[ )ur i r rg  thc \ \ in ter  rno]r ths.  on lar r r  jn f l l ra t ion is  assunrcd to occLl r  o l t  ha l l '1r i  the la lds:  th ts  rs

accotr lp l ishcd in  t l tc  model  b l  appl l ing o: rc- l ra l f  the i r r iga l ion season rate to  thc idcnt i l icd

j r r jsatcd acres.  This  rc f lccts  r l  assur l lp l jon o l  u ' in ter  i r r igat ion of  pasture lant ls  on

approxi tnatc lv  ouc hal f  o f  thc r r r ig l t . -d  Iands i r  i ih i r r  th  r - '  r . r l lc r , :  th is  assrrnrpt ion can be ref ined i i -

nec!'ssan' in firftrre sirnulation evaluations.

-1.3.5 Supplement i r l  Croundrvater  Pumping

\ \ ' i th  a ier" 'cxcept ions.  supplenrenta l  i r r igat ;on is  not  * ide lv  pract iccd as i t  is  crpc 'nsrve

to prov idc : r  po l  er  supplv  to  l tunt l ts  (pcrsonal  conrmunicat ion.  T ink . tackso; t .  \ \1OSE Dent i r rg

Ol l icc) .  Grren thc re la l i re lv  snal l  magni t r . tde of  supplerncnta l  sround*ater  punrp inr .  lhar  is .

lcss lhan couple ht rnc l rcd acrc l 'cc1.  sLtpplcmenla l  g tounduater  purnping is  not  rcpresentL 'd in  thc

ct l r rcn l  s i tnu lat ions.  I IoucYer-  lhcrc rnrv bc cascs $ l icre lhe reprcsentat ion of  supplententa l

puupi t t t  is  iu tpof iant  to  the outcome ofs inru lated a l tcmat ivcs.  IJ  so.  eddr t ional  uork to  spcci lv

locat ions ar :d arronnts oIsr rpplementa l  pumping x i l l  bc ncedcd.
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.1.,1 ) Iodel  Package Inputs lbr  Basel ine ( londi t ion Simulat ion

Input  t i les for  XlODFLO\\ '  Packagcs terc derc loped as dcscr ibed bc iorr  for

s i r r r t le t ion o l the Basel inc Condi t ion.  The abbrcv iat ions shoun in  parent l reses correspond lcr

\{OI)F I-O\\' Packagc lbr a cir cn rnodr-l proccss:

SDatral tempo : f5 stress periods are specilicd to
corrcspond to the l5  s t r -p\  ident i f ied in  the step- tuncl io l  hy drograph (F igure l . l l .

Sccpaqc to fronl thc rcgional s-.'-stcm (CiHB): -l he resional sr.slcm boundarics
l  erc  adjustcd to rc f lcct  thc t ime d iscrc l izat ion o1 ' the Bascl ine C ondi t ion.

l{ipariatr er, apotranspllr{lqll lBlD: Thc strcss period durrtion and tinring gere
uscd 10 crctltc ntontltl) cviil:)olrlnspiration-ratc scalinq l'actors and corresponding
ratcs for  each st ress pcr iod.  Scal ing fhctors uscd in  each st ress pcr iod are
surnmar izcd in  Tablc  -1. -1.

.  On- farnr  pcrcolat ion (Rf  H) :  The r r  in tcr  f i t te  \ \ 'as sc1 at  0 .5 t i rnes thc sunln ler  r i i te .
. {  ne\ \ ,  p i t ran lc tcr  uas adcled to reprcscnt  supplv- l imi ted coucl i l ions dur ing. lune
and Jul -v .  A value o1 0.75.  or  7- i ! ;  o l '  the i : - r i {a t ion-  s  eason rate of  on- farnt
percolat ion.  is  uscd for  thc suppl r ' - l inr ted condi t io ls .

.  River .  t r ibutar ics ancl  canals  (Rl \ ' ) :  Onc addi l iora l  I { lV Package uas dcvc lopei l
to  represent  a i0  c fs  f lou condi t ion.  The speci l icat ior rs  lbr  thc Ci i la  Rivcr  tbr  the
l0 c1.s llot condition irclrrile a dn' reach liom thc Ft. Wcsr point of dive-rsion 1br
: t  d is lnncc of  one-quar tcr  r r i lc .  Spcci f icat ions of  r i rer  r i  id th dcpth f t r r  the other
f lou lcvc ls  are r r rchanged f rom thc p ler ' lous lv  dere loped RIV i 'ackages u i th  thc
cxccpt ion of  lhc channcl  bcd stagc c le\at ion adjus lnrcuts descr ibc-d jn  Sccl ion L l
and Appcni l i r  A.

.  Seepaqc l rorn t r ibutary a l lur iunt  ( \ \ 'LL) :  , \  set  o f  t r ibuten-a l l r t r i r rnr  in l lous
rrcrc speci i ied to corresprrnd to s t rcss l l . r iods dei ' incd hV thc Basel jnc Condi t iun.
Scesonal adjustlnents t'erc nradc to subsurfhcc inflo,,i during model calitrratr,:rr.
Deta i ls  on the t r ibutary-a1lur  iunr  i r t f lous corresponding to t l )c  var ioLts f lor r  lc rc ls
arc pror  ided rn , \ppencl i r  C .

3.5 Simulat ion Rcsul ts  for  the Basel ine Condi t ion

\ {aps o f  depth- to-  ground\ \  a ter  are shosr  on Figures - l . l  and L i .  r .presel t l lns thc cncl  o f

thc peak u in ter  mn-ol f  : rnd thc cnt l  o f  a  surnmer drv pcr iod.  F igure . i . .2  shol  s  the r lepth 1o-

\ \a tL-r  a1 t l lc  cnd ofStrcss [ 'c ' r iod 5 {Fe br-uan 25 ) .  l i r i lo i r ing a pcr iod of  l5  days at  a  Uou i t l500

cfs:  l : i { rurc '  l . - l  shor is  the depth- to- \ \a ler  at  thc end of  Stress Per iod l l  iJu l l  -101.  f i r ) lou. ing a

qettr--rallv cleclinins sprng hl drograph and ,-iE dals a1 a simulatetl l lotl of .l[) ci.s in .]une and Julr.

Sub-rcach r i r  er  sa ins and losscs arc shou n on Tablc  - -1. .1  l i r r  thc Basel ine C ont l i t ion.

l l
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l -h is  s in tu lat ion assulncs that  i r r iqat ion r ratcr  supplv  shonagcs occur  in  June-  ancl  . lu l , r , .  as

discusscd in  Sect ion 3.3.1.  rcsul t ing in  rcduccd c i ina l  d i rers ious and unmet consumptr \e

i r r iga l ion dcmand of  25! 'o  of  the fu l l -suppl l  i l r . ] ' rounls .  lne luding unsat is t led d ivcrs ion dcntand

fitr calriage ancl svstc-rn opcration. the ini-eation sr.stenr tliversion dcllcit is ll.5 c1\ (2,s{r.; of thc

I tsst t t t tcd 50 cfs  fu l l -supplv  to ta l  d ivcrs ion amount) .  Ovc: 'a  t *o nronth pcr iod.  th is  shor tagc-  is

cr lur \  i t lent  to  1.508 acre- feet .
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4.0 SI}II .JI,ATION OF AI,TERNATI\TES

4.1 [ )escr ip t ionof , \ l tc rnat ives

1 . 1 . 1  S c e n a r i o  l :  ( t i F A  D i v c r s i o n s

This scenal io  d i fT 'crs  f ionr  the Bascl ine bv thc modi f lcat ion of  1hc Bascl ine hvdrograph to

re1 '1ect  hvpothc l jca l  CUFA di rers ions.  Thc anrount  o l  CLi ITA t l ivers ions corrcsponding to

Bascl ine f lous.  and a corcsponding step- l i rnct ion is  shoun on Figure. l . l .  The t lou lcrc ls  ibr

the ste l . ls  conrpr is inc.  the step lL lnct jon nere l inr i te i l  to  increntcnta l  ra lues sucl r  that  the resLr l t ine

C UF. , \ - impactcd ( i i la  Rrver  l los ler  e ls  could be nratched to thc su i te  o l '  f lor ' ,  -dependent

I \4ODFt-O\ \ '  River  Packases.  thus acbier ing reasonable sur lhce uatcr  boundarv condi t ions on

tltc grouuduater nodel ibr the sitrulation. In creating the stcp-lunctior1. care \\'as t:lkcn to.

prcsene volunrcs of  CUFA di rcrs ions r ' , i th in  d iscretc  t i r .nc per io i ls .  F igure .1.2 sho ' , rs  thc

cumulat ive anrount  of  da i lv  CUFA di r  ers ions and the cunru lat i r  e  amouDt as appror in tatec l  r r  i th

thc s tcp- lunct ion.  F igure,1.3 shous the resul t i lg  11orv h ldroeraph lbr  Sccnar io l .  the s imulat ruu

of rcduced llos dtre to L LIFA diversions. Thc sinrulated reduction in rir cr flou for thc one-r.ear

s imr: la t ion is  1 3.983 acrc- f -eet .  appror imate lv  109. ;  o f  thc arutual  l low r  o lLunc f i r r  the Basel ine

[ 'ondi t ion.  The d isposi t ion of  thc CLrFA d ivers ions is  un-speci f icd fc l r  th is  scenar io but  is

assurned to rcsult in no modcled ilnpact olhcr than as arc associatcd \\ith reduced flo\\'s in tllc

s i rnulatcd hydrograph.  No changes to ex is t ing *ater  or  land r rses n 'ere rn ldc.

This  sccr tar io  is  i r r rp lcnrcnte 'd b1 'nrodr f l - rng the ass iqnrnc-nt  of  River  Packascs to af lcctcd

l in ic  per iods rcsul t ing in  r i rer  concl i l ions thal  rc l lect  louercd stagc and or  decrcasecl  r rc t tcd n\er

chanucl  dur ing pcr iods sherc r ivcr  f lou is  reduccd by thc (  1 ,F, \  i l i rers ions.  .As sLl l rnar izcd on

I 'ab le:1.1.  Rivcr  Packagcs chalgcs arc: rs  lb l lous:  l iom l50 c l ls  to  75 cfs  dt r r ing pe ' r iods 2.  -1.

and 9 (1 iom Januan l l  to  l -1 .  February i  to  l0  and \ {arch - l l  to . {pr i l  3) :  and.  l l .om 50( l  c t }  to

150 c i i  dur- ing pcr iods 5 and l8  ( t iom fcbruarv I  I  to  l5  ant l  ALrgust  26 to l7) .  For  cach of thesc

per iods,  lhc * id th of  the r iver  and the t lepth o l ' the r i rcr  are modi l icd to  ref lect  thc ra l tLes

obta ined l iom thc sur lhce \ \a1cr  modcl ing.  thus obta in ing a dr ,namic.  f1orv-dcpcndcnt .  r ' r rcr

boundarv conditirxr fbr t)re groundn ater nrodel.
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.1 .1.2 Scenar io 2:  CLIFA Divcrs ions.  Increased I r r igated Agr icu l ture

U:rder  th is  scct tar io .  CUFA divcrs ions are s inru lated as c lesc l ibcd 1or  Scenar io I  ant l  the

resLt l t i l ls  r i ler  f lor r  ( "CL,Fr \  F lou")  is  as sho ' ' r 'n  in  F igurc,1.3.  I t  is : i lso assuntcd that  in ' tgetcd

aqr tcLt l ture incrcascs b."  I00.0 t rhen sul l lc ient  $atcr  is  ara i lab lc  for  d i rers ion I t r  ordcr  lcr

s l rL lc ture th is  scenar io.  the adcl i t ional  denrand represcnted hv increascd r r r igat ion is  eranr incd in

thc contex l  o f  the s i r r r r la tcd 1 lo, , r  s  l i r r  the scenar io to  rdentr l l  s t ress pcr iods i lhere in shor laec

nlav occur .

AZ t .  ( , , \  account ing i1a la pror ide est imates of  month lv  crop consumpl ivc usc.  and

divcrsion all.lolurts lleccssarv to satisfl ' crop consunlilti\ c use u ith a cornbincd on-fam and canal

c f f ic icncv lactor  o i  0 . :11.  For  crantp lc .  in  1007.  rv i th  a fu l l  sc i lsor ' r  cor lsunrpt i re  i r r isat ion

requi renlet r t  o f  1 .7.1 lcet  per  \ ' ( -ar .  the d ivers ion requi rcd tbr  1.253 i r igated acres in  the ( i i la-Cl i f l '

Val le l  ts  5.1I I  acre- l 'cc t  pcr  vear .  Wi lh  a 309' ;  incrcase in  i r r igated acrcage.  the at lc l i t ional

d i rers ion requi rc t rc t t t  is  1 .591 acrc- i tc t  pcr  year  ( rv i th  an : rddi t ional  co l tsunt l l t i \e  i r r igat ion

reqrnrenlen{ o1 65:l acre-i-eet ller vear). (ll ' mole rclevancc tu asscssinq potcntial shortage

condi t ions are t l re  d i rers ior t  rcqui rc tncnls  in  summer nronths.  In  2007.  d i r ,ers ion rec lu i rcments

for  cx is t ins r r r iga led acreagc in  the r rouths of  lv la .v .  June.  . lu lv  aud August  f007 lere I l . l .  19. -1.

I6 . l  and I '1 .7 c t \ .  respccl ive lv  lbr  the combined t ,pper  Gi la .  Ft .  west  and Gr la Fanrs d i tchcs

usinq the e l f ic icncv factor  nolcd aborc.  I lu t  as a pract ica l  r ] ra t ter .  a l td  based orr  inspect ion of

t l i tch i l i iers ior t  data and anccdota l  in lbrmir l iun.  i t  appears lhat  i t  becontes ntorL-  d i f l lcu l t  to  scr \c

thc cr is t ins i r r icatet l  lands r r l rcn Ci i la  Ri rcr  l lou- fa l ls  bc lor , r  the rangc of50 to 60 ct .s  in  sumnrer

months and shof i lgc c t tn t l i t ions n lav occLu'crcr t  r i th  r ivcr  i lous occun- ing qc l l  abgre the

calcu latet l  rnont l r lv  d ivers ion rcqui rentents noted abor  c .

It is assutncd thal no adclitional acrea-se can be irrisatcd in thc nonths of .lune antl .lulr'.

as r t ier  f ion '  in  these rnonl l . ts  is  s imulated as l0  c f \ .  prer ious lv  in f 'er red to represcnt  i i  35, ,o

shor tagc condi t ion (Sect ion i .3 . I ) .  T l rc  month of  Nr la ] ,  is  s i rnulated at  75 c ls .  . \ssuminq 1007 as

a lcasonabl t '  rcpresentat ive year  lbr  purposcs o l  cst i rnat ing i r r igat ion dcntand.  thc adcl i t jonal

drr  ers ion requi rcntcnt  f i r r  \ {a1 ' .  bcvont l  that  of  the cx is t ins coni l i t i i tn .  rvould bc 30,1a o1 1 1 .  1  . t r .

or .  - l  i  c i i .  I f r  r i rcr  i lor r  condi t ion of60 c l \  is  su i tab lc  for  senins the er is t inc lanc ls .  : rs  i "

suggestcd bv the t i i tch d i rers ior  data (Frgurc l . - - l ) .  thc s i l l lu la ted \ Iar ,  l lo \  o f75 cts  \ lu ld  bc

adequalc lor  an n i i t l i t ional  d i r  crs ion of  - - l  i  c ls .  Fur thcmore .  g iven that  thcre is  cvrdence of
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ta i l \ \ 'a ter  retum on thc cx is l ing sy s tem and thal  a  largc anrount  of  thc canal  d i \  ers ions apl lcar  to

sene car t iage purposes.  a s isn i f lcant  incrcasc in  canal  d ivers ion ntav not  bc nccded to serrc  the

h-vpothet ica l  addj t ional  i r r igate i l  lands i f  thev arc assurnccl  1o be locatcd in  and arcrund cr is t i r ru

i r r igated acrcs.  Ratber .  1hc addi t ional  consumpl i re  usc *oulc i  s inrp lv  dccrease the ta i lsatcr -or

seepaqe retunls  of  thc cr is t inc d i tch c l i rcrs ion arnount .  assur l ] ing d i tches arc running at  fu l l -

supplv  levels .  (  Xher  than June and JLr lv .  prer  ious lv  d iscussed.  no othcr  s imLr latec l  r ror ths crh jb i l

lou cr  r i r  cr  11ol  s  or  h ighcr  inrgat ion dcmand than the month of  X{ay ' .  Therefbre.  i t  is  assuntet l

that thc Sccnaricr 2 assunrption of 30ni, ilcrease in irrigatetl asriculturc is satisfictl firr all r.nonths

cxcept thc r.nonlhs ol- Junc and Jul1 .

This  scenar io is  implernented b-v modi fy ing t t re  i lss isnnlcnt  of  Ri r  er  Plckagcs as

descr ibed in  Sect ton. l .  l . l  for  Sccnar io I  to  handlc  chanqes in  r iver  u idth a l ld  s tagc associatcd

* i th  the c lecrcased r i rer  t lor rs  associated u i th  (  t iFA d ivcrs ious.  
- l 'o  

rcprcse- l l t  the i t rcreasei l

i r r iqat ion dcmand of  a J0 ' ) ;  increase in  i r r igated agr icu l ture.  i t  could bc rcasonably assunrcd that

canal  d i rcrs ions renra i r )  the sanre.  in  that  caual  d i rcrs ions as in  the [Jasc l inc ( 'ondi t ion inc luc le

srgni f icar t t  arnoul l ts  o l 'can iage u ater  bcvond the Basel ine c l i r  ers ion c lcnrand.  but  that  subsur tacc

rcturn f lo \ \ '  is  d i rn in ishcd in  at t  anrount  L-c iual  to  lhe ac ld i t ion i r l  consunrpt i rc  i r r igat iuu

rct lu i rerrent  of  6 i -1 acre- feet  I rer .vear .  I lor r ,erer .  considcr ing thal  ac lc l i t ional  inc i i lenta l  losses

could occur .  t l r is  aurount  is  increased b l  an arb i t rary ra lue of  I5" i .  to  751 acrc-1eet  per  ye i t r .  or .

0 .6 feet  pcr  acre ar \cr  thc i r r igat lon season.  Thi r  re t luct ion rs  appl icd to  thc on-1anl  pcrcol l t rou

reprcsentcd in  the Recharge Package l ix  the st r -ess penods fa l l ing u i th in  thc i r r igat ion scason.

erc lut l ing JLrne and. lu lv  lbr  th ich sLrr t i rcc \ \a tcr  j r r i ra t io l  is  suppl l - l in t i ted.  In  tha l  l l t is  sccnrr io

rs  hypothct rca l .  s tmclured to look at  iso lated chanqes as oppr :sed to prcsc-nt iu-q a " r iab le"

a l tcr rat i r  c .  a  r rechanis : r ' r  fbr  prov id ing x ater  in  thc suppl r , - l inr i tcd months is  not  adt l rcssc-d hcrc.

{ .1 .3 Sccn:r r io  3:  ( - t ,FA Divcrs ions.  Increased Ripar ian Vcgctat ion

{ indcr  th is  scetrar io ,  CUFA divcrs ions arc srnul i i tcd as arc descr ibcd lbr  Sccnl r io  I  t lc l

thc resul l in-u r i rer  f lor l  ( "C t - iF. \  F lou 
- )  

is  as s l ro ln i l  F igurc . l . l .  In  addi t ion.  i t  assuped that

lhe e\tclt ol'riparian vellctalion increas,--s br' -100,1 at unspecilied locations.

This  sccrrar io  is  i tnp lentented by ntodi ly ing the ass i rnmcnt  of  River  I ,ackagcs as

dcscrLbet l  in  Scct ior  -1.1.1 lur  Seenar io 1 to  handle changes iu  r iver  r r . id th a ld s tage associated

I - 5
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\ \ i th  thc dccrc; iscc l  r i rcr  t lon 's  associatec l  l r i th  (UFA divcrs ions.  I 'o  rcprcsent  the incrcascd

t ipar ian demand o l  300.o.  the s imulated ratcs o i  c lapotranspi rat ion arc incrcascd by ' - l0o; .  as a

prorv for  increasins the r ipar ian acr-eage b1 -100, t ,  u i th  a s imi lar  spat ia l  d is tnbut ion as current l )

cx is ls .  A l though th is  scenar io u i l l  resul t  ur  dcc l incs to groundwater  e levat ions and

corresponding incrcascd channel losses and'or decrcased channcl gains. fbr purposcs of

i l lust rat ing inrpacts associated l r  i th  a spcci f ic  chanqc.  no r r i t iqat ion act iv i t ies are s i r ru latcd.

1.2 Resul ts

1.2, .1  Scenar io l :  CLIFA Divers ions

N,[aps of changc in depth-to-ground*,ltcr from the Baseline Condition are shourl or.r

Figurcs ,1.-1 and.l.5. representing thc cnd of the peak \\' intcr run offand the end of a sLurmer dry .

periotl. Figure .1.-1 shorvs the grcluntlu,atcr lcvel change at the end ofStress Period 5 (Februarv

25) .  fo l lou ' ing a per iod of  (  I - ]FA d i rers ions o l  11.600 acre- feet  occur ing largc l_"-  dur ing the

pcr iod betueen Februarv . l  to  25.  r . i i t l r  nr inor  CLi l iA d i ' "crs ions a lso occurr ing Januar)  l l  to  1.1.

Across nrost  r : f  the r .a l le l ' '  area.  the $ inter  groundn zr ter  c levat ion decreases b-u-  an aDror in t  o f  less

tltan one half lirot fl-om the basclirrc lcvcls sholn on Figurc -3.1 Decreases in groundu'atcr

elevation crcccding a hall foot but generallv lcss than one lbot arc shou n towards thc northcrn

i rar t  o f  thc nrodclcd region.  F igure.1.5 shors thc change in  g: -oundrvatcr  lcre ls  at  the end of the

summer dry ' '  per iod l iom the L lasc l inc Condi t ion.  Ground* a lcr  lcr  e ls  decrease bv a mar inrum of

0.01 lcet  i -onr  the Bascl inc Condi t ior  a t  the cnd of  Stress Pcr iod l l .  that  is .  a t  thc c ld of  Ju lv .

The s imulatcd changcs sug.uest  lha l  thc , . ree ur . 'ne c  of  I  L .FA d ivcrs ions of  the nragni tut le

re l lcctcd i r r  th is  scc lar io  arc Iargc lv  nrani feste i l  shor t lv  a l icr  thc i r  occurencc.  aud thal  there r ras

negl rgrb lc  i rnpact  10 t l )e-  ground$ ater  ler  e ls  in  thc subsequenl  sumnrcr  drv scason.

Srrb-rcach r i rer  gains and hrsses '  arc  shonn on 
-Jable -1.1.  inc luding c l ranqc l ionr  thc

Basel inc Condi t ion g l ins losses.  Orera l l  r i rer  -g i l ins throul thout  the course of  the vcar  ckr  nol

tarv bv more than a 1 l r ,  percent  betr rccrr  thc Bascl ine Condi t ion and Sccnar io l :  houe' r 'er .

changcs ove-r  thc shor l  ten l  arc not iccablc .  For  eranrp lc .  in  Strcss Per iod 5.  uhere thc Bascl ine

f lorv  is  rcduccd l iorn - i00 c t .s  to  l - i0  c1 i  in  the CLIFA Scenar io.  r i rcr  sa ins inc; -ease lbr  1bc

The gaiDs Iosses dis!usscri  ur this reporl ret ir  1o secpavc throrrgh the ciranI]cl  bed- aparl t ionr opcratronal surl 'acu
\\ aler i l i !ersions. tai l$ ater or ,r thcr surlace $ ater inf lo\\  s or rctLlrns.
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clurat ion of  the CIUFA reduct ion.  l  h is  occurs a-s a resul l  o f  lo lcr  r i r  cr  s lagc dur ing thc lo t ' ,cr

llol pcriod rvhich lavors a subsurface gradient to\\'ards the streilrrr. On thc othcr hand. uithoLtt

thc CL.FA d ivers ion.  a largcr  bank storagc retum is  noted in  the pcr iod in tmediate lv  tb l lo ln t r :

thc peak l l tx r  (Strcss Per iod 6) .  r rh ich is  dampe-ned in  the CUFA scenar io.  ln  the casc ofboth

thc Basclinc and the Cll,tFA scenario. grorrndu atc r- surfac c $ater intc-ractions arc dontinated bv

r iver  la ins.  larsc lv  as a resul l  o fcanal  sccpagc.  thc percolat ton ofappl ied i r r igat ion \ \arcr .  and

adclitronal conlribulions of tributan antl reeional sut.rsurthcc llorr.

Under this sccnario. thcrc arc no additional sht-rfiages in mccting crop dernand bevond

thosc that  r lou ld occur  undcr  the Bascl i r rc  Sccnar io bccause no ( ' t ,FA based f lon '  rc t luc l ror is

t tccured dur inu per iods approx imated a1 or  belo l t , the l lon lcrc l  o f7 i  6 l \ .  Shor tage condi t ious

arc not cxpected ufien river flon ler els are abor e a lhreshold range of about 50 to 60 cfs.

1.2.2 Scenar io 2:  CL FA Divers ions,  lncreased I r r igated Agr icu l ture

\{aps of change in dcllth-to-llroundu iiter il-on'r the Basclinc Condition are sholln orr

Figures .1.6 and .1.7, rcprescnting thc cncl o1-the' peak u inter run-off and the end r:rf a suurnrer dry

pcr io t l .  ln  addi t ion to ref lcct ing t l rc  impacts of  ( l lFA d ivers ions as s i t r . ru latcd in  Scenar io l .

thesc rcsul ts  a lso inc lude thc inpacts of  incrcascd consur lpt ivc usc associatcd rv i t l r  thc incrcasc

in in . isated agl icu l ture ' ' rh ich are s inrLr la ter l  lbr  a l l  i r r ieat ion^scason l ronths except . lur le  and . lu l r ' .

uhcr  sut -1 ice-  ualc t -suppl ies arc i r tadcqualc to  sr4) l lor t  the addi t ional  i r r igat i ru  dcntand.  Sinr i lar

1 i . l  the resul ts  sholn f t r r  Sccnar io l -  Frgurc.1.6 shors thc groun du atcr -  lcvc l  change a l  the end o l

Strcss Per ioc l  5  (Fcbmarv 25) .  fb l lor ' r , ing a per iod of  t 'L iFA d ivcrs ions o1 '11.600 acrc-1cct

occurr ing largc lv  dur ing the pcr iod bctu ccn Fcbruan - l  to  25.  u i th  minor  Cl  IFA d i r  ers ions a lso

occurr ing Januan l  l  to  14.  C hangcs at  th is  point  in  t inc are no d i f le lcnt  than thosc of  Scen,r r io

l .  as increaset l  r r r iga led agr icu l ture does not  inrpact  the u inte-r  pcr iod.  F i -sure.1.7 shons thc

c l tange in  ground\ \  a ter  lcvc ls  at  the crrd o l  the surnmer drv per iod l iorn t l rc  Basel ine Condi t r i - ,n .

( 'hantcs occur  in  rarr inq brr l  smal l  amourt ls  l , i1h a mar imum decrease in  grounduatcr  lcrc l  o l

less than 0.1 ibot  f l 'orn thc Brsc l ine Condi t ion.  Horrerer .  i t  should be recal led thar  r ro

meclrarrisnr uas proi.ided tbr addressing shortage to irriqatcd agriculture in the months of .lunc

lnd Juh under  th is  sceni t r io .  I fgrounc| ia tcr  punrp ing \ \ 'ere i rnp lcmcnted to address thc sh i t r tagc

condr t ions.  addr t ional  qrount lu  ater  decl ines t  ou ld be obserr  ec l .
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Sub-reach r i rcr  gains and losses are shonu on 
- fab lc  

+.1 tb f  th is  scenar io.  inc luding

changc [ i 'om the Basel ine Condi t ion gains, losses.  Largc]v.  the d i f ferenccs are associatc t l  u i t l t

shor l - term t inr ing and orcra l l  ne l  ga ins arc s imj lar  to  those i i r r  the Bascl ine Cont l i t ion.  I Ioueler .

an o lera l l  reduct ion occurs f iont  the uet  gains scet t  in  Scenar io l .  on the order  of  lhe increased

consumpt i \e  and inc identa l  \ \a ter  use of  thc htpolhet ica l  addi t tonal  i r r tgated acrcagc.  uhich is

s imulated as appro. r imate lv  - i ,10 acre- teet .  exc luding the suppl r ' - l imi ted munths of  . lune and. lu l .v .

The shor tagc i r t  - l r - ine ani l  Ju lv  uould rcprescnt  unnret  demand for  l59o of thc cx is t inc

acreage. or ll3 acres. and lbr the h-vpothetical additionai 10",,'0, or 375 acres. Thc shorlage lirr

the cx is t ing acreage.  d iscussed in  Sect ion 3 3. l .  inc ludes dcf ic i t  d i tch d ivcrs ions for  carr iage and

svst ! -n i  operat ron in  addi t ion to erop i r r igr t iun rL ' ( l r r i renrents.  the contb incd def icr t  is  assumed to

bc 12.5 c fs  i259i ,  o fa 50 c l i  to ta l  d i r .ers ion rec lu i rerrcnt ) -  or .  approx inrate lv  l .50 lJ  acrc, fcct  orcr

thc t\\'o rlronth period. In adclition to this s)rortagc. a CIR bascd sirortagc is assrrnteil ibr the

addi t ional  375 acres i r r igatcd L lndcr  Sccnar io L For  the nro l ths of  Jurrc  and Julv  uncle: -  th is

sccnar io.  the addi t ional  Cl lR-based shor tage is  es l i rnatcd at  259 acr-e- fcct .  us ine month lv  CIR of

0. i8  ancl  0 .31.  rcspcctr re l )  ( f rom 2007 month l l ,  account ing) ,  or .298 acrc- l 'eet .  inc luding thc

i tssutncd inc identa l  losses associated rv i th  the addi t ional  rn igatcd acfeaue.  Thc tota l  shor tage.

inc luding that  of  thc er is l ing acreage and the h1 'pothc l ica l  addi t ional  acreaqe.  is  est in tatcd at

I .E06 acrc-lcc1 o\ cr the t\\ o-month periotl. or. I 5 ctls.

1.2.3 Sccnar io -1:  Ct IFA Divers ions,  Incrcascd Ripar ian Vegetat ion

t r laps of  ch i tnge rn deptJr- to-grounth. r t . .  l rnru the Basel inc Cont l i t ion arc s l ' ro ln  r tn

Fisures .l.E and .1.9. representing ihc cnd ol the pcak u intcr run-otT and thc cnd of a surunter

dry per iod.  Simi lar  to  thc resul ts  shoun lbr  Scenar io I  and l .  l : igurc .1 .8 shorr :  rhc

ground\ \ ,a tcr  lcre l  cha:rge at  the end of  Strcss I 'c r iod 5 (Fcbruarr '25) .  lb l lou ing i r  per io i l  o f

( 'L .FA d i r ,crs ions of  11.600 acre- feet  occurr i t rg  largelv  t lur ing thc per iod benlccn Februarv l

to  15.  * i th  nr inor  CUFA di lcrs ions a lso occurr ing Januar l .  1 l  to  1.1.  Changes at  th is  poinL i r r

l l l t te  arc no d i t l 'c rcnt  that t  thosc of  Sccnar io l .  as increascd r ipar ian \  egetat ion docs not  in tpacl

thc i r in ter  per iod.  F igure .1.9 sho*s thc change in  groundnater  leve ls  at  the end o1- thc sLuturrcr

dtr' pcrtod as comparcd to the Baselirre ('ondilicxr. In addition to rctlectutg tltc imllacts of

L UFA divcrs jons as s imulated rn Sccnar io l .  these rcsul ls  inc lude thc impacts of  a  30, ,0

increase r ipar ian \eueta l iL ln  denrand.  I )ecreascs in  the grourd later  e let 'a t ions are subt le .
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t rp ica lh less thar t  0 .  I  fbot .  but  range up to 0.1 l ie t  in  sonre locat ions i i t  the end of  . luJv (Stress

P c r i o d  l 2 ) .

SLtb-rc-ach r i lc r  ca ins ar td losscs arc s l to t l r t  on Table .1 .3 for - th is  sccnal io .  as a changc

l rom the Basel ine Condi t ion gains lossr-s .  TI . tc-  nros l  apparcnt  d i l lerences are thosc associated

$ i lh  shor t - tem t iming.  as u ere noted above t  i th  respcct  to  Scenar io L Ber  ond thosc in tpacts.

thc ovcra l l  l lc l  r i \c r  ga in i1 l  th is  sccnar io is  rcduced bv the '  addi t ional  consuntpt i rc  use o l

riparian veeetation. approrirlatelv 9-i0 acre-feet per \ catr. \\,ith greatcst tlifTcrences occurring rl

thc sumtner nronths * hcn thc- c\ apotranspiration ratcs are hiqhest. Thcse changes can bc sccn

in d i f lc renccs in  ta ins l ronr  thc Bascl inc Condi t ion betr reen Sccnar io I  a ld  3 (contpar inr  thc

Scenar io Basel ine colunl r  i l r  
- l 'ab les,1.1 

and'1.1)  uhich arc on t l rc  or t ler  o l 'a  couplc  cr rb ic  per

sccond in the N'lal through September til l- eliamc.
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s.0 DISCUSSION

The r ipar ian grot tnduater  mot le l  used lbr  the i l lust rat i rc  scenar ios c lescr ibed in  th is  repon

is  a h igh resolut icrn,  t l t rcc-d imct ts ione l  g touncl i ra ter  f lou nrodcl  tha l  incorporatcs f lou-

tlcpcttdent rir er boundat-r' conditions lrased on output &o]11 a HECI-RAS surthcc * a1e r models.
' fhe 

handl ing of  the r iver  boundary i t t  the qroundsatr ' r  modcl  a l lous ibr  ca lc l la t io l  o i  l \ r - r

se-cpage lossc-s gains thlouqh rarious model sub-reaches. Thesc surfacc \\'atcr ground\\ aler

erchangcs are c ly ,nanic .  Iary ing spat ta i l l 'and tcr lpora l lv  accr : rd ing to uater  use pat tems and

r i rcr  i lou cot td i t ions.  I l le  grourdwater  nrot le l  inc ludcs a verv c le ta i led representat ion of  r ip i r r ran

\eqetat io l )  arcas.  i r r igated crop are i ls  ant l  rna jor  canals .  The model  ca l ibrat ion r las rer is i tec l  as

parl of this stud! and se\ eral llodel rcllnenrents u erc rrade bascd on intbmratiotr iiccluircd sinec

thc inr t ia l  mode l  t lcvc lopr . t rcnt  rn 2010.  Simul l t ion rcsul ls  for  a sct  o f  a l tentat i lc  sccnar i r . ts

inc lut ie  changcs in  the depth to grorutd\ \  a tcr ;  and c l tanges in  r i t  cr  ga ins.  losses.

l -he mocle l  accLl rac!  is  considcrcd fo bc reasonlb lv  good lbr  dere loping a senera l

t tndcrstauding of  h ldro logic  condi t ions at rd thc inrpacts o l 'changes in  r iver  f lo*s or  Iand and

$ a1L' r  use.  I  Iou cr  cr ,  thc nrodel  accurac)  can bc i lnpror  ed b) '  con{ inu ing to incol tora le data and

l lc ld  obsenat ions as thel  beconre ar .a i lab le.  Addi t ronal  t la ta is  par l icu)ar lv  in tpor tant  i f  the

quatttificetiort of localized impacts is necclctl. tirr eratlpic. chanqes in qroul'ld\\'ater elevations rn

thc r ic in i tv  o l  a  drought-sensi l i r  e  uct land.  Bcvond rc l inenrer t  fbr  inrprov int  local  accuracr ' .

l rnk ing the r ipar ian grorrnc lu ater  r rodel  to  the regional  groundl ,ater  model  and rc l ln in-e the la t ler

nra\ '  be i l r l tor tar l l  to  sorne scenar ios.  fur  erantp l . ' .  era luat ion ofchange in  Iand or . \ \a tcr  use

bcvond the r ipar ian i r r iuatcd arc l .

Spcci f ic  l ie ld  act i l i t ics  that  arc rcconnrendcd kr  su l lpon cont inued in tprovernent  aud

lppl icat ion of  the model  incht t le :

Ri rcr  sccpagc invcst igat ions:  Cont inuc 10 conduct  sr -c l ta-ge rLrns both in  lhc
rr r igat ion ard non i r igat ion scasons.  \ f inor  change-s to  n le i i \Lr rcntL-nt  p, r in ts  crn
be recor.nnrendeil at this staqe. bascd on the infbmtation rathcrcd lron lhe
appl icat ion o1 ' thc ntodcls  i lnd 10 sLlppor t  anal r  s is  of  spcc i f ic  sensi t i t  c  local  are i rs .

aanal  seeDage ar)d ta i l$ate l  in \ 'est iuat jons:  Er is t ing data lcare \untc U cer t r  t r )
in  the d isposi t ion o i  canal  d ivcrs ions throughout  thc i f f lgated areas and in  the
orera l l  lann \ \ 'a tcr  bud-qct .  i ] )  ge-ncra l .  A set  ofcanal  seepaue nrns conducled
during the srrnrlncr and durinc the l intcr u ould be uselirl tbr bette-r Lrnderstatrdinq
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thc magl l i tudc and spat ia l  var i i ' l l ion of  canal  sccpaec:  th is  in fbrnrat ion is  important
for improline the r.rntlers tanilin g and cluanlilicalion of river gains losses lt thc
sub-reach lerc l .  Addi t ional ly .  carefu l  c locunrentat ion of locat ions rnd pat tcms of
opcrat ion l l  i tnd la j l \ \a ter  r . tun ls  to  the r j rcr  f |our  lhe canals  \ \ i l l  su l ]por t
in tpror  emenls i11 lhc accuracv o l ' thc n]oc le l  a t  lhc sLrb reach or  local izec l  scale.

.  Ci round*ater  e levat ions:  
' fhe 

rnodcl  accuracv can be in tproved bv contrnui : rg  to
col lcct  groundrr i ] tcr  c lcvat ion data at  the TN( cross sect ion.  and Lrv
supplenrenl ing thcse . la t r  bv dr i l l ing and equippinu s imi lar  p iezometers e l -seu herc
s. i th i ; r  the r rodclcd arc i r .  S i r l i lar l l .  i l roundnater  e le\a l ion moni tor ing at

lliL-Tonreter transccts in other rcaches shorrlcl be contirrucd.

.  Clhanncl  tha l r rcg sunc ' ) ing:  Signi f icant  gaps rernaln in  thc acquis i t ion of  land
based sun cv data of  channel  condi t io : rs .  Whi le  lhe l0  I  0  L iDr \R surr  ev pror  idcd
ercel lent  cover : lge of  r ron channel  arcas.  bccause L iDAR does not  pror ide
c lcrat ions of  the channcl  bot tom bclo$ lhe \ \ 'a tcr  sur face.  the I - iDAR data mLrst
he supplentented bv sr i rvc\ ' . -d  channcl  tha lueg or  cross-scct idr  data.  Due to lack
o1' landonner acccss.  onlv  a l i rn i tcd number ofcross sect ions uere surrevei i  i r r
1010.  Obta in ing surYeyed thal$eg c lcrat ious at  rc la t ivc lv  l lnc in tcr , ,a ls .  1 .c . .
eve ' ry  500 1cct .  throughout  the ent i re  nrodcl  reach uould { I rcat lv  cnhancc thc-
accuracv of the cr is t ing nrodel  on a local  scale.

.  I  I l : . (  -RAS ruodel ine:  
' l  

hc l lE(- - l tAS tnodcls  prov idc a good in t l icat ion of
c i ranncl  c lcpth and u id th 1or  a range o i  f lorv  ler  e ls .  Accuracy crn bc inrpror  cd bv
obta inrng ac ld i t ional  surrey data.  as d iscusscd abore.  At ld i t ional l r ' .  t l rc  accuracv
of lon tlou conditions ancl the grountll atcr ri\ er boundar-v can bc inrprovcd bv
addi t ional  l lEC-R, , \S s inru lat ions in  thc lon f lou rangc that  incorporatc r i rer  loss
assl tnp l ions thal  are beinu dnclopcd througl r  the combinat ion of  l lc ld
inr  cs l igat ion and ground\ \  r tcr  s i rnulat ion.

The scenar ios descr ibed in  th is  repor t  -pror idc a scnera l  in t i icat iun o l  thc hrdro lor ic

impacts tha l  l lou ld bc associatcd r i th  thc changcs s i r lu la ted.  us ing ln  annual  hrdrorr raph

( l lasel ine C ondi t ion)  pal tcrned f ionr  a yc-r r  in  thc h is tor ica l  record that  is  u i th in  i r .n  averaqe rangc

fbr  annual  l lon vo lunrc anci  s l i . i rh t l l '  above ar  era iJc in  ternrs o l ' lhc lssociatcd.  h lpothct ica l .

Ct IFA d i rcrsrons.  To cra luate othcr  changcs or  scts  of  chanqes.  perhaps couplcc l  t r i th

mi l rgal lor  s t ratcg ics.  s i rn i l l r  s inru lat ions can bc s t ruc lurcd and conrpare-d asainst  thc IJasel ine

Condi t ion as dcrc lopet l  1br  th is  anal rs is  In  sonte case 's .  i1  rnt r  bc o l  in terest  to  n lake a

c()mpanson us ins a vcn ' \ \ 'c t  or  a Vcry dq.  vcar  as a basel ine:  to  t l ta t  cnd.  o lher  \ears l iont  thc

his tor ica l  rccotd can be selectcd and s imulatc t l  as a l ternatc-  bascl incs.

Thc sccnar ios presented are not  in lcndcd 10 cover  a hr l l range ofpotcnt ia l  condj t ions or

a l lernal r r  es.  but  pror  idc i r  scrsc o1 ' thc l ) 'pc i , l l lc l  rnagni ludes o1 'chrnges that  misht  be associatec l
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\ \ l th  thc-  featured lno. l i f ica l ions.  l -hese analyses arc in lbnnat i rc  lbr  understanding in l l lacts  at  a

conceptual  level .  anc l .  1br  scoping eddi t io l )a l .  n tore spcci t ic .  a l tcmat i \  e  analvses.

- ) l
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Table 3.1
Annual Gi la River Flow and Hypothet ical  CUFA Diversions

Year Gila River Flow,
acre-feet

CIJFA Diversion,
acre-feel

1 9 3 6 14.547 0
1 9 3 7 180,984 44,569
1 9 3 8 71 .432 .1,005

1939 70,003 0
1 9 4 0 131.221 a.120
I 9 4 1 382.048 63.660
1942 100,629 6 .821

1943 57.421 1 , 8 0 3
1944 5 1 .  1 8 0 2.473
'1945

89.776 8 ,567
'1946

52.048 0
1947 1A.7 B2 0
1944 69.408 0

255.  I  38 4B .551

I 9 5 0 3 4  1 3 8 0
1 9 5 7 35,800 0
1952 184 .988 36 .411

1953 39. BB 2 0
1954 76 558 5 .986

1955 73 047 8 007

25 585 0
1957 1 0 5 . 9 9  1 1 1 6 9 1

I 9 5 8 260.01  9 29 .317

1 9 5 9 92.444 l 0 . B  l 0
1960 143.649 3 0  3 1 9
1 9 6 1 98 430 7 . 4 1 8
I962 202.889 22.899
1 9 6 3 1 38 .551 1  3 , 5 1  5
1964 6 7 . 0 1  6 1 , 8 6 0
1965 228.627 1 2 . 1 3 3
'1966

2 03 .498 0
1967 1 5 7 . 1 4 4 B.346
1 9 6 8 311.062 3 658
1 9 6 9 64.657 962
1 9 7 0 56.053
1971 98.1  70 L273

Year Gi la  R iver  F low,
acre.feel

CUFA D ive rs i on ,
acre-feet

197 2 234.415 2 1 . 4 1 0

1 9 7 3 337.523 50 303
1971 48 .601 996
197 5 1 5 0 . 3 2 9 3 3 .828
1976 66 670 s 447
197 / 50.390 0
197I 3 6 1 . 3 0 1 18 609
1979 338 467
T 980 2 1 2 . 5 1  1 996
1 9 8 1 59.314 36
1982 105.029 16.253
1983 607 .285 54.508
1984 193.402 1 0 . 1 9 5

1 9 8 5 305.022 6 .377

1 9 8 6 141.832 24 095
1 9 8 7 174  016 5.587
1 9 8 8 198 252 8.700
1989 5 6  9 8 1 1 .295
1990 7 3.7 51 5.8 l9
1 9 9 1 3 0 3 . 1 3 0 7 . 1 6 4

1992 328.768 5 . 5 5 8
1 9 9 3 572 680 1 0  8 2 4
1994 157.335 1 7  9 2 5
1995 206.043 17 .328

1996 81 .487 8.604
1997 102 417 24.331
1998 150.123 24.489
I 9 9 9 107.038 1 6  8 6 9

2000 '1 78,381 7.473
2401 85  765 1 0  9 5 7

Averaqe 155,424 12.305

Med ian 1  0  6 , 5 1 4 7 .713

0 6 3 6



Table 3.2
Step-Funct ion River Flow Levels for the Basel ine and CUFA Simulat ions

Slress
Period

Duraiion,
oays Start Date End Daie Baseline Flow

Level, cfs
CUFA F low
Level, cfs

1 0 Jan -1 J a n - 1 0 75 75

2 4 Jan -  l  1 ..)af 14 254 75

3 1 9 J a n  1 5 Feb -2 75 75

1 Feb  3 Feb '10 250 75

5 F e b  1 1 Feb 25 500 250

6 1 0 Feb 26 N4ar-7

7 1 5 l\4ar-8 Mat-22 7 5 75

I 8 l\4 ar-2 3 i\4a r-30 75 75

I 4 Ma f -31 Apr  3 250 75

1 0 1 4 Apt-4 Ap r -  17 254 250

11 46 A p r  1 8 Jun-2 75 75

12 58 Jun-3 J ul-30 30 30

1 3 6 J u l  3 1 750 750

I Aug-6 A u g - 1 3 75

1 5 8 Aug-14 Atrg 21 s00 500

1 6 2 Arg '22 ALrg  23 3.000 3.000

1 7 2 Arg-24 Aug 25 500

2 Aug 26 Au] 27 500 250

3 Aug 28 Aug 30 500 500

20 1 Aug  31 3.000 3,000

21 500 500

22 I Sep-  l 6 Sep-21 250 254

23 25 Oc t-l B 75 75

2 Oct  19 Oct  20 3.000 3.000

25 72 Oct-21 Dec-31 75 75

Note Step iunct  on f low eve s correspond to t l .e Rrver Packaqe inpul  f  es used to de] l t r iy  r  ver
boundarv cond t ions for  the oroLrndwater model

0 6 3 7



Stress
Period

Duration,
days Start Date End Date Bas€llne Flow

Level, cfs
Weighted ET,..

Sca l ing  Fac tor " '

1 '10 J a n  1 1 J a n - T  0 75 0 0 0

2 4 Jan -  1  1 . l an  I 4 250 0 0 0

J a n - 1 5 7 5 0.00

4 iJ Feb-3 F e b - 1 0 254 0 0 0

5 1 5 F e b  1 1 Feb-25 500 0 0 0

6 1 0 Feb  26 Ma.-7 250 4 2 1

7 N4a.8 Ma.22 7 5 0 l 0

B B l\"4ar 23 |\,4 a r-30 75 0 3 0

I 4 l \1ar 31 Apr  3 254 0 5 3

TO npr  4 AP'lt 250 0.60

1 1 46 A p r  1 B . lun-2 7 5 t 2 8

12 58 J u n - l J ! l  30 30 2.44

1 3 6 J u  3 1 Aug -5 750 2 2 4

1 4 8 Aug-6 Aug  13 75 2 1 6

1 5 d Aug 14 Au9-21 500 2 1 6

r6 2 Arlg-22 Aug-23 3.000 2  I 6

1 7 2 Au9-24 Arg 25 s00 2 . 1 6

2 Aug 26 Atlg-27 500 2 1 6

l Aug -2  8 Auq 30 500 2 1 6

20 l Aug-31 3.000 2 1 6

21 1 5 Sep  1 S e p -  l 5 500 1 6 8

22 B Sep-23 254 1 6 8

2 3 25 Oct  18 /5 0 9 9

21 2 Oct  19 Oct'2\ 3  000 4 7 2

25 72 a e I 2 1 Dec-31 75 4 2 1

T a b l e  3 . 3
Ripar ian Evapotra nspi rat ion Scal ing Factors

i1)  Factor  by \ \ /hch each plant  L.ct tanal  groNp s .nnual  average Evapotrarspt ;  ato i  ete ts adjusled fa l
eacn stress pe./oo

0 6 3 8



Tab le  3 .4
Simulated River Gains/Losses for Basel ine Condit ion

Stress
Period Start Date End Date

River Gain (-),
Loss (+),

cfs

Jan -  1  0 2 9 4

2 Jan -T  1 Jan -  14

J -34 .5

4 Feb -10 -7  1

5 F e b - 1 1 - 9 3

6 Feb -26 Mar-7 ,39 .0

7 l\,4a r-8 Mar22 -11 7

I N,4ar-23 Mar-30 -33 4

9 N4ar  31 Apr  3 0 6

1 0 Apr 4 Apt 17 2 5 8

1 1 A p r  1 8 J u n  2 3 0 9

1 2 Jun-3 Ju l -30 2 1  . 9

1 3 J u  3 1 Aug-5 6 6 8

1 4 ALrg 6 A u g  1 3 44.2

Aug  14 1 2 . 3

Arg 22 173 5

1 7 Aug 24 ALig 25

J 8 Aug  26 Aug 27 2 2 3

T 9 A0g-28 A !g -3  0 24 .9

20 A u g  l l A !9 -31 279 .4

21 Sep 1 43.2

22 10.7

23 Sep-24 Oct l8 3 8 4

24 Oct -19 Oct -20 244 .6

2 5 Oct 21 Dec 31 38.3

0 6 3 9



Table 4.1
Change in River Gains/Losses for Scenario 1

CUFA Diversions

Siress
Period Start Dale End Date

Baseline
Flow Level,

cfs

CUFA
Dive.sion

cfs

Baseline River
Gain (t/Loss {+),

cfs

Scenario River
Gain (-)/Loss {+},

cfs

Gain/Loss Dafference,
(Scenario-Baseline)
(+) indicates lower
gain or higher Ioss,

cfs
1 Jan -1 J a n  1 0 7 5 0 -29 4 -29 4 0 .0

2 J a n  1 1 i a  n -  14 1 1 -29 6 - 3 1  0

3 J a n - 1 5 F eb-2 75 0 -34 5 2 9 7 4 9

Feb-10 250 175 7 . 1 2 9 9

5 F e b - 1 1 Feb'25 500 250 9 . 3 1 9 . 9

6 F  eb -26 Mat 7 250 0 ,39 .0 -27 .9 T 1 1

7 l\4ar 8 Ma.22 75 0 -39 5 2 . 1

B Mar  23 M a r-30 75 0 33.4 3 2 2 1 . 2

I Ma r-31 Apr-3 254 1 7 5 - 0 6 3 1  2 3 0 6

1 0 Apr-4 Ap t  17 250 0 -25 B 1 8  7 7 A

t 1 A p r  1 B Jun '2 7 5 0 -30 9 -30  4 0 5

1 2 Jun 3 Ju l -30 30 0 ,21  I 2 1  A 0 1

1 3 J u  3 1 Aug-5 750 0 66.8 6 6 9 0 1

1 4 Aug  13 75 0 -14 2 -44 1 0 0

1 5 Aug-14 A u g  2 l 500 0 1 2 3 1 2 4 0 0

1 6 ALtg 22 Au  g -2 l 1.000 0 173 5 1 7 3  5 0 . 0

1 7 Arg-21 Aug-25 500 0 1 3 6 . 6 0 0

1 8 Aug- 26 Aug 27 500 250 -22 3 6 6 7 1 4 3

Aug 28 Aug-30 500 0 -24.9 7 9 1 7 . 1

2A Aug-31 3,000 0 279.4 283 3 4 0

21 Sep-1 S e p  1 5 500 0 1 2 8 0 4

22 Se p-2 3 254 0 4 0 6 0.2

23 Sep-24 O u t  l B 75 0 3 8 4 3 8 4 0 1

24 O c t  1 9 Oct 20 3,000 0 244 6 244  7 0 l

2 5 Oc i -21 Dec 31 75 IJ -38 .3 0 0

0 6 4 0



Table 4.2
Change in River Gains/Losses for Scenario 2,

CUFA Diversions and Increased l rr igated Agricul ture

Staess
Period Start Date End Date

Baseline
Flow Level

cfs

CUFA
Divers ion ,

cfs

Base l ine  R iver
Gain (t, Loss (+),

cfs

Scenario River
Gain (-)/Loss (+),

cfs

Gain/Loss Difference
(Scenario-Baseline) (+)
indicates lower gain or

higher loss,
cfs

1 J a n  1 0 75 0 ,29 4 -29 .4 0 0

2 J a n  I l Ja  n -  14 250 1 1 2 9 6 - 3 1  0

3 J a n -  I  5 Feb-2 75 0 -3.1 5 -29 .7 4 9

4 Feb '10 250 7 . 1 299 -22 7

5 Feb- ' 11 F eb'25 500 250 , 9 3 1 9  9 1 0 . 6

Feb-26 Mat 7 250 0 -39 0 - 27  I 1 1 . 1

7 lV a r-B Mat 22 75 0 39.5 2 . 1

B Ma.23 l,4a r-30 75 0 -33.4 3 1  . 9 1 6

I l l  a r-31 Apr  3 250 1 7 5 - 0 6 3 0 0

1 0 Apr  4 Apt  17 250 0 ,25 .8 8 1

11 Apr -18 Jrn-2 75 0 30.9 - 2 4 I 2 0

1 2 J u n - 3 J  u l -30 30 0 0 . 6

1 3 J u  3 1 Aug 5 750 0 6 6 8 6 7 5 0 7

Aug 6 AUg-13 75 0 1 4 2 ,43 3 0 8

1 5 Aug-  14 500 0 1 2 . 3 1 3  6 1 3

Aug 23 3,000 0 173 5 1 8

1 7 Aug 24 Aug-2  5 500 0 136 7 1 2

t 6 Aug  26 Ar9 27 500 250 22.3 -65 5 43.2

1 9 Aug 28 A i i g  30 500 0 -24.9 - 6 4 T 8  5

20 Aug  3 ' l Aug 31 3.000 0 2 85 .6 6 .2

21 500 0 4 3 2 11 .3 1 9

22 254 0 . 4 4 7 39 1 1 7

23 Sep  24 O c f 1 8 7 5 0 3 4 4 ,36 7 1 . 7

24 Oct  19 Oct20 3.000 0 214 6 247 6 t 0

25 Oct-21 D e c  3 1 75 0 -38 3 37 .9 0 5

0 6 4 1



Table 4.3
Change in River Gains/Losses for Scenario 3,

CUFA Diversions and Increased Ripar ian Vegetat ion

Stress
Period Start Date End Date

Ba se l ine
Flow Level,

cfs

CUFA
Diversion,

cfs

Baseline River
Gain (-), Loss (+),

cfs

Scenario River
Gain (-)/Loss (+),

cfs

Gain/Loss Difference
lScenario.Baseline) (+l
ndicates lower gain or

h igher  loss ,
cfs

l J a n - 1 0 75 0 2 9 4 29.4 0 0

2 J a n - 1 1 J a n  1 4 254 115 ' t . 4 -29 .6 3 1 0

.l J a n  1 5 Feb -2 75 0 34.5 2 9 7 4 9

Feb-3 Feb -10 250 1 7 5 -7  1 -29 9 2 2 7

5 Feb - l  1 Feb  25 500 254 - 9 3 I  9 . 9

6 Feb 26 Mat 7 250 0 -39 0 2 7 7 1 1  3

I l ,4ar I Mat-22 75 t) 4 1  7 -39  2 2 5

8 Mar23 Mar  30 7 5 0 1 6

9 Mar  31 Apr-3 254 175 - 0 6 -30  7 ,30 .1

1 0 Apr  4 Apt-17 254 0 2 5 8 1  8 . 0 7 8

l 1 Apr-18 Juat-2 1 5 0 -30 9 28.9 2 0

12 Jun-3 Ju -30 30 0 1 9  0 2 9

1 3 JL r  - 31 754 0 6 6 8 7A .7 3 B

Aug 6 A u q - 1 3 75 0 4 4 2 4 1  5 2 6

T5 Aug  14 Aug -21 500 0 1 2 3 3 4

A u g - 2 2 AUg 23 3.000 0 1 7 3  5 178 .1

1 1 Aug 21 Arrg-2 5 500 0 - 1 3 3  9 2 . 7

Aug 26 An9-27 500 254 22.3 6 1 2 , 4 1  A

Au9-28 Aug 30 500 0 - 24  I - 4 7 2 4 3

2 0 Arrg-J 1 Aug -31 3.000 0 279  4 284 1 9 0

21 S e p  1 5 500 0 -13 2 4 0 3 2 9

22 Sep-16 Scp 23 250 0 -38 4 2 3

23 Scp  24 Oct l8 75 0 3 8 4 ,36  I 1 5

24 Ocr19 Oct.20 3.000 0 244 6 247.1 2 5

O c t - 2 1 Dec 31 0 3 8 3 3 7 9 0.4

0642
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APPF]NDIX -{
SU,\ ITIAR\ '  OF ELE\"\TIO\ D,\T]\SETS

Eievat ion datasels uset l  in the r ipar ian ground\\ 'ater rrodels include:

Land sur face e levat ions
r  l '2  foot  L ight  De tcct ion and Ranging ( I - i l )A R )  r i ts ter  end
l - .  30 meter  \a t ional  E ler  at ion Data ( \ED) raster

Fic ld  sun eved e lcvat ions
o Points  a long r i r  er  t ransects and
l  P iezometcr  nel l  locat ions.  ground e lcvat ious and \ \ ,a ter  lere l  mcasure-mc-nt

da lu l l l s

I  I [C-RAS sur f -acc \ \  a tcr  rnodcl  rcsul ts
: lV{inimurn rivcr channel crported lionr I IEC -RAS nrodcl
lr \\ 'aler surf-acc elelation detentrincd tiorn HE( -RAS ntodel resrrlts fbr a suitc of

l lou 'condi t ions
\{easurcd groundu'ater le\ els at the ltielometer transccts and
(icncral Hcad Boundary' (GllB) conditions calculaterl fiolt thc Transborurdan Acluifer'
Studl' regional modcL

NIctadala lbr each dataset are included bclorl. The Sul4tlent,nttrl lttl ittnation section of eaclt
rnctiidata surrnrarv indicates hot thcsc data \\'cre uscd in thc riDiirial qrounds ate-r moclel.

A rcr ics.  o f  e levat ions rcvealed ovcra l l  corre lat i r )n  o l 'datums crccpt  ibr  a  sect ion of  l lc ld
sun.cved data in  the nor lhern arca of  Reach l .  

- fhe 
rer , ieu process consis le i l  o f  cornpar i t r l

e lerat ions l l i th  rcspect  to  a nc l \ \ork  of  l6  ground contro l  po i l ts  es labl ishcd before ant l  durrng
LiDi \R data acc lu is i l ion.  [ 'onrpar ison of  thc proccssed L iD. \ ] l  ra-s ter  data s i th  the srorrnd
control net\\ ork rcporlcd a root mcan s.luarc crror of 0. I I teet. Be'cause of the los crror santplc
ratc  ar td cont inuous co\cra l le  in  thc ra l lcr . .  the L iDAl t  r i is ter  \ \ 'as assLrnred to be accuratc ancl
used as tlrc base. ground elerlrtion. .All other (la1irse1s \\ crc corrpared to thc Lil)r\R rastcr-.

Suncvcd sround sur lace e le lat ions lcrc  conpared to barc-car1h L iDAR c levr t ions arr t l  in
gL)teral. the datasets corclitlc \ i1h thc erccl.riio:t ol t\ o tlistinct arc-as bet$ een (ril:r I{ir cr al [i i la
gage to approx i r rate l )  one rnr le  belou thc lNC cross-sc-ct io l .  Thc cause of  the sr inered
clerat to t r  t lcv iat ior  uas bel iered.  and la ter  conl in led b-v I 'c t ra- lech.  to  bc a hasc stat iou setup
1 1 1 j , ' 1  l " ' , p - g l , ' 5 r l r c  t l t i . C t l ( u l , r l i , r l  ( , r ' , r t t r \ . i  r l

The l le ld  survcv dala uere in j t ia l l i . . incor ; rorater l  br ,  l -e t ra l 'cch in lo  the HEC-11. , \S sLrr l l tce uater
tnodcl n rthout corrccting ibr lhc c'rors. causirtg thr- eler ations to be shiiletl lou cr in thc surfacc
g atcr mode l: horr cvcr. calcuiatcd surfucc \\ ater hvdraulics \\'crc not altcted and t oultl rent.iin
thc \ane e\cept  j l l  t rans i t ion areas.  To correc l  lbr  the o l lsct  o f  I ILC-RAS c lnat ions uscd in  thc
gt.ctt-rndri alcr nrodel. an adjustment u,as applicd to the HE[]-R,AS river bottonr eleratir-rn and
HFC'-RAS u atcr  sut lace c ler  at ion model  resr : l ts  lbr  each l lor  scenar io.  Frgurc A- l  s i rou s the
arcas uherc adjLrstnrents $ere applicd to the ground\\itter rnodel ir'rpu1s. TIte IdjLrstntL'nts.
+95l !et  and -0.6 ieet  o\er  t \ \o  d is l inct  sub-reaches uere calcu latcd as thc arerasc '  d i f fcrcrce

0 6 4 4



bets 'ccn t ic ld  sun e\  ed grount l  c ler  at ions md corresponding LJD.{R c ln at ior rs  at  spcc i f ic
sun 'cved poin ls  wi th in each of the t*o sub-reaches.

The r iver  bot lo t r t  e le \at io l ]  and \ \a ter  sur f i rce e lerat ions ior  a l l  f lo l  scenar ios ucre sh i l le t l '9 . - - i
leet  f rom the upper  end (nor them e\ lent )  o f  the grouncl*ater  modcl  to  HE( fu \S stat ion l ine
j i767.6-1 and r0.6 leet  l ionr  I l [C-RAS stat ion l ine ]1988.39 to 18856.1.  In  the t ransi t ion arcas
l lom stat ion l inc 31767.6.+ to 31602.28 and l iom lE856. l  to  185.19.  the adiustnrcnts u crc  l incar l r
i t  t t c  t 1 o  I a  l e  d  t , ' . r r o . t l )  r r l t c r  c l c r  a l i u r r : .
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D(tqse l :  L igh t  f )c tcc t ion  and Rang ing  ( l . i l ) . {R)  Barc  Ear th  Ground E leva t ions

Pnr id t ' r .  , \ ' l e r r i ck  &  Conpanr . l -150 S Pcr r l i ; r  S t rec l .  Aurora .  CO 8001"1  - l0 l - - l -s . l -19( ) - l

I ) t t t 'A rq t r i re r l .  i  16  2010 - l  5  1010.  l )u l t  Pn  n  t , t | :  -+  l9  l0 l0

[)utt: l]t ' t 'eitt t l  I i0'1010

Rtp(r'141 Ho :t)n!ul Dtttun \,crr \ferrco Slatc Plane. \\ 'cst Zonc (l ict) \,\Dltl

Rt'prtrted I d'ttLdl Dutto . \.{\ 'D88. ( jeoid 0,1

I  t r l iLa l  .1 r ' c t t r t t t t .  Repor led  I , led ian  Cont ro l  [nor  0 .0 ( r t t .0 . l l  R \ ,1SI r  o l  l  l i r rs rmplc

Suppletttentul ltt/ontl.tt i(11: l lscd in to delenninc rrctagc gLouncli lalcr ntodel cell elcration.

f.rltt iptttt 'nr Lire'r/: -{ Le ica AL55tl I l  LiD-{R sensor s us usccl ro obrain rhc Lil l ,\R datase r. Brcakline s
\ \ c r c  c o l l e c t e d .  A 0 . l  R I l S i r o f I a c c L L r a c v \ \ i t s a c h i c \ c d a n d r e r i l i c r l b v c o n ) p a t i n g l 5 g l o u n d c o n t r o l

porn t ! .  A  0 . - l l i  con tour  i r t c r \  a l  \ \as lch ic r r 'danda0.5 l i rcso lu t ionr i i s tc r \ \ i t sde l i r t ' r cc l .

Data  * rs  p lo r  rdcc l  r  ia  CDRO\1 (ESRI  ( i r id  i i l c  nar rcc l  d tn" )

0  6 4 6



1)4/.rset: Naliollal Ele\ ation l)ata!et

I 'r 'ot it l tr \ iLLsselter l-.nginccnn-r.: lnc 
-fetra 

Tech

Dnt' ltqttirecl: l-rnknorr n

Dutc Rtt t i t t,cl: 5 13 2009

Rrp()rIel Hot i:onIuI [)ott!111 (ieoglaphic Decirnal l)esrccs. NADS-l

Ileportcd I t 'rt i tol Dututtt Not rcpolled

I  t ' r l i Lu l  .1 t  r  r1 / r f t ' r :  No1 rcpor ted

' \ t rp1 t /e  n t tn ru /  /n / i t l . / r? . r1 to l / :  \ \ ' here  L iDAlL lasnota \a i lab lc (ncar t l ' r t ' ou te rbou: rc l lncso f  theac t i rc
ntodel clomlin). stafldard USGS \EDs Nere supl]lelncnlc(l.

(i lS data rvas providctl br \ latt Intan. \4El i ia FTP tESRI Cirid fl le naned 'hecl 2.i:18J(r,16 )
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/ )n rasc l :  Sur re led  Cross-Sect ions  and P iczomctc rs

l ' ro t idc r .  Tc t ra  Tcch.  ( r l l l  Inc i ian  Schoo l  Rd, 'wF. .  S lc  205.  A ibuqucrquc .  NNi  8 l l l0  (505 )  881 ' i1 t8

DtL te  I ' ro t l tL t td .  Data  uas  acqu i red  dur ing  tso  t ie ld  su t re l  c rcn ls  in  June 1009 a ld  \ '1ay  2010.  A l ie r

sLL l le \s  \ \ c rc  cornp lc lcc l .  c lc \ iL t ions  \ \e re  ad jus tcd  t lon  a  loca l .  re ' l r l i r c  d l tu rn  (c l l ipso id  hc igh t  I  to  an

es tab l i shcd or thonrc t r i c  da tun  ( \GVD88) .  Dc ta i l s  on  thc  f i c ld  sun ls  rnc i  thc  rc l t i ca l  ad ius l rnent  a re

dcscr.ibcd bclou,.

l )  In i l ia l  l i c ld  in rcs t iga t ions  ivc re  per lb l rned 6  '1  2009 to  6 ,10  1009.  l c t ra  l -cch  ins ta l lec l

piczomelers ancl srLrr e1, ecl eleratrons at lhrcc transccts.

r .  F lcd  \1c(  L r l l l  Ranch [ 'ps t rcar r  (F \1 - l ) :

b .  I - rcd  \ l cCu l ley  R iL  c l r  I )o \ \ l l s t ream (F \ I -2 ) :  rnd

c .  Lee Ranc l r  l cur  V i rdcn  Br idge tVL) .

Dur r r rg  thc :009 sur \e \ .  a  loca l  a rca  nc tuork  * i rs  es tabhshec l  and on l r  rc la l i rc  a lc \a l ions
(cll ipsoid hcights) u.-rc captulcd; no ! 'slablisl 'rcd onbornctric heiglrts ri crc obtainccl.

l lo l i zon ta l  k rca t io rs  an i l  \  c r  l i ca l  c le \  a t io r l s  tvere  sur  r  c r  cd  r t  thc  p iczo l rc te r  caugc

tri l l lsduccr'. piezonictcr top of casins. piezLrmcter qr oLrn(1 surftce eler ation and along the

cr'oss-\cction ol thc rir cr at c'ach tl lursect.

D a t a p l o r r d e d r i a e r n a i l ( l c x t l l l c s n a r n e d " L c e R a n c h X S . C S \ " . ' \ l c C a u l l , R a n c l r X S . ( S \ ' "

and "P iezo l l rc tc r  PN l - .2 I ) .cs r  " )

l )  Add i t iona l  l ie ld  i rves t iqa t io rs  ucrc  pcr lo r - r rcd  5  I  l010  to  5  5  1010.  Te t ra  Tech ins ta l lec l

plci/ontclcls al t\\ '0 lransccts:

i i .  Thc  Na iurc  (  , . rnscr r  anc)  11NC) :  and

b .  I J i r d  { U l .

lu adclit irrl to install ing ald locating the piezornel!).s. topoglaphic clata ir as collected a1 l-l

t r .enscc ls  u lous  thc  Gr l r  R i r  c r '  l i o rn  thc  ( i r la  ( iagc  a t  (  i i i a  abor  c  \ {ogo l lon  C lcck  to  La

C a n r o n .  l ) r L r i n g t h c 2 0 l 0 s u n c y - . r r e s t a b l i s h c c l N ( ; S \ ! ' r l i c r l  c o r t r o l  p o i r t  r r  a s  l i r u n d  a l o n g

I I ighri ai I l i0 bcl\\ ccn Bil l F.i ans I{d ard Iron 13r' idgc [i i l  l l lorr ing thc \ur\ e\ elc\ utiors to hL-

recli i ied as C)nhirrlclr. ic helghts.

Data  pror idec l  l ia  s ra i l  (N IS ! :xce l  f i l c  narncd C i i la  DataCol lcc t ion  0 ,51( ) .x1s  )

3 )  I - -o l lo l rng  the  \1ar  1010 sur re ls .  cJcra t ions  co l l cc lcc l  jn . lune  l0 { )9  \ \c rc  \c r l i ca l l }  a . l lus ted

to  appro \ i rna tc  thc  cs tab l i shcc l  . r ' - ( iVD88 i la tun t  I  hc  ad jus t rn ! -n1 .  '8 (1 . .16  lcc t .  u  as  cu lcu la le 'c l

l r . :  thc  d is tancc  be l r rcc l  thc  rc la t i rc  da lun  ( r ' l l i pso id  hc igh t l t c r  thc  o r thor re t l i c  he igh t

( \C ; \ 'DEl ( la t  lhe  d isco \c rcd  NCiS icn ic r l  con l ro l  po in t .  . . \ l l  p rczornc tc r  c le \ i t t ions .  c r ( )ss

scc l ions  arL l  con-cspond ing  r r  a tc r  s r r r lace  c lc r  a l i , .m:  o l  thc  F  \1  I  .  f \1  I  and VL l ranscc ls

\ \  ! - rc  ad lus icd  +8( ) . -16 .  rcgard iess  o l  d is lance l ionr  thc  NGS \e r l i ca l  con l ro l  po in1 .

Datapror idec l  \ ra r ' rna i l  1 \1S I rce l  1 l ]es  l in l ] ] .d  - 'XSDaia .x ls  and 'Prezonrc lc r  PNF. / l ) . r l : . )

D t t t  R , , tc i t t t l .  I - ina l  dc l i ren  6  l8  1010
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D.rla-{.,/: Sur\e\ed Cross-Scctions an{l PiczoIl1ctcrs contil lue{l

Repot' lt ( l Hori:onto/ Dottun: Nc* \{cxicr.r Stalc Plane. \\rcst Zonc (la'ct) N-ADti

Rt'portt 'd L:trt icol Duttun: Final delirerr ad.lusted to NAVD88

I ' t r t fu t t l  . l t ' c t t raL t ' tepor tcd  accurac ics  l i r r  GPS s \s tcm u t i l i zcd  are  I  cn  .  I  pprn  hor izon ta l \  unc l  2  c r r
+l ppm \ erticail! ir hcn conclucting and R l K srLl\ c). Static sulr cl accuracies are 5 mn't r I ppln

hot izo t t ta l l r -  and 5  mru  -2  ppr l  rc r i i ca l l v .  A  combj la l ion  Sta l j c  RTK su [ \ev  \ \ ' c re  conduc led  s i l i ce  I
conhol poinls l cre located rvithin reasolable distarce of surr cv ltreas.

.Sttltplontntol ltt l i tT /r?.rrroli: Sur\c\ccl cross-scctj0ns \\cIc rLsed in thc lt l-.C R-{S suriacc \\ atr.r lnodel
lnpL l ts .  \ ' [ i n i l r ]L r r r  r i rc lchannc l  bo t t ( r r  c lc \a t i r )ns  and sur tacc  \ \a tc r  c lc \ i l t i o l ] s  t rc rc  ex1 ' l0 r1ed i lon  t lF .C '
RAS and usccl in the sround\\ atcr nlodcl.

E(lt! iptnetlt u.t r,r/: Ranch Trimble.11t00 Sun e1 (it 'acle CiPS tsasc. Irimble "11100 SLrrr er. Liladc (iPS Ror er.
and 

-l-rimble 
R8 \{odcl 2 GNSS Rorcl ucrc uscd to obtain sulrcvccl cr.oss scciions. Channcl i iatLrles

\\ cre sur\ r-\ !-d and classifici l ibr crrch point clcr ation.

0 6 4 9



Dqtssct: l lEC-R.\S Surfacc \1 ater I lotle I Results

Pro t i t l t , r .  Tc t r .a  Tcch.  l -10  Sk i  l i i l l  Ror rd .  S tc  l l ( ) .  PO Box l ( r59 .  B lcckcnr id i . te .  CO 1 i0 .11 ,1  i9 l0 i  l i l
619.+

Dur , ,Rt , t t , i t t , t / .  .5  l5  l0 I0  516 l0 I0

R.'1.)t)rtL,d l lui:()t itLtl l)Lrtunl: Ncir \ lcxic,-r Statc PIlnt'. \\ 'cst Zolte (1cc1)NADI\-l l lAR\

Rept)r' l4l I:t,rt it al Dottttn '.\ .-\

I e'r'lrtrr/ --1r r r,-rfu I : N .\

S t rpp l t ' tnen to l  In l i t r t r t r ion  F t le  cont l ins  ( l )  I I t i (  -R-AS r i rc - r  s ta l ionL inc  ( l )  r r in imum channc l  c lc ra t ion
at  c -ach  s la t ion l inc  ( i )  \ \a lc r  su f thcc  c lc \ i l l i oD a t  e rch  \ l l l i on l inc  anc l  1 -1)  r  c1ocJ t1 .  1op \ \ id th  an t l  F Ioudc '
numbcr  assr r rncd  ib r . i5c l l s .  250c1.s .  750c1.s .  1 .000c i .s  and 3 .000c fs  i lo *  scenrnr )s .

Data u as pror iclctl r ia crnail (\ lS Exce I t ' i lc nanrcd 'Gila RAS OutpLrt.xls")
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Dalu\eli Pictometer (;roundl ater Le\els

Pnt t i t le r .  - \ c l  \ l cx ico  ln tc rs ta te  S t rean ' r  (omniss ion  r ia  E l len  SLr lc -s .  co l t l raa tor

Dute  Rt ' t t ; r  .6  )  2 ( l l l )

l l t '  p o r I e d H o r i --t t r t I e I f) Lt I l  t nt. Not Applicable

Ile yt t t r t c d l '( t t i  ( e I I) d t t I 111. \cr1 r'eporte-d

I ct I i t tt l  .11 r ttuc.t . N ot lepollcd

.\tt ltplt ' tne'ntul lttfctl r7 r./rlor: Obser\cd grottnduatct lcrcls ucrc rolrlt i lrc(l to silnulalcd grorind\\ atc-r
l c r  c ls .

Note  l iom F l l c r  So les :  Lere l logec ls  a l t i tudc  c l loncous l )  s r - l  to  6000 l i .  ra ther  rh i rn  concc t  -+600 t i  .  Per
So l ins t  rnanua l  3 .1 . -+  p .  56 .  thc  Ler  e l loggcr  lu iomat ica l l v  ca lcu la tc i l  barorue t r i c  o l l . se ' t  as  - l  I  .  l7
(6000 316)  =  l - l .906 .  Cor rec t  barou le t l i c  o t l sc t  $  ou ld  ] ra r  e  bccr  ca lcu la ted  as  i  l . l?  - ( .1600 '826 )  :5 .60
1\a l iance =  I  69  fcc l ) .  I {oucrc r . in  lh is  c i l se  the  l l i l ro lo l rgcr  \as  a lso  er ro rL '0us l \  sc t  ro  6000 t i c t .
Ar  e ra{e  r  a l iancc  bc l \ \  ccn  thc  L ich ty  Baro loggcr  and F \1  I  Baro loggcr  {cor rcc l l r  se t  lb t  c lc \a t io r l ) \ \ i ,5
cllcull lcd or ct a 3 clay pcriotl .rs L(r2. Therelble thc adJustmcnt for alt itutlc hcrc u as calculated as L(rl
L69 lec .  o r  - (1 .07  f l .

\ \  u t t - t  le - re l  da l l  u  i t s  pnr r  idcd  by  l - . l l cn  So1cs , , ia  e r t ta i l  (F .xce l  l l l r -  nan lcd  'L ic l r tv  IS(  t r l r l sdLrccrs . \ l s  )
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Dal4-rst: ' I 'ransboundarl 
Aquifcr Stud] \\ 'ater I-o el Contours for SW\\l project

Pnl iclt 'r N\1 Waler Resourccs Rcsearch Insti lute. Slucky l lal1. Espina and Slcuart.Las Cruccs. ),.J\1.
lrt00-l {,505 ) 6'16 ,1.13r-

Date.,ltqttrrt,d: 2 | 1999

Date Rct'ciyed. 10,1 200S

Reportetl I IoriLtntdl [)eru]1l UT\'f Zonc 1lN. NAD2i. \4ctcrs

Ref )t ' tad l:ertiatl Duttrnr. \o infbrrratior.r prolit led in rnctadata

Ier l i td l  . lL tu rk r .  No in fonna l ion  pror idcd  in  rnc ladata .  l \ los t  l i kcJ l  amixo f  ver t i ca l  da lL rmsu i lb
\ ariable accurac)' .

.\tr pp lententu l l nlit t or et ion: 
'I 'he 

Tran sbou ndary A qu i ltr Studl Ground\\ ater Le\ els u'erc uscd to csti irtatc
the (iencral l{cad tsourdarl '(C;l lB) ibr thc ground$atcr model. Thc (;I lB $as sct equal to l.125rI in
cic\alion al a (l istitncc from the ccnler oflhc aiHB rnodcl ccll to the ccntcrl inc of the 1,125m conlnur'
intcrral l iom the WRIiI fransboundary" Aquiier Stud1,.

' 'CO\ (F  l ) "  u t t r ibu le  conta ins  contour  in te r \  i l l  i n  t i c l .  'C  ONTO UR '  a t t r ibu te  conta ins  con lo l t r  in lc r ra l  in
lrctcr5.

Dala *as proviclcd via CDRO\4 (ESRI (ir id i l lc naned '\\,rri contour arc") Nati\c l i lc l irrmat in
Arc'ln1il cxltorl ( contour.c00)
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Figure A-1 Elevat ion Adjustment Extents in the Groundwater Model
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Table B-3
Diseharge at Measurement Si tes

G i la  R ive r  Seepage  Run ,  December  13 -16 ,2010

Dav One '12-1 5-2010

Site # Discharge in  CFS Remarks

1 59.9
2 N o F o w

3 5 8 3
9430815 1 B  4 Out flow from Gila River to Upper ciia D tch
9430820 OLI  ' o ^  l o ' r ]  G  l a  R r ,e r  : o  Fo r t  Wes t  D  l cn

4

9430825 1 3  B Out f ow from Gila R ver to G a Farms Ditch

5 1 8  4

6 2 8 9

Dav Iwo 12-14-2010

Site # Discharge in CFS Remarks

6 3 2 6 (Second  rneasu ,emen t  a t  s  t e  b )

8 0 6 2 Return f low from Upper Gila D lch lo Gila River

1 0 3 2 3 Return f ow from Gila Farms Ditch to Glla R ver

7 3  9 .5

11 1 9 8

I 1 0 7 Return f low from Fort West Ditch 10 Gila R ver

12 5 9 5

1 3

5 8 2
20 No F low Out f low fron Gila River to Bi l  Evans Canal

21 0 1 6 R F  - - - ' l o ^  a o n  B  |  |  
" a  >  C d n d  t o  C t l d  R t ' e r

63.7

3 . 2 8
Inf low from l, ,4angas Creek Abv Mouth near Cli f f

N M
1 7

Dav Three 12- 1 5-201 0

Sile # Discharge in  CFS Remarks
1 7 6 7 6 rSecond  measu remen l  a t  s rLe  17 )

69 .5

7 4 1

22 75 1
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Table B-2
Calculated Stream LossiGain

G i la  R ive r  Seepage  Run ,  December  1  3 -16 ,  2010

F ie ld  lD
Map
ID 13-Dec-10

Ma in
C hanne l
Flow, cfs

Inf low,
cfs

Outflow,
cfs

Gain (-) or
Loss (+),

cfs

C a Ri ' .  er ab r N'aoqo,'on C.eek .ea' O' ld 5 9 9

B Mogo lon  C ee I  a t  Mouth  near  Gra 0 0
C G a  R  ' . e r  o  w  Mogo r .on  C  ee^  "e " '  6  d 5 8 3

REACH A TO C 1 6
9430815 Upper  Gra  D r t ch  nea r  G  a 18  . l

9434820 Fort West Ditch near G a 1 7 4

D Gia  R  ve r  b lw  Uppe r  G  l a  D i t ch  (and  F l
Wes t  D l t ch )  nea r  G  a

1  1 . 5

REACH C to D 1 1 0

REACH A TO D 12.6
9430825 G la  Fa rms  D  t ch  nea r  G r  a 13 B

E G la Rlver blw G la Farms D tch near G a

REACH D TO E -20.7

#6 F Gr la  R i ve r  abv  H ighway  211  B r i dge  @ G i  a 2 8 9
REACH E TO F 1  0 . 5

14-Dec-10
#6 F G la  R i ve r  abv  H iqhway  211  B rdqe  @ G i  a 3 2 6

G
Gi  a  R  ve r  b l v r '  H  ghway  211  B t  dge  nea r

G  l a  (a t  Bea r  C reek  i n f l ow :  Bea r  C reek  no t
f iow nq)

3 9 5

REACH F TO G - 6 9

#8 Upper Gila D tch return @ Gi a
(no t  a t  r i ver  channe )

0 .6

# 1 0 G la Farms Ditch retLrrn near Grla
(no t  a t  r  ve r  channe l ) 3.2

K G a  R i ve r  ups t ream o f  US  180  B rdge
near C rff

3 9 8

REACH F TO K (assum ng d tch retLrrns do
not return as sudace f low to r iver

-7 .2

REACH F  TO K  (assumrng  d r l ch  re tu rns  do
return as surface l low to r iver)

-3.4

Fort West Dl lch return f ear Grla (at r ver) 1 1

G i l a  R  ve r  b  w  US  180  B r  dqe  nea r  Gr  a 5 9 5
REACH K TO L 1 8 . 6

Mccau ley  D vers  on  (assumed) 0 0

# 1 3 t\1 Gila R ver near C l l

REACH L TO M 1 5 . 9
i20 T O - l ' o , !  n o . n  G .  a  F  , e r  l o  B  f  / " ' s C .  d l 0 0

Return f lo\r l rorl ' ]  B i  Evans Cana to
G  a  R i ve r 4.2

N G a  R rve r  nea r  B  I  E r ' ans  Lake 542
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Table B-2, cont inued
Calculaled Stream Loss/Gain

G i la  R ive r  Seepage  Run ,  December  13 -16 ,2010

F t e t o  t u
Map
ID

'13-Dec-10
Main

C han ne l
Flow, cfs

lnflow,
cfs

Outflow,
cfs

Gain  ( - )  o r
Loss  (+) ,

cfs

o b  a  R ; ,e  
"bv  

\ 4d rgd5 .  . . 1  ^ -a r  C  r r ' 6 3 7

REACH M TO O 1 9 . 9
# 1 6 P l \4angas Creek abv N.y'outh near Clff 3 3
# 1 7 o Gila R ver b w l \ langas C.eek near Cl f f 6 4 0

REACH O TO O 3 . 0
15-Dec-10

o C d Riv.-  o L!  Ma'  ta< C-.ok nea'  C f l 6 7 6
R Gi  a  R i ve r  a l  BLN , l  A rea 69.5
S Gr  a  R  \ ,E r  l l ps l r eam o f  B  rd  A rea

REACH Q TO S 6 8

REACH O TO S -3 .8

k22 Gi  a  R rve r  abv  G  l a  R rve r  M  dd le  Box 65.8
REACH S TO Y 8 . 6

N o  o  \ l o a < r  r F - r e . l s  . r e d  t o ^ t  ) t  e a r r  o r o a
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Table B-1
Summary of  Seepage Invest igat ions

Evenl Reach Description
Reach,

by
Map lD

Measurement
Date

Reach
distance,

ml tes

Gain (r/
Loss (+),

Gain ( r /
Loss {+) ,
cfs/mile

I
G la River at Gila Gage to

be low  F t .  Wes t  D r t ch
0 t o 4 5t10i2010 4 .4 1 4  9 g  a rn

1
Be ow lron Bridge to above

B l  I  Evans  D i ve rs  on
5 t o 6 5 i11 i2014 3 6 oa  l n 1 3

Upstream B I Evans D versron to
downst ream B i l l  Evans  D vers  on 6 t o B 511212010 2 . 1 -7  " .1 3

Downstream Bil  Evans
D vers on to B rd Area

8 t o  l 0 5t12 t2A1A 4 . 2 1 6 . 9 g a n 4 0

2
Above I ' loqo lo1 C-ee. lo oelo\a Jppar

G  l a  (and  F t  Wes t )  D i t ch  d  ve rs i ons
A t o D 51512010 2 1 1 7  2 oss 8.2

2 Be low  Uppe r  G i l a  D i t ch  t o
be ow G la Farms Drtch

D t o E 5t15i2410 3 4 9 a n 9 2

2 Be ow Grla Farms D 1ch
to  above Hwy 211 5t15t2010 '1 5 2 1 ga  rn 14 .O

2 Above  Hwy  2 l  I  t o  AL  Hwy  180 F t o K 5t16t201A 2 . 6 -35.3 ( -s3t - g a l n 1 3 6 \ - 2 0 4 )

2 Above  Hwy  180  t o  be low  Hwy  180 K t o L 511612010 3 2 3.5 ga  rn 1 1

2 Be low  Hwy  180  t o  G i l a  nea r  C l l f f
( nea r  Sycamore  Ck )

L to l\1 5/16 i  2010 3 6 16*- " loss 4 4

2 Gia  nea r  C i f f  ( nea r  Sycamore  Ck )
to G la at Bi I  Evans

l\4 to N 5116 t2410 1 0 , 4 5 g a n

2 G ia  a t  B i l l  Evans  1 ( )
above l \4angas Creek

N,O 5i17 i2410 2 1 1 9 !  a rn a 9

2 Above  Mangas  C reek  t o
upstream of Bird Area

O S s i 1 7  i 2 0 1 a 1 7 4 3 lla n

3 Above  Mogo  on  C reek  1o  be  ow  Uppe r
G. a (and Ft West) D tch divers ons

A t o D 12 132410 2 1 12 6 oss 6 . 0

l
Be  ow  Uppe r  G i l a  D l t c f r  t o
be iow  G ia  Fa rms  D  t ch

D i o E t 2 t 1 )  2 A t A 3 4 2 A f g a  n a 7

3 B e l o w G  a F a r m s D t c h
to above Hlry 211

E t o F 1211312010 2 5 1  0 . 5 g a n - 4 2

3 Above Hwy 211 10 Bear Creek nf lo\4/
lno nf low recorded)

F t o K 12 14i2410 2 6 3 4 ( 7 2 r " g  a in 1 3( -2 .8 )

3 Aho , "a  Hwy  180  t o  be low  Hwy  180 A I O L 12t11i2010 3 2 1 8  6 g a  n 5 8
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Table B-1, cont inued
Summary of  Seepage Invest igat ions

Event Reach Descriplion
Reach,

oy
Map lD

Measurement
Date

Reach
distance,

mi les

Gain (-)/
Loss (+),

cfs

Gain (-)/
Loss {+),
cfs/mile

3 Be ow Hwy 180 to G la
(near  Sycamore  Ck) L t o M 12i14  t2410 3 6 1 5  9 O S S 4 .4

3 Gi  a  nea r  C l i f f  ( nea r  Sycamore  Ck )
to above I\ ,4angas C.eek

lvl to O 12t14 t2UA 3 1 1 9 . 9 ga rn 6 4

3 Above [,4angas Creek to
upstream of Bird Area

O t o S 1214t2010 - 3 8 g a n

3 Upstream of B rd Area to Midd e Box S t o Y 1211512010 2 . 5 B 6 3.4

^  M a p  l D  s  r e f e r  t o  F  g u r e s  3  g  a n d  3  I  S S P A J u n e 2 C l 0  r e p o r t
' -  B i l  E v a n s N e l F o w ( D l v e r s o n a n d R e t u r n ) e s t i r n a l e d a s a n e t 2 C o f s i n f l o w b a s e d o n [ 4 a y 1 5  1 7  o b s e r v a t r o n s
' - 'Value assr-rmes thal  d tch ta iwater measLrred distant  f rorn r iverreaches rverwlhin reach n sanre arnount as meas!reC valuetn

parentheses assumes tar lwater  perco ates and d rect  surface water nf  ow rs rero
""  Assurning no divers on to [4coauley Ranch
ValLres rn larcs adlusted f rom Table 3 5 SSPAJune20l0report  dueloaddi iona nformat ion on localorr  of  meas!rernef t  pornts
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Table B-4
GPS Readings for Measurement Si tes

G i la  R ive r  Seepage  Run ,  December  13 -16 ,  2010

; ] l -r -r.01.i  8\ 108.-r L-+o\\ '
11 .01 .37N l  u8.l  L-+Ew

, r1 - t - l  0t  I  lN tOtt  i1 58\\ '
- r - t  0 l .  i  7N 108..12.r- ,1\ \ '
1r  59 .07N 108 . i , 1  l 8 \V

1 2  5 8  l 3 N l r:) 8. i,5 . 1 0\\'
l t  57  23N 10 t . i 6 .0 ,5 \ v
._r t.-s lt. l0N 1 t ) t . 15 . i 5 \ \ '

. t  1.56 "11N I 0 8  1 6 .  I  5 W

.11 .57 .191 . ' ' I 08 .15 .18 \ \ '
+ l  I -12 56..15N 108 .16 .26 \ \ r
1i 1). -lI 5+ .17N 108 . i5 .26 \ \ i
n l 3 . r 15 .1  l lN 10E.1 ,5 .51 \ \ '

. l : .53 2,1\ 108.15..11\\ '

. r2.51 .18N 1  0  8 .15  .16  \V
31  5  r . . 16N I0 t  . 15 . :5  \ \ r
, r 1  51  .23N 108..15 27\\ '
r1 50..17N r08  15 .17 \ \ '
12 .5 0.3 ,s N t0E . - t -5 .52W

! 1 0 1t 53 ,13N t{)8.- t5. .15\\ '
-21 t  r . 5 2  l 8 \ 108.35 22\\ '

' r2..+9.09N
l Ori l6 07\\'

9 ,1 i0815 l  -1 .01  .  t  8N l0E. l  l  l .1 \ \ '
ql, t08t0 t3 .00  56N l 08  t t  l7 \v
ql.r0Et5 l t . 5 9  0 l \ I 08  r J  I l \ \ '
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APPENDIX C-I
} IODEL CALIBRATIO\

. { f ter  incoqrorat ing sere la l  r * ' is ions the l0 l0  s imr-r la t ion (SSPA. 2010)  ca l ibrat ion uas updated
prov id i rg thc bcs l  n iatch betueen s imulated resul ts  and ara i lab le obscr- r l t ions.  Rer is io t rs  to  thc
l0 l0 s inru lat ion tbcrrsed r :n  incoryrora l ing conect inns to t l rc  survev in tbnlat ion.  both i t r  lcn ls  of
the r i r  er  bot totn c lcr  a l ion.  and cst ina lcs o l  r ivcr  s tage.  In  addi t ion.  correct ions r r  crc  appl icd to
thc prezomc'tcr obscn alions to accolrnt ibr sur-r'c1 in-e conc-ctions.

Parameler  adjustments tbr  ca l ibrat jon of  thc 2010 s i r ru lat ion uere constra incd b1 r  I in t i ted
antount  o l  in lbr rual ion:  . , ra tc l  lere ls  l iom scvcraL p iezomcters.  and scepagc-run resul ts .  The
piezometers arc locale i l  in  a s ingle l ranscct  and harc l  l i rn i tcd uuntber  of  obser \a1ion: ,
co inc id ing u i th  the f ina l  s l rcss pcr iod of  the s imulat ion . \s  a rcsul t .  the observat ions do l )o t
proVidc insrght  lo  the \ \ 'a ter  level  responsc to chanqcs in  r j rer  f lor r .  prov id i1 lg essent ia l lv  l i r : t
one obscnat ion per  p iezoureter .  S i r lu ia ted uater  lcvc ls  dur ing thc per iod ofobserr i t t ion \ \ 'ere
al l  r r i th in  t$o l 'cc1 of  thc obserrcd ra lucs.  Givcn thc issues srrch as conccl ions 10 sur \c \
i r t f i :mat ion.  thc I i rn i ted anlounl  o f  o [ ]ser \  a t ions and thc l inr i tcd nurrbe r  o f  cross sect ions that
u 'ere avai lab lc  10 construct  and s imulatc  thc sur tacc u 'ater  condi t ions.  th is  s izc o l ' r 'cs idual  is
quilc rciisonable.

Thc obscrrcd r rater  levc ls  lere a lso used to pror idc in tbrnrat ion on thc gradicnt  uror ing array
l iom the r iver .  For  e ' ranrp lc .  thc avcra l le  obsened uater- levc l  d i f fcrence bet leen lN( lSand
TN[ '2  nas 0.3 fcct .  and t ior l  TNC2 to TNC-]  uas 1.0 fee1.  Simulated nater- le tc l  d i f ' fc rcr rccs
lbr  that  per iod arc 0.3 and 0.7,  bets cen TNt l  S, ' f  \U2 and TNCI 

' l -NC3.  
respect i r  e11, .

ind icat ing that  the model  does a re lat ive l l  good job of  rcprcscnt ing the hr ,draul ics of  \ \a ler
nror ing f ronr  thc r i rer .  r \dd i l ional  data in  thc lornr  of  a  ln( l lc  c \ te ls l \e  hrnc ser icr .  and
addi t ional  iocat ions uould a l lor r ' the tnodel  ca l ibrat ion to procccd fur thcr .  and i r t rprore thesc
resul ts .  l -h is  in l i rnnat ion , , r  ou ld l lso g ive ins ight  to  thc u l lcer ta int \ ,  o f  the obserr  cd gr ld ient .  ant l
hou i t  changes t r  i th  chanses in  r i r  cr  f lou s .

Seepage e la lual ions f rour  i \ l ; r r  . r r rd  De ccrr ih . - r  o l  l0 l  0  pro ' ,  ided sonte in ibrmal ion lor
constra in ing cal ibrat ion.  I loucvcr .  as d iscussed in  the ura in rcpor t -  the receding I rntb of  thc
-spr ine h ldrograph ra is . -d the qucst ion of  bank storage har ing a s igni f ica l l t  in l lucncc on t ] rc
rttcasurcd 1\{al sccpaues. Bascd on thc stcadv conditions. the Dcccmbcr nteasurclncnts altpcar
to ptorrde a bct tcr  ind ica l ioo ofsccpagc.  lnd thcsc ra lues ucrc used to guidc r rodcl  paramctcr
adjustmcnts.  \ lodel  ca l ibrat ion targeted the urera l l  seepagc f ionr  sub-rcach I  -5  lnd thc
s imul i l led r  a lucs pror  idcd a rc lsonablc rnatc l l  to  t l tc -  obscrved.  Sonre r  ar iab i l i t l  u  i th in  spcci l ic
sLtbreaches $ iLs not  as se l l  nratc l red.  horrevcr .  thare \ \as no in fbrmal ion such as rneasurcntents
ot  canal  losscs to guidc rnodcl  ad jus l r l rcn ls  and ntatch the r ro: -c  locr l ized observat io ls  o l  sub,
rc lc l t  losses.

\Vi th  thc co l lect ion o1 'addi t ional  datr  i ionr  the-  er is t ine p iczomctcrs.  insta l la t ion and moni torrng
of  net  p iezotretcrs .  mcasLl rc  lc l l ls  o f  car ta l  sccpagc and carcfu l l r  executed ( i i la-R;rcr  secpagc
n tc i ls  urernents.  i t  r i r l l  bc possib le to  begin thc process of 'per lcr rnr ing more-  local ized adjustu lcnts
ui th in the ntot lc l .  Such adjust lne l l ts  u i l l  hc lp to  imp:-ove the r ra lch bct$ccn thc obsened and
stmulated Values.  and inrpror  e the model  s  local  prec l ic l i r  e  capabi l i t i . -s .  e .g. .  er  a iuat in I  sccntr io
inrpacts on a t r rorc dcta i led lcvel .
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APPENDIX C-2
BASEI, INE ANI) I \ I ,TER\ATIVE-CONDITION REFI\E}IE\I 'S

Basel ine
Ciencral changes to thc
s in lu la l ions are prov ided
dcta i ls .

2010 s inru lat ion (SSP&., \ .  2010)  requi red kr)  create thc Basel inc
in Scct ion i . -1  o i  the repon.  This  scct ion pror ides so: lc  ac ld i r ional

'I 
he i0 cli RIV packagc is bascd on thc lirotprint and staqc from 1he 75 cf\ packagc. * ith thc

l0 l ior  inq modi f lcat ion s.

1

3

\"alues of STACiI: lor the 30 c1.s condition u cre qe netatcd b1, subtracting 50!,i, of
each rou, 's  mcdian dcpth f ronr  the 75 c ls  STAGE I 'a lucs in  t l ta t  ro \ \ .
Dcplhs asstlciated ll ith thc -10 c fls STAGH u ere computecl bv subtracting RI3OT
from Sl-AGI. . .  F. leven cel ls .  hav ing dcpths less than zero.  \ \crc .  t l :gged for
adJ ustIncnt.
The l0cfs cclls \\' ith depth less than zero r.r ere adjustcd by rcplacing the STAGE
calculatcd in  s tcp I  * i th  the value ofSTAGE f io ln  the nearest  adjacent  RIY cel l .
To represcnt  the dn st retch in  sub-reach l .  anv STAGE rahtcs iu  ros,s  I ( r9 I90
u'erc adjustecl to equal the RLIO'f lalue.

Other  changcs incorporated inc lude speci f icat ion of  t inrc- rary ing cornponents for  the t r - ibutarv
al lur iunr .  handled through thc \VEL package.  Pararncter  va lues 1br  thc l r ibutary in l lou *ere set
propottional to the tli la Rirer flors. and adjusted across all l lou's as part of the calibration
proccss itt order to befter represelt ground\ater rarialions. flanal conduclances \\'ere also
speci l icd as l imc raning componcnts.  bu1 thc i r  ad. just r .ncnt  $as l i rn i tcd to rcprcsc l r t i t rg  thc
dccreascd seepaue dur inu suppl ) '  I in l i tcd pcr iods.

Scenar io I
The tsasc l inc s i r ru lat ion requi ret l  on ly  a miuor  nrodi l ica l ion 10 create Scenar io L This  consis te i l
of modilr' ing lhe pararneter calls in the RlV packagc so that the retluccd florrs. associated r.r ith
flUF.\ divcrsions. u'ere used at the appropriate slress pcriods. ls discussed in thc report.

Sccnar io 2
Modi i lcat ions to thc Basel ine s iuulat ion to cre i i tc  scenar io 2 consis tc t l  o f - those in tp let l iented lbr
Scenario I and reducing thc on-1'anr-percolation (OFP) pitranteter value iu the RCFI package
l ror l  1 .0.  rcprcsent ing a percola l ion rate of  1 . .1  fcet  scason.  to  0.571. i .  rcprcsent ing a rate of  0 .8
leet  season tbr  the non-suppl l  - l i rn i ted st ress per iods.

Scen ar io  - l
\ {od i f lcat ions to the Bascl inc s i tnu lat ion to crcate scenar io 3 cousis ted o l those implorentcd fbr
Sccnarir-t I and incrcasinq lhc fCOV tcmrs in tllc RIP input package to represcltt a -100,i, i lcrcasc
in fiactional coverasc. f his rrodification u as perfirrre d bv inco4rorating an addttional
mul t ipJ icat ion 1 'actor  in to the RIP-package preproccssor .
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Post  Processing Rrf incmcnts
Ert ract ior r  o f  s i rnulated cqr . t i ra lents 1o ot rsened ra iues.  and s imulatcd v l lues for  the cnt i re
s inru lat ion per iod.  rec lu i red nrodi f icat jons 1o somc of  the model  contro l  f l les.  \ lod i f icat ions arc
-sulnr.narizcd belou .

r  I )u t .nm) 'obserrat ions rere adi led to the PF-SI 'contro l  l l lc  to  speci l l  s inru late 'd- r  a luc t inrcs
and locat ions lbr  processing.

o Processing ins l ruct ions \ \crc  incorporatcd in to the inst ruct ion f i le  ( .1) .JS)  to  su ic ie  thc
c\ l ract iou ofu ater  levc ls  l ionr  thc post-processcd s intu lat ion resul ts .

.  Betch l l lcs  u crc  crcaled to cr rn l ro l  o thcr  ut i l i { ics .  e  9. .
3  Extract ion of  s imulatcd la ter  lcvels  { , \4ODIOBS)
r  Corrb in ing s i r ru latet l  ant l  obsened ra lucs ( l  lDSI i t { \ , 'OBS )  and ntacros to load

r a|-res irto a TECI'LOT lal out li le and -ecne'ratc plots
,-. Sccpagc' col'ltrol inslruction llles to extract scepages lirr cach strcss periotl l irr the

rcf incd sct  o f r i r  cr  sub-rcachcs (RDLSTFI-X)
r  I ' roccss ing n i th  I l  to  gcncrate pkr ls  of  s i :nu lated seepagc.

.  Thc uater  budgct  proccssor  ( rnbal ) .  contro l l inq l ]a tch 1 l le .  and associatec l  spreadshcct  lere
mocl i l led to  handlc  t l rc  .2- i  s t ress-per- iod basel ine s inru lat ion and thc Gr la Ri r  cr  sub-rcach
rell rlenlclrt.

r  The b inary nater- level  f i le  post  proccssor  (PPMI- lKI i )  uas nrodi l lcd to  acccpt  rnul t ip lc
st rcss-pcr iod speci f icat jon and Ci IS-compatrb le f i les and a s inrp lc  contro l ) ing b l tch f i le
crc. r tcd t  T l l  

-Npprr r l lkh.hr t  
t .
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0 6 6 6
Inundated Channel and Overbank Areas at 3.000 cfs.  Gi la Model Reach 1
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Inundated Channel and OverbankAreas at 1.000 cfs.  Gi la Model Reach 1



0 6 6 8
Inundated Channel and Overbank Areas at 750 cfs,  Gi la Model Reach 1
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Inundated Channel and Overbank Areas at 500 cfs.  Gi la Model Reach 1



Inundated Channel and Overbank Areas at 250 cfs.  Gi la Model Reach 1
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067  1
Inundated Channel and Overbank Areas at 75 cfs,  Gi la Model Reach 1


