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1. EXECUTIVE SUMMARY 

A. Introduction 

The Plaue River Water Conscn'ationlSupply Study (Study) was 
COOOllCtoo in $uppon of the Platte Riv~"" Coop<..'l'tltivc Agreement. 
Signed by the Department oflhe Interior and the stales of Wyoming. 
Colorado and Nebraska in July 1997.thc Coopl:mtivc Agreement (CAl 
addrt"SSeS the wide-ranging rweds offour threatened OT endangered 
species in the central Plane Rh'cr region in NcbBSka. The U.S. Fish 
and Wlldhfe Se ..... icc (FWS) dc\-eloped recommcfI(lluions for flo .... s 
thalli believes arc needed at different times or the year for l'lldangercd 
species and Olher wildlife. In a eooptrnth'c approach wilh olhcr 
federal. Siale. and 101;31 interests. the I'WS DgrcW \0 an inercm~'1Ital 
approach wi lh II goal of providing 130.000 10 150.000 acre-fl"C1 (ac-ft) 
per year o[water over the next 1010 13 years. The goal of this study 
was 10 identify and evaluate ways Ihal60,OOO 10 80,000 ac·ft ofwatcr 
could be providL-d on average. Three other projects. one in Colorado. 
Nebraska. and Wyoming. are to pro\1de the other 70.000 ac-ft. 

The Study is a rCOOf1rlais..~ance level study. E,'aluations were performed 
al a reconnaissance level of detail to dishnlo'Uish major dlfTcn:nces 
among alternativC$ and 10 provide a preliminary inthellllnn nftlle 
feasibility of each ahcmati"e. The Study is tn be used as a tool for 
planmng and saccnmg purposes 10 compare IIltClTlath·t-s and to help 
idt'lltify which ahcmatives are more likely In a<;hlevC the goals nfme 
Program, The reconnaissance nature of this study should be !liken intn 
oonsidcrnhon during the formulation nflhe WattT Actinn Plan, the 
next phase of the Coopcr1ltive Agret:menl process. 

The Study was prepared by Boyle Engint-cring Corporalion (Boyle) 
under contracts with each of the Ihn:e slales. Work began in July 1998 
undtT the direction Oflhe Water Management Commlltcc (WMe). The 
WMe is comprised ofttle follnwing enti tics and Indl\'ldua1s: 

,., 
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M emM r 

Jon Altenhofen 

Ann Bleed 

Kun Bu"hol~ 
Mark Butler 

Mike Dram 
Beth Goldowitx 
RIchard lIolioway 

Frank KW3pn;oski 

John Lawson 

Dan Luecke 

Becky Mathisen 

Kenl Miller 
Mike Slifer 

Dick Stenzel 
Duane Woodward 

A~~ocialioa 

Northern Colorado Waler Conservancy Pi>lrict 

Nebraska Department of Water Resources 

Upper North PlaUt Valley Water Uscn Association 

U.S. Fish &: Wildlife Service 

Central Ncbrasla Public Power & Irrigation District 

Pla1\e R;vcrTrusL 

Tri-Basin Natural Resources Distnc! 
Ncbrnska Public Power District 

Bureau of Reclamation 
Environmental Defense FWld 

Wyoming Slale Enginco:r's Office 

TWin I'lane Natll"') Resources District 

U.S. GcoiollicaJ Survey. WRD 
C<!lorndo Division of Water Resourcc:s 
Cent",1 Plalle NalUnli Resources DislriC1 

BoyJc's work was completed with assistance from the following sub· 
consultants: 

• Anderson Consulting EnginC<..'1'S performed the analysis of 
wat<.'1'Shcd managemt'llt altematives and assisted with the 
hydrologic and cngineerl!lg analysis of severnl other types of 
alternativcs. 

• BBC R<.-scarch & Consulting performed the analysis ofall 
agricultural and municipal conservation mcasures. inccl1!J\'e 
based reductions in agricultural wDter usc. and hydroelectric 
pow<."\" intcrference options. The tim! was also responsible for 
identifying and discussing potential third·party impacts of the 
alt<."TTIativcs. 

• Jerry Kenny. Ph.D .. P.E .• ofthc firm Exponent provided ao 
independent intemal review of all Study work products through. 
submission of the Draft Report on August 9. 1999. 

,., 



B. Study Approach 

11Ic approach for conducting this Study included the follo .... ing steps: 

I. Dt. ..... c\op scrom.mg critcria for e\'alllDting altcmativcs. 

2. Idl:ntify potenllal water conSl:rvation and supply mcasures for 
augmenting flows in the critIcal hPhitat and devcJ\lp a long lisl 
ofa1t~'mativcs. 

3, Review long list ofwatcr supply ahcmati\"CS. then usc 
screening crilcria to develop a shon lis! of altemall\'cs. Identify 
project-spt.-ci fie aod or n:prest.'I1tal1ve examples of tnc 
shonlisted alternatives. 

4 . Evaluate booth i,'CIlerol pnd proj~'(1-spccific short!istcd a1t~'1Tlatiws 
for eff~'(1s on stream flows. costs. and other issues. and 500re the 
altcmativC5. 

Screening Criteria 

Crit~Tiu 10 compare and contrast a1tcrnativ~'S W<.TI: developed according 
to five major issues aff~"'Cting the feasibility of potential projects thai 
were previously identifil.--d by the WMC as follows: 

I. Physical 

2. Lcgalflnsl1 tUI ional 

3. Social 

4. Economic ,. Environmental 

In add ition. 31 suh-cntma were dC'o'elopcd to capture the important 
aspt."'CIs of the gcnt"llll criteria. 

An initial screening shortened the long list of alternativcs by 
id~'Iltifying tOOsc alternatives thai fail one or more of the five general 
sert.-ming criteria, Thc resulting shon list ofahernati\'CS was tru.'I1 
analYl.ed in greater d1.1ail . 
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Long Ust of Alternatives 

The process ofidcnlifying the most suitable water ~'()nser\'31ion and 
supply measures included developing a long list of ahl.:mat;I',:s for the 
th re<;: regions in the Plane River study area (see Figure 1.1). 

Boylc rcvic"'oo project notebooks provided by the lhrt.'C Siaies and the 
Depanment of the Interior. Boyle also rc"lev.ed other iofonnation on 
the study area and other locations including. river basin planning 
reports. ag(:ncy manuals. rcscar~h pap~'TS. and conducted Internet 
searches to identify waler conservation lind supply alternatives for the 
thrcc regions. Seventy-seven potential aitcmOl;vcs were idcmifil.-d in 
relation 10 all of the hasin"s waler uses (see Table 1.1) lllld were 
subsequently reorganized and regrouped \0 n:duc<: the overlap between 
the allcmati vcs. Additional all(,rnativ('S suggested by WMC m<.'mb .. -n; 

were nOled and wen;: included in the new lis\. 

Scoping memonmda for the following seven categories of altematives 
were developed: 

I. Reservoirs 

2. Water Conservation (Agricultural and Municipal) 

3. Reuse 

4. lrux"fltive Based Reductions in Agricultural Water Use 

5. Groundwater 

6. Syst~"I11S Integration and Management 

7. Watershed Managemenl 

WOh.T consl,,.valion was later divided into 11'.'0 sub-categories. which 
inclulle Ao'licultural Conservation and Municipal ConsCT\·ation. The 
scoping memoranda used for the initial screening included definitions 
of the altcmati\"t·s. infonnation regarding Ihe volume of water likely to 
be produced. cost per unit volume of water. and past 
limi tations/expcr;ences based on infOlT11otion from c~ist jng studies. 
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(;.ound .. ·., .... 
59 Coo,,,,,,,,,vt U", 
60 Addnoona\ Surfac. 'W .... IfIIl.,..Grt:IUnd ........ 

R=zulaI- Oppomm~ 
61 De\~1opmc1n orNoot-TribuuoryGroo.md ........ 

Sour=.'DcqI Aqu' rn Pump,,,, 
62 GrollDdWl,er Alioc:.,1OD M .... JICf""'I' 
63 GroundWl'" ReclutrgcJRetum Flow Pro)"'" (",m,l .. 

10 Taowock) 
64 ReductIO" o r GroundWlI., f.l:pon (~.,. ~ frum 

Pia,,,, 1(1 Rcpubl ..... bwo) 

S," .... 1.'tIt""'O" 'O>d 'b .. ~'m"" 
M a-,... .. POlDIlI nfO', .......... 
66 Em""", u.:1IInte: AJIJttlI'<'f''' 
67 ltDl.: E>tc<lnlil Wa," Supply S~ 
68 Mod,f","""" orR~"" Fill"'i Sequ~nce5 
69 Mo,Iofied Flow R.I .... Ruics 

70 T""",ba .. n [}j, ...... ,on1Jim""n. 
71 T"""'ferofS",",~. Dem:cs 
71 WI,., R.!", .. T ..... f .... or f..1clutnge> 

n Pa)'l"ll P"", ... Interl~ C'harsn 
w."nMII M.Ul' .... "' 

74 ForaIM .... ......... 
75 PbrcaIOphysc Control 
76 s..o...pock ~b ... ...,...nI ... V.,.,..''''' Shad,,,, 
'T7 Weather Modif",."on 



C. Summary 

Short List of Altematives 

Ailt'11latives (Sl.oe Table 1.1) were reviewed in a tWO-Step screening 
process. The first step used the general screening cri teria to identify 
potential falal flaws. Any alternatives on the long list receiving a s<:ore 
ofz •. :ro on one or more of the general eriteria were deferred from 
further evaluation at this time. The remaining alternativcs forml.-d the 
short list ofaliernativcs pres~'Ilted in Table 1.2. The short list of 
alternatives was presented in November 1998. 

Evaluate Shortlisted Altematives 

In the second step of the screening process. specific and/or 
representative e~amples of the shortlisted alternatives were idl1uified 
(see Tallie 1.3) and ev~luated with respect to the same pre-defined 
criteria. Draft evaluations were submitted to the WMC in Ma)' 1999. 
Projects were cvaluated throughout the 19 reaches defint-d for the 
Platte River study area (sec Figure 1.2). The effects on streamflows in 
the immediate area of each project as well as the critical habmn area. 
net reductions to target flow shortagt'S. and l"Dsts were evaluated. 
Associated physical. legal/institutional. economic. social. and 
environmental issues were also addressed. Scores were assignt-d 
relative to associated physical. legal/institutional. social, economic. 
and environmental issul."S. Based upon these evalll.iltions each project 
wllS assigned 0 composite score between zero and 25. 

This Study identified and analyLCd 190 specific and/or Tlllrescntalive 
water supply projects with 61 additionol variations on those prOJects. 
Oflhese. there are 15 projects capallie of reducing shortages 10 target 
flows by an average of at least 10.000 ac-filyr if the resulting flows 
can be protected from downstream diversions. A number of these 
projects have variations of similar projects within the same reach or in 
other reaches. [fthe resulting 110ws eonnot be protected from 
downstream diversions. these projects are capable of reducing 
shortages to target flows by an average oro to 38.000 ac-fvyr. There 
arc also an additional 20 projects capable of reducing shortages to 
target flows by 5.000 to 10.000 ac-filyr on average If the resulting 
flows can be protected from downstream divCT"$ions. If the resulting 



Tab~ 1.2 

Short List 
Water Conservation and Supply Alternatives 

Cal"ll.ury I _ Rou .... 'oln 

CDn<!IUC,io" ofN"w S,on!!" Fo";h"". '" Equalizing 
R"""rvous 

Enlugo Exisnns R~"", .... "i", 

Remo". S"""~. Restriction.< 
Lm'"~ StnllIfi N .... ur Ex"un~ Rcservous and Gra,,,1 

", 
Clt,,!:ory 2· Wlttr Con ...... tI .. n 

Munlcipll 
FiNUlCiallEtonom,e Incenu"e$ 

Conserv.tIOn Pnemg 
F",.nc,alloccn"~ fOf MunlO,pal ConsnvIuon 

T"" Ince""'''' '" Subs,d,es 
Unive"",!1U>d City Paro Mctonng 

End-user Technolo~y Change, 

I..and«apc Irng.llon Sysltrn !mpro'-."""'''' 
I\c¥u!atory M.a,,,,,,~ 

Outdoor Waler R".InC"""" 
Reslne1lo". on Specific U ... 

Altri<uhural 

On-farm Chango;: In 1m!;>""" 1''''''''00;: 
C"",,",,'I""" CroppIng P."ems 
Ocr..11 lm~at1On 1'....,,"' •• 
Changes In lmgalion Techn,ques 

WI"'" O"tn., 
SlJUclural 

Rehabi],,,, ... Irnp""" Conveyance ChanJ>eI, 
Rcp.air"mrrove Wiler Conoroi SInIC.ures 

Non_,,,,,,,, ... ral 
Con""","""" Pncmg 
Ocrnar.d B.>st:<:I v< Schedule Based Irnga""" 

CI I,,!:"'" 3 _ R.uSt 
Rd"".""" ofRe.1lJ'II Flo"''S 

c.,,,!:,,., 4 _ Inc"nlh" Bast(! R"'u<liOn$ in Agrioul, urll 
W." . Uw 

AgncuhUr.l1 
Acqul5''''''' and o.y-up oflmgole<l Lands 
PCnl'l3rlCnl AOqUISlIIO" of AgnoullUrll W.,., R,ghL. 
Land Fanow,ng Pro!,'nR1-< 
Temporary L .... 'ng of Agnoultunll WaItT Supphe$ 
o.y Vear leaSIng 
DrnUghl Wa"" Banl""g 

CI',,!:",,' S _ Ground"'IIU 
Groundwalct Recharge/retum Flow ProjCC1S 
Groundw" ..... AI1<x:allon ManaBemrnl and TraIt-f., of 

U= 
Reducllon ofNa'ural GroUr>d .... ' Of b;pOr'IlTorn til<" 

Sa"n 
Add,uonal Surface Wllr' an<Lor G.<>Wld",",c' 

Re"'ll"lll'on Opponunot ''''' 

C. ,"'I:O.,' Ii _ S}' .. ~m. In'll'!:ra,iQn ond Mnoj:rmnt 
ModificltlOlt to Roservou OperallOll> 

Mod,fic."on ofRe5ctVoir F;lhn~ Seq""",,", 
Modifi~ Flow Rei .. "" Rules 

Mndific41l0fl to b;,,"ng Wale, lUgbl5 
Chango ,n POln", of Owen, on 
Transfer of Storage Decrees 
W"IOf Ri~ts Tnmsfcrf; or F.xCM"S"" 

TraMbas,n DlVC1'l'lon\lrnports 

C.'tj(or}' 7 _ \\'1 , ... 10 ... i\l lnogernrnl 

FOtt$t Manage""'"' 
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TaDie 1.3 

Specific and/or Representative Projects EVilluated 

C.''IlO",' 1 _ R_ ".'oi<1 

ConJlruc' ;on of New S1Df'l.~. Focili""" or Equahzing 
11..".....,..""" 

Deer C .... k Rton\"" 
Horse Creek R.-Regul.ung Re.""",o;r 

G",y M""nlllln 11. ......... 0" 
10.000 ae·ft Rc'<'fVOu m mIddle of R •• oh 8 
5<1.000 ",,-II Reser>"" In mIddle of Re.ch 8 
10.000 J<-ft Resn\tm ,n mIddle ofRo..,h Q 

50,000 ac·fi Resen"01' In middle ofRo""h 9 
1 0.000 ac·ft Rrse,.v"" ,n bouom of Reach 9 
50.000 ac-fI Reservo" at oonom of R.ac:h 9 
Jdr",y Canyon Resc!'VOIr 
Plum Creek Canyon Re<cn"" 
R"., ... "ew 11....,,,,,,, 

Enlar~c &,,'l1og RcSOV01ll' 
Sem,ooe Dim EnLorgemcnl 
Julosbu'l: Re.;<:1'VOU EnIargemrnt 
SUtherland Re...-"" f .... l.rg.m.m 

Remov. S'01IIge Resll1cuons 
"'"1:"10)' Dim 

L'n.n~ Small'" Ne .... or Eo"U"g Re"""";,,, ond Gra,"d 

''" 10.000 ac-Ii LIned R=ri01' '" mIddle (If Reach 8 
10.000 &c·fi Llllod RcM1'\'Q" in nuddle of Reach 9 
10.000 ae·fi LIned 11."""""" al bottom of Reach 9 
Su,h<Tlond Rc."""""" 

Rtacll,'''' S,on¥c t.o.l \0 Sedin"",,",i,,,, 

Gucm."'Y R"""l'VOrr 

C.'<1:o.,.l - W.t •• Coo ... ... 'ioll 
1>1 unicipil _ Deforred fmrn fum...- ~"31""'''on 81 !hI< 

FlIIanelallEco1>OmlC Inconu,"eS 
Conscn .. uon P1'1C1IIi 
Finane,.1 Incell""'" fOT Mumc,pal Con.<Cr\,.,ion 
Tax Inctntl''e.' or Subsid,es 
Universal and C"y Piu' .. Metcnllg 

End_uscr Technology Chan~es 
Land<ea~ IrnY'MII Syslem Improvements 

Rei.",lalory Me .. "",. 
OutdOOf W • ...- R"'lI1oUo'" 
Resll1ctio,," "" Spec,flO Uoe!' 

A~.i<ult urll 

On-farm Changes ,n lrngo""" 
Conscn .. """ Cropptng PatteTm 

RepltlC1!llI"'" ProjectS III III 19 Reach .. 
Deficnlrng;>""" P",ct>ces 

Representat' .... ProJects '" In 19 Re.che< 

ChaIlJlC' ;n IrriGa""" T ech",quo. 
P,..,.,,,,,",,vo ProJec" 111 Reaches 17 Ihrough 19 

WI'er Dlstn<l 
5truclu,.1 - RepteS<11"'t>". Project. '" an 19 
Reaches 

RehabihLaIOl,mpro' .. C",,"cyonce Channel. 
R.".nllmpm .... WottT C<mtml 5truClu"," 

Non_<trUClural 
C"""""""on PnClng _ Deferred from rurther 
e""I""'tlon .,Il:u< IIIl!C 

Demand Ba.<cd vs 5(1",<;\ul. B.sed Irri~."on ­
Def • .,.ro from fu,u",- e,'.h ... "oo II !hI> I1mo 

CI ' tg"ry 3 _ R~u .. 
Rolocotlon ofRetum FloW$. 

u..t Creek-Nonh Dry Cceck Cutoff 

Ca"1tury 4 - In'.lIlin BasH Rodu"'on. In A~ri."hur.1 
Wat.r U ... 

Agnouhuml 
AcqUlS,.,OIl and Dry-"P oflmgalcd Land. 

Rcpre-<ema"'", ProJec~' In all 19 Reaches 
PMm3J'I<:nl Acqu,"",,,,, of Agncuitural \\ .'er R,ghL' 

R"I'reset>la""e Pn>Jocts 1II.n 19 Re""hes 
Land Fono,",'ny Program< 

R=,"lIve rroJot .. '" all 19 Reaches 
Trmporary I.ea<Ul& of Agncuitu .. 1 Wiler Suprh.,; 

Ropr=ta"''' ProJt<IS '" all 19 Reach"" 
Dry Y CIt leasmi 

Repltlt:1!llI""" p'oJects ,n all 19 Reub<:> 
Drought WII01 Bank,ng 

Ro:prt'SCn ... ",·. ProJOCl!l In III 19 Rca""", 



Table 1.3 fton\Jnf..lCd) 

Specific and/or Representative Projects Evaluated 

C"flI:01')' 5 - Ground" ,.", 
amundwalOf Reel..,.~n:'um Flow PmJ ects. 

Pl"llu-Fcmo Ground".,.~ R.dlllrj)<' Pmjcci 
11ft"" 0..,,' Recharge PI'O)CCI 
RadFl-Ik., ... Redw!!" Pmjec' 
Ground" .. ,Of I'wnpUl~ Rechllt¥C P"'.I""U 

MllldleofRcaoh 7 (SDF~_ 110 I< 270doys) 
MHldleol'R....tI 8 (SDF-60. 120 I< 21Odoys) 
MHId"ofR.aoh9 (SDF- 60. 120 II. 270doys) 
8000nt or Reach 9 (SDf- 60_ 120 II. 270 days) 
Moddic of Reach 10 (SDF- 60. 120 I< ~10 da)'l\ 
Middle oI' Reaob 13IS0F~. 1201< 21Odo)'l) 

Surf_ W .... Dr,' .... "'" Iteclwvc 1''''.1''''''' 
Midd .. ofltelOCb 7 (SOf- 300 <110)'1) 
MIdd le of lteaoh 8 (S DF- 300 dII)'I) 
Mlddl~ of Reach 9 (S[}F~300 <110)'1) 
Middle of Reach lJ (SDF- 300 <110)"') 

Gotbtnburg Clnltl-GW Recharge I'l'O)ec, 
[)a ........... C .... l-GW R..,harge Pmj"'" 

Reducuon ofN"lII'Il Ground" .. ,Of Export from the 
lIosrn 

I'II~ up tQ 1~.500 ao-fi. from aw M.......s 10 1'10"" 
R_b 10 
It_h 11 
Reach 18 
R_h19 

Puntp up 10 16.500 ao-f;: &om GW Mwnd 10 Pllue 
R_hIO 
R_h 17 

Reach 18 
Keach 19 

Pump up '" 51.000 ao-f! &on! GW Mound 10 I'la,~ 
K.lOCh 10 
Keach 17 
Reacb IS 
Keach 19 

Add,,,,,,,,,1 Sur&oe W ..... lIId.or Ground" .. , .. 
Kcrqubbon ()pporuau,,,,,, 

Pump.., ... 1~.500..,·fi. from a .... tQ ~ 
~y Impled .... th Surr_ .... .... 

Rcac:b 17 
Reach IS 
Rtaeb 19 

Pump III' 10 S 1.000 ao-fi fron! OW 10 Ll.nd, 
P""'lOu<ly Imlllied Wllh Surface WIIOf 

lteachl7 
Reach 18 
Reach 19 

C.' OJ:or)" 6 - S)'OI ..... 1. 'l"I:r.,iot\ .nd M.n.~ ...... ' 
Mool foabOll ... Ra<T\",. Open,,,,,,,, 

Glendo Ra<T\'Ott 
Clwf .. 1d ItoavoIr 
8 ·1 It ............. 

Modifitauor, 10 EJ"sr,aK W .... RI$hls 
La ...... Resm.'Ott 
T oltee Dom ifill 11. ....... "" 
Dodgt Dom .nd Roxr;olt 

Graymcb Re. .. " ... " 
1',."m",,,, D"· .... 'oo\Jmporrs 

Middle fork Po"dcr Kiv .. l'ran.<!>as,n J),,'ttSK)ft 

Cooper Cm:k Dr ........ "'" 
Wind It",,-,r TramhuUl D"...,._ 

1' ....... Interface Chugeo 

c. 'OJ:01') ,. ~ ...... h ... M .... ~ ....... , 
Fon:stM~ 

Rcrronol8en<b>nari: V .. 1d. ......... y .. Id.1fIIl USFS 
Selec ..... Allmlttu,'O$ SmIanoI 

Upper South Pb"" R,_ 
Upper Caeloo a 1'",""", R" ... 
Upptt Nonh Plaue It" ... 
Upper Lannue R.I, ... 
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f10ws cannot be proK-ctcd from downstream diversions. Ihcsc projects 
arc capablc ofrcducing shortages to targct f10ws by an a" I:Tagc of 0 to 
8.100 ac·nl)'T. 

TJw:re are 15 spt.'(:i fic and/or r..>prescntati,·c projects (or varialions) for 
which the estimated unit costs 3fe less than S 1.000 per ac·ft o f 3VC!1lgc 
shortagc n:duction. A numbcrofthese projects have variatIOns of 
similar projects within the same reach or in Olher rcaches. These same 
proJccls would be implemented at costs consid~"T1Ibly more than SI.OOO 
per lIC·ft if Program water IS 001 vro1ccled Ii'om downstream dl,·m;.ion. 

POlt't1tial alternative scores ranged from zero 10 2S based on five 
gen<.."I1ti cri leria and 31 suberitcria. The scores for proj<..-cIs Ihal were 
nOI dcf .. ".ed fell In the 14 10 19 range. Severol of the groundWlllt'T 
proj<..-cls camct.l scores at Ihe upper t't1d of this runge and severol of the 
incenlive blllled red uctions 10 agricultural water usc. sYS lcms 
inlegralion and managem<..'111 projects, and ncw rt:S<..'TVoirs wcre 311he 
lower eod oflhe range. 

Third patty Impacts associated with ahemali\'CS thlll wen:: 001 deferred 
.... ere idcnlifi<..-d and discussed. Third patty impacts are pnmari ly a 
result of hydrologic alld economic impacts of an allcmlUi\'e. Third 
party hydrologic impacts an: rdated pnmanly to changes affecting the 
timing and quanlity of Plane River flows. which may affecl ex isllng 
downstream US<"TS or future water USCTS. Third patty economic ImpaclS 
are related primari ly to agriculrural ahcmalives and focus on changes 
in the scale or nature of opcrDlions. changes in expt.'I1dlture p:!lkms. 
and ehanges in related induSlries. 

Following the oomplelion Oflhis Study. an AClion I'lan will he 
pll.11aroo umJcr Ihe auspkcs ofthc Governancc Commiu<..'C orlhe 
Plaue River Cooperativc Agreement and through an Action Plan 
Commlllcc. There are alternativcs that. when combined. could )'Ield 
60.000 \0 80.000 Ic·fI of average annual reductions to target flo .... 
sltonages. However. then:: are physical. legal Insl11ul1onal. economic. 
social. and eIlvironmcnlaJ issues thai could conSlnun nnplenlC1llalion 
and must be consldcred when preparing !he Achon Plan. 





2. INTRODUCTION 

A. Background and Perspective 

The states ofNcorasku. Wyoming and Colorado and the U.S. 
D~"artmcnt oflhe Interior entered inlo a panncrship to address 
endung(..'Tcd species issues affecting water usc in the Platte RiVeT 
Basin. This partnership is guided by the Cooperative Agreement for 
Plane Rivl'T Research (June 1997). The driving force behind the 
Cooperative Agreement is Iha\ many water projects in Ihe Plalte River 
Basin are subjecllo reviews of federal ~,'ovcmmcnt pcm1its. Under the 
Endang<'.,.l'd Specics Act (ESA). flxkral agencies must ensure thatlhc 
water projCC1.S they authorize, fund, or carry out do not jl"Opardize the 
continued existence of cndangcrcd and threatened spt'Cies or result in 
the destruction or modification ofhabi\u\ which has been dt1cnnincd 
10 be cri ticaL The Coopctlltive Agn:cmcTIl is a comprehensive 
approach 10 addn..'Ss ESA requirements that will eliminate the nct.'d for 
each individual water project to undergo a separate review of its 
impacts on endangered species. 

The two main objcctivt:s of the Cooperative Agreemtont arc as lbllows: 

• Develop and implement a ''re<,:overy implementation program" 
(Rt"COvery Program) to improve and conserve habitat for four 
threatened and endangert'd species that usc the Plalle River in 
Nebraska, which include the whooping crane, piping plovL~. least 
tern, and the pallid sturgL'On. 

• Enable e;leisting and new watt~ uses in the 1'laUe River Basin to 
procct'd without additional actions required (beyond the Recovery 
Program) for the four species under the Endangered SpL..:ies Act. 

The RL'COvery Program builds upon the Cooperative Agreement and 
lays out several activities and contributions from the three siaies and 
fedLTlII govemmL'11tthat are 10 be conducted in specified increments. 
The objeetivt~ oflhe first phasc oflhe proposed RL'COvery Program 
(10-13 years) are as follows: 

• Reduee shonages to the U.S. Fish and Wildlife Service's 
(USFWS) larget flows by I )0,000 to 150.000 acre-feet per year 
(ae-fVyr). 

• Prolect or reslore 10.000 acres of habitat in the Centrdl Plaue Rh'er 
arca within the critical habitat, which cxtends from ncar Le.\ inf,'ion 
to ChapmllI1. Nebraska. 
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The USFWS developed recommendations for 110ws in the critical 
habitat (at Grand Island. Nebraska) Ihal il believes arc nceded for 
endangered species and olher wildlife. The wLighted average monthly 
species inslTCam flow rccommcnd31ions or target flows arc 
summarized in Table 2.1. The recommendations vary season by sca.~n 
and year by year depending on whl.'Ihcr we\. dry. or awmgc conditions 
ellis!. The tl.'TJI1, target flow shortagl."S, refers to the degree that hislOric 
flows have been less than the target flows. The term. '"reductions \0 

target flow shortagcs" refers 10 the amount thm the target 110w 
shortages would be It:sscn~-d in Ihe future under the various types of 
alternatives considered in this report. 

The USFWS also recommended pulse. or flushing flows for speci .. 'S in 
the critical habitat. I'ulsc flows are hIgher, natural flow ewnls nuw 
occurring that the FWS would like to preserve. The FWS believes that 
pulse flows arc nceded between February I and March 31. and 
between May I and June 30 in some years to maintain wet meadows. 
the river channel. lcasttem and piping plover nesting habitat. and 
pallid sturgeon habitat. Thcy include very high flow events (above 
12.000 cubic fect per second (efs) and in some cases above 16.000 cfs) 
that last a few da)'ll and more moderate flows of3.000 to 3.600 cfs 
lasting for a wt'Ck to a month . The recommended pulse flows from the 
USFWS arc summarizl'<l in Table 2.1. Pulse flows are nO! addrcssOO In 

the Cooperative AgreClm.T1t or the scope of work for thc Water 
Conservation/Supply Reconnaissance Study. 

Undcr the first objectil'\' of the Reoowry Progmm thle<' wawr 
management projccts arc inl<!ndcd to rt'<luee target flow shortagt::S by 
appro)limately 70.000 ac-ftJyr. These three projects consist ofthc 
Tamarack I'rojcct in Colorado. the Pathfindt'T Modification Projcct in 
Wyoming. and an Environmental Account in Lake McConaughy in 
Nebraska. The study team was commctt'llto complcte a Waler 
Conservation/Supply Reconnaissance Study \0 Identify and evaluate 
water supply and conservation altt'Tllat;"es to provide an additional 
60.000 ac-ltIyr 10 80.000 ac-fl/yr of al'erage reductions to target flows 
shortages in the critical habitat. 

An el'aluation of the impacts of the Recovery Program is being 
conducted as llX!uircd by the National Envi ronmental Policy Act 
(NEPA) over the lhrt'C·year Cooperative Agreement period. The 
Interior Dt'Partment's Bureau of Reclamation and USFWS are 
preparing 3n Environmental Impact Statement (EIS). which addresses 
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the effects oflhe proposed Recovery Program and olher al1t-matives 
id~"11tifkd by Ihe study leam. The goal of the E[S is 10 evaluate the 
Recovery Program and other alternatives and provide a 
recnmmt"11dation of the "preferred alternative"to the Secretary oflhc 
Interior, This EIS effort is separate and indcpc:ndent !Tom [hc ""ater 
Conservation! Supply Study. The twO scvarate teams met pt.:riodically 
and shared basic data. Each team was free to utilize the shared data. 
gather additional data. perform indcpc:ndent analyses with diffenng 
mcthodolob~cs. and develop their own results lind conclusions. 

B. Study Authorization and Schedule 

The study team was authorized [0 conduct a Water 
Const.:rvationlSupply R.:connaissanec Study through three contracts 
executed between Boylc Engineering Corporation and the States of 
Colorado. Nebraska. and Wyoming. Work began in thc summ~T of 
1998. The study team's efforts were p<:rformed with guidance from the 
Water Management Commiucc: (WMC) oflhe Governance Commitll"e 
for Plauc River Research. 

A draft oflhe Final Report wllS submiued on the contractual due date 
of August 9. 1999. The initial due datc of the Final Report (ScptembLT 
[3. [999) was dclayed al the direction of the WMC to allow its 
members addilional lime 10 review the 800+ page document lind to 
pLTform an indcpcndc11l peer review. This Final R~-port was submi1t~-d 
to the WMC on December 13, 1999 and reflects the team's 1x."S\ elTort 
to address all comments received on the August 9. 1999 draft r~'JlOrt. 

C, Study Participants and Roles 

The participants in this reconnaissance study include the: 

• Study Team - comprised of enginl"Cnng consultants "'ilh 
experience in river basin planning in all three states. 
Responsibilities of the team members arc presented in the 
Acknowledgements section of this report. 

• Water Maua\!cmeDi Commjncc - comprised ofrcpresentalives of 
all three states. water users. federal agencies. and environmental 
b'TOUPS. Individual members are listed in the Executivc Summary. 
The WMC directed the basin-wide reconnaissance study of 
potential water conservation and supply projects conducted by the 



D. Study Approach 

I 

StudyTc:am. The WMC is also oooromalmg each S1ate's means 10 
track new walCT depictIons or accretions to ensun: mill gat ion of 
impacts on cxistmg wate-r users and proper cn:dil1ng for water 
oonst>fVation projects. The WMC will alsn cstablish monitoring 
progmms and protOCQls for verifying that wate!" 
oonscn'ationfsupply projeo::lS have the Intended eITett5 on instn.:am 
l1ow5. 

• Goycmanee COmmlllg; - comprised of the following 10 memocrs: 
One member tTom tbe FWS; one mt'mbcr fium the Bureau of 
Reo::lamation; one memtM.T from each oftbe three stDtcs (Colorado. 
Wyoming. and Nebraska); one water user member from Colorado. 
one USC'r upstream of Lake McConaughy: one user downstream of 
Lake McConaughy; lind two environmental organi7.ation memhl.T1. 
The rLlm:sC11tativc upstream of Lske McConaughy is selected by 
Wyoming water ust.'fS and Nebraska water users upstl"CDlTl of Lake 
McConaughy with federal contracts for waler in Wyommg 
n:sco'oirs. Tl>e representative downstream of Lake McConaughy is 
selected by watloT users downstream of Lake McConaughy. watlo"!' 
uSlo-rs upstream of Lake McConaughy who do not have f~xlCTaI 
contracts for water in Wyoming rc.scrvoirs. and water ust.-rs 
downstream of tile Weslern Canal din-rsion on the South Plaue 
RIver, The Govcmaoec Committee O\'crsecs the implementatIon of 
thc Coopcrotlve Agreement and gUldcs the development and 
implementation of the R~'COvlo'T)' Program. The Governance 
Commiul.'e has three suhcomminccs. which include the Technical 
Committee, the Land Committee, and the Water ManagL'ltlCll\ 
Committee (presented abo\'e). The Technical Commiltec is 
developing the Ihtmcwori; for habitat and sJICClcs momtonng and 
research as well as a pea review pro .. :css for scientific studics. The 
Lslld Committee is developing guidcl incs for land habitat 
managemt'llt. leasing.. and acquisition to dctcnninc ways to 
IICCOntplish the habital goals. 

The Water Conscn'alionlSupply Reeonnaissantt Study identifies and 
evaluates potential water conservation and supply projects thaI might, 
in vanous combinalions, provide an addihonal60.000 10 80,000 x­
IV)'!" in nerage reductions 10 targct 110ws shonagcs. Tlw: 
reconnaissance study was pt.Tfonncd in the follQwing manner: 

,., 
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• Identify a long list of water conservation and supply allt'm<llives 
for the three regions in the Platte River sludy area. 

• Conduct an initial screening of the long list of alternatives \0 

identify any potential fatal flaws associated wilh an alternative and 
defer those allcrnmivL"$ from funhcr evaluation at Ihis lime. 
ScrL'C1ling criteria include physical. legal and institutional. 
economic. socia1. and environmental issues. 

• Develop a shon lis1 ofah<-'Tllativcs based on the initial SCrt.-cning. 
which consists only of alternatives thai were nO! defL'lTcd as par! of 
the initial SCf'C()ning process. 

• Identify specific andlor rcprescnlalivc projects of the short-listed 
aitcmaliv<-"S. 

• DClcnninc the local net hydrologic effccts associated wilh a 
sp.:dficd project. 

• Develop a waKT budge! sprcadshl."C\IO assist in dctcnnining effects 
on slreamflow5 downstream ofa spccifil-d project and the 
associated reductions to target flow ~hort~gt'S al the critic~1 habitat. 

• E,<aluate the specific andror representlltive projects with respect to 
the seret'TIing criteria. Evaluations include estimates of project 
costs and potential reductions to target flow shortages. 

• Score each projt'Ct bll!\~.,j on the scret'lling criK-na and prepare lists 
ofpotenlial projectS for future use in dC"eloping an Action Plan 
under the direction of the Gov~manec Comminec. 

Many of the alternatives evaluated in this report arc also being 
TCviewed by the thr~'t: stmes as sourees of water to n."lace future 
depictions. to meet Cooperative Agreement commitments. and to meet 
Compact or Decr~"e requirements. PartnCTShip between thc RecovCl)' 
Program and the three states may occur on some a1t~mativcs. which 
could affect the costs. yields and nct r~-duclions to target flow 
shortages preS<.'TIted in this report. 

E. Public Infonnation Program 

Public involvement in the Water Conservation/Supply Reconnaissance 
Study has been directed by the three states to facilitate public input. 
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The Governance Commincc has also provided infonnation to the 
public through direct mailings and the Int('J1lct through the ['lane Rl'"t:r 
website (www.plaUcri'"LT.org). All GoVL"lTlance Commiucc meetings 
and subcommittee mc.:tings ha'"e bL·t:n open to thc public. Thc gcrwrnl 
pubhc has also been cnoournged to provide input or obtain infonnation 
by simply contactin!; the members oflhe comminccs. 
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3. GENERAL DESCRIPTION OF THE PLATTE 
RIVER STUDY AREA 

A. Study Regions 

Flows through the critical hob,l31 area (extending from Lexington to 
Chapman. Nebraska) affect severnl thrcatcm."tI and !!11dangcrcd species. 
including the whooping crane. piping plover. and the least It'11l. The 
Plalte RivCT provides migratory bird habitat within the central flyway 
of North Amt";ca. In addition to being federally dcsigT1at~'(! critical 
migratory habitat for the whooping cmne. the critical habitat in central 
Nebraska provides essential nesting habitat for the least tern. piping 
plover. and other migratory species. Habitat conditions within the 
channels have changed over the last 150 years. Consequently. much of 
the original open. braided river sections arc now dominalt'CI by riparian 
woodlands and surrounded by croplands (U.S. Fish and Wildlife 
Sentice [USFWS). July 1997a). 

The IWO main tributaries of the Platte River originate in the Rocky 
Mountains of Colorado. The North Platte's headwoKTS are locatl-d in 
lackson County. Colorado: it then flows north into Wyoming. The 
South Platte originates southwest of[)cnw,.. Colorado in Pan.:. County 
and flows northeast through the Denver m~1ropo1itan area. The main 
stem of the Platte River is fonned by the confluence of the North 
Plaue and South Platte River.; ncar North Platte, Nebraska. The Plane 
RiVeT then flows across Nebraska to its confluence with the Missouri 
RiVeT. The downstream end of the study urea, however. coincides with 
the USGS gage at Grand Island. Ndlraska ncar the downstream end of 
the critical habitat. The Platte is a meandering and braided river 
through central Nebr.tska in the critical habitat area. 

The total basin area above Grand Island. Nebroska is about 58.000 
square miles. Average annual precipitation across the basin ranges 
from about 14-18 inches along Colorado's Front Range to 
approximately 24 inches at Grand Island. Nebraska. Snowmelt 
provides the majority of the flow in the North Plalle and South Platte 
River.; at the headwater areas. Flow in the South Platte basin is 
increased by transbasin diw-rsions from west of the Continental 
Divide. 

The Platte RivCT Basin has been divided into three regions in the 
contcxt of the Plallc River Rt'Search Coop •. :"Tative Agrccml"11t. Each 
region is subsequently divided inlo reaches. which are defined at the 
upstream and downstream ends by USGS streamflow gages. There arc 
19 Plallc River study reaches, as shown in Figun;; 3.1. Region 1 
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extends from the headwmerll of the North Plalte RI\'l'T downstream to 
LewcllL'n. Nebraska, abollc Lake McConaughy. The majomy of 
Region I is 10000tcd in Wyoming. Region I 15 subdillidl-d mco eight 
reaches. meludlng Reaches I through 6, 12, and 13. 

Region 2 extends from the headwaters orthe South Platte River 
downstream to Julesburg, Colorado. The majonty or Region 2 is 
located in Colonsdo. Region 2 is $Ubdividcd into 4 reaches, inciudiJlg 
Reachcs7,g,9,and II. 

Region 3 consists orthe South Plalte R,,"er from Julesburg. Colorado 
and the North Platte River from Lewellen. Nebmska downstream to 

their connucnee ncar North Platte. Nebraska. Region 3 continues from 
the connuenee orthe North lind South Pillne Rillerll downstrCOlm to 
Grand Island. Nebraska. Region 3 docs not include the Loup Ril er 
basin. Region 3 is subdillidcd into $~'Ven Reaches. including Reaches 
10 and 14 through 19. 

Provided below arc hrief O\'ervlCWS orthe exishng water supply 
systems and uses within each region. 

Region 1 

North Platte River Basjn Uostream of Lake McConaughy 

Region I includes the North Platte Riller Basin above Lake 
McConaughy with a drainage area of about 28.600 square miles. 
EI~'VPtions in Region I range from 3,300 fed at Lake McConaughy to 
about 11.000 feet in the headwaters area in Colorado. AnnUllI 
precipitation in the region varies from 20 to 40 incbes at the 
headwaters to 9·16 inches in the lower reaches of the North PI:llle 
RiVl'T abolle Lake McConaughy. 

Within this region. lO.·ate.- collected and conl'eyed by the North Plane 
RiI'l"1" provides a ~ or supply to meet the ncals ora I'anety or 
uses including agricultural. municipal. industrtal, domestic. 
oommCl"Clal. rttreational, and environmental uses, 

From a water budget JK'J'Spective, the North Plalle Rille.- Basin in 
Region I has both surface IO.'Dtcr and groundwall"1" oomponlTlts. In 
addition to th~ m~in st~m of the North 1'18111: RivCf. surface water 



flows from severnl major trihutary streams including. hut not limited 
10: 

Horse Creek. 
Laramie River. 
COllonwood CrL'Ck. 
Horseshoe Creek. 
La Bonte Creek. 
La !'re1e Creek. 

Deer CrCl,lk. 
Casper Creek. 
Poison Spider Crc<:k, 
SWL'Ctwater River. 
Medicine Bow River. and 
Douglas Creek. 

ScvLTaIIarge storage reservoirs presently exist along the Nonh Platte 
River in Wyoming. These reservoirs include SL'lTlinoc. Pathfinder. 
Alcova, Glendo. and Guernsey RCS(.'TVoirs. In addition to these main 
stem facilities. surface water is divened at severnl municipal int:lke 
structur(.'S and inigation headgates. The major irrigation headgale>; are 
those associatL'd with the Casper Canal. lntL'rstate Canal. and Fon 
Laramie Canal. 

Following arc the principal reservoirs in Region 1 and their 
approximate storage capacity (League of Women Voters [LWV]. 
1997): 

Reservoir Name 

Following are the principal canals in Region 1 and their approximate 
capaci ty (U.S. Department of the Interior [USD01]. 1981): 



Groundwater is pumped at SC\'crallocations adjacent to the NOl1h 
Plane RI\'er and liS major uibutaries.. lbc maJOnty of the ground"'atCf 
wells serve as a source of water supply for iool\' lduallrrigalors. 
domestie users. and small municipali ties, Large well fields. such as 
those associated with an irrigation district, do not cllist wllhin 
Wyoming, HowcvCf. " 'ells arc clustered along the North I'lallc Ri\'er 
downstream of the confluence wilh Ihe Laramie River Bnd adjaeCllllo 
the Laramie Rin,T near Wheatland Flats, 

Administmtion oflhe river is presently go\'ernoo by Ihe terms oflhe 
Nonh Plaue River Decree (OctobcT 8, 1945: Stipulation and Dt.'t.Tee. 
Oclober 1952), lbc Decree apponions natural flows ofthl.:: mamstem 
from Whalen Dam downstream to the Wyoming·Nebrash Slale lone as 
75 pcrccnttO Nebraska and 25 percent to Wyommg from May I 
through September 30. In addition. the o..-crec spt:<:ifically rcslricts the 
State of Wyoming from: 

• Diverting or permitting the di\'t:l'Sion ofwaler from Ibe North 
Plalle River above Guernsey RCSCIV(lir and from the Iribut3ries 
cntt"';ng the North Plane RivCf abovc Pathfinder Dam for thc 
irrigation of more than a tOlal of 168.000 B= of land m 
Wyoming during anyone irrigation scaSlm; and 

• Storing or pcnnining Ihe storage of more Ihan a lotal of 18,000 
aerc-f~'CI ofwat~T for irrigation purposes from the North Plane 
River and its tributaries above Pathfinder Reser,mT bctwl'Cn 
October I of any year and Seplember 30 of the followmg year, 

lbc [)e(:ree also limits the Stote of Colo ratio from : 

• Divcr1ing from the Nonh Platte RivCf and its tributaries fOl' the 
imgal10n ofmore than a total of 135.000 acres orland 10 Jackson 
County, Colorado during anyone irrigation season; 

• Storing more Ihan a total amount of 17,000 ac·ft Ofw01Cf for 
irrigation purposes from the Nonh Plattc RivCf Hlld its tributaries in 



Jackson County, Colorado between October I of any given year 
and September 30 oflhe following year. and 

• E~poning oul oflhe basin oflhe Nonh Plaue River and ils 
tributaries in Jackson County, Colorado to any other stream basin 
or basins more than 60.000 ae-It of water in any period often 
consecutive years based on continuing progressive series 
beginning with October I, 1945. 

The conditiuns and restrictions of the Dcc!L"" outlin,,'d above could 
impact potential wattT conservation and supply projecls (i.e. new 
storage. or agricultural related alternatives) in Region I. All waKT 
conservation and supply projecls that are L'Valuated in Region I must 
comply with the provisions of the DL'CTt.'C outlin<il above. 

Region 2 

South Platte River Basin Upstream of the Westem Canal 
Diversion 

Region 2 includes the South Pla1\e RivL"f above the WeStL'TII Canal, 
which is just over the Nebraska·Colorado stale line. The Soulh P]aue 
R,vL" originates in the mountains of cL'Iltral Colorado with a drainage 
area of about 19.020 square miles in Ihe Slate of Colorado (Smith. et 
al .• 1996). Elevatil>Os in Region 2 range from 3.450 fecl at Julesburg. 
Colorado ncar Ihe state line to 14.000 fecl in the headwaters area. At 
the western margin of the basin. p!L'Cipitation aVC11lgcs 40 inchL"S 
annually. which includes snowfall in excess of300 inches. In contrast. 
Ihe annual prc<:ipitation on the plains in eastern Colorado ranges from 
12 In 16 inches (Dennehy. ct 81..1993). 

Surface water and groundwater arc used extensively throughoullhe 
region for irrigation. municipal. domL'Stic. livestock. and industrial 
water supplies. In RCb~on 2. downstream ll<;L~ dL'Pcnd on return flows 
10 satisfy their needs to a large degree. Native water yield is estimated 
10 be about 1.4 million acre-fect and tTDllsbasin impons arc about 
400.000 acre-fe~". " 'hich is significantly less than the lolal diversions 
in Region 2. Colorado water law allows for multiple uses of water. 
which maximil.es watLT use. but not to Ihe detriment of dO"'nstream 

"= 



Rellion 2 is II headwater system with surface water inflows influenced 
by interbasin tr.msfcrs from wcst of the Continental Divide. Surfacc 
Wlltl'f Oows from S(:\'l'fUl major tributary streams including. but not 
hmited to: 

SI. \lmin. 
Upper South Plane. 
Boulder Creck. 

Clear Creck. 
Big Thompson River. and 
Cache La l'oOOrc Rivcr. 

LaTlle reserwirs III the UpPI:T' basin and the foothills of the Rod:y 
Mountains provide nood control and storage WatCr for mumcipalitics 
along the Front Range of Colorado. ThL"TC arc approximately 370 
I'CSC!'VOlrs in the baslll "hen: capaci ty cxceeds 500 acre-feci. WId I 
C()llecl1\'c storagc capacity of approKimatc1y 2.2 million aerc· fL'CI 
(Smith. ct 31.. 1996). TIle major irrigation hcadgatcs in the eastern 
plain$ arc those 1lS$OCiatcd with the followinll canals: 

Appro~. ,\pprox. 
Canal Name CI(~:s;i~' Canal Name Cap:s;i~' .r, fd s 

SK'TJing III Canal 200 Uppt-r Platte & 400 
Beaver Canal 

,,~ /;II Canal '5<) B, C~I 600 
Lower Planc & 375 Nonh Sterling Canal m 
Bca"er Canal 
Fon MOT ' Canal 400 Riverside Canal 1000 

These canals rcpn:scntthe largest di\'L-n~-rs downstream ofKcrscy. 
Colomdo. In addition to these canals. thClll arc smaller canals 
including Farmers Ouch. Tn."mOI\t Canal. and Springdale Ditch that 
hold senior rights. 1'he!;e ditches may call OUt the ri"l-r dunng po.."l'iods 
of low now. therefore. they can control the ri"er becauS(: ofthc!r 
Sl:niority in the prior appropnation system. 

Following arc the princi(KlI stomgc n:scrvoirs in Region 2 Dnd in thc 
head"'lIters area abo"e Reach 7 and their approximate storaliC capaci ty 
(Dennch)" et a1.. 1993: Denver Waler DcpanmCtlt. 1997: Morrison­
Knudsen Engiroccn. Inc .. 1987): 



Groundwater is an important water resource In the South Platte RlvCf 
Basin. The Denver Basin aquifers and South I' latte alluvial aquifer ore 
the primary aquifers;n the basin. Approximately 680.000 'LTC-fcct of 
groundwatCf was withdrawn fium the allu,ial aquifer for irrigation In 

1993 (Smi th, et al.,I9%). 

Adminlsll"8tion of the n'·er is presc.-ntly governed by the terms o f the 
South Plalle RlvC!" Compact (April 27. 1(123). The South I'lane Rl\er 
Compact specifically restricts the Stllte ofColorudo from allowmg 
div~"fflions juniOr\o lune 14, 1897 ;n Wat~T District 64, extending from 
Balzac. ColOflido to the Color-ado-Ncbrnska stDte line. when the gaged 
110" atlulcsburg is less than 120 efs. bct"ecn April I and Ocloix. ... IS 
of each year. 



Region 3 

North Platte, South Platte, and Platte Rjyers Downstream tQ 
Grand 151aOO, Nebraska 

Region 3 includes the Plaue River drainage withm the slate of 
'Il-bmska. from the WCSlcrn Canal di\'ersion on the South Plane Ri\'er 
and belo .... Lalie McConaughy on the North Plaue River. For purposes 
ofthi$ $Iudy. the downstream end orReglon 3 coincides with the 
USGS streamflow gage at Grand Island. Nebraska near the 
downSlream end of the critical habitat. The total basin area of Region 3 
is about 10.000 square miles. Elevations III the region range from 
1.870 foo al Grand Island to 3.450 feet at Julesburg 01 the Colorado· 
Nebraska state line. Annual precipitation in Region 3 varies from 
about 18 inches al Lake McConaughy to 24 inches at Grund Islund 
(USDOI.1983), 

Surface w~tl'f uses .... ithin Region 3 include irrigation. po .... cr 
generation. and therT1locleclne cooling. More than 200.000 acres of 
cropland are Imgated with Platte Rivcr Watcr from LaLe McConaughy 
(LWV. 1997). There an: SC'>'l-ra1 ooal and hydro·powered electric 
generating facilities within Region 3 that rel y on Plane Rh'er .... ater to 
power turbines or for cooling. Principal groundwater uses within 
Region 3 mclude irrigaTIon and municipal supply. The maJonty of 
water usc III this region occurs upstream of Kearney. 10 the middle of 
the Big Belld reach in central Nebraska. 

The primary original source of .... aler for the maIO stem Platte consists 
of the snowmell that is delivcred from the mountains in thc hcad .... atl'T 
area.~ of the North Plalle :md South Platte Rivcr Basins, Walcr is 
reused numerous times cnroute to the critical hubltat through di"CTSion 
of irrigation and hydropower return flows. Both the Nonh Plaue and 
South Plaue RIVers have few large tributancs in NebrJska. BetWct'rl 
Nonh Plaue and Kearney. ground"'atcr seepage from Irrigation 
pracliccs and leaky canals on both sides of.he rivCf provide the main 
source ofwatcr fOl' the ri\<Cf (LWV. 1997). 

Principal hydrologic features within this TCWon include Sutherland 
Reservoir. the Sutherland Supply Canal. the Kony Callal, the Tri· 
County Canal. and the Kearney Canal. Suthcrland Rescr .... oir and its 
supply canals lITe owned and Opt,'Talt'tl by Nebraska " ubllc l'oWL'f 
District (Ilana EnginL-cring Company. 1993). Lalo:c McConaughy. 



located above Reach 14. and the Tri -County Canal are owned and 
operated by the Central Ncbr-Jska Public Power and Irrigation District 
(CNPPlDj. 

Following are the principal reservoirs and canals in Region 3 and their 
appro1t imale storage and ma1timum canal div\:rsion capaci ties (Ilarla 
Engineering Company. 1993; USDO!. 1981.1983; CNPPID. 1999d; 
Nebraska Dcpanm~"1lt ofWatcr Resources [DWR). 1999): 

N(>!c: • 1.143.000 ",·ft i<.he FERC L""",<¢ ","",,""rn "'<OF Jevct. 

Ca.nal Name 

, I 

" 
Groundwater occurs in alluvial deposi ts. whieh fonn the valley bollom 
through much of the region. and in the underlying Ogallala aquift"f. 



Where these aquifers arc in direct contact. thcy arc often considered as 
a singlc aquifer. Groundwater storagc. estimated at 0\'1.'1 300 million 
ac-ft in thc Platte Rt\cT Basin in Ncbl1\Ska. IS a significant component 
of the hydrologiC syslcm. 
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4. MAJOR WATER USES 

A. Introduction 

B. Region 1 

Waler conservation and supply alternatives \0 enhance inslrcam !low 
usc in the critical habitat area focus on the primary waler uses within 
each region oflhe Plane Rivt'T study area. The categories ofwaler usc 
in the basin thaI are being considered include domestic. commercial. 
industrial. mining. iTTigation. livestock. Ihennodcc\rie cooling. and 
power gen~'Talion. Major water uses in each region were evaluated 10 
determine which categories within a region hold the most polcmial for 
water conservation and supply alternatives and focus the investigation 
on these categories. 

The 1995 USGS Waler Usc Database was chosen \0 identify major 
watt'! uses in each region because of the consistent methodology used 
aCTQ~S the three regions. The USGS water usc database was considered 
to be a reasonable reference point from which \0 focus the 
investigation of alternatives. 

The majority ofw3!er in each region is withdrawn for irrigation and 
power generation. There is also a considerable amount ofwatcr used 
for th~'TtT!oelectric cooling in Rcgions I and 3. however. a vcry low 
perc~'11tagc is consunll-d. Over 10 percent of the watcr us~-d in Region 
2 is for domestic purposes. which suggests a pok'11tial for municipal 
consCl"\'ation alternatives in that region. In gCTl~'TIll. the USGS data 
suggests that the best opportunities for water const'TVation and supply 
alternatives include agriculluraL municipal. and hydropower 
alternativcs. 

A more detailed discussion ofthc water uses in each region is provided 
in the following three s~"Ctions. 

North platte River Basin Upstream of Lake McConaughy 

1995 USGS Water Use Data was relied on to dctennine thc 
distribution ofvarious watl.'!' uses In Region I. rower gCTleration is the 
primary water divcrsion in Region I. howcver. all power gcn~'11Ition 
usc is instream and only a small percentagc is consumed. Irrigation is 
the next major water divcrsion in Region I . The remaining water uses 
including commercial. domestic. thermoelectric cooling. industrial. 

,. , 
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mining. and livestock use constitute a small pcrCL'Illagc nrlhe overall 
water diversion and consumption in Region 1. 

There arc over 1 million irrig31cd acr"s in Region I. The bulk ofllle 
irrigated acreage is IOC3Ux\ in the Kendrick Project Wheatland 
Irrigation District. and the North Plane River valley from Whalen Dam 
downstream 10 Lake McConaughy. The primary irrigation districts 
consist ofGoshcn, Gering-FE. Laramie. Pathfinder. Farmers. 
Northport. Caspt-r-Alcova Irrigation District. and Wheatland Irrigation 
Districts. 

The majority of irrigation water is provided by surface Wall,. 
withdrawals. Groundwater withdrawals for irrigation an;: used 
primarily to suppkwent surface water supplies. Almost half nfthe 
annual irrigation withdrawals return to Ihc syswm as groundwatCT or 
surface water returns. Irrigation return now pattL'TTlS arc primarily 
dependent upon irrigation application rates. thc proximity of irrigated 
lund to stream courses. and thc underlying geology. 

Surfacc water withdrav"als for irrigation consist of natural flow and 
storagc flow. Natural flow in the Guernsey Dam to the Tri-Stllte cilnal 
reach of the Nonh Platte River is split 75 pt..'rCentto NchrdSka and 25 
pcrccntto Wyoming from May I through Septernher 30. R~'Clamation 
provides storage water to scveral irrigation districts in Nehraska and 
Wyoming under two major federal ,,·ater resource development 
projcx:ts.. which include the Nonh Plaue Projcct and the Glendo Unit of 
the Pick-Sloan Missouri Basin Program. The main features of the 
Nonh Plaue Projcct incl ude several irrigation districts below GUl"TTlSey 
in Nehraska and Wyoming.. the Interstate and FI. Laramie Canals. the 
Nonhpon Canal and two large mainstem TL'"SCIVoirs in Wyoming. 
which include Pathfinder and Guernsey. The primary purpose of the 
Nonh Platte Projcx:t is to provide irrigation water to four large 
irrigation districts. which include Pathfind~"T. Goshen. Gcring-Ft. 
Laramie. and Nonhpon Irrigation Districts. 

In addition to the Nonh Plaue l'roject. the Glendo Unit and the 
Kendrick Projcct also utilize waters oflhe Nonh Platte River for 
irrigation and electrie power generation. Major features of the 
Kendrick Proje<:! arc Scminoc Dam and Powerplant. Alcova Dam and 
Powl.'1"plnnt. the Casper Canal and laterals. and the drainage and power 
distrihution systems. The original pruje<:t service area includL-d 66.000 
acres. however. due 10 drainage relalCd prohlems the total reponed 
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C. Region 2 

inigat~'() lands in production during recent yean! IIfC approximately 
24.000 OCTC!!. The Glendo Unil consists of Glendo Dam, R~'SCT\'uir. 
and l'owcrplal1l, Fremont Canyon I'owcrplant. and Gray R(.'Cf Dam 
and its r~-n:gulnting r<--scrvoir. The unit supplies a maximum of 40.000 
He-Il: ofwalcr annually from Glendo Reservoir (or imgallon in 
Wyoming and Ncbrnska. The Glendo Unit and Kcndnck ProJl"CI woO; 
in conjunction wllh the North Plaue Project and other units of tile 
Pick-Sloan Missouri Basin Program. 

Di-LTSions for commm:ial. domestic. IhC01'lOeicclnc cooling. 
industrial. mining. and li vestock use constItute a small pcKtntage of 
the OVI,.'T'D.IJ water diversion in Region 1. Livestock and mining "liter 
use is spread Ihroughoullhc region with 0 significant portion supplied 
by groundwalL'T withdrawals. The m3jority oflivcstock di\'crsions arc 
most likely held in local stock ponds 3111]loSI 10 f,1\'u('IIlr.uiun. Mujor 
municipal USC$ include: the ci ties ofLammie. Casp<.1'. and Dougl~s in 
W)'Qming. Domestic usc within thc region relies primarily on 
groundwater withdrawals. Industrial water use is focusc:d primarily 
along thc North Planc River &om Caspc.1'. Wyoming downstream to 
Scottsbluff. Nebraska. The majority ofthc industrial and oommlTCial 
water supply is provided by surface I\'atcrdh'crsions. 1111:rmoclCC'lric 
power walCl" usc in thc region is a:mCCJ1lrnted along the ttntrnll\orth 
Plalte: RlvCI" region ncar Casper and along the: LowCl" LanullIc Rh·CI". 

Power gcncration uses storage and natural "ow water and occurs in 
Region I primarily at Semiooc. Fremont Canyon Po\\'crplant located 
bctw~'C11 Pathfindcr!tlld Alcova. Alcova. Graymcks. Glendo. and 
Gucrnsey reservoirs. Consumptive usc of power genL1'ation walt'T usc 
is generally vcry smull. 

South Plane Riyer Basin Upstream of the Waslem Cana' 
Diversjon 

Surface water and groundwater lITe used e~lensl"c:ly throughout the 
regIOn for irrigation. municipal. domestic. Ih·CSlock. and lnduslnal 
water supplics. Irrigation is Ihe: primary water diversion in Region 2 
wilh domestic usc and POWL'T generalion the ne~Ilargest Clltcgones of 
water usc. In Region 2. downstream users dl'lx:nd on return noli's 10 
sati sfy their needs \0 a large degree. Nalive walcr yield plus tr~nshasin 



imports arc sil.'11ificantly less than the total diversions in Region 2. 
Colorado water law allows for multiple us~'s of water. which 
maximizes water usc. hut not to the detriment of downstream USCTIi. 

According to USGS Water Use Data. approximately 950.000 acl'<-'S of 
cropland were under irrigation in 1995 in Region 2. Irrigated a~TCage 
is spread throughout the region. on headwater tributaries and along the 
lower South Platte River. Irrigation water usc relics predominantly on 
surface water withdrawals. releases from storage. and imported water 
from the Colorado-Big Thompson project. Irrigation returo now 
pattL'frlS arc primarily dependent upon irrigation application rates. the 
prollimi ty of irrigated land to stream courses. and the underlying 
geology. Livestock water use is spread throughout the region. relying 
on withdrawals /Tom both groundwater and surface W31~'r SOUTL't.'S. 

The majority of domestic water usc within the region is 10catL'tl in the 
upjX.'r South Platte RiVeT basin and the headwater tributaries including 
the SI. Vrain RivCT and Clear Creek. The major domestic user is 
Den"er Water, serving the l.'1'eatcr Denver metropolitan area. O"~'r the 
last ten years, Dt'Tlvl..- Water had an average demand of approll;mately 
253.000 ac-ftlyr. Other major domestic U5L'TS in Colorado include the 
cities of Fort CollillS. Gr~'Cley. Longmont. Bouldcr. Aurora. nlOmton. 
Westminster. Northglenn. and Golden. Major domestic users 
downstream of Greeley include Fort Morgan and Sterling in Colorado. 
and Cheyenne. Wyoming_ Domestic U~~'TS in the lower basin rely 
prcdominan!ly on groundwater for their water supply. Consumptive 
usc by municipalities is generally low in thc winter with increased 
consumption in the spring and summer as a result of land sea pc 
irrigation. 

Commercial and industrial watc:r use is predominantly in the upper 
basin_ Mujor t"Ommcrcial "'att..- US<.'1'S include two large Ix:cr producl'TS. 
several computer manufacturers. and large food processing plants. 
Major industrial water USCTIi include a rubber company. a phOlOh'T3phie 
products manufacturer. and sevLnl oil refineries. Return Oows from 
commercial and industria! w9ter lI.<;c generally follow similar paltcms 
wilh return flows to the stream typically within the same month that 
withdrawals arc made. 

Water usc by mining operations include both hard rock mining along a 
southwest to northeast mineralized belt and sand and b'T3,"el operations 
in the foothills and the all uvial "alit')! downstream of Denver • 

•• 



D. Region 3 

Colorndo. Mining Wlltt.'T supplics rely heavily on groundwater 
withdrawals. 

POWt.'T gCf1erntion facilities on the Big lbompson River arc tile major 
watLT USL'TS in this category. which are genlTDlly non-consumpthe. 

North p latte. South Platte. and Plane Rjvers Downstream 10 
Grand Island. Nebraska 

The majority of water use in this region occurs upstream of Kearney. 
in the middle orthe Big Bend reach in central Nebraska. POWt.'T 
gcnl'Tlltion is the primary water diversion In Region 3. The next major 
wall-r uses in Region J arc irrigation and themlock-ctrie cooling. 

Domestic water usc within the region relies primarily on groundwater 
wltlldrawals. Major domestic uses inelude the citics ofNrn1h Plane. 
Lexington. WId Kearney. CommLTcial and industrial Wlltl'T usc is 
spread throughout the region but COfISI.itute5 a mll10r pc:n:entagc of 
water usc wllhm the region. Return flows from municipal. commercial. 
WId ,ndustnal water usc gc:n-crally follow similar pani.TI1S With return 
nows to the stream typu;-ally within the same monlh that witlldra"3ls 
are madc. 

Mining walcr usc "'ilhin the rcgion is concentrated on the Plane River 
downstream ofNonh Plaue. Nebrasta. Production water for mining is 
used primarily for dustl'Ontrol (Nebrasta Natural Ri.'SOurccs 
Commission [NNRC]. 19(5). Thermoelectric cooling and power 
generation facilities usc Ihe majority of surface Wali.'T and storage 
,,·at .. T in the region. but are generally non-consumpthe. 

Approximately 1.1 million acres of cropland Wcfc under irription in 
1995. Imgal10n water usc relics predominantly on groundwlIlLT 
w,tIldTllWJ.ls. althoUgh more thmt 200.000 acres ofCll)plWld are 
'mgatcd witll Platte RivCf water from Late McConaughy (LWV. 
1997). Livcstoct water use is spread throughout the region. relying on 
willldra"'als from both groundwater and surface ,,'atcr sources. 

Irrigated acreage is spread throughout the region wi tllirrigation usc 
along the Wcstt'TTI Canal on the Soutll Plone. along the Nonh Plane 
downstream of Lake McConaughy above the contlUCllce with the 

., 
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South Plane, in Dawson Coumy on both sides oflbe Plane Rivl'l" 
downstream ofBrudy. and on the south side of the Platte River in 
Phelps County downstream of Lexington, Ncbr.lSka. Irrigation rt1um 
flow pancrns arc primarily dependent upon irrigation application rules. 
the proximity of irrigated land 10 stream courses, and the undcrlyinj,\ 
geology. 



5. ASSUMPTIONS AND METHODOLOGY 

The study team developed a multiple step process \0 identify and 
analy.(c water conservation and supply all~'11lativcs that can provide:m 
additional 60,000 to 80.000 ac-ftlyr in average reductions to targC1 
flows shOMuSes althe critical habiuli. The process thai was developed 
is comprehensive and thorough while maintaining an appropriate 
reconnaissance level of detail. This process is described below and 
illustrated schematically in Fib'llTC 5.1. 

Water conservation and supply alternatives throughout the three 
regions wCTC initially identified and a long li~1 of alternatives 
developed based on docUml'11iS provided by the three SlalCS and by 
DOl. r(..-vlews of other existing studies and reports. and discussions 
with WMC members. A screening process WIIS initially applietlto the 
long list of alternatives to focus the subsequent analysis on the most 
promising alternatives. A shon list of altL'TTlatives was developed 
consisting of alternativcs !hat wcre not deferred from further analysis 
during the initial screening process_ Project~ representative of thc 
shonlisted alternatives wen: identified wi thout bias to alternativc type 
Or goographic area. Net hydrologic effects and costs associated with 
thc rcprcsLontativc projects WCTC estimated. These projects were 
evaluated with respect to the sub-criteria dcveloped for!hc fivc 
catcgories of gcneral screening criteria. which include physical. 
legaVjn~titutional. economic. social. and environmental. Tabular 
scoring corresponding to !he sub-LTIteria was provided for each project 
to compare and contrast the different alternatives. This rcpon includes 
a comparison and summary of alternatives based on this analysi~. 

The gencral assumptions and methods described bclow provide the 
framework upon which the identification and analysis of alternatives 
was earried out. Detailed assumptions and methods arc documented 
throughout Chapter 8 because proper explanation is possible only in 
the context of the technical definitions and engineering analysis of 
each alternative. 

Identify Water Conservation and Supply A1tematives 

A consistent Hpproach wa~ applied to identify water consen.'ation 
supply alternatives in the three regions. The study team collected and 
reviewed existing infonnation for each region to idL'TItify and assess 
potential water conservation/supply alternatives that could satisfy the 
goals ofthc Revovcry Program. A long list of alternativcs 
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FIGURE 5.1 
ANALYSIS PROCESS 

Long List of Alternatives 

Screening Criteria 

Short List of 
Alternatives 

Analysis of Specific 
and/or Representative 

Projects 



was compiled by reviewing information notebooks provided by 
W)'Omin~ Colorado, Nebraska. and thc Departmenl of the Intcrior. 
pTC'10US studies and reports. agency manUllls. researeh pOJX'fli. and 
oth~T publicallons. Interne! searches of state and fl-dtTllI ngt'Oeies as 
well as uni\·er.;ity libraries wcrt uti li7JX1 to aid III idt'Otlfying 
alternatives. 

The comprcht'Osiveness of the long liSl was e\aluated III relation to the 
types of consumptl\'e uses within each rewon. The long hst was 
reYiewed with the WMe and olhcr enlllies. WMe iO\oh'cment and 
nppftwal to proc~'Cd ,,'as obtaincd throughout thc evaluation process. 
Based on input from the WMe, the long list was reorgnni:ted based on 
the following seven categories of alternatives: 

• R<."'S~'TVoirs 

• Agrieulturalllnd Municipal Water Conservation 

• Reuse 

• lncenll\"c Based Reductions in Agricultural Water Use 

• Groundwater 

• Systems Integration and Management 

• WatCTShed Managemenl. 

Agricultural and Municipal Water Conservat ion WI.'I'C latCT evaluated 
SCJIaMc!Y \0 highlight the uniquc characteristics aSSQI;ialcd with the 
alternatives in Ihi s eatc~ .. ory. 

To better define the alternatives within ellch ciltegory the study tcam 
assembled dcfinitions of each alternative and dc\-c!oped a scoping 
memorandum outlining how cnch alternative would be evaluatl-d. 

B. Conduct an Initial Screening 

An milial $CfttIling of the long list was completed 10 dcflT alternatives 
thai wcrt considered less likely to be inchKkd mtnc Rca)\"ay 
Program. The purpose Of lhis step was to focus tnc evaluation and 
l'lIp;dly 5ct aside alternatives IIJC wcrt not well-suited for the Rcw\"CI)' 
Program. In gcncral. efTons wcrt focused al every Step of the 
evaluation process to conccntr,Ue on the more promising altl"1Tl.1tives_ 
The study team develOJX-d screening criteria to evaluate. compare. and 
conlrast the alt~'11l(llives. The gCTlcral !>Creening eriwria categories 
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consist ofphysica1.1egalfinstitutional. economic. social. and 
CI1vironmcmal. Sub-criteria were dl'\lc1opc<llo capture imJXlnant 
aspects of the gcnLTlIl criteria. 

Each alternative was reviewed in the oon1c)\\ of failure 10 pass the 
general scrt.'ening criteria. Fatal nail's were identified with respect to 
the gcnlTaI criKTia based on low yield. high OOSI. and inconsistency 
with fcdCfllllaws. dccT1.'Cs or inlCT5talc compacts. Ahcmalivt.-"S thai 
received a score ofzCT{) in the gcnCTllI screening criteria were deferred 
from further evaluation during this study. AhL'TTl3livcs that failed the 
initial screening process were not eliminated from the study. rather 
they were set aside and funhcr analysis was not performed. 
Alh:mat;w.,'s that did nOI fail the initial SCr(.'Cning review comprise the 
short lisl of alternatives. 

C. Identify Specific and/or Representative Projects 

Specific and/or representativc water conservation rrojt'(:\s were 
identifi~-d for thc shon list of alt~TI1atives, To identify these projects 
thc study tcam revicwed successful water conservation/supply 
measures that have bO!Cn implemented in the Plane River Basin and 
other areas and the applicability of those measures to thc individual 
regions idemified in the Platte Ri ver study area. In addition. meetings 
were held with WMC representatives from each SMe and thc USSR to 
help idl'11tify potential projects within each region. 

D. Evaluate Net Hydrologic Effects and Cost 

Data from existing studies. rcpons. and programs were used to the 
maximum extent possible to estimate projcct costs. Where studies 
were not available enginecringjudgemcnt was applied to determine 
costs. The study team used standard. reconnaissance-level analysis 
tcchniqul-"S to conservatively eslimatc the net hydrologic efTcrts 
associaled with cach projt'Ct within thc imm~,(\iate area of the project. 
This analysis provides information on the location and timing of water 
before and alkT the projeet is instituted and how the change in liming 
relates to periods of excess and shonage in the immediatc area of the 
project. 

The methodologies used 10 idenllfy net hydrologic efTects varied 
accordmg to site-specific conditions. In general. thc net hydrologic 
Cffl'<:ls within a reach were determined by applying a water budget 



approoeh for the area in the immediate vicinity of the ah~'lTImivc, The 
Blaney-Criddle method and SDF method were consistently us\.'(! for all 
projt."Cts that n:(juired analyses of oonsumptive usc and groundwal~'f 
relml'Ci impacts to the Plane River, 

The study team reviewed a number ofaltcmati ve methods for 
est,maung evapotranspiration and evaluated the methods for use In this 
study, Basl'li on the study team's recommt.-ndation the WMC 
ooncUJTCd that the SCS Bhmey-Criddle method is the most appmpnate 
method wtth respect to thts reconnaissance la'el study for C'o'alualing 
evapotT1lnsp'T1Ition and consumptive irrigation roqullx-mcnt. A more 
detailed dcscnpuon of the SCS Blaney·Criddle mClhod tS proVIded in 
Appendix C. 

The SDF method was uS\.'ilto evaluate gmundwatl1' r~latl.'tl impacts to 
the Platte River, The study team reviewed policies lind procedures 
used in each state and pn:parod a recommendation for the WMC. The 
SDF methodology wa:s adopted by the WMC for the analysis of 
groundwater relatl'Ci impacts to the Plane Ri~,t:T. The SDF method is 
intend<:<! pnmarily for use in analyang "pomf' stresses. such as those 
prodUCl'li by. well , 1lte stream depiction factor (SDF) has Units of 
days and IS defined as the time from the beginning of steady pumping 
or redutraoe w,lIl1n IO.hich Ihc volume of stream dcplClion or n:char~,'e is 
28 pCT'tCIlt of the volume pumped or recharged, A more dl1ailcd 
dcscnption of the SDF mClhod is provided in Appcndi~ 8. l1Ic 
advantages of the SDF mt:thod are Ihat il is oommcnsurate with the 
level of analysis T<.'(ju,red for this roconnaiSSllnce lcvel study and 
mappin!; of SDF values is avail able for most of the siudy area. The 
disadvant~!;e of the SDF method is that is u simplifk'li model, which 
relies on simplifications of a stream-aquifer Systl'fll in order to achievc 
lin lII1al)1icaJ solution. These simplification include: 

I) The aquifer is hOll'lOi:eneous. isotropic. and SCIlIi-infinl1c in areal 
extent tmd o\'cr!ics a horizontal. impavious base; 

2) The stream is infinitely long and pcnClratcs the full dcplh of the 
aquifer lIS a slnllght-line boundary: 

3) The transmissivity ofthe aquifer is constant in space all(! time, in 
which casc drnwdown oflhe water tahle due to pumpin!; or 
moundin!; due to rechar1;e is negligiblc compared to the saturated 
thickncSll of the aquifer; .. 
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4) Water is rclcasl'<i instantanl'Qusly from aquifer storage: 

5) Recharge occurs at a point-scale in the horizontal plane: 

6) Both pumping wells and recharge basins fully penetrate the aquifer 
to its hasc and discharge at a constant nlle; 

7) The stream bed is in pcrfco:\ hydraulic conne<:linn with the aquifer, 
in which case the streambed and aquifer hydraulic conductivities 
are the same. implying no additional flow resistance associated 
with deposition of fine sediments on the streambed: 

8) The water surface elevation in the stream remains constant in space 
and lime: 

9) There is not diffuse recharge 10 the aquifer. so that the water table 
is initially hori1.onla1: and 

10) The temperature of the stream is constant and cquall{) the 
temperature of the water in the aquifer. 

These assumptions arc violated in the Plaue River system \0 varying 
dcgTCes depending on the groundwater alternative evaluated. The 
degree to which they are violated contributes to the level of 
uncertainty regarding the pnxlietion of return ilows using the SDF 
approach and the associatt.'£l yields at the critical habitat. Although the 
SDF method is appropriate for this reconnaissance le\'cI siudy. there is 
a considcmble level of uncertainty associated with alternatives that 
rely on the SDF method for prediction ofrcturn flows to the river. 

In detCT!l1ining the local net hydrologic effects associated with a 
specific project it was assumed that diversions to rccharge or storage 
arc only made during periods of target flow ellcesses at the criiical 
hahitat. Likewise. release~ for the benefit of the critical habitat arc 
only made during periods oftargt."! flow shortages. The FWS 
TI:commt."Tldations for flows in the critical habitat, or targt."!l1ows. vory 
season by season and year by year depending on whether wet. dry. or 
avcmge conditions exist. The target flows ust.>d to determine shor1ag~'S 
and excesses allhe crilical habi tat do not include pulse flows. 1111.' 
FWS (July 1997) weighted average monthly species instrcam flow 
TI:eQmmendations or turgct flows and shortages and elleesses (I! Grand 



Island with respect to the target flows are shown in Tahles 5.1. 5.2. 
and 5.3. The FWS average monthly instrc:am flow recommendations 
and target flow shortages and excesses at Grand Island are also 
provided in the WMC's Summary of Flow Conditions for the !,lane 
R ivcr for the Historical 1975-1994 WattT Year !'t-riod. As Tt."l.juircd by 
Milestone W14_1 of the Cooperative Agn:cment. the WMC was 
required to summarize the flow oonditions in the associated habitats in 
central Nebraska and at the state lines for the historical water ycar 
period of 1975 through 1994. The WMC"s Summary of Flow 
Conditions for the !'Iane River fur the Historical 1975-1994 Waler 
Year Period is provided in Appendix A. 

E. Develop a Water Budget Spreadsheet 

The study team developed a water budget spreadshect hased on stream 
reach definitions and loss factors provided by thc WMC to !lSsist in 
determining cffects on streaml10ws downstream of each project and 
the associated reductions to IlIrgel 110'" shortages at the critical hahltat. 
A description of the monthly loss factors is provided in Appendix E. 
The ,,'ater budget WllS utilized to evaluate and compare how ncv. 
aceretions and depictions to thc system associated with each project 
affect strcamflows down to and through the critical habitat. As thc 
same spreadsheet WllS used fur each alternative. no hias was 
introduced. 

The WMC selected a historical hydrologic period ofn:rord (1975-
1994) for use in the spreadshect modeling. The justification for the 
time period selected is provided in Appendix D. 

The net hydrologic effects associated "ith each project were routed 
downstream to the cri tical habitat 10 determine potential reductions to 
target flnw shortages. Two routing scenarios were evaluated for each 
project. The first scenario asswnes that additional flows can be 
protected from downstream diversions. in which case. addil1onall1ows 
are not reduced by diversions. The second scenario asswncs additional 
flows cannot be protected from downstream diversions. in which case 
additional flows are reduced by diversions. [fthere arc no chang~"S or 
improvements in reservoir operations. inflows just "skim'" across the 
top and experience no evaporation losses or lag time. The water budget 
was used to evaluate the flow accretions and depletions at Grand 
Island as well as reductions \0 target flow shortages associat~-d with 
each project. 
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F. Evaluate the Shortlisted Specific and/or Representative Projects with 
Res pect to the Screening Criteria 

Each of the: ahcmal1n:s was C\'alualcd ac:cordmK \0 the previously 
defined scn't:l1Ing mlena (sec Section B.), Tabular smring of the sub­
mIen. was prcpan:d \0 compare and COOlrasllnc ai1cmal;vcs aoo 
cvaluate their rel.th·c cffccti"eness.. Each project n:cclva! a composite 
or total scon.: wh ich could range belwecn .. .em and twCt1ty-Ii,'c. 
ASSOCIated physical. legallinsti tutiona1. economic. 5(lI;ia1. and 
cnvironmL'I11111 issues were also addressed. 

Scoring of each ahcmativc was pcrfOfTtlL'd at a rl.'«ll1naissance level of 
detail. de fined lIS thul level nceded to distinguish mlljor dirrL'fL~l CCS 

among aItL'lluui~L'S Hnd 10 provide a preliminary mdication of the 
feasibility of each alternative. For each sub·criterion. lhe '"more or 
Icss~ approach was used to dctcnninc a numerical ranking between 0 
and S. A score of 3 is Dn:ragc; 5 is better than a\'CTlI.gc; J is less than 
I!vera!:e; and a SCOIl: of 0 represenls a polenlial falal naw. AIt~'ft1ali\'l~ 
that received a 5C01l: ohern for nct reduction to target 110'" sho"a~,'es. 
initial implementation and capilal COSI. average annual total OOst per 
ae·ft of net reduction. or consistency with inlerstate compacts. federal 
laws and decrees "'ere de fared from fu"h~'1' evnluation in this study. 
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6. DEVELOPMENT OF WATER 
CONSERVATION/SUPPL Y ALTERNATIVES 

A. Introduction 

To identify and develop Ihe most suitable .... ater conservation and 
supply measures 10 support Ihe Plane Rh'cr Recovery Program. the 
study learn id~"IIllficd a long lis\ ofahcmatives for the three regions in 
the PlaUe RIVCT study area. The long lisl of alternativcs WIIS 
rOOTgarlizcd and regrouped inlo sc\"en catcb'Oric:s. Sroplng memoranda 
wen: dC'o"clopod for each category that ineluded dClaill"ti definitions of 
the ailcmah\-CS and outlined how each ahcmah\'c was to be evaluated. 
These: ah~-mall\'es. shown In Table 1.1. wen: reviewed In II two-step 
SC1l.'CIlmg process. 

The first step. or initial screening process. used general sen:c:ning 
criteria previously defined 10 identify pol~'I1tial falPI flaws. The general 
sen;coing criteria that Wt,.'TC usa! in lhe initiul scr"'~'I1iul> phase consist 
ofphysica1.1cglll und institutional. social, economic. and 
cnv;ronmcnlal criteria. The initial scn:cning WIIS imended to identify 
alternatives that are not well suited for induslOn in the Rccon:ry 
Program and do not warrant funht.T investigation. Any alternativcs on 
the long list reeeh'ing I score of zero on one or ID()I"e oftho$c: crueria 
were deferred from further evaluation 8tthi! time:. 

The remaming alwmatives fonned the shon liS! ofaiternatin:s. as 
shown in Table 1.2. Sub-critma wen: devdoped which address tlK 
key aspects of the gem.TaI m teria. Specifie andlor reprcsentath'e 
examples of the shonlisted aliematiyt.'S Wt.Te identified and C'o'alumed 
""ith rl'Spc<:t tu all sub-criteria. Each phase of the deYdopmt.'11t of wmer 
C()nsl"TVation/supply alternatives is funher descrihed in the following 
SI.,ct inns. 

B. Development of Lcng List of Alternatives 

The study team reviewed notebooks provided by the three staR'S and 
the Dt.'panmc:nt ofthc Interior. ri"er basin planmng repons. agency 
manuals. and research papers. and conducted Internet searches to 
identify water conservation and supply aJtematl\"cs for the three 
regions. Seventy-SC\CI1 potential allernat;vcs .... en: identI fied 10 relation 
to all of the basin's " 'ater uses (see Table 6.1). The long list was 
comprehensive in that the alternativcs idennficd are apphcable 10 the 
types of consumptive uses in eaeh re~,'ion. The 51udy team presented 
the long list or altt.Tttalivcs 81 an AUb"Ust 12. 1998, workshop . 

. , 



To reduce the overlap between the alternatives the long li st was 
Tt."Orgonized and regrouped. In the process of regrouping the 
alternatives 3 memo was subrnined 10 the WMC on Seplember 21. 
1998. which provides gcncral infonnntion compiled fmm exi~ling 
studies regarding Ihe volume of water likely to be produced. COSt rer 
unit volume of waIL'!". and past limitalionslexperil.'"!Ices baslxi 00 
infonnation from e~isting studies for each alternative. The 
reorganization o f al ternatives resulted in the devclopmt.'11t of scven 
categories of alwmativcs. Thc sevcn categories of alternatives arc as 
follows: 

I. Reservoirs 
2. WaterConscr.,ation (Municipal and Agricultural) 
3. Reusc 
4. Incentive Based Reductions in Agricultural Water Usc 
5. Ground Water 
6. System Integration and ManagemL ..... t 
7. Watershed Management 

Scopinll memoranda were dL'Vc!Opcd and submitted to the WMC on 
November 4. 1998 for each of the st.>ven catellories of alternml\'l'S. 
These memos include detailed delini tions of the alternativcs and scope 
how each al ternative will be evaluated. These mcmos include 
conceptual and 0pI:rational definitions. which outline the simpl i fying 
assumptions that were used to define and analy.t,e the alternatives. In 
addition. these memos provide information on data collection and the 
approach that was used to evaluate each orthe sCTLocning critL'Tia: 
physical. lellal and institutional. L"COnomie. social and Cflvironmental. 
The scoping memoranda were used for the initial screening (,f 
alternativcs to idcntify potential falal fb.ws. 

1. Development of Screening Criteria 

The study team presented the following general screening criteria at 3 
September 16. 1998 workshop: 

I. Physical 
2. Legalfl osti luI ional 
3. Social 
4. Economic 
5. Environmental 



Sub-criteria were dcvcloped to capture thc important 8Sp'-octs oflhc 
gcncrul eritcria os they relatc to the specific goals of the projcct. Thc 
sub-criteria arc dcscribec.l in the ncxt section. For each sub-crih.'ria. thl' 
'"more or kss" approach was used to dClcnnine u numerical mnking 
bctll"CCl1 0 and 5 as follows: 

o A:r.cro reprcsa11S a falal flaw. Thc altemalh'c fails the sub­
entl-na. 

11M: ahemali,'c pcrfonns less favorable than a,ernge for the 
sub-cntma. 

2 Thc allernatl"c perfonn! shghtly less favoroble than a"crus<: 
for this sub·criteria. 

3 Thc alternativc performs about average for the sub-enteria. 

4 Thc al ternative performs slightly morc fuvoroblc than awrage 
for thc sub-crill-na. 

5 The alternativc performs more favorable than a\'l-rage for thl' 
sub-criteria, 

lllc a\erage is defined for each SUb-critl'TlD under Section C. Sub­
Cnteria Sconng. For each sub-entma. rort.,'($ or conditions were 
cstabhshed for scores from I to S. 

During the Screening Workshop cortducted Sl-ptcmbcr 16. 1998. these 
general entcoa wen: discussed nnd the mcthods for scrc<:ning outhned. 
If an alternative Tl..occivcs a ZI.:m ronking in any single sub-criteria that 
ZCrD ranking will be used to rl.-prcscnt the l-ntirc gent-rol critl.-nu. If 
there ore no:r.CrD rankings, 311 sub·criteria rankings arc considered of 
equal importance and arc avcr..ged to detcomnc the genlnl criteria 
score. The general entcria arc considl.'1"OO 10 be of equal importance. 
Any altcmatl\'CS on the long Jist that receive a sroTC of:r.cro on one or 
more or the general critcria lI'ere scret.'OCd from furtht."r evaluation al 
this time. 

1be initial screemng was carried out based on the preliminary 
lIlformation presented in scoping memonmda for all seven cateb'Ories 
of aitcmativcs on the long list. The initial screening shortened the long 
list of ahcmath'cs by identifying those altemath'l."S thaI fail one or 
more of the general crill-na. The resuh of the screening process is nol 
10 rortk-order the alternatives. bUI to group tht'1l1togClhcr with olher 
altcrnalivt"S that pL'1"fonn about the same ovcrall. A itl.-malives thaI were 



removed from the long list were not removed from the study. only 
defCJTCd from further analysis at this time. This II110ws more detailed 
examination of the alternativcs most li kely to satisfy the project goal 
for inclusion in the Remwry Program. 

2. Development of Sub-Criteria 

Sub-critcria capturc thc important aspects ofthc general criwria as 
they relate to the specific goals of the project. The sub-eriteria Ill"(: 
unique to avoid "double counting" within a general criteria. 

Sub-criteria W~'TC d~'Vclopcd that arc both qualitative and quantitative. 
For instance. yicld lind COSt sub-cri teria are quantifiable; however. 
impacts to the environment require a mOl"(: qualitative analysis. The 
scope of work limi ts the amount of detail that was gcnerat,"<I fur some 
suh-criteria. For eumple. although the EcoTlQmic Criterion 
··S~"'COndary Economic Impacts·· can be quantified, the screening only 
occurred on a qualitative basis. The following sub-critcria WL"TC 
de\'eloped to IInalyF.c the general criteria. 

PhYSical 

• Net RL"<Iuetion in Shortage to Target Flow$ 

What is the net reduction in shortage to target nows at the critical 
habitat? 

• Sustainllbili ty 

Is the yield from the alternative sustainable OVCl" time? 

• Scalability 

Can thc alternative be increased or decreased to complement other 
alternatives? 

• TCI;hnically lmplcmentablc 

Do''S the alternative r«[uire tCl;hnology that has not bL'en proven or 
has not been implemented 01 the proposed sclllc? 

• Time \0 Yicld Realization 
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Can the ahemath"c ddl'"er water 10 the emical habitat immediatel), 
follOWing implementat ion or docs II require a longer period oftllne 
for yield rcali7.lltion? 

• Abilit)' to Monitor and Measure 

Is the yicld associated with !he alternative easily quantified and 
distinguished from other sources of now? 

• Third I'any Hydrologic Impacts 

What are the ioom:ct aoo induced hydrologic impac1s resuhing 
from the din:cl h)urologic impacts or the ahcmau,"c? 

LegaVloslituliooa l 

• Ease ofPcrmitting 

What is the potential for the altcmath"e to gain suppon of 
regulator)' agencics? 

• Consist<.-rlt with Im~TStnte Compacts" Federal Laws and Dccn,...:s 

Is the _hemath"c COIIsistent with [nI~TState Compads and Fedcrul 
Laws and Decrees? 

• Consistent with Stale Laws 

Docs the ahernati ve require a change In Stale " "oler laws? 

• Potential for InsUluuonal Consensus 

Is the aitl"TTIati"e likely to genlTlltc publici), stated opposi tion by an 
entity that has the ability to preVl-rlt implementation? 

• Can be Mitigated 

Can undesirable Impacts of an ahl"TTIDhve be "made righC? 

• Administrativc Ease 

Is the: altemative eas)' to administer and t11f()Ttt? 

• Consistent with Existing Contracts and Facility and Land 
Ownership 
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Does the ahcrnulivc impact existin!; oomracts or facility and land 
ownl:rship? 

Social 

• Effects on Customs and Culture 

What arc lhe effCl,.1S Oflllc alternative on traditional industril'S and 
community identity (may be partly measured in terms orany 
dislocati vc effects)? 

• Equity of Impacts 

Does the ailcm3livc produce disparate gainers and losers'! Will 
some identifiable groups be disproportion,Hely affccl~-d - e.g. 
cthnic communities. low income residents. oldlT or younger 
residents. or members (lfparticular occupations? Arc some 
geographic areas being disproportionately affected? 

• lmp.~cls on Community Organizations Wld Support Structures 

What arc the cfTe<:ls on local groups. religious institutions and 
other organizations? What arc Ihe effects on housing and other 
community support structures. 

• Effects on Community Sustainability 

Will the ah<.-mative chnnge the capacity of the community to adapt 
to changing circumstances. or to maintain a ~Titical mass nt'C<kd to 
suppon. services. businesses and infrastructure? 

• Public Acceptability 

What is the potential for the public to lK:cept the alternatives 
separate from concerns regarding equity and other criteria? 
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Economic 

• lmtiallmplcmcntation and Capital Cost 

Whut UTe the up frollt costs 10 <.'Stablish the alternlltl I'e (mc-dSuroo 111 
1999 dollars)? 

• AI'erage: AnnUliI TOIaI Cost per Acre-foot Dc:livtnd 

What is the avcrnge <.'Ost per acre-foot ofwatcr dcliv<.'Tcd to the: 
critical habitat for the: alternative over a 20-ycar period? Includes 
amortized capital and implemcntat/Qll (:()SIS. and oni,'(Ilng O~1&R 
~ •. 

• Direct Economic Impacts (includes direct third party economic 
impacts) 

Whal IlJ'e the direct impacts of me alternative on business sales. 
cmploymcnt and <''Il1p1oycc wages and wealth - e .g. propcny 
values (measured in dollars and jobs)? 

• Secondary EcollOmic Impacts (includes illdircct third purty 
economic impacts) 

What IlJ'e the indl~ and induced cc;:onomic impacts from changes 
in sales and employee earnings resulting from the direct impacts 
and other third party c:conomk impacts of the altemativc 
(measured in dollars llI1d jobs)? 

• Fiscal Impacts 

What arc the effccts on fCVCJ1Ues and cxpt.'nditufCS of governmental 
entities T'l.'Sulting from the alt<''TJ1utive (measured in dollars)? 

• Eflt'ClS on Eoooomic Dc\'elopmcnt POlcntial 

What effects docs the alternative: hal'c on future growth potential. 
cxt<''T1dmg beyond the 20-ycaT study horizon (qualitative 
8lISCS$rncnt)? 

., 



C. Sub-Criteria Scoring 

Environmental 

• Impacts to Wctlands 

What are the effeets of the alternative on existing wl1londs? Is 
thcre a polL1uiaito create new wetlands? 

• Impacts to Habitat 

What are the effects of the alternative on existing habitat, othl'T 
than wellandS-;lsSQCiated habital (docs not include the ~ritieal 
habitat)? Is there a potential to generate new habitat? 

• Impacts to Water Quality 

What are the cffl"Cts of the alternative on water quality (could be 
positive or negative)'! 

• Impu"1s 10 Prime and Uniquc Farmlands 

Does the al1t'mative impact Prime and Unique Farmlands? 

• Visual Impacts 

Docs the alternative have associated visual impacts (could be 
posi tive or negative)? 

• Impacts to Amenities 

What is th~ potential for an nhL'T1lativc to enhance or dimmish 
recreational opportunit ies? 

For cach sub-criterion. the "more or less" approach was used to 
determine a numerical Tanking betwct.'tl 0 and 5, A score of3 is 
averuge: 5 is betK'T than avernge: I is Icss than average: and a score of 
o represents a fatal flaw, Some of the rankIng criteriu are quantitative 
while utht'TS arc bast'tl on comparisons between alternativcs. 

For each sub-criteria. ranges or conditions ,,''''Te cstablished for scores 
from 1 to 5. Alternativcs wen: scored first by individuals based on tlte 
nmgcs or conditions cstablisht'tl for the 5ub-eritt";a. Information 
obtained from knowledgcable parti,,'S in the Plalte River Basin. 
including mcmbcrs oftlte WMC. was considered in scoring the 



alh.math·cs. To ~'11surc that ahemati,'cs Wt.TC ~cored consistt.'11tly 
across cvuluators, the tcam then re-cvnlu3tcd the scoring of all 
al1emntivcs with respect to each sub-criteria, This was necessary for 
sUb-Criterill with more subjccti\'c scoring colwlitions. AdJustmt.'1115 
were made if emain alternlltives pcrfonncd sImilarly with respect 10 a 
gi"en 5ub-critcna yet n:ct.oi"ed different scores. 

The following ra/lb'C:S or conditions were establisOcd to score Ihe sub­
cnleria tmder each general criteria. 

PhYSical 

All sub-eriteria were scort.'d based on the 'Yield /It the Site' c;\;ccptthe 
SUb-criteria, Net Reduction in ShoMuges to T~rgt.1 Flows. 

I ac-fiiyr 
2 >2.500 to 5,000 ac-fiiyr 
3 >5.000 to 7.500 ac-filyr 
" >7.500 to 10.000 ac-fiiyr 
5 > 10.000 ac-fiiyr 

Su~tI!Ulabt]jIY 

! Not sustainable. life span less than thc K'rm ofthc first im:rcmcm 
of the I'roposcd Program (lO to !3 years) 

2 T t.'TllP01'llry al'Tllngcmen1. life span is di ffieull 10 c;\;tend beyond 10 
to !3 YCOT'S 

3 TcmporJry arTWlgcmcnl. IIfc span 'ariable but has the potennalto 
be extended beyond 10 10 13 ~ 

" Life span can C'dSlly be extended beyond 10 to 13 years. oowt. .... er 
Infrastructure needs 10 be rqllaccd or conlract renewed 

5 A pcnnancnt fi;\;IUTC, life span wcll beyond 10 to 13 years 

.. 



Scalability 
I 0 ac-ftlyr to 5.000 ac-ftlyr 
2 Oac-ftlyrlo 10.OOOac-ftlyr 
3 0 <1C-ftlyr 10 30.000 ac-ftlyr 
4 0 ac-ftlyr 10 60.000 ac-ftlyr 
5 ~ 60.000 ac-ftlyr 

Technically ImDlrnwmahlc based on Ihc scale evaluated 
I CannOI be implemented or nOI proven leehnology 
2 Technology needed \0 implement is in cllp<:rimentul stages 
3 Technically impk,nentable. but nOl at scale proposed 
4 Technically implemcntable at dose 10 tbe scale proposed 
5 Technically impk-ment3ble at scale proposed 

Time 10 Yicld Rcalj;'4lion 
o > IOyrs 
I up 10 IOyrs 
2 upto8yrs 
3 uplo6yrs 
4 upto4yrs 
5 Oto2yrs 

Ability to Monjlor and Mea~yrc 
Questionable and/or di t11cul1 

2 Engineering estimatc with signi ficlllll uneCTtainty 
3 Engineering cstim3lc with some unccnainty 
4 Limited unc~"ajnty 
5 Unconteslable 

Third party Ilydrolo!!jc Impacls 
I Vcrybad impact 
2 Slightly less favorablc than an:rage impact 
3 Nt'Ulral 
4 Slightly more favorable tban average impact 
5 Good impact 
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LegalllnslMionai 

Ea~e of Perrnj!1;!JIl 
I Known 10 be difficult or has previously fuiled Ille pcnmnins 
p~ 

2 Known 10 hD'" some opposition: pcnmUmg process 00\ in place 
3 G~-nc:nlJroulinc pcnnuung process 
4 PortIOn ofpermil In place 
.5 No pcnninmg required 

CQnsi~(~lI! wilb Immulle Comnacts, Federal Laws & !Xs:n:es 
o Nrn consistent and cannot be circumvCIlted 
1 Clearly problematic 
2 I'robl~~n;uic, howe"er may be possible 10 O\'~'T'Comc 
.3 Qucstionub1c 
4 Some ql.ll.'Slions. kowc:vcr no major obstacles 
5 Consisk"nt 

ComiSlcn! wilh Sla!e Y\\1i 
I Clearly problematic 
2 Problematic, ho"'cver may be possible 10 on!l'oome 
3 Queshonablc: compliance with ~port SCHIU!C an Issue 
4 Some questions. however 00 major obS!llcics 
.5 Consistent; export statutes are flO! an issue 

PDlcntjal for Jos!ilUJiooal Consensus 
1 Strong objC<:lions publicly voiced 
2 S~ific objCCIOTli known 
3 There will be objectors. do not know who specifically 
4 Generally viewed fav()r.Ibly 
.5 T olal consensus 

." 



ClIn he Miti!!ated 
I Bad impact that cannot be mitigated 
2 Slightly less favorable than average impact: unknown whClher 

impact can bc mitigat~-d 
3 Neutral: unid~'11tified impact or unknown impact which can be 

mitigated with a traditional solution 
4 Known impacts that can be mitigated with a traditional solution 
5 No undesirable impact 

Administrativc Ease 
1-2 Administration not in place yet: new entity required. Closer to 8 

2 if existing emity could assume administration responsibility 
3 Existing ~'11titics: new procedures rcquirl'd or existing proc~'durcs 

arc eumhersome 
4-5 Easy to operate/maintain ~ existing entities with existing 

procedures. Closer 10 a 4 ifhas to be administcred on a monthly 
or annual basis. Closer to a 5 if no administration is rcquin..'lI . 

Contract. 
with 

I ti 

2 Contract. facility. or land ownership issues that may be difficult to 
deal with 

3 Contract. facility. or land ownership issues that can be dealt with 
4 Minimal oontl"llct. facility. or land (lwnership issues that nrc easily 

dealt with 
5 Completely l'OnsiSK'11t 

Social 

Effects on Cusloms and CyiMc' Eqyity of Impacts: Imwcls on 
Commynity Orgonjzotions and SYDOOJ1 Structures' Effects on 
Commynity Syslpinability: Public Acceptability 
1 Major negativc impacts 
2 Modest but mostly negative impacts 
3 Nculr,,1 or offscning impacts 
.:I Modest but mostly positivc impacts 
5 Major positive impacts 

." 



I 

ECQflQmic 

>54Q million 10 $50 million 
2 >530 million 10 $40 million 
3 >520 million 10 530 million 
4 >$IOmillionloS20milliQn 
5 OloSIOmiliion 

A,'m!!e Annual CoS! per Acre-Foot ROOuehOn 
o > 53.000 

> 52.500 10 53,000 
2 > S2,OOO 10 52.500 
3 > 51.500 10$2.000 
4 > $I.OOOIO$I.SOO 
5 SOloS l.ooo 

Direct Eoonomjc [rnl!i!C1S: Secondary Eoonowje [roNe)s: and Fjscal 
[roms 
I Major ncgath'c impacts 
2 Modcsl but mOSlly negative impacts 
3 Nculrul or offscninJ> impacts 
4 Modes) but mostly positive impacts 
5 MajOr positl'c lropacts 

Eff~'\!IS ot! Eoonomjc DcyelnpmcOI PmcDljll1 
J Irrever.>ib!c nCJ>ative effects 
2 Negutll'c effects thaI .rc difficult to mitigate 
3 RCI'<nible negative cff~'Cts 

4 Mostly positil'c cffects and some rev<niblc ncgatil'c cffects 
5 Positive effects 



EnvironmentCiI 

Impacts 10 WCllamh; !mpaC1~ to Habitat: Impacts to Water Qualjty; 
Visua! Impacts: and !mpaCIS to Am~'!1itics 
I Negative impacts 
2 Slightly less favorab!e Ihan avel1lge impacts 
3 Neul11l1 
4 Slightly more favorablc than average impacts 
5 Positive impacts 

!mpact~ to l'rime and Unique Fann!ands 
I Major negative impacts 
2 Less favorable than average impacts 
3 Some impacts or potential impacts 
4 Minimal impacts 
5 No impact 

An average of the sub-criteria scores under each major criteria 
(physical. legal and inSUlutional. economic. social. and environmental) 
was dCleTIllined. Each major criteria was weighted l'qually. therefore. 
the IOtal score associated wilh each alternative is the sum of the 
average scores of the five main screening criteria. The tOlal possible 
maximum score for an alK'1llative is 25. The tolal scores are used 10 
rank alternatives (s~'C- Chapler 8). 

O. Initial Screening of Alternatives 

An initial screening of the long lisl of allernatives was completed to 
def~-r evaluation of the alternatives Ihat were deerned to be less likely 
candidates for inclusion in the Recovery I'rogram. In cach scoping 
memol1lnda the screening criteria were described in enough detail so 
I ) an alternalive's pcrfonnance can be analYl.ed. and 2) there is baekup 
documentation to suppon the results orthe criteria analysis. Based on 
an inilial screening wilh the general criteria. a sbon list of alt~'1llali\'es 
was deYclo[X.'<I. !kveloping a shon list allowed the remaining 
alternotives 10 be reviewed and analYl.ed in greater detail. Alternatives 
T<."I110VOO fromlhe long list have nOI been dropped from consideration 
permanently. only deferred from funher evaluation at this time . 

. " 



Falal flaws were idenlified with respecllO the geDLTBI cn lena lIS 
follows: 

• Phys",:al . The alternative docs not pmvid<.: increased flow It the 
critical habitat in times of sbonagc and therefore Uoes oot provide 
at leasl 500 ac-ft of net reductions to target flow shortages. 'The 
alternall\'e is nol considered te<:hnically f<.:allible II !he scale 
l'ajulrod to produce increased flow at the ential habitat . 

• Lcgalflnstitutional. The alternative cannot be Implemented umler 
existing fedCfllI compacts and fedcral laws. Enhlies that have the 
abiliTY 10 prohibn implemenlation have already eJ<pressed strong 
opposition. Alternatives thatl'ajuire adjudication andfoT 
admimstJ'lltive permlUing do not fail this cri terion. 

• Economic. The cost to implement the alternative is considered to 
be COSt prohibi ti\·e. Alternatives will not be considered for funhcr 
cvaluation if the unit cost at the critical habitat eJ<ceeds S3.OOOIac­
ft or the implementation cost for an altClTlllhvc exceeds S50 
million. 

Each alternatl\'e was reviewed in the context offailure 10 pass !he 
general mtma. Failure to pass any one of the gctTCfII,! eritma was 
considm:d justification for deferring the al tem.t1\'c from fUl'lh~-r 
analysis. Alternatives could also deferred if ther VIOlate the 
rcquircm~'Il' of the Coopenlllve Agrccmcntthat projectS be lIlcenl1VC 
based and reflect willing panicipation. This review WlIS pc-rfonned for 
each alternative in each of the thrt-e regions. This was nttCSsury due 10 

varying state water laws, state compact TlXluircmcDts. and physical 
limitations associated with routing wat~-r to the critical habitat . 
Alternatives that did not filii the above entena based on the 1111t1al 
screening review comprise the short list ofalternal1\·es. 

1. Initial Screening Resu lts 

Table 6.1 provides a summary of!he initial screenIng. .... ltcmal1\·es thaI 
failed 10 pass the genCfll,I criteria. as described above. fot all three 
regions are hIghlighted. and a zero placed in the appropnale general 
criteria column. As shown. the alternatives wt:rC evaluated for 
potenlial implementation in each region • 

. " 
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The following sections describes the alternatives that failed to pass one 
or more of the general eritt'Tia in any region and WLore e;teludcd from 
the shon list ofahcmatives. 

Category I - Reservoirs 

• Dredge E~isting Reservoirs. This alternative has been eliminated 
fmm the shon list for allthrce regions due to failure to pass the 
screening tests for the economic category. 

In the Cache la ?oudre Basin Study, the cost of recovering lost 
storage capacity by dredging was found to exceed the cost of new 
reservoir storage by a factor of five or more (Harza Engmcering 
Company. CI al.. 1990). In the SI. Vrain Basin Study. R.W. Beck 
and Associates and Dames & Moore (1986) the estimaK-d costs for 
dn.'dging in 1985 ran~ed from S2.500-S3.500fac-ft or higher. not 
including the costs of material disposal. These costs are likely to be 
double in present day dollars when material disposal is mcludcd. 

In add ition to the prohibitive costs associated with dredgmg. the 
disposal of the dredged material presents erlVimnmemal obstacles. 

• Reduce UJsses via Evaporation Suppression or Lining Large 
Existing Reservoirs. This ahemative has been eliminatt-d from the 
shon list for allthrct:: regions due to failure \0 pass the screening 
It'St for the physical category. 

Evaporation suppression methods. including windbreaks. floating 
reservoir cover.;. and application ofmonomolccular films. arc not 
considered technically feasible for large reservoirs (HDR 
Engineering. Inc .. L1 a1.. May I 989a). Suppression of c\"a(lOration 
from existing resL"TVoirs in the Cache la ?oudre River Basin was 
not considered a viable means of enhancing water supply in the 
Basin (Hana Engineering Company. e\ al.. 1990). Lining large 
existing TCSL'TVoirs (greater than 10.000 ac-fl.) is considered cost 
prohibitive (HDR Enginct.'Ting. Inc. et al.. May 1989a). HOWC\"LT. 
lining nt'W reservoirs. and smaller existing reservoiTl; or j,,,..J.vel pits 
in a reach was not screened OUI. 



Catgmy 2 Water Conservation 

• Munitipal EduClltionllnformation. This altcmati\'c group has been 
eliminated from the shon list for alithrt.'C regions due to failure to 
pass the screening test for the physical category. 

Colorodo's major municipalities have already enacted conservation 
programs, which mclude e;(tcnsi\'e education and Informmion 
programs (Office of Water Conscn'ation, 1997; ECI. 1994). The 
yield from public education and infonnotion programs has already 
been gained in most instances; therefore, add itional elTon in this 
area would not have a measurable effcct on flow quanhty or timmg 
at the mlical habl!.at , In addition. thiS alt<:mallve group TUjuircs a 
Stsni ficontly 10ng~'T lime for yield realization (Ro/.ak lis. 1997). 

Rcluli"eI y li tt le benefilloward the study's goals can be expected 
from mumcipal oons.:rvalion mC3Sures in the Wyonnng and 
Nebraska poniom; of tile study areas because the total municipal 
use in these !'el.<ions is $11lall in oompariS(On 10 the DVCl'll" .... annual 
project goal of60,OOO llc·ft at the cri tical habitat. Based on 1995 
wat~'T consumption datu from USGS. C"~"Il if a combination of 
municipal conSCT'\'3tlon programs could achie"e 20 percent 
redUCtions in consumptive use in all municipal systems within the 
study area in Wyoming and Nebraska, the reduct ions would be less 
than J,600 ae·fl in Wyoming and 2.800 ac·fl in Nebraska (USGS. 
1995), 

• Municipal End-User Technology Chan"oe!i. Two alternativcs within 
Ihi5 subcategory, which include pressure rcdoction and low 
demand plumbing fhttures, haH: not been included In the shon list 
for all three regions due to failure to pass the screcnlllg tcst for the 
physical category. Pressure reduction "'ill not n:ducc consumptlvc 
usc o f municipal cuslom~'TS. If the application rate for outdoor 
landscape irrigation 15 reduced, home and business owners are JUS! 
as likely to respond by cxit'nding watering cycles. Pressure 
reduction could also Icad to problems for many CuStOmCTs' 
sprinkler systcms and covCTlIge genelll1ing slilTpubllc opposition 
10 this measure. Low dl'1lland plumbing fixtlll'CS willl10l reduce 
consumptive usc apprceiably. Low demand plumbmg fixtures can 
reduce municipal dh'crsions bul w1l1 alS(O reduce return 110ws. 
producing no ad"amages from 3 Daslll-wide supply pcrspeclive. 

I I).t9 



• Municipal Regulatory Measures. Five ofllu,; seven alternatives in 
this alternativl)S ,,"'!"Oup have not 00(:11. included in the shon list for 
all three regions due to the failure to pais the ~~"'ccning test for the 
physical yield and economic (cost per ac-ft ofrcductions to target 
110w shonages) categories. The five alternativcs are water usc 
rationing. prohibitions On new connections. water coun 
enforcement of efficiency goals. landscape restrictions on new 
homes. and conservation plumbing onlinanees. 

Possibilities for legal contention by special interests arc likely and 
litigation will be costly. The two fomter alK'TIlativcs may restrict 
t"Conomic growth with the lauer requiring significant time for yield 
realization. The first three alternatives are also socially unpopular 
and are likely to only be feasible under drought conditions 
(A WWA. 1984). Public acctlltancc is unlikely (A WW A. 1984). 

Landscape restrictioll5 on new homes are focused on reducin.ll 
future water use for future water useTS. Future water users are 
outside the scope ofth~ current study. Conservation plumbing 
ordinances also focus on future water \ISCTl:I. which arc outside the 
scope of the current study. 

• Agricultural: Change Irrigation Techniques and Improved 
Management/lnfomtation. These ahcmative groups. which include 
financing of water saving lXjuipmen\. conversion to sprinkkT 
irrigation. low energy precision appliCDtion. drip irri.llation. 
subsurface drip irrigation systems. hydrologic instrumentation. 
computerized SystClTl scheduling. and local downstream control 
methods are all aimed primarily a\ increasing on-farm Irrigation 
efficiency. These ahLTI1ative groups havc not bt"Cn ineludl-d in the 
shon list for regions 1 and 2 due to failure to pass the SlTt."Cning 
criteria for the physical category. Chan.llCS in irrigation techniques 
were considcrt.-d in Region 3 because. unlike the rest of the study 
aTCa. a large portion of lhe return no"'s do not n.'1urn to the river 
above the critical hohitot. 

Therc is no simple. or universal. answer to improving on-farm 
efficiency. SysK"1Tl convcrsion may hI.' 11 valid altlTl1ati I'e for 
improl'ing water use and management where the existing irrigation 
SyslL"1Tl is poorly suitoo 10 the site conditions and the desired degree 
of efficiency cannot be obtained by improving the SystClTl design. 
No onc irrigation method is adaptable to all conditions. and 



con"Cf$Km from one method to anotncr should oot be based on 
sUoCh a premise (Nebraska Natural Resources CommIssion 
(NNRC), 1985), 

AiXlrt !rom the di fficl.Ilty in identi fying the applicability or 
potenhal savings from efficiency enhancing measures without a 
farm by farm analysis. the basic argument for dc-prioriti7.ing on­
farm measures wg<.'1~'d 8t increasing Imgation cfficI~'Tlcy IS that. 
gL'Tlcrally, these measures increase cfficicocy mainly by rcducmg 
return flows. not by redl.lcing consl.lmptive usc (Allcn, et al.. 19(5), 
While these types of efficiency gains are often of considl.'!1lblc 
benefit to farmen or Irrigation districts. f()f" eumpte by allowing 
gn:<ItCl' oonsumpl1n, l.lse from a specified dh'crslon right. they 
gcoCllllly do not reduce water usc: from a system-wide or basin 
perspective, In f8Ct. the opposite may be the more likely result 
(Huffah'!' and Whmlcsay, L9(5), For example, the siudy by the 
Colorado Agricultural WaterCOOSCTVation Task Force oflm!!31ion 
WalcrConwrHllon: Opportunities and Llmilations in Cplorndo 
discussed potcotial concerns that conservation measures bt.iog 
adopK'd by farnll.TS could have 00 ad"L'TSe impact on slreamflows 
(CWRRI. 19(6), 

Gi,'en that much of the study area is considered by fanncn to be 
shorl ofwaler supplies for agneuhure. \I'e belie..,e the fottowing 
v.ould be the lOgical Implications of eIYorts designed [0 increase 
on-farm irrigation efficiency, In thc absCflce of additional 
measures. alternatives focused on providing incenll\'cs for 
Improvemcots in on-farm Irrigation efficiency are mosl likely to 
lead 10 increased oonsumpti"e usc by parlicipatlOg farms as 
efficiency gains arc used tn on:n:ome existing deficit Irrigation 
circumstanccs, improve erop yields or bring more Dcrellge under 
irrigation, To avoid this resul!. which is din:clly eountcrprodUoCli \e 
to study objectives. the on-farm effieiency mcasurcs would ha,e to 
be accompanied by onerous admiOlslrati,c structures and 
measunng efforts \0 reduce parliclpllilng farml.'TS' diversions by a 
coTTCSponding pcrC~'Tlt DSC. These mcasures arc likely to be difficult 
10 monitor and enforce and might cocounter sliff negative rcactlon 
ITum the agricultural communities in Ihe three stlltCS, 

E,'cn ifadmimstralj\'e restrichons on dh'crsions could be 
successfully !mpkmel1led in conjunction \I'ith ine~'11l1vCS for 
improved on-farm efficiency, the n~'1 Il.'sult would slill be a zero 
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net reduction in annual consumptive usc. At best. there might be 
some bencfit in tenns of the timing of flows in the river. HOWCVLT. 
the cost of this benefit would be extraordinary in terms of a) direct 
oosts for irrigation efficiency improvements. b) rulministmtive OO5t 
and complexity. and c) potCl1tialthird pany hydrologic impacts. 

Structural improvemCl1ts or changes to waw,. district systcms. such 
as canal Ening. offer comparable potential benefits by changing the 
timing that might Tt"Sult from incTCa5ed on-faffil efficiency with 
more favorahlc cost and administrative characteristics. therefore. 
these al1ernatives were not SCTL'Clled oul. Other on-faml measuf<."S. 
which can actually reduce consumptive use through reductions in 
evaporation or tl1lnspiration (such as conservation cropping and 
dcficit irrigation). wcre not serccnL-d out. Other agriculwral on­
faffil modifications. which includes soil modification and 
microclimate modification. were not included in the short list for 
all three regions due to failure!O pass the sen:ening erilL,;a for the 
physical category. This alternative group serves mainly to enhance 
soil moisture retention through land shaping or the usc of 
windbreaks. Although there are secondary hL'Tlcfits (lOWLT energy 
costs. incTC:lSCd yields). these alternati ws would not signific;lntl y 
reduce consumptive use and may reduce return flows through 
additional moisturc capture (NNRC. 1985: U.S. Congressional 
Officc of Technology Assessment. 1983: Stcppuhn and 
Waddington. 1996). 

Catc~ry 1 Reuse 

• Water Reu.'\C and Commercial/Industrial Recycling. This 
al1ernative has not bCt."1l included in the short list for all three 
regions due 10 failure to pass the screening eriteria primarily for 
the physical and economic categories. Municipal and industri;ll 
water usc varies little over the year. when compared to aJ,'licultul1ll 
water usc. Therefore. there is essentially no lag time between 
diversion or pumping and return to the riVeT. Ifless wateT is 
divcn~-d or pumped during a time step. there is a corresponding 
decrease in river returns during the same time step. Thcrcfol1.'. 
there 1V0uld be L-sscntially no change in flow quantity or timing at 
the critical habitat. 

Municipalities place a high value on reuse or recycled water 
because this water represcnts a future water supply souree. which 



~1lI1 postpone wa\~ ... sopply acquisition and dcvc!opmcn\ c()s\s. 
Therefore, the ,<alue of the reuse alternative mil::ht b<.'St be 
estimated in terms oflhc cost ofrcplacing pot~"f1lial rcuse with an 
altl-malc supply in thc city's portfolio. Reuse alt~'nlalives arc 
C()nsidcrcd COSt prohibiti\'c in the context of n."plaeing potential 
=~. 

DII1XI costs related to wastewater ooohng R."IISI.' alternativcs can be 
very high. Direct up-front OOSIS may include potentiallTCatment 
facihllcs costs, distribution sYlitenl costs. and pump statIOn and 
stomge rcscr.Olr costs. in addition to annual operational and 
maintenance COSts. For example. Tucson. Arizona has mitialed a 
metropohtan wastewalf,. ... reuse progrnm mandating that reclaimed 
waSK'Water be used for city landscape irrigation. The completed 
system will provide appro:>timatc!y 35.000 ac-ftlyr ofn,claimoo 
wastcwater at 0 lotul capital dcvelopment ~'Ost of about S63 million 
(Miller. 1991). In an elTort to C()nser\'e Denwr"s wuter resourccs 
thc Den\'er Water Nonpotable Reuse Project mcludcs a " 'ater 
reclamation sYlitcm that uses scoondary effluent as a sourec of 
reclaimed water. The probable capnal cost of tile 30 million· 
gallorl·p<.Niay (MGD) project from the Schematic Design. Report 
was greater than S5.000iac·ft (Richard P. Alber Associates. 1999; 
Boyle Engmcenng Corpontion. 1999). As sho .... n by thc abo\"e 
capltalOO$t figures. reuse altemoth'cs are considered cost 
prohibItive m the context of this study. 

• WastL'Wok ... EmuCllt for Cooling. This alternative hIlS not hCt.."Tl 
inel uded in the short list for all three regions due to failure to pass 
thc SCrt.'CIllng ~,;tcria for both the phYliical and CC()nomic 
categorics. The nCL-d for industrial cooling wllter is relatively 
constant throughout lhe year. IlS is the availability of scwage 
emucnl. Thl"fCfore. if Icss watl'f WL"fC diverted for IIlduslnal 
coohng dunng a lime stL"p. there would be D corresponding 
dccrcDliC in mer returns from mUniCIpal $Cwab'C. Therefore. tht.'re 
wwld be CSSCIltially no change in flow quanllly or timing al the 
cotleal habItat. 

Direct OOSIS rcl3tcd to wastewater reuse altcmati,<cs can be very 
hIgh. The city ofTwnpa. FL has remodeled an lIlClncrntor facility 
to usc IIppro:>timately I MGD ofn. .... lallned wastcwatcr for cooling. 
water make·up. The remodeling cost was S60 million and the 
project suved the Tampa water department over 1.000 ac·fl/yr of 
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potable water (Miller. 1991). Due to the high capital COSts typically 
associated with wastewater reuse systems. alternativcs that involve 
wastewater effiuent for cooling are considered cost prohibitive in 
the context of this study. In addition. the cooling effiuent would 
require tcniary treatment bcfore heing relcased to thc river. 
Cooling tower make-up water CllIl also require trc:umt,nt such a.~ 
cold lime softening to protl..'Ct from scak or the addi tion ofbiocid~"S 
and biodispcrscnts: therefore. there may be additionaltrcatmcnt 
costs involved. 

• Pump-Back Arrangement for Return Flows. This aliL'TTIative has 
been eliminated from the shon list for al1thrl..'e regions due to 
failure to pass the screening criwria for the physical category. This 
alwrn::uive is similar to changcs io irrigation techniques. some of 
which were also eliminalt'd due to failure 10 pass the screening 
criteria for the physical category. Pump-back arrangements for 
return flows do not reduce consumptive usc. they simply rctime 
rcturn flows. In the absence of additional mcasures. ahcmatives 
focust:d on providing incentives for improvcmeJl!S in on·fann 
irrigation efliciency aTe most likely to Icad to increased 
consumptive usc by participating farms as efficiency gains arc 
used to overcome existing deficit irrigation circumstances. improve 
crop yields. or bring more acreage under irrigation. As a result. it is 
unlikely that pump-back aTTWlg~mcnts would T1.'Suli in si!,'I1ificant 
reductions to target flow shonages at the critical habitat. 

• Relocation of Return Flows. This al ternative has not been included 
in the shon list for Regions I and 2 due to failure to pass the 
screening critcria for the physical category. Irrigation districts and 
municipal. industrial. and commercial entities in Regions I and 2 
do not have Tetum flows that enter the Platte Ri\'er system below 
the critical habitat that could be physically relocated above the 
critical habi tat. This option could potentially increase the flow to 
the critical habitat if return flows nonnall y '::l1tering the riVI..T just 
downstream of the critical habitat were pumped :md discharged 
above the cri tical habitat. Therefore. this alt~Tf1at i\'e has b~'Cn 
included in the shon list for Region 3. 

Ca!CIlQry 4 Incentiyc Based Reductions in Awjeu!turnl Water I hie 

• No aJternath'cs were c."cluded. 
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Category 5 GroulldwgttT 

• Development of Non-Tri butary Groundw'attr Sources. This 
ah~'TT1ati\'e has not bl"(.'ll included in the short list for allthrce 
regioll5 due to failure to pass the screening criteria for the physical 
category. Developmenl ofnon-lribulary groulxh"ater sources is 
CQIlsidcrallo be IX)SI. prohibi til·c. Reconnaissance level cvaluauoos 
of groundwater de\'elopmcnt potential and development costs for 
non·trihutary supplies ;n the Denvt'T Basin pt'Tfonned in 1989 
indIcated costs of development in the I1lnge ofS2,000 (lowest) to 
about 512,000 (a\·t'l1lge) per ae-ft of developed supply (Boyle 
Engineering COIl'OI'lllion, 1989). These costs did not rncludc land 
acquisition costs. and generally involved developmenl ofwclls and 
associated facilities In close pro~imity to the point oruse. In the 
case of the pn..'S~'llt investigation. it may be neccs.~ury to convey 
wall'T over long distances for alternalll'CS relyi ng on non-tributary 
supplies that arc developed from outside of the Plaue Basin. 
Independent analysis of the COSl$ of dC'lieloping non-tributary 
groundwater from adjacent basins results in minimum costs of 
about 52,000 per ac·n of developed capacity. After inc1udinl:\ land 
acquisition costs lind conveyance costs and accountt'(\ for losSCl'i 
enroute 10 the critical habitat. the all'TIIge cost per IIC-ft of 
reduction 10 target flow' shortages" Illlikc1y aceed $3.000. 
Aoothcr shortcoming of this al ternati\'e is its lack of long· term 
sustllinability. In IIllthrt.'C regions. non·tributary gfoumlwah.'T 
would be dcvelopt-d from b;!.sins that receive lillie or no rI..'Charge. 

lntermment use of non· tributary groundwater sources. such as rn 
response to inlTcquem drought Clents (say onl~ in ten )'CaJ'S) has 
also been rejected on economic grounds. In this IIlstHncc, whilc the 
total CII I,ita l 005ts of projcct developlllt'llt are substantially the 
same for this al ternative. the ;lvcmge yield is reduced in proportion 
to Iile frequency of use. 

• GroundwDter Allocation Management. Groundw~ter allocalion 
monulIl'l11enl refers to the use of agricultural water tues or dutil'S 
in order to reduce d\'!11and for groundwater. This altt-ntative has 
been not been included in the shortlist bt:CIIUSC it v10Iaies the 
COOpcrD.tive Agreemenl. which requires programs 10 be Incentive­
based and reflect will ing partiCipation. This al ternatl\C is not an 
inccntll'c based prOgf11Ill and docs not reOcct willi ng participat10n 
which i~ required und(:r thc Rccovt'Ty I'rogram . 
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Category 6 Systems Integral ion and Mana~ement 

• Ellluent Exchange Agreements. This altcmative has not been 
includl:d in the shon list for all thrL'C regions due 10 failure to pass 
the sLTCCning eritcna for the physical and economic categorics. 
Municipalities place a high value on reusable effluent because this 
waJLor represents a future watcr supply source. which can postponc 
Wok'T supply acquisi tion and development CQsts. Therefore. the 
value of the exchange potential might best be L'Stimalcd in terms of 
the CQst ofrcplacing potential effiuent exchange wilh an alternate 
supply in the eity's ponfolio. As shown for alternatives involving 
rcuse opponunitics under Category 3. al1cmati,'cs involving 
effiUL'l1t exchange agrC<.ments arc considered CQst prohibitive in the 
context of replacing potL'Tltial rcuse. 

Reuse of Windy Gap Project "'mer is cited as a source of supply 
for the St Vrain River basin in the St Vrain Basin Reconnaissance 
Study (R.W. Beck and Associates and Dames & Moore. IQS6). 
UndLT scvCTllI plans analyl.ed in the study. effiuent would be 
distribut~xI din.,etly or by e;<cllange 10 irrigators from a small 
regulating reservoir at the wastewalLT treatment plant The study 
estimated the capital cost of the emUe1H res~T\'Oir and pumpinJ; 
infrastructure at $ 17.900.000. Based on a firm yield of6.600 ac­
ftlyr of reusable water. the cost is $2. 712/ac-fl. This does not 
include annual operational expenses such as energy CQsts relnted to 
pumping. lmph .. mentation of cmuent exchange agreements that 
require structural ek'ments such as reservoirs is considcrtxl CQst 
prohibitive io the CQntext of this study. 

In addition. similar to the water reuse alternatives. the availability 
of effluent is essentially the same year round, therefore. although 
an exchange aJ;r~ ... ment may have a positive effect on divcners 
upstream of the effluent rcturn location, there would be essentially 
no change in the flo"' quantity at the critical habitat. 

• Link Existing Municipal Water Supply Systems. This alh.'mative 
has n01 been included in thc shon list for all three rcgions due 10 
failure to pass the screening eritcna for the physical and C(.'onomic 
categories. This alternative would benefit municipalities by 
providing grC3ter flexibility and redundancy in their supply 
systems. particularly in times of drouj;ht. Additional flexibility. 
redundancy. or possibly additional diversion points will not 
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significantly ehanb'C the flow quantuy or liming at the critical 
habitat This altcmall\'c may provide tnc opportuni ty to expand use 
within a walcr supply system as oppos..'d to gCfwfllting additional 
flows for the cnticnl habita1. 

Altcmalln::s that expand dehery possibililles through system 
hnklng as descnb.:d abovc generally require sigmficant caPital 
expo:nditurcs for C()IIveyance facilities such as pipelines and 
reservoirs. Although linked water supply sySh.'It1$ provide 
incre~~'tl flexibilit y ~nd potentially create reuse opponunitics: they 
will not necessarily ehanb'C the qUllntity of flow at the critical 
habitat. Munictpahhcs place a high .<alue on conSCf\'ed waler 
suppliOi because thIS water reproscnlS a future water supply SOUIU.". 

which can postpone water supply acquisition and development 
COSIS. Therefore. the value ofa linked water supply system 
alt .. :malive that gCTI~'f1ltcs reuse potCTItial can be cstimated in terms 
o f the COS! ofrcplacing poIcntial reuse with an altcm:tte supply III 
lhe city's ponfolio. As shown fOl" altcmath·cs 1II\<olvlng effiuent 
exchange agreements and reuse. the long-Ienn capital cost of new 
supplies in the ~'()n1ext ofn:pladng poll'11tial rcuse is considered 
cost prohibitive in the context of this study. 

Tl1IfIsbasin Dh·cn:lOnSIlmpol1s. ThIs aitcmali\"\: has nol been 
lIIe1uded in the shun It sl for Regions 2 and 3 due to failure to pass 
the scn:cning criteria for the 1I.·gallinstuutional eotcgory. The onl y 
feasible source of impon~-d water within Region 2 in the time 
frumcs implied in the Coopcl1ltive Agn:emCTIt is the Upper 
Colorado RI\·er Basin bt-causc of eXlsllng di\<crsion facilities. The 
Colorado River Basmls also faced ... ith endangered species 
Ii~tlllgs. causing Coloflldo to embar1: on a conservallolllsupply 
study 1m the western slope similar IQ the Plallc study. Therefore. it 
is unrealistic to look IQ thai basin for IIdditional Imports 10 the 
Plane. This ahcmatl\·e is opposed b) cnlllics that ha\·c the ablll1Y 
to prohibit Implementat10n. Both Wyoming and Colorado an: 
prohibited from imponing .... ater from the Colllnldo Ri ver basin for 
delivery to thc critical habital duc to Colorado River compact 
requirements. Trnnsbasin divcrsionslimpons from the Colorado 
River basin ean only be used .... ilbm lhe respectivc Slate: therefore. 
diversions to the cnllcal habitat .... ould be cuntrary to eurrent 
compact conditions . 
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Nebraska statute restricts transbasin imports. It is gencrnlly 
considered bctter to usc walt.'T within the basin of origin and 
current policy requires that the out·of-basin uses outweigh in-basin 
uses. In addition. there arc interstate compact issues associated 
with the Republican and Blue Rh·ers. Nebraska is roqu1rlld 10 fulfil 
their compact obligations. which limit opportunities for transbasin 
diversions to the Plane River. Nebraska and Kansas are currently 
involved in litigation regarding the R~"publican River. whicb would 
essentially preclude transbasin diversions from the Republican 
Rivl.'T to the Pintle River within the timen-ame of the Coopl.'Tative 
Agrecml.'1lt. 

Category 7 - Watershed Management 

• Forest Management. Forest management involves timber harvest 
with the intent of increasing runoff for instrcam now purposes 
consistent with the objectives of the cooperative agrCCTnI.'1lt. This 
alternative has not bet.'1l included in the short list for Region 3 due 
to failure to pass the screening cri teria for the physical category. 
Region 3 doe; nOI have significant forested areas in the Plane 
basin available for clearing. This alternative could be reconsider.:d 
by the WMC or the Water Action Plan Committee during Action 
Plan preparation if i1 is felt that the Prol,'Ta.m should be CTCdI1I.-d 
with any n.oduetions to target now shortages from the vegelative 
management activities being conducted in the Critical Habitat. 
This type of appl ication oftbe forest management concept would 
overlap with the J'hreatophyte Control alternative discussed beluw 
becausc of the variety ofvegelation currently being managed. 

• Phrcatophyte Control. This ahl.'TTlative refers to the rctiremenl of 
the non-beneficial consumptive usc from phrcatophytes along riVeT 
C()UfSCS and ditches with the intent of transferring usc for instrcam 
now purposes. This alternative has not bI..'Cn im.:ludcd in the short 
list for all three regions due to failure to pass tbe screening cmeria 
for the physical criteria. 

Consumptivc usc by phrcatophytc spccies (col1onwoods. willows. 
salt cl'llars. cle.) has been cstimated as approximately 1.65 ac­
Nacre (HDR Enginl"Cring Inc .• ct al .. 1 989a). Therefore. to retirc 
20.000 ac-fl ofphreatophyte consumptivc usc in a region. over 
12.000 acres would need to be c1cart-d. Phrcatophytc gTO\\1h would 
need to be monitort.-d and SUbScqUl'1lt removal ofsccondory growth 



would likely be nccl.'Ssary to maintain the yield, us such, thl.TC 
would likely be annual maintenance costs aS$OCiated with 
phrcatophyte control. 

Under curn:nt water law water rights camlOt be established for 
water gCll('f1lted from phreatoph}1e control. At the scale required to 
b-encmtc 5,000 ac-ft at the critical habitat, this altcmativo: would 
likely comc under serious attack from consl.'I'\1IlIOn groups. making 
Implemental10n unlikely. lbc acsthclic \'alue, wildlife habllal, 
stn:am blink stabilization and water lempcnnurc reductIon that 
phrcatophytes provide would be losl through luge-scale 
cmdication efforts. RI.-mo\'al ofphrcatophytes from rivCf courses 
and from along canals would have "lImited cffecti"cness" (Harla 
Enginecring Co .• et a1.. 1987). Removal of phrca\ophytl:li may 
increase sedimentation due to reduction in stream bank 
stobilil:ation,lnst1tutional issul.'S involving phreatophytc control are 
problematic as "water law principles would preclude claiming II 
water right as the result ofwatcrshed vegetation manui,'CmI.'TIt" 
( USACOE.1 986), 

• Snowpack Manai,'CITII.'TIt via Vegetal;"c Shading. This altl'l1l3U\'t' 
has not been includOO in the shon list for allthrcc regions due to 
failun: to pass tht' screening critcria for the phYSIcal catei,'Ory, 
Although thIS altcmal1\'e has been shown to delay snow' melt and 
the associated runoff on a scale ofsc\'CI1II acres, 11 would not be 
possible to nnpk'TIICt1\ on a large enough scalc to cffect the 110w 
quantIty or timing allhc critical habitHI. 

• Weather Modification, This alternativc has not been included in 
lhe shon list for all three regions due to failun: to pass the 
screening critl.'I1a for the physical category, 

Firm yiclds resulting from " 'eather modifieatlOll programs an: 
uncertain and di ffieult to assess, St.atl.'TIlCllts of an O\CI1II1 a\'C11Igt: 
increase in runoff are speculative and assume that modeling 
rcOl'CtS eloud responses to cloud seed'"!: (USACOE. 1986), 
Studlcs show thal weather modification can havc both positi,·c and 
negat"'c effccts, and there is the potCt1l1alll may havc no effect 
(USACOE, J986),lncrcasc in snowpack and the associated ruooff 
from cloud seeding programs reported in the availablc litCl1lturc 
an: based on small application arcas and for time periods of 
!:en~TlIlly less lhan t~'TI ycars, Weather modification due to eloud 

." 
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seeding would be di fficult \0 impJcmC1l1 10 dclinili\'cI y CfT~"Cl 110w 
quantity 1I111\e critical habitat. 

Olht'f issucs of concerns wilh respect \0 cloud seeding include 
potential water quality impacts on aquatic ccosYSK"tnS and the 
timing ofincrcascd water yields. 

E. Development of Short list of Alternatives 

After conducting an initial screening based on the general screening 
critC1'ia the long lisl was reduced 10 a short lisl. which consists of35 
ahcrnatives. WaK'T conservation and supply alternatives thaI did not 
faillhe initial scr~'t.>J1ing were included in the short list and arc 
presented in Table 1.2. Three of the 35 alternatives, which include 
relocation ofrelUm tlows, tnffisbasin divcn;ions. and forest 
management. do not apply 10 all three regions. 

The resulting short lisl of alternatives was analyzed in greater dClaillo 
dClt.'nninc which of the alternatives was most promising in the context 
of this study. Sped fie and/or rcprcsentati ve examples of the shonlistl'<.l 
alternatives were identified and evaluated with respect to the same 
previously identified criteria. Evaluation of the alternatiws on the 
shon list is described in Chapter 8. 
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7. WATER BUDGET ROUTING MODEL 

TO EVALUATE FLOW CHANGES AT 
CRITICAL HABITAT 

Introduction 

Potential reductions 10 target flow shortages in the cnlien1 habitat arc II 
primary measure used 10 evaluate WlltCJ" conservation/supply 
altcmath'cs for the Plall.:: River RCCO'"l'T)' Program. From the short list 
of alternatives. described in C haplLT 6. the study leam identified 
specific and 'or representative projoca throughout the Plane Ril't.T 

study area. The effe<:\s on stream flows ill the immediate area of each 
project. as well as the resulting effects in Ihe critical hobi!a1 area were 
cvalualt.-d. 

The: net hydrologic effects lIthe: alic:mahl'c site wen: determmed from 
existing studies and monthly models developed for the n:connaissancc 
study. A water budgct spreadsheet model was used \0 route the local 
nct hydrologic effects 10 Ihe critical habitat 10 determine the potential 
reductions to larget flow shortages associated with an al1cmllli\'c. As 
the same water budget spreadsheet model ... ·as used 10 ~'aluale each 
alternative, no bias is mtroduced, The a\'t:nlge reduction 10 target now 
shonagcs during the study period was a sub-critcrion used to evaluate, 
scn.-cn, bnd com pan: wbter const:rvotionlsupply aHcmali ves, 

The water bud~'CI is a predicth'e tool used to assess the relative 
magnitude and timing of additional " 'Iter routed to the critical habItat 
for eaeh altc:math·e. The net hydrologie eiTt:C1s of eaeh ahcmall\'e an: 
routed to the cri lical habitat with a water budget spreadsheet consisting 
of cxisting flow conditions and loss faeton; for the ninctL'CIl study 
reaches. The ri\'cr loss factol'S attributed to seepage. di\'L'fSion. 300 
evaporation ""ere developed by Ihe WMC &om histoncal records. A 
mon: detailed description of the dC'\'elopmcot of the 10S$ factors is 
provided In Appendix E. 

The Plane River study area is repre$l.'I1ted as nineteen river reaches 
(SC(: Figure 3.1) in the: Wilier budgL't. The upSlream and downstream 
ends of each reach are defined by USGS slrcamflow gages <see Table 
7. 1 ). 

The ninclct.'I1 river reaches arc represented by individual workshoos in 
the WDler budget spreadsheet (available on the World Wide Web at 
ftp:IfI64. 119.100.4f pubidalBlmadtwI4- 1). Conl;nuityismainlaincdin 
the water budget. as the inflow to a downstream reach is equal 10 the 
outno,,' from the upstream reach. Baselinc conditions wuhin each 
reach were developed that represent eum:111 fadliti,)!> and opcralions 

,. , 
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Tabk7.1 
Plat1c RiH'r Reach~ Defined for the Platte Ri ver Siudy Area 

Ruch Reac h Descriptio n Reach Length Not 
N un'her Inundated h) RMu"oin 

(mil es) 

Kc -ion I Nonh Plaue Riwr U 'ream of Lake McCDnau-h , North 'all'. CO Galt<: to Sind air. WY Galle ''''' 2 Smclair. WY Ga C!O Alcova. WY Ga 'C " 
3 Alcova. WY Os C 10 Orin. WY Ga 'c In , Orin. WY Ga e \0 Passin' Whalen Diversion Dam Ga c " 
6 Lall'lmic R'ver: Below Gro)TOCks Rescr\'oirGage to Fort Laramie. " WYGa'c , Passin" Whalen Divernion Dam Oa 'C to WY_NE Stateline: Oa 'C " 
" WY-N!! Stateline Gacc to IJridl!cpOrt . NE Ga~ 57.5 

" Snd 'C n. NE Ga 'c to L:;,,'clien. NE Ga 'C '" R ... ·;on 2 South ]'L111C River Unstn:.m of Western Canal Di,'crnion 

7 Ilendcrson. CO Ga2c to Kerscv. CO Ga 'C 54.9 

8 Kcrsc . CO Ga~c to Balzac. CO Ga~e 69.7 

9 Rall.3c. CO Ga 'C!O Julesbu '. CO Ga 'C 97.6 

" Poudn: Rivcr: Can von ~ 1 0Ulh Ga .. ..:: to Greele • CO Ga e 51.8 

Rt1!ion 3 Plane R,ver below Lake McConau~hv and Western Canal 

" lulcsbu '. CO Ga·c to South Plalle 31 North Plaut. NE Ga~c 85.6 

" Kevstone DivCfSion Ga e to North Planc at North I'lalle. NE Ga e 51.5 

" North Plane at North Platte. NE Ga~c to Bradv. NE Ga '" 23.8 

" Bradv. NF Ga~e to Co~.ad NE Ga·c 25.5 

" C07.ad. NE Ga c to Overton. NE Ga 'e 28.1 

" Overton. NE Gs 'C to Odessa NE Ga 'e 15.7 

" Odessa. NE GaQc to Grand Island. NE GaQc 56.2 
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for the defined hydrologic period. The twenty-year study period. 1975-
1994. was chosen \0 judge the average net reduction in shonallcs 10 the 
target flows thai would have occurred historically if an alternative had 
been implememed. The study period represents river flow conditions 
that arc reflective of current development and inel udes rt.'PrcscntOlive 
,,<et years (l983-1984) and dry years (1988·1991). A more dctaillXi 
description of the period chosen for this study is provided in Appendix 
D 

Bnseline condi tions reflect inflows and outflows from each Teach. 
olher inflows from IrihulariL'S and canals. diversions. and river surface 
evaporation (see Figure 7.1). 

Diversion losses include the major diversion struCHlrcs in each reach 
for which there arc records. Specific structures included in the water 
budget spreadsheet are listed in Appendix E. Diversion losses are 
gross values rather than net values btx:Huse they do not account for 
TClurn flows to the river. However. the surface water returns !Tom three 
hydropower divcrsion structures in Nebraska are n:presentcd in the 
water budget (sec Reaches 10. 15 and 18 in Fi!,'lJre 7.1). 

Evaporation losses are calculated !Tom estimated river surface 
evaporation. River surface evaporation was calculated as a function of 
river channel width and length. and monthly pan cvaporation values 
from weather stations along the Platte Rwt'f. A water balance analysis 
between upstream and downstream gages was th~-n carried out to 
detCTlTlinc thc monthly gains and losses within a reaeh. 

Sccpagc losses are calculated !Tom the estimated gainfloss m the water 
balance analysis. Baseline TClum flows from diversions are accounted 
for in the gainlloss tCTlTl. Seepage losses are zero during months whcn 
the river reach is gaining. 

Based on this analysis. monthly loss factors were developed for 
evaporation. diversion. and seepage. Loss fHetors are CJlpresscd as a 
percent loss per mile within a given reach. Evaporation and set.llage 
losses occur throughout the year. For some reaches diversion losses 
occur throughout the year. however. they are typically greatest during 
the irrigation season. Diversion losses ;Ire generally significantly 
greater than evaporation and seepage losscs. The percentage loss due 
to evaporation, seepage. and diversions varies by month. therefore. the 
monthly distribution of water added to the system significantly 
impacts the reductions to target flow shortagcs. 



Figure 7.1 Study Reach Representation in Water Budget Spreadsheet 

Other Inflows 

I Diversions I (t:ribs, canals) 

f 

Inflow Outflo", 

( ~ 

Gain / 
Evaporation Loss 

Gain/Loss = Outflows - Inflows 
(Outflow + Evap + Diversions) - (Inflow + Other lnflows) 

Total Inflows = Inflow + Other Inflows + Gain 

,. 



Figure 7.2 
.. , I Di vers ions and Return Flows Represented 111 Water Budget Spreadsheet 

N(m/Pgme ... . ... 2 

S",dtlir , , 
A/rum . ... 3 NEBRASKA For each Reach. the number of diversion 

Sl ruClU res and 1be ~orrcsponding average 
annual dil'!:rsions ( 1975- J 994) modeled 
III fhe sprcadshcci arc lisled. 

WYOfo, llNG 

COLORA DO 

, 
' . 4 1'''Sling 10 D"n~ 

Orin " 1r1",1~" - 370 KAl lyr 

' .,. 5 ] 'D;w Nebraska return nows included in the 
.... - 28 lUl l' ), ,, [ , 12 Btl"", 6 

ro'~h . . . , ,,=, '''om 
G . ;" :~: • • ,J 13 >0':::;" 'D;,m . ,;::;:;" ' . ,,,,,,,,, Ion"·",, Bridg'1><'1' ' . - 106 OOKAFI)T r:J '"'''''' ~ I ., I - l.c"dl~n 14 

spreadsheet an~ also lisk-d. 

Q,k"" 
, .••• ",e.roo",' " 'P@"' . O""M •••• -e 

K~"jf""~ ... 15 Bwd) • • •• . , . . e.. . • 
.- . C":"" I 17 

23 1)""" 
- 201 KAF)1 

S/~W' 

10 

COli)""" MOl"" 9 ' 

"0""' ." l·( [ - 351 KAF ".-

P"",f,.e R"...,-

! 1);," 
- 1.1 M AF}T 

16 

/-2 Relum 
-~5(I KAF}~ 

)IT / ...... Ke, .• e~ ,, " JII/€.,b", ' 

7 _[ t m
, 

2 [)" II< 

236 KAf)r 
JdT«")" Relum 
-48 KAF )T 

// .. "'/"''''''' . '[' 
5(1);\"11' 

- 268 KAI )1 

16 UI'''' 
_~70 KAr' 

" ,., 

North Pl.u~ Hydro 
R<lurn -660 !CAr yr 

18 19 Grona 
/'/aI,J 

• S/I·C"", Gag"s 



B. Assumptions 

Pen:cntloss factors can be applied to water comributions imroduced at 
any point withm a reach. Thc appropriate number o fmi\<"-s is 
multiplk-d by the perccnt loss factor per mile to reduce the watcr 
contribution as it moves downstream to the bonom of the reach. Total 
losses suffered enroute to the critical habitat gt:ncrall y inerca5e the 
further upstream water is added to the system. As a result. addillonal 
water added to reaches in Regions I and 2 typically generates less 
reductions to tarl:\ct flow shonal:\es than ifthc same amount of 
additional watet is added to reaches in Region 3. Development nfthe 
monthly loss factors is covered in detail in Appendix E. 

The water budgel spreadsheet is based on the following assumptions. 
These assumptions are l:\ent'rally conservative witb respect to the 
study. in that less water would be estimated to get to the cnllcal babitat 
than mig:ht in reality. 

• Monthly loss factors are prorated equally among all inflows, In 
other wortls. a contribution of water from a water 
conservation/$upply alternative will cxperience the same loss or 
shrink as historic inflows to the reach. 

• Additional water flowing throug:h the system as a result of an 
alternative is subject to evaporation. seepage. and divCTSlOn lo,~ 
for every mile of the respective river reachL'S throuJ:\h which the 
water is rouled. 

• Diversion losses can he turned off for each reach individually to 
simulate the protection of watL'!" from existinl:\ divCTSIO!l5. 

• Diversion losses to addi tional water routed down to the critical 
habitat are assumed 10 be 100% consumptive. 

• Surface return flnw infonnation from select diversions in Nebraska 
are modeled in the water budget spreadsheet (Kony divCTSion 10 
NPPD return. Central Supply Canal to J-2 and Jeffrey returns. 
Kearney diversion to Kearney relUrn). 

• Flows added to any of the reaches are TOuted down to the critical 
habitat in the same month. 



C. Methodology 

• Existing flow conditions and monthly loss facton; arc not uffccted 
by the introduction of additional wat~T, 

• Reservoir Opl'TIltIOllS are I10t modeled. as such. water.ddcd to the 
system is assuml..:i to 'skim' o,'er reservoirs. suffering 110 losses. 

• Loss factors ha"e I10t been developed for all the tributaries and 
certain scctions of the mninstcm. The nct hydrologic effects from 
alternatives on tributaries Were CQnvcycd to the upstream end of 
the nearest Plaue River reach subject to no losses. The net 
hydrologic effects !Tom alternatives Joc:all"d abo, e Nor1hgate. 
Colonido in Region I. and HcndCf"!i(Jn. ColOl1ldo or Poudre R I'·cr. 
Canyon MOlIth in Region 2 were conveyed to the top of the most 
upstream reach subject to no losses. 

The net hydrolo81c efTCCls define the chan~ .. C$ to the flow regime 
lIS50ciatcd .... ith an allcmll1\'e 0'"Cr the 1975-1994 study period m the 
vicmuy of the altcmal1ve. Nct hydrolo81c effects associated with the 
operations of alt~'TTIati\"~'S W~"TC modeled on a monthly time step based 
on e)listing studkos nnd ~"()I1\ 'crsatiof1S with rl'Prt"SCntativcs from the 
stales of Wyoming. Colorado. and NebTllSka. The specific 
mcthodologies tmd analyticaltechniqucs used to dctl"111linc the local 
nl1 hydrologic effects 1ISSOCl8ted with each altlTnat;"e are described in 
Chapter 8. 

The 20·year timc series ofnel hydrologic cffects are input 10 the wallT 
budgl1 allhc ahernntivc's location within the reach. Thc Wall" budget 
convcys the additional wuter downstream to the bonom o f the reach 
subject to evaporation, dl\"ersion. and seepage losses O,'lT the 
rt.'TTIaining miles mtke reach. The net hydrologic effects at tile bottom 
of the reach are thcn routed down 10 the critical habitat subJCC! lo 
appropriate loss factors in Ihe intervcning reaches. DivCl'SlOn losses are 
not applied to additional waler in rcaches for which divL"'fSionlOSSL'S 
ha,'e bct."Tl lumcd ofT in the water budget spreadsheet. 

Some ahcmati\'CS can result in reduClions to flows, as opposed 10 
addit1Ollll1 flows. .nthe \'icillLtyof lhe altl·m:lIh'e. Flow redUCtions can 
be caused by diversions from tile riVCf (a dl\'crsion to 8 rc5I."T\·oir or 
recharge). changes to 1"CIum flow plIllcmS. or changes to rcst"1"Voir 
opl:rations. Flow reductions are represented by negative numbers in 



tables of net hydrologic clkets and reduClions to targCl flow shonagcs. 
Flow reductions from an alternative arc subjcct to evaporation. 
seepage. and diversion 10sst.'S through downstream reaches t'\'en if 
additional flows from water conservationfsupply ahernatiws a1(, 

protccted from existing diversions as they arc routed downstream. 

AfttT the additional wawr is routed downstream to Grand Island. 
Nebraska (Reach 19). the additions and reductions to thc streamflow al 
Grand Island are compared to historical target flow shonages and 
excesses to dCK'1111inc the average net reductions 10 target flow 
shonagcs associated with the alternative. 
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B.A. Introduction 





8. EVALUATION OF ALTERNATIVES 

A. Introduction 

Project aitcmat;vC$ wen: fonnulated 10 mcct the objCdivc of providing 
additional water at Grand Island, Ncbnsska for end;;mg~.,.ed spccU,:S. 
This additional supplyofwatcr is intended 10 reduce the lal'gct now 
shortages identified In Chapt ..... 2. Project al1emalives thaI were 1101 SCI 
aside in Ihe initial SCTL'Cning. described in Chapler 6, are cvolumed in 
Ihis chapter. 

The locations of projects evaluated throughout the Platte RI\'L'I" Study 
an:a arc depicted In Figure 8.A.I. The shortlistcd alll"lTlalives were 
evaluated $)'SIC'I1l:ltically 10 determine IhClr OOfTlpanali\'c cfTcct;vl!'Tlt'SS 
rn reduci ng target now shortages in the critical habitat. Evaluations 
were IJ<.'1formcd a\ a reconnaissance level of detail. which is defined as 
thaI level nceded 10 distinguish major ditTcn:nces among al1cm3lives 
Bnd 10 provide a preliminary indication of the fcasihililyof each 
aJIL"IT\alivc. The l,valuat ions o f the shortl istcd al t~Tnati\'es consider the 
estlmattd amount ofrroUClion 10 target now shortages and cost, as 
well as C1\\';rorunental. social. Md legal and institutional factors 
associated with each alll'lTlat;"c. These factors, and the oomparallve 
scoring ofthc altcrnatives, are presen1l'd in sections 8.B through 8.[ for 
the fonowing calc1,'Ories of shonlistcd alll'lTll\tives: 

• Reservoirs 

• Agricultural COOS4Tnllion 

• Municipal and Industria[ ConSCT\'ation 

• Reuse 

• Incentive-Based RI.'Ciuctions in Agricultura[ Water Use 

• Groundwater 

• Syslems Integration and Management 

• WatCf"Shcd Managl.'T11CRt 

1. Yield Ana[ysis 

For thi s Sludy. the yield of an alternative was dcfmcd as the I\'mage 
annual rrouction in tll1llet flow shona1,'il O\'er the period 1975- 1994. 
The analysis invoh'cd in dctcnnining the yield or each shonlistcd 
alternative was carried out using the following standard approach: 
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o.:line the impacts. Define Ihe area orimmediate impac11lr1d the 
oomponents orthe local hydrological balance that will be impacted by 
the alt~-mntive. 

Defirn: tbe@pproach, Define the analytic approach and specific 
method of analysis necessary to c\'aluate the net hydrologic cffeet, For 
example, the analysis ofa new TeSlTVoir would n:qum: a monthly 
op,,:rntional spreadsheet: II ground wa!L'f recharge alternative would 
require SDF analysi" 

Ps:rionn the bydrologic analysis. Evaluate the yield o rthe , hernal"e 
based on ClCisting stuthes and com'crsations with representatives from 
the states o r Wyoming. Colorndo. and Nebraska. The specific 
methodologies and analytical techniqu~'$ used to determine the local 
net hydrologic effects associated with each alternative arc describc.-d in 
sections 8.8 through 8.1. Some alternatives can result in reductions to 
nOWl. as opposed to additional nows, in the vicinity or tbe ahernative. 
Flow rrouC1ioll$ can be caused by divcnlOns from the over. changes to 
return now patterns. or changes to TCSClVoir operations. Flow 
reductions arc rcprcscmcd by negative numbers in tublC$ of net 
hydrologic effects. 

Analyses from existing studics wen;' used wlK:re available, Thc SDF 
mClhod, as discussed in ChapteT 5 and Appendi~ B. " 'as used to 
analY.le Sttlundwater related impacts to the I'latte RIVer. The SCS 
Blaney-Criddle mt'lhod. as discussed in AplX-'fIdi~ C. was used to 
analyze oonsumpt"'e irrigation rlXjulrernents associated wiUi 
agricultullil alternativcs. 

Route tbe hydrologic ctrecls. Translate the local net hydrologic dfects 
to the upstream end of the next downstream fCach via the water budgt1 
spreadslK'Ct, Route tht'S<: efTCC1s to the critical habitat using the watL'f 
budget sprc:adsbcctto determine potential reductions to t3Tb'CI flo ... 
shonages (sec ChapteT 7). 

Two routing scenarios were evaluated for each aiternntive. The No 
Diversions scenario pSS\lmes pdditionul flows can be protected from 
downstream d;verters. in which case. additional flows an:: not reduced 
by d"'cnioos. 1bc Wllh D,,"cnions scenario assumes additional flows 
cannot be protected from downstream di vertcrs. in which case. 
additional flows arc redUt'Cd by diversions. For the lauer scenario. 
diversions rt:prcscntcd in the wateT budg~1 sprcadshL'(\ are assumL'tl to 



be 100"10 consumptive, with the exccption ofsurfacc water rcturn 
flows from thc Korty. Tri-County. and KcarnllY C3J1als in Nebr.l.ska 
(sec Chapter 7). 

Whcn routing watcr downstream, improvements or modifications to 
Ilxisting di\'cr:sion structures that arll ncc<-'Ssary to bypass watCl' 
downstream WL'TC considL'TCd in allthrec regions. Based on 
oonversations with the Colorado Division I Water Rcsourees Office, 
approximately 50 pt:Teent of the structures in Reaches 7, 8, and 9 in 
Colorado would need to be modified to bypass Program waKT 
downstream. These structures oonsist primarily of large sand dams that 
can divcn the entire river. These structures do not have the ability to 
bypass specific amounts ofwatCl' nor the ability 10 fine tune diver:sions 
through the use of spillways. Based on conversations with the State 
Engim .. "Cl"'S Omce in Wyoming. there arc no diversion structures that 
would require improvemcms or modifications in Wyoming to bypass 
Program water downstream. Most ofthc gruvity diwrsion structures 
have been replaced with pumps that can be regulatt'(\. Based on 
oonvtTSations with the Nebraska Department of Water RL"SOUTCes. 
there aTC no divt'TSion structun.. ... in Nebraska that would require 
improvements or modifications to bypass water downstream. Al though 
there are severnl SIlnd dams along the North and Plane RivLTS both 
above lind below Lake McConaughy, these struetures typically fol1.'C 
waler into side channels thai run paraHelto the river. The main 
hcadgatc and measuring device for most canals arc localt'(\ on these 
side channels. Spillways are typically located at these measuring 
devices, thercfore. the amount ofw8ter that is divL'T1ed to the canal and 
released back 10 the river can be finc tuned. In $Ome cases the spill 
structure is al$O gate controlled. Although the SIlnd dams across the 
n13instcm do not have the ability to make low. flo,,' releases. Ihe 
diversions struCIUn..'S will nol nccc-s.sarily havc 10 be improved due 10 

the ability to finc tune divcnions and releases back to the ri\'tT as 
described above. 

Independent EYaluation of Altematiyes 

Each alternative was analyzed ind~'Jl'CndL'1Itly of all other alternatives, 
that is, as thougb it was the only alternative implemented. Bt-causc 
$Orne alternatives rely on lhe samc source of water. the yield oflwo 
alternatives impkmcHled simultaneously "'ould generally be kss than 
the sum of the yields of the individualaltcmatiws. FunhcrmoTC. the 

Il-A·4 
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analyses may O\'enlalc yields if participating districts or municipahties 
require a portion of the )'lcld in return for their participation, Chapter 
II discusses the gt:ncral C()mpatibility of shortlisted alternatives. 
Refint.'1l1ents to this wIllI ysis. 10 dctt.Tmine the degree 10 which sped fie 
projecl$ IlI'C compatible. must be addrcsst.'d during the pn.'Pantlion of 
the Action rlan, 

Operating Conditions That May Impact Yields 

The yields of projects may be reduced if there are adVCT'SC impacts on 
(\Qwostn:am water rights that need to be offset or compt:nsated, Watt.T 
tMt anotncr downstream water permit is entitled to di\'Cf1 may nol be 
coosidcral new program water in Nebraska wilh the exception of La~e 
McConaughy Environntental Account (EA) releas .. :s. An in depth 
evaluation of flows which are in exc~'SS of CUlTCllt downstream uses 
has nol been completed for Ihis rtCOnnaissance le\'el study,llowever. 
d;,'ersions 10 storage or di"CfSions to groundwater recharge ha\e bt,cn 
constramed to months of target flow excesses at the critical habiul. 
Yields associated w1lh projecls in regions I and 2 thai could have 
impacts on (\Qwnstream uses were t.'SlimUlt.'d under bolh Ihe No 
Oi\,t.T5ions and With Oivenions scenarios. Howe\'er. because: rcsCI"mir 
operations ate not modeled, water alkkd or subtracted from the systt.'1l1 
is assumed to "skim" O\'er rn;el'voirs sufft.'1ing no losses. In which 
case. wBter that is retimed 01' rcmovt.'d fmm Ihe system thaI was 
historically stored in Lake McConaughy is always passtxlthrough the 
TCSCI'Voir under both the No Divenions and With Diversions scenarios. 
Therefore. wilh n:spcct 10 Lake McConaughy. waler generated 8$ a 
result oran altcmat,,"C has been considered by !he Siudy Team as nC\\ 
" 'ater m NcbnlSka because the water budget sprcadsht.'CI does OOt 
account for diversions to thc reservoir. 

The Sludy Team and the WMC consldcn:d che possibihty of 
developing 11 Lake McConaughyopcrations model. This .... -as deferred 
in order 10 focus efforts on the creation oflhe wal(,T budget 
spreadshect lind with the understanding that more delailed analysis of 
TCSL"1Voir operations might be aecomplisht.'d for spt:cllic projecls as 
part of the dcvelopment of the Action Plan. Due to the absence of a 
Lake McConaughy operations model. impacts to Lake McConaughy 
an: nol specifically accounted for in this reconnaissance 1C\'cl study. 

Then: are opponunitics to «:regulate 1111 al1cmativcs through the Lake 
McConaughy EA. which may increase reductions to targt.1 flow 



shortages. The diffLTCncc between tho;: annual delivery at Grand Island 
lind the average annual reduction 10 target now shortages rcprCS~"1lls 
Ihe polential additional benefi t ofre-timing water generated by an 
alternative through the EA in Lake McConaughy. The annual delivery 
at Grand Island is equivalent to the net hydrologic effect at thc habitat. 
which is provided in the yield and cost summary tabkos at the end of 
Chapter 8.B through 8.1. 

As indicah.'(] in Section D of AUllchmentll of the Cooperative 
Agreement. "It is an operational goal to coordinate upstrcam 
conservation activities so as to increase storage in the Environmental 
Account·· For cxample. l'Or projt"CIs upstream of Lakc McConaughy 
the EA could be us~-d to rcrcgulate additional water generated or 
retim~-d by the project. The EA could also be used to rcrcgulate 
additional program water downstream of Lake McConaughy through 
an exchange. In that case users downstream of Lake McConaughy 
such as CNPPID and/or NPPD could usc the additional Willer 
generated by an ~ltL-mativc in ~"Xchange for rcduct-d releases. which 
would result in corrcsponding increases in the EA account. Proj~'Cts 
located on the North Plane above Lake McConaughy can be easily 
rcreguluted through Lake McConaughy. South Plauc and Plane River 
exchanges for projects downstream of Lake McConaughy arc less 
certain because of minimum now rcquifi.."fTlents and the rcqulTI~m~"1lt 
thaI water be of usc to CNPPJD and NI'PD. The benefits associated 
"·ith rtTCgulalion through Lake McConaughy were not considcn:d in 
any yield analyses. 

2. Cost Analysis 

Thc cost analysis was carried out under the following standard 
approach: 

COSI estimates for this reconnaissance-level repon were derived 
primarily from infonnation contained in a wide variety of planning. 
design. and construction repons. Inrormalion was also obtained from 
published cost indices and general references. Cost estimatL'S for 
many ahern3lives were supponed by discussions with panies having 
prior knowkdge of the projL'Ct in question. or other similar projects. 
Many references were not explici t regarding the methods used to 
estimate costs and " 'hether those costs inclu(k-d provisions for unlisted 
cost components. engineering and administrative fees. and 
contingencies. In other cases it was nQt clear whether the estimated ... 



costs '" ere rl;lated solely to direct construction cxpemlitures Of whether 
they also included financing e:tpenses such as inten:st during 
construction, debt stl'Vice, or bond issuance COSts. An anempt ,,'as 
made to eharact~Ti7.e the source and nature of the suppaning cost 
information for each alternative 50 thatlhe reader can make a 
dctenmnal10n ofthc rehability and level of dctail contained in each 
estimate. 

Some alternativC$ have relatively high initial construction costs hut 
relutively low annual opcru1ion or administrntion costs. For otht ... 
alternativC$ this situation is reversed, Therefore. a mc1hod was nl-eded 
10 compare dlspanlte altcmntl\'cs. Many roconnal'IS3f"ICC level studies 
assume the follo",·tng: I) a consistent financing mechanism (such as 
the Issuance of gem,:ml obligation or revenue bonds) for the initial 
capi tal costs and 2) onnual operation and administration t"OSIS fundt.'d 
from separale operating accounts. user fees or revenue sources. 
Because of lhe large n vcr basin, mulliple project panlcipants. and 
Widely '"III')'lng project allcmath'cs, this Sludy used the following 
mcthod{)l{)gy as proposed by the Water Managt:ment Commincc: 

L Prcvi{)us cost estimates were reviewed and revised in an ant.""'pt to 
indude 1111 costs associated wi lh tncmlh'e-bascd implCTOm\lltion of 
an alternative. 

2. COSt estimatcs from previous sludlt'S w~"TC updated 10 1998 cost 
le"cls using indices pulll ished in lhe Engim'et'/lig New$ Rcwrd. 

3. Annual operation, maintenance. and rt:placCTOet1t costs for 20 years 
of use WI."TC e:stimaled and an equIValent present valuc cost was 
computed using a si~· percent discountl1lte. 

4. The prt'SCnt value capital costs wcre added to the present value of 
the annual COSIS 10 obtain a Total Capitalized Cost This value was 
used to compan:: al1l'1Tlativcs on a COnlllSle!1t basis. For unil costs. 
that is. tIM: cost per ac·ft of shonal,'C reduction at the Cntical 
HabItat. this T {)taJ Capitalil'oo Cost was divided by the yield 
estimatc as det~'Ttt1in~'tl using the methods discussed in the abo"e 
scclion, 

The 20-yCll1 period used m the analysis "'as selected as a uniform and 
easily understood time period for Ihe mitial comparison of ahematl\cs 
in this rewnnaissance study. Some alt~'1TIat;ves will have useful lives 
c:ttcnding beyond 20 ycars. In lhesc cases, no salvage value was 
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included. This .... 'as deemed appropriate for this study beca\C:ic 
including salvage value would require the determination ofwh~'1hcr 
thaI value would accrue 10 the Program or 10 others. including CTltilics 
participating bl.."Cau5C of incentive· based programs. h was further felt 
Ih31 the 20-ycar period extended sufficiently beyond the first 
increment of the Cooperative Agn .. "C1J1cnt (especially for oitcn13livcs 
Ihal would not he impkmemed ulllillatc in Ihe first increment) and the 
salvage value may nOI have a major impact on nceded Program 
funding. If however. it was determined Ihal an alternative requires 
significant rcplaccmcm OOS\S prior 10 20 years of operation. provisions 
were indudl'tl in thc estimates to OOVL'T IhL'SC COSIs. 

II is also important 10 nOle thaI this Reronnaissancc Study does not 
inc1utlc economic analyses \0 dc1CTminc the ovcrall 3urJetiv"n~"Ss of 
alternatives in the conre)(t of whether all b..'1lefits including pnmary. 
secondary. and third party bencfits c)(ct:cd costs. Nor docs the Study 
include financial analyses to dctcnnine methods offunding the various 
altcm3livcs. [t is cxpct:tcd that alternativcs n-ceiving furth~-r 
cvaluation in the Action Plan proct'Ss or the pro!;l<lmmatic E[S will 
includc one or both ofthcsc types o f evaluations. This Study auempts 
to only provide comparative reconnaissance [evel costs to implemcnt 
alternativcs. 

At this point some of the altern3livcs wcrc SCr"eCfled from further 
analysis based on the economic scn'C11ing crit<:ria identified in Chapler 
VI - project cost greater than S50 million; cost per nt-re-fo01 of avcrngc 
annual reduction to target flow short agcs greater than $3.000. 

3. Alte rnative Scoring 

Alternativcs included within each category werc scored according to 
thcir respective physical. legal and institutional. economic. social. and 
environmental characteristics. The numerical scoring betweCfl 0 and 5 
was defin~-d lIS follows: 

o A zero rcprcsCflts a fatal flaw. Thc alt<:rnative fails the 
subcritcrioll. 

The alt"''Il1ative pcrfonns less favorably than average for the 
subcriterioll. 

2 Thc alternative pcrfonns slightly less favorably than 
ny~-rage for this subcritcrion. 



3 The altemative pt'ffonns about aVL'11Ij!e for the sub-criteria. 

4 The ahl'rnDtivc performs slightly mOTe favorubly than 
8"C11!ge fOT the subcritcrion. 

S The alt~'rnahve perfonns more favorably than avCl'ab'C for 
the sl.Ihcntcrion. 

A summary of the ranb'CS or conditions established for $COft:$ from 0 to 
S fOT l'llch sl.Ib-critcrion is provided In Chapter 6. Alicmalin:s Ihal 
were scored:r.ero in any oflhese subcriteria w~'Te set aside from further 
e"aluatlon lit Ihis time and were not scored in IIny orthe other 
subcritl";a. 

The linpltphlcs ill sections 8.B through 8.1 include thc scores for the 
scrCL'flinK subcri lcna. idc111ilkd in Chapl~'f 6. for both the No 
Diversions scenario amIlhe With Diversions SCl'l1mo. SCOTt'S for each 
sub-crilcrion arc weij;hted equally: scores for the five general crill";o 
arc ctjualto the aV~'Tllb'C: oflheir respectl"e suhcnlena. The lotal score 
for Ihe ahcmallve is equal 10 the sum of the scores for the fi,'c Ilcncral 
criteria. The scores providc the means to compare each of the 
altl'1l\3livcs. 

4. Organization of Evaluation Sections 

The fol1ow1llg $t.'Ctions. 8.B throullh 8.1. are broken down ;oto the 
fol1ow;ng components: 

Introduclion. Provide hack ground infommtion for Ihe development of 
the n:prl'SCnIPli\'c shortlisted projl'Ct5 analyt:cd ;n Ihis ClItclo'Ol). 

COOCllltUaJ Definjtion. Define the types: ofaitcmatl"cs e\'aluated 111 

!hi! c:lIcgory, 

Opcraljonal Ds:finnjoo. Define the ~'aluation methods and 
assumphOlls for the alternativcs evaluated in this calegory. 

Ahl'1DaU"CS hy Rqtion 

QrgriPllon. Provide background illfonnalioll for the 
individual aitl'rn8tivc. 



Yield. Describe the methodology use to determine the local 
n<.1 hydrologic effects for the individual aliernative. Present 
narrative and tabular results of the local net hydrologic cffl"<:l'i 
and the reductions to target now shonagcs at the critical habitat 
under the twO routing scenarios. 

£!ill. Dcscribe the development of capitalized C(Osts for the 
individual aliernatil'e. Prcscntthe capitali7.c(\ t'Ost and cost pt."!" 

acre-foot ofrt.xluctions to target now shonagcs under the two 
routing scenarios. 

Summary Yield. Summarize the local net hydrologic effects and 
reductions to targc1 flow shonagcs of all alternativcs evaluated within 
the category ofshonlisted alternatives. Present a summary table of 
yields and C(Osts for al1 ahcmativcs. 

Summary Cos\. Summarize the total capitalized costs and COStS fl'."I" 
acre-foot of target flow shonagc reductions for all alternatiws 
evaluated within the category of shonlisted alternativcs. 

ASsociated IssUes. Describe the physical. legal and insti1u1ional. 
CC()nomic. social. and environmental issues associakxl with eaeh 
alternative as they relate to the scoring of the ::lItcrnati \'CS. 

8-A·l0 
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Reservoirs 

1. Introduction 

This SC(;1ion examines the yields, costs and associatl'd issues of various 
reservoir allemativcs to nxlucc shonages 10 11Ilb'CI flows at !he: crilical 
habitat. A number ofrescrvoir altemath'cs identified m the long list of 
alternatives were previously def(."rTed from further analysis, as 
documl'l1too in Chapter 6. The remaining alternatives fall 11110 four 
categories: 

Ct:ms/rrJClil1g New Sloragl.' Facilities or Equali:lI1g RC$l.'nvi" 

Ell/urge Exis/ing Resen'Oirs 

RemOl'(' Storage Res/ric/;OIlS Imf'03ed by Sla/e and/or Fed!''''/ 
Agencies "'i/h Responsibility/or Dam Sa/ety 

I.Uling Smaller Ne .. or £Xis/ing Rcsen'Olrs olld Grut-e/ "ils 

A brief description of each of the rcprcsc:ntative projects and how thl')' 
might be implemented is provided belo\lo. followed by esIimates of 
yields and cost for each project. Finally the evaluatIOn of each project 
in terms of physical, legal and institutional, CCQIl(Imu::. social. III1d 
envIronmental efTl'Cts IS offered to conclude the reservoir ahernatives 
evaluation. 

2. Conceptual Definitions 

ConstOJctiDl! New Storage Ueililies Or Equalizing Resgyoirs. 
Constructing new storJge facilities or \Xjualiting rcscrvoirs refl.TI to 
the conslruction of new storage space. New stomge facili ties provide 
Ihe oppor1unitylo siore excess flows fOf' release during penods of 
target now shortages It the critical habitat. Equahzmg l'CSC:T'\'oirs 
provide the abili ty to regulate water deliveries to nxluce overall system 
spills. ellpture water released for hydropower during the non· irrigation 
season. or reduce peak releases from an cxisting larger Cllpaclty 
reservoir. Equalizing l'CSC:T'\'oirs provide fannen with Increased 
nexibility in terms of both !he: timing and amount of water dcli\·ered. 
The Sil.e ofan cqualll:mg reservoir is a funclion of the current variatIon 
in now releases. which is dt:pendent on the distancc WId trnvcltiml'S 



required for reservoi r releases to reach irrigation districts. Equalizing 
reservoirs enable irrigators to utilize their storage rcleases more 
efficiently. 

Enlarge E~i~ting Reservoirs. Enlarging c~istins resl.Tvoirs in\'olws 
structural modifications that increase storage capacity. such as 
increasing embankment beight. Thc available watcr supply and the 
physical configuration of the reservoir to bc 1.'TllarSI.'(j limit tbe 
magnitude of the conser\'ed water supply. Topograpbic and geological 
condi tions. as well as pcrmining rcqUirt.'TllL'TltS can limit the ability to 
enlarge existing reservoirs. 

Remove StoraMe Restrictions lmoo,ed hy Stale and/or Eedl1'1l1 
Agencics with Rc<oonsibjlity for Dam Safety. Removing storage 
restrietions refl.'TS to administrativc restrictions that can be removed or 
altcred to increasc thc amount of available stoTllge. Storage rl.'StriClion 
may be imposed. which limit thc allowable storage in cxisting 
reservoirs to minimize the risk ofdnm failurc for facilities with 
documented deficiencies. $tructur,tl corrections required to remove or 
reduce restrictions can and bave been implemL'T1ted throughout the 
Plal1e River system. 

Lining Smaller New or Existim! Reservojrs and Gravel rils. The 
reduction of sCt-'[Jage losses can be allained through reservoir lining. 
Methods and matcrials used for reservoir lining include earth 
compaction. carth blankcts. bentonite. cement. chemical additives. and 
nc~ible membranes. 

3. Operational Definitions 

For this rcronnaissanee level study. it is not possible to irl\'estigute 
every potential reservoir alternative within each region, As such. some 
limitations and basic assumptions have b<:en applied to reservoir 
relatcd altcmatives. Thc following operational definitions describe the 
assumptions and methods that havc been used to dcfine the rt:servoir 
alternHlivcs in thc context of this swdy. 

CooSlruclin£ ncw slom'e facilities. Thc following simplifYing 
assumptions WI.'[C used to define and analy"~e the constlUctioo of Pl."" 
storage facilitiL"s: 

",., 



• New stomse facilities that have been evaluated arc generally 
small and olTstream to minimi/.c cn\'ironmcntBI impacts. 

• Only reach(:$ whCf'C reser.oir Sites have been invcstigated 111 
previous Stud,CS were assum~od 10 have the potential for a new 
site. Where studk-s on specific rt'S(.·T .... oir sit~'S arc nOl U\'ailable 
nl. ....... Siorase was investigatoo on a general basis as opposed 10 
idcnlltying spcct fie fllCilincs. 

• Historical monthly eXCC5S now~ thai are 8vailuble for ~IOTDge 
were determined using hi storical streamflows provided by the 
Water Management Commillee. 

• It was assumed that the monthly c:tcess flow In each reach is 
available to store und~'T a CUTrent priority. 

• 1hc minimum capacilyofnl. ....... storage rC:Sc:r\'olrs in\cstigatcd 
in a reach was 10.000 ac-ft. unless site specific infonnallon 
indicated the potential for a smaller reservoir. The m:u;imum 
capacity of new storage n.'S~"1""VOIrs: invcstigat~od in a reaeh was 
50.000 ac-ft. unless site specific infonnation Indicated the 
potential for a largcr rescrvotr. 

• The IWO eap~eity extremes W~'fC assum~od 10 braeh1 all 
potentilll TlCW rcsc:n'o ir alil"lll3t;vcs " .. ithin a reach. 

• A simple area/capacity relahonshlp " 'as assumed for rescr ... oir 
evaporation cslimal~'S unless site specific dUia were 8"uilable, 

• The recharge to the stream of st:cpage watcr from n:st.'T\·OIrs 
was lagged with the aid ofSDF analysis. A dc\ailnl description 
of the SDF method is proVided in Clulpler 5 and in Appcndi:t 
B. 

CMslnK1ing Equalizing ReS'p'Qirs. The following simplifymg 
assumptions Wl'fe used to define and anaLYlc alicrnati\'cs associated 
with the construction of equalizing reservoirs: 

• Existing reservoirs thai eJ!pcncnce larb'e spills or releases for 
hydropowcr dl,lnng the non-imgalion season " -ere identi fied 
through discussions with rcsc..'f\'oir owners in the bas,". 
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• Topogrnphic mapping was rcvic""cd to dctcnninc ifthcrc is an 
acceptable silc for an equalizing rcs~'TVoir downstream of thcsc 
identified reservoirs. 

• The equalizing rcs<,rvoir was assumed to have B capacity large 
enough \0 store historical spiHs or non-irrigation SeaS!)n 
releases for hydropower. 

• A simple area/capacity relationship was assumoo for reseryoir 
evaporation cstimat<-"S unless site specific data were available. 

Enlarging ExjsljOl! Rescn'Qjrs. The following simplifying assumptions 
were used \0 define and analYLc thc cnlargl:mcnl of existing reservoir 
a1t<..'TlUIl ives: 

• Only reservoirs thaI have been idcnlifk>d for enlarge11lent in 
previous studies were assumed to have cnlargcmt:nt potentia!. 

• Enlarged capacity was based on previous studies. 

• Historical monthly excess nows mal arc available for storage 
were dctermincd using historical slrc3mnows provided by the 
Waler Managl!111C11t Commince. 

• It was assumed that the monthly exeess nows in eaeh reach are 
available to ston- under a current priority. 

• A simple area/capacity relationship was assumed for n.'S~'TVoir 
evaporotion eSlimu1CS unit.-'Ss site sped fie data were available. 

• The recharge to the stream of seepage water from r<:sen'oiTS 
was lagged with the aid ofSDF analysis. 

Remove SlOra~e Restrictjons Imoosed by Slate and/or Federal 
Agencies wjth RL'SOOnsjbjljty for Dam Saf~1y. Reinforcement and 
protection of the upstream face of Kingsley Dam is the sole alternative 
idcntifk-d at this time for removal of storage restrictions, The 
following simplifying assumption was uSt.-d to define and analy.te the 
rI.'111o"aJ of storage restrictions ahemati vc: 

• Additional reinforcement and protec1ion of the upstream face 
oftbe dam could provide additional storage while having 



I rclath'cly 'i"ic impact on current C\'oporation I!Ild seepage 
losses from the rest!'\"oir. 

Lining smaller new or "islin; rcscrwjrs And !1IJIVC! viis. The 
followin g simplifYing assumptions were used 10 define and analYLe the 
lining of smaller new or cxisting rCSCI'wirs and gravel pits: 

• Lining was in"csligala! on a gcncnl basis where stud ies on 
r(,'duciog seepage al specific reservoir si tes wen:: not available. 
New storage facilities thai have bt.'t.'I1 evaluated lITe gCl'lt'T3Jly 
small and olTslrcam 10 m inimize environmental impacts. 

• Hislorieal monthly excess l1ow1 Ihal arc B\'ailablc (or slorab>c 
were dctcnnincd using historical streamflow! provided by the 
Water Management Commillcc. 

• It was assumed thai the monthly C)l.CCSS flow in toath reach is 
available 10 Siore under a current priority. 

• A SImple arca/caIX'Cil), relationship was assumed for TCSI.'T"oir 
cvAporation estimales unlC'SS site spc.'cific data were available. 

• The rf.-<:harge to lhe SIIt3m of Sttp3&c water Ihnn n:sct"\'Oirs 
was la£l,'Cd with the aid ofSDF analysis. 

4. Alternatives 

Region 1 

Deer Creek Reseryolr (Constructing New Storage Facilities) 

The State of Wyoming. through the Water De\"e1opmt'Tlt Commission, 
initially C"I'lIluated the [kcr Creek project to provide art-liable 
municipal water supply for the City of Casper and other commUnities. 
and provide for future growth and n~'Cded insurance against future 
potential watCf rights regulation. [n addition. the State ofWyomins 
and the municipalities Wanted to CI1Sure that the lack OfWIIICT did not 
inhibi t the opponunity for future gro ... 1h. The U.S. Amly Corps of 
Engineers (Corps) complC1ed a Final Environmental Impact Statement 
(FE IS) in Scptembc."r 1987 for regulatory pcnmts to e\"al1llltu the 
eJ(p<:cted impacts of the proposed project. The FEIS was relied on for 
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the evaluation orOcer Creek Reservoir as a potential alternative 10 
T\.-duce larget flow shortages at the critical habitat 

The proposed Deer Creek Reser ... oir would be located on !kcr Cn:ck. II 
right bank tributary of the North Plane River ncar the town of 
Gil-nrock. Wyoming. Based on the FEIS the Deer Creek project would 
consist ofDcer Creek Dam and Reservoir. spillway, oulle\ works. 
recreational facilities. access roads. utilities. stream gaging stations. 
and telemetry equipment. The proposed dam would be II roller 
compacted concrete dam approximately 900 fCl..11ong and 280 feel 
high. This reservoir would capture surplus wateT from OCt!'!" Creek 
during high runoff and would have an active storage ofapproximatciy 
66,000 ae-ft. For the purpose of the FEIS study. waler available for 
storage was defined as Cllccss-to-owncrship. Deer Creek Reservoir 
would provide a firm yield of6.400 ac·ft for municipal and induSlrial 
uses. The FE1S showed a capital cost for the Deer Crt,ek projeet of552 
million. Annual opt.'Tation. maintenance. and replacement costs were 
I-"Stimatoo at 535,000. 

There is no need for Deer Creek Reservoir for the City ofCaspt.T if the 
Pathfinder Modification Project is implemented. The capaci ty of 
PathfindlT Reservoir will be increased 54,000 ac·ft under the 
Pathfinder Modification Project, of which. 20.000 3C·ft will be 
retained by the Stale of Wyoming to provide the same basic municipal 
" 'ater supply b<."Tlcfits as the Deer Creek Dam and Reservoir. The 
parties to the Nebraska v. Wyoming lawsuit agreed to a stipulation 
titled, "Amendment oflhe 1953 Order to Provide for thc Modification 
ofPathfindLT Reservoir", which specifics that upon completion ofthc 
I'athfindcr Modi !ication Project. Wyoming will release the 404 p<.T!llit 
and water rightS for the Dl'Cr Creek Project. 

With respcc110 this study, Deer Creek Reservoir is not feasible baS<..>d 
on a project COSt of552 million in 1987. AIK'111ativcs will not be 
cvalualed further if the tmpk."11lentation cost for 8n altcm3livc or 
combination of altcmat\\·cs exceeds 550 million. Howevcr. the size of 
the reservoir could be scaled back to reduce the cost in order to mCl..1 
the economic screening CrilCrill for a feasible project within this study. 
Thc projc<;t cost in 1987 was updaK-d to II 1998 cost of approximately 
S70 million. Costs are not linearly rel3led 10 reservoir size. It was 
assumt'd that reduci ng the reservoi r si7.c just OVI-T 50 pcrCt"Tlt to 30,000 
ac·ft would reduce the cost appro., imoteiy 30 percent 10 550 million. 
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Due to tnc uncen.ai.nty related to the costs associated with a redoocd 
reservOIr. a n:scrvoir S11.c of I O.(X)() ae-ft \\ as also evaluated to bracket 
the potcntlQI redudions to target flows associated with difT~'T(:nt Deer 
CR-ck R~'$CIVoir sizes. 

Yield 

For Ihe FEIS Deer Creck Reservoir was analYl.ed in the context of 
meeting municipal d~'nands. in which case. the estimatoo yield of 
6.400 aeon is the firm yield lIS oppos~-d to the average yield. The 
a\·crage yield ofDct.-r Creek ReserYQir has. therefore. been IUUly;o;ed 
wilh TCSpect 10 providlOg flows 10 reduce target flo\\ shonages al lhe 
cri tiCllI habitat. 

The hydrology studies presented in D~"('"T Creck Projt"Ct Feasibility 
Study Calculation Book 3 o f 4 Feasibility R~-port Reservoir Yield 
Studies (R.W. Beck & Associates. 1984) wen: used to rct:\·aluate Deer 
Creck Reservoir 5tomb'" capacities of 10.(x)() ae-ft and 30.(X)() ae-R 
with TCSpc<:t to this study. The study team developed a simpl ified 
rest"Tmir opLTalions modcllO e\'aiuDlc the yield of the TCServoir. The 
following op<.'fnting nlk-s and assumptions were usa! 10 the analysis. 

• The reservoir was assumed to be empty at the beginning oflhe 
study period. 

• Stomble flows w~-rc considered to be the amount 3"ailable ot 
the dam site after downstream DI..'CT Creck rights were satisfied 
and after water was bypassed to fulfill prior rights downstn:am 
00 the r-:orth Platte Ri,·t!" in Wyoming (USACOE. 1987). 
Storable flows were obtained from the D<,:<,- C reek Project 
Feasibility Report Rcsel"mir Yield Studies (R.W. Beck & 
Associates. 1984). 

• Storable flow data is available for 1941 through 1980. The 
study period for this project is 1915 through 1994. Therefore. 
for the period from 1981 through 1994 oVCl"3ge monthly 
stomble flows from the \941-80 study p<.'Tiod were usu:!. 

• 1bc: rcsc:rroir was operated under Ihe onc-fill criteria with 
mllJlimum fill cap3ClIies of 10.000 ae-R and 30.000 ae-ft. 



• Div~ions to storagc wcre only made during months of exc<-"Ss 
fl.ows at thc critical habitat. Between Q<:tober and April water 
from Deer CTI:ek typically accrues to onc of the storagc 
ownmhips below Alcova under the senior st011lge rightS of the 
Glendo Own~'TShip, Guernsey Own~hip, and the Inland Lah"S 
Ownership. During that period wmer from Deer CTI."Ck thm is 
not stored in Gkndo, Guemst.')' or the Inland Lah'S is typically 
stored in Lake McConaughy. Divl'TSions to storage would 
reduce the accruals tn the stornge ownerships belo"' Alcova 
and possibly Nebraska's contributions to the Environm"lltal 
Accoum in Lake McConaughy. 

• Re1e..ses from the reservoir Wl"TC made during months ortargct 
flow shonagl'S at the critical hahitD\. 

• Monthly evaporntion was based on estimates ofm01l1hly 
evaporation for different capacities detennined in the FEIS 
study. 

Tables 8.1l1 and 8.B.2 show the local net hydrologic cffects of the 
10.000 ac-A. and 30.000 ae·ft reservoir alwmath'cs, respectively, 
through the 20·ycar study period. Negativc values indicatc months 
when water goes imo storagc; positivc values indicate months when 
water is releasl-d. 

Deer Creck Reservoir is located approximately in the middle of Reach 
3. Monthly diversions to storage (flow reductions) and releases (flow 
additions) from Dt:cr CTI."Ck Reservoir were routed downstream using 
the watl"- budget sprcadshC<.1. Two routing sccnarios were cvalumed, 
The first scenario assum(.'S additional fl.ows can be protccted from 
downstream diversions. in which casc. additional flows arc not 
reduced by diversions. The second scenario assumes additional flo\\"s 
C3nnot be protected from downstream diven~'TS, in " 'hich case. 
additional flows are reduced by diversions. Table 8.8.37 in SectiOn 5 
summarizes the a\'('"TIIgc annual values for net hydrologic cffects m thc 
alternative site: at the top orReaeh 4. with and wi thout diversions: and 
lit thc critical habi tat. with and without divmions. Tables 8.B.3 
through 8.B.6 sho"' the reductions to target flow shonages at the 
critical habitat for a 10,000 ac·ft reservoir and a 30.000 ac·A. reservoir. 
The average annual n..-ductions to target flow shonages with 
downstream diversion losses and without downstream diversion losS\:'S 
for a 10.000 ac·ft reservoir are 405 ae·ft and 1.406 ae-ft. respectively. 
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The average annual reductions to Illrget flow shortages with 
downstream divcrsion losses and without downstream divcrsion lo~ses 
for a 30.000 ac-fl reservoir are 695 ac-ft and 2.395 ac-ft. respectively. 
Different relea'lC schedules were analy£ed to dett:nnine whether the 
reductions to target flow shonages could be increased. Consolidating 
releases to fewer months each year increased reductions, howl.'Vcr, nO! 
significantly. 

Cost 

Using the FEIS cost for a 66.000 ac-ft reservoir, updated to 1998 
dollars, as a reference puinl. a 10,000 ac-ft Deer Creck Resl.'TVoir 
might be CXpt:cted to cost between S10 and SIS million. Similarly. n 
30.000 ac-ft reservoir might cost between S40 and S50 million. Costs 
associated with the dam foundation, and permitting and legal fl.'t."S .... ·l'TI: 
not assumed 10 decrease linearly with reductions in the res~'TVoir sileo 

The cost per ac-It oflllrget flow reductions at thc critical habitat for 8 
10,000 ac-ft reservoir would be approximately S30.860 assuming 
releases cannot be protected from downstream divt-rsions and S9.000 
assuming divcrsions can bc protected from downstream di\'crsions. 
The cost per ac-ft oflarget flow reductions allhe critical habu8t for a 
30.000 ac-ft reservoir would be approximately S64,750 assuming 
releases cannot be protected from downstream diversions and S 18,790 
assuming diwrsions can be protected from downstream diversions. 
The cost per ac-ft ormrge! flow reductions exceeds the economic 
seret:ning criteria upper limits: therefore. this alternative has been 
deferred from funht'T evaluation atlhis time. As such, the associated 
issues for Dl.'CT Creck Rl"St.'TVoir have n01 been addressed. 

Horse Creek Re-Regulating Reservoir (Constructing New 
Equalizing Reservoirs) 

The Horse Creek Re·Regulating Reservoir is proposed for construction 
on Horse Creek near the Wyoming-Nebraska state line in Gosh~'11 
County. Wyoming. The purpose of the reservoir is 10 store and re· 
regulate excess flows (operational waste) and storm flows originating 
from the Fort Laramie CanaL 

The canal began operating in 1925 after it was completed by the 
USSR. It originates al Whalen Dam and continues in a southeasterly 
direction through Goshen County before leaving Wyoming at a puint 
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approximately 7 miles south of Lyman. Ncbntska. Goshen IrriWltion 
District (GID) spills wat ..... into Horse Creek to be subscqLK:lltly 
divcncd into the South Horse Creek Lat~TD.1 and the Lawrence Canal. 
WateT in excess of thes.: dtm(lnds (waste) is convey~'(lto the North 
Platte RIVeT via 1~0TS(! Cn'Ck. The re-regulating reservoir would store 
this waste during the irriganon season for later release when shortages 
occur at the critical habitat . 

In 1986. HDR [nfmstrueture. Inc. studied the feasibility of a rcscrvlllr 
to rc-rqlulale the opc:Tlltlorull waste of the GID (Horse Cn..:k ReservOir 
Level II Study, Final R~"JlOrt, Novl,:mber 1986). Lidstone &: Andt'f50n, 
Inc. (LA) oondL>Cloo a more detailed Investigation in 1993 that resulted 
in tho: recommendation of 5C"eral smaller reservoir altcman,'cs 
(Goshen lnigation District HoTS(! Crl.'Ck Re-Regulating Reservoir 
Level II Study. Dccl.mOcr 1993). While the alternativcs n'COmmcndcd 
in the LA report were large enough 10 re-regulate waSle on a shon-ICITll 
basis.. none provided the stOfllge necessary to mitigate 110\10 shortages 
3tthe critical habiLDt. Of those alternatives n::commended In the HDR 
report. the UpJX-T Bureau Dam site provided the greatest amount of 
stOT1lge for the lowcst COSt: conscqul'lltly, the 11.000 ac·ft Upper 
Bureau Dam Site was sekctcd for evaluation in this study. 

Yield 

To evaluate the potential yield of the re-regulating reservoir, the study 
learn developed 8 simplified reservoir Opc:Tlllions model. The 
assumptKHls. methods.. and dala sourees for !he model are ~tcd 
below_ 

• The reservoir WP$ assumed to be empty al Ihe beginning orthe 
study period. 

• Monthly wasle quantities for tlte l. ... 'llluation pl."od Vll'TC 

obtained from the ]tOR and LA rcpoIU. These data represent 
water that would have been conveyed 10 the Nonh Platle RI,'er 
after downstream diversions have been satisfied. 

• During months of excess 1I0~ at tIK: critical habitat. the waste 
Wltli stored in the resermir. 

• Stored water was rekasOO only during months or shortage. 111e 
volume released WPS equal to the lesser orthe total Stored 

... " 



volume or the shonagc at thc critical habitat In most cases, the 
shonage 8tthe critical habi tat greatly ClIcct.xkd the tOlal stored 
volume. Therefore. the reservoir typically cmpti<.-s in the first 
momh that a shonagc {)(X:urs at thc critical habitat. 

• Evaporative losses were compuwd using mean monthly 
evaporation data presented in the HDR fI:pon and the WOlcr 
surface area extraet~-d from the HDR stage-area curve. 

Table 8.6.7 shows the local net hydrologic effects of the Horse Creek 
Rc-Regulating R~-scrvoir al lern3livc through the 20-ycar study pt.Tiod. 
Negative values indicate months when "'liter J:,'OCS into storage; 
positive valuc:s indicatc months when water is released. 

Annual impacts approximately 5 mik-s cast of the Wyoming-Nebraska 
State line. where Horse Creek joins the Nonh Plalte Rivl. ..... range from 
a reduction in flows of 5,238 ae-Il to a gain in flow of 11.000 ae-ft. 
The annual effects of the re-regulating rt:ser\"oir are highly sensitive to 
the time that waste water is stored in relation to when it is fcJeas~-d. 

Momhly diversions to storage (now reductions) and releases (flo"' 
additions) from Horse Creek Rc-Rcgulating Reservoir were routed 
downstream using the water budgt1 spreadshct.1. Two muting scenarios 
were evalullted. The first scenario assumes additional flows can be 
pro1L'cted from dO"'nSlream diversions. in which case. additional flows 
arc not reduc~'tl hy diversions. 

The second scenario assomc:s additional flows cannot be protected 
from downstream divCTlers. in which ease. additional flows arc 
reduced by diversions. 

Table 8.8.37 in Section S summarizes the aVCTage annual \'alul.'S for 
net hydrologic effects at the a1iemative site; at the lOp of Reach 12. 
with and wi thout diversions; and at the critical hahitat. with and 
without divL"I"Sions. Tables 8.B.8 and 8.6.9 show the reductions to 
target flow shortages at the critical habitat for Horse Creck Re­
Regulating Reservoir. The average annual reductions to target flow 
shortages with downstream diversion losses were estimated to be 
1.1 !2 ac-ft. The aVCfage annual reductions to target flow shortas~'S 
without downstream diversion losses w~ .... e estimated 10 be 1.699 ac-ft. 
R~-duetions in critical habitat target nows shortages arc limited 
primarily to the month ofOclOhcr given the assumed operations 
criteria. 
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The study team also e''lIlualC:d an ahemltive ra;crvOIT opcrallons 
scenario In which wlISte was siored In every month of thc Imgat;on 
season. cven in months when shortages occur 811hc cn t;cal habitat 
This sc('~lIlrio increases reductions to tDrgC1 flow shOl1ages in the 
winter months at the cxp..'I\SC of the reductions to target flo" shortages 
in the $Ummer months. The avcrngc annual reductions to U1Q,'CI flo" 
shonab'CS for this scenario wen: estimated to be 1.997 ae-fl with 
downstream di"ersion losses WId 3.814 ac-ft without downstream 
diversion losses. Tables showing n~'\ hydrologic effects and reductions 
10 targC1 flow shortages for this set:nario an: provided in AppendIX F. 

Thc 1986 IIDR rt:port estimated the cost to constlUetthis reservoir to 
be 512.7 million. Adjustin!; this value for inflation. the estimated cost 
becomes 517.5 million in 1998 dollars. The COSI per IC-ft at the cril lcal 
habilat with downstream divcr:sions is approximately S15, 740 for lhe 
lil1it opennioos scenario and S8.760 for the second opcr~lions scenano. 
The cost per a.c- ft al the critical habi tat without downstream di> CTSlOns 
is approximately 5 I 0.300 for thc first opl.:11ltioru; scenario and S4.59O 
for the St.'C6nd opcrall0ns scenario. Th.c cost pt.T ae-ft of tllCb'Ct flo" 
reductions exceeds the economic screening critcria upper hmlls; 
therefore. thIS ahlTnah\'e has hem def~-rred from further ~""alU3llon at 
this lime. As such. the associaled issues for Horse Creel.: Rc­
Rc!;ulatiny R~'Sl'rvoir have not hI:cn addressed. 

Semjnoe Reservojr (Enlarge Extsbng Reservoors) 

ScmlllOC: Reservoir (Scmlnoe) is a reservoir of the USI3R's Kcndnel.: 
Project. whIch stores North Plane River water for irrigation and POWtT 
gcncnltion. &:minoc has a total storage capacity of 1.017,300 ac-ft and 
is located on the North Platte RiVet" about 72 miles southwest of 
Casper. The a,'erage annual inflow;s approximately 1.070.000 ac-ft 
and the averagc annual pool is 500.000 DC-ft with about 13.000 surface 
aercs (U.S. Anny Corps of Engineers. September 1987). 

NumC1l)US studies ha,'e been prepared on Seminoc Dam modifications. 
In October 1991. USSR completed an appraisal Ie-.el Slooy that 
analyzed the additional yield associated with raising thc dam height . 
The study c."aluated two incrca'>e:5 in dam heIght: 18 fl..: t Dnd 35 fect. 
The study concluded that r~ising the dam 18 feet from elevIIlion 6357 



to 6375 f~...:t would increase the rL-s~TVoir slorage capacity by 4 15.000 
ae-ft at an estimated cost ofS38.15 million. USBR anaIYI.~-d the new 
elevation with and without Deer Crt...:k Dam and R~"SCrvoir bL~ng in 
place to detCTTTline the firm annual yield for municipal and industrial 
usc. The finn annual yield without DCCT Cn.....:k Dam and R~"SCrvoir was 
cstimated to be 7.300 ae-ft. Raising the dam 35 fect would result in 
additional reservoir storage capaci ty of909.000 ac-It at an estimated 
cost of562.5 million. The cost of raising the dam 35 fL-et e~CCL-.:Is the 
economic screening erit ... Tia of550 million. therefore. that alt~111ative 
has hI..'Cn deferred from further evaluation at this time. However. 
enlarging Seminoe Reservoi r by 18 fCC! is within the Project budget 
and may provide an opportuni ty to establish an environmental account. 
An t'11vironmental account in Seminoe Reservoi r could provide an 
opportunity to rc-regulate flows in the North Plaue River. 

An additional opportunity to enlarge the slOrage capacity ofScminoc 
Reservoir may be the reactivation of storage space 105tto 
sedimentation. Howcver. USBR has not recently studied reactivation 
of storage space 105tto sedimentation at Seminoc Reservoi r nor are 
any such studies anticipated HI this time_ A report titled A History of 
the Scminoc Reservoir Resurvey. Kendrick Project. Wyoming. daK-d 
NO\'embc'r 1975. concluded. "the sediment accumulation in Seminoe 
Reservoir was not detCTTTlincd because of the ilTeconcilability of the 
1972 survey d3!3 wi th previous surveys'-· This al\t'mative has heen 
deferred from further evaluation 31 this time due to lack of data 
regarding eum.'11t sediment build-Up in Seminoe Res(.'rvoir and the 
significant costs that would be associated with dredging the n..-servoir. 
The only ahcmative that has been evaluated for Scminoc Reservoir is 
raising the dam height 18 feet. 

Yield 

USBR evaluated enlarging Scminoc Reservoir in the context of 
meeting municipal and industrial demands. in which case. the 
L'Stimaled annual yield of7.300 ae-ft is the firm yield as opposed to the 
average yield, To estimate aVCTage yield of a Seminoc Reservoir 
enlargement the study team completed a simple resCTvoir opcnltion 
study based on historical conditions for 1975-1983. 

To analYl.e the enlarg~-m~T1t ofSeminoe Rt'st:rvoir. the USBR obtained 
a copy of the State of Wyoming's North Plane RivCT Simulation 



Model (NPRSM) nnd modified Ihe model 10 simulule oprollion oflhe 
enlarged Seminoc R~'S~'TVoir. The difference in Ihe Clld-of-monlh 
conll"lll5 allhe eurrenl siorage capacity and the l"lllargl'd capacily and 
Ihe monthly municipal and indllStrial demands arc provided In USSR '$ 

study. The study team estimated monlhly evaponmon and dlVl'TSions 
from 5tOrage from average monthly municipal releases and lw-of­
month SIOTlIgc conlcnls.. The period of record for USSR's Semllloe 
Reservoir enlargemenl evallliUion atcnded from 1951 through 1983, 
This tlrn(' span included the critical period June 1952 through June 
1971. dunng which 00 waleT was stored In the enlllll:cd stor"ge 
lICOOunl. 1be study period used for USBR's analy.sis had 10 be 
e~tcnded to 1994 to COVeT the siudy pc:nod for thi s project. Due 10 
several below average Seminoc Reservoir innow years in Ihis period. il 
was assumed no accruals 10 Ihe enlarged space occum.'d from 1984 
through 1994, There may have becri an ahility to divert water 10 
storage In 1984 because that was a wet year; ho"'evlT the laiC 1980's 
and carly 1990's Wl'Tl: fairly dry years. in which case. stonlge m a 
Scmmoc Reservoir enlDlllemcnl would have been highly unlikely. 

Other BS5wnptions usaito cvaluate the TeSCl'Voir ate described below. 

• Thc reservoir was assumed 10 be emply allhe beginmng orille 
study penod, 

• WattT was divened to storage only during months of excess 
nows atthc CI1tical habitat. 

• Releases were made only dunng months oftnrgct now 
shonagcs at the critical habilat. 

• Monthly evaporation was based on estimates or monthly 
evaporation for different capacities determined in the USBR 
study. 

Table 8.B. 10 shows the local net hydrologic effects or the Scmiooc 
enlargement altcmah\'c through the 20-ycar sumy period, Negalive 
values indicatc months when watCl" goes inlo sIonlge; po5n;"e values 
Indicate months when water is released. 

Scminoe Reser"oir is located apprO)l:imately in the middle ofRc:ach 2, 
Monlhly diversions to storagc (now reductions) and releases (l1ow 
addlilons) from Serninoe Reservoir were TOuted downstream using the 
water budget spreudsheet. Two routing scenarios wen:: l'Valuated. The 
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first scenario pssumcs additional flows can be protectl-d from 
downstream diversions. in which case. additional flows arc not 
reduced by downstream dh·l"TSions. The scrond scenano assumes 
additional flows cannot be protected from downstream din'TtCfS. in 
whIch case. addll10nal flows an: reduced by downstream diVl-n;lons. 

Tablc 8.B.37 10 Section 5 summarizes the averagc annual values for 
net hydrologIC effects at the: alternath'e sIte: 81 the topofReach 3, with 
WId WIthout dl\crsions: and althe critl1:al habitat, wllh and WIthout 
dh·ersiOJU. Tables 8.B.] \ and 8.B.I 1 show thc reductions 10 target 
flow shortages at the: cntical habitat. The 8verage annual redUCl10ns 10 
large! flow shortages wilh and without downslream diversioo losses 
are 968 ac·ft and 3,31 4 ae-ft, respectively. 

Thc estimated oost for raising the dam an addi tional 18 fl'Ct was 
538.15 million in ]99\. This oost was updOted to a 1998 OOS\ of 
approximately 546.7 million. The COSI Ill'" ac·ft ofa\'erage annual 
target floI" redUdl0n5 8tlhe critical hab118t with downstream dl\'CTliion 
losses and wltl'lout downstream diversion losses IS approximately 
548.240 and $14.090, respectively. The cost per ltC·ft of target flow 
reductions exceed thc economic SCfCCIling critcna upper lim11S. 
then::fore. thIS alternative has been deferred from further evalual10n 8t 
this lime. As such. the associall:d issues for enlarging Sal11noc 
ReservOIr havc nOI been addressed. 

Guernsey Reservoir: Reactjyate Storage lost 19 SedimentatIon 

The USBR ~'Ompleled Guernsey Reservoir in ]927, Before the 
reservoir was built. sediment from the basin below Pathfinder 
ReservOIr WIL5 oonve)-ed dowru;trcam as wcl] as into the canals of the 
North Plaue Project. Between the time the dam was completed (1927) 
and 1957. an tshmatoo 29.000 ae·ft ofsahment had accumulated 
WIthin .15 pool. thereby reducing the reserVOIr stOl1lge from 73.810 lie' 

ft to 44.&00 lIC·ft. 

The reservoir poollevcl is lowered annually to facilitate the: silt run. 
The sill run was tnitialed in 1959 to mitigate impaclS to the: Fort 
I...aramie and Interstate Cannls. Sooimcnt·frce discharijc reponooly 
caused bank L"I'Osion and increased SCI.'Page losses as previoosly 
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deposiled S<diment was remo\oo from the banks and canal (U.S. 
Bureau of Reclamation (USBR). 1983). Flushing of5cdlmalls has 
been shown 10 have reduced seepage losses by approximately 30 Ile-ft 
p<.T mile per year (USBR, 1963). This trnMllltes to appmxim:uely 
10.000 ac-ft Of WIlICf conscrved within the Fon Laramie and Int~T!itate 
Canals (l.ldstone & And~non. Inc., 19930), 

Opi..-mtion of the silt run. increased reservoir $Iornge 812 ae-n during 
Ihe p<.Tiod from 1957 when the silt run staned, through 1982 (Lidstooe 
& Anderson, Inc .. 1993a), This 1l.'"Jl«.'"SCTlIS an average of approximately 
32.5 ac·ft of storage capacity reactivated per year. ElItrapolaling 10 
1999, an additional 550 ac-ft of5cdiment may ha~ been n:mO\oo. 
lcavmg over 27,000 ac-ft of stonge that cou ld be reachvated for usc in 
an l'rwironm~'l1lal accounlto mitigate target flow shortages at the 
critical habilat. 

Reactivat ion ofthis storage \'olume. or a portion of iI, would reqlure 
eilher dredging. raising GUlTllsey Dam. or eXC!l.valmg using 
conn'1llional truck and shovel. The first two melhods were deferred 
during thc !ICOping proc~'Ss of this invcshgalion. Dam modi ficalion 
alternatives WlTe evaluated only iffeasibili ty studies had been 
completed, IlJld none has been execuled for Guernsey ReseT"\"()ir. 

Guernsey Reservoir operations otTer a relat"'ely unique oppor1uflIty to 
reactivale storage usmg dryland truck and shovel eXCil\'Htion mcthods. 
Because the resen'OIr pool is annually 10ll'lTCd 10 facilnale the 
sedlmenl flushi ng.. con\'cntional dryland excavation techniques could 
conceivably be used 10 n'Tl1O\'e accumulat~'d sediments, the.-cby 
reaclivating lost storage capacity. 

The cost of implementing this alternative would include the costs of 
exca\"atinK S<dimcnl accumulated in the res~TVoir. transporting and 
disposing of materials, both engineering and CIlvironmental analysis. 
and compensating third parties for project Impacts. Based on 
earthwork co~ts of approx imately S5"eublc yard. and assuming 
reactivotion of 5,000 ae-fl. of storage (8.06 million cubic yards). the 
cost to c.,eavatc and trunspon Ihe sediment is likely to excl'Cd 540 
million. Sediment disposal and environmental costs would n:pn:scnt 
additIonal costs. Conscqucntly. a conSCl'l."8tively loll cost to rcact,,'ale 
5,000 ac-fl. of storage becomes 58,000 per ac-ft I:\Cfl in a best case 



, 

scenario where the 5,000 ac-ft of capaci ty yields 5,000 ae-ft of water in 
storage. 

This alternative has Ix:c o dcfcm:d from further evaluation al this lime 
because il fails \0 rnce1 the economic screening criteria. As such. the 
associated issues for reacti v31ing storage 10S\ 10 scdimt'nlalion in 
Guernsey ResCI'voi r have not lx:cn addressed. 

Region 2 

Constructing New Storage Facirties on the South Platte River 
(incli.>ding lining Gravel Pits) 

Various water storage projccts on the South Plalte have be<:n identified 
\0 maximize usc o[water resource Sysl~'1l1S and return flows in 1h", 
10"'cr South Plalte River basin. The study learn rc1kd on existing 
studies and conversations with the Northt'm Color~do Walt,­
Conservancy District. the Colorado Water Conservation Board. and the 
Colorado Slale Engin<,."\.'r·s Office to evaluate 510ragc alternatives to 
mce! targC1 flow shonag(.'S at the critical habitat. The study rca~hes on 
the Soulh PlaUe downstream of the Cache la Poudre (.'Onflucncc are 
ussumed to have the potential for a new ofT-channel sitc. The potemial 
of n(.'w stonlge units on the mainst~"fTl of the South Plauc to rl.-du~e 
targct flow shortagl.'S at the critical habitat WL'l"C invcstigated in a 
g~"fleral manner and analyzed as described belo"'. 

• Three storage alternatives were analy.loo. 

• Capacities of I 0.000 ac-ft and 50.000 ac-ft were investigated in 
Reachl.'S 8 and 9. A storage site at the bouom of Reach 9 was 
also analYled as the most downstream locatiun in the State of 
Colorado. These two capacities are assumed to bracket all 
potential new reservoir al ternatives ""ithin thesc reaches. 

• Gravel pits in Region 2 are concentrated in the uppo::r reaches of 
the region. To n:presem lining of gravel pits/new storage. a 
design capacity of a n~",,' 10,000 ac-ft TI.'SCTvoir with zero 
SCL']l3ge was analYlL-d in Reaches 8 and 9. 



• It is assumed that monthly excess flows in each reach aoon: 
compact rcqulI"CInents plus recharge all: available to stOll: under 
a CUlTent priority. 

• Reservoir storage was operated \0 fill to mallimum capacity 
wilh a'-ailablc supply. Excess capacity in existing canals is 
assumed to be 8\'ailable for Program usc. Capacity problems 
that may exist could be O\'CI'C()me by enlarging e~isting canals, 
Coordination of canal opcmtions with existing owncn may 
l'I..'tJuire financ.al compensation or shares of reservoir yield from 
Program operatiOlu. 

Yield 

To evaluate the yield of new storage alternatives in Rcach~'S 8 (Kersey 
to Balzac) and 9 (Balzac 10 Julesburg). the study tcam de,'eloped a 
simplifil'ti reservoir opt-rations model. The following operatmg rules 
and assumptions wen: used in the analysis. 

• Stomble flow wus determined as flow in excess of 180 cfs at 
the Nebraska·Colonldo state line in months when flow at the 
CrItical habitat e~ettded the target flow. Accordmg to the 
Division I Water Resources Office. Compacl obligations as 
well as in·statl: waler rights an; typically SIltisfied wh~-n State 
line flows arc 180 cfs or greater. State line flows Wl'TC adjusted 
to account for the depletions/additions 10 historic Julesburg 
gage flows from Colorado's proposed Tamarack Plan. 

• The resCI'voir was asswncd to be empty at the bq.';nning of the 
study period. 

• The rcs~'T"\'()ir was oPf."nItcd to fill to maximum capacity With 
Ivailable supply during months of c~ccss flows at the critical 
habuat. Basc:d on historical dl\'cr5'oos for stOr3I.'C on the South 
Plalle. l'C$Cf\'olr storage was possible throughout the wInter. 

• Monthly e\"apoTlltion amounts for new stomge facilities were 
based on the previous month's capaci ty and appropriate 
monthly evaporatloo rates.. A simple area-capacuy relauooshlp 
based on an Ivcrage resCI'vOIr depth of 40 fC\.1 ,,'as used. 



I 

• Releases from the TCSt'n'oir were made duri~g months oftargc! 
flow shonagL"S at the critical habitat. 

• A scL'}lagc rate of8 p<..'TCCI11 of monthly storage volume wos 

developed in tile Riverside Water Study (W.W.Whccler and 
Associates, 1979) for an off-channel reservoir. This rale of 
SL"t."jXlgC WIIS used for aU reservoir alternatives c)';ccpl the Jin; ng 
of gmvcl pits. Set:pagc water was returned 10 the river haSlxi on 
a generic Stream Depletion Factor (SOF) of I 00 days. based on 
SOl' factors listed for reservoirs in existing studies. Return 
flows were roult-d back \0 the river using the SOF model SOl' 
Vicw. 

For the storage altL'fTlativcs analY/k>d in Reaches 8 and 9. the reduction 
to [orgel flow shonllgcs improves as tht: TLoscrvoirs an:: sited closer \0 
Ihe Colorado-Nebraska stale line. Duc to the large number of scenarios 
that were (lvaloawd, the local nCl hydrologic clTcrts through the 
20-ycar study period arc presented in Tables 8.6.13 and 8.8,14 for a 
10.000 ac-ft reservoir and 50.000 ac-ft rcs~"T\'oir. rcspcctivdy.located 
at the bottom of Reach 9. Negative valu!.."!; indicate months when water 
goes into storage: positive values indicate months when wat~,. is 
released. Tables showing monthly net hydrologic elT~'Cts for the other 
reservoir projcrts are provided in Appendix F. 

Monthly divCT'1lions to storage (flow reductions) and releascs and 
seepage returns (flow additions) from reservoir alternatives were 
TOuted downstream using the water budget spreadsheet. Two routing 
scenarios were evaluated, The first scenario assumes additional flows 
can be protected /Tom downstream diversions. in which case. 
additional flows arc not reduced by diversions. The second st'Cnariu 
assumes additional flows cannot be prot<..'Cted from downstream 
di"enCT'1l. in which easc. additional flolVs arc reduced by diversions. 

Table 8.8.37 in Section 5 summari7.e5 the 8vcntge annual valucs for 
net hydrologic elTects at each allLTnative sile: at the top of the 
downstream reach. with and without diversions: and ot the critical 
habitat. with and without diversions for the storage units analyzed. 
Again. due to the large numbL" of scenarios that were evaluated. the 
reductions 10 target flow shonagcs ot the critical habitat. with and 
without divCT'1lions, arc prCs<''11ted in Tables 8.B.15 through 8.B.18 for a 
10.000 ac-ft reservoir and a 50.000 aCoft reservoir located at the 
bottom of Reach 9. Tables showing monthly net reductions to targC1 
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flow shonages for the other reservoir projects arc provided in 
Appendi~ F, 

The average annual reductions 10 tllrgel flow shonages with and 
without downstream dh'ersion losses for a 10.000 ac-ft reser .... oir at the 
boUom of Reach 9 arc 5.189 ac·ft and 9,745 ac-ft. respe<:tivcly. The 
avcruge annual reductions to target flow shonages with and Without 

downstream divCI"Sion for a 50.000 ac-Il reservoir at the bottom of 
Reach Q are 15.323 at-ft and 29.714 ac·ft. respectively. 

The primary direct costs orne'" stOl'llge facilities in Region 2 are 
associated with land acquisition. C}:cavalion and sile development. 
dam C(lnstruclion. dcli\'ery fees for usc of existing canals. and annual 
operations and maintenance OOSIS. Project COSts will vary based on 
site-specific conditions. The cost estimates pnJvided herein can be 
refined based on sile-specific feasibility studies and communication 
wuh canal owners. 

Building project costs ofS800/ac-fl were adopted based on existing 
studies (Tuttle Applegate. Inc .. 1998; Scar-BroWll Group. 1997). The 
oost estimate for rvc lining of smaller storage units is based on a 
SO.25/sq. ft. estimate from the 1993 Wah."T Utilizatioo Study for the 
Suth~"Tland Project (Ihrza Engineering Co.). updated 10 a 1998 cost of 
SO.28/sq. ft. The additional ooslS associated wilh installing and 
operating pumps to delivct water from lined gravel pits is nOI ineluded 
in the lining of new siorage reservoirs analyzed. The present value of 
annual operations and maintenance COSts-' are SCt equal to 5°'0 of to tal 
capital oosts. 

Delivery fees in the Lower Soulh Platte River region vary but can run 
as high as $5 per ae-ft. For this analysis it was assumed the proj~"C1 
would pay a delivery fee ofS5 per ac-ft delivered. Annual operations 
and maintenance costS and delivery fees have been wnonized over 20 
years al a di~oounl rate of6 percent. 

There are several large sand dilIlls loc:u~-d in Ihe Lower Soulh Plat\l' 
River region in Colorado that would need to be replaced in order for 
additional water generated from reservoir alternatives to be protected 
downstream to the critical habitat. Based on input from the Division I 
Water Resources Office. approximately half oflhese would need 10 be 
modified to be able to pass water downstream. The Division I Water .. '" 
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Resources Office also indIcated Ihallhc 'vemge 0051 for replacing !Ill 
elIisling sand dam is S300,00I), If addillOlUlI Walt,- is \0 be protected 
from diversions \0 the Colorudo-Ncbraska SlalC line. an additional 
$6.000,000 and S3.600,000 would oct.x! In be added 10 the OOS\ of all 
n:scrvoir projects in the middle ofRcachc:s 8 and 9. respectively. 

If sand dams are ID()(hficd to bypass flollo'S. then more than one 
altcmauve could be located above the sand dams without Incurring the: 
additional cosl ofsarKI dam replacement. The saIKI dams would only 
be modified once, therefore. the total OOS\ \0 replace these dams would 
be incurred by all proJccts implemented In Colorado undcr lhe 
Program. as opposed 10 each individual project. Therefore. the cost per 
ac·A for S(;('t1ar\os wIthout diversion losses could be lol'.'CI" in the 
Action Plan if more than one alternative is SCk"Cled in Region 1 thaI 
rcquin:s sand dam mooifications. 

Total project costs and costs per ac-ft oflargel flow reduction arc 
liIbulal~-d in Table 8.8,37 for an the structural and routmg scenarios 
included in thIS altcrnallvc. Rcprcscntall\'c project costs for a 10.000 
ae-ft rcs~TVoir in Region 2 " 'ould be approximately 58.'! milhon. 
Deli-cry fc~'S arc approximH1cly $68.500 pt'T year, Total costs for a 
10.000 ae-ft reservoir. with annual C()sts amonizl'ti ovcr tlK: 20-ycar 
study pt'Tlod at a discount rate of6 percent. would be approximately 
S9.2 million. Assuming additional water IS not protected from 
downstream diven>ions. tm: cost pL'T ac-ft oftargctl1ow reductions at 
the critical habitat for 10.000 ae-ft TCServoirs in the middle of Reaches 
8 and 9 would be 53.320 0I1d 52.000. rt::Spc<:tivcly. Assuming 
additional water is protected from downstream di'·CI'Sion~. the cost per 
ae-ft oflari,'Ct now reduellons ofSI.610 and SI.340 for thC':Se two 
storage units. For a 10.000 ac-ft reservoir 81 the bollom of Reach 9. the 
cost pt'T ae·ft oftargct flow reductions. with and without diversions. 
would bc $ 1.770 and S940. rcspcct;'·ely. 

RcprescI1tali\'c project costs for I lined 10.000 ae·ft I'CSC:I'\-'oir in 
Region 2 would bc appro~lmBtc1y $11.6 million. Dehl'CI)' fees arc 
approx1l11Otc]y 559.220 per year. TOIal COSIS for a lined 10.000 ac-ft 
reservoir. with annual costs amo11izl'ti over the 20-year study period at 
a discount rate of6 perccnt. would be approx imately S 12.3 million. 
Assuming additional watcr is not protected from downstream 
divcrsions. the cost per ac-fI of targe! flow reductions at the critical 
habitat for 10.000 ac-fllincd rt-servoirs in the middle of Reaches 8 and 
9 would be 54.240 and S2.580. rt'Spt'Clil'cly. Assuming additional 



walt'T is prolecled from downslream diversions. the cost pt:r ac-fl of 
targct flow reductions ofSI.910 and SI.640 for these two storage 
units. For a 10.000 ac-flli ned reservoi r at the bonom of Rcaeh 9. the 
cost per 3C-ft oflarget flow reductions. with and without dh~'TSions. 
would be 52.300 and SI.250. respectively. 

Representative project costs for a 50.000 He-Il reservoir in Region 2 
would be approximately 542 million. Delivery fees arc approximately 
5222.000 10 5230.000 per year. TOlal costs for a 50.000 ac·ft reservoir. 
wi th annual costs amortized over the 20-year study period at a discount 
rate of6 perCC11t. would be appro~imatc1y 544.6 million. Assuming 
additional wawr is not protected from downstream diversions. the cost 
per ae-ft oflargct flow reductions at the critical habitat for 50.000 ac-n 
reservoirs in the middle of Rcaches 8 and 9 would be S5.680 and 
$3.430. respt.'Ctively. Assuming additional waleI' is prOl ect~-d fn)m 
downstream div~-rsions. the cost per ac-ft oftargt1 flow reductions of 
S2.590 and S 1.700 for these two storage uni ts. For a 50.000 ac-ft 
reservoir at the bonom of Reach 9. the COSt pt.-r ac·n of tar gel flow 
reductions. with and without divt'TSions, would be 52.910 and $ 1.500. 
respeclively. 

Grey Mountain Reservoir (Constructing New Stora ge Facililles) 

The Cache 10 Poudre River is the largest tributary 10 the South Plattc 
River Basin in Colorado. In 1987.lhr£a Engineering. through the 
Colorado Watt'T Resources and Power Authori ty. evaluated seven 
alternative storagc plans for waWr supply and hy<.\roclectric power in 
the Cachc la Poudrc River basin (Hal7.ll Engint-cring Company. et al.. 
1987: 1990). Grey Mountain Reservoi r. the most favorable alternative 
identi fied in the original Basin Study. was further evaluated based on 
technical and economic perfonnance. as ",ell as probable 
environmental cffects and mitigation/enhancement opponunities 
( H ar~a Enginct-ring. Cacbc 130 Poudre Study E~tcnsion. 1990). 

The proposed Grey Mountain Reservoi r would be located on the Cache 
la Poudrc River. appro~imalely two miles below the conf1u~'Ilce with 
the North Fork Cache la Poudre River. Based on the Cache la Poudre 
Study Extension. the Grey Mountain project would consist of Grey 
Mountain Dam and Reservoir. spillway. outlet "'orks. conventional 
by<.\ropl)"'cr facil ities. access roads. and convcyance facilities to 
irrigation users. The proposed dH111 would be a concretc arch dam 
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approximately 1580 feet long and 4 15 feet high. 'I11is reservoir .... ·ould 
cavturc surplus water from the Cache la Poudrc Riv ..... during high 
runoff and tmnsbasin imports and would have an active stumge of 
approximately 185.000 ae-Il. 

Wi th respeo;t to this study. the study team assumed that only South 
Plalte storable flows were available for storage 10 Grey MountalO 
Reservoir. Opcrnhonal analyses carried out by Uydrosphc«: Resource 
Consultants (1999) showed that a 195.000 ac-ft Grey Mounta," 
Rcscr.·01r could yield 16.000 ac-ft/)T if (01)' nallve water IS ullhzcd for 
storage. 

The Caehe]a Poudre Study EJttension estimated a 1988 capital ",-ust for 
the Grey Mountain projcct.less the cost of hydropower facilities. of 
S 1 87 million. The COSt per ac-ft of yield from stonng only native flows 
is avproXlmatcly S15.300 hased on a 1998 projcct cost of 
approxImately S245 million. The total projcct cost and cost per ac--ft of 
largd flow rrouctions exceed the Cl.'(Inomic scrttTllog crit .. -na upper 
limits. Iberdon:. thIS alt"'1l\.ativc has been deferred from further 
evalualion III this lime. As such. Ill<.: assoclDted issues for Gn:y 
MountDIn Reservoir ha,'c oot been addn'Sscd . 

Julesburg Reservoir (Enlarge &isting Rese!'VOir$) 

The Julesburg lITigation District (Ihe District) owns and operates 
Julesburg Reservoir. an off-channel resCT\'oir filled by Harmony Ditch . 
.... ·hich diverts waler from the South Platte Ri'·~ ... ncar the town of 
" roctor. Colul'lldo. Located in Reach 9. approximately 2.5 miles north 
of the South ['Iune RiVer and southwest ofConorlwood CI\.·d. 
Julesburg Res ........ uir has an operating capacIty of approxImately 22.700 
ac-ft. 

Five earthen embankment dams an: constructed to create the reservoir. 
Seepage IS a recognized characteristic of Julesburg Rcscnuir. From 
the time constn>etion was completed. the dam lcaJ.ed consldcrnbly. 
resUltlO!; in failure of one orthe dams in 1910. StOOlb", restrict10ns 
ha"e been placed on Julesburg Reser .... oir by DalO Safety because or 
seepage concerns. Investigating alternatives 10 .. -nhance cum:nt supply 
and OVCTcOme storage restrictions on the rCSCf\·olr. the Julesburg 
Irrigation District developed a feasibil ity study for rehahilitBling the 
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cxisting cmbankm~'1It dams 10 store addi tional water (W.W. Wheeler. 
1998). 

The study learn relied on this feasibility study 10 evaluate the JXllcrnial 
of reservoir cnlargcmcnl allcmal;vcs 10 mitigate targcl flow shortages 
al the critical habitat. Four l.--nlargcm("'111 ahcmati I" .. 'S present ... "!! in the 
feasibility study produced a mnge of 5,300 ac-fllo 21.900 ac-ft of 
addi tional storage in Julesburg Reservoir. All four incorporated 
rehabilitation of existing dams ami construction of one ur more new 
dams to increase storage capacity. 

Yield 

To c"alUlllc the yield of an enlarged Julesburg Reservoir. the study 
learn developed a simplified fl.-"SCrvoir Op<':TlIlions model. The following 
opcr:!ling rules were used to analyze two L'111argcmcnt aitcmalivt.'S 
(5.300 ae-ft and 21.900 ae-Ill. 

• Storable flow was dc\('nninoo as flow in excess of 180 cfs at 
the Nebraska-Colorado Slale line. in mOlllhs whL-rl flow allhe 
crilical habilal e;<eL-e<led largel flow. According 10 Ihe Division 
I Wawr Resources Office. CompaCI obligalil)fls as well as in­
Slate water rights are l}'pieally salisfied whL"tl Siale linc tlows 
arc 180 cfs or greatCT. Siale line flows were adjusled 10 account 
for the dl.l'letionsladditions to historic Julesburg gage flows 
from Colorado's proPOSI.-d Tamarack Plan. 

• Thc enlarged storage volume was asSUnlL-d to be empty 31 the 
hcginning of the siudy pLTiod. 

• The increased reservoir storagc was Operaled under the one-fill 
criteria to fill the cnlarged capacity once per year with available 
supply during months of excess flows at the critical habitat. 

• Available ditch capaci ty was based on a lotal capacily of 350 
cfs less historical di\'ersions. Based on the historical record of 
divCl"Sions through the Hannony Cana1. TL'SCrvoir storage was 
possible throughout the wintCT. 

• Monthly evaporation amounts for ncw storage facilities were 
based on the previous month's capacity and appropriatc 



monthly ev~porntion mtes. A simple area'CIlpacity relationship 
based on a surfaee area of approximately 1,400 acn:s was used. 

• RelCII..~ from the reservoir were made during months o(large! 
flow shortllh>e> at the critical hablta!. 

• Seepage from the reservoir WllS estimated as 8 pm:cnt of 
storage volume peT ITlOIlth. Seepage watcr WII! mumed to the 
nvcr based ona Stream Depiction Factor (SDF) of75O days. 
extrapolated ITom available SDF mappmg from the M,ssoun 
Basm States Association Repon. Rdum flows We!"e routed 
back to the river using the SDF modcl SDF VICW. 

Tables 8.8.19 and 8.B.20 show the local nC! hydrologIC cffects of 
enlargements of 5,300 ae·f1 and 21.900 ac-ft. n:spectivcly. through the 
20-year study period. The average annual eff~'Ct is -516 ae·ft and 
-3.140 ae-ft for enlargCf11ents of 5.300 ac-fl. and 21.900 ae-ft. 
respectively. Negative values illdiCllIC months when watt.T goes mID 
sto!"alle; positive values indicate months whl"TI water is released. 

Releases from Julesburg Resrr."()ir are di~hargalmto the ~hghhnc 
Canal, The flow additions and reductions from this a]ternatl\/" were 
assumed 10 occur 20 miles above the Julesburg stream gage in Reach 
9. 

Monthly dlv~TSlOns to Siorage (flow reductions) and releases and 
seepage retums (flow additions) from the reservOIr enlarg~"TT1cnl 
alternatives WlTC TOuted downstream using the waler budget 
spreadsheet. Two routing scenarios were evaluutl'li. The first scCllano 
IISsumes additional flows can be prott!(:tcd from downstream 
diversions. in which casc. additional flows are not reduced b)' 
divenr.ions. The second SCCllario assumes additional flows cannot be 
protected from downstream divertcrs. in which case. addltionalllows 
arc reduced by diversions. 

The summ!lf)' table in Section 5 summarizes the a"erah'e annual values 
for net hydrologic effects at the allcmal.IVe s,te: at the lOp of Reach 10. 
with and WIthout diven.ions; and at the crilical habitat. With and 
without d,ven:ions. Tables 8.B.21 through 8.8.24 show the reductions 
10 target flow shonages at the critical habitat for. S.300 ac·ft 
enlargement and a 2!.900 ac·ft enlargement. The average annual 
reductions to target flow shonages with downstream diWl"lIion losses 
and without downstream diversion losses for a 5.300 ~c-ft enlargement 
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an: 1.956 &c-ft and 3557 IK:-ft. respectl\ely. The 3Icn11,'C annual 
rcductioos tQ target Ilow shortages WIth downslTCam di"I,:rsion losses 
and without downstream diversion losses for a 2].900 DC-ft 
cnlarS<."fllCnl arc 6.872 !!C·ft IUld 12.545 lie-It rcspccti,·cly. 

The direct OOS\ associated with this alternative is the COSt associated 
with excavation and sile dcvelopmt'11t. rehabilitationlrepuir of 
embankment dams, oUllc1 works and structures, and construction of 
county roads and bridges. Delivery fees for use of cxistmg canals may 
be IlCCI.:SSIIry to divert \\lltcr for ProgJarn purposes. 

The feasibi lity study estimates costs for the 5.300 ac·ft enlargement at 
approximately S 12.5 million in 1998 dollars. corresponding 10 
S2.37Slac-ft of additional SIOr1lgc. The cost estimate for the 21.900 IIC­
ft cnlar},'CRlCllI is approxmtately 523 million in 1998 dol1~ 
corresponding to Sl.048/ac-ft of additional storage. 

Delivery fl'CS in the Lower South Plane RII'I.T rel,<ion Vll!)' bUI can run 
as high as 55 per IIc-lt. For this IInalysis il was !lSSUml-d the project 
would pay II delivery fee of 55 per ad\ delivered. AnnUllI opc.'J'3.1ions 
and malnll'tlllflCe costs and delivery fLoes ha\'c been amonized mer 20 
years al a discounl nile of6 percenl. 

DelivCT)' COS1S for thc 5,300 ac-Il ~'1lllll'J>cmenl ,,'ould amount 10 
approxlmatcly 525.OOOIyr, Dclivl'f)' costs for thc 21.900 ac_n 
enlargl'1l1enl would amounl to approximalciy 595.00Jlyr, Total projlX't 
costs, inclodingannUllI costs amonized o\'er 20 years Dt a 6°,. discoont 
nilC. would be 512.8 m,lhon for the 5.300 ac-ft enlargc:ml'1l1 ahcmatl\c 
and 524,1 million for thc 21.900 ac·n cnlal'J>cmcnt altl-rnati,·c. 

The cost per ac-ft oftargct flow reductions atthc critical habitat for thc 
5.300 ac·ft cnlarl,'CITIl'flt would be approXlmalely S6540 assuming 
releases cannot be protccted &om downstream dil-crsions and 53.600 
assummg diversions can be protecled from downstream d,n:rsions, 
The oost per ac-ft of large 1 now reductions for the 5.300 ae·n 
enlarl!CtnI:nl exceeds Ihe economic $Crcc:ninll critl";a upper 1Imits and 
has bc:t.'1l defl-rTcd from further evaluation D1 this lime, 

1bc cost per ae-ft oflargct now reductions allhe crilical habilal for 11M: 
21.900 ae-fl cnlargen'cnl would be approximately S35 10 assummg 
releases cannot be protcctctl from downstfcum diversions and 51,920 
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assuming divtTSions can be protected from downstream diversions. 
The 005\ per nc-fl of target flow reductions for the 21,900 ac-ft 
C1llargemCllI wilh divc~ions c,;cceds the economic screening criteria 
uppt.,. limits and has been deferred from rurthtT evaluation al this limc. 
As such. the associated issues for only the 21.900 ac-ft cnlargcmt-nt 
without diVl.'TSions have be<:n addressed. 

Region 3 

Riverview #2 Reservoir (Constructing New Storage Facilities) 

The State of Nebraska initially evaluated storage nilt-mlllivcs in Ihe 
South Platle valley ncar Ihe Colorado-Nebraska state line in the latc 
1800'~ ror irrigation supply. Construction orthe J'crkins County Canal. 
sometimes known as the South Divide Canal, was started ncar Ovid. 
Colorado in anticilXllion OfWal<-T resources development along the 
divide betw<x'fl the Soulh Plat1e River and Republican Ri\"lT basins 
and was not completed. There is no evidcncc of the canal east of 
Julesburg. Use o f the Perkins County Canal for diversions from the 
South Platte River was revisited by the Twin Platte Naturnl Resources 
District in the early 1980·s for usc in a groundWater recharge projt"Ct. 
Application for a permit for the storage and release of water was 
turned down by the Nebr4SKa Depanment of Water Resourccs. as the 
plan did not follow the original aligomcnl in Nebraska of the Perkins 
County Canal. In October 1982 the USBR completed a subappraisal­
level OOSI cslimate for dams and main supply canals 10 divert and store 
South Platte RiVeT water. 

The study team relied on the reservoir infomlation from the South 
Platte Divide Project rt'j)Ort (USBR. 1982) and conver.;alions wilh 
Twin Platte Natural Resources District pt.'fS()nnel (1999) to evaluate 
the Riverview #2 (Riverview) Reservoir as a potential alternativc to 
reduce target flow shortaglos at the critical habitat. 

The dam anollY-Led for Ihis alternative would be a 70 feet high 
embankment wilh a top kngth of approximately 4400 fecI. The dam 
would be l()(;;)ted 4 miltos south of the city of Brule in Keilh County. 
Nebmska. Rivl'rvicw Rl.oscr\'oir would be si tuated on the south side of 
the Weslern Canal and would he used 10 capture Platte Ri\"t'r flows 
beyond Ihat rt-quired for main stem instream flows. Diversions would 

8-8-40 



be conveyed through thc Westcrn Canal and lifted approximately 10 
fect to fill KivCTVicw ReSt:Tvoir. 

The Ri"I:J'\'iew RCSI.'I"\'oir alternative analYl.ed for thi s study would 
M"C an aeu~ stOrllgc capacityof9.562 ae-ft, 

Yield 

To evaluate the yield ofRiveJview ResCIVoir. the study team 
developed a simplified resc .... :olr operatiom model . The: follo .... mg 
opennmg rules and assumplions were used m the analysis. 

• SlOmble nows were considered to be the amount available at 
Julesburg.. Colorado less Western Canal and Kony Canal 
diversions. which arc the only diversions In Reach 10 upstream 
of the connuence of the Nonh Platte and South Planc rivcrs. 

• The: rcst.'I"\'Oir was assumed to be empty at tbe begmning of the 
study period. 

• 'J"he reservoir " 'as operated to fill to maxImum capacity with 
,",ilable supply dunng winter month$ of exCCSli nows at the: 
cnhcal habnat, ",-ailable supply was conSidered to be !tmned 
by the a'-ailable canal capacity beyond hi~1oncal Western Canal 
diversions. 

• Watl.T was released from the reservoir during months of target 
now shonages at the critical habi tat. 

• Monthly eVllpollltion amounts for RiVt."rview RCSl..TVOir were 
based on the previous month·s capacity and appropriatc 
monthly C\'aporation rates. A SImple area-capacny relationship 
based on a surface area ofllpproxlmate1y 391 acres was used, 

Scepa~,'e from the reservoir was estimated as 8 percent of the: stontlle 
volume per month. Seepage watcr was rclumed to the ",'cr m!he same 
month for this on·canaI reser-,·01r. 

Table 8.B.25 shows the local net hydrologic effects orllle Ri"I:J'\;ew 
Reservoir alternative. through the 2().year study pt.T1od. The average 
annual effect of Riverview Reservoir is -4.221 ae·ft. Negative valul.'S 
lOdieale months when water goes inlo storage: poSItive values indicate 
months when water is released . ... , 
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Riverview RCl'ervoir is located south orthe Wcstern Canal in Reach 
10. The flow additions and reductions from this alt~'TI1at ivc were 
assumed to occur 20 miles below the Julesburg gage. Monthly 
div~TSions to storage (flow reductions) and releases and seepage 
n.1ums (flow addl!ions) were routoo downslTcam usmg the water 
budget spreadsheet. Two rouung scenarios were evalunhxl.. The first 
scc:nario assumes additlOTla.i 110ws can be protected from downstmun 
d,,·crsions. in whICh case. a&htional flows are not reduced by 
di\·Cf'Sloos. The seoond so::cnario assumcs addllional 11000·s cannot be 
prota:ted from downslTeam diveners. m whIch case. addItional 110ws 
are reduced by dh·ersions. 

Table 8.B.37 in Secllon 5 summari7J:S the average annual values for 
net hydrologic effects at the alternative site: at the lOp of Reach 15. 
with and without divCl'Sions: IIJId at the critical habitat. with and 
without div~TSions. Tables 8.8.26 and 8.8.27 show the reductions to 
target flow sh.onages Bt the critical habitat. The average ~nnual 
reduction 10 target flow shortages with downstream diversion losses is 
5.800 ac·ft. The average annual reduction 10 target flow sbonaJ,>eS 
withou! downstream diversion losses is 11.821 ac· ll. 

The primlllY d,rect costS of this altemallve arc associated WIth land 
acquiSItion. CJ!CII\'Dtion IlIld site development. construction of the 
Rl\'ervk'W Dam. lift station and pipeline. rehabili tation of the Western 
Canal hClidgale, delivery fees for use of tile Western Canal. nnd annual 
pumping and operntions and maintenance costs . The initinl estimate 
for this alt.:rnativc was d(.."Vclopcd from the USBR South Cnnal Divide 
Project report. 

A construction cost estimate ofS1S.S million !Tom the 1982 USSR 
report of the dam was updated 10 a 1998 coS! ofS24 million. A pump 
suuion capallie ofdclivmng 160 cfs would cost approxImately SS.5 
milllon. Rchabihtalion of the hc:adgate to mabie year-round diveTSions 
would cost approXImately SJOO.OOO. 

DeJi\<ny fees in !he l..owC!" Soulh Plane RJ'"cr region vary bUI can lUn 
as high as SS per Ie-ft . For this lInDlysis il was assumed the project 
would pay a delivery fet: ofSS per ac-fI deli\'ered. AnnUlI! opcrBlions 
and maintenance OOSts and delivcry fees have been anlol1izoo over 20 
yean at a discount rate of6 percent. 
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The inihal estim.:lle for this alternative. including CTlgmcenng and 
contin.,-eney costs. is approximately 534.1 mill ion. The cost per ac-R of 
target flnw reductIOns at the critical habitat would be approximately 
52.880 assuming releasl"S can be prol~-cted from downstream 
divl'l'Sions. The cost pt.T ac-R of tar.,'1.:\ floll reductions at the critical 
habitat lI'ould be approxim~lely 55,880 assuming releases eanl>Ol be 
protected from downstream dh·et"Sions. Accordingly, the asSOC;9ted 
issucs for only the scenario when: releases can be protected from 
downstream d" 'ersions hllve been addressed. 

Plum Creek Basin Reservoirs (Constructing New Storage 
Facililies) 

The State of Nebmska iniliall y evaluated a res~T\'oir Sile on lhe 
mainsK'm of Plum C,,:d: in lhe 1930's before Keystone Dam (now 
koown as Kin1;Sley Dam) was construc1cd on the North Plaue Ri,·er, 
the f'CS(.'I'V(lir was 10 provide a rehable irrigatIon and hydropo"'er wal~T 
supply. In May 1989 USBR completed a Planning RcportIDroft 
Environmenud StaICTlWJl\ for a stomgc "mil on Plum Creek with 
associated recharge facililies in the Prairie B~"lId area 10 maintain 
species habllal. ",-charge ground waler. and augment wildlife habitat 

TI1C proposed Plum Creel Reservoir would be localed 011 Plum Creel. 
a righl bank tributary of the Platte Rh'eT n~'1Ir the lown ofSmllhfield. 
Nebraska. The Plum C,,:ck project would consist of Plum Creek Dam 
and R~"f\oir, spillway, oulkl worlcs. aecess roads, lind inlet and 
outlet canal structUTC:S. The proposed Plum Crock n.."Sen'oir would hne 
an aell\e SlOIlI.,'C of approximately 252.000 ac-ft. Based on prelimmary 
analYSIS this rescn·ojr. as conceived. was defined a hIgh-risk. 
signifi~ant hWoard dam. primarily due 10 its inubility 10 pass a probable 
ma~imum nood of approxlmalely 180.000 ac-ft. 

With respect to this Sludy. a 252,000 &c·ft reservoir would 1'101 be 
feasible bllSCd on a project COSI of appro XI male I)' 51 73 million in ]985. 
However. the locatIOn IIJId the size of the reservoir. or the size oflhe 
reservoir and spillway. could be modifil-d 10 reduce the risk and costs 
assodat~-d wilh Ihe struC1ure. The study tcam ",lied on the USBR 
Planmng Rl'flOrt and conversations with CNPPlD pcr50nneltQ evaluate 
SlOl1lSC ahemal"'cs in lhe Plum Creek Baslll. The polential for new 
sloroge units III the Plum Creck basin to n..-duce target now shonagcs lit 

..... , 



the critical habitat were investigated in a gt:ncra! manner and analyzed 
as described below. 

• Two storage alternatives WeTc analYl.ed. 

• Off-channel storage of 4.800 ae-ft and mainst<-'T1I SlOrJge of 
30.000 ae-It was investigated. 

• Slreamflo,,' data on I'lum Creek was not available for the 
period ofn:cord analYLed in the n.:connaiSS3nee study (1975-
1994). R<-"Servoir.; in the Plum Creek basin would capture Plmle 
River watl. ... beyond Ihat rt:quircd for irrigation deliveries and 
mainstl.'m instream flows. Diversions from the J·2 forehay. 
below Philips Lake. would be conveyed via a pipeline to fill 
reservoir.; in Ihe Plum Cn."(:k basin. 

• HytlropoWCT return flows divened for stomge in Plum Creek 
basin TCSCTVOirs would rt-duce Ihe flows available to the J-2 
HytlropoWCT plant 

30.000 ae-fl Plum Creek Reservoir 

Due to concerns wilh seepage from Elwood and Johnson RcsCTvoirs in 
the immediate area. stroetural measures to reduce seepage would be 
necessary for new storage facililies in Ihe basin. Seepage drains and 
associaled cUloffstroctures downstream of the TCSCTYoir would be USL-d 
to mitigate potential flooding of neighboring lands. 

TIle dam anolYled for this alternative would be a 53 foot high 
embankmCllI dam with a 101' length ofapproxim3lcly 3000 fcct. The 
dam would be located on Plum CrL'Ck. southeast of the J-2 power 
plant. ncar the town ofSmilhfield. Nebraska. Plum Cn.'Ck RI.'SCrvoir 
would capture Platte RiVeT WDICT beyond that required for irrigation 
deliveries and mainSlem instream flows. Diversions from the J-2 
forebay_ below Phillips Lake. would be conveyed 10 fill I'lum Cn.'Ck 
Rest'l"o;r via a pipeline approximately 2 miles long. For a smallt ... 
reservoir 10 handle Ihe probable muimum flood. the spillway on Plum 
Creek Dam C(luld consist of a Iwo-stage spillway with a 10WL'" spillway 
capable of passing 0 100-year flood and an auxiliary fuse plug dike 
designed to breach and ,,'ash out whCll o"mopped by the probable 
maximum flood . 

.... 



I 

Yield 

To evaluate the yield orlbe: Plum CrocI. Reservoir ahemal;v!:. the 
study team devc1op<.x\ a simplified rcst"J'Voir opernlions model. The 
following operating rules and assumptions were USl.'d in the analysi s. 

• Philips Lake is filled via returns from the J-\ Ilydropowcr 
piant. H Hydropower returns feed the J·2 Hydropower plant. 
Monthly hydropower returns, OVCf the 1975-1994 study period, 
from J-2 arc roughly 95'% .. 1 00'l. or the hydropower TCturns 
from J.J. 

SIOI1Iblc flows wen: oonsidcn:d 10 be the amount available 
below J-I less Phelps County Canal deli,'cries during monlhs 
when Plane Ril'Cf flows al Grand Island. Nebraska exceeded 
USFWS tar!: .. c! flows. Storable flows " 'ere determined from 
monlhl), lime series of J .. 1 relurns and Phelps Counly Canal 
divCfSions provided by CNPPID. 

• The rcscn'OIT was assumed to be \:1111'1)' 1I11hc beginnIng ortlle 
study period. 

• The: reservoir 1'0'11$ operated 10 milO maximum capacity wilh 
D\'lIlhlhle supply dunng months of excess flows at the CTlIical 
habItat. 

• Water was released from the TCScI'Voir during months oftaTllct 
flow soortllllCS at the cntical habuat. 

• Monthly c"apomtion amounts for Plum Creek Reservoir were 
based on thc previous month' s capacity and appropriate 
monthly evaporation mles. A simple area-capacity relationship. 
from the USBR report. based on a surface arc~ of 
approximately 1.689 acres was used. 

• A 5eepa1,'e rate was de\'clopod in the 1989 Draft Rcpon 
(USBR) for II muinstl'll1. l\."SCtVoir based on site goology and 
SCCJlagc estimates from existing n:st.T\'oirs (ShlTlTlan and 
Elwood). This nltc of seepage (0.5 16 ac-ft/ac surfmcc area) was 
used fOf monthly seepagc WIth the Plum Creek Rcscr .... oir 
alternativc analyl.oo HI this study, Seepage water was Tetumcd 
to the river in the same month for this on-stream r(.'SCI"\oir. 



Table 8.8.28 shows the local nct hydrologic cfTCCls of the Plum Creek 
R~-scrvoir ahemative through the 20-ycar study period. The average 
annual effect of the Plum Creek Reservoir alternative is - 1.326 ac-ft. 
Negative valucs indicate months "'hen water goes into storage: 
positive values indicate months when water is released. 

Plum Creek RCSl:rvoir is locat{'(! in the lower end ofRC"deh 17. The 
flow additions and reductions from this alternative were assumed to 
occur 6 miles above the O"lTlOn gage in Reach 17. Monthly diversions 
to storage (flow reductions) and releases and seepage returns (flow 
additions) from the !' Ium Creek Rcsl:rvoi r alternative was routed 
dowl'I.~trcam using the water budget spreadsh~"C1. Two routing scenarios 
were evaluated. The first scenario assumes additional flows can be 
protceted from downstream dh'crsiol1$, in which case. additional flows 
an: not reduced by diversions_ The second scenario assumes additional 
flows cannot be protected from downstream di\"Crt~'TS. in which case. 
additional flows arc reduced by diversions. 

Table 8.8.37 in Seetion 5 summarizes the average annual values for 
net hydrologic effects at the alternative sites: at the top of Reach 18. 
with and wi thout diversions: and at the l"ritieal habitat. with amJ 
without diversions. Table 8.8.29 and 8.B.30 show the reductions to 
larget flow shor1ag~"S at the critical habitat for the Plum Creek 
Reservoir altl:rnati I'e. The average annual Tl-duclion 10 targt'l flow 
shortages wi th and without downstTC:lm diversion losses is 24.837 ae­
ft and 25,571 ac-ft. n:specti\'ely. 

The primary direct costs of this alternative are associated with land 
acquisition. excavation and site development. construction of the Plum 
CIl."Ck Dam and spillway. excavation. bedding. pipeline and S(.·t:page 
drains. and annual operations and maintenance costs. 

The project eost for a 252.000 ae·fi reservoir from the USSR I'lunning 
Report was updated to a 1998 cost ofapproximatcly 5248 million. 
Project costs for the 30.000 lIe-I'II'lum Creek reservoir WCTC developed 
basl-d on a unit SlOm!;e cost from the USBR Planning Report of 
approximately S9821ac-fi. This eost is assumed to cover land 
acquisition. cnvironml"fltal. and permitting costs as the cost estimate 
includes the following cost items: 10% unlisted iW1TIs. 20"10 
contingency. 30"/0 indirect costs. 5% mobi1i7.ation. 1% archacological. 
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and 0.5·. pre-investigatIOn. Costs fOl" spillway developmerll would be 
approximately SS million, based on SImilar projcets '" the state of 
Colorado. Instl1llin~ a pipeline from one of the southeast fingers of 
Philips Lake to Plum Cf(.'(:k Reservoir wl)uld requi re excavation and 
installation of bedding matt.Tial and pipeline. Total installatIon costs 
for 11.100 fCd of 36-ineh pIpeline would be approximately 56_I 
millIon. Estimaled costs (01'" sc('pa~c dl'llins and associawd cutoffs 
would be approximately S2 million. Annual operatin~ and 
maintenance costs have b<:cn amonized o'<cr 20 years assuming a 6 
perel'11t discount rate. The initial estimate for the Plum Creek 
ReservOIr ahernat;"c, ineludin~ cngmccr'ing and conlln~ency costs. is 
approximately 544.1 mllhon. 

Assum;n~ a project cost ofS44.1 million. the cost per ac-ft oftar~ct 
now reductions al the critical habitat would be approximately SI.720 
assuming releases can be protected from downstream d",ctl!ions. The 
oost per ac-ft oftargct. flow reductions at tnc critical habitat would be 
approximately SI.78O assumi ng releases cannot be protected from 
downstream diwrsions. 

4.800 ac-n J-2 Be-Reaulating ReseNOir (Construcbng New 
Stora9" Facilities) 

A smalleroff-channeln,st.n<oir in the Plum Creek baslll would not be 
r~"<Iuil\.'(lto pass the probable muimum nood on Plum Creek and 
would cause less SCC$Xlge problems than mainstem storage umts. The 
J-2 Rc-Rq;ulallng Rcsco'oir alternative analyLCd for thIS study \o'ould 
ha'·c an IIctlve stonl~,'e capacIty of 4.800 at-ft. TIle study team relied on 
the USSR Planning Repon and oon\'Cr5ations with CNPPID personnel 
to c\'alu,llc J-2 Re- Re~ulatillg Rcs.:rvoir as a potcr.tinl alK'Tllative to 
meet targt.1 flow shonagcs at the critical habitat. 

11M: dam analYl.ed for this alternative would be a 4S foot high 
embankment dam with a top length ofapproximatc1y 1000 feet. The 
dam would be located on a left bank tributary of Plum Creek. southeast 
of the CNPPID J·2 POW(!f plant, ncar thc town ofLcxington. Nt.-braska. 
J·2 Re· Rc!;ulating RCSt."IVoir would capture Plauc River water bt.-yooo 
that requllal for irrigation deliveries and mainstcm instrcam flows. 
Diversions from the J-2 fOI\.-bay. below I'hillips Lake. would be 
oonvt.-yOO \0 fill J·2 Re--Regulating R~'SCI'\'oir \'ia a pIpeline 
approxim8tely I mile long. 



Yield 

To evaluate the yield of J·2 Re·Regulating Rcservoi r. the study team 
developed a simplified reservoir operations model. The following 
operating rules and assumptions were used in the analysis. 

• Philips Lake is filled via returns from the J·t Hydropower 
plant. J·l Hydropower returns feed the J-2 J-IydropowlT plant. 
Monthly hydropower returns. over the 1975-1994 study period, 
from J-2 are roughly 95%-100% ofth~ hydrupowlT r~tums 
from J-I. 

Storable flows were considered to be the amount available 
below J-t less Phelps County Canal deliveries during months 
when Platte River flows at Grand Island, Nebraska exceeded 
USFWS target flows. Storable flows were detennined from 
monthly time s~"';cs of J-I returns and Phelps County Canal 
diversions provided by CNPPID. 

• The reservoir was operated to fi1lto maximum capacity "'ith 
available supply during months of excess flows at the critical 
habitat. 

• Water was releasl'd from the rcs~'TVoir during momhs oftargc\ 
flow shortages at the critical habitat. 

• Monthly e\'aponuion amounts for J-2 Re-Regulating Reservoir 
werc ba~t'd 011 the previous month's capacity and appropriate 
monthly cvaporation ratcs. A simple an:a-capacity relationship 
based on a surface area of approximately 200 acres was used. 

• A seepage rutc was dcveloped in the 1989 Drafl Rl'port 
(USBR) for a mainstem rt."Servoir based on site geology and 
St..",:page cstimat~"S from existing reservoirs (Shennan and 
Elwood). This rute of s~'Cpage (0.5 16 lIe-ft/ae surface area) was 
used for monthly seepagc for thc J-2 Rc-Regulating Reservoir 
alternative analY/.cd in this study. Seepage water was returned 
to the riwr based on an SDf of 3.000 days. based on SDF 
mapping from the Missouri Basin States Association Report. 
Return flows W~Te rouK'd back to the river using the SDF 
model SDF View. 



• Table 8.1l31 shows the local net hydrologic effects of the J-2 
Rt.'-Regulating Rcsl'fVoir alternative. through the 20-yc:ar study 
period. TIlt average annWII effect of J·2 Re·Regulnting 
ReservOIr is -U9 ae-ft. Negative "alLIeS indicate months when 
water goes into stora" .. e: positive "alues lIwileate months when 
wata- is released. 1-2 Re-Regu.lating Reservoir is located in the 
low~,. end ofRcach 17. The fIo\\ additions and reduetions from 
this altcmatl\"e wen: assumed to occur 6 miles above the 
o-.·Cf1on gage in Rcach 17. Monthly din:nlions to Slorll1;C (flo\\ 
mlucuons) and releases and seepage ret\llTlS (flow additions) 
from J·2 Re-Regulating Reservoir were routed downstream 
using the water budget spreadsheet. Two muting scenarios 
were evaluated, The first SCCIlario assumes addttional flows CIIn 
be protected from downstream diversions. in which cu.~e. 
addi tional flows are not reduced by divet"liions. The second 
SCl"Tlar10 assumes additional flows cannot be protected from 
downstream di"l'l1ers. in which case. addItional flows are 
reduced by dIVersions. 

Table 8.B.37 in Section 5 summarizes the average annual vaJ1>CS for 
net hydrologtc effects at the altcmal1ve site: at the top ofRcao::h 18. 
wilh and without diversions; and at the cnl1cal habitat. with and 
without dt\"ersions. Tables 8.8.32 and 8.B.33 show the mluetions to 
lafb'Ct flow shon.a1.'CS at the critical habitat for J·2 Rc:-Regulattng 
ResCIV01r. The avernge annual reduction 10 target flow Si1ortagl"S 
Without downslream diversion losses is 5.306 ac-ft. The an"f1lge 
annual reduction to target flow shortages with downstream dlvl'l"Sion 
losses is 5,156 ae-n. 

The primary d,rect OOStS of this altemative arc associalod with land 
acquIsI tion. excavation and site development. construction ofthc J-2 
Rc:-Regulaung Dam. excavation. bedding. pipeline and seepililC drains. 
and annual openmon5 and maintenance COSIS. The mltlal esl1mme for 
this altemall,'e was developed from dlffemll sources as no J·2 Re· 
Regulating project sludies were a'·ailable. 

Based on an aVl'l"llge 0051 ofS403 per acre for gTlIZins land (Uni\"enity 
of Nebraska. l.mcoln. 1999) acquislIion of about 200 acres would cost 
approximately S81.OOO. Construction oflhe dam, spillway. and outlet 
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works would OOSt approximately S3 million dollars. based on similar 
projects done in the State of Colorado. Insl3lling a pipeline from one 
of the southcast fing~-r.; of Philips Lake 10 Plum Creek Reservoir 
would require excavation and installation of bedding matcnaland 
pipeline. Total installation costs for 5.000 feet of36-inch pipeline 
would be approximately S4 million. Annual operating and 
maint~"Ilance costs were amonized over 20 years assuming a 6 percent 
discount rate. The initial estimate for the unlined storage altcmative. 
ineluding engineering and contingency COSts. is approximately S9 
million. 

Assuming a project cost of 59 million. the cost per ac-A. ofl3rget flow 
reductions at the critical habitat would be approximately $1_700 
asswning releases can be protected fTom downstream diversions. The 
oost per ac-ft oflarget flow reductions at the critical habitat would be 
approximately 51.750 assuming releases cannot be protected from 
downstream diversions. 

Jeffrey Canyon Reservoir (Constructing New Storage Facilities) 

The Central Nebraska Public Power and Irrigation District (CNPPID) 
is considcring a Jeffrey Canyon storage projL-ct to provide s~"COndary 
stol"ll.gc for Platte River water. The study team relied on information 
/Tom a meeting with Nebraska representatives of the Water 
Management Comminec in Holdrege. Nebraska on February 2. 1999 
and conversations with CNPPID personoelto evaluate Jeffrey Canyon 
Reservoir as a potential altcmative to mccttargct flo,, ' shortages nt the 
critical habitat. 

The dam anal)-I:ed for this alternative would be a 30 foot high 
cmbankmL"Ilt with 0 top length of approximately 1200 fect . The dam 
would be located in Jeffrey Canyon. a right bank tributary of the Plane 
River ncar the town of Brady. Nebraska. Jeffrey Canyon Rl"lervolr 
would be Situated to the southeast of Jeffrey RL""SCTVoir and would be 
used to capture Platte River water beyond that requi red for mainstcm 
instream flows. Diversions from the Jeffrey ResCTVoir. would be 
conveyed In fill Jeffrey Reservoir via a pipeli ne approximately I \Il 
mile long. Rc!eases from Jeffrey Canyon ResCTVoi r would enter the 
Plane River downstream of Brady. Nebraska. 



Thc Jcffrey Cunyon Reservoi r alternativc :maly/.cd for this study would 
havc an active stora~c capacity of6.000 ac-fl. Dlvenin!! stora~c water 
from the Jcffrey power plant forcbay would n.:d uce the flows available 
for hydropowt'r ~C!lemtion. 

Yield 

To e\'3luatc the yield of Jeffrey Canyon Reservoir. the study tcarn 
dc,·clopcx! a simplified reservoir opcnllions model . TIM: follo\\'mg 
operatmg rules and assumptions were used in the analYSIS. 

• The bulk ofrClums from Ihe Jcffrey Hydropower plant flo\\ 
down the central supply canal and through the J-I and J-2 
Hydropower pla11ls. Storablc flows w~'1'C oonsid~'1'Cd 10 be the 
amount availahle at the J-2 return during months whCTl Plattc 
Ri"tT flows at Grand Island, Nebraska CJlccoded USFWS targct 
flows. 

• The reservoir was assumed to be l'll1pty at the beginning of the 
study penod. 

• The l"eS('I'\'oir was operated to fill 10 a maJIimum eapacity of 
6.000 ac-fl with available supply dunng months of CJlCCSS 
flows al the critical habitat. 

• Water was released from the 1'CS(.'f'.·oir during monlhs of target 
flow shanuges at the critical habitat. 

• Monthly cvaporation amounts for Jeffrey Canyon Reservoir 
Wt'1'C ba5(.'(j on the l'CSCT\'oir surface area corresponding to the 
prcvious month's capacity and appropnutc monthly 
evaporation rates. A simple area-cupocity relationship was used 
based on a surface area of appro:tlmalely 290 1ICrCS. 

• Sue-specific seepage estimates were no1 a,'.Hable for this site. 
A gt'nCnl sccpa~ .. c rate of8 peru:!lt, based on I South 1>lane 
storage site. was used for thc Jcffrey C!Ulyon RCS4.T\'o;r site. 
S~"-'J'IlIge wattT was returned to the riVeT with an SDF foetor of 
6.000 days. based on SDF mappmg fmm the Missouri Basin 
Stales Association Rcpon. Return flows w~ routed had: to 
the river using the SDF model SDF Vic,,'. 



I 

Table 8.8.34 shows the local net hydrologic effects Oflhc Jeffrey 
Canyon Reservoir al1l'!TIolivc, through thc 20-ycar study period. The 
average annual effect of Jeffrey Canyon Reservoir is -1.603 ae-ft. 
Negmive valUl"S indicate months when water goes into storage: 
[lOsitivc values indicate momhs when water is released. 

Jeffrey Canyon ReseTvoir is located in thc upper pan of Reach 16. The 
flow additions from Ihis alternative were assumed 10 oo;ur 5 miles 
below the Brady stream gage in Reach 16. Water (hvt'TIcd for storage 
in Jeffrey Canyon Reservoir would otherwise (:mI.T the r;-'cr al the J-2 
return. Flow reductions from Ihis alternative were assumed 10 occur at 
the J-2 return, 6 miles above the OveTton stream gage in Reach 17. 
Monthly diversions w storage (flow reductions) and releases and 
seepage returns (flow aildilions) from Jeffrey Canyon Rescn'oir were 
routed from Reaches 16 and 17. respectively. downstream using the 
water budg~'t spreadsheet. Two routing scenarios were evaluated. The 
first sccn!lrio assumes additional flows can be protect~'(\ from 
downstream diversions. in which case. additional flows are not 
reduct'd by diversions. The second scenario assumes additional flows 
canoot bc protected from downstream div<:nt'TS. in which casco 
additional flows are reduced by dh·ersions. 

Table 8.8.37 in Se<:tion 5 summarizes the aVCT3ge annUlll values for 
nel hydrologic effects at the alternative site; at the top of Reach 17. 
with and without diversions; and at the critical habitat. with and 
without diversions. Tables 8.B.35 and 8.B.36 show the reductions to 
target flow shonages at the critical habitat for Jeffrcy Canyon 
Reservoir. The awmge annual reduction to target flo,,' shonagcs 
without downstream diversion losses is 6.112 ae- ft . The average 
annual reduction to target flow shonages with downstream diversion 
losses is 4.994 ae-ft. 

Cost 

The prim!lry direct costs of this alternative !Ire associated with land 
acquisition. excavotion and site development, construction of the 
Jeffrey Canyon Dam. feeder canal. pipeline. !lnd annual operations and 
maintenance costs. Bast'd on an average cost ofS200 per acre for 
grazing land (University of Nebraska. Lincoln. 1999) acquisition of 
OboUl 290 acres would cost approximately 557.800. Constroctinn of 
the dam, spillway, and outlet works " 'ould cost approximately 53 
million dollars. based on similar work done in Ihe Siale of Colorado. 
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Installing a pipeline from the southeast fingt.T of Jeffrey Reservoir to 
Jef1Tey Can)'Ofl RcscrvOir would require excavation and Installation of 
beddIng matcnal and pipeline. Total installation C05t5 n)r 6.400 ft.'t1 of 
36-ineh pipeline would be approximately $5.2 million. Annual 
operuting and mainK"Mnce costs werc amortized O\· .. T 20 years 
asswning a 6 pi.TCt:rlt dIscount rate. The initial estimate for the Jcfficy 
Canyon project. including engineering and contingt."1lC)' costs. is 
approximately 513.9 million. 

Assuming a projcct cost ofS13.9 million. the cost per ac·1t of target 
ItO\\' reductions at the crillcal habitat would be approximately S2.270 
assuming releases can be protected from downstream dh·ersions. The 
cost pt.T ac·fl of targe! Oow reductions at the critical habllat ,,·ould be 
approximately S2.780 assuming releases cannot be prottctt."'(! from 
downstream diversions. 

Lake McConaughy Reseryoir (Remove Storage ReslrictlOtls) 

Kingsley Dam. completed in 1941. impounds Lake McConaughy for 
CNPPID Tri-County Supply Canal and NebrJska Public Power 
District's Suth"Tland Project. Kingsley Dam was constructed 10 

impound 1.984.000 ae-It at elevation 3270 feet. Maximum SloraJ,'<! 
levels in LaJ.:e McConaughy Resen'oir are currClltly limtted to 
elevation 3265 fCC! (1.743.000 ac-ft) due to IX)nCCll1S regarding wpve 
erosion on the upstream face of Kingsley Dam. The upstream face of 
Kingsley Dam is subjl.'Ctto wave surgt.'S from westerly winds sweeping 
across Lake McConaughy during ext .. 'nded Sloons. 

CNPPID refined a cost estimate on Kingsley Dam slope protectIon 
replaccment cost that reflects the cum:T11 understllllding of size and 
amounts of rip rap placement necessary for the project (CNPPID. 
19993). 

Projecl coscs were eslimated bcIwccn S 130 million and SI70 mtilloo. 
1bc lotal projcct cost exceeds the economic scrt.'Clling critcna upper 
limits. therefore. this oltcrnal1\'C has ht.'C11 deferred from funhtT 
evaluation otthis time. As such, the associllted issues for Lake 
McConaughy Resenloir WlTl.! not addressed • 

.... , 



Suthenand Reservoir (Construction of New Storage Facilities. 
Enlarge Existing Reservoirs) 

Sutherland Reservoir. located south of the South Plane Ri\'~'T ncar 
Sutherland. Nebraska. was originally constructed in the mid-1930·s. 
From the time construction was complett-d. the dam leaked 
considerably. resultins in reductions in stornge from a design capacity 
of 180.000 ac-Il. to the current capacity of approximately 65.000 ac-ft . 
In 1993. Harm EnSineering evaluated alternatives to TI:duce seepage 
from Sutherland Project facilities and to provide additional storage for 
the project (Har/...a Engineering Company. 1993). 

Two options for reducing seepage fmm Suth~'Tland Reservoir arc to 
control seepage through the reservoir bonom by lining or to control 
horizontal flow away from the rest'n'o;r by conslructins a venical cu\­
off at the rest-rvoir' s pcTImeter. With respect 10 this study. set:page 
reduction at Sutherland Rcservoir would not be feasible based on a 
project cost ofbctwt...,n S I 00 million and S500 million dollars in 1993. 

Incrcasiog storage capacity for the Sutherland ProjL...,t was in\'cstig;:ucd 
by Harl...a Engineering Company via cnlarsement ofSutht'1'land 
R(,scrvoir. and construction of a separate storage facility. ThrL"" 
different alternativcs were analyLCd to increase the slOrage capacity of 
Sutherland RL'SCrvoir between 18.000 and 78.750 ac-ft. Corresponding 
project costs. in 1998 dollars. ranged from £115 million to S 166 
million. The total project costs exccctl the economic screening criteria 
upper limi ts. therefore. this alternative has been deferred from further 
evaluation at this time_ 

A potential site for an additional storase reservoir is located aboutlwo 
and one-halfmiles cast of Sutherland Reservoi r. Construction of a 
SuthtTland East Reservoir would req uire lining or an impermeable cut· 
ofTto ovoid the high st:epage ralCS sec:n in the ncarby stomge units. 
Construction of new panially lin~-d reservoirs o f 7.500 ac-ft and 12.500 
ac-It were analy~cd in the Har~a study. at estimated project ~-oSIS of 
$20 million and S25 million dollars. respectively. 

Operations modeling was performed in the I~arza study to determine 
the yield of Sutherland Project facilities under CUlTent operating 
crilL-ria and with the seepage reduction altt-mativcs described above_ 
The alternative including the construCTion o f SUlht'Tland East Reservoir 
was determined to have a minor impact on safe yicld to Sutherland ... , 



Proje(:t operations. Operating data and flow u~ senes from the 1993 
study were not aVailable. Due to the uncertainlY related to the 
reductions to target no", shortages with Sutherland East Reser.olr. thiS 
alternahve has been deferred from further evaluation at this timc. As 
such. the associated ISSUes for Sutherland RCSCT\·olr have not been 
diSCUssed. 

5. Yield S ummary 

Table 8.8.37 summarizes the average annual values for net hydrologic 
effects at the alternative site: allhe top of the downstream reach. with 
and withOUt !h\·ersIOns; and al the cnucal hablut. wnh and ",-ithoul 
diversions. 

Each of the alternatives for reservoirs IS scalable to a degree. If;my of 
these ahemau\·es are chosen for inclUSIon m the eventual action plan. 
the magnitude of certaJ.n alternauves may differ from the projects 
described m this seenon. The locallon of the represenlDUVe storage 
projects in Region 2 may also differ from the projects described In thiS 
scction. In addition. projects have been analyzed independently of each 
other. Several projects rely on {he same source of water, In which case, 
the )'Ield$ of these proJccts combmed may be less than Simply adding 
the yields of the individual proJccts . Consequently, the effects 
descnbcd m this section for each alternatl\'e are speCific to the 
assumptions the study team has made in defining representative 
re5CTVOlr projects. 

The average annual net hydrologic effects associated With reservOir 
alternatives cover a wide range of values. Excludm\llhe reservoir 
alternatiVes that have been deferred from fun hcr e,·aluaMn for failing 
to meet economic $Crecnmg cntena (see Chapter 6), the average 
annual net hydrologiC effects r.mgc from ~.211 x·ft per ~ar for IlK: 
RI\ cr.-lew RCSCT\oir aitem:tt,,-e m Reach 10 to ·171 :IC·n per year 
under the 10.000 ae·n hned rCservOlr ahema!t\c ;lllhe bottom of 
Reach 9. 

The reservOir analyses presenled herem arc prchmtnary and can be 
refined based on on·Slle fC:lSlbllity studies and commuDicanon "'lIh 
e~lstlns o,,"neTS and other affecteoj parties. Linder the assumptions of 
the represtntanve rcser.·olr projects descnbed tn thiS section. 
reductions m shortages to larget no,,"s at the crincai habitat range from 



, 
• 



I 

2.769 ae-ft peT yo:ar undtt the 10.000 :IC-ft ft reset'\l)lr :dtcmauve:u the 
bonom ofReaeh 9 to 24.837 ac-It per ye:lr under the 30.000 ae-It Plum 
Creek ReservOir alternatIve. WIth downstream d,versIOn losses. 
Without dWerslon losses downstream. redu<;uons to target ftow 
shoTUges range from S.306 ac·ft per ye:lr for the J·2 Re·Regulaung 
ReserVOIr to 25.571 ac·ft for the 30.000 ac·ft Plum Creek Reser-'olr 
ahemanve. 

6. Cost Summary 

Table 8.8.37 also summarizes the C05ts assocIated with the reservoIr 
altemallves. Based on the analYSIS described tn this SC<:tion. the 
followtng shonhsled alternatives ~ deferred be<:ause tOlal project 
costs or unll costs e}lceed the economic screenmg crileria 

• Semmoe ReservOir Enlargcmem 

• Deer Creek Reservoir 

• Guernsey ReservOIr. Reacuvate Storage Lost 10 Sel!lmcntauon 

• Horse Creek Re-Regulaung Reservoir 

• Grey Mountam Reser.-olr 

• Sutherland Reservoir Enlargement 

From the reservoir altcm31i,'cs thilt have not been defcrrcd based on 
economic cntena. the J·2 Re-Regulalmg ReservolT ""ould have the 
lowest eaplla!ized cost of the reservOIr allem311ves evaluated at aboul 
$9.0 million The average cost per ae-n ofreductlons 10 target 110w 
shoruges ranges from S9.lO 10 52.880 wlloout diversion l05ses and 
SI.750 to S2.910 wuh diversIOn I05ses. 

7. Associated Issues 

Each of the rem3tnmg rcser'''Olr ::tltemauvcs were evaluated according 
to the associated Issues evaluation en lena prevlousl)' reVlC\' ed by the 
Water ~Ianagemem Commmtt The live categones O(3SSQClated 
I!SUes arc phYSical. legal inslllullonai. SOCial. economic and 
en'lronmenta! Each oflhese fhe charact~ns\1cs IS cllammed fur cach 
of the 3ltemall\CS In thiS calegory bela" Tabular sconng accordm¥ 10 



each cmena are presented in Table 8.6.38 for the \Vtth Diversions 
scenario and Table 8.6.39 for the No Diversions scen:mo. 

Constructing New Storace Facirties on the South Platte River 

Physical 

The reservoir alternatives presented in this study represent a wide 
range of storage projects on the South Plane. Each of the ahcmauves is 
scalable. There are limitations on the amount of flow available for 
diversion. canal capacities. and available stomge sites. The m .. gmtude 
and geographic locauon of alternatives may differ from the 
representallve projects described in this section. The reductions to 
targel flow shonages for Ihis alternative are sustainable o"er time. The 
life span of reservoir projectS would be expected to last beyond 10 to 
13 years. Design and const!llction of these reservoirs is technically 
implemenlable under the assumption that new off-channel sites eXist 
between Kersey and Julesburg (Reaches 8 and 9). Prolecting Program 
water developed from reservoir a!temallves to the cnuca! habnat 
increases estimated yields. Protecting water from diversions in 
Colorado, however. is currently not possible duc 10 the inability to 
bypass existmg sand dam diversion structures. Significant cost would 
be incurred iflhese structures were 10 be modified andlor replaced to 
allow additional water 10 be prolected downstream. The ume 10 yteld 
realization is dependent on Ihe length oftimc required for on-site 
feasibilily studies, approval of the necessary stOrage rights. and 
reservoir construction, The time to yield reali~atlon would be on the 
order of 3 to 6 ye:l!"S. Releases from reservoir alternatives arc easily 
quantified. Observation wells would need to be mstalled and 
hydrogeologic invesugations conducted to measure seepage water 
returning to the river. The estimated ytcld may be reduced if storage 
water IS required 10 compensate owners for the usc of eXlstmg canals. 

Third-pony hydrologiC tmpacts are relatively neulrallf Program water 
IS not protected. The protecllon 01 Program water from downslream 
diversions would not allow e~lstmg users the use ofprevtously 
bypassed water. !n both scenanos. there may be Impacts on 
downstream hydropower diversions 
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I 

Legal and Institutional 

These projects are consistent with interstate compacts. fedcrnllaws. 
and decrees and are easy to administer and enforce, I\owel'cr, the 
primary legal/institutional obstacle with resl.TVoir projl.'Cts on the 
Lowcr South Plane River is associated with the inabihty to export 
water out ofstatc undcr existing Colorado state water law. As such. 
rcscrV01r projects are cum:ntly oot eoru;istent wi th Slate laws without 
and associated in·stale beneficial usc. An in-state beneficial use must 
be decreed or approved by the legislature for wall.'T to be used for the 
critical habitot. This issue has been addrt.'SSCd with the proposed 
Tamarack Pitm bydccrecing in-state wildhfe cnhancanc:nt benefits 
associated with the rochari.~ Siles , The in-state benefi t associated v.'lth 
these projeets is Ihe wildlife and environment cnhanCI.'ffiI."Tllassociated 
wi th recharge [)Onds. IlL-couse new res.::rvoir projl.'Cts must have a 
d='(\ in-stale beneficial use, permitting oould be a more difficult 
and lengthy process. hoWC\'CT the process itsclfslwuld be fairly mutinc 
as demonstrated by existing reservoir projects in Colocado. Permitting 
oould be more difficult if Program walt.,. is protected /h)m downstream 
users. Institutional conscnsus may be difficult to attain as cl'T1ain 
groups will oppose thc development of surface wall..,. stOT1lgc projects 
in the basin. Consensus with existing owners will be less difficult to 
auain if compt.'nsation is provided for lhe use of canals to dl\ert 
storage wOtcr. These projects an: consiSlent with existing oontracts. 
howcver. land may need 10 he purchased for reservoir sites. 

Social 

The social effects ofthcsc alternatives are likely to be minimal. ThI.'TC 
are potentially some mirM)f positivc and negati\'e cl1i.'C' ~. ThI.'Te will be 
no impact on customs and culture. communit), organi1.l1tions and 
suppon $tructures or community suslainabilily. These projects \\'Ould 
have rclati"ely equitable impacts and would oot ad\I.TSCly impact any 
one group. An)' adverse eff(.'(:!s 011 cultural resources oould most likely 
be mitigaled. Public acceptability associ uted wilh these projects is in 
pan related 10 the increase in nat " 'ater recreation opponunities. 

Economic 

Most orthc ~'Osts orlhcse ahcmalin'S are capital costs up front. 
Howcvcr. reservoir projects that arc associuh:d with a ditch company 
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may rC<juirc a delivery f~-e for water divl-rted to storage sites. The 
potential direct economic impact associated wilh thcse allem~lj\,cs is 
from the gCTlcrlltion of tourism associated with new recreation areas. 
These projects may have SQmc impact on business sales. employment 
and cmployt."C wages and wcalth. There could be polL'111ial negative 
SL'COndary L'COnomic impacts to downstream hydropower generation 
for alternativC$ Iha! diven water from the river thaI arc in el<cC$s \0 
target flows bUI which has historically hco:.'11 divcncd for hydropowcr. 
As such. Iher., could be additional costs associated with paying power 
intcrfcn:ncc charges. There arc potCt1tially negalive effects on 
economic development. since Ihis water will be unavailable for other 
future uses. The effects on c<:onomic development potential would be a 
limitation on future development and would not impact cxisting 
<..'Conomie condi tions. There are no definite positive Or negative fiscal 
impacts. There would be no measurable effect on revenues and 
expenditures of governmental ~"I1titics resulting from these typ<..""S of 
projects. 

Environmental 

These altematives would generally result in mixed envimnmental 
impacts. There could be potential negative impacts 10 "·etlands fmlll 
reservoir impoundm ... T!t Potential positive impacts could occur from 
the creation of additional wildli fe habitat Reservoir projects could also 
have both negative and positivc impacts on wat ... .,. quality and on 
aquHtie habi tat Water quality could improve during the summer 
months whCll additional flows resulting from these projects return to 
the riVt'T. However. water quality could be dC.f:,>raded and fish and 
aquHtie habitat negatively impacted during the winter months when 
flows arc reduced due 10 divcn;iolls to stQrage. The visual quality of 
arCllS inundated would not be significantly impacted. No impact tQ 
prime und unique fannlands arc t"l1visioncd wi lh the rescrvQir 
alternatives. The reservQir projt'Cts oould gcnernte some recreational 
opportunities associated with camping. fishing. and boating. 

8.8·10 
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Julesburg Reservoir Enlargement 

Physical 

Thc 21.900 ac-ft enlargl..ncnt represents the upper limit of enlargem~"flt 
ahcmatil"C$ analYLed for Julesburg Rcst:nloir. The I"l..'ductioru; to target 
flow shonah'CS fOl" this ahcmatin: an: sustainable over lime. 11K: hfe 
span Ortile reservoi r enlargement would be ClIpccted to last beyond 10 
to 13 yean;. Dcsign and construction o r the en larged storuge space is 
technically implcmcntable. The time 10 yield rcali7.l11ion is dcpt.."TIdenl 
on the Icngth of time required for on-Site fe;)Sibilily StudiCS. approval 
of the necessary SIOrah'e rights. and rese ...... oir cnlarg~"IllCT\\. lbc time to 
yield rc:alu,ation would be on the order of3 to 6 y.:ars. Releases from 
the cnlargt-d StOrah~ space IlfC easily quantified_ Obs~-n·ation wells 
would nl'Cd to be installed and hydrogeologic inwstigat;ons conducted 
to mcasurc: seepage wlIl~T returning to the ri'·er. 11K: estimated yield 
may be reduced ifstOl1lg<: water is reqUired to oomp<:nsate owners for 
use of e.t lsting canals. 

Third-parly hydrologic impacts arc relatively neUlrdl if l'rogrnm wattT 
is not protected. The prolcelion of Program waler from downstream 
divCfSlons would root allow e~isti ng uscn the usc ofprcviously 
bypassed water. In both scenarios. there mlly be impacts 011 
downstream hydropower diversions. 

Legal and Institutional 

This project is consistC"l1t with interslalc compactS. federal laws. and 
dccn:cs and is easy 10 admlmstcr and enforce. HowevCl", the primary 
lcgaVinstitutionll1 obstaclc wi th reservoir projects on the Lo"'~T South 
I'JaUe RivCl" is associated with the inability to exporl wat~'1" out of slate 
under ex isting Colorado stllte water law. As such. reSI.-n·oir 
enlargemenl projects arc currently not consistent wl1h Slatc laws 
without and associated Ill-state beneficial usc_ An Ill-stale beneficial 
usc mus, be decreed or approved by the legislature for walt"!" to be used 
for thc critical habitat. 13~'Causc Ihis project must have Q d~'Cr~'I.-d in­
state beneficial usc_ pcnnilling could be a more difficult and lengthy 
process. however the process to enlarge a resenoir should be fai rly 
routine. Insti tutional conSl.'11$US T1llIy be dl fficuh 10 allain as emalO 
groups will oppose thc L'1t1orgcmcnt of surfacc W3tCl"" n:st.-noirs in the 
basin. ConsC"I1sus wi ,h existing owners would be less difficult to anllill 



if compensation is provided for the use of canals to div~T1 storage 
WHitT. This projcct may require amcndmcnts to existing oontracts, 
however. this could be facilitat~'(\ through compensation to cxisting 
ownC1'S. 

Social 

The social effects of this alternative arc likcly to he minimal. Tht.TC arc 
potentially some minor positive and negative effects. Th~TC will he no 
impact on customs and culture. community organil.ations and support 
structures or community sustainability. This project would have 
relatively equitable impacts and not adversely impact anyone group. 
Any adwrsc effects on cultural T\:sourc~-s oould most likely be 
mitigated. Public acceptability associated with this pmjel..1 is in part 
related to the neccssary coordination with existing own~'I'S. 

Economic 

Most of the costs of this alternati"e arc capital costs up ITont. 
Howevt.T. enlaTgt.'111ent projects associated with a ditch company may 
require a delivery fcc for water delivered to storage sites. There arc no 
definite positive or negative direct or secondary economic impacts or 
fiscal impacts associated with this alternative. This proj~'<;t would have 
minimal impact on business sales. emplo}mcnt and employee wages 
and wealth. There could he potential negative secondary economic 
impacts to downstream hydropower generation for alternatives that 
divert watt.T from the river that arc in excess to target nows but which 
has historically been divcned for hytlropower. As such. there could be 
additional COStS associated with paying power imcrfcrcnce charges. 
Therc arc potcntially negative cfft.>(:\s on (.,<;onomic development. since 
this "'ater will be unavailable for Olhl.T future uses. The effects on 
economic developmem pot~'Tlt ial would be a limitation on future 
developmcot and would not impact ~isting t'COnomie conditions. 
There would be no measurable effect on reyt'TlUes and expendituTt.-s of 
govcrnmental entities resulting from this type of project. 

Environmental 

This alternative would generally result in neutral environmental 
impacts. There could be potential negative impacts to wetlands from 
the reduction of seepage water associated with dam rehabilitation. 



Potential positive: impacts could occur from the mlargcme:1lI of 
existing wlldhfe habnal. Reservoir mlargemenl could hal'e both 
negatl"e and positive impacts on water quality and on l1'lualie habitat. 
Water quality could improve during Ihe ,ummer months when 
IIdditional flows resulting from this projl'C\ returns to the rivcr. 
Howcvcr. "''liter quality oould be degraded and fish and 8QlJ.ltic habnlll 
negalll'ely impacted dunng thc wintet' months ",hm flows are reduced 
due to dl\'ernions 10 stornb'e. The visual quality ofthe surrounding area 
would not he significantly impacted by enlarging the rescf\loir. There 
would be flO impaello prime and unique fwmlands. Reservoir 
mlargl'l11ent projects could generate some additional fC(fi'alional 
oplXlflunlhcs but in gen~·nl1. then: are minimal impacts to aml·T1ltles. 

Riverview Reservoir 

Physical 

The Riverview Reservoir altematl\'e is IICalable. The South Plane 
Divide Project report (USI3R. 1982) identified II nurnbt.T ofrcscn'oir 
sites south oflhe Western Canal wilh variable storage capacities. The 
magnitude and googrnphie location of tile alternative may differ from 
the representative projcct described to this report. There an:: limitallons 
on too amount ofnow nailable for divernion. canal capacity. and 
available slorage sites. The reduction~ to lurget now shortages for thiS 
alternative are sustainable Ol'lT time. The life span orthis project 
would be expected to 111$1 beyond 10 to 13 yl'aTS. Design and 
construction of tile rcsCT'\'Otr IS techmcally implcmentoble. The hme: to 
yield rcalil'.alion is dependent on the length of time required for on-site 
feasibihty studies. appro"ol oflhe necessary storage righlS. and 
rL'SCTVoir construetioll. The lime to yield n:olization would be on the 
order of 3 to 6 )'CaB. The yield from this alternative is easily 
quantified. The estimated yield may be reduced if storage lI'ater is 
required to compensate Western Irrigation Company for the usc oflhe 
Western Cana1. 

Third-party hydrologic impacts an:: relatively neutral if Program water 
is nol prolected. The protection of Progrom water from oownMrcam 
dh'emons would oot allow clIisting 1.ISCTS the use of prcviollSly 
bypassed water. In both 5CI.'I1anos., there moy be impaC'!s 10 

downstream hydropoII'cr diversions. 



Legal and Institutional 

This project is consistent with intL'TState compacts, fcderallaws. and 
d.x:rces and is casy to administer and enforcc. Reservoir projlOCtS in 
Ncbraska arc consistcnt with statc laws. Institutional consensus may Ix: 
difficult to anain as cenain groups will oppose the devclopment of 
surface water storage projects in the basin. Consensus with WeSK'TTl 
Irrigation Company will Ix: less difficult to altain i f compensation is 
provided for the usc of Western Canal to diven stomge water. This 
project may TL"quire amendments to e)llsting contracts. however. thiS 
could be facilitated through compensation to existing owners for use of 
their facilities. 

Social 

The social cfkcts of this alternative arc likely to be minimal. There arc 
potcntially some minor p0llitivc and negative effects. There will be no 
impact on customs and cultun·. community orgaoi~.ations and ~uppon 
structures or communi ty sustainability. This project would have 
relatively equitable impacts and does not advcn;cly impact anyone 
group. Somc storagc sitl'S idcntifit'tl SQuth of the Western Canal would 
require the relocation of a small number of fannsteads. Any advtTSe 
efft'CIs on cultural resources could most likely be mi tigated. Public 
acccptabil ity associated with these projects is in part related 10 the 
increase in flat water recreation opportunities. 

Economic 

Most of the costs of the alternative arc capital costs up front. Howcvcr. 
rt:sL'TYoir proj~octs that are associated with a ditch company may require 
a deli very flOC for water delivered to storage sites. The potemial direct 
economic impact associHted with the alit'mative is from the genl'11ltiun 
of tourism associak-d wi th new recreation areas. The project may have 
some impact on business sales. emplo)'Tllent and employee wages and 
wealth. There could he potcmial negative secondary economic impacts 
to downstream hydropower gcneration for a1tcmativl'S that diwrt water 
from the river that arc in exccss w target nows but which has 
hislOrical1y been divened for hydropower. As such. thl'rc could be 
additional costs associated with payin~ power interference char~~'S. 
Tht-rc arc potentially negative Cffl"CtS on economic dcvc1opmt"11t. since 
this water will be unavailab le for other future uscs. The effects on 
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l"COllOlTliC development pOlential would be a limitallon on future 
developm~'1It and would oot impact ~Isting economic condi tions. 
llwre are no definite positive or negative fiscal impacts. There would 
be no measurable effect on revenues and e~penditun:s of governmcntal 
entities rcsuhing from this type of project. 

Environmental 

The ahernative ..... ould generally result in neutral environmental 
impacts. Then: could be potential negative impacts to ..... etlands from 
reserVOir impoundment. 1'00cotiai positl"e impacts could occur from 
the creation of additional wildlife habitat . Reserwllr proJCCIS could also 
have both neg:llivc and positive impacts on water quahty and on 
aquatic hobit8t. Water quality could improve during the summer 
months when additional 110ws resulting from these projl'ClS rctum to 
the river. However. watlT qualily could be degl"3olk-d and fish and 
aquatIC habllol negatively impacted dunng the wimCl' months when 
flows are reduced due to di\'C!'Sions to storage. 'The visual quahty of 
areas inundated would not he signifieamly impacted . No impact to 
prime and unique farmlands are covisioned with this alternative. The 
rcscn'olr projects could &'CI1erl1te some rt=tional opponumt ies 
associated with camping.. fishing. and boating. 

30.000 ae-N plym Creek Reservoir and 4 800 ae-N J-2 Be­
Reaulaliog Reservoir 

Physical 

The I'lum Creek Reservoir alternative is sealable. The J-2 Rc­
Regulating Rest"-"oir is scalable to a degree but is confin~'(/ oy th.:: 
surrounding topography. For this study. the stlldy team carried out a 
monthly analyses of the shonlisled projects. Yield estimates of a Plum 
Creek Basin projccl oould be l'1lhanced Ihrough a dally analysis Ihal 
would allow the rt'SCtVoirs 10 Slore waKT during rninslorm C'o·COIS. 
Historical Plum Creck flow data was nOi available for this study. An 
on-site feasibility study including Plum Creek 110ws would lead to 
irtCTCaSCd yield es\imales and com:sponding reductions in divC!'Slons to 
S\OTllg<::. 

The reductions 10 largl1flow shortagl'1 for these altcmalh'cs are 
sustainoble over time. The life span ofthcsc rt-scrvoir projects would 
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be e"pect~'(\ 10 las! beyond 1 0 \0 13 years. Design and construction of 
these reservoirs is I<x:hnically implcmcnlablc. The time \0 yield 
realization is d(:'Pcnd~'11t on the length of time required for on-site 
feasibility studies. approval of the necessary storage rights. and 
rcsl"J"\'oir construction. The time to yield realization would be on the 
onlt"!' of 3 to 6 years. Releases from TCSCT\"oirs arc casily quamificd. 
Pot.:ntial nt-gat; vc third-party hydrologic impacts ex ist with high 
groundwater probkms in the vicinity as a result of sc • .'pagc mm the 
reservoir. 

Legal and Institutional 

These projectS arc consistt-nt with interstate compacts. fcdl.Tallaws. 
and dc("Tel,,'S and are easy 10 administCf and enforce. Reservoir projects 
in Nebraska arc consistcm with S101e laws. Pcnnining could be more 
difficult ifrrogram walcr is protected from downstream US~TS. 
Institutional consensus may be difficult to allain as certain groups will 
oppose the development of surface water slOrage projects in the basin. 
This project may rt.-quire amendments 10 existing cont11lcts. howev~'T. 
this could be facilitaK'd through compensation to existing owners. 

Socia l 

The social eff~'Cts ofthl'SC alternatives arc likely to be offselling, These 
projects would have relatively equitable impacts. however. there is the 
potential to adversely impad surrounding landowners ifseepage from 
the reservoir arc not adequately controlled. A Plum Cn:ek Basin 
project would be c.~pc,;lL"d to encounter strong resistance from 
neighboring property owners. Any adverse effcets on cultural n:sourees 
could most likely be mitigated. There will be no impact on euston,s 
and culture. community organi7.3tions and support stTUctUrt."S or 
community sustainability. A Plum Cn:ek Basin project would provide 
water-based recreation opportunities. However. due to the other 
reservoirs in the region. the n~1 effect on the recreation econ()my and 
the increased recreation opportunitks would not be significant. 

Economic 

Most oflhe costs of these altcrn3lives arc capital costs up front. 
Diverting water that would OIhlTwisc be used for hydropower 
generation r"presents a major direct tlConomic impact associated "'ilh 



these al!cmativcs. Further invcstigation rnay indicate thaI CNPP[O 
opc:ral1ons could be mon: efficiently coordmated with Plum Creek 
Basin R'St1Voir al tcmatives, which may minimi7.c the ccollOmic 
imJXIcts to CNPPID aSSOI..'ialt'tl wilh this aitt'TTI3Iive. The projects may 
have some impact on busmess sales, l.'mplo)1I1ent and employee "'agt'S 
and wealth , There a~ potentially nq;ati\'C elTectson economic 
development. sillCe thiS water will he unavailable for other future uses. 
The effeclS on economic development potential would be a limitation 
on future development. TIwre arc negative fiscal imJXIcts associat~-d 
with these altt.'TTIatives. State taJlcslevicd on POWlT gt.'TICIlIlion would 
be lost if"'ater is divt-ned fium the J-2 fon:hay to SIOfll.1,'C. 

Environmental 

These altcmatin::s could ha,'e potential negative impacts 10 wetlands 
from n:set"\'oir impoundment. Concerns " 'lIh the habllat ofaquahc 
species In the Plum Cn:ek basin were indicated in J'Tl-vious sh>dics. 
POIenl1al poslll\'e Impacl5 could occur from the creation of additional 
wildlifc habi tat. Reservoir projects could also have both negative and 
positive impacts on water quality and on aquatic habi tat, Water quality 
could improve during the SummlT months when additional flows 
resultlllg from these: proJCCIs return to the ri\'er, However, " 'ater 
quahty CO\Ild be degradoo and fish and aquatic habitat negall\ely 
impacted during the winter month~ when flows arc reduced due to 
diversions 10 stomge, The visual quality ofarcas inundatt.-d would not 
be significantly impaCK-d. 'Il1cre would be no impact 10 prime and 
uniqU(: farmlands. l1Ie reservoir projects CO\Ild genCllltc some 
rccrealional opponullIl1es Out in b'Cllcral. there are milllmal impacu to 
amenities, 

Jeffrey Canyon Reservoir 

P hysical 

JcflTcy Canyon Reservoi r is scalablc to II degree but is ~'Qnfinro by thc 
surrounding topogm.phy, For this study. tile study team carned out II 
monthly analyses of the shonlisted projt.'CtS, Yield estimates ofa 
Jcffrey Rescn'oir project CO\Ild be enhanced Ihroogh a daily analysis 
that would al1o"' the rC!it-TVtlir to slore wallT dwing rainstonn cvents, 
Thc reductions 10 turgcI nO"' shon3gt."S for this aht'TTIative IIrc 



sustainable over time. The life span of reservoir projects would be 
expI,ded to last beyond 10 to 13 years. Design and construction of the 
reservoir is tL"<:hnieal1y implemL"Jltable. The time to yield rea1i7.ation is 
dcp~"11dl"11t on the Icnglh of time TCquired for on-site feasibility studies, 
approval or the necessary storage rights. and reservoir construction. 
The time to yield realization would be on the order of 3 to 6 years. 
Releases from JeITrey Cllnyon Reservoir are easily quamifkd. Potential 
negative third~party hydrologic impacts exist with higll groundwater 
problems in the vicinity as a result of seepage from the rcs"rvoir. 

legal and Institutional 

The Jeffrey Reservoir projcct is consistent with interstate comp~ets. 
fedLTlII laws. and dl"<:recs and is easy to administer anti enforce. 
Reservoir projects in Nebraska arc consistent with Slate laws. 
Pennitting could be more difficult if Program WHILT is protccted from 
downstream Uscnl. Institutional consensus may be difficult to ottoin as 
certain groups will oppose the development of surface water storage 
projects in the basin. This projcct may TCquire amendments to existing 
contracts. howevt'T. this could be facilitated through compensation to 
existing owners. 

Social 

The social eITl'Cts of this altl'Tllative are likely to be olTsetting. This 
proj~'Ct would have relatively ~'quitable impacts. Any advt'TSe elTects 
on eultund resources could most likely be mitigated. There will be no 
impact on customs and culture. community organi7.alions and support 
structures or community sustainabi lity. A Jeffrey Reservoir project 
would not bc ellpl."<:ted to cncounter strong resistance from neighboring 
property owners. A JeITrey Reservoir project would provide water­
based rL'Creation opportunitiL'S. However. due 10 the other reservoirs in 
the region, the net eITecl on the Tl."<:TCation economy and the inereased 
recreation opportunities would not be significant. 

Economic 

Most ofthc costs of this al!emalive arc capital costs up fronl. Diverting 
water lhat would otherwise be used for hydropower generation 
Tl.-prcsents 3 major diTl."<:t economic impact associated with this 
altcmat"·e. Thc economic impact to CNPPlD ~'(luld be reducW by 
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releases ofwalcr from Jeffrey Canyon Reservoir \0 the T".counly 
Supply Canal when CNPPID is not dl\'ming a full canal. This would 
allow for subsequCI1t hydropower g~"I1L'r.Ilion at the J-l and J-2 POWLT 
plams. The projL"C\ may huvc some im[)llCI on business !1/11cs, 
anplo)'lTlcnl and anploycc wages and weallh. There are pOlcntially 
negau\'e dfects on economic dc-.·c!OpmLTlI. Since this waler w,ll be 
unavailable fMother future uses. 1l1C effects on economic 
development potential would be a limitation on ful\Jre developmenl. 
There arc negative fiscal impacts associated wilh this aitL'TTlaJivc. Slale 
taxes Icvi~'d on power gL'TIcnltion would be lost wllcn water is divcrtL-d 
from Jeffrey Lake to storage. 

Environmental 

This al ternati ve could have potential nc&a!l\"C impacts 10 wetlands 
from l'CSCT'\'oir impoundment. POlcrllial positive impacts oould OCI;Ur 
from the creation ofaddlllOnal wildlife habitat. A JcfTn.'Y Reservoir 
projcct eQuid also have bOlh negative ami positive impacts on "'3tl:r 
quality IImI on aquatic hllbitat. Wllter quality could improve during the 
summer months when additiOnal flow, resulting from Ihis project 
Mums 10 the river. Howcver. wHterquahty could be dcgnKIed and fish 
and aqualic habullt ncg;ltIVely Impacted dunng the wintCT months 
when flows arc reduced due 10 din"l"'Sions to storaa'C. Thc visual quality 
of areas inund01ed would 1101 be significantly impacted. There would 
be no Impact to primc and umque farml ands. Thc JcflTcy ReSCTVOIr 
project could generate some recrealion:ll opportunltlcs but in genera1. 
there arc minimal impacts 10 amemllCS. 
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Agricultural Water Conservation 

1. Introduction 

This section e>oamincs the yields. costs and associated issues of"arious 
agricultural conSl.-rvolion alternatives to reduce shortages to largel 
flows at the critical habitat. A number of agricultural conservation 
alternatives in the long lisl of alternatives were prcviously dcft'm.:d 
from furthL'I" analysis. as documented in Chapler 6. The remaining 
aitcmalivt$ fall inlo four categories: 

On-farm Changes in !rriga/;Q11 Proc/ices 

On-/arm C/wnges in !rriga/ion Teehttiques 

Worer Distriel SlmclUrai A /u.'rnaliw!y 

Waler Distriel Non-Smlcwrof Allemalil'!!s 

A brief description of each of these alternaTivcs and holl' they might be 
implemented is provided below. followed by rcgion-spedfic estimates 
of yields and cost of each allcmath'c. Finally the cvahmtion of each 
alternative in terms of physical. legal or institutional, economic, social. 
and ~'1lvironmental effects is offered to conclude the agricultural water 
conservation evaluation. 

2. Conceplual Definitions 

The following concl'Ptual definitions reference specific alternatives 
within each sub-calcgory that were previously defint'd in the 
Alternatives Definitions Memorandum provided 10 the Water 
ManagCfT1l"flt Committec in August 1998. 

On.farm Cha!ll!cs jn Irril!lI!ion PractjCt->$. This subcotcgory of water 
conservation measures includes alternatives thm would reduce water 
use by fundamentally changing fanllers' irrigation paUems 10 use less 
water. which may entail the usc of less water intensive crops. The 
following alternati-'l""S from the long list developed previously are 
included in this subcatcgory: 

• Conservation cropping pancrns 

• Deficit irrigation practices 



On-faw Chances in Irrigation Techoigues. This su!x:atcgory ofwatcr 
conservation measures includes alternatives that incorporate changes 
in on-fann irrigation equipment. techniques and managenwnt 
practices. Conversion from furrow irrigation to centl.""["-pivot irrigation. 
or installation oflow flow n07.z1t"S on existing center pivot equipment 
arc examples of this conser .... ation approach. Resuhing improvcml."TIts 
in irrigation efficiency can reduce watering beyond crop needs and 
exet:'ssive cvaporative and soil water losses. 

Watl.""[" District Structural Alternatjves. This subcategory of water 
C()nscrvation measures includes structural improvemL"tlts or changes 
that would reduce water usc by physically improving the efficiency of 
S\T¢ilm to fann wat(.-r C()nveyance systems. This subcategory does not 
address surface wat(.""[" substitution witb groundwater. since that option 
is addressed in tbe groundwater discussion (sec Section S.C). 
Examples include: 

• Rehabilitate/improvc conveyance channels 

• Repair/ improve water control structures 

Waler Djstrict Non_Structural Aliematjycs. This subcategory of water 
const:rvation measures includes non·structural modifications that 
would reduce watCT usc by cbanging the opcrntions of water district 
systems. Examples include: 

• Conscrvatinn pricing 

• Demand bascd scheduling vcrsus schedule baSL-d scheduling 

In general. the benefits of agricultural Wa\I.""[" C()nSCTvation reducing 
critical habitat shonages will be far easier to accomplish jfthe 
conserved waters arc tied to TCSL'lVoir storage. Conserving natural 
flows for benefits in a downstream state would represe11l a daunting 
and multi_faccted challenge. The study team did not cxamine water 
rights associated with specific water resources. Considemtion of water 
rights is beyond the scope of this r<X:onnaissanee-level study. 

3. Operational Definitions 

The following operational definitions of each a1tL"TTIotive were 
developed to provide a more specific. representative example of how 
the allermtivc might be implcmemed in the study region. 
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Consewa!i"n Croppjng Patterns. For purposes of cvaluation. the study 
tcarn cxamincd the implications of a progrnm to encourage convenion 
of a portion of commonly irrigated. water intensive crops within cach 
reach to production of less water intensivc erops or crop rolations also 
found ill thc local area. Based UPOIl local cropping pallcrn information. 
the study team evaluated alllversion of hay acres to C()fTl production in 
Region I and Region 2. and conversion from contmUOWl C()fTl (':'rQJIping 
10 lUI ahcmatmg rotalion of corn and soybeans III Region 3. Although. 
other more complex crop switching patlcms might be possible lIlthc 
futu.rc. these were oonsidcred representative of current poK'IIlIai. 

The rotation of crops can clearly be shown 10 reduce consumptive 
waler usc peT acre of irrigated farmllUld: the challenge is 10 ~'Slimate 
thc amoulll of lands thot will be COnVL'TIOO for II given fiuuueial 
inc~'1lti ve. Ideally. past crop conversions or past govtwmcnt inct'lltivc 
programs could shed light on the phenomenon. 

First. it should be noted that crop collversion has occurred historically 
more commonly in cerlain gwgraphic an:as as compared with othtT$. 
If crop conwnlion in II gi"en area is rare. it might be attributable 10 
any of the key farm prodUCIioll factors bc)'Qnd a grower' s con\I()1 such 
as slope. lIOiltYJlC. length of growing season. or wah .... availability. In 
IlR3.S where oofwersion is rno:n-e common. the googrnphie area will 
exhibit div~TSe crop typ...'S at lUIy given point in time. 

Sec<md. the motivation for crop oon\'ersioll historically appears to oc 
based on a complex dccision-making pTQC~'Ss by individual farmers. 
reflccting changes in the following: 

• Equipment tt'Chuoiogy 

• S~'Cd ChllTaCli .. '1istics 

• Fcrtih1.ers 

• Labor availability 

• Shifts in market demand and price 

• Product transponalion 

• Crop choices of nearby farmers 

The cXfl<.'Ctcd gross filluneial margin dO<..'S not by itself expluin the 



incidence of crop conversions. 

Third. federal government programs have traditionally offered a host 
ofincentivt.'S to fanners. but taken as a whole. these ineentivcs have 
not elearly pushed farmers toward or away from crop conversion. I'rior 
to 1996. federal farm price supports wcrc important considt.Tluions but 
largcly unrelated to crop conversion. The U.S. Government's Freedom 
to Fann approach since 1996 allows market forces to playa largCT 
role, encouraging individual fanners to make thl';r own choict:S. 

Within thc U.S. Deparuncnt of Agriculture. there are currently a 
number of focused programs. mostly under the auspices orthe Natural 
Resource Conservation Services (U.S. Department of Agriculture 
[USDA]. 1999). The recently implt:mented Environmental Quality 
Incentive Program offers a host of opportunities thm dcpt.Tld primarily 
on technical assistancc and cost shring. Marketing assistance loan rate 
programs OIist for diffcn:l1t crops that can be important under certain 
financial conditions. The ConSLT\lation Reservc Program and the 
Conservation Rest"tVc Enhancement Program relate to cessation of 
farming on certain highly erodablc lands. In sum. these programs arc 
evidence tht fanners can be encouraged to change eenain practices. 
Howcver. no government program was found thm could re\'ealthe 
likelihood or incentive for conservation crop switching at this point in 
time. 

For the purpose of this study. a rangc of inct'T1tivcs should be adopt .. -d 
to rellcctthe uncertainty. es[K.'Cially recognizing that marginallunds 
for one crop type will switch more easily than avcrJgc lands. Clearly. 
more research or a demonstration project is nCl..-ded for this alternative. 

Dcfjcillrri~atioo Practices. The study team definl'(j reprl""Tltative 
de ficit irrigation programs in each region for this evaluation. In Region 
I and Region 2. we assumed that participating farmers ,,'ould be 
offered incentivc payments to reduce irrigation of hay acres by 25 
percent. In Region 3. we evalua\t.-d a deficit irrigation program based 
on reducing irrigation on com acres to six inches per aCrC in exchange 
for inccntive payments. 

Again. thc water savings can be calculated th<-'Orctically. but thc 
induccrnlTlt for farmers to deficit irrigatc is highly uncertain. No 
federul or state programs were found to guidc such an incentivc 
estimate. Unlike crop switching. the farmers can continuc most of their 
historical practices. They simply irrigatc less at ccrtain times in the 



growing season nnd cllpo:.:rience 10wl'T yic!d~ plus incc11livc pa}Tllcms. 
FamlCN wil11ikcly be skeptical and reticcnt to hOI'c unhealthy looking 
plams (Univcnity ofNebTllSka EXICnsion Service. 1999). 

For thI s study. a ronge o f Incentives to more than compensate for the 
yield lou. less the wBter cost savings. should be used. This willalS(! 
reflect lands that do not follow best managl'Tl1C1lt pI"OCI ices or yield less 
per aero-inch ofwatcr applied. 

Changes in laigAtlOQ Techniqves. As documl'flted in the 
mt'Tllorandum. SJumHsl pf .. berna/hoes. !!auxl Mareh 8. 1999. many 
on- f1l1Tl1 conservation measures an: aimed at improving Irrigation 
efficil'fley. 111l""!\C measures. which arc often of considcroblc i>cncfitlo 
patticipating farml'TS and irrio;:ation districts. gl'flCTally offer much less 
bt-nefil from the standpoint of overall annual flows in the Plaltc River 
be<:ausc of their focus on reducing return flows from farms rolher than 
reducing consumptive usc. Ho,,·ever. in the lower ponions ofRl-gion J 
(reaches 17. 18 and 19). unlike the rest of the study area. I large 
proponion ofrctum flows do not return to the nwr above the critical 
habuat. These flows either accrcte to the groundwater mound til the 
arca,tTaI'e1 into the Republican Basin. or n:tum to the Plaue RII'er 
bt-Iow the CI'ltical habltDt area in S(!me cases. ThIs circumstance. along 
with these reaehes proXImity to the critical habitat. malcC$ these Ihree 
reaches the most economically and hydrologically fal"OfIlhle fur the 
implancotation of on-farm. efficiency improving lmgation t~"Chntques. 
Consequently. the study learn C\laluatt"<l these pmc1tCt:S III Ihls area. 

WJ&]cr DjslriCl Strue]Llra) Ahernatjycs. Detailed aspL'Cts of the 
irrigation district structural alll"mativcs are syst~'n und site spL'Cifie. 
For purposes of thi s evaluHlion. the study tcum assumt-d that irriga1ion 
districts would he offered financial support to make the most COSI­
effeclive improvancots 10 reduce leakage. spills and ot1K:r "losses" 
from 1heir systems. 

Wiler District NQn-strucluml Alicmalires. [n this evaluation. 
consco·.lion pricmg is defined as COIlI·crt'"g from priemg irrigalion 
walcr service un the basis of the number ofacrcs s..Tled to pnems on 
the basis of the \'olume of"'3IC[ supplk-d. The study tearn has assumed 
thai the reVIsed rate stlUCtun: ..... ould he dcsigned 10 he "revenue 
neulra!" (producing the same total revenu~'S for the irrigation district) 
in lhe average year. Conversion 10 demand based !lCh~-dulinl: is defined 
8S making the nttl'Ssary modification 10 irrigation systems wtd 



mllnag~'1TIcntto dcliver water to fanners on fann-specific dcmand. 
rather than according to district scheduling. 

C1carly.uncC11aintics nrc evident ;loout each agricultural water 
conS~TVlItion program. Infotmation specific to each opportunity should 
be gllthered. ]X.-rhaps through a d~'1TIonstration program. 

It should be cmphasi~.cd that agricultural water conservation is well 
merited on its own_ independent of this program. Local districts and 
fanners should bc encouraged to continuc to stT<.Tlb1hen thcir 
conservation efforts. 

4_ Altematives 

nlC following c"aluation focuses on the potential yiclds and costs of 
thc agricultural conservation alh:mativcs. Associated issues with c~ch 
alternative are summarized at thc end of this section. 

Region f 

Based on thc agricultural database ohtained by the study team from 
Natural Resourees Consulting Engineers. Inc. (NRCE) and thc EIS 
tcam. nearly 6OO.0CKl acres of irrigated land nrc harvcsK-d annually in 
Region I. Table S.C.I provides background for considering 
consen'ation cropping and dcficit irrigation alternatives by 
summarizing the major crops grown in Region I and their estimated 
consumptive irrigation requil1..'1TIcnts. 

Conservation Crooping patterns 

As shown in Tahle S.C.I, approximately one· half of the harvested. 
irrigated acres in Region I aTC planted in alfalfa and O1hcr hay crops. 
The consumptive irrigation requirements (CIRl for hay erops in this 
area arc gen~TlIlly more wawr intensive than either com or dry beans. 
In Region I. the study team has assumoo thaI a o.;onSCIVati()n cropping 
program w()uld focus on providing financial incentives for fannen to 
r(,due(: acreage planted in hay and conwrt those acres to com or dry 
beans. 



Yield 

Theorelically, Ihere would appear 10 be a subslanlial W1IK'!" savings 
polenlial from an incenlive program eocour1lgi n~ reduction in hay 
acrea~c and con\'~'fSion 10 other crops. Ifall currenl alfalfa and Olher 
hay acreage in Region I were converted 10 com or dry beans. the 
estimated reduction in CIR on Region I farms would be appro~ilTl3tcly 
150,000 ac-ft per year_ If only surface " 'aler irrigated iICfelIge "ere 
considered. the Ihcorctical polential waler usc reduction from 
wholesale OOIl\'ersion would be more than 125.000 lIe-ft of annual 
consumptive use. 

TlIbl ~ II.C. I Region I C ropping Pillcrn~ Ind ConsuDlplh 'c 
Irri alion R t uircmcnts 

lI.~on I 
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100.300 
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l61.\lOO 
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Con, umpth·. lrrigltlu n 
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2J 
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In practice. both the e~I~'Tl1 of participation and the water yield from an 
inCCrltive based conservation eroppin~ program in Region I are much 
more uncertain. In the upper ponions of Region I (Reaches 1-4 and 6). 
hay crops represent nearly 90 percent ofharvesll:d. irrigah:d acres. 
This predominance suggests that soil. climate. hi storical practice. farm 



I 

equipment IIno market conditions for most fanns in this area favor hay 
production. 

Cropping paucrns in the lower portions of Region I (Reaches 5. 12 
and 13), show more balance bctWI..'L'11 hay crops. com and dry beans. 
Individual farm choices regarding crop selection in thi s area may 
reflect specific local circumstances (e.g. soil. fann equipmcnl. 
management demands, traditional practice and avoilahlc water supply) 
as well as an effort to divl..-n;ify crops \0 reduce risk. 

From the standpoint of average revenue and farm income per acre in 
this arca. dry beans appellr to provide the bL'S1 return. while enm and 
hay arc fairly comparable \0 one anothl.'T based on the sludy team's 
analysis orthe NRCE data. The fnet lha! dry beans stilln:pTCScnt a 
small proportion of the acreage in this area. despite polCTltially more 
favorable financial rt.1ums. indicates that numcrous factors arc 
Important in crop selection. Clearly. such barriers to crop switching arc 
formidablc. 

Table 8.C.l prcsellls consumptive irrigation requirements fOT crops 
grown in Region I under best managl.'1nent pmctices and a'lSuming 
adequate water supplies to provide full irrigation. In fac1. however. 
there is evidl'1lcc that at least somc parts of Region I frequentl y suITer 
from inadequate supplies to provide full irrigation (Lidstone and 
Andl.'TSon. Inc .. 1991). In general. hay crops represent a lowl.'( risk to 
the farmer than com or dry beans when water supplies arc frequently 
less than desired. This has two important implications from the 
standpoint of this study. First. conversion of additional acreage from 
hay to corn or bcans may ft.'Prcsent tOO great II risk to fanners with 
unCI.'11ain wa\(.'T supplies. SC(.'Ond. many farmers may already be deficit 
irrigating their hay crops. thereforc. the water sa\'ing.~ from convcning 
from hay to corn or beans based on full irrigation rcquireml.outs may be 
illusory. 

n,C foregoing considerations 5uru;cstlhm a conservalion cropping 
program is unlikely to be feasible inlhc upper reaches of Region I and 
is problematic, al \>L'S1. in the lower rcachl.'S ofthc region. lflwenty 
percent of the acres planted in hay in the lower reaches was: 1) 
currently receiving a fun irrigation supply. and 2) would be willingly 
convened to other crops in exchange for incentive paytnl.oulS: Ihe on· 
site water savings would be on the order of 15.000 ac·ft for the region 
as II whole. 



Monthly changes in water use associated with conservation cropping 
in Region I were routl-d downstream using the "'ater hudget 
spreadsheet. The analysis for the watcr budget spreadshcc.1 also 
incorporated changes in return Oows that wou ld result from this 
progJ1lm alld reductions in canal and ditch losses and corresponding 
return flows. This analysis was perfonned under two scenarios: with 
and WIthout protection from downstream di,'cncrs. 

Table 8.C.2 depicts the eslimated on-site net hydrologic effCCls of the 
represcnulIi\'e conservation cropping program. by reach and by month. 
Table 8.C.), depicts the effects of lhe reprcs<:ntati\'c oonscrvation 
cropping progJ1lm in rl-ducing shonages to target l1ow~ at the critical 
habitat, as~urning no protection from downstrcam divcners. Table 
B.CA providc~ 11 similar summary of effects on targct flows. without 
downstream diversions. These results are summnri1.l-d in Table 8.C.16 
under the yield summary nrar the cnd or this sl'CIion. 

As SUi:l.-ested previously. cropping choi~ in the lower ponions or 
Region I lIppea.r 10 be moth'llted by a host offaclOB beyond just 
theoretical financial returns. These facton may include $Oils, " 'ater 
availability. fann equipml'llt. past pmctice, local mnr\cet condrtlons. 
access to caprtal. risk toler1lncc. etc. The cost of overcoming these 
barriers to changing cropping practices is vcry uneenain without field 
research or a demonstration progJ1lm, It may be that const:rvation 
cropping is bestlefl as an option for individunl fnrmcrs considering 
pan icipatioll in other alt ernatives. such as temporary water leasing 
al'l1lngements. In order to preserve this alwrnative for possible funher 
consideration at a later point, the study team has assumed thaI 
participat ing farmers would bC' compenSllIed with payments per ae-ft 
col\SCT'\'od on-site comparable to those cstimated for shon-tcnn leasing 
IIlTaJ1gcment! described in Section 8.F (Incenth'e Based Reductions in 
Agricultural Water Use). Further research will bC' needed to dctcnninc 
the IICCq>lability \0 farmers of this le"el of compensation for 
panicipal ion III a conservation cropping program. 

o elid lluigalioo pra ctices 

As noted earlier. m~ny fanns in Region I mHy olready be dc!icit 
inigating on u fr~"<Iuent basis due to shunagl'li in Dvpilable irrigation 
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supplies. In th<:{)ry, an ineentive-bast.'ll program could be instigatctlto 
encourage furth~'!' reductions in the walt'!' supply to participating famls 
in the region. 

Yie ld 

Studies have shown that in areas with more minfall. com can be deficit 
irrigated at certain times with relativd y modt."St impacts on yield 
(University ofNcbmska, 1999). Howevt'!'. in 8 semi-arid region lhat 
also featurt"S suhstantial hay production. acres planted in hay are 
probably mure likely to participate in a voluntary deficit inigation 
program due to pcreeivedlower risk associated with shorting the crop. 
In general, Imy yidds dcd inc proportionally with rctluctions in 
inigatinn supply. 

For purposes of evaluation. the study team has assumed that the deficit 
inigation progrom would be designed to reduce water usc Oil hay 
fields by 25 perecnt. In thoory, ifevcry fann planted in hay in Region 
I currently provided full inigation to its huy UCT<.."S and could be 
induced to participate in such a deficit inigation program. total 
rctluetions in consumptive usc on surface waK'!' irrigated acreage t."Quld 
be "early 120,000 8e-ft per year. Pt"Thups more realistieaHy. the 
program might hope to gain participation frolll 20 pcrcCTlt of Region I 
inigated hay acreage ifsufficiem rellnburscmem were offered. Only 
acreage inigated with surface water supplies would be indudt.'ll in the 
program. Under these assumptions, consumptive inig<ltion ,"iater usc 
on Region I hayficlds could be rctluccd by a IOtal of about 25,000 8C-ft 
per year. Estimated reductions in consumptive usc by reach would 
range from mOTe Ihan 5.000 ac·ft to less than 2.000 ac·ft. 

Monthly changes in water usc associated with deficit inigation in 
Region I were routed downstream using the water budget spreadsheet. 
The analysis for the water hudget sprcadsht'"C1 also incorporated 
changes in return l1ow5 that would result from this program and 
reductions in canal and di lch losses and corresponding return !lows. 
This analysis was pcrfonned under two scenarios: with and without 
prott.'Ction from downstream divertt'TS. 

Tahle 8.C.5 depicts the cstim8t~'ll on-site nct hydrologic etTe<.:ts of the 
represCTltative dcficit irrigation program. by reach and by month. Tahle 
8.C.6. Ikpicts the effects of the representmive deficil irrigmion 
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program in reducing shonages to target flows at the critical habitat. 
assuming no protCClion from downstream divcr1ers. Table 8.C.7 
providcs a similar summary of eiTCCls on target flows, without 
downstrcam divlTSions. These results 3rc summarized in Table 8.C.16 
under the yield summary ncar the end of this section. 

Co,1 

Ikfici t irrigation of hay crops in Region I would likely rt'liucc hay 
yields by appro.~ imatcly a corresponding proponion (i.e .. a 25 percent 
deficit in irrigation " 'ould reduce yields by 2S perCt'Tlt). Conscqut'Tltly. 
the study team can roughly t'Stimate the impact of deficit irrigation on 
fann revenues from Region I hay production. In the upper ponions of 
Region I. deficit irrigating hay production by 2S pere~'Tlt would reduee 
reVl'Tlut'S from hay production by approximately $30 to $40 JK.'T acre. 
In the lower reaches Ihat have hight'T yields from fully irrigated hay 
production. foregone revenues could be as much as $60 to S70 per 
acre. Hay revenues per acre arc from the NRCE database and 
orib~nally from state agricultural statistics. 

For purposes of providing a rough estimate of potential costs 
associated with this alternative. the study team has assumed that 
farmers would have to be paid an additional incentive of at least 20 
percent. but no more than 60 percent of their foregone revenues from 
deficit irrigation 10 panieipate_ While fanners might experience some 
savings in variable costs of production. these savings would likely be 
minimal in comparison to lost revenues. In L'Stim~ting costs. we have 
used the mid-point of this range. While there is little or no precedent 
for large scale ineenti I'e-bast'!! deficit inigation programs. the study 
team has assumed that the costs of implementing and administering the 
progrJm might be similar to the hrnd fallowing alternative dcscrib<:d in 
SCClion 8.F. On this basis, we havc aS$umed annual administrative 
costs would be about $20 per participating acre. 

In lOta1. the representative deficit irrigation program in Region I 
would cost an estimated $4 million per year. Capita1i~t'!!total COSL~ of 
the representative defieil irrigation program ol'er a 20-year period 
(using a six percent discount rate appropriate to gOl't'Tllmental entities 
wi th access to tax frt'C bond financing) would be approximately $51 
million. or aoout $2.000 per ac·ft of consumptive use saved on·fann. 

B-C-15 



For the region as a whole, aV~""'dge c~pitalized oosl per ac-ft of 
reduclion in shortage althe cri lical habi lal would be S3.340 if lhe 
saved water can be pmux:led from downstrcam divcners. If the water 
is not prott:cled. a deficit irrigation program in Region I will n01 serve 
10 reduce shortages to targel nows. Becausc the oosts per ac-fl of 
reduction in shortage allhe critical habitat CJlcccd S3.000 in Region I 
Ihis alternative has been deferred from further e\"alu3tion. 

On-farm Changes in Irrigation TechniQues 

As discussed in the operational definitions at the outset of thi s s~'l..1ion. 
the study team focused its analysis of on-farm changes in irrigation 
techniques on the lower reaches in Region 3 becausc those reaches 
offer the most favorable hydrologic conditions for these measures 
from the standpoint of the goal of reducing shortages to targct nows. 
On Ihe basis ofthc results of the Region 3 cxamination. n:ductions to 
target flow shortages from on-farm changes in irrigation techniques in 
Region I would far exceed the Ihreshold cost ofS3.000 per ac-ft for 
further analysis. Consequently, nn-farm changes in irrigation 
tcchniques were not evaluated further in Region I. 

Water District StructUral Alternatjves 

As in other po rt ions of the study area. a substanlialamounl of water is 
"lost" cach year due 10 seepage from irrigation conveyance facilities 
and spills. Based upon the most recent USGS dma on water use and 
conveyance losses (for 1995). the study team estimates that annual 
cunveyance losses in Region 1 arc appro:o; imatcly 800.000 lIc·fl p<':T 
year. This data indicates that average conveyance efficiency - ,", 
amount of water aetually delivered to farms relativc to the IOtal 
amount divcned from Ihe river. is about 66 percent. 

From the standpoint of this basin-wide study. however. it is vital to 
recognize Ihat most of this Wlost" watt."f eventually rt.1urns 10 the riwr 
or provides return flows relied on by other irrigators. The primary 
effect of rehabilitating or improving conveyance faeil ities and "'ater 
control struClures is to change the timing of flows in the riVCT Tatht.-r 
than a reduction in consumptive usc. 



Yield 

A number ofprcvious siudies commissioned by Ihe Wyuminll WaleI' 
Dcveloptnl'Tll Commission have OIamined specific opponunities for 
rehabih lahon lind improvement ofwBter district facilitid. These 
studies include potential impro\'ements to the LaPrele IrrigatIon 
District system. Wheatland Irrilllltion District canals, and Goshen 
Irrigation District fa.::ihtiC5.. among others. Separalely. the Casper­
Alco\'a Irrigation District (CAID) has been wor\:mg with the Cityof 
Casper dunng lhe past decade to make impro\'t:mcnts 10 Ihelr syslem. 
This has rcsul1cd in II water service agrccmt.'Tlt among lhe United 
SUltt.-S, CAID, and lhe city providing a supply of up 10 7.000 ac·f\ 
armually 10 the ei ly from the Kendrick J'rojed water supply. 

l'ott.'Olial wnlt."I' !IIIv;ngs and emlS of irrigmion system rehabilitation 
lIIld improvt.1nenls dt.-pcnd on si te spec; fie factors, lIo"'c\'t."I'. for 
purpnscs of this evaluBtion, lhe study tcam has developed some 
approximate "rules of thumb" from the above Tl.-poI1S, Canal lining, 
automatmg turnouts. new siphons. impmved flow rncasurctncnt and 
other tC(:hniqucs appear to typical ly increase the convcyal'lCC efficiency 
ofRegoon I wltcrdistricts by about fi\(: percent, on lI\cragC, 

Most of the water sa,'ed thmugh such measures would ultimately have 
returned to tnc system, While this proponion vanes greatly by site­
speci fic eireumstances, the study tearn has used the common 
assumpuon Ihat 8S percent of system losses would evenlually return 10 
the river (Missouri Basin Slates Association, 1982a: CNPI'ID, C1 al.. 
1999), 

Overall. the study team estimates that a oomprchcl'Isive program 
focused on the most cost cfTl'CIive improvl'fTlCl'lts to ilTigation district 
faci lities and improved watt. "I' control structures throughout all 
irrigation systems in the region could reduce RegIOn I di\'crsions by at 
about I :ro,ooo ac·f\ pt....- year. Non·producti\'e consumpti\'C usc: could 
be reduced by an esllmated 18,000 ac·f\ per year, HOWC\Cf. it must be 
emphasIzed Ihat these estimates arc subject to considCTDble 
uncc:rtamty. whIch can onl y be roouccd by detailed study on 8 s)'Slem 
by system basis. 

Monthly chal'lges il'l " 'atcr usc associated with Irrigation system 
rehabili tation lind impro\"ements in Rl'gion I were routed downstream 
using the Watl"l' budget spreadsheet. The al'lalysis for the \<'utcr budget 
spreadsheet also incorporatt'<l changes in relurn nows that " "ould result 



fi'om this allernative and reductions in canal and ditch losses 8nd 
com:sponding return 110ws. This analysis was p<..'rfofTned under two 
scenarios: with and without protection from downstream divcncrs. 

Table 8.C8 depicts the estimated on-site net hydrologic effects of 
water district structural conSCTVation allcmatives. by rcach and by 
month. Table 8.C9, dLl'icts the effects ofthe structural altcmatives in 
reducing shortages to larget 110ws atthc critical habitat. assuming no 
protection fi'om downstream divcners. Table 8.CI 0 providL'S a similar 
summary of effects on target 110ws. without downstream diversions. 
These results arc summarized in Table 8.C.16 under the yield 
summary ncar the end of this section. 

Cost 

The costs of measures to impro,·e or rehabilitate water district facilities 
are as site specific as the potential water benefits. OthlT regions might 
have much hightT or lower costs based upon physical systems that 
(:};ist in those areas. However. based upon the Region I studies cited 
pn.'Viously. the study learn estimatL's that the average cost of such 
measures (in 1999 dollars) would be approximately 5 1.000 per ae·n of 
reduced sa."age or spillage. Adding engineering costs and transaction 
costs to transfLT the salvaged wat~T savings. average cost per ac·ft of 
reduced diwrsions would be appro;.;imalc1y S 1.200. This cost estimate 
tronslates imo an awragc cost peT ae·ft of rl-dueed on·site consumptive 
usc of about 58.000. Because the costs per ac-ft of n..'I1uction in 
shortage at the critical habitat exceed 53.000 in Region I this 
alternative has been defcm.-d from further evaluation. 

Water District NoD-Structural Alternatiyes 

The study team also evaluatt'l1two non-struetural irrigation district 
measures including conservation pricing and changing from schedule 
based 10 demand based irrigation delivcry timing. 

Yield 

The potential watCT savings from adQption of conscrvation pricing 
depends on both the extent to whieh demand for irrigation W3t~T 
responds to priec signals (known as price elasticity) and the exwnt to 
which districts could be l'TlCOUragoo to adopt conservation ratcs. 
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Ccrtai II previous studies have shown that irrigation " 'attT demand is 
gcncrnll y "inelastic". which impl ics that the percentage reductIOn in 
water usc would likely be less than the percentage increasc in watlT 
005tto farmers (Michelsen and Young. 1998). Farmer!;' inclinations 
and incentivcs 10 Irrigate their cmp5 IC$$ are addressed UfI(ilT defieit 
irrigation. In theory. the: water price for mlll'ginal use could be raised to 
aehie\'c that same efTct.1. This would require pricing foreenain blocks 
of water at ocnain limcs. {Of" which measurement syst~'IIIS lITe currently 
una\'ailable. This feature would suggest thaI water slowing'! from 
conse,,;allon pricing might be modest unless the new rate struclure 
results in sUDslanllalmcrcBSCS in the pricc of water to farml'l'S. 
Farmmg will slOp ifwotcr price rcndcrs it uneconomic. 

Waler use reduClion through conservation pricing faccs a host of 
considcrnble barriers 10 adoption. While conscn'otion ralCS are 
increasingly common among municipal ulilities. such TIlle structures 
arc very rare among irrigation districts. By dcfinition. conSl.'TVation 
pneing Implies Ihat district revenue will vary depending on Ihc amount 
of watl'!' deli\'en:d 10 fanners. Unlike most municlpal syslcmS. lhe bull 
of irrigalion di strict 00SlS are oftcn fi~ed mthl'!' than \'llrying with the 
amount of water dchvered. Further. irrigallon distncu fi'lCe uneenainty 
both in terms of the amount of"'ater farmers will need in a gi\'en year 
and 11\ ihe amoum of supply that will be available 10 lhe dislrict for 
delivery to the fanners. Therefore. irrigation districts usually avoid 
TCVl'l1Ue melhods thaI depend on price Jl'lT unit of water delivcroo. 
They nl...xl more clTlainly. 

A T<.'Ccnt study fundl"<.l by the USGS Slid WllShington Slale found Ihal 
irrigation districts were mOSI likely 10 adopt conscrvation pricing when 
farmers already face high costs for IIIClT waler supplies. lU'C gro"'ing 
high value crops lind ha\'c wanner and longer growing seasons 
(Michelsen and Young. 1998). These condiliom are more typical in 
areas like California than in the Plane Ri\'er study a«:a. 

On the basis of tile afoT<.mcntioned issues. the study leam has 
concluded Ihal voluntary conservalion pricing of irrigation water 
supplies IS unlikely 10 lead 10 meaningful .... ater su"ings in the study 
Mea. or allcasl is too speculat;'·c to proceed based on currenl 
information. 

For difTl'TCill rcal>(l11s. thc study Icarn also belic\'es Ihol collvcnion 
from schedule hascd to dCll1und basoo irriga1ion dcli\'l"ry is impractical 



for most districts in the study area and unlikely to reduce watL'T usc. 
CUm:r1t irrigation schL-duling practices reflect both the managcmCl1t 
and the physical capabilities of irrigation systl'mS in the Platte River 
study area. Cenainly, scheduling and delivering water on demand 
would pose extraordinary new management n..'quin.ments for irriWltion 
companies. Converting to dcmand·basL'd irrigation may be physically 
impossible for many systems. DLmand basL'd scheduling might well 
create excessive peak delivery requiremcnts for conveyance facilities. 
which were designed for relatively stcady water deliverics throughnut 
the irrigation SC'.iSOn (Ccntral Nebraska Water ConSL"TVation Task 
Force. 1999). EvCfl if demand baSl.'d irrigation were physically 
possible. it is not clear that this fonn of schL'duling actually reduces 
consumptive usc (Northern Colorado Water Conservancy District 
[NCWCD]. 1999a). "I11is program is too sp<:Culath'c \0 proceed wi th. 
based on current infonnation. Therefore. the study tearn recommcnds 
deferring this measurc from funher cvaluation at this time. 

Region 2 

Almost 700.000 acres nf irrigated land are harvcsted annually in 
Region 2. Table S.C.II summarizes the major crops grown in Region 
2 and their estimated consumpti vc irrigation rt..'quircmcnts. 

T a blc S.C. II Region 2 C ropping Patlerns and Consumpth 'c 
Irri 'alion ReQui rements 

Roacl>c. 7·9 . II 

Com 

Alfalf. and Other Hoy 

Dry Ik.ns 

)45.600 

102.600 

63.400 

692.200 

">',ugcA"nuat 
Co".urnpti ... I rri~al io" 

11.. ulrrmrntlAr ... (j".he. 

" 

" 
V.nOlL< 

Source: Study .. am analysIS ofNRCE "l:flCulru",l dalAba~. 1999. BasM o~ dalA 
from 1991. 19901 and 1996 .gn~ultu"'J yrars. 
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Conservation Cropping Patterns 

As shown in Table S.C.II. com is the most widely grown crop in 
Region 2. though alfalfa and Olher hay crops account for mon:: than 25 
percent ofimgaled acreage in the region. The CIR for hay indicates 
that hay crops arc much more walcr·intCT1Sh-c than either com or dry 
beans.. In RegIon 2. the study leam has assumed that a conservation 
cropping ~ would focus on providing financiallncc:nli,'cs for 
flll'mCl'S 10 reduce acreage planted in hay and OOIWcrt those acres 10 
corn production. 

Yield 

Theoretically, IhCTe would appear to be potential for considerable 
water savingll from an incentive program CTlcouraging r~-duclion in hay 
acreage and ~xmvcrsion 10 com. (fall currCTIt alfalfa and OIher hay 
acreage in Region 2 Wt.'TC con,'cnoo \0 corn. the estimated reduction in 
CIR on Region 2 farms would be approximately 130.000 ac-ft per 
year. If only surface II'Dler irrigated acreage lI'ere consid~'ft.'ti. Ihe 
tbeoreti(:ai potcntial water u SC reduction from wholesale eGnvl'rSion 
wO\lld still be more than 80.000 1IC- ft of annual oonsumpu\'e usc. 

The reasons for the cropping decisions made by ind1\'idUlit farmCl1i In 

Region 2 arc complex. The Sludy team's analysis of NRCE data 
suggesls tluil the gross revenues peT acre planted In com and alfalfa in 
Region 2 are T'CIISOnably comparable. although alfulfa may have a 
somcwhatlower ~'Ost of production. Farm specific factors may be a 
more important influcnee on the cropping choices of individual 
fannl'TS than uvcntge gross margins. These faclnrs may include soils. 
management r~'tIuirements. past practiec. risk tnknmo::c. existing farm 
equipment. and others. 

As in Region 1. part of the reason for growing hay may also be the 
tolerance of the crop In the face ofuncertam ",ater supplies. Shortage 
of water 10 meet the full oonsumpll\'C imgation n:quin.:ments of crops 
IS oommon. and holders of more \'ariablejunoor watel' rights may 
regard alfalfa production as a "shock absorber" 10 deal wilh the 
possibi lilyofloWl'T than ideal water supplies (CWRRI. 1996; 
NCWCD.I99%). 

Given Ihese buniers 10 crop conversion, il is difficult to pr~'tlict the 
potential n.lsponse to an incentive pro~,'Tam focused on changes in 



cropping paltt'TT'ls. For purposes of evaluation. the study team has 
assumed that such a prob'lllm might be able to elicit panicipation from 
20 percent of irrigated hay acreage in Region 2. Aftt'f rt'Stricting th~ 
program to acrcage irrig:lled with surface water supplies. this 
prospa:tive penetration rate means that the conservation cropping 
program might reduce consumptive usc in the region hyabout 23.000 
ae-ft per year. 

Monthly changes in water usc associated with conservation cropping 
in Region 2 were routed downstream using the wat~T budget 
spreadshcct. The analysis for Ihe water budget spreadsheet also 
incorporated changes in relurn nows thm would r~'Sult from this 
program and reduclions in canal and ditch losses and coJTesponding 
return flows. This analysis was performed under two scenarios: with 
and wilhout prot~'Clion from downst",am divcrtel'll. 

Tahle 8.C.2 d<'picts Ihe estimated on-site nel hydrologic effe<:ts ofthe 
rcp"'sentative ~mscr\'ation cropping program. by reach and by month. 
Table 8.C.3 d'-'Picts the effl'Cts of the representative conservation 
cropping program in reducing shonages to target flows at the critical 
hahitat. assuming no protection from downst",am divcrtcrs. Table 
8.C.4 provides a similar summary of effects on target flows. wilhout 
downstream divtTSions. Tht"SC results arc summariled in Table 8.C.16 
under the yield summary ncar Ihe end of this section. 

As noted earlier. Ihe study team believcs that the barriers to eonvt'T1ing 
acreage from hay 10 t'Om production in Region 2 arc not simply a 
matter ofa difTert!Tlee in average financial returns betwt'Cn the two 
crops. Given the host of factors that influence cropping decisions. 
cstimates of the cost of a conservation cropping program for Region 2 
arc quite uncertain without field research or a demonstration program 
that was beyond the seope of this evaluation. It may be that 
conservation cropping is best left as an option for individual farmers 
considering participation in other altemHlivcs. such us tcmporary waler 
leasing arrangements. In order to prCS~'f\'e Ihis altemal;"e for possible 
funher consideration at a later point. the study team has assumed that 
panicipaling farmt'TS would be compensated with paym~'T1ts per ae-It 
conserved on-si te comparable to those cstimalt'd for shon-term leasing 
arrangements described in Se<:tion 8.F. Further research will be needed 

S.C-24 



to determine the acccpt~bili t y to farmers of this level of compt.1t5ation 
for participation in II conservation cropping program. 

Deficillrrigalion P ractices 

As in Region 1. defici t irrigation already occurs to some extent in 
Region 2 due to shonages in available water supplies (CWRRI. 1996). 
Given the risks associated with deficit irrigation of com in an area with 
as little precipitation as Region 2: experiences. the study team has 
assumed that only 3crt.'S planted in hay might be convinc~-d to 
panicipate in such II program. 

Yield 

The study team has assumed that a representative deficit irrig:uion 
program in Region 2 would seek 2S percent reductions in water usc 
from hay farmers irrigating with surface water supplies. If all sueh 
acres in Region 2 typically receive II full irrigation supply and arc 
willing to panicipatc in this type of voluntary deficit irrigation 
program, the thooretical on·site reduction in consumptive use from this 
alternative would be approximately 80.000 ae·ft per year. 

A more realistic expectation is thai as much as 20 percent of eligible 
acres might be enrolled in the program i r sufficient financial inccntivc 
were provided. This level ofpanicipation would result in estimated 
reductions in on-farm oonsumptive use of approximately 16.000 IIC·ft 
per year in Region 2. 

Monthly changes in water usc associotL-d with deficit irrigation in 
Region 2 were routed downstream using the water budget spreadshret. 
The analysis for the water budget spreadsheet also incorporaK-d 
changes in retwn flows that would result from this pro!,>nIm and 
reductions in canal and ditch losses and corresponding return flows. 
This analysis was performed under two scenarios: with and without 
protection from downstream divencrs. 

Table S.C.S d~'Piets the estimated on-site nct hydrologic effects of the 
representative deficit irrigation program. by reach and by month. Table 
8.C.6. depicts Ihe effects of Ihe representative dc-ficit irrigation 
program in reducing shonuges to target flows at the critical habitat. 
assuming no protection from downstream divencrs. Table 8.C.7 
provides a similar summary of cffects on target flows. without 
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downstream diversions. These rcsuhs arc summarized in Table S.C.16 
under the yield summary ncar the end of this section. 

Cost 

Bas~-d on study team analysis ofNRCE data regarding hay production 
economics in Region 2. the estimated annual impact on fann revenues 
from the rcprcscntat;vc deficit irrigation program would be $80 10 
S lOOper panicipating acre planted in hay. While farmt'T1> might 
experience some savings in variable costs of production. these liavings 
would likely be minimal in comparison to 10S1 revenues. 

In estimating potential costs. the study team assumed 1ha1 fanners 
would have to Ix: paid an addi tional incentive prcmiwn 0(20 10 60 
pcTCcn! over and 300\'C their foregone revenues from dcficlI irrigation 
to panicipalc. For purposes of estimating costs. we have USL-d the mid· 
point of this range. While there is little or no precedent for large scale 
incentive-based deficit irrigation pmgrnms. the study team assumed 
that the costs of implementing and administering the pmgrnm might be 
simi lar to the land fallowing alternative in Category 4. On this basis. 
we have assumed annual administrative costs would be about $20 per 
participating acre. 

In total. the representative deficit irrigation program in Region 2 
would cost an estimated $3.3 million per year excluding additional 
costs to pmtl.."Ct the conservt.'d water from downstream divL-n;ions. 
Capitali7.ed total costs of the representative deficit irrigatinn program 
over a 20-year period (using a six percent discount rate appropri3le to 
govemml..'11tal entities with access to tax free bond financing) would bc 
approximately S4l million. or S3.700 per ae_ft of consumptive use 
saved on-fann. In Region 2. a number of sand dams would have to IJ.e 
improvl..'d or modifil..'d if conserved supplies are 10 be protected from 
downstreom diversions. Costs for these modifie3lions. L'Stimated 31 
S8.1 million in total. were added to the costs of this alternative under 
the scenario in which water is protected from downs1r<~am divcrters, 
These costs were proratL'd back 10 each reach within Region 2 on the 
basis of the proponion of the tot~1 region's on-sitc yicld contributed by 
that reach. When these CO~IS are included. capitalized l.."(Ists of this 
alternative in Region 2 would increase to about $49 million. Because 
the COS1S for sand dum modific3Iions were prorated over all reaches in 
Region 2. the COSI per ae-ft of reductions to target flow shonages 
would increasc if this altcm~th'e were not impletnented in e\·~-ry reach. 



If sand dams are modifiL"tl to bypass flows. then marc than one 
altt'Tllative oould be located above the sand dams without incuning the 
additional oost of sand dam replacement The sand dams would only 
be modified once. therefore. the total cost to replace these dams would 
be spread among all projcets impkmentcd under the Program in 
Colorado. as opposed to each individual project. Thcrcfore. the oost 
per acre foot for scenarios without diversion losses could be 10Wl'1' in 
the Action Plan ifmore than onc alternative is selected in Region 2 
that T\,'quircs sand d9m modifications. 

AVCl1lge capitalized oost per ac-ft of reduction in shortagc at the 
cri tical habitat would be 53.750 if the saved waler can he protected 
from downstream divcrtcrs. If the water cannot he protected. deficit 
irrigation in Region 2 cannot provide a substantive contribution toward 
reducing shortages to larget flows at the critical habitat This 
alternative has been deferred from further evaluation for most reaches 
in Region 2 because the oosts per He-ft of reduction in shortage at the 
critical habitat exceed $3.000. 

On-fann Changes jn Irrigation Techniques 

As discussed in the operational definitions 31 the outset of this section. 
the study learn focusl'!! its analysis of on-farm changes in irrigation 
techniques on thc lower reaches in Region 3 because those reaches 
offer the most favorable hydrolob~c conditions for these measures 
from the standpoint of the goal of reducing ~hOrtagl"S to target flows. 
On the basis oflh .. results of the Rcgion 3 examination. the al'L'T3ge 
annual cost per ac-ft ofrt'!!uctions to target flow shortages from on­
farm changes in irrigation techniques in Region 2 would far cJtct-.xlthe 
thrcshold cost ofS3.000. Consequently. on-farm changes in irrigation 
techniques were deferred from fmthL'T evaluation in Region 2. 

Water District Structu@1 Alternatives 

As in other portions ufthe study area_ a substantial amount of watL'" in 
Region 2 is "lost" each year due to seepage from irrigmion .:o!1veyancc 
facilitit1l and spills. Based upon the most rcecnt USGS data on watL'T 
use and conveyance losses (for 1995), the study tcam estimatcs that 
annual conveyance losses in Region 2 aTe approJt immc1y 600.000 He-II: 
per year. Average convcyance efficiency. which is the amount ofwaler 



actually delivered to farms relativc to the total amount divCTled from 
the river. is estimated at about 68 percent 

As noted earlier. most of this "lost" water eventually r<.1urns to thc 
riVt'T or provides return flows relied on by mher irrigators. The primary 
effect ofrehabiJitating or improving conveyance facilities and water 
control Structures is to change the timing of flows in the river ruther 
than a reduction in consumptive usc. 

Yield 

Potential wmer savings and costs of irrigation systcm rehabilitation 
and improvenlents depend on site specific factors. For purposes of this 
evaluation. the study team has developed some appro~imate "rules of 
thumb" from system-specific studies in the Platte Ri"cr Basin. The 
most cost effcctive comhination of eanal lining. automating turnouts. 
new siphons. improved flow measurement and other techniqucs for 
individual irrigation systems appear to typically increase conveyance 
efficiency by about five percent. 

Most of the water saved through such measures would ultimately have 
returned to the system. While this pro)Xlrtion varies by location. the 
study team has used the common assumption that 85 pereent ofsystcm 
losses would eventually return to the river (Missouri Basin States 
Association. 1982a: CNPPID et al.. 1999). 

Overall. thc study tcam estimatcs that a comprehensive progrum 
focused on the most cost effective improvements to irrigation district 
facilities and improved watt'T control structures throughout all 
irrigation systems in the region could reduce Region 2 diversions by 
more than 100.000 ac-ft IX-'T year. Non-productive consumptive use 
could be reduced by an estimated 16.000 ac-fI per year. Both ofthcsc 
estimates are subjl"(;\ to considerable uncertainty withoot detailed study 
on 11 system by system basis. 

Monthly changcs in wmer use associated wi th irrigation system 
rehabilitation and improvements in Region 2 " 'ere routed downstream 
using the water budget spreadsh~'Ct. The analysis for the water budget 
spreadshect also incorporated changcs in return flows that would TI..""Sult 
ITom this alternative and reductions in canal and ditch losses and 
colTcs)Xlllding return flows. This analysis was IX-TIonned under t,,·o 
scenarios: with and without prote<:tion from downstream di"ertCTS. 



Tablc S.C.S dl:picts thc cstimated on"site nct hydrologic elTects of 
water district structural conservation alternatives. by reach and by 
month. Table S.C.9. depicts the elT<. .. ·cts of the structural alternativcs in 
fI'-'dueing shonagcs to targct flows at the critical habitat. ~suming no 
protection from down~trcam divcrtcrs. Table 8.C.1 0 provides a similar 
summary of effects on target flows. without downstream diversions. 
These resul ts arc summari7.oo in Table 8.C.16 under the yield 
summary ncar the end of this section. 

Thc costs ofmcasu1"C$ to improve or rehabilitatc water district facilitics 
arc as site specific as the potential water benefits. Costs for Region:2 
could be higher or lower than Regions I or 3. dqx.'J1ding upon physical 
conditions. Unfortunately, specific Rcgion 2 005ts were not identified. 
Using the mid-point of costs found in Region I and Region 3. the 
study team estimates Ihat thc average cost of such measures (in 1999 
dollars) would be approximately S750 per 3c-fl of reduced seepage or 
spil18ge. Aft!.T adding !.'Ogineering costs and tr.msaction costs to 
transfer the salvaged waler savings. the average cost pl'!" ac-fl. of 
reduced dIVersions would be approximately S900. This OOSt estimate 
translates into an average cost per ac-ft of reduced consumptive usc 
on-sile of about $6.000. This alll"mati\"e has been dcferred from funher 
evaluation for all reaches in Region 2 because the oosts pt:r a,,-ft of 
reduetion in shonage at Ihe critical habitat exceed $3.000. 

Water District Non-Structural Alternatives 

As discussed in detail earlier for Region 1. the study team believcs it is 
impractical to expect voluntary water savings through oonscr.·ation 
pricing or convcrsion to demand based irrigation sch~-duling. Both 
measures face a host of institutional. administrative and physical 
barriers that make their widespread adoption unlikely. Further. the 
amount ofwuter that would actually be saved by either measure in the 
l'lal1e River study area is unlikely to be substantiul. This alternativc 
has been deferred from funher cvaluation for all reaehcs in Region 2. 

Region 3 

Abou1 725.000 aCfl."S of irrigated land arc harvcsted annually in Region 
3. Table 8.C.1:2 summari7.es the major crops grown in Rcgion 3 and 



Iheir estimated, consumptive irrigation n.'quircments. The study team 
has depicted the western and castern ponions ofRcgion J scparntcly to 
f~"COgni7.c the greater role of soybeans in irrigated agriculture in the 
eastern ponions of the region. 

Tabl{' 8.C.12 Rl1!,ion J Cropping Pallcrnli and Consup'pti \'e 
IrTi ation Rc uirCPlcnts 

Rtdo"J 

Roache. 10. 1~·15 
( ... ." tom po,,;"n) 

c~ 

Alfalfa and Otl;cr flay 

Dry n.ans 

All OtberC""" 

Total 

Reaches 16-19 

Soybean.. 

Alralf" and Other flay 

All OtherCrop$ 

Total 

85.700 

15.100 

4.300 

UOO 

108.300 

541.800 

36.500 

29.700 

617.700 

,\'·~r.~~ " nnuol 
Con,umpti," tr<i~.'lon 

R.,.uir.m.nl1A<r~ 4in~h~s) 

" 
" 
" 

v.oC>U.' 

" , 
" 

v."ous 

s.-C" 5t..". «am .... tr>" ofNRCEoaneolNrot --. 1'190 _.,. ..... I""" 1<1\11. ,.,... .... 
I"",, ._.~ ... , r->-

Cooservatioo Cropping patterns 

As shown in Table 8,C.12. com is the dominant crop in Region J. In 
contraSI to the other study regions. hay production aCCOUnlS for less 
[hantco perccot of Region 3 irrigated acreage. Given the modest 
amount of hay production in the region. a conservation t-ropping 
program focused on shifti"g production from hay to oth~'1" crops {as 
described for Region I and Region 2) would produce minimal 
reductions in consumptive use. Instead. the study learn has focused this 
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analysis on an ul1cmalive crop rOlalion dL'ScribLxI by Joel Schneckloth 
from the University of Nebraska. In Region 3, II deficit irrigation 
progrmn mighT include incentive paymcnl$ \0 fanncnto convcn from 
C()nlinu.ous com cropping \0 an allemaling com!ll1d ooybcan rotallon. 

Yield 

Estimated on-fann consumpti\'c usc savillg5 from implcml'Tlting!he 
ahcrrnuing com and 50ybcan rotation are lhrCl: IllChcs per acre per yea.­
(University ofNcbraska E:ttCTlSion Service. 1999). Since SO)Ocans are 
not oommonJy grown in Ihe western por1lons of RcWon 3 III presml. 
the study leam has focused on potential waler savings from 
implementing the alternating C()m and soybean rotation in the eastern 
porlinn Orlhe region (Reaches 16 through 19). Orlhe more than 
500,000 UCfl'S plantLxI in com in Ihis area. only 170,000 acres arc 
irrigated wilh surface waler supplies. Ifall acres cum'lllly plantt-d in 
com and Irrigated wilh surface supplies were shIfted 10 the allemanng 
water conser-'allon rotation. tile annual reduction in on-farm 
consumpll\'e use would be o\'er 40,000 ac-II per year. 

Changing cropping pancrns from II COIltmlJOus com rotation to an 
altematmg rotation of corn and soybeans might oot be an easy 
transition. The oonsen'lItion rotation would reqUITC more intensified 
farm management. II change from historical practIce, such as 
fL'1'tihzing. and ncw oquipmmt in many cases. A oomplete shill to this 
revised rotallon by surface irrigation com farmers in Region 3's 
eastem poT1ion would also more than double total soybean production 
in thc IITCa with uncertain impacts on the price and economic viability 
of soybeans. Howcver. II shilling to soybcllltS has bc:cn noted in pans 
of Region J III recent years. 

Given these issues, the study team has assuml1i that 00 more than 30 
pcrcl'l1t of ehgible acres in Region 3 would be enrolled in I \oluntlU)' 
COIlscn'atiOll cropping progr.t.m. With this assumpllon, the estimated 
on-farm reductlOll in consumptive usc In Rqpon 3 would be 
approxtmately 14.000 at-II per year. 

Monthly changC$ in wllter usc usociated with conservation cropping 
in Region J were routed downstream using the WIIIL"T budget 
spreadsheet. The IInalysis for the water budgct spreadsheet also 
incorporated changes in retum flows that would result from this 
program and reductions in canal and ditch losses and corresponding 
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return 110ws. This analysis was performed under two SC~"11arios: with 
and without protection from downstr(:am divertcrs. 

Tahle 8.C.2 depicts the estimated on-site net hydrologic efft:Cts of the 
repT"Q;C11tativc conservation cropping program. by reach and by month. 
Table S.Col depicts thc cffects of the r .... prcscntative conservation 
cropping program in reduting shortagt"S to target l10ws at the critical 
habitat. assuming no protection from downstream divertcrs. Table 
B.CA provides a similar summary of effects on target 110ws. without 
downstream diversions. Thesc T"Q;ullS ar(: summarized in Table 8.C.16 
under the yield summary ncar the end of this S<."Ctiun. 

Cost 

The conservation cropping rotation evaluated by the study team would 
not be expected to adversely affcct f~rm yields or revenues. 
Managt~nent. Op!.'TIItional costs. supplies and equipment costS would 
li kely risco however. Liule basis has be~"II found which might lead to 
reliable projections ofth<..-sc COSt increases. the ine<.."IIti,'e paymenls 
required to induce f~rm ... "1"S to change trnditional pmctices. or the 
administrative cost of such a conSl.TVation cropping progmm. 

In order to preservc this alternative for possible further considt'TIItion 
at II laKT point. the study team has assumed that participating f~rmers 
would be compensatt'tl with payments per ac_n conserved on-site 
comparable to those estimated for short-term leasing amlngcmcnls 
dt"Scribcd in Section B.F. Further research will be needed to dctcnnine 
the acceptabili ty to farmers of this level of eompL"IIsation for 
panicipation in a conservation cropping program. Conservation 
cropping was def~Tnxl from further evalu~tion in Reaches 14 and 15 
because it was cstimatt'tlthat a conS<.TVHlion cropping prob'l1lm would 
produce less than 500 ac-ft of annual reduction in larget now 
shortages. 

Deficit Irriaation p ractjces 

In Region 3. a deficit irrigation program would logically focus on 
reducing wattT usc in irrigated com production. Such a program is 
more likely 10 be feasible in the C<lStern portion of Region 3. "'hich 
relies more heavily on com and which receives greater annual 
precipitation. The study team has assumed Ihat a represl."11tative deficit 



irrigation program would reduce irrigation consumptive usc on com 
fields in Reaches 16 through 19 by six inches per year. Such a progfllm 
would likely d~'(;rease corn yields by 20 to 25 p<.:rccnt (University of 
Nebraska Extension Service. 1999). 

Yield 

Thc representative dcficit irrigation program evaluated by the study 
team would focus on surfacc irrigated com lIcn:s. lrall eligible acres in 
thc eastern reaches typically received a full irrigation supply and werc 
willing to )XIrticipate in this type of voluntary deficit irrigation 
progrom. the thcoretical on-site reduction in c<msumptive usc from this 
altl.-'mative would be approximately 90.000 ac-ft per year. 

A more plausible Uppt.T bowtd expectation is that 20 percent of eligible 
acres might bc enrolled in the program ifsufficicnt tinaneial incentive 
were provided. This levcl ofpaTlicipation would result in estimalt'd 
reductions in on-farm consumptive usc of Ov~T 18.000 ac-fl ptT yC:lr. 

Monthly changes in water usc associated with deficit irrigation in 
Region J were routed downstream using the water budget spreadshect 
The an~lysis for Ihe water budget spreadsheet also incorporated 
changes in return flows that would result from this program and 
reductions in canal and ditch losses and corrcsponding return flows. 
This analysis was rerformed under two scenarios: with and without 
protection from downstream diverters. 

Table 8.C.5 dcpicls the estimated on-site net hydrologic effeets ofthc 
representative deficit irrigation program. by reach and by month. Tuble 
8.C.6. depicts the effects of the r~"Presenl3ti\'c deficit irrigation 
program in reducing shortages to target flows at the critical habitat. 
assuming no prot~-etion from downstream divt'TIers. Table S.C.7 
provides a similar summary of effects on target flows. without 
downstream diversions. Thesc results are summarized in Table 8.C.16 
under the yield summary near the end of this section. 

Based on study team analysis ofNRCE data regarding com production 
C(:onomics in the eastern reaches of Region 3. the t."Stimated annual 
impact on f9rm revenues from the representative deficit irrigation 
program would be 590 to S 100 per panicipating aere planted in com. 



While formCfS might experience some savings in variable costs of 
production. these sHvings would likely be minimal in comparison to 
lost reVct1UL'S. 

For purposes of providing a rough estimate of potct1tial costs 
associated with this alternative. the study team has assumed that 
farmer.; would have to be paid an ineentivc of20 to 60 percent over 
and above their foregone rcvct1ues from deficit irrigation to participate. 
For purposes of cstimating costs. we have used the mid-point of this 
potential incentive range. While there is linlc or no precedent for large 
scalc incentive-based deficit irrigation programs. the study team has 
assumed that thc costs of impkmenting and administcring the program 
might be similar 10 the land fallowing alternativc described in Section 
8.F. On this basis. we ha"c assumed annual administrative costs wuuld 
be about S20 per participating acre. 

In total, the repTCSentativc deficit irrigation program in Region 3 
would COSI an cstimmed $5.0 million per year. Capitalized total costs 
of the representative deficit irrigation program over a 20-year period 
(using a six percct1t discount rate appropriate \0 governmt:n181 entities 
with acCL'S5 to tax frt:.:: bond financing) would be approximately $57 
million. or over $3,000 per ac-II of consumptivc usc sav~'tI on-farm. 

Average capitalized COSt per ac-II of reduction in shortage al the 
critical habitat would be about $3.700. assuming conserved wawr is 
protected from downstream divLTSion. If the water cannot be prot~"Ctcd. 
deficit irrigation in Region 3 cannot provide a substanti,'c contribution 
toward reducing shortages to target flows at the critical habitat. This 
altcmative has bet'" dcfcm:d from further evaluation for all reaches in 
Region 3 because the costs per ac-II off~'tIuction in shortage at the 
critical habitat exceed $3.000. 

On-farm Chan~es in Irrigation TechnjQues 

Two hydrologic cireumstances unique to the lower reaches in Region 3 
(reaches 17. 18 and (9) make these reaches the best candidates for 
reducing shortages to target flows through on-fonn ah~'TI1ativcs aimed 
at improving irrigation efficiency. First. these reach~'S arc the closest to 
the critical habitat. so any additions 10 Plane tlows in these reaches 
suITer the smallest reductions ~"I1route to the critical habitat. Second. 
unlike most of the studyarca. a large portion of the return flows in this 
area does not return to the Plaue system above the critica) habitat. 



While circumstances vary throughout the study area. in gt'l1eral aboul 
85 percent ofrclurn flows throughout the study region are believ<.'d to 
eventually rcturn to the river (Missouri Basin Stutes Association. 
19828: CNPPID. et a1.. 1999). However. in reaches 17. 18 and 19, a 
large ponion of return nows either return to the Republican River 
Basin. acerete to the groundwater mound or rcturn to the Plaue River 
below the critical habitat in some cases. While the exact proponion of 
return nows that do return to the river is not known it was assumed 
that SO percent of the returns do not rclum to the river in reaches 17 
through 19. As a consequence. measures that focus on reducing r<.-,urn 
flows by improving on-faml irrigation efficiency have the potcntialto 
offer considerable benditto the objectives of reducing shunages to 
targ<.-' flows. 

Yield 

Much ofthc surfaec water supplied irrigation in n:aches ! 7. 18 and 19 
is provided through thc system operawd by CNI'PlD. Sinec the early 
19905. CNPPlD has SUT'\'cYI.'d irrigation pracliccs in its service area 
and sponsored a substantial program \0 encourage on-farnl changes in 
irrigation te<;hniques to increase efficiency. To date. CNPI'ID has 
assist(.'(i in impl(''1l1(.ooting on-fann conservation improvements un more 
than 19.000 contract acres. On averagc. on-fann dclh·(.'T)' requirements 
uf panicipating fanns have bt-crt reduced by un estimated 0.5 ac-fl per 
acre per year. althuugh thc validity of the Irrigatiun Efficiency Crt.'dit 
System used to estimate savings is still under evaluation. (Central 
Nebraska Rcgional WatCT Conservation Task Force. 1998; CNPrID. 
19991). 

A 1993 survey conducted by CNPrm indicates that about SO pt.TCent 
of the surface supplied irrigated acreagc within their district is irrigated 
with techniqut-s that have suhstantial potential for increases in 
efficiency. Such acres may be currently irrigated via open ditches or 
gated pipe. both without runuffrecovery. On the basis ofCNrl'IO's 
survey results. the study team assumed that up to 50 percent uf surface 
water irrig3led acres in reach(.'S 17. 18 and 19 might panieipatc in a 
program to change irrigatiun te<;hniqUC5 and improve efficiencies if 
financial compensation for costs was provided. 

On this basis. the study tcam t-stim:Ued that 25.000 acres in reach 17. 
32.000 acres in reach 18 and 27.000 acres in rcach 19 might panicipate 
in this alternativc. Based upon thc results ufCNrr10's progrdm over 
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the past Sl.'VC1l yeal"ll. Ihis level of participatioo would redu~ on-fann 
delivery requir~'fJlcnts in reach 17 by ! 2.500 ac-ft per year; in reach 18 
by 16.000 ac-fI pl'T year: and in reach 19 by 13,500 at-Il per year. 

Monthly changes in wateT usc associated with a program \0 change 
imgation techniques and improve cfficicncy in the sck'ctcd Region 3 
reaches werc rouled downstream using the water budget spreadsheet. 
This analysis was pL"I"formcd under IWO scenarios: with and without 
protection from downstream di\'crtL'fS. 

Table S.C.13 depicts the estimated on-sile nct hydrologic effects of 
changes in irrigation techniques, by reach and by month. Tabie 8.C.14. 
depicts the effects of changes in irrigation techniques in reducing 
shoJ'lagcs \0 target nows allhe critical habitat. assuming no protection 
from downstream di\'cncrs. Table S.C. IS provides a similar summary 
of effects on target 110ws. without downstream diversions_ Thcse 
fI.'Sulls arc summarized in Table S.C.16 under thc yic1d summary ncaT 
the end of this section. 

Cost 

Improvements in on-fann efficiency through changcs in irrigation 
techniques arc not incxpensive. During lhc pasl scvcn years. CNPI'ID 
has calculated the aV~'nIgc cost oftht:SC measures on the more than 
19,000 participaling acres in ils prob'l"am at 5217 per year per ac-fi of 
reduced on-fann dc1ivcrics- although CNPPID indicatcs they would 
c.'lpcct some fanners to participate CVL"ll ifirrigators paid a share of 
these costs. (CNPPlD. 19991). Applying the 5217 per acre foot unit 
oostto the larger progrom d~'Scribed herein and capitalizing the annual 
C()sts hasL-d nn a six percent discount TIlte and 20-year progrom horizon 
impliC5 a capitalized COSt orabout $31 million in reach 17. about 540 
million in reach IS and about 534 million in reach 19. 

These projccted costs would rt.'"Sult in a capital;;':t-d cost of over 53.000 
per ae-ft of average annual shortage rL'{\uction (ranging from about 
$3.S00 to about $4.400 per aeoft assuming protection from 
downstream divcrtcrs). Sin~ S3,OOO per ac-Il. had bl."Cn previously 
established by the Water Management Comminl."C as thc maximum 
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COs! per ac-ft of reduction to target flow shonall':S' this alwma\ivc was 
dcft'tTCd from further evaluation at this lime. 

Water District Structural Alternatives 

As in other portions ofthc study area. a $ubstuntial amount of water in 
Region 3 is "lost" each year due \0 seepage from irrigalion conveyance 
facilities and spills. Based upon the most reccnt USGS data on water 
usc and conveyance losses (for 1995), the study team estimates thai 
annual conveyance loss~'li in Region 3 arc approximately 200.000 ac-ft 
pt.'T year. Average conveyance efficiency - the amount of water 
actually delivcred 10 fanns relative to the 100ai amount divCt1ed from 
the river, is estimated al about 73 percent 

As noted earlier in the 5«lioo. mOSl of this "105\" water cvcmua.liy 
returns \0 the riVeT or provides return flows relied on by other 
irrigators. The primary effect of rehabilitating or improving 
conveyance facilities and watt.T comrol structurt.'S is to change the 
timing of flows in the riVeT mther than a reduction in oon~umplive use. 

Yield 

I' otential water savings and costs of irrigation system rehabilitation 
and improvements depend on site specific factors. CNf'I'ID has been 
implementing an aggressive conservation plan since 1994. The 1998 
report indicated that appro:<imately 5.400 ae-fl per year had been 
saved through lateral rehabilitation measures, pipelines and membrane 
lining. CNPrID's goal is to ultimately reduce losses through canal and 
delivery system improvements by at least 9.! 48 ac-fl (Central 
Nebraska Regional Water Conservation Task Force. 1998). 

The Nebraska Public Power District (Nf'PD) has previously studied 
possible benefits and costs of lining its largc can31s. Lining a three 
mile stretch of the Gothenburg Main Canal might reduce s~-cpagc 
losses by about 8.000 ac-ft per year at. Lining key portions of the 
Sutherland Supply Canal could reduce annual seepage losses by as 
much as 15,800 ac·fl p<.T year (Harza. 1993). 

In the upper reaches of Region 3. most of lhe wDter saved through such 
measures " 'ould ultimately havc returned to the system. While this 
proportion varies by site-spc<:ific circumstances. thc study team has 



used the common assumption that 85 perCCTIt of system losses in these 
reaches would eVCTltually return to the river (Missouri Basin States 
Association. 19823: CNPPID. et a1.. 1999). In reuchLOS 17 through 19 a 
different hydrologic situation cKists. Much or the return Oow in these 
reaches does not rcturn to thc Plalle system above the critical habitat 
due to accretions to the groundwatL" mound. mnvemt.'I1tto the 
Repuhlican Basin or return to the !'Iotte fUr1her downstream. While the 
el<uct propor1ion of return flows fium these reaches returning to the 
Plallc above the critical habitat is unknown. the study team has 
assumed Ihat 50 pcTCCTll do not return to the riVL,. above thc habitat. 

Additional seepage reduction opponunities beyond these Spt.'Cifie 
examples likely el<;st in the region. Recognizing the numerous Region 
3 canal systems. the study team estimates that canal lining and 
distribution system improvements might reduce tOlal seepage in 
Region 3 by about 30.000 ac-It per year. These measures would result 
in an estimated reduction ofwaler losses to non-tributary groundwater 
and non-productivc consumptivc usc of approl<imately 10.000 ac-A pt.,. 
year. 

Monthly changes in watL'T use assodated with irrigation system 
rehabilitation and improvemL'I1ts in Region 3 WeTc routed downstream 
using the water budget spreadshcct. The analysis for the waler budget 
$pn.:adshL'Ct also incorporated changes in rL'Iurn flows that would result 
from this alternative and reductions in canal and ditch losses and 
corresponding return flows. This anolysis was perfonned under two 
scenarios: with and withoul protection from downstream divCTIcrs. 

Table 8.C.8 depicts the estimated on-site net hydrologic effects of 
water district structural conservation alternatives. by reach and by 
month. Table 8.C.9. dt.1'icts the effecls of the structural ahL'T1l8tives in 
reducing shonages 10 target flows at the criliCliI habilat. assuming no 
prolcetion from downstream divCr1t'TS. Table 8.C.10 providt-s a similar 
summary of effects on target flows. without downstream diversions . 
These results are summarized in Table 8.C.16 under thc yield 
summary ncar the end of this section. 

Cost 

The COStS of measures to improve or rehabilitate WaIL,. district faeilitit.os 
arc as site-sp<.'Cific as the potential water benefits. As of 1998. the 
average annual cost ofCNrrlO's program to rL-duce losses from 



canals and distribution facilities was about S32 per ac-fI ofn.:dueed 
losses. Capitalizing this cost based on a 2()...year period and si)( pt:rcl,nt 
discount rute implies a capitalized cost per ac-fI of reduced losses of 
about $375. The cost of the canal lining options examined by NI'I'D 
varies from about 5200 per ae·fI for lining the thT<."e mile stretch of the 
Gothenburg Main Canal to as much as S640 per ae-flto line stretches 
of the Sutherland Supply Canal (Haml. 1993). 

Combining these various cost estimates, the study team estimates that 
the average cost of achieving reduction in seo.,pagc and other canal and 
distribution systl."1T1 losses in Region 3 would be appro~imately 5500 
per ae·fI at the site . This implies an avcrnge capitali7.cd cost for 
recovering water lost from the 1'1alle Rivt.T system to non-productive 
consumptive usc. the groundwater mound. or the Rt.'Publican Basin of 
about S 1.500 per ae-fl at the site. 

Water District Non-Structural Altematives 

As discussed in more detail carlier for Region I. the study team 
believes it is too speculative based on current infonnation to expect 
substantial voluntary water savings through consen'ation pricing or 
conveffiion to demand based irrigation scheduling. In gCTIcrnl. both 
non-structural measures face a host of institutional, administrative and 
physical barriers that make thei r widespread adoption unlikely. 

CNPPID has adopted an incrcmt,ntal pricing and conservation credit 
pro!,'TllITI. CNPPID believes this pTOb'l"8m has had posi tive elT,:els in 
making farmers oonsid~'T their water usc more carefully. but the extent 
of any water use reduction from this program is unclear at this time. 
The conSCTVation credit program implemented by CNPPID under the 
auspices of the Central Nebraska Conservation Task Foree T<.'Prcscnts a 
first st<.'P toward semi-dcrnand based scheduling (CNPPID. 1999c: 
1999f). 

In esscnce. irrigators are allowed to earn crt'tlits for water they arc 
entitled to take but choose to defer. This program currently shifts 
irrigation water usc to times "'h<.'O fanners arc presumably facing a 
shortage. Although this is a positive program from severnl standpoints. 
it is unclear whether fanners arc gaining credits for water not nceded 
or whether fanners would give up the deferral feature entirely. The 
CNPPID version of inert'Olental pricing amounts to a discount in the 
traditional dollaT per acre water charge if the fanner takes less water 

fl.C-4t 
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per aCTI:. The prOb'nun. geared toward high water usc famls. has not 
shown any quantifiable savings since its initiation in 1995. This 
alternative has been deferred from funhcr evaluation. 

5. Yield Summary 

The agriCllhural conservation alternatives discussed in this sCCiion arc 
somewhat scalcablc. to varying degrees. In gcnlTaI. deficit irrigation is 
the most scalcablc of these measures throughout the study region. 

Based upon the operating dcfinitioru; and Ihe study team's b<..-s\ 
estimates of likely panicipation in the ~b,,;cullural conservation 
measures. the total annual on-sile rt-duction in consumptive usc from 
these measures across the study region ranges from obouI45.000 ac-Il 
from irrigation systt'fTl strocturdl measures and cons<''T'\'ation cropping 
10 about 60.000 ac-Il per ycar from deficit irrigation. However. the 
principal potential benefit of the structural conservation alternativcs 
may be in changing the timing of much larger flow volumes rather 
than reducing non-productive consumptive use. Yield for each 
alternative and each reach is summarized in Table 8.C.16. 

Assuming no diversion losses. cstimaK"<I almual reduetions in 
shortages to target flows at Grand Island from the implcmemation of 
each alK"rnativc across the entire study area range from about 44.000 
ac-ft per year under the deficit irrigation altt'111ativc to 22,000 ac-fl. per 
year under the imgation district structural rehabilitation and 
improvt'lTlcnts aJK"mative. With diversion lossl"S downstream. most of 
the agricultural conservation measures. in most reaches. would be 
unable to contribute substantially to the goal of reducing shonagt"S in 
target flo"'s. 

6. Cost Summary 

Table 8.C.16 also summarizi..'S the cstimate<! costs associated with the 
agricultural conservation alternativcs. The study team estimatcs that 
implcnwntation of deficit irrigation programs throughout the study 
area as descrihed in this section would cost as much as Sl50 million as 
a capitalized. front·end amount. Comprehensive implementation of 
structural measures to improve irrigation district conveyancc and 
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delivery systems would cost as much as $250 million across the study 
area. Based upon the assumption that fanllCTS would participate in a 
conservation cropping program for the same level ofpaymcnt as in 
shoTt-t~"TItl leasing arrangl.mcnts discussed in the evaluation of 
incentive based mea.~ures. tbe total cost of this program in the reacbes 
where it is most likely to be practicable would be about S50 million. 

Assuming no diversion losses. the cost per ac-ft ofshortagc roouetion 
at the critical habitat would lIverage about $3.590 under the defiCIt 
irrigation alternative. AVI.TlIge costs of shortage reduction through 
structural conservation measures would be about S12.OOO per ac-ft 
without diversion losses. However. structural mea~ures in RcachL'S 18. 
18, and 19 produce a towl of 4.500 ac-ft ofrcduetions to target now 
shortages at SI.500 to S2.000 per ac-ft. 

7. AssociCited Issues 

Each of the a~,'rieultural conservation alternativcs that " .. en: not 
deferred from further evaluation was evaluated according to the 
associated issues evaluation critcria previously Tl.,viewed with the 
Water Management Commillcc. The fI"e categories ofassodaled 
issues art: physical. legal/insti tutional. economic. social and 
environmental. The r(.maind~T of this evaluation section describes the 
study tcam's evaluation of the pcrfonnance of the remaining 
agricultural conservation alternative in these fi ve areas.. Tabular 
scoring of each alternative according to each criteria are prcst"Tlted in 
Tables S.C.17 through 8.G.26. Tables showing tabular scoring with 
divcnions are presented first followed by tables showing tabubr 
scoring without divL-rsions. In all cases. the study team has only 
evaluated ahernativcs that have not been deferred from furtht"!" 
evaluation. The following discussion Initially presents an evaluation of 
each a!tl."TTIative assuming that conSL"TVed watLT will be protected from 
downstream divcrters. Differ(."flct'S in thc cvaluation under the 
altL"TTIotive scenario of no protection from downstream diversions are 
discussed at the dose of each criteria category. 

Conservation Cropping 

Tables 8.C.17 and 8.C.Z2 presL"Tltthe tabular scoring for conservation 
cropping with and withoul divCTSions. respectively. 
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Physical 

In Reaches 1 through 4, 6. 10. 14. and 15 the study learn estimates thaI 
a conservation cropping program would produce less tllan the 
Iltrcshold annual reduction in target flow soonagcs o f SOO ac-f!. 
Consequently_ conservation cropping Wll$ dcfl'mld from funha 
e--al ualion in those reaches on the basis of net reduction HI target 
flows. 

NCI reductions HI lafget flows ''lIT)' for lhe: rcmaHling reaches in 
Regions 1.2. and 3. as noted in the scoring table for conS\."I'I.'alion 
cropping. Under the Wlloout divCfSions $CCI1ario. the olhcr physical 
subcategories arc generally positive. In Il'11TlS of SUSlainabil ity. this 
would be a l~~np()rury arrangement. but with the poICn1ialto cXh:nd the 
program indefinitely. Tht.'Te is certain sealabil il)' In Ihe prt)grum. 
depending upon lhe level oCincenlivc olTt:n:d. bUI e~p:msion of on-site 
yield beyond 30,000 ac-ft per year in any individual reach is unlikely. 
The lime to realization should nol be in cxct.'S$ of four years. There is 
SQIlle ,mcertamty with the ability to monitor and measure oonst:r .... ation 
croppmg results: an acceptable yield estimation techntquc will hale to 
be de~·cloped. 1lIe technical implement!ibilityofthis prognun is 
unc.:nalll gi~'en the lock of close preca!ent. A demonstration project or 
in depth field research will be needed to document 11$ acceptability to 
filJT11C11i lind the watCT yields it can produce. Moderate third pany 
hydrologic effects may be evident due to changes in return now 
volumt:s and timing. The~ hydrologic Cffl'CtS could include impacts 
on irrigated lunds St.'TVed by Lake MeConoughy. the EA in Lake 
McConoughy. minimum operation flows and hydropoWCT production. 
Negative third pany impacts would need to be nffSl.1 or mitigDted. 

UndCT the with diversions scenario. cons .. :n'alion cropping has a 
diminish~,,(\ net roouction in the shonagcs. a diminished scalability. but 
an impro\'l:menllo third pany hydrologte Impacts since some o flhe 
oonSCIVed WDtCT will represent a IlCl benefit to downstream di \'crters. 

l egal and Institutional 

UndCT the without divCI'!lioflS scenario. permitting would be required to 
transfer oonscr.'OO waler downstream. lbc program is consist'.'Tlt with 
compal:ts. fcdcrnl laws and dccrccs. The sct:nario without di\'CI1iions is 



inconsistent with sTate laws. but it may be possible to oV~TCOme cxpon 
staTuTes in Colorado and Wyoming and water transf~T issues in 
Nebraska. Conservation cropping should be viewed as generally 
favomblc in allthrec regions. and any impacts are COllsidcred to be 
lleutral. There is no c"isting administr~t ;vc progrdm to o\'en;ec 
conservation cropping. but c.,isting local irrigation districts and stnte 
or local agenci~"S should be able TO manage this program once 
d~'Signed. There arc no COnTracTual. faciliTY or land ownership issues. 

Under the with diversions assumption. pcnnilling and stotc law issu~'S 
will be a' ·oided. since a water transf~T will nOT be required. MiTigaTion 
will also bc easier since third pany hydrologic effects will likely be 
off selling. NegaTive effects on adjae<::nt farms will be balanced by 
positive cffects 011 other downstream di'·~Tlers. 

Social 

Gen~T3l1y modest social effects will be evident under the cons~"Tvation 
cropping prol.'!"am. assuming no diversions. Eff~"(;ts on customs and 
cul ture. community sustainability. and public acceptabiliTy ure likely 10 

be neUTral. Impacts will not be equal. sincc some areas will choose to 
participatc in cons~"TVation cropping while others will not. 

Economic 

The initial capital cost and a\'cmge annual cost per ac-ft vary hy reach 
and region. As noted carliLT in this section. these oosts are difficult to 
estimate without additional field research or a demonstration project. 
The study team has assumed that farmers would be willing to aec~""pt 
payments compurable to those estimated for temporary water leases in 
the evaluation ofpotenl1al incentive programs. 

Direct economic impacts will gencr~lly b<: posi tive. sin~...., the voluntary 
participants in thc conservation cropping program would be paid a 
premium. Secondary economic effects might be offselling. sincc 
traditional suppliers of agricultural inputs would he negativcly 
affected. while suppli~TS of other crops might be positively affected. 
Expenditures of the farmers' premium would repres~."t a positive 
cffcct. Fiscal impacts would be largely offsetting. There should be 
liulc or nO impDct on ~'Cnnomic dcvelopment from Ihis program. since 
all d~"(;isions will be temporary and revcn;iblc. 



No appreciable difflTt.'llcl.'S arc noted between the with and without 
diversions scenarios. 

Environmental 

No substantial environmental impacts a~ foreseen under tile 
wnSCMltioo m>pping alternativc with or without diversions. Chan.,'eS 
m m>p types may havc modest positi-c 01' nCgllI\e Impacts on water 
quahty. 

Deficjt lajgalion Practices 

Tables 8.C.18 and 8.C.23 present the tabular sconng for deficit 
inigation with lind without diversions. Tt.'Spcctively. 

Physical 

Nct reductions to targct flows under the rcpresentlUlIle deficit 
inigation program described in this section would exceed the 500 ac-ft 
per year minimum threshold in all reaches eJlecpl 10. 14 IU1d IS. 
HowC\er. furlher C\·.luation of a deficit imgation program in all 
reaches ellcept 7. 12. IU1d 13 was precluded because estimated costs 
per ac-fl of reductIonS to IlIrgC1110w shonl\ges ellCCl.'tied the $3.000 
threshold. In terms ofsll!itainability. defiClt inigation IS a temporary 
afTlUlgl."fl1I.'ll1. but it can be Cllt(.-nded indefinitely. In tenns of 
scalability. the study team estimates that potential on-site YIelds for 
this program are limi ted to less than 5.000 ac-n per year except in 
reach 12. Thc technology nceded to impk"fl1ent this progr.un must he 
considered to be in ellpcrlmental stages. since a comparable ineent;ve 
program 10 produce deficit inigation has not bel.'ll Idl.'lltified. Given the 
lack of physical infrastruC1ure TCQuirements this program might be 
established within two years. Deficit irrigation would be difficult to 
accurately monitor and measure compliance and quantify waler 
savings. Due to reduced return l1ow5 from paniClpllmg lands. third 
party hydrologic impacts are possible. These hydrologic effectS could 
Include ImpaC1s on irrigated lands SCf'\'cd by LIIkc McConaughy. the 
EA In LIIke McConaughy. minimwn operation 110ws and hydropower 
production. Negative third party impacts ,,·ould nl."Cd to be offsct or 
mitigated. 



Under the assumpt ion that cOnStTVed supplies would not be protccted 
from diwnion downstream, a deficit irrigntion program would not 
meet the minimum 500 ac·ft per year shortage rL'IIuction threshold in 
any reach. Consequently, I\{) further onalysis of thi s allt"11lativc. under 
this diversion scenario. was conducted. 

Legal and Institutional 

As with a conservation cropping program and the other conservation 
allt"11lat ives, a watcr right trans ft"T would like! y be nt'Cessary in order to 
protect flows from downstream diwrsion. This will raisc issut-s in 
tcnns of easc of pennitting and consistency wi lh state laws. Dcficit 
irrigalion should be oonsistt'flt with compacts. fedcral laws and 
de<:rCl."S. On a voluntary participant hasis. this program will be 
gent"T3lly viewt'll in a favorable light Deficit irrigation is consisK"11t 
with existing contracts. facility ond lond ownership. Mitigation 
potential exists. The program is li kely to be difficult to administer 
given the challenges of short-term contracts with a large number of 
participants and difficulty in verifying compliance. 

Social 

Under the assumption thaI deficit irrigation would be implcmctlloo on 
a voluntary and I imited basis, the social impacts of this aht"11lative are 
generally modest. Since crops arc not likely to chongc. C)(cept in 
output. a ncutral elTcct can be anticipalt'll on customs and culture. 
community organizations. support structures. and community 
sustainabiEty. While impacts will not be equal bccausc some areas will 
choose to participate while others will not. these impat.1S will be 
modest. Public acceptability is unEkely to be a major issue under the 
type of program deseribed in this scction. 

Economic 

Initial implementation ond capital costs of a deficit irrigation program 
would be low relative to either structural cons.. .. fvation aht"TTmtives. or 
morc permanent incent;vc based conSt.TVolion measures. Averagc 
annual costs per ac·ft ofn.'IIuctions to target flow shortages from a 
deficit irrigation program are rel3livcl y high because deficit irrigating 
famlern will cxpt."T"ience reduced rCVC1lues without necessarily being 
able to subslontially n.-duee input and labor COSts. Thc study team 



recommends selling aside the deficit irrigation ailernative in all 
reaches exe~"t Reaches 7. 12. and l3 lx.'Cause the costs per ac-ft of 
reductions to target flow shortages exceed 53.000. In these th.rt)e 
reaches. aVL'T1lgc annual costs will be over 52.500 pLT ac·fL Direct 
economic impacts will actUilHy be slightly positive. since farmers will 
receive more than the value of their lost yield in return for their 
participation. Scwndary impacts will bc negative. though modest. 
because diminished yields will not provide thc same level of economic 
stimulus in thc community and related industries will incur som~ 
n~g3livc economic effects. Modest negative fiscal impacts ar.: likely 
due 10 lower eeonnmie activity in the region. Economic development 
potential will be largely neutral. 

Environmental 

The deficit irrigation altern3live would pose fcw issues from an 
environmental standpoint. 

On·farm Changes in Irrigation Techniques 

Tables S.C.19 and S.C.24 present the tabular scoring for on·fHrm 
ehanges in irrigation tcchniqucs with and without divLTSions. 
rcspL'Ctivcly, 

P hysical 

As d~'I11onstrnted by CNI'PID's conservation program. on-farm 
changes in irrigation tcchniqucs can produce substantial reductions in 
on·farm delivery requiremcots. However. since most of the reduced 
water dc1i1'crlcs would otherwise have resulted in rc!urn nowS, this 
alternative is only li kely to meet the nti nimwn 500 ae-Il per year 
threshold reduction in target flow shortHg~'S in Reaches 17. IS and 19. 

Economic 

Study tearn evaluation of this alternative in Reaches 17. 18 and 19 
dctenni ned that the average cost per ac-fl ofreduel-d shortage would 
be between i),800 and S4.200. This alternative was deferred from 
furthlT eVHluation since the eost per ae-A of reductions to target flow 
shortages exceeds $3,000. 



Water District Structural Alternatives 

Tahles 8.C.20 and S.C.25 present the tabular scoring for water district 
structullIl alternatives with and without diven>ions. respectively. 

Physical 

The principal physical issues wilh irrigation district structural 
consCJ"vation measures arc that such measures typically result in small 
n:ductions in consumptive use. wuuld require extensivc cngin~'ering 
cvaluations and would li kely rt."Sult in substantial third party 
hydrologic impacts on farmers and nearby groundwater pumpers that 
rely on historic return flows !Tom canal seepagc. Physical bencfits of 
this alwmative to the objective of reducing shortages to target flows 
are greatest in Reaches 17. 18 and 19 because a largc portion of return 
flows in this area do not return to the Plane River above the critical 
habitat. Scalability of this allL'mative is also limited. The study team 
believes that irrigation district structullli eonsetvation measures will 
not likely mt"et the SOO ac-Il annual reduction io shortages requirement 
in reaches 3. 4. S. 10. 14. IS. and 16. However. any gains from canal 
lining and olhcr physical measures in the remaining reaches would he 
sustainable and should be technically impkomentable. Time to yield 
reali7.ation would be delayt'll by required engine<:ring studies to focus 
on the most COSt eff~"(:t ive improv<.-"11lents. 

Und~'T the assumption that water gained !Tom measures in Colorado 
and Wyoming will not bc protected from downstream divCTIen>. the 
study team recommends deferring this alternative !Tom further 
evaluation in all reaches except Reaches 17 through 19 for failure to 
generate mlcast SOO ae-ft of reductions to torget flnw shortages rer 
year. 

legal and Institutional 

In Wyoming. Colorado. or Nebraska.. transferring water SOI'ed through 
structural conservation measures will pose a suhstantial challenge. 
There willlikc1y be difficulty in pcnnitting a water right transfer of 
COnSCI"'Il-d f10ws due to export statute issues and lack of a legal vehicle 
for transfen> in Nebraska. Issues wi th compacts. laws and decrct."S arc 
unlikely. Likely ohjectinns due to the third party hydrologic impacts 
just described will also complicate the pcnnitting process in many 



, 

instances. Third pany hydrologic impacts could make it fairly difficult 
to obtain institutional consensus on Ihis ahcmath'c. Mitigation wi1h 
water or monetary compt'flsation is ccr\ainly possible. No issues 
should surface wi lh current contracts. facilities or land ownership, 
assuming all owners. opcmtors and shareholders ofllle canal system 
agr~ \Q Ihc canal improvements. O nce implemented. however, 
administration oftbis alternative would be modcst. 

Under the sCI.'nario in which conserved water is not prolccwd from 
downstream diversions. no pcnnining or ",aWT right IT'JIISfL'T would be 
required, which would simplify implemclllmion tTom a legal and 
institutional standpoint. 

Social 

AJXlrt from the third pany hydrologic impact issuC'. social impacts 
from structural conscn'ulion measures would be minimal. Physical 
improvements 10 canal systems will have generally ncutral efTects on 
customs and culture. community organizations.. support structures. and 
community sustainabi1ity. Impacts will not be equitabic, since third 
party hydrologic impacts will occur only in areas where these 
measures are implemCllted. I' ublic acceptability might be an issue 
givCII hydrologic third pany effects. 

Economic 

While irrigation Systl"111 structural improvements can be cost cfT<''''ctivc 
from the standpoint of dollars per ac-Il of seepage or "wasIC" avoidl'l1. 
they are costly in terms of dollars per ac-ft of consumptive use 
rcdu<,.1ion. On the basis of cost per ac-Il ofn..-ductions to target flow 
shortages at the critical habitat. lhis allemnt;ve fails to meet thc 53.000 
threshold in RL'OChcs 1.2. 6. 7. 8. 9. II. 12. and 13. In the remaining 
reaches which have nO! been def<..'1TCd from further evaluation on lhc 
basis of economics or physical criteria (Rcaches 17 through 19). other 
economic impacts from structural improvements would be minimal 
apan from the hydrologic impact issue. 

Diroct economic impacts are likely to be a mixture of positivc and 
negative effects, sinu water deliveries will be more certain 10 din..-ct 
canal system participants. but negative if those par1icipant~ also rely 
on groundwater seepage for wclls. Secondary cfTects are likely to be 
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negative due to diminished groundw81CT recharge. Due to reduced 
water availability and a!;licuhural production fiscal impacts arc likely 
\0 be ncgath<c. Effects on economic development arc likely to be 
modest. 

Environmental 

Structural measures aimed a1 ft.'dueing losses from irrigation district 
conveyance facilities might have substantial impacts on local wetlands 
and habitat. In cfK..:t. a1 leas! some orlhc wal~'" savings in tCfTTlS of 
"non-productive" consumptive usc would come at the expense of 
wetlands and phrcnlophytcs that may provide habitat on-site. Wat~.,. 
quality impacts arc unc~'T1ain and would be sile specific. Impacts \0 
prime and unique farmlands and impacts 10 amenities will be neutral. 
Visual impacts would likely be modest. 

Water District Non-Structura l Alternatives 

Tables S.C.21 and S.C.26 prescnt the tabular scoring for waleT district 
non-structural altcm3livcs with and without diversions. respectively_ 

As discussed earlier. the study tL"am rL'COmmends seUing aside 
conservation pricing and demand- based irrigation scheduling duc 10 
futul flaws in the implememabi1ily of such programs. We believe lhat 
these alternutives arc not viuble in lerms of any yield thaI might be 
developed. their poll,ltial for institutional consensus, and public 
acceptability. 



, 

8.0. Municipal Water Conservation 





Municipal Water Conservation 

1. Introduction 

This sc.;tion examines the yields. costs and associated issucs of various 
municipal conservation alternatives which might redu~ shortages to 
target flows at the critical habitat. The municipal conscrvation 
altcrnatives all assume that only roouctions in consumptive wstcr usc. 
primarily occorring through outdoor landscaping. can benefit the 
objeetives of the Three States Coop<.-'T3live Agreemcnt. Municipal 
watcr conservation. which reduces indoor water use will reducc .... ·aK'T 
diversions and municipal return flows commensurately. providing no 
real benefit to the cri tical habitat. A number of municip~l conSL'Tvation 
alternativcs in the long list of alternatives were previoosly dcfcm:d 
from fUMcr analysis. lIS documented in Chaptt'T 6. Following the long 
list evaluation and the screening of cenain municipal conservation 
alternatives, the remaining alternatives an: identified below, as 
grouped into thrcc categories: 

Economic inc(!ntiH.'S to redllCC nUII/ici{J<'! ",Oler usr 

ConsCTvation pricing 

Financial inccntives for municipal t-onscrvation 

Tax incentives or subsidies 

UnivC1'S.11 and eity parks mt1t'Ting 

Em/-rISer leclmolagy changes 

Landscape irrigation impro\'ements 

Regrilala'J' measllres 

Outdoor water restrictions 

Restrictions on specific uses 

A brief description of each of these alternativcs and how thcy might be 
implemented is provided below, followed by region-specific estimates 
of municipal water use and the yields and cost of each alternaTive. 
Finally the evaluation of caeh alternative in tenos of physical. legal or 
institutional, economic, social. and cnvironmental eIT<,."<:ts is ofT ... Tcd 10 
concludc the municipal water consCT'\'aTion evaluation. 



2, Conceptual Definitions 

Economic IncC1!livcs 1Q Roouce Municipal Water Usc. Essentiully. 
Illis b'TOUP of al!("'TTlotives seeks to achieve municipal waler 
conS(..'l'Vation by offcring municipal water cuSlom~TS or end-users. or 
tile utilities that scrve tllem. on oconomie benefit to T(,'duce water use or 
an ("'COoomic penalty for any ellcessive water use that might ellist. Thc 
essential underlying assumption behind all orthe alternalives in this 
calegory is thc traditional ~'COoomic thcory Ihat higher costs can 
discourage wasleful or non-esscmial water use. The corollary 
economic assumplion is that iflhe financial hurdles or costs of 
implemcming conscrvation IIfC overcome. ("'Tld-users or utilities will 
embark upon Ihese cons("'l'Vation effons. Thc validity of these 
assumplions in achicving the progrnm goals is ellaminoo below. 

End-User TechnolQGY Cbaol!Cs. This category assumes Ihat there Ute 

opponunities to reduce water usc at the point of consumption that will. 
through CGuipmcnt or cnd-user techniques or water-usc applicmions. 
resul! in 0 roouction in consumptive usc. This change is referred to as 
landsc~pc inigaliun sysl(,.'111 improvemems- assumoo to be cilhL'T 
improved landscape inigalion Sysl(..'I11S or a conversion to urban 
landscaping options with 10wCT water usc per square foot. 

RcculatOO' Mea~u(lls. Regulatory measures arc those actions thaI can 
be undcnakcn by municipalities or urban waler providers. which. by 
vinue of adopting such actions. will T<.-duce municipal consumptivc 
usc. This category of municipal conservation assum~"S general 
compliance by water users in (lIsponsc to sueh regulation. 

3, Operational Definitions 

The operational definilions provided below describe how each orlhe 
conservation alternatives might be implenll'Tllcd. The assumption of a 
rcasonahle implementation plan is necessary in ordL'T to evaluate the 
yield. OOSI and associated issues. 

CouscO'aJjon l' ricing. ConsCTvation pricing structures for municipal 
waler users assume Ihat a customer's waler COSIS. if inereased 81 high~-r 
consumption levels. will resul t in thaI same customer's reduction in 
total water demand. This will occur if the water utility price structure 
provides an increase for a given quantity of wat(..'T delivered (per 1000 



gallons) PS total dt'l11and by each customer increases. An increase in a 
household's water U$C will result in a higher than propor1ionate 
increase in water chlltges. Conversely. if a household using 50.000 
gallons per rl1Qnth cuts its demand by one-half to 25.000 gallons per 
month. its water bill would drop by more than one-halfunder a 
conservation priClflg structure. perhaps a 75 percent drop lfl water 
costs. Conservation pricing structures can come in the form of 
increasing block prices. whcre each increment ofincreasing water 
demand has a higher per unit COSt. or in thc form of seasonal pricing or 
penalty pricing to discouragc high levels of outdoor water use. which 
commonly occurs during thc summer. 

For the purposes of this evaluation. it is assumed thai each of the 
municipalities in a panicular region change their price structures to an 
increasing block or a seasonal price structure to achieve outdoor water 
demand conS(.'f\·ation. Water utilities with II f1at rate would be assumed 
to go to an increasing block structure. Water util ities wilh an 
increasing block structure would retain that increasing hlQC~ strudure 
but implement a seasonal pricing approach to fUnht"!" increase summer 
water prices. Rate!> for lower volumes of monthly use would be 
lowered so that COO,'CfSIOD to conservation pricing would be n. .... ·;:nue· 
neutral for the utility. 

fjnancia1lnccoth'es for Municjpal Consqyaljon. ThIs techmque 
cotails monetary incentives in the forms of grants. loans or debt 
financing for usc hy water utili tics in implementing a oonSl'f\'ation 
program within their municipal st-rvicc areas. For the purpose orthis 
evaluation. it is assumed that municipalities would be offt"T<:d grants 
equal 10 S200 per singlc-fwnily household l'quivalent to implement a 
water ~'OnsCf\'ation progrom. leakage reduction. water usc or landscape 
aud its. or water-use rrouction subsidies 10 customcrs. The S200 figure. 
based upon c:o;periencc elsewhere. should be SUIliCll'lll 10 elicit some 
le-.eI orintcrest from customcrs 10 impro,'c landscape irrigat ion 
systems. 

Ia:s Inccmiva or Subsjdie:t. The tax incentives or subsidics 
alternative step beyond lhe municipal waler utili ty. offering difC(:t 
incmtive!> 10 municipal \\'ater USC11i. These tax. inCl'llI1\'CS or subsidies 
can be lump sum rebates to homeowncn; or oomm~"TCial propcny 
ownen 10 purehasc and inslall water saving mechanisms or \\'utcr 
conserving landscapes thaI they would othl..'TWise g(. t adopt. Ta:.. 

... 
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reductions can be another version Qfthis alternative. where some 
percentage ofpropcny taxcs or mill levies can be rebated to the 
homeowner or commercial pTOp •. :rty owner in return for such water 
saving ctTorts. For the purpose oflhis evaluation. a S200 per single· 
family home equivalent subsidy is assumed. 

UnivCW! am! City Parks Metering. This alt~'TTIati\'e simply requires 
thaI any municipal or uman area which is unmcterod al prescnt install 
meters for all of its water users. MekTing for urban parks is a subset of 
this metering alternative. and for the purpose of this study, will be 
assumed \0 occur along with metering of private water w;crs. For each 
region. it is assumed Ihal all unmctcred urban areas will become 
mc\cr<.xl, 

Landscanc Irril!!ltion ImOTO\Cn1cntS. This ah~'T!1a1i\'c is assumed to 
consist of inc rca sing landscape irrigation efficiency through the use of 
such tcchniqul'S 3S SI:Par3tC woter 7.0nl'S, efficient sprinkler heads, 
improved application rates. drip or bubbler systems for trees. 
autom3lic CQntTols. or proper waterlng schedules. The installation of 
new sysIL,ns ofsprinklcrs on uman landscape>; might be another 
version of this alternative. Finally. a third version CQuld include 
conversion to lower water-using landscapes such as xeriscapes. 

In OrdlT to evalu3le the yicld and cost of this alternative. this study 
assumes that the upgmding of existing sprinkler systems will be 
pcrfonned. rathlT than the other two options. New sprinkler sysltms 
for tracts previously hand-watered arc addressed under the financial 
incentivcs alternative above, but would exceed the $200 subsidy 
idl-ntified above. The "l-riscaping alternative can also be covered under 
the financial inccntivcs alternativc. but thc cost of COI1\'lThng an 
existing lawn to a low water-using landscape would grc3lly cXC~,t:d any 
financial incentives that could be Offl'TCd under the Tim .... States 
Progmm. 

Outdoor Water Rcstricljons or Rl'StrictjOns on Sp!."Cjfic Uses. This 
alternative assumes that outdoor watering is CQnfined to a limit~-d time 
period oncc every thrcc days. Rcstrictions on specific uses such as 
swimming pool filling, 19wn irrigation or irrigation overflows onto the 
street are almost always CQnfined to drought planning and are not 
appropriate or acccptahle to the puhlic as a pcm1ancnt prohibition. 
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Therefore. this allcmallvc focuses on watenng landscapes once every 
three days for II limited period. 

4. Alternativ.s 

Region 1 

Curren! Municipal Water Use Patterns 

Table 8.0.1 indicates the populatiOl1 and Platte Ri\'~.,. diversions by 
reach for Region l. Region I includes the Plal1e River Basin and its 
tributaries in Wyoming. e.,ccpt that Cheyenne is in Reach 8. Region 2. 
Also included in Region I is the Norlh " lane Basin in Ncbrnska, 
upstream from Lewellen. Tht.TC arc six n,:ach(,.'S in Region 1. which 
together indu<kd an estimated 130,000 rcsidcnis lind about 41.000 ac­
ft (ac-Il) of Platte River diYt.'fSions for municipal purpost.'S in 1997. 
BasI.-d upon '\'CIlI~ diversion and lrealmcnlloss figures ofabou\ ]0 
pcrttnl and II 10 percent municipal system loss factor. muniCipal 
demand althc lap in Region I is approximately 33,000 !\C·fI per )"'3<. 

Municipal Wilier usc In Region I represents about I pen::cnlof 
agricultlUlll "BIer usc in the: same area. 

Given the Vt"lj' small amount of water accoumcd for by municipalities 
In RegIon l. munidpal conservation measures and potential yields will 
be applied on a region-wide basis since water 5./Ivings for lI11y single 
municipality. with thc possible e);ception OfCIISpt.T. would IIOt yield 
suffidt'llt watCl' to merit further consideration in the Three Stales 
COOpt.TllIi ve Agrct.'I11C1u study. The administflltive and instilUlional 
difficullies in adopling municipal cons.:rvation pl\Jgrams among all of 
the towns in Region I of the Plaue River Basin will be addressed later 
in this chapter. 

The effects of municipal COfISCI"\'ation III the conte);t of this Plaue 
Ri\'er study differ consida-ably &om the typical conservation plan for a 
single oommunu). If a community can reduce .... ater demand from any 
source. this n:prcscnts a benefit in reduced Opt'l':l\1ng e)(pcru;cs and the 
opportunity for using 5./1\'00 ,,-ata for other future eustom<.T!i. thereby 
avoiding efforts to otherwise inerease water supplil'S. Wi th this 
motivBtion. water reductions in either consumptive or non· 
consumptive uses arc nonnally bcncficialto individual water ~ystcms. 
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Table 8.0. 1 E~timat ed Pla tt t River Din uio ns for Larl!t r Com munities 
Mel!ioD 1 

Platt e Mh'cr 

Reach Co mn, un; t\· Poput Mi on I>iversio ns (ac- re) 

Rawlins 8.9.J7 2.200 
Hanna '""'" 700 
Saratoga 1.865 600 

2 Sinclair m 2.200 

l Casper 48.800 13.900 
M,lIs 1.648 ,"000 
Glenrock 2.288 700 
Douglas 5.432 1.700 

, No larger IOwns NA NA 

l Torrington 5.950 1.700 
Guernsey 1.211 700 

6 Laramie 26.583 7,000 
Wheatland 3.437 1.800 

12 Seonsbluff 14.400 4.400 
Gering 8,000 2.500 

IJ No 1a~'CJ' IOwns NA NA 

Estimated It io n I Tot. l ~ 130.022 41.100 

s.-., "'l"""01 "'at .. ll<> . ..,.,....... C""""'''''''' 1""* " .... S)",,," s.......,. R"""" 1\lOIlI. 010< 
Plan< R"", s.. .. ill w __ N<Iwa>k&.t I'UQ.I_~ 1908. _ 8BC ... "' .......... "h 
...,oc ,I*I ..... '" fII'IO' ...... u.s _ClfOlo<C_ "'" ,.....Ann..;l T, ... s..-<II 
~ "'", ........ I~I '" 1'I"6.-1I'1'1OC ....... """'""'_ r... P"" ... '~1. """,,,,I 
C"""' ..... 0-", .. ", ... ",;pol_ ."", ..... 1 "'_ u.. '" """""" <~ Iho PI.J,,,, R" ... 
&sut U'I wY""""S''''' Noln'","->. 1"'" 

From the Platte River Basin )x,rspective of this study. const'TVation of 

non-wnsurnptive uSC activities only reduces return flows 10 the Basin. 

so no benefit is gained at lhe crilieal habitat. 



Only that ponion ofmunieipal demand that relates to consumptive use 
is relevant to municipal conservation in Ihe context oflhis study. Only 
5 to IS percent nf indoor municipal water usc is typically consumed. 
based upon intl-TViews and past studies in the Rocky Mountain reginn. 
Conscqul."fltly, tllt'TC is littlc or no benefit in conserving indoor water 
usc from a Platte River Basin pcn;pco:.:tive. Consumptivc use is 
considerably higher for outdoor water use. which takes place primarily 
in the SUmmt"f. 

Based upon intl-TViews with W:yuming municipalities and experience 
in otht .... areas, il is eslimated that 30 to 50 percent oftolal municipal 
and industrial wall .... use ()(.!cu~ outdoo~ inlhis region. Oflhis. roughly 
701090 percent is consumptively used. Using the midpoints oflhl-'Sc 
ranges. this study assumes thai 40 percent of industrial and municipal 
(M&I) water use is outdoo~ and 80 percent of til at is consumptively 
used while 20 percent is rcturn now to thc surfoec or tributary 
groundwater aquifers. 

In Rcgion I, a total of 33,000 ac·ft ofw81er is delivered to M&I 
customers after system and conveyancc losses are taken in10 account. 
Outdoor water use, at 40 petCt"flt of the lotal. would amount to about 
13.000 oc-ft of water use. Using Ihc 80 pt.'T"Cenl consumptivc usc fHctor. 
municipal water conservation measures would be applied to about 
10.000 DC-ft of consumptive usc to produce savings rclcvant to this 
Plattc Rivcr Basin siudy. 

Yield 

Any yield that might be achicved from municipal conservation must be 
01'1-"" and above exiSling municipal conservation cITons in a givcn 
reach or region. In Region l. thc spt.'Cilie municipal conSt'Tvation 
progroms under consideration in tbis study have mostly not bt"Cn 
undertaken thus far. The one exception is mCicring. whicb has been 
implenlentoo in almost all oftbe Region 1 communities and. therefore. 
will not be cumined funhcr for tbis n:gion. 

Economic In centi",!.,· 10 Reduce Municipal Wafer UIe. In other areas 
of the U.S .. conservation pricing bas resulted in 5 to 20 percent 
reductions in water usc if water cbarges arc doubled fOT the 
incremental. outdoor water usc. Mueb of the expericncc with such 
measures bas been in regions that have expericnced considl'lllb1c 



shortages, such as northern California and Florida in recent years. 
Most Region I municipal utilities have a unit price structurc or fixed 
mte for eaeh 1.000 gallons delivered 10 a given customer. Obviously. a 
doubling ofthesc unit rates or new. increasing block rate structures 
would be profoundly difficult to achieve for al! of the Region I 
communities. as subsequently discussed in this section. The yield of 
such an endea\'or for the cntire of Region I might be approximately 
1.000 ac·ft of consumptive usc. in total. 

One approach 10 encourage conservation is to provide financial 
incentives or subsidies to Ihe municipal utililil.'5 themselves. An 
incentive program aimed at municipal utilities would require providing 
a sum of money that the utility would then usc 10 accomplish 
conservation reductions. returning the water to the Plallc or not 
diverting as much. The amount of water that might be made a"ailab1c 
at a given cost would be based upon each individual utility's 
anticipated need for additional waler supplies and the costs of those 
water supplies. For example. a municipality would not sell conserved 
water to the Threc States program on a voluntary basis. unless it 
received more money than the cost of the next available water supply 
at a minimum and presuming that the same municipal utility believed 
that il did nOI need such a water supply. 

Most utilities in tbe Three States region. based upon project team 
intl."TViews. intClld to use any potenlial conS~'TVation savings as a future 
water supply. since other water supplies arc difficult to de\"elop and 
more expensive than conservation. Therefore. OilY yield out of this 
approach is spt."CUlative. Water utililies commonly pursue water 
supplies to meet present and future needs. and neither wish to hold 
excess supplies IIOr sell water supplies out of their portfolios. In sum. 
no yield can be assumed from the financial incenlivcs or subsidies for 
municipal conservation thaI would bencfit the Threc States program. 

Financial incentives for municipal conS<.'TVation require. in essence. a 
bu}ing-back of water demand from municipal customers and an 
assignment of this water by individual water utililies to the Thn:e 
States Coopt:rntive program for return of that water to thc river. This 
type of approach was attempted in Sc~t11e. Washinb'lon. where 50 
pcrCt"ll1 of the costs oflhe water werc rebated back 10 the customt-r 10 
obtain additional water suppliL"S. In thcory. this program could be 
applied in Rcgion I. but only by ignoring a host of institutional and 
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legal issues, amQng Ihem the faetltla! these waler supplies would 
rcvcn back \0 the watLT utilities iflhe water was nOI USL-d. One 
approach used in the Metropolitan Water District of Soul hem 
California and the San Diego County Water Authority is \0 ofTer 
rebates for consCTValion devices such as low-now loik>(s or other 
plumbing retrofits. but Ih31 is not applicable in this study since il docs 
nOl speak din.'Ctly \0 outdoor water consumptive lise. In sum. there is 
\00 linle ctnpirical evidence related to the yield or efficacy Oflhis 
approach to continue it fllnher in this study. 

End-User TedwologJ' Clrunge~ .. As a municipal LXlnSl.'TVation 

measuTC, landscape irrigation system imprOI'L-mcnls arc aimed din.'CIJy 
at reducing outdoor water use and therefore consumptive use. 
Automatt-d sprinkler systems in an urban sening can reduce or increase 
water use . depending on property owner practices. Although no yield 
can be assumed for the addition of automated sprinkler systems. 
improvements to existing sprinkkr systems have been shown to r~'ducc 
oUldoor water demand by as much as 101030 percent. ae~'Ording 10 
siudies in Los Angeles. CA: Salt Lake City. UT: Providence. RI: and 
Carey. NC. These tcchniques monitor eilher rainfall or soil moisture 
and adjust landscape sprinklcr operalions accordingly. If 15 percenl 
savings is assumed. appro~imately 1.500 ac-ft could be consCTved in 
Region I. 

RegululOTY Ml!u."'re.~. Water utililies could also undertake certain 
regulOlory measurt:·s to rt.'Slrict water usc 10 accomplish municipal 
waler conservalion. These could include outdoor water restrictions or 
rt.'Strietions on oth~"T specific uses. but to be effective. such reslrietions 
would have 10 Jimit not only the number of times of watering per 
week. but the time ofwalering. These Icchniqu~'S have bct..-n 
implemented in areas throughout Ihe U.S. in limes of drought. South 
Florida. northern Cahfomia. upstale New Yorl;. and Phoenix as well as 
Denver have all implemented OUldoor watering restrictions of both day 
and watering period in past years. Water savings appear to range from 
1010 15 pt"TCenl during such programs. If implem~-nlcd among all of 
Ihe citi~"S in Region I. consumptive usc savings mighl amount to 1.000 
to 1.500 ac-ft. 



As regulatory measures. conSCI'Vation pricing would hove considerable 
program impleml'11.t.ation costs for each utility but minimal ongoing 
expense. It is presumed that $200.000 to $]00.000 would be required 
to restructure the rates of the 12 water utihties and implemelllthe 
program. Rates presumably would be adjusted 10 be mCTlUC ncutral 
for each utihty. producing no gain for the utility or lKkIitionalt0l.1l1 cost 
to tnc customer. on a"emge. Hence. capital costs wOlild be 
appro~lmately 5250 per ac-II.. 

Landscape irrigation ImprovemCllts would CQstlll1 e>;limated $100 per 
household. This would r\."Sult in a capi lal eos\ of appro~imately S2000 
per ae-tl in Region I. 

The direct costs of outdoor water restrictions arc modest. since they 
can be created by municipal watlT utilities that dCt."Tl1 them necessary. 
~lowl""VlT. the costs of structuring and publicizing such a program 
would likely be simi lar to that of conser,allon pncing or $200 to S300 
(X.Tac-ft. 

5. Recommendation to Defer Municipal Water 
Conservation 

This section has defined and Cl<amined municipal water conSCI'Vlltion 
altemallvcs potentially relevant to the Plaue River Ba.~in study, along 
with yield llnd cost estimates for each measure in Region 1, where 
possible. On the basis of this examination for Region I ond additional 
consid~"'I"lltions dl'SCribcd below regarding Region 2 and Region 3. the 
study leam recommends that municipal waIL'!" cons .. ,rvation mL'aSLITCS 
as 8 group be deferred from further evaluation althls lime. 

There arc a host of profound problems wi th municipal watl'f 
conser.·al1on tn the context ofthc Three Slates Plaue River Basin 
study: 

I. In most cireumstan~. the potClltial yield or waitT savings from 
mumcipal conservation of outdoor consumptl\'c usc is small. 
Individually. the water conservation measures examined abo\'c arc 
likely to yield a ma.limum of!O to 15 percent of consumptive 
watl,'r use. Such S8vin.:s would not amount to 1.000 ac-ft for any of 
thc munieipali tics in Region I. !n Rcgion 3. the potential for water 



savings is cven less. as shown in Table 8.0.2. Conversely. it is 
almost inoonccivablc to st-e all of thc municipalities in Region I or 
in Region 3 t'1t1bark togethl'f upon one ofthc water conservation 
progroms outlined aoove. 

2. Although Region 2 encompasses the large. urbanized area along 
Colorado's Front Rangc. water conservation from outdoor 
consumptive use can result in a oontl1ldictory result. a loss to thc 
South Platte Basin instead of a gain. This is because water supplies 
in the Denver Metropolitan Area and north to Cheyenne include 
transbasin diversions which. after first usc. result in accrt1ions to 
the South Plane Basin. This is illustrated in Table 8.0.3. It is 
possible that consCJ'ved water "'ould mean reduced transbasin 
diversions. creating a loss for the South 1'la11e in rcturn flows. 

3. The Region 2 area. which includes 80 to 100 municipal water 
suppliers. presC11tS other oomplex.i ties with regard to oonsl-rvation 
of oonsumptive usc. Unless all of the utilities participute or agree. 
the oonserved municipal water of one utility bcoomes the new 
water supply of another. Insti tutionally. this is c;.;trt'1t1cly di flicult 
to overcome. Region 2 accounts for aoout 150.000 ae·ft in total 
municipal water consumptive use. almost all of which is located in 
Reach 7, which includes the south end orthe Denver Metropolitan 
area north to and including Greeley but cx.c]uding Fort Collins. 
which is in Reach 11. Reach 8 includes Cheyenne and Fort 
Morgan. whereas Region 9 includes Sterling and Julesburg. 

4 , Municipalities in the three statt'S generally look 10 water 
const-rvation as a source o ffuturc supply. There is inl'feasing 
awareness that water conservation can result in reduced demand. 
which is tantamount to a eost ·cffcctivc. new watl'T supply in many 
instances. Further. thl'Te are limited opportunities to develop 
alternative new water supplies in the region. which discourages 
util ities from releasing a potentially available supply. 
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Table S.0 .2 Es timated Plane Rlnr Ilinrslons for Lllr~cr 
Communities in Rel!ion -' 

PtaUt Ri,-tr 

Ru ch Commllni" Po IIlalion Il;'tnion. ,ac_fl} 
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" No IIfJl:r [Owns NA NA 
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" No larger LOWnJ NA NA 
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5. In terms ofmunieipal water supply planning. some forms of 
conservation arc really drought plwming ahematil'CS that prudence 
suggests be retained for that purposc. Outdoor woter Il.-strictions nr 
restrictions on (I specific usc are cxampll..-s. Municipalities wi 11 
want to retain such measuTCS to implemem quickly and reccive 
immediatc savings in times of shortage. 

6. Und~T any circumstancc. a municipality is quite unlikely to part 
with C<JnS~T\"cd waters without rcceiving an amoum of money 
commensurate wi th a replac~"1t1ent of a like amount of water. That 
like amount of water must be c~"ain and is likely to be quite 
expensive since it is the marginal supply alwmati'"e for a 
municipality. which has been deferred up to this point. For 
example. the Denver Water D .. 'Vartmcnt indicates that such costs 
might range from S7.OOO to SI 0.000 per ac-ft. 

7. While the municipal utili ties arc likely to resist cons<"rvation for 
the purpose of the Recovery Program. the constitue11ls WId water 
CUSlOmCTS they serve may also resist pro!,'Tams such as 
conservation pricing in cases where water costs arc incrcascd 
suhstantially or water restrictions which do not appear necessary 
due to shortage. In the prCSl."I1t environment. it is difficult 10 
conee;'"e nfwidespread public acceptance for these measurcs. 

Based upon the analysis to date. the sludy team believes thol il is nOl 
worthwhile to continue the considcration of municipal water 
conservation as a viable oompom."I1t ofthc Plalle Rivcr Basin study at 
Ihis time. If Olher alternatives do not look more promising at a laler 
date. municipal conservalion can be analy£Cd further or bccomc the 
subject of a demonstration project. Further. Ihis conelusion should nOI 
be vicwed as questioning the OCncfits or desirability of municipal 
consCTI'ation itself or the potential to ~"Onscrve future depictions. 
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Reuse 

1. Introduction 

This section examines the YIelds. CQSIS and associated issues o[reusc 
alternatives to reducc shortages .o .argel flows at .he critical habi.at. A 
numht'f of reuse aiternalives idcnti tied in lhe long lisl of al1cmalives 
were previously deft."TTt!d from [unher analysis. as documented in 
Chapler 6. The remaining al1cmati-'es falllnlO one category. 

Rc/(Xtllion of Re/urn Flo",s 

A brief description of the reprcscnlalivc projects and how lhey might 
be implemented is provided below. followed by estimates ofy .. :lds and 
cost for Ihe projects. Finally Ihe evaluation of the projects in lenns pf 
physical. legal or institutional. ccooomie, social. and environmt.·rllal 
etT~'<:1S is o lTered to conclude the reuse: altcmlti-'cs evaluation. 

2. Conceptual Definition 

Rc!ocalinu of Relum Flows. Relocation ofrclllm flows ref~"11i to 
rcrouting return nows that have historically entered the stream at the 
lower end of the erltical habitat. to a point further upstream in the 
cntical habitat. This altem3ti-'e is limiu,,1 '0 projects of Ioca'ions close 
to the critieal habita •. 

3. Operational Definition 

Rc!OCAliop ofRetym f loWS. Relocation of return flows reqUI~ 
construction of a cutotT and the assoc.ated channel works 10 di,'crt 
water from one watercounc to another. The Tri-Basin Natural 
Resources District (NRD) has implemented a Wlall version of thi s 
alternative in ct"lltrn! Nebraska and is considenng a potential 
expansIOn. 

Rctum flows that naturally flow cast and enter the Plane River in tile 
bottom half of tile critical habitat can be di-mOO nonh to a Inbutary 
thai enters the Plane River further upstream in the critical habitat. AI 
some poinUlthe land neAr the Plaue is lower than the river. Pumps may 



be nceded in these cases to assure the d<:livery of div~'I1ed watl.,T to the 
critical habitat. 

Relocation of return flows in the vicinity of the critical habitat has 
been c;.;cn;iscd twice. during the winter of 1998 and then again in the 
spring of 1999. Limitt-d data arc available related to this alternative. 
For purposes of evaluation. the study team evaluated the potential yield 
from this alternativc based on conversations with Tri-Basin NRD. 
CNl'l'ID. FWS. and USGS pcrronnel. 

Other opportunities for relocation in thc area surrounding thc critical 
habitat cltist. including pumping from high groundwatCT arcas and 
discharging into local canals (S<."C St"CIion 8.G). Tri-Basin is also 
im·l.,"Stigoting other relocation of return flow opportunitil-s within thL"i r 
district. 

4. Alternatives 

Reg/on 3 

Los! Creek - North Dry Creek Cutoff 

Funk Lagoon is si tumed in a federal waterfowl production area (WPA) 
south-southwcst of Kearney. Nebraska approltimatcly 10 miles south 
ofthc Plauc River (see Figure 8.E.1). II is oomprised ofthrec different 
pools with II total design capacity of 1 ,150 ac-ft. Funk Lagoon is filled 
via natural runoff. return flows from irrigated land. and contract water 
from CNPPID. During rain events CNPPID also runs CltCCSS waKT 
down wastcways that drain into Funk Lagoon. 

Water discharged from Funk Lagoon flows down Lost Creek. 
cvcntually combining wi th South Dry Crt."Ck bcfore returning to the 
south channel of the Plauc RiVeT ncar Denman. Nebraska in the lower 
portion of thc cri tical habi ta1. Lost Creek. in its natural state. is an 
ephemeral stream that predominantly responds \0 precipitation c\"enls. 
Return flows from irrigation provide a major compon~"f11 of the 
bascflow in Lost Creek. 

Through an agreement wilh the North Dry Creek Drainage Board. Tri· 
Basin NRD installed a 20-cfs CUlofffrom l..os\ Creek in May 1998 to 
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divert discharges from Funk Lagoon into North Dry Creek. North Dry 
Crock enters Ihe Plaue River about 1-112 miles wcst of the Kc-dmcy 
Bridge on Highway 44. A walt...- maJlogemenl plan for Funk Lagoon is 
currently being developed among FWS, Tn-Basin NRD. and CNJ'J'ID 
thaI will sCllargcl elevations for the lagoon's pools throughout Ih(' year 
for the benefit of migratory walerfowl. Opportunities within the FWS's 
mandate for management of the Funk Lagoon WPA may exlS! for the 
lagoon 10 be drawn down allimcs or lhe year when the di~chargcd 
water will benefit the critical habitat along the Platte RiveT.UJv.'cring 
lagoon levels in the summer could reduce shortages in Ihe cri tical 
habitat and reduce flooding damage 10 surrounding cropland from high 
groundwater levels. 

The Lost Creek relocation ofrctum flows \0 North Dry Creek is Ihe 
only turn,ot application of this alternative. Tri-Basin NRD is also 
looking at a cUlOlTfrom Lost C~k. cast of Highway 44. into the Ft. 
Kearny Improvemt'flt rrojc<:t Area (IrA) Canal. For this poK'fltial 
alternative, nearly onc mile of additional CIIIlal must be built 10 link 
Lost Creek 10 the Ft. Kearny IrA Canal. Based on acrial photos. 
relocation of return flows from another ditch cast of the Fort Kearny 
II'A Canal also appears to be feasible. 

Yield 

Diversion of Funk Lagoon discharges to North Dry Creek was carried 
out for the first time between December 15, 1998 - January 12. 1m. 
Thc lagoon was drawn down approximately I foot. The volume of 
water discharged is unknown because aerial photos and area-capacity 
data for the three pools that make up Funk Lagoon were not a,·aUable. 

A USGS stream gage recorder. installed on North Dry Creek in May 
1996. is located two miles southwest of the Kearney Bridge. The 
volume discharged from Funk Lal,,'oon that reached the USGS recorder 
is inconclusive because of the backwater effects of icing around the 
stream gage recorder. The wintertime gage data records could bc 2-5 
times actual flow rates (USGS. I 999a). 

Diversion of Funk Lagoon discharges to North Dry Creek was carried 
out for a second time bctween May 21. 1999 - June I. 1999. The 
lagoon was drawn down approximately 7 inches. Releases from Funk 
Lagoon were estimated a\ 13-14 cfs. An increase of appro~imately 5 



cfs was seen at the North Dry Creek gage (USGS. 1999b). The 
remaining flow most likely went into bank storage. 

The yield of the relocation ofreturo flows is dependent on the 
management plan developed by the FWS. CNPPID excess flows that 
fill Funk Lagoon have been approximately 300 ac-ftlyr. The FWS 
currently has a eontraet for approximately 700 ac-A. from CNPPID. 
Re!llm flows from upstream irrigated lands arc likely in the fange of 
1.500 ac-ft - 2.500 ac-ft per year (CNPPID, 1999c). ThIlS the potemial 
net hydrologic effc<:ts at Funk Lagoon for the Lost Creek-North Dry 
Creek eutoff could be in the range of2.500 ac-ft - 3.500 ac-ft per year. 
With Lost Creek II gaining stream. the discharges from Funk Lagoon 
that arc diverted to North Dry Creek would be subject to primarily 
evaporation losses and possibly diversion losses en route to the Platte 
River. 

The coordination of the timing of discharges from the Funk La1:,'OOn 
WPA with FWS operations will determine the potential reductions to 
target flow shortages that could be realized from this alternative. The 
benefit to the Program objectives from the delivery of water Within. 
not abovc. the critical habitat has yet to be determined. If protected 
from downstream diversions the majority of water discharg~-d from 
Funk Lagoon during shortage months could reach the critical habitat 
alld reduce target flow shortages. 

COstS to date afe approl<imately 5300.000. This includes installation of 
an underdrain at the upstream end of Funk Lagoon. maintt'Tlanee of7 
miles of creek channel. in~tallation of the cutoffbctween Lost Creek 
and North Dry Creek. and concretc and road culverts associated with a 
1-3/4 mile conllecting di tch. Improving the system to allow available 
waler 10 be discharged in the spring and summer without affecting 
downstream agricultural activities would require rebuilding the North 
Dry Creek outlet and constructing bridge crossings for center pivots. 
Estimated costs for these improvements are about $30.000. 

As.~uming the Lost Creek·North Dry Creek cutoff is upgraded the 
potential cost per ac-A. at the alteroative site could be in the range 595-
$ 130. Table 8.E.l summarizes the available yield and cost data 
available fOf this alternative. The cost per ac-ft of reductions 10 target 
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flow shortuges can be bencr estimated when more conclusive 
discharge data bccCImes available. 

5. Associated Issues 

The ~location ofretum flows alternativc was evaluated lICCOTding to 
thc associated issues evaluation criteria ~ous]y reviewed by the 
WaItt Management Comminee. The fh'e categories of lSSOCIated 
issues are physical, legalfi nstitutiona1. social. economic and 
enVIronmental. Each of these five charactcristics are e:ummed for the: 
~Iocat ion o(retum flows alternarive below. Tabular scoring acoording 
to each criteria arc presented in Table 8.E.2 (or the No DivCl"Sions 
scenario. 

P hysical 

The ~locat ion ofretum floW!; alternative is scalable to a degree. 
Operation ofll"M)fe than one relocation project. including the rouHng of 
pumped ... 'uter, as discussed in Section 8.G. could il\Cfease Ihe 
poIenlial reductions to tarb't:l flow shoortab-e5 al the critical habitat. 
Relocation of ret 11m flow projects are technically implcmentable and 
have been instituted in one case in central Nebl1lSka. AdcqWlte grade 
exists on Nonh Dry Creek as 1\ enters the Platte River: thcrcforc. lift 
stations are not needed at this location. Monitoring stahons may need 
10 be installed 10 mcasll~ diverted watcr that enters the rivcr. The time 
10 )'1c1d rcali/..lltion is on the ordcr of] to 2 years. Third-party 
hydrologic effects anticipated with this alternative inelude decreasing 
the waterlogging oflands adjacent to Lost Creek and reducing the 
Bvailable flows further downstream on Lost Creek. The channel al the 
confluence of Lost Creci: and South DIy Creek is not sufficient to 
handle stoon events on top of the b~flow provided by irrigation 
retum flows. Reducllon of flow in the: channel will help to allC\;ate 
this situation. 

Any management plan developed between the FWS and other parties 
would need to be reevalWlled annually as needs for the: WPA change in 
wet, dry. and avera~ years. A FViS decision to store or release water 
in Funk Lagoon in any particular year would be based on hydrologic 
conditIOns. 

&-E·7 



, 

TaMe 8.[..2 
Snl r;ng T.bl~ _ No Ilin .. ion. in Any Stal t 

Catq:ory J . Rtust 

" S<obt.;hry 
T«h.","ly Implcmen ...... 
r .... ., Yicl<! R .. h"""", 
Al>;hry" 101 .. ;.,......,. 101 ..... '" 
n"rd Pony IIJ<ho>1<>1oc Impo«> 

, , , , , 
• 
" , 

, , , 
eons" ... , .,111 S .... La.... ~ 

............ "" 1". ... "".".1 Con«trsaI l 
C.,b< M,upted l 
Adm ......... "" EM< 1 
C-"ICIOI w;,h "'''''hI C<>nUac~ F",;lrty" l....d Ovm<o$h'" J 

S._I n 
s..--.. .....,.. J 

E'1',"'Yor l"""".. ) 
Impo<"" Commuruty Orprut,aolOM and s..ppon SInI<IUr<> 1 
~rre<1>" C""'"''"'''l' S ..... oot>lrty 1 
!'uM", _." .. .,H,I)' ) 

S.- IS 
5_ .. _ 1 

, 
IlI'Ipoe" 1 

S«oodlry ~o< I"""",.. 1 
f"". l lmpocl> ) 
Err", .. "" _ Dr\I...",...,., _u,1 1 

.~ 22 

• 

I""""''' .. Waled) .... ,1)' ) 

IrnpoeOI .. rn .... uwI U"""" FonnlMoi< J 
V ..... II...,..,.. • 
Ill'll*''' .. A""",n... 1 

$.- 10 

8-E-B 

......... : 
I~· Loo, C~""" Dty Ct'Od< c..,rr 



In the short K'1l11 Ihere is a need to lower lagoon levels 10 conlrolthe 
eauails thaI hove nourished in Funk Lagoon from frequent inundation. 
These releases could be limed to benefit thc critical habitat. After 
C)lcess growth is mechanically removed, fTequ~"T1t fillin¥ and release of 
waler from Funic Lagoon " 'ould run counter to FWS obJectivcs of 
mimicking the natural ~lc ofwctlands in the WPA. As water levels 
recede in the lagoon O\.~,!" the summer. mudnats OOTItaming food for 
shorebirdS become exposed. Moist soil \'q,'CIalion can germinate in the 
mudflats and grow throughout the season. 1bc: FWS " 'ould then like to 
fill the la!!OOn 10 provide habiull before the filII migratioo. 1bc: 
ve~"ClIllion provides fonge for waterfowl during the fall migration. 

Legal and Ins1itutional 

No surface walt'!" permits have been issued on Lost Cr<:ck; therefore. 
no injury is ontidPlited to water users on Lost Cr~"<.:k from the 
operation of the Lost Creek-NOM Dry Creek cutoff. Discharges from 
Funk La!!OOn that are diverted through the eutoffwould need to be 
protected~"Tl route \0 the Pbuc Rivet and between the point of the new 
connection with !he: Platte River and the original point of Mum. 
I'rotcction is required to assure that withdrawals do oot reduce tndn 
for reductions to t3rb'CI flo,,' shortages or injure WOtt:!" right holden 
below lhe onglnal point ofrc"lum. Coop..-rati\'c administrution of 
discharges from Funk La~loon will need to be developed betWl-et1 thc 
FWS, Tri · BltSin NRO and CNPPID. Institutional consensus will be 
difficult to allain ifmanagement of Funk La!!OOn discharges focus on 
the critical hobitlltat the expense of waterfowl within the WPA. 
EIT~'(;ts from mllOagt1nent of Funk La~ .. oon for the benefit of the critical 
habitat may produce unfavorable imPlicts in the WPA. Support from 
locallandowncrs 1$ necessary in the development of a management 
plan that would illCludc discharges from Funl.: Lal.'OOll ll) bL'1Iefit the 
critical habitat . 



I 

Economic 

Most of the costs ofrc1ocating return flows arc capital costs up front: 
amortized total OOS\5 are almost completely a function oflhc capital 
costs. In addition. there arc somc annual opl.Tations and maim~'11ancc 
costs. Direct economic impacts. secondary (,conomic impacts lind 
fiscal impacts should be minor for this alternative. There arc minor 
negative cfk-cls on future eoonomic development on Lost Creek since 
this water will he unavailable for othlT uses . There would be no 
measurable effect on revenues and expendi tures of govcmmc'Ilt entities 
rcsuhing from this type of pmje<:\. 

Social 

Relocation of rclum flows is not anticipated 10 produce any significant 
social impacts in the surrounding areas. Public acceptability will 
depend on how FWS and individual watCT users in the basin arc 
affected by operation of the relocation ofrctum flows altcrnative. 

Environmental 

Through management of Funk Lagoon. relocatiQn Qfretum nows will 
havc a mixed impact Qn vegetation and w<..1Iands. wildlife. and aquatic 
resources alQng the !'Ialle River. Pursuant 10 the CQrps Qf EnginL'CTS 
pennit, Qperation of the Lost Creek·NQrlh Dry Creek cUlolTmust 
maintain a minimum stream nQW or5 efs in Lost Creek beforc 
diven;iQns are routed tQ Nonh Dry Creek. Wet meadows downstream 
Qn Lost Creck may be negatively affected by rt:duced flows. WaK'T 
quality could be degraded and fish and aquatic habitat negatively 
impacted during mQnths when flows arc reduced on Lo~t Creek and 
diverted tQ North Dry Creek. The 5 cfs baseflow was cstablished to 
mitigate water quality cffeets associatt-d with Qperation of the cutoff. 

Discharge ofstQrage water from the lagoon will allow the FWS to 
mechanically remove vegetative Qvergrowth from and !IfOund the 
lagoon. Vegetation removal will impmve wildlife habitat in the Funk 
Lagoon WPA. After this time. management of Funk Lagoon COunter tQ 
FWS obj<..-<:tives would produce negative effects 10 its purpose as 
wildlife habitat. 
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F. Incenti .... e Based Reductions In Agricuttural Water Use 

1. Introduction 

Incentive based reductions in agricultural water usc arc measur~'S to 
reduce consumptive usc of water supplied by irrigation or to modify 
current usage pal1erns through market-based options. None of the 
incentive based reductions alwmativcs identified in the long list of 
alternativcs were previously deferred from further analysis (see 
Chapter 6). Speci fic alternativcs examined by the study tearn arc listed 
below. 

Agriclliluro/Ineenliw 8QSed Approaches 

• Land purchase and irrigation retirement 

• Pcnnanent aequisition of agricul tural wat<'T rights 

• Land fallowing program 

• Temporary leasing of agricultural water supplies 

• Dry year leasing 

• Drought water banking 

Although power interference charges were originally included in this 
category. they bear no relationship to the agricultural incenth·e 
programs described herein. Consequently. this alternutive has bl-cn 
moved to the systems integration and manag<.'1l1Cnl C<ltq.'Ory. 

2. Conceptual Definitions 

The alternatives described in this evaluation category involve the usc 
of economic incentivcs to encourage changt'S in water usc. In essence, 
these alternativcs seck to either permanently or temporarily decrease 
water usc by par1icipating farmCTS. Similar approaches have bel'll used 
in a number of locations throughout the West. Conceptual definitions 
of cach ofthc alternatives evaluated in this category 8re provided 
bclow. 

l.and Purchase and Irriulion Retjrtmen\. Purchast'S offanns or fann 
lands with the intent of retiring irrigation from lhose lands and 
vacating the water right appurtenant 10 the l:mds or dedicating the 
water right to instrcam flow purposes consistent with the objectivcs of 
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the Coopcnltivc Agreement. Similar cfT~'CtS might be obtained by a 
program 10 establish permancni irrigation rctircm~'T1t agre<..-menls with 
farmers withollt aClu.:llly purchasing their lands. 

PClTfl8ncni Acquisi tion of A!!1icultural Wat~.,. RiclJl~. Purchase of 
water rights from e"isting users with the intent of retiring these rights 
or transferring usc to inslrcam flow purposes. 

Land Fa!](!wjn£ ProWm. An agreement with fanners 10 nOI irrigate: 
certain lands in exchange fOT payment. 

Temoorary Lca,~ing QfAwicuhural Water Supplies_ Temporary 
transfers of irrigation water to enhance sircamflows. The fanner docs 
not relinquish ownership ofwatt-r rights. 

pry Year Leasio!!. Temporary transfers of irrigation Wall..,. under pre­
spt:cificd conditions. The fanner does not relinquish ownership of 
water rights and retains the w;c OfWDlcr supplies under all other 
conditions, 

Drought WatCT Banking. Developing a vehicle to CTCate a spot market 
for water supplies during times of greatest need for the critical habitat. 
Ownership of existing wat~'T rights is not lost in this process. 

The opennional definitions provided below describe how the 
altcmat;ves will be assumed to be implemented within the study region 
for purposes of evaluation, 

3. Operational Definitions 

The following discussion pn."sents the operational definition of each of 
the water conservation alternatives evaluated in this category. 111e 
intcnt of the operational definition is to provide a more SPI."c1 fie. 
repJ1.'St'T1tat;ve e ... ample o f ho'" each technique might be implemented 
in the study region. 

The agricultural incentive based alternatives are generally "scalable.'" 
Conct'PlUally. techniques such as purchasing agricultural lands or 
water rights could be implemented on a limited scale - as one of 
sewraJ components of the plan to reduce shortages to target flows - or 
on a scale to achieve all ofthe desired reduction in flow shortages by 
themselvcs. For purposes of this al ternativcs evaluation. the study team 
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has assumed the incentive based a1tI-T1181iv\lS would be implemented on 
a suffiei!.,"l scale to achieve a substantial portion of the CoopL'Talive 
AgrCl..'1Tlcnfs uugttoo n:duction in flow shortages. 

By assuming lar~;e .. scalc incCfltive based programs. the study leam has 
lakcn a OOIlSI.'I'V1Ilivc approach. This approach is more likely 10 identify 
any potential !Id,'crsc: impacts from these ahemal1ves. Sino::e the 
marginal costs ofincenlivc based agricuhUl1l1 altanath'C!j an: likely to 
rise as paftidp.uion is sought from a larger shan: offannt:ts and 
farmlands. this approach may also result In lugher cost estimates (per 
&c-I'I) than the actual costs alld impacts f(W more limited Incentive 

based programs. 

Land I'un;hasc lind Irrigatjon Retirement . For purposes of evaluat10n 
(and T\.'Cogni;dog Ihal thi s alleroati,'c could be scakd up or down if 
incll.l(k'd in the evcntual plan), the study learn anuly'(cd the effects of a 
prognun 10 purchase and retire from irrigation 20.000 acres of land in 
each of the thrt'C primary study regions (approximately oom:sponding 
to Colorado. Nebraska and Wyoming). Based on a"CnlgC consumptive 
imgallon requirements throughout the study area ofmon.: than one oc­
fl per a.c:n:. hmd purchases of this magnitude could. com:t:ptually. 
reduce the shortage in tllfl.'C\ flows at the cntical habItat area by 
approximalely 60.000 &C-ft per year. Further. the hypothetical 
purchases WtoT<.' distributed among the stream reaches 10 assist in 
modelin~ the hydrologic cff.x:1S and in e"allllltin~ smalllTta effects 
under the screening criteria. 

PcunlUlCOI Acoyjsjlion ofAgril:yityral Watt'( Rj~bls. For purposes of 
cvaluation (pnd rccogllizillg that this alternative could be scaled up or 
down ifindudcd in the eVCI1tual plan). the study team anulYl.l-d the 
eITccl5 of a program to purchase 40.000 ac-ft of agricultural w<lter 
suppl ies (divcrtt-d volume) in each of the three: pnmary study regions 
(approximately corrcspondin~ to Colorado. Nebruska and Wyoming). 
This amount would result in approximately 20.000 ac·fl ofrcduced 
oonsumpt"e irrigation usc per state. on avCnl1,'C. The pro$pcctive water 
right purchases were distributoo among the stream reaches identified 
for slUdy to assist in modeling the hydrologic effects and in evaluating 
small area clfcclS under the screening criteria. 

Land Fal1owin~ Prowm. The study tearn examinoo the implications 
of a program to provide pa>mcnts to fannl"n in exchange for fallowing 
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a ponion ofthcir historically irrigated acreage. To effect study area 
consumptive use. this fallowed acreage must he over and above 
historical fallowing practices for purposes of land conservation. For 
purposes of evaluation (and recognizing that this al1cmativc oould be 
scaled up or down ifindudcd in the cwntual plan), the study learn 
anal)".led the effects of a program to fallow :W.OOO acres of 3/:,'Ticultural 
land in each of the three primary study regions (approximately 
corresponding to Colorado, Ncbr~ska and Wyoming). As undt-r the 
other inccnth'c based programs. the study \e:lm distributed ProsflCctive 
fallowing practices among the rcspccth'c stream reaches defined for 
study. 

Temporary Lca.inl; ofAwicuhural Water Surmhes. The study learn 
examined the implications of a program to obtain temporary leases of 
agriculturnl water supplies. To distinguish such a program from the dry 
year leasing alternative discussed later. the study team assumed that 
water supplies will be least-d for a three-year period. with sufficient 
notice for farmers to adjust their land preparation. planting decisions 
and investments. For purposes of evaluation (and recognizing that this 
alternative could be sealed up or down if indud~-d in the evcotual 
plan). the study team analyz.ed the eff<'ets ofa program to lease 40.000 
ae· fl of agricultural water supplies in each of the thn,e primary study 
regions (appro:< imately corresponding to Colorado. Nebraska and 
Wyoming). Prospective leases were distributed among the stream 
rcaches identified for study to assist in modeling the hydrologic effects 
and in evaluating smalltor area variations in other effects under the 
sera:ning criteria. The study team assumed that new (or renewed) 
leases would be ~'TltCTed into prior to the eonclusion of each three-year 
leasing period. 

DO' Year Lca~ing ofA~eultural Wawr Sypplies. The study team 
cvaluated the implications ofa program designed to lease water 
supplies from agriculture under specified flow and climate conditiuns. 
Unlike the temporary leasing program deseribed above. under dry year 
leasing there may be insufficient notice for farmers \0 adjusllheir land 
preparation and planting decisions and in\'estments. For purposes of 
evaluation (and recognizing thatlhis alternativc could be scaled up or 
down ifinc1uded in the eventual plan), the study tcam analyz.ed the 
eff<:cts ofa dry year leasing program designed 10 lease 40,000 ac·fl of 
agricultural water supplk"S in cach oflhc Ihra: primary sludy f(,gions 
(appro:<imalely corresponding to Colorado. Nebraska and Wyoming) 



undt'f desi~au:d conditions. The study teum distributoo the 
prospL-ctive dry year lcasc:s among the stream reaches identified for 
study to assist in modeling the hydrologic effects and in evaluating 
smaller area variatioru; in other effects under the S(;fCI,,'mng (;fIlma. 

~~",~~,The best known c",ample of. drought water 
operated much like the dry ~ leasiog program 

d~~;"'d previously. e"'eept for the panieipalion of multiple "buyers:' 
110"·1:\· ... '1. a drought wllter bank could also be establ ished m order 10 
ereate a "spot marlcet" for water supplies when needed for stn:',lIllnO\\ 
purposes. 

Net Hydrologic Errct'!. The "'ater conscrvmion alternatives in this 
category r"''Prest'l1t II change in established irrigation practices. The net 
hydrologic effect in a given month is the combined effect ofr<.'(/ucOO 
divcnions lIod altered retum now patt<-TIIS. As r ... 1um nows lag the 
divcnioos, the changc in retum flows rcsulls from the change in 
dh'cnion panerns in previous months. The distance between irrigated 
lamb and the river ddennines the dlmllion of return nows. R ... 1urn 
flow patterns may I!)ltend from several moolhs 10. 10 some cases. many 

ran· 
The following method and assumplions were used to e:stlmDte changes 
m return nows: 

• For each reach, the centroid of irrigated ltmds was identified 
and SDF factors selected based on locallon. mapping, and 
historical data. Some of these factors e",>:C\.'(/t'(] 365 days. A 
detailed description of the SDF method is provided in Chapter 
5 and Appendi", B. 

• Water available to return (r<.-chargc) was set equal to headgate 
demand ICSIi crop consumptive irrigatIon r<."qUlrcmenls . 
• Icadgate demand was calculated wlthm each nlaCh based on 
eonsumplive irrigation requiremenls for Imgalt'(] lands divided 
by !he sum ofn:prcscntalh'e CQ<1\'eyam:e and Do-farm 
cfficlCncics. Consumptivc irrigallon requirements in cach reach 
renect bolh local cropping plIllerns and c1imatologtcal factors. 
A Iwel\'c_mooth series of recharge values was developed for 
both baseline conditions and altered condltloos. A "difference" 
time St:Ties was then calculated hy subtracting baseline rechargc 
from altered recharge. 



• The difference series was input to the model SDF Viev.·. The 
model was allowed to exccutc for 100 years. which allowed the 
return difference to elosely approach steady state. 

Bccause many of the farmlands that might participate in the inct..,ti"e 
based alternatives are located some distance from the rivcr. thc net 
hydrologic effects shown in tables throughout this s~'Ction arc gcn~TlIlIy 
larger than the reduction in consumptive usc on the participating 
farms. The difference between thesc estimatcs reflects current return 
flows from participating farms which do nOt ul1imatcly return to the 
nver. 

4. Alternatives 

Region 1 

For purposes of evaluating incentive based reductions in agricultural 
water usc. the study learn focused its analysis on irrigated aCrL'S 
harvested for crop production. While tht:TC arc other irri19'tL'tI 3tTL'S 
throughout the study region. including both irrigated pasture and 
irrigated crop acres that were not harvested. irrigated harvested acres 
rcprescnt at least 70 percent of agricultural irrigation. Further. focusing 
the t'C()nomie analysis on harvested acres leads to evaluations that arc 
less likely to und~TState the actual costs and impacts of such programs 

Table 8.F.I. below. summarizes estimated irrigated aeres harvested 
and corresponding crop irrigation water usc in Region 1. Th~'SC 
estimates were developed by the study team from county-level 
agricultural information compiled by Natural Resources Consulting 
Engineers. Inc. (NRCE) in 1998·1999 (NRCE. 1999a). Irrigated acres 
harvested by reach were based on average cropping patterns in 1992. 
1994 and 1996. Consumptive irrigation rcquircmcnts per acre weT/.: 
cakulalt'd by the study team. using the modified SCS Blaney-Criddle 
technique. based on the three most prominent crops grown in each 
reach. A detailed description of the SDF method is provided in 
Chaptt-r 5 and Appendix B. 

Tht'SC requiremcnts reflect crop consumptive usc beyond naturally 
occurring pn:cipi tation and reflect climate conditions as well as the 
crop mix in the reach. On·farm deliveries are double the consumptive 



irrigation rcquin.:ments basl-d on the assumption. agreed upon by thc 
Water Managl.,T11lTlt Committee early in the study process, of 50 
percent on-farm efficicney throughout the study area. It should be 
noted that the on-site yield ofagrieulture rclatt-d alternatives is 
primarily effe.:ted by the estimated consumptive irri!;3tion 
requirements. The on-farm deliveries ilTC primarily used to calculate 
effects on return flows. 

, 
, , 
• 

n '''-''I..! 
1,rlV-'..! A ..... 

3D.SOl 
68.0lS 
26.65] 

" . tr. Ussr P<r Am t in 11 ) 
C ..... umpU... On-f."" 

rH. Rqml. Drrh' •• ), 
1.63 3.26 
1.85 3.70 
1.85 3.69 
1.79 3.n 
1.52 .. " 

Con.um pt r,-. 
r!'T. RQml . 

49.6601 
125.677 HUS) 

98.4 18 
96J 15 
167. rSS 

Both surface water diversions and groundwater ilTC applied to crop 
irrigation in Region I. To contribute to the objectives of thi s program. 
incentive based programs arc assumed to be applicable to reducing 
irrigation supplies from surface water sources only. While tmnsflTS o f 
use of hydrologically connected groundwater could also further 
program objcctives. sufficient data were not readily available across 
the study area to assess this potential. Table S.F.2 summarizes the 
estimated irrigated acres harvested and annual use of surface WlltlT 
supplies by reach. 
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Tabl~ S.F.2 [ $timated Harns tl'd C rop Irrigation by Surfac~ Water 

48.721 
3&.58Q 
68.816 

Land purchase and Irriga tion Retirement 

9; .4:\4 
77.178 
131.634 , 

The study team has assunll-d for purposes of evaluation thai undt.T this 
alternat ive an agency would be creat~-d to purchase and own 20.000 
acn:s o f fannland that would subsequently be retired from irrigation. 
Bast.-d upon the distribution of acres irrigated wi th surface supplies in 
the region depicted in Table 8.F.2. we have further assumed for this 
analysis that the following wnounts ofacrcage would be targctt.-d for 
purchase in each reach. as shown in Tablc S.FJ. 

Reach I (NorthE"l~ 10 I 
R~ach 2 (Sind,ir 10 Ako .... ): 
Reach 3 (Ako,"" 10 Orin): 
Reach 4 (Onn 10 Whalen): 
R~ach 5 (Whalen 10 Swe lint): 
Reach 6 (1..0",''''' u.ramie Ri, ..... ): 
Reach I line 10 , , 

2.600 
1.100 
000 

1.800 
2.500 

~:~: 

" 



, 

Yield 

Bused upon the cmp mix and consumptive irrigation requircmcols 
(CIR) spt.'Cific \0 each reach. the representative hmd purchase program 
in Region 1 would reduce on· fllm! tonsumpth-c usc by 31,000 ae·ft 
per year. JIlCQrp0r8.ling the assumption of 50 pcrttIl\ on-farm 
cfficil'lK:)' agreed upon by !he WMC earlier in the sllKly process. on­
rann deliveries 10 participating propcf1ies would be reduced by an 
estimated 62.000 ac·ft per year .. For purposes orlhis analysis. the 
study leam has 85$umcd lhal CIR is fully supplied. To the elllmtlhat 
fwmlands In CC!1ain reaches recci,'c less than a fUl11nigation supply in 
the avcmgc year, these estimated yields may be o\-crstntcd and costs 
per ac-ft. dc:scribcd lbtcr. may be undcrslaK'ti, 

The following nrc Ihe estimated effects ofthe rt:prescmativc program 
on water use by reach, lIS shown in Tuble S.FA 

Tab]" 8.F.4 On-farm Water Use Redu(lions of Repreunlalhe 

Monthly changes In waleT usc lISSOCialoo with Ihi5 rt.'PI"CSClllalive 
program 10 purchase lind recjre irrigation on farmland in Region I wen: 
rootl'd downscream osing the water budget spreadshl .... -c . Th ... lII'Ialysis 
for the water budget spreadsheet also inoorporaccd changes in retwn 

nOW5 thaI WOIIld resule from this program and reductions in canal and 
ditch losses and ~nding n:tum nOW5. This Ilnalysis WlIS 
perfonned onder two sccnanos: with and without protection fmm 
downSlreaJTI divc:ners. 

Summary exhibits depicting the results ofwoler budgL1 modeling of 
each incentive based alwmati"e are prcscnCL-d in Appt:ndix F. Tahle 
8.r.s summarizcs the estimated on-sile nel hydrologic effects of the 

.,. 
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representative land purchase program. by reach and by month. Table 
8.F.6 summarizes the effects oCthe representative land purchase 
program in reducing shonages to target streamnows at the cri tical 
reach. assuming no protection !Tom downstream divencrs. Table S.F.7 
provides a similar summary of effects on target strcaml1ows. without 
downstream div~TSions. 

Cost 

The costs ofincentivc programs. such as the purchase and dry up of 
irrigated lands. arc inherently uncertain until tested with field r('SCarch 
or a demonstration project. The following discussion provides the 
study team's best t-stirnatc of the likely costs of a program \0 purchase 
and dry up the specified volumes of irrigated land in Region 1. bUI Ihe 
actual COsls could vary substantially from the estimated costs. 

The estimated cost of a program to purchase and rclire irrigation from 
lands in Region I includes threc components: the value ofinigated 
farmland, potCfltial inccnti\"t'S required to induce participation in the 
program. and administrativc and transaction COSts. 

The study team estimat~-d the value of irrigated lands in each reach 
within Region I based upon twO alternative approaches. First. we 
examined the most recently published informal ion from the United 
States D~'Partment of Agriculture, National Agricultural Statistics 
Sen'ices (NASS) on inigatl-d land values across the country. While 
these data arc vcry current. having been published in July 1999, they 
only provide land value estimates on a statewidc basis. To examine 
potential variations in the value of irrigated lands from reach to reach 
within Region I, the study team also calculated an estimated irrigal~-d 
land value for each reach based on the capitalized value of nel income 
from irrigation in the reach. Our net income estimates were based on 
avcrage cropping patterns, yields, prices, and costs in the NRCE 
database for the years 1992, 1994 and 1996. 

A proactive prob""m, intended to purchase and retire substantial 
amounts of irrigated farmland, would likely havc to include a premium 
or incentive to induce panieipation. Purchases of agricultural land for 
purposes of water transfers. such as thc water ranching cXpI.."Ticncc in 
Arizona during the late 1980s, ofh:ntake place at higher prices than 

II-F_l0 



tl .. t\:· "" '"' ... ;IE' ... ~, - " ,It, ~, 

(I', .- '"' 1m 
"., (1/..' ... .m - £1<, ." ~, 

'hE" .. , -, ". 
~, • '" ,. 
,n' :Lt· ." '''' !II tI m ." ". ,u1 , ", I9to, .. w ... , • '''' '"' ." m '" ~ 

'''' '" W, I'll 
0,9\ '" '" •• •• II: ~'5 "' ~. ,. 

"" .,,' 

~~-~-a 

'U' - m· .,- "'- -~:9I ". •• '" '" -~ "'- .. :. '6!· ~- = 
"' " ,. ..- '61" .. - ",-., 

" ,,- .. - " .,-
~, .. - m- ,. "",. ~-
~, ... E~" III" Q ' ,0"' ." on " • • • ., " 91" n,· '''- ~-

m. '" m· ~~tI· ,10\,' tll'-

". '" ~,- tOO" 0'." ~,-

'" .. I'" .. m' .,-
," m .. • • • .. " 11(- t;:;' m- LIt' ., :'1 " • • • ,. 

'" " • 
110 1 m • • 

( ",, :HI) 

_, . SUlI u-o>,\ JO >lu...y , ""»3 >!1oJOJP' 1I "1<1 
' ........ poll .O!I'~I po. pUr] .... ""<1 

.J',>lq.J. 

.,- S,,· I'" " - '" '" " m- m- ~. " til· til· LI" " \tI· ., ., 
" . ... ~'6' .. " ~,- ~,- "' " • • • " f9:' :If' "'- .. 

(1"1,. ful' ,u,· • ,n,- Itll' lOl l ' • m- I;:' .. - , 
• • ," , 

,:i- II!- " 
, 

• • " 



I 

T.b .... . ·"' 
r ... h ... Land ond I ..... tlo" it .. ,"""., 

11«1.<1 ...... t. To"", Flo ... 51>0_ .. Ith 1)1 .......... . "'''''"'1< or W ... 1~75 • I"'~ 
, . ... ftj 

, • " , 
" • • • • • , • , 

" • " • • • • • , , , , , , 
" , 

" ·Il! ~ ." .,'1 ·ON ." , 
" " " " ." • " • • • • • " .. .. • • .. '" , • ., ., ., • •• ., , • , , , ., , .," ,r- ·M .,. - .", ·m • !71 " " " ·1Il" 

• •• ·m .", .,,~ .~ - .1)' " ~ ," ~ " .1l~ 

" ·111 .,. 
. " ... " ~ ., ." " " " 

., .~ 

" • • • • • • , , 
" 

, , • " " ," .," .~. _,61 ·111 ·719 ·"s ." '" '" 21) '" .:'42 

" • .," .,. ." ... ll .. ·l'Il ." .. " '" '" .,20< 

" ." ." ." ., . " •• " • " • " '" 
.,,, 

" . " '" " ... •• .. .r. ·21 " .. '" " ·M 

" ·111 .,,, 
" ." .,. ., SJ .,. ~ no '" '" ·!l '" ." - .,. ." ... ·m . .. .~ ., :!Oil l . ll .,. ,~ 

.". ·J11 ·n. ·m "" l'S, M' .," ,," , ., , , 

T.Itl<S .... l 
P.l'<h ... La ... " nd IrriI.,lon llni ...... ' 

11«1.""", t. TOI1l" Flo .. S~or<q .. ,., ..... , Ilh'<nIoo .. .... ' ....... n · ... " 1975 - I", 
/ ... _11) 

, • • • • • • • • " '" '" 
,. , 

" 
.,,, ~ ." ,"1 '" .. " ~ "' ~ ," UO: 

• " • • • • • " .. m m '" '" 'W , • ., ., . , •• •• ., 
" m ". no " "" • .,., ·m ." .,. - .", • Il] , .. .. ~, "" W 1:11» , •• .Ill .ON .,,: .~ - .1)1 '" ,~ •• ~ . .. "1\ 

" ·Ill .,. . " ... ~ ~ ., " .. '" m •• " )1 

" • • • • • • " " ,. m '" • ,~ , . "l ·m ,'" .161 '" .". ·111 " ". ll<r. 171l 1117 -" " ·m .,. ~ ." .• , ·l'Il ... ill ,~ ))).1 '" )1') 

" ." ." " 
., 

" •• . " " .. •• III •• ,~ 

" . " ., . . " ... ·M " .r. " 
,. •• .. . " 1:7 • .. . , " ," " • ., . ·Ill .,,, ." ~ .. ~ ,~ .!! 1':10 

" . " .. ., . ·N ... . ~ ... ·m lOll l)!! , .. .,", lll • , .,. '1!2 

8-F-12 



would be CXIX:cted based on the pre-existing prices of farmland and the 
economic value ofwa\(.'f in irrigation, Recent purchases ofhmd to 
lICquire water in the Edwards Aquifer region have transacted at prices 
approachinl! S2.000 per acre - ncarly doubLe the historical ~,'oing rate 
for irrigated lands. On tnc other hand. $CvCT1ll factOTS may tt."TKl to 
reduce the required premium in this instance: 

• The amount of farmLand to be purchased under the 
~l.Iltivc prognuTI analYloo hen: IS Substllnllal. bul still 
n:pn:sents a rclal1\'elysmaLl prop:>rllon of total Imgaled lands 
in the regton. 

• The land values calculated by the study team are avemge , 'alues 
for Ihe area - bUlthe program should be designed 10 seck 
purchase of the least productive lands thaI are eurrently 
irrigated, Thcsc lands have lower \'al ue and their retircmt."TIt 
would ha\'e a lower impact on the area's agricultural t.'WlIOmy. 
Variation in gross revenues per acre by crop t)1>I= wilhm Region 
I suggest mari,oinallands may be at least 20 pc.'fCL"TIt less 
'"aluable than the avenge, 

• Unhkc most othcr areas when: water has been purchased and 
lransfcrred from agrieulture to other USCS, these: water supphes 
an: genenilly unlikely to be in dt.'111and from otller purchasers 
such as municipal buyers, 

• I'urchasc prices could likely be kept rclal1vcly close 10 market 
rates through a compelitive purchasing mechanism, The 
USDA's Conservation Reservc I'rogram has bet."TI able to enroll 
sign ificant acreage within CoLorado and Nebraska (and a 
smaller amount of Wyoming acreage) In Its program 10 con\'ert 
cropland for conservation purposes - with inccntl"cs typically 
ranging from 1.CfO to 20 pcn:en1. Howe,'er, II should be noted 
that the "ast majority of these acres wen: prL"'Wusll non­
Irrigated (1997 Census of Agriculture-SUltc Data. 1999: USDA, 
1997). 1hc hIgher retums and lower risk.$ associated \\~th 
Irrigated fll1lTling suggest a oonsidcnlbly lari,'CI" premium or 
incmli\'e may be required compared With dryland conservation. 

Finally, therc will be administrati\'e and one-tlO1c transaction costs 
associated with this type of incentive progrum, I..cgal costs will be 
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incurred In ,ransfcning ,i"I: 'o parlieipa'mg lands.. Man.a:,ing OOSIS will 
be incurred 10 infonn and enroll parlieipaots. On an ongoing basis. an 
agency will have 10 adminisll.T thc aCl.juirt.-d lands. This will be a 
dynamic program. requi ring on-going s'af'ftime Bnd O,hI.T 
expcndilurt:$. While 1l is possible Ihat cx isting local. Slale. or federal 
ageneu:s.!ruCh as ,hl: USDA. might be willing 10 lakc on thIS 
adminlstrll.ivc burden, they will incur addi,ional costs for slafT and 
materials which should be included in the estimated program costs. 

In consideration of the factors just dcscribl-d and the prl.-vious 
cxpc.Ticnce with transfers of land for watl.T supply in other areas. the 
srudy lcam estimates the nmge ofpolcntial costs of a program to 
purchase and reti re irrigation from lands In Rcglon I would include: 

• CUlTC11t value of irrigated IWlds: Average \'a luc aeross the 
Region as a whole l.'Stimated at S960 to SI.200 JICT acre bilS«l 
on the two valuation approaches described earlier. Reach 12, 
which has lhe largest numbcl"ofirrigated acres in Region I. 
also has .he highest estimated value for irrigaled hmd at SI.600 
to S 1.700 pc.'1' acre. Reach specific values WeTc incorpomtoo in 
the cost estimales. The study team asswned thaI the program 
could realize some salvage "aloe from the purchased land by 
sellmg or leasing it for dryland cropping or grtlZing purposes 
not Involving irrigation. One half of the cstimllted dryland 
value per acre was assumed to hc the salvage value ofprogr.m. 
hinds in each n:lIch. 

• An incentive premium of 0 10 )0 pt:rcenl. This rani.'C reflects 
the lISSumption tll1ll marginal lands in Region I may be al leas. 
20 pc.'1'CCIlt less valuable than the aVCTage: described abovc. 

• Administnltive and tnmsaction costs of20 to)O percent. 

For purposes of simplicity. the study team used the m.d-poml oflhe 
range ofvalucs described above in estimating the costs on a reach by 
reach basis. In addition, irrigated land values were applied on a reaeh 
specific basis. Ta.ble 8.F.8 summarizl'1 the estimated cos,s. by reach, of 
tilt rcprcsenlative program to purchase lands and retire irrigalion In 

Region I. In 10UI1. the n:pn:scntative program in Region I would COSI 
an estimated S28.5 million. This figure n:pn:scnts an DI'I.'11Igt cost of 
about S920 per ac-ft of consumptive usc Imved on·farm. Average cost 
per ac-f\ of red uction in shonagc at Ihc critical habi'Q! would be SI .400 



, 

;fthe 5Ilvcd water con be prQICCled from downstrcmn di,'crtC!'S. If the 
water is 001 protccted. in some reachl.'S this progrum would prOOu<.:c no 
reduction in shortages to target flows. In the n:achC$ when: this 
program would reduce shortages. the costs would rise to mon: than 
510J)OO pt..,. &c-ft ofshonagc reduction without protC(tion from 
downstream divcrters. 

Tahle II.F.II ESlimaled Cost of Representali-"f Land PurchaH and 

, , , , , 
" 

C .. I p<r " ... n of 
Qp ·[u m Wlln S"iPI!) 

permanent Acouisijjoo of AgricultUral Water Bights 

f II 

51.070 
$UOO 

TIle stud), team has assumed for purposes of evaluation that uoder this 
altcrn:uivc an agl.'11c)' would Ix: created \0 purchase und own 40.000 De­
ft of agncultural water rights (on-farm deli"lon:d volume) in Region l. 
These nghts would be C1thcr rctinxl or traJI.'lfcrrcd to II point nfuse ncar 
the state hne. Based upon the distribut ion of surface wah.'!" supplied 
irrigation In the region Ik"icted in Table S.F.2. we have funher 
assumed for mis analysis mat the follo\\ing amount ofwatCT rights 
would be targeted for pun:hasc: in each reach. as shown III Table S.F.9. 
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Yield 

WatH Righi Purtha,~ 

"00 
~.200 
2,\00 
3.700 
4.300 
13.300 

As shown in Table 8.F.9. the rt.'prcscntative water right purchase 
program in Region 1 would reduce on-farm deliveries 10 panicipaling 
pTOpl."Ttics by an estimated 40.000 ac-ft J'II.'r year. Based on an nn~farm 
efficiency of 50 percent, on-farm consumptive usc would be reduced 
by 20.000 ac-ft per year. 

Monthly changes in water usc associated wilh Ihis representative water 
right purchase program in Region I " 'ere routl>O downstream using the 
water budget spreadsheet. The analysis for the Wall'T budget 
spTCadsheet also incorporated changes in return nows that would rt.'1>uil 
from Ihis program and reductions in canal and di tch losses and 
corresponding return flows. This analysis was performed under 1WO 
scenarios: wi th and without protcction from downstream divcrtcrs. 

Summary exhibits depicting the results ofwaler budget modeling of 
each incentive based alternative are presented in Appendix F. Table 
8.F.IO summari7.es the estimated on-site net hydrologic effects of the 
repres~"f1tative water right purchase program. by reach and by month . 
Table 8.F.11 summarizes the effects of the representative water right 
purx:hase program in reducing shonages to target stream flows at the 
critical reach. assuming no protection from downstream divcncrs. 
Table 8.F.12 provides a similar summary of effects on target 
strcamflows. without downstream diversions. 
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Costs I15SOCialt'll wilh 11 program to purchase: agricultural water rights 
arc subject to similar uncertainties \0 the rt:prc:scntat;,·c land purchase 
program described earlier regarding mark.et response:. Once agam. the 
study learn's best estimates of costs associall-d 1'.'1111 this pmgmm could 
vary substantially from actual costs ifimpkmenll'Ci. Field research or a 
dcmonstralion project would be warranted if this .ltcmat .... c is selected 
for further oonsidCl'lllion in Ihe Action Plan. 

To estimale tht COSts associated wilh purchasing water rights the study 
team examined the capitalized present valuc of irrigation water in crop 
production throughout Region 1 (based on the diffL'Tt.'TICCS bctwcc.'n net 
income from irriWucd and non-irrigated lands) as well as differences in 
the markct value of irrigated cropland VLTSUS non-irrigated cropland 
according to Ihe 1999 NASS data described earlier in Ihis section. The 
study Icarn also reviewed previous agricultural waItT righl sales in Ihe 
Wyominll portion of Region I. 

As wilh the rcprcst.'1ltati"e hmd purchase: program described earlier, 
additional facton beyond the pure economIc value of,mgalion 
supphes would influence the coS!: of a water right purchase program. 
Dry land fanning is mherenlly different from imgatro fanning In terms 
o f risks. accCS$ to capital and management approach. Even Ifpa}TIlCflIS 
colTCSpornhng 10 the economic value of irrigation would. theoretically. 
!'l.-sult in r\() net financial impact on farmers panieipating in the 
program. an additional premium would likely be required to encourage 
panicip31ion. Two water transfers completed in the past ten years in 
the CaspI.'T. Wyoming area involving senior W8t~'T rights took place at 
''''poned priCC8 ofS2.000 10 S3.000 pcr oe-ft of consumptive use ­
including transaction costs. These costs are more than triple the 
estimated coooomic value of irrigation wah.'r in the area. 

Analyses of transaction costs associated with previous watc:!" transfers 
Ihroughoutthe Western U.s. indicate thatthcsc costs ' .ary widely. but 
maya, crnge about 30 pen:cnt oflhc cost of watc:!" trtlnsfers 
(MaeDonocli . Aprill990). 

In considerallon of the factors just described and the previous 
eXpI.';cnec ,,·i th sales ofwall:1" rights from irrigation in the Wyoming 
ponions of Region I. the study team estimates that the costs oflhc 
rcprCSCllwtivc program would include the following components: 
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• Economic value of irrigation water supplies. For Region I as 11 
whole. this value is estimated 10 be between S325 and S550 per 
ae-n of consumptive use b3Sl.-d on tile two \<aluatlon 
approaches dcscribl-d above. 

• An incenlive prt"lllium ofbc1wct:n zero and 100 pcrcCIlI of tile 
economic value. This premium is a laT!;lT proportion ortlle cost 
than for a land purx:h.ase program - retk-cting Ih.a! the watCf 
rights market and water rightS values arc less clearly defined 
than hmd markets and values in mOSl oCthe area. However. the 
incentive range also recognizes the possibility th:u water might 
b<: drawn from marginal uses with lower value than Ihe average 
cited above. 

• Transaction COStS (legal and administrative) of20 10 30 percent 
Water rights purchase transactions may be more complex than 
the land purchases described previously, although land title 
does not have \0 be transferred. 

For purposes of simplicity. thc study team used the mid-point oflhe 
range of values dcscribt:d above in estimating the costs on a reach hy 
reach basis. In addition. inigation economic values were applied on a 
reach specific basis. Table 8.F.1J summari1.e5 the estimated costs. by 
reach. of the representative program to purehase Rb,,;eu!tum! water 
rights in Region I. In total. the study team estimates that the 
representative program in Region I would cost appro~imatcly S 18 
million. This figure represents an average cost of about 5880 pI..'l" ae-ft 
of ~"()nsumptjve use saved on-farm. Average cost per lIc-ft of reduction 
in shortage at the critical hahitat would be about 5 1.31 0 ifthc saved 
water can be protected from downstream divcners. [fthe water is not 
pmtected. in some reaches this program would produce no reduction in 
shortages 10 target 110ws. In the reaches wh~""!l." this program would 
reduce shortages. the costs would rise to more than S I 0.000 per ac-fl 
of shortage reduction without protection from downstream di\"ertcrs. 
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Table 8.F.13 Estima ted Con of Represen tat ive Water Right 

R ... b 
E •• in ...... 
Total eM' 

Land Fallowing 

The sludy team has assumed for purposes of evaluation thai under this 
alternative a new or c."l:isling agency would administ~T a voluntary land 
fallowing program that would provide inet'11tivc-s to farmern in Region 
I to fallow an annual total of20.000 acres offannland that would 
otherwise have been irrigated. To provide maximum flexibility. annual 
fallowing contracts could be devised and the mi ... offarms participating 
in the program allowed 10 vary from year to year. Individual fann 
owncrs could choose to fallow a portion ofthcir acreage. likely subject 
to Ii minimum number of panicipating acres 10 manage administrative 
and progrdm managemcnt costs. 

For purposes of this evaluation. we have further assumed for this 
analysis thallhc following amounts of acreage would be fallowed in 
each reach. as shown in Table 8.F.14. based upon the distribution of 
acres irrigated with surface supplies in the region depicted in Table 
8.F.2: 
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Tablt' 8.F.14 Rrpresenllli\'(' Land .' allowing 

, , 
Reach 2 (S,nd." 10 AI""v.), 
Re.d,) (AI«"'OIQ Orin), 
Roach 4 (Orin 10 Whalen), 
Reach 5 (Whalen 10 Sla!C lind; 

Read, I> (IA"',,, I...,..mic R"· ... ): 

Yield 

2.bOO 
1.100 

"" , ... 
2500 
'.<00 

The study learn has assumed that acres voluntarily placed into the 
fallowing program would have otherwise been planted and irrigated in 
the same manner. on average. as current irrigated crop production in 
each reach. Under this assumplion. the lan(] fallowing program would 
ha\"c the same annual effects on water-use as the representative land 
purchase program described previously. The following arc the 
estimated effects oflhe representative program on water use by reach. 
as shown in Table 8.F.IS. 

Table 8.F. IS O n-farm WaUr V$(" Reductions of Rcpresenlalin 

" Lvam,,,. R,,,,,, 

" 

I 

3.220 ae·ft 
5.41lO .... n 

l.~IOac·n 
:!.740 ..,·n 

Monthly changes in waler use associated with this representative land 
fallowing program in Region I were routed downstream using the 
water budget spreadsheet. The analysis for the water budgCl 
spn:adsh~"t:t also incorporated chang~'S in return flows that would result 
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from this program and reductions in canal and ditch losses and 
corresponding return flows. This analysis was performed under two 
scenarios: with and without protection from downstream divcr1ers. 

Sununary exhibits depicting the results of water budget modeling of 
each incentive based alternative are presented in Appendix F. Table 
S.F.16 summarizes the estimated on-site net hydrologic effectS of the 
representative land fallowing program. by reach and by month. Table 
S.F.17 summarizes the effects of the representative land fallowing 
program in reducing shortages to target 5trcamflows at the critical 
reach. IIlIsuming no protection from downstream diveners. Table 
S.F.1S provides a similar swnmary of effects on target strcamflows. 
without downstream diversions. 

A conceptually similar program of voluntary land fallowing to reduce 
water use Willi implemented in the I'alo Verde Irrigation District 
(PVID) in California from 1992 through 1994. This example is 
instructive in terms of the feasibility of such programs and the 
administrative costs associated with them, although PVID agricultural 
conditions differ considerably from those in Region I. In particular, it 
should be noted that PV1D has a year round growing season. extremely 
productive soils, and receives an average of less than five inches of 
rainfall per year. As a consequence. annual gross farm revenue per acre 
in PVID (over $500 per acre) is more than double the typical gross 
revenues from irrigated crop production in Region I. Dryland crop 
production is impossible in PVID, and there wen: substantial costs 
associated with maintaining soils on fallowed lands during the 
program. Further. the Palo Verde Test Pmgram sought (successfully) 
participation of about 25% of all PVID irrigated acreage in the 
fallowing pmgram - B much higher proportion than that being 
considered in the representative fallowing program for Region 1 (Palo 
Verde Test Program information from reports for MWD. December 
1994 and AUb'Ust 1995). 

Despite the aforementioned differences, it is useful 10 note that 
Metropolitan Water District of South em Californ ia paid about S 135 
per ac-I\ per year (on-farm delivered volume) to enlist participation in 
the program. Administ11l1ive and monitoring costs during the tcst 
program were about .10720.000 per year. or .1035 per &ere fallowed. 
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The USDA's COllservation RcSl.--rvc Program (eRr) is also ~imilar in 
collet,,! 10 Ihe fallowing program described herein. although It 
principally targets non-irrigated lands. Approximately 250.000 = in 
Wyoming. and more Ihan 1 million acres in Nebraska. have hecn 
withdrawn from crop production under the eRP proh'!"all1. The average 
annual payment for eRr panicipalion. exclusive ofadminiSirillivc 
costs. is about 530 1"-"" a<,;rc in Wyoming and over 550 per acre in 
Nebraska. 

The study learn has estimated the annual costs of tile rcprcscnlalivc 
land fallowing program for Region 1 ba'led on the following 
components: 

• Annual value ofirrigatcd lands in Region I . Based upon two 
measures - annual net income 10 f!lJTTlCl'S and irrigated land 
renlal rates - this value for the region as a whole is bW"ccn 
540 and $50 per acre. 

• An inCC1ltivc premium \0 induce participation ofbetwecn 7.ero 
and 50 percent of the annual economic value would likely be 
required to induce panicipation. This range reflects the 
possibility that marginal lands with lowt'T" than average value 
might comprise the bulk of lands enrolled in the program. 

• Administrative costs. in the long run. would average no per 
acre fallowed. This value reflects the assumption that an 
ongoing program would have lower administrative costs than 
the Palo Vt:rue test program described earlier. 

For purposes ofsimplicily, the study team used the mid-pain! of the 
range ofvalucs described above in estimating the costs on a reach by 
reach basis. In addition economic values were applied on a rcach 
specific basis. On an WUlual basis. thc study team estimates that the 
representative fallowing program would COSt an aV~'"Tage of about SSO 
per ac-ft of consumptive use saved on· farm in Region I (S40 per ae-Il. 
of water previously delivered on-farm). Annual costs were convened 
to capitalized tOUlI costs based on a six percent discount ratc 
(appropriatc for publ ie entities that can obtain tax-free financing). 
Table S.F.19 summan7,.t:S the estimated eapilali7.c(\ costs. by reach. of 
the representative program 10 faBow irrigated lands in Region I. The 
study team estimates that the representative program in Region I 
would have a capitalized total cost of approximately S29 million. This 
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figure repn:scnls an average capitalized cost of about S930 per ac-Il. of 
consumptive usc saved on-farm. Average capitalized cost per ac-fi of 
reduction in shortage at Ihe critical habitat would be S1A10 if the 
saved water can be protccted from downstrc~m diver1crs. and more 
than S I 0.000 pI."T ~e- 1'1 if the wat<:r is nOi protccted. In somc Region I 
reachcs. the representative land fallowing program would otTer no 
reduction in annual shortages to target flows if the water conserved by 
Ihis program can no! be protected from downstream divencrs . 

Table 8.F.19 E$limatcd C apitalized CoS! of Representati l'e Land 

•• , $2.660.000 , SU 70.000 

• , 
• 
" • • 

,,~ 

,,~ 

"" ,~ 

,,~ 

• 
• 

"" ,m 
S325 

orR<duud Sl>or1 .~' 
II Crllisallllbjlll 
Wit~ WlthQut 

SoI 2.6S0 
SoI5.290 
SoI2.30j() 

SI.1.I0 
SI.lSO 
SI.3oo 
SI.oI6(I 

Temporary Leasing of Aadcullural Water Supplies 

The study tcam has assumed for pUrpoSl'S of evaluation thai under Ihis 
alternative an agency would be created 10 administ<.-"T a voluntary 
leasing program thai would provide incentives to farmers in Rcgion I 
to annually lease 40.000 ac-ft of wat~"T supplies (delivered on fann) 
Ihat would otherwise have been used in irrigation. To provide 
maximum flexibility. short-term. two- 10 fivc-ycar leasing contracts 
could be devised and thc mix offanns participating in thc progrJ.m 
al10wed 10 vary over timc. Individual farm owners could choose to 
lease a portion oflheir water supplics. likely subjcctl0 a minimum 
lease volumc to manage administrative and program management 
costs. 
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Based upon the distribution of surface water supplied irrigation in the 
region depicted in Table 8.F.2. the study team has fUMer assumed for 
this analysis Iha! the following amounts ofwalcr supplies would be 
leased in cach reach. as shown in Table 8.F.20. 

T ahle 8.1'.20 Rcprcscnt.ati,·e 10'-,'"",,, Waler Leasing Program in 

Yield 

,-.., 
2.200 
2.100 

As shown in Table 8.F.20. the representative water leasing program in 
Region 1 would reduce on-farm deliveries 10 particiJXIting propl:rtics 
by an estimated 40,000 ac-ft per year. On-farm consumptive usc would 
be reduced by 20.000 ac-ft per year based on an on-farm cffic;(:ncy of 
50 percent. 

Monthly changes in "'liter usc associated wilh Ihis rcpresemalivc 
water-leasing program in Region 1 were routed downstream using the 
water budget sprcadshec::l . The analysis for the water budget 
sprcadshct:1 also inoorpoTlited changes in rdum flows that would result 
from this prOb'Tam and reductions in canal and ditch losses and 
corresponding return flows. This analysis was pcrfonn~-d under two 
scenarios: with and without protcction from downstream di\"CT\CTS. 

Summary exhibits depicting thc results of water budg1.1 modcling of 
cach incentivc based alternative arc presented in Appendix F. Tablc 
8.F.21 summarizes thc estimated on-site nct hydrologic effects of the 
representative water leasing program. by reach and by month. Table 
S.F.22 summari7,cs the effects of the representativc watl.T leasing 
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program in r<:ducing shortages to target strcamnows at the critical 
reach. assuming 110 proh.'Ction from downstream divcrtcrs. Table 
8.F.23 provides a similar summary of effects on target Slrcamflows. 
without do ..... nstream diversions. 

Markets ror pcnnanenl water rights transfers and temporary leases or 
rentals of water supplies often coexist. Good examples include the: 
Northern Colorado Water Conservancy District HI Colorado. the Rio 
Grande Vallt:y in Texas and, most recently. the Edwards Aquifer 
Region in Texas. In general. the cost of short-tt.'11t1 water tlllllSft.TS 
through leases or rentals is less than the annualized value of the COSt of 
permanent water transfers. Reasons fOT this divergence are that farmers 
do not trade away their rights and thei r permant.'I1t asset value when 
entcring into leases or rental agreements arK!. bc.'CIIUSC leasing is a more 
flexible option. leasing programs may work b.:tter at attracting ..... alt.,. 
supplies that would have been put to low valued. marginal USoe. 

Based on the preceding considerations. the study team anticipates that 
the lUIuired premium needed to induce farmers 10 p:u1iclpatc '" a 
water leasmg progJam would be less than the premium IUIUlrcd for 
outright purchase of water rights.1...cga1 tnmsachon CO$IS mtghl be 
lower for .leaslOg program, but administmti"e Iran!(8ction costs might 
be higher than with permanent " 'liter right purchases. The study tcam 
has estimated the annual costs o f the representative wllter leasing 
progrom fOf Region I based on the following t.-omponcnts: 

• Annual economic value of irrigation on Region I lands. This 
value was estimated in a similar mannt.T to the annual 
economic value of irrigated lands for the land fallowmg 
altt.'TT1l1tive. However. the annual economic "aluc is lower under 
the leasing alternative than Wlder land fallo"'ing because dry 
land cropping could offset a portion of the farmers' income loss 
under the leasing program. Annual value oflrrigBlion supplies 
ror Region I as It whole arc estimated at between S22 and S38 
per ac·ft o r con~"Umptive usc based on farm net Income and 
land rental differentials between lmgatcd and non-imgatoo 
lands. 
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• An incentive premium ofbctwccn zero and 50 percent \0 

induce panicipalion in the program. 

• Transaction and administrative costs representing 
approximately 30 percent of total program costs. 

For purposes of simplici ty, the study team used the mid-point Oflh" 
range of values described above in estimating the OOS\S on :I reach by 
reach basis. In addition CC()nomic values were applied on a reach 
specific basis. On an annual basis. the study learn cslim3lCS Ihal Ihe 
rcprcscnl~livc water leasing progrnm would cost an average of about 
SSO per ac-ft of oonswnpli\'t: usc saved on-farm in Region 1. 
Converting annual costs ovcr 20 years 10 capitalized costs based on a 
six percent discount rate. the study team estimates thai the 
rcprcscntali-'c leasing program in Region 1 would have a prescnt value 
capitalized COSt of ovcr $12 million. lIS shown in Table 8.F.24. This 
fi!,'Ure represents Ill1 ~veragc capi talized COSt of about $610 per uc-ft of 
consumptive usc saved on-fann. AVL'1llge cost per ac·fI of reduction in 
shOT1age at the critical habitat would be $890 if the saved water can be 
protected from downstream diverlcn. and more than $1 0.000 if the 
water is not protected. In some Region J reaches. a water leasing 
program would have no cITed on shortages to target flows without 
protection from downstream diverlcl"S. 

TMbic S.F.24 }:st inlatcd C"P;"';" " :"'''''''' 'P'''''"'''';;'''' \\later 

Co .. p .. A~_rl 

or Redu<td Shorlag_ 

, $4>0.000 $t9S , '"00 • $480.000 ,~ 5.10.000 $910 , St.~.10.000 S3~S '" $1.11>0 

• Slt.'IOO ,,. , 
'" S~JO 

.. I", pIOI"'m. In _ '''''''nus. 
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Dry Year Leasing 

Dry year leasing is a fonn of contingent waler Ir..msfer. in which 
C011lraClOO quantities ofwatcr would be transferred from irrigation 
under contractually specified conditions. Typically such arrung~'ncnts 
involve a relatively small annual contractual payment e"ery year plus a 
larger paymt."nl in any year in which the lease is actually exercised (J3y 
R. Lund, Morris Israel, January/February 1995). 

Yield 

Unlike Ihe other incentive hasod alternativC$ previously described. Ihe 
yield of II dry year leasing program would be ZI.'Il) in somt: years and 
substantial in others, dl.'JlCnding on whclh~T or not the leases were 
activated. The dccision rule for dc\cnnining the conditions under 
which the leases would be activated is critical in dctl.1111ining the yield 
from this type of program. Ideally. the dry year leasing program should 
be activated in years that will have the largest shortages to targ~1 flows 
during the height of the irrigation scason between June and September. 
For such a program to have any chance of being viable and economic. 
however. fanners must have at least some adl'ance notice of when the 
leases will be activated. 

Bt"Cause the decision to activate dry year leases must be made in 
advance. Wly decision rule will be less than perfect. In some cases. dry 
year leases will1ikely be activated in years that do not ultimately tum 
out to be "dry" and vice-versa. 

The study team examined the monthly shortages at GTlInd Island and 
determined that whether a year was dry. wet or average from a 
precipitation standpoint had essentially no relationship 10 shortages to 
largt1 flows experienced during the irrigation season. The three years 
with the largcst cumulative shortages to target flows during the 
historical period of record were 1977. 1978 and 1990 - all classified as 
average years. The study team did. however. find a correlation between 
cumulative shortages in the fall and winter and shortages during the 
subsequent irrigation season. Based upon this analysis. the study team 
has assumed that participating fl!l1l1ers would be notilit'd that their dry 
year leases would be activated for the following irrigation scason any 
time the accumulated monthly shortages to targel flows at Grand Island 
during the months ofO<:tobcr through Fcbnmry were greater than 
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150,000 He-fl:. Based on the period ofrccord, this would hove resulted 
in activation o f 1casl'S in 1915, 1977, 1978. 1979. 1980, 1990 and 
1993. Essentially. the program would be activated in about one year in 
three. 

Assuming that the target dry year leasing volume for each reach would 
be the same as under the representative leasing program described 
previously. the yield of the dry year lease program would be the same 
as shown in Table 8.F.20. In years when dry year leases were activated, 
the 10lal reduction in Region 1 water usc would be 40.000 ac-fl 
delivered on-fonn (and 20.000 ae-ft of on-farm consumptive use). 
Unlike the rcprCSC!ltativc leasing program. huwcyer. the yield would 
only be rcaH7.ed in aooul one in three years. 

Net hydrologic cffl.'Cls of dry year leases were analY4cd as if the steady 
Slaic return flow condition would be realized in the year that the lease 
operates. The study team acknowledges that. particularly where return 
flows are delayed for many months, this would not be the case in 
rcality. Actual stream impact duri ng the dry year would be more 
positive than this analysis shows, because historically diverted water 
would remain in the stream while last ycar·s return flows would 
continue to 8e<:ruC to the stream. Conversely. this approach docs not 
identity a negativc c!Teet in Ihe neXI year. when diversions return 10 
nonnal but return flows arc less than they were hislorically because the 
dry year lease was c~cn:isalthe previous year. 

Summary e~hibits depicting the results ofwatcr budgct modeling of 
each incentivc based alternative are presented in Appendix F. Table 
8.F.25 summarizes the estimated on·site net hydrologic e!Teets of the 
representative dry year leasing program. by reach and by month. Table 
8.F.26 summarizes the e!Teets of the n:p~entative dry year leasing 
program in reducing shortages to target streamflows at the critical 
reach. assuming no protection fTom downstream diven.ers. Table 
8.F.21 provides a similar summary of e!Teets on targCl slTeamflow5. 
without downstream diversions. 

Cost 

Direct costs of dry year leases typically include both the annlUll 
payment for participation in the lease option ammgement and an 
additional payment in years when the lease is actually exercised. Dry 
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year leasing aJ'TlIngcments arc currently being e)(plorcd in the Edwards 
Aquifer region in Te)(as. alongside OIher forms ofineent;vcs. The first 
lesson from this expt'Tiencc is that the aMunl payment for panieipalion 
must be substantive to intCfl.'St farmers in panicip.lting in such a 
program. The se<:ond lesson is that the magnitude of the required 
payment in years when the lease is triggered depends. in pan. on how 
much advance notification is provided to farmers so that they can 
adjust their planting and investment decisions. 

The d~"Cisiun rule assumL'II by the study team for impk,nenting dry 
year leases in Region I. would provide later Ihan optimal notice to 
farmt'f'S and might strand a ponion of their investment for the 
following irrigation season. In addition. arrangL'1TIcnts with rental 
operators might well already be in place. Unfonunatcly. this late notice 
is prohably unavoidable in order to aetivale the dry year leases in years 
when they arc most likely to benefit the critical habitat. Because of the 
unccnainty that dry year leasing arrangements impose on fanners. this 
mechanism is generally less popular and morc costly in the YC-dTS thaI 
the leases arc implemented than ongoing, predetcrminl'lllcases. 

Based on the preceding considerations, the study team has estimated 
the annual costs of the n.1'rescntative dry year leasing program for 
Region I bast'll on the following assumptions: 

• Costs of dry year leases in years thaI the lea~es are activaled 
would be 50 percent greater than the annual costs of on~going 
water leases in the sante reach. 

• Annual contractual payments for panicipating in the dry year 
leasing program. in years when the leases are not act;valt-d. 
would be one-half of the annual cost of on-going water leases 
in the same reach. 

Based on the assumption that leasC$ would be activatt'll once every 
three years. as would have occurred during the period of record under 
the decision rule used for th.is evaluation. Table 8.F.28 summarizes the 
estimatoo capitalized costs_ by reach, of the reprcsentati--e water 
leasing program in Region I. Average capitalized COS! per ac-It of 
reduction in shom!;e 8tthc critical habitat would be S 1.530 if the 
saved ,,'ater can be protected from downstream diverters. [fthe water 
is not protl"Cted from downstream diverters, a dry year leasing program 
in SC\,l.'I1I1 Region 1 re<Jchcs would otTer no reduction in target flow 
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shortages. In the other Region I reaches the costs would be more than 
$10.000 per ae·fI without protection from downstream divcrtcrs. 

Prior studies of dry year leasing. Iypieally focusing on making water 
~vailable for municipal water supplies under drought conditions. have 
often found this alternativc to b<.: among the most cost effective 
options. In this instance. howcver. in which additional ftows will be 
needed in many years and not just under severe drought conditions. it 
is not surprising that this alternal;ve may be less cost effective than 
ongoing leasing arrangements or other incentive hasoo measures. 

Table II.F.211 E$limaled Capilali1.ed Costs of Reprl'!lentative Dry 

,. , 
~""~ "00 n~ S.J.I.lIO , "W "" S.l6.2S<l SI.HO , $910 ~ SJ5.S6() SI.44O , SI.S40 "W 1'1 .. " 51.0ro 

• >Ow ~, SI7.0)() 51.3YCI 

" SI.l«I S780 1'1." SI.b40 , 

proughl Waler Banking 

Cali fornia initialed the most wcll known waler banking activity during 
the early 19905; it operated more like the rcprcsl"lltalive kdSing 
program dcscrib"d previously. Other attl"Tllpts to create flexible wat~"T 
banks have met with mixed success at best. For eltample. the wall-r 
bank established by the 1"eltas Water Dcvclopmt"TIt Board about five 
years ago has seen almost no activity. On the other hand. aetive spot 
markets for water supplies do C};ist in a number of places where water 
supplil-s arc undifferentiated and freely transferable wi th lillie or no 
transaction cost - including the Northt"1T1 Colorado Waler Conservancy 



District. California's Central Valley Project and the Rio Grande Valley 
in Texas. Water banks and spot markets typically ellist in areas that 
share common storage and fle:o.:ihle water allocation rules within a 
given area. The concept of a drought water bank would be to create an 
active spot market for shOrHt111l water supplies that could be removed 
from irrigation and left in the riWT when nceded. Under Ihese 
conditions, water banks may have lower on going administrative IUld 
transaction coslS than one.on.one leasing alT3ngemCl1I$. although slart 
up costs may be greater. 

A water bank in the context of the Cooperative Agrt'CffiCl1t would be 
unlikc others in thai waler would be purehascd from multiple buyers 
and d~xlicated for a single purpose. ruth~"1" than resold to multiple 
buyers. This type of water bank could only function if CUTTcnt water 
USCfl> WL'"J"e offered compensation for their water to givc up rights to its 
usage tcmporarily. The amount of compensation would be vcry similar 
to that of a dry year leasing program or a tL"fllPOrary leasing program. if 
the bank Wt-rc 10 operate continuously. The yields and impacts of the 
program would also be similar. 

From the pcnpective of this sludy. a water blUlk would only represent 
a m~'Chanism or administrative structure for implerm.'11ting any of the 
inel'11tive programs or even agricultural conservation programs 
previously addressed. Therefore. it should not be analYl.ed further in 
this study as a separate, distinct agricultural incentive program. 

Region 2 

Excepl where noted in this se<:tion. the study tearn's approach and 
assumptions in evaluating incentive based approaches in Region 2 
were the same as described previously for Region I. In the interest of 
brevity, the following is an abbreviated description of the costs and 
yields associated with incentive based alternatives in Region 2. This 
discussion focuses on infonnation specific \0 Region 2 and the reader 
is advised to refer back to the Region 1 discussion for additional 
insight regarding the analytical basis for estimaK'll yields and costs. 

Table 8.F.29, below. summarir.c:s estimated irrigated aeres harvcstL'li 
and corresponding crop irrigation water usc in Region 2. 
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Table 8.1".29 E§limalcd Wafer Usc for Crop Irrigation in Region 

II.,,· .. ,..., 
l 'rI~ '<d .1«, .. 

36,985 
3)9.371 

" 
Table 8.F.30 summarizes thc estimated irrigated acres harvt."ted and 
annual usc of surface water by reach and by source of water supply. 

Table S.F.30 Es!imatcd HDn'CUCd~~:1:::::~b~'~' s~,:,:r:,;,:,..., 

Annu.1 con.u:.:m~'~'~;'~',-...::'~"::;nu' l On-f. rm 

211.238 
l57,I)/II 

,. 

Ii :" 

322.%7 
220.681 

Land purchase and Irrigation Retirement 

645.934 
.141.362 

The study learn has assumed for purposes of evaluation thai under this 
allcmal;vc 3n agency would be crealed 10 purchase and own 20.000 
acres offarmland that would subsequently be retired from irrigation. 
Based upon Ihc distribution of acres irrigated wilh surface supplies in 
the region depicted in Table 8.F.30, and the assumplion for purposes of 
evaluation Ihal 20,000 acres would be purchased in Region 2. we have 
assumed Ihallhe fo!lowin~ amounts uf acrea~e would be targeted for 
purehasc in each reach. as shown in Table 8.F.31. 
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T able K.F.3 1 Rcp rc§cntati" l' Land Purchnc and Irr iJ::lI lion 

. ..., ,.,., 

Based upon the crop m!)!. and consumptive irrigation r~'1juircmt"llts 
(CIR) specific 10 each reach. the representative land purchase program 
in Region 2 would reduox on-farm consumptive use by an estimated 
29.000 ae-n per year. Assuming 50 pet'Cenl on-farm emdenc),. on­
farm deliveries to pIln icipming propt.'Ttics would be reduced by an 
csl imal~'(1 58.000 lIe·1l peT year .. 

~ following an: the estimated effects of the represtl1latlvc prosrnm 
on water usc by reach., as shown in Table 8.FJ2. 

Rrduftlon 

Summary exhibits depicting the resul!s o(wallT budget modeling of 
each incl.'Iu;"C bllllCd alternative are pm;cntoo in AppendiX F. Table 
8.F.S summarizes the estimated on-sill' net hydrologic effects nftne 
rcpfescnlatl\c land purchase program. by reach and by month. Table 
8.F.6 summarizes the efTec:ts ofthc rcpn:scruauvc land purchase 
program In reducing shonagcs 10 UU-boel strcamnows allhe critical 
reach. assumm& no protection from downstream divcrtcrs, Table 8.F.7 
provides a similar summary of effects on tat"bct stream flows. WlIoout 
downstream diversions . 

..,., 
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Cost 

As in Ihe analysis of this altemative for Region l. Ihc study learn 
examined thc value ofirrigal~-d farmland in each reach within Region 
2. (n Ihc upper rcache$ of Region 2 (Reaches 7 and] 1), along 
Color'.ldo's Front Range. competi tion wilh municipal acquisition of 
fannlBnd for water supplies and w;lh dcvelopern for residential use arc 
additional factors influencing land and water values. 

The basic approach was Ihc same as followed in Region I. The 
estimated cost ora program 10 purchase and retire lands from irrigation 
in Region 2 includes three componc1lls: thc value of irrigated 
fannland. potential incentives required to induce participation in Ihc 
program. and administrative and InlnS3Clion 005\S. 

The study learn estimated Ihc valuc of irrigated lands in each reach 
wilhin Region 2 based upon 11'.'0 alternative approaches. First. we 
el<amined the most recently published infonnation from the UnitL'ti 
Statcs Ocpanmcnt of Agriculture. National Agricultural Statistics 
ScrvieL"S (NASS) on irrigoted land values across the country (19990). 
To examine potential \'ariotions in the value ofirrigaled lands from 
reach to reach within Region 2. the study team also ealeuloted an 
estimated irrigated land value for each reach based on thc capitalized 
value orn~1 income from irrigation in the reach. Our net income 
estimates werc based on average cropping pal1crns, yields. prices, and 
costs in the NRCE database for the years 1992. 1994 and 1996. 

A proactive program. intended to purchase and rt.1ire substantial 
amounts of irriga\L'd fannlnnd. would likely have to include 3 premium 
or incentive to induce panieipation. HowevCT. scveral factors may tend 
to reduce the requi red premium in this instance: 

• The amoum of fannland to be purchased under the 
representative program analYJ.ed here is substantial. but still 
rcprest'llts a relatively small pmponion of total irrigalL'ti lands 
in the region. 

• The land values calculated by the study team are average values 
for the area - but the program should be designed 10 seck 
purchase of the least productive lands that are currently 
irrigated. These lands have lower value and their rctircmL"llt 
would have a lower impact on the area's agricultural economy. 
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• Water supplies in the easternmost re;J.ches of Region 2 arc 
gcnf,.' ... ally unlikely to Ix: in demand from other purchasers­
such as municipal buycfS_ 

• Purchase prices could likely be kept relatively close to market 
rotes through a competitive purchasing meehHnism. 

Finally, there will Ix: administrative and one-time transaction costs 
associated with this type ofinccntivc program. Legal costs will b<: 
incurred in transferring title to participating lands and in transferring 
water use under the with protection scen;J.rio. Marketing costs will be 
incurred to infoon and enroll participants. On un ongoing basis. an 
agency will have to administer the acquired lands. 

In consideration of the factors just described alld the previous 
experience with transfers of land for water supply in nther arcas. the 
study team estimates the range of potential costs of u program to 
purchase and retire irrigation fTom lands in Region 2 would include: 

• Current value of irrigated lands: Average value across Region 2 
was estimated at 51.600 to 52,000 per acre based on the two 
valuatioll approaches described earlier. These values exclude 
lands in close proximity to the Front Range which have 
additional value duc to development potential. Reach spco:ific 
values were incorporated in the COSt cstimates. The study team 
assumed tliat the program could realize some salvage value 
from the purchased lalld by selling or leasing it for dryland 
cropping or grazing purposes not involving irrigation. One half 
of the estimated dryland value per acre was assumed 10 Ix: the 
salvage value of program lands in each reach. 

• An incentive premium oro to 30 percent. This range reflects 
the assumption that morginallands in Region 2 may be 01 least 
20 percent less valuable Ihan the average described abo,·c. 

• Admillistrative and transaction COStS of20 to 30 percent. 

For purposes of simplici ty. the study team used the mid·point of the 
range of values described abovc in estimating the costs on a reach by 
reach basis. In addition, irrigated land values Wf..,.e applied on a rcach 
spc<:ific basis. 
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Table 8.F.33 summarizes the estimated costs, by reach, of the 
representative program to purchase lands and retire irrigation in 
Region 2. In 10101. the representative prognun in Region 2 would cost 
an estimated $43 million. This figure represents an averuge cost of 
about SI.470 per ac-fI of consumptive usc saved on-farm. The avcmgc 
OOS\ per ac-It ofrcduction in shonagc Dllhe critical habitat would be 
52,210 if the wateT is prol<!(;tcd from downstream diwncrs. In Region 
2, a number of sand dams would have 10 be improved ormodificd if 
oonsCTVl-d supplies are to be prolL'Ctcd from downstream divt'Tlions. 

Costs for these modifications, estimated al S8.1 million in 100ai. WeTc 
added 10 the 0051s of this alternative under the scenario in which water 
is protected from downstream di\'cncrs. These costs wcrc prorated 
back \0 each reach within Region 2 on the basis of the proponion of 
Ihe total region's on-site yield contributed by thaI reach. When these 
OOSIS ore included, capilalized COSl'l of this alternative in Region:2 
would increase 10 about S51 million. Ilccausc the costs for sand dam 
modifications were prorated o\'~ ... all reaches in Region 2. the oost pC!' 

ac-ft of reductions to target flow shonages would increase if this 
alternative is not impk"ll1ented in every reach. 

If SIlnd dams are modified to bypass flows. then more than one 
alternative could be located above the SIlnd dams without incurring the 
additional COS\ of SIlnd dam Tf,.-placcrncnt. The SIInd dams would only 
need to be modified once. therefore, the lotal cost to replace these 
dams would be spread among all projects implcmcnlt'd under the 
Program in Colorudo. as opposed to each individual proj~'C1. Therefore. 
the cost pC!' acre foot for scenarios without divenion losses could be 
lower ifmore than one alternative is selected in Region 2 thaI requires 
sand dam modifications. This applies to all incentive based programs 
implemented in Region 2. 

If the water is not prot~'Cted. in some reaches this program would 
produce no l1.'t1uetion in short ages to target flows. In the reaches where 
this program would reduce shurtages, the oosts would rise to more than 
S I 0,000 per ac·ft ofshonagc reduction without the protection from 
downstream diverten. 
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Table S.t'.33 Estimated Capitalized Costs of Repres('ntative Land 

r..$,;m01fd 

" , 
• S21.t<O.OOO i l ._ i7'!{) ,. i!.GlO 

• $ 14.880.000 SI.HO i 7JS N'" S!.J9Il 

" 

Permanent Acauisition of Agricultural WS!ter Supplies 

The study learn has assumed for purposes of evalumion thlll under this 
allernative 11 new or existing agency would purchase and own 40.000 
ae-Il of agricultural water rights (on-farm deliwred volume) in Region 
2. Based upon the distribution ofsurfacc water supplied irrigation in 
the region depicted in Table 8.F.30. we have further assumed for this 
analysis that the following amount of water rights would be targeted 
forpurchasc in each reach. as shown in Table 8.F.34. 

Table 8.F.34 Repruentat ive 

Jul",,"",,): 

WalH RighI Purcbase 

22.200 
0 .800 

Summary exhibits d~"icting the results of water budget modeling of 
each incentive based alternative arc prcsClltcd in Appendix F. Table 
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8.F.1O summarizes the estimawd on-site net hydrologic CffL"Cls orthe 
n,'presL'f1tativc water right purchase program. by reach Wld by month. 
Table 8.F.ll summarizes the etTL-<:\S oflhe n:prcsC11tativc water right 
purchase program in reducing shonagcs to target strcamllows allhe 
critical reach. assuming no protection from downstream divcrtcn. 
Table 8.F.12 provides a similar summary of effects on target 
stream/lows. without downstream diversions. 

As in Region 1, the study team's estimates orllie costs ofa 
n:preSL'TIiativc program 10 purchase agricultural waiL'!" rights began wilh 
a multiple of our estimate orthe economic value ofwalcr in irrigated 
agriculture. plus estimated transaction costs. To estimate the costs 
associated wilh purchasing water rights the study team cxwnincd the 
capitalized present value of irrigation water in crop production 
throughout Region 2 (based on the differences between net income 
from irrigated and non-irrigated lands) as well as differences in the 
market value ofirrigatt-d cropland versus non-irrigated cropland 
according 10 the 1999 NASS data dCSLTibed earlier in this st-ction. 

As with the representative land purchase program described earlier. 
additional factors beyond the pure economic value of irrigation 
supplies would influence the oost of 8 water right purchase program. In 
the upper porlions of Region 2 (especially Reach 7 and Rcach II) 
nalive flow water rights that can be used by some municipalities arc 
currClltly available for S2.500 to S3.000 pl.:r ac-ft (values ofNorlh 
Poudre Irrigation Company and Union Rest:rvoir shan..'S per NCWCD 
communication. 1999a). Other native flow water rights thai orc not as 
readil y used by municipalities are currently priced at about SI.OOO pt:r 
ac·ft (Lake loveland and Seven Lakes shares, per convL'TS8tion with 
Greeley Water Dtopartmenl. 19(9). 

Analyses of transaction costs associated with previous " 'oter transfers 
throughoutlhc Westt'Tll U.S. indicatc thai these costs vary widely. but 
may average about 30 percent of the oost of water transfers 
(MacDonnell. April 1990). 

In considLTation of the factors just described and the previous 
cxpt.Ticnce with sales of water rights from irrig;ltion in Region 2. thc 



study team estimates that the COSIS of the rcprcsemulivc program 
would include the following components: 

• Economic valuc of irrigation wawr supplies. For Region 2 as 11 
whole, this value is estimated to be bdwtcn $750 and $ 1000 
per ae-ft of consumptivc use based on the two valuation 
approaches described abo,'c. 

• An mcent1\'e premium ofbetwcen zero and 100 pcrc.."flt of the 
economie , 'alue. This premium is a larger proportIOn of too cost 
than for a land purchase program - re flecting that the wat<.T 
righls marl:ct and waler rights , 'alues arc Icss clearly defined 
thon land marl:Cls and values in mOSI Oflhc area, However. Ihe 
incL'Il li vc range also recognizes the possibihty thm watl.T might 
be drawn from mnrginal uses with lower value than the overuge 
cited abovc. 

• TmnSllclion l"Osts (legal and admimstlllli\'C) of20 to 30 percent 
Waler I'Ights purchase transactioTl$ may be more oomplclt than 
the land purchases described previously although land tides do 
not have to be lransfem:d. 

For purposes of simplicity, the study team used the mid·point of the 
range of,'al\ICS described above in estimating the costs on a reach by 
reach basIS. In addition, the CCOTlOII1ie value of imgatlon supplies wen: 
applied on a reach specific basis. 

Table 8.1'.35 summari7.cs the estimatl.-d costs. by reach, of the 
representative program to purehase agricultural water rights in Rcgion 
2. In total, the study team estimatcs that the Il."PTC!;t.'Iltati ve program in 
Region 2 would cost approximately $31 million. This figure TI."P«·sents 
an B'·t.'TIIgC cost of about $ 1,540 per ae-ft of consumptive usc SII\'ed on­
fann. Average cost ptT ac·ft of reduction 10 shonage Dlthc enueal 
habitat would be more than $200,000 per ac·ft in reach II if the waler 
is not protected from downstream di,'erters. In the other reaches. Wliler 
budget runs mdlC8tc there would be no reduction 10 shortages to target 
flows If the water IS not protected fivrn downslream dl,<cncrs. lflhc 
wDter is protected rrom downstream divcners< lhe csllmated costs of 
this alternatlvc in Region 2 would average $2.420 per ac·f\ of reduced 
shortage. 



In order !o be able to pro!e<:t this w;)ter from downstream divCTIers. a 
number of sand dams would need to be improved or modified in 
Region 2 reaches. COSts for thcse modifications. estimated at $8.1 
million in total, were added to the costs of thi s alternatl\"e under the 
scenario in which water is protect~-d from downstream divCTlcrs. These 
costs wen:: prorated back to cach reach within Region 2 on the basis of 
the proponion of the total region's on· sit\! yield contributt-d by that 
reach. When these COSIS are included. capitalized costs of this 
allL'rnative in Region 2 would increase to about S39 million. Bcrause 
the COSIS for sand dam modifications were pronUcd over a1\ reaches in 
Region 2. the COSt per ac-fl. of reductions to target flow shonages 
would increase if this alternative is not implemented in cvery rcach. 

Table 8.F.3S Estimated Costs of Rcpnosenlatin Water Right 

.:.tlmotod 
e_pj,.tu.od 

SI~..JJ.o.OOO 

of lI.oduud Sb9"O~' 
e ... ' .... Ao·f, of " Cri,;o_I U.b;t"' 

lQ:'~·lfa~';mtl"~·'~'""~"~·~':'~Q~~',--,~Wlth Without _ II 

~­

S2.no 
12.190 , 

u..;e,. d .. tc<nao<> in ~~"" ~ .. tn """" •• :!a! from do~·MIr<.m dOl·.,., .... n- COOt<. 
... ,"""a! .. UI .. II ... ......,.. !he "'ii"", ...... pronood 10 OKh I'NCh oM or. f'rll« .... in ,II< 
",,>I, "'" ..,.ft ofr<duc«l >hortaz< .. !he en"oaI ....,. .. , ~. ,,,,,,,,, d .... I'M~ . 

•• In >Om< uachos. !he np<e>mtau,,, ~ """,10 prod"'" .., """',..,., ," ........ 11<$ '" W¥<' 
now> ,f'~ .. no """«<"'" from do~-..... do, ....... I. ,_ r<achos. Ihe <0$1 p<t ",·ft of 
J<duca! "'"""'8<".roun .. "'" "II?I,eobIe (N' ''). 

Land Fallowjng 

The siudy team has assumed for purposes of evaluation that under this 
alternative a new or existing agency woul<l be created to administer a 
voluotary laJld fallowing program that would provide ineentivcs to 
faontTS io Region:2 to fallow ao aooualtotal of 20.000 acres of 
faonland Ihal " "ould otherwise have been irrigatt-d. We have further 
assumed for this analysis that the following amounts of acreage would 
be fallowed io cach reach, as showo in Table 8.F.36. based upon the 
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distribution of acres irrigated wilh surface supplies in the region 
dcpicl~-d in Tpblc 8.F.30 

Rc:x1l8 

Yield 

The study team assumed thaI acres voluntarily placed in10 the 
fallowing program would have otherwise been plnnl~-d IIntl irrigall-d in 
the same manner. on Dvcmgc, as CUrTl."I1i irrig:llcd crop production in 
CIlch reach. Under this assumption. the lund fallowing progrnm would 
nave the following estimated effects on water usc by reach, as shown 
in Table S.F.31. 

Table,' 8.,.'.31 On-fum Walcr UK Reductions of Represent.th'r 

,-. Annult KNI ... don in Annual Rroluction 

N.:l6O ",,· ft 
20.240 ..,,1\ 

, 
, . 
IO,l20ac_fI 

SummllJ)' exhibits depicting the results Ofw8tcr budget modeling of 
each incentive based alternative are presented in Appendix F. Table 
8.F.16 summarizes the estimated on-sile oct hydrologic effcclS of the 
representative land fallowing program. by reach and by month. Table 
S.F.17 summarizes the effects ofthc rcpn:smtal1\'e land fallowmg 
pmgram in mllIcing shonai,'C$ to lafget streamnoW! at the critical 
rcaeh. assummg no protectiOll from downstream dl\'Cl'ters, Table 
8.F.18 provides a similar summary of effects on target strcamnows. 
without dowTlstream dh'ersions. 
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Based upon tile same approach dcs(:tib~'() for Region 1. the study team 
estimated the costs of the representative lund fallowing program in 
Region 2. The study learn hIlS estimated the annual COStS oftbe 
r~"rcscmalive land fallowing program for Region 2 based on the 
following components: 

• Annual value ofirrigatcd lands in Region 2. Based upon Iwo 
measures - annual net income 10 farmers and irrigated land 
rental rates - this value for Ihe region as II whole is b~>jw~"Cfl 
$60 and S85 per acre. 

• An incentive premium 10 induce participation ofbctwccn zero 
and 50 percent of the annual c<:onornic value would likely be 
required to induce participation. This range relk-c1S the 
possibility lila! marginal lands with lower than average value 
might comprise the bulk ofJands enrolled in the program. 

• Administrnti,'c costs. in the long run. would average 520 per 
acre fallowed. This value reflects the assumption that an 
ongoing program would have lower administrative costs than 
the Palo Verde tesl program described Carlil.T. 

For purposes of simplicity. the study team used the mid·point of the 
range of values described above in estimating the costs on a reach hy 
reach basis. In addition. economic values of irrigated lands were 
applied on a reach specific basis. 

The study team estimales that average annual costs of a land fallowing 
program in Region 2. including inccmivcs and administrative and 
UllIIsaction costs would be approximately S lOOper ac-f1 of 
consumplive use SIIved on· farm. Table 8.F.38 SUmmari7.eS the 
estimated capitalized COSIS. by reach. of the representative program to 
fallow irrigated lands in Region 2. Annual costs were converted to 
capitalized pn:'scnt value total costs based on a six percent discount 
ratc and 2().ycar JX'riod. The study team estimates that the 
representative program in Region 2 "'ould have a capitalizcrl IOlal cost 
of approximately $36 million. This fib'Ure represents an average COSI of 
about S 1.230 per ac-fl of consumptive use saved on·farm. Average 
capitalized cost JX'r ac,f1 ofreduction in shonage 31 the critical hahitat 
would be more than $100,000 in Reach II if the water is not protected 
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from downstream divcrtcrs. In some Region 2 rcaches. a land 
fallowing pml,um would have 1\(1 effect on reducing targcl flow 
shonagCll if the COn5CTVOO water cannot be protected from downstream 
divcncrs. [fthc water is pmK'Ctcd from downstream divcrtcrs. the 
estimated costs oflhis ahcmative in Region 2 WQuld average about 
SL900 per He-ft ofrcduccd shonage. 

In order to be able 10 prolt-ct this water from downstream di'·~TlCTS. a 
number of sand dams would nC(.'(! \0 be improved or modified in 
Region 2 reaches. Costs for these modifications. estimated m 58.1 
million in tota!. were added 10 the COStS of this alternative und~T the 
scenario in which waler is prote<:too from dO"'nstrcam divertcrs. These 
costs were prorated back to each reach within Region 2 on the basis of 
the proportion orlhe total region's on-si te yield contributed by that 
reach. When these costs arc included, capitalized COSIS of this 
alicrn3livc in Region 2 would increase 10 about 544 million. BL'CaUSC 
the eosts for sand dam modifiClltions wcre pror8lcd OVCf all reaches in 
Rcgion 2. the eost per ae+fl of reductions to target flow short ages 
would increase if this alternative is not implcmCllted in every reach. 

Table 8.F.38 Estimated Capi talized Costs of Reprncnlati,·c L~nd 

• 

.. . 

• , SI7.~m.ooo 

SI z.u,o.ooo 
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.; 
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"~ 
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Temporary Leasing gf Agdcultural Water Supplies 

The study team has assumed for purposes of cvaluation thai under this 
alternative a new or existing agency would administCf a voluntary 



leasing program that would provide incentivC:,1 to fanners in Region 2 
to annually lease 40.000 ac-ft of "'ater suppl ies (delivered on fann) 
that would otherwise have been used in irrigation. Based upon the 
distribution of surface water supplied irrigation in the region depicted 
in Table 8.F.30. we have further assumed for this analysis that the 
following water supplies would be leas ... ..:! in each reach, as shown in 
Table 8.F.39. 

Table 8.F.39 ReprClicntath'e 

Batzac): 

Yield 

\Vater Leasing Program in 

A<·rt Lt_..,d ('Mi,·.nod \'otum~ 

".>00 
13.800 

As shown in Table 8.F.39. the representative water leasing program in 
Region I would reduce on-fann deliveries to participating properties 
by an estimated 40.000 ac-fl per year. On.fann consumptive usc would 
be reduced by 20.000 ac-ft per year based on a farm efficiency of 50 
percent. 

Summary e:chibits depicting the r<.'Sults of water budget modeling of 
each incentive based alternative arc presented in Appendix F. Table 
8.F.21 summariz<.'S the estimated on-site net hydrologic effects of the 
rt.l'Tesentative water leasing progrum. by reach and by month. Table 
8.F.22 summarizcs the e/Teets of the representative water leasing 
program in reducing shortages 10 target streamnows at the critical 
reach. assuming no proltt!ion from downstream divcrtcrs. Table 
8.F.23 provides a similar summary of e/T<.'Cts on target streamnows. 
without downstream diversions. 

The study team (.'Stimall..:! the costs of the rcpresl'1ltative leasing 
progr~m in Region 2 using the approach previously described for 
Region I. The study team has estimated the annual costs of the 
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rcprcscnl3livc water leasing program for Region 2 based on the 
following components: 

• Annual CCQnomic value ofirrisalion on Region 2 lands. This 
value was estimatoo in a similar manner 10 the anllual 
economic value ofirrigalcd lands for the land fallowing 
alternative. However. the annual cronomic value is lower under 
the leasing alternative than under land fallowing because dry 
land cropping could offsct a ponion orlhe farmers' income loss 
und~T the lcasing program. Annual value of irrigation supplies 
for RL1:lion I as a whole arc estimated at be1wccn $55 and S65 
per ac·fl of consumptive usc based on fann net income and 
land rental diffen.'1ltials bctw,:cn irrigated and non-irrigated 
lands. 

• An incentive premium ofbctwccn zero and 50 percent to 
induce participation in the program. 

• Transaction lind administmtivc costs representing 
approximately 30 pt.~nt of total program costs. 

For purposes of simplicity. the study team used the mid-point ofthe 
range o f valucs described above in estimating the costs on a fe-deh by 
reach basis. In addition. economic valul."S o f irrigation were applied on 
a rea~h specific basis_ 

Table 8.F.40 summarizes the estimated capitalized costs, by reach, of 
the representative watl."T leasing program in Region 2. The capitalized 
costs reflect an estimated aVCT"dge annual value for irrigation water 
across Region 2 of about $30 per ac-ft (on-farm delivered volume). 
This annual value is approximately consistL'I1t with current annual 
rental prices for water in the region. which generally range from about 
S20 to S40 per ac-ft (personal communication. NCWCD. 1999). 

Converting annual costs to capitalized present value total costs based 
on a six pcr-cent discount ratc and 2Q..year period. the study team 
estimates that the representative leasing program in Region 2 would 
have a prescnt value total cost of approximately S21 million. This 
figure rt-prt"Sents an average cost of about S 1.030 per ac-It of 
consumptive use saved on-fann. Average capitalized cost per ac-It of 
reduction in shonage at the critical habitat would be more than 
S 100.000 per ac-It in reach II if the sawd waK"T is not protected from 
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downstream div~"T1crs. In other Region 2 reaches, a W3[I.T leasing 
program would have no impact on shortages to target nows if the 
water cannot be protected from downstream divcrtCf'S. If the water is 
protected from downstream di\'cncrs. the cslin13100 costs ofmis 
alternative in Region 2 would av~·mgc $1 ,790 per ac+fl ofrcduccd 
shortage. 

In order \0 be able to protect Ihis walt1" from downstream div<.-'f1CTS. a 
number of sand dams would need \0 be improved or modified in 
Region 2 reaches. Costs for these modifications. estimated at $8.1 
million in 100a1. were added to the costs orthis ailcmative cnd<-.,. Ihe 
scenario in which water is protected from downstream divertcrs. Th<:sc 
costs were prorated back \0 each reach within Region 2 on the basis of 
the proportion of the total region's on-site yield contributed by that 
reach. Wh<'!Tl these OOSIS are included. capitalized costs of this 
alternative in Region 2 would increase 10 about $29 million. Because 
the oosts for sand dam modifications were prorated ov~,. all reaehes in 
Rcgion 2. the COSt per ae-n ofroductions to target flow shortages 
would increase if this ahernath'c is not implemented in every reach. 

Tahir 8.F.40 Estimated CYpityliu d CO§tS of Water Leasing 

SI Q.):/O.ooo 
57. 11 0.000 

Dry Year Leasina 

As in Region I. the representative dry year leasing pmb'Tllm would 
havc thc samc on-sitc yield as the leasing alternative in the years when 



the leases are activated. and no yield in all other years. Under the 
decision rule described in the Region 1 evaluation. the dry year leasing 
program would be activawd about one in three years. 

Yield 

Summary exhibi ts depicting the results of water budget modeling of 
each incl'lltive based altcmati-'e arc presented in Appendix F. Table 
8.F.15 summarizes the !:Stimmed on-site nl'! hydrologic effects of the 
represemlltive dry year leasing program. by reaeh and by month. Table 
8.F.16 summari~es the effects of the representative dry year leasing 
program in red ucing shonagl'S to target streaml10ws at the cri tical 
reach. assuming no protection from downstream di\'CMers. Table 
8.F.27 provides a similar summary of effects on targC1 streamflows. 
without downstream diversions. 

Based on the outline of the representative dry year leasing program lind 
cost considl'1lltions dl'SCribcd in the Region I analysis. the study team 
has estimated the annual costs of the repreSl.'T1tative dry year leasing 
program for Region 2 based on the following assumptions: 

• Costs of dry year leases in years that the leases arc acti\'med 
would be 50 percent greater than the annual costs of on-going 
water leases in the same reach. 

• Annual contractual payments for panicipating in the dry year 
leasing program. in years whl"ll the leases aTe not activated. 
would be one-half of the annual cost of on-booing water leases 
in the S3me reach. 

Table 8.F.41 summarizes the estimated capitalized costs. by reach. of 
the n:presentative water leasing program in Region 2. The study team 
estimates that the total capitalized cost of a n:prl'SL'I1.tlltive leasing 
program in Region 2 would be appro:o;:imately SI4 million. TIlis fib'lJrc 
represents an aVlTllge cost of about SV)60 plT ac-Il of consumptive 
usc saved on-fllnn. However. these savings will occur in only one in 
three years. Total capitalized present value cost per ae-fl of reduction 
in shonage at the critical habitat over the 20 year study period would 
be more than S IOOJ)()(} per ac-A: in reach! I if the conserved woter is 
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not protected from downstream di,"crters. In other Region 2 reaches. 3 

dry year lcasing program would offer no roouction in target flow 
shortages without protection from downstream divcr1crs.lfthc water is 
protected from downstream divertt..TI. the estimated costs of this 
alternative in Region 2 would aVlTagc about S3,400 p<-'f ae·ft of 
n:duced shortage. 

In ordcr 10 be able to protect this water from downstream di"erters. a 
number of sand dams would need to be improved or modifiL'tl in 
Region 2 n:achcs. Costs for thC!ic modifications. estimated al S8.1 
million in \olal, were addlXl to the costs of this alternative under Ihe 
scenario in which waler is prole<:IOO from downstream divertLTS. TIlt."SC 
costs were prorated back to each reach within Region 2 on the basis of 
the proportion of the IOlal region's on-sile yield contributed by thaI 
reach. When these COStS are included. capitali~ed costs of this 
altcrnativc in Rcgion 2 would increasc \0 about S22 million. B~'(;ausc 
the costs for sand dam modifications were prorated over all reachl"S in 
Region 2. the cost per ac-fl ofrcductions to target now shonages 
would increase if this alternative is !lOt implemented in every reach. 

Prior studies of dry year leasing, typically focusing on making water 
available for municipal water supplies under drought conditions. have 
often found this alternative to be among the most cost elTective 
options. In this instance, howCI'er. in which additional nows will be 
needed in many years and !lOt juSt under scverc drought condlllons. il 
is nOI surprising that Ihis alternative may be less cost elT~'(;tive than 
on~,.oing leasing arrangements or olhl,. ... incentive based measures. 

8-F·56 
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Prought Water Banking 

As noted in the discussion of inc~'llive based al1ema1ives in Region I. 
yields and CMts as."'>Cialcd with drough1 wmer banking are completely 
unpredictable. ConsequL-ntly. the study team has not analYJ:cd this 
Bhemmive funher. 

Region 3 

Exeep1 where noted in Ihis SL'Ction. the study team's approach and 
assumptions in evalualing incentive based approaches in Region 3 
were the same as dcscribl'd previously for Region I. In the interest of 
brevity, the following is an abbrevia1cd d~-scriplion oflhe costs and 
yields IISsocialcd with incentive based alternatives in Rcgion 3. This 
discussion focuses on information specific to Region J and lhe reader 
is advised to refer back to the Region I discussion for addilional 
insight regarding the anal)1ical basis for estimalcd yields and coslS. 

Table 8.F.42. below, sumn13rizC5 estimated irriga1ed aeres hurvestL'd 
and corresponding crop irrigalion water usc in Region 3. 
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'" 44,66\ 

" 58.043 2.26 M.6J6 111.2n 

" 44.971 2.1'1 4'1.33'1 '18.617 

Table 8.F.43 summari7.es the estimated irrigalt'd acres harWSI~'<1 and 
annual use of surface walt'T supplies by reach . 

Tablr 8.FA] ESlinllllcd Han'cUed Crop Irrigali"" b~' Surfa ce-

" " ,. 
17.428 
19.161 

, . 
19.708 

Land Purchase and Irrigatioo Retirement 

]9.415 

The study Icam has assumed for purposes of evaluation Ih~1 under thi s 
alternative a new or existing agency would purchase and own 20,000 
acres of fonnland that would subsequ~onlly be rdiTed from irrigalion. 
Based upon the distribution of acres irrigated with surface supplies in 
the region depicted in Table 8.F.43. and the assumption for purposes of 
evaluation Ihm 20.000 acres would be purchased in Region 3. we have 
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assumed that the following amounts of acreage would be targeted for 
purchase in each reach, as shown in Table 8.F.44. 

Table 8.1'.44 Rcp~scnlllti\"t Land Purchase and Irrigation 

.. .., 
,.~ 

4.100 ~~~~~~~========""" ~ =::::::1 
Yield 

Based upon the crop mi)( and consumptive irrigation requirements 
(C1R) specific 10 each reach. the representative land purchase progrnm 
in Region 3 would reduce on-farm consumptive usc by an estimated 
21.500 ac-fl per year. Assuming 50 peTCL'1l1 on-farm efficiency. on­
farm deliveries \0 panicipating properties would be reduced by WI 

estimated 43,000 ae-n per year. 

The following arc Ihe estimated effects of the representative program 
on waler use by n:ach. as shown in table S.F.4S. 

Tabl~ S.FAS On-farm Water Use Reductions of Represenlatin~ 

" " 

" 

Ii ' 
2.b40 ,",,_n 
3.160ac·n 
J.S20 ",,·n 
4.2800<·11 
8.9OClac-fI 
11.1)40 ac.f\ 

1.320~·fl 

• 
•• 

Summary exhibits depicting the f~'Sults ofwatCf budget modeling of 
each incentive based alternative arc presented in Appcndi;.; F. Table 
8.F.5 summarizes the estimated on-site net hydrologic effccts of the 
reprcscntHlive land purchase program. by reach and by month. Table 
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8.F.6 summarizes the efTects of the n:prest:ntative land purchase 
program in n:ducing shortag~'5 to target streamnows at the critical 
reach. assuming no protection from downstream di,"cnCTS. Table 8.F.7 
provides a similar summary of efT~"Cts on target strcamnows. without 
downstream diversions. 

eo" 
The basic approach to estimating the costs of this al\l:malive wa.~ the 
!>arne ilS followoo in Region 1. The estimated cost of a program 10 
purchasc and retire lands from irrigation in Region 3 ineludes thre¢ 
oomponents: the value of irrigated farmland. potcntial incentives 
required to induce part icipation in the program. and administrative and 
transaction costs. 

The study team cstimak'(\ the value of irrigated lands in each reach 
within Region 3 based upon two alternative approaches. First. we 
examined the most recently published infom13tion from the United 
States Depart ment of Agriculture. National A£,'1ieultural Statistics 
Services (NASS) on irrigated land values across the country. To 
examine potential variations in the value of irrigated lands from rcaeh 
to rcaeh within Region 3. the study team also ca1culatt-d an estimatl":! 
irrigaK-d land value for "'deh reach based on the capi talized value of net 
income from irrigation in the reach. Our net income cstimatt""S werc 
based on aVt"Tage cropping paUems. yields. prices. and costs in Ihe 
NRCE database for the years 1992. 1994 and 1996. 

A prooctive program. intended to purchase and retire substantial 
amountS of irrigated fannland would likely have to include a pn.:mium 
or incentive to induce participation. However. scvCl1lJ factors may tend 
to reduce the required premium in Ihis instance: 

• The amount of fannlond to be purehased under the 
representative program analyt:ed here is substantial. but still 
Ttpresents a relatively small proportion of total irrigated lands 
in the region. 

• The land valul""S calculated by the study learn arc a"CI1Ige values 
for the area - but the program should be desib'l1ed to seek 
purchase of the least productive lands that ate currently 



irrigated. Thcse lands have lower v~luc and their retirement 
would h~\"e a lower impact on the area's agricultural economy. 

• Water supplies in Region 3 reaches are gCllerally unlikely to be 
in demand from other purchas~"TS - such as municipal buyers. 

• Purchase prices could likely be kept relatively elose to mark(..1 
rates through a competitive purchasing mechanism. 

Finally. there will be adminislnltive and one-time transaction costs 
associated with this type of incentive program. Legal COStS will be 
incurred in transfL-rring title to participating lands and in tmnsf<.mng 
water usc under the with protection scenario. Marketing costs will be 
incurred to infonn and cnroll participants. On an ongoing basis. an 
agency will have to administer the acquired lands. 

In consideration of the factors just described and the prcvious 
e~periencc with transfers of land for water supply in other areas. thc 
study team estimates the range of potential costs of a progrnm to 
purehase and retire irrigation from lands in Region 3 would include: 

• Current value of irrigated lands: Aver ... ge value across the 
region as a whole estimated at S 1.600 to $2.000 per acre based 
on the two valuation approaches described earlier. Reach 
specific values were incorporated in the cost estimates. The 
study team asswned that the program could realize some 
salvage value from the purchased land by selling or leasing it 
for dryland "ropping or grazing purposes not involving 
irrigation. One half of the estimated dryland value per acre was 
assumed to be the salvage value of program lands in each 
reach. 

• An incentive pn:miwn oro to 30 percent. This range reflects 
the assumption that marginal1ands in Region 3 may be at least 
20 percent less valuable than the average described above. 

• Administrative and transaction costs of 20 to 30 per<,;ent. 

For purposes of simplicity. the study team used the mid-point orthe 
range of values described above in estimating the costs on a reach by 
reach basis. [n additio~. irrigated land values were applied on a reach 
specific basis. 
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Table 8.FA6 summarizcs the estimated costs. by reach. of the 
representative program to purchase lands and retire irrigation in 
Region 3. [n total. the representative program in Region J would 0051 
an cstimatt-d 536 million. This figure represents an aVL'flIgc 0051 of 
about $1.100 per ac-ft of consumptive usc saved on-fann. The 3wragc 
cost per ac-ft ofrt-duction in shortage al the critical habitat would be 
S2.000 if the water is protected from downstream divcncrs. Iflhe 
water is not protected. in some reaches this progrdJll would produce no 
reduction in shortages to target flows. 

Table 11.1-".46 Estimated ~~~~1;;:;;;~~L~'~"~d~P~':":h~'~':'..., 
c"" p<r ..,.r, 

orRt<lu ..... Shortago 

'~~ij~~_~'! Cd ! .... 1 lI.hi!l! : With Wi,bou t 

51.770 

'" 51.230 
NI~ 52.270 

$6.510 51.830 
52.580 52.1:'0 
$1,230 $1.060 , 

• , 
I' ".".,.produ<<<I by this progJam_ I 

a. not 'pplic.bl. (N/A). 

permanent Acauisitjon of Agricultural Water Rights 

The study tearn has assumed for purposes of evaluation that under this 
altCT110tive a new or ellisting agency would purch.ase and own 40.000 
ac-ft of agricultural water rights (on-farm dclivl:rcd volumc) in Region 
.3. Based upon the distribution of surface wat(""1" supplied irrigotion in 
tile region depicted in Table 8.F.4). wc have further assumed for th.i s 
analysis that thc following amount of water rights would be targeted 
for purchase in each reach. as shown in Table 8.F.47. 
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Yield 

Summary exhibits d~"icling Ihe results of water budgC1 modeling of 
each incentive based alternative arc presented in Appendix F. Table 
S.F.l0 summaril.es the estimated on-sile net hydrologic effects of tile 
representative water right purchase program. by reach and by month. 
Table 8.F.11 summarizes the effects orthe representative wlIter right 
purchase program in reducing shortages to target SlreamnOw$ al the 
crilicalreach. assuming no proleclion from downstream divcrtcrs. 
Table 8.F.12 provides a similar summary ofcffccts on target 
streamflows. without downstream diversions. 

Cost 

As in Region I. the study learn's estimates of the CQStS ofa 
representative program 10 purcllase agricultural water rights were 
based on lhe economic value ofwatcr in irrigUled agriculture. plus 
inc.:nlivcs 10 induce participation and cslimatL-d transaction and 
administmtive costs. To estimate the costs associawd with purchasing 
water rights the study team examined the capitalized present value of 
irrigation water in erop production throughout Region 3 (hased on the 
diffl'TCllces tx:tween net income from irrigated and non-irrignted lands) 
as well as differences in the market value of irrigated cropland versus 
non-irrigated cropland according to the 1999 NASS data dcscrihed 
earlier in this section. 

As with the representative land purchasc program described earlier, 
additional factors bcyond the pure e<:onomic value of irrigation 
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supplif.."S would influence the cost of a water right purchase program. 
Analyses oflransaction costs associated with pn .. vious water tr~nsfcrs 
throughout the Western U.S. indicate thallhcsc costs vIII)' widely. but 
may average about 30 percent Oflhc cost ofwalCT transfers 
(MacDonnell. April \990). 

In oonsidL'flltion of the factors just described. the study team estimates 
thal the costs of the representative program would include the 
following components: 

• Economic value of irrigation water supplies. For Region 3 as a 
whole. this value is estimated to be between $600 and $1000 
per ac-fl of consumptive usc hascd on the two valuation 
approaches des<-Tibed above. 

• An incentive prt:mium ofbetwccn zero and 100 percent of the 
L'COnomic value. This premium is a larger proporlion ofthc cost 
than for a land purchase program - reflecting thaI the wallT 

rights market and water rights values arc less clearly defined 
than land markets and values in most of the area. However. [he 
incentive range also recognizes the possibility that water might 
be drawn from marginal uses with lower valuc than the average 
cited above. 

• Transaction costs (legol and administrative) of 20 to 30 pcrcL"T1t. 
Water rights purchase transactions may be morc complex than 
the land purchases described previously. al though land titles do 
not have to be transferred. 

For purposes of simplicity. the study team used the mid-point of the 
range of values described above in estimating the costs on a reach by 
rcach basis. In addition. economic values of irrigation watLT supplies 
were applied on a reach specific basis. 

Table 8.F.48 summarizes the estimated COSIS. by reach. of the 
reprCSL""fltative program to purchase agricultural water rights in Region 
3. In 10lal. Ihe study team estimates that the representative program in 
Region 3 would cost approximately S27 mIllion. This figure represents 
an a\'erage cost of about SI.340 per ae·ft of consumptive use saved on­
fann. The average cosl pl.T ac-ft ofreduetion in shonage 311he crilical 
habitat would be more than S5.000 per Be-ft in reach 16 lind S 1.600 to 
S2.000 per ac-ft in reaches 17 through 19 if the water cannot be ., ... 
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pro!~'Clcd !Tom downstream divcnCTS.lflhc water is prott'(:it"l. the 
average cost throughout Region 3 per ac-ft ofrcduced shoMugc would 
be estimated 31 S 1.620. 

" S~.IW.(l(l(I ~IJSO "" " ~!~.I1(l(1 ,,~ ". 
" 5$.02(1.000 SI.~ I O ~, 

" Sb.77(1.000 $1.290 ~, , 

" 

land Fallowing 

of M<du<<d S~on'l:~ 

i' 

,. 
N .. A '''"' $,\.1.10 $I.~W 

$1.970 SI.6!O 
$1 .~9I) sl.no , , 

The study tcam has assumed for purposes of evaluation that undt'r Ihis 
alternative a new or c)tisting agency would administer a voluntary land 
fallowing program that would provide incentives \0 farmers in Region 
3 \0 fallow an annual total 0[20.000 acres of farmland that would 
otherwise have bet'll irrigated. We have fUMher assumed for Ihis 
analysis that the following amounts of acreage ""ould be fallowed in 
each reach. as shown in Table 8.F.49, based upon the distribution of 
acres irrigated " 'ilh surface supplies in the rcgion dcpiclcd in Table 
S.F.43. 

" , , 
... "" 
>.0"" 
4.100 
5.200 
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Yield 

111e siudy learn assumed Ih31 acres voluntnrily placed in10 the 
fallowing program would have otherwise been planted and irrigal~..:I in 
the same manner, on average. as currenl irrigated crop production in 
each reach. Under this assumption. the land fallowing program in 
Region 3 would have the following estimated effects on WHILT usc by 
reach. as shown in Tabl<.: 8.F.50. 

Table 8.F.SO On-farm Waler Usr Rcducli(ms of Repr..""nlali .... , , 

~~~~~~;;;~--"-"'~).160 .. ·ft 
J.S20 ae·1l 
4.280..,.1l 
8.'100 ""-ft , 

1.580 .. ·ft 
\.760 ""oft 
l.140>c·f\ 
4.4S0 .. ·ft 

Summary exhibits depicting the results of water budget modeling of 
each inC~"1l1jvc based alternative are presented in Appendix F. Table 
8.F.16 summarizes the ~'Stimaled on-si ll' nct hydrologic effects of the 
rcprcSCI1131;vC land fallowing program. by reach and by month. Table 
8.F.17 summarizes the efTCCls o f the representative land fallowing 
program in reducing shortages to tMgt.1 streamflows 3t the critical 
reach. assuming no prott.'<:tioll from downstream diverters. Table 
S.F.IS provides a similar summary of cffCCls on target strcamflows. 
without downstream diversions. 

Cost 

Based upon the same approach dt'Scribed for Region I. the study team 
estimated the costs oflhe representative land fallowing program in 
Region 3. The study team has estimated the almual costs ofthc 
rcprcscntath'c land fallowing program for Region 3 based on the 
follo""ing components: 

• Annual value of irrigated lands in Region 3. Based upon IWO 
measures - annual net income to farmeTS and irrigated land 
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rental rates ~ this value for the region as a whole is l>etw~ ... "fl 
S J 00 and S 11 0 per acre. 

• An incentive pn:mium tn induce participation ofhclwecn 7.~TO 
and 50 p<."fl.:Cfl1 of the allnual L"COllomic value would likely be 
required to induce p~r1icipalion. This range rcfll:ds the 
possibility Ihm marginal lands wilh lowe.-than av<..-ragc value 
might comprise the bulk of lands '-'I1rolled in the Prob'l'lUl1. 

• Administrative OOSIS. in Ihe long run. would 8\'L"I1lgC 520 per 
acre f8110"'oo. This value rcfll'Cts the assumption Ihal an 
ongoing program would have lower administrative costs than 
the Palo Verde lest program des ... Tibcd earlier. 

For purposes of simplicity, the study team used the mid-poinl of the 
range of values described above in eslimHling Ihe costs on a reach by 
reach basis. In addition. economic values of irrigated lands were 
applied on a reach specific basis. 

Table 8.F.51 summarizt'S the estimated capitalized costs. by reach. of 
the representativc program to fallow irrigated lands in Region 3. 
Capitalized costs were based on estimated annual costs of the 
fallowing program. a six percent discount rate and 20 year study 
period. The study team t"Stimates that the representative program in 
Region 3 would have a capitalized total cost of approximately 538 
million. This figure represents an average capitalized C()st of about 
51.750 per ac-fl of consumptive use saved on-farm. Average 
capitalized cost per ac-ft of reduction in shortage at the cri tical habitat 
would be nearly 57.000 per ac-ft in reach 16 if the wllter cannot be 
protccted from downstream diverters. but less than $3.000 per ac·fl in 
reaches 17 through 19. A la!1d fallowing program in reach 10. 14 and 
15 would otTer no reduction to target now shortages if the water 
cannot be prott-<:tcd from downstream diverters. 

If the water is protccted. the average cost per ae-Il ofrcduccd shortage 
would be about 52.110 across Region 3 as a whole. 

8-F-67 



, 

T ahle S. F.51 [~timaled Cost of Represcntat;ve Land Fallowing 
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Temporary Leasing of Agricultural Water Supplies 

The study leam has asslImed for purposes of evaluation that under Ihis 
alternative a new or existing agenc), would administCf a voluntary 
leasing program that would provide inccmivcs 10 faffileTS in Region 3 
to annually lease 40.000 ac-ft ofw81er supplies (dc1iwred on fann ) 
thai would otherwise have hccn used in irrigation. Bast.'ll upon the 
di stribution of surface wat~'T supplied irrigation in the region depicted 
in Table 8.F.43. we have further a'isumed for this analysis thai the 
following amounts ofwalcr supplies would be leased in each !Weh. as 
shown in Table 8.F.52. 

Table 8 .• -.52 RrprUCllll1ci\"t 1"·;",,;,,, Water Leasing Program ill 

At-f. I \'olum~ 

2,400 

,. 



Yield 

As shown in Table 8.F.52. the n.."pTCscntativ¢ watcr leasing progrnm in 
Region 3 would reduce on-farm dclivl:ries to participating propl.."T1ies 
by an estimated 40,000 pc·1\ per year. On-fann consumptive use would 
be reduced by 20,000 ac-ft per year. 

Summary exhibits depicting the rcsul1s of"'a!t:r budget modeling of 
eaeh incentive based allt"Tllative arc presented in Appendix F. Tobie 
8.1'.21 summarizes the estimmed on-site net hydrologic effCCls of the 
representative watcr kasing program. by reach and by month. Tahle 
8.F.22 summari7.es the effects of the representative water leasing 
program in reducing shortages to target strcamflows at the critical 
reach. assuming no protection from downstream divCTlcrs. T.1hle 
8.F.23 provides a similar summary of effects on targct slreamflows, 
without downstream divCTSions. 

The study learn estimated Ihc oosts of the T<."prcscnt.1tive leasing 
Prob'11llT1 in Reb';on 3 using the approach previously described for 
Region I. The study team has estimated the annual COStS of the 
representative water leasing program for Region 3 based on the 
following components: 

• Annual economic value of inigation on Region 3 lands. This 
value was estimated in a similar mannt'J" to the unnual 
economic value of irrigated lands for the land fallowing 
alu.'rnativc. However. the annual economic value is lower under 
the leasing ahcrnmive than under lund fallowing because dry 
land cropping could offset a portion of the farmers' income loss 
under the leasing program. Annual value of irrigation supplies 
for Region 3 as a whole are estimated at bctWt'Cll $45 and 555 
per ac-ft of oonsumptive usc based on fann nct income and 
land rental differentials between irrigated and non-irrigated 
lands. 

• An incentive premium ofbL'1wl'Cn~.cro and 50 percent to 
induce participation in the program. 

8-F-69 



• 

• Transaction and administrative costs representing 
approximately 30 percent o rtolal program oosls. 

For purposes of simplicity. the study learn used the mid-point orthe 
range o f valucs described above in estimating the costs on a reach by 
reach basis. In addition, CC(lnomic values or irrigation W~-re applit-d on 
a reach sJX--cific basis. 

Table 8.F.53 summarizes the estimated capitalized COSts. by reach. of 
the representative water leasing program in Region 3. 

The study team t'SlimalCS that the representative leasing program in 
Region 3 would have a capila1i7.cd IOlal oost ofHpproll imalcly S 18 
million. This figure represents an average capitalized cost of about 
S900 per ac·1l of consumptive use saved on-fonn. The aV(''TIIge 
capitalized cost per ac-Il ofrcduclion in shortage 31 the critical habitat 
would be between 51.100 per ac-ft and $3.500 PO::1 ac-ft in reaches 16 
through 19 if the wat\. ... cannot be protected from downstream 
divcrtcrs. In Olher RC'Sion 3 reaches. a leasing program would have no 
impact on shortages to target flows if the water cannot be prolectL'd 
from downstream divcrtcf'S. 

If the waK ... is protCClcd. the oVC!'llge cost per ac-ft of reduced shortage 
would be about 51.080. 

• 
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Dry Year Leasing 

As in Region I. the representative dry year leasing program would 
have the SlIme on-site yield as the leasing alternative in Ihe years when 
the leases arc aeth·aled. and no yield in all othl'f years. Under the 
decision rule described in the Region I evaluation. the dry year leasing 
program ",,'Ould be activaled about one in three years. 

As shown in Table S.F.S2 Ihe n:pn:scntalive dry year leasmg program 
in Region 3 would reduce on-fann dc1iwncs 10 pamcip;lling properties 
by an eslimalt-d 40.000 ac-ft per year in years when leases nre 
activated. On-fann consumptive usc would be reduced by 20.000 ac-ft 
per year. 

Summary exhibits depicting the results ofwalCT budget modeling of 
each inct."T1tive based alternalive arc prcsmtOO in Appt."T1dix F. Table 
8.F.2S summaril.c5 the estimated on-sile nct hydrologic effects of the 
TCJln'SCI1l11tive dry year leasing program. by reach (U1(i by month. Table 
8.f.26 summarizes lhe clTects of the n:prcscntall\'e dry year leasing 
program In reducing shortages 10 target sircamflow$ atthc cntical 
reach, assummg JW) protection from oownsm:am divertCfS. Table 
S.F.27 pro\'tdes a Si milar summary of effects ontargct streamflows. 
without downstream dl\t-n:ions, 

Based on the outline orthe representative dry year Icasing program and 
COSI considcrutions described in thc Region I analysis. the stud y team 
has estimated tile annual costs of the repTC!;Cnlall\'e dry year leasing 
prognun for ReSlon 3 based on the followmg assumptions: 

• Costs of dry)'ClIl' leases in years that Ihc Icasc:s lire activated 
would be SO percent grcatcr than the Dnnual cost~ of on-going 
water leases in the same reach, 

• Annual O()fltractwal payments for participating in the dry year 
leasing program. in years when Ihc leases arc nol activated. 
would be one-half of the annual cost of on-booing water leases 
in the same reach . 



Table 8.F.54 summarizes the estimated capitalized costs, by reach. of 
the representative water leasing program in Region 3. The total 
capitalil.ed cost ofa representative leasing program in Region 3 would 
be approximately S 12 million- recognizing thatlhese savings will 
occur in only one in three years. This figure represellts an average 
capitalized oosts of about 51.800 per ac-ft of consumptive usc saved 
on· fann. Average capitalized total CQst pL"T ac· ft of reduction in 
shonage at the cri tical hahi tat would range from SI.9OO to more than 
S9,000 in reaches 16 through 19 if the water cannot be protected from 
downstream divencrs. A dry year leasing program in reaches 10. 14 
and 15 ..... ould nOl reduce target flow shonagcs if the conserved water is 
not prorected from downstream di vencrs. 

If the water is protected. the average cost per ac·n of reduced shonage 
would decline to about S 1.910. 

Prior studies of dry year leasing. typically focusing on making wat~"T 
available for municipal ..... atC!" supplies und~"T drought conditions. have 
often found this alternative to be among the most cost effective 
options. In this instance. however. in which additional flow s will be 
needed in many years and not JUSt under severe drought conditions. it 
is not surprising that this altemative may be less cost effect;ve than 
ongoing leasing arrangements or other incentive based measures. 

Table II.F.S4 E! tinlatcd Cos ts of R'p"~,,,,,,; ,,, Dry Year 

Co," PO' " coil of 

" ssso.ooo SI.700 U" W, $!.240 

" SQ7tI.ooo ~I.~W ~'" N,A S~.1\l(I ,. SI.I20.000 SI.720 '"" S9.11IO 51.740 

" Sl.240.000 51.6:'(1 U'" Sl.67t1 SI.%\) 

" 5).010.000 ,~ S2.010 51.800 , , , 
,. 

, 
" , , , 

8-F-n 



Drought Water 8ankioo 

As noted in the discussion of incentive basal alternatives in Region 1, 
yields and costs associatal with drought water banking all: completely 
unpredictable. Consequently. the study team has IWlt anaJ)7.ed this 
alternatIVe further. 

5, Yield Summary 

Eaeh oftlle alternatives for mcentive based reductions in agrieultural 
.... ater use is scalable. If any of these alternatives are cho$en for 
inclllSiOll in the eventual action plan. the magnitude and gcogruphic 
focus of the altemative may differ from the representative inc~"Tltive 
based progroms described in this section. Consequently, the total yields 
described in this section for each alternative an:: ~pt:cific tn the 
assumptions the study team has made in defininJ:: represenlati-'e 
incentive based programs. 

Based upon the operating definitions of the incentive based 
alternatives used m this evaluation. the total annual yield on-Slle across 
the study region ranges from OVCf 100,000 at-ft per year undcr the land 
purchase and fallowing alternatives to]ess than 30,000 /IC·ft per year 
under the dry year leasing alternative (on aVCJ1lb~. including years 
when dry year leases arc not activated). 1"hree reaches have on-site 
yields of more than 10.000 ac-ft per year WIder the land purchase and 
fallowing alternatives: Reach 8. Reach 9 and Reach 12. Yields for each 
alternative and each reach are summarized in Table 8.F.S5. 

Under the as~umptions of the representative incentive based programs 
described in this section, total reductions in shonaJ::es to taTJ::ct flows at 
Grand Island if conserved WBlcr is protected from downstream 
divmcrs rutJ::C from 6].500 ae-ft per year under Ihe land purcltase and 
land fallowtOg alternatives to 18.000 l\C·ft per year under the dry)'CIT 
leasing altcrnath·e. Average annual dry year leasing YIelds IIll: reduced 
because the leases arc asswnod 10 be activated onlyone year to three. 
With dlva1ilon losses downstrurn, redllCli-ons 10 target flow shortages 
rutge would be much less. 
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6. Cost Summary 

Table 8.F.55 also summarizes the costs associated with the incemive 
based reduction in agricultural water use alternatives. Under the 
rcprcsenlluive incentive based programs evaluated in this section. 
purchasing or fallowing agricultural lands would have the highest lotal 
net present value 005\5 at about S 100 million across the three regions. 
The cost per ae·ft of shortage reduction allhe critical habi tat would he 
about 51.800 under the land purchase and fallowing alternatives. 
wi thout diversion losses. With diversion losses. the cost would rise 
substantially. 

Temporary leases of agricul tural waler rights would have the lowest 
total capitalized costs of the incent; ve based altl:mmivcs (except for 
dry year leasing) - at about 55l million across the three regions 
(excluding costs for sand dams in Region 2). The cost per aCoft of 
shortage reduction at the critical habitat would he about $1300 under 
thc water rightlcasing altL'1T1ativc. without diversion losses. Wi th 
diversion losses. the cost would rise considC11lbly. 

7. Associated Issues 

Each ofthc remaining altemativc approaches to incentivc based 
programs to reduce agricultural water usc were evaluated according 10 
thc associated issues evaluation critcria previously reviewed "'ith the 
WMC, The five categories of associated issues are physical. legal and 
institutional, economic, sodal and environmental. Tahular scoring of 
cach altcrnative according to eaeh ofthc critcria are presented in 
Tables 8.F.56 through 8.F.65. In all cases. thc swdy team has L'Valuated 
each alternative as previously defined in this seelion. Where relevanL 
the associated issues sooring and discussion highlights differences 
between the scenario in which water is assumed \0 he protected from 
downstream divcrtCl1l!Uld the scenario in which no protection is 
assumed. The initial discussion in each category fOCUSL"S on the 
scenario that assumes protection from downstream divertcrs. 
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Land PUrchase a nd Irrigation Reti rement (refer to Tabk-s 8.F.56 
and 8.F.61) 

P hysica l 

As described in this section. the reprcscnt3live program to purehase 
lands and retire irrigation would result in relatively small reductions in 
target flow shonages (less than 5.000 ac-ft p<..'!" year) in all reaches 
except reaches 8. 9 and 12. Once implemented this altcmat;I'c would 
be readily sustainable. This alternative is scalable and a larger prot,'ram 
could be implemented in any given reach than that assum~-d under the 
representative program evaluated in this section. The study team has 
evaluated scalability based on the assumption that the upper limit for 
the program would be to retire five percent of all irrigated lands 
(including both surface and groundwater supplied lands) in any given 
reach. If implcmenK'd. yield may be realized immediately in Colorado 
and Wyoming and the altcrn3livc yield should be relatively easy 10 
estimate in any of the three stmes. though it cannot be dircctly 
monitored ami measured. This type of program is assumed to take 
longer to impk"TlI~"Tl1 in Nebraska if conserved water is 10 be protected 
fTom downstream divCTtcrs. since a change in state law may be 
rcquirod to allow a watt'!" righttrallS fer. 

Third pany hydrologic effects of incentive based programs 
implemented above lake McConaughy may include potential impacts 
on irrigated lands served by Lake McConaughy, thc Environmt"lltal 
Aecount in Lake McConaUghy. minimum opcr:!tion flows. and 
hydropower production. These impacts may be minimal or significant 
depending on how projects arc implemented. Negative third flany 
effects would need to be offset or mitigated. TIlird pany hydrologic 
efTcc\s might be panly mitigated by trans ferring only consumptive usc. 
although changes in return flows would still impact other users. If 
const'!"ved water cannot be protected from downstream di\"CTteT$. this 
altcmmive would produce less than 500 ac-ft ofrcduction in shonagt'S 
to target flows in every reach cxcept reaches 16 through 19. This 
ahcmat ivc could be implemented more swiftly in Nebraska without 
prott"Ction from downstream divCTtcn;. since irrigation would simply 
be retired on purehased lands without a water rights transfer. 



, 

Legal and Inslitulional 

The purchase ofirrigah:d agriculturnllands presents a mixed picture 
from thc legal/institutional perspective. Other than in Nebraska. slate 
laws do nOl expressly prohibit this alternative. bUI a waKT right 
lransf<-T and/or change oruse would be rt."quircd if conserved wall.,. is 
10 be protected downstream. Convincing a water court ofbcncficial 
usc may be an issue. Objections 10 waler court proceedings are likely. 
There might " 'ell be public opposition, but it is uncL-rtain how ~cvcrc 
this will be from Slale \0 slate. This alK'TIlativc would be easier 10 
adminiS1LT than somc other incentive based approaches. al1hough 
managcmt'1lt ofpurchascd land is an issue. The alternative is consistent 
with existing land Qwncnhip, Federal laws and interstate compacts and 
d~'S. 

Under Ihe scenario in which the COflSCT'\"OO water is assumed to not be 
protected downstream. this al1emative would requi re only irrigation 
reti rement from purehased lands without a "'oter right transfl"-. As 
such. both ease of pcrmilling lind consistency with state IlIW5 arc 
improvctl. 

SoCial 

At the scale of the representative program outlined in this sl'CIion. 
social impacts would he g<"'Tlerally negative but reilltively modest. Less 
than four Pl'T'CCnt of irrigatctllands in any reach would be purehased 
and retired from irrigation. With a reduction in irrigatctl agriculture. 
there will be apprehensions about loss of traditional customs and 
cul1urc. the impacts on community organizations and suppon 
structUm>. and community sustainability. All of this will create issues 
related to public acceptability. In tcnns of equity of impacts. the 
progr~m can be structured to be equitable from a geographic 
standpoint although concentration within ccnain reaches might be 
advantageous from the standpoint of case of implemrntation and 
effectiveness at the critical habitat. The focus of this prob'Tllm on 
retiring irrigation from agricul tural lands might be perceived as placing 
IlIl inequitable burdrn on the agricul1ural sector. 
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Economic 

Essentially all of the costs of this a1t("'TTlativc are capital costs up front; 
amortized 10131 OOSIS an: almost completely a function orthe capital 
CQsts. Nonetheless. Ihese costs are less than S I 0 million in all reaches 
except reaches 8. 9 and 12. Costs peT at·1l ofrcduction in shortages al 
Ihe cri tical habi tat under this alternative arc g<""1lerally betWC<:T\ S 1.000 
lind 52.000 per ae·1l ofrcduclion in target flow shortages in mOSI 
reaches. In reach 11. Ihe cost per at·ft ofrcduccd shortage exceeds the 
53.000 threshold for furthl-T analysis. Direct (.."C<)nomic impacts on 
fanm:rs opting to participate in the program arc positive. since this is a 
voluntary measure and must at least compensate the farmer for any 
financial impact. However, secondary economic impacts (including 
third party impacts) on agricultural workers and support induslrit.-S 
would be negative. Ihougll UndtT the representative program described 
in this s<x:tion, these losses would be widely distributed and unlikely to 
be overwhelming in anyone area. Therc CQuld also be ncgative liscal 
impacts stl.."Illming from this alternativc as fonnerl y irrigated lands 
would be either rcmoved from the t:vo rolc or reclassified as IOIl"I..T 
value non·irrigated lands. There orc also potentially negat",c cff<x:ts on 
economic development, since this water will be unavailable for other 
possible uses in the future. 

Duc to the reduced yields, the costs per ac-f\ of reduced shona~'C 
"'ould be substantially greater in the absence of protection from 
downstrcam divCTtcrs. Only rcacht'S 17 through 19 would meet the 
S3.000 per ac-ft m:voimum threshold undtT the sccnario in which 
conserved water is not protected downstream. 

Environmental 

Under thc relatively diffusOO program described in this SI.."l..1ion. this 
alternative would be unlikely to result in substantial environmental 
impacts. Impacts to wetlands and other habitat are likely 10 be 
ncgligible, while a modest improvement in water quality mighl Tt'Suh 
duc to reduced loading of nutrients, sediments and chemicals. Prime 
and unique famtlands could be C)!cludcd from participation to ovoid 
potential impacts in this area. 
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Permanent Acquisition of Agricultural W ater Rights (refer 10 
Tables 8.F.57 and 8.F.62) 

Physical 

The water rights purchase alternative is generally comparable from a 
physical standpoint \0 the land purchase alternative. 

Under the scenario in which conserved water is not protected from 
downstream divCTtcrs. all reaches ex c~,,1 reaches 17 through 19 would 
fail to meo;l the minimum requirement of producing allcasl a 500 ac-fl 
reduction in target flow shortages on an average annual Imsis. 

Legal and Institutional 

From a legal and institutional standpoint. purchasing water rights is 
comparable to a land purchase program under the assumption that the 
water right would have to be lransfC'l'TCd downstream under either 
altcmative. (If the land purchase progmm werc to simply Tt.1irc 
agricultural usc on the purchased proP(,rty without transferring Ihe 
water right. land purchasC'S would be simpler from a legal perspective). 
The w~t~'f right purchase alternative would be somcwhat easier than 
land purchases from an ongoing administrativc perspective because it 
would not requi re managem~"Ilt or disposit ion ofpureha,t-d pmpcrtics. 

Social 

All of the social sub...::ritcria will be negatively affeeted. but to a 
somewhat lesser extent than undt'f the purchase of irrigated 
agricultural lands altcm8live. A hhoug.lj the social effects are likely to 
be similar. the perception " 'ill not be as sweeping, since the landownLT 
may stay on the land and dry land farm and the land will not shift into 
public ownership. 

Economic 

Almost all of the costs ofa wateT right purchase program would be up­
front. capital and impkmenlation costs. In most reaches, however, 
these costs would be kss than $10 million_ In most rcacht'S. the cost 
per ac·ft would be bclwccn S 1.000 and $2.000 per ae·n of reduced 



shortage. Costs in reaches 7. 8 and 9 are greater than 52.000 per ac-ft 
and in reach II costs e:ccccd the 53.000 per ac-ft threshold for funhcr 
analysis. As under the land purchase program. dirt.'C! t'COnomic impacts 
on water right holders choosing to scllto thc progr.un would have to 
be posi tive by definition. Ncgative economic effects are likely fTom a 
third pany. secondary and fiscal standpoint. Roouctions in econl)mic 
development polL'Otial are also likely. although the represclllative 
program for water right purch3ses analy.too in this sa:tion would 
minimil.e th ... ""SC effeets by diffusing impacts across the study area . 

lfwater is not protL'Ctoo from downstream di'"cnCTS. oosts would 
exceed the 53.000 per ae-ft threshold in all reaches exc ... "t ! 7 through 
19. 

Environmental 

Environmental impacts would be similar to the land purchase 
alternative. 

Land Fallowing (refer to Tables 8.F.58 and 8.F.63) 

Physical 

In terms of potential reductions in target flow shonagcs. a land 
fallowing program would be similar to the land purchase alternative. 
Given its temporary nature. it is likely that a fallowing program could 
t'COnomieaHyenroll a larger percentage offarmlands than a pennanent 
purchase program. Thc study team has assumed that up to 10 percent 
of all irrigated lands might be enrolled in the fallowing al ternative as 
an upper limit on its scalability. Unlike the pcnnancnt. one-time 
transfers under cither land or water rights purchase altcmatil'cs. on­
going sustainabili ty of a temporary fallowing program could be a 
concCTll. The ability to monitor and measure water savings from land 
fallowing agreements is alj\() a concern. Verifying baseline fallowing 
practices and increased fallowing practices due to the program on 
individual participating fanns would be a challenge. Third-pany 
hydrolob~c impacts may occur. but could be 1"''Sscoed by both a 
geographically diffusl-d program and the opponunity for changing 
which farms panicipatc from one contract period to the next 
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If conserved wmer is nOI prolL'(:too from downstream di,"CT1cn, this 
alternative would only meet Ihe minimum standard of reducing 
shortages 10 target flows by 500 ac-ft per year in Reaches 16. 17. 18 
and 19. However. the program could be implemented more quickly in 
tllose reaches wilhoul downstream protection. since a mechanism fur 
water right transfer and polenlial change in Ncbl1lska Siale law would 
not be involved. In this area. third pany hydrologic impacts might be 
offscuing. since acCTctions 10 the mound and localized high water 
labk-s might be reduced , 

Legal and Institutional 

T~'TIlporary transfers ofwalcr usc through land fallowing or water right 
leasing could he very hurdensome from a legal and institutional 
pcrsJlC(:!ivc if each agreement wilh each participating farmer has to be 
approved in wallT court. However. this burden could be reduu'{! by 
negotiating fallowing contracts with irrigation districts and giving the 
districts flexibility in implementing these ag:rct'lnents among their 
members. Potential for inslitutioll3l consensus and public support is 
greater than under thc permanent transfer alternatives since the 
program can have diffused. inerl..'Inental and temporary effects in any 
one arC3. If fanners have the option 10 enroll only 8 portion of their 
lands in this program, il could be secn as an opponunity to diversify 
their financial options and reduce risk. Mitigation burden should be 
minimal. and land fallowing is consistent with existing contracts and 
land ownl.."T"Ship. Steps would be needed to insure that fannl..TS' water 
rights are not jcop3rdiz~'I1through tl..'Inporary suspension OfU5C. On 
one sub-eriteria in this category, administrative case. land fallowing 
soores quite low because of the requireml.."11\ for changes in cropping 
and planting strategies and diflk-ulty in verification. 

If conserved watcr is not protected from do .... 't1strca.m divcllers. this 
alternative should require no permitting or legal review - since a water 
transfer would not be invoked. 

Social 

The land fallowing program can be designed to minimize social 
impacts. If the program is widely diffust.-d ge(lg:raphically and if 
requirements are madc for weed control and erosion control on 
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fallowed land, public acceptability should be relatively high compared 
wilh more permanent incentive based measures. 

Ecor.omic 

Up front capital costs for land fallowing are low compared wi th 
permanern transfers. although the capitalized pres~'J11 value costs over 
the 20-year p<..'riod would be similar 10 the pcnnancnt transfer 
altcntlltivcs. lmplt:mcnlBlion and administration costs will be relatively 
high. As wilh the olher incentive based alternatives. direct economic 
impacts 00 participating formen would be positi\'e. Secondary and 
third party impacts on others in the farm sector would be negative but 
n:lati"cly mod«-sl under the representative program dt'SCrib •. ,.d in this 
sc<:lion. Fiscal impacts will also be modest undLT land fallowing but 
may impact county asSL"SSmcnt processes since the distinction bc1wccn 
irrigated land and non-irrig3lcd land will be mOTe variab le than at 
present. 

Under the scenario in which water is assum~-d to not be protected from 
downstream divCT\ers, only reaehes 17, I S and 19 would meet the 
$3.000 per ac-ft al'cr~gc annual cost threshold. 

Environmental 

Assuming that the selection of lands for fallowing avoids wetlands. 
other impor1ant habit3l. and prime and unique furmlands. ;ncrcas~-d 
fallowing should havc no substantial environmental imracts. Modest 
watcr quality benefits might result from this ah~"TTlative. 

Temporary Leasing of Agdcultural Water Supplies (refer 10 
Tables S.F.S9 and S.F.64) 

Physical 

Temporary leasing of agricultural water supplies is very comparable 
from a physical evaluation standpoint 10 land fallowing. although 
water savings may be easier to estimate under the water leasing 
altcmat;ve. 
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If conservoo water is nOI protected I'Tom downstream divcncrs. only 
reaches 17. 18 and 19 mccl1hc 500 ae-I\ IX'! year Ihr~"Shold for 
reductions in shortagt'S \0 largel strcamflows. 

Legal and Institutional 

The temporary leasing of agricultural water supplies will ruisc certain 
legal and institutional concerns. although they may n01 be 
insunnountablc. The lease musl ~>Q through walcr cOlin and 
demonstrate no injury \0 return nows or s<:nior water rights 
downstream. This will be more burdensome irthe program is dispersed 
geographically. although arrangC!T1cn\s might be made for aggregate 
leasing oomracts with individual irrigation districts (as discusS<.>d under 
land fallowing). Although there is no obvious violation ofintt'f1l1alc 
compacts. fcdCTIlllaws or decrees. there is no clear provision in state 
laws for accomplishing this activity. In Wyoming.lhe Stale Board of 
Control could probably accomplish this if there was widespread 
suppon for the program and legislative approval would be desirable. In 
Nebraska, scvcrallaws "'CTC proposed related to temporary leasing, but 
tl1is has not bccn sanctioned as of spring 1999. There is reasonable 
potl."11tlal for institutional consensus since this is a willing- famler 
driven program and the effccts would be dispersed and tClllpol1lry. 
Resistance could be mitigable. assuming that money and oversight 
responsibility is delegated 10 irrigation districts or other local 
organizations responsible for irrigation. The administl1ltive burden of 
this pro~,'ram will be significant at the outsct but modL'l1lte on an 
ongoing basis. Leases would likely be re-negotiated every three to fi\'C 
years. and individual fanner problems arc likely to arise O\'<.T time. 
This leasi ng activity is consistent with existing contracts and land 
ownership. 

Social 

Social impacts are likely to be modcst under the temporary leasing 
program dc.'\(;ribcd in this section given its scale. It'mporary nature and 
glXlgraphic diffusion. Long-term effects on anyone area will nOI oe<:ur. 
serving to mitigate social impacts and 10ngLT-tenn economic 
sustainobility concerns. 
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Economic 

The implementation and annual costs per ac_1l arc likely to be 
relatively low for the temporary leasing progrnm - less than S 1.500 per 
ac-ft ofrt:dllccd shor1agc in most reaches. Capital costs will be 
minimal. WateT leasing OOS\S. per ae-ft. may be lower than land 
fallowing since famH:r1; hove greatCT flexibility 10 spread their olher 
water suppliL'S or dryland farm the land under the leasing alternative. 
There will be positive direct economic impacts and negative secondary 
economic impacts and fiscal impacts. 1111..'SC impacts should he modest 
if the program is widely disprn;L-d and temporary in nature . Effects on 
economic development polL'111ial should be minimal. 

If conserved water is not be protected from downstream d;,"crtcrs. only 
reaches 17. 18 and 19 would meel the threshold aVCTage OOSI of less 
than S3,OOO per ac-ft of annual average shortage reduction. 

Environmental 

The program can be designed to avoid environmental impacts, Some 
modest impron_"I11L1lts in water quality in thc overall system might 
result. 

pry Year Leasing (rcfer to Tables 8.F.60 and 8_F.65) 

Physical 

From a physical standpoint. the dry year leasing program would be 
similar to the on-going water leasing alwrnative. except that rL-ductions 
in target flow shortages "'ould occur only in the years when leases are 
activated. Consequently. on an average annual basis this altemati"c 
produces relatively small reductions in targct flow shonages - though 
a larger program than that outlined in thi s section could be devised . As 
outlined in this sIX!ion. only reaches 2. 12 and 13 in Region I: reaches 
7 through 9 in Region 2 and Reaches 16 through 19 in Rcgion 3 meet 
the minimum requiremcnt of producing aVL'TIIgc annual shonage 
reductions of atlcast 500 ae-Il per )'ear. 
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If conserved water is not protected from downstream divenLTS. only 
reaches 17 through 19 meet the minimum threshold in terms of 
shortage reduction. 

Legal and Institutional 

TIle legal and institutional implications are likely to be gcncrally 
similar to those oftcmpornry leasing. Ahhough there is no obvious 
violation ofintcrstatc compacts. federal laws or decrees, there is no 
clear provision in statc laws for aCCQmplishing Ihis activity. In 
Wyoming. the State Board of Control could probably accomplish this 
if there was widespread support for the program and legislotive 
approval would be desirable. In Nebraska, several laws were proposed 
related to water Ica~ing, including dry year leasing. but this has not 
bL"CI1 sanctioned as of spring 1999. ThLtt is good potential for 
instiwtional consensus since this is a willing-farmer drivCIl program 
IUld the elT ... "Cts would be dispeTSed and temporary. A dry year leasing 
program wil1likely be somewhat more difficult to administer thun an 
ongoing annual water leasing program. 

Socia l 

Social elT ... "Cts are likely to be modest for the dry year leasing 
alternative. although they could be greater thun described herein if the 
program is not as geographically diffused as the representative 
program analYfed by the study tearn. Due to unecnuin!y about whether 
or notlcascs will be activated in any givC11 year. dry year leasing tends 
to be Icss popular than ongoing leases with farm ownt'rn and rentern. 

Economic 

The implementation costs will be moderate. duc primarily to program 
cstablishmC11t. but capital costs would be low. A\'cragc annuallotal 
COSts will be lower than for an ongoing leasing program since dry year 
leases nrc not activated in every year. Costs per ac-n of yield. howel'l'f. 
would be higher than for an ongoing leasing program. While economic 
impacts ofa dry year leasing program would be gent'rnlly similar to 
those of an ongoing leasing program the impacts would not occur in 
every year bUI might be more severe in the years wht'l1the leases arc 
activated. 
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Environmental 

The program can be designed 10 avoid cnvironmcmal Impacts. It " 'ill 
be important to have a CQvenant that !lOxious weeds alld pests will be 
controlled and that an)' environmentally sensitive areas arc not eligible 
for the dry year leasing program.. Vay mOOcst posmvc impacts on 
waler quality might result from this ahcmatl\e. 

Prough! Water Sanking 

Physical 

The unpredictability or drought WaleT banking prohibits ~'Slimation of 
any specific reduction 10 target flow shonagcs. Without a 
dCllIonstnUion Prob'TlUTl. tllis alKmativc n:cciws a fatal naw rating of 
7.<''fO in the physical category and has not bci..'11 evaluated furthl.'T . 

.... " 
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B.G. Ground Water 





G. Groundwater 

I 

1. Introduction 

This sa:hon e)l.amincs the yields. costs and associatOO LSSues ofvanoU$ 
ground"'ater allemativcs to reduce shorta~,'es to target nO""11 at the 
critical habitat. A numhl."!" of groundwater alternatives in the long hst 
of alt~'TT1atives wen: previously defClTl"<l from further analysis. as 
documClltlxl in Chapler 6. The remaining alternatives fall into four 
categories: 

Grormd ... orcr Rcchorgd Reflln>. Flo" ProjectS 

Grormd ... orer Transfer of Uses 

Addin'Q11ol SurfaC(! Warer and/ar Ground ... a/er He-regula/ion 
OpPol'lrmi/ia 

Reduc/ion ojNa/ural Grollnd ... a/er Expor/sfrom rhe Basin 

A brief description of each of the projl-<:ts and how they might be 
implem~'Tlted is providt"<l below. follo"'oo by estimates of yields and 
COSl$ for eaeh project. An C\'aluation of each project in tenns of 
physical. legal or institutional. economic. social. and environmental 
effects is also provided, 

2. Conceptual Definitions 

Gmund"'I!cr Recball;clRClurn FIQ .. Proiects. Groundwater 
rcchargcm:turn now proj~-<:ts involve dl\enmg surface watt"!" supplrt'S 
for recharge of groundwatt."!" aquifers. WheT<! the recharged aquifers are 
in direct hydrologic connectiQn with the river, the return flQWS that 
result from such rechatge accrue to the river for SQIOe dUl1ltiQn after 
the re<:hargc C\'enl. l1le strategy of such a project is to captUTC and 
rccharg<: surface water. and through appropriate design. cause return 
flows to rcaeh the riwr at times when there arc target now shortag~'S at 
the cri tical habitat. Idcally surface watl"!" WQuid be captured during 
periods when supplies muy be considered to be "surplus"tQ project 
needs. /w)wcver, this restriction was not fully appliOO to the alternatives 
C\'aluatOO. Sites thai are in hydrologically connected aquifen rely Qn 
subsurface gI1Ivity flQ", for augmentatiQn of Platte River flows. In 
cases wht"!"e Ihe aquifer 10 be recharged is not in direct hydrolQgic 



connection with the river. the project will require the means to recov~..,. 
stored water and deliver it to the river directly. These sites alTord 
greater control over the timing ofaugrTlcntation flows. 

Gmundwater T@Jlsf~"" nf U8es. Transfer ofuscs in this ease rcfen; to 
inccntive based tnmsfcrs of groundwater uses. which might occur if 
agricultural uses of groundwater arc retired (i.e .. fallow irrigated lands) 
through an inccntive based program and consumptive usc made 
availablc in the critical habitat arca. While increased strcamflows 
might be realized through incentive based altcrnatives targeting 
hydrologically connceted groundwater us~"f"S. an additional kvcl of 
hydrologic and administrative variability. uncertainty. and complelti ty 
would be introduc~'d through their participation. Therefore. the 
analysis of programs involving transfen; of usc has been limited to 
reductions in surface water usc. which is described in S.F.lncC1ltive 
Based Reductions in Agricultural Water Usc. 

Additional Surface Water and/or Groundwater Be-regylatjon 
OnpoounjJi~1i. Projects involving additional surface water andlor 
groundwater rc-regulation oppoounities include aquifer stomge and 
recovery projects. One application of this alternative is to utilize 
groundwater aquifers to store water during periods of excess. During 
periods of shortage the aquifer is pumped to satisfy the ,,'ater supply 
needs/requirements of existing "'ater usen; that presently diveo or 
pump wat ... ..,. during such critical time periods. Another application of 
this type of alternative wOllld be to recover or pump water from 
existing groundwater mounds. which have been generated due to 
[(:servoir. canal. andlor farm seepage losses. directly back to the Platte 
River. The focus of this type of alternative is to re·reb'Ulutcirelocate 
groundwater return flows. An alternative of this nature would SCT\'e to 
both lower high groundwater condi tions and reduce shonages at the 
critical habitat area. 

Beduclion ofNatu@IGroyndwaterExportsfromlbeBasjn. The 
reduction of natural groundwater cxpoos from the basin invokes the 
capture of groundwater which originates wi thin the Plane River basin 
but which is cUTTClltly discharging from the basin. Only one such 
instance of this condition in the Platte Biver study area is known to 
exist at this time. In the areas served by the Nebraska Public Power 
District and Ccntral Nebraska Public Power and Irrigation District. the 
long-term application of surface water for irrigation has recharged the 
groundwater SystL1I1 and resulted in thc buildup of a groundwater 



mound. Watt'Tlevels have riS<.-n exlensivc1 y sueh thol groundwoICT 
discharging through the subsurface into the Republican Rivt'T ond 
Lll1le Blue River basins has increasaL Thl'SC additional groundwater 
losses due 10 the growth of the groundwater mound could bo:: captured 
or olhel'wisc reduced by pumping at S1llltegic locations within the area 
affected by high groundwall:r levels. AlicmatIVely. redUCl11g the 
Ilmounl of infiltration pnd seepage losses from canals and reservoirs in 
the area by lining clUlals andlor rescrvoirs oould reducc losses. (sec 
Sections 8.B and 8.C) 

3. Operational Defin itions 

For this reconnaissance level study. it is oot possible to mvcstigpte 
every potential groundwater project within each region. thl"l"cforc. the 
following limitations and basic assumptiuns were applit'd tu 
groundwatl'T related altcmativC$. 

The follo ... m8 

• The selection of recharge sites that arc in the alluvial aquif~'T 
was based on famrable l'Ondltions for r«:harge where recharge 
may be by dlrecl infiltration or by recharb>e through existmg 
and.or future wells. 

• The selection ofrechargc sitC$ that (lTC not hydrologically 
connected to the nver was bawd on the ability to store and 
control recharge WaK'T OVl'T extended periods (up to one year) 
without signi fieant loss of this wat~'T. These SlIC$ mUSI also 
allow for the efficient recovery ofstonxl wateT. 

• Projects were assumed to be situated in "reprcsent:lIl\'e" 
locations within each applicable stream reach. At a minimum. 
potential rechargclretum flow proj~'(;tS were. therefore. 
evaluated for sites located in Ihe middle of applicable reaches. 

• It was assumed thai the SDF method developed b} the USGS 
for analyzing the timing orwell depletions and recharge 
accretions to the river provides D rehable solution ofnver 
impat1s and return now timing. A dctailoo description of !he 
SDF method is provided in Chllpter.5 lind in AppendiX B. The 



prediction of return flows using the SDr approach are subject 
to a high level ofunccrtoimy. It is assumed that all rI.'Charge 
projL'CtS will be measured and monitored to cnsurc that the 
proper timing of the anticipated return flows oceurs. 

• SDr values of60, 120, 270. and 300 days wcre consist .. ,ntly 
used for n.-prcscntntive recharge projects. The MBSA SDf 
maps were USt'<lto dClcnnine SDf values for specific sites. 
Rccharge sites could be located over a considerable range of 
SDr values. Ultimately. if a m:harge projcct is choscn for 
inelusion in the cvcntual action plan the SDF value will be 
based on the specific location of that projcc1. The valut'S 
chosen for rt.-pfcsentativc projccts are intended to provide a 
range of return flow patterns and arc consistent with the SDr 
I'olues evaluated for the Colorado's Tamarack project. Other 
SDF values oould be evaluated under the action plan phase. 
Sites were analyzed for a rangc ofSDF factors because 
recharge cn.'<lits can potentially be funher fe-regulated through 
the use of the Environmental Account in Lake McConaughy. 
Duc to the EA in Lake McConaughy. recharge sites do not 
necessarily have to produce n..'1um flow patterns that 
approximate the timing oftarge! flow shonagcs within the 
cri tical habi tat area because recharge eredits can potentially be 
stored and re-regulated. The benefits associated with re­
regulated recharge credits through Lake McConaughy were not 
considered in the yield analyses. The ability to rc-regulate 
altt"Tllatives through the Lake McConaughy EA aecount is 
descrilx:d in more detail in the lmroduetion to ChapttT 8. 

• RL""]lrcscntativc groundwater recharge/return flow projects wt.,.e 
assumed to involve either diversions through existing canals or 
j,'TOundwater pumping. Rccharge projects that incorporate 
diversions through canals assume that water is divt."Tted and 
deli\"ered 10 a recharge pond. and eanallosscs and seepage 
from the pond are lagged back to the river. CanallO$SCS arc not 
subtracted if a canal is used to deliver the water because that 
loss is assumed to return back to the river at the same SDF 
factor used for the recharge basin. Groundwater pumping 
projects assume that water is pumped adjacent to the ri\"tT. 
creating on immediate impact on the stream just as a surface 
diversion. Groundwater is pumped to 8 T(.-chargc pond and 
sCt:page losses from the pond arc lagged back to the river. 



• It was assumed that proj~"(:ts that arc lotated along the river or a 
tributary where SDF factors have I'lOt!J<.,en developed will 
resul t in a dt"letion or accretion in the same month, nnd at the 
full amount of pumping or recharge, 

• E\'aponlion \I'as assumed 10 be one pen:a1t (1°,. ) of gross 
divcr.;ions 10 rco::harge sites per Tab 3A of tile COOpcrDtl\'e 
Agrwm~'Tlt for Platte Rh"CT Research , 11115 evaporation rate is 
the same rate used to evaluate the Tamarack R«hllrgi: Plan and 
is consistent with obsCI'ved rates in the Lower Soulh RIVer 
Basm when: sarKI)' soil conditions result In high infiltration and 
low cvaporation, This assumplion has been applied Universally 
thmughout regions 1,2, and 3, however, cvaporoit,,:m ralt'S 
~'Ould vary from this assumption depending on the local SOil 
conditions and infiltration rates. If the evo]'lOration TIItes an: 
higher than one percent. then the cstinlal~'d yields of rco::hargc 
projccts could be lower. 

• GroundwatCT Management Plans exist for each of Ncb raska's 
Natural R_ces DiSlricts, All of ttle ItfOIJrKlwalCT projects in 
Nebraska must comply lI' ith the Natural Resources District's 
Ground\\1UCT Management Plans. rules.. arKI relo'llialloos, Any 
limltallons these Plans have on grourKI\\ater projects will have 
to be addressed, 

GroundwQu;{ Tran,fer of Uses, The analysis ofprOgJ1lms Invo h'ing 
tnmsrLTS of usc hilS been limited 10 reductions in surface waler usc, 
which is described in 8,F. Inccntive Based Reductions in Agricultural 
Water Usc, 

!<>ol!:",~n~'~"~!!~te~'~.;Th<~~~~.~;~~~~~r::~~~~::~::::::" defin.c and analyl.C projects i WPtCT and.or 
grourKI\l'ater re·regulation 

• The same assumptions as listed for ground\\'ater 
n:ehllTgcm:tum flol' projcets apply to addnional surface water 
andior grourKIw3ter rc-regulal1on opponunities. 

• The sustainable rate al which water can be: pumped from 
e"isting ground\\ater mounds has bt'Cn inf~'lTed from available 
n:pons, estimaled hydrogeologic properties, waler levcls, and 



I 

estimated seepage losses from applicable reservoirs, canals. 
andfor irrigated lands. 

Reduction of Natural Groundwater E~ooo$ from the Ba~in. The 
following simplifying IISsumplion.~ were used to define and analY£e 
projl.'C\S involving a reduction of natural groundwatCT cxpons from the 
basin: 

• Only one such project has been identified. therefore. a projt'(:l 
specific analysis was completed. 

• The same assumptions listed for groundwater recharge/return 
flow projcets apply to a project involving the reduction of 
natuml groundwaltT exports &om the Basin. 

• The rale of subsurface flow leaving the basin has been infCTTcd 
from c;<isting reports. 

4. Alternatives 

Region 1 

Groundwater Recharge/Return Flow Projects 

The purpose of groundwater recharge/return flow projects is to rc­
Te!.'Ulate excess flows so that TClum flows are generated during periods 
oflargct flow shortages. The hydrogl.'Ology downstream ofWhall.-n 
Dam adjacent 10 the North Plane River is such that groundwater in the 
alluvium is in elose hydrologic conn(lC\ion with surface water in the 
North Plane River. UnconSQlidatl.-d alluvial m~tcrials, called "vaHey­
fill"". arc present within the valley of the North Plane River below 
Whalen Dam. The valley-fill consists mainly ofpcrnleablc sand and 
gravel. and comprises three terrnees and nood plain deposits 
(Hydroscienee ASSQciates.lne .• 1997). 

The alluvium is typically highly permeable with hydraulic 
conductivi ties ranging from 200 feet/day to 1,200 feet/day 
(Hydroscience ASSQciates, Inc .. 1997). In the reaeh from Whalen Dam 
downstream 10 Lake McConaughy. groundwater is currently pumped 
10 provide primary and supplemental irrigation water. Allhough 
recharge projects have not be.::n implemented previously in this area. 



the opportunit y exists due to the topogruphy lind hi~ infiltration rates 
associated with the flood-plain deposits in the area. Since the carl y 
1900's the river has benefited greatly from n:~hargc from surface 
water projects, 

In this region there may be opportunities to implement groundwater 
rcch3.fge projects that inOOl'pOratc either di\'ersions Ihrou~ existing 
canals or ground"'atcr pumping. The analysis ofrccharge projects in 
Region I focuses on opportulllties assoc;ialed " 'llh Pratt·Ferris 
Irrigation Distnet, which is the most doI\'Jlstream Wyominl: irrigation 
distnct in thi s reach, as well as potential rccharge proJI.'CtS throughout 
Reaches 5 and 13, A potential canal recharge system may consist of 
divCf'Sions from the North Platte River to the Pr~tt-Fcnis Canal during 
the non-irrigation season, Recharge ponds could bc ~xmstructed along 
thc canal that scn'c as both recharge sites and wildlife habitat. 
Groundwater recharge pumping projects similar to the Tamarack 
Rt."Chargc Plan could be implcmenlt'(\ throughout Reaches 5 and IJ, 

Maps ofSDF factors were T\. ... ~ewed 10 dctennine \\hcthcr effective 
recharge Sltcs exist on Rcaches 5 and 13. PotentIal Sites o\'crl ie the 
alluvial aqutfer and arc hydraulically connected to the ri\'er. In 
addition. the depth \0 the water table must be great enough so that the 
rccharge mound build-up will not create waler 10gginl: at the land 
surface. Based on the location of the Pratt-Ferris Canal. II rccharb'i: 
project associated with the Pran-Ferris Irrigal10n District C()IJld be 
located approximately 30 miles downslream of\Vh3lcn Dam at a 
location with an avcrnge SDF factor of SO days. as shown on thc 
Missouri Basm SIak'S Association SDF mops (MI3SA. IQ82b), It was 
assumt.'(\ that all "reprcscntativc" sites associated with b'TOundwatt.'T 
pumping to recharge arc located in the middle of Reaches 5 and 13 at 
SDF factors of60. 120. and 270 days, Because of thc many canals 
located in RCllcll 13 it was assumed that representativc sites associated 
with SurfiICC wat~'T diversions to recharge arc located m the middle of 
Reach 13 al an SDF factorof300 days, Each site or SDF factor has 
bc:cn analy..:ed scpanuc1y. and the results an: not necessarily additive. 

Yield 

Thc amount ofwlltcr avai lable for diversion in Rcaeh 5 is conslnlinoo 
by the 19.:15 North Plane Decree, as wcllas by othL'T do,,'nstream 
demands lilr Whlcr, The 1945 [)c("TC(: apportions n3turul flows of the 
main~tcm from Whalen Dam downstrcam to the state line as 7S 



pcrcCllt to Neb11lSka and 2S percent to Wyoming from May I through 
September 30. To simplify this analysis. it was assumed that no water 
is available to diven or pump from Reaeh 5 during May I through 
September 30 bcc~use the 1945 Decree limits the amount of water 
available to Wyoming divC11ers during that period. [n addition. 
diversions to Pran-Ferris during these months would mOSI likely nOI be 
possible because Pratt -Ferris is divening for irrigation and there would 
be limited excess canal capacity availablc for recharge. FunhLTITlore. 
recharge diversions to canals typically occur in the fall after Ihe 
irrigation season until fTl:'ezing conditions occur. and during spring 
runoffwhcn there arc cxeess riVL" flows. II was therefore assumt-d that 
diversions for recharge could occur during October. November. 
March. and April. Pumping to rccharge could occur from October 
Ihrough April becausc. from an opcmtional perspective. diversions via 
wells can occur throughout the year. In addition. WatL" is only divcned 
to recharge in monlhs of targct flow excesses at the critical habitat. 

The flow available to recharge projectS in Reach 13 equals the gaged 
flow at Lewellen. which is at the downstream end ofthc reach. Similar 
10 Rcach S. diversions to recharge were limited to the non-irrigation 
season from October through April. Wclls localed next to the river can 
pump throughout the non-irrigation season. however. diversions to 
canals in Reach 13 occur in the fall after the irrigation season until 
frcc-Ling conditions occur. and during spring runoff. 

Diversions to a recharge project in Region 1 arc upstream of Lake 
McConaughy. and therefore. could have a negative impact on inflows 
imo the lake. In panieular. diversions to recharge outside of the 
irrigation scason arc during the major pan of the Lake McConaughy 
stoTa.:e season. Storn.:e Or re-timin.: ofthcsc flows could reduce the 
flows that were previously ust-d as a souree of supply to Lake 
McConaughy and the projects it serves. A primary benefit of recharge 
projects upstream of Lake McConaughy is to rctime water that would 
otherwise be spilled at Lake McConaughy. Because spills gcnerally 
only OC1:ur during wet years it may be simpler to arrJngc for the 
rctiming of releases from the EA in Lake McConaughy to accomplish 
the same results. However. thai assumes the stornge capaci1y Qfthc EA 
is adequate. DL""Spitc the shonfalls ofreehar.:e projects upstream of 
Lake McConaughy they offer additional storage space for Program 
water and inerease the potential 10 mime water from periods of eXCL-SS 
to periods of shanage. 



The Coopcrutive Agreement requires the impacts on flow 
charnclt'l'islics rei ied on by other Program facilities. such as Lake 
McConaughy. be avoided or offset. and !hat any adVCl'SC impacts of 
Progmm waler actlvilil'S be oompc.'nsauxl., As such. any recharge 
project 10 Re:gion I would he required to mitigate adverse impacts on 
Lake: McConaughy storage operations. Due: to the extl:l1Sive analysis 
reqUired to quantify impacts on downstream users the potential to 
Impact downstream water rights has been qualified as opposed to 
quantified. 

Pmll·Fcnis is decreed for 22.01 cfs. which is also the capaci ty ofihe 
ditch (USI1R. 1997). Therefore. monthly divcrsions were lim,ted to 
1.300 IIC+ft. Monthly groundwater pumping in Reaches 5 and 13 was 
limited to 10.000 ae·ft. which assumes 50 wells pumping at an average 
rate of 1.500 grm. Monthly groundwater pumping was limlled to 
10.000 ac--ft duc to polcntial1imitalions on available recharge sites 
including land availabilitY.(l.nd favorable hydrogcolob~e conditions. 
Surface d"f,:rsions to recharge and groundwatCf pumping to recharge 
were anal yn-d separatcly. 

Flows passing the Whalen Darn Pb'e on the: North Plalle: Ri\'er aoo the 
laramie Ri vcr gage, a tributary oflhe North Plaue RI\w. " 'ere 
C\'lIlwlled to dctenninc Ihe amount ofwatcr a\'Dllab1c for recharge 01 
the PTau-Fcrris hcadgate and for groundwoll.'I' pumpmg. The sum of 
these twO ga1,'CS essentially equals the inflow to Reach S. If the sum of 
the flows allhl'SC Iwo gages eJ(eeeded I.JOO ae-ft. 11 " 'as assumed thaI 
1.300 ac-II would be available al the Pratt-Ferris headgale. Likewise. if 
Ihe sum of the 110ws nllhcsc two gages exelwed 10.000 ae-ft. il was 
assumed that 10.000 ae-n would be available for pumping. This is 
conservative in Ihutthere are several small eTt.och as well as Irrigalion 
and canal set"Pil~e return nows !hal come in to Reach 5 above: the 
I'nllt-Fc:ms head gate or pwnps located in the middle of the reach. 

Ra:harge 10 the Platte River is computed as 10110"'5 mlllus 
C\'3flOI'1llion. "hich is estimaled to be one pc:rccnt( 1-.) of gross 
dll'c:rsioos. The average annual net divCTSKm to canals in Reachl'S 5 
and 13 was 1.430 ac·ft and 10.399 ac-ft. TCSpectively. The 8vCT1Ige: 
annual net ground"'atcr pumping in Reaches 5 and 13 was 17.300 ac-ft 
and 19.130 ae-fl.. respectivel),. 

Relurn nows were routed back 10 the river using the SOF model SDF 
Vicw dcvc1o]XXl hy the Integrated Decision SupPOI1 Group ofCSU 



(1999). Monthly additions to flows in the river occur in months when 
river accretions e:<ceed diversions \0 recharge. Monthly depletions 
occur in months wh~"f1 the diversions to recharge e:<eeed the accretion 
in that month. The a\"Crage annual net hydrologic effe<:t for surface 
watt"T diversion recharge proje<:ts (SDF of300 days) in Reaches 5 and 
13 arc -136 ac-ft and -2.13 lac-ft. rcspc<:tivcly. The average annual 
nct hydrologic effCCIs for groundwater pumping recharge projccts 
range from - 1511 ae-ft to - 5.841 ac-ft for SDF factors of 60 \0 270 
days. TIle net hydrologic effL"Cts for surface water dh'C"l"Sion projt'CIs 
and b'1"Oundwater pumping recharge projCCls in Reach 13 arc 
summari:!ed in Tables S.G. I through 8.G.S. Tables showing monthly 
net hydrologic efft"Cts for groundwater pumping recharge proje<:ts in 
Reach 5 are provided in Appendix F. The average annual nct 
hydrologic effe<:t is negative due to evaporation and because some of 
the 3e<:retions to the river are not included because they would have 
occurred after 1994. whieh is the last year modeled. 

The water budget spreadsheet was used 10 route net hydrologic elTL"Cts 
generated by the proposed recharge projCCls downstream 10 the critical 
habitat. The additional flows generated by the Pral1-FCTTis recharge 
project n..'\urn to the North Platte River just abo"e the Wyoming­
Nebraska state line at the top of Reach 12. TIle additional flows 
generated by pumping recharge projccts arc assumed 10 return to the 
North Plalle RiVeT in the middle of Reach 5. The additional flows 
generated by recharge projL'<:\S in Reach 13 3re assumed to return to 
the North Platle River in the middle of Reach 13. Two routing 
scenarios were evaluated. The first scenario assumes additional flows 
can be protected from downstream diversions. in which case, 
additional flows are not reduced by diwrsions. The second sct."f1ario 
assumes additional flows cannot be protected from downstream 
diversions. in which case additional flows are reduced by diversions. 
Average annual net reductions to target flow shortages for a Prall­
Ferris surface wateT diversion recharge project arc 278 3e-n without 
diversions and 109 ae-n with diversions. as shown in Tabk'S 8.G.6 and 
8.G.7. The annual net reductions to target now shortages for n surface 
water diversion recharge projCCl in Reach 13 for an SDF factor of 120 
days arc 8,648 ac-ft without diversions and 4.257 ac-ft wi th diversions. 
as shown in Tables 8.G.S and 8.G.9. Due to the large number of 
scenarios evaluated. reductions to target flow shortages for n,ehargc 
projL'<:ts hove only been provided for a SDF factor of 120 days in 
Reach 13. Tables showing monthly nct reductions to target flow 
shortages for the remaining SDF factors are provided in Appendi:< F. 
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Average annual net reduetions to target 110w shortages for 
groundwater pumping recharge projccts in Reaehes 5 and 13 range 
from 3,617 ac·ft to 9,196 ac·ft without diversions WId from 1.577 ac·ft 
10 4.257 ae·ft with diversions. 

The din:ct COStS related to these groundwater recharge projects are 
based on the capital caSI$ associated with the construction of diversion 
WId storage facilities necessary for the project as well as annual 
opernting costs. The direct costs associated wi th a Prall·Ferris 
groundwater recharge project are limi ted because the diversion 
facilities/canal are in place. and wells WId pwnps are not required. The 
COSts for these projects were ba.~ed on cost data provided by the 
Northern Colorado Water Conservancy Distriet (NCWCD) for similar 
rL-charge projects. The direct costs associated with groundwatCf 
recharge projects consist of the following items. 

• Subsurface investigations 

• Construction of wells 

• Pumping and related facilities 

• Diversion facilities 

• ConslTuction of re.;:harge ponds 

• ConveYWlce structures 

• Reb'lliation and measurement 

• Engineering costs associated with the design offacilnies and 
analysis of operations 

• Compensation provided 10 the canal company 

• Operations WId maintenance. 

Two groups of alternatives have been C\'a1uatcd. which include. 1) 
Diverting water into an elCisting inigalion canal (Pratt·ferris) to a 
recharge site close 10 the canal. and 2) Pumping groundwater to siles 
from Ii we111oc8ted adjaeent lo the riVtT. 



RechQrge Di""'r~ions fO CQnQI.\!. Preliminary subsurface investigations 
typically entail probing the project site to a depth of SO feel. Three to 
five holes typkally provide a good indication as to the site's m;harge 
potential. A cost ofSJ.500 has been included for probing sites. 

Costs for diversion structures from the e)(isting irrigation canal are 
typically about S3.OOO. 

Construction COStS associated with recharge ponds are hased primarily 
on the sizc and location of the ponds. Recharge basins arc typically 
located in naturally occurring sandy upland areas ..... ith high infiltration 
rates; therefore. the amount of embankment earthwork requi red is 
minimal. A cost of$6.000. has been included for recharge basin 
construction. 

A cost of$4.000 has been included for rC~'1l1ation and mcasurenlent. 
which includes the cost ofl1umes, stilling wells. and stage recordl.'n. 

An engineering design cost of 10 percent ofthc project construction 
cost. or approximately S2.000. was included. 

The compensation provided to the canal companies that deliver water 
to recharge basins in the Lower South Plane RiVeT region varies. Most 
canal companies receive a portion of the accretion crooits that derive 
from the recharge project. The recharge credits are shared in lieu of 
expenses the canal company may incur while delivl.Ting the WHtCT. 
Alternatively. some canal companies choose to charge the owner of 
the recharge basin a delivery fee per ac·ft delivered. The delivery fees 
for Reaches Sand 13 were asswnoo to be $S per ac-ft and 5 10 pl.T ac­
fl. rcspccti\'ely. For this analysis il was asswned the project wil! pay a 
delivery fee of 55 per ac-fi delivered. Based on an annual diversion to 
recharge of 1.430 ae-ft, the annual dc1iv'!T)' charge is 57.ISO. Based on 
a 20-year study period and discount rale of6 percent. the total present 
value cost associated with delivery eharges is approximately S82.000. 

The capitalized costs for surface water recharge projects in Reaches 5 
and 13 arc about 5101 ,000 and 52.1 million. respectively. as shown in 
Table 8.G.l O. The COSI per ac-fi of average reductions to target 110w 
shortages at the critical habitat is about S360 in Reach S and 5740 in 
Reach 13 without diversion losses. The COSI per ac-ft of average 
reductions to target flow shortages at the critical habitat is about 5930 
in Reach 5 and 51.850 in Reach 13 with diversion losses. 
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TABLE 8.C.l0 

COST SUMMARY 

GROUNDWATER RECHARGEJR£TURN fLOW PROJECTS IN REGIONS I AND 2 

Reaoh 13 

3>00 3500 
).000 3.000 

Basins '.000 '.000 
Devices. '.000 '.000 

& Pumps 

. , 
, 

Reach 5 

3,500 

'.000 

30.000 
3.000 

'.000 
20,000 

6~. 

Reach I3 

)~OO 

'.000 

30.000 
3.000 

'.000 
20.000 

" 6~. 

2.3014.m 

Note: h was assumed that wells and pumping hardware would need to be replaced after 15 years. 
Future COSI$ arc based on an mit of 4 pcn:ent and a present day cost of$30.000. 
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Pumping /0 Recharge. Some of the costs associated with pumping 
groundwater to re.::harge sites arc similar to the costs for diverted 
rcx;harge ,,'oter through e)listing canals. As described ahove a cost of 
$3.500 has been included for subsurface investigations. A cost of 
$6.000 has been included for recharge basin construction. 

Wcll construction COStS are a function primarily of drilling depth and 
well diameter. Operating COSts for pumps and related facilities arc a 
function primarily of the horsepower re<!uired al each well sile. A total 
cost ofS30.000 per well was included. which includes coSIS for the 
well drilling. easing material. pump. pump column and shaft. 
discharge head 3SSt"ffibly. and eleClric motor. Wells and pumping 
hardware will mosllikely need 10 be replaced in 10 to 20 ycars. 
therefore. replacemenl costs were included. It was assumed that 
electrical power would nOI be available al all weI! sites. therefore. an 
additional cost ofS4.000 was included 10 provide power 10 the welL 

Operation costs. which consiSI primarily of eleclricity costs. are 
typically ahout S8 per ac- ft pumped. Annual maintenance costs are 
minimal and Iypically kss than S300 per well. 

Recharge projects involving wells require pipelines 10 conv~'Y ,,·ater to 
recharge basins. Costs for con"eyance facilities consist primarily of 
pipeline costs. trenching and installation. miscellaneous fininJ;S. and 
flow meters. A pipeline size of 12-inch was assumed. which is 
representalive ofsimilar pipeline sizes that have been used for 
recharge projects in the Lower South Platte River region. A cost of 
S5/1inear fOOl has been used to determine pipeline COStS in accordance 
with information provided by NCWCD. The distance 10 each recharge 
site from the river is dependent of the location of the site. To simpli fy 
this analvsis a distance from the river of 4,000 ft was used for all 
recharge sites associated with pumping groundwater wells. This 
distance would "81)' with the SDF faetor chosen. however. because 
specific recharge sites havc not been localed and SDF faetors are not 
consistently the same distance from the river along the length ofrivCT. 
a conSlant length of 4.000 feet was deemed appropriate for this lcvel of 
analysis. A total pipeline cost ofS20.000 per wcn has been included 
for conveyance facilities and S7.000 for the conveyance conduit. 

Engineering costs associated with design offacilities and analysis of 
operations wos assumed to be 10 percent of the total construction cost 
of each project. 

8-<>·20 
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The 100ai C/lpiullin'tl cost for projects invo1ving pumping 10 recharge in 
Reaches 5 and 13 is S8.6 million and S9.7 million. respectively, as 
summari7.ed in Table 8.G.1 O. The OOSI per ae-ft ofrcductions 10 target 
110\\ shortages ranges from about SI.050 10 52.380 assummg 
additional water can be protected from d1\'Cfl;ions and from about 
S2.280 10 S5,45O assuming additional wail'J cannot be pmtected from 
d;w:rsioos. 

Reg/on 2 

Groundwater RecharaelRelum Flow Projects 

The Colorado State Engineen; office currently lists about 60 
augmcntulion/rlX:hnrgc projects along the South Platte Riv~..,. in WHlcr 
Districts I. 2. Dnd 64. NO! all oflht.-se arc dt.'i:rced and some are no 
longer opcr!llcd (Warner CI al.. \994). The hydrogeology in the L.cwcr 
$Qulh Platte River Basin is such that groundwatCT in the alluvium is in 
close hydrologic oonnectioll with surface water in \he South Plane 
River. The thickness of the alluvium is up \0 300 feet ncar the C<:nlcr 
of tile m "cr in some places and typically has a high pt:rmeability. l1lc 
sand hills round along thc edge: of the \'lIlIey are colcan depositS 

consisllng of line to modiwn sand (Warner ct al." 1994). Due to the 
topography and high inliltTlltion TIltes 8SS()Ciatod with the deposits that 
overlie the allUVium, there lITe several boood rccharlOe Slles in the 
TCglon" 

RI:prcstntative groundwater recharge/return 110"" proj~'CtS have been 
evaluated for Reaches 7, 8. and 9 in Region 2. Mups ofSOF factors. 
trnnsmissivitics, water·\.tlble contours and saturnt~od thlclmcsSl.."S of the 
l"aHc)·fili aquifer from the USGS Open File R~-port. IlydmgoologLC 
Charocteristics of the Valley·FilI Aquifer in Reaches orthe South 
Plaue Rl\cr Valley. Colorado (Hurr and Schneider. 19n). wen: 
reviewed to detc:nnine whcther effective recharge: Sites " 'ith SDF 
factors ranging from 60 days to 270 days exist In each reach. Potential 
siles that hal"e been evaluated overlie the alluvial aquifer and are 
hydrnuhcally connected 10 the river. In addition, the depth to tile " 'ater 
table must bo! great enough so that the recharge mound build up will 
not create water 10Sb~ng. 

For evaluation purposes it was assumed that all TI.'Prcsentativc sites 
associated with b'Tl)undwat~'T pumping to recharge arc located in the 



middle of Reaches 7, 8 and 9 and at thc bollom ofRcach 9 3t SDF 
factors of6O, 120, and 270 days. In addition. it was assumed that 
representative sites associated with surface water diversions 10 

recharge arc located in the middle of Reaches 7. 8 and 9 at an average 
SDF factor of300 days. Each site or SDF factor in each reach has been 
analYLt:d separately. and the results are nO! necessarily addi tive. 

Yield 

The facilities r<:qui red for these projects includc wells located adjacent 
to the South Plane River and/or existing canals that divco water from 
the South Plane River. The amount of water available for diversion in 
Reaches 7. 8. and 9 was determined based on the following conditions: 

1) All existing legal rights and physical demands and GASP 
augrn~"T1tation rcqulr~'TT1ents arc satisfied above thc State Compact 
requirements. According to the Division I Office of the Colorado 
Depanment of Water Resources this condition occurs when the 
flows at the Colorado-Nebraska State line exceed 180 cfs between 
April I and October 15. State Compact requirements arc not 
applied outside of the compact period. 

2) The amounts nC(.'ded und~'T opt.'rntion ofColorado's proposed 
Tamarack Re<:hargc Plan are met. Slate line flows have lx-cn 
adjusted to account for d~"plctionsfadditions to historic Julesburg 
gage flows from Colorado's proposed Tamarack Recharge Plan. 
The Tamarack Recharge Plan is pan of Co lorn do 's contribution to 
the Coopcrath'e Agreemenl for Plane River Rcseareh and other 
Efforts Relating to Endangered Specics Habitats Along the Ce11lral 
Plane Rivcr, Nebraska (1997). 

3) Water is only available when monthly target flow shonagL"S do not 
exist at the critical habitat. 

The use of South Plaue Rivcr flows for recharge projects has an 
impact on Lake McConaughy operations and the lands it S~'T\·~"S. The 
removal or dedication of South Plalle flows will cause grcat~'T reliance 
on Nonh Plaue River wal~'T to meet the needs ofNPPD and CNPPlD. 
If the flows return at a time wh~"T1 they arc unable to be diverted by the 
hydropower producers there;s lost hydropower production. In 
addition, if flows return as protected wat~'T they arc unavailable to 
irrigators, which could increase the demand ror Lake McConaughy 

6.0-22 



stonge. Negative impacts or loss of inflows to Lake McConaughy and 
hydropowCf" diversions at the Kony dIVersion and CNPPIO's diversion 
must be mitigated. HowevCf", due to the /lbsencc of a La~e 
McConaughy operations model quantification ofimpRcts to Lake 
McConaughy and hydropower diwrsions werc oot complC1cd for this 
reamnalSSllJlCe le"eI study. 

From an operational pcrspecth'e. divcr$lOns via wells can occur 
throughout the year. DIVt-TSions to cana.! systems. however. typically 
occur in thc fall aftcr the inigation season until frce7.lng occurs. and 
during spring runoffwhen there an: (')(cess nV~"1" flows. Therefore. it 
was assumed thaI di,'ersions 10 canals only OCCUT m Odober. 

No'·ember. March. and April due 10 fn:ezing problems. Th~'rl' arc 
diversions 10 reserv011'S during these months; oowevt."1". these 
diversions arc possible b .. -cuusc then: is enough hydraulic head in the 
respectivc canals to produce flow velocities high C1l()ujlh to prevent 
mllng. In addition. seepagc from Imgation C3Ill1Ls can only be 
churned as recharge when there arc no deliveries being made for 
inigallon, 

Monthly groundwalcr pumping was limit .. x1to 10.000 ac-ft. which 
assumes SO high capaetly wells pumping at an avClllgc ratc of I.sOO 
gpm. Monthly diversIons to canals \\' (''!"C also limlled to 10.000 ac-ft 
because there is substantial t'llCCSS canal capacity in the reaches 
evaluated, The main constraint with rl'Spcct to the amount diverted 10 
rcchargc is thc aCl"cage of /lv/lilable recharge siles. as oppoS(.x1to ditch 
capacity (NCWCO. 1999a). It was assumed thatlhe full amounl 
divt:ncd less e>'aporauon returns to the nver as ather S«pI1b'C from 
canals or seepage from rechw-ge ponds. Monthly pumping and 
diversion limits ta~e into considCllltion e~i~ling and potential re.:;harb'C 
siles. Results from the Tamarack Recharge Plan show percolation rates 
of about 10 ftlday. whtch would indicate that a monthly dIVersion \0 
recharge of 10.000 ae-ft would reqUII"C roughly 30 to 35 IICJ"CS of 
recharlt'c sues.. Howe\"er. IOfonnation presented in the- repon 
"R«harge as Augmentation in the South Plalt~ River Basll1. 
Groundwuter Progr-,am Technical Report No.2 J" (Wumer C1 al.. 1994) 
regarding c;.;;sting recharge proj~'CIs sUJ:i.l:CStS that a monthly diversion 
of 10.000 ac-ft would requIre roughly 1.000 IICTI.'$. It has been assumed 
that 1.000 acres is available: for recharge: SItes in Rcaetles 7, 8 and 9. 

Recharge: 10 the: Plane RiVe!" is computed as inOows mlOUS 
evaporation. which is estimated to be onc percent (1"/0) of gross 



diversions or pumping which is consistent with the Tamarack 
Recharge Plan. The average IiJInual dh·crsion \0 canals for recharge 
was 20.790 ac-ft for Reaches 7.8 and 9. The averagc annual 
ground,,'ater pumping 10 recharge for the 1975-\ 994 study period was 
39.510 ac-ft for Reaches 7. 8 and 9. 

Relurn flows were lagged back to the river using the SDF model SDF 
Vicw. Rcturn flows associated with pumping groundwater wells were 
lagged back to thc river using SDF factors of6O. 120. and 270 da)"S . 
An average SDF factor of300 days was used to lag return flows 
associated wi lh diversions to canal systems. which consists of seepage 
from canals and return flows from recharge ponds. Monthly additions 
to flows in the river oo:;eur in months when river ae<:retions exceed 
diversions to recharge. Monthly depletions occur in months when the 
diversiolls to recharge e~eccd the aceretion in that month. Tables 
8.G.II through 8.G.14 show the net hydrologic cffe.::ts associated with 
an SDF factor of 120 days. Tables showing monthly ne! hydrologic 
effects for the other SDF factors arc provided in Appendix F. 

The lagged accTCtions and depletions were routed downstream to the 
critical habitat \0 dctCTTTIinc potential reductions 10 targct flow 
shortages. Two scenarios were cvaluated for each rechargc project in 
Reaches 7. 8. and 9. Thc first scenario assumes additional flows can be 
protected from downstream diversions. in which case. additional flows 
arc not reduced by diversions. The second SCl'OariO assumes additional 
flows cannot be prot~'Ctcd from downstTCam diversions. in which case 
additional flows arc reduced by diversions. Thc awragc annual net 
reductions to targl1 flow shortagf.'S for each scenario arc summarizl-d 
in Table 8.G.15. Duc to the large number of SC~"118riOS that were 
cvaluated the monthly additions and depletions arc prescnK-d in Tabks 
8.G.16 through 8.G.23 for ao SDF faetor of 120 days. Results 
associatoo with the remaining SDF factors arc pr~scnted in thc 
Appendix F. 

Thc djr~t oosts relatoo to groundwater rechargclreturn flo,,' 
alternatives are based on thc capital costs associated with the 
construction of diversion and storage facilities necessary for thc 
alternalivc. as well as thc annual operating costs. The costs for thesc 
types of projects were based on cost data provided by NCWCD for thl' 
Tamarack Rechargc Plan. Direct COStS estimaled for groundwatcr 
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recharge/return now projects consider capilal costs of the following 
items. 

• Subsurface investigations 

• Construction of wells 

• Pumps and related facilities 

• Diversion facili ties 

• Construction ofrc<:hllrgc ponds 

• Re~,'lIlation and mcasUret'I1CTlI 

• Conveyance structures 

• Improvements \0 existing mainslem diversion structures 

• Engineering casts associated with the design offacilitics and 
analysis of operations. 

• Compensation provided to the canal company 

• Operations and mainll:nancc. 

Two groups ofalil'T11l1tivcs have bl;:C11 evaluate.:!. which include. I) 
Divening water inlo an existing irrigation canal 10 II recharge SHe close 
to the canal. and 2) Pumping waler to sites from II grQund" 'aICf well 
located adjacent 10 a river. 

Recharge Dboersitlns f() Canals. The costs associated wilh diverting 
Wilier into existing canals are described in morc detail in the cost 
section for groundwater recharge/return now projects in Region 1_ The 
primary difference in Region 2 is the amount ofwaler delivered 10 
recharge. Based on an average annual divenion 10 recharge of 
approximately 20.790 ae-It and a delivery fee ofSS per ae-It delivered. 
the tOlal delivery COSt would be about S 104.000. The total capitalized 
cost of the delivery charges is about $1.2 million based on a study 
period of20 years and a discount rate of six percent 

There are scveral large sand dams located in the Lower South Platte 
River region thaI would need 10 be replaced in order for water 
gClwrated from groundwater alternatives to be protected to the 



, 

Colorudo-Nebrash Slale 1ine. Based {)n input from the Division I 
Office of the Colorado Department OfW01CT Rcsoul'CI.'!;. approximately 
50 pcn:~'TI1 oC the sand dam structures in Reaches 7, 8. and 9 would 
need \0 be: modified 10 bypass water downstream.1 1111 .vcraKc cost of 
S300.000 per structure. If additional water is to be prol~"(:lcd from 
dl\crsions 10 the Colorado-Nebraska stale line. an additional cost of 
58.100.000. S6.000.000. and SJ.600.000 would be mcum:d by 
rccharKC' projects in Reaches 7, 8. and 9. rcspecllvcly. II ""ook! be 
possible 10 l'1..'duce sand dam rephlCcmcnl costs by locaung recharge 
Si lts fur1hcr downstream so as 10 minimize Ihe numbcrorncccssHry 
sand dam modifications.. These costs are !KIt 1Ilcurred ,faddl11(mal 
""HILT is not prolOCIOO from downstream dil'crsions. 

The costs to n.."lace sand dams have been Included for all groundwater 
projects (''Vlllu:uoo in Region 2 when considering the cost of prol(."Cling 
walL'r from diversion. HowevCT. ifsand dams arc modified 10 bypass 
flows. then more than one altl"TT1ative could be locall:d above the sand 
dams wi thout illCurring the additional cost of sand dam replacement. 
The sand dams would only be modified oncc, therefore. the total oost 
to rqllace these dams would be incurred by all rechargc projeets 
Implanl'llted under the Program. as opposed to C&l:h indl\'idual 
project. Therefore, the cost per ac-ft for scenarios ",Ihoot dwcr.;ion 
losses could be Jo"'er in the Action Plan if more than Olle alternative is 
selected In Region 2 that requiTal sand dam modifications. 

It is poSSible that the modification or replacement of sand dams could 
provide additional Denefits 10 opcrntors ofdivcrsion Slntctures at the 
COS! oflhe Program. For example. salld dams that have beell replaced 
with II fi"ed or hyhrid fixed diversion structure in Nebraska typically 
wash out less frl-quently and an: more efficient in tenns of maintain illS 
a diversion head. Typically modifications to sand d!llll structures as 
described abo\e result in II more effidenl dlWrsion point. 

The number of recharge sites that would be required IS vay uncertain 
dtIC to many variables including the permeabihty of the soil. land 
availability. and groundwater l~·cls. It has been assumed Ina, 50 
recharge sites would be required in eaeh real:h. The construction costS 

associated " ,j,h 50 diversion structures and rel:ttcd facilities would be 
approximately S908.000 for each reach. This COSt includes subsurface. 
investigations, diversion facilities. construction of recharge ponds. and 
regulation and measuretncnl. 



Engineering costs associated with design of facilities and analysis of 
opcTIltions was assumed 10 be 10 pt.'TCC!1t of the total construction cost 
of each project (not includinl; delivery charl;cs). Thc IOtal capital ized 
wst is about 511.0. $8.7 and $6.1 million. respectively. for potential 
proj~-cts in Reaches 7, 8. Hnd 9 if additional water is protected from 
diversion losses as summarized in Table 8.G.10. If additional " .. ater is 
not prOlected from diversions. the tOlal capitolized wst is about $2.1 
million fOT potential projects in each reach, as summarized in Table 
8.G.IO. The wsl per ac-ft of reduetions to target tlow shortagt"S ranges 
from about SI.09O to $1.990 assuming additional water Cilll bc 
protected from diversions. and from about $ 1.200 10 54.790 assuming 
additional water cannot be protected from di"ersions. 

Pumpi"g to Ru harge. The costs associated with pumping 
l,'TOundwater to recharge sites are similar 10 the wsts for diverting 
n.."charge water through existing canals. As described above a cost of 
S3.S00 has b~-cn includt'd for subsurface investigations. A cost of 
S6.000 has been included for recharge basin wnstruction. 

Well construction costs arc II function primarily of drilling depth and 
well diametCT. Operating costs for pumps and related facilities are a 
function primarily of the horsepower required at cach well site. A total 
cost of$30.000 per weI! was included. which includcs costs for the 
well drilling. casing material. pump. pump column and shaft. 
discharge head a~sembly. and electric motor. Wells and pumping 
hardware will most likely need to be replaced in 1010 20 years. 
therefore. replaccmem oosts were includt'd. It was assumed that 
electrical power would nOi be available at all well sites. therefore. an 
additional cost ofS4.000 was includt'CI to providc power to the well. 

Operation oosts. which consist primarily of electricity costs. arc 
typically about S8 per ac-ft pumped. Based on illl aVCTDge annual 
amount of 39.5) 0 ac-ft pumped to recharge. the total electricity cost 
would be about S316.000. Annual maintcnilllce costs are minimal and 
typically less than $300 per well. 

Recharge projects involving wells require pipelines to convey water to 
TI.-chargc basins. Costs for conveyance facilities consist primarily of 
pipeline costs. tTC1lching and installation.. misccllilllcous finings. illld 
flow metCfS. A pipeline size of 12-inch was assumed. which is 
reprcsentati,'c of similar pipeline sizes that have bt~ used for 
recharge projects in the Lower South Platte River region. A cost of 



S51lincar foot has becn used to dctcrmine pipeline C()!Its in accordance 
wilh infonnalion provided by NCWCD. The distuncc to each rccharge 
site is d~"(lCI1dent on the location of the sitc. This disumcc would vary 
with the SDF factor chosen, howevl'r. because specific r~"Charge sites 
have not been localed and SDf factors are not consistently the same 
distance from 11K: rin:T along the length of ri"l'r, a constant length of 
4.000 feet was deemed appropriate for this level of analysis, A lotal 
pipclme cost of about 520.000 per well and 57,000 for the conveyance 
conduit has been mc1udcd fOl' con"eyance facilitics. 

The costs to replace existing sand dams would be the same as fOT the 
altl!T11atl"cs involving diversions to recharge, 111e costs are 
considerably less ifadditional watc:r is not protccll'd from downstream 
diversions and the SIlnd dams do not have to be rcplaced, Engineering 
costs IlSsociowd with design offacilities and analysis of operations was 
lIS.Sum~-d to be 10 rcrCt'11t of the total construction cost of each proj~'Ct, 

The 10lal capitalized cost for projects involving pumpIng to recharge is 
about 519,6, 517 ,J, and S 14.6 million. TCSpC(;tively, for potential 
projects In RellChl!S 7, 8, and 9 IIS.Swning addi tional " 'atc:r eM be 
protCCled from dl\'ersions. as swnmanzcd in Table 8.G.10. The total 
capltahzed 00Sl a$Ulmng additional water cannot be protected from 
diversions IS about SIO,1 million fOl' potential proJocts in each reach. 
as summarized in Table 8.G.I O. Groundwater pumping to ..... --charge at 
the bol1om of Re.ch 9 does not require the replacement of any sand 
dams. For this scenario, the total capitaliZed cost is about S 1 O. 7 
million. as sununan7.cd in Table 8.G.IO. The COSt per ac-ft of 
reductions to turg~'1 flow shortllgl"S ranges from about S900 to $2.060 
assuming additional wat~'r can be proK"Ctcd from diversions and from 
about S2,170 to S10.480 assuming additional wPtc:r cannot be 
prolected from divCT$ions. 

Purchasmg Accretjon Credits /Groundwater Becharoe!Betum 
Flow projects) 

Some recharge projocts that are operated by indl"iduals 01' Irrigalion 
districts in the Lower South Plahe R"'er reSton 5<:11 accretIOn credils 
that e;'lcM thcir au~entation Tequiremt'11ts. Thc:re are sisnifican! 
costs lISSOCistl-d wi th the necessary distribution SystL'fTIS and holding 
structures associated with recharge operatIOns. As a rt'Sl.Ih. most 
current rL"CDargc operntions arc being conducted by irrigation districts 
in coorcmtion with waler USl'r organizations such as Ground Wilier 



Appropriators of the South Plane (GASP). GASP cUlTC1Itly purchases 
n . .'eharge credits in exeess ofaugmC1ltation rcquiremC1lts fium 
irrigHtion districts and some private individuals. The following ditch 
companies conduct r«horge projects that arc utilized by GASP: 
l) Bijou Irrigation Company. 2) Fort Morgan Reservoir and Irrigation 
Company. 3) Pioneer Water and Irrigation Company. 4) Upper Plane 
and Beaver Ditch Company. 5) Lower Plane and Beaver Diteh 
Company. and 6) Riverside Irrigation Company (Warner ct ai.. 1(94). 

Purchasing excess recharge credits fn)m tbese companies was 
evaluated. however. this alternative was eliminated fium further 
evaluatiOll at this time because the amount of excess recharge credi t 
available is limited. The majority of the exeess recharge eredits that 
are available are eUTrC1ltly purchased by GASP. In the future. excess 
recharge c11.,dits bcyond those purchased by GASP will most likely be 
purchased under Colorado's proposed Tamarack Rechar/,\c plan, If 
thcse credits wen: to be used in the RI.'COvery Program to reduce target 
flow shortages a chonge of use would be rl."quircd in wawr court to 
define an in·statc beneficial use such as wildlife C1lhanccment. 

The best opportunity for gC1lCT3ting recharge credi ts associatt.'(\ with 
canal divt.TSions is to develop a ne"' recharge proj~'Ct 8S opposed to 
purchasing excess rech:lrge credits. 

Badger-Beaver Recharge project 

In addition to the representative recharge projects that were evaluated 
in the preceding section. IWO specific recharge proj(!Cts in Region 2 
have Ix.-en analyzed. the Badger·Beaver rechllfj,\e project and the Beebe 
Draw recharge project. Tht.'Se projects Were anal)'7.cd because they 
WCTC idenlified in previous n:ports and studies as specific instances of 
potential recharge sites. 

The Badger·Beaver recharge projcci is a largely nonstructurnl 
approach that could be implemented 10 fe·regulatc South ?latte Rivl.'T 
flows_ The original project. whieh was invl.'Stigatcd by the USGS. 
proposed to divert water from the South Plane River through the Bijou 
Canal for delivery to Badgcr and Bcav(..'T Crccks south of Fort Morgan. 
where il would recharge the alluvial aquifl.'T. The initial inK'11t of the 
projett was to raise groundwater levels in the alluvium adjac~'11tto the 
streams so that historical pumping rates could be restored and lands 
could be rcturned to their prcvious irrigated conditions. A study 



oonducl~-d by Ihe USGS in 1978·1979 del~Tminoo that recharge to the 
Iwo all uvial aqui fcrs would mise water levels sufficiently to crem.., 
flowing streams in Ihc channels of BcavlT and Badger CrC(!ks while 
allowing on increase in current groundwaler pumping (Bum~. 1980), 
Under the proposccl project_ water would be dinTloo from 1110:: Soulh 
Plalte RivCl' u1l0 Bijou Canal. Two addilionol canals would be 
C()tlstrucloo 10 delivC1" waler from Bijou Canal to Bc:a~-C1" and Bad~'CI" 
Creeks. In addlhOn. several recharge ponds were proposed Ihroughout 
the rechargc-dislribul ion system. In gcncralthe areas of dune-sand 
deposits an: good mfi lulI.lion areas for recharge 10 the urukTl)ing 
allu\';al material (Bjorklund and Bn;l\\l1, 1957). 

In Murch 1918. the U.S. Fish and Wildl ife Service funded an 
18·month study of the hydrologic aspcX:ls of this proposed unifieial· 
recharge project. In May 1979. however. Ihe U.S. Fish and Wildlife 
Service notilk-d the Badger and Bellver Water Consen'oney District 
Ihal il could nOI panicipatc in Ihe wildlifc-manag~111ent pan of the 
n:charb't: plan. Preliminary results of the study indicated that the 
project would signi ficantly deplC1e flows in the Soulh Plalle RhlTduc 
to additional pumping for irrigation that would occur, 

Irthls proje<:t is implemented similar 10 Ihe general recharge-mum 
flows projects describod in tile previous SCCIIOfl. South Plane RIVer 
flo,,-s should nOI be depicted significantly due 10 additional pumping 
for irrigallon. SIgnificant depictions 10 South Plalle RIVC1" flows would 
be a 001l CC1T1 to all downstream users, The objct1ive of this project 
would be substantially different from the originally inlended purpose. 
which was 10 raise water levels 10 create live streams in Beaver and 
Badser Cf(:t:k~ and aHow an increase in current b'TOundwatcr pumpins. 
This project oould be implemented similar to the SCllC1111 groundwater 
recharge/return flow_ which arc intended to rt:-rt:sulalc excess flows. 
A5 5uch. signi lieant 10SSC$ to the Soulh Platte Rl\-er associated " 'llh 
increased pumping for irrigalion should noloceur. 

Yield 

The centroid of a goundwaler rechar~'C proje<:1 in Ihe Badger-Beaver 
basins would be located at about mile SO in Reach 8. R«har~,'e water 
would be dn'med IOto Bijou Canal: however. as opposed 10 Ihe 
originally proposed proje<:t. no wal~" would be released to the 
channels of Badger and Beaver Creeks. Only the canals and ponds 
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through the sand hills would be constructed. Water will recharge the 
underlying aquifer through the canals and ponds. 

Di\'~ions would typically occur in the fall after the irrigation season 
until freezing conditions occur, and during spring runoff when there 
are C!\cess river flows. It was, therefore. assumed that diversions 10 
canals do not occur from D~'cembcr through February bt.'Causc water 
divcncd during those m011lhs typically fTC~~CS in the canals. Monthly 
diversions 10 canals wcre also limited to 10.000 ae-ft. This limitation is 
based on Ihe excess capacity of Bijou Canal and hmilallons regarding 
potential recharge sites. This limit would most likely allow the aquif ... .,. 
system 10 tfIDlsmit Ihe water !Ind prevent wmcr logging in the recharge 
areas. The average annual diversion to recharge for the period of 
record is approximately 20.790 ae-ft. 

Based on the localion of the Bijou Conal. and the two proposed canals 
and associaled ponds. an average SDF faelor of 5000 days was used 10 

lag relurn flows back 10 Ihe South Plane Rivcr. The SDF faClor of 
5.000 days was chosen based on a review oflhe MBSA SDF maps. 
Relurn flows were lagged back 10 Ihe river using Ihe SDF model SDF 
Vicw. Monthly additions 10 flows in the rivt"T occur in months when 
river accretions excl-ed divcnions to f"<:(;harge. Momhly deplelions 
occur in months when the divcnions 10 recharge exceed Ihe accrelion 
in thai month. The nCI hydrologic eITL"CI associated wilh the projecl is 
shown in Table 8.G.24. 

TIle lagged deplL1ions and accretions were routt-d downstream to the 
critical habitat using the water budgct to detcnnine potemial 
reductions to targct flow shortages. Two routing setTlarios WeTC 
c"aluated for the proposed recharge project The first scenario assumt-s 
additional flows can be protected from downstream diversions. in 
which casco additional flows arc not reduced by divcnions. The second 
scenario assumes additional flows cannot be protccled from 
downstr<:am divcnions. in which case additional flow's arc reduced by 
divcnions. The average annual net reductions to target now shortages 
for each scenario are about 3.427 ac-ft and 655 ae-ft, rt.'Spcctively. as 
shown in Tables 8.G.2S and 8.0.26. 

The Badg~"T-Bcavcr Rccharge Project was ~"Onsidercd as a potential 
waleT supply for a Supcn:onducting Super Collidcr {particle 
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accclcnllor). Although Ihis projec1 was not completed in Colorado the 
Stale ofColollldo'$ Si te Proposal ineludes an assessment of the oosts 
3!;SOCiated with the Badger-Beaver Projcet. Capilal COSIS for the 
diversion and n:charge portions of the Project were 510.4 million as of 
1987. The cost was updated to a 1998 cosl ofS14 million usmg 
average annual ENR 00$1 iooices. lfaddll1onal water is to be protectl-d 
from diversions 10 the Colomdo-Ncbraska state Ii....:. an addiuOfllII 00$1 
ofS6.000.ooo would be Incum:d fOl" sand dam Improvemct1ts 01" 

modifical1ons. Thc resulting cost per ac-ft ofrcductionllto largl1 flow 
shanaget at the entical habitat is appro)limately 55.840 assummg 
additional flows can be protected from downstream diversions. and 
521.370 assuming additional Oows cannot be protected. The COSI JX.T 
ac-ft in ei ther case c)lceeds thc economic scrl"<."11ing critena limit of 
53.000 per ae-ft. therefore. this ahernative will not be evaluated funher 
at thIS lime. 

The oostl."Stimate developed for Supt. ... Collider Proposal is based on 
difflTCllt opcnil1ng entena bt.-cause the project .... ould ha,·c bcel1 
dC'o'elopcd for a different PUIJ>OSC. HowC'o'er. because further 
refinement would merease costs. and because 1\ IS already 100 
e)lpl'nsive for funher consideration the cost CSlimate was dl-.:rrll-d 
suffiCIent for Ih,s IC'o'eI of analysis. 

Beebe Draw Recharge project 

A Beebe Oraw rochorge project would use the Bt'ebe Ora,,' aquifer for 
rcgulation ofstolllble flows. A recharge project could be impltmcnted 
that involves din"Tting South Plalte River slOllIblc flows (water 
.vailable to a junior water right) using e)lec:>s capacity in the 
Burlington· O'Brian Conal to the Beebe DIlIW watcr.;hed. BI.-chc 
Draw is a shallow alluvial aquifer located betw~ Barr Lake and 
Mihon Reserwir above Reach 7. The tOlal stOIllg(: capacity oflhe 
aquifer is est imated tQ be bet .... een I and 2 milhon ac-ft. The aquifer is 
relatil'ely permeable wilh .... ell capacities as hIgh as 2.000 gpm 
(Hydrosphere Resource CQIlsuhants. 1999). 

Bccbc Draw is separated from adjacent channels by bodrod: divides 
cXccpI below LoWCT I..3tham Reservoir where the channel merges with 
that of the South Platte River (Hydro-Triad. Ltd .. 1985). Waler could 
be diverted 10 rechargc the aquifer and high eapaclly wells could be 
pumped to deliver water back to thc Soulh PIUI1C River wh(!t1targct 
flow shortages c)liSI. This project is similar in conct-ptlo e)lisling 



rI:(;harge projects in the Lowl:f South Plane Rivl:f basin. However. in 
this case, infrastructure (pipelines. wells, ctc.) would be net.-ded to 
cfficlL'ntl), recover stored water. This site oould afford greater control 
o"er the timing of delivery of water to tbe critical habitat. 

Famlers Reservoir and Irrigation Com pan), (FRICO) has an cristing 
n:charge program that is decrct-d for the same drainage for use b)' the 
existing walt'r users in the Draw, An), recharge project under the 
Program would need to work in conjun(;tion wi th FRICO's existing 
operation because the project " 'ould require the same facilities for 
delivery and mostlikel), the same recharge sites th31 FRICO eurrentl), 
has designated. A rcpreSl."ntative (John Akolt) with FRICO indicated 
thatthcrc is potential for additional recharge in Beebe Draw and 
FRICO would be willing to work with the Program. 

Yie ld 

A recharge progrdm could work in conjunction with FR1CO's existing 
facilitlt'S as follows. Excess capadt)' frequentl), e~ist s throughout the 
)'ear in the Burlington-O'Brian CilllD!. The capaci t)' ofthe Burlington­
O'Brian Cilllal is 750 efs. Diversion records were obtained for 1975 
through 1994 to determine the e~(;ess eapacit), on a monthl), basis. 
Water could be divcncd into the BurlinglOn-O'Brian Canal under a 
junior recharge right when cxcess capacit), exists. 

Potential storable flows at the Burlington-O'Brian Canal hcadgatc 
were obtained from DenvCT Water's PACSM modeling of its ncar term 
future resouree strateg)" Water would not be divcned to aqui fer 
storage during months of target flow shonagcs at the critical habitat, 
therefore. South Plane storable flows average about 26,600 ac-ft per 
),ear over the 1975- 1994 stoo), period. Potential mOl':thl)' diwr-sions to 
recharge were limited to the minimum of storable flows at the 
Burlington Ditch head gate during months of cxcess at the critical 
habitat or excess capaeit)' in the ditch. 

The potential area for recharge lies between BarT Lake and Milton 
Reservoir, Recharge water divened into the Burlinb'lon-O'Brian Canal 
would be delivered first to Barr Lake. FRICO typically fills BarT Lake 
and Milton Reservoi r b), late Ma)' or earl)' June, tht'"Tefore, excess 
space available for storage ofr<x:harge waK-r would be limited. 
FRICO indicalt-d that the)' rna)' be willing to release up to 5,000 ae-ft 
from Barr Lake into Beebe Draw for storage in the alluvium. FRICO 

.,,., 



would be w;11I01: to make similar releast'!\ from Mihon Res~'r\'oir to 
creale capacity 10 store program water. Ahhough Ihis alTlln1:CTncnl 
would make some stora1:e space available for Pmgrum recharGe water. 
il may dl ffieuh to administratively difficuh to opcnIti:. A hemati \'ely. 
water could be passed directly through BarT Lake and dch~ercd via 
CJlistmg Imgallon ditches to injection wells. Excess capacit) would 
need 10 UIS1 in the irrigation ditches belo ... · Barr Lake for "''ater to be 
dehvered to mjeclion wells. 1krc are 5C"eral canals that tal.:e out of 
Barr Lake Ihat could pOlcntially be used. whien mcludc Speer Canal. 
West Burhngton Eltlension Ditch. Bowles S,,-"CJl Canal. Beebe Canal. 
East BurllOgton Elttension Ditch. and Big Ncn:s Canal. The total 
capacity of these ditches is roughly 400 cfs. These Irrigation ditches 
arc typIcally opcnued on an onloffmtation. in which case excess 
capacity exists in tht"SC canals for periods throughout the irrig~tion 
season. h was assumed that 200 cfs of exct'Ss capacity is available for 
10 days each month for delivery of water to injection ... ·ells. This 
limits lhe monthly recharGe diversion from the Soulh Plane Ri\'er to 
about 4.000 ac-It Thc CJl~ capacity available would \'31)' 
significantly based on irrigation demands and would nccd to be 
negotiated wllh FIUCO. 

FRICO curn:nlly has 45 sites designated for recharge or lO) ectlOO 
wells. lbey also identified the Big Ncres East Canal. "hich IS 
currently abandoned. as a potential site for m:hargc because the 
hydmgoologie conditions are well suited for nxharge. FRICO could 
be oompcnsnted by the Program 10 develop these sites for rcchar1:e. 

WaK'r would be inj .. oeted into the alluvium for r .. -co\'t'Ty al a Inter date. 
A certain pt'1'Ccntagc of the wllter that is injccl .. 'd will nalurally return 
10 B .. ocbc Draw throughoul the year and be available to Other users to 
di,t.'T1 or store in Milton Reservoir or Low"-'r Latham Reservoir. The 
pcn:cnlll1,'(l that would rt.1um to Beebe Draw would vlII) s ignificantly 
based on the localions oflhe injection well s. hydro1:~'Ologic conditions. 
and how long Iftcr injection that \I'ater is Teco,CI\,"d. Further 
in'cstigalion and monitoring would be requinxl 10 detcmune the 
pcrccnto1,'C Ih31 ... <ould mum 10 Beebe Draw. For Ihis level of 
analYSIS. il was assumed thaI 30 petu:nl of 11K: water Injected would 
return to Beebe Ora ... and subjecl to usc by other downstream 
irrigalors under FRICO. Since Beebe Draw dot'S not return 10 Ihe 
Soulh Platte River Ihis water would not be availuble to the l'rogram. 



Water would be pumped from the aquifer during months of target now 
shortages. Returning wawr to the South Plalle would rt.'quire 
improvements to cxisting irrigation ditches. Wat ....... could also 
potentially be delivered back to the South Plane Riv ....... through the 
Gilmore Canal. which diverts north from Mihon Reservoir and 
eventually conn<..-cts with the old channel of Box Elder Creck. Water is 
thcn delivt.,.ed to the Box Elder Drainage Di tch. which connects With 
thc South I' lalle River. A group of several fanners own and maintain 
thc Box Elder Drainagc Ditch. The OWnL'fll of the Box Elder Drainage 
Ditch allow FRICO 10 divert IS 10 20 cfs oflailwater back to the Soulh 
Platte River ifFR1CO is running exc""$;; water for operational reasons. 
If this dilch were 10 be used by the Program it would need to be 
enlarged and rehabilitated. However. the Program would sti1l need to 
coordinate deliveries back to the South Plane Rivl. .... with the o,",nt'fll of 
the Box Elder Drainage Ditch and FRICO. The excess capacity 
avail8ble would vary significantly depending on the enlarged capacity 
of the ditch and irrigation demands. In addition. due to the capacity 
constraints 31 Mihon ReSl:1"\loir it would be difficul1 to store program 
water and make timely releases 10 Gilmore Canal. Although this 
method of delivery could pol<..'J1tially be an option for delivery of 
program water back to the South Platte R"·er it has not been evaluated 
for this analysis due to the uncertainty associated with numerous 
constraints. 

It would be difficult to deliver water from Milton Reservoir down 10 

Lower Latham Reservoi r and then to the South Platte River. Al though 
FRICO indicated they would be wilhng 10 ~tore water in Milton 
Reservoir there is very liule excess capacity panieulllTly from 
February through early Junc. In addition. Lowt .... Latham Ditch 
Company. which operales Lower Latham Reservoir. has consistently 
opposed the use of either their rl.'SCrvoir or ditch systcm hy others. In 
addition. there arc no existing irrigation ditches below Milton 
Reservoir that deliver w~ter directly to Lower Latham Reservoir. In 
.... hieh case, existing ditches would need 10 be enlarged and extended 
10 deliver water directly 10 Lower Latham Reservoir. Similarly, canal 
improvements would be needed to deliver water from Lower Latham 
Reservoir to the South Plane Ril'er. Even if canal improvenwnts were 
made, delivery of water from Milton R<.."S<.."TVoir to Lower Latham 
Reservoir would still be limited if existing ditches arc bcing used for 
irrigalion purpo~. Due 10 Ihe constraints associated with delil'L"ring 
water from Milton Reservoir to Lower Latham Rt"Servoir tlI1d 10 Ihcn 



10 Ihe Soulh Plune Rivl.'T il is unlikely that this delivery method would 
be cost effective or efficient. 

Water could be delivered to the Speer Canal. whIch extends from BIlIT 
Lake IlQrth along the wcstern edge oflkcbe Draw and crosses inlo the 
South Platte drainage (FRICO, 1999). Just south of Platteville, Speer 
Canal is less than 5 mIles from the South Platte River. A dItch could 
be OOIIstnK:lod ITum Speer Canal to the South Plalle Rh'er al thIS poim, 
wruch would enable water 10 be delivered back 10 the South Plalle. 
1lIe capacity of the Spec!" CanaI.s roughly 125 c:fs It Barr Lake 
(FRICO. 1999). This method of delivery could be a problem if Speer 
Canal is already flowing full for irrigation purposes and the Progrom 
wanted to make deliveries of recharge waler 10 Ihe South Plane River. 
Therefore. it was assumed Ihal 125 c:fs nf capacity is only I\"ailable fnr 
10 days each mnnth fTom March through Nuvt'11lber. The exeess 
capacity available would vary significanlly based on ilTigallon 
demands Dnd would need 10 be negotiated with FRICO. More capacity 
could be available dunng the IlOn-irrigation season. huwc:ver. 
delivcoes dunng December through February oould be difficult due 10 

freezing probk-ms. DWCl"Slons during these months would only be 
possible .(there is enough hydraulic head In the canals 10 produce flo", 
veloe1tles high enough to prevent tTttzIng. II was assumed thaI 
dehn:nes back to the Soulh Plane RIver can nol be made from 
December through February. 

For this analYSIS il wu assumed that water pumped from the Beebe 
Draw aquifer would be delivered 10 Speer Canal. Water could be 
delivered 10 Speer Canal via existing ditches 10 Ihe eXlent possible or 
via pipeline. There would be canal seepage losses along Speer Cana1 
thaI would be laggt-d back 10 the river al a slowt:r rale. The change in 
timmg ofretum flows due to canal seepage has OOt been lK:counted for 
in thIS analysis. Dehvenes back to the South Plane River were limited 
10 2.500 ac·fI per month due 10 the I.'lIpaclly conslroims associated with 
Speer Canal. 

1hc: project ",-ould be located above Reach 7. Loss fllClOTs wen: not 
dC\'c:lopcd for the South Plane River aoove Reach 7. therefore. it was 
assumed chatche effects of this project are added to the top of Reach 7. 
The nct hydrologic effect al the top of Reach 7 is -3.949 at·ft, as 
shown In Table 8.G.27. The net hydrologic effect is negative hecause 
more ""DICT is diverted 10 rctharge than is pumped back 10 Ihe South 
Plane R1ver duc 10 losses 10 Bt.""Cbe Dra\\". Additional analysis and 
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modeling is required 10 determine whether losses 10 Beebt Dr.,,· could 
be reduced and the efficiency of this alu:malivc improved. 

The additions and depIctions wm: mute(! downstream 10 the critical 
habitat lI$ing the waler budget spreadsheet. Two routing sccllanos 
were evaluated for the proposed recharge project. The first scenario 
assumes adth tional floII'S earl be protected from downstream 
diversions. In which case. additional flm>·s arc no! reduced by 
dIVersions. The sc:c:ond scc:nario assumes addillonal flows cannot be 
protected from downstream dh'cr:sions. in whIch case adduional flows 
are reduced by diversions. The average annual flCI reductions 10 W'get 

flow shonages for each scenario are 5.443 ae-ft and 251 ac·fI. 
respectively, as shown in Tables 8,G.28 and 8.0.29. 

Co" 

The direct OOSIS related 10 II B~'ebe Draw recharge project arc primarily 
based on the capital costs associated WIth the construction orlhe 
recharge sl lcslinjeetion wells. improvements 10 ClIisling dItches and 
facilmcs. and compensation 10 FRICO to coordinate IhlS recharge 
oprniUOII wilh their facilities and recharge sites. This project is similar 
to representatwe groundwater recharge projects In Reach 7, therefore. 
it .... as assumed that the costs associated wilh this project are similar 10 
an extL'Tl\ to the COSt of n:presentative recharge projects m Keach 7. 

It was assumed that water could be injected at a rate of 1.500 SPITI. 
Based on a well service factor of20 percent. appro)limately 25 wells 
would be required to inject II maximum of 4.000 ae·ft per month. Costs 
have also been included to use FRICD's e)listing facilities (irrigation 
dllches. reservoirs. and recharge sites). and make Improvements to the 
Speer Canal. There is a high level ofunCCTUinty associated wah tile 
costs to usc FR1CD's existIng facili ties. These costs would need \0 be 
negotiated WIth FR ICD. In addition. costs have been mcluded to 
modify downstream diversIOn structUrt'$ on the South Plane in order 
for ...... alel' 10 be protected to the Colorado-Nebraska state hne. 

The total capital cost associaled with the project ...... ould be aboul 514.6 
mi llion assumIng additional ...... ater is protected from dIversions. and 
about $S.7 million assuming addilional ...... ater is not protected from 
dl\·ersions. as shown in Table 8.G.10. The resul ting cost per ac-n of 
reduel10ns 10 target flow shortages al the cnhcal habitat is 
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approximately $2.690 without divL'T!lion losses and $22.800 with 
diversion losses. 

I r sand dams are modi fit.-d to bypass flows. then more than one 
ahLT1UIt;vc could be located above the sand d1lllls without iocumng the 
additional oost o fsand dam replacement. The und dams " 'ould only 
be modified once. thC'Tl,!foTC. the total oostto replace these d:nns would 
be iocWT<."d by all projects implemented m Colorado under the: 
Prognun. lIS opposed to each individual project. ~forc. the oost per 
ac-R for scenarios wl1hout dlvLTSion losses could be lowe!" In the 
Action Plan if morc than one alternative is selected In Rcgion 2 thai 
rcquifC$ sand dam modifications. 

Region 3 

Groyndwater RecharoelRetym Flow Projects 

The South Platte RiwT allu\1um truckncss and pcnneabllily 
downstrc-.un of the ColOf1l00.Ncbl1lSka Slate hne is Slmlllll" to sites in 
the LowCT South Plane RivCT region in Colorado. The sandhills found 
along the edge ofthc valley an: colcan dcpo$its consistmg of fine to 
medium sand ( Warner. ct al .• 1994). Due to the topography and high 
infi llnl1ion rates asllOCiatoo wilh the dcpo$lts tMI o\'CThc the allUVium. 
there are scvCOIl locations for recharge SlIes In the regton. 

Rt.'Prcsentative groundwater recharge/return flow l)mjcas have Dt.'CI1 
evaluated for Reaches 10. 16. and 17 in Region 3. Maps ofSOF 
factors and waWT table COntours were TC\!iewed to detcmtinc whether 
cfTL"(;tivc recharge si tes exist in each reach. 1'0tCllt ial Sites that have 
bct.-n evaluDted overlie the aUuI';al aquifer and are hydraulically 
connected to the riwr. In addition. the depth to the: wate!" lable must be 
great enough so thallhe recharge mound build-up wi ll 110t creale watLT 
logging at the land surface. There is a sigl"ficanl groundwater mound 
build-up m the '·,cmlly of Sutherland ResC'l'..-oir. " 'hich is al the: 
downstream end of Reach 10. therefoTC. potential rt'Chargc SHes ha\'c 
not been c\'alualcd In thaI area due to poIenual WDIe!" loSl,.';ng 
problems. 

For the purposes of this study representalive sites associated "·i lh 
groundwakT pumping to rccharJ::c WC'Tl,! eval uatt.-d '" lhe middle of 
Reach 10 at SOl' factors of6O, 120. and 270. In addition to 



groundwater pumping M:harge projects there may be opponunitics to 
diven water into canals. in which case the canal !!C.'t:page will be lagged 
back to the river. Water could potcntially be divened into the 
Gotht'flburg and Dawson Canals. in Reaches 16. and 17. respectively. 
and canallosscs lassed back to the river. Based on the MBSA maps 
the Gothenburg and Dawson Canals and a5SOClatl'dlaLl ..... ls are 
l.-eJlcmlly located at an SDF factor of3.25O days. 

Yield 

An analysis of the amount of water available for dl\'CI'Sion "'1lS 
compkted for Reaches 10. 16. and 17. To SImplify the analysis it was 
assumed that diwr.lions to recharge can only occur outsIde of the 
irrigation season. Divcrsions to the Got h~'flh urg and Dawson Canals 
should be possible throughoulthe non-irrigation scason because there 
is cnough hydraulic head in the respective cana15 to produce flow 
veloci ties high enough to prevCl'lt frt.'C7.ing. 

Monthly d ivcr.;ioll$ to the Gotht'flburg and Dawson Canals arc limitt'd 
based on the wnount of water that can seep from the canal without 
gencmtmg 11 sla;nlficant amount oftailwater. lnfonnatloo Wlls provided 
by Ihe Nebraska Pllbhe Power DiSlrict (NPPD) rcgardmg the 
mllXlmlim rutCS tliat can be dm:n ed "'hen no one is takmg ,,'ater for 
irrigalloo and the spill"'ays back to the rh'er arc running at mUlmum 
capaelly (NPPD. 1999a; 1999b: 1999c). Based 011 thIs mfonnallon. 
monthly dlvcr.;ions to the Gothenburg and Dawson Canals were 
limited to 200 cfs aud 150 ef5. rt.'SpeCtively. The di tch loss IS aoouL 20 
pCTCt'flt according to information provided by NPI'D. therefore. the 
maximum ditch loss that would be lagged back to the ri\'er is 40 ers 
and)O crs for thc Gothenburg and Dawson Canals. respectively. 
Montbly divCr.lloll$ \() rc<:harge could also potentially be limited by 
climatic cydes. During wet years. it may not be possiblc to recharge 
groWldwater when groundwaleT Ic-.·cls arc ClIccssi\'cly hIgh. Th<' third 
par1y Impacts on Marby homeowners and landowners may be tOO 
sc,'ere 10 recharo~ water during wet )=rs. 

The flow available to a groundwater pumplllg recharl.'C project in 
Reach 10 equals thc flow at the Julesburg sage less Western Canal and 
Kony Canal dIversions. which are the only dIversions in Reach 10 
upstream of the confluence of the South PlaL1e R!"eT. CNf'l'lD 
dj,·cr.;ions were not included in the calculation of avai lable flows in 
Reach 10. A significant pon ion ofCNI'PID's diversions arc salisfied 



by NPPD returns and Nonh Plane River flows. Flows available to 
n:charge calculated in this manner may rcsul! in a minor impact on 
CNPPID's diven.ions. which may need to be offset. or compt:nsated. 
Power intl'lfen:nce eharges would need 10 be paid to NPPD and 
CNPPID ifthcir non-irrigation season diversions are affccted_ The cost 
of mitigating impacts on CNPPID and NPPD's dIVersions (:QuId he 
more than power interference charges deprnding on the seventy of the 
ImpaClS. These distncts have minimum flow TCqum:mcnts th31. when 
coupled with I chan(lC' in historical flows in thr; South or Nonh Plane 
RIven. could Impact drought protection and their abilny to provide 
imgatlon wau:r. 

The available flow 10 the Gothenburg Canal during the non-Irrigalion 
season was assumed to be the flow at the North Plane RivCf gaSe al 
Brady. which is just upstream of the headgate. The available flow to 
the Dawson Canol during Ihe non-irrigation season was assumed 10 be 
the flow allhe Nonh Plane River al Cozad. which isjusl downstream 
of the headgate. The GothenbUTS Canal and Dawson Canal recharge 
projects rely on the same SOIITCC of water and could 001 be fully 
Implemented together as currently evaluated. 

Diversioos 10 recharge for all !lCCflmos were limIted to months of 
target flow excesses It the critical habilal. Recharge to lbe Plane River 
is computed as inflows minus eVllponnion. which is e5llmaled 10 be 
one percenl (]-.,.) nf gross divcrsions or pwnpmg. The average annual 
groundwater pumping 10 rechargc in the middle of Reach lOis 34.845 
ae-f\ and 29.130 ae-fl. respectively. The aVcnl.ge annual divcrnion to 
Ihe Gothl'Tlburg and Dawson Canals is 5,484 ac-ft and 7.475 ac-ft. 
respectively. 

Retum flows were routed back to the river using Ihe SDf model SDF 
View. Rctum flows associated with pumping groundwater wells were 
rouled back to the riVeT using SDf factors of60. 120. and 270 days. 
An average SDF factor of 3250 days was used to route seepage from 
the Gothenburg IIl1CI Da .... 'SOIl Canals. An aVenlgc SDf ractor of300 
days ..... as used to route seepage from canal recharge pto,teCtS In Reach 
13. Monthly addlllons to flows in the n\'C!" occur 10 months when ri\<er 
accrCIlOns exceed diversions to recharge. Monthly deplC1ions occur in 
months when the diversions to recharge exceed Ihe accretion in Ihal 
month. Thc nct hydrologic effects associaled with eaeh potcmial 
projcct arc shown in Tables 8.G.30 through 8.G.34. The avcrage 
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annual net hydrologic elTCC! associated with these recharge projccts 
range from - 3.1 43 ac-Ii to --6.93 1 ae-ft. 

The water budget spreadsheet was used to route lall.!;ed Bccretions and 
dt"IC!lons downstr(:IDn to the critical habitat. Two routHlg SC(:f1arios 
were o:valuated for the proposed recharge project. The fint scenario 
lI5S\JmCS addmonal flows can be protected from downstream 
d,,·ersKHlS. In whieh case. additional flows are not miuccd by 
divenions. The second scenario BS!;WUCS addItIonal flowll cannot be 
protected from dov""strearn diversions. HI "'hich case additional flows 
are reduced by dl\'C\"Slons, Reductions 10 large! flow shon aGcs for 
recharge projocu wllh a SDF factor of 120 days and Ihe Golh(:f1buTg 
and Dawson recharge projects are summarized in Tables 8.0.35 
through 8,0.40. Tablcs showing monthly nct reductions to target flow 
shonaGcs for the olher SDF faclors are provided in Appendl~ F. The 
aVClllgc annual rl"(]uetion 10 targCl 110'" shonagcs for groundwater 
pumpmg recharge projects. and diversions 10 Goth(:f1burg and Dawson 
Canals range from 1.097 ac-ft \0 9.987 ae-ft without di\'t-rsions. and 
from 667 ac·ft to 4.511 a.::-ft with di\·ersioRS. 

Co" 

The nems that mnucncc the dm:ct costs of recharge projects are 
described in more detail in the cost sections for representative 
groundwater rechargetretum now projects in Regions I and 2, The 
total capitalizod cost for projects involving pumping to recharge in 
Rcach )0 IS about 510.2 million. lIS shown in Table 8.G.41 . The total 
capital costs IlSsociatoo with potential r()ChnTge projects in Reaches 16 
(Gothenburg Canal) and 17 (Dawson Canal) are about S650.000 and 
5880.000. respectively. as shown in Table 8.0.41. The resulting COS\ 

pc!" sc-ft ofmiuctions to."l target flow shonagcs rang<: from S600 to 
S!.280 WIthout diversions and from £620 10 52,590 ..... ith di\·ersioos. 

pumpjng from the Groundwater Mound 

A mound ofsloroo ground ..... ater (the '"mouncn lw been crC3led 
beneath the canals. reservoirs and irrigated lands usoci8ted ..... l1h the 
Nebrask. Pubhc Power District (NPPD) and the Ceotllll Nebraska 
Public Power and Irrigation District (CNPPIDj. Thc existence of the 
mound is confirmed by Nebraska State maps of ground"·at<.T lo:vel 
ebangC5. 
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The study learn has relied on [he Teport "The Impact ofNPPD and 
CNPPID on the Platte River: Nebraska's Grollnd~Water Mound" by 
Bredchocft and Hinckley, July 1998. 10 evaluate projects that involve 
pumping from the groundwater mound. This report was prepared by 
the Stale of Wyoming 10 support their position in the Nebraska v. 
Wyoming lawsuit While the Brcdchoeft-Hincklcy report suggests thaI 
the mound is growing. the " RL'fIOrt on the Soulh-Central Area Ground 
Water Planning STudy" by l\'NRC. 1990. suggests the possibility that 
the growth of the mound could stabilize or even reverse direction In 

the future. The opcr8.tions ofNNPD and CNPP!D greatly influence the 
growth rale of the mound. There is uncertainty regarding the growth 
rate oflhe mound and the extenllO which water from the mound could 
be used to supplement stream flows. Further invcstigation and 
monitoring would be required prior to implementing projccts thai 
involve pumping from the b'TOundw3ter mound 10 ensure the 
sus18inabi1ity of these projects. Any projcct designed to take water 
from the mound will need to be implemented on a demonstmtion basis 
or be phased·in so that actual impacts can be monitored and 
detenninations made that the proje<:! is consistent with applicable 
Nebraska laws. regulations. and b'TOundwater management objecuvcs. 

Thc estimated growth rate of the mound is critical in detenniningthc 
sustainabi1ity of these alternatives. therefore. an a.ccurate 
understanding of the hydrologic characteristics and growth rate of the 
mound and the potential impacts ofthesc projects is required prior 10 
imph..-mentation. Any project that mines the groundwater mound would 
likely be to the detriment of existing waler users and potcntially the 
cll1'ironmL"flt. in which ease the projecl would come under strong 
opposition. 

Groundwater levels in a number of observation wells have risen fOf the 
entire period since 1941 (Bredchoeft and Hinckley. 1998). The mound 
south of the Plane River is located in par1S of Lincoln. Gosper. Phelps. 
and Kearney Counties. High WaLL'T table conditions also ellist in 
Dawson County. The mound currently contains approximately 14 
million ae-ft of groundwater storage (Bredehoeft and Hinckley_ 1998). 
CNPPlO applied for pennits for 7 million ac-ft and 2.5 million ac·fl of 
incidental groundwater storage and r~co\"ery in 1984 (Application U· 
2) and 1988 (Application U·12). respectively. 

The groundwater build-up is the result of diversions from the Plane 
River into the area south of the river (Bredehoeft and Hinckley. 1998). 



I 

Water ":charging the aquifer in that area is II rcsull ofsecpage from : 1) 
severnl rcservoil'll including. Sutherland Reservoir. Lake Maloney. 
Jeffrey RCSI.'lVoir. Johnson Lake and Elwood Reservoir, 
2) canals and latCl1l1s including the Sulhcrllllld and Tn-County Canals. 
3) NPI'D and CNPPIO migation systems. and 4) precipitation 
recharge. St.-cpaboe data ... ere obtained from the Bn:dchoeft-Hmd:lcy 
report. In thaI rcpoM. seepage data were calculated from a walet 
balance for each of .he: following three mound SCgml"flIS: 

• The Sutherland Canal from the Sutherland ReservOIr 10 the 
South Plalle RivCf return: 

• The Tri.counly Canal from the Plane RIVer diversion In Ihe 
Johnson return; and 

• 111<~ Phelps. E-65. and E-67 irrigation $)'1II<."OIS supplied hy the 
Tn-County Canal. 

The seepage loss 10 groundwater in these segments was generally 
calculall'li lIS diversions from lhe river less e-.aponllion from thc canals 
and n,'SCI"I'OIrs, less changes In rescn'Olr S\()I1Ib'e. less returns 10 Ihe 
South PlaUe and.or Pla"e Rin:l1i. less growldwaler ilTigation 
consumption. l1le data required to complcte the waler balances for 
each segment wen: obtained from CNPPID's U-2 and U·12 
applications for incidental undCf};lUund siorage and recovery. The net 
groundwater recharge for the three segments to the mound for thc 
period 1987 though 1996 was calculated to be 397 efs (Bredchoeft and 
Hinckley. 1998). 

Bredchocft and Hinckley (1998) used the flow model JOB·2DI3D to 
invcstigate the dynamics of the groundwater build-up in the mound. 
The modcl results indicate Ihat the system is SlillllOt in equi li brium 
and th:ll there is approximately 75 cfs 1:,'oing into storage, Tht.' model 
predictoo that In cht.' year 2018 approximately 50 cfs would still be 
going into SlOI1Il,'e. l1le amOWl! .. ..,ing into SlOI1Ib'C was defined as thai 
lIIllOunt of .. 'ater in CltI:eSS oflhat which Il.,\ums 10 5urfllCe streams or is 
consumed by evDporation or CJOp consumption. 

l1le model has also shown that the growth of tile mound has altCTed 
groul'\d,,-ater divides and groundwater grndi~'I1ts, which has Increased 
the amount of ground" 'atCT flowing out Oflht.' Platte River basin to the 
Republican and Little Blue River Basins. The flow of groundwater 
from the Platte Basin to thc Republican and Little l3Iue Ri\'~,. Basins is 



a result of natural geologic conditions because the Plane basin is 
higher in elevation and there is no geologic barrier to flow between the 
basins. The 1'lo11e River. therefore. naturally loses water to the 
Republican and Linie Blue River Basins. Since the development of the 
groundwater mound. however. then: is additional transbasin 
groundwater movcment because ofinercnsed saturated thiekn~'SS and 
the gradient The model predicts that an additional 20 efs of 
i,'TOundwater is flowing into the Republican River Basin 10 the south of 
the mound area. and into the lillie Blue River Basin to the south and 
cast of the mound. This increased transbasin groundwater expon. as 
opposed to the underlying groundwater export that oceurs naturally 
regardless of the existence of the mound. could potentially be targeted 
to reduce natura] groundwater exports rrom the basin. Reductions in 
transbasin expons has implications both in terms of quantity and 
quality in the Republican and Little Blue River waw·rsheds. Wal~T 
quantity is at issue in litigation between Kansas and Nebraska over the 
Republican River. therefore. this alwmative could hal'e legal 
obstacles. 

Yield 

Based on the results of the Brooehocft and Hinckley report. the mound 
will still be gaining in storage ot 0 rate of 50 efs in 2018 and the 
amount of groundwHler bdng exported 10 the R~'Pub1iean and Little 
Blue Rivers will also be increasing. As such. there exists an 
opportunity to pump rrom the mound and return water to either the 
South Plalte River or Platle RiVeT. Pumping the mound at a rate of 50 
efs would theoretically eliminate the continued growth of the 
groundwater mound. Pumping the mound at 70 efs could possibly 
eliminate Ihe growth of the mound and the export of groundwater to 
the Republican and Littlc Bluc RiI'CTS. The five scenarios that have 
been evaluated an: as follows: 

I. Pump rrom the mound up 10 51.000 nc-filyr (equivalt·,ll to a 
constant rate of about 70 cfs) and dischurge wat~T to the Platte 
River during periods of target flow shortag~'S. 

2. Pump from thc mound up to 36.500 3c-filyr (equivalent 10 a 
constant rate of about 50 cfs) and discharge water to the Plalle 
River during periods of!arget flow shortages. 



J. Pump from the mound up to 14.500 ae-lIIyr (equivalent to 8 
oonstUr'lt rotc of about 20 cfs) and dischar~e water to the Pluue 
Rivl.T durin!: periods of targct floll' shortages. 

4, Pump from the moulld up 10 14,500 ac-ftlyr (equivalenl to a 
constant rate of about 20 cfs) for Irrigation of lands pre'liously 
irrigau:d by surface water. 

S. Pump from the mound up to SI,OOO ac-lVyr (equl>lllentto a 
constant rate of about 70 tfs) for irrigatIOn of lands previously 
irrigated by surface wBter. 

Each scenario is described in more detail below. 

11 was assumed thaI projects involving pumping from the mound 
would be implcmcn1Cd in areas lI'here the water table is ncar the 
surface or in areas further from the river. Pumpin~ from areas tha! arc 
further from the river inereases the likelihood Ihalthc majorilY of the 
water pumped is from the mound growlh and Irnnsbasin exportS rather 
than Plaue River return flows. Any rail.' ofpurnpinl; would take some 
amount of water from the mound. some from tr.ll1sba.'im expons, and 
some rc1um flO\\~ 10 thc Plane Rh'er. Altl'TTIallvc:s wCfC assumed to be 
located further from Ihe river 10 increase the hkehhood Ihatthc 
rnajon l)' of lhe water pumped is from the mound growth and 
Inmsbasm exports rather than Plalle RJ\'er TC'Ium flows. These 
sct:narios are not mtended to suggest that anyone component offlow 
can be captured, rather they are imended to provide a range of impacts 
for pumping the mound 8t various ratC$. 

It was lISSuml-d Ihat scenarios I through 3 invoh'c pumpin!: 10 a droin 
that lI'ill dc1h'CT water to the river, There are numcrous drains 
throughout the area Impacted by the mound Ihat mtercept groundwaler 
and rc1um to the river. The imenl of these scenarios is 10 mmimize 
costs and usc these drams to rc1um water to the m 'lT to the maximum 
ex tent possible. There could be opponumtics to TOute groundwaler 
pumped from lhe mound Ihrough wetlands and wet mcadows alon!; lhc 
Centr1l1 Platte. ho"'C'o'er, this has not been considered mlhls analysis.. 
Sccnanos 4 arid S asswnoo waler is pumped dll'ectly 10 canals and 
laterals that currently SeT ... e the imglltoo lands under E·65, E-67. and 
Phelps County Canals. 

These scCllarios apply 10 the dOWllstream end of Reach 10, Reaches 17 
a.nd 18, and the upstream l"11d of Reach 19. Scenarios I throusJt S 



target returns flows contributing to the growth of the mound. Scenarios 
I and 5 also have the potential to reduce groundwater exports !Tom the 
basin. Scenarios 1.2 Bnd 3 Hre essentially the same in concept and 
involve pumping from the mound up to 51.000 ae-lVyr. 36.500 ac· 
ftlyr. and 14.500 ac-ftlyr. respectively. as shown in Tables 8.GA2 
through 8.G.53. For SCI:narios 4 and 5. it was assumed that 14.500 De­
ft and 51.000 ae-fl:. respectively. of the annual irrigation supply for 
lands irrigated under Ihe E-65. E-67. and Phelps County Canals could 
be supplied by groundwater as opposed to surface water. The monthly 
distribution of pumping is based on the average monthly distribution 
of surface water diver.;ions for the E-65. E-67. and Phelps County 
Canals. Reducing thc supply in the irrigation system by 20 efs In 70 
efs would not be great enough 10 change Ihe op<:rnlions at Lake 
McConaughy. Dt.:mand changes of up to 70 efs would be small in 
relation to the total demand for Lake McConaughy slOrage releases. If 
surface waler is saved in Ihe irrigated area due to conver.;ion to 
groundwater irrigalion. il was assumed that reI urns to the Plane River 
through the J-2 return would increase by a similar amount. Therefore, 
this ,,'ater would reduce the need for EA r"leases in the summer and 
would hO\'e minimal impact on Lake McConaughy opcl1ltions. The nel 
hydrolOh~e effects o£Scenarios 4 and 5 3Te shown in Tables 8.G.54 
through 8.G.59. 

Maps of the build-up in the water table WCTC reviewed to dClermim: 
whether effective well siles exist in each reach. The most effective 
sites for these projects arc located in Rcaeht.os 10. 17. 18. and 19 wht.'TC 
the mound build-up is most prominent. Pumping !Tom the mnund in 
Reaches )0. 17. 18, and 19 applies to aboul 20 miles. 28 miles. 16 
mikos. and 16 mik~ of the Platte River. respectively. II was assumed 
that a high capBeity well could be located every quaner mile along the 
k:nglh of the river in the vicinity of the mound. Irrigation wells in 
Central Platte area south of the Plalle River typieally average 1.000 
gpm. Based on these factors. monthly groundwater pumping in 
Reaches 10. 17. 18. and 19 was limited to 10.500 Be-ft. 15.000 ac-ft. 
8.500 3e-ft. and 8.500 Be-fl. respectively. The monlhly limits on 
groundwater pumping Bre conslrained by the number of wells and the 
average pumping rate. These limits do not apply to scenarios 4 and 5 
because wells can be located throughout the irrigated aTCD under 
Phelps County. E-65 and E-67 canals. For all scenarios. il was 
assumed that pumping occurs only during periods of target flow 
shortages. 
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The net effect on the rh'er is assumed to be the amount pumped 
retu rned to the river in thai monlh because "'ells are assumed 10 be 
pumping water Ihal would have been contributing 10 Ihe growlh of the 
mound andlor inlo Ihe Republican and Little Blue Ri\'~'1 BaSinS. The 
groundwater mound is in connection wIth the Platte River and 
comribules dn·ectly to pTO\'iding return flow gains 10 the centra! Platte 
RIver. therefore. pumpmg from Ihe mound could reduce flows to Ihe 
river. Altemau~ were assumed 10 be located further from the ri\'er 10 
increase the likelihood that the majority of the water pumped is from 
the mound growth and transbasin expDflS rather than Platte RI\'er 
return flows. Based on this assumplion the reductions to Plalle Riw,:r 
flows from pumping the mound were assumed to be negligible. 
However. site specific studics would be required to est,mate the 
amounts ofwnt~'1 pumped from each source under these scenarios and 
10 aecount for r~'(!uctions in Platle River return flows. The yields 
associaled with these projects would decrease ifa ponlon of the waler 
betng pumped consists of Plane River ll.'1urn flows . 

The water budget spreadsheet was used to route additional flows 
associated with each so;.-nario downstream 10 Ihe mtical habitDt 10 
dctrnrunc potcnhal reductions 10 targeI flow snonages. Two rounng 
scenarios were evaluated for Ihe proposed rcchari,>e project. The first 
sccnario assumes addmonal flows can be protected from downstTe.1m 
diversIons. in which CUC'. additional flows arc not reduced by 
diversions. The second scenario assumes addnional flows cannol be 
protected from downstream diversions. in which case additional flows 
arc reduced by dlV~'T'!;ions. Reductions to target flow shon~gcs without 
diversion losses are shown in Tables 8.G.60 through 8.G.". Tables of 
reductions to larget flow shoMuges for wilh diversion losses arc 
provided lD Appendix F. The average annual reductions to target flow 
shonages forthese scenarios range from 7.620 ac·fI to 37.895 ac· fI 
assuming additional nows can be protected and from 5.671 ac-ft 10 
37.754 ac·fI asswrllng addinonal flows cannot be protected. These 
}'1clds art rna) be O\"erslated based on the assumption that all \\'lItet 
pumped would not have returned to the Plane River. 

Co" 

The items that mflucnce the direct costs of projects thai invoh'e 
pumpmg from the mound arc described in more: detail in the cost 
SCCllons for Rewons I and 2 groundwatt'f rechargClrelUm flow 
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projects. As previously discussed. it has been assumed that ~ubsurface 
invcstigations will be required. Thesl.' were estimated at $3500 per 
probe. The number ofweHs required was based on the maximum 
monthly amount pumped and an average pumping raIl.' of 1,000 b'Pm. 
Well installation costs wcrc assumed to be $30.000. Wells and 
pumping harlh.:are will most likely need 10 he replaced in 10 \0 20 
years. therefore. 1"<.'Placemenl costs were included. !){:pending on the 
locations of the wells. the distances \0 existing drains may vary 
substantially. Pipmg costs (up \0 10,000 feCI of 12" diameter line at 
SS/footj were estimated to be $50.000 \Xl1" well for scenarios 1 through 
3. Costs were only included for up 10 4.000 fell! of pipe for scenarios 4 
and 5 bt.OC8USC water will be used for irrigation purposes. The 
capitalized OOSI associated with potential projects in Reacht."S 10. 17. 
18 and 19 range from about $6.4 million to S22.3 million. as 
summarized in Table 8.G.78. The resulting costs per ac-fl range from 
S380 to SI.56O assuming additional 110ws can be protected lind from 
S380 to S2.450 assuming additional 110ws cannot be protected. 
BccllLL.Se yields may bc overstated based on the assumption thm all 
wat~"J" pumped would nO! have returned to the Plane River. costs may 
be un<krstated. 

For scenarios I through 5 the number ofwclls !hat can be located in a 
given reach and the monthly amoUllt that can be pumped was 
maximized. However, there is considerable opportunity to optimi7.e!he 
cost and yield associated with scenarios I through 3. An alternative 
analysis would be to base the number of wells needed on the volwne 
to be pumped in II month and a percCl1tage of run-time. Substantial 
COSt sa\' ings can be realized by reducing the number ofwclls wnhout 
sacrificing significant reductions to shortages. This is possible 
because of the variability in the number of months tbat pumping 
occurs each year. lfthcrc are cxcesses in several months in a ycar. 
several pumps will not need to be operated based on the current 
analysis. Because of the consistent pumping schedule cstimmoo for 
Scenarios 4 and 5 the opportunity to reduce the number of pumps is 
limited. 

A limited analysis to optimize yields and costs associated with 
Scenarios I through 3 was completed. In Reach 10. the number of 
pumps can be reduced such that cost savings of about 25 perccnt. 40 
percent. and 60 percent are realized for Scenarios 1.2, and 3. 
respectively, for about 90 percenl of the reductions to target flow 
shortages. In Reach 17, Ihe number of pumps can be reduced such thaI 



~ -, 
! , t 

1 
• , I 
" • • • 
• 1 = , I , 
• • 
t: , • 

• -• ! 
, 

• ! 
• , , , , 
• • ! • • • , , 
, 

." I 
'" '" .. !Un ": ..: '-c _ :0 

, 
.... i .. :;;: ~ 

, 
"';;0 

, 
~ 

....:",Jii , , 
= t;; • I 'lUi 

~ 
< • 
~c -! 

• 
• ~ii~ .. ~ 

, 
U • ~ • • , 
~ t 
• • • , 
• , i • • 

> 
0 

, 
• • , , • 
• , ! 
I • 

• j 

• • , l 
• t 

1 • • 
! 

1 
I 
• • I 



I 

cost savings of about 40 pt,reent. 55 percent. and 70 pcr<:CI\\ ore 
realized for Scenarios 1. 2, and 3. rt.'Spectivcly. for ahout90 pcrCL'lll of 
the reductions 10 larget no,,' shortages. In Reaches 18 and 19. the 
numller of pumps can be reduced such Ihal cost savings of about 15 
percent. 30 percent. and 55 percent arc realized for Scenarios 1.2. and 
3. respectively. for about 90 percent or the reductions \0 target flow 
shortages. 

5. Yield Summary 

All of the alternatives associated with groundwater an: scalable In a 
degree. If any of these alH:matives are chosen for inclusion In the 
eventual action plan. the magni tude and geographic focus of the 
ahcmative may diffcr from the repre~enlalivc projects described in this 
section. In addition, projects ha,'c been analyzed indcpendt'1111y of 
each other. Sevt'T3.1 proje<:ls rely on the same source nfv.-aIL'f. In which 
case. the yields of these projects combined may be less than simply 
adding the yields of the individual projects. Consequently. the 10tal 
yields described in this memo for each alternative arc specific to the 
assumptions the study team has made in defining representative 
programs, Table 8.G.79 summarizes the net hydrologic effects at the 
site. at the top of the downstream reach. and at the habitat for each 
alternative. Table 8.G.79 also provides a summary of the reducllons to 
target now shortages at the habitat for each alternative evaluated. 
Bas~-d upon the operational definitions of the b'fOundwatcr alternatives 
used in this cvaluation. the average annual net hydrologic effects 
across the study region range from - 13.297 ae-ft per year 10 51.000 ac­
ft per year. as shown in Table 8.G.79. 

The average annual net hydrologic effect can be negativc due \0 
evaporation and some oflhe lagged accretions not being included 
because thcy would have occurred after 1994. In addition. th~'Tt: may 
be recharge losses that never get back to the river due to non·hcndicial 
consumptive uses. such as phrc3tophytc consumptive use. For 
example. a 1993 Harl.3 ~tudy of the N??D system estimates that 14 
percent of recharge losses nevCT get back 10 the riVet. It would be 
expected that the percentage of recharge losses that do not get back to 
the river arc higher in the central ?Ialle region as compared to the 
lower South ?Iatte Rjv~'T and North Platte RiVeT regions as indic3ted 
by the existence of the groundwatcr mound. Recharge losses that do 
not get back to ri"er have n01 becn included in the analysis of 
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repres~'TItahve groundwRter recharge projects. " 'hich is consistent with 
the methodology used \0 evaluate the Tamarack Recharge I'\an. 
Howevcr. the Yield associated with these representutive projects could 
be less if there an:: nx:harge losses to non-beneficial consumplive uses. 
The aVcnlge annual net hydrologic effect at the top of the nellt 
downstream reach and al the crilical habitat an:: also summarized in 
Table 8.G.79. 

The reduClions In shortages to large! 110 .... 'S al the crillcal habnal range 
from 278 ae-ft per ye;u- 10 37.895 &C-II per year. Without di\·Cf5ion 
losscs. With divCf5l00 losses downstream. reduetions ran~'C from 109 
ac-ft per year to 37.754 ae-II per year. 

6. Cost Summary 

Table 8.G.79 summarizes the tOlal capitali7.cd costs and costs pt.T sc-ft 
ofavcrngc n:ductions in targtlnow $h.onllges assocluted with all 
groundwater altcmalwcs evaluated. Under the representative 
ground"·ater programs e\·aluated in this memo. a Badger-Beaver 
groundwater recharge projects would have the hl£hest total capitalized 
cost at about 520 mdhon. A pOlenual Pran-Ferris Imgallon Dlstriet 
groundwater recharge proJCCI would ha\·e the lowest eaplalizcd cost 
of the ground .... ·ater alternatives evaluated II! about 5 I 00.000. n.e 
average cost per ao;-ft ofreduetions to target flo .... · shonages ranges 
from 5340 to $5.840 Without diversion losses Ilnd 5340 tu $21.370 
WIth dlvCl'SIOn losses. 

7. Associated Issues 

Each of the groundwater alternatives tha! has not been deferred was 
evaluated acconhng 10 the associated issues c ... alul1l1on criteria 
previously TC'Vicv.oo by the Water Management Committee. The five 
ClItegones of associated ISSues IR: physicaL legal and institutionaL 
SOClIlL econumic and crtvironmcrttal. Tabular scoring according to 
each enterinn is presenled in Tables 8.G.80 through 8.G.85 for 
scenarios both WIth diversion losses and witnout divCf5iOlllosscs. A 
dcscn pl10n of the numeric score applied to each sub-cntena IS 
proVIded beluw. The following diSCUSSIon mmally presentS an 
evaluation of each alternative assuming that water is prolC(:le(\ from 
downstream diversions. Differences in the scoring cvaluation under 
the sctllano With divC1'$lOn losses are discussed at the close of each 
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criteria category. For more detail on the numeric score applied to each 
sutK:rit~Tia refer to Chapter 6. 

Groundwater Recharge/Retum Flow Projects 

P hysical 

Each of the alternatives for groundwatCT recharge/return flow projccts 
is scalable. however. there arc hmitations on thc amount of flow 
available for diversion. canal capacities. and available recharge sitcs. 
This alternative is sustainable over time. Ahhough the life sp3n of 
rccharb'e projects can casily be extended beyond 10 to 13 years. wells. 
pumping equipment and associated facilities would need to be 
replaced on a periodic basis (every 10 to 20 ycars). Recharge projects 
are tcchnically implemcntable at the scale proposed and have bero 
Instituted 10 a large degree in the Low/..'T Soulh Plauc River Basin. 
Protecting water from diven;ions in Colorado. however. is currently 
not possible due to the inability 10 bypass existing Silnd dill11 divl'fSion 
structures. SiJPlifieant costs would be incurred if these struCtures were 
to be modified andior rt.-placed to allow additional water to be 
protected downstream. The tIme to yield realization is dependent on 
the length of tillle TC<luired for recharged water to return 10 the river. If 
implemented at an SDF factor ranging from 60 to 300 days. the lime to 
yield realization would be within one year from the sta" of the project. 
Thc altcrnativc yield is not very easily measured. Calculations of 
recharge using the SDF method are engineering estimates wnh some 
unecnainty depending on site specific conditions. Observation wells 
would need to be installed and hydrogeologic investigations conducted 
to measure recharge watcr returning to the river. Third party 
hydrologic effects may include potential impaets on irTi£lIwd lands 
served hy Lake McConaughy. thc EA in Lake McConaughy. minimum 
operation flows. and hydropower production. These impacts may be 
minimal or siJPli fieant depending on how recharge projects are 
implemented. Negative third party impacts would need 10 he offset or 
mitigated. Thcre could also be additional negative third party Impacts 
under Scenarios I through 3 to lands adjact.,n to drains because thcre 
will be increased flows in the drains. Additional flows io the drams 
could cause water logging at the surface adjacCT1t to the drains. whieh 
may result in a loss of irrigated lands lind agricultural producti\'ity. 



Und~'!' the se~llQrio with di\'ersionlosses. third party hydrolo!.~c 
imp;!~ts would 1:~lwrally be more fa\'ornble because more watt'!' would 
be available for downstream users to di vC'l't durinl: the summer 
months. 

legal and Institutional 

These projcd5 are consistent \\~th Interstate Compacts. Fcdcrnl Laws. 
and Dt."CTCC5. Groundwater recharge projcrls in Nebmska are 
consislent \\t\h Slale laws. Howe\·er. the primary legal insUlullonal 
obstacle associated with gmundwatCT recharge projects in Colorado 
and Wyoming is associated with the inability to ellpon W811.·r out of 
state under ellisting Stale water law. As such . groundwater 
rechargcJreturn now projects are currently not consistent " 'i lh Stale 
laws. In Colorado an in-Slate beneficial use musl be dccre..'d or 
approved hy the lel:islolUTC for waler 10 be U5l-d for Ihe crilleal habitat. 
This issue has been addressed with the Tamaraek Recharge Plan by 
dccrccing in-slale wildlife enhancement benefits associated WIth the 
recharge Sl tCS. The in-state benefit associat~'d WIth these projects IS the 
wildhfe and envlronmem enhancement associated wilh rttharge 
ponds. Bc:causc: these: projects must ha,e a decreed in-Stale beneficial 
use pcnmning oould be a more difficult and lengthy proce$S. however 
Ihe proccs:s ilsclfshould be fairly rout1l1e 11$ demonstrated by existing 
recharge projects in Colorndo. Because Ihcse types ofproJCCls ha,-c 
been Implemented 10 a large degree in Colorado already alld are 
generally viewed favOl1lbly, there is a high polenhnl for 1I15111U1IOnoi 
COflS(.llSUS and there is no apparenl TCason why the $Ilmc would nO! 
hold true for Wyoming and Nebraska. These projects would he 
relatively easy 10 administer panicularly in Colomdo where Ihe 
required regulating cmitics already exist. Similar entllies e)llst in 
Wyoming and Nebraska. however, new adminislralion procedurcs may 
be requin.-d as these types of projects havc not yet bct.1l implemented 
io those statcs. These projects are consistent with cxisting conlTaClS. 
howc\~"T. land may need to be purchased for recharge sitcs. These 
projects may hu,'c umdentified impactS thai could most likely be 
mitigatl-d ifnl'CC$S3ry. 

Under the scenario with diversion losses. pennining. consistlllcy with 
state laws. and potential for instilutional conSCllSUS score higher. These 
pmject~ would come under less opposition in ycneral ifadditional 
water is not protccted from diversions. 
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Social 

The social effects of this alternative arc likely 10 be minimal. llll..'TC arc 
potentially some minor positive and negative cfTc<:ls. There will he no 
impact on customs and culture. community organizations and support 
structures or community sU$lainability. Th~'SC projects would have 
relatively equitable impacts and do not adversely impact anyone 
group. Any adverse effects on cultural resources could most likely he 
mi tigated. Ex.isling groundwater recharge projects arc publicly 
acccpl~"(j in Colorado. Public acceptabili ty associated wilh these 
projC(:[S is in part due \0 the wildlife cnhanCCmL'Tll benefits associated 
wilh the rcdmrgc sites. There would be opposition in Nebraska if 
re<:bargc projects are located in areas thaI currClltly have problems 
wilh high groundwater levels. These areas typically have probkms 
with water logging at the land surface and flooded basements. 
Ahhough high water tables hav.: been a problem in recent years nonh 
of the Platle River in ReachL""S 16 and 17, the situation is not as 
persistent as it is south of the riVLT. The area nonh of the river is 
climatically drier with SIlndy soils which reduccs groundwater 
mounding. According to rl.."prl.."scntativcs with NPPD. ground water 
levcls in that area are climatically driven and have only been high in 
recent years. 8·1 Reservoir "'as used as a recharge reservoir up until 
the last four to live ycars. therefore. public acceptability should not be 
an obstacle in Rcaches 16 and 17. 

The social sub-criteria are scored equal1y for bolh the with and without 
di"ersion scenarios. 

Economic 

Most of the costs of these alternativcs nrc capital costs up f~ont. 
However. diversion recharge projects Ihat are associated wilh a ditch 
company may require an annual fec for " 'Hler delivered to recharge 
sites. In addition. there arc some annual operations and maintenance 
costs such as po ..... er costs. and pumping equipment and a.~soeiatcd 
facilities would need to be replaced on a periodic basis (every 10 to 20 
years). The arc no dcfinite positive or ncgalivc dircct economic 
impacts and fiscal impacts. There L"Ould be potential negat; vc 
secondary economic impacts 10 downstream hydropower generation 
for alternatives that diven water from thc river that is in e.>;cess to 
torgl'! flows but which has historically i>L'CIl divened for hydropower. 
As such. there could be additional costs associated wi lh paying POWLT 



intcrfl."T(''11ce charges, These projc<:tS will have minimal direct or 
indirect and induced impacts on business sales, employment and 
employee wages and wea lt h. Thcre are potentially negative eff~'Cts on 
economic development. since this water will be unavailable for oIht"T 
future uses, The effccts on economic development pott'11tial would be 
a hmital10n on future development and would nol lmp3Ct exisllng 
economic condnions, There would be no measurable effect on 
re\'enues and Cllpenditurcs of go"cmmenlal cntitlCS resultmg from 
these Iypes of projects. 

The qualitative sub-<:ri lcria an: scored equally for both the WIth and 
Wltoout diversion scenarios. 

Environmental 

Th(.'Se alt(.'Mlatives would generally rt.'Sult in positive environml.'11lal 
impacts. There would be positive impacts 10 wl.1hmds and habItat due 
Ihe creation of additional wetlands and wildlife habitllt. Recharge 
projects could also have negative impacts on water quality and on fish 
and wi ldlife habitat. Walerquality could Improve during 1M summer 
months when addilionalflows resuillng from these projects return to 
the river. Ilow(:\'er, water quality could be degraded and fish and 
aquahe habnat ncgam'ely impacted during the wmter months "hen 
flows are reduced due to diversions to n:char~ .. c, Rccha'lle projects 
could also h~"e negative impacts on water qualny due to the potential 
to increase water and soil salinization, Groundwater mounds at 
recharge SItes could rai!lt ,,'mer mbla in the surrounding orca causing 
upflux ofsahs to the overlying soils. In addition. movem~'11t of 
divcned flows into and through the aquifer matrix could contribute to 
~ubstantial dissolution of salts native to the &I.-ologic material in route 
back to the rivCT, The visual quality of areas inundated would not be 
signIficantly Impaclcd. There would be 1M) Impacts to prime and 
unique fannlands, Wi ldlife habiw areas created by these projects 
could generate some ra:reational opportumucs but m b'CllI.TD.1. there an: 
mimmallmp3CtS to amenities. 

The environmenlal sub<ri leria are scored equally for both the " ' ith 
and w;thoul d i\'crs;on scenarios, 
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Groundwater Transfer of Uses 

Alternatives involving groundwatCT transfer of uses arc incentive 
based reductions in agricultural groundwalL'T usc. The associ3lcd 
iSSUL'S for incentive based programs \1'1 reduce agricultural water usc 
arc provided in Section a.F. 

Add"tional Surface Water and/or Groundwater Re-regulation 
Opportunities 

Physical 

Alternativcs thai provide additional surface waler and/or groundwater 
rc-rcgulution opportunities arc generally comparable from a physical 
standpoinl10 groundwatCT recharge/return flow projects with SOme 
minor differences. 1\ is possible that pumping water from the mound is 
1'10\ possible or not as cffccth<c during drought conditions if the 
groundwater table is lower during those periods. The limitations on 
scalability for projects 1hal involve pumpinJ:: from the mound arc 
rc1l1\cd \0 the sustoinabil ily of Ihe projects. The projecls as prcst"11.IOO 
are very scalable and are dependent on thc growth rate ofthc mound 
prescnted earlier. l flhe growth ratc oflhe mound is less than prCSt'med 
or decreases in the future. Ihe scalability o f lhese projects would 
dccrea.e. In addition. these projects are easier to monitor and measure 
t h~n r<-"CharIlC projects that require the usc of the SDF method to 
estimale the timi ng of rclum flows 10 thc river. It is not difficult \0 

monitor and measure groundwater pumping. 

Under Ihe scenario wilh d iversion losses. third pany hydrologic 
impacls would g~"t1t"rally be morc favorable because more water would 
be available for downstream divcncrs during the summer months. 

LegaVlnslilul ional 

Groundwater fe-regulation projects in Nebraska are consistent with 
;Ilterstote compacts. federal laws and decrees. and State lows. 
Howcver. there could be legal/institul ional obstacles associatt-d wilh 
pumping from the groundwater mound. CNl'l'lD has permits for 7 
million acre-feet nnd 2.5 million acre-fect of inc ide mal groundwater 
storage and reoovery (Application U-2 and Application U-12). 
res]X.'CIivcly. These pcmIits are to recharge and removc groundwater. 



howevt'T, these permits have not yet OcC11tesK'd wilh respt.~ttO 
removing groundwater from the mound. There is some uneL:Ttamty as 
to the legal implicallons ofpumpmg from the mound particularly if 
there arc ncgath'e Lmpacts on CNPPIO's permits. There is unecnamty 
in Nebraska 10'" reganhng the question of ownership ofwatCT 
meidC11tally stored underground. The proposed alternatives could have 
negptive impacts on CNPPID's permits if the mound is shrinkmg as 
opposed to growing. Based on information provided hy CNI'I'IO. the 
CNI'PID Board would consider financial incentives 10 relinquish a 
porlion of their rightS so thai the prognm I:(luld utilize thLS water 
source. 1I0we\'er, as there is no preccdC111 for mnoving water from the 
mound under the U-2 and U-12 pef1mts, the costs of obt:umng a 
ponlOn ofCNPPIO's rights are currently unknown. This mayor may 
not be necessary dep,:nding on "'hcther the mound is currently 
growing or shrinking. CNI"'ID docsn't hold righlS to all the waTer 
stored in the mound, nor do they hold rights 10 potC11tial future storage 
in the mound. therefore. if the Ill()W1(\ IS growing the polC11tial c.~ists to 
ImplemC11t alternatl\cs 10 pump from the mowId without impaellng 
CNPPIO's pem1its. 

Pumping from the groundwater mound could possibly reduce the 
export of groundwater to the R""publiean and LillIe Blue Riwrs. This 
could have legal impltealLollS with respect to current litigation lM."1wecn 
Nebraska and Kansas regarding the RepUblican Ril'cr. Oue to 
questions regardmg Impacts on CNPPIO's permits and htiguuon 
betWt"1:ll Nebraska and Kansas. these proJccts could be dLfficultlo 
pcrmll and the p01CTIual for institutional consensus is not assured. 
Bccause Ihis type ofproJcct has not yct bet"11 implemented in any of 
the three states it could be more difficult to administt'T De<:ause there is 
no prccedC11t upon which to base administratLon. These rroJe<:ts ore 
eonSistC11t with eJ\istmg contracts. faeilLlLcs and land OWllCfllhLp. These 
proJccts may ha\'e umdentified impacts that oould be mitig:lled if 
....",.",. 

Under the with diversions scenariQ the ability to prot~~t groundwaler 
pumped from the mound would be problematic under current State 
la"'S and could come under more opposition, 

Social 

Aht-rnatives that providc additional surface water and/or groundwater 
re·regulation opponunities ILTC gC11CTBlIy comparable from a social 



standpoinlto groundwaler rccharge'retum flow projecls. HowevCf. 
public acceptabil ily has not bct.'T1 Ics1<xllo II large degree because 
groundwatCf re-regulation projects arc not as widely implcm<"'T1led in 
Wyoming and Nebraska. Pumping from the ground"'lIICf mound could 
be viewed bolh favorably. because it results in lower groundwatCf 
levels. and unfavorably. because Ihere is some uneenainty as 10 the 
growth of the mound and the rate at which it can be d ... "lctoo on a 
sustainable basis. 

The social sub·criteria are scored equally for both the with and without 
diversion scenarios. 

Economic 

Most of the OOStS of this alternativc arc capital costS up fron!. Thcre arc 
some annual operations and mainl/..'T1anCe costs such as power costs. 
and pumping equipment and associated facilities would nl"Cd to be 
replaced on a p<.'1iodic basis (every 10 to 20 years). There are no 
definite positive or negative fiseal impacts. Both direct and secondary 
economic impacts arc offselllng. There could be potential negative 
secondary economic impacts to downstream hydropower generation 
for alternatives Ihat divert water from the river that is in e"cess 10 
targC1 flows but which has historically been div<..'11ed for hydropower. 
As such. there could be additional costs associated with paying power 
interference charges. There could also be increased costs associated 
with pumping for irrigation or municipal uses if groundwaKT levels arc 
10wt'I"Cd significantly. and thesc impacts need to be mitigated. 
However. lowering groundwater levels could improve the productivity 
and yield of cenain irrigated lands, which would have a positive 
economic impact. Cer1ain areas that are pursuing de·watenng systems 
could experience economic benefits from alternatives that lower 
groundwatCf levels. In addition. the usc of groundwater to irrigate 
lands previously irrigated with surface water could make more 
cfficient use ofe;<isting suppl ies. These proje<;ts will have minimal 
direct or indirt.'Ct and induced impacts on business sales. enlployment 
and employee wages and wealth. In addition. there are potentially 
negallve efTe<;ts on economic development. sinec this WaitT will be 
unal'ai!ablc for other future uses. The cffects on economic 
development potential would be a limitation on future dcvelopmCllt 
and would nOI impact e~isting economic conditions. There would be 
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no mcasurnblc eff~-ct on revenues and expenditures of gowmmcntal 
emillcs resulting from these types ofproJccts. 

The qualitDtive ecooomie sub-criteria are scored equally for both the 
wIth and wIthout dl'·crsion scenarios. 

Environmental 

lhcrc may be ncgath"e impactS 00 wetlands and wildlife habitat if 
groundwater levds are lowered significantly In areas that are " 'OKT 

logged :ltthe surface and "etland areas are ehminatoo. Altc:matively. 
water pumped from the mound could be used to ereate ,,'clland 
meadows ncar the river. In which case thLT!.! would be positive impacts 
to wctlands and hnhitat due to the cTC:J.tion of addItional wt11ands and 
wildlife hahual. These projects could also havc negative impacts on 
water quality and 011 fish and wildlife hahitat. Water quality could 
improve during Ihc summer months when addi tional flows resulting 
from tht'S!.! proj.xts return to the Rh'er. However, ,,'ateT qualuy could 
be degrndoo and fish and aquatic habitatl'lCgattvcly Impacted during 
the wimer months "hen flows arc roouct-d due to d"'CfSlons to 
recllarge. Rc:cIlar1,'C projc:cts could also have nq;aIl\'C Impae!S on water 
quality due to the pot~Tltialto increase " 'aler and soil sahni/.al1on. 
Scc.'1lllrios that ,n"ol\e using groundwater pumped from the mound to 
lITigate lands previously imgatoo by surfnee could comribute 
~ignificantly to the sahni/.ation of irrigated soils, Groundwater sallruty 
is also typically much higher than riVet water sahnity. therefore. 
pumping groundwat~T from the mound hack to the tinT could ha\'c 
negative impacts on Platte River water quality. There would be no 
visual impacts, impllcts to primc and uni"lUC farmlands or im(')acts on 
amenIties assocluk-d with these projects. 

The cn\'lronmcntal sub·cri tcria are scon.-d equally for both the with 
and wUhoul dl\'Cf"SlOn scenarios. 

Reduction of Natural Groundwater Exports from the Basin 

The reduction of nat urn I groundwater apons tmm the basm refers to 
pumping from the groundwater mound to reduce f:xpons to Ihe 
Republican and Little Blue Rivers. The associaled ISSUes for this 
alternative are summarized under addi lional surface water and,or 
groundwater ro·regulation opponunitics. 
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There arc some minor differcnct-s under legal and institutional. and 
environmental sUb-critcria. Projects that specifically larget reductions 
in transbasin C1:ports of groundwater to the Republican and Liltle Blue 
Rivers ate queSlionabll' regarding consistency with intcn;tatc 
~'Ompacts. This could ha\"c iCWli implications with respect 10 cum:nt 
litigation between Nebraska and Kansas regarding the Republican 
River. In addition. under environmental associated issues W3Icr quality 
could be degraded in the Republican and Linlc Blue watersheds if 
110ws arc reduced due 10 reductions in transhasin exports from the 
Plane River 10 those watersheds. 
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H. Systems Integration and Management 

1. Introduction 

This sections examines the YIelds, casts and associated ISSues of 
various systems integrahon and management ahemati\'es 10 reduce 
shonal,'l:S to target flows al the critical habitat. A number of systems 
integt2hon and management alternatives in the long hst ofahemalives 
wen: previously deferred from further analYSIS. as documented in 
Chapter 6. The remaming ahernati\'es fall into three CBtegones: 

Modifications 10 Rt'st'rvoir Operations 

Modifications 10 Existing Water Righls 

Transbasjn Diversionsl/mporlS 

Power IllIcr/CrCna Clwrgcs 

A brief' descnpnon of each of the projects and 00" they might be 
implemented is pro\ojded below, followed by estimates of}'1clds and 
costs for each projea. An cnlWltion of each projea In terms of 
physical. Ic:gal 0/' lIlsllIutional, economic, social, and efllironmenlal 
effects is also provided. 

2. Conceptual Definitions 

Modificatjons 10 Rl:Smojr Operatjons. Both modifie<l now release 
rules and modified reservoir filling sequences have been included in 
this subcategory. Modifications to either reservoi r release rules or 
filling sequences may result in opportunities to store excess/surplus 
water and ultimately improve the ma!;llitude and tIming of Instream 
flows al the entic:al habllat area.. For example. modifying reservoir 
rules thai prohibit release ofnows during months that correspond with 
target flow shortages at the critical habitat may sigmficanlly Improve 
instream nOW$ dunnll critical time periods. Similal"ly, allo\\~ng 111'0 (or 
more) rcservoilS to fill in a manner that CQf1tradiClS strict 
adminiSlnlllOf1 by prior appropriation can increase the combmoo 
supply to both reservoilS. In some portions of the I'lane River Basin, 
the water commissioners or Ihose entities responsible for reservoir 
opeTlltion already practice this conceplto a considerable extent. The 
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strategy of filling resCTVoirs in this manner is to siore water during 
periods when supplies are considered \0 be excess and release wOller 
during periods of target flow shortages. 

Modificatjons \0 Existing Water Rights. This subcategory includes all 
modifications to existing water rights including changes in POintS of 
diversion. transfer of SlOmge decrees. and water rightS transfers andlor 
exchanges. Th~ measures could provide for better utilization of 
existing water supplies by reallocating excess flows \0 months when 
there are target flow shonages. For example, transfer of slOmgc 
decrees and water rights transfers and/or exchanges could reduce largct 
flow shortages if water is Iransfcm:d from an cltiSling usc such as 
irrigation or municipal use. 10 a use such as wildlife enhancement al 
the critical habitat. Additional flows (:()uld be provided to the cmical 
habitat if a diVersIOn point thaI is currently upstream of the habitat area 
is moved to a point downstream of the critical reach or water rights are 
transferred and dedicated to increasing instream flows in the critical 
habitat. 

A changc in poim of diversion refers to chan!,<ing thc location al which 
a water right is diverted from the stream. In so doing. ditch conveyance 
and seepage losses may be reduced by either decreasing the len!,'1h of 
the ditch or changing the legal point of diversion from a surface 
diversion \0 a well. Prac\lcally speaking. the conveyance losses 
precluded by this mea~ure are nOI losses 10 the Plane River unless the 
ditch crosses into a basin that is not tributary to the Platte River. 
Consequently. this measure will not likely result in a signi ficanl 
increase in instream flows. 

Transfers of sioragc decrees generally exiSlto legally Institute 
modified operations or to create new storage with a more favorable 
appropriation date. With respect to this slUdy. there may be potCIJtial1O 
transfer storage decrees thaI are currently used for irrigation. power. 
municipal. flood control or recreation uses to benefitthc cndangcred 
Species at the cri tical habi tat. The storage and release pallems could bc 
modified so that w ater is stored during periods of excess and released 
during period oftaTl;e\ flow shonages. 

Water righlS ITIU1Sfers or exchanges can refer 10 a wide array of 
mcchanisms that move water from one sector. usc. or owner \0 
another. They may represent a source of supply. such as a!,'licultural 



water rights. "'hieh are transferred to municipal usc. With respect to 
systt'l1l integration and management. USCl'li rna)' OOn\'CY water rights to 
a basin manDl:ement entity in exchange (or storage water. which could 
be released to reduce target flow shonagt'S during cnllcaltimes. 

Trarubasin OivmionsllmOOIlll. This altematl\'e involves the impon of 
water from adjacent baslnS. Use of these sources would require 
facilities for the capture. SlQragc and c;onveyance of"'aler to the Platte 
Ri\'er Basin. With respect to the Plane RJ\'er Basin. this ahemalive 
would provide a new ,,'liter supply that could 1ntn:aSc the flows 
available It the cntical habitat area. lnstitullonallssues Involvmg state 
water nghts and inlL"male basin compacts must be addressed. howe\'er. 
as well as CIlvironmCllta] issues related to associated depletions In the 
source basin. 

Power Interferencc Char~es. This ahemative reft'TS to one distinct 
group of water user.! withm the Platte River Basin. hydroelectric 
generators. This section defines an amtnllcmenllnd the circumstances 
under which hydroelectne generators could contribute to the target 
flows at the eriuc:al habitat. 

lbe power interference charge compensation ahemaU\'e entails a 
monetary payment to a hydroelectric gcnenuor suffiCient to mdOOC" thai 
genenl10r to modify the release of water through the hydropower 
turbines. The modification might include a change in the IImlllS of 
such generation or perhaps a bypass of the tuTbmes in order to reduce 
shonages in target flows at the critical reach. Under thiS ahemalive, the 
monetary payment must at least equal the value of the hydropower th31 
is forsaken on behalf of the target flows. The punicipation of 
hydropower produeers is assumed \0 be strietly vo]untlll)', and the 
transaction tenns are based upon the willing buyer wil1tng seller 
concept under eUlTCll\ m.arj,:et conditions. 

The PO"'er Interference charge alternative is distinct from the chanlles 
in h~rogeneranon " 'Itlun the Plalte RIVer Basin that might be 
anributable to the implementation of one or more other altemall\'~ as 
pan of the Cooperatwe Agreement Program. A1> the flo"s throughout 
the basin ehant,>c, positive or negative impacts upon h~rogenennion 
an: likely to occur. The U.S. Bureau of Reclamation. public power 
districts and other genCl'ators throughout the Plane River Basin might 
well seek payments ifrcoperation or rescheduling is required. These 



I 

are considered 10 be third party impacts and not directly pertinent 10 
this proactive power interference alternative. Mitigation payments 
might be relevant under these thi rd party impact circumstances. 

Since almost no walef oonsumplion ()C(:urs with hydrogeneration under 
any circumstance, there can be assumed 10 be no increa~ in average 
annua110lal flows \0 the critical habitat. The only l)f,:ncfil in terms of 
the program goals may be in the modified timing ofslrcam flows on an 
hourly, daily. monthly or seasonal basis. In essence. this altcm3l;vc is a 
potential means of shifting flows from periods of excess 10 tllI"get flows 
10 periods of shonagc. 

3. Operational Definitions 

For Ihis reconnaissance level study. it is not possible 10 investigate 
every polCTIual systems integration and management project wIthin 
each region. Therefore, in completing this reconnaissance level stud). 
some limitations and basic assumptions wcre applied 10 the S~'litcms 
integration and management al\ernatives to adequately cvaluate the 
ph)'liicaJ. economi~. legal and institutional. social. and environmental 
aspects of eaeh alternative. The following operational definitions 
describe the simplifying assumptions that were used to define and 
analyze these ahematives in the conte)(t of this study. 

Modified Reservoir Oprntions. The following simplifying 
assumptions were used 10 define and analyze all alternatives related to 
modified reservoir opt-ralions: 

• Reaches where opportunities for modifications of existing 
reservoirs may exist were identified. E)(isting operational rules 
and criteria for those resen'oirs were obtained through previous 
studies. interviews and discussions with representatives of the 
agencies responsible for the operation of the reservoir. 

• Historical filling and release panems were evaluated to 
detennine the potential for developing additional water for the 
downstream critical habitat area. 

• Simplified revised operating procedures developed with input 
from agencies responsible for operating the reservoir were used 
to estimate the additional water yield through modifi~ations of 



rest'I'Voir of'Cl'1ltions. The simph fied openllionnl procedures 
werc npplied 10 thc exisling reservoir operDtions lind changes in 
the )'leld " 'lIh respect to existing reservoiroperDl1ons were 
Identified. 

Modifications 10 Exismg Waler Rights. The followin); slmphfYing 
assumptionS wcre used to define and analyze all altcTlUuil'es related to 
modifications 10 existln); water rights: 

• Locattons where modifications 10 cxtstm); water nghls 
(changes in pomts of diversion. lransfer of storage decrees. and 
water tightS tnmsfers1cxchanges) have resuhed in SIgnificant 
cons<:rvatlon of existing water supplies wen: revicwed. Based 
on tins infonnation and previous studtes. reaches that have 
similllT potential Wt'lll ident; fied. I f till" potential for 
consC1'\'ation of existing waler supplies uppeared to be 
si~'lIificant, a more detailed analysis of lhe altcmau\'c WIIS 
conducted. 

• A simplified "'Bter budgct analysis was conducted with and 
wlthoullmplcmenlDlion of the: altemattl'c when I more detailed 
analYSIS was required 10 determine tlte tlmm); and magrutudc of 
water Il'atlablc for deli\'ery 10 the: crihcal habnat area. 

Inwsbasm Pivrnjons'lmoons. Thc followmg simpUfymg 
assumptIons " 'ere used 10 define and analyze all alternativcs related \0 
tmnsbasm diversions,;mporu: 

• Previous repons lind studies thaI invol\'c tnmsbasin 
dIVen:ionSlimpons from adjacent basins inlo the Plaltc River 
Basin were reviewed to identify potcnual altcrnatives. 

• Specific reaches wm'lll implementation oftransbasm 
dilCT!;lonSltmports mly be feasible were idenhfied. 

• A simphfied analysis " 'lIS conducted 10 dclemunc tlte net 
hydrologic effect (timing and magnitude) IISSOCIated ,,~lh 
Implementation Qflhe a1ternalive if a tl1lOsbaslO 
d"'CT!;lon Impon appca=l feasible. 

• A simplified waler budget analysis "'as conducted ifneccssary 
to account for losses associated with conveying the addlllonal 
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,,'aII.-,. supplies from the adjacent basin 10 the I'lone River 
Basin, 

Power Interferencc Charl!es. To analyze this alternative. there afe 
three defining elements that must be estabhshed. First ..... hat typc of 
hydrogenerauon o ... mer is in a leSal posnion to paniclp3ll: 111 a power 
mterference compensation program? Second. whallYJX' of 
hydrogeneratlOn facility can feasibly modI fy releases? nltrd. wh:1l 
basis for paymenl IS n:alisnc? ~ following SImplifying assumptlons 
"'en: used 10 define and analyze all alternal1ves related 10 power 
interference charges; 

• It is assumed thaI only hydrogeneralion facility owners can 
partIcipate. bUlthl.-,.e lITe several diffen.'l1ltypes ofhydrogencnllion 
faeility owners. Owners can mcludc public entities ~uch as the U.S. 
Gov~,."mcn1. commonly through the USSR or muntcipalilles. 
Public power entities such as rural clC(:!ric llS:;ociations and public 
power districts also own hydro facilities. Pnvalc. mvestor-owned 
utihlies (IOUs) own hydrogenenl11oo facihlics as "'ell, 

• Owners ofhydrogencration facilities must be In I clear posnion to 
change power production schedules 10 be ehgible to enler mlO a 
power interference program. Power gerternllon is often a ~ 
purposc ofUSBR Impoundment facilities In the plane River Basm. 
secondary 10 water releases for irrigation purposes. USIJR facilnies 
also havc repayment conlracts that are established by fed~"f31 law 
and power lIS well as other resources that are dediClltcd 10 specific 
local resource providers or consumers. Such facililies arc n01 
consldeTOd eligible under this alternativc as defined. Enmies arc 
eligible If they can. largely on their own accord. reduce theu power 
generation capacny and output in relurn for pay'ncnt. It is 
recognized that all electricny generators and providers ha"e supply 
obhgallons. and customers wbose power noab must be satisfied. 

• To be eligible. the hydro facilny must ha,e upsm:am Sloral!e; 
power gtner.lIlOl1 should preferably be tht' pnmary purpose 
assoclaled " ' lIb the watl,. released through Ihe lurolltCS; and the 
faeilny must be In a ready position 10 enter IntO a power 
intl'l'fcrence charge IIITIIIlgcmenl. Hydrogeneration can be produced 
tbrough run-of·rivl,. facilities. through power plants Ihat are pan of 
an impoundment structure. and through pumped storage facilities. 



Run-of-rivCT facihtles with no stOl1l.ge an: IIlf~~ly incapable of 
altmns wau:r release pattcrl\S and lITe. therefort:, asswned to he 
ineligible for the power interference charge pnIl:VBm. Pumped 
storage facilil1cs have two impoundment faetinies, the forebay and 
the power gcn~'T'IltlOn stOlC!ure. These facilities requi re sellinS 
pow~-r on peak: since they arc predicated on sch~'dulms. It IS not 
feasible for these facihties to alter thai pallcm. 

• It is assumed that lost rt:venucs from the sale of\his resource mUSt 
he <XII11pensated, at 8 minimum. Additional cost 10 replace the lOS! 
resource through other electricity gcntnItion may also he Imposed. 
The basis for the charge or the compensation must be defined. If. 
reduction in the f1oll' regimen through hydroturbmes occurs. this 
means thai II reduced amount of electncit), will he produced. 
expressed in kilowat\ hours (Kwh) or meSll,,'an oours (Mwh). The 
capacity to producc power instantaneously is also reduced: this 
capacity loss is expressed in kilowatl$ (Kw) or meg.awans (Mw). 
Both the loss In capacity to produce and the dect.nc energy 
Senerllted must he compensated by the power mterference 
compensation program. Capacity accreditations for mdiVldual 
facilities have a value also. and system-wide capaclly rauns losses 
must he addressed as well. 

• The incenuve for power producen to participate. in addition to 
compensation for lost revenues. is assumed \0 he the POWCT 
generation they will ="e when the water is released al a 
diffcrentl1me to med crttical reach needs. This power is presumed 
to he mueh less "aluable than the forsaken power. SlOce 'IS Ilmmg 
is no lnnser controlled (or optimized) by the hydroelectric facility 
owner. Still. off-peak seneratlon should offer some benefit 10 the 
power producer. It is possible that thIS mcemive might he 
insufficiC11t, since the loss of eapacilY value must also be 
compensated. 
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4. Altematives 

Mod-fications to Reservoir Operations 

Region 1 

Glendo Reservoir 

Glendo Reservoir. which is located ncar Glendo, Wyoming. is 
operated in conformity with the North Platte River Decree of 1945. It 
provides for irrigation. power generation. flood control. fish lind 
wildlife enhancement. recreation. sediment retention. pollution 
abatement and improvcmem of the quality of municipal and industrial 
water supply in the North Platte River Valley between Gmy Reef Dam 
and Glendo Reservoir. The storage capacity of the TCSl"TVoir is 789.402 
ac-ft (USSR. 197$) of which 271.917 ae-II. is allotted for flood controL 
The allcmal1\'c considered here is reallocation ofGlcndo's storage 
spacc. Specifically. it has been proposed that storage capacity in the 
flood pool could be dedicated to a pool for the benefit ofinstrcam uses 
at the critical habitat. 

The U.S. Anny Corps of Engineers (Corps) conducted a preliminll!)' 
T'CC\'aluation of the flood control space in Glendo Reser .... 01r as pari of 
the D~'Cr Creek Reservoir Final Environmental Impact Stalf.'lllent 
(FE IS). dated September 1987, to determine if space could be 
reallocated to different uses. This reevaluation. which was discussed In 

the FEIS. was based only on a review ofhydrologie parameters that 
might havc ehanged since the project was designed. The Corps 
concluded that the rainfall magnitude for the design event had 
increased significantly, however, their latest data indicated that 
infiltration losses above Glendo had also increased significantly. The 
net result "'as an 8.000 ac·ft decrease in the amount of storage required 
at Glendo Reservoir to contain the Standard Project Flood. which was 
the basis of the original flood storage design. 

USBR subsequently conducted a comprehensivc study of structural 
integrity and related safety issues for its dams on the North Platte 
River. The Safety of Dams (SOD) Corrective Action Study (CAS) was 
perfonned by USBR's Technical Scrvice Center in Denver. Colorado. 
All potential SOD deficiencies were analyzed and documented in 



Modificalion Decision Analyses (USSR. 1992). Glendo Dam ",as 
idcnlified as bemg unable to pass the theoretical Probable Muximum 
Flood (PM F). Decision Memorandum No. DEC·GL· 3620-1. dated 
June 30. 1992. concluded that G lendo Reservoir could not pass lhe 
lheon:tical PMF .... ilhout O\CT1oppmg lhe dam. The Corps also 
refert:necs USSR's revised PMF for Glendo Dam and Rcs\:rvoir and 
its inabilily to pass lite I'MF in their Water Conlrol Manual. USBR is 
no", commillcd 10 modifying the struc:rurc.. although il is unclear 
whelher!hey W i ll enlarge the rescn-ol ' , the spillw.y capaclly. or bolh. 

Since il is clearly recognized lItal Glendo RCSt-T\'oir is unable to pass 
lhe PMF. the possibilityofredocing flood SlonIge appean to be 
precluded. Accordingly, this a]lcmath·c has been deferred from further 
evaluat ion at this time. 

Region 2 

Chatfie!d Reservoir 

Chatfield Rese,,:olr is located on the South Plane Ri"lT about eight 
miles upstream of DClwt'l". The Corps completed Chatfield Reservoir 
in 1977 as a flood control facili ty with recreation as a secondary 
function. In Ihe early I 980's, the Corps reevaluated the SI0r3gc 

capacHy for lite design flood and found that addi tional space could be 
made available for appro)(imately 22.700 ac·f't of water for ",Uler 
supply purposes wilhout requiring additional struClural work on lite 
dam (USACOE. ]986). Ho .... ever. major relocallon ofrecre:monal 
faeihties. placemt"flt of addl lional riprop and tnsmliation of monitoring 
instruments would be ncc~'Ssary. 

More recently. lIydrosphere Resouroe Consultanls (Hydrosphere) 
completed a report. Evaluating South Plaue Stornge Alternatlvcs 
( 1999) to cvaluale South Ploue storage altcma,i\"cs for the ongoing 
Environmcnlallmpact Stalcrncnt (EIS). Data from Ihis n:porI was 
den\·ed from the Metropohtan DelwCl" Water Supply EIS (USACOE. 
1986). 



Yield 

The operational analysis conducted by Hydrosphere (1999) showed 
that 23.000 ae-ft of additional storage in Chatfield Reservoir could 
yield an average of3.300 ae-ft per year at the rcscrvoir ;fSouth Plane 
River storable flows were utilizt-d. The on-site yield " 'as calculated as 
the average annual amount ofwatcr released over the model pcriotl. 
Yields at Nonh Plalle. Nebraska. according to the Hydrosphere rcpon. 
would be 3.200 ~c·ft. 

Cost 

The Metropolitan Denver Water Supply EIS (USACOE. 1986) 
estimated the costs of al terations to accommodate water supply lIS S9.1 
million in 1983 dollars. This estimate includes major relocation of 
recreational facilities. installation of additional riprap. and monitoring 
instrumentAtion. These costs were adjUSted to reflect 1998 dollars 
based on average annual ENR cost indict"S and were estimated to be 
S 13.3 million. The resulting cost per ac-ft of yield at the site was 
S4.030. Because the average annual COSt pt'r ac-ft ofreduction to target 
flow shonagcs exceeds $3.000, this altl'1l1ativc does not warrant 
funher evaluation 8tthis time. 

Region 3 

8 -1 Reservoir 

B-1 Reservoir, which is located approximately 15 miles west of 
Gothenburg. Nebraska. was constJUctoo in the early 1980's for flood 
control and 10 induce groundwater recharge in the surrounding arca in 
accord with the Central Platte Natural Resources District's (CPNRD) 
groundwater managenlt'nt plan (1993). The current capacity of the 
rCSt.'TVoir is approxin13tely 7.305 ae-ft. 

B·I Reservoir currently has a 4.990 ac-ft flood control pool and a 
2.015 ac-ft conservation pool. The reservoir is located on West Buffalo 
Creek and is filled via an inlet canol from water divencd through the 
Gothenburg Canal. Historically the conservation pool was filled in 
both the spring and fall to induce groundwater recharge in the urea. Jt 
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has hem used for recllatl.'e only sporadically during cnc 199Crs because 
of increased groundwater levels in the surrounding 1ITCa. 

Operation oflhe conscrvation pool could be modified to score waler 
during periods of e~eC$S when GothL'Ilburg Canal is not used fOT 
irrigation. Releases from the rcsen.'Olr arc: currently made chrough all 8· 
inch gate at the bottom orthe dam. Rehabililalion oflhe outlet 
structu~ 10 allow larger flows and automation ofthc sate controls to 
allow for remote operations would be required for usc by the Program. 

The study tl"Dlll relied on conversations wllh CPNRD and Ndlraska 
Publie POller District (NPPD) pcrsonncl to evaluate OOf)SCT\'atioo 
StOnlgc III 8·1 Rescr.'Oir to reducc target now shortaJ,oes at the cntical 
habitat (CPNRD. 1999: NPPD, 1999<:). 

To CI."8.luate the yield of Ihe 8·1 Rcsc:n'OIT conscn'allon pool. the Slud) 
learn developed a simplified rl""S<..Tvoir op<:rnlions model. The foHow;ng 
opcniting rules and assumptions were used III the anaJ)'liis. 

• Slonlble flows ""ere oonsidcn:d 10 be the amount available 
above the Goth"'Ilburg Canal al Brady. Nebraska dunng months 
of exeess flows at the cri tical habitat. 

• The oonservation pool was assumt-d to be empty allhe 
beginning of the study period. 

• The consCI"vation pool was OJlC.Tllled to lill to mllXlmum 
capacity with available supply through a 25·(:f$ mlet canal. 

• Based on historical op<:rations through the Gothenburg Canal. 
d,,'m;ioru; for stonlge wen: enabled in lale September through 
No~cmber and latc Man:h Ihrough JUflC. DivCl""SlOns for Slomge 
in the winter were not allowed because oflhe possibility of Ice 
Jams. 

• Monthly evaporol;on amounts were based on the pTl,vious 
month·s capacity and appmpnate monthlyevaporD.tion ratl'S. A 
simple arca-capacity relationship based on mllXlmum n:scrvoir 
capacity and an average reservOir depth of35 fcct was used. 
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• Rdcast'S from the reservoir were made during months oflarg~1 
flow shonagcs 8\ the critical habitat. 

• A seepage rale ors percent of monthly storage volume was 
developed in the Riverside Water Study (W.W. Whcd~T. 1979) 
for an ofT-channel reservoir. Seepage water was returned 10 the 
Buffalo Creek in the same month for Ihis on-stream rt.'S~'l'Voir. 

Table 8.H.l shows the local nct hydrologic effects through the 20-ycal' 
stu(ly period. Negative values indicate months when water goes into 
storage: positive values indicate months when water is released. 

Releases from 8-1 Reservoir aTe discharged into Buffalo Creek in 
Reach 17. The flow additions and reductions from this alternative were 
assuml"ll 10 occur 10 miles below the C07.ad stream gage. The waleI' 
hudget spreadsheet was used to route the water downstream \0 the 
critical habitat. Two routing scenarios were e"\'aluated. The firs! 
scenario assumes additional flows ean be protected from downstream 
diversions, in which case. additional flows arc not reduced hy 
diversions. The 5CCQnd scenario assumes additIOnal flows cannot be 
protected from downstream divcners. in which case. additional flows 
~re redueed by diversions. 

The summary lable in Section 5 summarizes the 3vcmge annual "aluC5 
for nct hydrologic effects all11e alternalive site; al1he lap of Reach 18, 
with and Wilhoul di"'.'TSions: and allhe critical habitat. with and 
withoul diversions. Tabks 8.H.2 and 8.H.) show the reductions 10 
target flow shortages allhe critical habitat for the 6·1 Reservoir 
alternative. The average annual reductions to target flow shortages 
with and without downstream diversion losses arc 493 ac-ft and 552 
ae-fl. respectively. 

The Gothenhurg Canal can currently spill aboul 90 cfs. The S-l 
Reservoir inlet canal is constrained to about 25 cfs becausc the canal is 
siphoned under an intervening creek. The opportunity to upgrade lhe 
inlet e303110 C()nvey up to 90 efs from the Gothenburg Canal was 
investigated. Average annual reductions 10 target flow shortages with 
and withoul downslream di"ersion losses with a 9O·efs inlet canal are 
567 ae·ft and 621 ae·ft. respectively. The increased yield is marb";nal 
considering the additional cost lhal would be incurred 10 improve the 
inlet canal, therefore. this panicular scenario docs not warrant further 
evaluation al this time. 
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The direcl COSlS oflhis ahl'T11alive an: associaled wilh upgrading the 
oolle! &ale. inslalling an aUlomaled oonlrol system (e.g. SCADA) 10 

allow for remOle operaliol1$, and delivCf)' fees through !he Gothenburg 
Canal. 

UpgfIlding the outlet works and installing a SCADA system would 
l'Ost approximately S600,OOO, based on snnilar work done on small 
rCSl.TI'oir systems. For this analysis it was assumed the pmJIXt would 
pay a delivery fee ofSIO per ac-fI. delivered in aooordance wilh NPPD 
ehafJ.'C5 for irrigation waler dchn:ries in !he Gothenburg Canal. 
Delivery fees (-S43,000Iyr) were amor11Zcd over 20 years at a discount 
mte of6 percent. 

The initial estimale for Ihis altl'T11ative, including engineering and 
contmgency costs. is uppro>:imatc1y SI,3 million. The cost per ac-II of 
1""1.'CI flow reductions at the critical habual would be appro>:Imately 
S2.310 assuming releases can be prolCClcxl from downSlmun 
dl\'~~ions. The cost Pf.. ... ac:- II of targct flo" reductions at the critical 
habllal would be appro~imalcly S2.590 assuming releases cannot be 
prote<:ll-d from do"'nslream diversions. 

ModTlCS!lioos to EKISling WaleI' Riohls 

Region 1 

La Prele Reservoir 

La Prete Reservoir, ,,'hlch IS located on La Prele Creek in Wyommg.. 
"as constructed between 1905 and 1909. The current capacllY ortlle 
reservoir is approximately 20.000 ltC-II and II is permined for 
Irrigation. domestic. and industrial uses. From the time construction 
"'as completed. Ihc dam leaked considcrnbly, and as a result of 
proll""SSive dcteriomtion dllC to freezlOg and thawing.. winter storage 
has allimcs been ~uieted. 

In 1974 the Douglas Water Users Associauon (Association), which 
was the owner of the La Prele Rcsen.'olr althat time. reachl-d an 
DgreI.'I11Cn1 wilh the Panhandle Eastern Pipelinc Company (PEPL) 10 
rehabilitate the reservoir. PEI'L was seeking water rights 10 supply a 



propost>d coal gasificmion project in the region. The terms oflhc 
agreement provided that PEPL pLlrchasc 5.000 ac-ft ofslOmge!Tom the 
As.wc:iation at II price cqLlivalent to the principal and inwrcst of a loan. 
which thc Associmion obtain~>d for the purpose ofrehabililming the 
resen'oir and associated transbasin supply ditches. Under the 
agn:l,:ment. the Association would deliver its portion of storage water 
to downstream users that arc members of the Association. while 
PEPL's water would be deliven:d down La Pre1e Creck to the North 
Plalle River. The K'11l1.S of the agrcL"TTlCnt and further regulations placed 
on the agreement by thc State Board of Control arc as follows: 

• PEPL can reccivc up 10 2.500 ae·ft during the non-ilTigation 
season from October I through April 30. 

• During thc ilTigation season. PEPL can receive up to the 
differencc between actual winlt"/' dc1iwri~'S during thc 
preceding non-irrigation season and 5.000 ae-ft. 

• During the irrigation season. the available supply is prornted 75 
pcrcentto the Association and 25 percent to PErL in the cven! 
of a shortage. 

• Leakage is accounted for as storage and charged and dcliv~'Ted 
to PErL as a portion of l'EPL's 5.000 ae-ft entitlemt"Tl\. 

• No wmer rights on La Prcle Creek shall be injun.-d. 

• The reservoir shall be operated und.-r thl' onc-fill ~,;tcria with 
all releases to PEr L dt-ductcd from the annual entitlement of 
water for the La Prelc Reservoir, 

• Conveyance losses shall be dctennincd by the Supcrintendt"Tlt 
and Hydrographer Commissioner. and allowances for losscs 
shall be made in administering the appropriation. 

La Prclc Reservoi r was originally managed by the Association. 
however. later in 1978 the La Prclc Irrigation District (District) was 
fonned and assumed management of the wmer and the reservoir. The 
reservoir rehabilitation project was complct~-d in 1980 and storage 
restrictions were lifted. By the early 1980·s. PErL had abandoned their 
coal gasification enterprise and as 3 result PEr L's storilge right for 
5.000 ac-ft may be available for lease or sale for use by the I'latte 
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Rivl,. Recovery Impk,nentation Program (Program). PEPL's 5.000 lIe­
ft share in La I'rele Reservoir is limited only by the )icld or its share 
and the condihons undl'l' which it may be put to b..'!lcficial usc in the 
context orthe Program. PEPL·s agrccml'fJt with the District is in effect 
for 25 years beginning October 1986. when PEPL projected Ihal Ihey 
would be ready 10 take dcli\·ery of the wIter. At PEPL's Option. the 
agn:cmcnt CDn be atcnded for up to 15 )"C3/"'S afler tIM: first 25 years. 
Therefore. 12 )'Cars remain on PEPL's original agreement. With tnc 
option to rct1C\\ the agreement for anotheT 15 yc;m. According]) tnc 
agreement is sustainable until the year 2026. 

Yield 

To evaluate the yield of l' EPL's portion of La Prele R l'"St.'TVoir. a 
simpli fil-d opt.'TIltions study was conducted for the study pt.'l'iod from 
1975 through 1994. The study is based on a similar investigation done 
by Banner IUId AsSO(:iat('S in 1981. The iOSle and data sources o f the 
study are described below: 

I. Innow to La PIl'Ie Reservoir: The USGS mamtamed a Slrcunl1o,," 
gage on La Pll'le Creek a short diSl!UK:e above the resenoir. USBR 
csllmated reservoir ml10w as 105.5 percent of SJlb'C flow in their 
1969 feasiblhty n:port on the La Prele Reservoir. The atra 5.5 
percent acooLints for inno"," between the gage and the dam. 

2. Senior Oownstl'ellm Rights: The reservoir mList bypass water to 
downstream sl'!lior. direct-flow divt.'T1crs that have no storage in La 
I'rele Reservoir. The bypass requirement is based on 1,469 
irrigated acres and the statutory diversion allowance of I cfs per 70 
irrigated acres. In addition. the bypass rcquimlll'1lt is reduced by 
800 ac·ft distribLited L1nifonnly over the Imgallon 5Cason based on 
thc USI3R's estimate ofal/erage annual retum 110ws that are used 
for irrigahon. 

3. District Demand: The reservoir must bypass to proJCCI lands after 
the 5en10!" direct l10w users ha\le been satisfied. ProJCC1lands 
consist of 11.454 lnigated acres. of\\hich. 10.305 acres are 
District lands. IUId ] .1 49.5 acres are associated with "carrier 
nghts". The bypass rcquir{'!'J1C'1lt is based on USBR's estimate or 
annual water Tt.'qulremcnts and its montbly distribution. 



4. S~-epage: The current stage-seepage relationship as reported by the 
Hydrographer-Water Commissioner is that seepage varies linearly 
with stage. from 0 efs at the dead pool elevation to 7 efs at the 
spillway height Seepage calculations were simplified 10 be 3.5 efs 
throughout the study period. 

5. Evaporation: Evaporation is based on the reservoir surface urea and 
appropriate monthly e\'aporation r.ttcs. Evaporation calculations 
were simplified using an average surfacc area of approximately 
450 acrcs throughout thc study period. which corrcsponds with a 
storage volume of approxin13tely 10,000 ae-fL or half of the 
current capacity. Ev;!poration was prorated 25 pcrc~"11.t to PEP L 's 
storage account and 75 percent to the District"s storage aecoun!. 
respectively. based on the maximum storage capacities of each 
account. 

PEPL'5 storage water in La ?reI ... Reservoir is currently Ix:ing used by 
the District. therefore. di\'ersions to storage under PEPL's a~count 
werc not trcatt-d as negative flows. Monthly relcases from La Prele 
Reservoir "·ere routed downstream using the water budgt1 spreadsheet 
Two routing scenarios were cvaluated for the proposed projL'Ct. The 
first seenario assumes additional flows can be protected from 
downstream diversions. in which case. additional flows urc not 
reduced by diversions. The second seenario assumes additional flows 
cannot he prolccl~-d from downslrC"~m diversions. in which case 
additional flows arc reduced by diversions. 

Tablc 8.HA summarizcs the net hydrologic effects. or reservoir 
releases from La Prele Reservoir. whieh is the additional water 10 Ix: 
routed downstream 10 the critical habitat. La Prelc Reservoir is localed 
approximately at mile I I 5 of reach 3. The water budget spreadsheet 
was first used to determine the additional flows that occur at the top of 
reach 4. Thc average annual additional flow at the top ofl\.':lch 4 is 
3579 ac-Il under both seenarios. Tables 8.H.5 and 8.H.6 summarize 
the reductions to targ~'\ flow shortages at the cntical habitat with and 
without diversion losses. respectively. The average annuall\.'tluctions 
to target flow shortages without downstream diversion losses and with 
downstream diversion losses arc approximately 2.238 ac-Il and 954 ac­
ft rcspcctivcly.lnfonnation regarding the addi tional flow at Grand 
Island is provided in the yield summary section. 
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PEPL's position in La Prele Reservoir "'as obtained. in ellCct. by 
PEPL agreeing 10 Indemnify the full n,'payment of the rehabilitation 
loan thaI was made by the State of Wyoming Fann Loan Board to the 
DIstrict. The total loan by the Fann Loan Board to the District was 
S4.97S.000 and bears Interat as an annual rate of four percent on the 
de<:hning balance. TlIe annual deb! scrvice paymenllS a constant 
amount ofabout S318.460. The remaining pOllClpal pa}mem on the 
oote IS approxImately 51.156.000. The tctms of the agreement between 
PEPL and the District indicate that PEPL IS also responsible for a 
portion of the annual operation and maintenance COStS associated with 
the reservoir, however, Ihis oost is minimal. 

Any trunsaetiun involving the sale or lease of l'EI'L's water right 
would require the approval of the Board ofDiR'Ctors of the District. 
An Information Mt'll1oranduflI was pn,:parcd by National Water 
Company that provided Information on the cost of2.500 ac-ft of water 
and storage rights in La Prele Rcscn'oir, As ofCktober 1994. the cost 
provided in the Infonnation Memorandum to purehase 2.500 ae-n of 
water and stontge was 53.000.000. of"'hieh 52.261.530 conSisted o f 
the remaining pnncipal on the note. 

Based on InfOnnaliOn proVIded by a rcprcscnUltive for PEPL tIK­
remaining priocipa! payment on the nolc is cu rrently 51.1 56.000 
(National Water Company. 1999). The additional costin 1994 for 
2.500 ae·ft ofslornge beyond the remaining principal payment on the 
note was approximately 5740.000. Assuming. thaI additional cost also 
applies today for 5,000 ae-ft, the total oostto purehase 5,000 ac-Il of 
stornge is estimated 10 be 51.896.000. Obtaining the apprmaJ orthe 
District oould further impact the cost of purchasing PEPL's water and 
stora~ .. e. 

Based on a lotal cost of5 I ,896.000 the cost per ae·ft ofrcductions to 
target now shortagt:!! allhe critical habitat would be appro:lllmatel> 
S850 as~uming addllional now~ can be protected from OOWlI.'itreanl 
diversions and 5 1.990 assuming additional nows canool be protected 
from downstream diversions. Based on the agreement bc1wet."I1 PEPL 
and the District. this water is only available for 27 years assuming Ih~ 
agr~ ... :l11enl is rcne"'ed after the next 12 )'CaT!!. 
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Gravrocks Reservoir 

Grayrocks Reservoir is located on the Laramie RiveT approximately 20 
river miles upstream of its oonfluencc with the North I'lal1e River. The 
reservoir .... ·as constructed betwccn 1978 and 1980. In Novl."It1ocr of 
1980. Basin Electric Power CoopeT1llive (SEPC) assumed operation of 
Grayrocks ResCl'voir and Dam. The maximum storage capacity Oflhc 
reservoir is 104.110 at·1l which is allocated as indicated below: 

lrrig3lion 

Fish and Wildlife 

Recreation (Inactive Slomge) 

Industrial (al$O available for fish and wildlife) 

Total 

22.500 ae·1\ 

15,000 ac-ft 

2558 ac·ft 

64,052 ac-Il 

104,110ac-f\ 

During construction of the Grayrocks Reservoir and Dam. a dispute 
arose concerning loan guarantees for the project and the iMurlnec ora 
dr~'dgc and fill permit under Section 404 of the Federal WaUlT 
Pollulion Control Act , To seUle the dispute. an AgrL'CTIlcm of 
Sculemcm and Compromise was enteroo into on Df.."<:cmber 4. 1978. 

The agreement stipulated that releases must be made from Grnyroeks 
Reservoir to mamtain minimum flows. as measured at the first !;aging 
station below the dam. of 40 cfs during April. and 40 cfs or 75~o of the 
natural flow at the same gaging station during the remaioing five 
months of the water year (May through S~lltember. inclusive). 
whichever is greater. In addition. BEPC agn.-cd to opl,.'rale Gra}Toch 
R~"SCrvoir to provide for the delivery of 40 efs at the mouth of the 
Laramie River during six months of the yCJT (O<:tober Through MJrch. 
inclusive). 50 cfs during April. and 40 cfs or 75% ofthc natural flow 
ofthc Laramic Riwr at its mouth during the remaining five months of 
the year (May through September, inclusive). whiehe\'er is grc3ter. 
provided that BEPC will nOl be required to release more than 200 cfs 
at anyone time nor more than 12.000 ac-A. during any month. 
"lhcnever total reservoir storage drops below 50.000 ae-A.. the flow 
levels TO be maintained by 8EPC arc 20 cfs from October through 
March, and 40 cfs from April through September. as mo::asured at tho:: 
mouth of The Laramie Rivt'T. 
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The Slate of Wyorning was nOI a signatory 10 the ugreement and has 
not presently agreed to administer the Laramie Ril'cr in accordance 
with the agfCCln~'11.t. Histori..::ally, SEPe has released flows from 
Groyrocks Rcsc.TVoir to ml."d its obligations In accordance with the 
agrceml."flt Recently, the Wyoming Stale EnglnCCT approved a 
secondary penni t which provides for the protectIon Orlne fish and 
wildlife stOl1lh'C releases from Gra)1l)(:ks RCSCI'\"();r 10 the mouth of 1he: 
Laramie Riw .. -r. Downsln:am or the mouth Orlne LaralTliC R"er, the 
flows released from the reservoir arc not prolccuxl from dWlTSion. 
Consequently. the minimum flows 81thc mouth ortlle LaramIe Rl\"er 
31ll administCf'Cd as natural inflow 10 1he Nonh PlaUt RIver. In 
accordance with tile North Plaue Decree. the natural flows CllIering the 
North Plaue River arc splil 75% 10 Nebraska and 25·/. 10 Wyoming 
during the irrigation season. Presently, the natura1 flows entering the 
North Plane River from the Laramie Rh'cr arc divened hy water users 
in Doth Wyomi ng and Nebraska in accQrdancc with thc North Plaue 
Decree:. 

This altem:mvc is SImply the protection of tile mlmmum flo" releases 
&SSQCiatcd .... 1th the Agreemcm ofScttleml'1lt and Compromise. 
Howc\er. implementation of this altcmati,c assUme!i that the signatory 
partics to the Nonh Plalle Decree would culler agrtt or appn,,"c to !he 
prote<:tions of thcse flows that arc presently admimslcred as nalurnl 
no .... in the Nonh Plaue River. l1te comments m:c:ived from fIarIics 
signatory to the North Plaue Decree during the revicw of this study 
report indicated that impk-mentation of this allemali\e is not 
consistl'1ll with the De<:rce and cannat be dreumvented. Therefore. 
this ahenmlive was defl'1TCd from further consideTlltion at this time 
hasl'(\ upon failure 10 pass the Legal/Institutional screening cntcna. 

Toltec Dam and Reservoir 

Toltcc Dam and Reservoir is a small f'C$CI",'Olr located on the l\onh 
Lanunic River 10 Alhany County. Wyoming. The rcscn'Oir was huilt in 
the carly 1980's 10 provide slorage for irrigation waler. develop an 
improved fishC!)'. and 10 reduce flood damages (USDA. 1980). The 
n:scr\'oir was included in this catq;ory bt."Clluse there may be a 
potential to reallocate all or a portion of the c.",sting stoTIIge righl.'i. The 
total available capacity of the TCSCIVoir is 2.9-l5 ae·ft. of whIch 2.425 
ac-ft is allocated for irrigation. stock and rl~rcation uses. The reservoir 
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has a dead stornge pool 0(520 ac·fI allocated to recreation ond stock 
usage (Wyoming SE~. 1999a. 1999b. 19991.'). 

Pre;L'Tltly. the Tt.'SL'T\·oir is used for irrigation of approximately 1.745 
acres of pasture and hay (USDA. 1980). This equates t<1 an irrigation 
application of approximately 1.4 feet per aCTe assuming the entire 
active storage of 2.425 ae-II is available for irrigation of the 1.745 
acres. The consumptive irrigHlion requirement of pastuTC grass and hay 
forthis area is about 1.7 fC(:t per acre (Pochop. et al.. 1992). Given the 
magnitude of irrigated acreage and the consumptive irrigation 
requirement ofpastuTC grass and hay. the storage available is fully 
utili7-L'Cl. ConscqU<.'T1tly. there is limited. irany. available slomge for 
reallocation. This alternative was deferred from further L'\'ahmtion at 
this time basl'Cl upon failure to pass the physical scrC<.'T1ing entcria. 

Dodge Dam a nd Reservoir 

In 1993. the Dodgc Dam lind Rl'SCTVoir Level II investigation was 
completed for the Wyoming Water Developmcnt Commission by 
Western Water Consultants (Western Watl'!" Consultants. 1993). Thc 
proposed dam site for this alternative is located approximately 40 
miles north of the city of Laramie and downstream ofWhcatland No.2 
RL'SCI"\'oir. The reservoir would provide storage to replace or 
supplement water now stored in Wheatland No.2 and Wheatland No. 
3 Rcs.::rvoirs. Small dam altlmatives (less than 70.000 ac-II) would not 
encroaeh upon Wheatland No.2 RL'SCI"Voi r and would supplcmcotl ls 
storage. Large dam alternativl'S (greater than 70.000 ac-II up to 
170.000 ae-II) would Tt.'Place Wheatland No.2 Reservoir. The surface 
area of Dodge Reservoir would Ix: smaller in comporison to Wheatland 
No.2 Reservoir. which would result in avctage annual savi~gs of up to 
3.382 ac-it per year in evaporation losses for a maximum rl'Seryoir size 
of 170.000 at-II. 

The evaluation of alternative configurations of Dodge Dam and 
Reser\'oir thaI would reduce evaporation losses was conducted using 
thc following assumptions and methods: 

1. The water identified for reducing thc target now shortages at the 
critical habitat is dcrived from savings in evaporation 10sSL'S 
resulting from replacing and/or supplemcoting Wheatland No.2 
and NO.3 Reservoirs with the propoSLx! Dodge Reservoir. The total 
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estimated 8\'ernge quanlity ofwaler resulting from eV!l[)Oralion 
savings is assumed 10 be available every year. 

2. Dam arid rct\C'TVoir configurntions were limited 10 lhose presented 
in the 1993 Westl.TT1 Water Consultants report. ThL'S(: altc:rnatives 
include I'CSLTVOir sizt'S of 40.000.70.000. 130.000. and 170.000 ac:­
ft. TIle <W,OOO ac:_11 configuration was dclc:muncci to be the 
maximum size: reservoir thai would not eoeroac:h upon \\'healland 
No.2. l1le 70.000 at·1l rese ..... oir represents the approximate. 
actl\'e capaeity of \\'heatland NO.3. The: 170.000 1Ie-ft resc:.-..·olr is 
cquh'alenl 10 the total active capaci ties ofWhcatlarld Nos. 2 and 3. 
The 130.000 ae·n reservoir represenled a reasonable inwrmediate 
size. 

J. Averugc annual cvuporulion savings associall.'tl wilh Ihe four 
reservoir altemalives WI..,e reponed 10 be 2.200 ae-Il (40.000 ae-Il 
reservoir). 970 ae-fl. (70.000 ae·ft reservOir). 2,7SO ae-ft (130.000 
ac-ft reservoir). and 3.382 ac:-ft (] 70.000 pe·ft reservoir). 

4. The Western Water Consultants report csllmaled the costs of 
construcllon (1993 dollars) of IIv: fOUf res..·rvoir allemati\'es to be 
S 12.8 mllhon (40.000 ac-ft reservoir). S 14.1 mIllion (70.000 ae·ft 
reser'voir). S 16.2 million {I 30.000 ac-ft rt:SCT\"oir). and S 17.1 
million (170.000 ac·ft resc:.-..'Oir). These OOSts "CTC adjUSted to 

reneet 1998 dollars based on average annUllI ENR cost indiecs and 
were estimated 10 be S 14.5 million (40.000 ac-ft resc:.-.."oir). S 16.0 
milhon (70.000 ac·ft reservoir). S 18.4 million (130.000 ae-ft 
reservoir). and S 19.4 mill ion (170.000 ae· ft rt-scn·oir). 

Based on the total 1998 costs for Ihe various reservoir sizes. the COSIS 
per ae-Il as measured at the dam site range from about S5.700 10 
S 16.500. Given these unit costs. which exceed the economic serrtfling 
criteria. all of the Dodge Reservoir alternativcs were dcferred from 
further analysis and consideration at this llme. 
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Transbasin Diversions/Imports 

Region 1 

Middle Fori<: Powder River Transbasin Diversion 

A dam and reservoi r has been proposed approximately 20 miles 
upstream from the confluence of the Middle Fork and the North Fork 
of the Powder River for irrigation. r ... -creation. inSHeam flows. and 
industrial purposes. The Powder River is a tributary o r the Missouri 
River Basin. This project could be modified \0 generate water for the 
critical habilul. A modified projt'Cl would consist of construction orthe 
dam. Tt!'al1ocating the industrial pool 10 the critical habitat. and 
construction of a pipeline 10 the North I'latle basin so thaI a transbasin 
divl'TSion can be made. 

This al1cmative would include a 59,600 ac-fl capacity reservoi r 
providing a finn yield of 27.000 after satisfaction of elIis!;ng water 
rights and inslrcam flow demands (11arlJl EnginL't:1ing Company. ct al.. 
J986b). As currently proposed. a total of 15.000 ae-It is allocated to an 
industrial pool. 6.500 ae-Il to support a minimum instream now 
provision. and the remainder to agrieulturc. There is potential for 
reallocation of the 15.000 ac-Il industri al pool to the critical habitat. 

A tronsbasin dh·crsion is required to CQnvcy the water allocated to the 
industrial pool to the North Plalle River via Casper Creek. Alignment 
of the pipel ine from the dam to Casper Creek was not determined. 
however. the Casper Creek dminoge represents the shortest possibk 
means ofdc1iv~Ting water from the Powder River Basin to the North 
Plaue River Basin. 

A preliminary cost estimate associated with a pipeline capablc of 
conveying 20 cfs was developed based on unit costs pn:scnted by 
Natural Resources Consulting EnginL'Crs (NRCE) (1999b) for a similar 
tronsbasi n pipeline thot would convey water from the Wind River to 
the North Plaue River basin. Assuming a pipeline length o f 
approximately 65 mik-s. the CQnstruction COSt was estimated 10 be in 
excess ofS55 million. The costs of C<)nstruction for the proposed dam 
were $43.5 million in 1986 (HarJ'.lI Engineering Company. et a!.. 
I 986b). Dam CQnstruc\ion costs W~"1"e updated to a 1998 cost ofS60 
million based on oVCTage annual ENR cost indices. Consequently. total 



project costs of the dam plus the pipeline may cxu'Cd SI15 million. or 
approximately $7.670 per ae·ft on sileo Finally. Dssumin1: evaporative. 
sct:-paye. and divC!1iion losses. which would be incurred as the watL"T is 
convey«! to tM: critical habitat. these unit costs would increase. Thl"SC 
costs do IM)t inelude the potl'llt',1 cost to DC<juirc and uunsfer the 
15.000 DC-It ofstOnlgc from industrial to environmental use. 

Legal constraints could present hurdles to the impll"l1lClllllhon of an) 

tl1lJlsbasm dIversion from the Powder RIVCf Basm. Thc Mlddlc Forl 
Powder R" er and the Powder River are tributary to the YellowslOne 
Ri,"er and arc goveml'(\ by tM: Yellowstone River Compact (Stale of 
Wyommg. 1982). In regard 10 out of basin diversion. the Yellowslone 
River Compact of 1950 states: 

'"No 'I"Q/I'r s/rolllx- dil'('rll!d from Ihe )'ellowstolle Hi''('r BilSin 
.... ilhoUilhe Ulumimorl.'J consl'n/ of alllhe signatory' SIIIII'S . .. 

UnWlimous agreement amon1: the Ihree statcs rcganling a truru;basin 
diversion 10 Ihe Nonh Plaue Rivet may be difficult to achlcve. 

Based upon the economic screening cntcria.. and legal and institutional 
issues IiSsoeiau:d with this altcrnalive. it does not wammt funhl"T 
e\"alu:llion at Ihls lime. 

Cooper Creek Diversion 

The Cooper Creck drainage basin is located wi thin the Medicine Bo" 
Mournains near the town of Arlinb'lon. Wyoming. The wpwrshed 
encompasscs approximately 10.6 square miles. All runoff generated 
within 111.., Cooper CfL"(:t.: watershed collects in Cooper Lake from 
which then: is 1M) outlet. Water from the Cooper Cn:ek basin could 
thcoretlcally be divCTted from the elosed basin vIa the Dutton Canal to 
the Laramie Rher and ullimately to the North Platte RI,et". 

In fL"CCtli years. Wall"T generated " 'ithin the Cooper Creek watershed. 
"hich was previously col1a:tcd in Cooper Lake and subsequently]ost 
10 e\'apol'1ltion. has been pul \0 usc by landownl"TS WIthin the basin 
(Wyoming SEO. ]999c). Currem]y. thl"fl: arc 21 adjudlcaled walet" 
rights on Cooper Creck that total 70.57 cfs. According to Ihe Wyoming 
Stale EnginCCf'S Office. the stream is presently O\'L"T-3]lproprialed and 
no surplus watcr is available 10 a nc'" wuter right. Assuming ~n 



, 

appropriation of I cfs 10 70 acres, the existing water rightS provide a 
source ofirrigalion wat .. '!" to 4.940 acres. 

An analysis of mean annual runofTwas conducted based upon stream 
gaging data measured on Dullon Creek. Dunon Cra:k is located 
adjaClT!1 to the Cooper Creek watershed and is ofoomparablc s;~c and 
chamclCT. Based upon Ihis analysis. the mean annual runoff In CooJX'T 
Creek wa~ t'Slimaled to be appro~imalcly 800 ae-ft. Gh'ul) the 
magnitude of the irrigated acreage and the estimated mean annual 
runoff in Cooper Creek. the water available 10 satisfy the irrigation 
requirements may be fully utilized by the existing land Qwncr5. 
Consequentl),. there is a limiK'll amount of water available for 
diversion into the North 1' lol1c RiVeT Basin. 

Based on failllfC of the physical screening criteria. Ihis alternative does 
not warrant fllnher evaluation allhis time. 

Wind River Transbasin Diversion 

The Wind River Reservation lks within the Wind River watershed in 
the vieinityof the towns ofRivCTton and Lander. Wyoming. The Wind 
River Tribes (fribes) own rightS to more than 500.000 ae-Ii ofwa\cr 
from Ihe Wind River (NRCE. 199ge), a portion of which could 
conceptually be divCTted 10 the North Plane River system. Natural 
Resources Consulting Engineers. Inc. (NRCE) recenlly conducted Ihe 
conceptual1cve1 studies for providing an additional waK-r supply to the 
City ofCaspcr. The NRCE study cvaluated the continuous diversion of 
20 ers. or about 14.500 ac-ft per year. from thc Wind River to thc 
North Plauc Rivt'T. Under their conceptual design. water would be 
di\'CTted by a pump diversion located on the Wind River. immediately 
downstrc3JTl of the confluence of the Lillie Wind Rh·er. and conveyed 
via a pipeline approximately 30.5 miles over the Beaver Rim to the 
Sweetwater River. Once in the S" 'cctwatcr River. the watcr would be 
COIl\'eyed to Ihe North Plallc River and ultimately to the facilitit-s 
owned by the City of Casper. 

The al ternative cvaluated for this study assumed identical 
infrastructure as presented in lhc NRCE report for a 20 cfs pipeline. 
with thc addition of a 40 cfs pipeline scenario. The cvaluation of this 
alternative also assumed Ihat Ihc transbasin divcrsion would only occur 
during months exhibiting targel flow shortagt-s althc critical habitat. 
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Yield 

To evaluate Ihc yield associated with this alt~-mative. Ihe following 
methods and assumptions were applied: 

I. II was assumed that the purchase of sufficient water rights to 
salis/), the target diversion could be negotiated with Ihe Tribes. 
According to the Office of the Wyoming State Engineer. the Tribes 
currently own rights to approximately 515.000 ac-ft ofwatCf with 
an 1868 priority date. The Tribes are currently using approximately 
one half of this watCf with the other half available for future uses 
(Wyoming SEO. I 999a). Transfer ofwatCf would require an 
application and approval from the Wyoming State Engineer'S 
Office. 

2. Mean daily flow data W~"TC obtainoo for the USGS stream gaging 
s\.ations located on the Wind River and the Linle \Vind River. 
These stations are both located immediately upstream of the 
confluence of the two rivers. The daily flow data w~"TC added 10 

represent the mean daily flow oflhe Wind River downstream of 
the confluence. 

3. Diversion of Wind River watCf would be physically constrained by 
K\'ailablc flows in the river. Only three times in thc twt'flty·year 
study period has discharge in Ihe river been less than 100 cfs and 
ncvCT has it dropped below 80 efs. Diversions of20 efs and 40 efs 
were determined 10 be physically possible based upon Ihe 
minimum dischargc evident in the Wind Rivt"r. 

The S,,'cctwater River joins the Nonh Platte River at Pathfinder 
Rt'S<."T\'oir. which is located approximately 6 miles upstream of the 
Alcova gage. B(''C3use evaporation. seepage and diven;ion loss factors 
were not developed for tribu\.ary channels. tTansbasin diversions from 
the Wind River are routed to the confluence of the Sweetwater Riwr 
and the North Platte River in Reach 2 assuming no losses. 

Tables 8.H.7 and 8,H.S summarize the net hydrologic effects or 
additional flow added to Reach 2 for Ihe 20 efs diversion and 40 ds 
diven;ion scenarios. respcetivel~ , 

The water budget spreadsheet was used to route the net hydroloh';e 
effects downstream to thc critical habitat. Two routing scenarios were 
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eval ualed. The firsl scenario assumes additional flows can be proleo::ted 
from dO"'nstrcwn div~~ions. in which casc. additional flows arc not 
reduced by diversions. The second scenario assumes additional flows 
cannot be protected from downstream di\"crtCTS. in " 'hleh case, 
addItional flows are reduced by diversions. 

Tables S.H.9 and S.H.IO swnmari~ the results of routing tM watCf 
downstream to the cnllcal habitat for the 20 cfs alternatIve under the 
t\Io·o kCIUInOS. TCSpectlvely. Tables S.H.II and S.H.I 2 summarize 
correspondmg TCSults for tht' 40 efs alternative. Based upon the stud} 
team's understanding of Wyoming watCf law. It is likely that a 
transbasm dlVCTlion from the Wind River can be protected from 
downstream divt"l"Sions. Consequently. the estimated aVCI"lIge annual 
reduellOns 10 tlu'get flow shortages for the 20 efs and 40 cfs 
aitcmatl\'es are 6.788 ac-ft and 9.727 ae-ft. respectively. If the watcr 
cannot be protected ITom downstream diversions. the averoge annual 
red\ICIIOns in target flow shortages for the 20 efs and 40 efs 
ahcmalll'es arc 2.086 ac-ft per year and 2.984 ae-fl per year. 
TCSpectl\"c1)'. Information including the average annual addillonal flow 
at the top of the ntxt downstream reach (Reach 4) and at Grand Island 
is proVIded In the YIeld summary SCClion. 

Tnc analysis dIscussed above assumes that water is diverted only 
during months wnh tar"gct flow shortages at \h(' critical hahna! . If 
storage IS available m the Lake McConaughy EnVIronmental AccounL 
a conllnUOUS diversion ITom \h(' Wind River could further reduce flow 
shortages It the enllcal hahltat accordingly. 

The ]JIlmaT)' dm~ct COSts associated with this alternallv(' involve the 
costs associated wllh construction of the dl\'ersion SlTUC!urc on the 
Wind River. th(' plpellnc. and pump stations reqUITed to convcy the 
water to the SwectwattT River. According to the NRCE conceptual 
design. th(' csllmated capital costs of the PIpeline and pump stations 
reql,ured to contmuously conl'CY 20 cfs would be appro~lmalely SIS.6 
million. Costs of pppro~imately 55.5 milhon ","Ould be reqUIred for 
NEI' A comphDnce. ngl\t-()f,w3Y acquisition. construction 
administrauon and final dCSlgnS and specificallons. tht-reby bnnb';ng 
the total capllal costs to appro~imatcly S24.1 million for the 20 cfs 
dil'ersion S(:enario. Operation costs "ere cstimMcd to be 
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approximately S937.000 per year. Given the average expected 
op(:rntion period of eight months per year. proTllled annual op<.r.llion 
costs become $625.000. The \olal present value COSt of thi s project 
based on a 20-year study period IlI1d a discount rale of6 percent is 
about $31.3 million. 

Based upon thi s estimate. the cost per ac-f\ of target flow reductions a1 
the critical habitat would be approximately $4.610 assuming lh;1I 
additional wall.T can he protected from downsrream diversions. These 
costs do not include the purchase or long-KTm lease of Waler rights 
from the Tribes. Jf these costs arc included. the unit OOS\ of Ihls 
ahemative would increase. There would be some economies of scale 
associated with the OOSIS for the 40 cfs alternative. Given economiL"S of 
scale. the OOS\ of a 40 cfs pipeline may be Il!Ss Ihlll1 twice the cost of 
the 20 cfs pipeline to a degree. however, the cost per ac·ft of target 
flow reductions will most likely not be less Ihan 5),000. The co~t per 
ac-f\ oftargCl flow Tt."duClioos for either size diversion cxceeds the 
economic screening criteria ofS3.ooo. therefore. this alternative will 
not be cvaluated further al this lime. 

Power Interference Charges 

This evalualion focuses on Ihe cost. YIeld. and associated issues of 
power interference as an alternative by itselr. Although beyond thc 
scope oflhis phase of study. il should be nOled Ihal hydrogcncration 
" 'ill be affected by other allernati ves. (,.'reating a net gam or loss of 
gt"1leration from thL'SC facilities. 

Region 1 

The developed hydroelectric plants identified in Region 1 are 
presented in Table S.H.I3. 



T a ble S.H. D 

A'·er. ~f Slongf 
Pllnt or Sile In~I.lIflI Annual IloWicalfli 

N.m~ O,,'nf r ~nent lon 10 PO"'f r 
I 

AI",,, USBk 3M 128.000 I S4.200 

Fremont USBk 66.8 2SS.600 1.016.000 

USHR 38.0 87,600 SI2.000 

USBR 6A 22.500 41.000 

Kones USHR 37.0 ISS,QO() '.000 

Then: arc no hydrogcneralion facili ties In RegIOn 1 Ihat aTe candidates 
for power interference charges. based on the opcralional definition of 
Ih is altern olive, which excludes USBR rocill11es. Funhcr evaluation of 
th iS allcrn 311ve in this region is unwuTTlInlcd . 

Region 2 

De"eloped hydroelectric b'eflCl"ation facili lies idennfied in Region 2 IIIl: 
enUml"l'llted III Table S.H .14. 



I 

Tahle 8. 1'1.14 

A,..nJ:~ S to",J:~ 
PlAnt or Sit~ Annual l>t-dkot<'<l 

Non .. Owner Gt-"~r.llon to r ..... r , 
"'- City or Sould<r " 8.238 <1.000 

BIg lbompSon USBR .., 15.000 <1.000 

IloukkT Can)'Oll Pubhe Scn.'ICC 20,0 2MJS < 1.000 
Co, 

Creek l'ubloc Sel'lCC 324.0 u .. """"n ~, 

Co, apphcahle 

,,~ USBR 45.0 107.800 < 1.000 

1"1.,,= I and 2 USBR "" 288.000 2.000 

IdlY",lde Cuyof '0 7.700 < 1.000 
Lllwland 

Foothills WalCT CitY and Cwo.y " 11.000 < 1.000 
Plant ofO<:o,·c. 

l'ublic Ser.1ce " 6.800 < 1.000 
Co, 

krry B. " 2.430 < 1.000 
Buckley 

KohlCT City ofBoold.,. ,,' n, < 1.000 

longmont Cll)'of " 4.HO < \.OOO 
longmont 

Mary'~ La • • USBR .., 40.400 <1.000 

Maxwell elly ofllould.,- " 520 < 1.000 

,,," ell), ll1d COIl"')' B 21.000 < 1.000 
or Dcnver 

Cu)' "fBould", 0.2 1.310 < \.OOO 

Pole Hill USBR 38.2 207.300 < 1.000 

County 
" 

6.700 < 1.000 

;, , , BufCO\l oI'R""lama"" •. unpuhhohoo 

8-H·36 



Th<.-re arc no hydroelectric facilities in Region 2 that are candidates for 
power int<.Tfercncc charges. None ofthc reservoirs behind the 
hydroplants have suffiei<.""fIt woter storage dedicaled to power 
generation: each is less thon 1.000 ac-ft. Almost a1) of the plants are 
small. and many are run-of-rivcr. Among Ihc larger hydrogcnC"ration 
facilitil"S. Flatiron. Pole Hill. and Estes are USI3R facilitit'S where 
irrigation is the primary project 

Region 3 

Hydrogencration facilities found in Region 3 arc identified in Table 
8.H.15. 

TableS. II .IS 

,\,·tc.g~ Annu, 1 SI0"~~ 
1'llnl"C Sil~ In".ll.-.l ("" ... no •• t;"'n lH-d kotO'd 

N.,no 0,'"1"" it: (lIh.h) , .. I' .. "~r , 
Columb.u Loup Kiwr Pub],c 39.9 115.000 '.000 

r .. ,,'er nISin" 
Jeffr~y GNPPlD 18.0 100.000 6.000 

J<>hn."" .. No. I Cenl",1 Nobra,ko IS.O 100.000 39.000 
Pubho 1'.......eT and 
Imgall"" n."no, 
(CNPPID) 

John"", No.2 CNPPID 18.0 100.000 '.000 

((c~ Ncbra<b Public 
" 

HIOO < 1.000 
Po" ... Dim;.1 
(NPPD) 

((II,ssley CNPl'lD ".0 89.000 1.690.000 

M"~ loop R,,·.,- Public U 2UOO < 1.000 
1'""".,. Di,mcI 

Nonh 1'1011. NI'PD 24.0 100.000 11.000 

0.' ''''' < 1.000 

" '"'" 

8-H-31 



Columbus is owned by the Loup River I'ublic Power Distric1. located 
in Columbus. Nebraska. The Loup River drains into the Pla11e River 
below Grand Island wi th no apparent benefit to the Thrc(! States 
Cooperative Program. The Kingsley generation facility is a feature of 
Ihc Lake McConaughy-Kingsley Dam Projcct. Extraordinary te-
1ie~"f1sing efforts have been undertaken on Ihis projcct and its related 
facilities. Jcffrey Canyon. Johnson III, and Johnson 112. in reC~"f11 years 
thai might discouragc a re-examination of now releasc schedules. A 
map ofthL'Se facilities i~ provided in Figure S.H.I . 

Two hydrogen~T3tion facilities in Region J are owned hy the Nebraska 
Public Power District (NPPD). The Kearney plant does not offer 
storagc as a run-of-ri\'er facility. The North Platle hydrogenCr.ltion 
facility is op<-'1lIted in dose coordination with Lakc McConaughy. 
Second. irrigation is the primary purpose. NPPD also has a broad 
concern about the cost and viability of this option. including accurate 
figures on the following: 

• Total cost ofl05t energy and capacity. 

• Variable market values for this TCSOurce. 

• Third party impacts. and 

• An incentive to overcome the accumulated risks. 

(p<-'TSOnal communication with Frank Kwapnioski and BaITY Campbell. 
NPI'D. 1999) 

Since Lake McConaughy storage is thc principal constraint to the usc 
ofCNPPID facilities described below amI Central has an interest in 
this option. their facili ties arc the focus of the remainder of this 
cvaluation. Therefore. neither NPI'D facility on its own is considered 
further as 8 candidate for this alternative. although the North I' laue 
hydro plant could be impacted by a power int~'ffcrence alternative 
involving Central. 

The two Johnson Units and Jeffrey arc owned by the Central Nebraska 
Public Pow~'!" and Irrigation District (CNPPIDj. which has expressed 
an interest in the paWL'!" interference compensation program (personal 
communication with Mike Drain. CNPPID. 1999). Unlike a USSR 
project. fedcrallaws or resource output prioritiL'S would not be violated 
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with this power interference option. Agreement ofthc two districts 
and care 110110 violate any physical or regulatory conslraims must be 
evident for power imerfcTI:ncc 10 occur. Sufficient water for 
hydrogeneration may be present 10 merit Cooperative Progrnm interest. 
focusing on openltional ch~nges within the license gUldelint'S. For the 
purposes of this study. the focus of the RCl,;ion 3 power in\L'TfI.'Tct1CC 
charge program will be on facilities owned by CNPPID. These would 
include the IWO Johnson Units and the JcflTey facility_ with a combined 
54 Mw power genenllion capacity. Although Central owns these 
facilities. it should be nOloo that any change 10 their op<:ralion will 
afTa:t NPI'O"s operations and generation. It must be also rcmt'TTlbesed 
thai this is a volumary program and that the participants might choose 
not to participate because of hydrology. weather conditions or other 
circumstances which ha"c not been identified thus far. 

There is a SCI of agrt-ements bC1ween CNPPID and NPPD. including a 
1954 agreement and a recent power sales agreement between thc two 
districts. These recognize the priorities agricultural delivcncs and 
senior water nghlS along with mitigation responsibilities. A prict' for 
sale of power and the right to receive the resource is provided. 

Yield 

The waler Ihat might be made a"ailable to reduce shonal1es al the 
critical reach must reflect cenain op<:rational constraints and physical 
system rclationships that dcfine the maximum amount ofwatcr 
available. Based upon infonnation from CNPPiO. these issues include 
(wrinen communication from Jeremie Kerkman. CNPPID.(999): 

L An ae-ft loss to Jeffrey amounts to an ae-ft loss at Johnson 1\'0. 
I (J-I) and Johnson No.2 0-2) because the same water passes 
through all three plants and also the Nonh Plane Jiydro. 

2. Storage at Jeffrey or the two Johnson units is insufficient to 
effectivcly operate a power interference program. It IS assumed 
that this alternative will rely upon Lake McConaughy slOrdge 
without afft..:ting total annual Kingsley generation_ 

3. Following its authority. CNPPID has conlinncd the priority of 
water releases for its irrigation customers. CNPPID believes 

Il-H-40 



that this priorit)' can be accommodated with power 
interfercnce. 

4. Minimum stream flow requirements under the new Fcd~"11I1 
Energy Regulatory Commission (FERC) license pro~cribe a 
r.mge of releases from Lakc McConaughy. which wil11imit 
hydropower interference. These minimum flows change 
according to very wet to vt'T)' dry conditions and are mcasured 
at the Keystone Diversion Dam and the CNPPID Divcrsion 
Dam in Nebraska. This constraint is reflected in thc alternative 
described below. 

5. Sincl"" the benefit of power interference lies not with incrca.'W"S 
in average annual flows but with timmg of rclea.'W"S. the "yield" 
nfthi~ alternative is in halaneing periodic water excess at 
Grand Island with periodic shortages. This consideration has 
been accounted for to the yield analysis. 

The yield of the power interference charge progrum among the three 
regions in the Platte River Basin amounts to the yteld of the progrum 
in Region 3 and. more specifically. from CNPPID. The calculation of 
average annual yield availablc for power interference at CNPPID 
g~"Ileration facilities is quite complcx, with the incorporation of 
minimum stream flows. Storage of cxcess waK'r available for power 
interference could nOi be carried owr from month to month due to 
storage limi tations at Lake McConaugh)' unless cxcess stordgc 
capacity exists. Based upon Lake McConaughy storage constrdtots and 
outflows. monthly J-2 returns. actual historical monthly condil1ons for 
minimum stream flows at Keystone Div~TSion Dam, and monthl y 
Grand Island excesses and shonages. the study team has cstimated the 
average annual yield available for power interference to be about 
41.000 ac-ft. as shown in Table 8.H,16. 

Further slUdy might be needed to confirm and refine the Wlalysis. For 
instance, the analysi s is performed using month cnd reservoir levels 
instead of continuous daily drops or rises to McConaughy. Funher. the 
model assumes shon teMn storage changcs that might be too lar.ge to 
accommodate in actual operation. Also, the analysis assumes the 
FERC imposed reservoir elevation; if more storage could he idemified 
or created at Lake McConaughy this would increase the yield of thi s 
alternallve. 

8.H-41 
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In addition. the yield of power interference might be diffCTCTlt with 
actual operation of the fadlities as eomp3n,d with this retrospective 
model. The future. of course. is unknown in realtime operations. All 
of the considerations which!,'O into operations cannot n~"Cessarily be 
captured in a model. 

The net hydrologic effects "'ere routed downstream from Lake 
McConaughy using the water budget spreadsheet. Two routing 
scenarios were evaluated for the proposed projc<:\. The first scenario 
assumes additional flows can be protcc1Cd from downstream 
diversions. in which case. additional flows arc not reduced by 
diversions. The second sccnario assumes addi tional flows cannot be 
protected from down$lrcam diversions. in which case additional flows 
arc reduced by diversions. Tables S.H.17 and S.H.IS summarize the 
reductions to target flow shnnagcs at the critical habitat with and 
without diversion losses, respectively. The average annual reductions 
to targe! flow shonages are 10.407 ac-ft and 17.367 ae-ft wi th and 
wi thout diversion losses. respectively. One explanation for the large 
difference in the 41.000 ae·ft of available yield and the ultimate 
reductions to target flows is the li kelihood that McConaughy might 
spill the water bcfore it is needed to reduce the shortilge, Funher study 
might allow for reduced purehase less than 41.000 ae·ft to achieve the 
similar yield, 

The following steps and associated tables offer additional detail about 
the calculation of yields. The historical McConaughy outl1o,,- is set 

fOM in Table 8.H.19. The derivation of yield proceeds through 
succeeding thresholds. 

a. The maximum theoretical water availablc is the 
minimum of the ]·2 River return flows and the 
maximum Kingsley Release. provided in Tables 
8.H.20 and 8.H.21. TeSpt."Cti\'ely. By considering 
the ]-2 returns, this a\'Oids a negative impact on 
Central's irrigation customt't'S s;nc~ that water 
cannot be removed from the system by Central. 
Although Kingsley may not experience 
diminished annual generation. this retiming will 
result in losses to North Platte. Jeffrey, Johnson 
Nos. 1 and 2. 

8-H-43 
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h. The minimum stream flow requirements represent 
another oonSiminl on power interference yield. 
Table 8.11.22 indicates the minimum release 
requiremems helow Keystone 81 the Suthl'r1and 
Supply Canal. Because o(minlmum flow 
requirements at Keystone. minimum flow 
requirements at Central's Nonb Plane Diversion 
arc likely \0 mCi and so any changes would not 
have substantive effects upon yield. The 
difference between historical McConaughy 
releases and minimum flow release requirements 
are presented in Table S.H.23. This represents 
potential stomge without regard 10 Grand Island 
excesses. shonagcs or McConaughy storage 
restrictions. 

c. Potentially rctimed hydropower inu:rfcrL'11CC 
volume. or the total available water. is equal to the 
minimum of: (1) )·2 return flows; (2) historical 
McConaughy releases less McConaughy 
minimum release requirements; and (3) Grand 
Island eltcesses. This is shown in Table S.H.24. 
These amounts eltceed McConaughy storn.gc 
rcstrictions. 

d. To consider slOragc capacity. a release patlem will 
nl-ed to be developed. Releases are assumed 10 be 
the !east of storage available or thc shonagc at 
Grand Island. Additional releases were also made 
if storage space was unavailable. Cumulative 
potential hydropower intcrfcrcncc storage at end 
of cach month in the period of rccord is found In 

Table 8.H.2S. The months and amounts of eltcess 
flows at Grand Island must be considered as the 
sources of potential storagc. This storage cannot 
exceed available McConaughy storage. nor can it 
carryover to the following month without 
available storage during that month. Togcther. 
coru;traints produce the 41.000 ac-Ii: yield below 
McConaughy. 
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COSt 

Two imponant faets distinguish this individual ease of POWI.T 
interference:. First. panieipalion by any utility in the Thn:e Stotcs 
Coo~Tllti~'e Program is prl."Sumc:d to be strietl y ~'oluntary with this and 
all other alternatives. Second. contracts bctWl'ClltWO partiCS normally 
carry a nghl 10 specifie pcrfDmlanee. 

There arc two ell.'tllI."TlU of cost to consider wilh this individual ease of 
power inlerfm:nce elulrges: payments 10 CNPPID for the lost revenue 
(since less energy will be sold to NPPD) and the nl.'I cost NPPD will 
incur to ",:place thc energy it would han: received from CNPPID, plus 
thc "alue ofassoci:ued capacity loss.. encompassed by Ill,u:nlllOn 

rt"pla~cmenll.'Osts, The loiter is not simply a third party impact bc\:ause 
NPPD has a multi-year contract with ('NPPID to obtain cnergy under 
SIX:cificd II."!TllS , NPPO and CNPPID also signed an opcT1lling 
ugrct.'Tllent in 1954 which reoogni7.es rcsponsibililil."S of both pani("S 
with regard to Luke McConaughyopcT1ltions (personal commumcatlon 
with Frank KWaplosk i, 1999). NPPD might expcnencc other losses 
associated wllh bomeration and capocity reductions al its North Plane 
hydro if Lake McConaughy is stoong for power inttTfcrt:nce when 
North Platlc IS below capacity. Compcnsauon for damages or losses 10 
~PPD arc likely 10 be required if the Program procetds with the power 
Interference eharge program. 

Thc first cost element can be derived by relaung CNPPID's po"'er 
re"enues to net energy delivered and then to " 'oter released from the 
district '$ Ilm.'C hydrollencrating facilities, For the 1994 through 1998 
period, this amounted to an approximate anTBgc ofS12 per ac-fl 
released by the thn..-e plants. 

It is noted that power generation will still occur with po"er 
IntcnlTCTlCe, but il " ·ill be at different urnes or [atlT In the year. 
CNPPID and NPPD pomt out that a 10SIi in value may rcsul1 from 
rellmmlJ.- The n:llmcd gcfIeration OOIIld be assumed to be the mecnti\'e 
for these districts to particip31C. bUI thiS deserves funber stoo),. 

The second cost component, NPPO's losses. is more problematic 10 
CSllmatc (personal communication with Barry Campbell, NPPD. 
1999). The concept for sueh a calculation would typically be the 
additional cost to replace the 1051 power. NPPD has indicated thaI it 



, 

docs, in fact. need this power and would need 10 n.."Place II (persona! 
communication with Brian Bards. 1999). Since NPPD needs the 
CNPPID resource. il would need to purchase outside 1lO"'"cr resources 
that would have Ihe oompont,us of capacit)' charges. energy charges. 
transmission costs, and transmission losses. These COStS would vary by 
peak. ofT-peak and season. The costs need \0 be proje<:lcd in an chXlric 
industry marketplace Ihal faces lightening supplies and is mo\'1Og \0 
markel-based rales. These accumulated COS1S. less the payments [0 
CNPPID. rcprcsL'1llthe avoided costs that NPPD faces and would seck 
10 recover. 

A"oided cost mUSI be dL-nvcd on a uli!ily-Sp~cifk and specific 
resource Teplacemcm basis. The value lost to NPPD in Ihis 
circumstance depends on the nature of NP!'O's system load Ol/LT lime. 
olher gem .. 'Tlltion capabilities within their systern. and other 
opportuni ties to acquire power rl'SOurCt:s from other generators. A 
quantification ofthcsc l'(JSI$ was not made by NI'I'D. and is 
complicated by considering elcctrie industry TCStructuring and other 
unCL-rtainties_ A studyofNl'f'D power SysK'TIl requirements and 
sources by cost o\'er time will be nt"Cded to confirm present pow~'f 
values ofNrl'D. As outlined. this costl'Stirnatc would require a 
considt'fable study to yield useful estimates. which is beyond the scope 
of this study. Under these conditions, the study learn concluded that a 
detailed cost estimate of the avoided cost component could not he 
made. 

The cost would b-c that amount nt'Cessary to complcte the progrnm with 
CNI' I' ID. This would amount to about 5 12 per ac·ft or approximately 
5492.000 per yl:llr to redistribute approximately 41.000 ae-ft. 
excluding the unknown amount for NPI'D costs. This cost docs not 
include Central's increasl'<l costs of maintenance and administration 
associated with this alternative. 

The capi talized COS! to acquire this right would amount to SI38 per ae­
fl. or 55.6 million for approximately 4 1.000 ae- fl. . not accounting for 
the NPPD cost ponion. The cost po:..'f HC·fl. at the critical habitat would 
b-c approximately 5325 assuming additional tlows can be protccted 
from downsm::am diversions and 5540 assuming additional 110ws 
cannot be protcch:d from downstream diversions. 



The slUdy tearn assumed. for the purpose of this reconnaissance lcvcl 
study. that NI' PO's lost value would not exceed twicc the power 
imerferencc COSts to CNPPID. This is based upon the opinion that 
Central would not have agreed to the sale price for the power ifit were 
aelUally three times the price which NPI'D is. in fact. paying_ This is 
li~ely to be a conservative asswnption that can be refined in lalcr study 
phases. 

As such. the study learn believes the ultimate cost should be below S1 7 
million. This amount excludes the multi· faceted. fully 10adoo costs it 
would bear under the alternativc as describ<.-d. Based on a total COSt of 
S 17 million. thc cost per ac- Ii at the critical habitat would be 
approximately S980 assuming additional flows can be prot~-.;ted from 
downslTeam diversions and SI.630 assuming additional flows cannot 
be protected from downstream diversions. 

5. Yield Summary 

Table 8.H.26 summarizes the yields associated with the alternatives 
cvaluated. Projects have been analyzed independently of each other. 
Several projects rely on the SlIme source of water. in which case. the 
yields of these projects combined may be less than simply adding the 
yields of the individual proj«:ts. The total yields described in thi s 
memo for each alternative an:: specific to the assumptions the study 
team has made for these projects. 

The average annual net hydrologic effects at the site for alternatives 
that have not been deferred range from -85 ac·ft per year to 41.01 7 ac­
ft per year. The net hydrologic effects at the top of the next 
downstream reach I1IId net hydrologic effects at the critical habitat are 
also summarized in Table 8.H.26. The net hydrologic effects at the top 
of the downstream reach and at the critical habitat. and reductions to 
targct flow shortages were not evaluated for Dodge Dam. Toltec Dam. 
Glendo Reservoir, Chatfield Reservoir. Cooper Creek diven;ion. and 
Middle Fork J'owder River transbasin diversion because these projeclS 
w~.,-e deferred from further evaluation at this time. 

The reduetions in shortages to target flows at the critical habitat for 
alternatives that have not been dcferred rangc from 552 ac-ft per year 
10 17.367 ac-f\ pt.,- year. without diven;ion losses. With diversion 

B-H-55 
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10sst'S. reductions in shortages to target flows at the critical habitat 
ranl:!e from 954 ac.-ft per year to 10,401 ac-ft per year. 

6. Cos t Summary 

Table 8.H.26 also summarizes the costs associated " ' ith the 
alternatives evaluated. Under the programs e"aluated In thiS mtmn, the 
tOial net pres~"f]t value costs for alternatives that have not been defem .. d 
range from ahout 5 1.3 million to 511 million for B-1 Reservoir and 
po"'er interference charges. respectively. For alternatives thai have not 
been deferred the cost per ac-tt of shortage reduction at the cntical 
habitat without divCT!<ion losses ranges from $850 10 2.31 O. 
respeClively. With diversion lusses. the costs would rise tu $1.630 and 
52.590 per ae-ft. respectively. 

5e"eral alternatives. induding Dodge DI!l11. Chatfield Reservoir. 
Middlc Fork Powder River trnnsbasin diversion, Dnd Wind RIVer 
transbasin diversion were deferred from further evaluation because Ihe 
cost per ac-ft of yield (addi tional waler to roule downstream) al the s;le 
e)(cceded the economic serct."f]ing criteria of53.000 per ae·ft or the 
total cost e)(ceeded $50 million. The cost per ae-ft of yield al the sile 
for these alternotives ranged from 55.100 10 516.500. 

The costs associated with the Glendo Reservoir. Tohec Reservoir. and 
Cooper CRock alternatives were nOI evaluutcd because these 
alternatives were screened from further evaluation al this time. 

7. Associated Issues 

The only alternatives that have not been scrccnt'd out are La Prele 
Reservoir. Grayrocks Reservoir. B-1 Reservoir. and paying pow~"l" 
inlerferencc charl:!CS. These projects were cvaluated according to Ihe 
criteria established in concert with the Water Management Commillec. 
The evaluation of paying power interference charges refers only to 
Region 3. Reach 17. since this was thc only location whc.re such a 
program might be envisioned at this lime. The five categories of 
associated issues are physical. legal/i!lSlinllional. economic. social. and 
environmC111al. Each of the five charactcristics i~ ex amined for these 
projects in the categories below. Tabular scoring for these projects 
accordinl:! 10 each sub-critcr1on IS prt.'SC11led at the l.T1d of this section in 
Tablcs 8.H.27 and S.H.2S. Scoring has been provided for both the with 
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diversions and without diversions SCCllarios. Differences under the 
scenario with diversions arc discussed Dt thc clost of each critcria 
category. 

8-' Reservoir 

Physical 

8-1 ResCfvoir. confined by the surrounding topography. cannot be 
enlarged and is therefore nOt scalable. The reductions to mrgct !lO\\ 
shortages for this alternative an' sustainable over hme. Contruets with 
CPNRD and NPPD may need to change if surrounding ground WJter 
levels decrease dramatically. The life span of the 8-1 project could last 
ht-yond 10 to 13 years. Reopet1ltion of B- I Reservoir is tcchni~ally 
implcmcntable. The time to yield realization is dependent on the length 
of time required to develop an operating plan with CPNRD and NPPD 
and to rehabilitate the resct"Voir outlet structure. The time to yicld 
realization would be on the order of 1 to 2 years. The yield from this 
alternative is easily quantified. Third-party hydrologic impacts 
associated with cootrolling releases from B-1 Resl:lVoir could mOSI 
likely be mitigated. 

Legal and InsHtutional 

Thc B-1 Reservoir project is consistent wi lh intCl""Statc compacts. 
federal laws. and decrees aod is casy 10 administer and enforce. 
Reservoir projccts in Ncbraska are consiswnt with stme laws. Re­
operation of the conservation pool in 8-1 Reservoir for Program 
purposes would require contract negotianons with CPNRD and NPPD. 
In the future. re-negotiation with CPNRD may be nL'Cessary if l>'1"Ound 
.... 'oter levels in the surrounding an'a approach the lo ..... er limits defined 
in the CPNRD Ground Water Management Plan. InSTituTional 
conscnsus should be auainablc lx.'Cause of the broad support for this 
alternative. No undesirable impacts arc envisioned with this 
alternative_ 

Social 

The social effects of this alleroati\'!' are gener.llly posi tive. Any 
adverse effects on cultural resourees could most likely b<." mnigalcd. 



Thcrc will be no impact on customs and culture. communi ty 
organizations and support Structures or community sustainability. A 6-
I RCSCTVoir project would not be expected 10 encounter resistance from 
neighhoring property owners. 

Economic 

Most of the costs nfthis alternative arc capital costs up fronl. No 
direct. sl'COndary, or fiscal impacts 3rc envisioned with this alternative. 
The proje<:t should not have any impact on business sales. L'1t1ploymcnt 
and employ!.,e wages and wealth. There are potentially negath'e cfk't:ts 
on economic development. since this water will be unavailable for 
other future uses. The effects on economic development potential 
would be a limitation on future development and should not effect 
existing users. 

Environme nta l 

This altL"TIlative should not impact existing wetlands. Potential positive 
impacts would occur from the lTeation of wildlife habi tat in the 
reservoir through frcqucm fills. Reservoir proje<:\S could have hoth 
negative and positive impacts on "'Dter quality and on aquatic hahitat. 
Water quality could improve during the summer months when 
additionaillows resulting from these projects return 10 the river. 
However. water quality could be degraded and fish and aquatic hahitat 
negativcly impactctl during the winter months when flows arc reduced 
due to diversions to storage. Thc visual quality of the surrounding area 
would nOi be significantly impacted. The B·l project would ha\'e no 
impacttn impact 10 prime and uniquc farmlands or locale amenitics. 

La prele Reservoir 

Physical 

Any agreement with the PEPL 10 purchase or lease their water and 
storage would require the approval of the Districl.lt is possible that 
obtaining the approval ofthc District could impact the yield of PEPL 
water aod storage and corresponding OL'1 reductions to targl1 flow 
shortages. TIle La Prele Resl"I"Voir alternative is not scalable bccause 
PEPL's storage rightlhat is be 3vailable for lease or sale is only 5.000 
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lie-ft. The maximum additional flow at the lop of Reach 4 10 be rouwd 
downstream is already only 3.579 aeAt Any reduction in the amount 
ofslOragc leased or purchased would make this alternative l!'Ss 
dt'Sirablc from a physical yield standpoint. 

This altl-mativc is sustainable for the next 27 years based on the 
current agnx:mcnt r.c\wecn PEPL and the District. Currently. 12 years 
remain on PEPl '5 original 3f,'!"eCIllCl1t, wilh the option to renew the 
agre<:mcn( for another 15 years. Alkr 27 yean; (the year 2026), the 
status of PEPL 's storage account in La I'TeIt: Kcservoir is uncertain and 
would dt-pcnd on whether the agreement can he further extended. 
Therefore. the lifc span of the project can be extended beyond 10 In 13 
years. however, the agreement must be renewed. This alternative is 
technically implcmcntablc al the scale proposed. The lime 10 yield 
reali7.ation would be dCJX.'fldent primarily on legal and institutional 
issues. For Ihe La Prele RestTvoir alternalive 10 be implemented a 
change of usc would be required for water to be st{)TOO under the La 
Prclc Reservoir storage righl and used for the Ot.'flefit of the critical 
habitat in Nebraska. In addition. approval from the Wyoming 
legislature would be required for this wat~'T to be exponed to Nebraska. 
These legal obslaeles could require a minimum of one 10 two years :md 
possibly up 10 four years for resolution. 

This alternative could bc easily monitored and measured in tcnns of 
the amounts stored and relcased.llow.,vtT. thtTc is some unclTlaimy 
r.,garding the seepagc out of the reservoir that is accounted for as 
slorage and ehargt"t! and dclivered to PEPL. There would be some 
negative Ihird-pany hydrologic cfT<"CIS on the District because the 
District is currently using PEPL's slorage right for Irrigation. Irrigation 
rt.1um flows arc eventually stoTt.x1 in Glendo Rl'"SCT\'oir and 
subscquemly released for hydropower and irrigation usc. Returns flows 
from this irrigation use arc either rcused by downstream irrigators or 
cventually stored in Lake McConaughy and SUbscqUC1ltly used foT 
hydropower and irrigation. Prote<..1ing rcleas~'S from LaPrc1c from 
diversion will aff<"CIthe timing and quantity of these rclurn flows. 
which would resul1 in negative Ihird-pany impacts on downstrcam 
irrigators. the EA in Lake McConaughy. and hydropo"'cr divcncrs. 

The only change in scoring from scenario I to scenario 2 is undlT third 
pany hydrologic impacts. The hydrologic impacts on the District 



would be greatly reduced if the District is allowed to divert releases 
from La Prele Reservoir for the critical habitat. 

Legal and Institutional 

The primary legal/institutional obstacle associated with usc of PEPL's 
stoTllge right in La Prele Reservoir is the inability to export water out 
of state for use at the critical habi tat under existing state "'Rter law. An 
in·state beneficial use must be decreed or approved by the Wyoming 
legislature for water to be cxported to the critical habitat. This issue 
has hct..TI addressed With the Tamarack Project by dccrccing in-state 
wildlife enhancement Ix.,ICfits associated with the recharge sites. The 
District may objcctto thc sale or lease ofPEPL's water or may object 
to changiog the usc of this water right as they are currently using water 
s\oroo under l'EPL's right. This alternativc could be difficult to permit 
and is currently not consisteot with State laws. While not consistent 
with eurrent State laws. this alternative is consistent with int~'TState 
compacts. federal laws and decrees. This alternative has the potential 
for insti tutional consensus, howevC1'. depending on the conditions of 
the agrt:.::ment, the District mayor may not object. Depending on the 
provisions of obtaining the District' s approval of a transaction it may 
be necessary to mitigate irrigators that arc currently using wah.'!" stored 
undt'!" PEPL . s right. Administratively, this altt:rnativc would not be 
difficult to opcr3te or maintain. however, it must be administcrt.."11 on a 
monthly basis. This alternative has some contract issu~'S including 
obtaining the District's approval of a transaction and changing the usc 
of the water right. however. these issues can be dealt with. 

The changes in scoring from ~cenario I to scenario 2 arc under case of 
pcnniuing and po!LTltial for institutional consensus. This project would 
be more acceptable to the District if they arc allowed to divcn releases 
from La Prele Res~'I"\'oir for the critical habitat. The District would be 
Itoss Inclined to objcct to the transaction. 

SOCial 

The social effects of this alternative are likely to be neutral to minimal. 
There will be no impact on customs and culture, community 
organizations IlOd support structures or community sustainability. This 
alternative "'ould also have no adverse cffet:ts on eultuml resourees. 



There may be some public opposition to acquiring PEPL's water for 
the critical habitat becausc it is currently being used by the District. 
Some irrigators could be negatively impacted depending on how 
reliant they are on PEPL's storage water. 

The only changc in scoring from sct-'1lario I to sccnario 2 is under 
public acceptability, This projCt;t would be more acceptable to the 
District if they arc allowed to divcn releases from La Prelc Reservoir 
for the critical habitat. 

Economic 

The cost of this alternative consists primarily of the cost associated 
with purchasing PEPL's storage right. which is the remaining principal 
on an existing loan. and an additional cost for obtainiog the Di~trict'S 
approval oflhe transaction. In addition, th~'I"C " 'ould bc some minimal 
annual operntions and maintenance costs. It is possible that obtaining 
the approval of the District could impact the cost of PErL water and 
storage. 111e direct economic impacts, including din.>ct third-pany 
impacts. as well as. secondary t--conomic impacts and fiscallmpacls 
would be minimal. Any direct ~-conomic impact would be on the 
District. which is currently using PEPL' s storage right for irrigation. 
ho"'ever it is unlikcly that this amount of"'ater and storage would 
h3ve a measuru.ble C<.xmumic impact. The negative impact on the 
District is dependcnt on how oftcn audto what cxtent the District 
relies on PErL's storage right. This project will have minimal direct. 
indirect and induced impacts on business sales. employment. employee 
""ages and wealth. There arc potentially negative eff~'Cts on ec(1nomie 
development. since this water " 'ill be unavailable for other future uses. 
The effects on economic development potential would be II limitation 
on future development and would not impact existing economic 
condi tions. There would be no measurable cffect on revenues and 
expt.'1ldimres of .;owmmcntal enlities resulting from this altl'TIlalive. 

The sub-critcria are scored equally for both scenarios I and 2. 

Environme ntal 

This altcmative would have no impact on wetlands. habitat. watcr 
qualily. and prime and unique fannlands. In addition. there would be 
no "isu31 impacts or impacts 10 amenities 8S 0 result of this altcmmivc. 



The sub-criteria are soored equally for both scenarios I and 2. 

Power Interference Charges 

The associated issues refer only to Region 3. Reach 17, since this was 
the only location where such a program might be envisioned at this 
time. 

Physical 

This program does offer u significant net reduction in shortages to 
target flows. The program to pay power interference charges aloo 
$COR'S high in other physical catc!,'<Jrics: it is fully sustainable. 
tcchnically implcmentuble. and there is a clear opportunity to monitor 
and measure tbe watt.'!" savings. The available Wal~"T varies wllh 
hydrologic conditions. bUi not more than other alternatives. 
Technically. power imcrfcrcnce simply requires a change ofopcrations 
for the CNPPID hydrogeneration facilities to follow ncw criteria. 
Rclcast'S by day and by month arc obviously measurable. The 
scalability of this program restS with CNPPID's interest in gaining as 
little or as much from this program as it wishes, assuming this is a 
voluntary program, and further assuming that NPPD is agreeable. 
There is a clear uppt.."T limit to the available water from this program. 
Time to realization willlikcly be delayed by the resolution ofNPPD's 
losses in this transaction. The resolution ofNPPD's losses «Iuld mean 
waiting until the cum."llt contract expirt...,;, thought to be 2013 or carliL"T. 
ifmutual accommodations are found. Third pany hydrologic impacts 
might occur with irrigation stomge convened to this program 
alternative. CNPPID intends to minimi7.e this impact upon irrigators 
within its district. The Study Tcum believes third pany hydrologic 
impacts will be modest. given the nature o f thi s program and its 
proximity to Grand Island. Some impa('IS during the non-irrigation 
season aTe possible. 

Under the wilh diversions scenario. there might be certain downstream 
losses, but these should be modest. These waters are backed by La~e 
McConaughy storage and stand a bener chance ofprotcction, perhaps 
similar to the Environmental Account First. thosc diversions would 
have to be below Reach 14. Sccond. the monthly changes focus on the 
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non-irrigation season. The abili ty to monilOr would be reduced. but 
third party hydrologic impacts could be climinated. 

Legal and Institutional 

From a legal and institutional perspective. the power interference 
program is quite negative according to two sub-crit~.,.ja. butliUlc or no 
constraints arc cvident with the other sub-criteria. Penniuing issues 
relate to Lake McConaughy operating and release cri teria. These 
appear to be sunnountabk. but further study ofaticcted permits and 
licenses is warranted. Power interfcn:ncc does nOl connict with 
compacts. f~-dcrallaws. or d~'Crces. nor wi th Nebraska law. except for 
the protection of conserved watc:rs in the river. Institutional consemus 
is problematic. and contractual connicts arc evident. CNPPJD has an 
existing contract to deliv~'T energy to N PI'D. and NPPD d .. :sirl"S those 
resources and views the power interference charge program 
questionable from its own perspective. The contractual rights. 
n"medies and potential mitigation 3"ailable to NI'PD arc uncertain at 
this point. but affccted sub·categories must receive a low ranking for 
the pufl'Oscs of this n:connaissance study. If these obstacles can be 
overcome. administration of this option will not be difficult. One 
possibi lity for simpl i fying institutional constraints would be to add this 
water to the Environmental Account. 

Social 

The social impacts of the power interference alternativc arc mostly 
quitc modest. wi th the possible exception of public acceptability and 
irrigator concerns. A COntract dispute might have broad ramifications. 
Neutral etil'Cts arc likcly. 

Economic 

Mujor unknowns arc evident in assessing the cconomic evaluation 
eriteria for the power intt'Tferenee charge program. The initial 
implementation and eapitall"Osts depend upon the resolution of the 
NPPD contract issuc and the development of an administrative and 
management plan to impkmcllI this alternati,·e. The average annual 
total cost per ac-ft ofrcduction to shortages at the critical habitat also 
cannot bc determined until the settlcml-nt with NPPD is known. Even 



00. the ultimate cost should be below $17 million overall. The Study 
Team believes. without more data bUI based on pasl C.,pcrlC1lCC. Ihal 
the valuc of the lost power resource to NPrD is unlikely to exct."!.'!! 
thTl.'e timl-s the lost value to CNPP1D. 

It i~ imporlant to note that the po ..... er interference eharge program docs 
not result m a net lOcrcasc in average annual noW$. bUI offen a IImmg 
bendit to reduce months whcrc- soor1agcs an: C'o'"idl"Tl1. The 005t p<.T ac· 
ft mUSI be lO\crpreled in thaI con\e:tt. and the ltC1ual yield dctenmncd 
al !he ential habtlat. inelOOmg the posIiibic disruptIon of historic 
stOTllge patterns. 

There an: unlikely to be any appreciable economic impacts. fisc.:al 
impacts or impacts upon economic development. unless useful 
reploct."ITll"TI\ powl"!" is unavailable. in which case substantiHll~onomic 
impacts miy.ht (K,.~ur. If left unmitigated. hiy.hl"f power ~"()sts to N prD 
might occur. and NPPD Inlt."Tlds to mmimizc such ctTl"CtS. Economic 
impacts ..... ould be unaffected by the ""diversions on" SCC1lariO. Third 
party impacts to po ..... er consumers will remain the same. 

Environmental 

ThIs po ..... er Interference charge prognm ..... ould result m dIfferent 
operallonal cntcna for the three impoundment faci lltlcs koo ..... n as 
Johnson No.1. Johnson No.2. and Jeffrey and for Lake McConDuy.hy. 
Storage levels are likely to change. which could affect vanous 
envlronmt.1ltal resources and also recreation. Given the sizc of these 
facili tics. it is unlikely that these impacts would be SCVL"!"C. ahhough 
funht."f study of the environmcntal impacts of these opt:r:uional 
changl.-s would be r~-quircd . A third party CT\vironmC1ltal impact mIght 
occur ..... itl! thi s alternalive: rcplacement genCT1ltlon is lIkcly 10 be 
fossil-fuel based and therefore cause greater impact lhan 
hydrogener:mon. The protection of oonSCO'ed "'alers from downstream 
din"TSions will not affect th is C'o'aluation mlma. 





8.1. Watershed Management 





I. Watershed Management 

1. Introduc tio n 

This 5el;;lion examines Ihe yields. costs and associuu:(\ issLiCS or 
.... atcnhcd manascmen! alternauves to reduce shortages to target 110 .... s 
al the criucal habllol. A number or .... aterslled manag~'ITlent alttTnauves 
identified In tIM: long list of a1ternativcs"crt prc"iously deferred from 
funher analysis. IS documented in Chapter 6. The remaining 
alternativcs fal1lnto OIl(' category: 

Forest Mu/tugemet!l 

A brief description of each of the rcprescnlalive proj~'C1s and how they 
migllt be Implemented is provided. followed hy estimates of yields and 
cost for each project. Finally the cvallllllion of each proJ~'Ct in It'T'mS of 
phYSIcal. legal ond insti tutional. economic. social. and ~"l\'ironmcmal 
clT~"Ct5 is provided to concludc thc wat<n.hcd manllgcm~'Ot al!~TnDlives 
evaluatIon. 

2. Conceptual Definition 

With respect to water )'ield. forest managcmenlln\'olvcs pateh-cuning. 
selective ha .... ·csl. Dnd olhlT forest clearing methods dcsJgned 10 
increase stl'l:amflo ..... ConsidCT1lble research hIlS bccfI condueted 
pertaming to forest management and IlSSOClalt'li stream flo" rcsponses. 
RCSCllrch has shown thaI remo\'al oftl'l:t.'S in the "at<:rshed ean 
int'1'casc streamflow quantities by reducing cvapotmllspimtion and by 
increasing the snowpack accumulation in the OJX.'11ings that result ITom 
harvest (Leaf. 1975: Callaham. 1990; Stedmc~, 1996 among oLhrn). 
The addI tional runolT created vories with the dra inage basin. the Types 
of forest In\'olved. the area of forest cleared. the manner In .... hlch the 
forest is har.·csted. and climatic faClOTll. These elTects diminish o,'er 
time as Ihc trees are reestablished and origmal e\'l1potl'1lllsplration and 
snow distribulion conditions an: approaehOO.. Research conducted at 
the FnlSer upenmdllal Forest in Colorado shows Ihat WilIer yield 
increases from umber harvcst are anenuated over appro .• amately 80 
years in subalpine lodb'q'lOle pine. and in appro.umately 1(lO years Hl 
spruce/fir. Aspen reaches complete hydrologic uLili/.lltion Hl about 30 
years (Leaf. 1999). Continued maint~'T1nnce of the cut condition 
through prcscrib~'(] bunts or selectivc cull ing could result in longer-

8-1·1 



tCTTll. higher yields. Because the water yield generated from these 
K'ChniquL'S results from changes in the usc ofprt.'Cipitalion and 
snowmelt by the fon'S!. the effects upon watCT yield generated by 
forcst managL'Tllenl alternati\'es would vary with climatic cycles. 

3. Operational Definition 

Some limitations and basic assumptions must bc applied to forest 
managL'Tllent alternatives to adcqUiltely evaluate the feasibili ty. 
physical yield, 1I:gal implications. costs and tH.:nefits. and other aspects 
of each alternative. The following operational definition describes the 
assumptions and methodologies used to define forest managcmLllt 
alternativcs. 

• Only areas that have been prr'Viously invcstigated and 
considered for forest management programs were reviewed aod 
evaluated. Th(' TCView of infonnation associated with these 
ar..,.<\S was limited to that information presented in forest 
management plans of the USDA Forest Service (USFS). Other 
non·timb~'1" lands could be managed \0 increase wattr yield 
through prescribed fire or other means; however. these 
alternatives were not analYl.ed. 

• The L'Stimates of water yield and associawd costs were 
extracted from Final Environmental Impact StatemL'11ts 
associated with the various forest management plans. Factors 
considered by the USFS in the lIeneration of eSlimalCs ofwalCT 
yield include the type of forest cleared, the size of the drninagc 
basins involwd, und pre<;ipilation. Thc timing of addllional 
runoff was cxtrncted from siudies conduetL-d at the Fraser 
Experimental Forest (TroL'11dlc. ct ~I .• 1998). Leaf (1999) 
presented estimates of additional yield that could be J!;ained 
through forest managL'Tllenl. Those estimat~'S fall within the 
range ofthosc allL'matives evaluated following review Oflhc 
USFS documents. 

• Estimated hydrologic effects 111 the critical habitat were 
evalu31L-d for both the "protected" and "unprotectl.,-d" 
condi tions. Any additional watcr yield that is generated hy 
forcst managemcnt alternatives was a.~sumed to be subject to 
appropriation under stale watCT law lind nOI available 10 a new 
water right The estimates resulting from the "prot~"t:ted" 



oondition arc considered hypothetical and may not be realized 
without changes to current water laws. They life pn..""S~'11ted in 
this chapter for the purposes of comparison with other 
alternatives. 

• Losses due to evaporation. seepage. and historical div(:rsions 
en route to the critical habitat were accounted for using the 
wat~'I" budget spreadsheet. Appendix E prese11ls detailed 
discussions of the spreadshcct model. assumptions. and 
methodologies. 

4. Alternatives 

Regions 1 and 2 

Regional Forest Manaoement 

"Virtually all ofthe water available to the Platte is gcn~-rated from 
snowmelt on densely forested land. most of which is controlled by the 
USDA. Forest Service· (Leaf. 1999). Therefore. managemem of these 
lands has obvious importance to the Platle River system. Forest Plans 
(Plans) and accompanying Final Environmental Impact Statements 
(FEISs) for each National Forest (Nfl within the Platte River drainage 
were reviewed. Only those National Forests within Regions I and 2 
that contributc runofTto the Platt.:.: River drainage basin were studied. 
Forest lands within Region 3 were not included becausc of a lack of 
powntially treatable acreagc. Th~·1"Cfore. the forests evaluated include: 

• Medicine Bow National Forest (Region I). 

• Arapaho/Rooscvelt National Forest (Reb~on 2). 

• Routt National Forest (Region 2), and 

• PikclSan Isabel National Forest (Rcb~on 2) 

Forest management plans and accompanying FEISs arc primary 
sources of information for this study, accordingl). the following 
explanation of these documents is provided. 

Forest management plans are prepared by the USFS in accordance 
with the 1976 National Forest Management Act (NFMA). the 1969 
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National Environmental Policy Act (NEPAl. and other laws and 
regulations. The NFMA regulations Siale thaI a fon."S! plan should 
ordinarily be revised on 3 I O-ycar cycle or at least every 15 years (36 
eFR 219.10). The pUlJlOscofa Fores! Plan is 10 provide guidance for 
all resource management activities within the National Forest. Briefly. 
the forest plan 

• cstablishes forest-wi de standards lind guidelines. 

• establishes manag~'Tncnl area dinx:lion (managcmcll! area 
prescriptions) applying \0 fOlUTe activities in a management 
area (resource inlcgn:nion and minimum. spl:cific managt'1TlCnl 
n:quiremcms), 

• designatcs lands as suil!:d or not sui led for timber production or 
other rcsoW"CC managt'11lCnl act; vilies. 

• establishes monitoring and evaluation requirt:mcnts. and 

• provides recommendations \0 Congress for the establishment 
ofwild~'TTless. wild and scenic rivers. and other special 
designations. as appropriate (USFS. 19970). 

NFMA regulations (Code of Federal Regulations 36 Part 219 (36 CFR 
219.10» set forth a procedural framework to planning activities 
subj(,cl to the requirements of NEI' A. Wi th respect to the fonnulalion 
of forest management alternatives. the regulations state: 

"The interdisciplinary team shall formulate a broad range of 
reasonable alk'TTlatives according to NEPA procedures. The primary 
goal in formulating alternatives. besides complying with NEPA 
proc~'tiures. is to provide an adequate basis for identifying the 
alternative that comes nearest to maximizing net public 
b~'J1ctits ... AIt~'TTlatives shall provide di fTerent ways !O address and 
respond to the major public issues. management conurns. and 
resource opportunities identified during the planning process." 

Each forest develops its own Forest Plan and accompanying Droll 
Environmental Impact Statement (DEIS) which orc publishl'ti for 
public TCview and comment. Following the review and comment 
period. the Revised Plan. Final Environmental Impact StatL1l1~'J11. and 
Record of Decision (ROD) are issued. Following the completion of the 
NEPA process. an alternative is selected and documented in the ROD. 



This plan will then remai n in effect until the plan is revised again in 10 
to 15 )'em. 

Given the wide spectrum of resources and uses available within these 
lands. the Plans must truly be multl-disclphnor) 111 nllUre. The ne«ls 
and requIrements of various resollTCeS and uses mUSl be balanced 
agall1S1 each other. often "-ith one suffering It the other'$ expense. 
Therefon:, the USFS Ineludes the analysis of SC\'CIlII altemativt: 
management plans It the urne each Forest Plan is revised. Table 8.1.1 
summari7.tS the "anous cate~'Orie:s thatlhc USFS Includes wlthm any 
alternalive (USFS, 1997a). Eaeh alternative emphasIZes a dlfferC'llt 
balance: oflhc:se eatcgoncs. For example, one alternatIve may 
emphasize development of forcst productS (Category 5) wuh relatively 
little emphasis on wildt'll1CSS areas (Cateb'Ory I). Another alternative 
may emphasize oplimi~.ation of recreational opponunities (Catc!;ory 4) 
with less emphasis placed on forcsl products (Category S). lind so on. 
With respect to "'8tcr YIeld. those forcst management oltcmatl"CS 
which place 11 higher emphasis on Category 5 (forest products) ,,';11 
lend to gCTIClllte com:spondingly higher increases In watcr yield. 

Recently. the CoahllOO for SUSlamable Resources, Inc. broulPlI sun 
agaillSl. the USFS (CoahhOn f()J" Sustamable Resources \ . USFS. et aI., 
Civil Action No. 98CV 174. Wyoming District Court). Tlle!r elalm 
argued that the USFS has not managed I\allonal Forest land~ 10 

genClllte higher watcr YIeld. This suit was dismIssed because L.S. 
Distnct Court Judge Clarence Brimmer OIled tMlthe SUIl was 
pn."I'I1aturt:, cillng this reconnaissance study investigation (Billings 
GazetlC, May ::!3, 1999). 

The study tearn cvaluated three forcst managemcnt sc.:enarios for each 
National Forest 10 estimate the potential benefits a.s$O(:iatcd Wllh the 
watershed mlll1agt.'Il1t.'I1t alternative. These were designated the "USFS 
Selected Aheml1ivcs", the "Water Yield", and "ScnchmllTk" 
sccnart05. Each of these scenarios assumcs thaI simi l1lf manal:1emcnt 
SUlItegn.'s are Imposed In each of the Kanonal Forests. Descnptions of 
these alternatives and the asswnpllons as5OCll1led wnh each are as 
follo,,'S; 

• USFS SelCClcd Ahernauves Scenario. This SCClllno consists 
oflhe oombin311on of the specific altcmahves ITom each of the 
four National Forests that have been selCCloo in Ihe TCSpective 
RODs (i.e .. the Preferred Ahernati~es). This scenario 
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n.:prt."Sents the current management strategy of the USFS. Table 8.1.2 
summarizes the individual alternatives selected for each ofthc 
respective National Forests. This scenario is evalumed to dCll'TTninc 
the addi tional water yield associated with forest management plans 
sek"cted for impleml"Tltation by thc USFS but as yet not fully 
implemented. 

• Water Yield Scenario. This scenario consists oflhe 
combination of the specific allernativc:s from each of the four 
National Forests that genl"l1lted the greatest increase in "'ater 
yield over baseline condi tions. Table 8.1.2 summarizl'S the 
individual altern81i VL'S selected for each of the rl'SPC~livc 
National Forests. 

• Bcnchmarl.: Sccnarin In previous Forest Plans. the USFS 
presented estimatcs ofma»imum increases in wmer yield. 
which could be developed without degradation of water 
quality. For the purposcs of this evalumion. these estimates 
were considered to be theoretical values and wcre utilized as 
"benchmark" values upon which to comparc alternativcs. 

The Benchmark SCL"TlariO was included by the study tcam to 
provide an upp!."T limilto the yield that could theoretically bc 
gL"TlCTatcd by forest managcment K"chniqucs. For e»ample, the 
estimated 240.000 ac·ft increase in waK"T yicld from the 
ArnpahofRooscvell Nmional Forest was oonsidl"Ted a theoretical 
benchmark. According to the USFS, it did nOt inelude 
consideration of constraints such as provisions for sustainable 
timber production or viable wildlife habitat (USFS, 1997b). 

To put the areal extent of the Benchmark Sel"Tlario into ~[)CC1ivc. 
the following cxample and conclusion are eXlr<lCted from Tl'Sponscs 
to comments on the Arapaho/Roosevelt National Forest FEIS 
(USFS. I 997a). Using the USFS estimate. an average of 0.912 ae· 
ft of water produced per acrc of forest harvested, approximately 
263,000 additional acres would need to be maintained in a clear cut 
condition in the ArapahofRooscvelt National Forest 10 generate an 
increased water yield of240,000 ac·f! per year. According 10 Leaf. 
approximately 1.500,000 acres of forest lands would ncl.:u to be 
maimained in a patch cut condition to !;l"Tll'T3te an approximately 
equivalent yield (Leaf. 1999). 

"" 
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Yield 

The assumptions. procedures. and results related 10 water yield 
estimates associated with forest managcml,ll alternatives arc lIS 
follows: 

1. Increased wIlter yield generated from forcsl manag .... '1l1C11t 
activities (i.e .. limber harvest) increases wilh time assuming a 
constant nile oftirnbcr h3rvesl. The water yields reported in 
Ihis chapler rcprcsl."I1t the ol'Cragc increased yield as-wcialed 
wilh a b~\'cn forest management plan a/filII implemclt/llIiolt 
le\'t:!. According 10 the rCSpedive FEISs. the plMs arc 
implemented over a planning period of:50 years. Usc Dr the 
average increased yield at full imp1crnt.·111alion represents a 
consCTVstivcly high estimate of additional water associated 
with the forest management sc<.'nanos. There were insuffickm 
data 10 suppon the analysis of fOT(.'S1 management for the 20-
year study period. 

2. All water associated with a given forest manageme111 plan was 
used as input to the wate.- budgC1 analysis. TIllS assumpllon 
gives full accreditation of increased water yield ove.- the 
baseline condition (i.e. the C};isting condition) to each 
alternative evaluated. 

J. Baseline conditions " ·ere assumed to be those presented in the 
respective FEISs. These valm:s n."resent the estima\ed mean 
3nnual yield generated within the National Forests a\ the time 
the FEIS was prepared. Stream gaging records for the 
evaluation pI.."Tiod (1975-1994) whIch are incorporated within 
the water budget model would. thcrefore. reflect these 
conditions. It should be noted that n:scarch conducted by Leaf 
(1999) shows that water yield from the National Forests has 
declined since the tum of the century due to changes in USFS 
management stmtegi~""S. 

4. The increased water yield associated with the management 
alternatives discussed above was tabulated for each ofthc· four 
National Forests (Table 8.1.3). 
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Summary of Nation" FOf"eSt Incremental Willer Yield 
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For the USFS Selected Alternatives scenario. which evaluall."S 
the increased yield associated with the suitc of alternatives that 
have been selected by the USFS. the annual increments In 

water yield over baseline conditions were 9.172 ac-ft 
(Medicine Bow NFl. 727 ac-fi (Routt NFl. 777 ac-ft 
(Arapaho/Roosevelt NFl. and 745 ac-ft (Pike/San IS9bel NFl. 
These valucs reprL"SL"11.t the additional water yield over existing 
baseline conditions as estimated by the USFS. 

For the Water Yield scenario. which evaluates the National 
Forest management ahematives generating the greatest 
increase in water yield. the annual mcrements in WDK"r yield 
over haseline condi tions were 36.000 ac-ft (Medicine Bow 
NFl. 1.255 ac·ft {Routt NFl. 2.256 ac-ft (ArapaholRoosevelt 
NFl. and 2.000 ac·ft (Pike/San Isabel NF). These values 
represent the additional water yield over existing baseline 
conditions as estImated by Ihe USFS. 

For the BL"11.Chmark scenario. which represents the /hearc/it al 
maxim"m increase in water yield for each of the National 
Forests. the annual increases in water yield OVL"T bascline 
conditions wcre 53.500 ae-ft (Medicine Bow NFl. 103.000 ae­
ft (Roun NF). 240.000 ac-ft (Arapaho/Roosevelt NFl. and 
4.849 ae-ft (Pike/San Isabel). 

Each forest covers multiple drainage basins. including basins 
not tributary to the Plane Rivet. Appro~imately 80'h of the 
Routt NF. 21,}. of the ArapaholRoosevclt NF. and 14·,. of the 
Medicine Bow NF are tributary to the Colorado River Basin. 
Likewise. approximately 59% of the Pike/San Jsabel National 
Forest is tributary to the Arkansas Rh'cr Basin. Therefore. the 
annual increases in ,,'ater yield were reduced by these factors 
(Table 8.1.4 ). Therefore. the total additional yield associated 
with the USFS Selectoo Alternatives scenario was 8.952 ac-ft 
per year_ Total additional yield associated wi th the Waw!" Y,eld 
seenario was 33.813 ac-ft per year. 

The total additional yield to the Platte River basin associated 
with the Benchmark SCC11ano ,,"as 258.198 ac+f\ per year. This 
"alue is consistent with Lears estimate of nearly 250.000 ac-ft 
per year of additional water yield. which could be achIeved 
through patch cut methods within the Platte River Basin. 

6-1-11 
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The in-basin runolT (tributary to the Plalle River) "'as 
apportioned in a similar manner between the four reaches 
nffcctt-d. These reaches were Reaeh I (North Plalle River). 
Reaeh 6 (Laramie River). Reach 7 (South plauc RivtT). and 
Reach II (Cache 10 Poudre Rlvt'1'). 

5. The wateT yield increases reported by the USFS represent mean 
annual changes. Studies indicate that changcs in strcamflo,,' 
resulling from fon.,st managcmt'llt practices in the sno\\ zone 
occur in May and June during the rising limb of the hydrogruph 
(Troendle. ct al.. 1998). Based upon this finding. the additional 
runolT was distributed to May and June. on a reach by reach 
basis. in the same proportion as the long-tenn avcrage 
dischorge for the two months (Table 8.l.5). 

Table 8.1.6 summarizes the on-sile net hydrologic effe<:ts for Reaches 
L 6. 7. and II. for the three forest managemt'llt scenarios. The 
National Forests are gcncrnl1y located upstream of the stud)' reaehes in 
the Platte River headwaters. Losses or gains may exiSI in the nVeT 
reaches between the Forests and the study reach. However. for 
C()nsistt'lley wi th the scope and constraints of this study. it was 
assumed that these effects were rcali~ed at the upstream end of study 
reaches 1. 6, 7. and I L 

The water yield increases attributed to the three forest managemt'llt 
scenarios "'ere routed dO"'nstream using thc water budget spreadsbeet. 
Results ofthc USFS Seleeted Alternatives scenario analyses are 
summarized in Table 8.1. 7 assuming addi tional wateT can be divt-rted: 
and in Table 8.1.8 assuming additional water cannot be divened. The 
average annual reductions to target flows shortages at the critical 
habitat were 184 ae-ft in the first case and 5.025 ac-ft in the second 
case. Total increased flows althe critical habitat Wt-r" 939 ae-fl for 
routing with diversions and 7.274 ae·fI for routing without diversions_ 
Given the modeling constraints and assumptions. all of this benefit 
would be realized during the months of May IIIId June of each year. 

Results of the Wat~'1' Yield scenario analyses are summarized in Table 
8.1.9 assuming additional water can be diverted: and in Table 8.1.1 0 
assuming additional water cannot be dh-cncd. The average annual 
reductions to target flows shortages at the critical habitat were 698 ac­
ft in the first case and 18.956 ac·ft 111 the second case. Total increased 
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Table 8.1.5 
Monthly Di$trlbution of Increased Waler Vield AtI'ibuted to Forest Manege ..... nl AllernaliV<ls 
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Tabla 8.1.7 
Fo,est Man.agemenl: USFS Selected Allernalives Scenario 

Reductions 10 Target Flow Shortages with Diversions 
!ac_ft) 
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Fo ... t M:anagement: USFS SelecllKl Alternatives Scanl'no 
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Table 8.1.9 
Forest Management: Water Yield Scenario 

Reductions to Target Flow Shortages with Diversions 
(ac·ft) 
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flows 3t the critical habitat were 3.552 ac· ft for routing with 
diversions. and 27.458 ac· ft for routing without diversions. As 
previously discussed. all of this benefit would be realil'ed durinJ:\ the 
montbs of May and June of each year. 

Fol1owinJ:\ the same procedure as descrihed for the USFS Selected 
Alternatives and Waler Yield scenarios. the average annual rOOuctions 
to target flows shortages at the critical hahita! for the Benchmark 
SC~"I1ario were estimated. Tables 8.1.11 and 8.1.12 summarize the 
results of routing additiunal water to thc ("lltical hahita!. IISsuming 11 is 
suhject to diversion (Table 8,1.11) and not subject to diversion (Table 
8.1.12). The average annual reductions to target flows shortages at the 
o:..TItieal habitat were 4.708 ac-ft and total increased flows at the critical 
hab,tat were 25.990 ae-fl assuming the water can not be divened. 
Reductions to targe! flows shortages would be 143.117 ac-It and total 
increased flows at the critical habitat would be 111.812 if the Wa!<.'" 
could be protected. 

n,esr rSlimales w .. rr made assuming Ihal all/Ollr oflhe Na/I01W/ 
For"$I$ \\w .. 10 munage Iheir rl'spcclil-e /oresls 10 genera/(' nmoffin 
accordancr ll";lh Iheir benchmark/oresl planning ana~\·ses. 

Additional variations of the forest management alternative could be 
evaluated during the Action Plan phase of the Project. The forcst 
management alternative has potential for optimization. For example. 
individual forest management plans could be modified 111 lieu of the 
regional approach considered in this analysis. 

Cost 

The study team estimated the costs of the USFS Selected Alternatives 
and Water Yield scenarios based upon infonnation provided in thr 
four FEIS documents for the National ForeslS included in thr study. 
Thesr documents presented the Prcscntl\ct Value (PNV) of COSIS 
associated with each of the alternatives el'aluatoo by thr USFS (based 
on a discount rate of 4 percent over a 50-year period). From these 
,"alues. annualized costs were compu1ed. The annualized COMS were 
then prorated hased upon the rdative area of the forests draining 10 the 
Plaue River Basin. 

Based upon the l"aluL'S presented in these documents. the 10lal cost of 
implementing the USFS Selected Alternativcs scenario would br 
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Fore. t Management: Benchmark Scenario 

Reductions 10 Tar9fl1 Flow Sl>onages. without Div8 .... ions 
(_c-ttl 

• • • -, 123<1~9 • • • • ,-, ,,~ • • • • moo ,~ • • • • • • • • • • 81817 =, • • • • • '028" '22226 • • • • • • • • • • • • • • • • • • • -, '2{l7111) • • • • • • • • • • • • • • • • • • • ~'OO 111;<911 • • • • • .~. ,20219 • • • • • ,03168 ' 110061 • • • • • • • • • • • • .. , "- • • • • ,0042711 ,2ti03, • 

• • • • • • • • • • • ,-
• • n!!OJ7 

• • • • • • • • -, 
• • • • • • • • 2'2ti04 

• • 2'3105 

• • 2'5235 

• • • • • '~5'5 • • '~m 



approximately $31.6 million per year (Routt NF: 52.1 million per year, 
ArapaholRooseveh NF: $15.7 million per year. Medicine Bow NF: 
S8.2 million per year. and Pike/San Jsabel NF: $5.6 million per year). 
Note Ihat these values have been prorated to reflect only that ponion of 
the Forest that hes within the Plallt River drainage. Because the 
Existing USFS Management scenario represents that suite offorest 
management plans which have heen selected and are currently being 
imp1t'mented by Ihe USFS. no co~t 10 Ihe Project was assumed for the 
additional water yield associated wilh them. Consequently. the COSt per 
ac-ft associated with this alternative would be SO for both the ·with 
diversions· and "without dWtTSions· scenarios (Table 8.1.13). 

The t01\l1 cost of implementing the Water Yield alternative would be 
approximately $35.2 million. (Roull NF: S2.4 million per year. 
Arapaho/Roosevelt NF: $14.8 million per year. Medicine Bow NF: 
$12.0 million per year. and Pike/San Isabel NF: S6.0 million per year). 

Assuming that the USFS has already committed to spending 
approximately $31.6 million per year 10 implement the selected 
alternatives (i.e .. the Existing USFS Management scenario). the 
additional cost that could be incurred by the Project was assumed to be 
the incremcntal difference between the costs of the USFS SelcclCd 
Altcmal1ves and Wall,. Yield sct'flarios. Consequently. Ihe cost of 
implementing the Waler Yield scenario would be approximately S3.6 
million per year. The preS"'flt value of this COSt over Ihe next 20 years. 
using a SIX percent discount ratc. is approximatcly S41.0 million. 

Based upon the al'eruge annual reduction to t.nrgct flow shonages from 
the Water Yield scenario. the total cost per ac·ft associated with thi s 
altcmalll'c would be apprOXlmatcly $58.740 assuming Ihe waleT is not 
protected and S2.160 assumtng it is protected (Table 8.1.13) . The cost 
per ae· ft of average targct flow reductions for the "with diversions" 
scenario exc~d the economic screening criteria: therefore, assocIated 
ISSUes presented below do not reflt"<:t this scenario. 

The costs associated with the forest management alternatives mclude 
costs associated with management. administration. construCllon. ClC. 
Financial b~'flefits would be gained from re\'CT1ue derived from timber 
sales. campground receipts. oil and gas leases. ClC. Additional 
economic bencfits of the regional wateT yield alternative would al so be 
gained. These bencfits include it(.'TTls that do nOI involl'e the actual 
transaction of money. Examples of economic benefits would include 
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r<x:rcational uses such as hi king. fishing. tic. Omsideration of these 
benefits is included m the Associated Issues section of this chapter. 

As previously discussed. the "benchmark" scenario represcnts a 
th~'{)rctical UpJX.'T ilmitto the amount ofw3tcr yield that could be 
generated by forest m3J1agement t<x:hniques. None of the FE1$s 
evaluated impacts or COStS associated with this forest management 
strategy. ThI.,'TCforc. thc cost ofimpltmenling this a1temati,'c could not 
be estimated based on the information available. 

In a maIlfler similar to that discussed in the Yield section of this 
chapter. additional variations nfthc forest management alternative 
could be evaluated during the Action Plan phase of the Project to 
optimize COSts. It is evident thatthl'TT- is a variation in costs associated 
with impicmcmalton of a "Water Yield" management plan betWI.,'erJ 
Nationa! Forests. For e~ample. the "Watcr Yield" management plan 
for the ArapaholRoosc"elt NF results in less costs than the USFS 
Selected Alternative for that National Forest. 

Associated Issues 

The Regional Forest Management alternatives were evaluated 
according to the associated issues e"aluation criteria previously 
reviewed by the Water Management Commincc. Chapter 6 Oflhls 
repon contains a detailed discussion of these criteria. The associated 
issues are physical. legal and instituttonal. social. economic and 
environmcntal. Tabular scoring of these alternatives accordin£ 10 each 
sub·criteria is presented ill Tables 1.8.14 and 1.8.15 for the "wah 
djvcnlOllS" and "without divcnions" condnioll5" respectively. Scores 
assigned 10 each alternative w~.,.e derived following review of 
modeling results" COSt estimates and rcview of the pcnincnt sections of 
the respective FE1Ss" 

Physical 

Assuming additional water associated with the forest management 
alternatives is subject 10 di'"l'TSion. reductions to target flo""s shortages 
at the critical habitat arc low" These alternatives arc sustainable. 
howcver. continued maintenance of the haf\'ested condition would be 
required or the effects of the alternative would be al1enualt'd w,th time 
as the forest rcjuvenates. Forest mana£ement altemal1'"CS are scalable 
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in size: the scenarios discussed in this Study inoorpolll\C four forest 
management scenarios involving thousands of acres of forest manag~-d 
by the US Forcst Service. LlmilatiOr'ls \0 Ihe size of the alten13t;VC may 
be Imposed by factors such as financial COSts. forest multiple usc 
policies and envi ronmental issues. Forest management ahcmallws of 
the scale evaluated are technically implcmentable. Increased yield 
from forcst management practices could Initially occur within one year 
following harvest. assuming there is sufficiL'11\ precipitation. Howe"cr. 
the National Forest management plans in<.Xlrporatcd in Ihis alternative 
rcpresLonl a 50-year lime pt'Tiod. For the purposes of this 1n\'csligation. 
il "'as assumed Ihal Impkmcnlalion of the ahL'TTl3lives could be 
accelerated \0 be implclTu:nled withm 10 years. While research shows 
that the effects oftimbcr managlmCTIt arc predictable. tbe ability to 
measure and monitor the additional water yield associated with tht'Sc 
alternauves may be problematic. increased streamflow generated 
under ei ther scenario may generate third pany hydrolob~c Impacts In 

the foml ofbcnefi ls 10 downslrcam walcr users. 

Legal and Institutional 

The prineipallegal and inslinl1ional issue associall-d with these 
aliernativcs concerns Ihe ownership of addl1ional waler. AC«Jrdmglo 
current waler Jaw. additional water gcncnl1ed by these allernativcs 
would be subject 10 appropriation. To fully rcali:t.e the benefits of 
forest managemenl alll'TTlal1vcs allhe cnllcal habnal. insmullonal 
changcs would be TC<lui red. Chanl!es 10 Siale la"'s rq'arding protectIOn 
oflhis waler wilt be problematic. WlIh rcspt.'C1 to Ihc Watl'" Yield 
scenario. Ihe potential for institutional consensus is considered to he 
low. Objcctions may be made by cnvironml'lltal b'TOUPS with respec110 
increasing the timber han'cst ac\tvlUes mlhe National Foresls. 

The USFS Selected Ahernat;ves scenario is being implemented hy the 
USFS. Permitting issues may make changes 10 forest managCTl1l'llt 
activitics difficult. DllTing the plnnitllng process. opposition to this 
alTernative is likely to exiSt. particularly with altl'lTlat;ves of the scalc 
associated with the bl'nchmark scenano. The Walcr Yield scenano 
conflicts with exisling programs Illat hove previously hcen 
impk,nented by the USFS. Change oflhc forest manag~'ITIl-n1 plans to 
implement the Water Yield or Benchmark alternatives would require 
revisions 10 the Forest Plan. subsequent environm~'nlal rcc"aluatlon 
and compliance (NEPA). and may \1IVol\'c a Icnb'lhy public appro'al 



process. The public interest in management orthe National For~"Sts 
mey be intense. particularly whCl1 management activities affccttimb~'T­
related issues. The CSR contends thutthc USFS has nOi fulfilled it s 
responsibilities required by the Organic Act of 1897 and the Multiple 
Use-Sustained Yield Act of 1960. It is cvidem from the lawsuit 
promulgated by the Coalition for Sustainable RL"SOurecs. Inc. that 
redirection of current forest management philosophy may involve 
protracted litigation. Although this case was dismissed. its elCisten~ is 
evidence of the disagreement over consistency ofUSFS forcst 
management activities with state and fedcrallaws. If implementL-d. 
administration ofwutcr gcncralL-d by forest management alternativcs 
may be difficult. Timber management activitiL'S would be administered 
by existing entities. howe,"er. a mechanism to quantify the additional 
water yield associated with forest management activities on a seasonal 
basis is not readily apparent. Estimates of WUK'T yield O\'L'T 10llg-tenn 
baseline conditions can be made. HOWeVL'T. it may be difficult to 
quantify the inereascs allributable to these alternativcs in any given 
year. Without knowledge of the quantities of water involved. 
administration ofwatL'T associated with these altcrnativcs may be 
difficult. Also. without the abili ty to quantify additional streamflow$ 
mtributable to these alternatives. mitigation of physical. 
"'!lVironmcntal, and economic impacts would be difficult. 

Social 

In relation to the existing baseline conditions, a !,'1"CatL"I" degree of 
social benefit would be gained by those communities relying upon the 
timber industry in tC!TllS of community sustainability, community 
organizations and support structUTCS. Benefits would be primarily in 
the fonn of employment opportunities related to increased timber 
management activity. Additional benefit would be gained through 
increased recreational opportunities (USFS. 1984). 

Implementation of either altL'TTlative al the proposed scale may hove 
negligible eftCcts on customs 3Jld culture. Given the increaSL-d 
magni tude of timbcr harvest and the accelerated schedule with respect 
to that presented in the FEIS. implementation of this alternative may 
tend to further polarize public groups with already opposing views. 
Those favoring amenity values over commodities would b-c most 
strongly opposed 10 tbis alternative (USFS, 1997a). Equity ofimpoets 



may be olTsetling as those opposing the altemativc may feci hanned 
while those dependent upon the timber industry would benefit. 

Economic 

The USFS has initiated implementation of the USFS Selected 
Alternatives scenario: then: would be no cost to the Project for this 
scenario. Initial implementation and capital costs of the Watt'T Yield 
St'Cnario would include costs associated with forest plan rcvision. 
environmental compliance. and pcnnil1 ing, Financial bencfits 
associated with the sct'1lario may offset costs resulting in possible nct 
financiall>cnefi1. Fiscal impacts to governmental entities resulting 
fTom the ahernati"e measuT<.-d in dollars may be positive, 

Based upon the USFS ~'t:onomie analyses. which includes values 
associated with activities such as hiking. fishing. etc., the h~'1Idits of 
the alternative would be high on an per aeon basis, Direct economic 
benefits of the alternativc would be positive and include employee 
wages and wealth associatt-d with the timber industry and recreation 
act ivi ties (USFS. 19970. USFS. 1984). Addi tional employmt'1lt 
opportunitics and earnings would result in positive secondary 
economic impacts through increased saIL'S and spending (USFS. 
1997a). 

Economic development would be mostly positive with some negative 
effects. Maintenance of the forest in a patch_cut condi tion \0 e;>;tcnd 
the number of years additional flow is realizt-d would continue to 
gcnt-r~te economic benefits through enlploycc wages and wealth. 
Expansion of the timber harvesting activities in the forest at the 
aecck-rated schedule evaluated in this chapter would reduce the 
ponion of the forest available for future barvest. 

Environmental 

The forest managcmt'Tlt alternativcs evaluated have the potential to 
degrade environmental quality if proper safeguards are not properly 
impkml.1ucd and administered, Dcb'Tlldation ofw8tcr quality. 
wetlands, wildlife habitat. and vegetation may result if tbe alternative 
proceeds without adequall: supervision of operators. The forest 
management plans call for adherence to the USFS Watcrnhed 
Cons~T\,ation Practices (WCP) Handbook (USFS. 1991). This manual 
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contains standards and design criteria 10 prole<;\ walt'!" quality in 
oompliance wilh Ihe Clean Wal~'f Act (CW A). lflhese standanls arc 
properly applkd. surface water dcgradotion would be minimi;.:cd. The 
alternative ,,:ould require compliance with NEPA. Ihl'TCfore full 
Cf1vironmental conscquCTlccs oflhe proposed activities would be 
defined at that lime. 

The forest management alternatives would have immediate impacts on 
the habitat S\lllc\ure and of len the composition of the treated area. 
Timber management can result in positive and negative effects on 
wildlife. Posi tive aspects of lim ocr management include the rcwntion 
of diversity ofhabilalS and vegetative composition. structure. and 
pattern. Negative aspects can be a loss of habitat cfTt:clivCIll'SS. 
increased wildlife disturbance and displacement. and degradation of 
aquatic habitat (USFS. 1984). At the scale of timlK:r harvest evaluated 
under the water yield alternative. these effects are a'l5umed to be 
neutral. With the impk-mentation of the IK:nchmark scenario. these 
cffeas could be more severe. 

Additional flows resulting from thc W8wr yield alternatives would 
likely be within the range of natural variability in the hydrolob~e 
SystCln. Changes to e~isting flow regimes would be limited 10 the 
May/Junc timc period when the hydrograph IS dominated by snowmelt 
(Troendle. et al .. 1998). Howcvcr. cffects of added hcadwater supplies 
would likely be obscryed beyond June due to rcturn 110ws from 
diversions to storage and diversions for irrigation. The water budgct 
spreadsheet is not capable of mod cling return flows becausc it is 
operated under the assumption thaI diversions are 100 percent 
consumptive. Becausc return 110ws do occur. more water would likely 
arrive at the critical habitat than is accredited to this altL'111ativc by the 
spreadsheC\ modcl 

Increased limber harvL"St activity may adversely affect the quahty of 
surfacc runoff in the affected areas (headwatL'T regions). During timber 
harvest activitics. sediment delivcry to surfacc waters may be 
increased duc to construction of roads. disturbancc of soils. and 
rt,moval ofvcgctation (USFS. 1984: Harr. 1988: Madej and Q7.aki 
1996). Following the harvest. t"l"tlsion ean occur 10 thc fonn of 
51reambank erosion. channel scour. or mass " 'asting (Wolfe and 
Williams. 1986). Researeh conducted at the Fraser Ellpt,rimtlltal 
Forest (Troendle. C1 al .• 1998) and othcr fOTCSts (CiEbcni. 1986) has 
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shown thaI timber hllf"\'I:st can occur without obst.'TVablc dcgr.ulation of 
surface water quality given adequate environmental safeguards. 

Increased peak discharges and duration ofhight-r flows following 
limbL'T harvest may cauSe additiunal strcambank crosion. channel 
degradation. and ovcroank flooding during the summer runoff period. 
Scdim~'11tation from timber harvest activities and erosion and channel 
degradation could be dctrimcmal 10 aqlUltic biota and aquatic habi1a1 
(Ringler and Hall. 1915: USFS. 1984). The relative impacts oflhe 
benchmark scenario would likely be more severe than those of the 
water yield alternative. 

Changt'S in nO\\-duration relationships could potentially impact 
wetlands and aquatic habitat The added water associal~-d wilh Ihis 
alternative may rcsuh in the fom13tion ofne\\' wetlands in some 
locations. Likewise. additional water may at least partially offset 
detrimental impacts to aquatic lifc by incrcasing instrcam flows during 
dry and avt.T3gc years. 

Both scenarios would result in changes in the scenic condition ofthc 
forcs!. They would result in fewer forestoo aert.'S and more open areas. 
Vegetation treatments change chameteristic landscapes and would 
"enhance viewing opporlunitit.'S in some areas or dominate the 
landscape in other areas" (USFS. 1984). 

Implementation ofa forest managt.""lTlent scenario. which emphasizes 
timber harvest. will result in a lower emphasis being plact.'tI on other 
forcst activillt.'S. Therefore. wncnities such as campgrounds. hiking 
trails. and other recreational resources may be negatively impacted by 
the alternative. 
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9. THIRD PARTY IMPACTS 

A. Introduction 

B. Reservoirs 

A workshop was held with the WMC on September 17. 1998 to define 
third parly impacts in the conlc~ t of this study and establish the level 
of detail required for the analysis oflhcsc impacts. The dcfini lion of 
third pany impacts with TCSlJC(:t \0 this study is lIS follows: 

'"Third pany impacts include significaot positive or negalive 
hydrologic. economic. environmental. nndlor other effects on 
panics in the J' lane River study area that arc not the dircrl 
Recovery Program participants," 

The study team WIIS instructed 10 identify and discuss potential impacts 
associated with the alternatives idem; lied. The analysis is qllllliialivc as 
opposed 10 quantitative and dot."S not include the development of 
methods 10 mitigate third pany impacts. In addition. the discussion of 
third party impacts has been limi ted to the I'latte River Basin. 

Third party impacts arc primarily a result of hydrologic and ~'COnomic 
impacts of on alternativc. Potcmial sources of third pany impacts 
relat~'(\ to hydrologic eff~'Cts include I) Changes in !'Iattc River 
strcamflows both in tCTIllS of timing and quantity, 2) Changes in canal 
flows. 3) Changes in return flows. 4) Changes in groundwater/surface 
walCT conn~'Ctions. and 5) Changes in water qualily. Potcntial sources 
of third party imP1lcts relatt'<1 to economic effects include I) Changes 
in the scale or nature of water-usc opcr3tions. 2) Changes in 
cxpenditure patterns. 3) Changes in related industries. 4) Changes due 
to const",ction activities, 4) Changes in the tll}; base. and 5) Impacts on 
economic dt.'Vclopmenl. It is noted that third party t'lwironmt'l1ta\ 
effects are also evident with cenain alternatives. For example. 
replacement poWCT can produce effected related 10 fossil fucl 
gcncration. 

Third party impacts have been identified and discussed for each of the 
categories of alternatives in the following sections. Only thi rd party 
impacts associmoo with the alternatives that have been sooroo are 
addressed. 

There are several third party impacts that could occur as II result of 
almost any reservoir altcrnativc due to similarities in the types of 



hydrologic and economic cffects associated with these typt.'S of 
projects. As such. third party impacts arc discussed gcncrally for aU 
reservoir projects. 

Di\'cr:sioru; to storage may reduce available flows for new water \JSC"I"S 

in the future or potentially existing users if they arc not prote<:tt-d 
through the water rights administration process. Diversions. releases 
and return flows from reservoir s~'Cpagc will also alter the timing of 
wat~'T available 10 downstream users. There are potential negative 
economic and hydrologic third party impacts due to chang~-s in the 
quantity and timing of"'.:lter. For example there may be impacts on 
walcr users who rely upon return flows or groundwater n'Charge for 
eventual pumping. There may be surface ,,·ater irrigators that usc 
runoff or return flows that arc reused several times by other surface 
div~'TIcrs. Di ITercnt crops require different water amounts at di ffercnt 
times during the growing season. Changing the timing and quantit), of 
water available to downstream users could impact this balance. 

Diversions to storage through existing canals will rr-duce the 
opportunity for the OlVn~'T to usc that conveyance capacity. For 
cxample. the Julesburg Irrigation District fills Julesburg Reservoir by 
the Hannony Ditch. If excess ditch capacity is used to fill an 
cnlarllcmcntto Julesburg Rl.'sCTVoir for the Recovery Program 
Hannony Ditch capacity wilt no 10ng~'T be available to thc Julesburg 
Irrigation District for pot~'T1tial future operations including 
cnlarllc1ncnts or potential rechargc proje<:ts. 

R~"SCrvoir alternatives could gencrate employment opportunities on a 
short-term basis during construction. which is a third party economic 
benefit. The projected ~mployment can range from I ()(} to 750 people 
depending on the magnitude ofthc project. 

Some reservoir alternatives would providc a significant increase in 
recreational opportunities. which is a third pany benefit. RecTCational 
opportunities associated with rL'SCrvoir enlargements and/or new 
storage constru~1ion consist of swimming. picnicking. fishing. nature 
study. sightseei ng. hiking. and boating. The e~t~'T1t to which 
r~'Creational opportunities arc enhanced dcpL'11ds to a large degree on 
the si~c of the projL'Ct and whether there are other rr-servoirs with 
similar opponuniti~-s in the vicini!} . 

. , 



Third party environmental impacts can be both positive and negativc, 
There could be negative impacts to wetlands from reservoir 
impoundmt-nt and posi tive impacts resulting from the creation of 
additional wildlife habitat. These impacts can be signi fi cant depending 
on the size of the project. Reservoir projects C(luld also have both 
negative and positive impacts on Wilier quality and downstream aquatic 
habitat. Water quality could improve during !he summer momhs .... hen 
additional flows resulting from these projects return to the river. 
However. water quali!y C(luld be degraded and fish and aquatic habitat 
negatively impacted during the winter months when river flows are 
reduced and temperatures change due to diversions to storage. 

Reservoir St'Cp<lge could impact groundwater levels in the vicinity. 
Increased groundwater Icvels could have both posi tivc and negative 
third party impacts. Increased groundwater levels could reduce 
pumping COSl~ for nearhy groundwater irrigators. Alternatively. 
increased groundwater levels could result in waterlogging ofncarby 
irrigated lands resulted in decreased productivity and yields. This is 
particularly a problem in the Central Plalte River region whcre 
groundwater levels are alrcady too high in scwral areas. 

Reservoir projects can also modify the flood risk for downstream 
propcnies. For example. Tt..'SCTvoir projects on Plum Creek could 
potentially decrease the flood risk for downstream prop<."T1ies by 
providing more control of flows during flood evcnts. Decreasing the 
flood risk is" third party 1x:ncfit. 

C. Agricultural and Municipal Water Conservation 

Municipal conservation has been dcfClTed from further evaluation. 
therefore. third party impacts have nm bet:n discussed. 

Third party impacts that were identified for agricultural conservation 
apply to the specific types of programs evaluated. which include 
conservation cropping. deficit irrigation. irrigation district structural 
measures. and water district non-structural measures. 

For conservation cropping. third party hydrologic impacts could occur 
to fannClS that have traditionally rcli(.""tI on return flows or nmofffrom 
participating farms for a portion of their water supply because differcnt 
crops require different water amounts at different times during the 
growing season. Diminished return flows changc the quantity and 
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liming of water in lhe river. which can be a negative hydrologic third 
party impact on downstream users if they arc not protected through the 
water rights administration process. Reduced deliveries to participating 
farms may resulT in reductions in canal company rcYCOlK:S fOT 

C{)mpanics lhal have "olumetric rales and could. in the extreme. 
require increases in water delivery ml~~. 

Third party e«>nomic impacts may also cffect fann workers and Input 
suppliers because of difTCTing requirements bctwCCTl traditional crops 
and alternative crops grown as a result of the conservation cropping 
program. Changes in the farm product can have negative impacts on 
processors. shippers. and purchasers o(fann products as well as local 
livestock growcrs. Changes in water quality. either positive or 
negalive. as a result of changes in cropping an: also possible. 

For deficit irrigation. third pany hydrologic impacts may occur on 
ncighboring f(lrms because participating farms will diveM !loss and 
producc less runoff and rcturn flow, If conserved water from deficit 
irrigation is to be prote<:!ed from downstream diversions. downstream 
existing water rightS holdt"fS willlikcly be prote<:ted through thc water 
rights administration process. Deficit irrigation would result in reducl-d 
yields. potentially impacting processors, shippers. livestock growers 
and others relying on this production. lfw3tcr deliveries arc 
significantly rt.-duccd within an individual canal comp~ny or irrigation 
district's service area. company or district rt.'\·cnues may be impactoo If 
thc enti ty US\"S volumClric rates. Water qualiTy improvements can occur 
with reduced irrigation. 

For irrigation district structural measures thl'fC may be ~Ub51;:mt ial third 
party hydrologic impacts from reduced groundwater recharge and 
surface "'liter return flows resulting from smalll'f conveyance losses. 
llK"'Sc supplies are relied upon by some farmers "undt .... thc canals" as (I 
principal component of their water supplies. In both cast.'S. the third 
party hydrologic impacts may result in negative third pany economic 
impacts due to diminished }iclds as a result of reduced wat~ .... supplies. 
In areas pronc to high water tables and fl ooding. such lIS the 
groundwater mound area in central Ncbraska. reduced canal seepagc 
may provide a third party hydrologic and economic benefit. 

For all the agricultural conservation measures. third pany hydrologic 
bcncfits may occur ifThc const-rved water is not prote<:ted from 
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D. Reuse 

downstream diversions. Each of thcsc measures will ultimately leave 
more walL'!" in the river al the location where it is implemented. which 
may impro'"c the supplies available fOT junior water rights holders 
downstream under this scenario. 

The third p3ny impacts Iha1 wt:re identified generally apply \0 all 
projects thaI involve the relocation of return flows such as the project 
currently being implcmt"Oled by the Tri-Basin Natural RCSOUTCt:S 
District (NROl at Funk Lagoon. 

Similar \0 reservoir and oonseTvation projects Ihm: are fIO\l'fl\ial 
negative ecQnomic and hydrologic third pany impacts on downstream 
users due 10 changes in the quantity and liming ofwawT in the riVt'T if 
Iht')' are not protected through the water rights administration process. 

Projects lh9\ relocate return flows in the C("'Tllral Platte region could 
provide third pany Ix:nefits to homeowners and landown~~ in areas 
wh~'TC b'TOundwater levels arc lowered. Wat~Tlogg;ng in scveral areas 
throughout the Central Plaue has rcsult~"(\ in decreased agricuhural 
productivity and yield. Lo"'~Ting the groundwater table could improve 
produetil·;ty. and in some cases bring waterlogged land back into 
production. Lowering groundwater levels could also have ncgativc 
third pany impacts if pumping costs are increased for nearby 
groundwater inigators. 

There arc specific pott"lltiaJ third party h<.'TIcfits associat~'"<l with the 
Funk Lagoon project to downstream homeowners and landown~T5. The 
channel capaci ty of Lost Creck is currently not suflicient to handle 
irrigation return flows and storm events. therefore. diversions from 
Lost Creek would free up additional channel capacity. 

ThtTC are also potential third pany environmL"Ilta] impacts on water 
quality if water is divened from Lost Creek to North Dry CTL'Ck. Water 
quality could improve during the summer months when additional 
flows resul ting from these projects return to the river. Howe, CT. water 
quality eQuid be degraded and fish and aquatic habitat negatively 
impacted during the winter months when river flows are reduced and 
temperatures change due to diversions to storage. 
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E. Incentive Based Reductions in Agricultural Water Use 

The third parl)' impacts that were idcntificd for incentive based 
reductions in agricultural water usc apply \0 Ihe speci fic types of 
programs t-"'OIU8It-d, which include the purchase ofirrigatcd lands. 
acquisition of waWl" rights, land fallowing. ttwporary leasing of walt:T 
rights. and dry year leasing. 

In St'nC11l1 all Oflht'Sc programs can alter the timing and quantity of 
w'aler in Ihe river. As such. thero arc potential hydrologic and 
corresponding economic third palty impacts on downstream users. If 
water conserved through Ihese alternatives is not prol(.><;;lcd from 
downstream divcrsion. these third pany Ocnefits would likely be 
positive. Additional flows under this scenario may aUol\' junior water 
rights holders downstream 10 make greater usc of their water rights. If 
the water is protected from downstream diversion. cxisting 
downstream water right holders would likely be protected through the 
water rights tmnsfer pfO(:css. 

Negative third party hydrologic impacts from these altemativcs arc 
most li kely to occur to nearby fanners who have traditionally relied on 
tailwater runoff or groundwater ft:eharge from participating farms for a 
port ion of their water supply. 

Third party impacts for purchasing inigalCd lands and the acquisition 
of water rights are similar. Apart from the potential third party 
hydrologic impacts identified above. there could also be third party 
~"CI)nomic imp3L1S on agricuhur~1 input and equipment suppliers. fann 
workers. pfO(:cssing industrics and local communities that d<'pcnd on 
agriculture. These impacts can potentially be mitigated hy disp<."TSing 
land purchases gcol.'TII.phically. Third party fiscal impacts may also 
result from land purchases or water right purchases. Public entities are 
generally not subject to local propcTty taxcs. so inigatcd lands 
purchased by the program may be removed from the localt3x role. If 
only the water rights arc sold. the land may still be rcdassifit-d as 
dryland and have reduced value for tax purposes. rfwatt'1" deliveries 
arc sil.'1lificantly Tt.,duced wi thin an individual canal company or 
inigation district's SClViec area. company or district revenues may be 
impact~-d if the emily uses volumctric rates. 
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F. Groundwater 

For land fallowing third party impacts are more modcst but similar 10 
purchasing agricultural lands. Since land fallowing can be temporary 
for any particular land parcel. changl'S in )X!rticipaling propertil'S and 
geographic dispersion can help mitigate third pany impacts. 

Third party impacts lISSOCialcd wilh tCffiporary leasing ofwalcr rights 
arc similar but more modest than third party impacts associated with 
land fallowing. Because wah':r right1easing "'Quid a11o'" panicipating 
fanns 10 either spread remaining water supplies or con'"crt a portion of 
their hmd to grazing or dryland crop production. indirect economic 
impacts on rc1ah:d agricultural industries would be less than for land 
fallowing. 

DJ)' year leasing third party impacts arc similar to an on-going water 
right leasing program but are potentially substantial on II siIC-spccific 
basis in the dry years when lhe leases arc activated. Sioce the value of 
water io agricul!urc is greatest during dry years. third party L'Cooomic 
impacts during these years could be substantial. 

There arc scventl third pany impacts that could occur as a result of 
almost any gJOundwak'r alternative duc!O similarities 10 the types of 
hydrologic and economic e1Tccts aswciated with these types of 
aill'f1llltives. Therefore. third pany impacts were discussed generally 
for groundwater projects. 

In gencral. diversions to rechargc will reduce available nows for ncw 
water users in the future. Di"crsions to recharge and rc1um nows from 
canals and recharge basins will alter the timing and qUHntityofwater 
in the river. There arc potential negative economic and hydrologic 
third pany impacts on downstream users duc to changes in the quanti ty 
and timing OfwaK'T in thc river ifthcy are not protcctl'(\ through the 
water rights administration proccss. 

Diwrsions to TI.'Charge through existing canals will reduce the 
opponunity for the owner!O usc that conveyance capacity. which is a 
negative third party impacl. If excess di tch capaci ty is used to fill a 
recharge basin that capacity will no longer lx:: availablc for potential 
future operations and/or development. 



Third party environmental impacts may be primarily positive. Similar 
10 the Tamarack Recharge Plan. recharge projects can gen~'T1Ile 
wetlilllds and wildlife habitat. part icularly for waterfowl. Impacts on 
water quality can be both positive and negative. Recharge projects 
could improve water quality on-si te due to the ereation of wetlands. 
Water quality could also improve during the summer months WhL" 
addi tional 110ws resulting from these projeCIS return to the m·er. 
However. waler quality could be degraded and fish and 1Il.[uati~ hahilat 
negatively impacted during Ihe winter months when riv~T flows are 
rcduc~-d and temperatures change due to diversions to storage. 

Alternativcs that involve pumping from the groundwater mound could 
lower groundwater levels in the Central Plalle region. Lower 
ground,,'aler levels could have both positive and negative third party 
impacts. Negative impacts include increased pumping costs for nearby 
groundwater irrigators duc to lower ground waitT levels. Alternatively. 
10WLT groundwat~T levels would decrease waterlogging of nearby 
irrigaK-d lands and alleviate problems with l1()(xk-d bas(:mcnts.. both of 
which are positivc impacts. Alternativcs that involve pumping from 
the groundwater mound also require the lISe of drains \0 return 
groundwater pumped from the mound to the J' lal1e River. These 
projects could ha\'e negative third party impacts on landowners 
adjacent to the drains irwat~'Tlogging problems arc increased. 

Recharge projects that involvc pumping groundwater or diverting 
water via an c~isting canal 10 a rechargc basin could result in high~T 
h'TOundwater levels due to increased return 110ws. Raising groundwaKT 
levels would have the opposite positive and negative third party 
impacts as lowering groundwater levels. 

G. Systems Integration and Management 

Third party impacts that result from systems integration and 
management projects are sito! specific because the condi tions of each of 
th~"'SC projects vary considerably. 

The same third party impacts that apply to reservoirs regarding 
changes in the timing and quantity of flow available to downstream 
users and water quality also apply to La Prelc Reservoir. Third party 
impaelS associatoo with La Prele Reservoir arc related primarily to 
impacts on the La Pre1c Irrigation District. The District is currently 
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using water stored under l' EPL's right for irrigation, If this water is 
purchased or leased for Ihe Recovery Program il will no longer be 
available for usc by the Distric!. which is a potential negative third 
pany economic impact dependillg on how reliant the DislriC\lS on 
l'EI'L's waler. 

Protecting minimum 110'" releases from Grayrocks Rt'5\.n'oir will have 
impacts on downstream irrigators. Minimum flow releases arc 
considered natural now at the oonflucnce of the Laramie and North 
Plalte River.;. Therefore. downstream irrigators ar.., ('111;1100 to divert 
thai water according \0 Ihe provisions of the 1945 Decree. If minimum 
flow releases arc protected downstream \0 lhe critical habitat there " 'ill 
be negative third parly economic impacts on do"",slrcam imgalOrs that 
currently divert thaI waler. These negative impacts could include 
changes in agricultural production and farm labor. There will also be 
third party impacts associated wi th 10w ... 'I" reservoir kvels in 
Reclamation'S North PlnUe RivCT facilities. Less natural flow available 
between Whalen Dam and Tn·State Dam will result in a greater 
demand on storage. Lo"'er rcsC!Voi r levels in tht"SC facili ties could 
have negative impacts on recreation and fish and wildlife hahnat . 

A Inmsbasin dh-ersion from Wind River could have positive third 
party l',wironmental impacts on water quality in Ihe Platte River Basin 
but negative imp~ets on the Winder River Basin. Wat~'I" quality could 
improvc during the summer months when addi tional flows arc divl'11cd 
into the Plane RivCT basin. Negatl\'c impacts on waler quality arc 
unlikely because this is a transbasin diversion and reductions in Platte 
River flows will not occur. 

Third party impacts associated with B-1 Reservoir arc similar to those 
associated with groundwatCT recharge projl"Ct~. B-1 Rl"SlTVoir will be 
operated as a recharge reservoir similar to a project involving 
diversions through an existing eanalto a rc-chargc basin. fl-l Reservoi r 
could potentially roisc groundwater levels along the Gothenburg Canal 
and in the area of the rCSl'T\·oir. Higher groundwater levels could 
increase waterlogging problems and problems with flooded basements 
in the area, which ure ncgati,'c impacts. Conversely, higher 
groundwater levels could decrease pumping CQsts for groundwater 
irrigators in the area . 
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Power inlcrfC't"cncc will likely produce third parly hydrologic, 
economic and environmental effects. Waler release schedules from 
Lake McConaughy will diff~'" from the historical pallem. primarily in 
non-irrigation months. Thl'TC will also be changes in the timing and 
quamity ofwatcr available downstream of the J-2 return. Changes in 
release schedules and J-2 returns could have polcmiul negative 
economic and hydrologic third party impacts on downstream "Iler 
users in Region 3, possibly municipal and industrial user.;, Ihal rely on 
these flows. Economic effects might su.'11l from modified stream flows. 
bUI more likely troill the diverse impacts associated with securing 
replact'1llent power. BOlh CNPPID and NPPD will seck compensation 
undl.'T the power intcrft"Tt"l1cc alternative: NPPD will experience dirt:c! 
impacts associated with power replacement. However. NPPD 
customers will li kely e~pcrience higher electricity costs because of 
more c~pcnsi\'c non-hydro power or, worse. experience a r~-duction in 
pow~'T availability that could produce CC()nomic ~"Onstraints. The loss 
of system generating capacity will be evidem for thc Mid-America 
Power Pool. Third party environmental consequences arc likely as 
hydro generation. usually very low in environm~'11tal impacts. is 
rcplacL-d by fossil fuel generation, which often afTects ai r quality and 
other environmental resources. Fluctuating J"(.'SeTVoir pools are II 
dt1riment to TI.">:reation if they occur. 

H. Watershed Management 

Therc arc sevt'Talthird par1y impacts that could occur as a result of 
watershed management alternativcs. The third par1y impacts associatL-d 
with fort'St management are as follows. 

A<lditional water generated by forest ma1l3geme11l projects will altcr 
the quantity and timing ofw3ter a\'ailahle to <lownstream users. There 
are potential positive efTccts on economic development ifflows arc 
increased since this water will be available for other existing and 
future uses. Additional water gent'Tatcd by thcse projects may improve 
the ~upplics available fOT <lownstrcam junior "'atcr rights holders. 

A forest management alternative would increase the rate oftimbcr 
harvest and generate a<ldilional employment oppor1ullilics in the 
logging in<luSlry. which is a third party economic benefit for 
communilies thai depend on the limber industry. Employee ,,'ages and 
wealth would be expc<:ted to increase . 
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Forest management ah~'TIlati,·cs would have both (lOsitive and negalive 
third party environmental impacts. Impacts 10 \,<,gcwtion would he 
substantial as a result of timber harve'S!. Thl'll: could be ncgal;YC third 
party impacts on wildlife habitat when: certain species rely on forests 
as refuge sit~"S. breeding habitat. and for feeding. Certain speck'S could 
be sensitive to habitat changes. There could also he neg3lh'c impacts 
on aquatic resources. Less stable streams with low grudic11ls and 
unstable banks could be impacted by incrc'dScd runoff. Polt'l1lial 
increasc<i sediment loads could result in loss offishl"TiL"S. Conversely. 
increased flows due to fO=1 management could potCTItially improve 
aquatic habitat and water quality. 

Thero would be significant positive third pan)' impacts related \0 

recreation. A portion orthe roads constructed for timber culling ,,'ould 
pr{)\~dc access into areas Ihal arc currenlly inaccessiblc_ Increased 
accessibility would subsetluCTltly increase public and private dc~dopOO 
recreation use and disJX.'fS~-d rccre:.tion use including camping. hiking. 
biking. sn{)wmobiling. skiing. hunting. and fishing. Forest 
management could result in a gre:.tcr number ofrecre:ttion days . 
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10. DEMONSTRATION PROJECTS 

A Purpose and Methodology 

The purpose of tbis effort was to ill ustratc the feasibility of polcmial 
demonstration projects. Properly selected and designed dCllIonslnl1ion 
projCl;\S can build crcdibil ily for the overall Coopcnllivc Agn:cmcnl. 
help demonstrate progress beyond "paper" evaluations. show the 
applicability of existing research and techniques \0 the Plalle Ri\'('.,. 
situation. and help reduce unccnainty regarding many asp«ts of the 
alternatives discussed previously. 

Concepts for demonstration projects were developed by reviewing the 
assumptions and dara limitations associated wilh each of the "'a\cr 
conservation and supply alternatives and by discussing the timing. 
objcctives. scale, scope and othcr aspcelS of potential demonstration 
projects with WMC members and other Plalle River Basin water users. 
Based on this re\' iew and input from the WMC, three types of 
demonstration projects were suggested. which include small-scale 
projl'Cts that are constructed to test both the feasibility of largcr scale 
projects and the assumptions used in thei r evaluation. projccts thal arc 
not physically constructed. but provide funhlT data through field 
invcstigations and measurements. and projects that focus on refining 
assumptions and methodologies used to anal)"l.e an alternative by 
developing more sophisticatL'!I anal ytic tools. 

Therefore. the study team used a vcry broad definition of 
demonstration projects that includes construction of smaller-scale 
faeilitiL'S. data Dcquisition efforts. and refinement ofanalysis 
assumptions and methodologies. The study team incorporated its prior 
crpcrienecs with similar efforts in the Plalte River Basin or OIhcr areas 
to help identify potential demonstration projects. 

In many cases. the evaluation of altcmalives did not rcsult in one 
alternative scoring significantly bencr than other similar altcmalivC5 in 
other reaches. Therefore. no single alternative is readily apparL"flt as 
being a better candidate for a demonstration project than others. 
Demonstration projects must then focus on any additional infonnation 
nceded to funhl'f refine the evaluation. which can help confirm or 
rejcctthe highest Tanking altcmalivc(s). In other words. what 
information would be of enough significance that it could change the 
scoring enough to make the altcmativc more or less desirable'? The 
first step was identifying assumptions made in each evaluation that. if 
additional information was available. could potentially adjust the 
scoring of the alternative. Some items listed moy not be as significant 

,., 



, 

B. Evaluation Criteria 

as others; howe"CT they orc includt'd \0 stimulate the consideration. 
evaluation. and selection of demonstration projects by the WMe and 
Governance Committee. 

The study learn also participD\t'd in se\'eral WMe meetings !hal 
included 1he discussion nfpotential demonstration projects. The 
concepts included groundwater manag<-'1llCnl projects and groundwatCT 
and water reuse projcCls such as those suggested by a WMe 
suboommillcc headed by Mike Drain ofCNPP ID. These potential 
projt"CIs arc discussed in context wilh olhl'rs identified in Ihe 
subscctions 1h01 follow. 

The following crit<-Tia arc inel udcd for polL'J11ial us{' by the GovcmHncc 
Committee in the selection of suitable demonstration projects 1hat 
might be funded through the Cooperative Agn,cmcnt These criteria 
were considered in the identification of the candidate d~'Illonstrntion 
proj~"Cts prt."SCrltoo under S~"Ction to,e. 

• Sub,'1a,,'ialllp.~ide polelllia/ for ,III' I/'d llliqul' - Supply and 
conservation techniques to be further examined through 
dL'IllOnStrlllion projects should havc considL'T1Ible potential for 
suecess and broader implemL-ntation beyond the dL"Tllonstration. 
The techniquc being demonstrated should also have the capability 
of providing sufficient water supplil"S, in a broader application 
beyond the small-scale demonstration, to make a substantial 
contribution to the ultimate flow objectivL"S. 

• Limited do.msidl' ,i_~kfmm 'lie demo,,~·t'ution project - The 
demonstration projects should be relmi\"ely low risk In K'TlTl5 of 
financial commitment and the reputation of lhe o"erall program. In 
addition. the demonstrntion should be struetured so that there is 
minimum potential for irreversible damagc if the demonstration 
project is not completely successful. The study team assessed the 
magnitude of the financial rcquircmL'nts for dt1nonstration projects 
and the potential downside if a project is nOt successful. 

• Demf/ll,W,alion call help re~'()l>'I' .",certai,,'i~'· TIle 
demonstration projccts may be designed to provide further 
clarification ofospccts ofthc technique which are uncertain. such 
as how water users will respond to financial incentives to change 
their behavior. For each altemative considL'Ted for possible 
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c. Potential Projects 

inclusion as a demonstration project. the study team will indicate 
key issues and infoml3tion. which can be r<.'SOII'cd or dc\'clopo:..'tl 
through the demonstration. 

• Rc.mll.~ call be extrapolated 10 a larger program _ The 
demonstration projects should be dt'Signed so that the findings can 
be utili7.e(! in the context oflargcr programs. This docs 110t mean 
thallhe conditions or results will necessarily be the same in e\'cry 
location. but thaI the information from thc program can be used to 
beller predict the outcomes of a broad ..... application oflhc supply 
or conservation technique. The study learn sought to either identify 
representative demonstration projects. or idCT11ify how the 
demonstration project application and results would vary in a 
broader application 10 olher areas based on the characteristics of 
those areas compared 10 Ihe demonstration area. 

• Demon.\'trutioll project il.~l!lfi.~ reQdilJ'fI!Q.~iblt! - Demonstration 
projects should nO! rt.'quirc ovcrwhelminJ; financial in\'cstmcnt or 
protracted and oomplex fI."SOlution oflcgal. institutional. 
environmenta1. or other problems in Ord~T for a limited-scale 
demonstration project to be impkrnenK"li. 

PfI.'SCfltcd below arc potential demonstration projccts and the results of 
their evaluation. Discussed first arc general purpose projects that apply 
to se\'eral categories ofalicmatil'es and arc aimed at confinnmJ; the 
assumptions on which the O\'~TaI1 Study is based. The I'<--mainder of 
this section COVeTS d~-monstmtinn projects thai arc specific to the 
categories of alternatives presented in Chapter 8. Two categories. 
Inccntive 6aso..-d Reductions in Agricultural Waler Use and 
Agricul tural Water ConsCI'votion arc diseusst'tltogcthcr (undtT Ihe title 
of Agricul tural WatCl' Usc) because certain demonst ration proj~'CIS 
could sCl've alternativcs under both categories. 

General puroose projects 

Three orthc most promising areas for useful demonstration proj~'CIs 
relate to: I) rcsolvinJ; uncertainties in calculating the net reductions to 
target no,,' shonages. 2) estimates of par1icipation levels and COSts 10 
induce par1icipation in incentive-based programs. and 3) 
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legal/institutional issues rdallx110 management of Program W31t'TS 
wilhin Ihe context of each SlalCS' water Jaws. 

I. Calculating Net Reductions \0 Sho(!ages _ As discussed in Chapl~T 
7. net reductions in shonages 10 larget nows were estimated wilh 
the use of a simplified waler budget spreadsheet This was emirsly 
appropriate for a large reconnaissance evaluation of many Iypes of 
alternatives. Further definition Dflhe aUract;'"cncss of selccted 
alternatives may be enhanced by demonstration projects focused 
on the t)'llCs of assumptions inherc11l 10 the sprcadsiu:cl"s 
calculations. DcmonslTlIlion projects could focus on refined 
analysis of gains and losses and di"cr;ions. refinemcm of the reach 
definitions. explicit accounting for return flows in sck'Ctcd reaches. 
extension of the study period or evaluation of another (probably 
shorter) period to evaluatc an alternativc's responsc in relation to a 
particular Program m .. 'Cd. or many OIhcr factors or issues. 

2. Par1 jcin3tjoD and Induccmen1 Cost Sua'cy - Many of the 
COmmL"Ilts received on thc draft cvaluations of Program 
alternatives regarded agricultural water use and estimates of 
participation rates and costs required to indue<: participation. There 
were also comments suggesting that the Governance Comminee 
send out an RFP soliciting communities 10 participate in municiJXII 
conservation demonstration projects. Th~TCfore. a survcy of all 
walLT users in each of the 19 reaches may providc uscful data and 
help gage public acceptability of the alternatives. In addition. a 
demonstration program to support the Governancc Commltt~'\:"~ 
outreach program might provide specific infotnl3tion on potential 
modifications to cl(i~ting water uscs. The program could also 
providc information \0 state rule-makers on the aeceptahility of 
potential statutory modifications. 

3. Lellpl and lostj1Uljooal Issucs Related 10 Mau3gtjDeDt of promm 
Waters The poK-ntial for each statc to assure delivery of any 
Program water downstream was a con1tnuing poin1 of discussion 
throughout the Study. lkmonstration proj~"Cts designed to test c~eh 
State's ability to deal cxplici tly with this issue may provide wry 
pragmatic information in the dcvelopment of an Action Plan. 
especially if thc projL'CtS WLTC structured to dcl incatc specific 
st~\Utory restrictions such as thc acceptability of various types of 
in·stat;, hcncficial uses including instrcllJll flows and 
habitatlwildlife cnhanccmcnt. 
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Reservoir Projects 

R<.-servoir oolls[mction docs not lend ilse! f to the typical definition of 
dcmonslration projects. Since dams are capi lal intensive construction. 
it is genCTlllly not economically (or cnvironmcmal1y) feasible 10 
construct a small rcsLTvoir 10 dctcnninc whether or not this type of 
project mCCIS cXp<X:tmions before the full-size project is constructed. 
Therefore. the most likely candidates for dcmonstrluion projects 
related 10 rl'SC!'Voir ahcmati I'L'5 will further define lhe assumptions 
used \0 evaluate representative projects in Region 2 and more precisely 
define the physical paTllmctm; or the institutional conslraims on 
reservoir operations in all the regions. These projects generally fall 
wilhin the second and third categories of demonstration projects. 
which fO(:U5 on data acquisition and refinements 10 Ihe analyses_ 
Potential demonstration projects could \>e structured as follows : 

I, Reservoir Ope@tions. Evaooralion. and Arca·Capaci ty 
Relationsbivs· In gl"Tlera1. TCSCI'Voirs were assumed to fill to 
maximum capacity with available supplies during months of 
excess flows Dllhe criTical habiTat. A demonstration projccT or 
STudy could provide infonnalion 011 whether selected reservoirs 
could \>e opcrnted dim:renTly (for cxample. without a one·fill rule) 
Hnd help refine the estimates of average annual reductions to target 
flow shonages and associated unil oosts. Demonstration projects 
consisting of more site specific analyses could also help refine 
estimates of evaporalion and area·capacity relationships. 

2. RL'SCTVojr Scsa)3~e· Gcncrali7.oo reservoir seepage raIL'S wen: 
based on a percent of monthly stoTIIgc volume for an ofT-channel 
reservoir and return flows were eslimated based on the SDF 
melhodolollY. A dcmonslTlltion project could rcfinc the seepage 
values and SDF values for selccted TCSCI'Voirs by analysis or 
measurement and help cstablish t"IJnfidcnce in the abili ty to 
monitor and measure reservoir projects. 

3. Obsco'ation Wells _ Observation wells may need to be installed 
and hydrogeologic investigations conducted 10 mcasure recharge 
water rcturning 10 the river. A dt1nonstralion projl"(:1 could refine 
the costs associatoo with ObSL"T\'ation wells and hydrogt"IJloglc 
studies. 

4. Rcplaccml1lt of Sand Dam Djversions· Some resco'oir 
alternatives would require improwmenlS 10 existing di,·tTSions 
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accomplished with sand dams. A dcmonstmlion projcct consisting 
ofmorc dctaikd analysis could address which sand dams would 
nL'Cd n.'Placemcnl and reline the COStS using slruclUmllayouls of 
new facilities and wastcways to return nows Dack to the riVL'T 

immediately downstream of the dam. 

Agricultural Water Use 

For the purpose ofprcst'flting demonstration projects. two categories 
of alternatives from Chapler 8. Inccmivc Based Reductions in 
Agricultural Waler Usc and Agricuhurul Water Consc,,:al;on Projects 
have been combined since sc\'cral powntial dcmonstnl1ion projccts 
could fall under bolh categories. The shor1listcd alternativcs in these 
two categories include: 

• Acquisition and Dry-Up of irrigated Lands. 

• PCTlllancnt Acquisition of Ab'licultural Water Rights, 

• Land Fallowing Programs. 

• Dry Year Leasing. 

• Deficit Irrigation. 

• Conservation Cropping ratl~-ms. and 

• Structural Modifications to Irrigation District Facilities. 

Demonstration projects or pilot programs should be considered for 
cach ofthc SC\'Cn bullCl~xl8ltcrnatives shnwn above for the following 
reasons: 

• The altt-matives have the potcntialto mCCl a substantial ponion 
of the flow objective. hut public acceptance and institutional 
issut'S are key 10 their Implementation. Smaller scale testing 
allows all panics to wil11csS the results without making a 
premature commitment to a 10ng·tCTm program. 

• The pilot test allows for the opponunity \0 refine approaeht.'S 
and to optimize the larger scale programs. if the pilot tests 
show significant promise. 
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• Similar pilot projects havc been succl:ssfully tried in othcr 
areas. For example. cost sharing arrangements to implemcnt 
irrigation system improvcments have bcen implcmen1L'CI hoth 
within and outside ofthc Plane Rivcr Basin, 

• As a purely market based approach. the responsiveness of 
water users is somewhat difficult to predict. Field C1;pcriencc 
with a demonstration project could assist !,'TCatly in refining the 
program and predicting its results. 

Dcmonstr,l1ion projects could be configured to enhance data on 
physical auribut<.:S and consumptive usc: test the lcgal/institutlonal 
issues: betk'T define the COSts. benefits. and financing issues: address 
cnvironmental effects: and judge public involvement and acceptance 
of the ahcmatives. EITons separate from the Cooperative Agrt:cment 
and this Study. including those of the rescarch universities. statc and 
federal agencies. and local wuto:..,. USl."I'S and districts, focus on many 
types ofogriculturally related demonstration projects. These eITons 
have. and muy continue, to provide most of the data related to physical 
and environnwntal cffects and cost and bencfit data, It may be 
advantageous for thc Program to suppon and/or participate in these 
projccts considering that the m{)st valuable scientific data must be 
C{)l1ected using established protOCQls ovcr ~l."'t'l1ll scasons, if not years. 
Therefore. the promising demonstration projects for thc Proj;lllirl 
presented below focus on institutional and public acceptance aspl:cts 
nfprograms relating to agrieuhural water usc. 

One challenging aspc<:t {)fthesc demonstration projects will bc 
selecting locations. Areas should be chost'rl so that rt'Sults of the 
demonstration projcct can be clItrapolated to other pans of the slUdy 
rcgions. The scleeted area should have an agricultural economy which 
is sufficiently div~ilied, both in terms of direct crop production and 
suppon industries. so that results {)f the demonstration can shl.'Il light 
on broader programs. 

Some insights into possible mechanisms can be drnwn from prior 
ellpcricnee in olher locations. For ellamplc. Ihe Ed"'ards Aquifer 
Authority ncar San Antonio. Tcus implcm~'1lted a one-year test of an 
irrigotion suspension pilot program last year. In this t~'S1 program, 
voluntarily panieipating farmers were compensated for foregoing 
irrigation on ponions of their lands for a year. without pcn11lll1cmly 
sacrificing th~~r water rights. Fony farmers, representing more than 
10.000 irrigal~-d acres agreed to participate. Members of the Palo 
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Verde Irrigation District in California have participated in two_year 
land fallowing programs. with C(lmpcnsation from the Mctropoll1un 
Water District. Examples offarm and irrigation system COnSCT'\'aIiOn 
improvements in exchange for cost sharing arc more common. 

Pilot projects or small scale tests in selccted areas could be configured 
to address the following Study assumptions and the questions they 
raise: 

1. ManAlWmcut Agcucy - The study team assumed thnt an agcnC)' 
would be identified to purehase and own water rights and irrigated 
land. Who will this agency consist of? Ft'<lcrul. state. andlor hlCal 
officials or landownlTS? Whnt arc the funding sourct.."'S to cover any 
salary and non-salary opl-rating C(lsts or will C(lsts be born by 
exisling agencies and bud gelS? In addition to the costs associated 
with creating and staffing an agcncy to managc the lands. what 
other costs should be includl'<l in the managl'1Tlent costs? On-going 
managl,nent costs were assunH.'tlto be partially offset by revenues 
obtained from leasing the lands for dryland production. grazing or 
other uscs. What is the magnitude of the revenucs that may be 
obtained. 

2. ECQnomje Inernlives _ It wa.~ assumed lhallhe prices raid to 
fanTIcrs would rcfk-ct a premium to induce participation. What 
level of inducement would be required"! This demonstration projl'<:t 
would focus on analysis of currentl'<:onomic conditions in the 
agricultural scctor so that it would not duplicate the effort of the 
Gcol-ral Projcct above. --Participation and InducemC11t COSt 
Survey'·. To evaluate economic lind social impacts. baseline 
infonTIation for the area should be collected and participants 
rl"quir~'<Ito ke<.!p rl:cords thaI will provide data on how their 
operations changed as a result of the project. Further evaluations 
would be conducted at the conclusion of the demonstration to 
assess indirect impacts of this t~'<:hnique. 

J. Inosaction Costs -It was assumed th31 the transaction costs (legal 
and administrative) would be a significant percentage of the real 
prop<.-rty acquisition oosts. [s this value realistic and what factors 
would affect if! The costs associated with water right tranSflTS 
would be investigated focusing on purchases of. and changes to 
existing agricultural waler rights. 
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4. Water Use Reductinns - It was estimated that certain allt-mati\'es 
would resuh in broad percentage reductions in watt"!" usc (for 
example. deficit irrigation could reduce water usc on hay fields by 
an a\'tTllge of15%). Pilot programs could help define lo"··end and 
high-t"l1d estimates of reductions in water usc and detennine how 
significantly they affect the net reduction to target shortages 31 the 
critical habitat. 

5. Participation Rates - Estimated participation wa~ expressed in 
general pcrct"l1tages. What arc the hest easl' and worst case 
scenarios? How TCCt1>tive are the irrigaIOP.l? This d~"Illonstrntion 
project would need 10 go beyond the survey 011 participation in the 
General Purpose Projects section. It would focus Slx:cificnlly 011 
agricuhural participation and utilize infom13tion from other 
progroms in the western U.S. 

6. Cunvevance SySlcm Imnrovcmems· It was cstirnatt-d that system 
improvt"lllenls could fI.'SUl! in efficiency irnprovt"lllents eXI'I\.'ssed 
in avt'TIlge tCllllS. however. this will vary significantly on a Teach 
by reach basis. Is it significant enough 10 influence the I\!'suhs of 
the analyses? One or more dcmonstration projects could be 
conducted to compk-rncnt other existing studies of conveyance 
losses if alternatives with significant conveyance components arc 
considered further in the Action I'lan phase. 

Reuse Projects 

Presented below arc four potential n:use demonstration projects. The 
reuse projects idt111i fied an: pilot projects that invol I'e construction of 
smaller·scale facilities to test the feasibility of expanded projects. A 
subcommittee of the WMC identified five potcotial demonSlrntiun 
projects. four of which involve reuse of Lost Crt-.:k flows andlor 
ulili7.ation of the Fort Kearny Improvement Project Area (lPA) and 
Funk lagoon facilitit::> (WMC. 1999). The fi fth project. in"olving 
pumping groundwalt'l' along Plum Credo:. is presented under 
groundwatt"T dcnlonstration projects. 

The WMC proposal cites the follo"'ing the benefits of the proposed 
projl.-.:ts: 

• Serve to reduce uncertainty in pott"l1tial or estimated costs and 
yields for these and similar projects. 



• Test Nebraska State laws, spc:dfiealiy Statute 46-252, related 
to protecting "new wat~-r" 

• Increase local public suppon fnr the Cooperative Apt.-emcnt by 
dl"monstrating thm Program wmer can be dcveloped through 
"win-win" alternmives. 

• Tcstthc willingness oflocall"Ommunitics.landowners. and 
agencies to panner/collaborate in lhe proccss of developing 
Program water. 

• Most ofthe rl'"Commended projccts arc "scalable". in thm there 
exists the poK-ruial for larger or smaller projects of the snme 
type. should the demonstrations show that the projects are 
feasiblc altcrnativcs. 

Thc four proposed pilot projects arc as follows: 

I. Eon KCarnY irA C(lnncc!jon • LoSI Cn:ek is a perennialtribulary 
to the Plane RiVeT. flowing appro~imalely parallel and south ofthc 
riVeT. nod enlering the rivcr ncar lhc downstream end of the eatieol 
habitat reach. The Eon Kearny lPA includes a drainagc ditch 
maintained by the Tri-Basin Natural Resources District. This 
dl'1Tlonstralion project "'ould involve the construction ora 
connection that is 3ppro~imately ',4 mile from Lost Creek to the 
Fon Kearny II'A. which rcturns tn the Platte River further 
upstream. The connection would allow water to bc di,·~-rted from 
Lost Cn.:ek to the Platte RiVeT \'ia the IPA di!eh. The rcsuh of this 
connection would be increased flnw through approximately twemy 
miles of the critical habitat area. The connection could be opl-rated 
to maintain a relat;'·cly steady ratc of d,'·crsion. wllh an cstimated 
3.000 ac-fIlyr of improvement to EWS target flows (WMC. 1(99). 
The project could also potentially serve as a means to gct other 
Pro~,'Tam water or water to offset new dc.'pletions to the rivcr from 
lhe Lost Creek aTca. 

2. Eon Kcarny irA pump Station - This project may polemially be 
nceessary for thc operation of the previously mt-n tioned Fort 
Kearny IPA Conncction project if capacity limitations ofthc IPA 
~"Onn~'"Ction prove to be {On TCSIrictive 10 fully realizc the yield from 
the project. The inclusion of a pump station may also be rWCC%ar)I 
to allow expansion ofprojccts in the vicinity of Los I Creck. This 
project would consist of a pump station and pipeline for the 
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purpose of conveying .... ·all."I" from Ihe II'A connection to the river at 
a ralc greater than is possible through Ihe di tch under gravity-flow 
conditions. The pump station would likely be located along 
Crooked Creek. which is ~ waterway that intCl"$t"C\s the IrA 
connee1ion apprO)l imately One mile fl\>m the rivcr. ThLTC is no 
specific yield associated wilh lhis. bUI this projl.'C\ may be 
necessary \0 fully realize Ihe yield from Olht,.- relall.-d projects. 

3. Lost Creck Pumping - This proja:\ would involve Ihe usc of a well 
in an ~rca where the ground .... ,atcr mb1c is high 10 pump water inln 
loS! Creek. The water would then be routed \0 the 1'lalle River 
either through lhe existing connection between Los! Crcck and 
North Dry C«:'ck, or through Ihe proposed Fon Kearny IPA 
connection. Operation orthe well would be made 10 coincide with 
shortages to target flows. The demonstration project would involve 
the use of single well. with an estimated annual average reduction 
in target flow shortagL"S of approximHle1y 500 ae-ft (WMC. 1999). 

4. - Funk Lagoon Wildlife Protection Area 

• h" " v~~~~:;~~~ ~;~';~ ;:~ Lost Crt:ek south of the 
\1 comcs predominantly from 

precipitation runoff and irrigation return flows from surface water 
deliveries from the CNPI'ID system. The FWS manager of the 
WPA has indicated that redueed water contents in the summertime 
would be beneficial for active managL,nent of the lagoon. but 
cum:ntly there is hesitation to release water from the lagoon 
because of the uncL"11ainty of a replacement supply prior to the start 
of migration. This project would involve a summertime release of 
water from the lagoon in exchange for a reliable source of 
rcplacemCTll water. The water released from the lagoon would be 
routed \0 the Plaue River via the existing connection between Lost 
Creck and North Dry Creek. The replacement waK"1" would come 
from the CNPI' ID system 8t the end of the irrigation season. but 
ahead of the fall migration. The WPA would benefit by being able 
to reduce capacit)' for summertime maintenance without 
threatening waWT levels for the mignnion seilson. sum>umJing 
landowners may benefit from lower irrigation season groundwatCT 
levels in an area that cUTTCTltly has problems " 'ilh high 
groundwater. and the Program would benefit from increased 
summL"TIime river flows. Average reductions in shortages tn target 
flows arc estimated al 500 ac-ftlyr (WMe. t9(9). 
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Groundwater Prolects 

Preserned below arc eight potential groundwatL'r demonstration 
projects. The first one presented is fi"om the same WMC draft proposal 
(WMC, 1999) as the four reuse projects discussed above. 

I. Plum Crttk Pumping - This demonstration project wold involve 
pumping water from a nuisance high groundwak'r area into Plum 
Creek for delivery to the Platte River. The land is currently 
managed for wildlife under an agrecml.'I1t with the Rainwat ... -r Basin 
Joint Vernure (R61V), and the RBJV has indicated that removal of 
groundwater in the summertime would be Ix:nefieial for the active 
management of the land. Specifically, this project would involve 
pumping water through a combination of a single existing we11 and 
a new sump pit with a quiek-cycle pump. The water would he 
conveyed from the well and pit [0 [he creek via a pipe. The RBJ\' 
would benefit from lower iniga[iun SCHson ground"'a!<--r levels in 
an area that eurrernly has problems with high groundwater, and the 
Program would benefit fi"om increased summertime riVI.-r flows. 
Average reductions in shortages to targC"l flows arC csumated at 
600 ac-ftlyr (WMC, 1999). 

2. Cernral Plane pumping - A project similar to the demonstration 
project outlinl."<1 for Plum Creek eould be implemented at a site 
located approximately'" mile upstream from the Odessa Bridge on 
the south side of the I'I~ne Ri 'cr. This site also has problems " 'ith 
high groundwater levels. In this case three lnigation wells are 
loc~ted within 1.000 fect of the I'iane Rivl.-r channel. These wells 
could be pumped baek to the riVI.-r to increase summertime river 
flows and lower groundwater levels in the area. 

3. Pratt-Ferris Recharg!! Projcs;l- The Pran-Fenis site is 
n-prescntative of potential recharge projl."t:ts in Region 1. therefore. 
it is considered a good potcntial demonstration project site. Surface 
water divl.TSiolls would be made to the I'ralt-Ferris canal to deliver 
wmer to recharge ponds. Diversions during thc months of May 
through September would most likely not be possible because 
Pratt-Ferris is diverting for inigation and thl.'TC would be limited 
excess capacity available for rc<:h.argc. Issues associated with 
wheth.er exet."Ss capacity exists andlor the tYJlCS of arrangements 
that would be required to provide sufficient capacity could be 
evaluated. The costs of canal enlargement in light of the amount of 
watcr availuble for div~TSion could also be addressed. 
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4. LoS~ SCTlsilivity - GroundwD.t'-T returns to the PlaHe Riv'-T fi"om 
surfaee water divcr.;ions into recharge ponds were comput~-d as 
inflows minus cvaporotion. EvaporJtion was estimated to be one 
percent (1 %) of gross diversions. eonsistCTIt with the Tamarack 
Plan. Demonstration projects could be implemented 10 further the 
analysis of evaporation estimates along with any site·speei fie 
conveyance los5'-"$ and de...-p percolation. throughout the study area. 

s. Return Flow Timing - For the purposes of the Study. the SDF 
method is appropriate for comparison of widely varying 
alternativcs. Demonstration projects could implcmCTIted to furth,-""!" 
refine analyses by evaluating the sensitivity of n:turn flow timing.. 
faclOrs affecting the variability_ and the resulting effects on 
r .. 'ducing shortages to target flows in the critical habitat. 

6. Re<:harge Costs & Credits. Re<:harge credits could be shared in 
lieu of e.lpcnses paid 10 a canal owner for delivering wmer to 
recharge ponds. This and other compensation methods could be 
evalumed with a demonstration project that focuses on data 
acquisition and involvcs a survey of irrigation districts that could 
potentially deliver water to recharge basins. This demonstration 
proje<:l could also be e)lpanded to pro,·ide infonnation to refine or 
update cost estimates for the implem'-1uallon and O]l'-T3l1on of 
recharge projccts. 

7. Scalability - A demonstration project oould help identify the 
practicallowcr limit of a cost-c(f(.'(:ti\"c r,-'Charge project. 

8. GroundwDl'-T Mound - This altemath·e CTIcompasS<.""S both 
additional surface water and/or groundwatCt re-regulation 
opportunities and reduction of natural groundwater e)lports from 
the basin. A demonstration projt"Ct oould help test or calibrate 
~)listing computer models. estimate ~'1"Owth rates o.ssociatt-d with 
the mound. incorpomte field data co1\e<:tion. and t'-"$t the Study· s 
assumptions regarding the location of wells. 

Systems Intearatjoo and Manaaemenl 

Demonstration projects related to systems integration and management 
arc primarily related to refining assumptions and methodologies used 
to evaluate altemativcs. 
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I. Lmel!T31Cd Reservoir Operations - It might be possible to configure 
1\ ''paper'' demonstration project relatoo to integrated opcr,uion of 
the Nonh Platte reservoirs th31 could concisely doeumL>J1t the 
constraints of the ell isting authorizing legislation and sobsequent 
public laws on any modified reservoir operations. Ifth's paper 
ellercise showed promise. the demonstration project could then 
document what ehanges would be requi red to implement II test 
operational pilot program that would ha\<e to address the rcquin:d 
staMor)' changes as well 3S modifications to TCSL'TVoir operations. 

2. La PIde Rcservoir - A demonstration projL'Ct could be configured 
to refine the analysis of La Prele Rcscn'oir by pl"I)viding additional 
information related to the following qUL'Stions . What compensation 
would need to be provided to the district for thcm 10 agn:e!O II 
tmnsaction between PErL and the r rogmm'! To what el\!ent does 
the District currently use PEPL's storage right? What are the legal 
hurdles that would need to be surmounted with a change in use or 
place of use associated wi th PEPL's slOragc right? 

3. Grawcks Rcscryoir - A dL'1nonstnuion projcct could b(" 
configun:d to refine the analysis ofGrnyroeks Reservoir by 
providing additional infornlation rel3lcd to the following qut"Stions. 
Could minimum flow releases be increast-d without impacting 
BEPes operations? The state of Wyoming has bL"Cfl unofficially 
administering the Laramie RiveT according to the terms of the 
Agreement of St'1tlement and Compromise. However. they do not 
administer the minimum flow releases past the mouth of the 
Laramie River, What arc th(" legal and institutionaL barriers to 
setting the CX\Clli of the reach from downstream of the reservoir or 
from the mouth of the Laramie River to the state line or the critical 
habitat? 

4. rower Imerferenee Charges A "paper" demonstnltion proj~'Ct 
relnted 10 po"'er interference charges could help refine the analysis 
Oflhis altLTnative. There arc numerous uncenainties associated 
with this altcmati vc. which include willingness to panieipatc on 
the pan ofCNPr lD and NPrD. the amoum of water al'allablc for 
power interf~,..ence, the operation of Lake McConaughy 8S it 
relates to power interference. and the costs 10 CNPPID and NPPD 
to conduct power interference. A "paper" project would help 
resolve scvcml of these key issues without incurring any capital 
construction costs. A "papd' study could be conducted which 
tracks how much water is available for power interfcrencc and 



D. Summary 

identifies reasonable rcpla~cment costs based on open market 
purcha..;;es for ent'Tgy and costs of rt'Placement capacity such as £as 
turbine generation. Alternatively. a paper study t"Ould USI."" 

historical records 10 identify the amount of waler available for 
power inlerferCTlce. A '"paper" demOnStrallon proj~'CI would 
provide valuable infonnalion. which is n~"Ccssary 10 fully evalunte 
a large-scale power inlerference project. 

Watershed Ma nagement Projects 

No dCTllOnSlralinn projects for this category of alternalives were 
identified. The key factors >" Ihc applicability ofthcsc alternatives for 
the Program are rclatt'd 10 Ihe lcgalfinslitutional and environmental 
constraints to impk,nentalion. 

Prest,Hed below is a summary of how each of the polenlial 
demonstration projt'CIS fares in the oontexl oflhc evalualion cnttTia. 
The "Upside Polential"' tTilcrinn relates 10 thc potenlial of a 
demonstralion projCC1 generating a cCflain amount of shortage 
reduction 10 be expanded 10 provide 1,'l"Caler reductions. Therefore. Ihe 
criterion is not applicable 10 many projects shown below because the 
projt:cls do nul sJX.'Cifically result in n..'<luccd shOl1agcs. Rough 
estimates of costs based on enginC(.Tingjudgemem nnd experience 
wilh similar types of projects arc provided a.~ an indication of Ihl."" 
relalive dTon associated wilh each project. These COSIS could be 
significantly more or less dcJX. .... ding on Ihe final scope of work 
adopted. 
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11. SUMMARY AND CONCLUSIONS 

This rcpon begins with an E~ecutivc Summary thaI provides 8 broad 
overview orthe Study. Chapters 2 through 7 documt'Tl\lhc study 
process. chaT3cttTistics or the "lalle River study area. the dt'Vciopmenl 
orthe alternatives considered in the Study oo<.l lhc unalytic K'Chniqucs 
used \0 evaluate them. Chapters 8 through 10 prescm the detailed 
alternatives evaluations and findings. third pany impacts. and 
suggestions regarding poK"111ial demonstration projects. This Clmpler 
summarizes the Study and provides general conclusions Ihal may be 
useful in preparing an Action Plan for the CoopCTlltivc Agreement. 

Many river basin planning studies end in the recommendation or 
sck'ction of a single comb1ll81ion ofproj<x:\s Ihal comprise an o\'erall 
plan. This study provides basic infonnation on which \0 fonnulate a 
plan. but Stops short of a recommendation or seloo:.:tion. An Action Plan 
will be prepared under the auspices of the Governance Committee of 
the Platte River Cooperntive Agreernent and its designated Water 
Action Plan Commitlce. Therefore. the primary OutpulS of this Study 
are Ihe following: 

• R~'(\uC1ions to Target Flow Shortages from Specific and/or 
Represemative Projeels 

• Unit COSIS ofSpecifie and/or Representative ProjectS 

• Muhi·allributc Scoring of the Specific andfor Rcpresen131ive 
Projccts (according \0 physical. legal and institutional. social. 
ecollOmic. and environmental criteria) 

These topics arc presented in the following sections. 

A. Reductions to Target Flow Shortages from Specific and/or Representative 
Projects 

A primary outpul ofthc detailed alternatives analysis presented in 
Chapter 8 arc the yield and cost summary tables. These tables are 
organized first by the major cale~'Orics ofalt~TI1ati\'cs (for example. 
reservoirs. groundwater. etc.) and second by loc3lion (study Region 
and Reach of the river). The tables prt'Sent seven types ofhydrologie 
information: 

• net hydrologic effects al eaeh al ternative site. 
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• 
• net hydrologic effects at Ihe lOp of the next downstream reach. 

wllh and wi thout diversions. 

• net hydrologic effects at the cri tical habitat. wilh and without 
div~ .... iol1.'l. :md 

• reductions \0 targel flow shortagt'S. wilh and wi thout diversions. 

The tabks also provide four tYJ>CS of oosl infonnation: 

• capitalized cost. with and without divcnions. and 

• cost per lie-it of ovcmgc annual reduction \0 targt'! flow shortages. 
wilh and without dil'crsiol1s. 

The tables COVt'T 190 specific and/or rcpresClllat;vc projects with 61 
additional variations on those projt."CiS. 

Tables 11 .1 through \ 1.4 summarize alternatives capable OfpTO"iding 
signi ficant potcmial lo reduce target flow shortages and projct:ts Ihal 
cost less than SI.000 per ac-ft of rcductions 10 Illfjl;(.'\ flow shortages. It 
is important \0 note that there is unccr1ainty associated with the costs 
and yields ofthcse alternatives bt.'C3use they Imve been evaluated at 11 
reconnaissance level. In addition. projects have been analYled 
independently of each other. The yield ofprojt:cts combin~xl may be 
less than simply adding the yields of the Individual projeets because 
several projects rely on the same souree ofwatCf. 

The yield and cost summary tahles indicate that there arc 15 projeets 
capable of reducing shortages to target flows by at least 10.000 He·ftlyr 
on average ifthc r~'Sulting flows can be protected from downstream 
diversions. The projeets arc listed in Table 11.1. In some instances. 
ranges ofr~xluCiions intargct flow shortages arc presented in Table 
11.1 heeausc a numbt.T ofthcsc alternatives have variations of similar 
projects within the slime reach. Tahle 11.1 also summari~es the 
potential n:duetions to target flow shortages if the resu lt ing flows 
cannot be protected frum diversion. The "with diversions" scenario 
assumes the majori ty ofth~-sc diversions are 100 percent consumptive 
with no return flows to the rivC!". Therefore. the range offlows 
pTCScnted in Tahle 11.1 should consCT\,atively bracket shortage 
reductions that would occur at the critical habitat. 

There arc also an additional 20 altcrnat;,'es capable ofruducing 
shortages to target flows b) 5.000 \0 10.000 ac·ftlyr on 3vC11lgC if the 
resulting flows can be protected from downstream diversions. as 
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Table)).) 

Projects ~'ilh Grcat~~~nt~~~, to Flo ... ShOrIHi!CS , 
Reductionli ~.w 

Project Region . , 
. -"'-'1" , 

~ 
1 20.000-30.000 8.000-15.000 

) 26.000 25.000 

Power Interference ) 17.400 lQ.400 

; 1. • 
, 

1&2 19.000 700 

~ 
, " '" , 12.600 

~ I S ' " 
• 

1 12.600 

~ , 
2 12500 6.900 

~I,' ,i, ) 12.600-38.000 12.600-38.000 

, , i, 
) 12.000-3S.OOO 12.000-37.000 

~" ) 12.()()()" 36.000 12.()()()"36.ooo ;" 
G\V~;Oi '" ) 12.000-36.000 5.700-17.000 

Riwr .... iew Reservoir ) 12.000 5.800 

I'" 
~ 

1 11,000-12.000 1.000-1.100 

1& .. 
1 11.000-12.000 4. ()()().. 5.000 

i<" ~ • 

" 
2 11.000-12.000 2. 1 ()()..2.250 



Table 11.2 
Projecis ,..ilh Significanl POlenlial 10 Reduce TargCI fl o" Shorlagcs 

Projcci Region 

2 9.700 - 9.900 2.900 - 5.300 

2 9.600 - 9.700 2.800 - 5.200 

1&2 5.000 200 

3 7.600 - 8.100 HlOO - 8.100 

II 

3 7.900-10.000 3.900 - 4.500 

7.500 - 9.200 3.900 - 4.300 

2 6.400 - 9.900 No Rcduaions 

, 5.600 - 10.000 400 - 4.400 

3 5.300 5.100 

5.000 No Rcducllons 

"" 
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Table 11.3 
Projcels which Cost Less Ihal\ S 1.000/al'-fl of A \'era~e ReduCiions 

in Tar 'ct Flow Shortll '('$ (w/o Oi,'crsions Scenario ) 

Project Region 
Cost Slae- fl 

w/o Dh'crsions wI Di"crsions 
1 0.000 ae-ft RI.'SCrvoir al 

2 940 1.770 
BOllom orReacll 9 

ConSI.'T\'alion Cropping 
. (Reaches 12.13) 1 810-940 No Reductions 

ConSI.'TValion Cropping 
{Rel chl.'S 16 19i 3 870 - 990 870 - 3.540 

Relocation of Retum Flows 3 95 - 130 No Reductions 
Lease Waler Rights 

1 710 - 930 11.900 - 30.700 
(Reaches 1,2.3.4.6.12.131 

Lease Waler Ri IS Reach 16 3 960 3.410 

USFS Selected AI I~;li\'c 
(Rcachl.'S 1.6,7.11 1&2 0 0 

GW Rechar 'C in Reach 9 2 900 950 2.170 2.180 
GW Rcchar 'C in Reach 13 1 740 1.850 

GW Rc-Rc 'UI,.lion in Reach 10 2 470 590 1000 1.250 
GothCTIburg Canal Recharge 

Projl.-c; (Reach 16) 
3 

640 1.050 

Dawson Canal Recharge 
3 

600 620 
Pro'eel {Reach 171 

GW Rc-Rc 'ulalion in Reach 17 3 590 840 610 - 920 
GW Rc-Rc lation in Reach 18 3 390 940 400 - 950 
GW Rc-R rolation in Reach 19 3 380 900 380 900 
La Prc1c Rcs. S.OOO ac-fl Pool 1 850 1.990 

Power Interference 3 980 1.630 
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Table 11.4 
Projects whk h Cost Less than S I .OOO/a ~- ft or Average Reduct iuns 

in Target and Redu« T arget Flo .. · Shortages 

Project Region 

2 

1& 2 o 5,000 



shown in Table 11.2. In some instances. ranges of reductions in target 
110w shortagcs are presented III Table 11.2 because a number oflhese 
alternatives have variations of similar projects withIn the same reach 
or in otht-r reaches. Table 11.2 also summariz<..""S the potential 
n ... duetions to target flow shortages if the r<..""Sulting l1ow5 cannot be 
protected from diversion. The "with diversions" scenario assumes thai 
the majority of thcse diversions are 100 percent consumptive with no 
rcturn 110ws to the river. Therefore. the Tange ofl1ow5 prcscnwd in 
Table 11.1 should consL"T"\'ativcly bracket shortage reductions that 
would occur in the critical habitat. 

In general. reservoir projects and groundwater fe-regulation (pumping 
from the groundwater mound) were the most effective in reducing 
target lio"' shortages. This is primarily a result of the control thaI is 
afforded from these types ofahernativcs. Agrieultuml projects and 
groundwater recharge projects were also effective in reducing targ('I 
flow shortages due 10 the magnitude of odditionall1ows that remain. or 
are added baCk, in the river syswm from these alternatives. 
Alternatives in all categories that were evaluated at a smalk-r size due 
to cosllimilalions did not result in significant reductions to target flow 
shortages. 

There are opportunities 10 re-regulate all alternatives evaluated through 
the Lake McConaughy Environmental Account (EA). Al though Lake 
McConaughy EA operations have not been modeled for Ihis 
reconnaissance level study. the EA can be used to re-regulate 
additional water genero1l"d by any given alternalive. Therefore. 
estimates ofnct reductions to targct 110w shortages could potentially 
increase if additional water is re-regulated through the Lake 
McConaughy EA account. 

B. Unit Costs of SpeCific and/or Representative Projects 

In the process of selecting screcning criteria for the Study. it was 
d{,cided with WMC input and concurrence that projects with a IOt31 
capi tal cost of more thnn S50 million or unit costs for reduction to 
target 110w shonages or more than 53.000 per Be-Ii: on average would 
be set aside and nOi evaluated funhcr in the Study. If a combination of 
projt:ets arc sclC(..'Ioo in the Action rlan that average S3.000 pt."T ae-ft. 
the minimum funding ne.!ded would be S 180 million for Ihe minimum 
average shortage reduction of6O.000 ac-ft: this greatly exceeds the 
current funding oflhe Cooperative Agreement. Therefore. to facihtate 
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thc read("T's rcview of the study's results. a summary tahle of the 
lowest uoit cost projects was prepared using 51.000 per ac-fl as thc 
upper limit. This results in a list of I 5 most cost-effective alternatlvcs 
as shown in Table 11.3. In some instances. ranges of reductions in 
target flow shortagcs are presented in Table 11.3 because a numocT of 
these allernati VI'S have variations of similar projects within thc samc 
reach or in other reaches. This table also shows that thL'$C projects 
would COSt considcmbly morc than $1.000 per Hc-ft if ProgrJ.m "31er 
is nOi protected from downstream div("TSion. Conversely. unit COStS 
could decrease for the "with diversions" scenario ;fmorc delailed 
analyses ofthc magnitude and timing of rt."lum flows indicate that the 
assumption of 100 p<:rccnt consumptive use of the diversion can be 
reduced \0 a smaller p(.TCentage. 

Table 11.4 summarizes alt~'TIlativcs that are both Ill(' most affordabl~ 
and provide the most reduction in largct flow shortages. Table IIA 
includes allematives that cost less than $1.000 per ae-Il of a\'eragf.' 
reductions in target flow shortages and have the potenlial \0 reduce 
target flow shonagcs by more than 5.000 ac-Il ifthc resulting flows 
can be protcctctl from downSlream diversions. This rt."Suits in a lis\ of 
nine aIKTr1ati\'es that are both cost·cffecth·e and providc the most 
reduction in target flow shortagcs. These projects would cost 
considcmbly more than S 1.000 per ae-Ii if PrOl.'Tam waler is not 
protected from downstream diversion. 

Based on a revicw of Tables 11.1 through 11.4 there arc altcrnativcs. 
thai when combined. could yield 60.000 to 80.000 ae-n of a"eragc 
annual reductions 10 targel flow shortages. Howcver. therc arc 
physical. legal and inslitutional. economic. social and environmental 
issues Ihat could constrain implementation and mUSI be considered 
when prL-paring the Action Plan. 

C. Compatibility of Water Conservation/Supply Alternatives 

The goal of60.000 to 80.000 ac-fl of shortage n..>duction on avcrag<! 
will likely be accomplished through a combination of water 
consCTvation/supply alternatives. Certain projects are mutually 
cxclusi\'c whilc others are compatiblc or partially compatible for 
combination. 

Table 11.5 summarizes Ihe compatibilily of alternati\'cs on Ihe short­
hst that have not been deferred. As shown in Table 11.5. certain 



Tabk I 1.5 
CO~I I ',\'I'lUJ LlTV OF SIiO lfr Llsn :u ,\.I..TF.ltN,\.TIVES TII,\.T I I,\. n : NOT lJEt:N In:n : RRt: U 

NOll': 

rartially cvmpaliblc refers 10 
allcmalil f:\'Ilhal ~vultl be 
combined bUI pmbably nOI m Ihc 
~cHlc P1l'I"'~ro bc.:ml«' Illey Idy 
1>11 IIII.' ~m"c .'IOlilee .. r wakT. 
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aitemal;vcs are fully compatible whi\c olhers are only partially 
compatible. Alternatives may be partially compatible because Ihc 
yields oflhese proj("'Cls combined may be less Ihali simply adding Ihc 
yields ofthc individual projects. This table is intended \0 Identify 
which alternatives requi re further investigation 10 evaluate thCIT 
compatibihty wilh other alternatives. Alicmaliws thai arc compatible 
may not T(!(Juire further investigation. whereas. alternatives that an­
pm;ally compatible require additional investIgated 10 evaluate theIr 
compatibility. To fully address the compatibility of sped fie prOJ(,.'C\S 
they must be evaluated together. The evaluation of a!\cmall\'e 
combinations will be done during the Action Plan phase if so directed. 

A major component oflhe Program will he re-rcgulating water (mm 
periods of excess al Ihe critical habitat to periods of shonagc. This can 
be facilitated in large pan if storage space tS availahle so that water 
clIn be retimed. In general. the construction of new slOmgc facili!l~'S. 
dredh>ing or enlarging existing reservoirs. removing storage 
restrictions. and groundwater recharge projects are compatihle or 
partially compatible with all other types of altematives. All oflhesc 
alternatives CTeate additional surface wat~'T and groundwater storage 
space. Alternatives such as forest management. the reduction of 
groundwater expon. and additional groundwater re-regulating 
opponunities are compatihle with all other altemati\'~'S because th(,)' 
do not result in any flow reductions. The relocation of return flows. 
which refers to the Lo~t CrcekfNor1h Dry Creek Cutoff. is alo;;o 
compatible with all other alternatives because it is localed downstream 
In Reach 19 and does not interfere with any other proJt:(:ts that were 
evaluated. Altt-mal1vC$; that involve agricultural water conservation 
and incentive based reductions in agricultural Water usc are fully 
compatible with each other. however. only panially compatibk with 
most surface and ground .... ·aler storage alternatives. Typically. flows 
would increase during the irrigation season from May throu~ 
September. and flows would decrease during OCtober through April 
due to reductions in return flows. Flow reduetions during the non­
irrigation season would reduce the amount of water available 10 
storage ri~ts. Power interference relies on storage in Lake 
McConaughy. therefore. its compatibility with other alternatives 15 
similar \0 ne" .. storage. 

It is imponantto note that while $Om~ projects may be compatible the 
yields of these projects combined may be less than simply adding the 
yields ofthc individual projectS because projects have been analyzed 
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D. Level of Uncertainty 

indcpc11dcntly of caeh other. In addition, Table 11.5 addressL'$ 
categories of alternativcs in general . There may be some specific 
projects that have bct'f) C\lall.lated thaI are mutually exelusive. which is 
not c8ptul1.,d in Table 11.5. For example. additional groundwater 
re-regulation projcct~ arc gellCTlllly partially compatible with other 
groundwatL'T re-regulation projects. However. this depi..'I1ds on the 
e~kntto which these typcs of projects arc impkmented. For example. 
pumping from the mound up to 51.000 ac-ftlyr and discharging back to 
the Plane Rivl.'T and pumping from the mound up to 51.000 ac-ftlyr for 
irrigation uflands prr'Viously irrigaK-d by surface water may bc 
mutually exclusive if the total pumping ofthl.'Sc projects combined 
exceeds the growth ralC of the mound. Generally. groundwater 
recharge projects. surface water storage projects. and groundwater re­
regulation projl.'C1S are partially compatible ,,'ith similar proJI.'C1S in 
other reaches but mutually exclUSive with similar projects in the same 
reach. 

There are varying degrees ofunCL'TIaimy associated with the 
alternative evalumions prcsentl.'d in Chapter 8. Because the study was 
conducted at a reconnaissance level. the assumptions and mcthods 
used to evaluate alternativcs werc simpli fied. The level of uncertainty 
associated with costs and yields \'ariL"S considcrnhly hased on thc 
assumptions and methods used and the amount of existing information 
available for specific projects. For example. the SDI' method was ust"(\ 
to cvaluate the timing of return flows for groundwater rr'Chargc 
projects. As explained in Chapter 5. several of the undl.'Tlying 
simplifications of a strcam-aquift'T system that are relied on by the 
SDF method arc violated in Ihe Plane River system. As such. Ihl.'TC is 
considerable uncertainty regarding the SDI' model's predictions of 
return 110ws and the related assessment of a rL'Charge project'S ahillty 
to reduce targetl10w shonages. 

In general. therc is a high ICl'el of uncertainty associated with thc 
yields of groundwatcr rechargc and re-regulation altcmatives due 
primarily to the usc of the SDF nlethod and the uneenamty rdatL'ilto 
the growth rate oflhe mound. Generally. there is lcss unccnaimy 
as!;OCiated wilh surface woter storagc projects bee~usc diversIOns to 
storage and releases can be more accurately modek'd and there is II 
considL'r3ble amoum of information available on rcsCT'\'oir construction 
costs. A considerable amount of informlllion " 'as available for sel'eral 
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surface water slOmgc projects. which reduced the uncertainly 
associated with the yields and costs orlhose prt)j~'<:IS, llwrc is a high 
degree ofunccnainlY associated wilh forest manag~~ncnl both in terms 
of yield and COSI. There is considerahle uncertainty associatl-d with the 
amount and timing of additional water that would be gcn<"'T3100 from 
limbtT harvest. There is also a high dcgn.:c of uncertainty associated 
with power interference charges. The COSI5 associated wilh power 
im ... -rfcrencc arc complicated by numerous uncertainties including 
ckenic industry restructuring. peak versus hase load pow ... .,. valucs. 
and rcplaccmcTIl power costs including capacity charges. (..,~rgy 
charges. transmission costs. and transmission losses. 

Incentive-based reductions in agricul lurnl waler usc and agricultural 
water conservation strategies also have a high level ofunet.'T1ainty. 
Many oflhese alternalives would require panieipmion from a large 
number of individual fanners. While there is precedenl for many of 
Ihese alternativcs in other locations. Ihe magni tude of farmer response 
10 varying levels of financial inecntiws 10 modify exisling pmctices 
cannot be prcdicwd wilh greal accuracy within Ihc Plane River basin. 
Hydrologic cfleets of these aitcmativl'S are also subj~'(;1 10 additional 
unct.'T1ainly because the precise location of the farms that would 
panicipate would be determined by markct drivt."11 dt."Cisions of 
individWlI farmers. Estimated yields and COSIs ofSlruetural 
improvt:rnents to irtig3lion district fa.cili ties were based upon prior 
stodies and projccts. The elltent to which similar results can be 
obtained for facilities that have not been previously subject 10 
engineering studies is also subject to unrenainty. 

E. Multi-attribute Scoring of Specific and/or Representative Projects 

As discussed in Chapter 6. the alternatives received scores ranging 
from zt.'1"O to 25 based on five general crikTia and 31 St.··c()Ildary sub­
critt.-tia. All scores fell in the 14 10 19 range. Several of the 
groundwater projects earned scores at the opiX" cnd oflhis range and 
several of the incenth'e basl-d reductions to agricul tural water usc. 
systems integration. and new reservoir projects ,,'t."Te 3tthe low~,. end 
of the range. The reader is cautioned that. at Ihis Study's 
reconnaissance level of detail. that there may be no significant 
difference in overall ability to implement a project hased on a two 10 
three point difference. Each of the fil 'c gcn<)ral criteria w<)re weightt.-d 
equally and the reader may wanl to review which types of projects 

11·12 



F. Third Party Impacts 

scored best in both the general and sub-critcria. Figures 11.1 through. 
11 .22 facili tate this review. Any differences between the lotal scores 
presented in the Chapter 8 scoring tables and Figures 11 .1 through. 
11.2 are duc to rounding of tile Individual screening criteria averages. 

Third pany impacts associated with alternatives that were not deferred 
were identified and discussed. Third party impacts are primarily a 
result of hydrologic and ei:onomic impacts of an alternative. Third 
party hydrologic impacts are related primarily to changes affecting the 
timing and quantity of Platte River flows. which may affect existing 
downstream users or future water users. Third party economic impacts 
are related primarily to agricultural alternatives and focus on changes 
in the scale or nature of operations, changes in expenditure patterns, 
and changes in related industries. 

G. Demonstration Projects 

Concepts for demonstration projects were developed by reviewing the 
assumptions and data limitations associatcd with each orthe water 
conservation and supply alternatives and by discussing the timing. 
objectives. scale. scope and othcr aspects of potential demonstration 
projects with WMC memben and other Plalle River basin water users. 
The study te:nt1 defined three types of demonstration projects. which 
include construction of smaller-scale facilities. data acquisition efforts, 
and refinement of analysis assumptions and methodologies. Several 
demonstration projects were identified that are intcnded!O reduee 
uncertainty and refine many aspects oflhe alternative analyses 
discussed previously. 
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January 5, 1999 

S l i?'-[\'lARY or FLOW CONDITIOi'iS FOR THE PLATTE RIVER FOR THE 
HISTORlCAL 1975·1994 WATER YEAR PERlOD 

As :'ec;u~d by ~mestone W\:1..\ of the Coopc.!.livc Agre~mc:l.t. the Wate~ Mar~e~c::l 
Corwuttec (v..:'-IC) has SUll".manzed flow condiUOtu III the 3Ssoo::ialed halm:us in cenual Ncbnsb 
and ~t the State lines for !he hislonca./ W:l.lef year pc:iod of 1975 through. 1994. It is LmpoTUnt to 
note th3.1 these summanes of flow conditions for the hislorica.l penod!lre for a monthly planning 
:IIl31ysis to cVlllu.atc. screen. and compaK water colUCrvanonisupply alternatives. 

The In:l!:!'ted tables list the monthly values In ac:-e-fee: obtained from USGS rteoros for tlus 
histone:!.! pc:iod for !he followtng nver glgC !OC:lIlons: 

Table I: North Platte River near NOMiate, Colo. (Nc:ll" Colo.·Wy. Sute line); USGS #06620000 
Table 2: North Platte River 3.1 W)loming-~cbrasb. SUle line; USGS ~7JSOO 
Table 3 SoUth Plane River;l.l Julesburg, Colo. (No;ar Colo.-Nebr. SUit Ibe); USGS i06764000 
Table..\ North Platte Rive~ at Lewellen. Nebr. (Inflow 10 Lake McConaughy); USGS i¥06687S00 
Table S. Plane River ncar OvertOn. Nebr. (S tart of BIg Bend Hablt.lt) ; USGS jffi6768000 
Table 5: Plane River ncar Grand Island. Nebr. (End orBig Bend Habitat); USGS ilO67i0500 

[n the pcrfo~ of the Wale:" COrule,., .. ;nion:wi Supply Study. the Consultant will utilize the 
hIstorical monthly river loss factors dcveloped by the ~C per Milestone WI4-1 when rouhng 
different water conservauonlsupply alternauves In order to compare an allcmauve's IlTipilCt on 
historic floW$ at the above listed locallons. 

~ objective of devcloplOg and implementmg a water conservationl$Upply component for !.he first 
inc:-e:ne:lI of a Prognm is to produce :m:lually on average at least 60,000 acre-feet ofnel 
hydrologic benefits ("reducing short:1ges 10 the talgel flows lU measured al Gr:lOd Island") in the 
asSOCIated habItats. Tables 7 and 8 liSllhe monthl~ shortages and excesses in flows:II. the Gmnd 
Island Gage for the historic 1975-94 period with respect to the USFWS (July 1997) weIghted 
ave:11ge monthly SpecIes instt= flo ..... recorunendallons or targets which are given in Table 9 
The deSIgnation of .... "e'.., average. and dry yean m Tables 7, 8. and 9 arc based on USFWS 
biological I"C'commendauons; wet year ilows are recommended 10 occur 33% of the lime. a' ·enge 
year flows to occur J2~. of the time. and dry year flows to occur no more than ~S% of the ume. 

Table! I through 8 are cont.:tined in a spre3dsheet called "PRgage~" currently localed on the 
Q.lPP[D's FTPsile. Acc= \0 thiS FTP sile is as iollow!: 
H05!Name: 16-1 119.100.-1 
Ho" Type: AIJ!Om3UC det~c! 
User [D; anon~·moU5 

PasSWl)rti: gUO! 
Du·ee-.ory· . publdau mww 1";-1 



The most unporunt l0C3tions for the Consultant to compare the Lmp.lt1$ 00 rive: flows,ue at 
Ove:"'.oo a:'\d Gra::d Island in Ihe haimm In orde: to judge if a net redUl:Uon in shoruges to th~ 
t:I..'iet flows would have QCclUftd histoocally if an alte:native had m:l implemented. For 
e:-:=ple, the beSt "'mer conse:-vationisupply alte:n.auve would lnc:-ease flows at Grand Island ove: 
historic conditions during :nontru of shoruge while :-educ:ng flows from historic conditions a~ 
Grand Island only during Clontru of excess. 

The ac!Ua\ ope:":ltions ofimplememed water conservationlsupply alte:nativ~ :u with the ope:ations 
of the smtes' water plans (LiLke McConaughy Environmental Account, Pathfinder Modifical'lon 
Project. and T=arack Plan) "'ill be Ir.lCked by an accounting system developed by the w)"IC l.~ 
accor6l'\ce "'ith ~llIeStone W\.!..!. Although these Program watel will be :u:counled for, tnckce. 
:lnd compaml. to modeled yields and hisloric flow conditions and !rends. the modeled annual 
yields ofwate:" consC":V31ioll<5Upply PTOJtc1$ 3nd the 5t:ltCS' water plans will not be used 3.S a 
Progrom compli= t:lter:a or milestone .. oU StOLled in the Oo::::ober 5, 1998 Memor=clum from 
l:SFWS on Milestones for the first Program lncre:ne:lt, yields win vary over ume due to 
hydrologic swings through wei and dry cycles. It is impossible to verify WIth flow me:1SU1C:";le:lts 
wbat "re::Uly· would bve happened If the projectS and plans did not eXISI. Differences in flow 
caused by the proJCc:s and plans could be well within the eITor 'wnd I)fmakmg flow measurements 
at nvcr i~ge locations and well within the variability of hydrologic cycles. 

The October 5. 1998 memorandum S1:ltes thilt the milestones for w:uer cl)nservl1lil)n/supply 
prl)Jccts and the thne SU!l::S· water plans will be based on the construction ;mil. Implemcm.:uion of 
the aiJ=d upon projects and plans. The USFWS memorandum indlOte5 thai the:u:tua.I yield of me 
projects nnd plans as detmnined by the tr:u:klng and acCOUnlll1g system will be compued agair.st 
previous model results;mil. ;uu.lysls and:lIlY concerns generated by widely diifenng ':::I:pt'Cutions 
Will be brought 10 the 3IlCnllon I)f the Govemance Cl)mmittee for di$cussion and possible Progr.un 
modific:!.Uon. 

Further :utalysis by the WMC of trends and the ".trianons due 10 hydrologic cycles In the hislOncaJ 
19i5-94 d.lut presented for the above loc:l.!1ons will asSisl 1l'I future discussil)n5 on Yields resulting 
from the three StOLle!· plans :md the "'3ter conservauol'llsupply projects. The comparison of YIelds 
from the future :u:count1l'lg sy"em to yields from previous models:utd analysl5 mUSt recogl'l1zc 
hl5lOnc:il hydrologic trends and cycles In order II) see if differences are within natur:li v:mal1Ons 
and not under the cl)ntrol of project I)ptr:l.tors. 
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TABLE 1 

"", .. '",,,,,",,,,,,,, NOATHGATE. COLO. (Nur Colc •• Wy . StlIt.lln.j; USGS 1I06iZGCOO 

TABLE Z 

NORTH P\.ATTE RIVER AT WYOMING-NEl!RASKA STATI! UNf. USGS 1106614500 



TABLE ] 

'~~" 'CAm""" AT JULESBURG. COLO. ( ...... Colo."".t>r. Stat. ~ ... ); USGS -aS7s.tOCC 

TAaLE~ 

NORTH PU.ITE RIVER AT LEWELLEN. NeaR. (Inllowto L,;oq M,COIYuglly ): USGS Il106681500 -



I 

I 

TABLE 5 

PLlTTE RIVER NEAR OVERTON. NE9R (Start of Big Send Hab'tat In C.n1r'IIl N.b ..... ka ); USGS :tOnucoo 
w •• 

TABLE' 

Pl.ATTE RIVER NEAR GR'-'ND ISLAND. NEBR. (En<! of Sig a. .... Hab't:ll ln C ....... I ,..brukal: USGS 1I06naSOO 



GUND ISlAND SHORT ... GE willi tnoMellO USr:ws IJIIIy '"T) W.ign .. d "'y.~g. Mon1Ny SPfl'''' Torg .. PIa,... (T.~1.0 11 
...... rag., .nd Doy Y ••• CI ... III,..lIo"" 

GR ... ND ISL.lND E.lICESS 1O'il/) ,"Pfl" 10 USFWS IJury '''7) WoiVhlod A .... g. Mon,hly SIIKI .. l argol'''''''''- (T.~I. 9) 
, A' ... g., .n<l Coy Y . .. CI ... inud ..... 



TABLE 9: 
USFWS (July 1991) Weightld Ayerage Monthly Speci" lnstre3m Flow RecOmmend3t!onl Of Tugets 

•• 
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REPORT ON METHODOLOGY FOR ANAL VZING 
HYDROLOGICALLY CONNECTED GROUNDWATER FOR THE PLATTE RIVER 

WATER CONSERVATION AND SUPPLY STUDY 
(Adopted January 5, 1999 by WMC) 

Introduction 

At the Water Mar.agement Corr_Tjttee (WMC) wor~p No. I 00 August II, 1998, differer.t 
methodologies .... -e~ ~viewed for ~ a.'Illiysis of groundwater ~13.1ed impacts to the Plane River 
associated with various water conservation and supply alternatives. Each methodology was reviewed in 
the context of the following overall obje~tives: 

I, The methodology should provide COnsisteDt, ~liable re$Ults independent of the altemative being 
evalwlted. 

~ The methodology should reflect physical aspeCts of the bydrologic system to the extem practical . 

.J. The methodology should have the flexibility to analyze both point Stresses (such as well pumping) as 
wen as distributed SttCsses (such as d.e~p ptfCQl3.1ion of Imgation water o\'er broad areas) . 

.: Given the potentially luge number of alternatives to be analyzed, the adopted methodology should 
be relat,vely simple to d.evelop and. apply. 

5. The methodology should be based on data which is readily obuinable or reliably cstim.:ued. 

The study ~quires quanutalive results which an d~fensible, and consistent with a plalUling level 
IIm..l)'StS ofthc three·state: area. The methodology will rely on data which already exists in published 
form. or which can be gathered relatively easily. No raw data collection IS contemplated as pan oflhis 
undcrtak.lng. The analysIs of impacll .... ill be limited to the area specifically affected by an alternative. 
The adopted methodology will be used to evahwe a1temative·spec:ific chGlIges in the sueam­
groundwater lnteracuon. Therefore. 11 willllOt be: necessary to incorporate hydroloG1c stresses (such as 
pumpmg, deep percolation, rerum flow, etc) .... ·ruch are unchanged by the projcct alternative. Inslead, 
only those hydrologic changes which are antiCIpated as pan of the altemative need to be addressed. 

A prebmlfWY listing oCthe alternative methodologiCl idcnufied for this study is shown 11"1 the follo .... 'n& 
table 



, 
Alternative M ethodologie.s (or AO::llYl:illg Strum/Grouodw:uer inter3ctioos 

Method De.sc riprioll Remarks 

Fixed cisunce from rive~, Prior srudies [1] have shown that a fixed disunce of about 7 miles 
uniform impact. from the river is sufficient to capture the maJonty oi Impacts. Wells 

within this bandwidth were e5nmated to cause a nver depletion of 
about is% of consumed pumpmg 11] ane: a long term pe~od o!ye:l..>S 
AdvanUges: SImple to apply, consistent results. Dlsadv;ult3ges: lacks 
quanmatlve basis, Method provides virtually no opportunity to 

. check,lverify results. Docs not compute nvcr depletions on a short 
term monthly basi,. 

, 
Variable distance (rom river, 5<:e conune:lts above. Advalllages: SImple to apply, consistent resclts 
uniform Impact (area of tmpact Disadvantages' lacks quantitative basis, ReqUI= data on IlTIgatcd 
delimited by boundanes of lands, channel morphology, ..... elllocauons, and topography, Method 
irrigated lands, allUVIal chalmcl prOVides VIrtually no opporruruty to check,lverify results. Does not 
boundaries, density of wells, compute river depletions on a short term monthly basis . 
topography) 

Stream Depletion Factor (SOF) Mappmg orSDF values is available for most of the study area [12]. 
(anaJ)1icai soluuon of Advan:ages, method based on quanutauve solution to ground .... 'ale' 
ground".-ater flow) flow Method Widely accepled in SClenllfic commuruty Relatively 

easy to review for purposes of developmg consensus on assumptions. 
Disadvantages: ReqUiteS modest level of effort, sor coverage not 
univcrsal. Method does oot provide solution for multiple aquifer 
enVIronment. M~thod does nOI allow for explicit calibratio n. 

Numerical Mod~ling Method provides the most qUlUltilaltve solution possible. Nume:ical 
models have become commonpla~e WIth adva.'lces m comput~~ 
technology providing ease o f model use Advantages: capable of 
Simulating complex stream-groundwater systems. Near-ufllversal 
acceptance of method in ilClenllfic eommunll:Y Dlsadvaruages 
Requires sig!'..Ific:Ln1 Icvel of effort, even to locallons where models 

L 
have already been constructed. Relatively difficult 10 reView for 
purposes of developing cons~nsus on modeling assumptions. 

Fixed Distance From River Method 

This method is based on the preoise thai the bydrololi\lcally con:leCled aqUifers can be approxlm1l.!~d as 
havlIlg uniform WIdth and cerllercd on the present acnve cha.'Ule1 of the nve~ It funher asswnes that all 
river unpacts and timing oftbose tmpaclS can be rcpresc:lIcd using a stogIe relalionslup for illlY 
groundwater sness occulnng within th~ hydrologically cOMcct:d aquiic:. independent of the location of 



the stress. Prior studies [I] have shown that a fixed distance of aOOUI 7 miles from the nver IS sufficient 
10 capture the majomy of impacl$. Wells within this bandwidth were found 10 cause a nver depletion of 
about 750/. of eOllSumed pumplflg 011 average [I] after a long IC!1n pe:iod of yem 

It is likely that SOlDe ref!!lement of the estimated bandwidth and depletion faclOr ",,"Owd be needed prior 
10 IJIlplementing this approach. It would also be desuable to evaluale the relative timing of IJIlpacts of 
wells lying within the resulung bandwidth. Such an analysis could be based on a uniform distribuuon of 
wells. Based on thaI analYSIS, a ume-distribution of depleuollS would be developed. 

Application of this method would reqwre delineahOn of the pre-<iefincd bandwidth at the site of each 
aJte:-natlve. This is readily accomplished using elUsung topographic mapprng. 

This method, while simpk in application, ge:lerally lacks a quanUtatl~"C basis. The method. does not 
conSIder the distribullon of groundwater stresses within the hydrologically connected aquifer. While this 
method may prnvlde gToss e51imatcs nf nver deplcuollS and accretions for average, long-Ie:m 
conditions, it .... ill not provide reliable estimates on a shon-term, monthly b:lSis. 

Variable Ois t41Tl c e From River Method 

This methodology is similar in concept to the fIXed distance approach described above. [t Incorporates a 
mmor refmement in that it ~ogni~s that the hydrologically connected aquifers v.ill have irregular 
geomemes. ln this approach, the geometry of the hydrologically eonnected aquifer is mfer:ed from one 
of several sourees, such as IOpogta;lhie evidence, areas of irrigated agriculture, or locatior.s and d=ity 
of ..... e lls. It is cxpceled that one or more of these SOtuCCS would be selected as the pnmary t:Ieasure of 
me geometry of me aquifer. and systClnaticall,.. applied 10 e3eh alternative. Info::n3tion on topography, 
dlSlribulion of tmgated lands andror distribution of wells is generally available throughout the study 
area, at a scale sunable for mls type of analysis. 

As with the fixed distance approach. the method assumes a eonstam factor in estimating nver depletion 
and a st::tgle rc!at:onship defirung me timmg of nver Impacts. 

Limitations oftlus method are 51mlhu 10 those described abo'·e for the fixed distulCe methodology 

SOF Method 

The SDF method is derived from me basic ana1ytical equations describing groundwater flow \0 and from 
a wdl. These hase been modified 10 include the Interaction be~en I nver or st:c:un and the 
groundwater flow systcm. The method IS based on the follov.ing unpon:ml asswr..?tions~ 

• For a water-table aquifer, dr3wdown (or nse) of the Wate; table is negligible In compmson 10 L~e 
aquifer's saturated thickness . 

• The aqUIfer IS isotropIC. homogeneous. and seflU·infmite in areal exte:!t, with a straight. fully 
pene\ratmg sU"Cam boundary. 

• Water IS released instantaneously from storage. 

• The well fully penetr3teS the aquifer 

, 



• The pumping (or n:charge) rate can be n:presenled as steady over I fixe:! period of analysis 

The stream depletion factor (SDF) is defined as: 

SDF. alsrr , 

Where; SDF is defined as the lime from the begiruung of steady pumpmg or recharge within whicb the 
volume of stream depleuoo Of accn:!ioGIS 28 percellt of the volume pumped or reeharlled [3); a 15 the 
distaDce between the well and the: nve~ S is the specIfic YIeld, a property of the aquifer; and T is 
tranSmISsIVIty, a property of the aquifer. With this infom;ation, the r:lle, volume and tllTur.g of Stream 
depletion/accretion can be estimated, There arc also solutions for determining the cumulauve cifeets of 
multiple wells. and the cumulative effects of these wells over time [41. As described m the MBSA studv 
[11, SDF values developed by MESA and USGS were calibrated by flnue difference mOOeh''1g at 
mterval5 along the river. 

Maps of SDF values have been published for most of the study area where there is a Significant stream· 
groundwater interaction [1,2]. Map coverages do not include most tributary areas. nor do they extend 
Into headwater areas. In these areas, the hydraulically cOMected alluvial aquifers are rel.llvely small in 
extent and depth. Sln:am-groundWlller Impacts in these areas could be assumed to Impact the stream on 
a 1:1 basis, i.e. all of the groundwater pu.'l\ped (or added) within these a.~as will translate to a loss (or 
gain) to the stn:am. Funher, the impacts to the stream could be assumed to occur in the same month as 
the pumpmg or recharge occurs. 

One limitation of the SDF method is \h.:I.t it is intended primarily for use in an.a.Jyzmg ~point" SIn:S$C:S, 
such as those produced by a well. Several supply/conscrvauon alternatives will likely lIIvolve "re81onaJ" 
stresses. such as might be; produced when a large Imgated tracr is n:moved from produc\!on, then:by 
elimmaung deep percolation over a broad area. In tbat case. such an Impact might be evalUllted by 
rcpresenting the condition using evenly distributed "pomt" stresses, to which the overall Impact bas been 
allocated In proportIon to the a..-ea represented by the Mpomt" stress. The extent to WblCh the regIonal 
stl"esses are distributed could be judged on a ca.se-by-ease basis, with the objecllve of n:llimng a level of 
accuracy consistent among the a1ternauves. 

A second limitation of the SDF method is that it is unsuitable for evalUllting stream-groundwater 
InteraCllon in multi-layen:d aquifer systems. sucb as are found ill portions of the Nebraska srud:- are:l, 
when: an alluvial aquifer overlies the n:glonal High PlalDS aquifer. in cases when: alternatives are 
localed m areas of muhi-Iayere:d aquifers, supplemental analyses. such as the use of a:lIlyttcal solutions 
for the exchange of water between aquifers may be needed. 

Numeric a l Modeling 

Numencal approaches are a family of computer-based techniques for solvlllg the paTlial differential 
equauons that govern iloundwaler flow Nwncncal models discrelize the underlYlOi aquifer{s) and 
solve the flow equations based on user-defmed hydrogeologic parameters and boundary- condiuons. 

The numerical model moSt onen applied for the types of analyses requU"ed here IS the U.S GeologIcal 
Swvey's MODFLOW model. The mOOel is capable of sunulatmg eIther Ir3.\"\5lelll or ste3dy-statC 
groundwater flow in two Of three dimeJ1Sions. Tne model can simulate relatively complex hydroloBlc 
systems lIIvolving leakage between multi·layered aquifers, wclls, draIns, river se:?3ge, 

, 



evapotranSpiration, and areal recharge. The nu."'Uerica/ modeling approach provides the most qua.1UUtlve 
solution possihle for the analysis of s:ream/groundwater mteractions 

The pnnclpaI disadvantage of the numencal mode!ina: approach lS the extensIve mput data rcqwrements 
and the cffort required for mode! construCtion and calihration- The model operates on a wer-defmed gnd 
that requlrcs deuiled uUormalioll 011 aquifer propertlC$, lxlundary conditions. distribution and tinuna: of 
deep pcrcolauon from applied water. location, geometry, and hydroloa:ic properties of rive: channe15, 
=aI.s.. and drams, and detailed infomuuon on the locaUOIl$ ofwel15 WIthin the area 10 be modeled. 

There is a great de:J.! offlellibility in the selection of the scale for the model's constructIOn. l11.is 
provides some opportunity for averaglllg of condillons needed for the modeling. and grel:!Y simplifies 
the model construCllon process. Such re·scaling would need to balance the need for reliable results with 
me effort requtred for the tool's develO;lmenL It rr.ay be possible, th:ough the selectiOD of a;lpropnale 
modehng scales, to Implement a Dume:1c.a1 model with relatively minDr addilioDai effort over thaI 
reqUired for the SDF alternative. This may be desirable in cases where the SDF method is unable to 
adequately represent hydrologic conditioll$ of a panicular alternative. 

Selection o f Methodology 

The SDF me!hodology will be adopled fOf the analySIS of hydrologIcally connected groundwater. This 
method is founded on sound scientific principals. and provides a level of analytical detail which is 
commensurate with the level of analysis required by this study. The method IS relatively simple. and 
lends Itself 10 application 10 a large number of a1temauves. 

SDF mapping coverages are shown in (11 and (2]. Mappmg conta.Jned m [11 covenng pcruons of 
Wyommg and Colollldo and all of the Nebraska portioD of the study area IS al a scale of one inch to four 
miles. Mapping conUlIlcd In (2J covering pIlrtlOIl$ of Colorado is al a scale of one inch 10 one mile 

There an: severallir.lltallOns 10 this methodology. Tbc:se Will be handled on a case·by-ease basIS as 
parucular a1ternauves arc smgled out for analYSIS. The pnaclpallimltallons are: 

E:denr of Coverage of SDF Mapping 

Mappmg of SDF values is available for most of the mD.lostem are:t. Mappmg does not extend into the 
upsL'um moulM)' are:u ofWyonung and Colorado. nor does il extend into tribut.uy rca~hes of the 
mD.ln,stem m Nebraska. 10 the case where an altem:lIive is ,del1ufled IJI an area lacking SDF mapplOg. 
SDF values will be estimated using Uldirect me:t.ru. This will r.:qulre iniom:tation on aquifer 
propertles (tranSmissivity. saturated thickness. hydraulic COnductIVIty) which will be estimated using 
the best available data.. Such data may LnClude well lnis. re;»rted well Yields. or othe: data from 
whIch these propemc5 may be inferred. 

AnalySIS of Multlple·Layered Aquifers 

Among the conditions =esS3.-Y to the SDf solution is the assumpuon of a sLIlgle .... 'atc;-·beanni 
la~'er, bounded below by an il':lpermcole layer. There ace severa! regions Within the Sl'Udy area 
where muluple aqUifers e:u.sL and whele these aquifers arc hydrologically connected. Most notable 
are regions along the Plane River III Centr;J.1 Nebr1l.Ska whe:e the surface allUVIa! aquiCe: overlies the 



High Plai.Iu regional aquife: in such areas, it il reasonable to expect thaI changes in ri~r coruiitlol'..5 
rnay be tranSlated to both the allUVtal aquifer and to !he deeper, High Plains aquifer. AnalysIS of 
alternatives located in ~as underlain by multi-layered aquife~ .... ill need to consider both the 
internction between the river and the hydrologIcally connected alluvial groundwater, 11.5 well as the 
interaction between aquifers. This will be accomplished l15ing separate analytical andlor simpWi.ed 
numerical models 10 predict responses between aquifers. It will be necessary 10 collect addnional 
hydrologic data for the affected aquifers, ineluding prevailing water level elevations and hydrologic 
properttes. Information will also be needed on the hydrologic properties of layerl which may 
sepuate the aquifers. 
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MEMORANDUM 

TO: Waler Managemenl Commmce Augusl 10, 1998 

FROM: Boyle Englnemng Corporalion 

SUBJECT: Pl:lue RiHr S lud)' - Consumplin Use 

Inlroduction 

~ goal oflhe Plane RIVer Study i$ 10 identify eonservauon measures or new supphes thaI will result In 
additional waler reaching the cnllcal habitat. Conservation Ihrough I"filucuon of consumptive usc will be 
:J./l Imponanl elemem in many ofthc alternatives Investigaled as consumptive usc is a vcry Imponanl 
component of most waler budgets, pamcularly in arid regIOns such as thc Planc BaslO. Consumpllve use 
ofwlller by plants, evapolransp1T:llion. will be an especially imponnnt component. The magnitude of this 
lenn IS anllcipaled 10 generally be In Ihc r.lI'1~ of 50 10 75 percent of Ihe 10lal water in any given budget. 
~Ic:hods for estlrnaung evapolTanSplr:mon ar-e needed 10 evaluate thIS term. The purpose or this 
memor.mdwn is 10 present a number of alternative melhods for esumanng evapotr.lnSpmlllon. bnefly 
discuss thell' strengths and weaknesses. evaluate the methods for use In UtIS S1udy. and de\·elop a 
recommendation for the methodology 10 be u$Cd. 

Cnmparison of E\·apotnnspintion [ st imat ion Methods 

The e\-apommspir:ltion process Involves a balance of energy and a balance ofmMS. Energy drives Ihe 
process of con\·ertmg the w:lter rnMS from one form 10 :another. liquid 10 \·apor. A number of climatic 
factors are Impon:ant in this process, key among these are tempcr:llure. radiallon. relauve humldily, :and 
WInd speed, These faclors can be clasSified into IWO basic categorics. an energy category ond an 
oerodynamlc or transport calegory. The energy category \Deludes climallc factors that focus on the 
energy avaIlable to dnve the phase ch:ange aspecl orlhe evapolraDspll':IUOn process. while the 
aerod~namic or lransport category includes climanc factors thai focus on the lranspon ofwattT vapor 
OUt oflhe system Temperature and radiallon are measures of av~ilable enCT!:y while relall\'e hUiOldllY 
and wlOd speed are measures of the !r.lI'1spon capacity of the atmosphere 

Vanous methods for eSlimallng evapotr.mspiratlon have been developed which focus on one or more of 
the climatic factors. These methods e~n be categorized by Ihe factons) keyed on 10 the esnmation 
approach The commonly used clasSIfication talegones are p~n evaporanon. lempcralUre. r.K!ianon. and 
combmallon methods. Pan evaporallon methods use me:l5ured C"·aporanon from an opcn water surface 
as the b:l5l$ of esllmallng cVapDtranspll':lllon. Temper:uure methods use aIr temperalure as the measure 
of avadable energy, whIle radiaMn melhods use solar or nel radi~l1on as the measure of3,·oilable 
energy. ComblOmion methods uSC bolh energy and aerodynamiC tenns for eSllmallng 
e,'apotranspl rallon. WnhlO cath of thesc calcg:ones a range of dl ffcrent approaches have been 
dcveloped. 

The basiC approach "'"as to represenl the different calegones considenng use of1he methodology in the 
study area and general acceptablhty "lIhlO the englnecnng:and scienlific commumty. The Chnsliansen 
Method was selected 10 rcprC$enl the Pan E, apol':lllon Calegory. The Blaney-Criddle Method was 
selected to represent the Temperature Calegory. The Jensen-Haise Method was selected to represent the 
Radiallon Catq:ory. Thc Penmnn Method was selecled to represent the Combination Calegory. In each 
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case. the methodology used 10 develop an estimate of evapotr~nspiration for a reference crop (well­
watered. shan-cropped grass) is presented. [n each case, this value can then be translated into the 
potential evapotranspiration of olher crops through multiplication by spedflc crop codlicienls. These 
methods :J.re discussed in the sections lha1 follow. 

Comparison of Evapolranspi ration Est imation 1\lethods 

Cims/!(JI1sen - Pan EmporallOn Metllod 

Pan evaporation me:lSures evapor:uion from an open water surface wilh respect to radiation. wind. 
temperature and humidity (Burman CI.1l., ! 983), This measurement can be adjusted 10 estimate 
reference cvapommspira1\on usmg a proportional relallonshlp which evaluates pan size and environment 
(Jensen et aI., 1990). 

Christiansen's method estimates .eference crop evapotranspiration by adjusting VSWB Class A pan 
evapor-mon wi th weather par:uneters as follows (Jensen et al., 1990): 

Whe.e the coefficients are defined based upon temperalure. wind spe'ed. relative humidity. and 
percentage of possible sunshine. 

Pan evaporation data is sensitive 10 site conditions as well as operation and maintenance of the SIte. 
Therefore, the data must be carefully evaluated to dctermine its reliability based on the knowledge of 
site conditions. It has also been noted that strong wlllds (Pruilt. 1986) and other climatic forces affect the 
proponton of pan evaporation to refercnce crop evapotranspimtion. For these reasons. using pan 
cvapol1ltion to estimate evapotranspirauon has been suggested as a method of supporting or confirming 
data from other estimating techniques mther than as a pnm:uy source (Jensen. 199$). ThJS method 
should be used for longer periods of time because oflhe varylllg reactions ofpan5 and plams 10 climatIC 
data on a daJ Iy basis (Burman el aI .• 1983). 

BI(lIIc),·C"ddle - Temperature ,IIerhod 

The original Blaney-Criddl~ method estimated the consumptive use faclor (f) from mean temper.llure 
(T) and percemage (p) of total daylight hours. This faclor is then multiplied by an empirically 
delemnned consumptive use crop coeffiCIent (K) 10 detcrmllle consumptive use (CV) as follows 
(Doorenbos and Pruill, 1977): 

CV " Kf= K(pT/ IOO) 

ThIS origlllal Blaney·Criddle equation has been replaced by t"'o modificalions. the FAO-2-1 Blaney­
Criddle method and the SCS Blaney·Criddle. The modifications result from the idea thallemperature 
and day length arc not representauve of the effects of climate on crop water requirements nor are they 
related to reference crop evapotranspiration. 



The FAO-2J method adjuslS the origmal Blaney-Criddle method by mcluding a faclOr for humidny, 
sunshine and wind. Doorenbos and Prui!! (1977) established the F AO-2J equation for evapouansplr.uion 
as follows: 

E..," c[P(O.J 6T + 8)] 

The 5011 Conservation Service meorporated a composite clim,ue and crop coefficIent (k) in the 
following revision to the Blaney-Criddle method (Jensen et al.. 1990): 

CU .. kf 

The Blaney-Criddle method of calcu!lting evapotranspiration is popular becausc It onl)" requires data 
whieli are readil)" available for long periods of time in most areas. 

Disadvantages of thiS method result from the single climatic parameter of temperature used to calculate 
cvapotransplrallon. Therefore. results should be carefully evaluated in equatonai regions where 
temperatures are constant but other paramcters change. on small Islands and coastal areas wliere 
temperatures are affected by sea temperature rather than radiation. at high altitudes which have low 
mean daily temperatures due 10 cold nights but receive high radiation levels during the day. and In 

climates which have a variability of sunshine hours during autumn and spring (Doorenbos and Pruitt. 
1977). Only the !lst two concerns generally apply to the Plaue Basin. 

A study performed for the American Society of Civil Engineers (Jensen et al.. 1990) explored different 
melliods of evalualmg evapotr:msplration and concluded that the SCS Blaney-Criddle method was found 
to underestimate values in arid climates and overesllmate values in humid climates. The FAD Blaney­
Criddle method performed well in arid locations. but also overestimated evapotranspiration In humid 
climates by 15 to 15%. 

The suggested use of the Blaney-Criddle mcthod is for periods of one month or longer when air 
temperature data is llie onl)" climatic data available. Additionally. due to its dependence on mean 
temper::nure. the Blaney-Criddle method should be calibrated to local conditions to account for local 
terraIn features that influence the relal10nship between night ' lime minimum temperatures and daYl1me 
maximum temperatures. Further. thc calculation should be made for each month oca year as opposed to 
usmg mean temperatures from sevcral years of record (Doorenbos and Pruitt. 1977). 

JCllscn-Hmse .~ifoifa-Reference Radiol/on Melhod 

Radial10n methods 0 f evaluatmg evnpotranspir:uion arc based on energy balance vnnables latent heat of 
vaporizalion (A) and mean air lemper:l1ure (Tl. Jensen and Haist presented the following method for 
calcuiallng cvapotransplration (Jensen et al .. 1990): 

AEu" er<T - T,lR, 

The othcr terms arc defined as functions of vapor pressure. elev3110n. and temperature. 

The ASCE (Jensen et at.. 1990) study of evapotranspiration evaluation methods found the lensen-Haise 
melhod to underesllmatc daily evapotranspiration in hunlld locations ... ~SCE Imgallon Water 
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Requirements Comrniuec recommended this method be used only for periods of 5 days to one month 
(Burman et aL. 1983)_ 

1963 Penma" - Combmaliofl Method 

Combinallon equations depend on energy balance and mass transport or aerod)'llamic tenns. The 1963 
Penman equallon depends only on climatic forces such as vapor pressure (0,). net radiation (R.,). soil 
heat flux (G), atmospheric density {pi and wind (F(u» (Pereira el aL. 1996): 

ET p'" (1l(R" - GJ - pc.F(ujD,Y(6--y) 

The 1990 ASCE study (Jensen el a1.. 1990) found tllat the Penman method underestimated peak monthly 
evapotranspIration in arid locations and overestimated in humid locations. The 1963 Penman equation 
also falls to mclude effects of surface resistance for watcr vapor tr.msfcr or leaf resistance on 
evapotranspiration. The 1963 Penman method is reliable for periods of I day to 1 month and can be 
modified to produce reliable hourly eShmates (BuJ1lmn et al. 1983). 

Pellnlal1-J/omeuh - CombinaliOI1 Merhod 

The Penman-Monteith equation modified the 1963 Penman equation to aeeount for aerodynamie and 
surface resistance, specifically surface roughness and canopy resIstance (Jensen et al .. 1990): 

AE, - «lI(6-y ' )(R" - OJ + (yf(6-ry°)K I{O.622ApJPXlfr.)(e·, - e,) 

With terms as defined previously for the 1963 Penm~n Equation and additionallerms and coefficients 
which are determined based on humidity. wmd speed. canopy height. and canopy resistance. 

The Penman-Monteith equation ranked first in all aspecls of the ASCE 1990 study (Jensen et a\.. 1990). 
The study also found this method to be the only method that did not overeSllmate evapotranspiration in 
humid locations. 

The Penman-Monteith equation has an advantage over other methods in thai it incorporates the influence 
of the reference plant on evapotransplrallon and can accoum for changes in plant heighl over time as 
well as the mfluence of elevallon. Additionally. the Penman-Monteith equation is physically based as 
opposed to empirically based and thus does not necessitate local calibration (Allen. 1995). The Penman­
Monteith equation is most accurate when used to calcul:ue evapotransplr:l.tlon in hourly values aod 
summing them to obtain dally values or momhly values. 



E\'3lu ~ tioo of ulima lion M~lbodl 

Follo ..... ing a reVIew of the methods previously described. each method was evaluated wllh respo:ct lo liS 
petenll31 for use dunng this study. Evaluation cmma w~re developed to f3ctlnat~ ttliS proceSli and as.'St 
In th~ se1~uon ofa melhod for eSl[mBl1 ng evapolmnSplTalion. These cntena Included the following: 

Da13 Input Requirements/Simplicity 
Data Availabiluy 
Applicability 
Accuracy 
Acceptability 
COSifWorl.: Effort 

Each cntmon 15 bncflydcscribcd below. 

Da l3 In pu I Reg uiremrn IvSimplidJ\' thiS criterion evalu:lIed the Simplicity of the 
methodology ..... ,th respect to th~ data lOpUI requirements . A methodology was considered more 
f:lVomble If the equation utilized 10 predict evapotranSpirallon rehed on fCVo'er input p:t.r.lmeu:n. 

Dal3 A,·ailahiliJ\·. The availability of the data required to predict evapotranSplr.lllOn was 
cvalualed given Ihat the pcnod of 1"C1:0rd for the hydrologic analyses Will be 20 years (1975 10 
1994). In addillon. the regIOnal availability of the data was evaluated. e.g .• will the dala be 
a,'ai lable al sufficlenl locallons 10 promote the csllmalion of evapotr.mspirallon and the 
evaluanon ofaltemallvcs. 

Applicahi litv. Each methodology ..... as e"aiuatet! with rcspcct lO Its applicauon throt.tgbout tM 
three regions. For example. some methods ..... ere better suited 10 estimallng cvapotransplralJon III 
humid VtmlS semi-and climates. Such limitalions were specifically evaluated due 10 the 
,malion in climatiC "mables from Region Ito RegJons 1 and 3. 

A~fur"n·. The capability of each methodology to give a more accurate eSllmauon of 
evapotransplralJon was evaluated. Consideration was also given to the fact that monthly 
accounllng of evapotr:lllsptration will be ulllized during the study. Consequently. each 
methodology was inveSllgaled wlIh respect to tIS capability to proVide reasonable esllmateS on a 
monthly basis. In some cases. addItional paramelers may prOVIde for better eShmauon on 
e"apotranSplr:;tlion on a daily or hourly basis; however. uSing monthly aver:lges of these 
parameten may alter the results and reduce the accuracy of the eSllmate 

Acceplahilil\" This cnlenon e"aluated the " 'Idespre:w:\ acCqltabllily of each methodology 
Severat of the methodologies for eshmaung e":1pOmion h3\'e been utlhz.erl " 'ilhm each regIon in 
recent )"::tn. A qualitall,e evaluahon o rt1lc ulthz.auon of each methodology by local. state and 
federal agencies "lIhm each region beeame an Indicator of acceptability. A methodology that 
was more widely ulilized throughout each regton receIVed a more favorable r:lung. 

CO~ I/W(l rk Effon . The work efTon and COStS associ ated wllh applicallon of each methodology 
was conSidered. Given the schedule and budget for thiS study. a melhodology that will promote 
the evaluauon of more altemallves was conSidered the most favorable 
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Recommeodation 

The capability of each methodology with respeCl10 the criteria is determined on a scale whICh ranged 
from 1 (least favorable) [0 3 (most favorable). Table 1 presents the results orlhe evaluation. As 
indicated in the table. the Blaney-Criddle Method was identified as the most favorable during the 
evaluation process. The Justification for the selection of this method is provided below. 

Methodology 

Chnsl1ansen Pan 
Evaporation 

Blaney·Criddle 

Jensen·H:lISe 
Radi:lIIon 

1963 ?cnman 
Combmallon 

Penman-Monteith 
Combination 

The Blaney-Criddle Method required less data input parameters and was considered 
favOr:lble from a standpoint of simplicity. 

The availability c r lhe climatic data throughout each region was also conSidered the most 
favorable with the Blaney-Criddle Method. 

Limitations associated with the application orlhe Blaney-Coddle Method resulted in a 
mO<ier:lIely favorable !'luing with Ihis criterion. 

Due to the input parnneters, the Blaney·Criddle Method will provide a reasonably 
accurate estimate of evapotranspiration given the monthly accounting which is 
anticipated for this study. Although other methodologies may provide more accurate 
estimates for hourly or daily time periods. extrapolation of the p:lJ:llTleters associated with 
the~e methodologies to a momhly time Step will reduce the accuracy. 

In reviewing the methodologies utilized with,n the three regions. the Blaney-Criddle 
/l.lethod was considered to be the most widely acceptable. 

Based on the simplicity and availability of data, the Blaney·Criddle Method was 
considered the most favorable with respect to costlwork cITon. 

TabJe 1. EvaJuation Matrix 

Costl 
Data Input Data Work. 

Requirements Availabili ty Applicability Accuracy Acceptability Effort 

I 2 2 I , 2 

3 3 2 2 3 3 

2 2 2 2 2 2 

I , 2 2 1 2 

I I 3 1 2 , 

Total 
Score 

9 

" 
" 
" 
" 
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Septembu I , 1998 

1975 TO 1994 TfM£ PERIOD JUSHFICATION 
Report to Platte River Cooper:l.tive Agreement Governance Committee 

From Water Management Committee, September 1998 

The Walet Managemem Committ~ (WMC) hll!'i $clectcd 1I ti me period of Waler Yem 1975 
truouSh \99.:1 for developing the hydrologiC information required by Milestone WIJ·l afthe 
Coop<:r,J.ti vc .~greement ll!'i the :>'!ile$!Onc pertains 10 the Consultant '5 perfo rmance of the Water 
COll5ervation and Supply Study For this ume penod. the \\'Me will provide information on (I) 
t:tLS1H1!ii flow conditions on il monthly lxIsis:lI Imponan\ ri\'e~ points in L;"C Pllme Basm and (2) 
monlhly loss fxtors for use In convc}'Lng Ulim.3led depletions ~ accretions throughout the basm 
10 the criuc31 hablt;ll 

The ConsuJlZInt "'ill use this information to scree!) W:lICr conservation and supply aJ tem31h'es for 
die JVCr:lSC: a:nount of ,"" u e; produced by an :tlle:n3live over the 1975·9" penod. A5 Staled m 
Anxnmcnl II (Waler ConservalJoniSupply Component) o f the Cooper:ui\'c As",emcnt. thc 
obJecll"c for the first increment of a basm·wide Program ...... is 10 producc annu:tlly on avcragc 3t 
least 60.000 acre·feet of net hydrologic benefits in the assoc iated habitats for thc benefit of the 
targct species ,. 

The analySIS to screen alternatives for the amoWlt of water produced on an a'"Crage annual basis is 
Icss sCMilive to the length of time period than a dry year ),ield anal),SLs. If the average )'idd for thc 
1915·9-< penod SCI"CC:tS out an a1lcrnauvc, it LS likely the alternative will produce even less in an 
an.llysis using a longcr penod of record such as 19-1+94 whLch includes the drought of the 1950s. 
In the final de\"elopmem oithe Watcr Conservation/Supply Action Plan. the ability of altemati,·cs 
to pe:fonn well during droughl periods must be consid~. 

An adviUlmge o f using the 1975·9-4 period for screenmg hydrologic benefits is thaI this period 
represents ""er flowcondLtions that are reflective of CWTem development. RI\"er flows using a 
longer IJme penod would ha,e to be adjusted in early yean in order to reflect the effects that newer 
projects would have on nver flows before the projects were built. Such adjustments arc often 
problematic and making such adjustments is beyond the lime frame avai lable to the \\'MC. 
When using the hydrologic infonnation for the 1915·9-4 period for screerung water 
conserv:uionlsupply allcmau,·cs. il is the consemus ofthc \V?<.1C that adjustmcnts to the record are 
not neccssary. 

The followmg e=ples illustrate that the 1975·9.:. period is sufficient to representthc cUIKnt le,'cl 
of devclopment in the basin. TOI<II reservoir capacity In the basin has inCreased by Icss than 6% 
dunng the 1915·94 period. This difference is re!ari"cly sm.aJl compared to the :lCcurllCY with 
.... htch the nvcr syStem can be either measured or modeled. In contrast. reser.·olr c;lp~city has 
mcreased by about 25o/.m thc !9JJ ·9J period ..... ruch "'-ould require complic:llcd modificauons to 

the record in order to reflect CllIUnl de"e!opme::1 Also in the four yean prior to 19-44 , total basin 

I 
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"ide r~servoit sto rage more than doubled from 3 /l.L-\F to over 6 ~l-\F. Significant adjustments 
would be ne<:esslry in the e:u-ly pm of tile 19+1·Cl.t period to :ldjust for the major changes this 
large inne:l.Se in storage c:l.pacity produced. incrc:J.Scs in total basin reservoir c.:lpacity are sho .... 'l\ 
in Figure I. 

Changes In river rerum flows or glins:lre a good indication oflhe effect ofprojecl development 
;-.lew surf:lce watcr irrigation projects raise groundwater levels that conmbU1C 10 incrclSed rivet 
g;llr\S. For example. river rerum flows have incl'l: :lScd substantially over the lime period of 19~-I.-
94 m some oflhe rexhes below Lake McConaughy, principally becawe oflhe development oime 
Cenlr.ll Nebraska Public Power and Irrigation District system. As an e.~ample. Figure 2 shows 
historic river gains for the reach from Nonh Plane to Overton beginning:11 the river pges on the 
l'onh Plane RJver :md South Pbtte River at :-.!orth Platte and going dO"llsrre;:un to Overton. This 
plot shows the increase in river gains over time. Figure ~ also iIlustr.nes that the river gains from 
the elfly 1944-74 period would have to be incre:l!led significantly to reflect the higher current river 
gains that ha\'e resulted from project development. River rerum flows have faIrly st:lbilized at the 
hIgher values which indicates the 1975-9-1 tirne period is more representauve of current 
development conditinns. 

Increases in the minimum daily nver flow by year are another indk:ltor of increas.es in river return 
Hows or gains which result from project development. Table 1 shows that the increas.e over time 
In minimum daily flows has been substantial but the changes over the more current 1975-94 period 
are much srnaller thm they are over the 19-1-1-9-1 period. especiaHy in the areas of greatest concern 
dO"llstre:l.rn of Lake McConaughy. Figure 3. for ell:ample. plots the minirnwn daily flow values, 
by year. at the Overton. gage. As given. In Table I and Figure 3. the 10-year runrung aver:lge for 
minimum flow at Overton for 194.4-7-1 increased from 12 cfs to 189 cfs. a change of 177 cis or 
9-1°'0. while from 1975·9-1. the 10·year running average increased from 188 cfs to 213 cfs. a change 
of only 25 cfs or 12%. This also indicates that river rerum flows or gains resulting from new 
project development have fairly stabilized for the 1975·94 period. The changes at Lewellen and 
Julesburg sho"TI in Table I are less drarnal1c due to the fact that the effects on nver rerum flows of 
the much earlier irrigation development up5trcarn of these two gages had st:lbilized before 194-1. 

Climatic records for the selected 19i5-9': time period were compared to both the 19':':·'}4 period 
us~d in much oflhe earlier OPSllJDY modeling:md a longer 1931-94 period which includes the 
drought of the 1930s. Table 2 lisl.'i annual prectpiution for ten selected st:ltions throughout the 
basin. These ten stations range from Dillon. Colorado in the west (actu:ll1y located just outside the 
Platte Basin in. the Colorado River Basin) to Minden. Nebr:lSka in the east. Precipit.llion:1I these 
ten loc:ltions is representative oithe hydrologic conditions which .nJ1uence rive~ baseflows and 
local !lalfls and losses. The average annual preC'p't:lt:on for these stations is 16.81 inches for the 
1975-9': period. eompared to 16.]5 inches for the \ 931-94 period. a difference of only 0.46 inches 
or 2.8"' •. Furthennore. the difference between the ann!l.ll .l\"eroge of 16.81 inches for tbe 1975-9': 
peTtod and 16.70 inches for the 194.l_94 period is only 0. 11 lfIches. or less th:m I %. It should be 
noted that a mountain-weighted distn bunon of stations would be more appropriate for representing 
snov.-based precipn:lIion. which prO"ides much of the water to the basin during spring and early 



summer runoff. but is not as relevant when loca! gtins are being considered. To get an indicallon 
of the differences in sno .... melt runoff between periods. Stre:lIll flow record! for runoff abo\'e 
Pathfmder Reservoir in Wyoming were revie .... 'Cd. Aver:lge annll.l.! snowmelt runoff above 
Pathfmder Reservoir was only 2.7% gre:l!er for the 1975-9-' period than the 1944-94 period. 

These records indicate w! the 1975-9-1 period is no! significantly different on average from the 
longer periods. and indicate that the previO\lSly menuoned increases in nver g;tins are no! the result 
of:1 signific:llltly climatically weuer penod. It should be nOled Wt the 1975·9-\ period includC1 
represemative yeltS ofbom water surpluses (1983-8-') and drought (1988-91). 

In conclusion. the WMC sel~ted the 1975 through 199-1 time penod for developing hydrologic 
Informallon because it represents nver flow condi tions that are reflective of current development. 
This time pcnod is a SlI!isfac!ory screemng period for average waler yields ofw:uer 
conservation.-supply alternatives proposed by the Consult.:lnt. 
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APPENDIX E 

Dctcrmin~tion of i\lonllllr Loss Factors fo r Ih~ Plaur Ri" c r Study 





Jaou1ry S, 1999 

DETER\{[""A TION OF MONTEIL Y LOSS FACTORS FOR THE PLATTE RIVER FOR 
THE fQ STORICAL 1 97~·1994 WATER YEAR PERIOD 

As required by Milestone WI4.\ of the Coope:utive Agreement, the Water :'I.'Ia:lage:ne::l1 
Committee (%1C) !las developed monthly Ion factor.; for 19 rive: relChes lD the Plat"..e River 
B35m for the historical water )·ear period of 1975 through 1994. These rnor.:rJy % loss facwrs 
will ~ used by the Consuitalllln the performance of the Water COIlSCl"\·ation and Supply Srudy. 
These historic loss factors may also fonn some of the basis for monthly loss or shrink iJ.etol'S 
used to route depletions and acc:etions to the critical habnat from future development in all thn:e 
states as part of the effort to determine replacement obligations for offsetting future depletions, 

II is Im?Ortant to remember that this analysis for ruStoric monthly 105$ factors is developed for 
planruns and screening pulpOses 10 cornpa:e the YIeld of one water comc:rvattonlsupply 
a1temar!ve 10 anolber over the \975·94 historieai period. Be<:ause of the monthly im:remc:lI for 
this loss factor analysis, the travel times for .... "ater to flow from one l0C3tion to anotlu:r are DOl 
considered. Daily lag lImes and daily rive: losses IUsessed by river admInistrators will be 
utilized when the WMC develops the water accounting procedures to track actual water 
contributions to the Recovery Program. 

The spreadsheelS for 19 rivcr reaches will be combined by the Consultant in order to convey 
depletions and accreuons in the basin down to the criticll habitatm central Nebraska. Loss 
factors have not b«n developed for all the tnbutaries and certain seelLOns of the mai.'15tem in the 
upper basm. A loss factor ;malysis will be performed on these other tribuuries and mainslem 
secuons if the Con.sulWlt identifies a waler con.se:vationlsupply al!emauve in these =. 
An important underlyin& assumption in these monthly % loss compu!ll.tions is that gene,.-aily 
losses are shared by and prorated among all inflows. In other words, a contribution of water 
from a water conservation/supply alternative enterina: a reach at the upstream end will experience 
the same % lo~ or shnnk as historic inflows to the reacb. In general. the analysis ofhistonc 
nver loss factors is a thr~ step procedure where each step eomputes a different patt of me loss. 
RC3Ch specific analysis procedures. such as data. availability, compul:luonaltcchniques, 
ope:-:uionll considerations, elc. are described in the Addc::ldwns 10 this repon. 

Table 1 lists the 19 nver reaches of the Plane Riverthat "'ere analyzed for loss faCIOI'S and 
includes informal1on .lbout each of the rexhes. A reach is defmed as a seCllon of river between 
twO nver flow gages. Figure 1 is a map of the Plane River Basin showinij the 10I;3tion of me 19 
river reaches and the cOlTCsponding upstream and downstre= gages that define the reaches, The 
19 re:u:bes were separ.lI~ into four secllOns or relilions as shown in Table I where each region 
" .. as ilnaiyzed by different individuals using this sa.!ne thr~ step procecure The four regions 
u.alyzed ior loss facwl'S are: 
OJ ~orth Plane RIve: In Wyonung 
(2) South Plan: River 
(3) Non.'l Plane River above Lake McConaughy in Nebraska 
( .. ) ~ort~ Plane River and Plane Rive: below Lake McConaughy. 

1 



Sp~adshe:ts titled NPWYlos, SPloss, NPNEls. iI/'.d PR.~loss to correspond to the~ four 
~giOIl5 ~spe::t!ve!y are currently on the C><PPID's FTPsite for access by the Consultant and 
others. Ac::= to this FTP site ili as follows: 
HostNar.:!e: 164.119.100.4 
Host Type: Automatic detcct 
L'SI:~ In: anonymous 
PassweJrd: guest 
Directory: /puo.daalmadlwl 4- 1 

The three Sleps oftlus procedure to determine historic river loss f~Clor$ are summarized below 
and described in more detaillalcr. 

~ compu:es the monthly loss due to gross evapor.mon from the open wale:" $UTface area. of 
the river chaMel in a tt:lch. This step computes thai pan of loss due to eV~p<lration (ic, % evap). 

~ compules the monthly net gain. whether positive or negatl\'e, for a ~ach from a watcr 
balanee analysili on the flowing river channel whe~ the evaporauon from Step! is a separare 
value in the wate~ balance computation. A net negative gain indicates that the river channel 
rt:1Ch is losing or seeping water. This step computes that pan of loss due to seepage from the 
river channel mto groundwater or bank storage (ie. % seep) for only those months ora nc! 
ncgatlve gain. Thi3 seepage ili due to a groundwater gradIent away from the water surface in the 
river where this gradient could be also caused by nwnernus factors sueb as phreatophyte 
lr3ll5piration, groundwater ~ll pumpmg, eu:. 

Sltti computes the historical amount of water that wa.s divened in a reach (ie, % divert). 
Waler entering a ~ach can be conslden::d lost from that reach due to diversions unless it is 
protected by =t or future statuteS and water administration and can be bypassed artIurui 
existing diversions. There rnay be w;ne~ conseryallon/supply allemauvcs thai produce wate! 
which can not be protected under current Stale water law and th~n::fore would have been subject 
to diversion during thu lustorical period of analysis. These % divert faclors may also fonn some 
oflhe basis for routing accn::tions and depletions from new development whicb will nOI be 
bypassed but instead subject to diversion under a stale's appropriation doccine. This step 
compu:es that pm ofloss due to diversions at existing nver headgates for WIlIer that is IlOt 
protected but subject to appropriation. Ali discussed later in this report, these % divert factors an:: 
gross values rather than net values because they do not account for return flows to the river . 

.... 11 three loss fuctors (% evap, % ~ep. and ~ divert) nre expressed a.s a pcn:enl loss per mile 
WIthin a :;ivcn ~ach. These % Loss factors per mIle can be applied to Yo':!.IC: comribuuons 
intrOduced at a.1Y poim within the reach when:: the appropriate number of miles is muluplied by 
the 'I. los$ factor per mile to shrink the water contribution as it moves downsu:eam 10 the bOllom 
of the rexh. 

, 



As st:l.Ied previously. an lillder!ying a,$$Ilffiption in tl'.e$e 0/. loss compuutions i.s that 10$Se$ are 
shared by and pror.ued an:Ong IIll inflows which include m=rcd inrlow at t.~e upstream end of 
the reach, othe~ mClSured Inflows within the reach such as tributaries imd c:ma1/reservol! returns, 
and ne: positive gains. The denomin.:nor in the % lou ratio is the sum of all inflows where: 

Sum of All Inflows -
!>lelSured gage inflow at upstream end of reach­

Other measured inflows ... 
Po,silive net gains computed from rh'er "'aier bala:lce 

The following IS an example which clarifies the application of the three % loss factors (% evap, 
~'o seep, and % divert). If 100 acre-fect was the monthly amount to be routed through a 100 mile 
lon~ relCh:md the % evap for the reach was o.o~o/. per mile. "I. seep was 0.10'10 per mile, and % 
divert was 0 . .5~'o pe~ mile. therl!he loss due to evaponuon ior the 100 mile reach "'ould be S 
acre-feel.. the loss due to seepage would be 10 acre-feet, and the loss due to diversions would be 
50 acre-feet for a tOtallclS! of65 acre-feet. [n other words only 3S acre-feet of the 100 acre-feet 
would be in the river at the downstre:un end of the reach. This example assumes that the 100 
acre-feet was subject to appropnation <I!Id not passed by exisung diversions. If the 100 acre-feet 
was protec:ed so it would bypass existing di vC!'Sions, then the loss would be only 15 acre-feet ('Yo 
evap plus % seep only) and 85 acre-feet would be in the river al the downstream erld of the reach. 
This same proc::edure would then be applied in the next reach downstre:lffi where the 35 or 85 
acre-feel enlC:nng that reacb. would be shronk by thaI reach's three loss factors. 

On the North Plane River In Wyoming, about 90 miles are inundated by reservoirs (Semmoc, 
Kones, Pathfinder, Alcova, Gray Reef. G[endo, and Guernsey). The los5 factors developed for 
these te:lches with reservolTS were the average of the monthly % evap loss factors for !he reaches 
above and. below the reac.ies with reservoirs. The loss factors for 'Y. seep and % div~rt were not 
developed for these reaches with reservOirs. The procedures for these reaches are described 
further in Addendum 1 of this repon. The % evap loss factors in these reaches will not be 
applied for the river miles beneath the reservoirs. The COnsultanl should consider the 
oper.1lional char.tclC:nstics ofthesc rese:voirs when routing "',lIer into and out of storage. There 
are twO major diversions (Interstate Canal and Gcnng-Ft. Lanunie Canal) just below Guernsey 
Reservoir that occur at the Whalen Diversion Dam. Monthly diversion records are available for 
these c:mals and the Consultant should consider the implications of these diversions in rouling 
walcr developed from water conservationfsupply alternatives. 

In addition_ loss factors will not be appl\ed to the reach of the Nonh Plotte River under Lllke 
McConaughy The Lake McConaughy reach is excluded from thIS analysIs because the reach 
upstre:lffi of Lake ~IcConaushy ends al the Lev.'Cllen gage which is the in.."Iow poinltO Lake 
:vIcConaughy and the ~:U:h downslream. of Lake McConaughy begins ill the Keystone gage 
below Lake McConaughy. The Consultam should conside~ the operations oithe Environmenul 
Account III Lake McConaughy when rouling the wale; from conservation/supply 3lte:nltives to 
and through Lake ;"IcCor.1ughy. :--?PO's Keystone Canal di>.·e:u Jus; below Lake McConaug::\> 
ar.d jusl aoo"e the Keynone gage and t.~ereiore the mon~y diversions of this canal!..'l: not 



, 

i..:lduded in a % diver: coeputation for the re:1cl! suni..."lg with the Keystone g:lgt. Wate divc:",.ed 
ar the Keynoce Canal is retUrned to the river :lea: l"ol'"li Platte. The operations afme Keystone 
Car.aI should be coll$idered by the Consulta."lt when conside=g the operatlons of Lake 
McConaughy and its Environmental Account. 

The fonewing is a mOTC detailed description oCthe three Steps used to compute the three % loss 
factors, 

STEP \ : ;\Oionlbl,· reach 1055 dye to "T051 c;vapor:llioo fro m the rive r waitT !Udace a rca. 

1, Monthly gross pan evaporation values in inches for the period of 197~-1994 we:'!: 
obtained from wC:l.ther stauom a101lll the Place Ri,'cr. A factor of 0.7 was multiplied times pan 
c"apor.nion to obtain river waler surface gross cvapor:ltion. The weather statiOns wilh pan 
evapor.uion values'used for anJIlysis on the ~orth Plaue River in WyomUlg were located al 
SemlllOe Reservoir, ?:lIhtlnder Reservoir, a.nd Whalen Diversion Dam. The Stations with pan 
cvaponuion values used for analysis in Nebraska we;~ Bridgeport. Kingsley Dam, North Plane, 
and Grlnd Island. lfpan evaporation was not available such as on the South Plane RIver in 
Colorado, then tempcr.!.Nre data from weather stations was used to compute an open water 
surface gross eVZlporation by the Modified Blaney-Criddle equation. This procedure for the 
South Plane is described in more det.ail in Addendum 2 \0 this report. 

2. River wa!e~ surface areas at different stages of river flow were obtained by computing 
sur£:r.ce lUeas from field dala taken dunng flow measurement ratings at the nver gages which 
define the upstream and downstream encb of the diffemtt reaches. Field raung data al the 
various river gages was used 10 develop graphs and equations of channel Width in fee: versus 
fiOllo.T:l.le in c.fs. These graphs and equauons aI the mer gages for all the re:u:.hes of this analySts 
are included in .'l.ddendum 5 10 thU report. At mo$! river gages the equation that provided the 
best fining eqU3.l.ion for channel width versus flowrate was a natural log equation. However in a 
few cases as shown in Addendum 5, a polynomial equation provided the best fit over the range of 
:J.V:lIlable data., however caution was shown in using these polynomial eqWltlOns beyond the 
I"lnge of data used in the development of the equation. 

Using these equations with an average monthly flowrate. an average monthly width at the gaging 
station was computed. An approximate average monthly ri ver water surface l1!ea was computed 
for a re:u:h by averaging the monthly average widths al the reach's upstream and downstream 
gaging sUIiOns for the given month and muluplymg by the reach length. 

This computation for an approxim:ue averilge montrJy nve~ y,<lte: suriace area was ealibtated to 

n'er water surface area dete=med from other soureo:s of information. Tlu.s other mfOrr.llltion 
conststed ofSBte!lite imagery on the South Plane In Colorato and DOQQ$ (DigItal Ortho Q=e: 
Qu:tds) and aerial photos ior some of the n\'e; reaches lD :'<ebraska. For example on the South 
Plane RIver in Colorado, a l:3lioration f.lCtor of O. -5 5 was deterrmne:! from the satellite imagery 
which was multiplied b~' the approximate monlhl}' nver:m:a de:emuned from rall . .'lg curve data 
to obtain a more acc=e estimate of average monthly river water surface area for a reach. 



A:$ desc:-ii:~d In more rk'.ail in AddC:ldum 4 to t.'lis Il:POn, for thc two lower rtxnes on the Platte 
Ri~r I!l Nebraska (Ovc!"ton to Odessa and OdC'SSOI to Gr:md island), data iar ri"er su::acc a.~a.s 
and flows from nver cross-sectiotlal study siles of the Prairie Bend SlUdy were used 10 develop 
graphs and eqU!11ions of river water surfacc arel ve!'$U$ flow. in the wide braided cha:mel system 
of the lower Plane River, this provided a henet estic:!.ate of river Wl!le: su"-:lIce area th3Jll15in& 
ratulg curve data at flow K:l!Ies ncar bridges i:el:ausc bridges sigrufieanlly rest:1Cl !hese wide 
c!:.1nne!s and do not give a represc:ltativc width !or the re$!. of the re:u:b. 

3. Tnc calibrmed Clonthl~· river Wller surface arel in acres ""-ere muluplled by the feet of 
gross monthly evaporauon de-:e:mincd from the weather stations to obtai.'"lll".onthly acre·feet of 
gross evaporation loss by rex!!. To obtain the % eV3p value, ~ monthly acn:-feet of gross 
cVlIPoralion was divided by the "Sum of all Inflows" to the reach 3.li dis.:ussed above. This wa.s 
further divided hy the l'I'.iles in the reach a.nd mulllplied by 100 to gel the 0/. e"ap value per mile 

for the =h. 

ST EP 2: Month lv reach los~ due to u cnage as co mputed r~nm a river wat t r ba lante 

aoa\vs i" 

A nver ""':lte: balance was computed for most of the 19 rexhes on a monthly time Step for the 
flowing river channel between the upstream and do" .. nstream galln that definc the reaches. Net 
galll$ whether positive or ntllwve are computed a.s the difference between the sum oi mea.sured 
ouulows rrunus the sum of measured IIIflows. For a monthly water balanc~ calculation. cllanges 
in storage volume in the river channel iIrt assumed to be: negligible. Outflows are the gaged flow 
at the downstreOlm end oithe reach. all measured divCT!ions. and monthly gron evaporation 
computed from Step L Inflows iIrt the gaged flow at the upstream eod of the n:ach and other 
mea.su."ed LnflOWS such as lributaries, reservoir n:lea.ses:md canalIhydrollO'"''tr returns to the 
nVCT. The reach watcr balance equation to compute nC! gams on a monthly basis for a n:ach is as 
follows: 

Net Gains (+ or -) ~ 
Me:lSW:ed gage outflow al downstream end of reach + 

Sum of all mcasured diversions + 
Gross evaporation from Step I -

Me:uu.-ed galle inflow at upstrC:Lm end of =h -
Other mC3SUCCd LnflOWS 

For monw where the above calculation shows a negative gain mdicating a losing or seepmg 
nve:. then that month has a % loss factor due to seep (ie. % seep). To obtain the % seep value 
for those months of 1I losmg nver. u.,a mon1.hly acre-feet of r>egatL\"e ga;'., "'a.s divided by the 
'Swn of alllnllov.'S" to the rexh as dLscussed above, This was further divided by the miles in 
the reach and multiplied by 100 to getlhc % seep value per mlle for the rellch. Since tlus is a 
mo::th of ncglti"e gains. the "511.11 of all Inflows' will be the sum of ody (I) mcasu.-ed lIage 
dlow at upStrea::l e;:jd of the reach and C:) othe: measured un low!. 

, 



STEP 3; i\IQllthlv meh lou d ue to hj3'2de d ivmlop3. 

As discussed above, water e:lte:ing a reach can be col1$id~ lost from that reach due to 
dive:-sior.s if it is nOI protected for bypass around existing diversions. In screening and ranking 
"''a!t:: consel;:ation/suppi y altem.a!.ives, the Consultant may compare protected Illld unprotected 
wale: S'.!pplies in te:tllS of the it yield when routed to central ~ebl'3.Ska for thU histori~ pe:iod of 
analysis. t.:nprolcc:ed water supplies may need to be shrunk by the Ildditional % diversion 
factor. 

A mont!::ly historic % loss factor due to diversions (ie, ,-. diven) was compuled as the rllio of 
total measurd diversions divided by the ·Sum of all Inflows". This was further divided by the 
mIles In the reach and multiplied by 100 to get the % diver. value per mile fOf the reach. Table J: 
!i~u the me=d dive:'!lioru which were ine1uded in the water balatlCe cllcu!auons and the 
hmonc oJ, diversion factor comput:11ions for the different reaches. III the use ofthe$e % dive:'l. 

loss fac:ors, the Consultant should eltercise caution and review v .. ith the Wi'-IC sltuatiol'.s dunng 

the historical analysis period where a eanal may be eonsldered al full c:t.pacity or c:mal demands 

;l!C fully sausfied. 

The di..s.cussion in Adde:ldum 4 to this report for river reaches below Lake McConaughy in 
Nebraska addresses the applicabiJiry in using these % diversion factors in re\;;l.Ilon 10 diversion 

requIrements and Lake McConaughy optmuonal releases. Since diversion requlTements were 

me: for ti'is luslorical analysis period [rom naturall10w rights and Lake ~cConaughly ~leases, 

additional waler [rom con$ervation and supply altemauves would 1'.01 be divc:ted. However, 

adding unprotecled rlatural flow waler that could meet diversion requirements could result in a 
dccrease in water being released [rom Lake McConaughy. The implications ofsueh a scen:lflo 

on Lake McConaughy opef3.tions and the polcnual of adding or "exchanging" this water ~ulung 

from ~dllCed releases inlo the EnvllllDmental Account in Lake McConaughy should be 
addressed by the Consultant, Nebraska interests, and the WMC. 

II is important to nOle thaI the % divert values are a JrOSS value and do IIOt account for ~tums to 

the rive: that mal' result from waler being divcned. There may be immediate!llld direct returns 

10 the nver such as diversions for hydropower. An example of this is the diversions by NPPO's 

Korry C.:tn.a.l on the South Plane River in Re3Ch 10, Iulesburg to S. Plane at N. Platte. When 

rouung "''ater down thc South Plane RIver, the water iOSI by the % dive:t vall!e ~nnbuuble 10 the 

Korty Canalm tlus re3Ch should be re:ntrOOuced al the start of the nexl downstream re3Ch with 

some adjusunem for the seepage (for eltample 20"10) in the KorrylKeyslonclSulherland Canal 
sysle:n that is nol immedialeiy «:TU."!\Cd 10 the river dunng the month. The Wllle: dive:tcd by the 

Korty Canal is combi.'1.ed wilh water dive:'l.ed by NPPO's Keystone Canal on lhe Nol",h Plane 10 

be reru.'"ncd 10 the river at NPPO's North Plane Hydroplant Rerum. Table 3 lists by month the 

percent of dive ned water returned 10 the nve: through the North Plane Hydroplant Retu:n frOr.:l 

;";PPO's Korry and Keystor.c diversions. 

6 



A simi!i:u situation also occurs for the CNPPID's Canal in Reach 15 which suppliu both 

ir::.gauon and hydropowcr. A portion orthe divc~io:lS by tb =.a! is rcrumcd to the nvcr 

t.irough the Jeffrey Rive~ Rerum in RClCh 16 dov.=eam and II. portion 1$ rerurned 10 the nvc:­

through the Johnson River Rerum in Readl 17 dOwmitre:lIIl. Table" lists by month the pc:cenl 

oi cive:tcd wa";C~ retIl."!lcd to the nve~ from the C:-"'P!'ID' 5 dive~ioll.. 

With the 01. dive:t values being gross values, lagged iI"Qundv .. :ater and surface water rcrums are 
not consiccred .... -bJch C:IJl result from dive~iolU of river water that ate uscd iOT lmgadon. Deep 

pe~colation irom canal seepage and field irrigation 3..'1d surf:u:c runo!f from irrigation can return a 

poruon of the dive:ted water to the river If a wate~ consc:va:iollisu;r,:ly alte:nauvc is being 
consice~ed where the water developed from the altemallve ClI! not be protected under current 

laws. the:! the COnsWt:lnt may need to be directed by the \VMC 10 develop and apply rerum flow 

fac:ors which re:nuoduces a pernoll orlhe diverted wate:- back Into the nver III the month of 

diverSlon:md subsequent months for continued routins dowmtre:lIIl to centr3.1 Nebra.ska. 

It is imp<lrtilnt to reemphasize that the utiliz:ltion of the loss factors developed in all tbn:e steps of 

this procedure is for a mOlllhly planning analysis to evaluate. screclL and compare wattr 
consel""ation and supply altemallVeS:L$ to their pote:!tiaJ for reducing flow shortases with respecl 
10 the L:SFWS anIllI:IJ specie.! target flows in central Ncbruka over the 1975-94 lustoncal penod. 

Actual implementalion and tracking of alternattves in I Recovery Program may rely less on these 

monthly factQrs but instead upon decisions made daily by proJcct operators and over 

admiruStr.1I0T"S. 
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TABLE 1: 

Platte River Basin R"aehn Analyzed lor Loss Factors lor Water Years 1975 Ihrough 1994 
by Water Managemenl Commin ee (Analysis pe riod 01240 months) 
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TABLE 1 jContinued): 

Plane River Basin Ruches Analyzed lor Loss Facto~ for Water Years 1975 through 1994 
by Water Management Committee (Analys is period of 240 months) 
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TABLE 2: LIST OF DIVERSIONS USED IN WATER BALANCE CALCULATIONS 

DiVERSIONS FOR NORTH PLAn E RIVER REACH #S IN WYOMING: 
Passing Whalen to WY/NE Statel ine 

, Gra:'.an , '-, Nom p •• r.. o.lCh , Luatne , Flgo. F!ancn , ,-, 
• Pra~e-Ftrm , '-I,teo," , B.l':laM " G."" 

DIVERSIONS FOR THE TWO NORTH PLAnE RIVER REACHES 
ABOVE LAKE MC CONAUGHY IN NEBRASKA 

Ruell 12: WYINE Sta tallntto Brlds-porl 
1 CaSlle Rodt-Steamooat Cal\.ll 
2. Ctntral C.,.t 
3 Em"."" .. Canal 
~ ~ta<. canal 
! Tn-Stale Cal\.ll 
6 1Mnte ... C .. , . C;nal 
7 Bt'Imortl Canal 
8 ~ Rock canai 
i N ... Ml4IC~ 
' 0 S~lm,Canal 

R...,II 11: Brid;lpgrlto ~llln 
1 aeertnt Canal 
2 Brown, Cru" Canll 
3 ~Canal 

" Mdana-<Nerland Canal 

DIVERSIONS FOR THE SIX PLAnE RIVER REACHES 
BELOW LAKE MCCONAUGHY IN NEBRASKA 

Ruell 1~ : Klysten.to North P ll lle at NorIh Ploltt 
1 K..:rH..ln<x*IlfniaIion Can. 
2. Nont> PI.rut Imgilllan Canal 
3 PIngn.HtrshIY Imgation Canal 
" 51Jl><.TrI)In lm~ Canal 
5 Coay-Olicrllmgalion canal 

NOTE NPPQ'I (Nebralka Pllll~c P~r O'"U,,::'O) Kty.tcne Canll 
g""rI' lUll ao"", tl'l' Keyltcne G;.g. 1M th,,,/c,,, il tIOt 
~ on !No Wlter Balance ~nan lot Ruen ,,, 

FlUCh 1$. North Plaltt I t NOrlh Plattt to Brady 

R .. d, 1T: Coud 1<1 0\I0ft0tI 
No 0, __ , 

Rueh 18: Ov,""n to Od'no 
I Keam.-y ~ (No I'D) 

Ruell 19: Dd,,," 10 Grand 1"ll nd 
No Divers.,... 

1 Clntra! NtbraSka Public: Power 3Ild tmgaocn D"1ne (C:-IPPIO) canal 

Flueh 1&: Bra", to Coud 
, Thorty Md, Canll 
2. G<::nenoUtg Canal (NPPD) 
3 $.l! MIit C~ 
" C~ua CanoT 
5 Oro::nara·"lralra Canal 
8 Dawson County C3Ilai (NPPO) 



TABLE 2: LIST OF DIVERSIONS (Continued) 

DIVERSIONS FOR THE FIVE SOUTH PLAnE RIVER REACHES 

Rnch 1: Hlndlrson 10 KalSey, CoIor;odo 
1 B"!Onton Clnll 
2. L~ Bo::om Canal 
3 P .. =- ~ltlOn 
• 5.01 ~ I Meacow IsIana 1 
~ Plar., Valley S11:1m 
e M~tuall Seeman-Mlaeew IIIIM 2 
7 AacunC_ 
8 Far"'I'" ~ .... : can.! 
9 WII:.m c",111 
10 JIIV Thoma. Canll 
11 u .. an O.\eI\ 
I~~~ 
' 3 Lower \..a11IIm CIIIII 
14 Pltterson Canal 
1 S rtlGru....1 P1u'nII C..aI 

Aeach': Kot .... .,. Ie Bltu., CoIerodo 
1 EmPIAI A .... rvoor In'-1 Can'l 
2 1'1"''''''08 SVllem 
3 IIinooI CInIII 
• 910U Sys. ..... (lnduCIes Corono _I Putnam) 
5 J_lM<IItIII1C_ 
E Wikle" Valley Clnal 
7 FOI1~ClnIII 
8 Ouoilllla St!yot< C.anaI 
9 u~· "Iattalllla Ilea<..- Canal 
10 Trlmon! I Sm.tI'I-Snyo. Carlal 
11 Lowe, Plltte ana Be ...... Cinal 
12 HortI'IS~A ........... InlttC...t 
I 3 unocn C.anaI 
,. T<I1I" C.anal 
1 S prtWln AIstr>IOw Inlot1 Clrlal 
16 .JoI\nSOn.E_ Canal 

NOTE. BIIUC G.tg4I ~I ....,.., ~_ 6 miles ., Oa. 1967 
w,""',....aea"' II'1e TeISeI. PI'eWItI Au. ~_ 
JeMson-Ecw.rd. c."'G OCWIISlr<llm of inti G • ..nell 

Ct!. 1987 "","I .. aecc<Jnlect lot 1(111'1' Aeacn WI'. 
B.~ Cotn"lriorts. 

Rta." ,: BI b ... Ie JUIHbulg. Colonoclo 
1 Sou'" PtaM Clnt! 
2 FatI'I'ts-P_ ~ 
3 Oa ... B,_CanaI 

• $cI1r.eocar Canal 
~ Sp""goale Clnal 
E Sltlbng Nc. I ~ .... a""" Co Canal 
7 SIINIO NO 2 CIfttI 
a Henaersot1 srmm 
9 lCwLn. Carttl 
10 B".o Canll 
11 F ........ '" C.I'III 
'2 ·.~_l>Ia:UvtlleyC.-n.I 
• 3 lcr>e Tree Canal ,4 Pew.! Cln.1 
:S 11. .......... Cant! 
16 C"..,.. HI1 O;W'l 
17 HI''''''''Y No I Canal 1 Jules:u<; R,"eMIW InieI 
'8 Tt",.tlCil Oltcn 
'9 R .~ lion Cant! 
~O Pe~,"n c..n.. 
", SO<.:i'I Re ....... :>en CInIII 
22 L.ec.IOr.::. 
23 C .... ..," Cant! 

Rneh 10: Jul" burg. Celonode 10 
South PlaM al North Plan.. N.~ no.b 

1 We.:em Canlll 
2 Kcr\y Canal (NP"O: 

Netnsk.ll PW:IIC ?cw .. 0 .::x::) 

,,"-I eh 11: ca~". Ia Poud" Fliv., 
Clny"" Meullt to G .... ley. Colotldo 

I Greeley I'iI>eine 
2 Pluun! VllIey 1M LIke Canal 
3 Llnmer County C.n.1 
• J..:l<son One:: 
, v.::. C:Knf 011;.~ 
~ Tayle' ana G~ 
7 N ... Merce, 
, I.Anm .. No 2 
o le.ale-
10 ArtIu 0rII:n 
1 1 lI"motr 11\0 Weill Ca"11 
12 ,Jo&hAm ... 
13 like Car'IIi 
I . ea., 00Ic;n 
" rornr"ltll\ RISfMIII IIIIet CanoJ 
18 Chall" OrtCll 
17 &._0tIct 
18 FOUiICreelr.,,"-__ 

19 Greeley No. 2 CINII 
20 lMIrIney OilCll 
21 B.M E.1CtI Ortdl 

" --23 G.reeIey NO.3 t:.anIII 
2. lI.cyo-Freernan 0rI<;/I 
25 Ogdvy O,tcn 



Table J. NPPD Percell! of Waler Returned 

Perc.nt 01 NPPD (Nebraska Public Power Dls trlctf Diversions Return ed throu!lh NO'Ih Plalle lIydro Relu", 
"pro Relurn! (Korty Diversioll • Keyslone Diversion) '100 Yearly 

WAlER Averag" 
YEAR OCT NOV DCC "N "" MAR AeR M" JUN JUL AUG SEP Tolal' 

1975 "" m 53 66 " "T " "' 66 " '" " '"' 1976 " '" 59 59 " " " " " 66 m "" 1977 " 70 ,. 
"' 53 " "' 66 " '" e< '" 1976 '" 

,. 
" " 59 03 '00 53 59 " '" eo no 

1979 '" " " or " " n "' " 90 87 '70 ,., 
1960 " 

,. 83 '" 60 67 '01 OJ " " ,9< ' 90 64 .3 
1961 " " " " " eo " 67 " 90 '" " m 
1962 '09 " " or 95 eo " " " " OJ " 70' 
1963 2'0 or " " 60 '" "' "' 83 ,. 

" "' 'n 
1904 "' " 66 "' 66 " 

,. 67 " 9< "' '" 1985 "' '" " 99 15 " or " " " " " "'0 
1966 " '" "' 60 " n 83 or n " OJ 90 "" 1967 53 " "' " 95 n 66 or " 53 '00 95 '" 1900 '" 7< " " " 83 "' 60 n " '" " '" 1!lB9 67 70 59 '" 03 15 66 " '" 95 04 60 7<, 
1990 70 " " 53 70 " 83 15 n "' 09 " 70. 
1991 "' " " " " eo 67 57 70 "' .. '" '" 1992 70' " <1 53 " 60 n " '" 60 "' n T16 
1 !l93 " 15 " " T6 87 " 53 " 75 96 " 66.9 
1094 66 "' "' "' OJ '" 53 "' 53 "' "' "' 000 

MA>1 230 1 117 3 '36 1024 957 107 1 105.9 956 ." 953 3767 120.2 
M," '" '" <1, '" '" '" 51> '" '" '" "" '"" AVE' '"' 7<, ,., 15. m '"' .0> 76.5 '" '" 99. 79 71 7" 

'Calculalerillsing average acre·feel nollhe average of Ihe monlhfy averages 
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Jable 4. CNPP!D Percent of Water Returned 
CENTRAL NEBRASKA PUBLIC POWER AND IRRIGATION DISTRICT (CNPPID) 

PIlIc!!,,1 01 CNPPIO Divers Ion Relurned Ihrough Jaffrev ind Johnson Relnrn 
(JEf rRTN • J2RTN)I CNPPID DIV ' 100 Yl!a' l~ 

WATER Aver3!}e 
YEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUe AUG SEP Tolal' 

1975 78 " 78 " " 76 " <6 " 
, 

" " ", 
1076 " " 73 n " 78 76 " " 

, " " 49,0 
1977 " " n " " " 76 '" " 

, 26 " <65 
1976 " " " " 

., 73 5T " " , 
" " ." 1979 " 53 76 73 " n " " " 39 " " 4 7,6 

1980 " .. 76 TO TO " " " 39 , " 55 ,,, 
1991 " Sf " TO TO 76 " " " " " '" <60 
1982 " " T2 78 78 n 39 " 

, 
" " 50 ~ 5,7 

1963 J5 " 78 78 "' " T2 " " , 5 " 57,8 
1984 " " .. " n " " 66 " " '" 5T 5T5 
1985 " 69 " T5 TO "' n 5T <6 " " " 5T8 
1986 T5 " " 78 " "' " 5T " " " T2 61 .1 
1987 T5 T2 " "' " 85 n " <6 " " 76 '" 1988 69 73 76 T5 76 "' " " " " " '" 5T' 
1989 56 " " 78 73 78 '" " " " " " <TO 

"'" " Sf " 76 69 " " " 2T 5 " JO ". 
HI91 65 .. 78 TO TO " " JB " 5 " " '" 1992 " 5T 55 n TO TO " " " " " " '" 1993 " " n 76 78 76 " " " 60 " " '" 1994 " 66 " " 85 " " '" JB " " '" '0< 
MAX '" ." en 93.1 .9T 85' '" '" 558 "" '" ." 
M," ", '" 53' 5" "5 ,5> 25.4 12.9 " " " JOO 

AVE" "0 '" 73,3 76' 'T< 77.5 '" <35 ". '"' 22,9 5471 '" 
• Catculalmj using average a~re·feel JIOIlhe average of IIlI! monthly averages 



ADDENUC),IS 

Acce::du:ll.s 1, ::. , 3. c.d .:. provide ~or:::l:mon and specific preced'l:cs :or the an.l!ysi.s i.n each of 
the :Ot:l' ~giOI".s. The Adde::d= we~ wnt::en by the listed authors who pe:7orme::l the analysis. 

Mdendu.'!l I, Nort.1J Plane Rive:, VI'{ 

Adder,c',;m::! South Plane Rive~, CO and >,'£ 
Addcildum 3. i'iofth Plat:.e Rive: above Lake :.1eConaugby, NE 
AddqdWjl;1 No~ Plane and Plane Rive: below Lake :v1eConaug,1Y, N::; 

Addendum 5 P10u of river width or Sur.;1Ce arel vesus flow rIlte 3.lSages.. 
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Beeley MathiSl:::l 
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A.n.'l Bleed 
J=:me Kerlun:m 

Addendum 6, Tables oi pe:ceflt loss factors per mile (~t, evap, 0/. ~ep, % divert) for :C3.Ches. 



AddfDdum !. J'lorth Platte River, Wyoming 

Acide"'..cum I to "Oete:mination of Monthly Loss Factors for the PLatte River (or the HistoriC311975. 
1994 Water Ye:lT Period" to documeot the 

segmen.t.specific methods for eS'.unaUn.g losses from the North Plane in Wyoming for the purpose of 
ranking alternatives for wate~ supply and conservation aitero:uives 

Note: lfa viable al!ern.uive is ide::ltified in a location av.'lIy from the rr..linstem of the Nonh Plane, 
additional conveyance loss analyses will be needed. 

Segment 1: North Platte River near Northgate Gage to North Platte Rive r 
above Seminoe Reservoir, near Sinclair Gage, about 100 miles. 

The end point gages are USGS gages and have continuous records through the 20 year baseline 
period ofw;net yean 1975 through 1994. Both gages have a 101lJil history of width measureme:lts 
taken during manual flow me3.Surements, hence the avcr.1ge width and average sunxe areas were 
re.:ldily computed. No SC.:I!ing factors were used. Seminoe Reservoir's evaporation pan is the dosest 
pan, IUld was used to compute the monthly evaporation from the surface of the river. To compute the 
percem of the inflow that was lost per mile nf river length (Step 1), the monthly evaporation was 
divided by the sum ofme inflows and me length of the segment. 

Since there are many ungaged inflows 10 the segment and no monthly diveman data. the mass 
balance had only four elements: 

In - OUI (assume 0 change in storage in segment) 
NorthGatcGage - j\;etGainLoss - SinclairGage - Ev3p 

(The NetGainLoss faclOr can be either positive (saulS) or negative (\osses).) 

The sum of the segment's inflows is NorthGateGage -I- poslUve gaillS. 

The mass balance showed that during no month afthe 20 ye3r period did the inflov.'S e.\ceed 
the outflows. This segmem was a gaming segment :at all time!! durillll the study period. 

Since dj\-enion records for this segment are sporadic, Step 3 was not conducted. About forty 
diversions could be active during the summer months. Uses include illigation, industrial. municipal. 
stock 3IId domestic. 

.AJ] data and computations for Segment I are found in the E:tccl ".orkbook called 
>WWYlosl.xls. The Il1b called Evap"/.inflov.'S (I"belled NPSI ,STEP] at the lOp) is the only table of 
losses for Segment] ofNotth Plane Rlvcr (J-iotthgate to Sindall" gages), and should be applied to up 
to 100 rmles of segment lengm depending on the location of the i!.Itemative :or the purposc of 
comp:uing wattr supply and conservation alternatives. 
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Segment 2: North Platte River above Seminoe Reservoi r near Sinclair 
Gage to North Platte River at Alcova Gage , about 104 miles in length of 
which 30 to 40 miles are livi ng river (the other miles are inundated by 
Seminoe, Kartes, Pathfinder, Alcova, and Gray Reef Reservoirs). 

Since Se;ment 2. conlll.l.Il.5 s~·e:3.l short subsegme:J.ts oflivc rive~, it wu dcdced to ave!3.gc the 
evapontion fateS for the m'o surrounding segments (Segment 1 and Segment 3) and apply the ave~age 
rlle to the nwnbcr of live river miles of Segment 2. Since the number of live river miles changes as 
the rese:-voirs nse and fall, it is assumed 1h:!.1.!{) miles of live river is a =onablc estimate for:be 
pwj)Oses of nnIwig t.~e a1tc:'U:llivc III the "'aref const:'VMion and supply srudy. 

Step 3 was nol computed due to the lack ofpe:mlIle:lI diversions in tlus segment. 
The daUl:md computations for Segment 2 are found in the Excel workbook called 

NP\VYIs24.:ds, The tab caUed • Aver.lgcU", also titlcd :\'PS2.STEPI ill the lOp, is the only table of 
1o$$tS for StiffiCllt 2 ofNonh Platte River (Sinclai r to Alcova gages), and should be applicd to up to 
4() miles of segmentiength depending on the le<:ation of the alternative for the purpose of eompanng 
water supply and conservmion alternatives. 

Segment 3: North Platte River at Alcova Gage to North Platte River at Orin 
Gage, about 132 miles, 

The e:\d point gages are USGS gages and havc continuous records through the 20 yem 
baseline pe:-iod of water year 19i5 lhrough 1994, Both gages have a long lustory of width 
measuremenlll taken during manual flow measurements, hence the average width and aver.\ge surf~e 
Ilteas were readily computed, Pathtindcr ReservOIr'S cvaporauon pan was used 10 compute the 
monthly evaporallon from the surface of the nver. To compute the pertent of the mflow thai was lost 
per mile oinver length (Step I), the monthly evaporation was divided by the S\1m of the inflows md 
the length oime segment. The results of these compu!:lIions are in tab Evap~.lnflows, also titled 
NPS3.STEP l. It is Interesting and comforting to Stt thai the 20-ye:l! averages of these monthly 
evaporation losses, expressed In cfs, correlate dosely 10 the evaporation component ofBLslIop­
Brosden's 1990 report for the mon~ studied by Bishop-Brogden. 

Abeul ] SO diversions may be active dming the sununer months. Uses include irrigation, 
municipal. industrial, stock, domestic and others, 

Since there are many ungaged LnflOWS 10 the se~ent.11lId most dh'ersion records are not 
monthly, the mass balance has only fom elemclIs: 

In • OUI (assume 0 change in storage in system) 
AkovaG:lge - Ne:GainLo" - OrmGage - Evap 

(The Ne:GainLoss fXlOr can be eimer poSItive (gaLns) I1lId negative (losses).) 

The sum oithe segment 's inflows is AlcovaGase - positive gains. 

Tne ma.ss haJa.:l.ce showed several months of the 20 ~'e:lr ba.se!iI:e pc!"1od whe:ltte irulo"-os 
exceeded the our.lows. Therefore, the result ofStejl2 is the t:Ib Loss%lnflows (al:lo \Lued 
:\'PS3.STEP2) showmg those few months of net loss. expressed as percent of inflow lost pe: rr~le oj 

, 



se~e=t le::tgth.. 
Most dive:-s:oD ~orC.s for this se~ent ~ insunlaneQUS or se)S()naI. Therdore, Step 3 Wali 

nOt conducted. 
All data and compull1tiotlll for Segment 3 are found in the Exec! workbook cilled 

:-'1' W'Ylos 3.xJ..s. 

Segment 4: North Platte River at Orin Gage to North Platte River 
Below Whalen Diversion Dam Gage, about 66 miles in length of which 30 
to 40 miles are living river (the remainder are under Glendo and Guernsey 
Reservoi rs). 

Since Segrne:!t 4. contJins three subsegments of live river, it was decided to average the evap 
rates for the tv.'(l sUlTounding segments (Segment J and Segment S) and apply the average rrue to the 
nwnbe: of live rivC': miles ofSegmem 4. Since the number nf live nver miles changes as the 
rese:voirs rise and fall. it is assumed that 40 miles oflive ri~'er is a reasonable estimate for the 
purposes of ranking the altemauves in the water conservation and supply srudy. 

Step 3 was not computed due to the lad: of monthly diversion data in this segme:ll AboUl 25 
diversions could be :1C!l.ve during any summer. 

The data and computauons for Segment 4 arc found in the Excel workbook C<l.lled 
NPWYls~4.x1s. The tab called· Ave:age3,S", also titled NPS4.STEPI at the top, c; the only table of 
losses for Segment 4 of the North Plane River (Orin to Below Whalen gages), and should be applied 
for:he :nontlls of April through !i<:ptember to about 40 miles of segment lenith depending on the 
locanon of the alternative for the purpose of comparing water supply and conservation alternatIves. It 
should be nOled that from October wough February every year. the outflow from Glendo dam is about 
~S cfs. From October through M:m:h. the lIates at Guernsey dam are closed. IfProg:=n water is to be 
transfemd through this segment during OcIObe:" Ihrough Marth, addition analyses will be reqwred. 

Segment 5: North Platte River Below Whalen Diversion Dam Gage t o 
North Platte River at WY·NE Stateline Gage, about 47 miles. 

The end point gages are USGS gages and have conunuolU records through the 20 year baseline 
penod of water years 1975 through 1994. Both gages have a long history of width measurements thaI 
were tJke:l during manu.al flow measurements, hence the av~mge width and average surface 11n::l5 were 
readily computed. Whalen Dam's e\lapor.uion pan was used 10 computc the monthly evapomuon from 
the surface of the river. To CIlmpute the percent oflhe 1n.l1ow that was lost per mile of nvet length 
(Sle;t I), thc monthly evaporation .... 'aS divided by the sum oflhe inflows and the lengm of me se"mem. 
The results of the StCp I computJuons are in the tab c31led Evap%Inflow, also labellcd NPSS.STEP I 
at the top. It is interesting and comfor"".!ng 10 see that the 20·ye:u avenges ofthesc monthly 
evapor:llion losses. expressed In cfs. correlatc closely to the evapor.ltion com?Onent ofBisbop. 
Brogde:!'s 1990 re;:xm for the months StudIed by Bishop-Brogden. 

Monthly diversion records are available for !!us segcent of the ~onh Platte for the 10 ditches: 
Gr.l!lar.. :\o!u PLlttc. Rock Ra:u:h. Prane·Ferns. Burbank, Tomngton, Lucernc, Narrows. Mitc:tell 
and Ge:1ni. The Lilr.lITlie Rive~ is a gaged inflow into this scgment. The~efore. the mll$S balance has 

, 
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six ele:u~nts: 
[n - Oul (assUl:'.e 0 ~!J.:m.ge in storage it: segment) 

BelowVlbalcllGage - FtLaramieGage - :-.'etGainLoss - OrinGage - Evap - Diversions 
(The NtlGainLoss fac:ror C:l!l be eithc~ positive (ga.m.s) and negauv!: (losses).) 

The su.:n oithe scpe::J.l'S inflows is Below'NhalenGage'" FtLaramieGage - positive Slins. 

The mass ba1anc~ shov.-ed sevcml months of me :0 YC:lr baseline period when the inflows 
e)(ceeded the outflov."S. The result of Step 2 lli the tab called Lou%lnflow$ (also titled :-''PS5_STE~). 

In Step 3, the monthly diversions we:e divideU by the sum oflhc inflows and the length of the 
segrne:l, resuitlllg in the tab called Divert% (also titled NPS5.STEP3) . 

. ~l data and compum:ions for Scgme:lt 5 are found in the Excel sprt::uisheet eal:e:i 
:-''PWYlosS.x\s. 

Segment 6: Laramie River below Grayrocks Dam Gage to Laramie River 
near Fo rt Laramie Gage, about 17 miles . 

The upstream end of this seg:ncnt is a State gage installed after the COn5U'UCtion of Grayrocks 
Dam and fully O~r;ltional In w:lter year 1981. The dOWllStrelJTl gage IS l l.;·SGS gage and has a long 
continuous record, although only dau for water yell' 1981 through 199J are used In this srody. Both 
i;l£f!S have WIdth me:l.S\ln:m~:!ts takc:! dunng mMuaJ flow measurements, hC:lce the :wemge WIdth and 
avcr.!.!le surface ilrC.:tS were readily computcd. The evaporntJOn pan at Whalen was used to compute the 
monthly Cvapor:lllOn from lhe surf;;u:::e of the river. To compute the peree:n of the inflow thal"'-as lost 
per mile of rive ... length (Step I), the monthly evapor.!.t1on was divided by the sum of the inflov.os and 
the lc:lglh of the segment. The results of lhe Step I computations are In the tab called Evap%lnflow, 
also labc:!led LRS6.STEPI a! lhe top. 

Since lhere are ungaged inflows to the segment. and most divcfSion records are not monthly, 
the mass balance had only four elements: 

In,. Out (assume 0 change in storage in 515=) 
BelGrayrocksGage + NetGainLoss" FtLarGage - Evap 

The su:n oithe segment's inflows is BelGrayrochGage - positive gai:1S 

The mass balance shoy,-cd man>' months of the \4 year period from ! 981·19~ when the 
mflows exceeded the outflows. The ~sult of Step 2 IS the tab called Los~'oInflow (also titled Table 
LRS6.STEP2). 

l:p to len diversions could be active during:he SUml:ler months. Most diversion records for 
this segrne:u arc Instantaneous or se:J.!5onal. Therefore. Stcil 3 was not conducted. 

All data and computations for Segment 6 are found :n the Exec! spre:l.:!.sh~t t.lJled 
:--'1>1.\ "Yloso.:ds .. 

, 



Ev~p%lnllows 

Ev ..... as perce,,1 01 10431 onfIows per mde of .each NPS1.STEP1 
(IIK,,,.'es nol!)"'l1loss"s pall 01 s"m or Ioftows) STEP 1 resul1. lor Se9melll 1 N0I1h9,,1/l 10 Sin<;lall' 90l0!}eS 

Segmenl I Is 100 IT111eS 10119 

Year 0<0 N~ D" J~ Fob Mar "" "" J" J"' ". S", 
W75 00242 0010S 0""" 00047 00062 00120 00087 00039 00038 0.0072 00264 00416 

HI18 00321 00141 00115 000<' 00069 00171 00107 00052 . 00062 00 1110 00316 00411 

Ion 00315 00162 00094 0009' 00172 00H9 00139 000" 00174 00716 00000 00718 

197' o 0~93 00170 00109 00052 00062 00150 00109 000<' 00035 00088 00260 0"," 

1910 00345 00123 0006' 0.0053 0""" 00097 00087 00028 00038 00112 00 199 00<141 

"'" 003 16 001SS 00081 000'" 0006' 00076 0_ 00018 00052 00160 00472 00-H5 

"" 00244 001SO 000" 00104 00159 00206 00239 00071 00107 """ 00535 """ I'" 00207 00200 00150 00113 0010S 00124 00116 000" 00030 00058 001M 001_15 

I~' 0009< 00061 0.0030 00(}48 00072 0_ 00052 00032 00016 000<0 00115 00239 

"" o 0'~9 00089 00035 0.0045 00037 00041 00047 00020 00025 00061 00116 00128 

"" 00071 000" 000<1 00035 00031 000 .. 00052 00039 00061 0016t1 00340 00328 

"" 00'44 00054 00075 0.0089 00044 00080 0.0049 0,0032 00027 0.0084 00223 00192 

1981 00078 00051 00077 00120 00096 0006' 00096 00062 0.0207 00390 00458 00561 

"" 00337 00 103 000<' 00051 0""" 00021 00059 00039 0.0055 00248 00615 00578 

'M9 00335 00135 00063 00 111 0005] 00062 00000 00104 00 114 00431 00400 00441 

"'" 00339 00167 00053 00123 0010S 00062 00015 00082 D0062 0.0151 "368 """ 
"" 00285 o 0 1 1 1 00035 00144 00 126 00111 00093 00059 00015 00272 "'"" 00393 

1007 00359 00057 0"'" 00083 00111 0.0102 00157 00099 00105 00224 00453 0.0561 

"" 00282 00143 0"'" 00044 0.0045 00080 00056 00035 0.0025 00105 002 15 00254 ,- 00118 00046 00027 00078 00029 00071 00083 00057 00\34 00448 00657 00731 

AveriKjf! 00254 00115 00073 00077 00079 0"'" 00093 00053 00072 00216 00359 00,122 

"0< 00493 00200 0.0150 00H4 00172 ,,2<16 00239 00104 00207 00716 00657 0.0131 .. , 00071 0"'" 00021 00035 00029 00021 00047 00018 00016 00040 00115 00128 

","-,,,d Il r -"2 35 PM 
Evap"4inJklw5 01 NJlW)'1 , 
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Evap%1Il1low!l 

[val' as perce"l olluliol inflows per mlie 01 reach NPS3.STEP1 
STEP 1 rt$Ul15lor Segmenl 3 Alcova 10 0"" gages 
Sag"",,"131. aboul 132 miles \on9 

Vllar ex, ",'" 0.0 ", '" "" Ap< "" Jun Jul Aug Sepl 

1975 00110 ,"",. 00039 00023 OOOll 0""" 0""9> 0""99 00118 00171 00126 OOUl6 

1976 00136 ""'" ""'''' 00024 00037 00101 00132 0012 1 00\14 00176 o Ol~ 1 00118 

1017 00127 00078 "",.2 00036 ""''' 00083 00100 00139 . 002 12 o 0194 00123 00200 

1978 00202 ""'" ""''' 0""3< 00032 00103 00\19 ,,""2 00311 00198 00140 00161 

1919 00120 00016 0.0040 0""26 0.0032 ""'" 00152 00136 00171 00208 "",'" 00162 

''''' 00111 """" 000~1 00039 00026 0""62 00082 00010 0.0142 00170 00138 0011 4 

,~, 00001 00078 00052 0""," ""''' 00182 00282 0011~ """ 00193 00123 00154 

1062 0009·1 00 126 00116 """" 0",,6< OOIH 00154 0.0083 00202 00229 00191 00122 

"" 0""'" 00059 0"""" 0.0032 00049 ""''' 00043 00029 00048 00045 00081 00 121 

'M' 00113 00077 00027 0.0029 00021 00016 ""''' 0.0039 0""36 00074 0.0121 001 1/1 

1965 00056 ""'" 00035 0""26 00022 ""''' 00070 00000 00145 00126 00110 ""',,. 
"'" ""''' 00051 0._ 0""" 00036 00090 0,0069 00077 00086 00081 00 121 0.0102 

,~, 00000 00029 ""'50 ""''' o ""'" 0005\ 00122 00210 00257 00160 00136 002 18 

"'" 00135 00051 00031 00025 0""<1 00024 00114 00114 00265 00149 00133 0.01 10 

"'" 00143 00073 00039 0""'" 00037 00 114 00133 00176 00201 00201 00143 0.0150 

''''' 00220 00121 00038 00078 00079 ""''' 00161 00188 00347 002 16 00118 00318 

1991 00239 00114 00033 00069 00084 00126 00088 00(113 00175 00252 00156 00126 

,.,2 00221 00037 0""" 00059 00095 00114 0.0243 00211 00134 00133 00239 00 1rill 

"" 00\11 00128 00073 00033 0""38 00082 00066 00080 00088 00132 00116 00233 

"" 00107 00053 00027 [loon 00034 00 1\1 00138 0_0 155 00143 00110 0""'" 001 26 

Averil!!" 00133 00076 0""" 00048 00049 0008' 00 122 00113 00181 00161 00 132 00151 

M.:lX 00239 00128 00116 """, 0""99 00182 00282 00217 0.0347 00252 00239 00318 

M,u 00058 00029 00027 00023 0002 1 00016 00024 00029 0"""; 00045 o """ , 00080 

print",t II /" 2 JoG 1'1.1 
~v .. p%lnrtows 01 Npwy! • 



Monlh~ 01 loss wilen segmenlloses water 

As percent 01 S"(1I of inflows per mile of segment 
Year Oct No~ Dec Jan '" 
r075 
1916 

1977 

1978 
1979 

1960 

IORI 
I9B2 

1083 
,~. 

W85 

IDB6 

1987 
1968 D.D6l6 

'00' 0.D6ll 

,~ 

"" 0.0084 

'00' 
"" '00' 

p'ln!~~ 11124109230 PM 
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NPS3.STEP2 
STEP 1 results lor Segment 3 Ak:ova to Orin gages 
Segmenl3 is about 132 miles long 

Mar Apr May Jiln Jut Aug 
0.OH4 

6 .0500 

0:0(611 00310 

0.0 1l8 

0 .0041 0.6139 

0 .0126 0 .0163 6.0000 0.03 17 

0,02 41 0.0136 
0,01B3 

0,0693 0.O H14 

0 .0609 0.0548 0.0343 

O.Ooa l 0.04 10 0 .0 &34 

0 .0169 
0,0012 0.0232 

0.04 19 

0.0315 0.0189 0.0 23 3 

Ser 

6.0088 

Loss%lntiows of NpwyklsJ xis 
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D .... e, ... 

S lcp 3 I'ercenl 01 onllows pel mile d",e,'ed 11\ Segmenl 5 (PaSlioy 'MIlllen 10 Sialellne) NPS5 STEP3 
Slep 3 ,eSUnS 'Of SlI'lme,lI 5 {Pi\$S'no \M,,,lcn 10 SI.,'cllIIoe) 

A.$ pefcenl 0I5U111 01 inllDws 

Year "" I~OY "" "" roO "" '" "" ". .. "- Seo 

1975 '00 '00 '00 '00 '00 '00 ,00 OS, ,0. "" ", ", 
1918 '00 '00 ,00 '00 '00 '00 '00 '" .,&0 '56 '" '" 
1911 '00 '00 '00 '00 '00 ,00 '00 ,n 06. 'M '"' go. 

19/8 '00 '00 '00 '00 ' .00 '00 '00 ,,. '63 ". "" '00 

197!l '00 '00 '00 '00 '00 '00 '00 '76 '59 '" '" '"' ,,., '00 '00 '00 '00 '00 '00 '00 '15 '" ". '" '" 
1081 '00 '00 '00 '00 '00 '00 '00 

,,, , .. 0<' , .. OS. 

,,"', '00 '00 '00 '00 '00 '00 000 on 0'" 051 '55 '61 

I!lB3 000 ,00 000 000 000 '00 000 0" 009 ,,6 ". '15 

"" 000 000 000 000 000 000 000 go, 010 0" ,30 "0 

"" 000 ,00 '00 000 000 000 '00 061 ,., ". '56 0.48 

''''' '00 000 '00 , 00 ,00 '00 0 00 0.20 '" 0" 0 .. '30 

"" '00 000 '00 000 000 000 000 ,.. ,<5 056 063 '" 
" .. '00 ,00 '00 000 '00 '00 '00 ,., os, '" '60 05] 

,~, '00 '00 '00 '00 '00 '00 '00 ' ''' 02' '" 
, .. ", 

,"00 '00 01" '00 '00 '00 '.00 '00 '" "" '56 , .. '66 

'00 ' '00 '00 '00 '00 '00 '00 '00 '61 '" ' 50 '" " , 
'"" '00 ,00 '00 '00 '00 '00 '00 '" '50 '56 ", '63 

'00' '" '00 ' .00 '00 '00 '00 '00 ". '" 056 , .. '" ",. '00 ,00 '00 000 '00 '.00 '00 '" '" 
,., 06 ' 00 ' 

A.yelitlje ", '00 '00 000 '00 '00 000 06' ,5< 00' '" '" 
Ma~ "6 ,00 '00 000 '00 '00 '00 

,,, '" 00' '" "" ,,- '00 '00 '00 '00 '00 '00 '00 '" '" '10 '" '" 

DIVe,'% 01 NpwyloS$ ~ Is 
prinled I In.198 2 36 PM 



EVilp%lnllow 

Evap as percenl 01 tOial ifillows per mIe 01 leach LRS6.STEP1 
STEP Ilesults for segment 7 Gray Rodes 10 fr lillarne gages 

Yeill 
107Sf!;IIMI 'NUMI 'NUMI 'NUMI 'NUMI 'NUMI 'NUMI 'NUMI 'NUMI 'NUMI 'NUMI .NUMI 
1076 'NUMI 'NUMI 'NUMI 'NUMI ,NUMI ,NUMI IINUMI 'NUMI ~NUM I 'NUMI .NlIMI ,/<IUMI 

'NUMI ,NUMI 'NUMI 'NUMI 'NUMI .NUMI ,NUMI ~NUMI #NUMI ~NUMI 

.NUMI #tlUMI 'NUMI 'NUMI ,NUMt 'NUMI 'NUMI #NUMI 'NUMr NNUMI 

'NUMI ,/<IUMI 'NUMI 'NUMI .NUMI #NUMI .NUMI 'NUMI #NUMI 'NUMI 
'NUMI 
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Addendum 2. SOlltb Platte ru"tr, Colorado and .;-iebr3ska 

Adde::.cum 2 to "Dete:minajon of Monthly Loss Fac:ors for the Pla'1e Rj\'e~ for the f'.istori~:U 
19':'5·199' W:l:e~ Ye~ Pdoo" to coc:=e:u:he sepe:ll·s?ec:f:t ::,.e:hodl for enu::al1:.g los.ses 
fra~ the Sou;., Platte Rjve~ r.n Colomo and Nelm • .5ka. 

Toe th:ee step proc:edure to compute % evap. ~'o see?, aod ''0 divert loss fattors disc:lSsed in the 
ge::e:3.! ccs6ption of the mO:l;'~:-' loss factor a..-.alysis .... 'U uscd in 3.l.1 five ruches (Re:lC!:l 7 
through 11) of the South Platte Rive~. The followmg desc:ibes specii!c notable points and 
ar.alysLs ~clh.oc.s for the South PI:mc c:LItula:ior.ll. 

I. Chill1!zc in River Gege Location: As noted in Table 2 for Reach 8 which lists dive:SLOns used 
in thc ::'JCl" water bala:lce computation. tht Balzac Gage iOC3llon .... 'U :noved upst:eam about (5 

miles .... 'lh !lllge me=me;'Lts sWtmg at this new locallon on Oe:obcr I, 1987. This rdocation 
put the new gage above thr~ diversions (Tersel C3I131, Prewin ReservoLr Inle:., and lohnsoo­
Edwares Canal). Therefoll: III the water balance computations to compute monthly net gains, the 
penod from October 1975 through September 1987 included these three dive:llions in the sum of 
diversions for Re:lch 8 while for the penod ofOewbe: \981 through SeiltembCl" 1994, these t.~ 
dive:lllons ate included in the sum of diversions for Relch 9. 

[1. Ev;;poIitjon Computations: Due to the !aci: of weather sutiOI"lS WIth pan evaporauon data 
along the South Plane River in Colorado, temper:lNre data from NOAA-NWS weather suui oi15 
was used to compute an open water S'..Jrface g:us-s evapor:lllon by the Modified Bb.ncy-Cnc!dle 
equallon (TR-21, lmgation Water Requlreme:lts. SCS-USDA). For shal!ow open Wate~, a 
coeffic:ent of 1.0 was multiplied by the monthly Blaney-Criddle consumptive use factor to 
obl3.Lll1lll. eslunate of monthly rive: water suri<ICC gro$$ evapor.mon in fee: (aCIl:·[eel pc: acre). 
nus coefficLent of 1.0 was obtained from TR-2l and FAO-24 (United Nations Food and 
Agnculture Organization Papcr 24, Crop Wate~ RequLrements). This estimate of evaporation 
computed ('"Om the Modified BI:aney-Cnddle was compared to pan evaporation data (muluplied 
by 0.1) for the sununeT months available III twO we:11her stations (Fort CoUins. CO and North 
Plan.c. NE) in the South Plane basin In order to obtain monthly cilibration coefficients. These 
coefficLcnts were multiplied times the open water g:-oS5 evaporation estimated by the Blaney­
Criddle cCjU<ltion for the welther natioruL used In the South Plane analysi5. These monthly 
calib:-:u:on coeffic Le:lts were as follow,: 

0." I' Ap< 17 
;':ov I.,l May I.:! 

D" I.,l I~ 10 
I., l.,l I,t 10 
Feb I.,l A,. 0.' 
lv\;u- , , 

Se? II , -

For R=h 7 on t-'le South Place {He::c!e~son:o Kc:-sey!.:l.."l ave~e B!ar.e::-C:-:d::.!e Ope::l Wale: 
eV4;lOrat:On was c:>::-::ould for elt:: !:lOnCl tal:! fall! wcat!J.er .5Ll!:Ons 41 Bngi:.:o!l, Longr::.or.t, 
Fort Co!lbs. a.::d Gree!cy WIth the I:!on±.!y vaiue d·.e~. :l".i.Jli~liec. by tee c:l!ibration coe"'"'cie:m. 



For Re~c!:\ 8 (Ke:sey to Ealz:lc) and Reach 9 (Balzac to Julesbu:g), an ave~a!!! Blaney-Cnddle 
ope:. · ... 'a:e: eva;oz.;oll from t!:~ wel~e: statior.s a: G~!ey, Fon MorgaIl. St:::.:ng, and 
;u1csburg WM cO!r.?u:e: :or ex:: :nont.':! cd t:le:l :nultiplied by t.':e calibration coc6c;ents, For 
Reach 10 (Julesburg to Soum P!ane at Nc:-c!J P!a .. !, NE), an average ofmc c.i.ibra:d opcn Wate: 
31al:ey-C~dC!e ~ julcsb\:.""g a:ld !he pa:\ evaporation data. l!::.l!tipE.ee. by 0.- for the l"oru. Platt= 
we:!.ther S'latlO:l was use:!. Bndge?Cl"l. Nt: pan tVaporaltOll da!:l. was used for the winte: months 
1;«al!.Sc 'Sorth P!ane does no! :c:ord wimer;:m 6ta. FOf t.'e Cae!:!e la Poud::c Rivc~ Rex!: II ill 
Color-do, an aVc.!.ge 0: ±e ~ib!"3./.ec. ope:! Wllte: Blalley-CridC.!e compuUt!on was \:Scd fo: e:!.cn 
month base:!. on the Fort Collins and Greeley weathe~ stations. 

For the 5ve Icaches oithe South Plane, the sundurd procedure previously de~cribcd was used to 
obtain at:. ave..-age mont!\ly nve: wate: su:txe uea based O:J tl:.e aveage rove: "'-idth i:l the ~:l.Ch 
1lS1llS: tl:.e wic.m (feet) versus flow (cfs) eurv6 developed althe upst:-e= and dovmsaeam gage 
loca!tom; for tach ruc~. Flow me:lSurement sheets for 1975 through 1994 tabulaung field 
m~:nents of WIdth versus flow were use-d at all the g~es on the South Plane. For the Cache 
Ill. Poud.--e Rive:, the up=am gage Wll5 not used to determine a channel Width III the upstream 
e:ld ofthc re:u:h becOluse this lIage at the Canyon Mouth is in a eorJir.ed bed~ock channel that is 
not represcnutive of the a1h:.vial cr..a.'Il"Ie! th.al prevails for the enure le:tgth of the Poudre Rive: 
reach thai WotS anaJp:ed for loss iaC!OfS. Im;te:J.d the Width versus flow rate relationshLp 
de!ermmed fulrn the Greeley lIage al the reach's downstreJ.m e!\d was used to represent the widt.' 
versus flow rate for the enti..--e reachlcn(th. 

The computauon for lin ave:-age mont.llly rive~ walef surface are:t. (ie. average of the monthly 
WIdths at the UpS:rt:l.~ and downme:un g:lies multiplied by reach length) was caJ.ibr.lted to river 
water surfacc &tC:l. deLennined from 1997 Landsat TM satellite imagery for the alluvial channel !II 
the tv."O middle reaches of the South P\.a.ne from Kerscy to Ea!~ and Ea.lzac to Ju!e:sbur •. Two 
s:ueHilc inugC'S on different Cates were nec.:!.ed to COVe:" both reaches enure!y. The le:tgths of 
these two nvcr re.:lchc$ werc also delermmed from the SlLtellite imagery. The flow r.ltes m the 
South P\.a.lte River on these two different imas:c dates vaned by th=: times which therefore 
allowed the eompanson of calibr:uion factors between low and high flows. For the htgh flow 
datc, Ihe factor was 0.79 and for the low flow date the factor Wll5 0.72. An average of these 
factors of 0.755 was used to multiply by the approximlltc monthly river ilre:l. Cet=ined from 
WIdth vc:-sus ftow r:ltlng curle data to ottaln the monthly river waler surface a.rea for each reach 
used in the eomputation of monlhly tere-feet of gro33 evaptlr:nion 1033. This calibrauon factor 
"'"II! eonside:-ed a relSO~ble faeUl! to be used on the other reaches of the SOll1.'"l P!;m.e beeJ.use of 
theIr SImilar alluvial f\!l.rure. 

, 



Adde::dum 3 to "Determmation ofMontilly Loss Fac;tors for tbe Plane River for the 
His!O:i.calI975-1994 Water Year Pc:iod" to doC'..l!:lellt the sepe::t-spedfic method! for 
cs~1I1osses be. the NOI""...h Pa.'tC Rive: above Lake McCona\:jhy in }<ebraska for 
t.!;e Pll.:,)ose of ranking alte::natives for watet suppiy and cOILSe:vatiOIl. 

Relt!l12 !or the :-Iorth Plane River froe. the WyOmlnll-Nebnsk.l $tate li:lc lage to the 
Bndgc?on Gage is about Si.5 miles to le::tgth and Reach 13 for the North Plane Rivet 
from the Sridgeport Gage to the Lcwe!lc:\ gage is about 60 miles in length.. 

The d:na \Ued to c.alculate conve~ .. ance losses .... ere ave:-a.ge !:lonthly Stn:3l::J. !lows, 
me:l!5ured tributary inrlow$ and diversions in elCh reach and pan evaporation rates from 
neJ...-by weatb.et statio!lS. The rivet gages used ","1:te the gage 1U the Wyoming-Nebraska 
Stat= line, weich has bee:} oPerated conlllluo!Uly by the U. S. ~ological Survey (USGS) 
for the time penod cave:cd by this smd)'; the gage 31 Bridgeport, which was opetated by 
the USGS from 1975-1991 and by the Nebr.u..b. De?anmelU of Watr:r Resources from 
1992 to 1994, and the Lewellc:l gage, which was ope:-atcd by the USGS from 1975-1991 
and by the Nebraska Department ofWatcr Resources from 1992-1994. Stream flow 
re'"_<mls fOf these lages were obtained from an Eanhinfo Inc. C[)'ROM of USGS Daily 
values and from the Nehrasb. Natural Resources Commission data banle The tributary 
irulow and diversion data used in the calculauons are listed in Table I. Evaporation data 
we:e the pan evaporation !"3les colle<:ted at the Bndgeport wC3ther station, wruch was the 
do$CSI y~·rnund WC3ther sution for the stat.e line to Bridgeport fC:lCh. and the we.lther 
station at Kingsley Dam. 

Table I. 

, 



RIVER" FOOT 

· ana 

, , 

Calculation ofEvaooration losses 

The e'lapOr;!.lion r~le for the SUle line 10 Br:dgeport re~eh was calcult-ted as.7 
:J...'"!'.e$ the monthly paIl e'l3.ponu:.on for th~ Br:.cgejXlrt voc:u:.e: S:.J.:.10~~ for the Br.dg~~or:. 
to Lewe!!e:: sec:ion the evapor::!.<;.ol1 ,.,~ :)-,e avc:-J.~e of the pa::l evapo!"il.t!oll mle al the 
Br:dgepor: we:l.the: Sl3.UOIl and the Lew.::!1c:: smnOl"l. Tnc monthly pall evaporation dat.l. 
:::01:: tb.e we3.±e: S:x.iOIlS was mt:lt1~lie:: by 0. -; to :uijus: pa::! ev3.?O!"iI.li.on raL..~ 10 stre= 

, 



e'llpor.ltion !"lIes. This figure was the:: multiplied by the ave:-age surface wille~ a!ea 
e:oc;:ec:ed at ClCb. average mor.:b.Ir !low. 

The fi.mction ~!am:g ~:U;~ wicCt to aVC::age :::::lonthly flow Wl!.S base::!. on firo..ng a 
re:;:-ession tine te data on strC:lm flow and reach width as noted on manual stre:lm flow 
:l".ca.n:reme::t notes at the u?StreJ.:ll cd down.s:::el.-:l e:lds oi e:u;~ rC3Ch. The gag'..ng 
r..aJ.;ons usc:: ~or these caltulalions we:-e the North Pbme RJVCl" at ~tc::c!l, the Norm 
P!ane Rive ~ al Bridgeport a.'ld the !"o:tb Plaae Rive:: ill LeweUen. The data from the state 
line g1ge we:: not U$Cd to calculate the l.lp1trC::l.m rive:: width beC3llSC the Tn-Swe 
c.ive~lon da:u. which is · ... ithin l half a mile of the S'..rC.lm gage, reS1:"ica flow c.d., dllri.J::.; 
the i..:~gation season. divc:tS a large portion oithe flow. Instead., data from the MitthcU 
pge.loc:1ted appro::umate!y 15 miles below the sute line gage, we:e used.. The gr3.?hs 
~d resultm; regression e;uauons are shown in Figures I, 2, and 3. 

The average monthly flow ill eac:h gage was then JlIl.lgged into the re~ssion 
equalions to determine the width of the river at each gaging smti()n d=g each month. 
The ave:3!!c re3Ch width "'-as calcu!alC"d by averagmg the upstre3.l:l rexh "'lath and the 
do",== reatb. width. MC35ure:nents of re.lth widths from aerial photos indicated thai 
the averoge rc:lth width at gaging stati()ns was slightly narrower than the river between 
gaging stations. Based. on these measurements, the a\·c:age re3Cb. width was adjusted by 
multiplying it by 142 for Rc3tb. 12, the uppc: segme::1t, and 1. 18 for Re:1thI3 , tbe lower 
segmenL To obtain the adjusted m()nthly evaporauon for eath segment, the monthly 
rive: width was muluplied by the segmeot length wnes the m()nthly average evaporillion. 

To detemune the pc::t:entage evaporation loss, the rn()nthly reach evapof3!lon was 
divided by the total teath inf]()W, .",'bich WII$ calculated al;l;ording to the f()rmula: 

lrulow" Inflow at the upstrC:lm g;t;e - me3Sumi tributary inIlows - any 
pollUve rexh gains. 

Reaeh gains or losses were calculated as the sum of all the inflows a.'1d outflows ()fthe 
Sc(:110n. The previously cakulatcd evapDr.l.ti()nlosses were meluded as pa.'1 of the outflow 
111 the reac:h. The percentage loss to evaporallon per mile was calculated by dividing the 
pe::c~ntage loss by the total number of miles in eac:h reac:h. 

Calt\1wion ()fReac.!t SeeDalte Loss to Grounawate:: 

As stated above, seaion gilins and I()sses we:-c caltulated by sumrmni III the 
inflows and outflows. indudini evapof3!IOn l()ssC!. As for the evaporauon losses above, 
the total seepage l()ss was divided by the total infl()W and the number ()f miles in the 
rex!! to calculate the pe:centage see;lage loss pc: mile. In the st:Ile line to BndJleport 
rex!!. the::e wert::lO monthly see;lage losses f()r the :nor:ths anaI~d. From Bridge.,ort to 
Lewe!len. there were a fe .... ffionL'u; wnh seepage I()sses. 

The pe::ce:"luge loss of unprote~ted wate:: to Sll. ... ..lce W:1ter dive:sions was 
calculated by n:z.r:u.1g the total dive::nor..s In C:lth rex:" cd c.i\idi.n!l this sum by Itc 
total re::lc!l in.flow, as calc-:.!ialed above. II!ld by the n=be: of :niles i:J the rex:". The 
dive::slon.s used i:J this c::llculatlOn are shown in Table 1. 

; 
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Addendum 4. :-;"onb PI:ltte aod PI:ltte Ri\'u bdolV Lake MtConaugby, i'iebnlk:r. 

.t..d.denduo 4 to "Dete:min.ation oi Monthly Loss Fa~:o!"S for the Plane Rive; ior the 
Historical 1975·1994 Water Yell" Peiod" to do=e:l.I sepneat-specifi~ oe:hods fur 
es--i..-r.3.Ul:.g losses from the ;":ort.'l Plane Rive; a:: Keys-.nne to the Plane River at G=c. 
Island 

OVER"lEW 

For all oithe segmentS, unless olhe:wise notd .. the rive; wate; surface eVilpOrltion is 
de:e;:::ti.ned using t!J.e follo .... ing steps: 

I. Deve!op 10iilrithmic WIdth v. discha.'"ge equations II.t the UpSlrt3.ln :wd 

, 

'. 

down:;t;eam e:ld of the rexh using mea.sured values take:"! by Nebraska 
Dej3an . .'neal o(Wate: Resources in 197~. 1975, 19S:!, 19S7, 1990·1997 and 
recort!ed on US DO! Form 9·207. 

Find the reach length using DOQQ's (Digital Onhogra!1hic Quarter­
Qo.:.ad) to trlCe the length of the Ce:ller oflhe stream. 

For liven monthly glge flows al the upstream and do .... nstream er!d., 
find the I,Ipstream and downstream WIdths using the logaritlunic equations. If 
the logarithmic equation yields a width value ofless than 10, set the width 
equal to 10 feel These widtlu:= averaged and mulu!,lied by the re:lCh length 
to dete:mme an approximate monthly river area. 

Using DOQQ·s. find the acmal surface art.1 ofme rea~h and the 
colttSpOndi..,g flow. When using the DOQQ's it was discovered that the entae 
fe:lCn was not photographed m 3 Single day. To determine a single flow thaI 
would represent the surface l1lea. the flow on each photograph date was 
muluplied by the percent of ~3Ch length pholDv;raphed on that date and 
summed. 

5. Determine a fa~tor 10 calibrate the approximate monthly river reach 
area to the acrual mea.suted over reach are:!. usmg the OOQQ's 

6. The ealibrau:~ nver water surface area IS mull!plied by the gross 
monthly evapor.mon determined from the weather stations. The &ross 
rr.llnthly evaporauon used is the ave;age of the Kingsley, North Platte a.'ld 
Grand Island weather Stations. Eval'llrllion irom shallow open water is 
obtained by muluplying pan cvaporauon at these stations by 0.7. Missing data 
is filled in by using the long-term aVC":"8.ge for the month al that staUon. 
Winte~ evaporation nU":l.bers au de:e:mllled by USIng !hc \O.1nte: cvaponuon 
numbers from the Bridgeport weamer stauon. 

FrlC::on of total.....,.:e: lost to evaporation for the ~lC!: is de:=ncd by dividing R.:ver 
Water Surface Evaporation (found lhove) by Totallrulows. This v.,.lue IS divided 
by the nIL"!:!:e .. of mi~es (llIci multiplied by one nundred to ge: % EVAP P~ 
~llLE. 



Total Infiows = aU inflows into the =b.. T!lCst Cflows IIlc!wk ttc flow at the 
up~3r.l e:ld of !he reac~ other mc=ed inflOv.'S, and any positive g~ th2t 
occur in the reach. 

Positive gains ue fo=d:rnr:::l a v.'3te: balance. 
Gains - Outflow at DoWllStte:l.ll1 cod - Dive:sior.s - Evaporation - Intlow at 

Ups=. e:ld - Other MC:l.Su:e:i rnflows 

Dive:-sions and Other Me3.Su.~d Inflows in c:u:h reach arc listed below. 

• 

Frnc~ion artoW wale: losl to se~age for the re:u:!i is & t=mcd by diViding any 
negauve Net Gains by Toullnflows. This value is divided by the tlumber of miles 
and multiplied by one bundred to gCt % SEEP PER ~E. 

Fr.lClion chou! .vate: diverted for the reach is determined by dividing the sum of 
Dive:sions in the I'l:J.ch by Totallnflows.1'hilI value is divided by the number of 
miles and muluplied b:- one hU:l.(im:! to~: %DIV PER MILE. 

Applying the % DIY implies there is a demand for i!dditional water in WI reach. Canals 
along the North Putte IUve: below McConaughy and tanaI.s on the Platte River USf; 3. 

eombmation oftherr narural flow righu and storage water from McConaughy 10 fill their 
dive~5ion requlfcments. AlidinS w:lter to these reaches will not result in a larger quanILty 
ofwater beins diverted.. The:-dore the % mv should nOl be applic:d unless the oper;ltion 
of McConaughy is changed as a result of the increased flow:!. Adding unp:rotected 
Olltur:\l flow to the Platte River could result in a detre:ue in water beins relc:ued from 
McConaugny. 

REACHES 

Rt:lc b 14. Kev5tOOt Cal!~ 10 North Plane Gage :11 North Planc 

Rl~'er w:lter.!lllfxe evaporation was found. w;ing!he standard method as dcsdbed above 
WIth one roodiflCll.uon. At the North Platte Gage, pnor 10 1990, DWR me:UUlcd the 
WIdth of the strC:l.!ll SO 10 100 feCI below the Highway 83 bridge. In the 1990's, D\VR 
ha~ beer:\ ::lC35unDg the strea ... n 200 10 500 fer:! below the bridge. The me:::SU:1.ng IOC:llioll 
affeclS the WH:lth v. discharge equation so all readings taken be:ore 1990 we:-e removed 
from the dat:! SCt tha.t gene:-:lted the width v. discha:ge eq\l3.tion. 

:>ive:-sions: L"': Ke:!h-Lillroln Irrigation Canal. Nor6 Plane lrrig:uion Can:\l. Pa:'ttoo­
Hershey Imsallon C=I, SubUlban Imgation Canal. and Cody-Dillon irrigation C:!.""101 

:-''PPD ~orth P!at::e R;ve: Dive.."Sion at Keystone was not considered to be 3. dive:-sion 
:rom !his TClCh. The dive:sion is below McConaughy but is above the Nort!:' Plane Rive: 



I 

gage II.t Keyiitone. This wale:, along ... 'im South Plane Rive: wale: dlve:ted at Kolty, is 
retu.:::.e::! to the River ne:l: North PIar.e. 

Other :v!e=e:i In!1o",,: Birdy,-oOO C~ek M of January 1994, the gage on Bi:cwood 
C~!c is o::ly be:.:!.g recox.ed!roc M3.~· th. .. ·ough Scyte:=.bo::. Dau for Jarlll.iL"')' tl:U"oug~ 
April \994 was created for use in OPSTt1)Y. Data to fill In the four r:l.issing: months 
was takeo from OPSTUDY Input File B53_ 4394.INH. 

, 

T'!:e:--: :l.."e seve:-3.l non-gaged II'Ibutary iDilows in:his rear;:b. includir.g Sarbc:l Slough, East 
Cec!a! (Cle:ll') Creek, Lbcoln County Drain 11'2, and Lincoln County Dram li-l. These 
tnbuury inflows wcre nol induCed u:::!hi.! analysis, and as II. result they beco::te pan of 
the glUrtS in t.'le rea.::n. 

Reach 15. :>iQrtb Pl::r.ne G:lgc:lt North Plane 10 Bradv Gage 

NVC: water surf:u:e cVlIpor.uion was found using the standard method with the followin& 
exceptions: Only 6.ta taken after 1990 was used to develop the WIdth v. discharac at 

North Plane as explained for Segment \4. At Brady, only the North Channel flows and 
me:1$uted widths were used to develop the width v. dischluie equation. 

Diversions: Central Nebraska Public Power and Irrigation District (CNPPlD) supply 
caru.l diversioD 

Water from this diversion is lUed for power and imgation and a portion is rerurned to the 
&ver at the leffrey River Return. and lohnson RIver Return. 

Other Mea:su.'"td lnfloW$: Nebr.uka Public Power DlsulCI (NPPD) North Plane Hydro 
Return and South Platte River. 

;.lon· gaged lnflO .... -S ~ Fremont Slougb., White Horse Creek. and Pa .... nee Creek. These 
WeN: oot included in this 3.!U.lysis. 

The South Plane River and NPPD Hydro Return enter the relCh very oe:lr the upstre:un 
end ofws reach. Ct-l'PlD Supply Canal Diversion OCCWl only a short distance 
dowr.srream of the conilue:lCe of the ~onb and South Platte Rivers. Be~use the South 
P!:me 3nd !'>IPPD Hydro Re= CJ.n introdUf:t: a luge amount OfW3.1er in this reach iI.'ld 
C><l'PTO Diversion removes a large portion of water from thls Teach. II IS queSllonable 
whether or not the flow In the North Plane Rive: at :-forth Plar-.c should be used to 
r:;::r:SC:o.1 :he flow at the upnre= c:;d oj the re!lC~ This question a."\ses when 
~ete=inir.g t.'le suriace area ior the reacb.. 

Du:-.:'!~ -=.e tle!":od of 197 5 to 199.:., the in.!!oW$ fro~ the South P!J.r.e lIllC. ><l'PD Hyco 
iter.!.":l were ;! .139,030 acre·feet CNPPlD dive:'ted ~Z,6S4,660 acre ·feet du.'l.Ilg the 
s=e ;le:"i<X-. The difieN::lce over tbs llJ·~'e:!: tle!":od was "''Yo. Diife:enc~ oc. a day by 



, 

6y or mo!l.1h by :r:ootb basis are more than 7%. Lookbg at the pdod as a whole, us:'::"g 
6e ~ortb. Pla!t.e Gage at ~oz-.h PlatteI:lllY be the best em=e of flow al the ll;I~lm 
e::ld of:he re:1C~ 

. .l"nothe~ approach cODSlde~d was US1D!! (>lanh ?!ane Gage - South Platte Gage at North 
Plane .,."''PPC Hyci:o Rerum - o.-"PPID Dive:-sion) as the flowal the upstre:tm end. This 
t:le:hoc! would yield aegauve flow values for 107 of the 240 months bct.l1lSe il dQes 00\ 

ac:our.t for the gams and tributary i::u1ows sU(:h as Frcoon! Slough t.'l.:u occur berwee:'1 
the th:~ ilges and the diversiOn. E.sti.mateS for these gains ClJ.y be maCe and a more 
"'C='':''''3.~ eSllnute 0: flow du.nng elCtrcoc condiuons acqu:~d. \\'':leo the South Plane­
~-P!'D Hydro Re':U."':l is much higher or lower than CNPP[D's Diversion the North Plane 
Gage IS not II good emmate of wh:n is passing the diversi(ln dam. With tbJs approach It 
would also be difficult to develop an equation to relate width 10 discha.!!e. 

The last :l.t!prnacb conside:-ed was to use a i3.ic, Passing Central DIVersion Dam, loc:lted 
approxiIn:ltely twO miles downstre= of the Nonh Platte DiversIOn Dam as !be inflow 
1."110 this =!l. This method would Ignore the gains between Nonh Plane lnd ttus alie 
as weI! as lIle tribuury InflowS from the Fremont Slough and White Horse Cre~k. This 
gage was only used (0 record May through Septembe; prior to 1991. Data would need 10 

be ~;I!:lted 10 fw.d flow values for the non-irrilltion selSOn. 

Bec;wse the dir.mcion of the up= flow is only required for the % EVlIpor.ltion 
t.1Ieulation. the North Plane Gage at North Plane was chosen as the upstream flow for 
thl..! rc:u;:h. This is an Wldcrestl1nale of flow wnen the South Plane'" NPPD Hydro Return 
is greater than CNPPID's diversion and an overestimate when South Platte.l. NPPD 
Hydro Rerum in less than CNPP1D's diversiOn. One extreme case is when the South 
Plane isiulh such as 1983. Beea~ the Width v. discharge equallon is a logarithmic 
equation and the curve flattens a1 high flows, an underestimate offiow at high fiows In 

the relCh Will cause II smalle:- unde=imate of width and consequently "I. Evaporation. 
The % EVllpOriluon ealculauon resulted in a maximum % EVD.pOr:luon of 0.65 "I. for the 
entlI"C reach. Because of the small amount of evaporation in thIS rc:u:h, i1 was not a 
concern if this is an ove; estUna.te. 

Ri~·er wate~ surface evapor:ltion was found using the standard metho-d with the following 
c:"tce;mons: AI Brady, only the North Channel flows and mC:lSured WIdth was used to 

deye!op the WIdth v. dischlrge e::;.u.ation. The >lorth Cha."l.."!e\ and South Cha."!ne! at 
Cozld were ae6::d together 10 develop the equation for Wid:.." v. d:scha:ge. /\ 
:"og!.-t:f-_'::Ic eQ."~-;on did r.OI ::1 :he d:ua at C-,od 50 a ti:.::-C-o!"de: ;lOlyr.or:l:aI e-:;ua::on 
W:lS used to rt!:l.:e ·Nlc1..i to &~;:i".oI!ge~. 11:.IS eql.!.l!:on :5 orJy inte:u!ed to Ix used for 
dis.::::lIges less ma."! 18000 c:s. 



s 

To'!.c lhi..--d-o~~ poi}'!lOmia! e:;uauon used at COlld shows a de=:a.s:r.g w:dtb as average 
IT.onthiy f10v.'S intre~e from 11000 to 15000 cis. 1N'hile this is not a.r; accurate tre::ui for 
width v, Cistl:.a:ge tIl tl:.is ronge, this equa:ion is I:lore rc?rese!lta.:ive of ""'usure:: d:!.ta. 
be!ow ! 1000 t!uo a loga.:ith!llic eql.l:1tioll. For the instant pe:iod. only onc mo!:.±!.. Jur.e 
1983, had an avcr.lgc flow above 11000 cfs. The ave~age flow :or thiJ coath was 17,456 
cfs. Tne ::ClCt hlpes; ave:-age flow conth was July 1983 with Il flow of 10,450. USllli 
the thirC-oroer polyno:n:.ai eqt:.:1tion, the widt.~ for June 1983 would be 828 fut, and 
luly's width would be 83 j feet. Because of a lack of data about flo\l,'S above 11000 cfs, 
the C:TtlI associated with using this equation is u:'lk.:!own. Also, the "";dtb is only :lctded 
to ce:c:-:nine the ~'o EV AP wluch is an order I): :r'lgrutucie less than the % SEEP ior June 
\983. 

Dive:-sions: TIurty Mile Canal. Gothc:lburS C:lILll. Si.'C Mile Canal, Coz:u!. Canal. 
Orchard-Alf.JJ.fa C:maJ.. and Dawson County Ca.nal 

Other Me:LSmcd Intlows: Jeffrey River Return 

Rucb 17. Coz:ad Gage 10 Overlon Gage 

Ri"e:: waler surface evaporation was found USing the standard method With the follOWing 
ell:ceptions: The North Ch.3:nnel and South Channel ill Coud were added together to 
develop the "idtb v. discharge equation. A third order polynomial equauon ",-as used 10 
represent the data.. 

Diversions: None 

Other Measmec INloW!: Johnson River ~turn 

P11!r.I Crtek and Dawson County Drain #2 also flow into this reach bUI Wert nO! included 
III tIus an3iySlS, and the:>:!ort become part of the gail1ll. 

Ru ch 18. Overlon G age to O dessa Ga l!t 

Ri"C: WlUCr surface area .... -as !ound using dau contained 10 the Praine Be:ld Study 
(P::llne Bend Unit. P - S MEP, Nebraska). The Prairie Be:'ld Study divided the Platte 
RIve: from below lell:mgton to Chapman lIl:O seg!:lc::ts. A Study Site tlu.I was 
re-;rtse::uuve of the Segmcnt was chose::. At e:1Ch sruc!y site. a!Qta! area v. discharae 
cu:-:e was developed a.'ld applied to the cr.;!:: Segme:lL The curIes for Serr-ne~.ts tom 
Ove::tor. to Odessa we:e 5U::l~ed to fir.d t.'le:eta! are:!.·j dise~.ugc C\l.'"Ve !hat applied to 
t!:e entire rtach. Praine Bend Srudy Sites chose:: are Study Sites 2. 4A. 48. and 5. This 
to!:!.l 3l"ca curve Wall divided by the nu:m~er of represc::ted miles:me m:llUpl:ed by the 
tou! =h Ie:!";!!:: to obum a sur"..ace are:! v. disc!:a::ge curve for t.~e e!lure rtlCi. A 
iogJ..-lIi::mJc equatioll was developed from t!tis cu. .... e. The surface area was obtained by 
us:.::!! the J.ve~ge of the I,l.?st::e:l.. .. n:u:d dOV.1lSt:C:l.m flews :L;lc. the cq=ion c.~·,·e:oped 



from the eUl.e. To.is sU.1':ace area was multiplied by Ii iactor that relates this sur!'ace arc:!. 
to a sur!a.te =:1 found USt:l.g DOQQ's. The surface are:! ""'3S multiplied by the l:lon:hly 
ope::: wa:e~ c"la!Xlntioll to obw.n r.ver water :nl."7aI::c evaporation. 

Diversions: K~.l,"·lley Canal 

Otter Mc=d Lci!.ows: None 

Satevc: Creek. Buffalo Creek. 8.:ld Elm Creek. are non-ga:J.gcd in:lows into this re:u:h. 

, 

Reach 19. Odtst:l Gal!e to Grand isl:lnd Gage 

R.ive~ waler sutfaee area w,a., found lU!ng the same tecbmque 3.5 iOT Segment 18. Prairie 
Bend Srudy Sites chosen 10 re.,resent this re:u:h are 3, 6, i, SA N&S, 8B, 8e, 9BW, 10, 
and 11. 

Diversions: None 

Other Me3Su::ed L'lflows: K=ey Power Rr.um 



, 

ADDENDIDt 5: 
PLOTS OF RlYER WIDTH OR SURfAC E AREA VIRSt-S FLOW R.'\TE 

Plols :ITt in the followi.ng ord .. r: 

Gages an Noah pl;m; Rjver WYoming 

:-':onhgate, co , Sinclair 
3 Alcova , 0,", 
5 Below V .... hal .. n , wy~r. Stateline 

Gag;, QD L>lQrDi; River Wvgmjng 
7 Grnyracks Reservoir Outflow 

8 Fon Lammi; 

Gage$ on "oIth Plane River above Lilke McCoDilJIgbv. Ncbn.:ib 
9 Mitchell 
10 Bridgeport 
II Le_ llen 

Gam on SQuth plane Rjve:, ColoQd,o 

I:). Henderson 

13 Kersey 
14 Balzac 
15 Julesburg 
16 South Platte at N'arth Plane, NE 

Gailt on Cache la Pouch! River. ColoGldo 

1 i Greeley 

Gages on North Plane River below Lake McConaughY, Nebraska 

18 Keystone 
19 North Plane 31 North Plllltc 

Gages on Pl:1ne Rjver. :-:ebmb 

:0 Brady 
:1 Cozad 

OvertOn 
C"enan to Odesu (Reach 1&); Su:!3Ce Arcl ve:sus Flow 
Odessa to Gr=d Island (Reacb \9); Surlace .-\!e~ versu.s Flow 
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KERSEY GAGE; S. Plan e River, ColQradQ 
Channel WICm (11) vs. Flowr;te (os) 
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ADPENDUM 6: 

TABLES OF PERCENT LOSS [AcrORS PER MILE 
(%EVAP, %SEEP, Ai''D %DlV) 

FOR TRE 19 REACHES 



%EV .... P PE~ MILE N'lt.ST£P. 

~.sEEP PER MILE 
R .. c~ 1: NORTliG .... TE TO SINCLlIR '00 milo> 

'I'.o1V PER MILE 
Rucn 1: NORTHGATE TO SINCLlIR RE.t.CH .00 "' .. 



... EV.t.P PER MILE , 

%SEEP PER MILE,..,<I 't.OIV PER '.ULE 
RnCII 2.: STI<ICLATR TO ALC OVA REACH 

,.S:'SnI'l 
1000 ......... _ .............. ' _-.. (, • • _ toW) 

)0 '" 000 .. 1100 .. _ ..... , .... "0"" .......... , .. (''''' mol .. to .. ~ 



~'SJ.snp1 

I'.SEEP PER MII.E 
Rucl"l3: ,III.COV,II TO ORIN REACH .ll ...... 

%OIV PER MILE 
Ruch 3: ,IILCOV,II TO ORIN REACH 131_ 



N'$4.STtl'l 
... _ .. .- ....... _ ................... IIM __ 

Y,SE::P PER MILE Ind '!',ON PER MILE 
React> 4· ORIN TO PASSING WHA LEN REACl-l lG .......... ____ oow" .... I .. __ 

lOOT C~, _....:lI<lM.Y OIV£lISIO.'IIIECOIIDS 
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., mll •• 

',~see" PE~ MILE .... SUnPl 
Fleaen 5; PASSING WHALEN TO wYlNE STATEUNE !lEACH '7 _ 

<1 .. , .. 



~,cv" ... PER MII.E 

",SlOEI' PER MII.E UlIUlV'1 

Rtoo~ 8: I,.A.R.o.MIE RIVER;~' ~~;:;;~:ill~;fOC,rt u~mi. Gog. Rnoll " ..... 

~.OIV PER MILE 
R .. olI 6. l..lR.ArdIE RIVER; etlcwGrayrccl<. R .... ,..cl, Ie Fort urami. G~g. Rucll ....... 

1001 cOIIPUnc· FEW ..com..y DlVDlIICN M caMIS 



%EVA,P PER MILE 

'{.SEE P PER /dIU: 

%OIV P£R MIU: 
5-0.1 ""IN 



%orv PlOtt MILE 
A.-en .: ItERSEY TO IlALZA.C REACH . ..,-



17.' ..... 

11'.' _ 



",EVAP PER M1LE 

".1-

\'oOrv PER N1LE 
Rue" 10; JULESBIJRG TO S. PlATTE 31 N. PlATTE REACH 



'{,EVA' peER MILE """.,,", 
Rllclllt ; '.>,CHE u. POUORE "I,,' , II.' -. 

",S EEP PER MILE 
Rnch 11: C,IoCKE l.o\ POUORE .... -. 



'l,OIV PER MIl.E 



%EV,o,P PER MILE , .-



%SEEP PER !o!ILE 
R .. "h 14: KEYSTONE TO NORTl-I Pl...ATTE REACH 11..5 _ 

... -. .... TlP\JUJ IV ,00 



.... SE:P PER MILE 

%DIV PEl! MILE 



%EVAP PER MtLE 
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: OVERTON TO OOESS", RU-CH 

'!'.ON PER MILE 



'"EVAP PER MILE 

",SE1i:P PEl! MILE 





APPENOIX F 

Additiona l Table!! or Nf!t 1I~'drologic Eff« IJ and Reductions 10 T arget Flo .... s Shortages 

For the sake ofbrcvil)". all of lhe modeling results as5OI:'iall'fi with alternatlvcs .... ere!lOt included 10 Ihe 
Draft Rl'PO". 

Appendix F includes tablcs of 

I) Net Hydrologic ElTl'CtS. 

2) Reductions to Tari,'et Flow Shortllges with Di\·ersions. and 

3) Reductions to Targcl Flows without o.H."I1iIOOS 

for alternatives whose 2Q..year time senes ofmodclmg results arc not prescnl~'<I m Chapler 8. 

Tahles arc includt'd. in the order thai they arc rcrcrenc~'(1 m Chapter 8. for the followmg alternativcs 
categories: 

B. Reservoirs. 

C. Agricultural Conservation. 

F. Inccnti\'e Based Roooctions to Agrieultullil Water Usc. and 

G. Groundwater 
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