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GLEN CAI,IYON ETWTRONT.TENTAL STUDrES
rNTERrI.l tr'Low uoNrroRrNc pRoGRAI.t

RECOMI,IENDATTONS At{D DTRECTTON
March 27 , L992

INTRODUCTION

The GIen Canyon Environnental Studies (cCES) fnterirn FIowMonitoring prograrn is developed on the basic-premise thatinpacts of the interirn flow and evaluation oi use and impacts of
Exception Criteria will require credibLe scientific daCa. Theinterirn flows initiated on November 1, 1991 are designed around theset of flow recommendations proposed by the scientilts of the GCES
program.

The GCES fnterim Flow Monitoring Progran is a coordinated effort
organized around the following elements: (1) Basic nonitoring ofkey ecosysten elements, (2) Basic data collection and research toevaluate the rnonitoring information; and (3) Integration with the
ongoing GCES Phase II program, historic GCES Phasl I results andother available scientific inforrnation.
It is irnperative to understand that the collection of inforrnationby itself is useless unless specific evaluation and analysis
complement the data. Equally irnportant is management and
maintenance of the data. finpacls related to operatidns of Glen
canyon Dam can only be quantified if basig dati are analyzed inreference to specific elements.

Monitoring is the use of scientific, statisticarry sound
nethodology to evaluate change over tirne in one or nore in-dicators
response variables (e.g. Iarval humpback chub survivorship in thecolorado River).. Monitoring requires precisely worded objLctives.selection of suitable indicator response variibles for rn6nitoring
must initially be the result of opinion from qualified experts i;the- system in question. As aita are gathLred, cornpiled andanalyzed, response variables can be refined.
Monitoring, as defined in the context of the ccEs Interim FlowMonitoring Program, is [the evaluation of the discharge relatedimpacts to ecosystem and cultural resource elenents based oninformation collectedrr over time. Several kinds of nonit"ii"g fravebeen identified (MacDonald et -aI. 1991) :

1. Trend no_nitoring generally refers to sampling at regularintervals to detect change in the response'varia-ble(;)
2- Easeline nonitoring is a sanrpling progran designed to describeexisting conditions and variability 1n a 

-componen€.



3. Inplenentation monitoring is used to evaluate whether themanagement actions were carried out as planned.

4. Effectiveness nronitoring is used to evaluate whether atreatment (g.g- a management action) affected the responsevariable(s) in the predicted fashion.
5. validation monitoring is used to evaluate predictions made bymathenatical models

AtI forms of monitorin.g are essential for evaluating the ternporaland spatial relationships within the interin flows. in parti.irfar,trend and effectiveness rnonitoring are question-driven researchconducted in a repeated neasures stitistic-s context and subject tothe criteria that pertain to such dati and ;;;1y."" (Htirrbert1e84).

The temporal and spatial scales in which nonitoring is conductedvary according to the type of system being n-onitored, th;rnonitorilg objectives, the iLsponse viriabres in question, 
"na 

tt.availabirity of funding. Recent suggestions for rdnit"ri"gecosystem responses to environmental cnanges include monitoring ufseveral ecorogically relevant spatiar scaies (e,g. locar, synofticand systen-wide scales) and at s-uitaUte temporal lcales relative tothetenpora1patternsofdrivingvariab1ej(DavisLgg2I'_-_'-
rn the case of interin flows from Glen Canyon Dam, resources in thecolorado River corridor downstrean havb been selected throughintra-ag"l"y efforts to establish priorities. The ternpora} scalesof interim f }ows monitoring i-nclude dairy/weerii, monthly,seasonar, between-year and be€ween flow regin6 types on a multi-year scale. The first three cases involve-nonit-o-ring within theinterin flows period to deternine the effects or prescriueadischarge criteria and exceptions, while the latter case involvescomparing interin flows effects to the 1990-1991 test flow period,the 1987-199o. nornal operations period, the 1983-1986 frows, the1965-1982 period, t_he p,r^e-danr period, etc. ) . The spatial scares ofinterest include loci1l,ztd, individual recirculation zones andeddies, 

. 
geomorphic .rcrchrrr.' and syltca-uidr scare. Each temporaranq spatial scale .is inportant in- understandinf -t""por,""" of thecolorado River systern to this artered hydrologil regine.

The rFMP consistq of work that was initiated innediately under theongoing ccas pnl?q rr program, basic rnoniioil"g- th;t ;iil ;;initiated under !nl. .prograrn and basic data base- giiherinq trritwill be initiated during iiscat year iggz and 1993 Lo support theanarysis and inpact assessrnent oi the nonitoring a"iu.
rI. TIIIEGRAIION OF IFHE INIERII,I FLOI| T,IOIIIIORING PROGRIII

The GCES rnterim FIow Monitoring Program is built upon the ongoing
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GcEs Phase Ir program and understanding of critical resources. Theprogram is conposed of individual rnoniloring study plans-wtti"tt ii"integrated to provide a coordinated approich to iaentirving ihenonitoring impacts. rn this rday ttre'runding reluirea for thesupport of the program are reduced and equipnenf, me€hodologies anasupport required are shared and costs conJequently reduced. Datamanagernent and nanipulation are coordinated to eisure the properand efficient use of the resource,s

The GcEs rnterin Flow Monitoring Plan builds upon the historicalwork conducted during GcEs phise r and rr and serves as thestepping stone to the -ccgs Long-Tern Monitoring progruro. Figure 1depicts this linkage. '

GI,EN CANYON ENVIRONhIENTAL STT]DIES
MO NIITO RII\G PITO G RAN{

Figure l. Linkage of the t{onitoring and Research prograns

Individual monitoring study plans have been developed on threedifferent ternporal. sLales,- oiity, lontbly/rneonai,' and .oi"ii.rndividual noni.t.orlng plans build and integrate with each other to
?uppry infornation to evaruate short an6 rong-tern effects ofinterin f lows an_d 

_ 
exceptions. The developrneni of the overal Inonitoring plan follous the basic precepts of the ccEs phase rrprogram integration as outlined in Figure-2. The separation of theprogram- components are defined in Table r and reflect theinterrelationship. between the tenporal, spatial, data basedevelopnent and linkage elenents. -

III. collPoNEltTg ol TaE fxTBnIH FLor uoIrToRrNc pRocRttr

There are four levels that comprise the rnterirr FlowProgran: Monitoring

(1) ongoing inplenentation rnonitoring to assure the presentinterirn flow release patterns art foll.owed. '

llistorical
Work

Interim Flow Monitoring

E@E Long Ternr
If on itori ng
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(2', ongoing trend and effectiveness nonitoring conducted
under the auspices of the GCES Phase II research prog.ram.

(3) Baseline monitoring to be initiated irnrnediatery

(4) Basic.research, data collection validation monitoring andtechnicar support efforts to support the anarysii and
understanding of the consequences of interim flow effects
(begin during fiscal year L9g2 and 1993)

Each of these elements are linked together and are documented indetail in the GCES Interirn Flow Monitoring Plan. The specifics of
each element are as follows:
1. Monitorinq Alread!, Initiated
ongoing elenents of the GCES Phase If research program are serving
a. dual p_urpose by providing initial nonitoring inforrnation untiithe complete GCES fnterim FIow Monitoring progrim can be initiated.
The key elements of this program are:

A. Hydrology

1. Basic Aaging station discharge records.
2. R-2OO Stage recorders
3. Analysis of dan discharge dataB. Biology

1. Hunpback chub nonthly sarnpling - Bio/West2. Vegetation-ltrip
3. Quarterly trout population estimates at Leers Ferry

Basic Data

1.
2.
3.

Video mo Itoring of corridor .D once per month
Remote ca eras on se lected beaches (7 |
Deve lopmen of Geographic rnformation system sites

Cultura} Resource

1. Ongoing
Native

cons Itation
Americ ns and

and evaluation between the
the National Park Service

2. te ir
This effort will -be irnplernented to collect and analyze the impactsof the interirn flows. The specific are as fotlowsi

A. Hydrology and Sediment

1. Tributary sand contri.butions and Transport at
caging Stations. (USGS AB)'
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c.

D.

E.

F.

2.
3.

4.
5.

Sand Bar Stabi.r.rcy (NPS/CPSU Ai,)
Daily _€hotographt oriq0ral seven plus th0se
I"g1{ft?g .ry crt).trlra.t. resAqrces (Nps/cesu asy
sediherG*toftrde--iu/ lltuvrailrgailki and Bars (ubu A9 )Coordination with Recreation analysis (NpS E2)

Cultural Resources

1. Archeorogicar sites within GRCA and GCNRA (Nps 81)2. Hopi Coordination with NpS (Hopi 82)

Aquatic Resources

1. Arizona Game & Fish (AGF C1I
2. Aquatic Food Base downstream from Glen canyon Dam

(NPs/cPsu c2)
3. Water Quality Monitoring in GCNRA (NpS c4)

Riparian Resources

1. Riparian Vegetation Downstrearn of Gren canyon Dam(NPs/cPsu Dl)* fntegrate Fluvial Marshes identified by GCNRA
(NPs D5)

B.

2 - Avifaunal Nesting Habitat Availability
(Fws D4)* rntegrate hrith the Nps/cpsu riparian

and D5)* rntegrate with the GCNRA work (D6)

3. Riparian Resources in Lower Grand Canyon
( Hua lapa i D2 ) ^!* Link with NpS methodologies

Recreation Resources

1 - canpsite si ze in ccRA (NPs D2 )
2 - Lower Grand canyon Recreation

El)
* Lirnit to campsite si ze and

obj ect ive

and Use

work (Dl

Resources (HuaIapai

distribution

Data Managenent and GfS fntegration
1. Litt1e Colorado River (NPS/CPSU Fl)* Look for alternate Irays to accomplish* Reevaluate napping requirements* Review erements that nay require new fierd datadevelopnent
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There are severar areas of criticar
needs to be collected in order
inf ormation. This information is
complete monitoring program but doesof monitoring.

baseline data collection that
to evaluate the monitoring

considered essential to a
not fit the classic definition

A. Sediment Resources

1. Aerial Photography - Sand Stability (NpS A6)

Explanation: The colrection of aerial photography will arlowfor the evaluation of change over annual leriobs of time.- There is a great deal of hisloric inforrnatioir that can assistin the evaluation of large scale changes. rnis information iscritical in b_eing able.tb evaluate cninges to the sand systemand will arso provide important information for themeasurement of other terrestriar and aquatic habitats.severar recommendations were nade to this pioposar:
a. Validate rnethodologies before initiatingb. Coordinate with A9 (sediment stability) -

** Discussion should be initiated irnmediatery and design acooperative study pran to evaluate nethods aia study siles.This infornation provides a critical link between stbrage oftributary input, transport between reaches and system widesedinent balance (A5, .A,lt, and A1).

2- Terrestrial photography sand Bar stabirity (Nps
As)

Expranation: Augnnent the existing photographic data withadditionar sites to assure short-telm- (daify)'Citn" scares orinterirn f low ef fects are being eval.uited at the Beus andstevens (A2) sites, and to asLure being represent of thedocumented patterns. TiIt sensors are req,iireci for some sitesto confirm the gravitation mechanisms of bank failure-raai.-
B. Aquatic Resources

1. Lower Colorado River Fishery (Hualapai Cl)
Expranation: There is linited information availabre on thefishery resources in the cororado River below Dianond creek.rn order to assess irnpacts of interim flows basic data andinformation is required. several recomnendations $rere made tothis proposal.

€r. Determine if the work could be tied to existingfishery work ongoing in the Canyon.



scat Year

b. Coordinate rnethodologies with ongoing studies.

There $tere several. proposals and data infornation gaps that wiIIrequire work in fiscal year 1993 or earlier if poJ=iut". Theseitems are basic data collection efforts and are viiwed as importantto the overall project but cannot be categorized under strictnonitoring. Meetings will be held to consoliaate as much of thiseffort as possible to reduce overall costs.
A. Sediment Resources

1. Monitor/Model seepage induced erosion and deformation(uscs A4)

Expranation: This is a continuation of the work initiated
under GcEs Phase rr. The three validation beaches (-6.5, 43,ang L72 Mire) arg already instrunented and are 

.providing
valuabre infornation on ttre interaction of flows; incrudingexceptions, and the novement of water in the sand beaches.
Expansion to additional beaches is required to assure beingrepresentative of the initiar three valiaation sites.
2. Debris Frow, sediment source, and channel contror (uscs

A12 )

Expranation: This is a continuation of the ongoing work andshourd be done when debris frows or qther sigriiricant eventoccur.

3. sediment Rating curve for Grand canyon Gage (uscs A1o)

Expranation: This effort wirt transfer the )<nowledge gained
from the Natiolgl.canyon gage work to the Grand canfon gage.This will resurt in a rnore definitive nodel then thi presentrating curve from which to evaluate interin flow oper-ations.

4. Velocity Field and Sand Bar Topography (USGS A1)

Expranation: This is new research and wirr provide theinformation on the novement of sediment from the lnain channelto the eddies and the resurtant effect on sand bar topographyunder frood flows. The nethods and study sites should bediscussed in context of the A7 and A11 projects so as toprovide baseline infornation before habitat-Uuitaing flows are
conducted.
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rv. col,llloN cooRDrNATroN, DArA cApS AtfD coNSoLrDATroN REQUTREUENTS

There htere several key coordination concerns that need to beaddressed and dealt with prior to the implenentation of certainfnterin Flow Monitoring program elements.

A. Sediment Resources

1. Additional proposars dealing with subaqueous movement ofsedinent and sand need be integrated prior toimprementation to reduce overlap, coordinite datagathering objectives and select study sites.* Subaqueous Fluvial sedinent topography w/i eddies
(NPS A7) integrate with movenent of sand in reaches
below paria and LCR
(uscs A11)rr Integrate velocity field studies (USGS A1) with the
subaqueous novement studies.

2. Additionar proposars dearing with the modering of seepage
induced eroeion need to be integrated prior tb expanhing
data correction to resolve differenceJ in approaches anddata collection methods.* Sand Bar Stability: Seepage (UA A3)* Monitor/Model seepage inducid Erosion and Deformation

(uscs A4)

3. Additional proposals dealing with the measurement ofsediment in bars need to be integrated prior toimplementation to resolve issues relate-d to locition and
measurement techniques* Sedinent storage in Alluvial banks and bars (USU9)* Aerial photography - sand stability (NpS A6)-

B. Riparian Resources

1. Historic linkage of
(NAU D3 )

sites within the GfS locations

Expranation: The infornation presented in this proposal needsto be rinked to the sedinen[ studies. rt witr- provide ahistoric perspective to the changes at the Grs sitej and willprovide the direct linkage fron the interim flow rnonitoring tothe long-term monitoring efforts.* Coordinate with (USU A9)

C. Recreation Resources

1. Lower Canyon Resources (Hualapai El)

Expranation: objectives 1 & 2 dealing with use levels needs



to be coordinated in a different manner than with interimfrows. rt should be tied to the Hualapai recreation researchprograrn instead of monitoring.

D. Data caps

There are several areas of limited infornation that representgaps in our infornation data base:

I
I
l
I
t
I
I
I
I
I
I
t
I
I
I
I
I
I
I

f. iparian Resources

There is l imited inf ormation
impacts of the interim f lows

being collected on the potential
on the terrestrial vertebrates

v.

and invertebrates.

Action: Evaluate what
resource.

it will take to adequately assess this

2. Recreation Resources

There is no infornation being corlected on the irnpacts of theinterirn flows to the Leers rlrry fishermen, safei,y revers inthe Grand canyon, and the recrLation use of tne 2orooo to
30rOOO cfs sand bar area.

Action: work with the Nationar park service to determine howbest to accomplish this work effort.
3. Aquatic Resources

There is no inforrnation presently being colrected as part ofthe nonitoring program io address the reLationship of LakePowerr to the downstream water quatity and proauclitittIeveIs

Action: Evaluate the present uscs, GcEs and AGF work toascertain if the informltion is coliected or nhat it wourdtake to collect it.
suuutnY

The ccEs rnterim Flow Monit_oring, program has as its primaryobjective the rrcollection and anallysir'ec data to evaluate theinpact and rel_ationships of the cle-n caDyolr Dan interin flowg onthe resource elenentg Cssociated with the colorado ni.,r.i""l"irtlilthrough the Grand c-anyonrr. rn order to neet this objectilve aseries of interirn flow rnonitoring troposats have been developedthat will deal with the irnporiairt ' resource elements. Thesenonitoring proposals vary in spacial and tenporar scales andreflect the rninirnal program reqdirea to adequately and creaiuiyassess the impacts related to interin f1ows.

10
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In:.program is organized to address immediate needs for monitoringtaking into consideration that the rnonitoring requires a consisteni,data management frarnework (GIS) for baseline aita collection and
research in order to evaluate impacts related to interim flows. In
summary, a scientifically credible program, that will provide thebasis for the rong-term rnonitoring -program, reguires that aconcurrent data management and analysis system be established.
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GLEN CANYON E}WIRON!,TENTAL STUDIES

INTERTT{ FLOW UONITORING PROPOSALS

A. SlDIuttfT Rt80mcE8

A1- Monitor the verocity field and changes in sand-bar
topography in eddies during the intirin flow period. E.D.
Andrews and J.B. Graf. tr.s. Geological survey National
Research progran, Denver, CO

A2- A propoEal to nonitor the effects of interin floys fron GLen
Canyon Dan on the sand bar stability in the Colorado River
dosnstrearn f,ron Glen canyon DaD, Arizona. s.s. Bcus, andIJ.E. Stevens. NPS/CPSU. Flagstaff, LZ

A3. llonitoring sand bar stibility during interin f,Iows: seepageerosion nodeling approach. ft. Budhri. Dept. of civilEngineerils and Engineering uechanica, univ of lrizona,' Tucson, AZ

A4. llonitoring and nodering B€epage-induced erosion anddef,oraation of sand bais afong ths Colorado Rl.ver in Grandcanyon-during the intcriu floi perlod. u. carpcnter. IJ.s.Geological Survey WRD, nrcron,.iZ
45. A propgsal to uonitor eand bar stebility on a datly tinegehedule durinE the lntcril flour uring-terrertrlaiphotography. B.L. Clucr. tfps/cpSU Fligstaff, AZ

A5. !-Propogal to nonitor ccdirsnt gtabillty during thc interiu
!lo, period_using aerial photography. i.L. chier. Nps/cpsuFlagataff, AZ

A7 - lrlonitoring -subaqueou! fluvlal sediuent topogrraphy wlthin and
between eddy storage ritcr to detenins tle-roic- of nasswasting,in sand bar lonEevity. B.L. clusr. Nps/cpsuFlagstaff, AZ

A8. Monitor tributary sand contrLbutions, sand transport, flow
and physical and chenical eonEtituenis at nain cirannelgaging stations during the interin flon period. R.J, Hart.U.s. Geological survef t{RD, Flagstaff, AZ

A9. Development of nonitoring progaian of sedinent-storage inarruvial banJcs and bars, -coloiado River, Grand cany5n. J.c.schnidt. Dept. of GeoEraphy and Earth lciences, uiah stateUniversity, Logan, LrT



A1o. Developnent of sediment-rating curve for the Grand Canyon
gaging station at Phanton Ranch during the interirn flow
period. J.D. Snith and J.B. Graf. wRD National Research
Program, U.S. Geological Survey, Denver, CC

All. Monitor movement of sand in reaches below the Paria and
Litt,Ie Colorado Rivers during the interin flow period. J.D.
Srnith and J.B. Graf . I,|RD National Research Progrran. U.S.
Geological survey, Denver, CO

A12. Monitor debris-flow depoEits, sediment sources, and channel
control during the interin flous. R.H. Webb. U.s.
Geological Survey $lRD, Tucson, AZ

B. CUllltnl! RESOIIRCES

81. Monitoring of archeological site conditions along the
Colorado River in Grand Canyon National Park. J.R. Balson.
NPS Resource Managenent and Planning Division. Grand
Canyon, AZ

F,2. Monitoring of Hopi cultural values at resource sites within
GIen and Grand Canyons. [tt.L. Yeattes. Hopi Cultural
Preservation Office. Kykotsmovi, AZ

c. rgurarc BESoItRclt

Cl. Glen canyon Environugntal Studisc Phacr II Interin FIov
nonitoring proposal. Research Branch. Arizona Gane and
Fish Departnent, Phoenix, 

^2.
c2. A proposal to monltor the elfsctr of interin flors fron Glen

canyon Dam on the aquatie food base in the Colorado River
dosnstrean f,ron Glen Canyon Da!, AZ. D.W. Blinn and L.8.
Stevens. NPS/CPSU, Flagstaff, AZ

c3. A proposal to uonitor.ttrc cff,ccte of interin flows fron Glen
canyon Dan on the f,lsher-y rcaources of the lower Colorado
River from Dianond Creelc to lake l{ead. Hualapai Tribe,
Peach Springs, AZ

c4. water guality nonitoring of tha Colorado River, Glen Canyon
. Dan to Leets Ferry, AZ. C. Pinnock and C.tf . l{ood. Glen

canyon National Recreation Area, National Park Service,
Page, AZ

D. RIPNRIATI RESOTIRCES

D1. A proposal to monitor the effects of interin floss fron GIen
canyon Dan on riparian vegetation in the Colorado River
downstrearn frorn Glen Canyon Dan, AZ. T.J. Ayers and L.E.
Stevens. NPS/CPSU, Flagstaff, AZ
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D2. Proposal to nonitor and evaluate the iurpacts of GIen Canyon
Dan interin flows on the riparian plant connunities in the
Iower Grand Canyon. Hualapai Tribe, Peach Springs, AZ

D3. A proposal to monitor interin flow effects from Glen canyon
Dam on current and historical riparian vegetation trends in
Grand Canyon using nultitenporal remote sensing analysis of
GIS sites. G.L. l{aring, School of Forestry, Northern
Arizona University, Flagstaff, AZ

D4. A proposal to nonitor the eff,ects of interin flows fron GIen
Canyon Dam on avifaunal nesting habitat availability and
use. U.S. Fish & wildlife Service, Phoenix, AZ

D5. A proposal to nonitor the effects of interiu flows on
fluvial marshes of the Colorado River between GLen canyon
Dan and Lee's Feny, Az. Addendun to proqos.al Dl. Prepared
by c. Wood, National Park Service, Glen Canyon National
Recreation Area, Pagg, AZ.

D6. Breeding bird deneitiee, Colorado RLver fror Glen Canyon Dan
to Lee's Ferry. C.lf. l{ood and C. Pinnock, National Park
Service, Glen Canyon National Rccrcation ArGa, Page, AZ

!. Rlcnlt8ror BEtomc!8

E1. A proposal to evaluatc thc recreational uae pattcrns on the
tribal sedlnent resources in thc lower Grand Canyon.
Hualapai Tribe, Peach Springc, AZ

I E,2. A proposal to uonitor thc cfftctr ol Lnterl. flose on
I canpeite aLze in Grand Canyon. L. Xcareley. NPS/CPSU,

Flagstaff, AZ

F. Dlll rlrttclll|llm IID cto€nlDtlc rllonIlrlor 8l8ag
TTIl(Nr!IOI

F1. A propocat io Lntrgratc trocrtion and topographic eurvey data
for the Glen Canyon Environnental Studies geographic
information syete! progrran. L. Dexter and J. Gust.
NPS/CPSU, Flagstaff, AZ
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GLEN CANYON ENVIRON},IENTAL STUDTES

INTERIM FLOW MONITORING WORK PLAN

DRAFT

I. TNTRODUCIION

The Glen canyon Environmental studies .(ccEs) has been charged withdeveloping ina irnpretlniing a monitoring plan to evaruate inpactsof interirn f lows 6stablisnia_roi a.1r9 6;;aiion of crEn canyon Dam.The Glen canyon. D.T.rnteriur Test. Flowi were irnpiemented on AugustL' 1991 under tne airectionGr-ttrGretary of the rnterior. onNovember 1, 1991 the secret_ary. irnprernlnled rnterirn Flows which are!9 b" in pracethrough_conple€ion of the Record of Deci.sion for theGlen canyon Dam Envi'ronm^e1tal rurpact statement (ccD-Ers) ,currently scheduled for Jury Lgg4. pe-ifoaic revi"". "r the rnterimFlow criteria will be conduitea by the ecD-Ers cooperating Agencies(Eacloaurc 1).

The purpose of this document is to present the basic scientificapproach necessary to measure and anaiyze effects of rnodificationof flows at Gren -anyon Dam on downstriam resourbes.
The objective of the monitoring of interirn frows is to correct andanaryze inportant data to de{ermine if the r"rort"" objectiveswhich drove developnent of interiur-ii"rr are being rnet and provideiriforrnation f9r lotentiir- reriieieii- or interirn f lows. Therelationship between interin a;;-- operations and individualresources requires infornation and vali'dation.
A priruary assumption around which interin flows and this pran aredeveloped is thlt the purpose of interin flows are to rrmininize thelossrt of naturar resoulrcei in crand;"d gr_"1 c""y"r, untir a rongerterm solution is defined througrr thJ-ctD:ETg program. The scopeof the -""a-i"ai"Ia"ii-pr"p"saLs 

arespecifie to evaruaffiterrn ilnacl=s-"i i"t.tin flows,.however, where appropriate, Iong-terln-irnpfications are j.dentified.
A. Backcrround

The interirn flows were outlined in the April 10, 1991 documententitled egg (1991) and is Encrosure 2.TheInterinF1owlton@eveIopedaroundtheneedto
determine .if prescribed in€erin-riows;;; meeting their objectives.ELeven nrain attribures were evaruated in-J;;;i";;;;i of interim
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flows. These articulate both representative and critical elenents
of the Grand Canyon riverine ecosystem and are also part of the
cumulative Grand Canyon ecosystem evaluation. The individual
monitoring proposals utilize the resource attributes and flow
elements as controls against which change is noted. The individual
attributes are listed in Table 1.

Table 1. Attributes of Evaluation for the Interim Flows

2.
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Sedinent Resources (beaches, sand bars, deposits)
Native Fishes
Endangered Fishes (Hunpback Chub, etc. )Exotic Fishes
Trout
Aquatic Food Base
Riparian Vegetation
Whitewater Rafting
Fishing Success
Historical Sites
Archeological Sites

rnformation collected during the interim flow period wilr be
coupled with information gathered during GCES Phase I and II
through the use of data bases and a Geographic Information Systen
(GIS). The GIS will allow for an assessment of both temporal and
spatial changes.

B. Interim Flow Moni.torinq plans

Interin flows address four major elements of hydrology: (1)
minimum flows i Q, maxinum flowst (3) daily rate of change; and,
(4) ranping rates. In addition to individual components there are
seasonal elements related to nonthly and annual volunes of water to
be released.

The interirn flow uronitoring plans are designed to evaluate inpacts
of dam operations on ecosystern components. Short-term impacts are
the prinrary focus of monitoring plans but there are also specific
elements that relate to long-term ecosystem naintenance. In all
cases, interin flow monitoring proposals are designed to augrment,
and build upon ongoing or completed GCBS research.

There are three phases of the ccEs Interim Flow Monitoring Program:

1. Interim Test Flow Monitoring August L, 1991 through
November L, 1991
Interim Flow Monitoring November 1 though the end
the GCD-EfS process, currently set for July L994
Long-Tern llonitoring - Implenented at the completion
the GCD-EIS process

of

of



This document is to be viewed as a roadmap for overall short term
GCES integrated Interirn Flow Monitoring P1an. Specific monitoring
plans have been developed and are included in the Appendix to this
report.
The interim flow resource monitoring effort is designed to be
integrated with the existing GCES research and to serve as the
framework for GCES LoJrg:Ter$ Monitoqincr. fntegration of the
rnonitoring and the research rninirnizes time necessary to establish
a separate long-term progran and allows us to build upon and
benefit from what are have already collected and analyzed. The
definitive long-tern monitoring program wi}l be developed as part
of the GCES Phase fI scientific program during fiscal years L992
and 1993. The resource agencies will be fully integrated into the
program.

II. CIJARIFICAUON STAIEI.IENTS

Prior to presenting the specific cornponents of the short-term,
Interim Flow Monitoring Program several clarifiers are necessary:

1. That adequate staff and dollars be provided for the
implenentation and analysis of the monitoring program.
The monitoring program will not take precedence over the
existing GCES responsibilities.

2. That the short-term Interim Flow Monitoring Program is I'not to be construed as being a substitute for the Lonq- ITerm Monitoring Progran.

3. That the interirn test flow and flow nonitoring efforts Iare to be built on the ongoing ccES program I

ITI. REFTNEUENA AND REPORTTNG OF IEE IITTERII{ FLOT UONITORING
PROGRAII

A. Refinement of the Interirn FIow Monitoring Program

The GCES Phase fI and Phase I scientific studies are serving as the
basis for development of the monitorinlt program. Linited tine and
ongoing Phase If reporting dictates a conservative approach to
designing the nronitoring program. As additional data are collected
and as GCES Phase II technieal reports are completed, the Interirn
FIow lfonitoring Prograrn will be refined. Refinement of the Interim
Flow Monitoring Program will occur twice annually, with review
through the GCES Interin Flow Work croup and others identified by
the Senior Scientist.

The role of the GCES research is to understand the processes that
dictate how the individual ecosystem elenents respond and to
identify thresholds where either specific ecological processes are
initiated/fail or where specific ecosystem elements are lost. The
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role of the monitorinq nrogram is to collect data to evaluate
whether the objectives of the interirn flows are being met and to
verify results being generated through the research program.
Inherent in the rnonitoring program is an analysis and evaluation
component.

B. fnterim Flow Monitoring Reports

Reports on ,the progress of the interirn flow monitoring will occur
as follows:

1.

2. Annual summary report presented to the Cooperating
agencies and interested public. Based on analysis of
interim flow monitoring data, additional data from
specific research reports and any additional inforrnation

. from specific events.

3. Fina1 Interim Flow Monitoring Report with reconmendations
for the Long-Term Monitoring Program. Based on Interim
Flow Monitoring Program data, GCES technical reports, and
other specific inforrnation. An analysis of both positive
and negative aspects of the Interin FIow Monitoring
Program will be completed.

The specific reports required for each resource category will be
developed by a team of GCES researchers. GCES will take the lead
in organizing and coordinating the reports and wiII provide the
integration of the technical reports into Quarterly, Annual and
Final Reports

The fnterin Flow Monitoring Prograur will continue until completion
of the Record of Decision on the GCD-EIS. The Long-Term Monitoring
Program will be developed from the Interirn Flow Monitoring Program
results.

IV. COl,tPONENtg OF TBE INtrFRTU FITOr UONITORING PROCRlli

There are four prirnary evaluations of the GIen Canyon Dan interin
flows. They are:

1. Characteristics of interinr releasesl

2. Key resource responses to interirn flow elements and
impacts to those selected resource componentsl

Quarterly synopsis reports -
agencies. Based primarily on
monitoring data and specific
Enclosure 3.

presented to Cooperating
analysis of interim flow
events. The outline is



Impacts to resources related to departures from interim
flow caused by enactrnent of the Exception Criteria; and

Costs associated with inplementing interirn fLows. This
includes costs associated with purchase of capacity and
energy, cost of the monitoring program, and any specific
financial impacts to recreation concessionaires andpublic.

Evaluation of the FIow Characteristics wiII focus on the review of
daily range of f,lors, narinun and nininum flows, nonthly volumes,getsonal elenentg, and measurenent of ranping rates for each
month.

Evaluation of inrpact of inplementation of Exception Criteria wiII
focus .on logging of all exceptions, sta@ing,collation of flow infornation fron the dan, and evaluation of
inpacts to resources by deviation from interirn flows.
Evaluation of irnpacts of interim flows on natural resourqes is
designed around three variables of interest: (1) specific resourceelenents, (2) processes which naintain the influence over those
resource elements, and (3) identification of resource response tospecific flow components.

Ttre inforrnation collected through the Interim Flow Monitoring
program will be consolidated into one prinary data base and
integrated into the GCES GIS. The GIS wiff be used for resource
inrpact assessment and database development. The GIS is an ongoing
development effort between cooperating resource agencies and GCESresearchers. Specific surveying protocol and stage measurements
are being developed by the GCES program.

The ccEs rnterim Flow Monitoring program is conposed of the
following elements and proeesses:

1. Sediment budget and sediment deposits
2. Cultural resource irnpacts of selected sites and areas3. Aquatic food base
4. Vegetation and marshes (shoreline and terrestrial

habitat)
5. Economics (financial irnpacts)
6. Trout population dynanics
7. Native fishes - habitat and population dynarnics
8. Recreation and accident rates
9. Water quality response
10. Data base development and integration of site information

BASEIJINE FOR DETERUINETTON

3.
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Evaluation of the inpacts of interirn flows on resources of Grand
Canyon requires the definition of an ecological baseline of
comparison. The Interinr Flow Monitoring,,Proglram is designed.to
collect data to evaluate the impacts totf;Ecosystem based on its
biotic and abiotic cornponents and interactions of the biotic
communities with the abiotic environment. Determination of change
as related to interim flows must be separated from the naturally
occurring events and changes that reflect natural ecosystem
progression.

The baseline for evaluation of the Grand Canyon ecosystem during
interirn flows are defined as being those environmental conditions
that existed in the Grand Canyon river corridor on August 1, 1991,
at cessation of GCES research flows and initiation of ttre,*Interim
Test Flows. The ecological baseline varies depending i:fl-ecEsysten
element being evaluated.

August L, 1991
Beseline Condition

location & area
transport volumes

location, dr€d r
density, &

composition

location &

population levels

location & stability

costs

volumes & levels

Resource Component

Sediment

Riparian

Aquatic

Cultural

Economic
a

Hydrology

Ecorogical data collecte u t%/the intg;ftq^f l*o.wg will be anaryzed
priuraiity in an observationa} approachj. 4{if3;i''nrEring measurements
on the conmunity over a range of conditions imposed by both the
operationE of the dan and by nature. The prinary objective of the
Interim Flow Monitoring Program is to deternine changes in the
pattern of the ecological components rather than testing specific
hypotheses. The determination of the appropriate sanpling schemes
and resultant analysfs depends upon the identification of pattern
changes and the specific resource components.

VI. !{STEODS FOR INAERIT,! FLor UONIAORINC

The basic monitoring plan is built upon existing GCES research and
ongoing studies. This approach will, by necessity, Iook a great
deal like the ongoing GCES Phase fI Integrated Research Program



(Enclosure {). In order to assess inpacts of varying the Glen
canyon Dam flow levels on specific resource variables, an
understanding of the response variables and ecosystem processes is
required. The logic in Interirn Flow Monitoring Program approach is
based on several factors:

1. ongoing research for GCES Phase II is not yet completed
and selection or focusing on selected ecosystem
components is prenaturel

2. the research effort, while individually focused on
selected resources, is designed as an integrated approach
with the end goaf of identifying ecosyst,em processes that
drive responses;

3. selection of parameters to measure and monitor should be
based on both short-term and long-term relationship to tecosystem processesi and I

4. the GCES Long-Term Monitoring Program will build upon the
Interim FIow Monitoring Program. Broad overlap will
exist between the ccEs Program, the fnterim Flow
Monitoring Prograrn and the Long:Term Monitoring Program.

The GCES Interirn Flow Monitoring Program is designed with an
initial broad evaluation with the intent that every six months the
Monitoring PIan will be reviewed and if necessary refined as
additional GCES and other research is folded into the knowledge
base. This coordination of Interim Flow Monitoring Program will
provide the ability to adapt the monitoring program as new data,
information, and areas of concern are developed.

An additional element to.be considered in design of the rnonitoring
program is its ability to handle not only proposed interin flows
but also to address natural events and irnpacts of potential
exceptions to int,erin flows, whether they are caused by emergency
situations or by enactrnent of financial criteria.
The Long-Term Monitoring prograrn will be developed during fiscal
years L992 and 1993 through a series of workshops and ccES
scientific tearn meetings. Management and policy requirernents of
the management agencies will be included in its developnent.

Each of the four components listed on page 6 of the monitoring
program has specific associated methodologies.

A. Flow Characteristics

Prinary methodologies for measuring and assessing the effects of
interirn flows are dependent on the relationship between actual
interin flows and nonthly volumes. Enclosure 5 reflects the
anticipated L992 Annual Operating Plan in comparison to historic
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upper and lower quartiles for nronthly volume releases fron GIen
Clnyon Dam. gased on current knowledge and water predictio!=,
theie will be a variation fron the rrnormalrr operations of the dan
on a monthly basis. We will use the following methodologies in the
analysis of the flows:

1. Weekly evaluations of the daily range of flows, fron the
SCADA flow release records at GIen Canyon Darn.

2. Weekty evaluations of maximun and ninimum flows, from
records at Glen canyon Dam.

3. Weekly evaluations of rarnping rates, from records at Glen
Canyon Dam.

4. Monthly summary of these three flow parameters using
statistical programs and correlating with nonthly volume
released.

5. Reporting of that information quarterly
scientists and cooperating Agencies.

to GCES

I potentially be nade.
I

We wiII be implementing the following tracking mechanisms:

6. Developnent of a correlation between SCADA records and
the U.S. Geological Survey gage located immediately below
GIen Canyon Dam. Quarterly reports will be developed by
Uscs for the gaging station.

The official measure of releases will be the Supervisory Control
and Data Acquisition (SCADA) records at GIen Canyon Darn.

B. Exception Criteria
Measurement and assessment of the effects of interim flows will be
based on evaluation of the responses between flows and resources,
the role and use of the Exception Criteria may be criitical in the
final analysis. Prediction of when Exception Criteria will be
irnplenented may be possible and will be monitored. It is
imoerative that the GCES office, Glen Canyon Dam, and the Montrose
office of Western communicate when Exception Criteria are to be
inplemented. fn this wdy, specific evaluation of impacts may

1. !{eekty assessment of implementation of Exception Criteria
based on records frorn CIen Canyon Dam and cornmunication
with lr{ontrose.

2. Monthly summary of irnplementation of Exception Criteria
based on records from Glen Canyon Dan. Short-tern
irnpacts and potential long-term inpacts to specific
resources (environmental and financial) will be noted and

I
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provided to GCES scientists and Cooperating agencies by
Western Area Power Adrninistration and the Bureau of
Reclarnation.

Quarterly reporting to the cooperating agencies will
include both neasured natural resource effects and
f inancial /economic relationships .

If flows varying from interirn flows can be predicted specific event
related surveys will be initiated
C. Resource Responses

The methodologies and tirne frame for evaluation of the response of
canyon resourcas and cumulative effects of interim flows will vary
by resource category

Eactr resource category has a speeific rnonitoring objective and a
discussion of specific short-term monitoring actions. The listing
includes certain GCES ongoing research elements and itenrs specific
to the interin flow monitoring. An anticipated resource monitoring
tinetable is included in Enclosure 6. During the six nonth reviews
the resource nonitoring list may be rnodified.

1. Sediment Resources and Transport

Responsibility: NPS, USGS, Hualapai, Hopi, Navajo and GCES I
Monitoring Objective: To determine the annual sediment budget
for Grand-Can-yon and to specifically identify type and scile Iof change in sedinent depo3its as related to interin flows. I

a. Annually collect a set of aerial photographs to evaluate
changes in sediment deposits exposed above a constant
discharge of 5,000 cfs. Analysis will include:

(1) Mapping the area of gravel bars, sand bars, debris fans,
backwaters, and other deposits onto Lz24ro0O basernaps and
incorporate these data into the GIS. Change in area from
Year to year will be determined.

(21 Inventory all canpsites, sand bars, and other deposits
in order to assess the number and size throughout the
river corridor.

Survey topography of a ninimum of 2O sand deposits, including
adjacent eddy return channels and determine changes in
topography and volume of sediment at those sites. In return
channels and at, beach faces selected sedinent samples will be
taken to monitor changes in size coruposition of the sediment
deposits. Annually.
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C.

€.

d.

Conduct flow and suspended load measurements at gaging
stations and at the mouths of the Paria and Little Colorado
Rivers such that flow and si4e-by-size sediment fluxes (Ioads)
can be determined. This will allow for improvement of rating
curves at gaging stations.
Measure sand fluxes and sand storage at five monumented
sections at each of the five mainstern USGS gages. This
information will be used for flow routing model caLibration.

CoIIect sediment samples as part of the bi-rnonthly naintenance
trips to each of five mainsten and five tributary USGS gages.
Autonatic sediment samplers will be added to the seven gage
sites that presently do not have then.

Develop and distribute quarterly data reports for itens (c),
(d) and (e). An annual report summarizing the annual sedinent
budget for Grand Canyon will be prepared.

Develop and distribute quarterly reports for iten (b) with an
annual report developed for iten (a). An annual report
sumnarizing system-wide changes in sediment deposits will be
prepared.

Monitor nehr debris flow deposits (since 1983) and any
significant new deposits added, ds events occur.

Continue detailed study of selected sediment deposits in the
Grand Canyon to identify and clarify the relationship of
fluctuating flows and bar stability. this will be
accomplished through:

1. Remote cameras at selected beaches
2. Continuation of the seepage force, groundwater dewatering

and bar erosion research at the 3 validation beach sites.
3. Evaluation of the role of vrave intensity and stage

change

Further calibrate the eddy transport model and calculate the
role of beach erosion and deposition at specific sites.
Conduct neasurements of bed topography, size composition, and
sand'fluxes near the Grand canybn-gige with the purpose of
calibrating a flow and transport rnodel for that site similar
to the one constructed for the National canyon site. The
neasurements should be conducted for the four peak flow
periods.

Cultural Resources

Responsibitity: NPS, Navajo, Hualapai, Havasupai, Hopi and

f.

g.

h.

a1.
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k.

2.
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GCES hrith coordination with the State Historic Preservation
Officer (SHPO)

Monitoring objective: To determine if interim flows are
providing stability needed to maintain identified cultural
resource sites along the Colorado River corridor.
Identify 60 of the nost sensitive cultural resource sites in
the river corridorz 20 sites (Df) which are in danger from
direct threat(s); 20 sites (IT) which are in danger fron
indirect threat(s); and 20 sites (NT) which are in no
apparent danger from river flows. DT and IT sites will be
located on unstable sediment foundations. DT sites (20 each)
wiII be selected for their cultural significance and location
from the 44 most critically endangered sites, whereas the IT
and NT sites wilt be selected randomly from their respective
pools of L79 sites and 272 sites. Remote cameras and video
wiII be used. Evaluation will be quarterly and as significant
events occur.

Monitor with remote cameras continuously a ninirnum of 6 of the
most threatened sites (of the 20 DT sites).
Complete the cultural resource survey of the renaining 37
miles of the lower Grand Canyon from Separation Canyon to Lake
Mead. Identify sensitive cultural resource sites for
monitoring and integrate with sites identified under section
2a.

Aquatic Food, B?se

Responsibility: AGF, NPS, NAU, Hualapai and GCBS

Monitoring Objective. To determine if the algal and
invertebrate food base in the Colorado River below GIen Canyon
Dam is maintaining its level or changing during the course of
interinr flows.

Above Lee's Ferry (build upon AGF work)

Evaluate colonization, standing crop, and primary productivity
of periphyton (Cladophora/diatorns) as related to daily and
seasonal interin flow levels. Measure rates of colonization
(biomass accretion), standing crop, and primary productivity
(benthic nretabolisrn) as affected by different durations of
exposure at varying tines of day and season. Quarterly
assessment.

organic matter (algal and invertebrate) drift. Measure inputs
of dissolved and particuLate matter, including zooplankton, at
Glen Canyon Darn and outputs at Leers Ferry over 24 hour flow
cycles. Analyze etfects of flow ran![e, ninimum, maxinrum, and

3.
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C.

ranping rates. Monthly assessment.

Aquatic invertebrates irnpact. Measure colonization rates asaffected by different durations of exposure during varyingtime of day and season. euarterly ass6ssrnent

Below Leers Ferry (built upon AGF and NpS work)

Aquatic invertebrates. Measure colonization and mortarityrates as affected by different durations or exposure aurin|varying tirne of day and season. euarterry asseisment.

organic matter (al.gal and invertebrate) drift and exposure.Measure colonizatitn and nortality r.t.r as affecled bydifferent durations of exposure auriirg varying tirne oi aay anlseason. euarterly assessment.

Rip.arian Areas and Wetlands

Responsibilities: Nps, Fws, AGF, Hualapai, Hopi, Navajo and
GCES

Monitoring objective: To determine community response tointerim flows and assess whether the flows .are 
irnpactingstability of wetlands and rnarshes in the Glen and GrandCanyons.

Marsh Arear Extent. Determine size through the use of theannual aerial photograpls, video and in-fier-d surveys. Annualaerial _photography, viaeo quarterly and in-fielb surveys.quarterly. The NPS, other scientistJ and the Native Arnerilangroups will identify any specific areas to be analyzed.
Extent and Response of the New High t{ater zone (NEwz) and theord High water_zone (oHwz). Thi; wirl be based on'exiEtingvegetation quadrates established through Nps vegetation work.
NHlilz work will be done during the elrly and late growingseason and oHwz work wirl be accomplisnLa during the rategrowing season

rnsect Food Base. Monitor seasonally the aquatic food baseand the near shore terrestrial insectl. seas6nally.
Avifauna. survey of the obrigate riparian birds utilizing the
NHvtz in the river corridor. a separlte survey wirl ue-rnaae otthe waterfowl in the river corridor. Annual-Iy.

Economics

Respgnsibility: Nps, HBRS, Fws, Native American groups, ccEsand !{estern and Denver Office - Reclamation

5.

L4



I

a.

H"*:'::3"31i::':;';",:: #Hil:1""i*3i::=":i":lT:ii 
ftows I

Evaluate costs associated with implernentation of interirn
flows. This should be done monthly and will include an
assessment of costs incurred by purchase of non-firrn and firn
power, non-firm and firn capacity, and any additional costs
incurred or attributed to interirn flows.

Evaluate revenue fron recreation activities. Annually.

Trout Population Dvnarnics

Responsibility: AGF and GCES

Monitoring Objective: To determine responses of GIen Canyon
Tailwater trout fishery to the interin flows.

Stranding Bars. Initiate nonitoring of stranding for a
specific set of sites in the Leers Ferry reach. Include known
sites of stranding for alevins to adults.

Redds. Document and evaluate redd numbers and distribution at
selected spawning bars during the spawning season (December -
March)

Population dynanics. Sample trout population using mark-
recapture techniques to ascertain changes in groetth, Iength
frequency distribution, condition, and stage of reproductive
development when compared to previous years.

Trout access to tributaries. When feasible measure numbers of
trout utilizing the Nankoweap Creek area. This work will be
done in coordination with other river research trips.
Parasite infestation. Evaluate the degree of parasite
infestation in trout and evaluate changes during interin
flows.

Angler success. Evaluate success and quality of recreational
experience among anglers in the Leers Ferry reach.

Nativg Fishes

Responsibility: AGF, USFWS, Hualapai
GcEs, and NPS (this will primarily be
existing research efforts)

Monitoring objective: To determine if
and their use by native and non-native

Tribe, contractors,
completed as part of

native f ish habitats
fishes are influenced
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during the course of interin flows.

a. Backwaters. Measure nurnbers, sizes, water temperatures,
current velocities and other environmental conditions in these
habitats using video, river trip surveys, and autonated
recording devices with data loggers. Correlate fish

b.

abundances and distributions with flow ranges, minimums and
maximums, and other envi.ronmental parameters.

Tributary confluences. Measure changes in tributary mouth
sizes, area flow hydraulics, dater temperatures and other
environmental parameters during downriver river trips and by
video surveys. Measured tributaries will include Lne paril
River, Shinuuro Creek, Clear Creek, Ciystal Creek, the Little
Colorado River, Kanab Creek, and Nankoweap Creek. Correlate
fish abundances and distributions with flow ranges, minimums
and naximums, and other environmental parameters.

Population characteristics. Determine relative abundances,
length frequencies, condition factors, and other population
characteristics of fishes collected during downriver sarnplingtrips. Correlate with interirn flows, habitat availabifity,
and measured environmental parameters.

rnitiate a monitoring study of native and non-native fishes
commensurate with upstrean sampling in the reach from Diamond
creek to Piercers Ferry. Measure rerative fish abundances,
habitat conditions, and environmentar parameters to arlow
conparisons with ongoing studies in the Grand Canyon.

water Quarity. Measure and correlate temperature and otherbasic water quality parameters during the above stated
research efforts. This will be done at each primary mainstern,
backwater and tributary site and during any observed tributary
flow event.

Recreation Use and Accident Rates

Responsibifity: NPS, Hualapai, Hopi, Navajo and Contract,ors

Monitoring objective: To determine if recreation use in the
GIen €anyon and Grand Canyon areas is responding to theinterin frows as related to accidents, fishing suCcess anduse. This information will be used in socioJ.ogical studies
being conducted as part of the GcEs non-use value economics.

Accident Rates. Evaluate rapids and lever of difficulty underdifferent interin flow revels. crystal, Hance, Lava and House
Rock. Relate to three interim flow volume months and visitor
use levels.

€.

8.

e[.

b. Fishing Guides. fnterview the Leers Ferry fishing guides to
16



ascertain fishing success and flow levels. Evaluate fishing
success, wading ability, fishermen inundation and safety
issues. This would be combined with the AGF creel census.
Seasonally.

c. Whitewater Rafters. Work with the Grand Canyon River Guides
Association to deternine irnpact of interim flows on boat
mooring, camp inundation, camp cleanliness, stranding,
accident rates, and trip itineraries. Seasonally.

d. Fishing Success. Evalq_ation of success and quality of the
recreation experience above Leers Ferry through ongoing AGF
creel census and random surveys. Quarterly.

9. Water oualitv
Responsibifity: NPS, AGF, Hualapai, Hopi, Navajo, GCES and
USGS

Monitoring Objective: To deterrnine if selected water quality
constituents are changing in concentration or level, loading,
or form (dissotved and particulate pools) during interin
flows. Constituents will include primary plant nutrients,
organic rnatter, inorganic carbon, dissolved oxygen, water
temperature, pH, and specific conductance. !{here necessary
for scientific evaluations, measurements will be taken in the
forebay of Lake Powell and in the upper end of Lake Mead.

a. Evaluate water quatity constituents in the Lake PoweII
forebay, releases from GIen Canyon Dam, and outflow at Leers
Ferry. Integrate measures with those of primary productivity
and organic matter drift samples collected during aquatic food
base studies to allow correlations with interim flows.

b. Evaluate water quality constituents in najor tributaries in
Grand Canyon and at adjacent nainstream sites. Integrate
measures with those of sediment concentration, Ioading and
transport to allow correlations with interin flows.

c. Evaluate bacteria, including pathogenic indicators, organic
matter storage, and rates of organic matter processing at
selected nainstrearn and tributary sites. Correlate these
measures with flow hydraulics, sediment cornposition, and
sources of organic matter substrates.

10. Data Base Develooment and fnteqration of Site Infornation

ResponsLbility: AII cooperating resource agencies and groups
with overall coordination and nanagement of the data bases and
Geographic Information Systern by the GCES Office.

To provide for geographic integration

L7
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of sampling areas and locations in order to assess irnpacts and
changes related to interin flows.

a. Geographic Information Systern. Integration of the nonitoring
and GCES research site information in the Little Colorado
River Geographic Information System (cIS) into a consistent
data base. wilt require the field surveying of each of the
monitoring and sarnpling locations through the use of standard
surveying protocol and/or the use of the Global Positioning
System. Procedures and protocol will then be transferable to
the remainder of the nonitoring sites.

b. Data Base Developnent. Continual integration of the
monitoring and research data into common data bases and
infornration systenrs will allow for the storage, analyses and
archiving of the collected technical data.

D. Cost Impacts

There may be cost impacts associated with the inplementation of the
interin flows. In addition, the rtException Criteriafi granted for
the interim flows may be enacted if the cost of power becornes too
great. In order for the Cooperating Agencies to assess the
relationship between interim flows, exceptions to interim flows and
the costs related to those interirn flows, a cost inpact component
witl be part of the ccEs Interin Flow Monitoring Prograrn.
The economic document will be conprised of three elements:

1. Cost of the interim f lows themselves.
inplementation of interin flows cost?

How much did the

2. Costs related to the enactment of [Emergency Criteriatl
for the operation of GIen Canyon Dan.

3. Costs related to the enactnent of the rrException
criteriarr for the operation of Glen canyon Dam.

The GCES office will work in coordination with the Western Area
Power Adninistration and other experts in the quarterly
documentation of the costs related to the interim flows.

VII. Col,tltolt EIrEltENlre

There are several common elements that wiII be required and
utilized by each of the resource categories listed above. The
coordination of the needs and exchange of information between the
evaluation groups will be the responsibility of the GCES office.

Common Elements

Aerial Photography

Tirning

Two tines per year

18



Video inagery
Geographic Information System
Flow Information
Data Base Development
Benchmarking ( survey linkage)

VTIT. EXCEPTIONS AIID EVENTS

(spring and faIl)
Quarterly
Continuous
Continuous
Continuous
Continuous

I
I
I
I
I
I
I
I
I
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I
t
I
I
I
I
I
I

If a deviation from the interin flows occurs, either due to
initiation of the Exception Criteria or due to a natural flow
event, then specific short-tern and innrediate rnonitoring efforts
will be initiated. The amount of rnonitoring will be associated
with the specific event (i.e. the size, duration, magnitude and
tining) and the resources avaj-lab1e.

IX. SUUI{ARY AND I{ONTTORING BUDGET

The specific paraneters to be measured under the GCES Interim FIow
rnonitoring prograrn build upon the efforts that have been initiated
under the GCES Phase II Integrated Research Program. The intent of
this document is to have a common set of goals and objectives.
From this base, specific rnonitoring plans have been developed and
are included in the Appendix. A summary listing of the anticipated
fnterirn Flow Monitoring Program budget is defined in Enclosure 7.

The levels of evaluation are much reduced but wilI require
significant levels of effort, staff and budget. There are two
prirnary reasons for this: first, the ccES scientific progran for
Phase II is not cornpleted. The rnonitoring program cannot make
impact evaluations between the resources until existing studies and
their - results are completed. The intent is to build from the
Interin Flow Monitoring Program the connections with the Long-Term
Monitoring Program and the Geographic Information Systen. .@Iy,
we are dealing with flow changes that will have both short-term and
long-term irnplications to the ecosystem components and processes in
the Grand canyon.

Impacts associated with the inrnediate changing of the flow levels
will be difficult to ascertain until the systern has an opportunity
to respond and demonstrate its resistance and resilience to these
changes. As such we have determined that it is better to collect
more data than not enough, especially when the decisions facing the
interim flow package are so sensitive and costly.

Providing funding is available the products to be developed over
the course of the Interim Flow period will include:

1. A three month qualitative assessment of downstream
resource responses for the int,erim test flow period.

2. An annual quantitative assessment of environment-resource

19
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I
relationships identified over the preceding year as
related to the interin test flows.

3. ff short-term impacts occur related to operations that
were not expected and if information is available, then
special reports with operational recommendations will be
developed.

A succeEsful and useful nonitoring program for the Grand Canyon
depends upon support and action.
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GLEN CAIIYOI| EM'IRONUENTAL STUDTES

INTERII.T FLOI{ IiIONIIORTNG PROGRAI.I

EICIrOSml LI8!

1. Interin Flou Crlterla
2. Interh Flow Reconnendatlong and procedureg

Aprll 10' 19gr (rtll bc addrd to coolnratore vorrion)
3. outllnc for euartarly Roportr
a. GCES Intcaratad Renarch Graphlc
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DAiI I}ITERIil FLOI{S

CRITERIA RECOII}IEilDAT I ONS

30, lggl

Parameter Hi stori cal R/S
Group

E/Rt{
Group

USBR Opti on }IAPA TEST
FLO}I

Hax.
Rel ease
(cfs)

31,500 20,000 20,000 2A,000(l)(2)
2?,000 ( 3 )

31,500 20,000

l,li n.
Rel ease
(cfs)

3,Oaa/1000 i,000 8, 000 5,000(4) 3 ,0o0l

5,000

5,000/

8, 000

Ramp
Rate s
cfs /hr.
Up

Down

No Limit

l{o Limit

2 ,000

1 ,000

2,000

1 ,000

4 hour ll hour

8,000/4,000(4)

4,800 12,000(l)
8, 000 /2 ,500 ( 2 )

(3)

No

Limit

4,000/

5,000

4hr llhr
8,040/
2, 500

1,500

Dai ly
Change
(cfs)

30, 500 5,000 5,000
8,000 ( l )

ll,0oo(2)
15,000(3)

l{o
Limit

s000(l)
6000 (?)
8000(3)

Grouo r Research /Sc entific Grouo ,- Reffiont For Interim 0peratin
Procedures For Glen Canyon Dm - April 10, l99l

E/Rll Group. Ecological/Resource llanagers - Letter Report - Review of Interim
Flor Reconrnendrtlons - llrreh 29, l99l

USBR . Bureeu of Reclanatlon - Presented at Cooperating Agencies meeting on
June l3-l{, 1991, includtng'r phrsed rpproach rhich ras dropped fronr
considerrtion

llAPA.lfcstern Arer Power Adrninistratlon - Letter rnd Concept of Interim
Operating Crtterta - l{ay 22, l99l - Connents on the I{APA concept was submitte,l
by the Colorado River Energy Distributlon Association and the Upper Colorado
River Comnission on llay 29, 1991.

Notes:
(l) Low monthly volume - less than 600,000 acre-feet
(2) ttediun nonthly volune - 600,000 to 800,000 acre-feet
(3) High nonthly volune - over 800,000 acre-feet
(4) All rnonths

GLEil CA}IYO}I

SUIIIIARY OF OPERATI}IG

Jul y

-23
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cl.a

Prrrn.tlr Eirtorierl
t{lr.
Rrlrrrt 31, SOO(eItl
lltn.
Rrlmtr 3,OOO/1OOO(effl
Rrap Rrtrr
cf r /ht.up No Lrnrr
Dour No'Linir

CI|ITOT DrI T}NTEIII OPER"IIT}IO CRITERTI
SUTO|ITT O? PRTLIXITAIT PR,OPOSALI

Juar 23 , l9g I
R/s Group El/|o| oroup usBt optioa

2Q, ooo

5, C00

2,000

1, 000

20,000

8, 000

2,000

1, 000

5, 000

20,000(1) (21
22,000(31

5,000({}

8,000 ( 1 )
11,000(2)
15,000 ( 3 l

TTTTCTD(IITT

r{tPl

3l, 500

3,0a0/
5,000

No Limir

{ hour t hour

8,0OO/{,000({} No Llnie

1, 900 /2 ,099 t r I 4, OOO/8,00o/2,300(2) s,ooo'
(3)

Drtly
chrngr
( cfr, 30, 500 5,000

lf.:5::3.'rl!'3ifin"f;::"5f': i;::i iol.ilffnd,Eionr Foa rnc.ri.o oprrerrng

lff ff::lJ":::i:::.:t{*ff.fi: I;lir.* - LrGr.! R.po* - Rrviry or rn*rln
usll ' luroru o! Rrcrraerion - pr.lrntrd rt 1?r:rc..ng. AE.ne!' m'tlng:1":lilrl!.lnl., leel, -inclucrne r prrii.d-ieliorcrr uhiah ;.. cso''rd rrora

llltl I r"t'8n A'r Potnr lcttal,rt*glon t L.Gt.8- rnd Goncrpt or tntrrinoP'srling csss'8:'l - xry-zi-iiri --i"crn.l-li Bh. flApA eoncrpr srr rubmi.rrdil":l'.31i::i:"'*.il*;lriili'$iilJl"i!.!liii;o;- .;:,r-;iil-i,pe., corcredo

Ifotaar
(ll Lov aonthlv volunr - lara thrn 600,000 ecn_fmr(21 t{.drur mainry-vor.--r-Eo6,_qqo eo !00,000 rc.-!'tlll !l-gh rcathly i,oruor-I o"Il-boo,ooo rcrc-fme(4, Atl Entha --r- lvv'YYU 
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FOR GLEN CA}{YON DN,I

Prepared for the Bureau of, Reclauation and the Glen Canyon
Studies CooPerating Agencies

By

The GIen Canyon Environnental Studics Senior Scientist,
The Glen Canyon Environncntal Studies Progran l{anager

And A Snall Group of Scientific Expcrts

Reviewed by the Glen Canyon Environnental Studies
Scientifj,c Core GrouP

- eenter for Enviroruaental Studies
Arizona State UniversitY
Tenpe, 

^Z 
85287'3211

( 602 ) 965-2975

April 10, 1991



INTERII.I FLOI{S FOR GRAI,|D CAIIYON

Reconnendations for Interim Operating Procedures for Glen Canyon Dan
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INTERIM FLO}IS FOR GRAND CANYON

Recorunendations for Interin operating Procedures for GIen Canyon
Dan

I. Introduction

The Bureau of Reclanation plans on initiating Interin
Operating Procedures (Interin Flowe) for Glen Canyon Dan
following the teruination of, controlled research flows under the
Glen Canyon Environnental Studies (GCES). Reclauation has
established an adninistrat,ive procedure for developing the
reconmendation for Interin Flows which includes recomDendations
frou both the scientific and power/water couunities with reviews
by the cooperating agencies and the public. This reconrendation
nas initiated by a snall group of scientists, called together by
the GCES Senior Scientist. It has been reviewed by the GCES
Scientific Core croup.

This sual.l group of scientists was faniliar with the adverse
iupacts of current dan operations (i.e., 1963-1991) on the
downstrean aquatic and riparian resources of Grand Canyon
National Park and Glen Canyon National Recreation ArGa: The
recognition of past inpacts and this asseasnent sere baeed on
data frol GCES I (Final Report and Tcchnical RlportB), GCES II(prelininary flndJ.nge), thc National Acedely report (Rlver and
DaD l,lanagenent), the opcn literaturc and their scientlflc
experience. The flow reconn€ndations respond to proposcd fcderallegislation on protectl,ng thc Grand canyoi and repreicnt thelr
best estinate for a flow regine that ritl protect thc resourc€sin the short term interin piriod by rcducing the rate of further
degradation. rt nay not, however, provide the optirrln protection
for the long ten, Thc interiu period rag considered to cxtend
fron the end'of the research flows (July 1991) until a rRecord of
Decisionr is inpleucnted based on thc EiS (ca. latc 1993).

This report presents thc initlal, scientificatly baeed
recohmendations and rationale for thc rnteril operating Flows.
It does not, represent a final adninistrative position, and does.not include integration of other water and power concerns. It i-s
considered a conservative position to halt degradation of
downstream resources. ,

The reconmendations fron this report were presented to the
GCES Scientific Core Group on l{arch 15, 1991. Additional
developnent of the reconncndations ha.s been reviesed by the Core
Group which has nadrc Jole additional teclrnical and proiedural
suggestions which have been incorporated into this ie1rcrt.



II. Developnrent of Reconnendations

The recornnendations were determined by analyzing the Grand
canyon, Colorado River resource systeu prinarily fron the abiotic
(sedinent) and biotic (biological attributes) resource r€eltoneea
and secondarily from the hunan resource response. These reprcrent
the downstreau resources that are addressed in proposed federal r
legislation.

The priraary resources or attributeg of the Canyon are
natural conponents of the aquatic and riparian systens including
beaches and other sedinent (sand, silt and clay), native and
endangered f,ish, introduced fish (trout) and other speeiesr. the
aquatic food base and riparian vegetation. There are nany other
attributes that could hate been considered in developing Interiu
Flow recomendations, such as other threataned or endanqered
species, but those used are foreuost in the functioning of the
Grand Canyon ecosysteru and in the coneerns of the public.

The secondary attributes were hunan oriented usea or
components of the systen. These lncluded recreation (rhiteratcr
rafting and trout fishing), historical use of the area and
archaeological and cultural resources along the Colorado River
corridor.

The assessnent process follosed a Dclphl approach. The
group reviewed the characteristics of thc attributee and their
responses to co[ponents of dan operatione and caue to a consentug
on recoDnendations on dan operations Urat rould liniuize adverse
downstrean iupacts. fn the procesa of dcveloping the
reconDendations ln this report, thc ecientiste initially
discussed strean flows (discharges) that.rould optinally linilizc
degradation of downstrca! rcsourc€s. Conditione considcrcd
helpful to the systeu included steady daily f,lose, geaaonal
fluctuations -and high spring flows. Th! final recornsndations
developed by the group recognized thc nced to etay withinrfnorralrf operating procedures of Glen Canyon Dan and yrt offcr
sone potential for changcs in power dclandg. The r€cou.ndatione
in this report are thus conprouiae reconcndations and are not to
be eonEidered a starting point for negotiations on interin flong.

A. Sediment Response

Large sand bars (beaches) and other seAincnt deposits
exposed along the Colorado River corridor undcr norlrally
occurring flows are one of the tost irportant biological and
recreational resources of thc GoLcrado River through Grand Canyon
National Park and Glen Canyon National Recreation Arer. Sincc
1963, there has been progreasive loss of sand fron bcachcs and a
corresponding decrease in beach -arca (GCES l, Schnidt and Graf
1990, Schrnidt, lloore and RubiD 1989). The currcnt regiue of flor
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releases accelerates erosion of beaches, and does not rcplenish
beaches with new sand. Stability of beaches and other sedlucnt
deposits depends upon reducing the rate of erosion and increasing
the rate of replenishuent. Replenishnent of sand beachcs
requires (1) a sufficient quanlity of sand be naintained within
channel and (2) streanflows of a uagnitude and duration
sufficient to deposit sand above thi range of nornal opeiating
floss. It is possible to uininize thc logs of, exieting bcachee
by uininizing the rate of sand loss, and providing cnough
deposition of sand to balance the erosion which cannot be
elininated.

1. Accelerated Erosion of Sand Bars

The current operating regiue of Glen Canyon Dan has bcen
shown to cause an increase in the erosion of the sand bars,
beaches and other sedinent deposits. The range of daily
fluctuations in discharge, the rate of the changes in daily
discharges, and the naxiuun and uininiu daily discharg€ ar.
significant factors controlllng erosion rrt€s.

a. The range of ciaily fluctuations ln dischargc incrcaces
sand bar and beach erosion in an cxponcntial relatlonehip to the
nagnitude of fluctuation. In other rordg, a constant daily
discharge causes the least eroeion and incrcasingly wide
fluctuations in instantaneoug discharge cauae progresrlvely
Iarger rates of erogion. Erosion of beach dcpocita occurs
prinarily when the area of the rccirculating zone dccreaees and
the deposit of sand is expoecd to the prilary dorngtrean current.
The area of a recirculating zone ls detcnincd by local channsl
topography and dischargas. As discharge dacrcaslc, the point at
which the prinary downstreal currcnt rsattachos to the banlr lovea
upstrean. The zones of recirculating flor (cddier) rhere the aand
bars are deposited decreage ln size, and a portion of, the'channcl
which was previously withln the recirculating zone is cxpoaed to
the nuch higher flos velocitics of thc prirary dornstrGa!
current. The downstrean acceleration ol f,los along the bank can
result in direct erosion of sand banks or the erogion of sand
whj.ch slurnps into the channel, frou higher elevation. Erosion of
areas downstrean frorn reattachnent points was described by
Schnidt and Graf (1990, fi9. 20). This process likely continues
until such tirne that nearly stagnant, nonaccelerating flor exists
opposite the sandy banks.

b. The rate of the change in instantaneous discharge
(ranping rate) also has been shosn ?o influence the erosion rate
of the sand bars and beachest the steeper the rauping rate, the
greater the rate of naterial reuoval. Ranping rates of 3600
cfsrlhr, which are being used as the nlowrr rauping rate under the
present regine of, research flows, aie producing considerable
erosion.. This rate is astually Closer to nediun to high rarping



rates under nornal operations. Down ranping, oE the decrease in
discharge, has a nuch greater influence on sand bar and beach
erosion than up rarnping. A rapid decrease in the water surface
elevation causes high positive pore pressure in the river bank
uaterial, reducing itre-effectivl nat6riaL strength and pronoting
bank failure.

The effect of rauping rates on eroaion is belng studied in
GCES-II through enpirieal and uodeling approrches. Studies in
other systems deuonstrated that seepage-driven erosj,onal forces
are responsible for significant, rapid erosion of earthen-filled
dans and banks (Finn L967, Francs et al. 1971, Desai L9721.
Seepage-driven erosion appears greatest shen Glen Canyon Dan
ranping rates are fast and ranping rates in excess of 191000
cfs/hr occur several tiue per year in the Colorado River corridor
(Table 1).

Because seepage forces are suspected to be a significant
erosional nechanisn in this systen, and because data are linited,
a consentative approach is recouended. lrtean and nedian ranping
rates are listed in Table 1 for lor-runoff, roderate-runof,f and
high-runoff years, and indlcate that av.rag€ ralping rates fal,l
in the 1r00O to 21000 cfslhr range. Up ralplng rates should not
exceed 2,000 cts/h,r. Because dorn ranping rateg are norG critical
in seepage erosion, dosn rauping ratei ehould not excacd 1r0O0cfsrlhr. Rauping rates of, I,OOO to 2rOOO cfs,/hr w111 !€an stagccwill change no Dore than about O.s.to 1.0 tt/lrt ln wide and
narrow reaches, r€spectively.
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Tab1e 1. Uean and nedian ranping rates for Glen Canyon Dan
low-runoff, normal and high-runoff yeara (rnforuation frou
Bureau of Reclauation. )

during
tho I

RAMPTNG RATE
( cFS /r{F.l

LOW RT'NOFF
YELR ( 1e8e )

NORT{AL RU}IOFF
YEIR ( 1980 )

HIGH RT'}IOFT
YELR ( 1986 ) I

ltedian 1 , 000 -2, 000

2 rzg].

L,779

8,760

1 , 000 -2 ,000

2 ,445

2,ALz

8,784

1r 823

L,7L7

8,760

I
I
I
I5

Mean

Std. Deviation

Sanp1e Si ze

Nunber of Tines /yr
Ranping Rates
Exceeded 19 , 000 cf s/br

I
I
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c. The rate of sedinent t'ransport increases dranatically at
discharges above 17,000 cfs (Fiqur;ts 1 and 2). The maxinun
discharie deter:ninei the highes€ elevation eTnoseg- to sediment
transpoit a"a-aeiositionaf frocesses. The daily ePP and rise to
rhis ruaxinurn ai=iniige wilf'cause eroeion of yet nie!:I^"31i-
a"p""its createa auring the very.high flow years of-1983-1986'
irifitoinary data indicite that disctrarg€s above 20,0OO cfs
accelerate erosion of perched beach eand deposits, and caus€
Iateral bank erosion (-Penberton 1988). Reconnaissance-
obserrrations uade in 1990 and 1991 in Grand Canyon i'ndicate that
aii.ft"tges of about 20,OOO-22,OOO cfs witl begin to erode the
base of-the very high itoc deposits (Schnidt pers. c9Tn. ).
Because erosion rates "pp".i-io be ripid, a cbnservative ceiling
io rnaxinuu discharge is-irerited. A nlxinuru discharEe of 20'000
cfs appropriately iits this conseti\tative ceili.ng'

2. Replenishnent of Sand Bar Deposits

Erosion of sand bar deposits will occur under any- flou
conditions. Therefore, repllnishnent of sand and rebuilding sand^
bars is essential to ilainiaining this r€sourcs. Replenishuent of
sand bar uaterial lost to erosi5n reguireg an available.supply of
sand in the river reach, and a suffiiient flos to deposit sand to
an elevation so that it'is exposed during the noraal range of dal
releases.

t. The quantity of, sand stored in a given reach- and' t!ue, 
_

available foi aCposition on sand bars depinds tpon.Fh. supply of,
sand to the reach fron the upstrean channcl and tributaries, and
the rate at rhich sand is reioved frou the reach by transport
downstrean.

Randle and Peuberton (1988) anal Perberton (1988) calculated
the supply of sand to reachis oi the Colorado River through Grand
Canyon ftalionat Park. On averager,1.1 uillion tons of sand
annirally is supplied to the reaih betuecn the Paria and the
Little Lolorad6-Rivers and 2.7 uiltion tons of sandr oD averago,
i; supplied to the reach betreen the Little Colorado Rivcr and
the U.S.G.S. gage just above the mouth of Bright Angel Creek
(Grand canyon gage) (Burkhan 1987).

The quantity of sand transported by various discharges
determined fron saDples collected at the Grand Canyon gage
between 1983 and 19-86 is shown in figure I with a calculated
regression curve. The analysis of sand transport prepared
independently for this report produced relationships sinilar to
thosl found by Randle and-Peublrton (1988)- A steady constant
flow of 11,387 cfs (8.25 uillion acre tt/yr) will transport
approxinately 2OA,OOO tons of sand per ycar at the Grand Canyon
eige. The siue aiify mean f,Iow-(11;387 cfs), but with a daily_
ieiX oe 26,000 cf s for 6 hour.s dnd daily lininun of 3,000 cf s for
a hours wiif transport approxinately oni nillion tons of sand per



year. The five fold increase in annual sand transport by the
sane nean annual flow is due to the very rapid increase in
transport rate for a relatively sua1l increlse in discharge (see
figurl 21. Under uost possibl- operating regiues where the lcan
aniual fiow is 8.25 rnillion acre ieet and instantaneous daily
peaks are less than about 24,OOO cfs, the inflow and outflor of
iedinent to the reach of the Colorado River brtween the Paria
River and the LCR will be approxilate in equilibriuu and thc
reach fron the LCR to the Gilnd Canyon gagc witt be aggraling
(net accunulation of sedinent). en operiting regine of.daily pcak
aischarge of 31r5OO cfs for several hours a day and daily !!€an
discharge of U;387 cfs, however rill cause net long term
deletion of sand stored in both reacheE. The anount of sand
calculated to be transported under any particular discharge
regine assules that sana is available- for transport. If the bed
is sufficiently degraded by discharges rhose lagnitude and
duration is suiticient to transport uore sedinent than is
typically stored on the bed, then suceeeding flows will carrJ
fess sedinent. Preliuinary models developed by the National Fark
Serryice tfater Resources Division indicata thai, because therr is
no assurance of sedinent input frou tho Paria during the intcri'n
period, discharges should be sufficiently low to prevant sand
less fron the channel in the Paria-LCR reach. (NPs 1991).

b. As long as gand is available and is bcing tranrported,
sand bars will be deposited in recirculating zones at any,
discharge. orrer till the eand bar Eurfacr iill grrou until tt ie
within a foot or go of the water surface. Sand barg lust ba
exposed a feu f,eet or lore above the range of, nonal opcratinq
flow in order for the bar surface to bc dry and suitable for
cauping and ag tcrrestrial habitat. Conaequently, the eand bar
nust ba depoeited and forued by discharg.e aoreehat grrcatlr than
the normal-operating range. nater eurfice elcvation incrcaecs by
roughly 1 foot for a discharge increase of 21500 cfs betreen
20,Ooo cfs and 45rooo cfs. Thus, bcach building discharges lust
.exceed the peatr of the irorual operating rang€ of the dau by about
1o,ooo cfs to deposit bars rhich witl stand { feet abovs the
operating range. observation by Schuidt and Graf (1990) shos
that the surface of, a sand bar will aggrade at a.rate of a few to
several inches per day

B. Biotic Attributes
1. Native Fishes.

Native fishes include the endangered hunpback ch'.'b,
as others that are yet to be listed. llinckley (in press)
ecology of fishes in the Grand Canyon region, and fotmed
basis of the general comments 91ven here.

as weII
revieued
the

Coloradoi. Huropback chub. This species has survived in the
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River below the Glen Canyon Dan site for ruillennia, but their
geographic distribution in that reach has presunably contracted
sj.nce closure of the dan. Huupbaclc Chub is a long lived fish

. (ca. 30 years), thus relatively uinor changes in their
environment over a short period, such as two years, probably will
have little inpact on the present population of adults. Young
hulpback chub nay be iupacted by daily fluctuating discharges as
they use backwaters and creek uouths which can be greatly
nodified by water-level variations that influence sand bar
dynanics and backwater water supply. Baclcuaters are progressively
lost as flows decline belos 8,000-10rO00 cfs, although nore
backsaters were found to be present at 4r8O0 cfs than 28,00O cfs
(Anderson et al. 1986). At 51000 cfs, return channel portions of
backwaters are virtually drained (ltaddux et aI. 1987).

b. Other Native Fishes. t{ith the exception of speckled
dace, which is short-lived, other native fishes renaining in the
Canyon .also are long lived. Adult populations sill probably not
be influenced by a tuo-year period. They nonctheless require
backwaters and creek nouths for surrrival of annual recruits.
Substantial daily fluctuations rill negatlvely influence their
access to creelc nouths, where they Bpawn. Speckled dace also
spawn in creeks, and young f,orced-inlo the uiinstel of the
Colorado River by fluctuating flows are placed in greater
jeopardy 9f p5edationr rB lell as a greater €nergilt deland (in
absence of euitable f,ood) ln the channel.

2. Introduced Fishcs.

Introduced fishes include trout and other non-nativc fish,'
such as the striped bass or channel catfish.

a. Trout. Trout have been introduced to various tributaries
as well as tbe Lee,s Ferry reach. Thev are found throughout the
Canyon and are used for sport as well as acting a6 a food
resource for predatory Utias (e.g., bald eagle). Daily
fluctuations increase organic drift which uight be a benefit fortrout and other fish dosnstrean (Ushar and Blinn, 1990).
Hower-er, daily fluctuations, especially wide ranges, are
detrinental to natural reproduction of the trout. Daily
fluctttations nodify available aquatic habitat (!{egner 1987) and
lead to the stranding of adults as well as eggs and larvae, the
former is accentuated by rapid down ranping. other nobile aquatic
organisrns also night not have the chance to seek refuge at high
down ranping rates.

b. Other non-native fish. Constant cold water i- the
cororado River is detrimental to nost introduced war:m uaterfishes. on the other hand, a rack of, fructuations betreen-
seasons (relative stability) tends to enhance surnrival of non-
native fish. Periodic floods either elininate or greatly reduce
populations of non-native fisli in sualler canyon sireans



(Minck1ey and Heffe 1987), and presulably do so in the Colorado
River nainsten. Daily fluctuations rithin nornal operations nay
function-nore like constant flows for non-native fishes than the
wide fluctuations that occurred prior t,o the construction of the
dan.

3. Aquatic Food Base. '

The aquatic food base is dependent on the stability of thc
sedinent and biotic substrates to which it is attached. Daily
fluctuations tend to erode these substrates releasing orEanic-
debris (Liebfried and Blinn 1986, Usher and Blinn 1990). This
:aight be advantageous in the short tern but the food base could
be lost over the long teru. llany hours of low flow, generally
below 5000 cfs, has also been shown to be detrinental to
Cladoghora, a result of desatering and desiccation. Cladophora
provides essential cover and serves as a substratuu for attached
diatons and aguatic uacroinvertebrates which lalce up the food
base for fishes. For exauple, spawning trout which are preyed
upon at Nankoweap Creek by wintering bald aagles have a diet that
consists alnost entirely of Cladoghora and nacroinvcrtebrates
derived frou the river (Brown et al. 1989). part of thc
terrestrial systeu j.s also supported by aquatic Diptera rhich
energe fron the rivcr. Cladoihora colonizss to tha tlpical
Ioweet discharge stagc, prssently about the 31000 cf,e level andat dininishing-rates-abole the eicvation of uininru dirchargc,
thus niniuun flore regulate biological productivity in thir
systeD, particularly in thc Lec's Fcrry trout fishery. Exporurrof nore than 12 hours has been shosn to result in 25-?51 logr of
c\irdoDhora biouass in thc laborator? (ueher and Blinn 1990).
Extended losses of ctadoghora havc occurred in the Canyon during
extended periods of low constant flos (e.9., 5,ooo cfs evaluation
periods during research flors). Dally fluituations in flor f,ron
1 i OO0 to 20.1000 cfs have negative effects on the standing crop
of cladaphora glorneFata and associated epiphytes at Leers Ferry
(Pinney 1991).

4. Vegetation.

Riparian vegetation serves to stabilize banks (GreLsson
1?84), contributes to soil formation, and supports a great
diversity of vertebrate and invertebrate life- (Brock igg5,
stevens and tfaring 19gg). In this systen riparian vegetation is
conprised of three connunities, the old High-t{ater zone (oHttz),
the l{ew High l{ater Zone (N}II{Z), and Palustrine (riverside) }tarsh
Zone (Carothers et al. 1979, Stevens 1994). These three
connunj.ties support at least 5rooo species of plants and anirale(carothers and Aitchison Lg?6, stevens 1994, Brorn et ar, Lgg7,Phillips et al. 198? ) and constitute a signif,icant benefit of
inPoundnent to regional biodiversity. Oan operations influenceaII three riparian connunities,'but in diffeient uays.
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. a. Dam operations (flood control) linits gernination and
growth rates of OHI{Z plant species (Anderson and Ruffner 1988.
The OI{WZ is presently declining in ar-ea1 extent and uay be lost
i.n this system (Pucherelli 1998).

b. Dam operatj.ons directly affect NI{I{Z vegetation by
scouring and rernoval of vegetation (Stevens and tfaring 1985).
Dan operations also af,fect the NH[{Z by accelerating soil erosion
and leaching of nutrients and fine particles that enhance soil
noisture retention and gernrination (Stevens and ltaring 1988,
Stevens 1989).

c. Riverside marshes have been created by settlenent of
tributary-derived sedinents in backsaters, and are largely a
function of dan operations (schrnidt et al. subnitted). Because
wetlands, and especially narsh habitats, are the uost productive
terrestrial environnents and support unique flora and fauna, such
habitats nerit consideration in nanagement

C. Secondary Attributes
1. Recreation

i. t{hitewater rafting. Preferable discharges for whitewaterrafting are in range of Srooo to 241000 cfs. constant discharges
below 8,000 cfs (e.9., 5rOOO cfs) have caused boat danage and
logistical problems at Hance, Horn Creek and other rapids.

b- Trout fishing. Rapid ranping rates cause soDe probleus
for anglers. Approxinately 25t of boats had trouble going up
stream at Lee's Ferry when the water sas-a constant 51000 cf,s
(GCES If). In addition, sone anglers becone stranded on sand bars
during rapid up rarnping. In contrast, fluctuations increase
drift which nay inprove fishing success.

2. HistoricaL Sites.
a. Charles Spencer boat. The Charles H. Spencer paddle wheel

steanboat has been designated as a National Historic site(carrerl 1987). The upper severar feet of the hult is exposed at
discharg:s of 5rooo cfs and is subjected to rapid wetting and
drying fron waves which increase the rate of d-cay of the wood,
as well as exposure to vandalisn. At discharges of 2O,OOO cfs to
25,000cfs the hurl is susceptible to scour by sand and drifting
vegetation.

3. Archaeological Sites.
l{ide fluctuations in daru discharge ar€ eroding the sedinent

which has acted as foundation for rnany near-river irchaeologicalsites. Long periods of flooding in r-ger and resunption of



fluctuating flows uncovered rnany sites naking thern noresusceptible to erosion of suppoit nateriar. Any dau operationswhich accelerate erosion of Lne roundation sediients will havenajor iupacts on archaeological resouices.
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IfI. Summary of Responses

The above discussion can be sunnarized in Tableshourd be used only for generar review of the variousof canyon attributes to airterent discharge rat€s.

2 which
responses

Table 2. A sumnary of
on attributes in the

the
Grand

influence of different A es
Canyon.

I
Attribute Disctrarge Conditions

Seasonar FIUX Daily Flux
High Low

IConstant

Beaches
Native Fish
Endangrered Fish
Exotic Fish
Trout
A$ratic Food Base
Vegetation
t{hitewater Rafting
Fishing Success
Historical Site
Archaeology

OK
OK
OK

Enhanced
Good

OK
Poor
OK ( >8, O0Ocfs )

Poor
OK ( 10-ZOK cfs )
OK

Poor OK
Poor OK
Poor ?
? Enhncd

Poor OK
Poor OK

Ok-Poor OK
Poor Good
Poor Good
Poor OK
Poor Poor

Better
Better
Better
Poor
Good

OK
Good

OK
Good

OK
OK

I
I
I
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? = Uncertainty of response.

rv. Recomended rnterin operating procedures

The following interLn operating procedure reeonnendationsare nade on the assunption tf,at trre-einuar operiiirrg ir"rr, thatis the annuar and. nonlhly t.r.i".i-oi-rit.r irou ct6n canyon Dan,will continue to be oeteiuined hased on dosnstrean water needs,but also with consideration for downstrean envi.ronnental andrecreational resources (rcderai il;i;a;;il -dil;;;;;;; 
arrhoushthere are no recontrenaaiions on seisonal aiscrriiq""l-irr"v shoutdbe considered when basea-on aclditiJnal-intoraation fron ccEs rr.The rationare statenents used t" iupp""t ttr. recollendationsbriefry cover the nore inportant reiion" for the recolrendation.llore detail can be found in the pre""airrg text.

A. l,taxinum and nininun discharges.

.1. Maxinuu discharge sho'uld be no Eor€ than 2orooo cfs.
10
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Rationale: Discharges greater than 20r000 to 22,000 cfs
erode high elevation sand deposits. The greater the discharge,
the greater the anount of sand transported. The increase is
logarithnic), for example, daily sand transport in tons for a
daily constant discharge of 25,OOO cfs equals about 8r650, for
20,00O cfs it is about 4rOO0 and for 15rOOO cfs i.t is about
1,500.

2. llininun discharge should be no lower than 5rOOO cfs nith
the average daily discharge no lower than S,OOO cfs. There should
be no extended 51000 cfs constant, flow. A constant flow of 5rooo
cfs shourd not exceed 8 hours and should occur only between 7 pn
and 6 aD.

Rationale: A constant 5r0OO cfs exposes nuch of the
aguatic food base to desiccation. spawning problens f,or trout
and degradatlon of the aquatic food base piogressively worsen as
9ischarges drop frorn lorooo cfs to 5,ooo irs, whire discharges
b':low 51000 cfs increage the rength of tinc that nass wasting
takes prace on the lorer faces oi ttre exposed sand bars.
Backwaters are desatered at prolonged flows of 5OOO cfs or lower.
Recreational inpacts of diecharges below 5OOO cf,s include reduced
angrer accessr.problene rith paisage of, notorized rigs throughrapids and logietical delays

B. Daily fluctuation.
1- The daily fluctuation range should not exceed 5,000 cfs.

Ratlonale: tfldc fluctuations are detriucntal to ncarlyall canyon attributee. As the fluctuation rprcad incrcalea, theieis a concoraitant necd f,or steeper ralprng ritca. stcop ranpingrates, . especlally-steep down rlnping i.s iignificantly aetrineniatto sedinent depoeits. lleo, the iuiirty of-the cladeiho-a
g'l onerata to withstand f loe stres! is dccreasod: - - 

-
C. Raruping rates.

1. Up ramping rate should
This change to take place overthat an hourly change occurs.

be no greater than 2,A00 cf s/hour.
the normal 20 ninute tine span

Rationale: Greater ranping rates cause calving of beachfaces. Rapid up rauping can arso cause probrens for angiers.
2. Down ranping rata should be no greater than 1,OOOcfslhour. This change to take prace ovir the nornal io ninutetine span

Rationale: The down-ranping rate is nost critical inbeach face rasting. A rate of looo 6fs rould reduce the anount

11



of sand lost into the channel where it can be renoved fron the
systen by high discharges. (Monitoring of the iupacts of this
level of down raraping should allow possible upscaling during the
second or third year of the interin flows. )

D. Beach Building Flows.

1. There should be a spring season high flos with a
discharge of 31,500 cfs the uaxiuun discharge presently
obtainable through turbine operations. The high f,low should be
of sufficient lengrth to pernit beach building (e.9., 5 days to .2
weeks). The flows would be elevated gradually over a few day
period to prevent erosion caused by the equivalent of steep
ranping. The flows should be dropped uore rapidly because this
process tends to enhance the storage of sand deposits on elevated
sand bars (Schnidt, pers. corn'n. ). This bcach or habitat building
flow night be considered as a research flow sith caref,ul
monitoring of the consequences of controlled high flows of this
type.

Rationale: If it is possible to create a nondegradation
situation for the sand deposited in the canyon systeu, then it
would be advisable to create an occasional high flos to store the
sand up on the beaches, not only for preecnration of the sand
reserve in the canyon but for recreational and vegetation support
Purposes. Any high flos bcach building qvcnt should bc closcly'monitored. High flos events should bc tiued to avoid enhancsrent
of recruitrnent of exotic vegetation.

V. l,tonitoring and Research.

1. A nonitoring progrra! ehould be in place during the
interin flow period to deternine the relative levels of inpact
caused by the interin flows selected. The interin flow period
should also be used to continue studies of the iupacts of, various
discharge regines frou GIen Canyon Da!.

Rationale: It is possible that a eelccted interin flow siL1
cause unanticipated changes in the resources downstream fron Glen
canyon Dam. It is inperative that this knorledEe be available
before the end of the intErin flor period, especially if the
interin period is extended due to d-lays in ilpleuenLation of therRecord of Decisionn. The interiu flows nay be sufficientrydifferent frciu past, peak load, high fructuiting rereases to
warrant studies of the iupacts on dornstrean resources that sill
add to the inforruation base for f,inal Ers decision nalcing.

vI . l{odif ications. 
-

1. Hodifications in interiu flows should be uade if
nonitoring.indicates inpacts -on' downstrean resources are greater
than. anticipated, as based on existing information.
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Ratlonale: Establishncnt of interiu flows wiII be barcd on
the best scientific information and expertise available. lfer
infomation, fron future nonitoring and research , ot unpredicted
consequences of the interin flows should be analyzed by the
scient,if,ic conmunity and used to reconrnend adjustuents in the
interiu f,Ioss to better nininize dcaradation of dornstreau
regources.
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figure 1. Sand
the Grand
ln (LD) -

transported
Canyon gage
-14.1 + 3.53

by various discharges determined at
1983-198G. Regression eguation is
In (Q). R2 = O.Bg.
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Figure 2. Sedinent load transport per day as function of
discharge. Data taken fion rlgression curve calcuLated in
figure 1.

QctII

30.000
190.000
130.000
2 00. 000

.230.000
300.000
330,000
{ 00 . 000
a30.000
500.000
5I0.000
300.000
c50.000
700.000
750,000
f 00.000
1I0.000
I00.000
t50.000

1000.000

QCtS

l?ca.7ll
I II3 . 3at
3300.1r3
?0a?.1:l
llI3 . t22

I0f00 . 7 A7
12rf7. ltl
1{t3{.Z7a
i5t01.000
1?la?. fa5
1t{31.12t
31201, {11
?lrlf. ltf
2t73{, tf 2

20501.767
2t211.551
10033.336
31f03.120
333af.t03
35rJ5.0lt

IETATD
\

0.741
l. l{0

tf .130
tf. ?tc

2lt. I?0
a17.5I0
? rt. {a0

1132 .7 l0
174 l. tle
353{.030
3 5a? , 3t0
rf2 I . 050
aIrT . 12 0
lr 10. f20

10a02. t{0
13r15.{{0
lart2. tlo
20110. 130
2{{23.?10
39271. rto

6Orf f tlU{ltttl lotlrtlfi lllulr{rlrltrllltl llc{rlllllrlllltoe
3oo0o g .

25000

2 0000

150c0

100 00

5 000

INFED. !oAD) r -I{.t + 3.53d Q.-)

. .g t ta ! it g
o laa.alrtlrttlll tulala'filllll.lfi rlrfilllll'lrlurl{11'r I

o loooo --ioooo -30000 
'oo00

Drsqnri (cr:t)



ir-1,3;l 'll ;1;l:;1
GLEN CANYON 

.:
ENVIRONMENTAL STUDIES

P O. tsOX 1811
rl+iesrAFF, A|ag6002

I
I
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I
I

ADDITIONAI, INFORHATIOTI IU SUPPORT OI THE SCIENTIFIC
RECOI'TI.{ENDATIO}I POR INTERI}I OPERATIONS OT GLEN CAIIYON DAI.{

" " 
JJl".',il J;'?t1'"?, t

qa-irurr Pql,oase of 2O . OOO c?s

1!hc rccoancndation to liuit uaxlnrrn releascs fron GIen Canyon
DarE to 2O,OOO cfe ras based on two prinary prcrises: (1) sand is
being transported out of thc syst6 by high floss, and (2) high
flqtrs erode elevated beach depositsr \

Sand'FransDort. ?hc sand transport rating cury. (presented in
the initiaf scierrtieic r.conncndati,on docunent) showrd that thc
amount of sand being transported tirrough the systen incrcascd
exponentially with inlroasini ttow velocity. Although analyses of
viliout ope:rational scenaiios dcnonrtiatc that lerc aand
potentially uill be rarnovrd frou the systeit abovo I.CR than 1g
irplacrd bi ncan inputs fron Paria, thcre is.no gua.rant.c Urat thr
ican inpuir sill ba achievcd. In !act, sedinent inputc fror th.
paria oicur sporadically (ligure f) and tno or thrcc year periods
with little oi no sedinent input froa the Paria arr not unusull-
Sana Dry accunulatr in thc chinnel undrr Urc vatrious-oprrattonal
rcrnarlos, but the gourco of this nnd ls, in all probrbilttY, tror
the elevatad send drporits (beacheg).

Ekvated Beech Eroetqjn. Ongoing etudies by Dr. _Jack SChrldt
og Uf tcrlr cf,anges in berch ta9! Pr?!fl:!
hac denonstritsd t{at hiEh -ltwa (i.r., f,lors exceeding 2OrO0O
cft), appcar to have e greitcr drtrilcntal. ef,frct on_93nd loga frol
elevated sand- dcpocits than loUer vclocity !lora.- -thi. phrnolcnon
did not have the-elle eflcct urivrrsllly icror all beachcl in thl
Canyon, but son. cf,lect OCcurrrd at uost typlt of bcrches tO
supbori th. r.conrndrtion tor lhltlng thr lrriutu nlrtt.3 lrol
Glen Canyon DaD. In a errirr of flEurrs drvrloped.f,_rol rtny y.art
of ncasuij,ng beach profileel Dr. Sclrnidt hac bcrn able to drtw 3o!.
prelininary concluiions a6out thc action of var:.ou3 discherge
iovrlc. I; Ure prelluinar':f figrrrco he her ladr eveilrbls (Figr. Z-
6 ) , he notca tnat at rach nrotitr brturn 1986 lnd 1990 chuEcs

'oiiur:td whlle datly di;chrligrr occaclonallyr llut not rogulrrly,
rrachrd 31r5OO cls. -Ditferancol oceurred rt dlflrrcnt beechc;- At
Grapcvinr Rapiar (ffgs 2 end 3) bank eroaion occrsred G\t !r lt
eleiations hi-gncr dtrari naxitru pourr plant operations (31'50O ctr) 'preerrnably AuL to alruping, ba-rds caiinE, aha Eround$al..r ngping
?rill rroiionl. This leffi rr ttrat rrosion of thl toe of alopcr
ian af,lect arera boyond thorc nerely ucttrd by daily flusBulttronl.

on 11any bars there is " r.it-aeflned brad<-1n-clopc betrron
thc crodin{ high-discharge doporlt and lorer clevation arerg
regularty riwortird by powirptant flows. At 122 ltilc Creck, thrt
br6ak-inlslopc, war a-bolut at tne 2oro0o clr discherge lrvrl (ligs.
i and 5). This-illuetratcc that !f rlirchargGs are.Irll than rbou3
2O,O'rO cfs, the base of thc high-discharg- dcposits (i.r., high
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olrvatlon sa.:rd deposits) ut1l bG unaffocted by dal oparetionr.
Thrse. high elevation doporlts rre of,ton the oies tnei forn Urcfoundation for thc sedinent depostte protecting archatologicalsites. rn sole cases, such ad at a irattachnjnt bai opp6rrtiNincteen ltlLe canyon (Frg. 6), discharget grreeter then zo,bbo cfacere rulficicnt to overtop tlre upp€t ptittorn o! the brr end
s'.:^blo=gr largr araaE.

Deil

The daily f,luctuation ln discbargc frou 6rcn canyon Du irdrtrruined aa thc differensc bgtrcrn tir naxinul ralras-r (in cfs)
and thr liniluu rclcaro (in c!r) for a particuler dly. thus, tlrrdaily fluctuation, at Lhe dan ie neasured in cfs.. AC any rocation
99* the. CanYoD, this cfs lluctuation can be converted to stagefluctuation per day. Th€ fluctuetion in rtaE. at any locati6n
thue ie a function of tlre fluctuatton in drlly ritor dischergc f,ror
thc dan, tltl actual f1ow, thr gtoaetry of the crnyon clof!-rfctlon
and tha distanee dorn atrea! frou ttrt dal (lluetuations ln releuea
attenuate dornstreal) . Daily fluctuation rocourndations thrrctorr
can bc nadc bascd on vcrtfcal fluctuatlonr in ttr rivcr (i.e.,
stage changcs) in place of flucturtiou in clircharg. (1.e., e cte
!lng.)-. In- dircuuing tlre concrpt of chrngo in rtege rrl,rtrd to
f los ( ud lndlrrctly crnyon georrtn:f ) , th- USCS pirerntrd datr
brsed on a etege-tlor rodel rt Crrhd Crnyon grg.. ,lfho cutlrcprctrntrd in FiEun ?a ir brrrd on a etrgr- chrngi lilit oc 3 tt(ca. 1 !). tt ahout that rt th. Grand Cenyon grgc r clelly rtegc
changc of 3 tt ir rquivahnt to I 5,OOO c!! clally llucturtion rtflorc o! about 10,000 cf,a, end a IOrOOO elr daily lluctuatlon ttllors of about 22,OOO cfl. A siullar rrlattonrhlg ig cboun for
hourly fluctuations (liuited to 0.? ttfrr) in ?lgrr Zb. :fhe cCgsOfficc ic thvclopinE rtagr-flow c!:wea for Lcn rnd Lllrl ferry
bascd on long tern data, and prtlilinrry curves for tg ltih Ecechto dcteslinc thc rclationthlpe betrern- drily lluctuation, rivrr
flow and stage changes ln thir rnrltlvg reach of thr Coloredo
River systcn bclow Glen Canyon Da!.

Frol prclillnary data fror 13 l|lh Boch and obsernrationr at
othcr bcachrc ( rorc bcing clocrly ronltorrd but rithout orlyprrriuintry data avallrblr), tt ir pocttblo to drvelop r r.lponrG
cutntc ahoring the relatlonrhlp brfrccn bcrctr croelon rrtm rnd
daily changr in rtaEr (Fig. 8).- tbcar date s.r. g.n.ratrd in Aprtl
uhrn poai< dlrchargcc fron thr du uere not lr high as ln rutlcr
lontha. As an exarpre of tlre ef fccts of dilfrrtnt f lss rcenerioa on
beach orotlon, chanEer ov.r tinc o! tuo trrnmctr nrrvoycd on 43l{ih Eeach art chowlr in ligur.9. thcsr Ltlurc€nts srr-e rrle lnApril 1991. orr Friday (tiC. 9), the daily fLuctuatlon uec sli,ghtry
ovct' 51000 cfs 9 (lbout a ln rtaEr change) and Urc ralplng rrtc
H€re shaLlor (probably tied to alall daily fluctuation). O8l thig
day tlrrrr uas littl. or no brach lols fror rill crocion, rrorioncaul.d by rae.r r.cprge lrol the bcach vhcn the beech fecr lrI

I
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rxposod ucIl brlow the pcrchrd sater ctorcd in thr boch. Ott
Srturday at thj.s bcach, tho claily tluc?uatlon rm rbout 101000 cft
(about 1.8u stege changr) and thc rarping ratcs u.r. rolatlvrly
st.ap. On this day, beaeh crorion evcraged a^bout 0.01 !, ln
apparcntly slal,l auount until it ig calculated on a yerrly barle.

laaad on thosr data and obmnntioru, tlra rr3ponr{r cutrre (Plg.
8) shors that boach gosion dralatically incrrarcr as thc delly
ftag. change goes abovr one neter (ca. 3 tt. ). :l:.caufc thie curv.
is baccd on non-high p€ak dircharges, th. approxinetr daily flor
fluctuations (cfs) arc prrsrnted for couparison. The developlent
f or rtrgr-f low surves wiIl nore accuratrly prcrnt tlregc
relationthips. lhc rlfects of vGry high ttagc chrngr (G.9.,
3nlday) are not at wrll known lt for lowcr stago changoc (i.o., 1-
2u,/day).

lihc soncluslonc d,rawn lror infonetion being analyzcd frot tho
beachu ttudi.d during regoarch floee and nornal opcrationr is that
beach tace erogion (i.e ., r11I erorion, slruping and crvlng) ltpritarily a function of (f) the uount of water storrd in the brach
which ir a tunction of rrcherge end dosn-ralp (tir. rclrtcd
factort), and (2) ttre vertical distancr brtwcen the prrch.d nt.r
in the betcb end Urr lorcgt lovt1 of Ure rivrr rhich lc dlrretly
nlatrd to daily strg. ctrangc. Infonrtion contlnurd to b.
o&tlnod trol rrlls in tho betchu rnd ricro-runroylng of bircl
tacc; rhould turtlrer lllurinate thue rrlationfhtpr.

Cancl udl n? Cornntr.

Sedlrcnt drporitr rlll continue to orodr aDd be tranrportrd rt
toac rate regrrdlcu ol controlr of, tbe'diccharEc rater fror Gl,rn
canyon Dal. High rrrcr{Ry cl.ar utter and rhrar torcea, alono, uill
erods and rcvc partlcltr in ttre tygtol. It ig tlrur thr
r..pontibility o! thore rlecting flour and du opcrationt, thrthrr
intcrlr or p.rrrnmt, to raht drclctonr rrlativr to all attrllrrtrr
of thr rysteu. the ebovr additional ratorial is prilar:,ly orirntcd
tosard lorr'and erogion of redilcntr and beaches, rcsourc.t that
lay be irrrplacrebk. liologicrtr rcrourc.. r.rc adtlrcrrd in thr
rer'lilr recsrsrd.tion nport end tbrir otisslon in tlrts rddrndur
doec not indlcrtr tbtt thry lr. o! rny lerrrr irgottrncr to tb.
integrlty of, thr Crnyon acdrytto tbln'tbe c.dlnnt.
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GLEN CANYON ENVIRONIT{ENTAL STUDTES
PROPOSED OUTLINE

QUARTERLY INTERIM FLOW MONITORING REPORT

I. Introduction

A. Objectives

B. Qualitative versus Quantitative
II. Interim Flow Hydrology

A. Period Studied (outline the levels to be at)

1. Annual plot with period of report highlighted

2. Plot of three month period (with statistics
in appendix)

3. Deviations from defined flows

a. Emergencies

b. Financial

B. Reasoning behind deviations

III. Resources Relationships and Inpacts

A. Seasonal elements (winter, summer, fall, spring)

B. Localized perturbations (flash floods, rainfall,

c. ,""tl;lrm impacts (specirics)

1. Biological

2. Physical

3. Financial

4. Hydrology (hotlow-jet tubes, spillway, etc)

D. Long-term inpacts (trends)



1. Biological
2. Physical

3. Financial

4. Hydrology (water year, reservoir levels,
IV. Status of the Monitoring program

A. Data base development

B. Integration of the ecosystem elements

C. Areas of concern

D. Areas of rnodification or redirection
V. Technical Reconmendations

A. Monitoring program modifications
B. Refinement of interiru flows

C. Coordination requirements

etc)
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MONITOR THE VELOCITY FIELD AND CHANGES IN SAI{D.BAR
TOPOGRAPHY IIt{ EDDIES DI.'RING THE INTERIM FLOW PERIOD

A. ABSTRACT:
The effects of rcladvely large flows under the cnrrent inrcrim operating rcgime on the

erosion and deposition of sand in edJes will be characterized by combinLg three-dimensional
velocity trrasurlments at as many as 30 points in a single eddy with fuquelnt resurveys of bar
topography. Information from thc concurrent 3-D velocity masuremenrs wi1 bc uscd to verify
eddy-circulation and sanddeposition models and compare thc predicted and observed changesh
bar topography.

B. OBJECTTVES:

. During a period of sustained relatively largc flow undcr the currcnt interim operating
reginc, the objectives will be to:

l. Measure the churges in the configuration of a sard-bar deposit in an cddy.
2. To obtain a deuiled description of thc 3-D velocity field inan eddy to rcrify the eddy-

circulation modcl.

C. JUSTIFICATION:
l. Objcctive l: It is known that u highcr Oows sand accuoulatcs in cddics and

subsequently at lowcr flows thesc deposis arc available for camping. The rarc of this acc'mula{o
3nd 

thc bartopography of thc sand dcposit below thc water surracc are nor well known. Cuania
in thc deposition rate and opography of the sand-bar deposit in an eddy wiU bc determined
preciscly by_frequent rcsurveying of the dcposir

2. Objective_2: Accurate prediction of thc cffccg of flows having various magnitudes
and durations on the distribution of sand in an cddy rcquires hc simulation of rhe rcst l-portaut
physical prccesscs. Wi6in th9 eddy, thc thoedinensional vclocity 6eld is the principal scutptc
o-f thc sand dcposis. By combining detailod rrcasurcrncns d rhe vetociry neU wittr knocm
changes in the configuration of the surd deposis, a physically bascd modci of an eddy systcm Esy
be verified

D. BACKGROT,JND IMORMATION AND EXISTING DATA:
Somc infmnlion currcndy cxiss describing the codgrrntion of sand-bar deposits in

eddics, and cddy-circulation urd sand-depoeition modcls havc *pn developcd. However, thc 
'

cxisting information is insufficicnt o makc a thcough tcst of the model predictions

E. METHODS:
A moving boat cquipped with locuion equipmcnt and an ccho sounder havc becn used o

ma! bar topography maPs of cddies. This mcthod witl be uscd to docuocnt rhc changes in bcd
cottfiguration ovcr time 9*ing a pcriod of nrstaincd largc flov. Thc ttrecdimensioni velocity
field will bc measured with ma^ct-mounted portabtc ctrrenr Detcrs, about 30, placed so as to obuh
the best areal coveragc of the velocity ficld in an eddy systcm. Daa from ttri currcnt metcrs and
thc boat-bqne instrumcnB will bc recordcd in thc field wirh portablc computer cquipment and
processcd on largcr conoputers during the ""alytical phasc ofthc projecr

GCES CFFICE COPY
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F. INTEGRATION IVITH OTHER MONTTORING EFFORTS:
Ideally, the monitoring of bar-topogaphy changes and velociry fields in an eddy wil bc

conducted in parallel with the stress-strain mcasuremenis being carried out on sclected beaches.
By combining these monitoring efforts at the same eddy, the relation of bar-topography churges
resulting from crosion and dcposition within the eddy and the effects of watcr-level fluctuation in
the sub-aerial beaches can be evaluated.

If the sia selected is in one of the rcaches below the Paria Rivcr or the Linlc Colorado
Rivcr, wherc bed changcs and sand tranqpon are being monitorcd under anorher proJect,
information cooccrning the transpon of sodiment on each side of the eddy fence may be
determined" This would permit x11 gvalrrerisn of the exchange of suspe ndcd sand benreen the main
channel and the eddy.

G. PRODUCTS TO BE DEVELOPED:
1. Maps showing the evolution of bar topography in an eddy during a period of susnincd

relatively large flow.
2. MaPs showing thc three-dimcnsional velociry field ar times corresponding to the maps

of bar opograpby. ,
3. A report dcscribing urd coryaring tLe eddy modcl prcdictions with thc observed

topography and velocity fields.
4. Qurrcrly rcpons on pntgrcss and data obtaincd in thc prcvious quattcr.

H. TIME TABLE:
This project will cover 2 fiscal years and be completcd by Seprcmber 30, 193. A detailcd

timc table witl bc dcvclopcd once the large flows are schedulcd" Alf cquipment rcquircd to carD/
out this study is prescntly available exccpt for the fabricatioo of the ponaUte -""6lsr dcployurg
thc currcnt IDetcF. This preparation proccss may takc as long as 3 or 4 months to complete. n.tuat
ficld work will takc 3 o 4 wecks; I wcci for testing urd waluation of tbc data collcaion sysrcm
and 2 to 3 wccks for tbc field mcasurprcnts..

Bar*opography Eaps will bc comptetcd within 3 months of rhe cxpcriment" and thc
velociry ficld rn'ps will be published wirh rhc r€port on model evaluation.

L BUDGET ATTACHED.
Costs includc both ftscal yean 1992 ad 1993. Fiscal ycar 1992 coss ar!$E0,600q

56 perccnt of thc roral costs, which rre $144,600.
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GLEN CAI.TYON ETWIRONI{EI.TTAL STUDI ES
PRq'ECT BUDGET

SUU}.I,ARY SHEET

Principal fnvestigators E.D. Andrews. J.B. Graf Date Subnitted 2/26/-92
WRD National Res. Progran

Department/LaboratoryWRD Arizona District , Organization USGS

Beginning Date 3/L/e2 Cornpletion Date 9 t lOlgl
Project Title Monitor the velocitv field and chanqes in sand-bar topoqraphv
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ABSTRACT

The objectives of this proposal are to nonitor the effects of theBureau of Reclanationrs interin flows fron Glen canyon Dam on sandbar stability in the colorado River corridor downs€ream from Glencanyon_ Dam. Such infornation is necessary because 3and barstability underlies all aspects of ecosys€en naintenance and
leygropuent in'this dan-conirolred river Jysten (Beus and Avery1991i |{ater science and Technorogy Board 199i). The topograptry anibathlmetric surfaces of thirty Colorado Riv'er sand uiri riiff benonitored on an annual basis using electronic sursey technologywith the uethodologies enployed dufing GCES phas! ir.- This studiwil].provide continuity oi aita cotteciion methods during "i"d-biistabiLity- during. the interirn flows period. we requesi i zlgcoo toeonduct this monitoring..

STATEI.IENT OF O&IEqrIVES

r!..folloring obJectives will assist the NpS evaluate the effecteof interin flovs on resources in the Grand canyon,

1. llonitor subaeriar and subaqueoue eand bar topography on anannual basis on 30 representativL eand bars in the-coloiado niveicorridor downstrean fion Glen Canyon Dan during the interin floueperiod. -

2. conpare topographic change on sand bars fron July, 1991 toSeptenber 1991, Octoberr/Novenber 1991, October, Lgg2 "i'a OctoUei
1993.

3;*"1ili:t'"?;:t?:1":i:tJ: the above data ror the ccE3/NPs I
JUSTIFICATION

A p5inary objective of the interin flows criteria ras to benefitsand storage and sand bar stability by'reducing sediruent transport,
:.aTge of 9aily fl.uctuations, ang iarnping ratei. The ouieciiv-es-"ithl? study .are to deternine if the iiteriu tlows -pi.".iipii""
achieved this resource objective.
1. ttonitor subaerial and subaqueous sand bar topography on anannual basis on 30. representative sand bars in the -coioiaa-o nivercorridor downstrean fionr Glen Canyon Dan during the interin flowsperiod.
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This monitoring objective is irnportant because sand bars are
influenced by discharge regimes from GIen Canyon Darn and 'are
recognized by the National Park Senrice as a prirnary natural and
recreational resource in Grand Canyon National Park. Colorado
River sand bars are stored in the channel and in lateral bars, and
sand is the foundation on which this fluviaL ecosystem is
structured. Rigorous topographic sunrey control was established on
30 study sites in GCES Phase II throughout the Grand Canyon. These
sites were used to determine short-tenn and annual changes in bar
topography and are available for nonitoring studies. Interim flows
criteria and inplenentation nere undertaken in August, 1991 to
reduce sand bar erosion in the Colorado River corridor and this
study wilt evaluate the success of that Danageuent action.

- 2. coDpare topographic change on sand barE frou July, L992 to
t Septeuber 1991, October/Noveuber 1991, October, L992 and October
r 1993.

Discharge frou GIen Canyon Dan rnay affect sand bar abundanee,
volune and distribution during the interin flows period. To
evaluate the effects of interim flors, adequate baeeline data nust
be conpared with r€-Deisured sand bar topographic data. The data
of Beus and Avery (1991) provides the bcet auch data available for
this comparison. I{e are interested in vhether or not interiu flows
affect sand bar stability: a negative effect nay require an
adJustnent of eristing flos criteria, whilc a neutral or poeitive
responge nay not.

3. Assist in conpilation of the above data for the GCESr/NPS
Geographic fnfornation Systen.

This objective is iuportant because the GCES,/NPS GIS is the central
data base and data base uanagement systeu for GCES and Interitl
Flous studies, and will provide the basis for ghort-tern and long-
term nonitoring and integrated manageDent.

BACKGROUND

Interiro Test Floirs

The Secretary of the Interior authorized inpleuentation of a
progran of reduced uaxiuum flows and reduced fluctuation from Glen
canyon Dan beginning in August, 1990. These Interin Flows were
designed to nitigate inpacts of darn operations on downstrean
riverine resources, until a Record of Decision is reached for the
Glen Canyon Dan Environnental Inpact Stateuent. These Interin
Flovs consist of low-, medium-, and high-volune nonths, vith low
flows during the spring and late fall, noderate floss in t{ay and,
Septenber, and high flows during uid-sunrner and uid-winter.
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Interim Flows have a rnaximum discharge of 2O'OO0 cfs, a reduced
range of daily fluctuation, and reduced up- and down-rarnping rates.
The Glen canyon Environnental Studies Progran is coordinating
monitoring Interin Flows effects on sediments, cultural resources,
the aguatic food base, riparian areas and wetlands, economics,
trout, native fish, recreation and water gtrality, with data base
rnanagement and developnent and developurent of a geographic
infomation system GIS. The ef fects of f low exceptions also
require monitoring under the Interin Flow discharges program.

Histoiical Studies on Sand Bar Stabilitv
Regulated flow from Glen Canyon Dam influences the stability of
fine-grained fluvial sedinent deposits (sand bars) in lower Glen
and Grand canyons (Howard and Dolan 1981; Ifebb et al. 1987; Rubin
et aI. 1990r Schnidt and Graf 1990i Beus and Avery 1991; Andreus
1991). Fine-grained sediments tend to accunulate in areas of
reduced velocity in the Colorado River corridor below GIen Canyon
Dan, particutarly in recirculation zones fotoed by channel
constrictions (schnidt and Graf 1990). Geonorphology, hydrololfY,
and sediment transport collectively interact with erosional
nechanisns, including seepage forces, wave action, and tractive
procesaee, to deter:uine the stability of individual sandbare (Rrbin
et al. 1990t Schtlidt and Graf 1990).

Prior to GCES-II studiee, knovledge of the etability (aggradation,
degradatLon, and rates of change) of fluvial depoaits ln the
Colorado River dovnstrean frorn GIcn canyon Dau sae based on
sporadic profile suriveys of about 30 Eandbars since t973, and
occasional aerial photography since 1965 (Howard L975; Horard and
Dolan 1981i Beua et al. 1985 et subsequ.; Zink 1989; Schlidt and
Graf 1990r Schnidt 1989r Schnidt et al. in press). These gtudies
documented slight to significant instability of sand bars under the
post-dan fluctuating flow regines, with bar building reported under
the high flows of 1983-1985, and both prior and subsequent eroeion.
Erosional patterns are obscured by variability in reach
characteristics, local channel geonetry, poorly developed
stage/discharge relationships, unknown antecedent conditions, and
survey accuracy. schpidt and Graf (1990) determined that sand bars
typically used as canpsites (and topography study sites) hrere an
unusually stable subset of the entire population of sandbars.

Beus and Avery (1991) also studied seepage erosionr rD iuportant
erosional rnechanisrn operating in systerns with rapid changes in
stage (Howard and Mclane 1988). Seepage-driven erosion occurs when
rapid decreases in water level leave perched water tables in
cohesionless sedinent deposits, such as sandbars along the Colorado
River. As the bankstored groundwater drains, it causes rilling and
ultinately uass wasting at the watertq edge. Few studies document
short-term (daily, weekly) inpacts of dan operations to
sandbar/river-ban]< stability or the nechanisms of erosion in the
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Colorado River corridor (Schrnidt and Graf 1990, and Rubin et al.
1990 are exceptions). Here discharge from Glen Canyon Dan nay v?ry
up to an order of urignitude during L aay. This fluctuating rggine
cieates a trdaily tidLtt from the dan to Lake Mead, Arizona. Under
nor:ma1 dam operJtions river stage typically drops faster than bank-
stored grouridwater can drain fion the sandbars, leaving. a perched
water tiUfe in the bars, resulting in seepage-driven rilling and
Dass wasting of over-steepened banks.

Under the auspices of the GCES-II. program and the Glen Canyon Dam

Environmental-Inpact Statenent, thaNational Park Serrrice, Northern
Arizona University and the U.S. Geological Surrrey undertook a study
of sand bar stability in the Grand Canyon (Beus and Avery 1991) .
Historical data were coupiled and analyzed for change during th9
post-dam period. The Buieau of Reclanation conducted a series of
ir-aay teit flowE in 1990-1991 to detenine the inpacts of specific
dau oierations on downstrean resourcea. These flow tests provided
an idial opportunity to evaluate sand bar stability during specific
flow. regimes and model the effects of dam operations on seePagte
driven CroEion using groundwater data fron three validation Eites.

I{e concluded the folloving:
1i The teuporal and spatial record of sandbar change_ nust_- be
considered to fully interpret short term DeasureDents of gandbar
responses to flow rlgiues. Periods of lou diecharge (1966-1982 and
199?-1990) uere chiracterized' by aggradation of low clcvation
sandbars, while high elevation bars eroded. Betveen 1983 and 1985,
when annual peak discharges vere Dore than twice the lou dircharge
periods, realtaclrnent bars eroded but high elevation bars aggradcd.
broeion rates change through tine aB a function of changing
sedinent storages aggradation ratee in tgAZ-1990 uere equlvalcnt
to those of fgbO-fge2, but degradation rates eere about tsice aa
great.

2l Although only 10 of 33 ground topography sites had been
analyzed at the tirne of reporting, Eeveral trends were euggeeted.
Bar instability was positively correlated with distance dovnstrean
frou Glen Canyon Din. Bar instability sas slight1y. but n9n-
signif icantly positively correlated with Dean discharge, increasing
daily fluctuation, and increasing ratrping rate.

3) Bank failure correlates with change from one flow qegi.ne !oanother. Fifty percent of knorn bank failures occurred within the
first or seconA aay of flow fluctuation foltowing periods of low or
weekend type dischlrge and most occurred during rising stage. P?tkfailures -occurred at uprarnping rates prescribed by the test flow
prograu of 2O4 and 102 irns/hr, bnd during interin flow prescription
lf io crns/hr. A few bank failure ev-ents also occurred during
drawdown frou high stage to low stage. This indicates that
discharge changes bestalitize sandbars. Consequently, rarnping rate
is suspCcted aJ tne nost destructive cornponent of flow under normall'

I
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dan operations. Because up to 80t of bar areas nere eroded bysingle bank failure events, additional research is required to
develop flow restrictions to stabilize san.rbars.

4) ?he seepage driven erosion nodel under developnent isconsistent with field obsetrrations and data on bankstored
groundwater movement. It appears that seepage driven erosion is
affected more by the down-ranping rate and the duration of minimurnflow than by the up-ranping rate. Preliminary results indicate
that the model can play an important role in evaluating the effects
of possible alternative daro flow iegines.Short-ter:m and long-term
discharge patterns fron GIen canyon Dam affect the stability of
sand bars in the Grand Canyon (Howard and Dolan 1981i Beus et al.,
1984 et subsequ.; Rubin et al. 1990i Beus and Avery 1991).
Discharge effects on sand bar stability began in the Grand canyon
reach with studies by Howard (1975), and have been continued by
BeuE et al. (1984 et subsequ.) and Beus and Avery (1991).

Existinci oata

The data base against with interin flons effects vill be compared
uas developed by Beus et al. (1gg{ et eubseq., 1gg1}. This data
base includes historic topographic in information as uell ag
e:<lraustive data collected on each site during the ccEs-rl testflous. These data are presently stored in ASCII format at tlrc
Departnent of Geologry, Northern Arizona University, and are readilyavailable for conparison with interLn flovs da€a. The de+-ailed
photography and eur:lreyors noteg on each site will aleo peruit us to
evaluate non-riverine infr[ences on sand bar stability that occur
during the interiu flous period.

I,IETHODS

Studv Site Selection

Ehirty fine-grained fluvial sedinent deposits (sand bare),
approxinately 10t of all large sand deposits between cLen Canyon
Dam and Dianond Creek, were selected for repeated surveys of bar
topography through the GCES-II test flov series. These sandbars
were selected on the basis of: (1) distribution throughout the
geomorphic reachee identified by schnidt and Graf (1990), (2,
sufficient size to gruarantee persistence through the period ofstudy; (3) geonorphic diversity within and between siteJ;(4) availability of historical topographic datar (5) variation in
recreationar use intensity and vegetation cover; and (G) access
linitations downstreau of Dianond Creek. Site selection, baseline
su!:rteys, and protocol developnent were accouplished during June and
August, 1990. Sandbars studied are naned on the basis of river
nile (Rl{) and are presented in Table 1.
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Topooraohic Surveys

Sunreys of sand bars have been restricted to annual suriveys in the
Bureau of Reclauration Interirn Flows Honitoring PIan lwegner 1992).This restriction will not petmit resolution ot topojrafnic changerelated to the three types of interirn flows (1ow-v61ume, nediun-
volume and high-volume nonths); however, several options exist togain this level of resolution. At the initiation of the interirn
flow period' suri\tey data were collected as part of on-going studiesof riparian vegetation on approxirnately 12 sites. These data will
be conpiled in a fotm suitable for conparison with test flow survey
data and analyzed to detemine the initial inpacts of high (Augrust
1991) versus low (October 1991) rnonthly volume interin floss.
Thls will provide an indication of systeu-ride adjustnent to theinitiation of interin flows. If these data suggest substantial
change in sand bar responge to differently uonthry flow tlpesr u€
Day suggest that NPs adopt a Dore frequent topographic surivey
schedule to clarify responses to the three uontly flow voluues.

Topographic surivey data will be collected on an annual. basis,
according to'the schedule identifled by the Bureau of ReclauationInterin FLows Monitoring Plan (l{egner Lggzl. . During the arurual
topographic sunrey period, two 6-person suryey teamE vill travereethe river corridor, re-surirreying the 30 eiteg using at lcaat tuongtor craftr ot five oar-ponered craft. Ind,ividual Eurivcy creeawill consist of a forenan, a surrreyor,/inetnrnent operator, a dataentry ariatant, a rodnan, a depthf inder operator and aphotographerr/control assistant. using tietz sET 3 and 4c
electronic total stations, data collectore and printers, each creuwill surve subaerial and subaqueous topography on one-tvo eand barper day. Site photographE wilt be re-tifeh Lt each site on each
run frou carera etations established during the baselinc suttlreys.

Sunrey protocol will conform to the rigorous nethodology prescribed
by Beus et al. (1991), and will be doculenied according to standardpractices for ground surrreying. Benchnark ana backsiterelationships will be verified on arl sites. Data uilr be
transferred to nicro-conputers and edited in the field bcfore the
crew leaves its study site.
Bathlnetric surx/eys of the subaqueous zone (water I s edge to the
eddy/current interface) will be conducted using state-of,-the-art
Hydrographics Systen depthfinder nounted on the raft, with a totaLstation on shore.. Sonar-derived topography will be generated withcn-level accuracy fron the shore to the eddy/current interface.
These data wiII also be downloaded after completion of the sutrrey,
transferred to a microcomputer and checked prior to leaving thesite.
Prelininary maps will be made that conbine ground-and bathlmetric
sunteys to detect anornalous surney points using SOKKIA/LfETZ
napping softnare. Edited survy data will be nodeled using the



triangulated irregular network approach to produce topographic
contour maps. For each beach a specific area will be defined as
the Ithydrologically active zonefr (HAZ), the zone affected by
fluctuating dan releases. Volunes and areas above a low water
elevation (norninally 141.5 cms, as determined through the Beus et
al. data) will be calculated within the HAZ. The following
analyses will be perfonrred on these data:

1) The percent, change rate in voLume sill be calculated by dividing
the voltrne difference between the present nrn with the volume of
the previous surivey (i.e. t vol. change Run [ = -100*(vo1.t{
vol.X)/vo1.W). The percent volune change between runs will be
divided by the nunber of Julian days between runs to obtain the t
volume change per day values used in tne analysis. Five nornal and
one longitudinal cross sections that correspond to profiles staked
during the field sunrey will be generated frou the uodeled surface.

2l. The percent change rate in HAZ area will be calculated by
dividing the area difference between the present nrn with that of
the previous surivey (i.e. t area change Run X - -100*(area lf - area
X)/area W). The percent area change between runs nilL be dlvidcd
by the nunber of Julian daye between runs to obtain the t area
change per day values used in the analysis. Five nornal and one
lbngitudinal cross eections that correspond to profilee etaked
during the field sunrey will be generated froa the nodeled surface.

3) The percent change rate per day of at least { selectcd cro3s
eections on each eand bar. Area beneath eelected cross grctione
vill be calculated fron uodeled surfaces for the hydrologically
inactive zone, the upper and lower llAZ, and the bathlnetric
eurface. These data vill be analyzed using nultivarl.ate analysis
of variance against the laet pre-interiu flou suryey tlrn data.

Intecrration lfith Other trtonitoring Efforts
This project vill integrate with several other interin flovs
nonitoring efforts. This project will confirm areal change on
sites that overlap vith the Kearsley beach area project. This site
will provide topographic validation of the sites used for fixed
camera analyses and for bank failurer/pool storage studies (Cluer).
These data will be used to confirm vegetation effects on sand bar
stability, using the GCES/NPS GIS. These data are also available
for use in validating the USGS sedinent transport nodel.

DELTTfERABLES

Quarterly and annual reports will
f oI lowing entities : the National
National Park, Northern Arizona
Studies Unit, and the Regional

be provided to each of the
Park Ser:vice at Grand CanYon
University Cooperative Parlcs
Scientist; t,he Glen Canyon
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Environncntal Studles office and the Senior Scientigt. An initial oral reportwill be provtded to the Grand Canyon National Prrk Resoureea t{anagement and
PJ.anning Dlvieton etaff. Draft final report! will be rubrnitted for review to
ReBource! l{angement and the Northern Arizona University cooperative Parka
Studlea Unlt in hard copy and on electronic WordP.rfect diak

PERSONNEL

NAU Staff
Dr. Stenloy S. Beus hrt studled rrnd bar etebtllty ln the Colorado Rtvcr
downstream fron Glen Canyon Dan rince the early 1980,r, participatlng
extenrively tn CCES-II rtudier of thie rubJect. Da. Bcut will contribute
approxtarately 20i ftE for thir work.

NPS Involvqn nt

Dr. Lrwrenca E. Stav.nr coordinatrd thr GCES-II lntcrrgcncy rend bar stability
proJcct rnd hee rtudied thc riparlen ocolory ot thr Colorado Rtvar eorridor in
Grand canyon f,or aore thrn two decedeg. He le prcnntly roployed with GRCA
reroutrcc3 t{rng.srnt rnd Plrnn!.ng Divirlon end it en edJunct prof.rtor rt
Northcrn Arizonr Univtnlty ln llrgrtrff . fhh proJect rtll .roguir.rppaorinrtrly 2Ot ol htt tt!..
lhlr proJrct rlll rcgutrr four volunt..rr Fr .Iroch, lnd thr NPS et CRCA wlll
be rcgucrt.d to provldr worknln'r coopcnlrtton .upport lor there voluntrcrr,
In rddltlon, th. proJ.ct ril,l a.qulr. rpprorlnrtrly 10t fll froo e trchnlctrn
for coordtnetlon of th.f. voluntrrt. CIOIR tnvolvronnt for thir proJrct will
mount to rpprorlnetcLy 5t ffE. In rddltlon, thl fPS nry br rrqurrtrd to
urlrt ln r llnltrd ftrhlon to Ft:nttttng rnd logLrtlcr.

Othrr DOI Involvncnt
The Bua..u of Rrclrnrtion CCES Officr will bo rrqumtcd to provldr tho
loglrtlct end ror rqullmnt for thor ennurl topognghtc rurrrrylnE rlfortr.



SCHEDULE

The fcllowing schedule will be followed
depends on when notification of funding
Northern Arizona University.

for this proj ect, and
has been received by
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ACTIVTTY/PRODUCT

Quarterly report and initial oral presentation to

DATE I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

NPS........... ...................1 AugUst I L992
Initiation of analysis of Sept. and Nov. sutivey

data..... '..... o........ o........ o ...15 August t 1992
Quarterly Report.................o...........1 October, L992
Annual sutivey trip.. .. . .... . t . . . . . ...1-2o october, 1992
Annual report..................... ......1 Januatlr, L992
Quarterly report......... r..... ......1 April ' L992
Quarterly report............... ......o.....1 July, 1993
Quarterly reiorto.... ..... .........1 octobei, L993
Annual surivey trip.........................1-20 Octoberr1993
Annual report.r. o......r.o...... o..o........,1 JanuarTr 1994
Draft final report...........o............ o....1 ![arch, 1994
Final report....,.......... .........o......1 {qilGt J-994

fcll r
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BUDGET

The following budget does not include the cogt of logietics, which wiII be
covered and coordinated by the Bureau of Reclanation clen Canyon Environmental
Studj.e3 Office in Flagataff, Arizona. In addltion, some eguipment may be
pu::chaeed by the GCES and borrowed for thic project. Thege iteme are marked
with an asterix. Thie budget doeE not include NPS etaff or travel coEtg,
which are included ln the annual NPS a&ninistrative budget aasociated with the
GCES Program.
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PERSONNEL

P ' r :: 3:li.r" ( Nps )

Survey creers, 1 mo /yt f or
two crewg, 6 p€rEong each
( 1 aurveyor eS12 /hr, 1 rod-
man esl0/hr, 1 aonar op€r-
ator e$lO/hr, I Eurvey Es-
e ietant e 59 /hr t 2 volunteerg

Data analyetr 6 no/yr gS12 lh'r

ERE ( 10r )

Subtotal

TRAI/EL

Three trlpe /yr for PI 'g or
survey rtaff

EQUIPI'iENI

Two laptop conputere,
field and laboratory
Eof tr.rare

Hydrographicg Survey
Packager ( S50.0k)

Subtotal

SUPPLIES

Field -- pinflage, tip€Br
notebookE , gtienrs, etc.

Office r,- typing, xeroxing,
rePrographlcg, Publication
cost s

TOTAL DIRECT COSTS

TNDIRECT COSTS (20r)

TOTA! COSTS

EYg2

s7.0k

so.0k

s13.6k

s2. lk
s22.7k

s2 .0k

s10.0k

s50.0k

s60.0k

s3.0k

s3.0k

s90.7k

s 18. lk
s108.8k

FY9 3

s7.0k

512.0k

s13.6k

$3.8k

s41.4k

s2.0k

s2 .0k

s3.0k

s5.0k

s3.0h

s4.0k

s55.4k

Srr.lk
s56.5k

FY94

sl:3*

$12.0k

s13.6k

s3.8k

s41.4k

s2.0k

s2 .0k

s3.0k

s5.0k

s2. ok

s3.0k

s53.4k

s10.7k

s5a.1k

TOTAL

s2r.0k

s3a. 0k

s40.8k

s9. 6k

s105.4k

s6.0k

s14.0k

s56.0k

s70. 0k

. s8.0k .

s10.0k

s199.5k

s39.9k

s239.4k
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MONITORING SAND 8AR STABILITY DURTNG TNTERIM FLOWS:
A SEEPAGE EROSION MODELLING APPBUACH

by,

Departm ent of cMr r#il:':;'rr?rT E,,.l n,n e erins M ech ani cs
University of Arizona

Tucson, Arlzona, 85721

ABSTRACT

Extensive investigations of three instrumented sites rsveal that seepage driven
erosion ls thE primary mochenism ol erosion in the Colorado River downstream of thE
Glen Canyon Dam. A large amount of data was collected during Phase ll of the GCES
prograrn. A preliminary model ,developed as part of this program, was used to
establish interim f,ow criteria. This model utilized the ground water, topographic
gurvey!, geotechnical and photographic data to predict seepage erosion from
fluctuating flows. The model was calibrated using only a llmited sEt of processed data. More processed data is now becoming availabie foi turther catibration and
refinement.

It is proposed in this research that the model be calibrated and refined using
the additional data collected dwing Phase ll of the GCES program. The modet will
then be used to make predictions of erosion for thE three inteiim flows, monthly
discharge regimes and the annual effects of ths interim flows,. Comparison between
prediclions of the model and the measured erosion trom the instrumented sand bars
during the interim period, research and normat flow regimes will be conducted. This
comparison will enable us to determine a s€t of dam discharge regimes, within the
physical limits of the Glen Canyon Dam, that witl deceleratethe erosion of sand bars.
The model will help us to understand the mechanics and the physical processes
involved in ffuctuating flows and the etfectiveness of the countermeasures adopted
under the intsrim flow program.
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MONITORING SAND BAR STABILITY DURTNG INTERIM FLOWS:
A SEEPAGE EROSION MODELLING APPROACH

by

Muniram Budhu
'Department of civil Engineering and Engineering Mechanics

University of Arizona
Tucaon, Arizona, 85721

Obfectlve

The obJec'tive of this proposal is to assess the consequences of th€ interim
flows on Eand bar stability using the preliminary seepage erosion rnodel developed ln
Phase ll of the GCES program.

Obleellve Statemen

A mathematlcal model [1] was dweloped durlng Phase tl of th€ GCES program. Thls
model was used to lnterpret some of the data gathered at the three lnstrumented sand
bars during ths 'research flows' cf Phase ll of the GCES program. Results lrom the
model established some key Inforrnation regardlng the op€rauon of the Glen canyon
oam and ths eroslon of the sand bars. Soms of the findings inctude:

(1) mass wasting was lound to bs retatively insensitive to up ramping rates
but strongly influenced by down ramping ratcs ol dam discharge. High down ramplng
rates (greater than about 1500 cfs/hr) tend to accelarate sand bar instability.

(2) there is a dynamic equilibrium slope beyond which mass wasting will be
negligible.

(3) the mass of beach deposits between the dynamic equilibrium slope and the
maximum slope angle (angle of repose of the material) will be in a state of flux in
which cycles of arosion and aggregation will occur depending on the dam discharge
regime.

The findings above were made using only a limited set of field data - ground
water, topographic surveys, and time lapsed photography - although a large body of
valuable data was collected. However, this large body of data is still being processed.
There are several questions concerning the validity ol the preliminary findings of the
model which need to be examined as more data become availabfe from Phase ll of
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the GCES program. Some of these questions are:

. (1) What dam discharge regimes are conducive to (a) sand bar aggregation
and (b) sand bar erosion? \ ' --

(2) what range of fluctuation, up ramping rates, down ramping rates and
duration of minimum flow wiil minimize'seepage?riven erosion?

(3) Ara the interim flows the best alternatives compared to the research and
normal flows?

(1) ls ths dynemic eguilibrlum slope hypothesis [1J vatid for most of the sandbars? lf it is, then tt is possibfe that only miniilat olm cipirration changes may be
required to periodically rebuitd eroded sand bars.

This research will provide answers to these vital questions,

JUSTIFICATION OF OBJECTIVE

The present study conducted by GCES utillzes the Colorado River downstream
of thg Glen Canyon Dam as a huge f,rime. The expense and manpowtr involved In
monltoring this flume is substantial, though necessiry. Severat str.ioies arc proposed
to document changes- in the topographyJrrydrautii airO ground water conditions in the
ITl-f?j^-d:t]n9 the interim flons. Thd da-ta collected riust be anatyzed to provide an|nsEntintotheeros|onProcessandtheeffec1ivenessoftheinterimdows.nie
prellmlnary modat ctevcloped In Phase ll of the oCES ptogiam ii pcrrraps, theonly tool that can synthe3lzed thE data to be collected troir thc tnierlm flows.
Thc succest of the,prelimlnary_model was dcmongtratecl by provlding the
necessary Intormatlo.n.(duringPhasc ll ot the OCES progra:m) to ertaUlsh thc
lnterlm flows. Thus, it ls hecessary to use tha model to evJluatathe effectiveness ofthe interim llows in.reducing'erosion. lf the interim flows do not provide Jati#ciory
s3nd. bar stability, the model can then be used to determine a fioi iegime, within thephysieal capabilities of the dam, to retard erosion rates.

Background lntormation and Ertsting Data

The results from three sand bars, instrumented and monitored during phasE ll
of the.GCES program [2J, showed that seepage is most ubiquitous rnechanism of the
thrEe interacting erosion mechanisms -seepigd, traction and waves. Seepage driven
erosion occurs as artesian sapping, spring salpiing, rilling, tunnel ."oun rivulets and
mass wasting. Thc lattet^,s Oy far the mcit destrultive sind bar erosion process
downstream of the Glen Canyon Dam,

A large body of data was accumulated from the three instrumented sites and
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other sand bars during Phase ll of the GCES program [2]. This data comes from
topographic surveys, ground water data (including titts inO temperature), hydrautic
data and time lapsed photography. only a relativily small amount of this data has
been processed (January, 1-992). 

- 
The model, however, requires thg processed rather

than the raw data for validation, calibration and refinement, lt is expected that these
processed data will be available shortly and certainly within the period of the interim
flows. Based on the limited available irocessed da[a, the modet was found [1J to play
an important role in predicting erosion rates for possible atternative aam oiscirjrge'
regimes.

Methods

The finite element model daveloped by the writer [1J during phase ll of the
99EF..pt:gr.aT is c.apable of analyzing' seepige erosion, rirass wisting (slope
instability), deformations, stress cnangis and lround water variations due to river
stag€ fluctuations either from naturat occurr,En6e or by, in this case, fluctuating dam
discharge.- The model can be used to forecast the eiosion potentiaf, especiairy mass
wasting, of certain dam discharge regimes.

It is envisaged that ground waier data, topographic surveys and other
o99umg1gtion (for examples, photography, visual6xaminationsi made during phase lt
of the 

QCES orogram will be cbntinuld toi'at teast the rhree insirumEnted said bais.,
during the Interim flow period. River stags variations and the gaotschnical properties'
of the bar deposits wiil be used as lnput?aE to the modet.

In the initialstages of this rasea'ch, the processed data from phase ll of th€
GgqS progratn will bE used to calibrate anO rehne the model. pieoietions of erosion
will then be made for the interirn flow. A comparison will be conduc,ted between the
predictions of the model and the topographic surveys. lf the interim flow tnduced sand
bar erosion that is unsatisfactoty, atteriratrue flow regimes will be used in the model.
The alternative flow regimes wni-cn will be selec{ed f6r investigations will be based on
the experience gained from the research and normal flows. in thisi.t, tho model
provid.es a unique link between the Phase ll GCES program and tha interim flow
period,

Integration w[h othcr elforts

This research will serve as the core to analyze and synthesize the data
gathered from topographic surveys, ground wateidata (river stage data, if ground
water data is unavailable) and photographic evidences, The moJel wiil use these data
to facifitate a rational interpretation oithe pafterns and the enent of erosion due to th€
lnterim flows. lt relates directly to the GCES/NPS obfective of determining thJ
potential for seepage driven erosion in the thirteen reaches.

Products to be Developcd

I
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The deliverables of this research are as follows.

(1) A refined model which is capable of predicting seepage driven erosion for
different dam discharge regimes.

(2') An evaluation of the model prediction of erosion for the interim flows,
researeh flows and normal flows with clata collected during Phase ll of the GCES
program and during the interim flow period.

(3) Insight into vltat questions regarding dam discharge rates, minimum and
maximum flgws, tolerable fluctuation zons of maximum End minimum flows, dynamic
equilibrium slopeg, magnitudE and duration of minimum flows.

6
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IITONITORING AI\D MODELING SEEPAGE.NDUCED EROSION AITD
DEFORMATION OF SAT..{D BARS ALONG THE COLORADO R,IVER

IN GRAND CAI\TYON DURING THE INTERIM FLOW PERIOD

A. ABSTRACT:

Seepage forces werc identificd in the progam development srage of GCES II as an
imponanterosionprocessof fluvial deposits alongthc ColoradoRiverin Glen and GrandCanyons.
Intensivc studies at thrce sand ban drning the test flow pcriod proved ttre relation bctween river-
suge fluctuation and secpage force development, and documentcd somc of thc effects of seepagc.
A mathematical model was uscd to define the mechanics of sccpagedriven erosion and interprct
the dan colleaed at these sad bars. This model offered a comprcher:sive intcrpretation of
seepagedriven erosion, utass wasting, and deforrnation. Instrumenation of a wide vrricty of
additiond sites is needed to characterize the full range and extcnt of sccpage-inducedcrosion and
deformation pr,cesscs actingon other b?es of deposits.

It is proposcd ttrat ttrc threc instnrmented sites be refurbished and mainaincd through thc
interim flow period Additionally, it is proposed that 15 additional sircs be instnrmcnrcd with a
small number of prcssure, tilt, and tempcranue sensors in order o monior the rcsoure protection
prescription on a'larger samplc of deposis. Funhcr calibnation of rbc mathematical modcl is
Dccessary so that forecasts can be made with confidcnce.

B. OBJECTTVES:

An objcctivc of the Fduccd rleily ranle and ramping ratc restrictions in the intcrim flow
prescription was to reduce tbc eficcs of secpage crosion of fluvial-scdiment dcposisin Glen and
Grand Canyons. Thc objcctive of this study is o &termioe if the in&rim flow prerriptioo
achieved thc rcsourcc objective. The main approach wiU be to cxpand oo a successfnlpitot
program developed during tbc tcst flow period that mcasrrrcd seepage induced sess lrd
conscquent strain and comparc sccpage and its effccs drring the intcrim flow periodto serepage
and is effects mcasured during the tcst flow pcriod Tbesc results will be uscd to firtbcrrefinc thc
mathematical model, which will bc uscd to predictcfrects fordifferent flow rcgimcs ,

C. JUSTIFICATION:

1. Sccpage crosion probably occuni on evqy sand bar along the Colorado Rivcr in ttrc
Grand Canyon and may be $c mst Eanageable of all processes affccting surd bars.

2. Scepage cffccts will accruc bcnpccn sand-bar-building flows, if such flws arc
prescribed, utd will continuc to accrue on ban that are not rcbuilt by zuch prescribed flows.

3. Secpage effects havebecn shown to bc uansportcrs of sand-bar materials through
Proccsses as subtlc as rilling of sruficial deposits and slumping, to catastrophic mass wasting of
large parts of cntire sand bars

4. The three sand ban instrumented during the test flow paiod servcd adminbly, but the
sites arc now in necd of repairdue to bank collapsc and consequentid minor sensor hilures.

GCES CFFICE CCPi



5. Resuls from the three instnrmented sites indicate that stratigraphy and opography as

well as hydraulic scning affcct rates of erosion urd deformation. Thus, a larger variety of sand ban
is needed to characterize seepage effects associated with intcrim flucruadng flows.

6. The model, uscd to intcrpret the data showed excellent promisc but firthcr good-,
qualiry daa are needed for calibration and refincoent

D. BACKGROI,JND NFORMATION AND E)ilSTING DATA:

Seepage forces arc generated when the water level within a channel margin deposit is
highcr thur thc levcl of tbe rivcr. This occurs on a daily basis with cvery flow fluctuuion from Glcn
Canyon Dam. It also occurs o every fluvial dcposit within Glen and Grand Canyons. Seepagc

forces we,re identified in the dcsign perid of GCES II as an important crosion prooess acting on
sand ban along the Colorado River (GCES Phasc tr Draft I, Fr Collins, at onc sircabove Lccs
Fcrry, with follow-up elaborar instnrmentation of ttuec sitcs by USGS-WRD, Tucson

Thrpe sites sclected fa snrdy during the tcst flow period were -6.5 mile,lreattachment
bar with rclatively high permeability urd a conftring unit trat dips away from ttre dvcr; 43 milq
an upper pool deposit with high permcability and homogeneous stradgraphy; and tJ! mile, g

rcanachrcnt bar with complcx stratigaphy urd low permeability on the face of the sand bar. Thcsc
contrasdng deposit types gave r wide range of rcsults from sccpage force studies. Scnsons uscd u
each sirc includcd water-prcssure sensors at various depths and positions normal o the rivcr, tilt
sensors in thc face of thc deposits, and rcmpcranrc scnsors u cach tilt and prcssurc scnsor.
Pressure and temperanrc sens{rs werc also i$Ellcd to monitor rivcr stagc. pplimin6ly data from
the cst flow period include resillual head" lag timcs, and tilt and tanpcrature flucnntioos
associated with fluctuaing ri\rcr stage and watcr levels in the sand bars. Vcry high correlation
exiss benpcen falling rivcr sage and titting within deposis, proving the conncctioo between
s€Gpage forccs and mass wasting proccsses"

E" METHODS:

The tbrec insuumcntod sitcs will bc refinbishcd to monion thc interim flow prescription
urd servc as basclinc data sitcs for monitqint 4ditiond sitcs. A wide varicty of rdditional sitc.s

will bc instrumcatcd wfth a modc$ array of scnsms. Supplcncmary sitcs will be selcctcd to fulfill
data needs in widc vcrrus nanolv rcaches, upperpool versus lowpr pool scnings, rcafiachnent
verses separation dcposits, largc dcposis versus small dcposits, and for various stntigraphics.
Fifteen additional deposis will suisfy thcsc rquiremcots. A team of rccognized crpcrts wil bc

asscmblcd.to dcvclon final sigselection critqia and nrggcst sitcs thu Eaet tho6c critcris-

Eacb sirc will be insuumcntcd with provcn scnsos and logging equiprent Four grcund-water
prcssurc and rcmpcraturc scns(ris, four dlt scnson, and nro st8ge scnsons witb rcoperanre sensors

for calibration will be installed at cach site. Automatic data-logging computcrs will conuol all
instrumentation. Data will be downloaded biannually with calibrration checls and maintcnutcg of
scnsors and banerics.

The mathematical model will bc used as an aid to detcrminc the tlpc, quantity, urd tbc placcment

of the insrnrmcntation. Tess vill bc conductcd rt the Geotcchnical Laboratory at drc University
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of fuizona to characcrizc thc soil at the selected sitcs. Such tcsts will include ,1tr sfiear strcngth
and grain sizes of the various deposits. Based on the geotcchnical properties of the soil and the
geological setting, the model will be used to predict the occurrence and amount of seepage erosion
and mass wasting. The data collectcd from the instnrmenution will then bc uscd to calibratc and
refine the model.

F. INTEGRATION WITH OTI{ER MONITORING EFFORTS:

This project integrates with the daily tenestrial photogrammctry project,which will
provide mass-wasting arca urd locadon data and sand bar survcying cfforts @cus utd Avcry-.
NAU). This project will dso provide basic data for usc in the mass-wasting sildy (Cluer-MS).

G. PRODUCTS TO BE DEVELOPED:

This study willprovide thecritical elcments of timing andhydraulic conditions associated
with seepage-erosion processes opcrating during intcrim flows. Spccific products include
continuous tilt records, ground-watcr-head and tenperanue recorrds, and river-sage and
tcnpcranrre records. Analyses will include monthly time-serics plots of grourid-water pr€ssrrg
hca4 river sage, ground-watcr tcmpcrature, river temperanrc, and sand-bar tilr Combined plots
will include associations whcrc applicablc. Funher analyscs will include stcss-strain plots, which
arc dcrived from pressrue ud tilt daaand vuiably saturatd ground-water flow, and srress-suain
modcls. The god of tbis investigation is to develop a predictivc modcl of beach dcformation for
any dam rclease. Intcrprretation and modeling of the data will be a combincd effort by tbe USGS,
NPS, and UA. Two prescntations for the fdl92 AGU mecting, & "Re1tdt" in Sciencc, andan
aniclc in Watcr Resourccs Research are planncd as well as a conprebcnsivc complction rcport.

H. TIME TABLE:

TASK

Go atread, permission to allocate rtsources of psrsonnel
and supplies

Supplies Procu?Elent (scnsons, wip, finings)
(data loggcrs, storage modules, etc.)

Instrument buildup
Insnrment calibnation
Sirc rcfuftishing;nstnrurnt 3 additional sitcs
Sitc instrumentation trip
Downloading and rccalibnation I
fuinual rcpon
Downtoading and recalibration II
Downloading and recalibration m
Draft final report,

Annual repon
Final report

DATE

March I ,lggz
March 15, 1992
April 15, 1992
April 25, 1992
May 10, 1992
May 30, 1992
June 30, l9ftz'

November 30, 1992
Decembcr 31, 1992

May 30, 1993

November 30, LW3

December 31, 1993

March 31, 1994



t BUDGET (ATTACHED):

Costs include both fiscal years 1992 and 1993. Fiscal year 1992 costs arc $143,600 or
34 pcrcent of the total costs of $422,3N
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A PROPOSAI, TO IIONITOR SAND BAR STABILIIY
ON A DAILY TIt'tE SCII,E UBINC TERRE8IRIAI, PEOTOGRAI'!}iETRY

Brian Ir. Cluer
Grand Canyon National Parlr

Resource l.lanagement Divis ion

ASgTR.ECT

During the test fLow period a technique uas developed to obtain
area Deasurernents of sand bars from ine:qlensive fixed canera
photographs. That technique has recently been enhanced by
incorporating computer digitizing equipnent that allows for image
rectification. It was shown during the test flow progran and the
early part of the interiru flow period tlrat deposits change size
and morphology sometimes daily in response to hydraulic
interaclions-between the river and bank-stored water. Rapid
degradation and aggradation were both docunented.

It is proposed that 33 additional autonatic caueras be instalLed
overlooking select fluvial deposits for a total of 36. t{ith the
ability to capture daiLy photography on a }arge number of Eand
bars during the interirn- flow period, a coDprehensive evaLuation
of interim floy effects can be produced. Those effects will be
compared to effects documented during the test flow and pre-test
flow periods by various investigators.
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OBJECTTVE STATEUENT

An objective of the interinr flow criteria was to reduce erosion
of fluvial deposits by reducing daily river stage fluctuations
and ramping rates. The objective of this study is to de:ermine
if fluvial deposits have been stabilized by the interin flow
prescription. The main approach will be to compare fluvial
deposit physical stabilrty characteristics during the interiro
flow period to deposit dynanics observed during the test flow and
pre-test flow periods.

JUSTIFICATIONs

The physical characteristics of fLuvial deposits along the
Colorado River below Glen Canyon Dan have been considered to be
indicators of sediment transport in the system as a whole and in
specif,ic reaches. Various techniques and eguipment have been
used for studies asking questions at different tine scales. Land
surveys have ranged fron periodic annual" surficial cross sections
(Howard and Dolan, 1981; others) to biweelcl.y fuIl coverage three
dinensional topography (Beus et al., 1991) . Photo surveys range
fron centennial photo natching (I{ebb, in press) to daily
photography (Cluer, 1991). The natural variability of fluvial
deposit physical character is intrinsicalty Linked to hydraulic
activity and sediment supply.

fnvestigations during GcEs Phase II revealed that sand bars
change dranatically on various tine scales. Schuidt (1991)
illustrated long-tern changes in sand bars relating to flood
fl.ows in the early 1980rs and the eneuing degradation
characteristics. On the short-tern, BeuE et al (1991) showed
variability in sand bar area and volune for periods as ehort as
two-weeks during the test flowE that exceeded the long-term
change rates, even those innediately following the 1980rs floods.
Cluer (1991) diseovered and illustrated daily tine scale changes
that exceed al.l prior measures of sand bar variability.
The GCES Phase II sand bar stability tean conclusions.that sand
bar size was found to be nruch more variable and responsive to
specific dam releases than previously thought. These
investigators also concluded that widely f,luetuating fJ.ows cause
bank-water seepage to destabilize and erode sand deposits with
every fluctuation, daily (Beus et aI, chaptet 9, 1991) . During
the test flow program, degradation was often controlLed by short-
term events of rnass wasting with sonetirnes catastrophic
proportion. Aggradation generally followed degradation events,
but at rates and locations specific to the ensuing flow
characteristics. These findings wgre used to help justify the
interirn flow prescription.

This proposal describes a method of monitoring sand bar area on
the daily tirne scale during the interirn flow period. From a
short-tern data base, changes in sand bar area and geornorphic
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characteristics can be determined on several time scales; daily, I
nonthly, seasonally, and annually. I

BACKGROI'IID TI|FOR.Ii.ATION AIID EXXSrING DAtrA

Daily photography proved to be both effective and inexpensive in
mon:.toring sand bar dynauics during the test flow period (Cluer,
1991). Fixed eameras were used to resolve questions regarding
very-short-term erosion rates, duration, and relationships with
respect to discharge dynamics. On August 8, 1990, two automatic
cameras lrere placed on a ledge overlooking the sand bar at River
Mile (RlI) 58 right. The cameras were progrranned to expose and
advance the filnr every 8 hours until 35 iuages were taken. The
filn was retrieved and processed two weeks later and the ca$eras
were reloaded. Images from Septenber 6, 1990 show that a large
scour hole developed in the central portion of the deposit in the
past 24 hours. By Septenber 19 the scour hole had refilled, but
on Septenber 20 the downstrearo vegetated portion of the deposit
sluurped into the river channel. Encouraged by the initial
results and the potential information that daily photographs
night contribute to understanding short-tem sand bar dynamics,
preparations were made to install additional caneraE.

During November and December 199C, five additional cameras were
installed. The camera stations riere: 1) Rll 43L, an upper pool
reattachment bar deposit, 2, Rl{ 51L, a reattachnent bar deposit,
3) RM 68R, a separation and reattachuent bar conplex, 4) R!'t 172L,
a reattachment bar channel margin deposit, 5) RU 211Lr'a
reattachnent bar channel margin complex, and 6) R!{ 215R, a
reattachnent bar channel nargin deposit. A seventh canera was
installed in June 1991 at RM 81L, Grapevine camp, to nonitor that
dynanic reattachrnent bar channel nargin deposit.

After the test releases ended in July 1991, when a large database
of photographs had been assembled, measurements vere taken from
the iuages using a scaled nagnifying Loupe. l,tultiple cross
sections were repeatedly ueasured by beginning each at a
prominent point evident in eaeh daily photograph. Thus the area
of sand bars hraE measured between test flows, during each
evaluation period, at constant discharge of 142 cubic meters per
second (n'/s). Daily area during test flows was then estimated
based on the bracketing Deagurenents. In most cases, daily stage
can be estinated from rocks on the river banl< (to about 10cn)
based on water levels photographed during constant flow periods,
and used to adjust deposit_ area [easureDents and estimates when
discharge was not at 1ez mt1s. The units used in neasuring the
deposit cross sections were constant to the scaling devise, but
not calibrated to actual site scale. However, since each area
measurerrent was normalized to a" percentage of the origlnal
measured area (100*), the scal,e units cancel as constants

Existing data consists of daily area plots for seven sand bars in
GranC canyon for up to one year during the test flow period.
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Examples of daily sand bar area are included (Fig. 1) to

I illustrate the type of analyses possibte from daily photography
I in the Grand Canyon.

I,TETEODS

cauera Ingtallation
Additional fixed autornatic cameras will be installed overlooking
sand bars in Glen and Grand Canyons. The proven equipment and
techniques developed during the test flow period will be relied
upon. The cameras used will be Pentax 105rs, housed in
environmental containers. The view of each camera will be
adjusted to include the area of nost interest.
It is inportant that each camera be located in discrete settings,
avoiding archaeologicaL sites and other sensitive areas except
where co6perating with other resource Danagement specialists pn
those issues. The canera containers will be seui-permanently
fixed to rock outcroppings using clear silicone glue. This glue
has been chosen for its known inert qualitJ.es, easy removal, and
durabilify in harsh environruents. The caueras will be hidden,
however no attenpt wiII be uade to anchor them. A training and
education progran will be presented to the professional Colorado
river guide organization to encourage their cooperation.
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fnage Control

After the first photographs
hrill be conducted to define
information so that deposit
values.

Photographic Data Analyslg

are retrieved, a survey e)ryedition
the field of view and provide scaling
areas can be scaled to real-world

Color transparency filn will record a wide variety of daily
information, including local river stage, area of deposit exposed
at low stage, nanifestation of dotui.nant erosion processes (ie.
rills or tunnel scour and height of seepage zonet current
rippJ.es, pianar scour surfaces, cut-bank inception and nigration)
zones of inundation, relative moisture content of surface nateri-
a1s, seasonal vegetation trends, relative turbidity of river,
local weather conditions, and recreational use patterns.
Databacks staup the date on each iraage, and Log books will be
used to record the tine each roII of filn was replaced and expo-
sure interval began. The fihn will be cornmercially processed and
unmounted. only the inages to be neasured will be rnounted in
slide mounts, by the analyst. All images will be catalogued and
stored in archival containers. A fire safe should be considered
for long-tern storage of these inages. original images will not
be released to anyone, however duplicating services and print,ing



nay be specially arranged.

Measurements will be taken fron images using one of two
techniques developed during the test flow period. First, a
scaled rnagnifying loupe served well during the test flow period
to neasure cross sections beginning each at a prominent point
evident in each daily photograph. Secondly, a technique has been
recently developed that uses a computer system to digitally trace
deposit area and rectify oblique images. This technique promises
to produce sand bar area values that will be <iirectly conparable
to values obtained by other investigations using vertical
photography and land surveying.

The area of sand bars lras measured during each evaluation period,
at constant discharge of L42 cubic neters per second (n'/s)
during the test fLows. Daily area during test flows was then
estimated based on the bracketing measurements. Periodic flows
at or near tcz rn3/s are desired fbr neasuring deposit area during
the interirn flow period for continuity of area. Although the
interim flows have higher average daily loss, the first four
monthfs hydrograph reiords indiiate that there will be
opportunities to capture inages at low flows about twiee nonthly.
Those irnages will allow physical DeasureDents of deposit area.
Alnost daily, cut bank locations will be checked. The reuaining
dail-y images vill supplenent those phyeically neasured to develcp
daily area plots. Filn will need to be replaced every'35 days.
Cleaning and periodic maintenance will be part to the filn
changing routine.

An example of tine-series area plots from the test flow period
(Fig. 1) shows how sand bar area on a daily interval can
facilitate evaluation of changes for various tine scales or for
differing flou periods. Interin flows riIl be plotted on a per
rnonth basis to determine the effects of adjustnents to releases
on that tine scale.

Site Seleetioa

Recognized e:rperts on sedinent stability along the Colorado River
have been consulted in developing site seLection criteria and
choosing sites f,or canera installation. An overriding criteria
is 1ow rj.ver level during daylight hours. Presently, it seerns
apparent that by ctustering caneras, the uost infotmation nay be
gained about stabitity within specific aeouorphic settings.
Sj.tes have been chosen that represent historic study sites, test
flow study sites, and sites nhere questions about tributary
inputs and channel storage have been raised.

XNTEGR.ATION f,ITE OTEER I{ONITORING BFFOR!8

The results of this project will be conpared with aerial surveys I
(CIuer-NPS) and land surveys (Beus and Avery-NAU) to insure I
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calibration of the digital rectification process at every
coincident opportunity. Daily deposit dynamics are integral to
the nass wasting project (CIuer-NPS), the seepage processes
project (Carpenter et aI.-USGS), anC the seepage force nodelling
effort (Budhu-UofA). Additionally, the campsite nonitoring
project (KearsIey-NPS) is anticipating the use of certain irnages
as is the vegetation study (Ayers-NAU). There will undoubtedly
be overlap between some sand bar sites and archaeological sites
that will be sinilarly instrunented (Balson-NPS). In those
cases, images will be-shared freely ior the benefit of both
studies.

PRODUCTS TO BE DFYELOPED

The products fron this investigation include: time-series plots
of deposit area for 36 sites; periueter plots for every Low flow
image; comparison plots of contigruous analyses showing
aggradation and degradation areas; and catalogues and
deicriptions of rnais wasting events. Analyses of the data will
include comparisons of time-series area neasurements for effects
of: reach width and depth; tributary sediment inputsi
seasonality; and hydraulic paraueters of dam operations.

Sand bar stability will be conpared uith previous investigations
of sedinent stability conducted during the test flow and pre-test
periods. The ul.tinate product of thie inveetigation will be
peer-revlewed Journal articles on deposlt dynanics and dam
operations.

A video tape will be produced of the daily images to depict
annual-tern changes in an aninated visual and narrated f,ashion.
The tape can be videly distributed.



TIT{ETABLE

TASK

I
I
ICOMPLETION DATE

Procure cameras, containers, select sites

Install cameras

Replace film I

Replace film II

Quarterly report

Replace film III
Survey locations and scale development

Replace film IV

Replace film V

Annua1 Report

Replace film VI

RepLace film VII

Replace filn VIIf

Quarterly report

Replace filn IX

Quarterly report

Replace film X

Replace filn Xf

Replace film XII

Quarterly report

Replace film XIII

Replace film XIV

Annua1 report and draft final

Retrieve filn XV' retrieve cameras '

Final report

June 15,

June 3 0,

August 5 t

September 10,

September 30 '

October 15,

November 2A,

December 15,

December 31,

January 2A,

February 25,

tlarch 3 0 ,

March 31,

June 10,

June 3 0,

JuIy 15,

August 2Q,

September 25,

Septenber 30,

October 30,

December 5,

December 31,

January 10,

March 31,

L992

L992

L992

L992

L992

L992

L992

L992

L992

1993

199 3

1993

1993

1993

1993

1993

1993

1993

1993

1993

1993

1993

1993

L99 4
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BUDGET YEAR 1 YEAR 2 YEAR 3

NPS Physical Scientist salary not

Dedicated persbnnel
photo analyst full tirne
( includes benefits)
surveyor, two months
downloader Ll4 tiure

Other personnel
gteneral of f ice support

Travel (PI)

Special services
slide duplication
printing
video production

Publication costs
photo printing
manuscript prep

included seperately

10, 000

4r000
3r000

1, 000

-O-

500
500

-0-

-0-
-0-

2A,000

-0-
5r 000

1, Oo0
-O-

5r000

-O-
1, 000

1, 000
1,000

11 000 500

-O- 1, 000

500 500
500 500

5, O0O 5, 0oo
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TOTALS
GRAI.ID TOTAL

$r9,aoo $33, OOo $rS, 50o
$ez,5oo
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PROPOSAL To UONfTOR SEDIUEITT STABILITY
DURING TEE ITTTERI}I FLCT PERIOD

USING AERIAT PEOTOGRAPSY.

Brian L. Cluer
Grand Canyon Natioaal Park

Resource !{anagement Divigion

AAgTRACT

During the test flow program, 75 sand bars ltere aerially
photographed 17 tines UraCtceting 16 test flows. A unique technique
was developed to nesh the overlapping photos into a single image,
and analyze sand bars two dimensionally. Ten sites were analyzed
in the development phase, resulting. in pronising data about deposit
area, cut and fill area changes, and sedluent flux associated with
distinctive hydraulic parameters of individual test flows.

This proposal is two fold. First it is recoDnended that a1I sand
bars photographed during the test flow progran be analyzed in order
to fully develop our understanding of the character of sand bar
areal changes throughout Glen and Grand Canyons. Secondly, it is
reconmended that during the interirn flow period, aerial photography
be continued using the techniques and nethods developed previously.
with a comprehensive and robust sarnple to serve as benchrnark data
to conpare subsequent area neasures against, sedirtent stability
during the interin flou nonitoring period can be adequately
evaluated with respect to the many local and reach-scale variables
that, influence each sand bar.

I
t
I
I
I
I
I
I
l
I
I
I
I
I
t
I
t
I
I

A



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
t
I

OB.JECTIVES

one objective of the interirn flow criteria lras to stabilize
sediment deposits by reducing the daily range in discharge rarnping
races common to normal darn operations. The objective of this study
is to determine if the interin flow prescription achieved the
resource protection objective. The rnain approach wiII be to, 1)
monitor areal change on 75 sand bars in Glen and Grand Canyon using
aerial photogranmetry of the river corridor, 2) conpare sand bar
areas during the seasonally adjusted low, medium, and high releases
in the interirn flow period to, 3) a fully developed comparative
database from the test flow program. An additional objective is to
collect and analyze data that can be directly integrated with the
NPS-GIS system.

ilustl,f icatLoas

Understanding locaI perturbations to sand bar area wilI be
necessary to interpret any sand bar stabil-ity data coLlected during
the interin flow monitoring period. Seventy five sand bars between
GIen canyon Dan and Diarnond Creek lrere photographed 17 times during
the GCES Phase II test flow prograD. A large sample size is
required to describe the overall effects of the test flows or
interin flows, and to serve as baseline data for interin flow
monitoring. If these photographs were analyzed, the data collected
during the test flow prognan could aerve to define the average
effect of, any given test flow. Perturbations or deviations from
the nom can be identified, and possibly correlated to tributary
activities or basic channel changes.

LrrE. Selplo 81!.-;l,dr Dirtrlbutl,oa The distribution of 75 sites
from 5 rniles below GIen canyon Dan to river uile 225 Ls suff,icient,
to adequately describe the range and Dean variability of sand bars
for each test flow, and to understand the range of variability in
sand bar size during the interin test flow period. This knowledge
is required in order to evaluate sand bar changes within the
context of systeu variability, bbth for contenporary and historical
studies.

Freqluetrt Evaluations Each adjustnent in seasonal flow level
should be followed by an aerial evaluation to detetoine the effeet
of the previous flow t1pe. Conparisons with effects measured
during the test flow period will provide evaluations of overalL is
well as site specific details about interia flow prescription and
its effect on the fluvial sedinent resources.

Producing data that is eonrpatible with the NPS-GIS system will
nininrize later adjustnent and integration problems. The prevailing
coordinate geometry systera and scaling units will be adopted.



EACKGROT'ITD ITTOR}TATION At{D EXI8TING DATA

Two-dinensional analysis developneat

Frorn August 1990, to July 1991, aerial photographs were taken of 75
sand bars in Glen and Grand Canyon dispersed between 5 miles below
Glen Canyon Dan and 24O niles down river at Diarnond Creek.
Seventeen photo epochs were completed which bracket 16 different
test flows. The photographs capture erqrosed sand bars at a low
constant river level of 51 000 cfs.
The original intent was for the photography to be an3lyzed three-
dinensionally, and produce topographic naps of the subject sand
bars. Problens with photo geonetry and inage notion rendered a
high percentage incapable of producing reasonable accuracy,
especially in the Z diuension. A sDall contract, for QA/QC work
with the Planetary l{apping Division USGS in Flagstaff, Arizona,
allowed for experinental development of two-dimensional analysis.

A technique rtas developed where a serieE of overlappingr -i.rnages were
nechanically fitted under nagnification, taking care to align water
eCge at the front of the sand bar and iunobile rocks at the back
and edges'of the sand Dar. The aligned overlapping irnages were
fixed onto a stable transpariency base to create a courposite full
coverage inage. This process was repeated for each photo epoch.
The composite images sere then digitally surrounded along the vater
edge and between repeatable roclcs to enclose a perimeter that
defines an area. The digital perineter uas processed on a video
rnonitor, and a program counted the number of pixels filling the
perirneter and applied scaling factors to calculate the area within
the perimeter in netersd.

To conpare photo epochs additional corrections were nade to rectify
angular variations between photographs taken at diff,erent epochs.
By choosing one composite inage as the baEe, aII other photo epochs
rrere nanually adjusted on the color video nonitor to align. at
comnon rock points. With comnon irunobile points aligned, the
differences in area between epoehE were visually obvious, and
attributable to hydraul.ic processes operating during the subsequent
test flows. Further conparison on the color video rnonitor resulted
in drstingnrishing areas of aggradation from areas of degradation
between photo epochs. The results frorn the two-dinensional
experirnent, are: perimeter plots of each epoch; area calculations of
each epoch; comparison plots of contiguous epochs, with differently
shaded areas of aggradation and degradationi and calculations of
area of aggradation and degradation. The proximity of the USGS
facility makes possible analysis and interpretation of comparative
planirnetric areas and changes between epochs on the video nonitor
as each epoch has a unique layer and color.
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EXISTING DATA

The resuits fron the two-dinensional analysis development are
encouragling. These data are ideal for analyzing tl" effects of
individual test flows fron GIen Canyon Dam. By December 31, 1991,
ten sites were fully analyzed using the two-dinensional technique
described above for seventeen epochs bracketing sixteen different
test flows. An exanple of the analysis is presented in tables 1

and 2, and figures t, 2, and 3.

T{ETEODS

Site Selectl.on The sites selected for the nonitoring
investigation are the same as those studied during the test flow
program] Ttrey are at river miles! -102 -6.51 -2.8, !1 2.6t 41 8,
ig.i , 20, 20.t, 21.8, zg.L, 29.2, 30.4, 31.6, 33, 35.1, 37.5, 40,
43.1, 44.6, 47, 50, 51, 55, 56, 64, 66, 59, 75.6, 75.8, 76, 91, 83,
87r 9Lr 93t 98r 104,108r 119, LzO, L22.2 L22.7t L32, L34t 137,
13i, tis, 153, "157, 168, L72. L82.2, 182.4, L83.9' L94' 2o2, z]-L,
2L3, 22O, and 225.

Conpletl,oa of lloct Flor laalyele The netlrods developed by llerational Park Service and tha Planetary l{apping Div-iEion of the
U5cs-Flagstaff (described above) yill be used to conplete analysis
of indiviauat tdst flows fron Cien Canyon Dam, thereby providing a
trustsorthy databaEe to conpare erabeaguent iland bar dynanics
against.

Iatorl,a tlou ttoal,torlnE Monitoring the fluvial affects of interin
floss will be accouplished by repeatlng aerial photography of 75
sites using proven techniques, equipnent, ald_ personnel.
uonitoring cin 6e accomplishedlt eaveril levels. _ 1) Annual aerial
photograpf,y is nininally adequate. 2) The best inf,or:nation would
ione iroro photographing-each nonthly flow period. In either case,
a three-diy conitint ftow of 51000 cfs is requested to rnaintain
elevaticn iontrol like that during the test flows. Othenise, nelr
relationships between area and river elevation must -be developed,
probably'at prohibitive elqlense and rith less comparable resultE.

Aerial photography will be collected and analyzed .using the
techniquls ana teln developed in tlre test flow pilot progran.
Personi responsible for the developuent and testing of !to:
dinensional analysis are:'Dr. Sherman S.C. Wu, US Geological
Survey, Planetary l{apping Oivision, Flagst-aff _ Field Office'
Flagslaft,, AZi Brian L. Cluer, Grand Canyon National Park, Resource
tlanigenent pivision, ffagstaie, AZ. Analysis and interpretation
will be conducted by NPS using color video inage comparison at the
USGS facilities and hard copy gray ,scale plots (exanrples included
in this p.roposal).

planinretric analysis of 75 sand bars will result in a robust sanple
from the population of at1 sand bars in GIen Canyon National
Recreation Area and Grand Canyon National Park. with 75 of 300



(+/-l sand bars examined during 15 test flows, it is reasonable to
anticipate results that will aIlow descriptions of the variability
in the fluvial system, overall effects of test flows, localized
effects such as tributary inputs or channel changes, and relative
merits of atrternative flows. The flow alternatives will be
compared to test flows, and ranked by dynarnic variables of area
change. Effects of the interi.n flows vill be conpared to the
baseline data obtained during the test flow period. A long-tern
nonitoring program will ber developed based on the database
developed in this investigation.

IITIEGRI'TTOil 
'ITE 

OTBER UONTIIORII|C ETFORES

Corapletion of anaLysis of the test flows and continued nronitoring
and analysis of interin flows by two-dirnensional aerial
photogranrnetry as proposed here would integrate and support other
sand bar nonitoring efforts in Grand Canyon. As a stand-al.oneproject it would produce independent reports and publicationE
avai,Iable as conparative peer-reviewed journal articles. Other
studies are anticipating the availability of photographs taken
during the interin flos period for; canpsite evaluation (Kearsley-
NPS), daily sand bar response calibrations (Cluer-NPS), the
vegetation project (Ayers-NAU), and the tnass wasting project
(Cluer-NPS). Sedinent storage ties directly to thia project. This
project will be J.ntegrated to the.cIS systetr.

PRODUC!8 AO EE DMLOPED

Itens that will be delivered resultant fron conpletion of analysis
of the test flow data are, for each site (?5) and each epoch (17):
perineter plots; contiguous conparison plotsi area calculations;
and conparisons of aggradation and degrradation areaa. Examples of
these products are shown in tables 1 and 2, and figures 1, 2 and 3.
In addition, a prelininary report of sand bar response to test
flows will be distributed to the EIS tean and cooperators on Harch
31, L992.

Interim flow nonitoring reports will be prepared quarterly.
Products will include perimeter plots, contigruous comparison plots,
area calculations, and calculation of aggradation and degradation
area for each of five epochs and 75 sites. A draft final report
will be prepared by December 31, 1993, with a f,inal report to
follow by llarch 31, L994. Peer-reviewed journal articles will be
published fron this investigation.
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TIT'TETABtE

TASK TARGET DATE

I
I
I
I
I
I
I

Prelininary report
Begin analysis of

Quarterly progress

Complete analysis

Begin analysis of

Aerial photography

Draft repott, test

Quart,erly progress

Aeria1 photography

Annua1 report

Aerial photogrraphy

Quarterly progress

Quarterly progress

Aerial photography

Quarterly progress

Aerial photography

Annual report

Draft Fina1 report

F.inal report

on 10 sites
remaining 65 sites,

report

of test f lows

interim flows

capture I ;

flon analysis

report
:.

capture ff

capture III
report

report

capture IV

report

capture V

llarch 31 , L992

test f lolts June 15, Lggz

June 30, Lggz

Augrrst 15, L992

Augrust L6, Lggz

August 31, Lggz

August 31, Lggz

September 30, 1992

November 31, L992

December 31, L992

Uarch 31, 1993

l{arch 3L, 1993

June 30, 1993

August 31, 1993

Septenber 30, 1993

November 31, 1993

December 31, 1993

December 31, 1993

March 31 , 19 9 4
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Cost Estirrnate for Five Epochs
YEAR 1 YEAR 2 }EAR 3

NPS Physical Scientist salary not included in cost estirnate.

A firrn cost estirnate has been
negotiated to comp3.ete two-
diroensional analysis of the
remaining 65 sites for

I
I
I
I
I
I
I
I
I
t

seventeen epochs, includes overhead

Helicopter tine, 5 epochs,
two days each, 6 flight hours/day,
€ $ e solhr. 978 oa I epoch

Camera purchas€r 6x7cm rangefinder,

$so, 0oo -o- -0-

15,600

900

23,400 -0-

-O- -0-

900 -0-
Filrn and processing, 2o rolls LzO format
per epoch, 5 epochs €$15/roll $loo/epoch 600

Tvo-d,inensional analysis
(sub contract to USGS) $ef 67 | epoch

Travel
Publication
Clerical support

9r335

-0-
-0-
500

L2,500

-O-
-0-
500

-O-

1, 000
1, 000
-0-

TOTAL
GRAI.ID TOTAL

s75 ,935 37,300 2 ,400
$rr5 ,23 5
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Table 1. ExamPIe
river nile L72.3
program.

of calculated
Ieft for each

Areas of GCES Beach

area listing for the sand bar at
photo epoch during the test flow

Area(m2)Epoch

,0-30
la-t .'l

55lt\Ja--:
55 1l.'.lrl

it. ,{yr\llj!z '
'4311 b13ll m
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-557.068
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Table 2. Exanple of, aggradation and degradation between contiguous
photo epochs for the sand bar at river uile 172.3 left for each
epoch during the test flow program.



t
I
I
I
I
l
I
I
I
I
I
I
I
I
I
I
t
t
I

,/f\----,-/

Flgure 1. Exaupre -of perinelgr plot lor sand bar at river nireL72.3 tefr on odcenbei irl-iifo.

Figrure Z. Example ofriver nile L7Z. t left
subseqfuent perineter plot for sand bar aton December 30, 1990.

?:LE: Gl 1 2LL2-l ?Al l-tO . pL?
!Il: I lL, trt: tl5,
l?t.3L 1Z-t? ltD r2-!o
I-SCALE r 15. ?7 ct/gt 1-SCALE r

tltltltA? DAIG: Il-D3C-91
0, ltt

troJ3ct:
5t0 iltt,tll:

at. t0 et/jt

F. igure 3 . Example of
at river mi le L'l Z .3
199O- Dark e,hadort

comparison plot between two contiguous epochs
Ieft. comparison is of December L7 and 3 0 ,
t16r Ltaa Aar-;.r/laA 1 i aln*1r, tll,rriar.il qrrr,\-r ',-a

-l
i

I

?ILg: CiIZLIj,-l7.STR
BtT: ! ilL,NS:
l?:.tL r2-17
XScl.e45. ?? cn/eX ySCLrt3.3

PROJEC?: HARSI{AP DATE: I9-DEc-9I
t{lN,tlAX: O, 255

?lL8: Glt:tll-!O.S?t
BtT: ! pL,nS.: l2i,
l7t.!L t2-to
ISCLr{ 3. 77 en/?X fSCLrtl . ! Cn/?l

tloJSCt : ttAlltlt DAt:: lt_DtC_! t
atO lll,ttlt: 0, rt5



GLii; CAIJ':'ClJ Eli'"' : F,Ctjl:Ell :A L
PIi,C--ECT BUDGET

s L-r./:'t{RY S i-i E ET

- i - ^ .i na i r nve s: iga * o- Brian L' crtrr
- .rl..v41/\l Dai,e Subnt:iec 2/26/e2

ep 3rt,nen E,'Labcrato-, Grand Carryon Natlorral Park organizat,ion ltrPS

eq:nning Da* " 
Jr:ne 1' 1992 ccrnpl"etion Date hY 3o ' 1994

r:ject -gat" e prpFpsal- to t"onitor sedinnnt stability Dr:ring ... using Aerial PhotcgraPhY

:elet, Est, ina-,-€

3. ( 'r Graduate students ; ; | ,

4. | \ Undcrqraduate Students , I . , , ,-,

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I roor. FRINGE BENEFf TS ,i

. ?|.3.i.r-.r-U
A 

-aDr4

Lc.0cc

lF? a.'r-

5 ,500

i ri-r I 
-a'

::est i c
L., lt I

n- ).r 6?
-AIa ? r ,tr-

t::lends

3L:P?C ?.7 COSTS

Trave;
i.:.ne- C-O^FC-
er\a\--r--!'\-..Yv

:,:!:€:

I
I
I
I



I
I

r, 5c0f ilm, processing, batteri€s r ect:.. --Ha--ertals ani. Su:rl:e:t hcneee
..

f?

2)161- Cb. c

I .;. Concu:er Ser\':ces
Q-.t^AA-F.Dl-)s-

. \, \l r, \rvfl r r- r (-r v \rr

:. Ot,le: tI
TCTi: E:RE3T 81,835

I
I
I

. TOTAL DTRECT I-I..ID TNDTREC? EOSTS
I

I 82, 055

- EsrrFrATFn AltcL'liT FFSX OTI{ER SOLTCES i I:-. =eal dcllars) -0-

tenize Capital Eqtripnent to bc Purchased in FY_
. TOT,I' PROJECT lttOLN: f-r + K) , 82.C55*

I escript,icn of lr-cns > 31.000 < Slo.0oe I cos|-*

I
I
I

--tf

I
I
I
I

A-i (tl

Fre -Eh:
i.rcl-uCe

I
I
I

?rra].ti.!F.^t

- a. Y - Y\- -. lvJ

*Does nct
cha rges

heliccpter suirport @sts, estjrated at S 39 
' 
000



lA"
I
I
I r\,roMToRrNG suBAQriEous FLrrvrAL SEDTMENT TOPOGRAPTTY

WITHIN A}.ID BETWEEN EDDY STORAGE SITES

TO DETERMII{E THE ROLE OF MASS WASTING

IN SAhID BAR LONGEVTIY

Brfun L. Cluer
P.O. Box t2459

nrgstaff, L7. t6002
(602) 55G7363 comm

76t7363 rrs
extension 736t FAX

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

GLENttll'BitEtYl.P'?EtvlsNrAL

ccEs oFFtcE coPY _t:1" 
rsez

DO NOT REMOyE! *F,fiSJ,YEo



ttoNIToRrNc SuBAQUEOUS EEDIltEt[l! TOpOcRApEy
TITUTN AND BETTEEN EDDY 8SORAGE sITEg

TO DEEERI{TilE TEE ROLE OF I,IA8g TASIING IN SAIID BAR LONGEVITY

Brian L. Cluer

488.|!Rle!!

Mass wasting was discovered during the test flow period to be the
moEt destructive process of eand bar erosion along the Colorado
River. As uuch as half of'geveral sand bars were eroded in 24
hours or less under various flow conditions. Uass wasting
continues to be an inporlant erosion process during interin flowprotection. The conditions of inception and ultiuate results of
this fundamental process are largely unknown. Seepage induced
bank failure nay err;llain soue of the documented events, but uany
more are obscure in origin. An inportant question raieed frou
the discovery of nass wasting events is, where does the cedirnent
go?

This proposal e:<plains the curent state of knowledge in masa
wasting of Colorado River banks, and identifies the lack of
understanding of this fundanental and destructive erosion
process. A two-phase approach is recontrended for studying this
problen. First, a pilot study silI conduct repeat surveying
using the hydrographic eguipnent and methods proposed to
deternine the validity of the uethodoloffy. If successful, the
second-phase will repeatedly sunrey eddy deposit and cbannel
geonetry prior to and after DasE wasting events. Erosion and
deposition of sedinents involved in mass wasting will be examined
by continuously surveying the channel and eddies within failure
zones. Comparison of topographic naps frou eddies and connecting
channels vill result in local sedinent transport analysis and
short-term effects of nass wasting. Land tilt and river stage
sensors will be installed at a'snall nunber of sites to determine
the relationship between river stage dynamics and inception of
bank failure. This wilL be the basis for developing long-tern
predictions of sand. bar longevity resulting frorn mass wasting
Processes.
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OBJECTIVE STATEI{ENT

An objective of the interirn flow prescription was to reduce mass
wasting of sand bars by reducing seepage induced bar defornation
and slumping. This was attenpted by tiniting up and down ranping
rates and the daily range of discharge. Mass wasting continues
to erode deposits under-the interin ilow criteria, and sand bar
rebuilding is inpossible until }arge flows resume. The
objective of this study is to monitor the rate and direction of
sedinent transport associated with Dass wasting event,s, and
deternine if processes other that seepage activate mass vasting
during the interirn flow nonitoring period. If so, dlr additional
objective will be to determine if dan operations drive other
mechanisus of mass wasting. The main approach will be to study
the geometry and dynanic activity of eddy and channel deposits
using precision hydrographic surveying equipnent and techniques.
Land tilt and river stage nonitoring equipnent will supplement
the developnent and description of nass wasting processes. In
addition, the surveying accomplished in thiE investigation will
be integrated with the GfS database by eetablishing adequate
prior control.

iruSartIct8IoNs

!!ass wastlng is an inportant local ecale foru of erosion that was
studied during GCES Phase fI (Cluer, 1991). Dlass wasting
continued to occur after the interin flou regrulations began. on
September L, 1991, sand bars at ri.ver miles 81 and 172 failed,
resulting in losses of 10 and 60t areas respectively. on
Septenber 7, 1991, maEs wasting at river nile 211 renoved 15t of
that sand bar. Other sites are known to have eroded rapidly
during the first 3 uonths of interiu flowsr EB seen in
overflights and during research river tripe during the f,all and
winter of 1991-1992.

Deternining sedinent uigration pathways, Eitee of deposition, and
rates of transport follosing Dass uasting is egeential for
understanding and evaluati.ng the ceaseleEs processes of sand bar
erosion and rebuilding. If nass wasting events sinply transport
the affected sedinent to a lower position within the local eddy,
there would be no net loss associated with events and rebuitding
would be likely given large flows. Conversely, if affected
sedinent is transported downstream, a net loss results and no
fLow scenario can- replace that sedinent. Understanding this
basic difference is inperative as mass wasting is a process that
river resource managters are concerned with.

The timing of mass wasting event inception with respect to the
dynarnics of river stage i- inportant in order to deternihe the
Iocal flow path of bank stored water. This knowledge will either
support or oppose seepage as the doninant, process driving nass
wasting.



By initiating this project with GIS integration in nind, the data
wift be easily inctudea in the database. Subseguent monitoring
efforts will Le ab}e to nake full use of this investigation
through the GIS system.

BACXGROI'IID INT'ORT,I,ATION A}ID EXISTING DATA

Investigations conducted during the test flow period revealed
that laige losses and rebuilding of sand bars can occur rapidly.
Beus et. al. (1991) indicated that many of the seeuringly
anomalous downward spikes in sand bar volume were probably
attributable to mass wasting events. Budhu (1991) showed a
conceptual model of seepage force and stage change that predicted
inducLd bank failure auiing declining river stage. Carpenter and
Carruth (1991) Ehowed tilt-sensor data that correlated sand bar
tilting wittr rapid changes in hydraulic levels in the rivel, both
up and down. They specuLated that some tilt events may have -beenclused by ,,scouringtt that undercut the toe of an instrunented
sand bar. Cluer (iggf)'docunented up to 50t eroeion of sand bars
within 24 hours or less on several occasions at numerous
Iocations, and conplete rebuilding to original size sornetlnes
within 10 days. He suggeEted that additional proeesses yet
unknoun nay ilso drive Dass wasting on the Colorado River.

An inportant question resulting fron these investigations iE what
proce-ses other than seepage result in Dase wasting. Other
quest,ions that originate fron these investigations are: 1) does
rnass vasting operate in all hydraulic reaches of the riveri 2,
what conditions induce Dass wasting procesEesi 3) during and
inrnediately follouing a Dass wasting event, where is the aediment
transportel to; 4) does it reside iitrrin the eddy, or is it
translorted downstrean; and 5) vhat conditions uust exist for
rebuilding to begin?

During the test flow progran, Cluer (1991) documented 23 Dass
wasting eventE at seven different sites. Those events occurred
under i variety of fLow conditionE and had various eroEive
effects ranginf fron 2-55t'of total deposit area. Approximately
half of the documented events occurred within 1 or 2 days
following a low flow period. These have been expl.ained Py Budhu
(1991) ai resulting fiou incipient failure developed duling
excessive draw-down of bank wat,er level,. The other half of
events docunented occurred during regrular fluctuations without
apparent seePage perturbation. Cluer (1991) specu'lated that
oltrer processei ana mechanisms may drive nass wasting of channel
rnargin deposits along the Colorado River.
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I'TETEODS

Study Site Selection

The sand bar at river rnile 172 is knorrn to have failed through
mass wasting 5 times between April and Septernber 1991. The nost
notable event occurred during the interim flow period on
September 1, 1991. This site will be used as the initial
technique and protocol developnent site. Other sites where mass
wasting events have been documented arei 51L, 68R, 81t, ?LLL'
216R, and 225R. Additional sites will be studied as new nass
wasting events are docunented. Field studies wilL be coordinated
around the seasonal fLow adjustnent tine periods.

Hydrographic Surveying

Currently, investigations concerning seepage and mass wasting
have documented activity in zones exposed at low flow, ie., above
the 5rOOO cfs river stage. All the questions raibed about'Daas
wasting concern process6s below watei level., in the Eubaerial
environment. Hydrographic surveying equiproent will be used to
characterize eddy depoeits and channel geonetry in three
diuensions. napid and accurate Deasurenents are neeessary in
order to repeat surveys daily when DaEE wasting evente are
anticipated, and Cluei (1991) ahosed that Dasa vastS.ng events
occur tlost connonly during c[anges in flov regiue (low flos.to
high, and high floi to loi), and often follou a 2-3 day period of
low flov.
Hydrographic surveying in thLe inveetigation refere to
topogiapfric characlerizatlon of the channel and related fluvial
aepoiit surfaces. Generally, hydrographic surveying equipnent
involves a boat with a depth sounder and soue foru of land-based
positioning system. The Global Hydrographic equipment chogen for
tfri.s investigition uses a high quafiti sonar depth sounder with
adjustabte blan width and friquCtt"y control for optinizing signal
to noise ratio, a uodified theodolite with endless tangent screws
for tracking reflective prisns uounted on the boat, iD integrated
communication systel thal autonatieally receivee depth data from
the sonar and coubines with position inforuation in the
datalogging conputer, a boat- steering display.for precisely_
repeating preestablished profiles, and anallt,ical software for
prodUcing topographic naps and cornparison surfaces. Crew
Lequired-to op-rate this- equiprnent incl.udes: surveyor (on land
stition); survey leader (on boat station) I assistant (on shore);
and a boat operator.

This proJect will be conducted in two-phases. The f11st (pilot) 
-phase wiit evaluate the eguipuent and nethodology to'deternine if

ine objectives of this investigation can be met. The pilot_
evaLualion will determine if topographic accuracies required to
characterize the features and processes of mass wasting can be
obtained with the Global Hydrographic systern. If sor the second



phase will begin irnnediately. In order to answer the guestions
about sedj.ment transport following mass wasting, surveys wiII be
conducted in recently affected eddies, in eddies iuuuediately
downstream, and in the connecting channels. To answer the
questions about rebuilding, surveys will be repeated in recently
affected eddies until rebuilding begins. To determine if mass
wasting operates in all reaches this project will rely heavily on
data for the automatic terrestrial photograryqetry study, and will
characterize eddy deposits and channel geometry in recently
affected areas docurnented by that investigation.

Sites to be studied will first be reconnaissance surveyed to
deternine the size and location of bathlmetric bedforms (pilot).
From that information, profile spacing and point density will be
deteruined for the rernainder of surveys at that location.
Surveys will be repeated daily and will continue for up to two
weeks or until the deposits becone stable.

Land TiIt and River Stage

Ten sites will be equipped with three tilt sensors and one river
stage sensor each. These data will be ueed to detetmine the
relationship between river stage fluctuation and sand bar
novement. tfris is inportant i; order to discrininate between
seepage induced Dass -aeting and other processes of Dass wasting.

A sinilar but Dore elaborate systen was used successfully during
GCES PhaEe II test flow investigations (Carpenter et iI., 199X) .
The sensors will be built and calibrated by gualif,ied personnel
who instruuented sites during the test fl.ov progra!. Autouatic
data loggers will record inf,oruation cvery half hour. Data uil'l
be down loaded, sensors siLl be callbration checked, and
batteries wiLl be replaced twice yearly.

Underruater Video Docunentation

An under*rater video camera nay be used to docunent erosion and
deposition processes associated with Dass wasting. The canera
may also be used to verify and document unique or anomalous
topographic features revealed in hydrographic surveying.. The
feasibility of this idea will be er<plored in the early research
period.

cIS Integration
AIl surveying data and resulting naps will integrate directly
with the NPS-GIS system. Adeguate benchmark control vill be
established to allow reoccupation and relocation for future
monitoring efforts.

I
I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

INTEGRATION

This investigation will integrate with the ongoing seepage--
instrumentation and nodeling efforts (Carpenter et a}.). fhg
ongoing and possibly upscalld terrestrial photograrnmetry study
(clueri will-help in identifying sites uith a history o! mass
wastini and niII-he1p to predici when events are urost.likely to
occur. This investigation will provide a nore specific
understanding of dep6sit dynamics tnat will be eninently y?9f91
for interpre€ing tri-storicat and contemporary sedirnent stability.
There uray be opportunities to integrate data and concepts
developei auriir! tfris study with uics investigations of sediment
transportation ind Colorado River systen dynanics.

PRODttClr8

Conparative topographic Daps of eddy and nain channel deposits
wili be producla-fol ttre interirn flow uonthly flow t1pes, and
before and after nass wasting events. Analyses of, these
topographic naps will includt comparative three diuensional
chlnges in eddy deposits and changes in channel geometry.

Tirne series plots of river stage and land tilt will be produc?d-
nonthly for ten sites, and will integrate with daily terrestrial
photogiaphy. ft is anticipated that fundanental but currently
irnfnorn Lnlnnet hydraulic processes uilL be observed and
described during the eourEe of this study.
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TASK

I
I
IDATE

Pbass I
Eguiprnent procurement
Survey crew training, equipnent testing

field test, protocol developnent,
baseline data collection,
site instrumentation

End of Phase I
Quarterly report

June 15, L992

June 30, L992

Septenber 31 r 1992

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Pbesc II
Field study I, 

.high 
to los flow Septenber 25-October 15, L992

Annual progtrrese report oecenber il, Lggz

Quqrterly report l'tarch 31, 1993

Field study II, low to nedign flow I'{ay 25-June 15, 1993

Field study fII, high to uediru flou Augruat 2o-Septenber 15, 1993

Quarterly report Septeuber 31, 1994

Annua1 report,
Draft final report

final Report

Decenber 31, 1993

March 31, 1994
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BUDGET YEAR 1 YEAR 2 YEAR 3
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NPS PhysicaL Scientist salary not included in budget.

Personnel
instrumentation

sensor building
technician 2 months
calibration tech 1 month

installation
technicians 3, 1 month

surveying personnel
1 surveyor Ll2 time
1 assristant L/4 time
office support

Other expenses
PI Travel l

supplies, etc.
publication
video camera rental

$4 r ooo
2 rO00

6r000

15, 000
5r0oo
1, 000

-O-
2 ,400

2 rO00

15,000
5, 00o
1, 000

-0-
2 r00o

2,O00

-0-
-0-

500

1r0oo
-0-
1r000
-0-

-0- -0-
-0- -0-

-0- -0-

I TOTAL
GRAI*ID TOTAL

$rz, o0o 25, oO0 2,500
$o4 r 5oo

I
I
I
I
I
I
I
I
I

PHASE I COSTS
Personnel

instrunent techs
surveyor
assistant

Other
video rental

$ r zooo
2000
10 00

2000

PHASE IT COSTS
Personnel

surveyor
ass istant
of f ice

Other
PI travel
supplies
publ ication
video rental

$rzooo

$z a 000
9 000
2 500

1000
4000
1000
2 000

$a2500
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MONITOR TRIBUTARY SAND CONTRIBUTIONS, SAND TRANSPORT,
FLOW, AI{D PHYSICAL AI\ID CHEMICAL CONSTITUENTS AT MAIN

CHANNEL GAGING STATIONS DURING THE INTERIM FLOW PERIOD

A. ABSTRACT:
Condnuation of the flow and sediment monitoring effort at fivc main stem and tributary

gages' with additional sedinent dau collecdon at the five triburary gaging sutions to moninr flow,
sediEcnt lanspoqt in the rnain stem and tributary scdiment inpus during thc interim f,ow
monitoring Perid. Continuation of montoring select physical and clemical constituens rt six
main stem and four tibutary gage$ in suppon of interim flow monitoring plan l-c and l-e. r

B. OBJECTIVES:
1. To drcumcnt flow at five main stem a.od five tributary gagcs for all monitcing cfforts

requiring flow inforoation.
2. To bener defuie the sedimcnt transpory'flow relations at all gages.
3. To document the dclivcry of scdiment o the main stsm during the inrerim f,ow period.
4. To document cbanges in watcr temperanlrc, ptl, dissolved oxygen, urd spccific

conductancc dtuing thc interim flow period
5. To mqnage and mainain thc hydrologic data base o make data available to all GCES

entities.

C. JUSTIFICATTON:
Virndly all of thc intcrim flow mnitoring clcments rcquirc information on flow

throughout tbc Canyon. All monitoring efforts inrotving thc stability and evaluation of sand
deposis necd informatioo on the cffccts of intcrim flowJ oa tbe ratci of sedimcnr tra$port in thc
main channel o compare with scdirDcnt transptrt rrrcs measured druing the rcscarch fbw pcriods
and historical rars measrncd pric to thc GCES Fogram. In thc shon tine intcwal of thc iaterim
flow Pcrio4 it is ncccssary to monits sedimcnt inpu6 !o tbc oain stco &om dre largcr ributaries
in case the scdircnt delivery is significurtly differcnt from tbc long+crm rates dcrivcd from the
historical rlcords fo1 1qc of thc maior tributaries The effccts of iignincant dcparnrcs would
havc o bc accounted for in analyzing changes in main stem scaincnitransport dising rhe interim
flow period. Motodng selcct physical urd chemicrl constinrens duing thi intcrin ttoo, poioA is
necessary o tboec agencies rcsponsible for the prorocrion and welt-bcing of native anC ciuic fish
species in the Oolorado River and it tributuies. Signifrcant cbanges in wacr rcmpcranre, ptl,
dissolved oxygco, or qpecific conducance could @curduring theintsim flow pcriodduc o
tributary inflsv and changss in tbc quality of wucr being releasod frorn l-akc Powcll bccausc of
lowcring orrising lale lcvcls

-, Although our Octobcr 9l budgct rcqucst did not contain funding estimatcs fc the
tributary scdimcnt monioring and the minimonitorncnrorlc, thesc cbmJnts arc planrcd o bc
reinitiated for thc intcrim flow perilds due to input from GCES staffand other cbopenting

leeryigs as being csscntid for the interim flow period Thc resulr is rhar nctwork opaation coss
for FY92 are $342,E00, of which $il7,?00 had bccn expended by January 31. Thifirnds to bc
provided the Arizona District for all programs is prescntly cstimated to be $455,000. Of this
$455,000, anothcr $2E3,400 will have becn expcndcd to bring all thc othcr efforts rc aconclusion
and complete thc EIS reports in March. Thus, of thc $455,000 atlocarcd to the ArizonaDistricl, -

GcEs oEF-lgE coly
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only $53,900 rcmains to fund any program. If thc hydrologic network is to continuc in operation,
and assuming the $53,900 is applied to that program, the additional funding needed in FY92 toals
$ 197,300 including $26,100 forthc rcinsm,rmenution on some of thc tributaries. In FY93, the cost,
assuming 5 percent inflation, will be $21,4ffi forthe intcrim flow monitoring componeng
assuming that GCES funds the monitoring network ar $360,700 for a grand total of $388,100 in
FY93.

D. BACKGROU}{D INFOR}IATION AT{D EXISTING DATA.
Long-tcrm rrcords of 0ow and scdiment transpon ar€ available for nro main stcm stations

and ttrcc of thc major ributarics. Both flow and sedimcnt-mnqport daa are available from all
stations for scveral pciods of tinc in GCES L Minimonitors tre crrreotly in placc u thc six main
sam gaging sutions and arc rmrding continuous data of water remperaturc, pH, dissolvcd
oxygcn, utd specific conductance. Continuous rccords of these constitucns havc bccn availablc
sincl they werc insulled during thc latcr pan of 1990. Minirnonitoni wcre discontinucd at thc'
tributary stations u the bcginning of fiscal yar 1992 due to budgeury reductions in tlre GCES
prograE

E. METHON:
Standard rcchniqucs fqmonituing flow (stage) and coUecting and processing bimonthly

scdiment sanples wiU bc uscd" Autornatic samplcn will be uscd on uibutaries to capture data
during infrequenttunofrwcnts Minimonitcrecordcrs will bc uscd torccord watsrtcnlrsrature,
pll, dissolved oxygen, and spocifrc conductance on a continuous basis (hourly unit values) and arc
currcndy in operation on the mah stem. Recorders will need to be reinstalled at thc tributary gagss.

F. INTEGRATION WIfiI THER MONITORING EFFORTS
Ttris cffon oomplcocrs USGS and othcr GCES studics including scdimcnt, flow, and

fisheries relatcd lmgraos.

G- PRODUCTS TO BE DEYELOPED:
All data will bc procascd and placcd in rhc bydrologic darr basc, which is apccssiblc and

availablc n allentiticsinvolvcdia thcGCES-trand inrcrimflowmnitqingpsograns. Flow and
physical ud chcmicrl dan willbc enrcrpd ino fte dau base as it is obtaincd tbrough alentry.
Rcsults of sediment-sample anrlyscs witl bc cntcrcd as soon as thc lrbcatory bur uulyze samplcs
and rcport rcsults (usually 3 mtbs).

H. TIME TABLE:
This is a contiruation dwork csnicd out undcr GCES-II and will end in Scpambcr 1994

or at thc end of thc irtcirn flow mnitoring pedd

t BUDGET ATTACHED.
Coss includc both FY 1992 and FY 1993. Fiscal year 1992 is 88 pcrcent of thc total cosr,

or 919,300 of the W4JW totrl..
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GLEN CANYON DAM ENVIRONMENTAL STUDIES

INTT'RIM FLOW MONTTORING PROGRAM

Development of a Monito{rg Program of Sedinrent-storage Change in Alluvial Banks and
Bars, Colorado River, Grand Canyon

John C. Schmidt
De,partnent of Gcography urd Earth Resources

Watershcd Science Unit
Uah Statc Univcnity

A. Abstract

This l-yr project will (l) dwelop a nrethod for monltgring change in atluvial banks and

ban aldnj fiie continuous reaclics of the Colorado River, urd (2) deryqbe and quantify 
.

churges li ttresc reaches dnring ttre study pcrid Surficial geology of q" rivcr corridon in
tlresc-reachcs will be map'ped dno 1:2400-scale lopographiC base maps,,lascd on field
work and interpretation 6i tgqZ aerial photography. 

-Changes in alluvial banks and bars

will be deternrinea by comparing these-rnapi",i'ttrioncial-geologic npps-deyelo'ped for
thc sanp rcaches bascd on intcrpreution of historical acriql_pholography t'or thc ycars

1965, 1973,1980, 1984, 1985, t982, 1988, 1989, and 1990. Inrcrprctationof sediment-
sorage changc will be madc aftcrall maps havc ben entcrcd into aGeognphic
fnforiration Sysam. Changcs in the area of differsnt t'?cs of &posits qgd thc
charactcristiciof sp*ial chinge of each large dcposit will be waluated. Thesc anal-yqs,
inrcgntcd with thiresults of sanO-Uar invcntorici also conrpleted in this pqoject pd wittt
tesuits of opographic surveys of spccific sitcs, will rcsutt i-n comprehcniive evaluation of
changc of all types of alluviil bon[s and bars in Gnnd Curyon. l"I.Pt and computcr daa
fles do,elopeih ttris Flrojcct can be ttrc basis for long-ternr monitoring.

B. Objective

Sediment-storagc changes in alluvial bars and banks will be monitorod by qgmparytg bry
area and shape 

-in 19%-with hr area and shapc at othcr_timcs.^lYlqqt of scdimqnt a"po*q
in NPSdcsigtatcd reaches I (vicinity of Glcir Canyon D@,2 Gqq MiIc o€athedral)' 3

(Saddle Curyon arpa),4 (Nankoweap o Kwagunt), and 5 (Linlc Colorado Riverto
ilr*art will b compieted using basdmrps and lW2an photos proyidcd by GCES. The
precentcondition of ttresc scAimentdepoiits will be compared with the historic variability
in size and shape of thesc bors bascd cin inrcrprctation of hisoric acrial phoograpls.
Hisoric analys'is of alluvial deposits for Rcaihcs 1, 2, 3, andparts of 5 will also be

comoletod in-rhis proi$g histoiic analyscs for Rcach 4 ard othcr parts of 5 have already
becn completed" Chringes in the area ind characaristics of all scdiment dcposits covcrpd
by thesc riraps witl Ue &atutca with the aid of Arc-Info sofn*rare. fui inventory of thc
siatus of all iredimcnt deposits between Glen Canyon Dam and Diamond Crcek will also

bc conpletcd and comparcd wittr prwious invenories.

C. Justification of Objcctive

The purposc of air phoo map'ping ud inventory of scdimcnt deposits in Grand Canyon is

to cotnpiettensively monitorihan-ge of all sdinientdeposils in selccted rcaches. -ortgoing
opogniphic surveying of selected-sand bars provides dctailcd opographic data about
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sclectcd bars, but does not permit system-wide analysis of alluvial deposit change because
of uncertainty about the rcpresentativeness of any sample set to surveying sitcs. Analysis
of spatial changes of all deposits in continuous rcaches provides an dternative strategy for
asscssing change. Such a stratcgy permits analysis of area changes that are inexact
surogates forvolume changes. What is lost in topogaphic detail, however, is gaincd by
comprcl :nsive analysis of all deposis in continuous reaches. Previous studies (Schmidt
and others, 1992: Clark and others, l99l) have shown thatvolume changes can be
estimated from measurements of area-

Mapping of area changes also permit assessrnent of ttre significarrce of change measured
for thc short-tcrrn monioring perid by comparing that change with rncasuremcnt
dctcrmined for the sarne reactrts for ttrb entirl period during which hisorical aerial
phoographs are available. Somc shrdy sites h-ave been relatively stable since closure of
Gten eariyon Dam, while bars in othd channel e:rpansions have changed gteatly in size.
Ttre signficarrcc of any short-tem mcasuremcnts Can only bc deternrined when that rccord
is placed within thc conrcxt of thc long-term tinp record ard a large spatial scale.

Inrcgration of the two apprcaches -- ground surveys and continuous mapping for sclected
rcac-hes -- therefore proiiAes a sound basis for evaluating systom-wide changeg oJ alluvial
deposits. Thcsc results will bc supplcnrntcd by a comprchensive invcnory of dl
sedirnent de,posia bcnpecn L"ecs Ferry urd Diamond Crcef to cnsur€ that changes
throughout Grand Canyon are moniored.

D. RackFound Information and Existing Data

Schmidt and Graf (1990) uspd inventory tcchniqucs to asscss alluvial-deposit change
bcnvcen Lces Ferry and Elves Chasm, and Znk (1990) continuod tris uralysis
downsream to Diamond Crcck Becausc river stage varics widely atmng ttrc airpholo
scries that wcrc comparcd, a simplc sbatcgy of accounting fu presence or abocncc of sand
bars in each cddy was uscd. Thii tcchniqw is sufficient !o determine gross changesin
scdiment storage in narrow rpaches, but ii is not srfficicnt to idcntify zubtlc crosional or
aggradational Changcs that are likely to occur during s pedd of successivc ycus of
$werplant discharges as arc cxpectod for thc early l990s. Similiar saaEgies of srnd
dcposit invcntory uiing 1990 photography havc been conplercd by &e NPS in ordcr to
asscss changcs in campsirc sizc (Wanen and Keanely,lW2\.

A nrorc dctailed uralysis of sand-bar change is being conductcd by Schmidt ard co-
workers in drosc readtres of Grand Canyoil whcre tfrb USgn has fucparcd 1:240Gscale
opographic basc maps - ttre Nukorrtip reach (Reach 4) ard thc Unle Colorado Rivcr to
Uirldr riactr (Reach Sl. ln these reacheS, maps df surficiat geology of the rivcr conidor
are being made for each year that historical air photography is available, using a stcroo
zoom-uansfer scope to adjust photo scalcs. Tliesc maps have bccn enErcd ino an Arc-
Info GIS data bad, ad d;c u6a anA spatial chancqiitics of sand ban and ottrcr deposis
are being conpared. At prescnt, onc rerch (RM 52-56 in the vicinity of Nankoweap-
Rapids; Cla*; t992> and- patts of a sccond reach (RM 6G72) have been finish€d. All
digrtal data are being scnt-to ttre USBR for inclusion into thc comprehcnsivc Grand
Canyon resource GIS data basc.

The preliminary results from this uralysis show that changss in bars ard banks can be
evaluated dcqpite differences in rivcr discharge atthc timc of each historical phoo
(Schmidt andothers, 1992). RiverdischargCis accountd by dctermining a best-fit
relation bcnrecn river discharge at ttre time of each acrial photo ard thc area of sand
exposed in that photo. Residuals from this rclation art thcn dearmined to identify tinrs
wlien thcre is more of less sand exposcd than would be prcdicted by the linear relation.
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Time-scries plos of these residuals illustratc bar and burk response. This strategy has

been successlful in Reach 4 (Clark and others, l99l). Appendix A is excerpted from
Schmidt and others (1992) and describes these techniquis in more detail. Because all data

is enrcred into a GIS data base, spatial changes of individud deposits can be- evaluated by
comparing the charactcristics of ipecific sites over a range of discharges and times.

In some reaches lacking topographic base rnaps, hisorical changes in sedimgqt deposits
have been evaluated by mapping surficial geology onto base maps develQPed_from a

common air photo scale (Clark and others, l99l). This type of analysis ha_s_bee-n

comoletcd inthe viciniw of Badger Cbeck Rapids, Ninaeen Mile Canyon, Hundred
Twehrytwo Mile Cteek, and Fcnl Glen Rapidi and will be incltded inttre final version of
Schmidt and others (1992) duc in March.

Schmidt and others (1992) and Schmidt and Gnf (1990) also showed that topographic-
surveys of individuai snUV sircs are not neccssarily rcpresentative of the broad raqgc of
sand 6ars in Grand Canyon. Study sites sclectcd by Howard (1975), 89$ qnd others
(1985), and Beus and Avery 099i) are rcprcsentative of the behavior of higher elwation,
more iltable sitcs, but not of low elwation-rpauachnBnt bars where most eddy sediment is

stored. Thus, a scdinrent storage monitoring system must account for-changesthroughout
the rivcr corridor and not just it topographic nionitoring sitcs. Secondly,-in.order o
evaluate thesc spatial chariges, stroit tcrm changcs musibe cvaluated in rclation to thc
pacerns of change deteminEd for the longest pfrod of tinp available from historical air
photography.

E. Moni toriqg T€chniques:

For purposcs of this proposal, it is assumed that 1992 airp,hgto-s qre p.rovi${ by the Glen
Canyon environnpnlal Studics program or by thc National Park Servicc. It is also
assu-nred that thesc phoos are of a iate simiUar o thosc prcviously- flown by the GCES in
1984 and 1990. In itcaches 4 and 5, thc arca of sand ban will bc directly mapped onto
the cxisting Opographic basc using a stcr@-zoom Uarsfcr scqe.At presc-nt, USBR
projccts co-mpief,on of topograptriE Uase mrps (scalc l:2400) fbr reaches l, 2, urd 3 by
'eaiy 

1992. Surnciat gco-logf of thcsc rpacfrs, as wcll asparts of reach 5 not yct
coniptetcd, will bc tnappcd riting air photos supplgnrntcd b1!9ld-ryo*^llorder to
comiarp and evaluatcthangc, rilvcr ionidor c6irditions in 1990, 19E4, 19E0 ,ln3,1965,
and 1952 will be mapped onto the sanp bascs.

All maps in this project wil be digitircd ino thc sanp GIS data basc reftrenccd to LITM
coordiriatcs uscd-in prwious wor[. Digitizing ard analysis of daa will be complacd at
the Cenrcr for Rcmorc Sensing of thc College of Natural Resources-

Su@uent monioring in thcsc reachcs will only necessftarc intcrprctation of a new aerial
phoodraph series. Ttiere wil bc more limitcd nccd for field inspection, because the types

bf aUrivi.it deposits and ttre charactcristics of thcirchanges-druing tlp p?tt 30 yn will havc
already ben bompleted. The projected costs of Sris pan of the monitoring progam will
decreasc significantly.

Elsewhere in Grand Canyon, the inventory nethods of ttre NPS and GCES will be

continued. Thesc invent6ries will permit i-dentification of thc number and size of dcposia
that may be changing over tinrc. Conpletion of srrch u inveno-ry will enstrc that thc
entirc iiver conidor Is evaluatc4 and lirge magninrdc changes that may gccg at sitcs not
mapped or surveyed in the field will be identiliea Thcsc sitcs can then be further
investigated by field ct€ws.
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F., lnte gration with other moni torin g efforts :

There will be overlap in the monitoring of approximately 6 sand bars which arc regulaly
surveyed for topogriphic change (Beus and6thers, 1992) and which occur in one of the

study'rcaches abAiesfod in this-prdposal. This overlap will pgm1! continuing.evaluation
of the r€prcscntariveness of topogriphic monioring sites, ana wn be critical if GCES is to
make dei:isions about the num-ber arid frequency of opographic surveying throughout
Grand Canyon.

Results from alluvial deposit monitoring can also be integrated with results of the U. S.

Geological Sunrey discliarge and scdiment-transport nronitoring Pfograrn It win aho be

imporUnt to inrcgratc rnapping of surficial dcposits with any rnaPPing oJvegetauon
disfibution in thc sarnc ar€as. Results of all mapping in this pro;ect wil be made
imnrdiately available to boanists conducting thc laucr surveys.

G. Products:

The following wil be the dcliverablcs for this Projecr

1. Surficial geologic maps (scale l:2400) forreachcs lt2t?tgnq$^ory^qry-9f^1cach 5

not aksady Eompletcd f6r historical conditions in 1952, 1965, 1973, 1980, 1984, l99C'.

2. Surficiat geologic maps of reaches 1,2, 3,4, and 5 fot 199t2.

3. Edited Arc-Info frles of all data lisrcd in stcps I ardz,rcfererrced to ttre UTM
coordinates of each opographic basc rnap.

4. Analysis of spatial changcs in all scdimcnt &posits rnappcd on each map scries.

5. Results of inventories of all scdiment dcposits throughout Grand Curyon.

H. Tirnetable

The following timeable assurncs an award date of May l,lgg2,and a contact period of 1

year.

aquir€ air photos; intial field l@onnaissance
preliminary mapping of snrdy reaches
final field chcking of rnapPing
digtizc rnaps
analyzc data

PrePare fual r€Port

Refercnces Cltod
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Beus, S. S., Carothers, S. W., utd Avery, C. C., 1985, Topogfaphic changep in fluvial' 
tenacedeposits in Grand Canyoni Journal of the Ari2ona - Nevada Acaderny of
Science, v.20, p. lll -120.

Clark, J. f., Kylc, E. L., and Schmidq J. C., 1991, Mapping_sedimurt-storage changcs
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November- December
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April - May



Howard, A. D., lgTs,Establishment of benchmark study sites along the Colorado Rivcr
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1. John C. Schmidt@$4t4Umth

B. Other Personnel' 1. (0) Post Doctoral Associatcs
3. (1) Graduatc Sttuilent @ $1000/mth

C. Fringe Benefits
1. Senior Personnel (37%)
3. Graduatc Student (16%)

D. Pennanent Equipment

E. Travel
1. Dornestic

a- Principals
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1. Stipends
2. Travel
3. Subsistence
4. Other

G. Other Direct Costs
1. Matcrials and Supplies

a. Telephone
b. Other

2. Publication Costs
3. Consultant Services
4. Computer Services
5. Subcontracts

0.5 207 |

I 10000

766
1600

none

500
s00

0
0
0

0
500
100

0
4500
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H. Total Direst Costs

I. lndirect Costs (37 Vo)
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* assunps that GCES will provide logistical support for field work in development of
surficial geologic base maps for reachcs l, 2, urd 3
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sand deposits. Suge-ro-dischuge relations were developed at each study site. A detailed

descriprion of the merhod as applied to one study site is descnbed in appendix A and is

described fully by KYle (1992).

CHANGES IN SEDTMENT DEPOSITS
v/ia

Figue I shows the surficial geology of part of the reach between river miles 55 -

56. Clark (1992) has described the characreristics and disribudon of these deposits. Table

4 lisrs rhe area of rhose rnapping unis primarily comprised of sand. Becausc river stage

affects the extcnt of subaerial exposure of scdimcnt deposits, a correcdon for thc different

.river sgges was developed- Figure 2 shows the area of different tlpes of sand bars in

differcnt years and the discharges ar the times of those photos. This figure shows that

reanachment bars comprise over half the rcal area of all sand deposis, and that the area of

exposcd sand is affected by river discharge. The e4uations for the linear regression lines

for reanachment bars and for the total area of all scdiment dcposis are:

A1 = 63363 - 29.267 Q' and

Ar = 43,496'25.W Q, resPectivelY,

::il.fsiflffiil l'#T::Tn il,Hff TTi"
meters per second.

Ttre r? valuc of rhese rclations is 0.76 and 0.80, rcspcctivcly. In conuast" the slope for

rcgession relations for scparuion bars and margin dcposis are nearly flat' indicating that

therc is esscndally no rclation bctwecn the aposcd area of thesc bars and rivcr suge. This

siruation exists because boft of thcsc bar tpes tpically occur at elwations higher thut thc

stage of any of the discharges of the aerial photos. None of thc reladons of frgure 2 are

valid for discharges grcarer rhan thc range of values shown on the abscissa

Temporal churges in area of thcsc bars was dercrmined by calculating the differcnce

between predicted and acnral area for each bar type for each year urd ploning the time series

of thesc residual values (figrre 3). Thesc daa strow that rcsidual values of reattachment

bar area and total bar arca increascd bctrreen 1965 - 80, dcctined beween 1980 - 87, utd

then incrcased from 1987 - 90. The calculatcd value for 1989 is anomolously high and is

nor included in the interpoladon line connecting thc other data in figurc 3. It is uncertain

why rhe 1989 value is so large. It may be that bars did acrually aggrade bctween 1987 -

89. and then degrade from 1989'90. Such a scenerio must !e confirmed by rcsults from

mapping in other rcaches before a detailed assessment of 1989 - 90 bar crosion is initiated'

The proportional change in each deposit t)?c was csdmated by dividing the residual

values of figure 3 by the prcdicrcd values for each year. Figurc 4 shows that rcanachment
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Figure 1. Example of eurficial geologic map of Colorado River near S5-mile
bar. River flowg from left to right.
A. Hay 14, 1955, discharge 792 rlPlq.
B. June 3, 1990, discharge 141.5 mr/s.
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barareainthis1.6'kmreachincreasedbyaboul20pei'centberu,e:n1973-EO. 
Between

i9E3 - 86. rhe area of these bars ciecreased nom.J0 percenr ro -30 p€rcenr. a penod
inciuding tire high annual peak discharges of 1983 - 86. The rare of a*q-gradarion berwecn
1987'90 is similiar to rhat of rhe 1973 - 80 penod. The proponional change in separauon-
bar area is rlpically less than for reatrachmenr bars, excepr for rhe i965 - 73 period, and
fails ro reject $e hlpothesis that separadon ban are more sabie than rearachmenr bars.

Change in the area of vegetated rcanachmenr bars is shown in figure 5. Because
vegetarcd arcas occur at elevadons Sreater rhur the sage of any of rhe air phoros. changes
in vegeiated arca have no sa-ee-dependent bias. Figurc 5 shows thar vegeation expanded
'is range on reanachment bars berween 1965 - 80, was scoured by high dischar_ees, and, has
subsequendy reestablished irself in the 55 - 56 mile reach.

Collectively. these figures show that (1) reanachment bars have been subjecr to a
EreaEr range of aggradadon and degradadon thur separation bars or margin deposis, (2)
that all deposis increascd in arca from 1965 - 80, (3) that reartachment bars decrcased in
arca during the period of high d.ischarges from 1983 - 86, (4) thar the decrcase in area was
Erearcr for the period of high discharges in 1985 and 1986 rhan for the period of high
discharges in 1983 and 1984, and (5) that the arca of reatachment bars has incrcased since
the cessacion of high discharges in 19g6.
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DEVELOPJVIENT OF AN I]\TPROVED SEDI:VTENT.RATING CLlRVE FOR
THE GRAii{D CANYOIT GAGING STATION AT PHAI\TOIII RANCH

DURING THE II.{TERIM FLOW PERIOD

A. ABSTRACT:
Estimadon of sand budgen requires improvement of sand'rating curves by applicarion of

a physically based model to the rating-cune analysis. Moniroring of sand concenrarion and bed
topography at the gaging station ncar Grand Canyon will provide tbe data base necessary ro
develop rating cunves that can be uscd to compute meaningfrrl transporq in suppon of interin flow
monitoring plan item l-k

B OBJECTTVES:
l. Monior bed configuration in the reach abovc the Grand Canyon gagrng station and

measure detailcd velocity and sand<oncentration fields at the gagod section.
2. Develop a physically based rating curve for rhe sration.

C. JUSTIFICATION:
l. Coryuudon of sand loss or gain in rcachcs bcnlecn gagrng sutions under inrerim

rcleases requires well-constrained sand-rating curves ar gaging sadons. Rating curves developed
by purcly empirical analysis from available data have an unacceprably high uncertainry. Also,
raring curves devclopcd in that way for gagcs downstr,eam from thc Grand Canyon gages att
identical , malcing it impossible to use them for compuation of sand budgcts.

2. Thc long timc serics of discharge and scdiment mnsport at the gaging sution near
Grand Canyon oales this sirc a critical pan of a long+ero monitoring program. Developcnt of
a more precisc rating curve will facilitatc the interpr€rarion of historical dau for comparison ro
interio flow conditions.

D. BACKGROUNID INFORII{ATION AhiD EXIITING DATA:
Existingratingcurves atthc gaging stations wcredevclopcd fromrrgression analysis, and

the scanerof dau around thecurvcs is qpically several ordenof magnitudc. In 1991, ur cxrcnsive
suite of samples and reasurpments was collectcd at the gaging station abwe Nadonal Canyon o
tcst the conccPt of using a local scdimert transpct model to geneare a sand-rating curve fa rhc
sia. Data included repeated $rr'vcys of bed topography at Eonunented cross sections in thc rcach
above tbe gage and measurement of dcailed velocity and suspcnded sand+oncentration fields
during research flow benpcen Jutuary urd August 1991. Analysis of data and rating-curve
developmeot are in pmgress for tbe National Canyon gage.

E. METHODS:
Methods uscd are thosc used in l99l ar the National Canyon gage. Thcse included

installation of an automatic point samplcr for obtaining samples ar a point at closely spaccd timc
intervals, monitoring of bed topography at monumcntcd cross sections in ihe reach above rhe ga!e,
and measuement of point velocity and point suspended-sand concenuadon from the cableway at
peak discharge of thc daily hydrogaph. Bccause interim flows will not range as uqidely or bc as
variable as the rescarch flows, fcwer sampting intewals are plurned for this sirc than werc sampled
for the National Curyon gage. Methods are describcd in dctail in thc repon of the National Qnyon
ratin g-curve developmcnt

GCES CFFICE COPY
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F. INTEGRATIOI{ WITH OTIIER MONTTORING E}'FORTS:
This wo* is an inregral pan of ma.rn channet flow and sediment monitoring. Results of

this work are required for meaningful analysis of the data coiiected as a part of that monitoring

PrograrD.

G. PRODUCTS TO BE DEVELOPED:
l. A dara scr suinblc for current and fururc devclopment of local sediment-ranspon

models.
2. An imprcved suspended sand-raring curye for the Grand Canyon gagtng station.

3. A long-term monitoring plan for the Grand Canyon gage.

4. Qpanerly repons of progress and data acquired in the previous quancrs.

H. TIME TABLE:
Bed topography and suspended-sand and velocity fields wiU be monitored duing interim

flows in the spring and early summer of 1992. Laboratory analysis urd rating-curve devclopttent
will bc completed in fiscal year 1993.

L BI,JDGET ATTACHED T I
Budget includes both fiscat years 1992 and 1993. Fiscal yar 1992 costs are $79,700,

33 pcrcent of the total costs, which arc $245,600.
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MONITOR MOVEMENT OF SAND IN REACHES BELOW THE PARIA
AND LITTLE COLORADO RIVERS DTJRING THE INTERIM

FLOW PERIOD

A. ABSTRACT:
Moniroring of sand storage changcs in reaches below the moutbs of thc Paria and Uttlc

Colorado Rivers and application of flow and sand flnx modcls will allow esnmation of rates and

locuions of deposition downsream frrom thesc major sand sources druing the interim flow
rcleascs. Tbc work is in support of inrcrim flow monioring Plan, Itcm ld.

B. OBJECTWE:
Documcnt thc mvemcnt of sand in rcaches downsueam from thc Paria and Littlc

C-olorado Rivers

C. JUSTIFICATION:
Because of the scverely limited range of thc inrcrirn flows, the next 2 years will bc a period

of substantial nct deposition of sand in the Canyon. It is very.important o determinc how tnarcrid
that is added from thc Paria and Littlc Colorrdo Rivcrs is frsrdepositcd in the main stem Colorado

and how and at whatrarcit is moved downsrrea.o- Tbcse aredifficult butvcry imporunttasl$ and

can bc accomplistred only with a carcful blcnd of data collection and fluid mcchanically bas€d

analysis suppieocntcd with thc various Oow and sodincut transport modcls tbat are cunently

under development

D. BACKGROUND:
' We know from p,revious work thu sand is dcposited in parches and lcnscs ard, in Easy

cases, frlls the spaoqs between the cobblcs and bouldcn ratbcr than sooothly inccasing the ,
elcvuion of tbc-bodover largc regions Ccrtainly, it is not unifcmly distributcd ovcr tbc cross

scction. To some cxtent, ttrcsc parcbcs mvc from placc o place as the sand is Ea[sPulcd

downsueam; thcrebrc, eiasutocnts of bcd-surfacc clerradon at a small nuder of poorly

sclcctcd sitcs are of lini6d vatue. As a conscqucDce of tbc lirnitcd range of iotcrim fbwi san&

transporr rates will bc small urd difiicult to measure accurarcly. Sand-accumulation raas probably

wiff iaU rapidly witb disuncc dowlsuean from tbe jnoctions of the two m4jortribuarbq mlHnS

dcposit 
"oin 

c asscssrDcot difficult cxcept ncar thcsc two srnd sources. Mottovcr, u thcse low

discharges, cpbemenl dcposition and erosim of silt wilt causc large enon in sand'volurc
cstimatcs. Thesc problens require foctsing the sand voluc mnitoring cffort on thc uPstreiNa

pan of the C.oy* and using trc data in cloec coordination with tlre aocurate fbw and sand flur
modelscunentlyundcrdcveloprcnl InthismanncrthcsigndtobeneasuredcanbcEaxiniz!4
noisc in the data can be filtcrd by comparison to thc trends of data from nany locations collectcd

at a vuiety of timcs urd sagcs, and thc racs and locations of deposition at dowtlstrlan sites tbco

can bc estimated using thc modcl.

E. METHODS:
We p'ro,posc to establish monumentcd cross scctions at five Poins in cach of five reachcs

downsueam from tlrc Puia and Littlc Colorado Rivcrs firis would bc 25 cross sections

downstream frrom the mouth of each rivcr. Ncar the mouths of thc nro maju sand conuibuting

tributaries, deposition rarcs will bc large enorgh that appropriarc scctions can bc rcadily idcntifiod

GCES CFFICE COPY
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the best sand deposition monitoring procedure is to first dctermine the bcd topography and

roughness in relarively long scgments downsrearn from thc Paria and Linle Colorado Rivers.

Expericnce here shows that this can be done efficiently by zigzagglngfrom bar* to bank while
moving upsrreiun wirh a precise digtal ccho soundcr urd continuously locating the vcsscl with a

modern lascr ranging device designed specifically for this purpose. Owing to the broad sp€ctrum

of variadons in bed elevadon, rhe upsream gain on cach zigzag must b no morc thut 0.2 times

the mcan river width in that reach. Once a completc bcd-elevation data set has been obtaincd, a
quasi-ttuec-dimensional flow model can be run through rhis sh4ru1sl allowing arcas of erosion and

of deposition to bc identified and thus pcroitting bcd clevation monitoring sites to bc locatcd over
large areas of persistent deposition. A good sct of deposition monitoring sies needs to be selccted

and monumented by the second year of the interim flows. An intensc inrcrpreutive componcnt of
this effort is esscntial; a completely empirical urd bcd clevadon monitoring program in the farfield
will not yield useful rcsults bccausc of thc inability to unasurc local bed elevation with the requircd
precision.

Cross-section geometry will bc monitored nricc in fiscal years1992 and four tims iri
fiscal year 1993. Monioring would consist o[suetching a aglinc acpss tbc rivcr at the
monumented section urd traversing thc scction undcr the agline with a boat or raft cquipped with
an cchosounder. About 10 naverscs of eacb scction would bc made for each scction mcasurcmenE

in order to define thc mean geometry in the narow zone coverd by thc boar Closs scctions

measured with this technique at National &nyon in 1991 werc found o bc rcproducible to within
5 su- The budget fu L992p'rovidcs fq a 3-wcckraft trb to sclect, sxnunent, and do thc first
measur€Epnt on dre cross sections that can be selected imcdiately, a &weck uip o make the
batblmctric ncasuremcnts of thc loogerrcachcs, rndonc additional sip o monitorthc cross

scctions. kbor includes four people from the fuizona DisriEt Costs for raft support and cxtra
gasolinc required for surveys arE assumed o bc covered under the GCES contract and so arc not
includcd in thc budget

F. INTEGRATION WTTH OTHER MONITORING EFTORTS:
Ttis cffon complemcnts ttrc sediment-data collection at Paria River and LCR station

(IFMP-IE) as this effort will yicld dou on scdimentvolumcs that likely uiginatcd fron flow
cvcnts in the tributaries during thc inrrim flow paiod-

G. PRODUCTS TO BE DEVELOPED:
l. Maps showing the bouom configrnatim (topognphy) for each survey for each reach.

2. Maps sbowing nct cbangc in opography betwn survcys fon cach rpach,

3. Quartcrly rcports on prcgrcss, including dan collectcd, p'rocesscd, and rcviewcd in the
previous quar@r.

4. Report dcsctibing study and conputing volumc of sediment cbange that occurs in cach
reach.

H. TIME TABLE:
Survcys wil bcgrn as soon as possiblc, wit]t thc bathlmetric survey, initial cros-scction

measurpurents, urd onercsurvey of cmss scctions in1992. The map products wiU bc available
within thrce months of the suvcy urd the final report available in Decembcr 1993.
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M OII'IITOR DEB RIS.FLOW DEPOSITS, SEDI MEII{T soUR CES, AI{D
CHANI.iEL CONTROL DI.JRING THE INTERIM FLOW PERIOD

A. ABSTRACT:
Thc magnitude and frequency of debris flows in the Grurd Canyon National Par* is not

known in enough deail o make accurate long+ero predictions of debris-fur effccs on hydraulic
controls of tbe river and quantity of marcrial contriburcd to thc Colorado Rivcr. Monitoring
changes in debris-fan opography and devclopoent of a model fqthe sizc and occulence of debris
flows is, thcreforc, a necessary asp€clof main-channel flow and scdiment-transport modeling. An
understanding of themagnitude and frcquencyof debrisflows is nccessary forestimating sedimnt
delivery o ttre main channel for ungagcd uibutaries, for undentanding factors about bcach stability
that art notrelucd directly to inrcrim flows, and for undcrstanding the *abiliry and location of
beaches in the Grand Canyou

B. OBJECTIVES:
1. To determine thc frequency of debris flows that haveoccurred in the erand Canyon in

the last ccntury.
L To cstimarc the magnirude of histmical debrris flows in sclcctcd uibuarics.
3. To determine thc cffecs of debris flows on rapids and bcaches by direct observation

of flows tbat occur during thc interim flow period and fq selcctcd histqical flows.
4. To completc developmcnt of a p'robabilistic modcls of scdimcnt detivcry fr,om debnis

flows

C. JUSTIFICATION:
1. To dcrcrmine mot preciscly the quantity of the scdiocnt srrpplicd to tbc rivcr and thc

associated scdincnt-aocunuletion rarcs during thc intcdm Oov pcriod.
2. To benerasscss theprescnt and futurc likelihoodof sodiment supply fromdcbrris flows.
3. To acknowlcdge that tlrc oppornrnity to oale such obsenruions exist in the intcrim

flow period and tbat thcir inflrcncc on scdimcnt supply, ranspon, and deposition will daurented.
4. To bctter asscss tbc prescnt and futrrc likelibood of sodiment supply frm dcbris flows.

D. BACKGROI,JND:
Dcbis flows oocurommonly in aridregions with flasbfloodprecipitatim and stcep

topographn sucb as the Grand Canyon. Tbcy uc rarely obscrvc4 howwcr, becausc of tbeir .
rclative strm duration utd widc spatid distributbn. Ncverthclcss, tbe geomrphic rcsuls of dcbris
flows are dramatic; that is, thcir inllucnce ori thc configruation of the cbannel, npids, oddies, urd
associatcd bcach deposis arc significant over shmt and long timc scales. Geomorpbic pbenomcna
are inferred from the sorts of apprcaches being proposcd hcre.

E. METHODS:
A combination of fieH mcthods wiU bc applied in this u/ulc, including sndy of historical

photographs, dendrochronologr, and radio-isoop,e methods.



Hisrorical debris flows can be evaluated using t!rc abundant photographs that exist along

the C.olorado River conidor (Turner and Karpiscak, 1980). Thcse include photognphs taken by 
-

Robert Brewster Sunron in 1890 at approximately l-mile intcrvals, phorcgnphs by Jack Hillen of

the Powell expcdirion in 18?2, and eitensive photographs taken duing a USGS expcdition in

1923. Aeriat ptrorognphs, which were taken as early as 1935 also record the occurrcnce and

characterisrici of de-bril flows. Analysis of the danage, *'hether direct scarring or indirect ring

supprcssion caused by burial or root damage are additional methods for dating debris flows.

nadiecarbon dating offers yet another option for agrng organic materials entraincd in older flows.

The magnitrrdc of dcbrisflows is estimatcd by infcning thc velocities from "run-up" or

supcr-clevation e"idcnce in bcnds and thc inferrcd velcity. Dischargc is cstimated from

Ecasuregrnt of local cros-sectional areas. Magnitude can rlso bc e*imated by exeminltion of

thc size of thc slope failure tbat initiates the flow and from the amount and sizc of material that is

mobilized from thc channcl.

Thc particlc-size distribution of deb'ris flows can bc obtained from diroct measurement of

lateral debris-flow deposiS and deposis on debris fans adjaccnt to thc rivcr.

Thc extent of changes to rapids and bcaches assmiated wtih a recent dcbrris flow (1989 at

milc l2?.5) by the iotcrim flows will be monitored with appropriarc bcnchmark evaluation. .

F. INTEGRATION WTTH OTHER MONITORING EFFORTS:
Thc contribution of scdimcnr to thc Colorado Rivcr is an essontial input to the scdimcnt-

routing models. Debris-Oow conuibutions urd tbosc frrom ungaged tributaries srust bc known o
inrerp'rer sediment transport and potential dcposition in tbc main channel during the intcrim-flow

regire.

G. PRODUCTS TO BE DEVELOPED:
Rcports urd manuscripts for the rcfcrc€d litcraune dcscribing thc resuls of this wort"

Quartcrly rcpors on progtlss and data collcctcd in prevlrus quartcr.

Tt TIME TABLE:
Onc survey iras just bcen completcd (February 1992). Once a ycar (f8ll)' threc dchis-

flow deposis lpositeggj and any newbncs drat occur wiU be visitd- Rcpcs wiil bc availablc

within i rootti of the suwey urd a final report will bc prcparcd for delivery in Dacember 1993.

L BTJDGET (ATTACIIED):
Coss includcd both FY92 and FY93. FI92 co$s are $EE,sm or 54 pcrcent of the total

cost of $164,300.

I
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Monitorincr of Archaeoloctical Site Condition AIonq the Colorado
River in Grand Canyon National Park.

I
I
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I
I

Principal Investigator: Janet R.
Grand Canyon National Park

Balsom, National Park Service,

Abstract: This study is an outgrowth of the 100? archaeological
survey of the Colorado River corriidor through GIen and Grand
canyons conducted by the National Park Sernrice during 1990 and
1991. A total of 475 sites were recorded during the sur:rrey, with
336 considered as iurpacted or potentially affected by flows from
GIen canyon Dam. The National Historic Presenration Act (as
amended f98O) requires federal agencies to assess the inpacts of
their actions on sites which nay be eligible for inclusion in the
National Register of Historic Places. of the 336 sites potentialJ.y
affected, 313 have been deterrnined eligible for the National
Register, and an additionaL nine remain unevaluated until further
inf ormation is collected. fn order to fulfill comPliance
requirenents under the Act, determination of ef fect nust be
cornpleted and a program agreed upon by the land roanagement
agencies, State Historic Preser:rration Officer, Advisory Council on
Historic Presetrration and interested Indian tribes. This project
fulfills part of the conrpliance requireuents under Section 105 of
NHPA.



I

I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I

Monit or Arcnaeo e Con itic Al on e CoIo do
River in Grand Canvon National Park.

Principal fnvestigator: Janet R. Balsorn, National Park Service,
Grand Canyon National Park

obj ective

The objective of this study is to develop comparative data
necessary to evaluate inpactJ fron interirn flows to a specified
number oi archaeological iites which occur along the colorado River
corridor.
This study will conform to the monitoring stipulati-on reguired by
the frogiarnnatic Agreement between ths Bureau of Reclanation,
NationaL- park Senriie, Advisory Council on Historic Preservation
(ACHp) , and the Arizona State ttiltoric Preserrration Officer (SHPO) .

interiltea tribal organizations are concurring parties to tlre
agreearent. The monitoring program is to be in place within three
rnonths of the execution of the Progrannatic Agreement.

Justification
An objective of the moderited fluctuations during-the_interirn flow
perioi was to reduce the erosion caused by vide daily_fluctuations,
LnereUy benefiting the sedinent balance and raargin. d_eposits which
contaiir valuable Lultural resources. The study will assess site
conditions in various indirect and direct inpact categories during
the interiro flow period and coupare with baseline conditions
established pre-interin flow.

Backclround and Existincr Data

An archaeological suryey was coupleted as Part of the GIen Canyon
Environnrentai Studies, ihase II, of the entire river corridor from
GIen Canyon Dam to Separation Canyon. A distance of 255 river
rniles wal included in the surivey, enconpassing slightly over 10,500
acres. A total of 475 archaeological sites were recorded, and an
additional 489 isolated occurrences located during the eight nonth
sun/ey effort. Of the 475 sites recorded, 336 were deternined to
Ue impacted, or potentially affected by flows from Glen Canyon Dam.
As reqqired by Lfre uationll Historic Presenration Act (NHPA) (3s
arnenddd 1980); these sites were evaluated for inclusion on the
llational negidter of Historic Places. A total of 313 contributing
properties liave been identified within the area of potential effect
ifoirg the river corridor. An additional nine sites'renain
unevaluated and will require test excavations to provide the
infcrnation necessary for evaluation.

In order to evaluate site condition and inpacts as they relate to



the operation of GIen Canyon Dam, it was necessary to evaluate each
site based on defined criteria for impacts. The irnpact analysis
relied upon field observations. Assunptions about potential
impacts r.tere based on our current understanding of erosion
processes along the river. Four generalized categories srere used
to classify inpacts: direct, indirect, potent,ial and no irnpact.
Within the four categories, additional indirect and potential
inpacts subcategories lrere identified (Fairley et al 199L:26L-263).
Impacts or potential inpacts hrere not,ed for 70t (335) of the sites
in the river corridor
Evaluation of irnpacts must be considered in relation to the
criteria of effect set forth in 36 CFR 800. rrAn undertaking shall
be considered to have an effect whenever any conCition of the
undertaking causes or Day eause any change, beneficial or adverse,
in the guality of the historical, architectural, archaeological,
or cultural characteristics that qralify the property to rneet the
criteria of the National Register (35CFR 800.3)". The Arizona
State Historic Preserrration Officer has evaluated the 335 sites
that are considered to have direct, indirect, or potential iurpacts
from river flows. Of the 336 sites, 313 have been determined
etigible for inclusion on the National Register, 14 ineligible, and
9 sites remain unevaluated until a testing program is conpleted.
The reuaining 139 sites have not, been evaluated.

Given the determinations of eligibility and the irnpacts defined,
all sites within the affected environment of this project are
considered to have an rradverse ef,fectn detemination based upon the
possibility of rr. . . destrrrction or alteration of all or part of the
propertyrt (36CFR 8OO.3b1). rrAn ef,fect nay be direct or indirect.
Direct effects are caused by the undertaking and oscur at the sarue
tine and place. Indirect effects includi those caused by the
undertaking that are later in tiue or farther renoved in di,stance,
but are still reasonably foreseeabl.ert (36CFR 800.3a).

Federal agencies have been directed by the Advisory Council on
Hist,oric Presernration concerning treatment of archaeological
properties. Preferred treatnent of these properties is preseri\ration
in place. ff preseri\ration in plaee is not practical, appropriate
nitigation neasures shoul.d be developed through consultation with
the State Historic Presenration Officer, the Council, and affected
Indian tribes. This consultation process and the ensuing
nitigation Deasures take the fornr of a Progrannatic Agreeroent.
Procedures have begun for the drafting of a Prograrnrnatic Agreement
between the Bureau of Reclanation, Naiional park Serrrice, ACHP and
SHPO.

Methods

The methodology for nonitoring will be very specific to the
resources of concern and will be dictated by the agreements made
in the Progranrnatic Agreenent. In all likelihood, not all sites
will be included in the nonitoring programi a sarnple of, sites
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(apprcximately 2O*') from the four major inpact categories wilI
probably be selected for interirn flow rnonitoring. The rnethods to
be enployed in the monitoring program will likely be consistent
with the initial survey documentation methods. Field inspection
of sites, along with conparative photography will probably
constitute the najority of the monitoring program. Remote cameras
and time-lapse photography nay also be ernployed. The details of
the nethodology viIl be established as a part of the Progranmatic
Agreenent discussed above. A plan for nonitoring the effects of

'the interiur operating criteria governing the release schedule for
Glen Canyon Dan should be in place within three rnOnths of the
execution of the Prograrnmatic. The rnonitoring plan will include
measures by which adverse effects will be avoided or minirnized.

In addition to the in-field archaeological monitoring, consultation
with the affected tribes is required by NHPA and the Native
American Graves and Repatriation Act (1990). This is especially
inportant in site areas which have the potential to ccntain human
remains (i.e. any habitation .area). As the threat of erosion to
these sites continues, the possibility of erosion of human rena.ins
exists. n

Execution of this project wiII be done in cooperation with the
Archaeology Laboratory at Northern Arizona University. A
cooperati.ve agreement exists between Grand Canyon National Park and
the university for the needs of this project.

Inteqration with Other Efforts
The proJect described in this proposal is fully integrated with the
erosion studies ongoing by USGS through Richard Hereford and fvo
Lucchitta. The inforilation provided by the geornorphic studies is
an integral conponent of the site nonitoring program. Although the
selection of sites to be rnonitored is contingent upon the
Programmatic Agreement, it is likely that some of the sites chosen
will be selected basbd on erosion criteria developed by Hereford
and others.

This project is integrated with the other sediment studies on-going
by USGS, Utah State University, and National Park Senrice. This
integration is nainly in the forn of information sharing and
coordination of study sites between archaeological needs and the
geomot?hic studies.

Products to bq Developed

The products to be developed by this project will be determined by
the Prograrnmatic Agreeuent. It is likely that the results of this
monitoring prograrn will be developed into a Historic Presernration
Plan for the managenent of the sites located along the Colorado
River corridor. The f,orurat for the plan wilI follow guidelines set
forth by the Advisory Council.



Tinetable

The timetable for this project is dependant upon the Programmatic
Agrreernent. fn all probability, the monitoring progran will be in
place within three months of the execution of the agreement. The
budget attached to this proposal represents funding for Fiscal Year
L992.

References

Fairley, Helen C., and Peter W. Bungart, christopher M. Coder, Jirn
Huffman, and Terry L. Samples and Janet R. Balsom
1991 rrThe Grand canyon River Corridor Suwey Projects:

ArchaeologicaL sulivey along the Colorado River between GIen
canyon Dan and Separation Canyonrt. Draft report on f,ile Grand
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Abstract

The Hopi Tribe proposes to acguire bageline data to access the degree to
which interim flowe are impacting Hopi cultural values ln the Grand Canyon.
This information is necegEary for uee in fully evaluating the nature and
ext,ent of impacts to cultural reEourcea prior to developing nitigative
efforts. The information obtained will be ueed in conjunction with that
obtained by the Park Service through their archaeological site monitoring
prograrn to fulfill the requirements of cultural resourceE legialatlon. Much
of the work will be coordinated with the Park Service Divlsion of Reeourcea
Managment.
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Obiectives

The objectives of thie study are to acceas to lthat degree- Hopi cultural
valued within the Grand Canyon Colrldor are being impacted by the interim flow
regime. This will be complimentary work to that propoeed by the Park Service
foi archaeological site monitoring, ae required by the Prograrnmatj-c Agreenent
betr.reen the Eureau of Reclarnation, the National Park Servtce} the Advisory
Council on Historic Preaervation, and the Arlzona state Hlstoric PreEervation
Office, and will be coordinated wtth thelr atudy. The need for primary Hopi
involvement stems frorn the gacred and csoterlc nature of the tnformation being
aoughr. l{hile the phyrlcal degradation of rl,teg can and wlll be rneaeured
through the Perk Seivice nonitortnE, inpacta to cultural valueg can only be
accessed by the affected cultural group.

Juetification
Implementatton of the tnterl,rn f,lowt waa an att€mPt to noderate the rate

of degradation to reaources in the Crand Canyon. The degree of gucceEs that
is being achieved can only be ascertained through rnonltoring of,-the resourceB.
In the iase of cultural risources, thie le mandated throuEh varioue
regulationa (the National Historic Prelervation Actr thc Archaeological
ResourceE Protection Act, the Nattve Anerican Graves Protection and
Repatriation Act, the Arnerican Indian Religious Freedon Act). _ Several of
thege lawa reguire Native Arnerican particlpatton tn order to fulfill their
intent. In oider for this to adequltrly b- achieved, direct Native llnerican
involvement in the msnttorlng of cultural resource gttes muat occur, aB
impacta to aome claegee of cultural valueg cen only be eveluated by the
affected Native funerican group.

Backsround Inf,ormation

The Park Service has concludad e Clarg fII cultural resourceg inventory
of the Colorado River corridor betwecn cl.n canyon D.n end SoParatlon canyon
aa a portlon of the Phere If Glen Canyon EnvLrorurEntal Studle3. of the tl75
archaiological gitoc ldcntified by th- .urvey, 335 were found to have been
irnpacted either dlrectly or indirectly by the operationa of GIen Canyon Dam

anl of these, 313 have Lecn deter:nined to be eliEible for incluston on the
National Register of ltigtoric Placeg (NRI|P). For siteg deterrnined to be
eligible foi inclusion on the NRllP, tlir naiurc and Gxtent of Lrnpacts to theEe
regource cauged by federal undertektngs, and gubssguent €fforts needed to
mitigate these impacts muet bc accegged. The ageeelm€nt and eubseSuglt
mitigation nust tlke lnto account conc3rn! of Nativc Anericane and thls
requires direct involvcnent by relcvant trlbss.

As a cooperating rgency Ln the Glcn Cenyon Environnental Studtee' part
of the retearcl that thr-ttopl frlUc har bocn undertaking hat becn to exanine
the concerna of the Hopi people for regourcer ln'the Grand Canyon region. 

-This hae identlfied tha long-aegociation that the Hopi have wtth the Grand
canyon by virtue of it being an anceatral homeland and ae focug of spi'ritual
significince. Important reiource claseee have been identified, however,
mi€igative options f,or individual sites have not been determined ae this will
depend on the nature end extcnt of i-nrpacts occurring and strncific cultural
naLuee pr€sent at the eite. Ficld oviluation by relcvant tribal individualE
wiLl be needed to make thege lrrorrnent!. Monltoring of, the resourceg from
the traditional cultural atandpoint durlng th€ interim flowg ir an integral
part !n the futflllment of cultural reeources l€gi€Iation.

Methods



The monitoring of cultural resource impacta during the interim flow
period w111 be accomplished through two lines of action. Firat, field
visitation of gelected cultural regource gites will be undertaken with
appropriate Hopi membere. This nill be done at intervale in conjunction with
Park Service monitoring tripa. Cultural valueE identified by Hopi eldere wilI
be targeted for evaluation of, interin flow irnpacts.

The eecond aepect of the research will focug on evaluation of data
resuJ,ting from other monitoring ef,f,ortar agai,n wtth a Hopl cultural
orientation. Much of thie wlll be coordLnated wlth the Park Service
monitoring of arehaeological aites, a nurnber of whLch are of epecific coneern
to the Hopi. Likewiee, the regultr of geomorphological, hydrological, and
other work related to gedinent lore fron cultural ritea wlll be continuously
reviewed in order to ldentify additionel arsla of potentLal concern that may
require more in-depth monitoring and field virttetion.

Inteqration with Other MonitorLno Efforts
The work wlll be cloaely coordinated with the nonl.torLng and mitlgation

work being undertaken by the Park ServLce. Thc rerultr of the Hopi work wilL
be tled directly into the implementation of Sectton 106 nitigattve efforts, aa
requlred by Federal and State lawr.

Productg to be Developed

. Periodic repoats aa needed wilt ba prepared for thc Park Service in
order to fulfill the requirernents of cultural r.source lcgialation. The
tirnetable and frcguoncy of thecc wlll be detrr:arl,ned durlng thc develotnrent of
the progranmatlc agreement. Bl-annual progrcsr rGportt to Bur€au of
Reclamation will be prepared, begtnntng aLx monthB .ftsr signature of the
contract.

Timetable

Exarninatl,on of dete rerulting fron rerearch by othrr cool:rating
agenciea wlll conuncnce rt loon E! thr datr rre rvatlablc. Detcr for field
visitatton to rnonltor sltee wtll bc contlngent on Park Scrvtcg lelcction of
siteg and funplernentatLon of tha Programatlc lgrsement.
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Budget Estimate

Anount
A. Senior Personnel

Princtple Inveatlgator $ 2000.00

B. Other Peraonnel' Cultural Advisorc S 4OOO.OO

C. Fringe Benefitg (€ 18f of P.f. ralary) S 360.00

D. Permanent Equl,trxnent

E. Travel
Domegtic (a11 peraonnel) S 2000.00

F. Participent Supgort cost3

G. Other Dtrect CoEtg
offl.ce suppliea S 250.00

H. Total Direct Coste s 8610.00

f. fndirect Cogts (33.6 t of P.f. ralary) s 672.00
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J. Total Dtrect and Indlreet Coctg s 9282.00

K. Estimated Amount from Other Soureeg

L. Total ProJect Amount s 9282.00

*r note - 4 river tripa to oonitor rlter ere propoead. these will be
coordinated with thc Park Scrvice monltorinE tripr. GCES support
will bc nec.slrry for therr tripa.
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UONITORING OF ARCHEOLOGICAL SITE CONDITION ALONG THE COLORI\DO RIVER IN GRJND

cAl[YoN NATT,ONAL RECREATIoN AREA

Addendum to:

CA!,|YON NATIONAL PARK

chris Kincaid, Principal Investigator, Division of Resources Management

Obi ective

The objective of this study is to develop cooparative dat'a necessery to evaluate

inpects fron interin flors to a specified numUel-of archeological sites which

;;;t along the Colorado River coiridor within the Ptrk'

This study will confonn to the mcnitoring stipulation. required by the

Programtatic Agreement betreen the goreau of nectanation' Hetlonrl Park Senrice'

Advisory Cotrncll on Hietoric Preeervation (ACHP), lnd the Arizona State Bl'etoric

Preeenetion Officer (SHPO). titerested tribal orgaai"ations ere concurring

ptrties to the rgreeaent. llre nonitoring Progres ts lo bc ln plrce uithln three

nonthe of ttrc erlcutlon of the Progrematic Agreenent'

Justificrtlon

An objectlve of the ooderated fluctuations during the interin flow period rss to

reduce the erosion ctueed by ride daily flucturtions' thereby bcnefitlng the

eedLmeot belence rnd orrgln dcposits shich contgin velueble cultuill rssources'

lhe study rill asserr cite conditions in verious indLrect and dircct irpact

categorlcs durlng thc lnterin fi;; perlod and co6pere rith begell'ne condltions

estrbllehcd Pre-lterlu flw.

Backqround rnd Eristinq Dgta

lhe flfteen niles of rlver corridor located rlthia GIen Csnyon Nltlonrl
Recreation area were lntensively suweyed by .crers froo Grend canyon lttl:*l
Park during their lntenslve ,o*.y-og'th"-'ti"er corridor conpleted in 1991'

Sites identified ritbin GLCA rere included ln the evaluation and assessment

processes rhich are ongoing rlth that effort'

Uelbtls

The nethodology used for nonltoring will be very specific.to.:h" reeourceg of

concern and ri1l be dlctated by the "gt""t"its 
nade in the Programtatic

Agreenent. In all likel1hood, nol afl sitls witi Ue included in the nonitoring

prograa; a sanple of eiter rill be systematically selected'
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ABSTRACT

Since the cessation of Glen Canyon Environmental Studies Phase II (GCES II) controlled
research flows on July 31, 1991, releases of water from Glen Canyon Dam have been regulated
in an attempt to diminish impacts of dam operations on downstream natural, cultural, and
recreational resources. Interim operational criteria presently in force will be continued until
finalization of the Glen Canyon Darn Environmenal Impact Statement, now scheduled for mid-
1994. Whether existing dam operations are having the desired effects on these resources is of
concern to involved federal and state agencies, Native American tribes, electric utilities, and the
public. In order to make these determinations, it is necessary to develop and institute a
substantive and scientifically credible monitoring program. This proposal provides methods for
interim flow monitoring of water chemistry (plant nutrients and organic matter) and the aquatic
bioa used as food resources by fishes. To provide comparisons with previous Arizona Game
and Fish Department (AGFD) studies during GCES I and II, monitoring activities will be
concentrated in the l:ke Powell forebay, Glen Curyon Dam, and the 25 km of tailwater between
the dam and Lee's Ferry.

OBTECTTVES

Water Clumistry--An objective of the interim flow criteria is to maintain or improve
water quatity through controls on input water temperature, dissolved oxygen, essentid plant
nutrients ud organic matter, and through downsneam effects on the rates of nuuient cycling and
organic matter export from the upper tailwater. These water quality constituents are important
determinants of the levels of productivity in thc Colorado River. The objective of water
chemistry monitoring is to determine whether the inputs and outputs of these important water
quality constituents arc changing during the period of inrcrim flows and whether any changes
may be atfributable to dam operations.

Aqwtic FoodBase-An objective of the inmim flow criteria is to benefit the algal and
invertebrate food resources utilized by Colorado River fishes by increasing minimum flows and
decreasing the daily range of flows. The objective of aquatic food base monitoring is to
determine whether the interim flows achieve ttre desired r€souroe maintenance and enhancement.

BACKGROT]I\D INF1ORMATION AIID JUSTtrICAIION

Wuer Chemistry--The chemistry of waters released through Glen Canyon Dam is
determined by several factors including: (l) chemistry of inflows to Iike Powell; Q)
stratification and circulation in the resbrvoir; (3) sodimentation; (a) biotic productivity, (5)
retention time; (6) evaporation, and; (7) elevation of the release (penstocls) in the reservoir
(Potter and Drake 1989, Stanford and Ward 1990). Research on I:lce Powell conducted by
Merritt (L976) in which he applied a hydrodynamic model (Bohan and Grace 1969) to evaluate
effects of dam withdrawal currents suggests that magnitude of the discharge from Iake Powell
can also affet chemistry of the rclease watcrs. As discharge from the dam increases, thickness
of the intake plume also increarcs rasulting irr the entrainment of waters at depths more removed
from the penstocks.
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The relationship betrveen discharge magnitude and thickness of the intake plume is
particulady ir.portant at present low reservoir elevations. As reservoir surface elevation
declines, penstock depth is approaching the lower limit of the metalimnion during the extended
perid of stratification. Chemistry and t€mperature of metalimnetic waters differ from both the
overlying epilimnion and the under$ing hlpolimnion. Of specid @ncern is the strong gradient
of increasing water temperature with decreasing depth in the mealimnion. Entrainment of these
waters during the summer-early autumn perid of maximum temperatures in the rescrvoir could
have profound consequences for the downsream aquatic flora and fauna.

Aquotic Fod Base--Fzrly life stages of native Colorado River fishes and uout utilize
zooplankton extcnsively as a food rcsouroe (lvladdux et al. 1987). The relative contributions of
ailwater zooplankton by passage through Glen Canyon Dam and by reproduction in the river
arc prcsently unknown. Available information suggests, however, that many of the river's
zooplankton have their souroe in the reservoir (Haury 1986). Diel vertical migrations of
zmplankton il lake and reservoir water columns are a oommonly obscrved be*ravior. In tlpical
migration FltErns, zooplankton (rccur at depth during daylight hours and move upward during
the period of darkness (Wetzel 1983, pp. aa9a56). If thickness of the intalc plume increases
at gteater dam releases as indicated in the study of Merritt (1976) and k&e Powell zooplurkton
undergo tlpical diel vertical migrations, thesc organisms will have a higher probability of being
entraind by high mid{ay releases than by lower night-time releases. firus, the rarc of delivery
of zooplankton to the Glen Canyon Dam ailwatcr may be a function of thc daily pattern of
releases during inbrim flows. This relation$rip rnay be exaggerated during thc p'rcsent perid
of low resewoir elevation.

As Colorado River fishes increasc in size, their food habits often shift bwards larger
benthic fmd items found both in bottom substrates and in thc drift (Maddux et al. 1987). The
area of benthic habiat available for production of benthic dgae and invert$rates varies in
accordance with thc stage{ischarge relationship acnoss the range of intcrim flows. In like
mannetr, curtcnt velocity, which dso relatcd to discharge, affcts the extent to which benthic
spccies are entrained and canied downstream as drift (kibfried and Blinn 1987). Increasod drift
of benthic organisms potentially malces available higher numbers of food rEtnurpes for fishes
feeding on drift. Drift dso may de,pletc local benthic populations, howwer, and short-term
benefits may ultimately result in negative effosts.

Dewatering and desiccation of the periphyton community, inclnding Cldoplnra
glorrcrua and its diatom epiphytcs, in shallow, typrcally nearshore zones, has bsr demonstrated
to increase algal morality when exposure excoeds 12 horus (Usher and Blinn 1990). Available
information (AGFD unpublished daa) suggests that this community lacts both resisance and
resilience when subjected to chronic dcwatcring. Intcrim flow operations should allow the
recolonization of the periphyton community in areas where high morality occurrcd during the
perid of controlled research flows. Present predictions are that colonization urd growth rates
are slow, howevetr, and that attainment of standing crops equivdent to those in continuously
inundated zones may require a year or more (AGFD unpublished data).
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MEfiIODS

Water Ctwmistry--sampling for all water chemistry variables wilt be accomplished
quarterly at all three sites. Profiles of water temperature, dissolved oxygen, pH, and specific
conductance will be measured from surface to below penstock elevation in the l:ke Poweli
forebay. Equivalent measures will be made at the dam anci Lee's Ferr!'. Reservoir water
samples for dissolved and fine particulate phases of carbon, nitrogen, phosphorus, and organic
matter will be collected by diaphragm pump at a minimum of six depths. Dam samples of
penstock waters will be rcmoved from ports at the draft tubes. Lce's Ferry samples will be

collected with the diaphragm pump from a boat moving normd to river flow. The pump hose

wilt be rais€d and lowered through the water column in passing through the cross-section in
order to provide intcgrarcd samptes. Integrated ooarse particulate organic matter (CPOM)
samples will be collected in the same manner with paired, metered, high-s@ Miller tub€s.

Fine particuliate fractions of nutrients and orgadc matter will be removed from prefiltered
(750 pm) water samples by vacuum fittration on tared, ashed, and rinsed 0.7 pm glass fiber
filten or by centrifugation. Fine particulate organic matter and CPOM will be determined
gravimeuically as ash-ftec dry mass (AFDM) aftcr drying at 105" C and burning at 55tr C
(APHA 1989). Chlorophyll a and pheophytin c content of thesc fractions will be measured by
spectrometry after extraction in methanol using monochromatic equations (APHA 1989).

Analyses of dissotved and particulatc forms of carbon, nitnogen, and phosphonts will be
conductcd by a labontory under contract to the Bureau of Reclamation in Salt I:ke City.

Aqwtic Fd Base-Monitoring of the aquatic fmd base for fishes will concentrate on
zooplankton and periphyOn. Zmplankton wiil be collected quarterly in thc manner described
above for fine particulatc matter except that filration will be through an t0 pm mesh plankton
net. Samples will be preserved n 4% buffered formalin. Zmplankton wrll be identified to at
least the level of genus and enumerated by life stages as described by llaury (1986).

Periphyton biomass (sanding sop) will be estimatcd quarterly from coarsp substratcs at
three sites (upper, middle, and lower) in the LGe's Ferryt reach. At each sitc, measurements will
be made at nree elevations corresponding o discharges of 4,000 cfs, 8,000 cfs, and 15,000 cfs.
Duplicate samples will be removed from randomly selected rocls by me.tttods described in
Angradi et al. (in review). Periphyton will be transportod from the field to the laboratory in ice
chests. Biomass will be measured as AFDM, chlorophyll a, md phcqhytin c using methods
described above for CPOM. Taxonomic dercrminations will be made !o at least the level of
genus and relative abundances will be ranked on a scale from dominant to rarc.

Colonization rates of periphyton will be measured an 225 cm2 Navajo sandstone tiles
emplaced among coarse subsratcs on the same hans€cts and at the same elevations as standing

crop measurements. At each elevation on a tzrN€ct, three randomly selected tiles will be

collected 10, 20, 30, 40, 60, and 90 days after being placed at the sites. Accumulated biomass
will be removed by scraping. Chlorophyll a and pheophytin a concentrations will be determined
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by spectrometry after extraction in methanol. Following these determinations, the solvent will
Ue evaporateO and the rcmaining orguric matter wilt be burned at 55tr C for measurement of
AFDM.

Analysis of covariance will be used to test for effects of site, elevation, and time in place

on biomass and pigment concentration. Least-squares rcgression andysis through the origin will
be used O Oetermine the rate of accretion on tiles for each level at eagh site. Tests for
differences among slopes (rates of accretion) will be accomplishcd by analysis of covariance.

INTE,GRATION WTIE OTHER, MOI\IINORING ETTOR,TS

AGFD's proposed monitoring studies are naturally inrcnelated by virtue of the

dependence of auOtrophic production in the tailwater on plant nutrients delivered through Glen

Canyon Dam. In like manner, fophic interactions between Colorado River fishes'and their food

resources dictate that integration of information concerning these ecosystem components must

be accomplished for the monioring program to be successful.

Other rresource elements being monitored by AGFD biologists under present GCES

funding (see Bureau of Reclamation 1990) or internd funding include the following:

o Stranding of trout during major qpawi'ing and emergence months (December-May)

o Density and distribution of Fout rodds during spawning (Dccember-March)

o Relative abundance, growth, and condition of uout (Quarterly)

o Standard creel surveys of trout anglen and fishing guides (Monthly)

o Environmental conditions in natire fish rearing habitats @monthly)

o Relative abundance, grofih, and condition of native fishes @imonthly)

o Distribution and abundance of Gsrnurus lreustris (Monthly)

DaA from all these studies ub being stored in a relationd master daAbase in order that

integration of results and comprative analyses can be accommodatcd.

FOR DELTVERABLES

DaA gathered during the interim flow monitoring will be entered in the AGFD GCES

Master Daabase to facilitate comparircns with prwious daa collected during Phase I ud tr.
Quarterly and annual progress reports wil be delivered to the Glen Canyon Environmental

Studies ofRce in Flagstaff, Arizona. Qrarterly reports will detail the numbers and types of
samples collected during the preccding period and provide tabular accounts of data gathered.

Specific prot@ol for prescntation of daa will be dercrmined with the assistance of the Glen

Canyon Environmentat Studies Program Manager, but every effort will be made to make the

presentation of daa commensurate with those for dam releases and power economics. All

-4-
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available data wilt be andyzed for trends in the annual re,port and satistical andyses will be
conducted where appropriate. A final re,port will be provided at the conclusion of the interim
monitoring perid. This report wilt summarize interim flow results and provide
recommendations for the long-term monitoring program.
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A PROPOSAL TO MONITOR THE EFFIECTS OF INTERIM FLOWS
FROM GLEN CA}IYON DAM O}T THE AQUATIC FOOD BASE IN

THE COLORADO RI\TER DOWNSTRSAI,T FRO},T GLEN CA}TYON DA}I, ARIZONA

Dean W. Blinn and Lawrence E. Stevens

ABSIRACI

Discharge from GIen Canyon Dam strongly affects the lower trophic
levels of the aquatic ecosystem in Grand Canyon National Park.
The aquatic food base in the Colorado River is affected by the
duration and tirning of low releases from Glen Canyon Dam, as well
as the range of daily fluctuations. The objectives of this
proposal are to monitor the effects of discharge characteristics
under the Bureau of Reclamation's interj-n flows from Glen canyon
Darn on the distribution and production of benthic algae and
macroinvertebrates. This information is irnportant because the
lower aquatic trophic levels provide essentj.al resources for both
the aquatic and terrestrial courponents of the fluvial ecosystem.

This study will continue the collection of data to monitor the
lower trophic level standing stock, production, and drift during
the interin fl.ows. Methods to be used include dredging and Hess
san5lling at five wide- and five narrow-reach sites in pools and
riffles; shore and nainstream drift sanpling; and size class
analysis of nacroinvertebrates using close-interval sampling at
three sites. This proposal. reguests funding for FY92 in the
amount of $83,L96, FY93 in the anount of $1551845, and Fy94 in the
€rmount of $50,576 to neet these objectives.

STTIEUETTI OF OEJECTIVES

1. Monitor the effects of interirn flows from Glen canyon Dan on
the standi.ng stock of the lower trophic'Ievels in the Colorado
River between Lees Ferry and Diamond. Creek.

2. uonitor the effects of low, mediun and high-volume nonthly
interin flows on prirnary and secondary production in the Colorado
River corridor in Grand Canyon.

3. lilonitor .the ef fects of interim f lows on the re-colonization of
substrata by benthic algae and macroinvertebrates in t,he Colorado
River ecosystem.

4. l{onitor the effects of interim flows on organic drift in the
Colorado River corridor j.n Grand Canyon.

5. Prepare nonitoring data for inclusion into the GcEs/tfPs GIs
database.
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JUSITFICATION

a prinary objective of the Bureau of Reclamation's GIen Canyon Dam
interj:n itows discharge criteria was to benefit the aquatic food
base of the col0rado River. These criteria established what is
hoped to be an ecologically appropriate mini:num release, thereby
stab:lizing the area available for colonization by benthic a1gae,
decreasj-ng loss though desiccation or freezing of, benthic aquatic
Iife, and increasing prfunary and secondary production. under the
interim flows, a minimum discharge of 141.5 m3/sec rnay be sustained
for no more than six hours between 7:00 p.!1. and 7:00 a.m.
Interfun flow prescriptions also include reduced maximum flows and
slow ramping rates which nay inf}uence scour and drift o: the
benthos. The objectives of this study are to deternrine if the
interisr flows prescription achieved this resource objective.

1. llonitor the effects of interim flows from GIen Canyon Dan on
the standing stock of the lower trophic levels in the Colorado
River between Lees Ferry and Dianond Creek.

This objective is an i-nportant nonitoring issue because the
interin flolrrs criteria were designed to reduce discharge-related
Smpacts on the benthic algae (Cladophora and associated diatofft)
and macroinvertebrate (Diptera, gastropods, and Garmarus)
corurunities of the Colorado River in Grand Canyon Natj.onal Park.
Results from cCns Phase II showed: 1) strong negative affects of
discharge on standing crop of benthic comunities, 21 flifferences
in distribution and standing crop of benthic comuniti€s
throughout the Colorado niv6r coiridor, therefore redugtions in
standing crop upstream nay influence dowrtstream benthi0
eomuniiiesr- 3)-drift (algar, nacroinvertebrate, and dftritus)
showed a positive correlation with discharge, and 4) uhder
proposed interim florrs, colonization rculd occur at 50p0 cfs and
above. The aguatic lower trophic levels are recognized by Grand
Canyon National Park and are a nanagenent priority. Ihterirn flow
criteria were adopted to reduce impacts of fluctuating florrso
This prolcsal will nonitor the effectiveness of that nfnagelrent
plan. The monitoring proposed here will ascertain daily, monthly'
seasonal and cumulative effects of j-nterin flows on thli.s fluvial
ecosystem.

2. l{onitor the effects of interim flows on productivity in the
Colorado River corridor in Grand Canyon.

This objective is an important monitoring issue becausb the rate
of benthic production deternines the ecological potentl-at of this
fluvial ecosystem. The interim flows criteria were deFigned to
guarantee sufficient production to maintain the fisherti.es and
terrestrial insectivore assemblagesl however, fluctuat[.ng
discharge rnay negatively affect productivity by reducihg the
standi-ng crop of prirnary produceis. GCES Phase II reslrlts showed
that regulated flows significantly reduced production bf standing
crop of benthic communities. These data supplemented py Arizona



Game and Fish data on prirnary and secondary production (Az Game &

Fish Draft Annual Report, 1992; will be compared with the proposed
monitcring program on production. The proposal presented here
wj-Il deternine whether or not interim flows affect primary and
secondary productivity. This study will monitor changes in
production at monthly, seasonal, and annual tjJne seales during
interi.xn f lows.
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3. l{onitor the ef fects of interirn
substrata by prinary producers and
Colorado River.

flows on the re-colonization of
secondary consumers in the

This objective i.s iryrortant because it rnonitors the rate of re-
colonization by benthic algae and nacroinvertebrates following 1ow
volune nonthly interi-n flow periods. Benthic algae and
nacroinvertebrates forn the food base for higher trophic levels,
and therefore it is irnportant to monitor the rate of recovery of
these lower aquatic trophic levels during high volume interirn
flows. PreUriinary Oati from GCES Phase II inowed slow recovery
by prinary producers (Cladophora) and relatively rapid
recolonization by nacroj-nvertebrates (withid 72 hrsl at upstream
sites, and relatively slow recolonization by Oscillatoria after
one nonth at downstream sites (209 trri). The present proposal will
npnitor the recovery rates of the lower trophic levels during
interin flow periods.

4. Deternine the effects of interin floun on organic drift in the
Colorado River between Lees Ferry and Diarcnd Creek.

This objective is an i-nlnrtant mnitoring issue because the rate
and volrr4p of organic drift determines the delivery of upstream
production to downstream reaches. Allochthonous upstre.rm organic
rnatter appears to be the primary source of energy for downstream
reaches. GCES Phase II synoptic studies suggested that drift
(aLgae, macroinvertebrates, and detritus) is positively correlated
with a range of daily discharge fluctuations. Interi-n flow
criteria reduces stream poher and prorctes benthic production,
therefore we predict interi-n flows.should reduce overall drift and
reduce the anplitudes in daily fluctuations in drift. The
monitoring proposed here is designed to evaluate the amount and
continuity of drift under the interim flow criteria, &s conpared
to patterns of drift during synoptic research

5. Prepare monitorj-ng data for inclusion into the GCES/NPS GIS
database.

This objective is an i-urportant nonitoring issue because the
aquatic food base supports not only a.unique native fish fauna
with several Federally listed species, but also a diverse riparian
insectivore fauna. The lower aguatic trophic levels are
recognized by Grand Canyon National Park as a prirnary component of
this fluvial ecosystem. The short-telm monitoring efforts
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proposed here will contribute to essential baseline data for
future, long-term monitoring in this system. The themqs we can
genelate in GIS will include benthic algal and macroin{ertebrate
standing crop and species composition. These can be irltegrated'with fisheries information and potentially with terrestrial fauna
information. Each of the proposed Glen Canyon Dan EIS
aiternatj-ves includes a long-term monitoring component] and the
data collected here will be cornpiled in an appropriate fashion for
inclusion into the C,CES/NPS cIS.

BACKGROU}ID

fnteriJn Test Flows

The Secretary of the Interior authorized i-nplementatio4 of a
program of reduced naxinurn flows and reduced fluctuatidn fronr Glen
Canyon Dam beginning in August, 1990. These interim flows vtere
designed to mitigate irnpacts of dan operations on down$tre€rm
riverine resources, until a Record of Decision is reac$ed for the
Glen Canyon D€rm Environrental Impact statenent. These interj-n
flows consist of low-, nedium-, and high-volume months] with low
flows during the spring and late fall, noderate flows ln ltay and
Septernber, and high flows during nid-snrer and mid-wir[ter.
Interi-m flows have a naxi.nun discharge of 201000 cfsr 4 reduced
range of daily fluctuation, and reduced up- and down-r+nPing
rates. The Glen Canyon Environnental Studies frogram ls
coordinating the rcnitoring of interi-n f lorr effectg on sedirents 'cultural resources, the aquatic food base, riparian arQas and
wetlands, economics, trout, native figh, recreation and water
quality, with data base nanagerent and developnent and deveLoprent
of a geographic information system cIS. The effects of flw
erceptions also require monitoring under the interim flor
discharges progr.rm.

Historical Studies on the Aquaqic FooC Base

Previous studies suggest that discharge fron Glen CanyQn Dam,
geomorphology and tributary sedi.urent supplies strongly affect
standing stock, production, drift and species composit*on of the
Iower trophic levels in the Colorado River in Grand Ca$yon
National Park. Hofknecht (1981) reported that the distribution of
benthic life'forms varies on a loca1 scale in reLation to channel
geometry, substratum availability, velocity and freque4cy of
desiccation. Ite described the "intertidal" zone of th€ Colorado
River, j-ncluding tributary mouths, to be largely devoid of benthic
life. In contrast, tributaries are diverse and denself colonj-zed
by benthic algae and macroinvertebrates.

Leibfried and Blinn (198;) reported that chirononid lafvae rrere
numerically dorninant over Galrunarus lacustris in the Colorado River
drift, and conrprised as much as 85t of the standing crdp of
drifting inverlebrates. They also nade the following Obsentations



in macroinvertebrate drifts 1) chironornids made up more than half
the standing crop of macroinvertebrates in the river; 2)
chironomid drift rrras not associated with fluctuating discharge but
was associated with the amount of cladophorq qlomerata in the
drift; 31 macroinvertebrate standing crop decreased below the
Little Colorado River (RM 6L), from sunner to winter, and was low
in creek mouths relative to the mainstream; and 4)
macroinvertebrate standing crop was positively correlated with
Cladophora ql,omerate standing crop spatially and seasonally.

The benthic assemblage in the Colorado River changes with distance
dowastream from Glen Canyon Dan (Blinn et al. 1991). The c1ear,
cold, autochthonous tailwaters reach is dominated by Cladophora
glomerata, associated periphyton (especially diatorns), Garunetrus
lacustris and chironomid rnidges, with oligochaetes, lumbricids and
Phvsella sp. snaiLs. Inmediately below the sedi$ent-Iaden Paria
River near Lees Ferry, Arizona, benthic dominance shifts towards
crust-forrning blue-green algae (Oscillatoria spp. ), si:nuliid gnats
and a different assemblage of chironornid rnidges. Host of the hard
substrata in the Grand Canyon is dorninated by this assenllage,
which appears to depend largely on allochthonous input from
tributaries and'the upstream Cladophora-dominated system.

B1inn and Lej-bfried (1988) described the algal and associated
macroinvertebrate assenblage of the cladoohora conmunity,
concluding that Cladoohora provided essential substrata for
diatons, which fed the nacroinvertebrate assenblage. Pinney
(1991) supported this conclusion by analyzing the diet of
Garuna4rs, reporting that nost food itens taken vrere diatons' with
little Cladoohora found in Garmarus guts. Blinn gg gI. (1991)
further supported this contention by analyzing chirononid gut
contentE from the nainstre€rn at Lees Ferry, again finding the vast
najority of food itens taken nere diatons.

Tr*elve-hour desiccation and rewatering cycles were snom to reduce
benthic Cladophora qlomefata standing stock by 50 to 60 pereent
over a week-long treatmentr.both in the laboratory and at lJees
Ferry (Usher and BLinn 1990; Blinn *, al. 1991). The desiccation
effeets are equally strong for the macroinvertebrate assemblage
assoc.tated with this filamentous green alga.

Existinq Data

The data base with which interin flows effects on the aquatic food
base will be compared consists of two years of data gathered by
Blinn et a!. (1991). These data yrere derived fron 10 sites in the
Grand Canyon fron Lees Ferly to Dianond Creek, and collected at
two-month- intenrals. Most of tfre satre study sites will be used in
this proposed nonitoring, and the same staff, equipment and
protocoJ. wilL be enployed, guaranteeing continuity and
comparability of data collected.
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METHODS

Obiective I

The standing crop, doninance, and habitat requirements of aquatic
invertebrates will be monitored seasonally at five wide-reach
sites and five narrovr-reach sites within the mainstem of the
Colorado River (n = 4 sanpling trips). Sanpling sj.tes and dates
will correspond with those used by Blinn et aI. (1991.). Tleo
habj.tat types lriver pools, riffles) will be monitored at each
site, Sanpling will be conducted at three transects 30 meters
apart in each habitat type. Petersen or Petit Ponar dredges will
be used in the fine sedinent and Hess substrate samplers will be
utilized in tributaries and on cobble bars. Pool habitats will be
sarnpled at five locations along the three transects; thalweg'
<1, 000 cfs, lorrrer-littoral lapproxinrately 5, 000 cfs1, mid-littoral
lapproximately 10r000 cfs1, and upper littoral (28'000 cfs).
Three pairs of sanples will be collected for taxononic/abundance
and bi6rnass deterninations.. Cobble bar collections will be taken
at the lowest water flow possible with three paired sanrples along
with rnid and upper-littoral sanples. Adult and pharate speci-nens
will be collected with sweep nets, white and W lights' sPot
sanples, and Thienenann collections. Abiotic paraneters recorded
for each salqlle site will include: water tenperature, dissolved
o:rygen, pE, specific conductance, substratum, nicrohabitat
conditions, Secchi disc, \rater velocity or stage' depth, date,
site, and ti-ne of day. Saraples will be sorted into the following
10 biotic categories: Cladophora, blue-green algal crust,
chirononids, Garunarus, gastropods, oligochaetes, si.nuliids,
lunbricids, other invertebratae, and detritus. Nunbers of
organisns within each biotic category wiLl be detemined for
abundance, and each biotic category will be oven-dried at 50oC and
weighed to determj.ne biomass. Tributaries will be mnitored every
other year at the sane sites and with the saqra protocol enployed
above.

Bhis protocol will rrcnitor the agtratic food base at'Iow-nediun
interi-n flows during spri.ng and faII, and high j.nteri.ut flows
during sutnmer and winter to determine if river regulation is
influencing the temporal and/or spatial abundance and biornass of
lower trophic levels in the Colorado River ecosystem. we wilL
monitor the sarrn 10 sites (five wide- and five-narrout reaches)
used in the FY90 and FY91 nronitoring prog!:uns (Blinn g! 4. 1991).
We will consider reducing the nunber of sites after multivariate
analyses of FY91 and FY92 data, whJ.ch nay reduce man-days and cost
during FY93 and FY94 monitoring progrEllls.

obiective 2

Durj.ng the interin flow periodr w€ will nonitor community
production of the nacroinve:tebrate food base at loht, medium, and
hign flow regirnes at three sites including Lees Ferry, 50 m below



the confluerrce of the Paria River, and at the confluence of
Diamond Creek. The monitoring program will focus on Gammarus
Iacustris because this amphipod is a major food iten in the food

.web of the Colorado River ecosystem, especially at Lees Ferry.
Tvelve random samples (25 crnz; witl be taken within each of the
three flow regimes la = 72 samples for each collecting date).
Collections will be taken at 3 week intenrals throughout the
interj-m flow periods. Live samples will be transported back to
Northern Arizona University and processed. Gammarus will be
sorted according to size class (1 run sj.ze cLass intenralsl and the
dry weight of each size class will be deternined. The
size-frequency method (8enke 1984i Downing and Rigler 1984; Runck
and Blinn 1990; Dehdashti and Blinn 1991) will be used to monitor
the production of Gannarus within the three flow regirnes during
interim flow.

During the first year, prelirninary collections and analyses of
nidge lanrae will be conducted to determine the feasibility of
nonitoring production of midges at lowr'nedium, and high flows
during the second year of j-nterim f lows.

DurS.ng fy93 we will nonitor primary production of the algal food
base at low, mediun and high interiln flows at Lees Ferry, 50 m
below the confluence of the Paria River, and at the confluence of
Diamond Creek. Our protocol will follw that of Arizona Gane and.
Fish in that large in situ photosynthetic charnbers will be
enployed.

The above sampling protocol will rrcnitor the production of the
lorrer trophic- tevets in the Colorado River ecosysten at low,
rrediuur, and hj-gh interim flows. Lees Ferry was selected because
it repreEents the ffirst productive reach below Glen Canyon Dan,
while the Paria River is the first tributary below Glen Canyon Dam
that influences primary and secondary production due to input of
suspended sedirnent, and the Dianond Creek reach represents the
collective interactions betreen upstream tributaries and the
mainstem between Glen Canyon Darn and Lake ttead. This study will
provide valuable knowledge on the influence of interirn flows on
the lower trophic levels in the Colorado River ecosystem.

objective 3

bolonj.zed rocks rrere removed during GCES Phase If to monitor re-
colonization during interirn flows. These rocks will be
re-submerged and the re-colonization by benthic algae and
macroinvertebrates wj-ll be nonitored during interitn flows at two
si.tes in the Colorado River ecosystem. A 25 sn2 quadrat will be
harvested from each rock prior to re-subnergence, and algal ash-
free biomass and secondary consumer ash-free biomass w5-l} be
detenn-ined. Rocks will then be placed into the Colorado Rj-ver at
Lees Ferry 1n = 120) and below the Paria River (n = L20). Thirty
rocks will be randomly selected from each site (Lees Ferry and
below the Paria River; and the algal biomass and secondary
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consumers will be harvested from 25 cm2 quadrats at approximate 3-
week intervals during high summer interim flows. In braer to
avoid disturoance within the benthic community, each submerged
rock will be harvested only once (i.e, once hanrested the
colonized rocks will be removed). Therefore, during each samplingperiod, 30 new rocks will be randomly selected (i.e. each 3-week
sample will consist of 30 new replicate r:cks1. Algal biomass and
secondary consunter biomass will be separated in the-Iaborator-y.
Elg5gy equivalents for prinrary producers and secondary consunerswj.ll be esti-mated for each harvesting period for each- site. A
si-ut-ilar protocol will be conducted dur-ing winter high interi-ur
flows.

These studies will monitor the rates of re-colonization of prinary
producers and secondary consumers within a clear water, highry
productive reach (Lees Ferry) and a turbid brater reach withrelatively low production (belotr Paria River) during summer and
winter interim flow periods. we predict interirn flows will resultj.n no re-colonization in the fluctuating zone.

Obiective 4

I{e propose to rrcnitor drift on the rise and fal-l of the daily florr
cycle (daily hydrograph) at ten nainsten stati-ons in the Colorado
River including: Glen Canyon 9a9e, Lees Ferry, Vasey,s paradise,
Nankoweapr upstream fron the L,ittle Colorado River, Tanner Creek,at Grand Canyon, upstream from Kanab Creek, National Canyon, and
the Dianond creek gage. At each site and at the rise and fall of
the daily flon cycle rre will place four drift nets in the river,
two renoving drift at the surface and two at the 0.5 depth fron
the bottom (depth of rean velocity) as near the strean center aspossible. The surface net lrj.lL capture drift in the area of
maxi:num velocity. These four nets each have an orifice olrening of
10 cm, length of 90 cm, and nesh ognnings of 250 ;,rn. The nets are
held in the river with paj-red rnetal bars. During each collection
period the nets will be placed in the river for one hour. prior
to rerFval the river velocity j.n the net orifice will be neasured
so that the total anount of water passing through the net can be
caiculated.

While the four 100 rm orifice nets are in place we will nake a 15
minute drift in the river in the area of rapid velocity using a
net having an orifice of 0.5 m, a length of'1.6 m1 and mesh
openings of 250 prn. This net will be operated from the back of a
boat held stationary in the current with the motor. The net will
be tethered so that the top of the orifice rirn is at the surface
of the rrrater. again, velocity of the nater at the net orifice
will be measured for later calculation of total vrater passing
through the net. A l5-ninute tfune period is necessary for this
lg! as it clogs rapidly because the large volume of water it
filters.
After removal of the nets from the river the contained material



will be placed in collection jars, Iabeled, and preserved.
Subsanples wiII be taken for taxonomic purposes. In the
Iaboratory the samples will be inspected, animals removed, and
algal identification made. Next the samples will be.drained of
moisture, dried at 105oC until all organic material has been
volatilized. The final calculat,ion will be bionass of detrital
material in nilligrams L-1. These values will then be compared to
the river discharge at the tj:ne of neasurenent, and to values
determined in the river at the sane sanpling sites during the
November 1990 and June 1991 synoptic experinents conducted by U.S.
C,eological Sunrey. Animals will be identified to possible taxa,
and their biomass determined if sufficient numbers are present.

DBLTVERTBLES

Quarterly and annual reports wj-Il be provided to each of the
following entities according to the schedule in lable 1: the
National-Park Service at Grind Canyon National Park, Northern
Arizona University Cooperative Parks Studies unit, and the
Regional Scientisl; the Clen Canyon Environlental Studies Office
and the Senior Scientist. An initial oral report will be provided
to Grand Canyon National Park Resources llanageEent staff. Draft
final reports will be subnitted for review to Resources llanagerent
and the NAU cPsU.

Reports will be prepared for
scientific journals.

SCHUDULE

subnission to peer-r€viewed

The schedule outlined in rable 1 will be follor*ed for this
project, but nay be adjusted pending the date of NPS notification
of funding to Northern Arizona University.
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Table 1: Schedule for activities and deliverabl€s. t
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Projgct Initiatiotl. . . . . . . . . . . r . . . . .. . . . . . . . . . . . . . . . . 1 June., t992
Quarterly report and first sanpling trip............1 Ju1y, L992
Sgcond sanpling trip..........................15 Sgptgmber, L992
Quartgrly rgport.................................1 October, L992
Draft annual rgport.............................1 Dgcgnbgr t L992
Third sarnpling trip............................. L Januaryr 1993
Final L992 annual report..................o......1 January, 1993
Fourth sanpling trip. . . o .,, . . . . . . . .. . . . . . . . . . . . . . . 1,5 March, 1993
Quartgrly rgport.............. o.......... o r. r o'.....1 Aprilr 1993
Fifth sarapling trip. . . . . . . .. . ., . . . . . . . . . . . . o . . . . . . .20 Jungr 1993
Quartgrly rgport. . . . . . . . . o . . . . . . . . . . . . . . . . . o . . . . . . . . 1 Julyr L993
Sixth salnpling trip..... o......... o...........15 September, 1993
Quartgrly rgport. . . . . . . . . . . o . . . . . . . . . . . . r . . . . . . . . 1 October, 1993
Draft final rgport.... o.. o. o....................1 Decenber, 1993
Fina1 annual rgport... o............... o..........1 January, L994
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PERSONNEL

NAU. St,af f

Dr. Dean w. Blinn is cc-principal rnvest,igator on this project,
and this -project will require 2s* ot his iirne. He is turrygualified to serve as co-p.r. on thj.s project, having studied andpublished widely on.the aquari.c and rilarian ecology-of thisecosystem. Deln Blinn was principar investigator on projects
examining the food base for c,cES Fhase r and ir. Hiring-protocolfor assistants will conform to that requrred by IIAU Human
Resources Depart4nt.

Senrice Invoivernt

Dr. Lawrence E. stevens is co-principal rnvestigator on this
?roject and rhis project wiII requir6 2ot of hi; time. He igtully qualilied to lerv€ as co-?.r. on this project, having crudied
and publirhed widery on the rilnrian ecorogry-of-this ecoryrteu.

Dr. Peter Rowlands, CPSU at Northern trizona University, vill
I senre as the Cqm, on this project, reguiring 0.07 EfE of his tim.
-- The National Park Senrice at Grand Canyon National Park will be

reap'oneibl.e tor collection pernits, logistical support in th€ l€es
Ferry and Paria collections, and review of the study. Teqlorary
housing nay be reguired for laboratory analyses at Lees Ferry, and
is reguested fron lPs-GRcA or GLCA during the suuler, 1991.
Pernj.tting is required fron GIen canyon trational Recreation llrea
for data collection in the Lees Ferry reach.

Other Asencv Involvenent

The Bureau of Reclr'Etion CCES office is reguested to provide
river trip logistics, the l.oan of a depthfinder, and key river
trip and laboratory equipment. Eguipment.nill be borrowed
whenever possiSle to avoid unnecessary purchases.

BUDCET

The following budget does not include the cost of logistics, which
will be covered and coordinated by the Bureau of Reclanation GIen
Canyon Environmental Studies Office in Flagstaff, Arizona. fn
addit,ion, sone equipnent nay be purchased by the GCES. This
budget does not inelude NPS staff or travel costs, which are
included'in the annual UPS adndnistrative budget associated with
the GcEs Program.
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FEB 2 6 19s2

HUALAPAI TRIBE RECEIVEi)
FIAGSTAFF, AZ

A PROPO8AIJ fO UONITOR lrXE EFFECr8 Otr IlfTERIll FLOr
FROI,T CI.,EN CANYON DAIT ON TEE FISEERY REgOT'RCES

OF TEE LOTER COLORADO RIVER FROITI DIA}TOI|D CREEX
TO LltrE l.lEAD

ABgTRACT

The Hualapai Tribe is proposing to monitor the effects of the GIen
canyon Dam Interirn Flows by focusing on an assessment of the basic
aguatic population structure, directly inpaeted areas of habitat,
iropacts related to non-native fish interactions and an evaluation
on the irnpacts related to the food resources. The work will be
accourplished utilizing the techniques defined in the previous Glen
Canyon Environmental Studies (GcES) sponsored research. Eff,orts
will be integrated with the ongoing GCES prograns and will include
an assessment of the aquatic resources fron National canyon to Lake
llead with special enphaeis on the area frou Diamond Creek to Lake
Mead.

sTATE}IEITT OI OBJECTIVES

1. Monitor the effects of interiru flows fron Glen Canyon Dam on
the distribution, abundance and behavior of native and non-native
adult fish in the Lower Grand Canyon fron Dianond Creek to Lake
Mead, (RU226-285).

2. Monitor the effects of interin flowE fron Glen Canyon Dan on
the distribution, abundance, and behavior of, the larval and
juvenile stages of native fishes in the Lower Grand Canyon fron
Dianond Creek to Lake Uead, (RIt!226-286) .

3. Monitor the effects of interiru flows fron Gl.en Canyon Dam on
the reproduction, f,ood habits and patterns of habitat use of
piscivorous non-native f,ishes that may predate on native fishes
found in the Lower Grand Canyon. fron Dianond Creek to Lake Mead.

4. Monitor the effects of interim flows from Glen Canyon Dam on
the environmental conditions in the tributary nouths and shallow
shore-line habitats in the Lower Colorado River from Diamond Creek
to Lake Mead.' This will include water quality and degradation
and/or aggradation of sedinents.

5. llonitor the effects of interin flows fron Glen Canyon Dam on
the food base ineluding productivity and algal standing crops in
the Lower Colorado River fron Dianond Creek to Lake ltead.

DO NgrRE[l^','rf



JUSTIFICATTON

A.priraary objective of the fnterin Flows discharge criteria is to
rninimize the effects of the operations of GIen Canyon Dam on theaquatic food base and natirre- fish resources and habitat in the
Grand Canyon. Under existrng GIen Canyon Environnental Studies
(GCES) rnainstem aquatic resources studies, the irnpacts of
operations are being evaluated by Arizona Game & Fish ana nioTwest
from Glen ^Canyon Dan to Diaruond Creek. No nonitoring or scientif ic
research is presently ongoing below Dianond Creek.

The Huarapai Tribe along with the National park service, isresponsible for the nanagement of the aquatic resources in the
Lower colorado River from National canyon to Lake Mead. Theobjective of this study are to deternine -if the interirn flows areachieving the desired reduction in resource inpacts to the 1ower
!ra1d canyon aquatic resources. The short-term impacts may
influence and define the long-tern relationships between Lhe nativ6
and non-native fish populations. Due to linited data, additional
baseline data collection is required in addition to the nonitoringefforts.
All infornation that is collected will be consolidated andintegrated into the ccEs Geographic rnformation systenr (crs) .
This data base which will allow for ttre evaluation of-the long-termrelationships between flows and aquatic resources.

1. ltonitor the effects of interin flows from Glen canyon Dam onthe distribution, abundance and behavior of the nat,ive and non-native adult fish in the tower Grand Canyon fron Diamond Creek to
Lake Mead.

The fish wiII be potentially inpacted by the changing environmentaleleroents. In order to dlrectly assesg the inpaCts of the interinflows a basic understanding of the location and abundance of fish
assemblages below Dianond Creek is required. Monitoring interinflow effects on the native and non-nat-ive fish populatiois in the
Lower Grand Canyon will focus on identifying the inpacts related tothe monthly volumes, naximum flows, minimun flows and the rarnping
rates.

2, Monitor the effects of the interin flows fron Glen Canyon Damon the distribution, abundance and behavior of the larfal andjuvenile native fish in the Lower Grand Canyon from Diaurond Creekto Lake Mead.

Monitoring interim flow effects
fish will provide infornation on
GIen Canyon Dam. The larva1 and
l ikely to be directly iurpacted

on the native larval and juvenile
the inrpacts of the operations of
juvenile life stages are the most
by the short-term nature of the
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interin flows 3nd by habitat availability ald its utilization bycertain life stages. Specifically the pbpulation levels will biintegrated with the rnodiiication o? environrnents identiii"a-""a"iObjective 4.

3. ltonitor the effects of the interim flows fron Glen canyon Damon the reproguction, food habits and patterns of habitaf use ofnon-native fishes that may predate on iative fishes found in theLower Grand canyon fron Diamond creek to Lake Mead.

Monitoring interin flow effects on the non-native fish behavioral
and habitat requirements by determining their relationship to flowlevels and conlequently tireir effecti on the native fijrr fauna.All eleraents of the interin flows nay potentially inrpact the non-native fish interactions
4. Monitor the effects of interin flows fronthe environmental conditions in the tributaryshore-line habitats in the Lower Colorado Riv6rto Lake Mead

GIen Canyon Dam on
mouths and shallow
from Diamond Creek

Monitoring interim flow effects on the environmental eonditions at
!!. tTi?utary mouths and ehore-line habitats witl lioviae a directidentification- of frow inpacts. obJectives 1 thlough 3 viLl beintegrated with the resul{,s from thi-s obJective to aLtermine theshort-tern and long-tern inrpacts of physital and chemical habitatalteration.
5. Monitor the effects of interin flovs fron Glen canyon Dam onthe food base incruding productivity, algal standing -rops, andmacroinvertebrates in the-Lower cololiao {iver f,ron oianon'a br."ito Lake l,[ead.

Monitoring the effects of interin flows on the food base will al1owfor a direct deternination of the inpacts related to the interirnflows. ._s-pe.cifically the naTinun_flows, nininun flows ana rarnpint
T?t9s.Yill inpact the short-ten food relationships by attering ih5distribut_ion, abundance and diversity of the foold Udse availjble.of specific interest will be the cladonho,ra, aquatic diptera,diatoms, .aquatic macroinvertebrates, mtebrati,es ind o="iiiii"iL"present in the Lower Colorado River.
BACXGROI'IID

Phase f of the Glen Canyon Environnental Studies has focusedprinarily on the inpacts o? the operation of Glen Canyon Dam fromthe dan to Dianond Creek. several reconnaissance t6vel fisherysurveys hrere conducted below Dianond Creek during Phase I but theyrdere not consistent and were not specifically -addressed to tha



identification of GIen Canyon Dam operational inpacts. With the
initiation of the Glen Canyon Dan Environnental Inpact Statement,
the inclusion of the Hualapai Tribe into the impact assessment
program and the continued lowering of Lake Mead, the inportance and
possible impacts related to the operation of Glen Canyon Darn on
Lhe lower river has increasdd. Baseline studies and specific inpact
assessments are required of the aquatic resources that mny be
inpacted.

Liruited data exists for the area below Dianond Creek (Carothers and
Minckley, 1981; Maddux, Lg87; U.S. Departnent of the Interior,
1988i Minckley, et. al,, 1981). The area is lnfluenced both by the
operations of GIen Canyon Dan and by the level of Lake llead.
Lirnited riverine area eiistea in rgel vhen take Mead was fuII and
the Colorado River riras in flood stage. Since L987, the surface
eLevation of Lake Mead has been dropping and the flows in the river
have been reduced. With both of these elenrents has come an
increase in the area irnpacted by the operations of Glen Canyon.Dan
to the fish fauna. uroving up thL Colorado River and into the lower
river segments. with tiniteA knowledge of pre-exislilg .native and
non-natiie fish populations evaluation of potential inrpacts is
restricted' 

Triba is interested in the interirn flowThe Hualapai Tribe is interested in the inpacts that
operationi nay have on the tribal aquatic resources in the lower
river corridoi. of most concern are the native species inportant
for resource and eultural purposes and the incursion of more non-
native species into the lower river.
Interirn Flow Relationshios

There are three levels of concern related to the interin flows:

1. Concerns related to short and long-ter:m inpacts to the native
fish population both by ttre flows and by the expansion of, the'non-native fish populations.

Z. concerns related to the short-teru inpacts of flow alteration
on the available habltats for both the native and non-native
fish populations.

3. Concerns related to the short-term impacts of flow alteration
on the food base for the native and non-native fish

. populations.

The interirn fLows wilt vary in nonthly volume, maximum flows,
rnininun flows and stage ch-nge per day. The flow 1evels anq
characteristics will dictate- the level of impacts observed
downstream. Specific short-term impacts to the habitats available
for the fish -and to the aquatic food base wiII be identified
irnnediately. The long-term lnpacts are related to the behavioral,
distributi6n, abundanle and tratitat use in the Lower Grand Canyon.
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UEIEODS

Studv Site Selection

The location of the specific sampling locations in the Lower
Colorado River will follow the procedures outlined loy Maddux
(1987), Carothers and Minckley, 1981, Minckley, et.al. (1981) and
those identified by the Arizona came & Fish Departnent in the GCES
Phase If Integrated Research Plan (1990). Study sites vill focus
on providing information on the fiehery and food base relationships
for both representative and at critical tributary and backwater
Iocations. The study sites will be selected on a reconnaissance
trip in April L992 vith specific sanpl,ing beginning in June L992.
The study sites will represent focus en shallow main-channel
habitats and tributary nouths.

Sarnplinq Techniques

1. Dlonitor the effects of interim flows fron Glen Canyon Dam on
the distribution, abundance and behavior of the native and non-
native adult fish in the Lower Grand Canyon from Diarnond Creek to
Lake Mead.

The nethodologty wiII follov those outlined in the AGF and Bio/I{est
proposal.s def,ined ln the GCES Phaee II Integrated Research PIan
(1990) and those identified in lladdux (1987). In suunary, the
adult fish will be captured in the uainsten etudy sites using a
combination of gear tlpes lncluding electrofishl,ng, trannel nets
and hoop nets. Techniques nay include the baiting of hoopnets for
catfish. Capture techniques will conplenent those being used in
the upper river sections. Electrofishing will be acconplished
using the updated Coffelt CPS technoLogry and nets wiII be checked
at a ninimum 12 hour intervals.
tltacro and micro-habitat neasurernente will be nade at each sarnpling
point. Stonachs of non-native fieh will be collected and evaluated
seasonal,ly in order to determine food preferencee and utilizatlon.
AtI fish will be neasured and a subsanple will be used for age
determination using either otoliths or pectoral. spines.

2. Monitor the effects of the interin flows from GIen Canyon Dam
on the distribution, abundance and behavior of the native larval
and juvenile native fish in the Lower Grand Canyon frorn Dianond
Creek to Lake Mead.

The methodology will follow those outlined in the AcF proposal
outlined in the GCES Integrated Research PIan (1990). Frequency
and nethodoLogy wil} continue unchanged fron those proposed in the
original study plan. Spencer Creek and Dianond Creek will be



explored separatery at a minimum of three (3) tirnes per year.
At each tributary ald nainstern sampling location, habitats will benapped and microhabitat variables -will- be measured. The locationof the fish within the habitat matrix will be correlated with flowmeasurenents ald dgpths. when fish reproduction is occurring,larval drift nets wilr be used to study the rate and timi;g-;i-l;i;drift
3. Monitor the effects of the interin flows from Glen canyon Damon tl-t" reproduction, food habits and patterns of habitaf usJ ofpiscivorous non-native fishes that pre&ate on native fishes founain the Lower Grand canyon from Dian-ond creek to Lake ueaa, 

-

The nethodology will follow those outlined in the AGF and Bio/westproposals defined in the ccEs Phase fI Integrated Research plan
(1990) and those identified in Maddux (1982i. rn sumnary, theadult fish wilr be_ captured at the mainstem study sites-n!L"t-;combination of electrof ishing, trammel nets a--na hoop nels.Techniques nqy include the 6iiting of hoopnets for catfish.capture techniques wirl compreuent t-hose bein'g used in th; -;pp;;
riversections. - - ------

Macro and nicro-habitat neasurements will be nade at each saurplingpoint. Stomachs of non-native fish will. be collected and evaluated
991so_4ally ln order to deternine food preferences and uiiririii;.Arl fish will be neasured and a subianpre will le-usea for agedetermination using either otoliths or ptctoral spines.
4. Monitor the effects of interim f,lowE on the environmentalconditions in the tributary mouths and ehallow shore-Iine habitatsin the Lower colorado nivel from Dianond Cri.r-io-i"f. Mead.

The methodologY will follow prinarily those outlined in the AGFproposal eontained in the qcEs rntegrated Research plan (1990i.The procedures nay have to be nodifild for those habitats'in tfre
YPper end of Lake ltead due to the large er{panses of nud flats andisolated backwaters.

Shoreline habitats will be sanpled at two levels of intensity.LeYel 4' will involve.sanpling fiJhes using nets in conjunction witrrseines and electrofishing coupled with 6xtensive nejsurenents ofthe substrates, wate_r tenperature, depth and current velocitv. -Th;
site wilr be .napped 

'using conventio-nar surveyinj teciniluLs ;4available habitat at the_ specific flos witl ui iaintiil;a.--i"""r
B surveys will involve all of the Level A work plus the evaluationof change over tine. Renote sensing daia recorders wirlcontinuously record water chemistry inf6rnation. fn aaaition,rernote cameras will be calibrated to collect infornation on how thesurface area of the useable habitat changed over tirne.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

6



I
I
I
I
I
I
I
t
I
I
t
I

7

I
I
I
I
I
I

I

5. ltonitor the effects of interin frows on the food baseincruding .productivity and algal standing crops in the LowerColorado River from Diarnond Creek to Lake Uead. -

Th" nethodology wiII follow those outlined in the AcF proposalidentified in the GCES Phase II fntegrated Research plan (f-ggO) .Specific studies will focus on the neasurement of the levels 6ephotosynthesis and -productivity. Algal standing crops vill beassessed_by neasuring_revers of chroiophyll g in wader sanpl.escollected fron nultipLe sites (uainst6n,- trlbutary mouth, andbackwaters) aeasonally. A ligrid-nitrogen chanber viit be used tohord the filtered samples untir they can be delivered to aIaboratory for analysis. Benthic netabotisn chambers will be usedto determine the relative contributions of planktonic and benthicorganisms to_ system 
_ 
production. Levels of dissolved organic

carbon,.phosphoruE (all foms), nitrogen (as nitrate, nitritel andannonia), - water hardness aria a*alinity will be neasured atnultiple locations along_ _the rnainstem coforado, and in tributaryconfluence zones seasonally in order to assess system fertility.
ITIIECnITIOX 

'IrE 
OTEER GCE8 ITOTITORTTC ErtrORrs

The uonitoring efforts described in this proposal will interfacedirectly with those ongoing in the rivei ibove Diamond creek.There uilI be ng_averla! witl other uonitoring or research effortsongoing. in the Grand canyon. The data provided from thisnonitoring effort wil.l conplenent that alreadf being collected bythe Arizona cane & Fish Depa':tuent and Bio/wist and wiii p"oni-lall with a better understanding of the aqriatic dynauics ior the
Lower river
The river sanpling efforts vill be coordinated with the AGF effortsso that one sanpling trip will dovetall with the ':ext, thereforereducing logistical and data collection coets. .!l€ habitat andpopulation inf,oruration will be integrated direetly into the ccEsGeographic Infonnation systen. specific habitat l6cations will besurvelzed in so that actual elevation changeE related to flow levelnodiflcations will be deteruined.

AII infornation will be integrrated into the ccES long-term databases and will serve as the baseline information for evituation offuture operational changles.

DELI\ZERIETJES

Quarterry and annual reports will be provided to each of thefollowing entities accordlng to the schedule in Table 1: The Glen
Canyon Environnental Studies and the National park Service. A
DRAFT FinaL report will be distributed for technical review asspecified by_the GCES and a ffNAL report wiII be developed at.theconpletion of the interin flow uonitoring prograt!.



Reports will be prepared for subnission to peer-reviewed scientificjournals.

PERSONIIEL

Technical Staff
It is anticipated that the Arizona carne & Fish Department will
provide the prinary e)q)ertise and direction on the fishery study.
Mr. Travis llagenta and l,llr. Donald Bay will provide the primary
Ieadership to this overall progran with technical support provided
by the GCES Office. -

Other Aqencv Support

The GCES will provide the prinary river logistics support and the
coordinatl.on of the permits with the Fish & ffildlife Service,
Arizona Game and Fistr and the National Park Service. ccEs will
also provide the surveying equiprnent necessary to position the
sites within the GIS data base and provide techni.cal support in the
developnent of the l,tap Inage Processing and renote sensing sites.
SCEEDUIJE

The schedule outlined in Table r will be followed for this project,
but may be adjusted pending date of the actuar contract
nodification.
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Tab1e 1: schedule for activities and deliverables. I
Project Initiation r.................May l, Lggz
Quarterly report ....................iluly L, L99Z
Quartgrly report ....................Oct. !, L99Z
Annual report #1 (DRAFT) o..... o......D9c. 1. L9g2
Annual report #1 (FfNAL).............Jin. L, 1993
Quarterly report ..... r..............April 111993
Quartgrly report ....................July 1, 1993
Quarterly report o........ o..........octl f, 1993
FINAL REPORT (DRAFT).................Dec.15, 1993
FINAL REPORT (FINAL)............ o....Feb.15, 1994
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osts

(see table below for contrac

27.52

Itenize Capital Eguipnent to be Purchascd ln

Generator (2,000) + lbts -TrarrrrEl (1,000) + Currcnt I'ttcr (I,600)

Elrctrofishing pulsator (Coffelt CPS)

Conputer - 386 w/prLnter w/sofLr*are

Passive Integrated Tlransponder wit} Reader

Benthic l'Ietabolism ctrarbers | 2')

/dt/ ffi

Lanral Fish Identificatlon

Plarkton ldentl fication

Data E"rttry and Verificatlon

a-

J.

i 10,000

r48 ,295

40 ,7g l

189,076

* Including Freight charges
Year 1= $189,076
Year 2 = $f65,976 (less rnajor capitalized

(tr^p year osts)
equipnent costs)

4,600

4r500

3,000

23.100



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Lq
GLEII CA}ryON NATIONAL RECREATION AREA
INTERI}I FLOII T{ONITORING PROPOSAL - L992

EATER qgALITY }'ONITORING OF THE CqLORADO RI\,TER. GLEN CA}TYON D.TT.T TO LEES EERRY.
ARIZONA

Principal Investigators :

Clive Plnnock, National-Park Senrice, Glen Cauyou t{ationel Recreation Area
Charles lf. llood, National Park Senrice, Glen Clayoa lfetional Recreetioa rtree

OBJECTIVE: the objective of tbis nonitoring is to derermiue rbether the
'l'nterin' water releese petterns fron Glen Caayon Den hrve eny effect oB rater
quelity gt shoreline sites along tbe river
JUSTIFICAIIOI| : The iaterin flor regi.ae lrl,rirrrd ia Augusr, 1991 bed tbe effect
of reducing tbt oegnitude of dally flucturtl,ons ll river ttrgc rnd lorcring tbe
nr:i8tro rrter releeee llnit by appro-J.ortrly 301. tlrter qtulity ritbln tbir
river sectioa is coatrolled by 1) the qurltty of nter releercd fron tbc dl!, 2)
eroeioo and nlroff frou beacb end nargln dcpoeLt,r, 3) recrcrtlonel uge, eod 4)
rnt contaniaants raterlng fron aide drabegee or "tceldents rt upstrers
fecllitiee. Factors 2 ud 3 could bc dlrectly eifectcd by lnterin flon becluse
tbe vetting 8nd reehing of bceches rould praeunrbly be tl^oltod to I Dtraover brnd
of ':[s3j. eod beceus. recrcationel use ney be cacouregcd or latearifled rt emc
sitti by nore steble ulter leveb. Frctor 1could elro bc rf,fected by tnterlo
florr rnd ls rlready bciag investigrtrd by oth.rl.
ftrc relrtioachip betrcen recrcrtiontl uae, ehorelinc ultcr lcvclg, rad brcterial
contrninatiirn ia rell ertrblisbed. luanicltff rnd BrLcLler, ln r 1961 rtudy of
rrttr quelity ia the Gnnd Canyon reportcd tbrt brctcrl,el lcve1c rcrc higbeet
rhea dlachrrge rad turbidl,ty rcrc bigbrrt. Ibct ebo found blgh lcvalg of
cootrsisatioa ia rrt€ri rborc Lecr FcrtT nbcrc rccr.rtLolrl urc of tbo rborr lr
intcnsc. SubrequGntly, tbs lfetlonrl perh Strricr lartrlhd pcrrrGat toilcts at,
vrrl'ouc cerytitcr elong thr rl,vcr la Glcn Ceryon ud ttgbtraod ulc rGstrl.ctioar.lfcter quelity tbea iryrbved, althougb a cotl.eteat maitorLag progrrD for
brctcriel contuinatioa brg never bccn ertrblhbcd for tbc rlrcr. Sucb I
ooaitoring Progrtn bee bcea ectebliebed for Lebc Pccll, bonver, uiere lt heg
bcen fouad tbrt cont&iartioa is btbfy corrcletld rttb rGcrmtlsarl urt. IB
receat ytrr8, honvcr, bcrch contaniantio on tbr lrLo rsrrtocd la r vrrirty of
locetlons even tbougb recrcatioael urr hm dicltscd. Onr porriblc crplaartioa
is that lover lrke lavcls ney be reduciag circulrtioa elong bcrcbes ia zones
rhere coees or beys beve becone shellorcr. An urlrgour siturtloq on tbe river
could result frou rcduced flucturtion end e oorc strblc buch-ratGr interfrce,
especially et rddles or beckweters. eay eucb iaflueace rould be lstcnrified by
grerter recrertionel use. Addit,ionelly, cbeagcr in oontbly volune could reault
higher becterl,al levcls associated ritb i.ucrerrcd turbldlty (rcruspension of
sedinent, etc.), at least aear shore.

lbe Nat,ional Prrk senrice is contiauing to firnd noaitor!.ng ss Lakc Porcll for
tratcr quality. Steff and laboratory fecilitiae sill alrcedy be in plece to
collect aad evaluate rrter senplea. Dse to iogisticef barriers edditionrl
funding for a teoporary position rould be necded tJsuccegcfully Lncorporrte thr
rivcr into the ranpling schene. No edditionel fuading rould be needed for
principals, equipmcnt, supplies, or transportstisa

GCES OFFI CE COPY
DO NOT REMOVEI



I
METBODSs The srea of investigation encoopasses all of e sirteen-nile river Icorridor betreen Glen Canyon DEm and Leea Ferri, Arizonl. f
Six shorel.ine eites representiag beachee uaed by recreationists wlll be selected,
enphasizing situations rhere current ie aot floring strongly alongehore cad
eddies or guiet sater oay e:isr. Eech sitG will be eaupled nonthly April through
Septeober. Each saople viII coneist of 8 tlne-series aet of replicated 120-ol
rater collections in sterile polypropylcne ceoplc bottlcs. Collectl.onr rill be
nade at 0600, 1000, 1400, and 1800 i.u reter l-2 fact decp near chore. Srnples
rould be filtered ead cultured for fecsl colifor:u becteria uelng tbc neobrtre
filtration technique ee deecribed in Stsnaara Uetloae for fUe
lleter And tf8stenater. Ibey rould be proceread itr, tro betcber to oinlnize boldtng
t,ine. After incubetioa uader etanderd condttioaa for 24 boun, collfotm colosiec
rould be couated and recorded on e databerc progreo. Srcterlel lcvcle rould bc
evelueted for tresd, corrchtion rith flr peremtGr! rld virl,trtlm levcl, end
conpered rith reter qurllty stsodsrds f,or buors bcelth ud rl,ldllfc. Pbyrlcel
yatcr quality drta collected at tle tLoc of rupll.ag rould lacludc ttrPtrrtur!
aud pH. Delivcreblcr rould coasLgt of a fl nl rcport lubdttcd Drceobcr 31, 1992
costaining el.te Eepr, rcr dete for bscteriel couate, urd drtr cvrlurtion trblca.

INtECnIIION IfITE OIEER llOtfITORIXc EffOl,SSr tbe U.S. GcologLcel Suwcy 4rtur!8
phyclcal ead cbcnicel rrtcr guellty noatb,ly at tb. Glcn -rnyoo trgt rnd LcGt
Fert7. Tbis detebrre rould provide bescltre qurltty lnforortloa 6 nt3a
errterlng rsd erl.tlag thG rcach uadcr etudyr cmplcueatlng tbc ftudt propoced
bcrc. l{rtionel PerL Senrice visitor couat! for tbc Lccr Fcrry rubdtctrlct tad
lnforurtioo on %trr flou perroaters collsctcd by tbc Surcru of Bcclenrtloa rould
pernit dete rarlycl,e for rnt corrcletl.sn of brctarLet lcvclr ln rrtar rltb
laterin flor regi.oce.

PRODUCTS l0 8E DEI|ELOPED: ttc flnel reporr rcfcrrad to rbovc rould bc providcd
tt th€ ead of tbc ycer. Srrple sLtes rould bc flrcd uring thc OPS unl.t god Ieatercd into tbc GIS detebase. I

L -i ! if t'JYoN ENVIFONMEI'ITAL
]TUDIES OFFICE

flAR 0 5 $92

' {ECEIVET). 
FIJGSIhFF. AZ
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86011
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LrrrlBct E. Strvrar

Rtrourcrl llraegueut & Phnnlng Dl,vl.rl,on
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II PRoPOSAL tO llcltlToR ltE EFFECTS OF tlfllgRll.{ FI,o}fS

FROII GLEN CATffON DAII O}' NIPIRII!| VI'GETAIION TN
rEE COLORADO RIVER DOH}TSTRE.AII FROT.I GLEN C.IIfIOX DTI.{, ARIZONA

AaslRAel

Diecharge patt,ernE from GIen Canyon Dan strongty affec-- the riparian vegetation
of the Colorado River corridor in Grand Canyon National Park. Marshea, othcr ne!,
high water zone and pre-dan vegetation are affected by the duration and tlning
of releaseg from Glen Canyon Dam. The obJectivee of thie propoEal are to monitor
the effectg of diecharge characterieticE under the Bureau of Reclamation's
interin flowg from GIen canyon Dan on riparian vegetation in three zoneE uaing
conparably collected data from the Glen Canyon Environnental Studieg PhaEe II
program. This information is i.nportant becauge riparian vegatation provides
essentj.al food and habitat for the diveree riparirn fauna of the Colorado Rj.ver
corridor end may influence rend bar stebility in thir fluviaL ecoayatem.

Thl. .tudy wlll monttor rlparlan vegetatton by provlding data collected ln a
manner cornparable with that collcct.d during cCES-fI. lhia propoaed proJect i.a
designed to nonltor rnareh developnent, ehorellnc vegetation in d!fferent
geomorphic aettinge, end pre-den vegetation during the GCES interim flowg.
Methodt to be used include centugeg of pre-establirhed trenaects and etudy siteE
f or rpccier comporJ.tion, gerninatl,on, grorrth rrtor and tiIler Production,
producttvtty, roil changor, ground cov.r, rhrub coy.r, and/or litt€r production
and decon;roattion rate!. In tddttlon, thir proJect will provide data on
colonization of, non-natl,ve rpectca, and wlll continue to svaluete tha
dietributton of crtttcal epcctcr in the river corrldor. Thir proponl reguestt
funding for FY92 - fy94 ln Lhe totrl enount of $280,500 to ncet thtr obJcctivce.

Stltl|cilt oF otatlcltll/l3

1- l'lonttor thc of fcctr of lnt.rtn flowr fronr Glrn crnlton Dan on th. dtttrlbutlon
and develotrncnt of fluvlal nerrher elong the Colorrdo River betrreen L.a! Ferry
and Dtanond Creek.

2. Honltor th..ffcctr of tntcrin flowr on th. rxtrnt end r€lPonre of othor Nrtr
High tfrter Zonc (NHWZ) v.E.tetton end th. Old Hlgh lfetcr Zone (Oltlfz) v.g.trtion
in the Colorado River corridor in Gnnd Cenyon nrttonel Park.

3. Prepare rnonitoring data and eitet (via GPS) for inclugLon into the GCES/NPS
cls database.

JuSTTFICAIIOI|

A prirnary objective of the.Bureau of Reclamation'g Glen Canyon Dan Interin Flowa
discharge criteria rraa to benefit the aquatic food base of the colorado Rirver.
The interiro flowg prescription specifiea a ninimun diacharge of 141.5 m'/aec
(5,000 cf,.l, reducad naximum flowa, rcduced rang. of daily fluctuationr and elow
rarnping rates. Thcae crlterj.a establbhed whrt tl hoped to be an ecologically
appropriate diecharge regime, thereby strbilizing sand bare and permitting
ripar:.an habitai develolment to proceed unirnpeded by darn operations. The
objectlvee of this atudy are to deter:srine if thc interin flowe prescrlpt'ion
achieved thie reeource objective.
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1. uonltor the effecte of lnterim flows from GIen canyon Dan on the distrlbutlon
and develoFnent of fluvial mareheg along the Colorado River between LeeB Ferry
and Diamond Creek.

Monitoring lntertm flowg effects on fluvial rnarahea ia an lmportant obJectlve
becauee fluvial margheg are diveree, biologically productive habitats that occur
ln low-lying areas and are eubJect to periodlc inundation. GcEs-II Etudies
ehor.red that 95t of the- cattail/bullrueh marsh vegejBation at three large mershea
lay between the 283 rn5/aec (101000 cfa) and 567 dlaee (20,000 cfe) Etage.-_ By
allering the frequency of inundation and gedimentation, interirn flowa may affect
margh dletributlon, c-om1rcsition, productivity, noisture strerl end suceesaion.
The nraintGnancs of fluvial narrher ir inportent to Grend cenyon National Park
becaure narrher play e ditproportionately largr rolr in ccosyttem production end
lupport teveral crltlcal tpecies. lor these ralton!, fluvial nargher should be
monitored during th€ intCrin flowa perlod.

2. Honitor rcEponses of NHWZ and OltflZ vogetetlon to interin flowe in the
coloredo Rivcr c6rrldor in Grand crnyon ttrtl5nel Prrk.

Monitorlng intrrito flowr affectr on post-dul rnd prt-darn v.g.tation I'r tn
i$portant-obJcctive becaucc Colorado River riparian habitat tn Grand-Cenyon is
a Uiologlcally producttvG hebitlt that i. aff.ct3d by dlrchargc from Glan Canyon
Darn' ccEs-rr ltuatcr 

'ugo3tt3d 
thtt cronar phnetophyt'sr were rapldry colonizing

tha n.w lorrrr Nlltfz. Crlha crnyon National Prrk har .rtabltlhcd malntenaneo of
riparlen vegetation in the Col-orado River corrldor rB a atnagecrant obJoctive.
Short-term iftrcta of int.rin floqrs on riparLrn vog.trtlon nay tnclude changrr
in rLperttn plrnt ncnrLtnrnt tnd lurvtvorlhtp, chrngor in rpccira. cmporitton
and noirture rtrrrr lcvrlr. lhr rtrtur of rigniflcrnt non-natlvr rlperian
lnpuletion. (b.9. Tanerlx ramorlrelnar Alheol eemlornrn lnd Eflcngbgg rrecnn?e)
nay chengs reletiv-It=aFidly rna rcqufris oonl,torlng. thcre non-nattve rprcier
nay eltei tht riprriin rucccgion tarudr nrtlvr llrectoa obrcrrrrd ln thi' tyttco
by Erien (f982), Phlltlpa tt el. (1987t rnd St.v.nr (1989). lor th.to r3llonr,
riperlen vogetitlon rhould br nonitond durtng th. lntrrin flour prriod.

3. Prcplr. nonLtortng drte for inclutlon lnto th. GeES/NPS CIS detrb.l..
Thir !.r rn lnportent aon!,toring obJcctivr becrulc th. GCES/||PS CIS tl plrnncd to
be thr prtnary nrchanltn for ditablse organtzatlonr u scll ar tntcrln tlorr and
longcr-ter:ro nonitoring, of clon Cenyon Drt! cffectr on the colorado Rlv.r corrtdor
in Graad Canyon Nrtional Perk. ?he rhort-t.lD mnitoring .ffort. propoled herl
witl contrlbute to rla.ntlel bareltnr data for futurr, long-tct'a nonltorlng tn
this syst.m by dovrloping thrnce of nerrh vrgrtetion urcnblegcr tn rolcctrd
reach€1, and iiprrirn vcgctetion arscrnblagrr. thcgc CIS thenGt can bs ured to
monitor chango ersocl,atrd wtth tlgniftcant rdjuttornt of flow rlgtnr., .uch e!
may come aboul from thc Record of Dccirton on clen Crnyon Dan ottrratlons. Each
of the propoaed clen Canyon Darn EIS alternattveg includeg a long-tern monttoring
component, and the data iolleeted here witl be cornpiled in an aPProPrlate faghion
for inclugion into the GCES/NPS GIS.

!lcxonouilD

The clen Canvon Environnental Studict

Conatructlon of clen Canyon Dan unintentlonelly enhanced vegetatlon grordth and
whitewater r€creation along nore than 4?5kn of the Coloredo River tn Grand Canycn
National Park (crrothcrr ana eitctrigon 1976t Crrothort ct al. 1979; Turner lnd
Karpircak 1,980; Bhillipe et al. 1986t St.v.n. 19391. Phage f €f th€ Eureau of
neclamation'a clen Canyon Envirorunentrl Studiet (CCES-I) wae inltiat.d to reveal
whether Glen Cenyon Dam operationg had a rignificant imPact cn rtver retourceE



and erhether modification of discharge criteria could aneliorate those irtpacta
(Water and Science Technology Board 198?i U.S. Dept. Interior 1988). Alchough
few data were availabler GCES-i terrestrial atudies concluded that normal (non-
fJ-ooding) dan operations affected proceseeB auch as bank erosion, soil nutrient
availaUiiity, and eoil moiseure availability. GCES Phaee II wag initiated to
evaluate th; effecte of low and fluctuating flowg on thie system' anC an
Environrnental Impact Statement hae been regueated concerning the impacts of Glen
Canyon Dam oPeratione on dor^tnEtream reEourcea.

fnterlm TeEt FIoerE

The Seeretary of the Interior authorized inplementation of a progranr of reduceC
maximun flowi and reduced fluctuatlon from Glen Canyon Danr beEinning in Auguet,
1991. Theee interirn flows were deeigned to nitiga€e irnpacte of darn operations
on downstream riverine reeourcea, until a Record of Decigion ig reached for the
Glen Canyon Dam Environmental fnpact Statenent. Thcee interi$ flowe coneist of
Iow-r meii,rm-, and high-volurne m6nthe, with low floua during the_spring and la'-e
eall, moderate flows in June, september and Novenber, and hlgh_fl-owa during nid-
sunmer and nid-wlnter. Interim ilore have a minlnun flow of 51000 cfg, a maxinum
discharge of 2A,0OO cfs, a reduced range of daity fluctuatign, -1nd reduced up-
and dowi-rarnping rateg. The Glen Cinyon Envilonmental Studies Program ie
coordinati.ng -nonitoring interinr f lowa ef flcte on sedinente, cultural reEoerc€ee
the aguatic food baser- rlparian areas and wetlandr, economicg, trout, natlve
fieh, 'recreation and water-quality, with date brrr nanagem€nt end development-of
a geographic inforrnatton s-ystem-(cfs). The effects of flow exceptlons aleo
regutre monttoring under the tntertn flow dirchargea Progran.

Reoional Imoortance of Rioarian Veaetation

!{anagonent of riparian habitat ie e nejor concoan throughou! tl3 United StateE.
wetlindg, includlng ri;larian habitatg, lre anong thr nort blologically productive
and recreatlonalfy viLuable of terrertrtal lendr. Unfortunatgly, rtparian
habitar-e are poorl-y managed becauge of a lack of concern, conflicttng management
prioritiee, a-nd inlaequale infor:nation (John3on €t tl. 1985). DesP:te the fact
inat riparian habitaf cornpriEeg 0.041 of the Arizona landecape, it typielilV
supporti more than 50t of- the alrciea occurrlng therl (Simcox .and Zube 1985;
Stiicns in preae). Riparian vego€rtion gervcr u en interrre.r,i,ary between abiotic
cornponente-and irigtrei trophii Levelc, and playr a lignl.f,icant role in both
aquitic and terreeirial ecolyotern dynanicr, ai wsll er provldlng eroeion control
and ehade for recrcationistc. ffanagement of riParlan habitat regutree an abi)'lty
to aBaeBE changee in attributee through ttnel criteria whlch afe best rnet by
using field survey technique3 and GIS.

Rioarian Veoetatlon in the Grand Canvon

phreatophyte distributlon in the Grand Canyon wes studied prlor-to conetruction
cf Cferi banyon Darn. .Clcver and Jotter (19441 degcribed the ph:eatophyte
diEtributlon- in the rlver corridor prior to i.*tpoundrnent, reporting little
Etreanbank vegetation along the river iieelf and nost riparian epeciea restricted
to tributarie!. Turner and trarpiacak (1980) natched pre-dam photographs and

.confirmed that little vegetatlon 6ccurred alonE the pre-dan river in the,annuallY
flooded zone. Egteblistiment of riparian vege{atlon began eoon after cloeure of
clen Canyon Dan (turner and Karpislak 19801. Phillipa et aI. (1-977 ) compiled a
riparian-vegetation map of the r-tver corridor. Carothers et aI. (1979) described
ri-parian vefetation zo-nation o! the river corridor, noling a xerophyte-d_o-linated
:aiue conunu-nity (Zone I); a perched, pre-dam'old high rtat€r zonco (OHl{Zi-Zone
iit cornmunity ?oininetea-by irosooig ilandulqra Td epge!+-. q:nq-q:+ 1$^llllq
ab6ve the apfroximate 3SoO-ems Btagiet i "back beech zone" ltith little vegetation
and occupyi-n! Zone III between the-approximate 1150 cma and 3500 cmE stagesi and
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a ne$r high watet zone (NHI{Z i Zone IV) below the approximate 1150 cmg Etage at the
post-dam rlver edge, and dominated by exotic Tamarix Eggg.gigg.@ and native
phreatophyteE.

Several authors reported on aucceaeional develognent of riparian vegetation in
thls eystem. Martin (19?O unpubtiahed) documented the widespread occurrence of
exotic- Tamarix ramosisEima, and noted the Fresence of native riparian plant
speciesl Brlan tfgeZ) examined the di8tributlon of salix exi-oua in the upper
cinyon, reporting rapid, widespread expanslon of -th:'e native, clonal wtllow irrto
all'riveraiae naLitats. StevCne (1985) r€ported that loh'-magnitude (140O cms)
ilooding in 1980 reEulted in increased 6each erogion and ini.tiated a small-Ecale
gerrnina€ion event. StavenE (1985) alao concluded that gucceesional rePlacement
5e g. rarnoeiaaima by native g. exlqua eraE not induced by invertebrate herbivory.
pnifriffiirsaz1atao-noteacontinuingchan9e!npoet-damriparianpIant
conununity comPoaition in thia systen.

During cCES-f, pucherelli (1988) reported a rapid lncreaee in_r-iparian-vegetation
cover in the new lpost-darai trigtt waler zone lttnrZ) between 199? and 1982. Cover
waE sifnificantl|'reduced in-this new ripirian zone in wide reacheg during
epillof,er floodirig in 1983-1984. Andereon and Ruffner (1988) found that Post-dam
fiooiting had llttie effect on germlnation or groltth of geegPi.C_or Acagi:1ll th:
perched pre-darn terraceE of the old hi,gh water zone (olmZ). Brian (1988! ald
Stetrene ind warlng (1988) reported aigniiicant loEE of riparian vegetation in the
Nlft{z as a reault 6f'epillov;r f loodirig. The latter. euthors noted that 3Pillover
floodlng degraded rubitrata, decreage-d riparian Plant -cover and divergityr and
gtimula€ed lermtnatlon. Subaequent rtudieg revealed apeciea-ape'rific, ?ge-
related rnoriality and growth of-dominant riparian ptrreatophytee under varioug
dischargr gcenarior lw-aring and St.vcnE 19bS). the impacta of flooding on
ripariai vegetatlon iir triUirtarLet end elong tirc river corldor wag etudlcd by
Stivena (198-9), who concluded that du-inducrd .ubatrate-changet tn gotl tcxtutre,
nater a.)atta6ittty, and nutrient ltatue werc largaly responatbte for the
rucceggional develblment of the phrcatophltt comtunlty. _Ho alao reportcd that
tho river corridor- wag etructuially norl rirnilar to the tPerlely-vGE€tated
ephernerat tributariea than to thr- richly-vegrteted perennial trtbutarieg.
Sievene and narinE (1989) nonitored po3t-19:83 e-c.3ig and conrnunity development
of woody riparian vigetaiion along tle Colorcdo Rlver i.n Grand Canyon Nationel
park fr-orn f-feC tfrroulh 1988, reporting that gernination of dominant rlparian
tpeciet wee inducsd 5y flooding, ana Lhat cxotlc Tqrnarix ramogilgine dcnaity
appeard to havr tncrearad a. a raault of dan operations.

Fac.-orB fnf luencinc Rioarian Veoetation Develosnent

the auitc of, factofl reErutating ripar!.en plant cmrunity gronth and- conporitional
change (Eucccsllon) in the Crind Canyon-har only tngul to bc- explored (Stevens
1989i. Riparian v.getation devctopJ in rarpon-r to tnt.arelatgd phyllcal and
Uiof6gical'factora, ineluding:. the ?Iooding diaturbance regturc; -the apecles pool
avaitible for colonization; aifferential propagrule abundancei a:rd germl'nation and
estabtighrnent reguirernents of, ccnstituen€ apec:.ee (KozlottEki 1984; Reichenbaeher
1984; Stevens andWaring 1988i Steven3 1989t. Flooding diaturbancea ere "killing
eventsn (gg4gg Sousa igeA) that 1) decreale biological organization (i.e.
diveraityli-a-courplexity of trophie structure), 2l lower_ the trajectory 9f
ecologicil gucceciion" Uy direc{ reduction of biornasr and diversityr_ thereby
returiing the ecosyBtem-to an earlier stage ,of developme!!^ (odum- 1981), 3)
reaultini in a "per-petual euccegsion" (CanpEell and Green 1958), and 4) expose
n"r p"tcf,es of niliiat and thereby promote-germ_ination of p_h-r^eatophyte apeeies
lSteiens and gtarlng 1988; tlaring a-ndSte"ene-1988i StevenE- 1989). Alteration.of
the disturbance rdgi.rne in regruiated rlvera mey change the. courae of, r!-parian
suecegsion by reducing reeruifment, and by aff,e-ting bioti.c- interactione. Post-
lnpoundment flooding in regulated rtvef corrldori grovidea_^tncight into the
pr6cessee that gtrudture phieatophyte conmunLtiea (S'-evenE 1989).



GCES-I I DatA

GCES Phase If Etudies on riparian vegetation were conduct,ed by Ayers end Steveng
(1991,). Their prelininary data suggeEt aeverai irnpacts of discharge on riparian
vegetation:

1. Reduced flooding frequency after completion of clen canyon Dam in 1963
allowed fLuvial margheg to form in low velocity channel margin environmentE in
wide reachee. Hargheg were scoured by apillover flooding in 1983 and have begrun
to redevelop ei.nce 1987. Approxtunately 146 wet and 954 dry fluvial marehes occur
in the colorado River corridor downEtrean from Leee Ferryr Arizona. Total nareh
atrea waa conEervatively eEtimated at 25.8 ha, with 3Ot ae wet mareh, dominated
by T.reha dominoenEis, gg4ggg app. and SeirouE epp. Dry marah dominants included
Phracmit,eg australig and Ecnrisetum laeviqatum. Rivergide marEhee in thiE syEtem
erere generally rmall, tlpically legs than 0.5 hr, with wet nareheg significantly
larger than dry oarghea. l,lean rtanding c-rop and elcirnated productivity of
fluvial nargheg in this syEten wae 0.74 kglm'and 147.8 g C/n'/yr, respectively,
values about 5t reported for narshes. Lor producttvity rnay be due to reduced
duf,f accumulatlon and damage to vegetatlon (flattenlng and gtlt-coatedl by high
daily flowe. l{argh aaacnblage compoaition end eucceggion wra related to Beditaent
distribution and diecharge, with wet narshes reguiring a frequency of daily
inundation between 0.4 end 0.9. gore than 95t of the wet mqpah vegetation in
this aysten liee between the 283 mr/ecc (lO,00O cfa) and 555 nr,/eec (2O,00O cfs)
ebagas. l{hlle fluvial nerrhec re-develop rrther quickly efter flooding eventt
(6.9. 1983-1986), obllgate narah aninal lnpulation! nry not be eg reslll.ent.
9fillow flycatcher, whlch depend on marsh habJ,tats, are believed to be nearly
extirpated from thig syrten becauae of hebltat lo!e, brood peraaitiarn by
brownheaded cowbird (8.T. Brolrn per!. c6!.).
2. Riparian eeedling rgtabliahnent nls gr.at.rt in the Nen High gtatGr Zone and
wal dominated by herbaceour apeciea there. Sccdling denrlty vatied ar a function
of prrticle cLze, and dlf fcred bct'weon plrnt Eroupe (xrrophltee and
phraatophytet) in wldc vGrru! narrot chennelr. tanarlr ramoricrina eeedllnE
denrity was low ln 1991, but llnited establirhrocnt suggeats that this rpcclee rnay
be capable of continuing to colonize th€ river corri,dor under fluctuatlng flow
regimes.

3. Rtver strEe wer ghown to effect plent uetcr lntonttal for prc-dawn Sallx
exiqua, a ubiquLtoua rlprrian phrertophlrt. tn thr Coloredo Rivcr corridor.
Further studicg wtll detcrnine whether gi.uilar patterns rpply to Tamerlx
ranosi,gsima and gronth of both rpeciea.

4. In addj.tlon, etudic: of long-term vegrtation quadrata, OId Hlgh water Zone
phreatophyte grouth, and the statua of listed, endemic and non-nattvc apecier are
underway. Thus far, no planta apeciea appear to be at rigk frorn dan operations;
however, geveral previouely unrecorded non-native epecica are colonizing th€
river corridor, including Erianthug lll!g!!tl!3r a large Eurasian bunchgraes.
Pronpt action nay prevent thig epecie: fron succeaafully invading the rj.ver
eorridor.

ugtEoDs

StuCv Site Selection

RiParian vegetation research in GCES Phage II focured on vegetation patterns
bet$reen geomorphtc aettlngg within aitee (Ayere and Stevene 1991). The 20 Eitea
to be monitored here contain 5 m x 10 m pennanent quadrate in the following
geonorphic Eettingss marEh, riparian Btrip, general beaeh (all in the Nelt High
l,later Zone), debris fan, old high nater zone and Cegert zone. The GCES-II
veger-ation project (Ayere and Stevens) will not be fuIIy cotnpleted until
September, L992i however, the atudy sitea have been eatablished and are ready for
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monii-oring. Thege eites wilI be monitored during FY92 and Fy?3. When the Ayere
and Stevens project ie completed and monitoring protocol hae been more fully
reflned, the number of eitee required for evaluation of vegetation reaponseE to
diecharge rnay be reduced, thereby increaging monitoring efficiency.

Samplino Techniqtreg

Objective 1: ltonitot the eftects of intetim tlotrs ttom Glen Canyon Dam on the
djstri.bution and deveTopment of tluvial marshes along tha CoTorado River beth'een
Lees Ferry and Dianond Creek.

Monitoring interinr flowg effects on fluvial rnergh digtribution will reguire work
at aeveral temporal and spatiaL EcaleE. l{e propoie to evaluate areal change in
gelected reaches by re-napping fluvial marshes onto the Bureau of, Reclarnat,ion'E
cls base mape (1:2t100 acale). The cIS base napa were baeed on 1990 aerial
photographe annd riparian vegetation was recognieed as an important theme;
however, vegetation napping has yet to be accompliahed. Selected marshes were
aurveyed in detail h fggt Ey ayeir and Stovenr, ind schnidt naplnd geonorphology
of gelectad relchee in 1991 ac well. Thctc drte end Deps ers availabh and will
be ueed to re-map fluvtal rnarghea. trleachca to be nepped will lnclude wide verEus
narrow rerches, and wLll incLude different depoeit eypes (schnldt and Graf 1990).
This analysia will elucidate whether areaL changea are occurring in f,Iuvial
marBhes during the interim floss perLod, and whether thcae ralete to different
reach chsracterigtLcg and depoait tgres.
To evaluatr the effrcte of low-volusrer ncdiun-volune and hlgh-volune nonthly
interlra flowe, we ntll conduct topographic rurveying of lnundation freguency end
cxt.nt ln at leart ton nersher rtudlad durtng CCES Il by Boue and Avcry (1991).
Sitcs nay tnclude nrrghes at rtver nilse (${E) ?O.OL, 43.lL, 51.5L, 56.0R, 68.2R,
71.0L, L22.8L, 144.0R, L72.LL and 194.1L, where survey control end
8tagc/dlscharEe relati.onahipe have been crtebllrhrd. Standard etectronic
surveying protocol will be errployed to provid. lccurlte documantation of ltage
and arel rilattonrhip: at thero gtteg. t{arrhcr wlll be vislted during each of
the three interirn flow typcr (Iorr, rnedium end high nonthly volunos), nater
aurface elevationg wrll be rurveyed at low rnd htgh daily .tage, end totel area
of the marah will bc remeaaured, tektng lnto rccount nis clonal grouth or dead
patches. Root excavstlon wl,ll be conduetGd to conflru dic bach of nareh
vegetatton. Hlplographl,c relationahipe will be d.termined frora thia offort and
reported for each fluvial narsh, and changee ln top,ography related to egEradation
or dcgradrtton will be docu!€nted.

If thc (pending) reaults of GCES-If rescrrch on plant nroicture str.ar (PltS) for
S+lix exisua and Eggg5l.;g ranosigrina prove uecful for evaluating dircherge
ef,fectg on riparirn vegetation, thir technique will be enpJ.oyrd eg I nonttoring
nethod. ccEs-II rcsult! suggest thrt dirchargc .tage and range of fluctuations
significantly affeet Pl{S levelr and, potentially' grot th of theae two
euccesgionally interacting epeciee. PttS wil,l, bc cvaluated during each of the
three monthly flow regimea for Sa1ix gtri.gglr a qleciee aesociated with fluvial
marah habttate. Pl{S levele hrill be evaluated for thi. "tndieator epeciea" during
pre-dawn and mid-day houra during low-volune (Ury) r nediun-volunre (Jun.), and
high-volume (July/Augruetl. Data collected according to atendard Schollander
pressure bonb techntques tor a rnintmurn of 30 tagged tndividual Saltx gllggg on
each of four consecutive nights. At least one of theee nights will be a neek-end
low flow lpreferably Sunday's wal,er), during each flcw-volume type. Data will
be collected at -6.SRr 43.1L and 172.1L rnarghes, giteg where data were collected
during GCES-II, and where bank atored groundwater fluctuation ie being monitored
by the U.S. Geological Survey.

The GCES-II 1.0 m-wtde belt trans€ct3 wlll be recensu.ed early and'latr ln FY92'
an FY93 te monitor cornpositionel changer durlng the interinr flows period. Five
transectE wlll be tremeasured/mareh, with data on bagal area, denaity and epecies



comPositlon meaaured. Changea ln goil profiles relaring to deposltion or erogionwill' algo be noted., AII above-ground grorrth and litt6r witf fe coLlected fromeach of ten 0.5 ma plote annual,Iy in each margh to monitor productivity.Likevrise, colonization of 10 0.5 mz plots wiil be monitored to evaiuate changisin marah development rateE under interirn flowE.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

objective 2: Eonitor the eftects of interin trotrs on the extentothet Nwllz and oilvz vegetation in the corotado Rjver cottid,otNatianai Park.
and response of

in Grand Canyon

During Glts-tt a seriee of 20 study eites were established, each having a 5 m x10 m qradrat in each of eix diffeient geomorphic settings. Theee stuiay Eiteswere- designed fgt monitoring dam dirchargJ i-npacts on riparian negitationdevelopment. During tnterim flows rnonitorinf, ttreie guadrata witl ue re-ieneusedearly and late in Fy92 and FY93. Quadrats were divided into eight aubplotg for
napping PuEposeE' and will bc uged to nonitor epeciea compoeition, germination,
grohtth rat€a and tiller production, sotl changei, gl,te stlbility, giound cover,
ehrub covetr' -and litter production and deconp6ettion rateg. rn-ia6itfon, these
cenEuses will provtde trend data on colonization by non-native plant epeciea.sPo! eampling in the vicinity of these quedrats witf le uged -to det6ct andmonitor the distribution of critical nativC plant apecies in the river corrl,dor.

fnteqratlon With Other Monltorinq Effortg
There are tevr, lf_any, overlape between this proJect and other rnonitorlngproJecta-planned. lhe date provided here rney be uletut for U.S. Fish & $lildflfSavifaunal nonitorln-g_ eff,ortg and rnapping of iiffow flycatcher neating sites. wewill neks evet? effort to coordinite our ectivities erith Flts .o as not tointerfere wtth plenned gtudi.ee of wlllow flycrtcher nesting succesa ana halitatregulrementr. Thlr proj.ct nay providc detl to thc rend bir rte.blllty proJcct,
and may provtde oPPortuniticr for logieticel coordlnation end dctalf-oir tinfnjof croslonal eventr to that proJectl Thir proJect will providc vegetrtlonaitnfomation to geolrrorphologicll napr nadc du;fng- ccEs-fr o? eelcctcd reachel.

ObJ ectl,ve
databage.

Pr.p.t. monitotinE d.t. fot ineluzion Lnto th. eES/NpS dfS

The data collected and compiled j.n thit proJect rill contribute to the ccEs/NpsGrs data bage and glpPing_ eff-ort. Thenes r-Iating to narEh apeciea composilion
and diatributlon will be developed for eelected reichea, and a-peclea coniositionof other riparian -asaemblegea will be developed. itrie wirt reguiie clceecoordination with the GCES/NPS cIS teatr, and rhduld regult in delive?ableg thatare readily_included in the crs. The data collected here will ..uEm3nt exiating
knowledge of riparian vegetation apecies conporiti.on end dam-relatld patterns oi
change.

DELIVERTIIIS

Quarterly and ennual reporta will be provided to each of the folloring entitiegaccording to the gchcdule I'n lable 2: the NltLonal Park Service at crind canyonNational Park, Northern Arizona Univereity cooperativ€ parkg Studice Unit, indthe. Regional Scientistt the olen canyon Environmental studieg Office and theSenlor Scientiet. An initial oraL ieport will. be provided to 6rand canyonNatlonal Park ReEources l{anagement staff. Draft final reportE will be eubnitiedfor review to Resources ltanagement and the NAu cpsu. ne-ports will be preparedfor eubmiggion tb peer-reviewed scientlfic Journals.
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PERSONI|EL

NAU scaff

Dr. Tina J. Ayer8 (NAU Department of Biological ScienceE) will eerve ae a Co-
Principal Investigator, and thls proJect erill require 2it her tine. She ls fulIy
qualified to aerve aB a Co-P.I. as ehe ig intimately famiLiar with the system,
having coordinated and conducted CCES-II gtudies. Hiring protoeol for
assiatants will conform to that required by NAU Human Resourcea Departrnent.

Se=vice Involvenent

Dr. Lawrence E. Stevens (crand Cenyon National Park Resource l{anagement Divislon)
will cerve a! a Co-Principal Inveattgator, and thig project wlll require- 30t of
his ti.nre/. He ir fully quallfied to gerve as a Co-P.I. aa he iF lntinately
farniliar wlth tho ayateB, having coordinrted and conducted ccES-II studi€8 and
publiehed on the riparian ecolbgy and euccerslon taking place in thig darn-
regrulated !yrt.n.
Dr. Petcr Row1endr, CPSU at Northern ArLzona Univerrlty, wi,ll sarve as th€ COTR
on thic proJect, requtrlng 0.0? FTg of hir tl,mc. the National Park Servlce at
Grand Canyon Nattonal Park will bc reapon3tbla for collectlon permita, occagional
logtatical rupport, and revler of the study end delivcrebleg. Tenporary houslng
may bc reguired rt Lee! Fcrry whcn relcarch Lr bcing conducted in that eroa.pennitttng ft required f,ronr- Glcn Canyon Nrti,onal Recreation Area for data
colLeetion in the Leei F€rry reach.

trPg Steffr 0.10 FTE COAR
0.30 FTE Ecologlgt
0.30 fTE BioTech
FrcA ( 10t)

s3, 600
slo,ooo
s6r0o0
s2 r 450

s22, 060

Othqr lqefrqv flrvolvement

The Bureau of Reclamation
Icgistice, the loan of a
equiSment. Eguipment will
purchage3.

Subtotel

GCES of f ice ir r€qJuegted to provlde river trip
depthfinder, end key river trip and laboratory

be borrolred whenever possible to avgid unneceasary



SCEEDT'IJ

The schedule outl ined
ad:uEted pending the
Unrvers ity.

in Table 1 wiII be followed
date of NPS notification of

for this project' but may be
funding to Northern Arizona

I
I
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Table 2 z Schedule for activitiee and deliverables.

Project Initiation.... ....10 June, 1992
Quarterly report and firet eampling trip. 15 June, L992
second sarnpl,ing trip. 15 September, 1992
Quarterly report...... ..... ..1 october, 1992
Draft annual report ....1 Decenber, L992
Final 1992 ennuel report 1 .7anuery, 1992
guarterly r€port ..... I Aprll, 1993
Third sanpling trip. ..... 15 APril' 1993
Quarterly report..................... 1 July, 1993
Fourth aampJ,ing tri,p. ..... 15 sGPtenb€r, 1993
Quarterly report. ..1 october, 1993
Draf,t final r€port. ...15 Dccember, 1993
Final annual report. ..15 Fcbruar?r 1993
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BT'DGEI

The following budget doeE not include the coet of lcAietica, which will be
covered and coordinated by the Bureau ef Reclarnation GIen Canyon Environmental
Studieg Offtce in FlagEtaff, Arizona. fn addltion, Bome equipment may be
purchaeed by the GCES. Thie budget does not include NPS gtaff or travel coEts,
which are included in the annual NPS adminiEtrative budget aseociated lrith the
GCES Progran.

PERSO

Principal fnveetigators !
Ayere (Ll 6-time 9S38, O0O /yrl
Stevens ( ealary by NPS )

Photo Analysia
One full-tirne photo analyst

98. 5 /hr
Vegetatl,on crew

Two full-tirne crew
Leader/analyete gS 1Z lht

Four L/4-tlme f ield crew
eS8.5/hr

Survey Crew
One L / 4-timc Eurveyor ( gS L2 /hr)
One L/6-ttme rodrran (gsrclhr)

ERE ( 10r )

Subtotai

TN.I\/SL

P. L traval & per dlen
(2 trlpe lyrl

EQUTPilEill!

Herbarium cabinet

ST'PPLIES

Field Suppliee
Pinflags, data eheets,
surveying acee88orie8,
f lagging r cltrtert , film,
video tapeel €tc.

oFrrcE cosls

Office Eupplieg

Secretarial, xeroxing,
rePrograPhice

rr92 rr93 rr9{ rqrAl.

s3. gk s7.6k s3.8k $15 .2k

s5.0k

s12 . 6k

s8. 9k

s2.5k
s1.7k

s3.5k

s38.0k

s18. 0k

s50 .7k

slz.9k

s6. 5k
s3.5k

s1o. {k

s114, 5h

s4. ok

$2S.3k

s4. 5k

s5.ok
so. 9k

s4.4k

s4?.9k

s27. 0k

s88. 5k

\

s31.3k

$ 14. 0k
s6.lk

$ 18. 3k

s200.5k

s2. ok $2.0h sl. ok s5. ok

s1. ok s0.0k s1. ok s2 .0k

$3.0k s2.0k s0. ok s5.0k

sl.0k

s3.0k

54.0k

s2.0k

s5.0k

s7.0k

s2.0k s5.0k

52 . 0lr S 10. 0k

s4.0k s15.0kSubtota I
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A}IALYSES

Soil and Ittter analyses
( 100 eSSs ea) s3.0k s5.0k s5.0k s13.0k

I
t
I
I
I

ESTII.IATTD TOTAL DTRECT COSTS

rrtDrREer cosrs (zot )

s51.0k s130.5k

s10 .2k s25.1k

s58.9k S2d0.5k

s11.8k S48. 1k

SOTNL ESTIT,IATED COST s61.2k S156.7k S70.7k S28g.6k
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EUArrApAr rRrBE 
F..Aagi.'\it' Az

PROPOSAIJ TO I{ONIIOR IND E|IIIAI.'UAIIE TEE IUPACTS OF
rEE GLEN CAIrTOII DAII ITITERII{ TLO!'S

ON TEE
RfPARIIN PITANT COlltfitllITIEB IN TEE LOIER GRNTD CAIIYON

IEsTR}CT

The Hualapai Tribe proposes to conduct rnonitoring and basic data
collection on the riparian ecosystem of the Colorado River on the
Hualapai Indian Reservation. A description of, the riparian
cornmunities that comprise this ecosystem and changes that have
occurred there in response to GLen Canyon Dam interin flow
operations will be identified.

STITET|ET'! OF OBi'ECtrIvE8

The riparian zone of the Colorado River through the Hualapai Indian
Reservation in lower Grand Canyon is a complex and productive
environrnent, and the Hualapai Tribe has strong cultural,
environrnental and eeononic ties to this portion of their
reservation. The Hualapai Tribe has proposed to work with the Glen
Canyon Environmental Studies program (GCES) to assess the influence
of Glen Canyon Dan interin flow operations on the cultural,
economic and natural resources of their lands and redources.

For centuries the riparian zone in the lower Grand Canyon has
provided the Hualapai Tribe uith resourced used for coneunption,
and nedicinal and religious purposes (tfatahouigie et aI. 1982).
The Hualapai are connitted to preserving thie habitat that has
figured so strongly in their history. Traditionally-inportant
plants includingr conmon reed (Phracrnites), Goodding's willow (Salix
qooddingi,i) , arrowrreed (Tessaria sericea) , cattaiL (Tvoha spp. ) ,
seep willow (Baccharis spp. ) and hackberry (Celtis reticul,ata)
still occur in the riparlan zone today, while clays used for
pottery construction and ninerals used for nedicinal and religious
purposes are also found along the Colorado River eorridor. There
is evid,ence that Glen Canyon Dan operations are leading to beach
erosion and nay be pJ.acing these resourceE at riEk.

The Hualapai Tribe proposes to evaluate the irnpacts of the interim
flow operations on the development, structure and maintenance of
the riparian plant and animal communities through the lower Grand
Canyon. It is clear that ttris reach of the Grand Canyon has
significant cultural and econonic value to the Hualapai Triber €ls
well as, the potential to provide critical habitat to many riparian
plants and aniurals. An initial step required prior to assessnent

GCES OFFICE COPY



of the interirn flow inpacts is to address the riparian concernsthrough a baseline resource inventory. This will te accomplishedthrough a reconnaissance survey of the riparian communitiei alongthe colorado River on the Huarapai Reservation. once thi;information is known then specific rLsource/nonitoring efforts canbe designed.

The technical efforts are designed to integrate with previous andongoing GCES research and monitoring in tfre Grand Canlon. This isinportant for several reasons: (1) the riparian corridlr extending
throggh the Grand Canyon is itself an integrated systen and nust b6studied as suchl and (2'l current and previou-s GcEs studies,anounting to more than a decade of resLarch, will aid us i;devising specific monitoring strategies.
The reconnaissance efforts and data collection will ultirnatelya1low the Hualapai to assess and evaluate the inpacts oiinteracting river flows on the riparian resources of the HualapaiTribe. The technical reports wirr contribute to the body - ofinformation reguired for -naking sound and balanced managdrnentdecisions in the Grand Canyon.

tlq purpose of !h" Hualapai riparian nonitoring program is toaddress two broad questions!

1. How significant are interin flow discharge fluctuations,
mininun and naxinum discharges and ranping to the developnent,
naintenance or decline of the riparian-coi"unity fron falionai
Canyon to Lake Dtead?

2. How signif,icant are interin f,low discharge ftuctuations,
minimum and rnaxinun discharges and rauping is they interaciwith fluctuating lake IeveIJ (Bridge caiyori to the -crand t{ashcliffs) to the developnent, uain€enancL or decline of theriparian conmunity ?

A- phased approach wilt be used to develop the specific elements ofthe Tualapai interin flow riparian noni€oring plan. phase I willprovide an historical background of corwqunity ltructure, previous
research, and a reconnaissance baseline stirvey of the - current
cornmunity complex. This will include a basic issessrnent of thesoilsr_ veg-et-ation, insects, DaDnals, reptiles, and birds. Thisshould be initated by June 1,992 with co'rnpletion a full year later.
Phase If will focus on the developnent of specific nonitoring andanalysis of changes in the riparian ecosystlu.
Four specific objectives are identified in this nonitoring plan:

1. Review the literature and existing data on plant and aniuralstudies of the riparian corridor throughout the Grand Canyon, aswell dsr in other riparian ecosystems. A reconnaissance ulseiine
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evaluation will be made of specific areas and species of concern.

2. ilonitor the change in areal extent of pJ.ant community
changes in the lower Grand Canyon over the interin flows with the
use Ot the GCES Uap Inaging Processing System program (MIPS) and
aerial photography.

3. Monitor the riparian conmunities along the lower Colorado
River through the Hualapai Reservation. Conbined with historical
infornation- derived frorn aerial photography (see # 1 above)
describe the current structure of riparian conmunities in response
to interirn flow dam operations. Uonitoring of selected sites will
enable an assessment of the overall losses or gains in ecosystern
diversity.
4. Monitor the effects of interin flow operations on plant
physiotrogy. The irnpact of current flow regines and any future test
ifows on plant photosynthesis, a direct correlate of plant- growth'
will be rleasurea in ttre field and provide an iurportant index of
conmunity productivity in response- to varied flows. This will
address tfriee different flow iegines that have been'established
under the interin flow program.

I 5. Integrate the riparian and natural resource results with the
I GcES ceogiaphic Inforiration System (GIs) and long-ter:m nronitorinq

program.

i'I'sTIPICITIOX

A primary objective of the interim flows is to reduce the leve1 of
inpact on tni riparian ecosysteu in the Grand Canyon. The sediment
and riparian resources provide the prinary subetrates for the
insectJ, birds, reptiles and mannals that utilize the river
corridor. The Hualapai Tribe has jurisdiction of 108 niles of the
Grand Canyon from National Canyon to the boundary with the Lake
Mead National Recreation Area. The Hualapai Tribe works closely
with Grand Canyon National Park to ensure that the naturaf and
cultural reEouries of inportance are protected throughout the lower
L08 niles of the Grand Canyon.

The Colorado River and the riparian zone that it supports provides
the Hualapai Tribe with an econonic livelihood through the
developnent of a river recreation buEiness ?nd by helping to
sustain a Desert Bighorn Sheep (Ovis canedensis) population. A
significant number of people utilize the river corridor fron
Uafional Canyon to Lake llead. LosE of sedinent resources in the
river corrid6r nay linit the number of, canpsites and the riparian
populations.

The riparian ecosysten on the Hualapai Tribal linds represents-an
inportint resouree that has been affected by the opeTations of GIen
canyon Darn and are likeJ.y to be affected by the GIen Canyon Dam
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interim flow operations. Unf ortunately, linited previ.ous
inforrnation exists on baseline riparian ecosystem levels. Historic
ccES studies have tlpically ended at Dianond Creek and conseguently
the lower Hualapai riparian ecosystens have been ignored. Recently
important cultural and natural resources have been identified in
the lower river corridor. llarshes, springs and a Great Blue Heron
(Ardea herodias) rookery are inportant resources that may be
affected by the interin flow operations. Concurrent with the
developnent of a specific nonitoring plan is a review of the
historic work that has gone on as related to these resource
elements.

objective 7. Review the literature and existing data on plant
and animal studies of the riparian corridor throughout the Grand
Canyon, ds well as, in other riparian ecosystem. A reconnaissance
baseline evaluation will be made of specific areas and species of
concern.

The developnent of the specific interin flow monitoring plan will
be preceded by an indepth analysis of the historic literature and
data bases. This yiII provide a solid base of historic information
frorn which specific sanpling and analyeis protocols can be
developed. This effort is necessary due to the linited amount of,
historic analysis that has included specifically the lower Grand
Canyon area

Objective 2. tr[onitor the change in areal extent of 'plant
comnunity changes in the lower Grand Canyon over the interirn flows
with the use of the GCES Dtap Inaging Processing Systeu program
(UIPS) and aerial photography.

Monitoring of the areal extent of the plant conmunity changes in
the lower Grand Canyon will allow for a couplete assessurent of
changes to the riparian ecosysten. UtilizLng the HfPS nethodology
and aerial photography will allow for an efficient analysis of the
changes on a nonthly basis and will provide for a historic data
base from which to build long-teru nonitoring progratrs.

Objective 3. Monitor the riparian connunities along the lower
Colorado River through the Hualapai Reservation. Cornbined with
historical infornation derived f,rou aerial photography (see # 1
above) describe the current structure of riparian connunities in
response to interin flow dau operations. Monitoring of selected
sites will enable an assessrnent of the overall. Iosses or gains in
ecosysten diversity.
Monitoring of the riparian connunities along the lower Grand Canyon
will allow for the Hualapai Tribe to evaluate changes as related to
overall riparian conrnunity diversity and structure. This
information will be directly correlated with the interin flow
Ievels.'
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Objeetive 4. Monitor the effects of interirn flow operations on
pllnt physiology. The inpact of current floy regimes and anY
iuture-test flows on plant photosynthesis, a direct correlate of
plant growth, will Ue mealured -in the field and provide .an
irnporta-nt index of cornmunity productivity in response to varied
flows.

Monitoring of the plant physiology through the Plant Moisture
Stress eviluation, pnotosynthetic aCtivity and other measures will
allow for a direct assessment on the day-to-day inpacts of the
interim flows on the lOwer Grand Canyon riparian corridor.

objectl,ve 5. Integrate the results from the Iiparian and natural
relource nonitoring-into the GCES Geographic Infornation Systen and
long-term monitoring progran,

The integration of the technical data into the long-term monitoring
and Geographic Infotmation Systens is essential. ig management 9f
the resouries and determination of iupact is a goal of the overall
interim f,Iow and monitoring program. The GCES is providing the
Iead in the developnent and utilization of the data bases.

BACf,GROgilD

Riparian habitat in the Southwest supports renarkably conplex ald
prbductive corumunities of plants and animals (e.9. Knopf, qt-11.
igee). Numerous ccrs studils and othera have docunented a siuilar
pattern in the riparian zone in Grand Canyon--it supports a.diverse
issenblage of plints and aninals. Today, ccEs reeearch is being
designed to abdress the influence of, dam operations on this
ecosysten (e.g. Stevens 1989, Stevens and tlaring X988, Anderson and
Ruffner 1988, Brian 1988, Brorn 1988, t{aring and Stevens L988,
Yfarren and Schwalbe 1988). These studies are providing an
understanding of both the initial and subsequent effectE that dams
hdve on riparian habltat ln the upper Grand Canyon.

llhile an increasing nunber of studies by GCES ald others are
docurnenting dau-rellted changee of specific taxa within riparian
conrnunitiei (e.g. referenceE above, Snitlr et aI. 1991, Fenner.et
aI. 19g5), fen f,ave considered this relationship at the conmunity
Ievel. wittr ccES, the Hualapai Tribe proposes studies designed.to
evaluate the effects of clen Canyon Dam operationE on the riparian
conmunities that occur along thL Colorado River on the Hualapai
Reservation. These studiee will benefit the Hualapai by
determining what species conprise these conmunities, and how the
communities are organized.

The riparian habitat along the Colorado River through the Hua1ap-ai
Reservltion, espeeially fion Diauond Creek (river uile 225) to the
edge of the Grand Canybn at Grand tfash C1iffs (uile 2871 , is- not
weil-studied. studiel of riparian plants and aninals there hlve
been lirnited in scope and qualitative in nature (e.9. Phillips



L975, Phillips et al. L977, Johnson and Hansen L977, Carothers et
al. 1976), Ieaving us with only a prelininary sense of the extent
and conposition of this habitat.

No studies have addressed the influence of Glen Canyon Dam
operations on riparian habitat in the Grand Canyon below Dianond
Creek since the nid 1970rs (Turner and Karpiscak 1980; Carothers
and Atkinson, Lg76). Such infornation is essential for effective
management of this reach of the Colorado River.

}IETEODS

Monitoring Site Selection

Interirn flow monitoring sites will be selected based on an
assessment of past work that has occurred in the lower Grand
canyon, the loiation of the GCES Geographic Information Systen
nonitoring sites, critical resource locations and representative
resouree locations. ft is anticipated that the monitoring sites
will be selected based on existing aerial photograPhY' video
coverage and past infornation.

Sarnolincr and Analysis Technicrues

It is proposed to describe the riparian ecosysten through the low9r
Grand -Canyon on the Hualapai Indian Reeervation and evaluate how it
has been -affected by GIen Canyon Dan existing and interim flow
operations. The approach wil.l involve two phases: Pbrrl I, will
entail a reconnaissance evaluation of the riparian community,
including the beaches that support then, through the lower Grand
Canyonl and Pbtt. II, whers specific monitoring protocols to
evaluate resources and inpacts identified during Phase I. Our
survey work in Phase I will include eearcheE for rare, 9nd
threalened and endangered Epecies, and work on indicator species
including exotic spCcies. Phase II studiee will include more
detailed research on rare, and threatened and endangered taxar 8s
we}l as other species and issues of concern.

Objective 7. Review the llterature and exiEting data on plant
and aninal studieir of, the riparian corridor throughout the Grand
Canyonr ds well as, in other riparian ecosystems. A reeonnaissance
Uasetine evaluation will be made of specific areas and species of,
concern.

A review of research previously conducted ln the lower Grand Canyon
will be used in the nonitoring site selection. Species of special
interest, including threatened, endangered and endenic species,
wilt require additional Eearch efforts, and a thorough review of
previous research will provide infornation on distributions of many
bf such species. A reliew of previously conducted research will
provide a list of plint and aninal species found in this reach, as
well €rsr site information. A reconnaissance evaluation to the
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specific sites where more quantitative studies of various plant and
aninal groups were conducted in the 1970's (e.9. Bridge Canyon'site
(238 nile) and Ranpart Cave (275 nile) ) .

objective 2. Monitor the change in areal extent of plant
community changes in the lower Grand Canyon over the interim flows
with the use of the GCES l{ap Inaging Processing Systen program
(I{IPS) and aerial photography.

The work under ObJective Z witl provide an estimation of historical
and recent changes in plant cover during the last interin f,Iows.
The riparian zone along the Colorado River through _the Hualapai
Reservition appears to be experiencing both erosion and aggradation
of beaches du; to Glen Canyon Dan operations. Between National
Canyon and Separation Canyon there is evidence of, considerable
Uealn IOsS (L. SteVens, peiS. Cgna. I !1. BraVO, pers. CQnm. ) , While
between Separation Canyon and Lake llead, aggradation appears to be
extensive. Correspondingly, riparian conmunities in the YPper
stretch may be at risk, wfrlf-e in €ne lower stretch, nelil communities
are emerging at a rapid rate.

During FYg2, documentation of changes in plant cover will be
evaluated. The ltfPS technology and evaluation of 1990 and 1992
aerial photography will be used to evaluate areal change at_a
selected subsanple of riparian nonitoring eites. GCES will supply
the training and the uEe of technical equipnent. To evaluate the
correlation- between interin f,Ios dam operations and changes in
ptant coverr we will compare changes in plant cover at dif,ferent
Line intervalE. Deter:minltion of the actual stage changes will be
accomplished by utilizing the GIS and surveying technology
available through the GCES office.
By reviewing aerLal photographs with tfiPS and ground truthing
existing conditions, it wil.l be possible to construct a map.of
pl.ant c6nnunity dist-ributione in the lower Grand Canyon. This will
enable us to -describe current distributions and to deternine
changes in stands of riparian plants that have occurred over the
interim flows. A riparian vegetation !!ap constructed f,or ttt"
entire Grand Canyon bt Phlllips-et al. (L9i7) nay prove useful in
our study .of tfre Listorical developnent of riparian plant
communities in the lower Grand Canyon.

Various agencies, including the National Park Service, the Bureau
of Reclamation and the USGS, are currently napping beaches
throughout the Grand Canyon. The GCES is coordinating trlese
efforts and developing the GIS programs for long-term monitoring.
The Hualapai work wiLl integrate uith these efforts.
Objective 3. Monitor the riparian connunities along th.e lower
Colorado River through the Hualapai Reservation. Conbined with
hj.storical infornatioh derived fron aerial photography (see # 1
above) describe the current structure of riparian connunities in



response to interin flow dam operations. Monitoring of selected
sites will enable an assessment of the overall losses or gains in
ecosystem diversity.
Under Objective 3 pernanent study plots will be established in the
interim flow rnonitoring locations and plant conmunities through ttre
lower Grand Canyon. Representative connunities will include (1)
cattail marshes, (2) Goodding's willow and coyote willow stands,
( 3 ) tarnarisk-dominated stands , (4) tarnarisk and Baccharis
salicifolia stands, and (5) plant populations in tributaries.
Conmunity type maps will be constructed for the subsanpled
monitoring sites. Specific study sites will be selected through a
statisticall"y randon procedure based on existing connunity types.
Grids will be established within each conrmunity tlpe to permit
quantification of bird and mannral populations. Plant data will
also be collected at grid points, anh I nininrrn of 200 m2 area will
be sanpled at each site. These nonitoring sites will be surveyed
seasonally for one year to determine what species are occurring in
these communities and in what densities. Plants, insects,
amphibians, reptiles, nannals and birds will be censused at each
site. AIl points of the grid will'be surveyed in using GCES
protocol (GCES, L992r. This will enable the monitoring of changes
in beaches that are evident in the lower Grand Canyon. By locating
distance from these fixed points to the water's edge (at 51000
cfs), a measure of the beach/riparian plant stand loss or gain over
tine will be possible.

Population structure (e.9. age structure) of these various species
wilI also be estinated to deteruine their vigor in these
conrmunities. lfe will also study the distribution and population
structure of exotic species, including tanarisk (Tanarix
ramosissima), Russian thistle (Salsola iserica) and camelthorn
(A1haoi camelorun), in an effort to evaluate their current status
in the riparian ecosystem and to establish the means to observe any
change in their status as related to the interin flows. By
sanpling animals in cornnunities with and without tamarisk, we will
be able to address the influence of this species on biodiversity in
riparian connunities. Uape of plant connunities of the lower Grand
Canyon will be generated.

Plant census data collected fron the lower Grand Canyon will be
conrpatible with that being collected by the NPS in the upper
reaches of the Grand Canyon, and data will be requested fron the
NPS for the GCES GIS napping effort.
objective 4. Monitor the effects of interin flow operations on
plant physiologry. The inpact of current flow regimes and any
future test flows on plant photosynthesis, a direct correlate of
pLant gronrth, will be measured in the field and provide an
irnportant index of connunity productivity in response to varied
flows.
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Under Objective 4 an evaluation of the effects of interirn flow
patterns on plant physiology will be conducted. The inpact of
current flow regimes and any future test flows on plant
photosynthesis, a direct correlate of plant growth, will be
measured in the field. This work will be conducted during the
summer of L992 using methodologies outlined by Scholander, et. aI.
(1965), and is critical to assessing the inpact of Glen Canyon Dan
interim flow operations on the riparian conrnunities of the Grand
canyon. These results will provide an index of conmunity
productivity during variabLe flow regines.

INAECRATTON TITE OTEEN CCES UOXITORII{G EFtrORTE

As the Hualapai Tribe joins the GCES in research, the work being
proposed is designed to integrate with previous and current GcEs
research on plants, animals and sedinente in the Grand canyon. The
riparian corridor through Grand Canyon reflects a continuum of
processes fron erosional to aggradational, and the proposed lower
reach interin flow nonitoring will help to conplete an
understanding of this process and its effects on associated
resources. The riparian work proposed wiII be compatible with that
ongoing in the upper Grand canyon, and will enhance the
urtderstanding of the structure of riparian plant connunities and
how they are ehanging.

The study sites will include the five Geographic Inaging Systen
(GIS) reaches established bi the GCES in the lower Grand Canyon on
the Hualapai Reservation. They are located in the vicinity of
National canyon, Lava Falls, Granite Park, Dianond Creek and
Colunbine Canyon. These Etudies will contribute esEential data on
plants and anirnals to these long-term, nultifaceted research
ef,forts. Additionally, the use of UIPS to ueasure area of beaehes
as well dsr plant coumunities in the lower Grand Canyon will be
compared with results found in the upper Grand Canyon in other GCES
studies.

AI1 surveying infornation gathered will be collected in the nanner
prescribed by the GCES ao that'it is directly applicable to the
developnent of the cIS program and the }ong-terrr nonitoring
program.

DELfVERABITES

Quarterly and annual reports will be provided to the Glen Canyon
Environmental Studies according to the schedule in Table 1. A
DRAFT Final'Report will be distributed for technical review as
speeified by the GCES and a FINAL Report will be developed at the
conpletion of the interin flov nonitoring program.

PERSOf,NEIT

Technical Staff



The Principal fnvestigators for this work are yet to be determined.
The technical assistance wiII be provided by the Hualapai Forestry
Departnent and by the GCES. '
Other Acrencv fnvolvenent

The GCES will provide the prinary river logistics support and the
technical etq>ertise and equipnent for the surveying efforts. The
National Park Service will provide technical scientific support and
input into the design and developnent of the nonitoring site
locations. The GCES will provide the technical support and
training on the l,[PS efforts and the developnent of the GIS sites.
SCEEDT'IJE

The schedule outlined in Table 1 will be followed for this interim
flow nonitoring project, but nay be adjusted pending deternination
of the date of the actual contract initiation.

Table 1.

I
I
I
I
I
I

Quarterly Report
AnnuaL Report #1 (DRAE[) ..... o...... o...........
Annual Report #1 (FfNAL) ........................
Quaftefly Report ................o....o..........
Quarterly Repoft ................................
Quarterly Report ....... o... o. o..................
FfNAL REPORT (DRAFT) . . . . . . . . . . . . . o . . . . . . . . . . . . . .
FINAL REPORT (FINAL) ... o... o.. o.. o.... o.........

Uay L992
JuIy L992
October L992
December L992

January 1993
April 1ee3
July 1993
October 1993
Decenber 1993
February 1994

I
I
I
I
I
I
I
I
I
I
I
I
I

IJITENETURE CIIID

Anderson, IJ.S. and G.A. Ruffner. 1988. Eff,ects of post-Glen Canyon
Dam flow regiroe on the old high water Llne plant conmunity along
the Colorado River in Grand Canyon. Gl.en Canyon Environmental
Studies, Salt Lake .City. NTIS PB88-183504/AS.

Brian, N. J. 1988. Aerial photognaphy couparison of 1983 high flow
inpacts to vegetation at eight Colorado River beaches. Glen canyon
Environmental Studies Rept. 20, SaIt Iake City
Brown, B.T. and R.R. Johnson. 1988. The effeets of fluctuat,ing
flows on breeding birds. Bureau of Reclamation Glen canyon
Environmental Studies Rept. No. 23. MIIS No. PB88-183512/AS.

Atchison, eds. L97 6.

10

Carothers, S. , and s.w. An ecological



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

inventory of the Colorado River between Lees Ferry ?nd the Grand
Wash Clitfs. Grand Canyon National Park Colorado River Research
Series. 10, Grand CanYon

Fenner, P., W.Brady and D.R. Patton. 1985. Effects of regrulated
water flows on r"geieration of Fremont cottonwood. J. Range Manage.
38:135-138.

Knopf , F.L., R.R. ilohnson, T.Rich, F-B. samson and R. C' Szaro'
198g. Conservation of riparian ecosystens in the United States.
Wilson BuII. 1002272-284

Phillips, B.G, A.!{. Phitrlips, M.Theroux, J. Downs and G. Fryberger.
tgiZ. iiiariah vegetation-oi crand Canyon National Park, Arizona.
Mus. of Northern Ariz., Flagstaff, Az. Unpublished nap.

Scholand€r,
Hemrningsen.
148:339-346

Smith, S.D., A.B. I{ellington, J.IJ. Nachlinger, and C.A. Fox. 1991.
Functional iesponses of r-iparian vegetation to streamflow diversion
in the eastern Sierra Nevada: Ecol. APpl. 1:89-97.

Stevens, L.E. 1989. Mechanisns of riparian plant conununity
organization and succession in the Grand Canyon, Arizona. Northern
arizona Univ., PhD Dissertatlon, Flagstaff.

Stevens, L,.8. and G.L. Waring. 1988. Effects of post-dau flooding
on ripaiian substrates, vegetition and invertebrate popul_ations in
the cblorado River coiridor in Grand Canyon' Arizona. Bureau of
Reclamation Glen Canyon Environnental Studies Rept. lfo. 19. NTIS
No. PB88-183488/AS

Turner, R.U. and M.Dl. Karpiscak. 1980. Vegetation _changes between
Glen Canyon Dan and Lake-lilead, Arizona. USGS Prof. Pap. 11-32.
Washington.

t{aring., G.L. and L.E. Stevens. 1988. The effect of recent flooding
on riiarian plant establishment in Grand Canyon._ Buleau-__g!
neclaraltion GILn Canyon Environmental Studies Rept. No. 2L. NTIS
No. PB88-183493/AS.

Warren, p. and C. Schwalbe. '1988. Lizards along the C^olorado River
in craha Canyon National Park: possible efficts of fluetuatinE
river flowE. Bureau of Reclanalion Glen Canyon Environnental
Studies Rept. No. 26. NTIS No. PB88-183538/AS.

Watahomigie, t.J.1 M, Powskey and J. Bender. 1982. Ethnobotany of
the Hualip"i. Huaiapai Bilin+ral Program, Peach Springs, Arizona.

P.F., H.T. Haumel, Edda D.Bradstreet, and -E'A'
1965. Sap Pressure in vasCular Plants. science

11



,'Yrrre 2

| .,t
f<'

:

)EAR I

GLEN CANYON EA/IRO}IMENTAL STUDI ES

PROJECT BUDGET
SIIMI'I.ARY SHEET

I
I
I
I
I
I
I
I

erincipal Investigator Hr:alapai Tri-be Date Subnitted 2/26 /e2

Department / Laboratory Organi zation

Beginning Date Mav 1992 Conpletion Date Etecenilrer 19q4 ,

aroject Tit1g lbnitoring of t+P e_ffects_of IntsirrJ Flcnrs on the Riparian Pt;.nr
Grml]Il.ittes Ln the l-s,.ler Grand canyon

Budget Estirnate

Assistant

6. (-l ,Otl,ttr .

I
I
I

Person ll{'ot
Cal Acad

I
I
I
I
I
t
I
I



I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
I

NqR I

see beloul

27.52

ftenLze Capltal Equlpncnt to bc Purchaeed in

Rcptile ollection equifnEnt - E[OH,specin:n traps, ctc.

Uarrrcaf collrction e4dprrcnt ( Irrsect Collectiorrs (2 ,000 )

Birpculars, field tents,

Plant collectlon equi

uter El,t RAM 120 1,1 Hard Drive witjr rinter ard software

Sub@ntracts

SoiI Anat

of Plant &llections

* Including Freight charges
Year t = $249,29L
Year 2 = $1I8,286

FY

r95 ,522

5 3, 769

2491 391

I,500

20,500

tl
J.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

'y
/

Equlpnent to be Purchased ln FY

I
I

film anC

Capital

Freight charges



I

I
I

D3

I

I cuRRENr AND Hrsro"t.lJlottrTJi^l?rt#f^lrroN TREND' rN .RANDrr cANyoN, usrNc MULTTTEMTo*"rrltffTE sENsrNG ANALvSES oF Grs
I

I SI,'BMITTED BY

I GWENDOLYN L. I{ARING,
SCHOOL OF FORESTRYI

NORTHERN ARIZONA T'NIVERSITY
- FIAGSTAFF, AZ 85011

I AND

MUSEI.JI,I OF NORTHERN ARIZONA
ROLTTE 4 BOX 720

FI"AGSTAFF, AZ 86001
( 5'02 ) 77 4-5211

FAX (502) 779-L527

I suB'rtrrrED rt)

I GLEN CANYON ENI/IRONUEIIITAL SIIJDIES PROGRA!,!

I BUREAU oF REcrauATroN
SALT IAKE CrTY, UrAH

I
I
I
I
I

G LEII CA|.IYCN ENVI'?ONMENTA.L
STUNIES Oi;'-:iCEI

I
I
I

GCES OFFICE COPY FEB zF tss2

RECEIVED
FLqGSTAFF, AZ

DO NOT REMOVE!



A. Abstract

Analysis of aerial photography offers a valuable
perspective in monitoring ecosystem change. I propose the
following monitoring program using aerial photography of
Grand Canyon's riparian corridor to (1) evaluate the effects
of int,erim flows on riparian vegetation cover:. (2) to
determine historical pat,t,erns of riparian vegetation cover
from 1955 up to the initiation of interin flows; and (3)
determine the influence of environmental variables,
including azimuth and depositional setting on vegetation
responses to interim flows. These issues will be addressed
in GIS reaches to establlsh the ground work for monitoring
these resources and to integrate this study with other GCES
studies designed to assess the impact of interin flows on
resources. An understanding of hist,orical patterns of
vegetation change is of fundamental importance to monitorlng
the GIS reaches, and t,he research proposed here wiJ,l provide
that information. The results of this monitoring proJect
will provide a test of the ability of interin flows to
minimize resource loss.

B. Specific ObJectives

1. Monitori the ef fect,s of lnterlm f l.ows on riparlan
vegetation covei in the new high water zone (NHI{Z) and old
high water zone (OHI{Z) between 1990 and L992 ln GIS reaches
1-5. This wtll enable a quantitative comparison of
vegetation cover one year before and one year after the
initiation of this flow regime.

2. Determine historlcal patterns of riparlan vegetatlon
cover Ln the NHIfZ and the OHWZ from 1955 to the Lnitiation
of interlm flows in the same five GIS reaches. Responses of
riparian vegetation to the cornpletl.on of Glen Canyon Dam'
the flood years of 1983-1984 and subseguent recolonization
patterns will be quahttfled.

3. Monitor change in vegetatlon cover in response to
interim flows ln different envlronmental settings, includJ.ng
dlfferent azimuths, deposltlonal envlronments (€.9.,
separatlon bars, reattachment, bars) and reaches that differ
in sediment supply potential.

C. Justification for Each

Objectlve 1. Monitor
new high water zone (NHWZ)
riparian vegetation cover
reaches L to 5. This will
cover one year before and

Obj ective

the effects of interim flows on
and old high water zone ( OHWZ )

between 1990 and L992 in GIS
enable a comparison of vegetat,ion

one year after the initiation of
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this flow regime that was designed to minimize fluctuations
and ramping rates of the Colorado River. Analysis of the
extent of riparian vegetation cover with aerial photography
will provide a test of the ability of interim flows to
minimize resource loss. A finding of increased or sLable
vegetation cover in the NHWZ will support this assumption
about of interim flows.

Photogramet,ric analysis will document vegetation
responses to interim flows on a large-scale. The proposed
analysis will measure vegetation cover along 65 km of
Colorado River shoreline. Apparently, interin flow effects
on riparian vegetation were discernable as early as FalI,
f991, approximat,ely two months after the initiatlon of
interin flows (Larry Stevens, personal communication).
Specifically, clonal plants including coyote willow (SaLix
exioua) were extending their distributions closer to the
river level

2. Deternine historical patterns of riparian vegetatlon
cover in the NHgtz and the oHwz from 1955 to" the initiation
of interlrn flows in the same five GIS reaches. A historical
analysis of vegetat,ion cover in GIS reaches through events
such as the completlon of Glen Canyon Dam and f,Ioods in 1983
and 1984 will provlde an important context from whlch to
consider interim flow effects. l{hile a photogrametrlc
analysls of historical vegetation change was conducted in
1988 (Pucherelll 1988i see below), nearly all of this effort
was concentrated ln non-GIS reaches.

3. Monitor'change ln vegetation cover ln response to
interln flows in dtfierent eivlronmental set,tlngs, includlng
different azlmuths, depositlonal environments (€.9.,
separatlon bars, reatt,achment bars), and in reaches that
differ ln sediment supply potent,ial. This will provide an
understandtng of, possible interactions between envj.ronment,al
structure and Lnterirn flow effects on rlparian vegetatlon
cover. Schmldt and Graf (f988) identified four tlpes of
sediment deposltlonal settlngs includlng separatlon barst
reattachment bars, upper pools and.channel marglns, and
vegetatlon nay colonlze these envlronments dlfferently
durl.ng interim f lows.

GIS reaches 1 to 5 encompass regions with dif,ferent
sediment supply potentlal, which will permit a test of the
effect of sediment supply on vegetation cover response to
interLm flows: GIS reach # I occurs near the tallwaters of
GIen Canyon Dam and lacks a sediments sourcei reaches 2 and
5 occur above and below tributaries that contribute htgh
sediment loads to the Colorado River (Parla River, Little
Colorado Rlver) i reaches 3 and 4 occur downstream of these
sediment sources. .

rne inierirn flow regime was devised to minimize
erosional loss of sedlments. A deterrnination of increase or
lack of change in rlparian vegetation cover through
monitoring will indicate that interim flows are succeeding



in this aim. The consideration of environmentar variables
mentioned here will help to define the relationship between
interim flows and riparian vegetation cover.

D. Background Information and Existing Data

Several st,udies have documented the dynamic history of
riparian vegetation along t,he Colorado River in Grand Canyon
(Turner and Karpiscak 1980, Carothers and Altchlson I976,
Martin 1971). Prior to the construction of Glen Canyon Dam,
Ilttle vegetation persisted in the riparian corridor due to
frequent flooding (Turner and Karptscaf 1980, Clover and
Jott,er 1944). Subsequent to the completion of the dam an
extensive and diverse comrnunity of riparian plants and
anj.mals has become established in the NHWZ (e.9., StevenE
and Waring 1988, Warren and Schwalbe 1988, Brown and Johnson
1988, Pucherelli 1985, Turner and Karpiscak 1980, Carothers
and Altchison L976, Martin 1971). By contrast, the riparian
vegetatlon of the OHWZ, comprlsed mainly of honey nesquite
and catclaw acacla, appears to be in a state of decline due
to limited water availabillty, despite high river flows
durlng 1983 and'1984 (Anderson and Ruffner 1988, Pucherellt
1985 ) .

Analysis of aerial photography offers a unJ.que means of
interpreting large scale phenomena ln ecosystem analysls,
Its application ln Grand Canyon has enabled a quantlficatlon
of large scale change ln rlparian vegetatlon coverage along
the Colorado River over a 20 year period (1955-1985)
(Pucherelli 1986). In thls study, PuchereJll of the GIen
Canyon Environmental Studies Phase I Progran (GCES)
quantlfled the lnfluence of the cornpletlon of Glen Canyon
Dam, and floods in 1983 and 1984 on riparian vegetation
cover. Pucherelll identifted a significant lncrease in NHWZ
vegetation cover along the Colorado River from 1965 untll
the 1983-1984 floods. NHY|Z vegetation gover decreased
dramatically following these floodlng events as of 1985t
however, the long-term responses of vegetation to these
events are not, well understood.

Today, Colonado River flow patterns have entered
another phase and an understanding of the lmpact of these
int,erim flows on riparlan vegetation is needed. An lnterim
flow regime deslgned to minimize daily fluctuations in
Colorado Rl.ver flows has been implemented. Annual aerial
photographtc coverage of the river corridor is planned, and
will make lt posslble to monitor the relationship between
lnt,erim flows and riparian vegetatlon in Grand Canyon.

Base maps, a critical tool tor photogranetric analyses,
are now available for some of the GIS reaches ln the
riparian corrldor in Grand Canyon. The availability of
these maps sets the stage for monitoring resource responses
to interim flows. In addltionr. their use eliminates
potential problems of scale dlfferences (between
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photographs), photodistortion and mosaicing (PucherelIi
1985 ) .

E. Methods (Monitoring Techniques)

1. Broad Sampling Design: Aerial phctography of OHWZ
and NHWZ vegetation in GIS reaches 1 through 5 will be
analyzed to monitor interim flow effects on riparian
vegetation cover. Six aerial photo set,s dating from 1955,
1973, 1980, 1985, 1990 and L992 will be analyzed.
Approximat,ely 55 km of riparian habitat will be studied,
includlng both stdes of the rlver. Details of aerial
photographs will be ground-truthed during two 18-day river
trips with two assistants. Vegetatlon polygons will be
drawn onto transparent mylar sheets overlying the
photographs. Denslty categorles of 20, 40, 60, 80 or 100t
will be assigned t,o the polygons and verified wit'h ground-
truthlng. Pol,ygon data wtll be transferred to Bureau of
Reclamailon's (BOR) GIS base maps, digitized and analyzed
for change. Mappiirg, dlgltization and analysis w111 follow
the methods of Pucherelli (1985). Mr. Pucherelli and the
BOR Engineerlng and Research Center in Denver, Colorado'
will asslst wlth data analysis and interpretatlon.

Vegetation cover will-be compared between 1990 and L992
to measure change ln area of cover following the inLtlatlon
of interirn flowi in August, 1991. Historlcal patterns of
riparian vegetation cover wlll be deternrined from 1955 to
the tnttlatlon of lnterlm flows. NatLonal Park Servlce
staff wlth rlparlan vegetation expertise will be lnvited to
partlcipate ln vegetation raapping at GIS reaches.

Envlronmental condltions, includlng different azimuths,
deposltional envlronments (e.(f. r separation barg,
reattachment bars) and reaches that differ ln sedinent
supply potentlal, wlll be determined from photos, and rlver
maps, and through ground-truthing and consultatlon wlth
other GCES sclentiit's. These variables will be factored
into analyses of lnterln flow effects on riparian vegetatlon
covgr. 

.

2. Loglstlcal Support Requirements: The Bureau of
Reclamatlon wlll provide aerlal photographs and technlcal
assistance wlth the interpretation of GIS naps produced ln
the study.

The proposed study will regulre two 18-day raft' trips
during FY92-93, to ground-truth aerlal photographs. Ttro
assistants wlll help with this procedure.



F. Integration with GCES Research Study Plan

The GIS reaches in Grand Canyon are a major focal point
for GCES research, spanning geomorphology and biology. The
research proposed here will iontribute to this int'egrated
approach by providing a perspective on change in vegetation
area in response to interim flows and historical events.
This monitoling program will provide informat,ion on
vegetation changes ielevant to habitat for terrestrial fauna
and f,Iora, backwater habitat for fish, and archaeological
sites,

G. Products to be Developed

Patt,erns of change in cover of NHWZ and OHWZ veget,ation
in response to current, lnterim flow regimes and historical
flow reglmes will be rqported through GCES to other
government agencies and through peer-reviewed journals.
fegetation mips (scale 1:2400) of each reach and graphics
depictlng change in area of cover will be produced.
Quirterli, annrial and final reports will also be produced.
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H. Timetable

It is expected that this
and six months for completion

project will reguire one Year
(Tab1e 1 ) '

I. Budget

See proJect budget
budget. See Table 2 for

summary sheet
a breakdown of

for a summary of the
these exPenseg.
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Table 1. Research schedule for aerial photogrametry project.

Coordinate methods,
obtain aerial photographs. ..... ....June, L992

Quarterly report.......... ........,....June , Lggz

Rlver trip. .... . . ....... . ... .. ...... ...... ...July, 1992

Produce lst set, of maps ...... t....... o.July-Aug., L992
(cIS site # 1)

Produce 2nd set of maps......................Sept-Ocx., L992
(cls site # 2l

Quartgrly report. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Septembgtr, Lggz

Produce 3rd set of maps........... ....... ....Nov.-Dec., Lggz
. (GIS slte # 4)

Annual report........... o... o...... r.........December, L992

Produce 4t,h sgt of maps.........oo..oo....'.Jan.-Feb., 1993
(GIS site * 5)

Quaftefly fepoft......... .... . . o. . . t ... .. .... o. .MafCh, 1993

Producg 5th sgt of maps.... ....... ...,. .....Mar.-Apr' I 1993
(GIs elte # 3)

Rlvgr trip.............................o.........ApE.1 1993
(Ground-truth L992 aerial photos)

Produce maps of all sites based on L992
phOtOS. . .... . .. . . . . : ..

Quarterly report....... o... o.....................Ju11€1 1993

Map transfgro...... o...... o............ o....June-Julyr 1993

Data analysls, report preparation... ... ... ..Aug.-Sept., 1993

Flnal fegoft, pUbllCatlOn...................... l.NOV.1 1993
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1. HateM upDlies
a. Telenhone
b. ot

2 . Publ rcat,ion Costs
3. Consult,ant Servlc

i. INDTR,E

J. TO

Itemize Capital Equipnent to be Purchased in FY_

19, 47?

1 16 ,83?

4. Conputer Services i

I5. Subcontracts ,

| 92,360H. TOTAL DfRECT COSTS (A t,hrouch G) r

1 16 ,832

* I ncluding Freight
*** BOR costs for thi s

charges
project will be derived from other sources



I
ITable 2. Breakdown of budget for aerial photogrametry

project by fiscal year.

I
ITEM FY9 2 FY9 3 FY9 4 TOTAL

Personnel ( 3 )
and fringe ( 10t )

Equipment,/ suppl ies

Photo develop.

Of f ic e/Phone

TraveI

Publ ication

L7 ,009

3 r 500

L2,000

1r 000

2 r 000

43 ,7 84

2 ,4A0

3r000

1,000

2 r 000

5 ,867

500

500

2,000

L ,2AA

66,560

6 r 000

15 r 000

2 r 500

5 r 000

1r200

I
I
I
I
I
I

Subtotal

Indirect, costs

35 r 508

7 , 101

51r784

10 r 355

10 , 067

2 ,0L3

g7 ,350

19, 472

TOTAL COSTS 42,609 62 ,14 0 L2,080 115,832 I
I
I
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Table 3. Breakdown of Bureau of Reclamation's costs for this
proJect.

BOR scientist
Training

Digi t.Lzing

Report,

Plotting
(0 1:4800)

Tabulation

5,300

3, 150

45,000

1r 350

3 r 500

1r 000

Computer costs 51500

TOTAL 7 L,900



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

D.-l

A PROPOSAL TO I{ONITOR THE EFFE TS OF INTERII'I FI'OWS

FROI{ GLEN CA}IYON DN,t ON AVIFAI'NAL
NESTING HABITAT AVAII,ABILITY ATD USE

U.S. FISH NID WILDLIFE SERVICE

t. tSSTRleT

Interin flowE consiEt of three different nonthly volumes: Iou
uonthly volune (october, apiifr an9 naYl ,- rnedirul lolthly volune
(Novenber, Decenber, Februa-ryr-ifa1c1r ,.arid June) r .?1d^ltiglt nonthly
volqne (January, July, eug1rs€, ana Septenler). t{}th.thie range of
fi;ss "dnlttr"e'rittt 

iifeaiea due to eiception criteria al'Iosances'
we Day expect gj eiJ Af ft"".tE" in aviin habitat utilization and

availability between nonthe. Census data ui!} be ured to evaluate
;;;efi;-;iit ";" "i i"irraure -rriurt"t patterns durins the three
differgnt nonttrif flow volqmes that conpirise interiu flowe'

B. oEficfrvEg

The follouing obJective viII aesiet the Ir.S. Fieh and l{ildlife
Servicc (mS)- .in uonitoring thJeffectc of lnteril flose on ground

and lou-nesting avian st'eciea by cvaluatlng neeting habitat
utl,lization and availabllitY:

l{onitor the .ef,fect of actual I'nteril f10v releaees on the
nestingzoneofgrounaandlou-nertingaYi?:lspecies..to
include tft. -t"ff"fine indicator ePecie-s: . - Dlallard, SEotted
Sandpiper, Connon vefiorl-frioat, yeflov lfarbler, Bellts Vireo'
BIue Grosbeak, Soutfri..i.i" tflLl'os Flycateher, and Yellou-

. breasted Chat.

The following tvo obJectives uere considered but have been

eliuinated dul to the follouing factore:

1. t{onitorlng of nlgrant, -vintering, "11--b-reeding Pitd
populations along t113 'Colorado nitler ecosyeteu corridor
dosnstreaD of Glen Cii'on-di-in Glen and Grand Canyons anq

deternine effact3 of it'tirin flowe. &pharie.would be placed
on pop,ri.iign- alnJiii* .-;d aiveretty of riparian nesting
speclee, waterfoul, and rare apecles'

REASONS FOR ELII'{INSTfON: At this tine, the.ryq cannot develop
a nonit@ thgt qoul! iluantitatively evaluate
and i.solate the ereecis-;f interiu flow releagee separate IToD
outeide influeneee. etiit,..tion of floss downstrean of Glen
canyon oin-ina o$r9r ;;.;td; influencee uake it difficult to
evaruate direct errecis-;;;;diiiion changee (both in densitv
and dlversity) ttre nJie-nifds dovnstrean-flow9 -get f19u the
dat!. Ilouever, the FI{S strongly sugqests- th?t- lJlis nonitorlng
be carried out 1n the Glen -Cinyon reach above Lee's Ferry'
The GIen Canyon r.."n wilL be most directLy affected by

GCES OFFICE COPY



interin flows due to its proxinity to the dan and a lowered
attenuation of flowE in thiE reach as compared to other
reaches of the river corridor.

2. Honitoring interLn flon effects on inportant terrestrial
invertebrates aE avifaunal food chain conponents that are
dependent for their production on maintenance of uarsh and low
riparian habitats.

REASONS FOR ELII,IINATfON: At this tiue, rith the available
bageline data, it is inpossible to quantify the
appropriateness of which terreitrial lnvertebratee to-relect
ae indicator speciee wittrout Etonach analysia of, ineectivoroue
birde. The FWS doec not feel that it ig poesible, in the
short auount of tine glven for lnterln flous nonitoring, to
devclop a conpreheneive protocol that rould isolate inpacts of
interin flouE on terrestrial invertebrateE and the effects any
changes would have in the food base. It is difficult to
deternine the significance of interin flows on the density and
divereity of.terrestrial invertebrates in such a short period
of lonitoring. Because of the lack of baseline data, the
rapidness of generation turn-over ratee, and changes in the
clrronology of invcrtebrate speciee preaent between nonths, the
be:t ve vould able to do in the intcrin ir to poseibly uonitor
911036 changea Ln invertebrate populations, A nethodology ie
nceded in aseociation ulth reeearch that provl,des a nethod to
lonitor specific lnecct or other iqtortant ecoeyst€n
corqronents that occur uitlrin the euergent nargh and lower
riparian zonea along the river yhlch uould support
deteruination of presence or abgence of affecte fron interin
flos releageg.

It, GCES and the Senior Scientiet eupport the neceasary research
work needed to acconplieh the above objectives, the Ft{S vill assist
in developnent of the protocol and provide field aesietance.

c. ituSrrlrcl![lox
It is inportant to nonitor the effects of interiu flose on nesting
habitat avaiLability and utilization by grrorurd or lou-nesting
birde, such as waterforl, ehorebirde, and songbirds. Interin flos
releases nay have an affect on Euccecsful utilization and
availability of neating habitats. llonitoring effects of interin
flows on habitat availability and utilization will allow uE to
conpare historic avian and vegetation data sith contemporary
interin flow data.

Monitoring theee neeting habitats rilt pernit evaluation of lnterin
flow releaseg and the reeultant effecte on breeding birde. This,
then, v111 be used to advise the Bureau of Reclauation of any
adverse inpacte of interin flous

GLEN CANYON E NVtBONtyt ENHL
STUDI€S OFFICE

l{AR 0 3 p92
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D.

thb cten canyon Environnental studieE (GcEs) scientific core Team

drafted an interin f lou nonitoring lrogran f.rou 1pr1ng, 1-9?2
through 1993 (Glen Canyon nnvironientaf StudieE 1992) ' lhis
proposal aaareists uoni€oring the .effecte of interin flowe frcn
GIen Canyon O.r on avitaunal nestlng habitat availability ald

"iif.iz"tfott 
atra evaluation of inpacte -to breedilg birde along the

a;1;;;e;--iirr"" in Grand canydn Nati_onal Park, 4rizoqa. --i""iloiing ot- breeaing bird natitat and lnpacts_ of -interin flovs
will be unaertifen o"ittg -th" nethodol'ogies .euploye! dgrlng GgEl
phase I and, ;G;; apifilaUfe, Phase..II.- This-ef,fort vill assiEt

"iii"u" r""lg;ienl i-glncfes aha entltles, t!S,- and Departnent of
iftE-i"i"iior io evalulte the inpact gf .interin f Lowe on dosnEtreau
;;"";A;- p"iot to a record oi decislon on ttre Glen Canyon Dan

il;G;;"[ii rnpact statenent by tlre secretarlr of the Interior'

Existlng data on the avi.an connunitleE of the Glen and Grand
;;;F;;-"tna -itpicts of conetruction and operation of, Glen canyon
;;;'""-naLita€i, food base couponents, ane _a_ylan_populatione are
Aumurizea in the Draft LggZ ftsn and Wildiif,e Coordinatlon Act
i"p"rt;-iivfew of Avl,an Conraunities and Inpacts of GIen Canyon Darn

in the Grand Canyon. ldditional inforuadlon on uaterfowl, se1+-

"d"iti". ana 
-iiiiii." ;ni;;- "i"Jiry durfns gcnq Phaee rI, I'e

;6ii"d in Stevene and Xf inc i rggr)..- Hiriorical avian density
data fron ten sitee Ln tlre rl.ver'corridor durlng GcEs Phaee I, are
pi""""liO in Brosn (1988) and !n Brovn'e fl'eld 1ot-es (Broun' pers'
coD&. ) . Carothera and- sh;;bei irgz-e ) preserted data on avian
denslty and aleiifU"tlon in the 'Coloiaio Rl'ver corrl'dor, with
detailed etudiee at Nankot"lp Creek, Cardenal Creek, and Granite
Park. Other essential etuaiis that hietorical data can be drawn
upon arc preaented in Table 2.

!. f,gfroDS

The folloving letlrodg vi!} be used to leet the propoEed obl:ctive
and evaluate interin fl.ow effectg on a ronthly, gealonal, an9

"""""f tfit scalo. fo acconpiieh the obJectivcr. C.eeriee of annual
ii".ilripe ari planned lsed--ction n).- 11'lrere tripe will help the
Ft{S to evaluate effecte oi itt"rin fl6ue on lfrouna g" lou-nesting
1"i."-rp""lir along the Colorado niver in tlre Grand .Canyon. Ap
nonitoring uifi f" t"rriea ouCa"ti"g tlrc avian breeding geaeon in
the GranCl Canyo" 

-tap"il tfrrJugn Juli, depending upon epeciee and
nesting chronologY).

On an initial trip, nine per1anent study sites vlll-be established
(Table 1). rft"ll'honitofi"g ;iFs wili be eqrveyed to obtain all
i"gEtitiirn aili-urlng tne 

-uitrr-ologiee of ttre v-getation studieg
in GCES Phaee II (Sievens and eyeir -199f). - Thl-s worlc rill be

Eubcontracted to sklllea vegeiatlbn survey6rs- by_!4? FlfS. In all
but tvo """.i,-lh.;tsiiet 

ire included in the GcEs Grs uap (9h?

tuo Eites not ln the CfS Eysi.t-riff have lape n3dc. ueing aerial
photographe, GPS, and llIPSt:-An "it"t are ctriracterized by having

I
I
I
I



historical data and sufficient riparian vegetation to support
avifauna.

GIS naps of each eite vill be overlaid with a grid 8O0 neters long
and thL uidth required to include five neters in elevation (fron
norual flov leveG). Each site sill be eaupled on one tnornlng 9f
every nonth to obiain data on any active hest eites within the
stud! site using the hlenrs TranEtct llethod. Location of active
nesti vill be rLcorded during the breeding Eeason and vegetation
t]rye at and around tlre neEts, distance fron vater, and height lbov?ttrl ground will also be docunented for each nest found (nethods of
Brovn, 1988). All neets found will also be photographed and
docunented on the GIS DapE.

cIS laps uill have vegetation data that uill be used to coupile
neet rite utilization Uy ground or lou-nesting avian epeeiee.
Vegetation data collectld- sill include epeeies coupo-sitlol,
deieity, and size class within each vegetation zone of each etudy
site. - Plant aeeeublage inforaation will be cornpiled gsing th"
techniques euployed by-Stevens and Ayers (1991) and phystca| eite
'charac€eristils iirr be neasured. ueit eite habitat utilization of
each avian speciea encountered vithrn the study eite wiLl be
docunented ana coupiled. A synopsis of available data on
euaceptibility of Labitats to -interin f low ef fecte will be
detailed. Data on habitat changes siII be coordinated vith on-
going research involving intelin flov effects on riparian
vegetation.

In one area of each atudy site, nonitoring etalcee sill be set up
ev€ry 0.5 neten (l) un€if a ninlnurn of 5 D in elevatlon (fT99
nor:niI flous) le liiciuded. Each aonltoring atake (Figrure_ 1) vill
be conetructed out of PVC PiPe, have one-thl.rd cut out fron one
elde, and the lnaide uilI Ue-palnted uith a vater coluble_ Fllt:
fhesi nonitoring stakes uill -allou the Ft{S to evaluate habitat
inundation under the various stages of interin flowe. As the etage
rises, the rater uill saeh away any paint on the etake which ig
inunaitea. Elevation of inundation will be correlated rith flove
(ae dosunented by GIen Canyon Dan Fl,ow Release -Reportr) . Ue+ngt
inis inforuationr- rc vill be ablc to correlatc flow releasee uith
levele of inunda€lon at each study site, and this data ri1l be ueed
to correlate elevation vitb the different vegetational tlqes on
each atudy gite. In thie ury, the FtfS can obtain inforuation on
vegetatioial inundation and -correlate it to knorn nesting :+te
el6vation and vegetation vithout continual dieturbance to active
nests.

After the initial and follou-up trips, trips will be done at two
weelc intervale. The firet trip of each lonth will survey for
active nestE, gather data on the uonitoring stakeE, ani replace
uonitoring staties vith nevly painted etalcee. The second trip- of
each nontl will only reptaCe -a11 nonitorl.ng stakee uittr freshly
painted stakes and obtain data frou stakes.

Travel will be done on afternoons betseen eites.

I
I
I
I
I
I
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I
I
I
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I
I
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I
I
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BecauEe the intent ie to nonitor from baseline data, trips vill
uonitor habitat and locations between Lee'g Ferry and Phanton
Ranch. Hovever, if GCES and the Senior Scientist believe it is
neceBaary, these trips can bc extended to eurvey suitable habitat
eites Uelow Phantot Ranch, including ttre Hualapai Indian
Reservation.

!. rmEoRtrrox tr|!E ot'EER xoNrloRrxo ItroRlS

Avian nesting habitat utilization and preference rilI be integrated
uith the riparian vegetation studies .(GCES-II, Stevens and Ayers).

Avian nonitorlnE vill be integrated with the Fish and lfildlife
Coordination Act Report on Avian Conounlties in the Grand Canyon
(cCES-II) and all hietoricat data to svaluate avian habitat
rititlzation and aveilabllity trendc (Table 21 . l{onitorlng
inforuation yill be incorporated into the developnent of the GIen
Canyon Dau Environnental Inpact Statenent ae appropriate.

O. PRODUCT8 TO BE DBYIITOPED

A Eeaeonal report sill be delivered to the FI{S Regional Office and
GCES for revieu. Rcports u111 be preeented in the forn ueed in
Fieh and l{ild1ife Cooidination Act Reports. A final report uilt be
dcvclopcd at tha cnd of tlrc interin flosg lonl.torl.ng period.



E. TIT{ETAEI,E

Schedule of annual monitoring trips.

TRIP DATES CREW PI'RPOSE OF TRIP

April 1-14 2 Biologists

April L7 -3 0 2 Biologists

Initial trip to set up study sites,
search for active nests and Put
Donitoring stakes in p1ace.

Follow-up trip to review each study
site, search for active nests and
replace nonitoring stakes .

First regular trip; aearch for
active nests, replace nonitoring
stakes.

Short trip to replace monitoring
stakes.

Search for active nests, replace
Donitoring etakes.

Replace nonitoring stakes.

Search for active nesttr, replace
nonitoring etakes,

Take out all nonitoring stakes.

llay 5-18

I{ay 20-27

June 5-19

June 23-30

JuIy 5-2O

July 27-Aug 2

2 BiofogiEts

1 Biologist

Biologists

Biologist

Biologists

1 Biologist

1

2

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Crev: Trro trained avian biologiete and one boatman (poesibly
the biologistE uill help auanp, to avoid extra cogt of
another creu nenber).

Vegetation Surveyr will be eubcontracted (not shown on tinetable).



I
I r. BnpcEr

r The followingr budget doee not include logistics. Logistics will
t involve: onle boitnan per trip, one notor enout ri9, food for
I number of people and days epecifled in Section H, and travel to and

fron launitr ind take-o:ut iiteE. The Fws assunes that GCES wilt

I 
take responsibility for logisticg.
There is a Budgct Sunnary Forn f,or 1992 and 1993 EeDeESSeIy'

I
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GLEN CAI'IYON EI'ruIR.ONI*{ENTAL STUDIES
PRCJECT BUDGET
SUMI"IARY SHEET

I
I
I
I
I
I
t
t
I
I
I
I
I
I
I
I
I
I
I

PrinciPaI Investigator

Dep artm en:- /Lab o ratory

Beg inning Date l['lqr. l?l a Conpletion Date - b€-c- ' f99 3

Proj ect Title

Estinated Budget

Date Submit'ted 93 01 " ?

Organi zatrion USfws

TotaI
AmountPers on/ l'1os

CaI Acad Surnr
A. SENIOR PERSONNEL

t. Pr (Brnos) (ffi

B. OTHER PERSONNffi

$so. oKl. ( ) Post Oocloral As?#

2. G) ot
3. ( ) Graduate Students

4. ( ) Undergraduate Students

5 . (21 Secretaria L/ Clerical
( 1ot

6. ( ) oltler $zo. oK

C. FRINGE BENETITS

D. PERMANENT EOUTPMqNT

$7.0 K

1. Items
Items

Domestic

B. PrinciPqf s

b. Others

2. Forergn



I
I
I
I
I
I
I
t
I
I
I
I
I
I
t
I
I
I
I

TOTAL
A]'IOUNT

G. OTHER' DIRECT.COSTS

l,laterials and SuPPI ies

d. TelePhone

b. OtherLJ r \i/ vrr--
!

2 . PubI i"tt'o'' tott= t t' 'n' 
t= t"tnot= t'tt'

Consultant SerYice?

ComPuter Senrices sL5. o {

6. Other
$43 . o K

I. INDIRECT COSTS

J. TOTAL qIRE9T AND INDIREC1 COST.S

K. ESTI FROI{ OTHE $156.0j----4- 
ECT aldouNr (J + K)

L. TOTAL PROJ

Cost*

$0.55 5

Lfr diameter PVC PrPe $0.35 K

Water sotunte P# $0.10 Kstabl izqtion
Rebar for moliloring stalce

Paint brushes '
saw, wire, etc '

5. LaPtgL gonP3ter', Pffi and softxqr9

TOTAL

DescriPtion of ltems > $ lOK



GLEITI CANYCII EM/fRONI'IENTAL STUDIES
PRCJECT BUDGET
SUI,IVTARY SHEET

I
I
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I
I

Principal Investigator

Dep a rtm enX / Lab o rato rY

G i lbert l,Ietrz- Date Submitt,ed 0 3 01 ,o 2

Organi zaEicn USEWS

Beginning Date tttac. 1993 conpletion Date Dec ' ltQ3

Project Title BREEDING BIRD MONITORfNG

Estimated Budget

TotaI
Amount

Pers on/ l'1os
Cal Acad SumrA. SENIOR PERSONNEL

t. Pr (BTRDS) (15t rrE)

B. OTI{ER PERSONNEL

1. ( ) Post Doctoral Associates
s50. 0K

2 . (2, Other Prof ess ional
3. ( ) Graduate Students

4. ( ) Undergraduate Students

5 . (2, Secretari aL/ Clerica1
( 10? rrE)

6. ( ) Other
$zo . 0KC. F'RINGE BENEFITS

D. PERMANENT EQUIPMENT

1. Items

2. It,ens

1. Donestic
d. Principals
b. Others

Fcre ign
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I
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I
I
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14
\t OTHER DIRECT COSTS

TOTAL
AMOUNT

1. Materials and SupPlies I

I
Ia. .Telephone

b. other I

2. Publication Costs (if F.ws is responsible) i

so. 5 K

$L. o K

$0. 5 K

3 Consultant Selr/ices
4 Cornputer Sen/ices
5, Subcontracts
6. Other

H. TOTAL DTRECT COSTS (A THROUGH c)

I INDIRECT COSTS $35.0 K

J. TOTAL DIRECT ETiTN TNDIRECT COSTS

K. ESTIMATED AI'{OUNT FROM OTHER SOURCES

L. TOTAL PROJECT AI,IOUNT (J + K) $r30.0 K

Itemize Capital nqtriprnent to be purchased in FY92

Description of ftems Cost*

1. General naterial replacement (brushes, etcJ $0.35 K

2 Water soluble paint s0.35 K i

3.

4.

5.

TOTAL .$0.7 K

Description of f tems

1.

2.

3.

4.
aD.

TOTAL



I
I

'l 
l

I

It Dsttte-t<r

- Pdr.rf

p\o.s|rc .1\ to pt.sern*
toss €F p^,it Aue tb
co.i n{<*t

PVC Rp"

I
I
I
I
I
I

F i gure 1 . Di agram of l4on i tori ng S ta ke .

I
I
I
I
I
I
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I
I



I
I
I
I

Table 1: Study sit,es Planned
triUutary siteE vilI
are downstrean fron
river side).

for detailed avian cengus€5-r- with
Lt employed as controls. Uileages
Lees feiry, Arizona (and ref lect

I PERT{AITENT SITES

I
I
I
I
I
I
I
I

Hidden Slough CanYon
(-6.5R)

Lees FerrY
(o. oR)

Saddle CanYon
(47. lR)

Nankoweap Creelc
(53.0R)

Cardenas Creelc
(71.0L)

Forester Canyon
(L22.8L)

Near Parashant lfaehr
( 198. OR)

Granlte Parlc
( 2O9. oL)

22O Dfile CanYonr
(22o. oR)

I
I
I
I
I
I

* Not napped on the GCES GIS
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TabIe Existingdataandotherhistoricalreferencestobeusedil;-iffigi"tio;-titrt avian monitoring' I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Behlel Tl.H. and H'G' Higgins' 1959' Th" Birds of GIen Canyon'

Pages roi-rii c's' -oiilr"' -"a' 
-s;"r"si{*-'llldieE 

of the

frora and fauna i" cr,"^tl-di!Y;d'-e"t1i"in"elosicar Papers No'
frora anq tat''e "' --:'bt"tt" salt r'ake city'
40; univereitY of utah

Brown,B.T.lggl.StatusofneetingWillouFlycatchersalongthe
colorado River frou Glen canyon 

-;;- To .c-ardenas cree)<'

Arizona. Final Report ;; u.s. ristr .ia wriarit" servicel u's'
Departn."t 

-"I rni6rior' Phoenix' Az' 33Pp'

lgsS.trtonitoringbirdpopulationdensitiesalongthb
cororaoo River in crand canyon._ -;i;i- 

iepor-t to the Gren

canyon Environnental ;;"di;E, U. s. 
-iio"iu- or Reclamation '

Flaistaff, AZ' 26PP'

Riffey. r!i!-.- --sitai- .or - trtti dttiJ- canvon Resion: An

Annotated Checklist. --Ld Ed. C".iC-Canyoi Natural History

Associati";;;;;oeiaPh r' (APPendix)

I S..ll. Carothers' and R'R' Johngon' 1993' Breedl'ng range

exrran'ro; ;; i"rr, " ,rii"i" li c"i"a- i""v"", Arizona ' condor

851 499-500.

-. and R'R' Johngon' 1984' E-ffects of
flooorng on riparian'tt""ilttg birdg etudied'
4 (2): 12-1{'

and R.R. JohnEon' 198? ' Fluctuati-ng- f lowe frou GIen

%yon Da;-and tlreir .ereecg on Ureea-iif iii-ae-orjh" Colorado

River. Final report tJln" Clen Caniitt-n""ltonlental Studiee'

u.s. Bureau of neclauJtloi'-ii"gstirr ' Az' 87PP'

, l. l{eeta, L.'-E'. stevens' and J" tleighcit' 1989' Changes

in winter aiitr iuutlon- t]'il f a itg r"l-"-I""g -t1t9- 
g"r"rado River

in erai";1;;;i;;;'. ":: fr#."" i"". - 23 (3) : 11o-r13 '

andtrl.l|.8rogget.1989.Nesting-habitatrel-ationshipsof
,ip."r.i--ui"a" algng '{n!'cor-oraal nitt"t in Grand canyon'

Arizona. The Southwes;;; rlatuiafist 34(2): 260-270'

Colorado River
Parlc Science

carothers, and B.T. Brown. 1991. rne cotorado RigFr rbT999b-.F!iDd

canvon: 
'nltirral Alegort ana uunan c

iiEGEEEsE, Tucgon ' ^z'
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TabIe Existlng data and other lriEtorical referenceE to be ueed

f or integrar i#'iitii'-..ri"r, i-Jnr-tot i"g ( cont inued )'

and R.R. Johnson' Lgl6' Recent observations- on the

ffi tu s and d i etr i but i ?l - : *:f".!I ;*i, 
3l "ll "* tll';'X"3::#il*:X.""&"fu':ipi;1!:.it;;'rf .ierli'aoRiverResearch

serieg, contrimli'on rro' 11' (ApPendix)

and R'R' Johnson' 1981' Statue of -the Colorado River
-_-: I in Grand ".,,ili-.xat1onJ 

iirx and- Glen Canyon
ecosysEel
Nationar Recreatior, *fiI.-" i;"P. ^l; 6--t:D: ltt" and v'A'

rnnarra (edE) ' Ploclliing" 
'-;ir 

9l Teer s-lnPosiun on the

Aguatlc nl"ootc"" u"rr"iliirrl-or tt t i"r"iia" {iver Ecoeysten'

and N' J' Sharber' 1i976' ?ild" of -the 'colorado 
River'

-chap. 

vr iD carothgrc, ;.f . 
- 

1"1 sli.- litcrrtson (eds) ' An

ecological-survey of iire_riparian.?;;a ot tt'" Colorado River

berween Leee Ferry .rrf,'-tri" 
-crand {iiii' diiee"' ez' colorado

River ReEearclr Sech' i'"ii' -i;' 
- 'rol-'- 

crana ianyon Nationar

Parlc. PP. loE l:zz ' (sal APPendix)

GlenCanyonEnvirorrneltalstudles.!gg2.DraftInterinTestFIou
ltonitoring workplan. 

-v&!for, 6' Lf"'it-""i"" Envl'ronnental

Studlea.

GLinelril R.L,r and R'D' o.hnart' 198{'- Faetore of -Reproduction 
and

populatton--penstties 
- In irr" . ep"-"ii-cf"iai-- (Diceroptocta

a;rache). souurvectern 
-nit"ii.rlr€ zg (1} 3 73-79.

Goeeel J.c. 19g1. pr-erirlnary inve-stf9?t1?1"- ::.tl"tohabitat
requireu"nt" tor prani;;-r'-ii"toirrt""tibratee and f,ieh in the

colorado Rivcr belo1 Eilrrr-E""v"l-D-.t vittt regard to pealcing

power propoears. u. r.Tili ;;a- wiraiiel-s"n'ii"' Phocnix' n,z'

23PP'

Graterl R.K. 1936. Bird Banding fTol.9.tober 15.' 1934 to october

15, 1e35. pagec 1--1 ili."i "a. 
r-.i,1".i-ttisiory'Bulletin No'

4. Grand canyon xrto".-i"ir-i"t"w ;,;;itiiott' - (Appendix)

HarrislJ.II.1991.Eff^e-ctsofbroodparasitisnby.brown.headed
cowbirdE on rll1ow r_ry-c-at6trer-. n"etiil- "99"1;" 

LIonE the Kern

River, 6"iiroi"it' w3tl"i" BirdE 22: L3-26'

JohneonlR.R.lggl...HlEtoricchanEeelnvegetalionalongthe
Colorado River -in the,Crand C.rryo,,.- dilp'- 6 National Academy

pres', proceedlngs of'Tt?'!i.;;"-ittt o--n Eoforado Rlver Ecol'ogty

' and Dar tfinageaent' 178-206'



I
I

Tab1e 2 z Exietingdataandotherhistoricalreferencestobeused
for integratiJi'rr.tt 

-i.,ri"tr nJnitoring (continued)'

Karpiscak, l{.1|1. Lg76. Vegetatiorral changes along the Colorado

River. chap' 1 caroii-e-ri -;.1.-:19-t "*'.^tTT;:""li3i;l;River' chap' t sarc'Lrrc'|.-i.-iip"ii."- iottt of the- -c9lorado
*t"il"t":ti::t" "rH"""*r;'J'rtt ;r,u 

-'tr,e c'"n-i'-wJJr -iiif,rs, Az '
colorado River n"*t"tr-r".i"i.pE. no. 10. Grand canyon' 1-

39.

Lee, l'I .H'. 1920' Notee
Arizona. The Condor

McKee' E.D. 1930' Prelininary:L"t]-l-i'st of birde' Grand Canyon'

Report to U.S. Oepartlenite frrt"rioir-if"lional Park Service'

Grand c.iv-"oiirt-t-fottti Park' (Appendix)

Grand CanYon National Parlc
1935. elges 9-Ll ![cKee'
4. Grand CanYon Natural

on a fe., birds of ttre Grand canyorr
222 17 1-L72. (APPendix)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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1936." Bird obServations ln

ed. Natural itstory B'lletin No'
History Asgociation.- (Appendix)

StevenelL.E.1976a.At|insectinventoryofGrandCanyon.Chap.vrr carothere, s.s.. "ii-ilwl";ff!i""i- t"ltl . An-ecorogicar

Eurvey of the iipa'-ia_n;;;'of tlrc coroiaio niver. bctween Lees

Ferry and the Grlnd WaJf, if f f f e, lZ .--C-oiotado River Research

Tech. n"itl--no' 10' Grand canyon' 141-145'

donlnant, plant epeclea. 
t^fi"J.'-Yiri a"iottt"tt' s'lf ' and s'lf '

Aitchieon(ede.)..r,,-"""r"gicatgunr-yorthe..riparianzone
of the Colorado RLvcr U"Cr"t' f-""-r-Jiti "1ta-gnt 

Grand lfash

Cliffg, AZ. Coloralo niver neseaictr iech' Rept' No' 10'

Grand danYon' 145-154'

-..!'gss.Invertebrateherbivorecoununitydvnanicgon
rra3r-1;6 chinensts l-'it-iil- ""4 stri-*- ;*S[-lYttiir in the

crand canyon, Arizona."=irliail?" ffina unlversity t{s Thesis'

Flagstaff' 161PP'

, B-T. Brown, J'!l' 91Tqio1'-1t9.R'R' Johnson' L977 ' The

inportanceor-riparia,'--niH.it-"i:":'-t#1t"3i|3]'t"t33fi"l33l

FecE' ReP' Rl{-43 '

and T'J' Ayert' 1992' Draft Report -on the lupacts

of GIen canyon Dau o3 niplii.rr. ve-geIati6n ana eoil' stability
in ttre Colorado nivei--cEridor, 

-Eiana Canyon' Arizona'

subnitted to the r"iionii- iarr service and Glen Canyon

nnvironnlntli siJartt (Phaee rr)'
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Table 2: Existing data and other historical references to be used
for integration vith avian monitoring (continued).

and N. Kline. 1992. Draft RePort on the Results of
a Winter Waterfowl Survey on the Colorado
1990/L991. Subnitted to the National Parlt
Canyon Envlronmental Studies (Phase If ) .

- 
and G.L. lfaring. 1985. The effects of prolonged_flooding

on tne riparl,an plant couuuni.ty in Grand Canyon. Pp: 81-86
Johnson, i.R. et-al. (eds.). hiparian ecosy5tems and their
uanagement: reconciling conflicting usee. lf.S.D.A. Forest
Serv. lBech. Rept. Rlt-120. Tusson. 523pp.

_ and G.L. t{aring. 1986. EffectE.of post-dau flooding on
iEfarian substratei, vegetation and invertebrate populations
in- the Colorado River -corridor in Grand Canyon, Arizona.
final Report to the Glen Canyon Environnental Studiee, U.S.
Bureau of Reclanation, Flagetaff, AZ- 166pp.

Turner, R.trl. and l,l.l,i. Karpiscak. 1980. Recent vegetation changes
aiong the Colorado niver betseen Glen Canyon D.au and Lake
leadl Arizona. United States Gov. Printing Office'
tfaehington.

U.S. Fish and tfildlife Service. Lggz. Revies of Avian Connunities
and Iupacte of Glen Canyon Dan in the Grand Canyon. Draft
Lggz FLgh and Coordination Act Planning Aid Report.

t{aring, G.L. and L.E. Stevens. 1986. The effecte of feCent
iiooding on riparian plant eetabliehnent in_ Grand Canyon.
Final Riport to- ttre clln Canyon Environnental Studies, U.s.
Bureau of Reclanation, Flagstaff' AZ- 79pp.

WiltEonl !1.F. and S.tf. Carothers. L979. Avifauna of habitat
isiandE in the Grand Canyon. The Southsestern Naturalist
24(41: 563-576.

tfOOdbUfy, A.ll. I S. FlOWefe, D.W. LindSay, S-.D. DUfran_t, tl..K. Dean,
A.lf . Grundnans J.R. Crook, Tl.H' Behle, H.G. Higginsr 9'R:
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Deliverablcs and perEonnel would be the s''ne 6s outliaed iu Ayers-
Stevens. Additio-nal time rooleEheApff$f6fi*okgsq?RP1ete the addedStevens .
sites.
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GLEN C.ANYON NATIONAI RECREATION AREA
INTERIM FLOW MONITORING PROPOSAI - L992

A PRqPOSAL TO MONITOR THE EFFECTS OF INTERIM FLOWS ON FLWIAT
MAESHES OF TIIE COLORADO RI\TER BETT{EEN GLEN CA}IYON DAI{ AND LEES
FERRY. ARIZONA

THIS PROPOSAL IS AII ADDENDIJM TO: " A PROPOSAL TO IIONITOR fHE
EFFECTS OF INIERIM FLOWS FROU GLEN CA}IYON DAI{ ON RIPARIA}I
VEGETATION IN THE COLORADO RIVER DOI{NSTREAI.I FROU GLEN CAIIYON DAI',
ARIZONA"

Principal InvcatigatorE: Tiua J. Ayers, Departmcnt of Biological
Sciencee, Northern Arizona UaivcrEity; Laurcscc E. Stevens,
Natioaal Park Scnrice, Graud Canyou National Park

Statencnt of Purlroee: This proposal ie intcndcd to cxtcnd the
Aycra-Stevcns etudy of f,luviil narghcs into Glea Canyon, rbcre
eeveral eigaificant wetlaude cxiet that are aubJGct to tbc areat,egtof f,los-related irnpacte by virtuc of proxinity to the daru. Tbie
cireusetance nakce ths -reach of cbaeiderabtc i.mportance in
iatcrpreting data gatbcred clecwbcre, and naxinizce the opportunity
for monitoring a worst-case situatioa (or a bqet-caee aituation if
interim floye-are proaoting grorth and racotrcry).
Concurreat ritb thie projcct uould bc a progran of ratcrfowl
motitoring which bae bciu carricd out by tbs ffpS -ia Glco Cauyou for
tbc past year. Waterforl uumbsra ari higb tbrougbout tbc Glea
Cauyon -river rcacb duriag rintcr, particularly in thc nareh and
wetlaad araas, vhicb ara ugcd for -covsr and iccdlng. Ihile 14
epccica rere rccordcd in nid-rintcr, only fl,vc rpcclca ara still
PrcsGD,t in Sumcr. Horever, tbcgs fivc cpcciig brccd in tbs
setlaads aloug tbc reach, and it conetitutce -critical babitat for
tbcEe birde. Brqcdlug uatcrfosl in tbc study arca lueludc nallardt
gadwall, coruou mcr€lanBetr, and Aocricaa coot. Sgvcra,l otber
species preeant iu tbe wetlaude duriag brecding eGason for vbich
acsting bas [ot yet beea conf,irucd includc rcdbead, riag-necked
duck, Anerican uidgcou, nrddy duch, aad bluc-ringcd teal.
Additioqal relatcd etudice aud propoeale j,sclude thoee rclated to
trout aud tbe aquatic foodbaee sludy; botb conitinuiag from GCES If
aud proposed f,or iaterim flos mouitoring.

Proposal: 'Tbe nonitoriug netbods propoeed by Ayer_a-Stsvens fgf
fluvial marsbes (referea-cd propoeilr- page 0l iould reuain tbe
sa$e. However, tbree wetlaad Eitls it Gl-erCanyon (6-nile and two
ot,b,ers to be detemitred during a t{arcb site Eelection vieit) would
be added to the study. Tbc 6--nj.Ie site hae already been sunreyed
and has establisb,ed tranEects from work conducted is GCES fI.

DO NOTREMOVE!
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GLEN CAITYON NATIONAL RECREATION AREA 

. Db

INTERII{ FLO}I I.TONITORING PROPOSAL - Lggz

BREEDING BIRD DENSITIES. COLORADO RIVER FROH TEE DAT{ ?O LEES FERRY

Principal Invesrigarors s

Cherles lf. llood, National Park Senrice, Glen Caayoa lfetional Recreetion Area
clive pinnock, National park senrice, Glea Canyon Netionsl Recreetioa Area

OBJECTIITE: tbe objective of tbis nonitoring ir to docuoent the 3tatus of
breeding bird populetions in the area of i.ovcrtigatLoa to ellor dctactioa of aay
trends or imedlate l4acts resulting frm chragee it rivcr ltoag€Eeot,
Particul8rly reductioa of the intenaity of flucturtlng flore rad frequeacy of
high flows during the 'iateri.o flor, pcriod.

JUSTIFICAtI0I| I Interln flors are teuporerT mdtfl,cd rclosrs of rrter froo Glen
Ceayon Dtn deelgaed to uodercte flor verLetLoa la tbc Colorrdo B,.ivcr during a
Departoeat-level policy a!8a3sneat m dro op.ntloar. tle mdlficd flwr rcre
initiated ia august, 1991 rnd erc e=pcctcd to cmtbue tbrough rt l.rtt the Fell
of 1996. Ttrc ser flor rag:l.ac reducod thc oegal,tudc of btgb flon durlag Strmer
uP to 30.3 end raduced datly fluctuetim of rivcr strgc rppro:Lortcly 50t durlag
tbe bre€ding season for birda.

Blrds livilg elong tbc rl.ver betueea Glcn Crnyoa Dro tad Lear FcrtT oey bc
rffccted by eltercd rl,vcr f,lou rrgioer througb dLrrct or ladlrect proccs!.s.

Direct effccts Ery occur nhcn chengtr la flor'lncrara. or drcreuc drorge to
aestirg babltet. Floodr ney dircctly rrducr B.ltLag hrbitrt for roo: rlperirn
spccirs, effecting erer8 ncrrert thc rlvcr oort ttrogly. Altrrnrtlvcly, l
rcductloa i,n floods or b,lgb flour ory parnit llcrrrrd rtrbill,ty of brbitrt l"a
rh: acar-ebore zone, pcrhrps iafluroclag tbr o& of rprcirr rnd populrtr,o8r of
brccdiag birdr. IB tbt prcrcat cu., eddl.tLmrl dlrcct cff,tctr oa blrdr ory
rerult frou adJustn.at3 to flucuetLag f,Iorr, ltrl,cb rr. b.11,.?.d rmporlblc for
erosim of bcech rnd nrrgia drporitr tbrt .upport ycg.trtl@ ul.d lf blrd
h8bitrt. It Ert be hypotbeeiecd thrt rtdnccd trorlm routd rcducr tbc rete rt
rhich habltet is clLoitrttd.

Iadircct effects of flor rdJurtncntr oD bLrd populrt{or ort occur fro cbragcr
ia food supply, predetors, v.getrtisn, or otbcr flctorl.
Ihe iaflucnce of rivcr otargrocnt o,n rLprrirn bird populrtioar Lr potcatirlly
strongest i[ Glen Cenyoa rhere thc oegnitude of flucturtiooc it Er;rtrit(f,luctuetions rttcilr8tc dorarlvcr), neliag tbis ea cr3crrtLrl rcrcb for nonitorlag
direct iupacts ead treadi.

An obj ectivc of tbis study is ro u8G qu&titrrivc ncthodology crpeblc of
assessing the significance of aay vrrirtion obrenrcd. It is belicvcd tbrt
varistion in populatloas ceused by rivcr arargrsmt cmridcrrt,l,oas - lf ray -
would be snall oa e sbort-tetu besis (tbougb porribly rl.gnificut onGr e loog
period) in couperison witb netural variebilitt ir bl,rd aunbers rloog tbe rivcr
corridor.
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BACKGROTTND INFORITATION Al{D EXISTING DATA: Backgrouad studLes include research
on breeding birds in Graud Canyon conducted during GCES Phaee I, durlag rhi.ch it
was discovered thst obligate riparian speciea rcre stroagly affected by higb
flood flors. Recent work by Linder docuaented differeaces tn bird species
betreen NEI{Z and OEIfZ along the river. Ia Glen Canyon rrterfowl diversity and
peregriue falcon populations have been oonitored for geveral years, but there ere
Iro prior studies of riparian bird populations ia the river reech above Lees
Ferry.

METEODS: Tle arca of iavestigation cacoEpsrses r11 of a sirteen-trile river Icorridor betseea Glea Canyon Dao and Leeg FerrJ, Arizonr.

Sboreline nonitoring rill be accouplisbed uailg oodified Enlen traasects
lvariable-strip crnsus) and recordiag d8ta oB tbe accoryrnyiag forn (att'achroent
1. ). Ttre foro rill be oodified sltgbtly to coovert tbc dLstance bends co octers.

Sanpling will be doae oontbly April througb Septeober coverLng tbe perlod of
breeding, fledgiag, end dispersal for Do3t spccier; rad rlao encoorpaering plulcd
vari.atioa in nontbly ratar voluoes. In, tbc eucccedlng fiacel yc!tr, tha cruple
rould bc repeatcd durlng tro rinter no,athg.

Elght perDraeat trlDsects 2001{ loag rill bc ertrblirbed eloag tbe sborellac; four
trarrsects m cecb brnl. Bcecb aad oergln dcporLtr rould be rcpreeested Gqutllly.
Eacb traasect rill be saupled by r etagle obrcrver trel,ncd ia the nctbod rad
farnilLar ritb blrd identificstlotr by aigbt end eouad. A sraplc rl11 cosl'gt, of
one census drily for tbrce consecutlvc dryt, urlag tbc verlrble ctrtp ncthod oa
the intarior side of tbe trrsscct lLua ouly. ttLr codl,fl.catl.on (urlLiog tbe
shore nesr rater) ts DccassrrT to nr:Lnizc obecnrrblllty of birde rloag tbe edgc'
or nrrgin, Eort hcrvily lnflucnced by flrrcturtlag florri rad to rvold tbs edvsrss
effectg of 'bnrh bcrting, tbrougb tbe crtrcrly dcarc tanrrlil tblchet.
Generally, the brbltet ritbia Bha rtrlps rl11 bc boogcncous, or ltltrlt co' oa
tbe ona side of trrnscct llnc bcing erupled. All crarut€t rill bc eccoqllsbed
betreen sunrLsc rnd four hourr cftir nrnrfur. llo tadlvldurls rl11 bc rcquirld
to accooplisb one ranple, divtdtng tbc trearccts .qu8Ily. lotb tbe obrcpcr rud
start tilles rill rotete rDoBg trllr,sGcts fro seuplG to ar41e, but tbc s.al two
iadividuals ulll rlrays do the ccusus.

Following coupletion of the third trlasrct 'r:ua' durlag cecb eeQle Pcriod, a
nest, searcb rould be coaducted oa rll eigbt trr8EGctr, urlng thc obrenratioas
just coqleted ar e guidc. Por crcb arrt locatGd, tbc follorlag tnfonrtio'n
would be recorded: locatloa oa tbe tnasect, spcciae, nulber of eggs or touag
and estimrted age, type of plant or vcgrtatim tbc nest l,B ln, digtance fron tbe
river, dlscberge on tbe dey of oceiurcocat. beiglt of trcst ebove grouad'
estiloeted csvetr, notes on unu6utl conditioar. Oaca e De3t is recorded it rould
only be obsenrcd fron a distance ou rGpert viaits to obeervc the cbroaology of
life stages or othcr conditions.

A secosd netbod of nonitoring rilI be aecessary ia this situation to easure
detection of treads iB different babitats end guilds; rnd to belp retrove
variables in deta interpretation tbat 8re not related to fluctuating flors. Eeclr
nonth a set of ten randonly located trsnsects nrnni.ng perpeadl,cular to tbe river
a-is rrill be censused. Locations 1111 alteraate reguJ,arly betseeE rivcr banks'
oaking tbis a str?atified randon sa41e. ttre leagth of tbe trusects will be

variable, alrays ertending fron the shore to the cliff. tlis leagth will be
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neasured sE accurately as possible usi$g step dlstlnce. Along eech transect all
birds sill be censused on both sides of rhe trensect tine using the variable
distance bands shown on the for.o, ercept for birds flying overhead - these rilI
be recorded only within the naximr:m distence band (O-120t{). Nest searches will
not be conducted on these transects. Note: raadonly located variable-radius
circular plots nere considered for this sauple set, but it ras decided tbet tbe
transects rould best detect variation due to babitat b8!ds rith the least 8louat
of saopling.

For all transects vegetatiotr data rill be recorded qualitatively. On tbe
transects perpendicular to tbe river tbc distalce rbere couunity type spPerrs
to change will be noted (these changes are ulually rbnpt, especially betueen
Shore and Nen Eigb lfater Zone, end tf$fZ rrrd Old Blgb tleter Zoae. llso preseat
rould be transitions to grasslaad-sbrub bebitets rad rock).

For eech suple, relativc deasity rad rclative frcqucacy rill be couputed by
speciec. Tbe drta rill be cvelurted for tread rad for corrrletioo rith 3clsoal
habitat ttpes and flor characrerirtica (u:Lsg prrrl.trre rucb rs roBthlt E ra
discharge, ocdian diechrrgc, Eeen ooathly flsctuetLoa, ud uclnun ttrgt for tbe
Donth. tle statLstical signLficence of rlt corrclrtl,oar forrad rlll bc coryuted.

llris nonl.torlng rill requlrc L oisinua of tro Jzcrrr to rchl,rvc e rufflcl,ant data
8et.

INTEGRAI:ON nlld OTIER tfilNITORIllG EFFOIIS: Slnller ooaitorLag fu crpcctcd to
take plece in Grand Cenyon; data fru thc tro trels riIl be cooprrcd rad
correlsted. Related projecta in Glea end Gread Cenyooa bcludc crorlon ltudics'
insect, rnd vegctrtlon studier ia ripul,rn hrbl,trtr, rad tbc noal,torlng of frlcoas
end retcrfori.

PRODUCTS IO BE DE\IELOPED;

lype 1 t,rrnsect locttions ril1 be tocrtrd ueing r GPS uaLt rnd Lncorporrted iato
tbe GiS sy8teo.

An anntr.l report end f inrl rcport rill bc prcprrrd coatel,ai.sg drta snoarLas, |nd
the aaelygis End iaterprrtatlon of tba drtt. All origiael detr sbcsts vill be
naiatained in a p€rnracDt file.
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2.

3.

INSTRUCTTONS

F111 out the Cop of the forn prlor to coloenclng the ccnsus. The

Beaufort slnd code and sky condlElon codes are glvcn 1n the oanual
under lgeu ,41 l. G, (2) (c) for ghe Cooperaclve Breedlng Btrd
Survey of North Anertca.

All blrds elther heard or sGGn .t. t 
"otdcd 

on Chc fotu ln Che

rppropriate colusn, dcPendlng on EhG pcrpcndlculal'.9!99 of
t,he blrd froo the ccntirl llnc of rheffict,. Blids nay be callled'
or oerked, tn the epproprlaGe colun by the ure of dogs or oEher
larks, end by rpectcs.

Ttre obeenrcr yelks rlorly along thc ctn3trl transecg llne' notlng 311

blrds detceicd un3ll hc rcechcs Ctrc cnd of Bhc Grrnsccg. If posslble'
en ecrial phototraph rhould bc cerrlcd end BhG clrcs locetlon'plotred
for cach bird oisehrca. Spcclal lrndurlca or dlffcrcng eheracterlsclc
of the vegctaslon Bh.t crD bc lccn on thc photograph rrlll neke thc btt
upping essicr. AcCgrl dlsttnccg to tlra obsenrcd blrgS can be Dcrsur'
laser froo shc a:rlel photo3reph' 1f dcslrcd.

After coupletlng thc trralcct Fou3G, Chc Obrcnrcr Chen dcgcrnlnes
hou oeny 6tras i"tr ggg! ln cech of Bh. dlffercns perallel
tcrips. llc thcn actE-n-crplG ttrlP shec coatelncd thc besal
platcau end ghcn coEpuG.! e proJcctcd ognbcr of blrds for ghe cnttre
Bransect uldgh. Calculetions eic Provldcd ln Chc lrnuel uader
Illustratlon 8 .

4.
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EUALAPAI TRIBE

A PROPO8AIT TO EVIITUATE fEE RECREATIONAI,
oN TEE rRrEArr SEDrI{EII!! RBSouRcEg

LOrEn cRtt{D ctlryoN

rEB 2 6 1992

Flr':t3etVED
FI-AGSIAFF AZ

UgE PATTBRN8
IN TEE

ABSTRACT

The Hualapai Tribe propoaes to rnonitor year-round recreational usepatterns, volume of use and sediuent deposit availability on the
Hualapai reservation. This infor:mation witt be used to dLtenninethe inpact of the Glen Canyon Dam interirn flow operations andpossible exception criteria on the reereation resources of the
Hualapai Tribe. AII of the information will serve as the basis for
the.developnent of the Glen Canyon Environmental StudieE long-tern
monitoring data bases with the iediuent resource infornation-beingintegrated into the Geographic Inforuation System. Three prinarf
areas of nonitoring are addressed with a foCus on the hislorical
and ongoing inpacts.

SItSEUErt Ot oBitEcTIwS

The Hualapai Tribal boundaries extend for the'lower xo8 niles of
the-Grand Canyon fron National Canyon to the boundary with the Lake
Mead National Recreation Area. The priuary area of recreational
concern for the Hualapai Tribe exists in the Lower Gorge and in the
upp?r end of Lake lrtead. The specific area of concern bxtends fronNational canyon (Ru 166.5 t) to pearcers Ferry. The Hualapai Tribewill coordinate their recreation studies wittr the National park
Service for all areas but with special ernphasis on those areas
below Dianond Creek.

The National Park Service (Kearsley and Warren, 1991) has conducted
and conpleted a recreational Eurvey of the recreational use areas
frorn Lee's rerry to Dianond creek. During a 1991 Glen canyon
Environnental Studies (CCES) and Hualapai -Tribe reconnaissa;rceriver trip in the lower Grand canyon, it was found that 6 out of 9
sedj.nent deposits previously used by the Hualapai Tribe recreationafe currently not of an adequate size to be functionally used bythe Hualapai River recreation operations. The snall nunber oi
camps in thiE reach (approxinately one per four niles) lirnit the
size and quantity of corn'nercial river trips that the Hualapai Tribecan run in the lower Grand cinyon. Further loss rritt be a
detrinent to recreation potentiat ind of great loss to the Hualapai
Tribe econonically.

The purpilse of this interin flow nonitoring progra!! is stated ln
three specific objectives:

1. Monitor the irnpact that the interin flows and exception

DO NOT REMOVT]



criteria from Glen Canyon Dam are having on the patterns and level
of recreation use of the sedinent resources in the lower Grand
Canyon from National Canyon to Lake Mead.

I
I
I

2. Monitor the value of the current
for the Hualapai Tribe and how that
interim f lohrs and exception criteria.

3 . I{onitor the physical location and
deposits that are used by the Hualapai
the Lower Grand Canyon and integrate
Iong-tem GCES monitoring program.

recreation industry
is being inpacted by the r

I

total area of the sediment ITribal river operations in I
that information into the

r
JUsTIFICArIOX

A prinary objective of the Interin Flows is to reduce the level of
impact to the sedirnent resources throughout the Grand Canyon. The
sediment resources provide substrate for the riparian corridor,
habitat for aquatic species and substrate for recreation use. A
primary business for the Hualapai Tribe is the use of the lolrer
Grand Canyon for river running and recreation. The Hualapai Tribe
has identified that since 1986 the number and useability of the
beaches in the lower Grand Canyon have been reduced (Bay, L9921.
The Hualapai Tribe finds it crucial that the number of beaches in
the low'er Grand Canyon not be reduced further and therefore is
concerned that the Interim Flous achieve their objective of
reducing the losE of the remaLning sediuent resources. It is
irnperative that a conplete analyeis of the recreational resources
as related to the sedinent resourceE of the Hualapai Tribe be
conpleted as part of, the Interim FIow nonitoring effort.
The Hualapai Tribe has jurisdictlon over the lower 108 niles of the
Grand canyon fron National Canyon to Lake Mead. The overall
objective of this monitoring effort is to ensure that those
resources are protected and evaluated as related to the interim
flous for both the short-ter:m and long-teru inpacts.

Atl information collected during the interin flow nonitoring period
will be integrated into the GCES Geographic Information Systeur
(GIS) and the data bases which viIl form the basis for the long-
tern nonitoring progran. The GCES ltap Iuage Processing Systen
(l'tIPS) and aerial photography wiLl be used for the irnmediate
analysis of the sediment resource locations and area.

The Hualapai Interim FIow uonitoring program will enphasize a
phased approach. The objectives of Phase I wiII develop a
historical background of recreational use and volune in the }ower
Grand Canyon. The data wifl be gathered from the Park Service and
Tribal records. The objectives of Phase II will be to evaluate the
physical location data and deteruine the inpacts of the interirn
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flows and exception criteria.
Phase f.
objective 7. uonitor the inpact that the interin flows from Glencanyon Dara are_ hav_ing on the iecreation use of the beach resourcesin the lower Grand cinyon from Diamond cr;iU;il Mead.

Monitoring interin flow effects on the recreation use of thesedinent resources of the lower crana canyon iJeuir.= trrit -Ii
initial anarysis be conducted on tn" fEnerat use levers so that acomparison can be nade of the inpacts -rlfat"a to interin f,lows. -a"
evaluation will be made of th_e iast ui. t..r"ls and the 1992, 1993and 1e94 levels to ascertain if i ;h;nt;iE-o"""riiig-ana detennineif this is due to changing use levels due to reduced sedimentareas.

objective 2. t{onitor the value of the current recreationindustry for-the Hualapai Tribe ana no, trt"t is being inpacted bythe interin ftowe and exception ciit"iia.----
Monitoring the interin flowE inpact on the Hualapai Tribers riverreereatlon industry will allow tor att- economiJ isElssment of thechanges in value. rhie will lncluae an 

-.""egsment 
of the historicand the existing river use levels.

Phase If.
obj-ective 3. Monitor the physical location and total area of thesedinent deposits that are_ used by the nuiriplf rribar riveroperations in the Lower Grand canyon ina-intid-t6ihat infornationinto the long-tern ccns ,""it"ilirf-p"[r"r. -

Monitoring-the interin flows inpact on the sedinent resources inthe lower Grand canyon siIl alloir for an iaentiii*1i"" of how theinterin flowE are ifrecting the stability and ,r"e.uiiiil';; ;il;deposits.. By understanding- the leverJ-Jr'i"p."f w. l.n "".ertainth3 .requlreuents of the iong-tet- -roni6;fi;- p""i""" and ther:lationships to the arternatile oplriiions.

BACXGROTNTD

The Lower Grand -canyon area extends fron National canyon to (Rn165'5) to Pearce's Ferry. Many of the "orn"iciii-i"alrivate rivertrips end at Diamond crlek. Ifowever uany continue and/or initiate.trips at Dl.amond creek and bolt through itre rowJ" c"itd t; ;;;;;;;Ferry or other take out locations on Lake uead. Trips that 
"urrypassengers through the Louer Gorge spend one or two irignts in-lrrl54 nile stretch to rake uead- rtrS Huiijp"i--i"ir"-"l.i"tes a riverrecreation operation in the Lower cran-d c.try-Jtt f;iJft-g"i;;;service to Pearce,s Ferry. rn addition, severaL of the Grand



canyon concessionaires continue their trips below Dianond Creek andtake out either at Pearce,s Ferry or in the Virgin River. Jetboats shuttle most passengers from about RM 240 out to pearcers
Ferry across the flat water of Lake Mead.

Prior to the 1983 floods, the Hualapai Tribe River RunningEnterprise conducted prirnarity two day trips. since the flooi
fewer two day trips are taken due to linited canrping beaches. No
studies to our lcnowledge have been done in the past on recreational
issues frou Dianond Creek down to the Lake llead. fnformation on
the effects of the operations of Glen canyon Dan and the interin
flows are essential for effective management of this reach of the
Colorado River by the Hualapai Tribe.

UETEODA

Studv Si-te Selection

The sites to be monitored will be selected based on an evaluationof the aerial photography and videos collected by the ccEs. Alisting of the sedinent deposits used by the ttualapai River
Concession and by the other Grand Canyon concessionaires will be
developed from interviews vith Hualapai Tribai guides and from
discussions sith Grand Canyon River cuides. Sites wilf be selected
based on existing use and area in the lower Grand canyon.

Sanrplincr and Analvsis Teehnicrues

The Hualapai Tribe will work with the Grand canyon National ParkRiver subDistrict to deternine actual }aunches fron Leers Ferry
from 1980 to present for trend and comparison purposes. secondry,
the Hualapai Tribe will docunent launches fron Diamond Creek usingTribal records which were not listed on the Park Service pemits.
A cornplete listing of trip records witl be made fron the conbined
nurnber of Tribal issued peruits, Grand Canyon National Park trippernits and private petmits. This will provide a basis of actual
use revels and will be used'for qrrantifying the value of the
recreation resource.

To assess the impacts related to the interin frow and the
exceptions, the Diamond Creek launch and take-out area wiII be
monitored during the uonitoring period by a Hualapai Recreationstaff'person. A sign post register will also be tried for a period
of tirne to see if it is Dere cost efficient. The purpose'ol thiseffort, will be to discuss with the river guides - their trip
schedules and proposed canping sites along the river corridor. Asite list vilI be developed and used for quantification of use
levers. l,[ethodologies established by Kearsrey and warren, 1991,will be utilized for the identification of user levels.
fnformation sill be cornpiled frou these Eources and will include
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date and season of launch, take-out date, take-out point, number of
boats, number of passengers. From this data, the nurnber of days
spent in the Lower Grand Canyon will be calculated. In addition,
the dollars collected frou the Hualapai pernritting progran will be
totalled. This baseline information will be used to evaluate
impacts during interin flows and exceptions

Physical site location and area location will be collected
utilizing the nethodologies outlined in Kearsley and l{arren, 1991.
All inf,ornation collected will be entered into the GCES GIS data
base for use in the long-teru nonitoring program. During the
interin period an assessrnent of the sediment resource areas will be
made utilizing the GCES DfiPS program, aerial photography and the
video tapes collected uonthly during the interin flow period.
Specific surveying needs,and actual elevation requirenents for the
GfS system will be collected utilizing the def,ined GcEs surveying
protocol and the GCES surveyore and GPS equipment. Remote cameras
will be established at selected sediment resource sites based on
the methodologry eptablished by the National Park Service (Cluer,
1991) o 

"

IlrTEcRlrlloll tl|fE omEn ccES l|ot{rroRrilc EFFoR![8

As the Hualapai Tribe continues to work with GCES all research will
be integrated with the GCES GIS database. They wiII draw fron past
Park Service reEearch on reereation frou National canyon to Dianond
Creek. Since nininal reeearch on recreation has been attenpted fron
Diamond Creelc to the reservation's sestern boundary, this study is
invaluable to G.C.E.S. and to identifying inpacts of EIS
alternatives on tlre resourcea of the Hualapai Tribe. The
inforuation sill be used by the ltualapai to allow for the
developnent of specific nanagenent criteria for the Lower Grand
canyon. CoordLnation with tlre National Park Service will be nade.

DEI.IVEnlBLEg

Quarterly and annual reports uill be provided to the Glen Canyon
Environmental Studies according to the schedule in Tab1e 1. A
DRAFT Final Report wlll be distributed for technical review as
specif,ied by the GCES and a FINAL Report will be developed at the
completion of the interin flow uonitoring program.

PERSOlSlSlIr

Technical Staff

Ms. Tamera Ross and tlr. ltario Bravo will be the Principal
Investigators for this worlc with coordination provided by the GCES



I
offibe in Flagstaff and the National Park Service through Grand I
canyon National Park.

Other Acrencv Involvement

The GCES will provide the prinary river logistics support required
and the coordination of all reports and reviens. The National park
Service will assist the Hualapai Tribe in the collection ofhistoric records of river use. The GCES will provide technical
support in lhe use of the urPs and the crs programs, technicalsurveying information and the collection -of actuaL Global
Positioning Systen infornation. This witl aLlow for consistency inthe data collection program.

SCEEDUITE

The schedule outlined in Table f sill be followed for this interin
frow monitoring project, but rnay be adjusted pending date of the
actual contract initiation.
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Table 1.

I
Projgct rnitiation o. o o. o.. o..... o o.. o. o o.,,
Quartgrly Report .. o. o.. o.. o.. o o....,r o... o.
Quarterly Report
Annual Report *t (DRATT) . . . . . . . . . . . . . . . . . o o

Annual Report #t (FfNAt) . . . o . . . . . . o . . . . o o . o

Quartgrly Report. o o o.... o o... o........ o. o. o

Quartgrly Report. . o . o . . . o . . . . o... o.. .. . . . o .
Quartgrly Report.. o.... o......... o o... o o o..
FINAL REPORT (DRAFT) . . . . o o o . o o . . . . . o . o . . o o o

FfNAL REPORT (fINAt) . . o o . . . o . . . . . . o . . . o o o o .

llay L992
July L992
October L992
Decenber L992
January 1993
April 1993
July 1993
October 1993
December 1993
February 1994
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IJITERTTT'RE CIABD

Bay, Donald. t992. Personal conyrnunication

Cluer, B. 1991. Daily Responees of Colorado River Sand Bars to
Glen Canyon Dam Test Flows, Grand canyon, Az. GcEs DRAFT ErsReport. December 1991.

Kearsley and Warren, 1991. River Canpsites in Grand Canyon NationalPark: Inventory and Effects of Discharge on Campsite Size andAvailability. ccBs DRAFT EIS Report. December 1991.
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A PROPO8AL TO l'lONIfoR TnE EPrECTS oF
IITTERI}T iT,OTE ON CA!{P8ITE EIZE IN GRAI{D CATTYON

Lisa Kearsley
Division of Resource Management

National Park Service
Grand Canyon, Arizona

GCES Office, FTS 765-7363, Fax 765-7368

ABsTR.ICT

Campsites in the Colorado River corridor in Grand Canyon National
Park have dramatically decreased in both number and size in the
past 20 years, vhile the nunber of campsite usere has increaoed.
Consequently, use in certain reaches of the river is at, or near
its physical carrying capacity. A rnonitoring study on the
eff,ects of interin flowE on campsite size iE critical to
detennine how interiu flows fron Glen Canyon Dan affect carrying
capacity vithin th,a Grand Canyon. AE part of, Glen Canyon
Environmental Studies (GCES) Phase If progran, a study was
conducted in 1991 shich inventoried all campsites within the
Colorado River corridor in Grand Canyon and neasured the area of
these canpsites under different rl.ver discharges (Kearsley and
t{arren in-prep.). That study provides baseline infornation which
can be used to assess the inpalts of interin flows'on canpsite
size.
The proposed study will deternine the effects of interin flovg on
canpsite size. l{e will reueasure a rcpresentatlve nuuber of the
canpsitee to nonitor area changee between 1991 and L992. Ife will
measure canpsitee twice during the interiu flow period eo that tte
can also compare changes occurring vithin this period. Canpeites
will be neasured using the sarue nethods as those used in 19911
carnpable area will be delineated on a photograph while ground
truthing the site, and the area will be neasured using a Dlap and
Inage Processing Systen. AII canpsite data collected d.uring the
interiu flow period wiLl, be prepared for inclusion in the
Geographic Information Systern (cIS) stationed at the GCES office.
Cost will consist of two river trips, one Person working 2/3 tine
on the proJect for 1 Ll2 years and one field assistant for the
river trips.

oBJECfrVES gAtTEttENT

The foltowing objectives are proposed:

s ince 19 91 as a f unction
resulting f rom interin

GLE N CA;.J'TON E}.IVIRONM ENTAL
STUDIES OF':|CE

1. Determine change in campable area
ciranges in beach si ze and morphology
f lows .

FEB 27 1992

F|ECEIVEIf
FUGSI'AFF, AZ

GCES OFFICE CbPY
DO NoT REfioVrI

of



2. Determine hcw different flow volurne nonths in the interim flowperiod affect canpsite area.

3. Prepare all canpsite area data for inclusion into the GIen
Canyon Environmental Studies GIS.

JUSrITTCATION FOR EACE OBJECTTVE

An objective of the redueed fluctuations of interirn flow criteria
was to decrease erosion of sedinent deposits. The objective ofthis study is to deterrnine how interin- flows are affe-ting beachsize and ruorphology, and consequently carnping area.

1. A couparison of pre-interim flow carnpsite area with interin
flow canpsite area is crucial to our understanding of how interinr
frows are affecting campabre space. The number and size of
campsites in certain reaches oi the river are quite liniting.
Further reduction in the nurober or size of canpsites would worsen
crowding, which is already at or near its maximum carrying..
capacitlr.

2. Cornparisons of carnpsite area changes between dif ferent volume
months will provide infornation on how low/nedium and high volunre
months affect canpsite size. Detailed napping of severai key
canpsites will allow us to quantitatively assess areas deeured
non-canpable and to note changes in non-canpable areas after high
volume rnonths and low/mediun volune nonths. These maps will alioprovide detailed information nith which to compare the inpact offuture flows on campable area of sites.
3. Inclusion of carnpsite area into Gfs will enable us to rnake
rapid assessments of changes in canpsite area in the future. rtwill also enable us to interrelate -anpsite size information with
information collected fron other studiis, such as flow elevation,
deposit type, vegetation t1pe, etc.

BECf,GROT'ITD INTOru(ATIOT END ETTSTrNG DnlI
sedinent deposits arong the colorado River in the crand canyon
serve as campsites for river runners and as habitat for
vegetation and wildrife, and represent sand storage in the
system. while use of the river has r.ncreased in the past 20years to approxinately 22,ooo people per year, the number andsize of campsites has rnarkedly decreased. (Kearsley and l{arren,in prep. ) . As a resu.lt, canpsites in certain strelches of theriver are extrenely liruited, causing severe conpetition and
excessive use. For exanple, Grapevine camp (river rnile 81) was
used for camping by a total of GB separate trips during 93
recorded days between June 13-sept. 13, 1991. on ten percent of
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the days (9/93 days), two trips were double camped at crapevine
Camp (Cluer, pers comm. 1992a).

Three caurpsite inventories conducted between Lees Ferry and
Diamond Craek show a decrease in the number of campsites between
L973 and 1991. The first inventory, in t973, docunent,ed 333
campsites above the new high water zone (25r000-28,OOO cfs)
(Weeden 1975). The second inventory rras conducted in 1983 after
flood level flows were discharged froro the Glen Canyon Dan; it
documented 438 campsites. The incre.:sed number of campsites
since L973 were prirnarily attributed to the previous yearts fLood
releases (Brian and Thonas 1984). The nost recent survey, vhich
was not preceded by fJ.ood conditions, Iras conducted in 1991.
This inventory docunented 2L8 eampsites, a 35t reduction in
carnpsite nunber since 1973, and a 50t reduction since 1983
(Kearsley and l{arren, in prep. ) .

A conparison of the three inventories also shows an overall
decrease in size of canpsites. Size class comparison of L34
campsites documented in all three inventories shows that 40t of
the carnpsites have decreased in size bitseen L973 and 1991, while
only 8* have j.ncreased in size. The reduction in size between
1983 and 1991 is nore rnarked, sith 48t decreasing and 3t
increasing in size.
Certain reaches of the river are linited in the number of
available canpsites, and competition for sites in these ncritical
reachesn is greater than for sites on other stretches of the
river (Kearsley and Warren in prep. ) . Because of their
importance to the overall carrying capacity of the river,
canpsites in critical reaches received priDary focus in the 1991
study.

Data collection of neasured catnpEites consLsted of the following:
in March and May 1991, 84t (84/100) of the campsites in eritical
reaches htere measured, and 25t (41/161) of, the.caupsites in non-
critical reaches were measutred. lilaps uere drawn of all neasured
sites, and areas suitable for canping were neasured in n? at
51000 cfs, 81000 cfs, 151000 cfs, and the new high water line
(25, 000-28,000 cfs) .

lleasured areas of campsites provided baseline information for
monitoring studies and showed trends in the effects of river
discharge on available carnpsite area. Measurenents'provided
inforrnation on canpable area of each canpsite and the average
area for each reach and each designated size class (suall.,
mediun, oF large) at each discharge. Calculations showed a
substantial increase in area available for camping, when river
discharge decreased from 25-28,OOO cfs to 5,OOO cfs, an average
of-35* increased area.



t.TETEODS

Data collection will consist of two river trips during which wewill neasure 62 campsites. one river trip witl ioe in the faII of1992, followinE.high vorurne nonths, and one will be in the springof 1993, following nedium and low volume months. We conductla a-power test to deternine the required sample slze and estimate 62sites are required for a one-wiy analysil of variance (zar 1994:p 110). To deterrnine change in canpable area as a function ofinterin flows, areas rneasuied in thl fall of Lggz wilr be
conpared to those measured in 1991, before the interirn fLowplrlgd began. To determine change in canpable area as a functionof different flow rnonths during interin fiows, areas neasured inthe spring of 1993 will be courpared to those rneasured in the fallof L992.

The nethods for neasuring canpable area include the forlowing:1) Printouts of aerial videos- taken during the proposed earryoctober L992 5,000 cfs flows wilr be used for clnplite mapping.2) I{hile visiting each campsite, useabre area wirr be assessed
and outlined on the video printout of the canpsite. Useable areaincludes any area that is lelatively flat (leis than 8 degreeslope), non-cobbled, and non-vegetaled. 3) The location oi ttre
new high water line (2s-zg,ooo ies) wirr ilso be marked on eachphoto by using the 1991 new high water line as a reference. The
new high water line rras assessid in 1991 by an ercperienced
boatman by observing drift, cut banks, and vegetalion lines. 4)
The !!ap and Image Processing .Systen (UfPS) soitware will be usedto measure campable area in mz using the aerial video images ofoctober L992 along with the n.:rked canpsite perimeters.

Detaileg t"p: of.canpable area vill be made of ten campsites forin depth rnonitoring. Canpsites to be monitored are niler Mile(Rl{) 8L' RM 31.6R, RM 61.7R, RM 76.5L' RM 1c7.8L, RM 119R, Rl't
133'5R, RM 136L, F"l{ 153.6R, and RM ztz.gl.. carapsite area will be
lapped on copies of sruall scale aerial photograptrs taken in Lggzfor the proposed sedirnent stability.nonitoring stuay (cluer
L992b). Maps of these campsites will delinea€e carnpable and non-
campabre area more accurately than other maps in this study.Aiso, area not suitable for carnping will be measured, and Lhe
reason for its non-canpable designation will be noted. tilheneverpossibre, the factors causing non-canpabre designation wil-l bemeasured. These include ueasuring degree of slope if the srope
was designated too steep for canping or density of vegetation- if.the area was designated too vegetated for campittg. CirapabLe and
non-campable area, and the measured factors causing non:canpablecesignation, will serve as baseline data which can be compaledwith data collected during future flows.
Data will be analyzed as folrows: change in campable area wilr
be analyzed separately for critical and non-critical reaches.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I

Percent changes in campable area will be arcsine square root
transforrned and analyzed with a repeated measure analysis of
variance (Sokal and Rohlf 1981). Differences in area will be
tested between carnpsites measured in 1991 and in fall l992, and
between canpsites measured in faII 1992 and in spring 1993.
Lisa Kearsley will conduct data collection and analysis. One
field assistant will help with data collection. Since Lisa
Kearsley neasured all caurpsites in the field and on the MIPS
system in tggf, data collection techniques will be identical to
those in the 1991 study.

IITIEGR.EIIIO} TTTE OTEER I,IONITORIilG ETFORT8

In depth nonitoring of ten canpsites will depend upon aerial
photography taken for the proposed sediment stability nronitoring
study (Cluer 1992b). Changes in area of campsites can be
conpared to beach erosion and sediment storage data. AII
infor:mation colleeted on carnpsite location, and the locations of
carnpable space in 1991 and 1992 will be included in the GIS at
the Glen Canyon Envirorunental StudieE office.

PRODUCIE TO BE DSYEIJOPED

Products will include quarterly and annual reports. A draf,t
I final report will be subnitted onee data collection and analysis
I ::r::t?li!'i;"li"I:tt as a pubrication I'n a peer-reviewed
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TII{ETABLE

Task

Videos made of 5 r 000 cfs discharges

first campsite monitoring river trip

Quarterly Report

Camps ite areas measured on l.If PS

Analysis of data from first river trip

Quarterly Report

Second campsite monitoring river trip
Analysis of data fron second river trip

Quarterly Report !

Quarterly Report

Data analysis completed

Quarterly Report

Annual Report and Final Report

Date

Early October L992

FalI L992

December 3 1 L992

Winter L992

Winter 1992/L993

March 31 1993

Spring 19 9 3

Summer 1993

June 3 0 1993

September 30 1993

October 3 1 1993

Decenber 31 1993

March 3 1, 1994
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Cluer, B.L. 1992a. Physical Scientist, Division of Resource
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Cluer, B.L. 1992b. A proposal to Monitor Sedinent Stability
During the Interin Flow Period Using Aerial Photography. Division
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Subnitted with this proposal.

Kearsley, L.H. & K. Warren. in preparation. River Campsites in
Grand Canyon National Park: Inventory and effects of Discharge
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Grand Canyon N.P., Grand Canyon.

Weeden, H.A., €t al. 1975. Grand Canyon National Park canpsite
inventory. Progress Report #3 in accordance with Contract #CX
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Uni-versity, University Park, PA.
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A PROPOSAL TO IIITEGRATE LOCATTON A}ID TOPC.;RAPHIC
sT'RVEY DATA FOR TEE GI,EN CAI{YON EXVTROXTIENTAIJ STUDIES

GEOGRAPEIC IITFORI.IATION SYSTEI.T PROGRAI{

A. ABSTRACT

The Bureau of Reclamation's (BR) Glen Canyon Environmental Studies
(ccES) program has initialty identified 22 projects that require
integration into the ccEs Geographic Information Systen (GIS)
program and Map Inage Processing Systen (llIPS) through location and
topographic surveying (Wegner 1991). The projects requiring
interrelation include beach surveys, tributary mouths, GCES Phase
I studies (hydraulic maps, debris flow naps), archeological sites,
endangered fish study sites including the Little Colorado River,
the 13 cIS reaches, historic photographic points, backwaters and
rnarshes, trout spawning bars and recreation sites in GIen canyon
National Recreation Area and Grand Canyon National Park (Wegner
1991). We propose to integrate the existing, but heretofore
uncorrelated, fixed surveying points associated with each of these
projects, and to incorporate thes€ and related data into .the
GCES/NPS GIS and UIPS. The GIS wiII serve as the prirnary tool in
the development and implenentation of the Colorado River corridor
interin flow nonitoring and long-teru nonitoring prograns.

B. OBJECTTVES

This study is separated into two phases. Phase f will serve as the
pilot study, achieving the following objectives in the Little
Colorado River Reach (Area 5), vith Phase 2 being inplenented upon
the successful conpletion of Phase 1. The objective of both phases
is to develope the necessary location data for incorporating the
study sites listed below into the GCES GIS and interiru-flow
nonitoring progran. (Wegner 1991t L-21 z

Hiqh Prioritv
1. Tie all NPS beaches, both land surveys (A) and photograqmetric
sites(B), into the GIobaI Positioning System Control Network that
the ccES has already established in the Grand Canyon, where
possible.

2. Tie in all historic beaches into the GCES cPS efforts. This
will include the Schnidt and Graf beaches, the Howard and Dolan
beaches, and the Beus beaches, where possible.

3. Tie all Sue Kieffer's hydraulic maps into the GIS, where
possible
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I 4. Tie aII inportant archeological and cultural resource sttes
' into the Grs, where possible: first level - high priority sites;
I second level - second priority sites
I 5. Tie all R-2oo and gaging station locations into the GIS.

I 
6. Tie aII of the endangered fish stage recorders into the GIS.

' 7. Survey the LCR below BIue Springs vicinity for inclusion into
- the GIS.

r 8. Develope detailed bathlnaetric maps of the endangered fish
habitat sites.

I 9. Coordinate with the IIIPS progran in the enhancenent of the MIPS
for beach urapping with the video technolog:f.

I 10. Survey the trout spawning bars in the Lees Ferry area and tie
- them into the GfS.

I 11. Inregrate the GIS/I{IPS in the long-term monitoring program for
I the GCES.

I !2. Tie-in all terrestrial habitat sitee (soil, vegetation,
I invertebrates, vertebrates). .

r Second Prioritv
r The following iterns vill be accornplished ee tilr pcnitr:

I 13. Develop definitive topographic maps for each tributary nouth.
I

14. Tie the USGS sedinentary/geotogic Daps into the GIS (Hereford
r et al. maps) .
rr 15. Tie all debris flow areas into the GIS.

I 16. Tie all other uscs siteE into the GIS.
I

L7. Develop detailed site uaps of the archeological sites in the

I 
Grand Canyon in conjunction with the GRCA archeologist.

r 18. Develop detailed nap locations for the springs in the LcR.

I 19. Assist in the developnent and inplenentation of the GIS progran
r in Flagstaff and the inplementation of the long-term monitoring

Program.

t 20. Develop maps for selected baekwaters and marshes in the Grand
Canyon ana the upper end of Lake Dtead, with level'of detait

I dependent on GCES needs

I
3

I

I



Third Priority

The following items will be

2L. Complete the remainder
existing thirteen sites.

accomplished as tine Pernits:
of the internal GfS sit,es between the

22. Establish and tie in the historic photo points to the GIS.

Upon successful conpletion of phase 1, _phase 2 will be irnplemented
t'" bring the L2 - renaining BR study reaches into the GIS,
in"oipotiting as many of ifre studieJ fron the above list as
po""lbf". Tiis will- assist the interim flows program with-:."i"griti"" of fixed points associated with the aforenentioned
studies . fhic proposil only rddrcrccc tbc task descriptigns.and
costs agsociatea-ui€n phate 1-. Phase 2 costs and task descriptions
will be set forth in a separate proposal, using the phase 1 results
as a guide. Because of tne "pitot studyrr nature of phase 1, it is
anticipated that the phaie 2 unit costs will decrease
signifieantly, since proven procedures from phase 1 can be
enftoyea. it is theiefore nbt appropriate to use unit cost
prbjeitions from this proposal to determine the total costs for
tying-in all 13 BR studY reaches.

C. WSTIFTCATTON fOT OBJECITVES

This project is crsentl.al to GCES/NPS interin flow and long-tern
rnonitiriig prograns. The GCES/NPS CtS is the vehicl.e for database
organizatio-n arid analysis. This propo_sal will achieve the Ievel of
in€egration requestea Uy the National Acadeny of Sciences: rrthe

aesciiptive datt collection progran supporting an eco_system study
should have a common organizational basis across aII ecosystem
components. For exanplL, physicalr- cheui-cal, and biological
stuhies should be cooidinatL{ in tine and sPace because the
ultinate aim is to use these data sets in relation to each other
(1992: 119-120)." This study is neceesary for the verification of
ixperinental ciS tectrniques €frat uill be used to orient data in the
GIS.

Benefits to the National Parlc Service and the Bureau of Reclamation
i""i"a" integration of 6CES Phase I and Interin FIow study sites
and data in {tre GIS, and the establishment of permanent benchnarks
tha: can be relocated for future long-tertn monitoring efforts-
This research will provide critical moni-toring data needed for GoaI
1 of Grand Canyon ilationat Park,s 1989 Colorado River l{anagement
plan (Grand Caiyon National Park 1989) , rrto pfeser_ve_ the natural
resources and Lnvrronmental processes of the .Colorado- River
corridor (p. 9)rtt and Managenint Objective 3' to rradvocate and
support operatlonal objectives for the Glen Canyon Dan which are

I
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most conpatible with protection of the intrinsic resources of thecolorado River within Grand canyon National park (p. 10)".

fnterin Test Flows
The secretary of the rnterior authorized inrplementation cf aprogram of reduced maximum flows and reduced flulctuation from Glencanyon Dam beginning in Augrust, 1991. These Interin F1ows lreredesigned to nitigate irnpa-ts of dan operations on downstreamriverine resources, until a Record of Decl.sion is reached for the
91". Canyon Dam Environmental Inpact St,atement. These fnterimFlows cohsist of low-, medium-, ana high-volune months, with 1owflows during the spring and late faffl noderate flows in June,Septenber and Novenber, and high floss during nid-suurmer and urid-winter. rnterin Frows have i rnininurn f roi of 5, o0o cf s, andmaxiuum dischar-ge of 20, coo cfs, a reduced range of a"irifluctuation, and reduced "p- and down-ramping rateJ. The Gren
Canyon Environrnental studies Progran is cooriinating uronitori-ngrnterim Flolrs'effects on sediients, culturar resburces, th;aguatic food base, riparian area and yetrands, econonics, trotr-,native f,ish, recreatioh and water guality, with database nanagement
and_developnent^ and developnent of a cedjrapnic iniorrnation Syttet(GIs). The effects of flow execptionj aieo require nronitlringunder the rnterin FLow diseharges plogran. Thus, tiis project riricontribute substantially to fnteiratla data nanagernenit for past,
ongoing and future studits and noriitoring of thib Jysten. To be ofuse to GRCA and GLCA resource nanagers, ihe aforendntioned aurveysmust be conducted within the boundlrie! of thoee Danagenent uniti.A consistent, rigorous Grs ef fort is required f-or a usef,ulrnonj.toring progratr!. In order to achieve a useable GIS, specificsurvey reguireuents must be conpleted and integrated togetler.

D. BACKGROUND TNFORUATTON

Glen_Cany-on Environmental Studies Interim Flows monitoring plan wasdeveloped as an integrated research progran to deteinine theinpacts of Glen Canyon Dan operations on- resources in the coloradoRiver corridor in GIen and Grand canyons, Arizona for a Departrnentof rnterior Environuental. rnpact - stalernent. The inlegrat;dresearch plan presented by Patten (1990) outlined 45 striOies.Although the level of integiation of these studies nas noteworthy,the studies take place 'it. nuuerouE sites that have not belirintegrated into the BR Geographic Inforuation Systen base nap. TheGcEs Phase I was criticized by the National icadeny of sCiences
_(1987) f9r not integrating existing data into a sinfte data base.A. conprehensive GIS can provide inis integration lrovided thatfixed points associated wfttr study sites ar6 linrea wiirr cpi, ;;dthese .and related data are included into the existing GIS. 'This
proposaf is designed to proviae tnit int.g""tion to cbEs.



Benefits to Northern Arizona Universitv:

This proposal will benefit both students and faculty as weII as the
reputltibn of Northern Arizona University. As a cooperator in this
project, Northern Arizona University faculty wi}I. benefit through
luthorship on subjects of national significance in both pure lnd
applied rbsource management. This program will increase faculty
and staff exposure to several federal agency staffs and prograTs
that may serve as sources of funding for future research. This
project-wilI provide an opportunity for nrulti-disciplinary, inter-
itepirtrnental interaction wltnin NAU. The project will also benefit
NAU and the federal agencies by providing the opportunity to
develop an integrated, inter-departmental/inter-agency resource
nanagenent progrln for effective ecosystem management. Direct
educitional benefits will extend to the graduate and undergraduate
students to be involved in field research; data reduction,
eonputer-assisted analysis and report preparation in tfis project.
uany opportunities witl exist for tutorials and special research
projects overseen by faculty and other professionals. The
iinincial support provided by this project will assist students in
courpleting thlir acadernic prograns, and students will benefit from
erqtosure to agencies with which they nay seek future- enplolment.
Tha University will directly benefit from this project through
overhead costi and fron the national exposure this project will
provide as the university expands its e:<pertise in GIS and the use-of remote sensing in tana nanagenent and environmental science.
For theEe reasons Northern Arizona university will greatly benefit
from this research project.

E. UETHODS

The GCES GfS Proiect

GIS data integration will be accourplished under the direction of
the Bureau of Reclarnation GCES GIS staff, the National Park
Service, Northern Arizona University P.I.'s and an independent
geomorphology advisor (Dr. John C. Sahnidt, Utah-State University
it Logln). Project personnel tlill be responsible lor guality
control of data intered into this [constellation'r style GfS, and
these staff will receive specific training by the BR for these
tasks. This Arc/Info GfS is based on a State Plane coordinate
system, and will have a mininum napping unit of approxinately 19 x
3;, and wil.l consist .of approxinately 50 layers initially.
nr6jection criteria will be aetemingd.by,t!" National Geodetic
survey. Eventual,Iy the GCES GIS will include the full Colorado
River- corridor; however, the tasks enurnerated in phases 1 and 2

here pertain initiaffy io the 13 reaehes rnapped by the BR -duringtne fiterin Flow monitbring prograu. The level of accuraey desired
for an analysis will be deplndLnt on the scale of the individual
inquiry. Thus the format of the GIS will be supplied by tI9 _BR-
Oeriverl while guality control/quality assurance of all data will be

"l
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the responsibility of the GCES/NPS/NAU GIS staff. Funding for
additional consultation and training required by this staff is
included in the budget.

This proposal wilI consist of a pilot study for the Little Colorado
River Reach (Area 5) to develop techniques and trouble-shoot for
problems with GfS preparation. The National Geodetic Survey has
expressed an interest in assisting with the pre-survey planning and
analysis of results for this task. Conpletion criteria will be
established for each of the above tasks, and will be followed
before additional tasks are undertaken. This will ensure
conpletion of each task in order of its priority
Integration of UIPS with GtrS data is underway by the BR-Denver. If
successful, this integration will be conducted under the direct
supervision of BR staff associated sith the I,IIPS approach.

Standard surveying protocol established through the GCES progran
and NAJ has been developed for all aspects of this proJect,
including equiprnent calibration and naintenance, survey control,
field topographic surveying, an<i data reduction. A consistent,
rigorous surveying protocol must be folloued to guarantee the
reliability of survey data. Project needs will require adjustnent
of surveying protocoll horever the propoeed protocol found in
Appendix A will be enployed, where appropriate, for equipnent
maintenance and calibration, control survey specification,
topograpbic survey protocol, and quality assurance/quality control
of data and analyses.

Personnel will be directed to the obJectives listed in the
objectives section (above) according to Table 1.



I
T

Table 1: Personnel tirne requirenents in each of the
Several items reguire detailed coordination with GCES
are to be decided (TBD) on initiation of the project.

obj ect ives .

and NPS and I
FIELD TIME

(PERSoN/DAYS)

PRE-PI,ANNING A}ID
DATA REDUCTION TIME

(PERSoN/DAYS)
TOTAL

(PERSoN/DAYS)
IOBJECTTVE

NUI{BER

I
I
I
I

1
4
5
I
L2
13
15
16
22

&2 39
50

9
72
L2

3
3

L2
35

LL7
90
27

150
36

9
9

36
100

155
140

35
222

48
L2
L2
48

136

TOTAL 236 574 810

I

Service Contribution and Participation
The National Park Service will coordinate thie project. Dr. Peter
Rowlands of the NAU CPSU will serve as the COTR. An NPS Physical
Scientist and a biotechnician (both GRCA-Resources Managenent
Division) will oversee day-to-day logistics and progress of this
project on a Lls tine basis each. Ircluded within this 20* tine
commitnent, these individual,s will also contribute to report
preparation, editing and distribution, and will provide daily
coordination with the GCES Program ltanager. An NPS Eco).ogist
(project coordinator), vill nonitor progress on a 1rt8 tine basis.

Personnel

Dr. Leland Dexter, PhD is an assistant professor in the Department
of Geography at Northern Arizona University. He has a strong
background in GIS and geography and will provide considerable
expertise to this project. Joseph Gust, PE, LS is an associate
faculty member in the NAU College of Engineering and Technology,
and has extensive experience in all surveying topics. Dr. John C.
Schnidt, Utah State University at Logan, is preeninently qualified
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to advise and coordinate GIS related mapping of this systen. He

has a decade of experience in sedinrent trinsport, detailed rnapping'
;;e l"t"giation of geomorphological data in this systen. He is
pr"r"r,ilf involved i-n nistbricai urapping of all sediment deposits
in the GCES GIS reaches, and these data are essential for
deyeloping a long-term understanding of .sedinent and
g."r"rihoiogical processes. in the Colorado River. corridor.
6urricirtun riitae aie provided for both Principal Investigators.ang
Dr. Schuridt. eualifiea NAU staff surveyors or surveyors hired
through the fair ernploynent practices of NAU, dS sell as graduate
and/oi undergraduat-e students will be enployed according to the
needs of the various comPonent projects.

F. TNTEGRATTON With OTHER ilONITORTNG EFFORTS

The integration with other uonitoring efforts is the objective.of
this stuiy. Accordingly, Please reier to the rrMethodsfr section
above for specific integration activities.

G. PRODUCTS TO BE DEVELOPED

Oitiverables wiII be supplied to the NPS accordinq to the schedule
outlined in Table 2 below. DeliverableE nill include initial,
annual and final oral reports to the NPS. Quarterly Progress
reports, and annual and fiiral sritten reports vill consist of both
managenent and technical conPonents, the latter with technical
recoi-endations for the NPS and inproved nanagement of the systen.
Copies of all reports will be delivlred to the Resources ltanagement
Chief, at GRCA, 

- the Unit Leader of the NAU CPSU, and the NPS

Regional Chief Scientist of the Southueet Regiona). Office. The
pi7a 

"iff piovide the cPsU Unit Leader at NAo with an electronic
rnedia copy; written in WordPerfect version 5.1, of the annual and
final rii6rts. These reports will be reviewed through th'
.=i"Ufi=nld protocol for GCE-S, and will be prepa_red for publication
in appropriate peer-reviewed scientific journals.

In addit,ion, the following itens wil} be delivered witb the final
technical and adninistrative report:

1) Baseline Control Network for all GIS data found in the pilot
study area.

Z) All individual study sites within the_pilot study are.a wi.ll be
rotated and translJted into the baseline control network-

3) tlritten recommendations shall be- provid-ed. .regarding the
accuracy and efficiency of future GIS c'ompilation technigues.

9



4) A written protocol sha1l be assenbled (in standard report
forn) to adoress both the needs of individual study
participants, as well as the nininun requirernents necessary to
incorporate individual study sites into the GIS.

Written recomnendations sha1l be provided regarding the level
of detail necessary for GIS evaluation of long-tern rnonitoring
activities.

G. Tr$ETABLE

I
I
I
I
I

5)

Table 2: Schedule of completion of proposed work. I
I
I
t
t
I
I
t
t
I
I
I
I
I

Initial oral report........within one uonth of project initiation

Quarterly report .................... o........1 october t L992

Annual technical and adninistrative report........1 January' 1993

Quarterly report. . . . . . . . o . . . . . . . o . . . . . . . . . . . . . . . . . o . I April, 1993

Quarterly report ............ o.......... o.. o.....1 July, 1993

Quarterly report..... .........................1 October, 1993
;

Quartgrly report..........o......... ........1 Novembgr, 1993

Subnit draft final report.. o.. o.......... o o.......1 January, 1993

Subnit final technical and adnin. report............1 Aprilr L994

H. BUDEET

Please refer to the attached Project Budget Summary Sheet.
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TPPITDII A

PRoPoSE 0 m0T0c0r

Car.tbra:ron Prcfoc: I

A. 'l:ia I Stai ron

i. Irlbrlch !nd oDtlcll glurnet arr checitd Ind r0Jurtrd lccordlng to promdure slrcifrrd rn ornrrs ltnurl.

!. Trc sets of rngles, rncludrng dlrlcl Ind rlvrrE!, rru iurnld fror r brctlght io r forusigh'". ilr flrsi, sel
lre laclstgh'. rllh tero rnd ihe srcond sll rre lrctsrghl rrth r nndor tnglr. ihit orocrdurc rrll detenrne thai
ihe lcvei, glrle, rnd rehcll culrrntlion rrr ril rn grogrr td;ustran!.

3. fuc rngl:s srt turnrd to 'close thr horuon' to vtnfy thrt thl horrtonlrl crrclr il tr grogfr rdjust[nl.

l. The vertical ctrcle is unually indrnd rnd cicckrd by thl rddilion cf thr diflct Ind nvrfsr v:rticrl rngles: 3oi trcgrees. 5. !lectrontc Dislrnm ltersurtrnt {EDl) drvim Crstrn* rarsurmnls rrr chrcktt on rn
eslt!lirhcd brselinr. Drstrnctr rrr.rmrurrd ln m|rrr rnd in frrt, 0irtrnct ratsuriltnts to btchsilhtt in thl
firld rrc chrcl:d rnd corprrcd to ptrvious iurvrls. Prrlr conrlrnts, Ppt ctiibrrtronr, rnd gorcr tlglliu trr tlso
checltd rnd rd,yustrd rccording lo brsrlint rgrcifimtionr in tha ornrrs nnurl.

0. lf lhr lotll Slttion dots not prrlon to tht tcmglrblr rlrcifrcrtionr of ttt oi.rs nnurl rftrr rll of thr
ll3ve iests rrr prefoncd, tht Instru|.nt rill br $nt for rrgrir rnd\or rdjurtlnt !y thr rrnufrcturtr or In
aulhorrlrd drrlrr.

L iirtd [ourpmnt

l, rhc levci bubblc on grisr gol:s (lrcob shffl rru chrclrd rnd rdJusitd rith r glu$ bo! rnd vrrrficd rrth r
hrn! irvcl. tll othcr hrnd lrvrls rrr chrclrd rrth rn rdJurird lriu golr.

2. Iripods trt irgit.ntd rnd lubricrtrd. Str!ilily of lrgr, loct dorn ctt$r, rnd rll mvlni Drrts trr
chrclrd rnd rd;usted.

3. Drtr collecicrs lre run tlrrough r illf-lrst, routi'rr brforr mch rurvrt trig. All ilrvty dttt fror pravlout
t,ril ir dornloadrd on to I dirc, lrttrrim ruplrnd, rnd rll configurrtronr urd ttrtrrtafs rrc chrctto rndior
reset. Thr dtsrinrtrd survtyor on rtch turvry is rcsponrillt to rr|l furr thti tll of thr rbovr groctduils for
tqulgftni ltlntenlnc! hrvr bmn foliorrd. Ihr rurvryor rill rlro docurnl rll chrchr rnd rdjurtrnts flth th!
ugi':rbl: mrnienrnel for$.
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aile tt,kfr, left 0r righl 0f nver, tlooltng dwnst,rtuilnJ

grecipitlilon, nnd, cv0rcrsi, lnd vrsrbiIity.

survfi.
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a'll rrstruleris. !. Physlctrdls:rri:rlns of rll !lncflt?ks, btcrs'irls,0:cugtec ao!nis, locl:gC

;3irii and set 0r st!ke1 t0rnts. Aiso rncirrca I !rtsurlrtnl rnd desi!'r0tlcn cf l0numnls 0t'!0lnt5 tn0 lhelf
rela:tonsn:9 ab0ve, beift, or eQ;al tc na'r,urrt !rcund ele,a:r0n.

f, l{etsurerents of rnsiru;Enl herght", irgei herghl, rnd rny trra tne} chrnge duiln9 the Suryey. lltse
ie3surersn:s rill oe neasurgd ln r€ters and tn fret. 9. Irrperriure arc
Dar:r::il: tressure,

h. l.rslr ccnstirt,s lui llso be recorCeC.

i. Pnolo d0!urent!!i0n rs lo be l,arntlin€d on rll brnchrrrls, brcksrgh!s, lnd rnl oihrr contr0l 90inl thrl nrads
i: De reloc!ied.

8. Arguiar iusurtienls

t. lrcritontrl rngles shlll bc rrlcrtrd drrrct rnd rcvrtt for ts uny $ts rs n[drd t0 rchirvc thr detrrud
rccurr:y lstrblrshtd for thr rurvf!.

2. i:r',icrl rngles thall be lurnrd dirrct rnd r!v!rs! rnd chrclrd bl thrir sur totrling 3C0 drgrues.

C, 0.t strnru llelsur!&ntr

l. l0lf drslrnc [lsurtilntr rhrll br lrhn in rstrrs rnd in fmi. lroml mrsuruntt rhrll br trlrn re nerdrd

to tchnvl thc dmirrd tccuncl rstrllishrd for tlrr rurytt.

lcooortohic Survlv Protocol

A, To'rtl s!llton srt-ug orocldurr

i. secura irrgod brf crr munttnE thr tnstrur|nt.

2. Inrtrumnt should br crrrfully hvelrd rnd mntrrrd on tlrr lrnchlrl.
3. 'rel yfrtical tndrr circle rs grr Inurl. l0o not ust rulilttrc Indurng f[turc.l

" 
l. lht follorrng informtion shrll br hrnd rritttn on hlrd coty rt rrll rs rucordrd in drtt colhctor:

r. ltrrght of rnstrurrnt n rtrrf rad fmt. !. Htlfht of rod rnd

rxirns icns in mttrg Ind ftgt. c, Yrrtiml rnflfs trhn fror vrrtlcrl inlu vrrificrllon,
C. ot.sonnrl rnd thtir du'.ies, jc! no.',trr ud dttt. t. iugcrtturr, btrortric ar$suru, Ind
cai:ulaied tel|. f. Horuonirl rngll, verlicrl rnglt, rnd slogr drstrnsr of lrctsrght I ud Ercllglil 2

'!)r. lJlj.
5. iFe follcring infonriion nll rlso bt ilcordrd in dltr colllctor:

!. Ca0rdrnrtrs. tlcvlll0n, rnd drecrigtron of tctrl strhon brnchrrl lll) rs ,|r control
sertfl dtt,E.

cc':l'o l surYev d!ta.
b. Alrruth dnrrctrott 0r c00rdlnltts of ISI 0r rvliltbll 85 rs get'

i, 3!! rnC ai iust onr eLhlr 8S ril! bc masurud. iloritoitll distrncr Ind rlryrtlon of both 8S's rut corrultte
r':tl ccnirol survey dair. ltcTltonitl rnSlc irot 8st to rrcoird ls rusl ccrrrlritilth coltrcl survry drta. lf ihcsc
3.ns:r1:; cc not, 3hect, regeri lll thr tbove srt-ug rllsurthnlt rnc |llr Eurr corrrc: tI rnd !s's trr lrrng usrc.

i. 3lr:h 8Sl tre-rErol at lersl rvrry 50 tetsururnts, dr rs oflrn n.onditicns rry ruquirc.

i. l\en :le Su?Yet iS :olt!i€',€d, tatsurs bO',h E3'r lo lflf turt tll rllsurtrtnts hlYt rtr|ln!0 Con8ttni,.

13



3. " ASSure lgteenen?. r'lh tie 8ann0t sul'Yeylng pl'3i3CCl

recel vgr'3 , scf [rrru anJ hlrcrtre r t I I be gurchased.

3. Ea:tingtrrc Surreys

ln:ei'!ie ;;r Cl'"1 lnl0 Lhe rC!S G;S, GpS

l. ;t|"hire'iriC Sur/eyS rlli be C0nduCled uSlng t t0rrunce I-15 0e9:hf:fCer, unl€SS ]l::ltlCir!l gfgJeCtS 'eQulre

and s,jtily rn rllernlie Cetlhfrnder.

2. ie9thfinders rrll be criibrrted drily, cr ncro ofiel rf nerded, usrng I d'!D Dtn i0 | dtpih r0url lo or

gret',ef th!n tht! tncountsr?C tn til survey.
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3. 0ria rill reccrded in hrrC cogy rn thr ficld.

C. Ih: folloring infonrtion rnd grotocol is sublrct to rodifrcttiont tnd i1rovmrnts brsrd on

drtr. Thrs! ctnngrs rtll br ugdrtrd rt Survryor-Crrr llrdri mrtingr
t, tccep!|ble error on 85 eirvrtron rnd disttncr rat3uilmnts. 2. Acccotrblr lngultr rrror

83: .

3, Rodmn't prcmdurr in sclrclion of loints to rrcord tffrcttvr tctoirrDhrc dltt.

t. Codrs usrd in drtr collrctor to idrntify futur.rt locrlrd on sitls.

9rtvr0u5 surYey

rhln r?-ler0 I n9

0r f t |!l I vt i s tnd 0A /Q9 Protocc I

A. Dril Recovery

l.IogognDhlc rnd brLhy[tric drtr rillbr ruturnrd lo tir ltborutorl Ind dornlotdrd f rcr drtr colllctor3 udi or

htnc-rni!/!d, delrndrng on i,h! typrr of dttr collrcttd.

a, Ql/Qc

I , 0rtl r I I I be t,rrnsf errad into ln rggropr I tlr dttt btst,

? , Tln D?r:?nt 0f the hlnd-rntrrrd datl f or I rrgr drt,l
su!s'-lli irl errcrs tre f ound ihrn f hr efif t rt drtr seI ri i i

cgg if s ldI 0n stgtrtt? d t tls tnd stgrld rt XAU .

frts riil !r rlndorly chrcked for lccurrcy.
br rscntcrtd ln dtff t l. Srlll drtl Sets r ji'!

If
h,
JU

re:he:lrd in t,hcir rntrraty.

3. icaogrrghrc dltr s?ts:i1l bc rdiieC by crmting ugr to datrct rnonlous goinls.

C, lr:l Anal ts 
j 

s

1. lr:t illl be ''rlnsferred tc th! rgDrobrirle softrrre for rcduction iiio totogrughrc r93, lrrr tntlyEes, cr

rolirr:elitc Ina;rses. Cross llc',ronrl dttt riil br drvrloprd fr0r thr tggropnllt dlll blst Systlr.

2. ;urther hard cogy rssls:!n!! tnd rnrlyses rrll be lcrfcrrrd ts rtcursted by tndtvtdull prolect lerders, tnd

14
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APPITDII I
SAURY Scltt00tE

rlhis trtjecl fe0ulres the full-line tnvo'lvereni of i.he survtyors, rhrch gltces th!rr hourly rorkictd lboye
all:reJ fcr !he'iull-Irne !ent;.ary'gosrtlon clrsstfrcltron, Acccrdrr:91i, therr !cslil0r cllsslflc!:,lcn
Di'i.li'iec Iern'. rhtch recurres fuil benefr:s ls gtrt cr the:orgensltl0n Dailtg€. A ft;icr of 3.i6 rrs
:l ie:errrne thrs benefii aiount.

Sr,rv?!0rs' Sr llry : I hrs/dly I t il, 50i hr,

Surveyor Assistlni's slllry: I hrs/Cry I tl0.00ihr. Survlyor Atsrst,tnt, shrll only br ris:3 for field rort i8C

I dllsi rnd fcr rQurprtnt prlprruticn {?0 drys).
I

Clerrcrl sttff shrll br cho*n frot rristrng grrt-tim d$trtrrnt rtrff, if ponilblr. lf existing dtilrbent
stlff ts untvltltblt, evrry rfforl rill br ud! to ugloy r [rgon rrth tnorhdgr of thr uU billrng systrr.

thr!
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